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GENERAL INTRODUCTION 

This thesis describes the development of two different pharmacological 
treatments for women with low sexual desire and arousal, and who experience 
personal distress as the result of these problems. To date, no approved 
treatment is available for female sexual dysfunction.  

The basis for this drug development trajectory is a personalized medicine 
approach; different treatment options related to different underlying causal 
mechanisms. These mechanisms are based on the assumption that sexual 
responding is the result of an interplay between activating excitatory and 
inhibitory processes involved in sexual functioning. Based on these underlying 
mechanisms we classified two different subtypes of women with low sexual 
desire: women who are low sensitive to sexual stimuli, and women in which 
sexual stimuli elicit a dysfunctional activation of sexual inhibitory mechanisms. 
For these subtypes two different drugs were developed: one with a combination 
of sublingual testosterone and a phosphodiesterase type 5 (PDE5)-inhibitor for 
women with low sensitivity for sexual stimuli, and another combination of 
sublingual testosterone and a serotonin-1A (5-HT1A) receptor agonist for women 
with dysfunctional activation of sexual inhibitory mechanisms.  

In this introduction the rationale behind this research will be described, 
including the subclassification used within our patient population. This will be 
followed by a description of the personalized medicine approach that was used 
in the drug development program. 

Clinical background of the Research 

Complaints regarding sexual functioning can negatively interfere with 
psychological and social wellbeing [1]. The most common sexual complaint in 
women is low sexual desire, which was formerly classified as Hypoactive Sexual 
Desire Disorder (HSDD) in the Diagnostic and Statistical Manual of Mental 
Disorders, 4th edition text revision [2]. In the same edition, complaints regarding 
sexual arousal were classified as Female Sexual Arousal Disorder (FSAD). In view 
of the fact that these diagnoses are difficult to separate, since sexual desire and 

 

 
 

sexual arousal overlap [3], a combination of these two diagnoses is recently 
classified as Female Sexual Interest/Arousal Disorder (FSIAD) in the 5th edition of 
this manual [4]. Furthermore, an important criterion for diagnosing FSIAD is that 
sexual complaints of desire and arousal are accompanied by sexual 
dissatisfaction and personal distress.  

The exact prevalence of women with HSDD/FSIAD1 is difficult to establish from 
literature, because it varies between the populations that are surveyed (e.g., 
depending on differences in age, degree of distress, duration of sexual 
complaints, et cetera). Notwithstanding, high prevalence rates of sexual 
dysfunction in women are reported ranging from approximately 10% to 43% [5-
9]. To date, there is no pharmacological treatment approved by the U.S. Food 
and Drug Administration (U.S. FDA) or European Medicines Agency (EMA).  

The hypothesis that different underlying mechanisms are responsible for the 
sexual complaints in women with FSIAD, is partly based on an adapted version of 
the dual control model of Bancroft and Janssen. In this model they argue that 
individual differences in sexual responding are influenced by activation of 
excitatory and inhibitory mechanisms and processes [10,11]. In our view, the 
mechanisms regulating sexual excitation and sexual inhibition are influenced 
by  the degree of sensitivity of the brain for sexual stimuli. In women with 
a relatively insensitive system for sexual cues, exposure to (internal or 
external) sexual stimuli might not lead to an appropriate or adequate activation 
of excitatory mechanisms involved in sexual motivation and sexual desire. The 
other mechanism (sexual inhibition) might become active in women with a 
normal or high sensitivity for sexual cues, but who have acquired a negative 
association with sexual events. For these women we postulate that the sexual 
complaints are related to the activity of the prefrontal cortex (PFC), which is 
involved in the inhibitory control of motivational behavior [12], including sexual 
behavior [13,14].  

1 In our future trials subjects diagnosed with FSIAD will also be required to have the symptoms 
“absent/reduced interest in sexual activity” and “absent/reduced sexual erotic thoughts or fantasies”. These 2 
indicators, which are included in DSM-5 Criterion A, match the main indicators of the former DSM-IV-TR 
diagnosis of HSDD. Thus, all women who meet these criteria are automatically diagnosed as having HSDD (but 
not vice versa). In order to avoid ambiguity, the population HSDD will be replaced by FSIAD throughout this 
thesis. 
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We hypothesized that in these women negatively valenced sexual events induce 
a phasic increase of serotonin activity in the PFC, which in turn lowers activity in 
the limbic areas responsible for sexual motivation, and thereby causing low 
sexual desire and arousal [15]. Based on these underlying mechanism we 
classified two different subtypes of women with FSIAD: women with low 
sensitivity to sexual stimuli and women with dysfunctional activation of sexual 
inhibitory mechanisms. 

For these subtypes of women with FSIAD two different drugs were developed: a 
combination of sublingual testosterone and a PDE5-inhibitor for women with 
low sensitivity for sexual cues, and a combination of sublingual testosterone and 
a 5-HT1A receptor agonist for women with dysfunctional activation of sexual 
inhibitory mechanisms. 

Personalized Medicine Approach 

A range of biological and psychological regulatory mechanisms control human 
social and sexual functions. However, these mechanisms vary between and 
within subjects. As stated before, there is still no approved pharmacological 
treatment for women with FSIAD. Up to date, pharmacological research has 
focused on a ‘one size fits all’ treatment assuming to be effective for all women 
diagnosed with FSIAD.   

In the following paragraphs I will discuss the designing and development of two 
different drugs based on the above discussed mechanisms underlying the 
different subtypes of women diagnosed with FSIAD.  Firstly, I want to mention 
the mechanism of action and the pharmacokinetic effects of sublingual 
administration of testosterone. Secondly, the effect of the combination of 
sublingual testosterone and a PDE5-inhibitor/5-HT1A receptor agonist on sexual 
functioning will be described. Thirdly, a possible new indication of these 
treatments for women who use selective serotonin reuptake inhibitors (SSRIs) 
and experience sexual complaints will be discussed. At last, I will show the 
comparison of the pharmacokinetics of our first clinical prototype of a 
combination of sublingual testosterone and the 5-HT1A receptor agonist 
buspirone versus an innovative fixed-combination tablet. 

 

 
 

Sublingual  testosterone  

Testosterone is involved in social behavior [16,17] including sexual behavior 
[18,19]. The majority of studies regarding sexual behavior in women is done with 
chronic testosterone administration, including hormonal replacement therapy in 
naturally or surgically menopausal women [20-22]. Free testosterone (not bound 
to sex hormone binding globulin (SHBG)) is the biologically active testosterone 
[23]. The disadvantage of chronic administration is that it takes days to have an 
increase in free testosterone levels and most importantly, the sustained 
testosterone levels could have negative adverse events like increased hair 
growth or acne. The advantage of acute administration of testosterone by the 
sublingual route is the immediate uptake, a steep increase of free testosterone 
and fast return to baseline levels which is not possible by intramuscular or 
transdermal routes. Furthermore, acute administration with sublingual 
testosterone does not cause sustained elevated testosterone levels and 
therefore it is unlikely that this type of testosterone administration will result in 
androgenic adverse events. 

The efficacy of both drugs is based on a delay in effect of about 4 hours of 
sublingual testosterone on behavior. In 2000, Tuiten et al. demonstrated that 
one single dose of 0.5 mg testosterone significantly increased vaginal 
vasocongestion and increased experiences of sexual lust and genital sensation in 
premenopausal women without sexual complaints [24]. These effects occurred 
approximately 4 hours after the observed testosterone peak and 2 hours after 
testosterone had returned to baseline plasma levels. This 4 hour delay in 
behavioral effect after sublingual testosterone administration has been 
frequently replicated in several other studies regarding social behavior and 
cognitive functions [25-37]. As an partly explanation for this 4 hour delay in 
effect after sublingual testosterone administration, van der Made et al. 
suggested an SHBG saturation threshold mechanism: an increased influx of 
testosterone into the body will occupy the testosterone binding sites of SHBG. 
When the binding sites are saturated, free testosterone (the biologically active 
testosterone [23]) and consequently the free fraction will increase, thereby 
inducing behavioral effects after approximately 4 hours [38]. The underlying 
mechanism for this delay in effect is not fully elucidated but androgenic 
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metabolites, genomic mechanisms [16] or a combination of these factors could 
be responsible. The effect of testosterone dosing on SHBG saturation and the 
effects on plasma total and free testosterone concentrations have been further 
investigated in a pharmacokinetic study in which premenopausal sexual 
functioning women received three different dosages of sublingual testosterone 
(0.25, 0.50 and 0.75 mg). The results indicate the existence of the postulated 
SHBG saturation threshold for testosterone that determines the level of the free 
fraction of testosterone, which is described in chapter 2. 

The combination of sublingual testosterone and a PDE5-inhibitor 

As described earlier, Tuiten et al. demonstrated that 0.5 mg of sublingual 
testosterone increased vaginal vasocongestion about 4 hours after the 
testosterone pulse in women without sexual complaints [24]. Interestingly, in a 
study in women diagnosed with FSIAD in which we administered 0.5 mg 
testosterone sublingually no such delay in effect of sublingual testosterone on 
vaginal vasocongestion was observed [39]. However, an increase in vaginal 
vasocongestion was demonstrated when administration of sublingual 
testosterone was combined with vardenafil (a PDE5-inhibitor), in such a way that 
the plasma levels of vardenafil were increased during the behavioral window of 
the sublingual testosterone [39]. In a subsequent study Van der Made et al. 
investigated the efficacy of sublingual testosterone alone, the PDE5-inhibtor 
vardenafil alone and the combination of these drugs on preconscious attentional 
bias, genital and subjective indices of sexual functioning [38]. The results of this 
study demonstrated an effect on subjective indices of sexual functioning (i.e., 
vaginal sensation, sexual desire), after the administration of this combination of 
sublingual testosterone and a PDE5-inhibitor in women with FSIAD [38]. This 
experiment was based on the assumption that sublingual testosterone produces 
(consciously or unconsciously) activation of central sexual motivational systems 
in sexually functional women [24]. An increase in sexual motivation is necessary 
for the PDE5-inhibitor to be effective in increasing the amount of blood in the 
erectile tissues. For women with low desire, our hypothesis was that only the 
combination of sublingual testosterone and a PDE5-inhibitor would increase 
physiological sexual responding, and not either drug alone. Our hypothesis was 
confirmed in this study.  

 

 
 

High and low sensitivity for sexual Cues 

In the above mentioned study [39], it was found that women who reported the 
experience of childhood sexual abuse (CSA) showed a decrease in their originally 
high levels of preconscious attentional bias to sexual cues after sublingual 
testosterone administration, while the women without CSA showed an increase 
in this attentional bias. This difference was correlated with the effect of the 
combination of sublingual testosterone and a PDE5-inhibitor on physiological 
responding; women who had an originally low attention to sexual cues (and did 
not report a history of CSA) revealed an increase in their physiological 
responding to the combination of sublingual testosterone and the PDE5-inhibitor 
while women with a history of CSA did not show an increase (or even a 
decrease) in their response after administration of these drugs.  

In the subsequent study, women with a history of CSA were excluded [38]. 
Again, preconscious attentional bias as well as physiological and subjective 
indices of sexual function were assessed during neutral and erotic visual 
stimulation. The women were stratified according to their baseline preconscious 
attentional bias for sexual cues. We re-conceptualized the women with a low 
and high preconscious attentional bias for sexual cues into women with a low 
and women with a high sensitive brain for sexual cues. The results of the 
sublingual testosterone administration on attentional bias reproduced our 
earlier findings; the low sensitive group showed an increase in attentional bias, 
while the high sensitive group showed the same level or a decrease. 
Furthermore, only in the low sensitive group the combination of sublingual 
testosterone and the PDE5-inhibitor produced an increase in physiological and 
subjective sexual responding, but not in the high sensitive group [38]. Although 
CSA was excluded, the high sensitive group reported more negative sexual 
experiences, which supported our hypothesis that a dysfunctional activity of 
sexual inhibitory systems resulted in low sexual desire in this subtype of women 
with FSIAD. These two studies form the basis for our subdivision of women with 
FSIAD in at least two subtypes: women who are low sensitive to sexual stimuli 
and women who have dysfunctional activation of sexual inhibitory mechanisms. 
See also chapter 3 for an extensive review of our hypotheses. 
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The differentiation of the two subtypes in women with FSIAD was further 
investigated in a randomized, double-blind, placebo-controlled cross-over study 
in a larger population of women with FSIAD. As expected, the combination of 
sublingual testosterone (0.5 mg) and the PDE5-inhibitor sildenafil (50 mg orally) 
increased sexual satisfaction and other subjective and physiological measures of 
sexual responding in women with a low sensitivity to sexual stimuli (based on 
the emotional Stroop task). The results of this study are described in chapter 4. 

The next paragraph describes the results of an experiment in women who were 
high sensitive to sexual stimuli (and - as we assume – have a dysfunctional 
activation of sexual inhibitory systems). 

The combination of sublingual testosterone and a 5-HT1A receptor agonist 

Based on the earlier studies in which the high sensitive women (or women with 
a dysfunctional activation of sexual inhibitory mechanisms) reported no effect of 
the combination of sublingual testosterone and the PDE5-inhibitor, it was 
hypothesized that these women could benefit from a combination of 
testosterone and a 5-HT1A receptor agonist. Sublingual testosterone increases 
the sensitivity of the brain in these high sensitive women (as it does in the low 
sensitive women), and because these women are more prone to sexual 
inhibition (for example, when negative sexual experiences occurred in the past), 
we hypothesized that would exhibit strong inhibitory activity in the prefrontal 
cortex (PFC) under sublingual testosterone exposure. Motivation and emotions, 
and the execution of behavior [12], including sexual behavior [13,14], is partly 
under the control of parts of the PFC. An important function of the prefrontal 
cortex is inhibition of inappropriate and undesirable behavior provoked by the 
motivational system. 5-HT is an important neurotransmitter involved in 
inhibitory control mechanisms in the brain [40], and exerts its inhibitory effects 
at least partly via the PFC [41]. A 5-HT1A receptor agonist, like buspirone, binds to 
somatodendritic autoreceptors of the raphe nuclei in the midbrain. This binding 
activates 5-HT1A auto receptors, which inhibits serotonin release from the 
presynaptic terminal [42], and subsequently decreases firing activity in the PFC 
[43]. Thus, the inhibition of serotonin release from the presynaptic terminal 
reduces extracellular serotonin levels and serotonin firing activity in the PFC 

 

 
 

[44]. This effect is only accomplished if a 5-HT1A receptor agonist, such as 
buspirone, is given as an acute treatment, whereas chronic administration of 
buspirone has the opposite effect [44]. Accordingly, acute treatment with a 5-
HT1A receptor agonist is hypothesized to decrease the sexual stimuli induced 
phasic increase of serotonin in the PFC and could thereby result in a reduced 
inhibitory response to sexual cues in women with FSIAD who are prone to sexual 
inhibition. Thus, we expected that these women would benefit sexually when 
sublingual testosterone and buspirone were taken in combination. This 
hypothesis was tested during a randomized, double-blind, placebo-controlled 
cross-over study in which women took ‘on-demand’ placebo, sublingual 
testosterone combined with a PDE5-inhibitor (sildenafil, 50 mg orally), and 
sublingual testosterone combined with a 5-HT1A receptor agonist (buspirone, 10 
mg orally) for one month each, during three consecutive months. Under the 
condition of sublingual testosterone combined with sildenafil, some women 
reported a decrease in sexual functioning. Based on their inhibitory response on 
sexual satisfaction and other indices of sexual functioning during the treatment 
with sublingual testosterone combined with sildenafil, we were able to 
distinguish between women with low inhibition and women with high inhibition. 
Subsequently, we demonstrated that the women with high inhibition (i.e. with 
decreased sexual responses) during treatment with sublingual testosterone 
combined with sildenafil, significantly improved their sexual functioning when 
treated with sublingual testosterone combined with buspirone. See chapters 5 
and 6 for the results of this study. 

Our subdivision within the FSIAD population may also be of interest to treat 
other indications where women experience sexual difficulties. One of our 
hypotheses is that women who develop sexual complaints after the start of 
antidepressants, such as selective serotonin receptor inhibitors (SSRIs), could 
also be subtyped into these classifications and might benefit from sublingual 
testosterone combined with a PDE5-inhibitor or a 5-HT1A receptor agonist. These 
potential treatments for this indication will be described in the next section. 
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The differentiation of the two subtypes in women with FSIAD was further 
investigated in a randomized, double-blind, placebo-controlled cross-over study 
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sublingual testosterone (0.5 mg) and the PDE5-inhibitor sildenafil (50 mg orally) 
increased sexual satisfaction and other subjective and physiological measures of 
sexual responding in women with a low sensitivity to sexual stimuli (based on 
the emotional Stroop task). The results of this study are described in chapter 4. 

The next paragraph describes the results of an experiment in women who were 
high sensitive to sexual stimuli (and - as we assume – have a dysfunctional 
activation of sexual inhibitory systems). 

The combination of sublingual testosterone and a 5-HT1A receptor agonist 

Based on the earlier studies in which the high sensitive women (or women with 
a dysfunctional activation of sexual inhibitory mechanisms) reported no effect of 
the combination of sublingual testosterone and the PDE5-inhibitor, it was 
hypothesized that these women could benefit from a combination of 
testosterone and a 5-HT1A receptor agonist. Sublingual testosterone increases 
the sensitivity of the brain in these high sensitive women (as it does in the low 
sensitive women), and because these women are more prone to sexual 
inhibition (for example, when negative sexual experiences occurred in the past), 
we hypothesized that would exhibit strong inhibitory activity in the prefrontal 
cortex (PFC) under sublingual testosterone exposure. Motivation and emotions, 
and the execution of behavior [12], including sexual behavior [13,14], is partly 
under the control of parts of the PFC. An important function of the prefrontal 
cortex is inhibition of inappropriate and undesirable behavior provoked by the 
motivational system. 5-HT is an important neurotransmitter involved in 
inhibitory control mechanisms in the brain [40], and exerts its inhibitory effects 
at least partly via the PFC [41]. A 5-HT1A receptor agonist, like buspirone, binds to 
somatodendritic autoreceptors of the raphe nuclei in the midbrain. This binding 
activates 5-HT1A auto receptors, which inhibits serotonin release from the 
presynaptic terminal [42], and subsequently decreases firing activity in the PFC 
[43]. Thus, the inhibition of serotonin release from the presynaptic terminal 
reduces extracellular serotonin levels and serotonin firing activity in the PFC 

 

 
 

[44]. This effect is only accomplished if a 5-HT1A receptor agonist, such as 
buspirone, is given as an acute treatment, whereas chronic administration of 
buspirone has the opposite effect [44]. Accordingly, acute treatment with a 5-
HT1A receptor agonist is hypothesized to decrease the sexual stimuli induced 
phasic increase of serotonin in the PFC and could thereby result in a reduced 
inhibitory response to sexual cues in women with FSIAD who are prone to sexual 
inhibition. Thus, we expected that these women would benefit sexually when 
sublingual testosterone and buspirone were taken in combination. This 
hypothesis was tested during a randomized, double-blind, placebo-controlled 
cross-over study in which women took ‘on-demand’ placebo, sublingual 
testosterone combined with a PDE5-inhibitor (sildenafil, 50 mg orally), and 
sublingual testosterone combined with a 5-HT1A receptor agonist (buspirone, 10 
mg orally) for one month each, during three consecutive months. Under the 
condition of sublingual testosterone combined with sildenafil, some women 
reported a decrease in sexual functioning. Based on their inhibitory response on 
sexual satisfaction and other indices of sexual functioning during the treatment 
with sublingual testosterone combined with sildenafil, we were able to 
distinguish between women with low inhibition and women with high inhibition. 
Subsequently, we demonstrated that the women with high inhibition (i.e. with 
decreased sexual responses) during treatment with sublingual testosterone 
combined with sildenafil, significantly improved their sexual functioning when 
treated with sublingual testosterone combined with buspirone. See chapters 5 
and 6 for the results of this study. 

Our subdivision within the FSIAD population may also be of interest to treat 
other indications where women experience sexual difficulties. One of our 
hypotheses is that women who develop sexual complaints after the start of 
antidepressants, such as selective serotonin receptor inhibitors (SSRIs), could 
also be subtyped into these classifications and might benefit from sublingual 
testosterone combined with a PDE5-inhibitor or a 5-HT1A receptor agonist. These 
potential treatments for this indication will be described in the next section. 
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SSRI-induced Sexual Dysfunction 

According to the DSM-IV-TR and DSM-5, the diagnosis FSIAD cannot be held if 
the etiology of the sexual complaints is attributed to a medical condition or a 
substance. As described earlier, we hypothesize that in the FSIAD population 
different underlying mechanisms are of influence in the development of the 
sexual complaints. As said above, there is another population of women in which 
the sexual complaints are attributed to the use of antidepressants. Out of all 
types of antidepressants the SSRIs are the most notorious for causing sexual 
dysfunction with an estimated prevalence rate of 20-70% in both men and 
women [45,46]. Sexual side effects attributed to the use of antidepressants are 
frequently underreported [47]. These side effects can produce psychological 
distress and impaired quality of life.  

Many women experience sexual difficulties after the start of SSRI therapy. These 
women do not meet the criteria of FSIAD but are diagnosed with SSRI-induced 
sexual dysfunction (SD) which falls under the diagnosis of substance induced 
sexual dysfunction. In the DSM-IV-TR (as well as in the DSM-5), the diagnosis of 
substance induced sexual dysfunction is described as a clinically significant 
sexual dysfunction that results in marked distress. Furthermore, the sexual 
dysfunction must be fully explained by use of the substance (symptoms 
developed during or soon after substance intoxication,  or etiologically related to 
the disturbance). Most importantly, the disturbance is not better accounted for 
by another diagnosis of sexual dysfunction [2,4]. To date, there is no approved 
pharmacological treatment for SSRI-induced SD.  

As stated in the section regarding the combination of sublingual testosterone 
and a 5-HT1A receptor agonist in women with high inhibition, serotonin is 
involved in inhibitory effects on sexual behavior. In explaining sexual functioning, 
5-HT1A and 5-HT2 receptors are particularly involved [48,49]. Synaptic serotonin 
levels are increased by SSRIs and are thought to inhibit the sexual excitatory 
effects of dopamine and norepinephrine in the mesolimbic reward system via 
tonic increased serotonergic activity in the PFC. High serotonin activity increases 
the threshold for the processing of negative and positive emotional information 
by the brain. Buspirone, a 5-HT1A agonist, lowers serotonergic neuron firing 

 

 
 

activity for a short time after a single administration via activation of 
somatodendritic 5-HT1A autoreceptors [42-44]. The inhibition of serotonin 
release from the presynaptic terminal reduces extracellular serotonin levels in 
the PFC [44]. This decrease of serotonin in the PFC might lead to a decreased 
inhibitory control, and as a result in an increased activity in the mesolimbic 
system involved in sexual motivation. It must be noted that this effect is only 
accomplished if a 5-HT1A receptor agonist is given as an acute treatment; chronic 
treatment has the opposite effect [44]. Because of the pharmacodynamic 
properties of buspirone and other 5-HT1A receptor agonists, we hypothesized 
that the combination of sublingual testosterone and buspirone could be part of 
an ‘on-demand’ treatment for women with SSRI-induced SD. However, the 
subdivision we used in the FSIAD population could also be of influence in women 
with SSRI-induced SD. For example, a woman can have a low sensitive brain 
system for sexual stimuli or an dysfunctional activation of inhibitory mechanisms 
in response to sexual stimuli before the start of the antidepressant therapy. Her 
sensitivity for sexual cues before the start of an antidepressant can influence her 
response on our two treatments (sublingual testosterone in combination with a 
PDE5 inhibitor and sublingual testosterone in combination with a 5-HT1A 
receptor agonist). Therefore, we investigated in a preliminary explorative study 
the effects of the combination of sublingual testosterone and a PDE5-inhibitor 
(sildenafil, 50 mg), as well as the combination of sublingual testosterone and a 5-
HT1A receptor agonist (buspirone, 10 mg) in women diagnosed with SSRI induced 
sexual dysfunction. In this study, which is discussed in chapter 6, the effect of 
both treatments was investigated in a placebo-controlled, randomized, 
crossover, exploratory study in which 21 women received both study 
medications. In order to assess sensitivity for testosterone, and investigate a 
possible subdivision within this population, a genetic polymorphism was 
measured which is known to influence the function of the androgen receptor. 
This genetic polymorphism is located on the androgen receptor (AR) gene. The 
behavioral effects of sublingual testosterone are mediated, at least in part, by 
binding to the AR. The polymorphic polyglutamine stretch in the aminoterminal 
domain of the AR, encoded by the nucleotides cysteine, adenine, and guanine 
(CAG), is known to influence the function of the receptor as a transcription 
factor, so that relatively long CAG repeat lengths are associated with a 
decreased level of androgen receptor function [50-52]. We hypothesized that 
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According to the DSM-IV-TR and DSM-5, the diagnosis FSIAD cannot be held if 
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different underlying mechanisms are of influence in the development of the 
sexual complaints. As said above, there is another population of women in which 
the sexual complaints are attributed to the use of antidepressants. Out of all 
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dysfunction with an estimated prevalence rate of 20-70% in both men and 
women [45,46]. Sexual side effects attributed to the use of antidepressants are 
frequently underreported [47]. These side effects can produce psychological 
distress and impaired quality of life.  
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women do not meet the criteria of FSIAD but are diagnosed with SSRI-induced 
sexual dysfunction (SD) which falls under the diagnosis of substance induced 
sexual dysfunction. In the DSM-IV-TR (as well as in the DSM-5), the diagnosis of 
substance induced sexual dysfunction is described as a clinically significant 
sexual dysfunction that results in marked distress. Furthermore, the sexual 
dysfunction must be fully explained by use of the substance (symptoms 
developed during or soon after substance intoxication,  or etiologically related to 
the disturbance). Most importantly, the disturbance is not better accounted for 
by another diagnosis of sexual dysfunction [2,4]. To date, there is no approved 
pharmacological treatment for SSRI-induced SD.  

As stated in the section regarding the combination of sublingual testosterone 
and a 5-HT1A receptor agonist in women with high inhibition, serotonin is 
involved in inhibitory effects on sexual behavior. In explaining sexual functioning, 
5-HT1A and 5-HT2 receptors are particularly involved [48,49]. Synaptic serotonin 
levels are increased by SSRIs and are thought to inhibit the sexual excitatory 
effects of dopamine and norepinephrine in the mesolimbic reward system via 
tonic increased serotonergic activity in the PFC. High serotonin activity increases 
the threshold for the processing of negative and positive emotional information 
by the brain. Buspirone, a 5-HT1A agonist, lowers serotonergic neuron firing 

 

 
 

activity for a short time after a single administration via activation of 
somatodendritic 5-HT1A autoreceptors [42-44]. The inhibition of serotonin 
release from the presynaptic terminal reduces extracellular serotonin levels in 
the PFC [44]. This decrease of serotonin in the PFC might lead to a decreased 
inhibitory control, and as a result in an increased activity in the mesolimbic 
system involved in sexual motivation. It must be noted that this effect is only 
accomplished if a 5-HT1A receptor agonist is given as an acute treatment; chronic 
treatment has the opposite effect [44]. Because of the pharmacodynamic 
properties of buspirone and other 5-HT1A receptor agonists, we hypothesized 
that the combination of sublingual testosterone and buspirone could be part of 
an ‘on-demand’ treatment for women with SSRI-induced SD. However, the 
subdivision we used in the FSIAD population could also be of influence in women 
with SSRI-induced SD. For example, a woman can have a low sensitive brain 
system for sexual stimuli or an dysfunctional activation of inhibitory mechanisms 
in response to sexual stimuli before the start of the antidepressant therapy. Her 
sensitivity for sexual cues before the start of an antidepressant can influence her 
response on our two treatments (sublingual testosterone in combination with a 
PDE5 inhibitor and sublingual testosterone in combination with a 5-HT1A 
receptor agonist). Therefore, we investigated in a preliminary explorative study 
the effects of the combination of sublingual testosterone and a PDE5-inhibitor 
(sildenafil, 50 mg), as well as the combination of sublingual testosterone and a 5-
HT1A receptor agonist (buspirone, 10 mg) in women diagnosed with SSRI induced 
sexual dysfunction. In this study, which is discussed in chapter 6, the effect of 
both treatments was investigated in a placebo-controlled, randomized, 
crossover, exploratory study in which 21 women received both study 
medications. In order to assess sensitivity for testosterone, and investigate a 
possible subdivision within this population, a genetic polymorphism was 
measured which is known to influence the function of the androgen receptor. 
This genetic polymorphism is located on the androgen receptor (AR) gene. The 
behavioral effects of sublingual testosterone are mediated, at least in part, by 
binding to the AR. The polymorphic polyglutamine stretch in the aminoterminal 
domain of the AR, encoded by the nucleotides cysteine, adenine, and guanine 
(CAG), is known to influence the function of the receptor as a transcription 
factor, so that relatively long CAG repeat lengths are associated with a 
decreased level of androgen receptor function [50-52]. We hypothesized that 
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women with relatively long CAG repeat lengths are less sensitive to sexual cues 
because their AR has a lower level of receptor functioning compared to women 
with relatively short CAG repeat lengths. Therefore, it was hypothesized that the 
women with relatively long CAG repeat lengths would benefit more from 
sublingual testosterone in increasing their brain’s sensitivity compared to 
women with relatively shorter CAG repeats.  The results of this preliminary study 
show that in these women treatment with sublingual testosterone and a PDE5-
inhibitor or with a 5-HT1A receptor agonist might be a promising treatment.  See 
chapter 6 for the results of this study. 

The pharmacokinetic profile of the combination of sublingual testosterone and 
the 5-HT1A  receptor agonist buspirone 

In the studies presented in the chapters 4, 5, and 6 of this thesis, the two 
components of the investigated drugs (the combination of sublingual 
testosterone with sildenafil or the combination of sublingual testosterone with 
buspirone) were administered separately in such a timeframe that the peak 
plasma concentration of sildenafil or buspirone coincides with the behavioral 
window of testosterone (approximately 3-6 hours after administration). In our 
earlier studies, the women were instructed to take a testosterone solution under 
the tongue for 1 minute, and take a capsule of sildenafil or buspirone 2.5 hours 
later to create overlapping peaks in effect of testosterone and sildenafil or 
buspirone. This method of administration is not suitable for daily practice. 
Therefore, a single oral combination tablet was developed which delivers 
testosterone sublingually, and releases sildenafil or buspirone approximately 2.5 
hours later in the gastro-intestinal tract. With this combination tablet, women 
with FSIAD can take just one single tablet 3-6 hours before anticipated sexual 
activity and is therefore more suitable for clinical practice. The pharmacokinetic 
properties of the new combination tablet (consisting of a combination of 
sublingual testosterone and buspirone) and the previous administration method 
are described in chapter 7. The comparison between the pharmacokinetics of 
these administration methods showed that the new combination tablet fulfills 
its design criteria and was therefore used in our recent clinical trials. 

 

 

 
 

GENERAL OUTLINE 

In this thesis pharmacokinetic and clinical studies are presented on the 
treatment of sublingual testosterone in combination with either sildenafil or 
buspirone in women diagnosed with FSIAD. 

In chapter 2 an investigator-blind, randomized, cross-over placebo-controlled 
study is presented in which the pharmacokinetics of three different doses (0.25, 
0.50 and 0.75mg) of sublingual testosterone are characterized in premenopausal 
women without sexual complaints. Furthermore, the SHBG saturation threshold 
that determines the free levels and free fraction of testosterone was 
investigated. The results show that the three doses are rapidly absorbed and 
quickly metabolized.  Area under the curves (AUCs) and the maximum 
concentration (Cmax) differed significantly between the three doses and 
increased dose-dependently. Furthermore, these data suggests that a SHBG 
threshold exists which influences the increase in free fraction levels of 
testosterone.  

Chapter 3 addresses the theoretical basis for the hypothesis that different causal 
mechanisms are responsible for the sexual complaints in FSIAD: low sexual 
desire could be due to an insensitive brain system for sexual cues or to 
dysfunctional activity of sexual inhibitory mechanisms. It describes, inter alia, the 
role of androgens and serotonin in sexual functioning. Furthermore, this chapter 
provides a rationale for the use of an on-demand combined administration of 
sublingual testosterone and a PDE5 inhibitor for women with low sensitivity for 
sexual cues, and for the use of on-demand combined administration of 
sublingual testosterone and a 5-HT1A receptor agonist in women with 
dysfunctional activity of sexual inhibitory mechanisms.  

Chapter 4 presents the results of a randomized, double blind, placebo-controlled 
cross-over study regarding the efficacy and safety of on-demand administration 
of the combination of sublingual testosterone and a PDE5-inhibitor (sildenafil) in 
women with FSIAD and low sensitivity for sexual cues is described.  This study 
investigates the effects of this treatment on sexual functioning measured during 
ambulatory psychophysiological lab conditions as well as during sexual events at 
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women with relatively long CAG repeat lengths are less sensitive to sexual cues 
because their AR has a lower level of receptor functioning compared to women 
with relatively short CAG repeat lengths. Therefore, it was hypothesized that the 
women with relatively long CAG repeat lengths would benefit more from 
sublingual testosterone in increasing their brain’s sensitivity compared to 
women with relatively shorter CAG repeats.  The results of this preliminary study 
show that in these women treatment with sublingual testosterone and a PDE5-
inhibitor or with a 5-HT1A receptor agonist might be a promising treatment.  See 
chapter 6 for the results of this study. 

The pharmacokinetic profile of the combination of sublingual testosterone and 
the 5-HT1A  receptor agonist buspirone 

In the studies presented in the chapters 4, 5, and 6 of this thesis, the two 
components of the investigated drugs (the combination of sublingual 
testosterone with sildenafil or the combination of sublingual testosterone with 
buspirone) were administered separately in such a timeframe that the peak 
plasma concentration of sildenafil or buspirone coincides with the behavioral 
window of testosterone (approximately 3-6 hours after administration). In our 
earlier studies, the women were instructed to take a testosterone solution under 
the tongue for 1 minute, and take a capsule of sildenafil or buspirone 2.5 hours 
later to create overlapping peaks in effect of testosterone and sildenafil or 
buspirone. This method of administration is not suitable for daily practice. 
Therefore, a single oral combination tablet was developed which delivers 
testosterone sublingually, and releases sildenafil or buspirone approximately 2.5 
hours later in the gastro-intestinal tract. With this combination tablet, women 
with FSIAD can take just one single tablet 3-6 hours before anticipated sexual 
activity and is therefore more suitable for clinical practice. The pharmacokinetic 
properties of the new combination tablet (consisting of a combination of 
sublingual testosterone and buspirone) and the previous administration method 
are described in chapter 7. The comparison between the pharmacokinetics of 
these administration methods showed that the new combination tablet fulfills 
its design criteria and was therefore used in our recent clinical trials. 
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treatment of sublingual testosterone in combination with either sildenafil or 
buspirone in women diagnosed with FSIAD. 

In chapter 2 an investigator-blind, randomized, cross-over placebo-controlled 
study is presented in which the pharmacokinetics of three different doses (0.25, 
0.50 and 0.75mg) of sublingual testosterone are characterized in premenopausal 
women without sexual complaints. Furthermore, the SHBG saturation threshold 
that determines the free levels and free fraction of testosterone was 
investigated. The results show that the three doses are rapidly absorbed and 
quickly metabolized.  Area under the curves (AUCs) and the maximum 
concentration (Cmax) differed significantly between the three doses and 
increased dose-dependently. Furthermore, these data suggests that a SHBG 
threshold exists which influences the increase in free fraction levels of 
testosterone.  

Chapter 3 addresses the theoretical basis for the hypothesis that different causal 
mechanisms are responsible for the sexual complaints in FSIAD: low sexual 
desire could be due to an insensitive brain system for sexual cues or to 
dysfunctional activity of sexual inhibitory mechanisms. It describes, inter alia, the 
role of androgens and serotonin in sexual functioning. Furthermore, this chapter 
provides a rationale for the use of an on-demand combined administration of 
sublingual testosterone and a PDE5 inhibitor for women with low sensitivity for 
sexual cues, and for the use of on-demand combined administration of 
sublingual testosterone and a 5-HT1A receptor agonist in women with 
dysfunctional activity of sexual inhibitory mechanisms.  

Chapter 4 presents the results of a randomized, double blind, placebo-controlled 
cross-over study regarding the efficacy and safety of on-demand administration 
of the combination of sublingual testosterone and a PDE5-inhibitor (sildenafil) in 
women with FSIAD and low sensitivity for sexual cues is described.  This study 
investigates the effects of this treatment on sexual functioning measured during 
ambulatory psychophysiological lab conditions as well as during sexual events at 
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home. The data shows that, compared to placebo, sublingual testosterone in 
combination with a PDE5-inhibitor improves physiological and subjective 
measured of sexual functioning in women with low sensitivity for sexual cues 
and is a safe potentially promising treatment for this indication. 

Chapter 5 presents the results of  a randomized, double blind, placebo- 
controlled cross-over study regarding the efficacy and safety of on-demand 
administration of the combination of sublingual testosterone and a 5-HT1A 
receptor agonist in women with FSIAD and prone to sexual inhibition.  This study 
investigates the effects of this treatment on sexual functioning measured during 
ambulatory psychophysiological lab conditions as well as during sexual events at 
home. The data shows that, compared to placebo, sublingual testosterone in 
combination with a 5-HT1A receptor agonist improves physiological and 
subjective measured of sexual functioning in women with high inhibition and is a 
safe potentially promising treatment for this indication. 

Chapter 6 reports a preliminary, placebo-controlled, randomized, crossover, 
exploratory study in which 21 women with SSRI induced sexual dysfunction 
received the combination of sublingual testosterone and a PDE5-inhibitor and 
the combination of sublingual testosterone and a 5-HT1A receptor agonist. 
Besides subjective measures of sexual functioning, the role of the CAG repeat 
polymorphism of the AR was investigated. The results show that there was a 
significant interaction effect between SSRI dose, CAG repeat length and 
treatment response on sexual satisfaction. Women with relatively long CAG 
repeat lengths and who use a low dose of SSRI reported an increase in sexual 
satisfaction after both drugs. These findings should be further explored in future 
studies.  

Chapter 7 describes the comparison of the pharmacokinetics of our first clinical 
prototype of the combination of sublingual testosterone and buspirone versus 
an innovative fixed-combination tablet in premenopausal women without sexual 
complaints. The clinical prototype consisted of sublingual testosterone 
cyclodextrine solution in combination with  buspirone orally that had to be 
administered separately (the testosterone solution was followed by a capsule of 
buspirone 2.5 hours later) in such a manner that there were two overlapping 

 

 
 

peaks in effect of both components. The objective of this study was to 
investigate whether the fixed-combination tablet, which is more suitable for 
daily practice, mimics the pharmacokinetics of the prototype. The results 
showed an immediate testosterone absorption from both formulations. It is also 
demonstrated that there is adequate absorption of buspirone after 
administration of the combination tablet. This newly developed combination 
tablet fulfills its design criteria and will be used for further clinical studies in 
FSIAD. 

Chapter 8  contains a general discussion and presents future perspectives.   
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administration of the combination of sublingual testosterone and a 5-HT1A 
receptor agonist in women with FSIAD and prone to sexual inhibition.  This study 
investigates the effects of this treatment on sexual functioning measured during 
ambulatory psychophysiological lab conditions as well as during sexual events at 
home. The data shows that, compared to placebo, sublingual testosterone in 
combination with a 5-HT1A receptor agonist improves physiological and 
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investigate whether the fixed-combination tablet, which is more suitable for 
daily practice, mimics the pharmacokinetics of the prototype. The results 
showed an immediate testosterone absorption from both formulations. It is also 
demonstrated that there is adequate absorption of buspirone after 
administration of the combination tablet. This newly developed combination 
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ABSTRACT  

Context: Sublingual testosterone is a single-dose treatment often used in studies 
regarding social, cognitive and sexual behavior. It is hypothesized that an 
increase in the ratio of free to total testosterone (free fraction) is indirectly, via 
genomic effects, responsible for the behavioral effects after sublingual 
testosterone administration. 

Objective: To characterize the pharmacokinetics of three doses sublingual 
testosterone in premenopausal women. Also, to investigate the SHBG saturation 
threshold influencing the free level and free fraction of testosterone. 

Design: We conducted an investigator-blind, randomized, cross-over placebo-
controlled study.  

Setting: This study was undertaken at the research and development 
department of a scientific company for research regarding female sexual 
dysfunction. 

Participants: 16 healthy premenopausal women (mean age 27.3 ± 5.3 yr). 

Interventions: Sublingual testosterone solution; 0.25, 0.50 and 0.75 mg. 

Main Outcomes Measure: The pharmacokinetics of three single doses sublingual 
testosterone solution; the influence of SHBG levels on free and total levels of 
testosterone.  

Results: After sublingual testosterone administration, serum free and total 
testosterone levels peaked at 15 min. and reached baseline levels within 150 
min. The AUCs and Cmax of free and total testosterone differed significantly 
between the three doses (P<0.0001) and increased dose-dependently. 

A dose-dependent increase in free fraction of testosterone was found in women 
with low SHBG levels, but not in women with high SHBG levels.  

 

 
 

Conclusions: The three doses sublingual testosterone are rapidly absorbed and 
quickly metabolized in premenopausal women. These data demonstrate the 
influence of SHBG levels on the treatment induced alterations in plasma free 
testosterone.   
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ABSTRACT  

Context: Sublingual testosterone is a single-dose treatment often used in studies 
regarding social, cognitive and sexual behavior. It is hypothesized that an 
increase in the ratio of free to total testosterone (free fraction) is indirectly, via 
genomic effects, responsible for the behavioral effects after sublingual 
testosterone administration. 

Objective: To characterize the pharmacokinetics of three doses sublingual 
testosterone in premenopausal women. Also, to investigate the SHBG saturation 
threshold influencing the free level and free fraction of testosterone. 

Design: We conducted an investigator-blind, randomized, cross-over placebo-
controlled study.  

Setting: This study was undertaken at the research and development 
department of a scientific company for research regarding female sexual 
dysfunction. 

Participants: 16 healthy premenopausal women (mean age 27.3 ± 5.3 yr). 

Interventions: Sublingual testosterone solution; 0.25, 0.50 and 0.75 mg. 

Main Outcomes Measure: The pharmacokinetics of three single doses sublingual 
testosterone solution; the influence of SHBG levels on free and total levels of 
testosterone.  

Results: After sublingual testosterone administration, serum free and total 
testosterone levels peaked at 15 min. and reached baseline levels within 150 
min. The AUCs and Cmax of free and total testosterone differed significantly 
between the three doses (P<0.0001) and increased dose-dependently. 

A dose-dependent increase in free fraction of testosterone was found in women 
with low SHBG levels, but not in women with high SHBG levels.  

 

 
 

Conclusions: The three doses sublingual testosterone are rapidly absorbed and 
quickly metabolized in premenopausal women. These data demonstrate the 
influence of SHBG levels on the treatment induced alterations in plasma free 
testosterone.   
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INTRODUCTION 

Results of scientific research indicate that testosterone is involved in social 
behavior [1,2] including sexual behavior [3,4]. Sexual behavior is influenced by 
endogenous testosterone levels as well as to exogenously administered 
testosterone. For exogenous testosterone administration, two different methods 
of treatment can be distinguished: chronic treatment versus single dose 
administration. Each method of treatment has its own pharmacokinetic profile, 
which may affect the influence of testosterone on behavior. Chronic 
testosterone administration is utilized as the delivery option in the majority of 
studies regarding the influence of testosterone on women’s sexual behavior, 
including hormonal replacement therapy in naturally or surgically (bilateral 
oophorectomy) menopausal women [5-7].  

More recently however, several studies have investigated the effects of single 
dose testosterone administration on women’s sexual behavior [8-10]. Tuiten et 
al. reported that a single sublingual dose of 0.50 mg testosterone significantly 
increased vaginal vasocongestion and experiences of sexual lust and genital 
sensation in premenopausal women without sexual complaints [8]. These effects 
occurred 3 to 4 h after the induced testosterone peak and about 2 h after 
testosterone returned to baseline levels. This delay in behavioral effects after 
sublingual testosterone administration has been replicated in several other 
studies regarding social behavior and cognitive functions [11-22].  

There are very few studies that have defined the pharmacokinetic profile of 
sublingual testosterone. Salehian et al. [23], compared the pharmacokinetic 
profiles of 2 doses of sublingual testosterone (2.5 and 5.0 mg) with the 
pharmacokinetic profile of a long-acting testosterone ester, testosterone 
enanthate (TE) (in oil, im. 200 mg) in hypogonadal men. Compared to sublingual 
testosterone, the total and the free testosterone levels peaked days later in the 
male subjects studied who received TE. In the sublingual conditions the rise of 
free testosterone levels occurred within 1 h after administration, in the TE group 
this occurred 7 days after administration. Furthermore, it was shown that the 
free testosterone levels in the TE condition did not increase until the sex 

 

 
 

hormone binding globulin (SHBG) levels were suppressed after administration by 
day 7. The suppression of SHBG levels was significantly greater in the TE group 
than in either sublingual group [23]. 

It is widely accepted that free testosterone is the biologically active testosterone 
[24]. Pharmacodynamic effects (measures of sexual functioning) would thus be 
expected to increase much later in the TE administered group compared to the 
sublingual administered group. Unfortunately, in the Salehian et al. study, post-
dose sexual motivation was measured for the first time in the week before the 
first visit on day 20, when the free testosterone rise had already been passed in 
both groups. Notably, in the study by Tuiten and Van der Made et al., measures 
of sexual arousal increased 3 to 4 h after the peak of circulating testosterone 
[8,10] and 2 hours after testosterone levels returned to baseline [8], indicating 
that sublingual testosterone administration produces a pharmacodynamic effect 
after 4 h. Van der Made et al. suggested a SHBG saturation threshold hypothesis; 
i.e., when available binding sites of SHBG are occupied with testosterone after a 
sufficient single sublingual dose of testosterone, free fraction-, and thus free 
testosterone levels increase thereby inducing behavioral effects [10]. The exact 
mechanism responsible for this delay in behavioral effect is not fully understood 
but it could be that testosterone exerts its behavioral effect via androgenic 
metabolites, genomic mechanisms [1] or a combination of these factors.  

The main purpose of the present study was to establish an extensive 
pharmacokinetic profile of three different single doses of sublingual testosterone 
administered as a solution with cyclodextrin. The primary pharmacokinetic 
endpoints were levels of total and free testosterone. Secondary endpoints 
included the pharmacokinetics of 5α-dihydrotestosterone (DHT), and 3α-
androstanediol glucuronide (3α-diol-G). Additionally serum albumin, 17β-
estradiol (E2) and SHBG were measured.   

Moreover, we compared the data of the present study with those of the Tuiten 
et al.’s pharmacokinetic study [8] with regard to the effect of single dose 
sublingual testosterone on circulating free and total testosterone levels. 
Furthermore we sought to determine at which level serum testosterone 
occupies the available binding sites of SHBG and serum free testosterone 
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INTRODUCTION 

Results of scientific research indicate that testosterone is involved in social 
behavior [1,2] including sexual behavior [3,4]. Sexual behavior is influenced by 
endogenous testosterone levels as well as to exogenously administered 
testosterone. For exogenous testosterone administration, two different methods 
of treatment can be distinguished: chronic treatment versus single dose 
administration. Each method of treatment has its own pharmacokinetic profile, 
which may affect the influence of testosterone on behavior. Chronic 
testosterone administration is utilized as the delivery option in the majority of 
studies regarding the influence of testosterone on women’s sexual behavior, 
including hormonal replacement therapy in naturally or surgically (bilateral 
oophorectomy) menopausal women [5-7].  

More recently however, several studies have investigated the effects of single 
dose testosterone administration on women’s sexual behavior [8-10]. Tuiten et 
al. reported that a single sublingual dose of 0.50 mg testosterone significantly 
increased vaginal vasocongestion and experiences of sexual lust and genital 
sensation in premenopausal women without sexual complaints [8]. These effects 
occurred 3 to 4 h after the induced testosterone peak and about 2 h after 
testosterone returned to baseline levels. This delay in behavioral effects after 
sublingual testosterone administration has been replicated in several other 
studies regarding social behavior and cognitive functions [11-22].  

There are very few studies that have defined the pharmacokinetic profile of 
sublingual testosterone. Salehian et al. [23], compared the pharmacokinetic 
profiles of 2 doses of sublingual testosterone (2.5 and 5.0 mg) with the 
pharmacokinetic profile of a long-acting testosterone ester, testosterone 
enanthate (TE) (in oil, im. 200 mg) in hypogonadal men. Compared to sublingual 
testosterone, the total and the free testosterone levels peaked days later in the 
male subjects studied who received TE. In the sublingual conditions the rise of 
free testosterone levels occurred within 1 h after administration, in the TE group 
this occurred 7 days after administration. Furthermore, it was shown that the 
free testosterone levels in the TE condition did not increase until the sex 

 

 
 

hormone binding globulin (SHBG) levels were suppressed after administration by 
day 7. The suppression of SHBG levels was significantly greater in the TE group 
than in either sublingual group [23]. 

It is widely accepted that free testosterone is the biologically active testosterone 
[24]. Pharmacodynamic effects (measures of sexual functioning) would thus be 
expected to increase much later in the TE administered group compared to the 
sublingual administered group. Unfortunately, in the Salehian et al. study, post-
dose sexual motivation was measured for the first time in the week before the 
first visit on day 20, when the free testosterone rise had already been passed in 
both groups. Notably, in the study by Tuiten and Van der Made et al., measures 
of sexual arousal increased 3 to 4 h after the peak of circulating testosterone 
[8,10] and 2 hours after testosterone levels returned to baseline [8], indicating 
that sublingual testosterone administration produces a pharmacodynamic effect 
after 4 h. Van der Made et al. suggested a SHBG saturation threshold hypothesis; 
i.e., when available binding sites of SHBG are occupied with testosterone after a 
sufficient single sublingual dose of testosterone, free fraction-, and thus free 
testosterone levels increase thereby inducing behavioral effects [10]. The exact 
mechanism responsible for this delay in behavioral effect is not fully understood 
but it could be that testosterone exerts its behavioral effect via androgenic 
metabolites, genomic mechanisms [1] or a combination of these factors.  

The main purpose of the present study was to establish an extensive 
pharmacokinetic profile of three different single doses of sublingual testosterone 
administered as a solution with cyclodextrin. The primary pharmacokinetic 
endpoints were levels of total and free testosterone. Secondary endpoints 
included the pharmacokinetics of 5α-dihydrotestosterone (DHT), and 3α-
androstanediol glucuronide (3α-diol-G). Additionally serum albumin, 17β-
estradiol (E2) and SHBG were measured.   

Moreover, we compared the data of the present study with those of the Tuiten 
et al.’s pharmacokinetic study [8] with regard to the effect of single dose 
sublingual testosterone on circulating free and total testosterone levels. 
Furthermore we sought to determine at which level serum testosterone 
occupies the available binding sites of SHBG and serum free testosterone 
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increases, i.e., the postulated SHBG saturation threshold mechanism by van der 
Made et al. [10].  

SUBJECTS AND METHODS 

Study subjects 

Eligible women were between 21 and 40 years, premenopausal and had a body 
mass index (BMI) between 18 and 30 kg/m2.  Exclusion criteria included a history 
of a hormone-dependent malignancy, endocrine disease, neurological problems, 
psychiatric disorder, cardiovascular condition, hypertension, abnormal liver or 
renal function. Women taking medications that interfere with metabolism of sex 
steroids or had used testosterone therapy within 6 months before study entry 
were excluded also.  

Women were recruited and enrolled from referrals, newspaper advertisements, 
the internet, and an internal database of our lab. To determine eligibility, 
participants were screened 2 weeks prior to study entry. In addition to an 
assessment of medical history, all subjects received a physical examination 
including a 12-lead electrocardiogram, standard biochemistry and hematological 
laboratory tests. Blood samples for determination of testosterone, SHBG, TSH, 
Thyroxine, FSH and estrogen were collected at baseline. A urine pregnancy test 
was applied to all women of child bearing potential.  

16 healthy young women participated after providing written informed consent 
and received reimbursement for expenses for their participation. This study was 
approved by the local ethics committee (Stichting Therapeutische Evaluatie 
Geneesmiddelen Medisch Ethische Toetsingscommissie, Almere, The 
Netherlands) and carried out in agreement with ICH-GCP (International 
Conference on Harmonization – Good Clinical Practice).   

Study design 

This was a single-center, investigator-blind, randomized, cross-over, placebo- 
controlled study with three doses of a testosterone solution containing 

 

 
 

cyclodextrin administered sublingually. This solution consists of authentic 
nonmodified testosterone forming a soluble complex by a cyclodextrin 
carbohydrate ring. Due to increased solubility the absorption of testosterone 
through the oral mucosa is facilitated, thereby avoiding the hepatic first-pass 
metabolism [23,25-27].  

All 16 subjects received each investigational drug dose once in random order. 
Wash-out between treatments was at least 48 h. Subjects had serial blood 
samples drawn via an intravenous catheter. Pharmacokinetic parameters were 
monitored at baseline and (at 2, 4, 6, 8, 10, 20, 30, 60, 90, 120, 180, 230 min) 
after dosing.  

Measurement of total testosterone, free testosterone, and DHT were performed 
at each sampling time; E2 at -5, 60 and 230 min; 3α-diol-G at -5, 60, 120, and 230 
min; SHBG and albumin prior to dosing and at 230 min. Blood samples in the 
placebo condition were only measured at -5, 10, 60 and 230 min. 

Vital signs were measured at regular intervals and an electrocardiogram was 
performed prior to dosing and at the end of the experimental day. For each 
experimental day, subjects were asked to attend the visit in fasting state and 
they received a strict diet (low fat, no caffeine) during the experimental day to 
minimize the influence of pharmacokinetic parameters. Drug, alcohol and 
pregnancy screens were performed prior to experimental sessions.  

Medication and dosing 

Testosterone and placebo were administered sublingually in 4 separate 
experimental phases with either a 0.25, 0.50, 0.75 mg dose and placebo as a 
solution using a micropipette (Gilson Pipetman P1000) from a 1 mg/mL solution. 
The 0.25 mg, 0.50 mg, and 0.75 mg testosterone were dosed from different 
volumes of the 1 mg/mL solution. For the placebo solution 0.50 mL was 
administered. 

The different doses were prepared by an unblinded research associate and 
administered by blinded research associates. The blinded research associate 
administered the solution into the subjects mouth under the tongue, the 
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increases, i.e., the postulated SHBG saturation threshold mechanism by van der 
Made et al. [10].  

SUBJECTS AND METHODS 

Study subjects 

Eligible women were between 21 and 40 years, premenopausal and had a body 
mass index (BMI) between 18 and 30 kg/m2.  Exclusion criteria included a history 
of a hormone-dependent malignancy, endocrine disease, neurological problems, 
psychiatric disorder, cardiovascular condition, hypertension, abnormal liver or 
renal function. Women taking medications that interfere with metabolism of sex 
steroids or had used testosterone therapy within 6 months before study entry 
were excluded also.  

Women were recruited and enrolled from referrals, newspaper advertisements, 
the internet, and an internal database of our lab. To determine eligibility, 
participants were screened 2 weeks prior to study entry. In addition to an 
assessment of medical history, all subjects received a physical examination 
including a 12-lead electrocardiogram, standard biochemistry and hematological 
laboratory tests. Blood samples for determination of testosterone, SHBG, TSH, 
Thyroxine, FSH and estrogen were collected at baseline. A urine pregnancy test 
was applied to all women of child bearing potential.  

16 healthy young women participated after providing written informed consent 
and received reimbursement for expenses for their participation. This study was 
approved by the local ethics committee (Stichting Therapeutische Evaluatie 
Geneesmiddelen Medisch Ethische Toetsingscommissie, Almere, The 
Netherlands) and carried out in agreement with ICH-GCP (International 
Conference on Harmonization – Good Clinical Practice).   

Study design 

This was a single-center, investigator-blind, randomized, cross-over, placebo- 
controlled study with three doses of a testosterone solution containing 

 

 
 

cyclodextrin administered sublingually. This solution consists of authentic 
nonmodified testosterone forming a soluble complex by a cyclodextrin 
carbohydrate ring. Due to increased solubility the absorption of testosterone 
through the oral mucosa is facilitated, thereby avoiding the hepatic first-pass 
metabolism [23,25-27].  

All 16 subjects received each investigational drug dose once in random order. 
Wash-out between treatments was at least 48 h. Subjects had serial blood 
samples drawn via an intravenous catheter. Pharmacokinetic parameters were 
monitored at baseline and (at 2, 4, 6, 8, 10, 20, 30, 60, 90, 120, 180, 230 min) 
after dosing.  

Measurement of total testosterone, free testosterone, and DHT were performed 
at each sampling time; E2 at -5, 60 and 230 min; 3α-diol-G at -5, 60, 120, and 230 
min; SHBG and albumin prior to dosing and at 230 min. Blood samples in the 
placebo condition were only measured at -5, 10, 60 and 230 min. 

Vital signs were measured at regular intervals and an electrocardiogram was 
performed prior to dosing and at the end of the experimental day. For each 
experimental day, subjects were asked to attend the visit in fasting state and 
they received a strict diet (low fat, no caffeine) during the experimental day to 
minimize the influence of pharmacokinetic parameters. Drug, alcohol and 
pregnancy screens were performed prior to experimental sessions.  

Medication and dosing 

Testosterone and placebo were administered sublingually in 4 separate 
experimental phases with either a 0.25, 0.50, 0.75 mg dose and placebo as a 
solution using a micropipette (Gilson Pipetman P1000) from a 1 mg/mL solution. 
The 0.25 mg, 0.50 mg, and 0.75 mg testosterone were dosed from different 
volumes of the 1 mg/mL solution. For the placebo solution 0.50 mL was 
administered. 

The different doses were prepared by an unblinded research associate and 
administered by blinded research associates. The blinded research associate 
administered the solution into the subjects mouth under the tongue, the 
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subjects were instructed to keep the solution sublingually for 1 minute while 
moving the tongue slightly to optimize absorption. After 1 minute the blinded 
research associate instructed the subject to swallow the solution.  

Hormone assays 

The assay used for the determination of total testosterone, free testosterone 
(after ultrafiltration), and DHT was High Performance Liquid Chromatography 
with Mass Spectrometric detection (LC/MSMS) (API 4000, AB Sciex). The method 
was validated with a lower limit of quantification (LLOQ) of 0.02 ng/mL for 
testosterone and DHT, and 0.001 ng/mL for free testosterone. The LC/MSMS 
assay is a reliable method for analysis of free testosterone and overcomes the 
known limitations of direct immunoassays in measurement of testosterone 
values in the lower range [28,29].  

E2 was analyzed by a chemiluminescence immunoassay (Siemens), the LLOQ was 
0.25 pmol/L. 3α-diol-G was measured by ELISA (BioVendor), the LLOQ was 0.25 
ng/mL.  SHBG was measured by an electrochemiluminescent assay (ECLIA, 
Roche). Albumin was measured by Roche Bromocresol Green (BCG) analysis 
(Roche). 

Statistical analysis 

The pharmacokinetic parameters were analyzed using the WinNonlin software 
(version 5.1). Pharmacokinetic parameters including area under the curve, t = 0 
till t = 230 min (AUC0-230), maximum concentration (Cmax) and time to maximum 
concentration (tmax) were calculated based on actual and baseline corrected 
individual concentration time curves. AUCs were estimated using the linear 
trapezoidal rule. Individual pharmacokinetic parameters AUC0-230 and Cmax and 
corresponding dose normalized parameters were log transformed and analyzed 
using a mixed maximum likelihood analysis (PROC MIXED in SAS, version 9.1) 
including subject as a random factor and drug as a fixed effect factor. Contrasts 
were made of the least square means to compare the different doses. Tmax was 
analyzed using a Wilcoxon rank sum test. This was based on the planned times 

 

 
 

corresponding to the actual tmax to prevent bias in analysis results based on 
differences in sampling times.   

The baseline levels of total and free testosterone, DHT, E2, 3α-diol-G, SHBG and 
albumin were calculated by taking the mean of the placebo, 0.25, 0.50 and 0.75 
mg predose levels. 

Overall analysis of the free fraction (free testosterone levels divided by total 
testosterone levels at each time point) was analyzed in a 3 Drug (0.25 mg vs 0.50 
mg vs 0.75mg) x 6 Time (t = 4, 6, 8, 10, 20, 30 min.) repeated measures ANOVA, 
with Drug and Time as within subjects factors. 

In order to meet normality assumptions, baseline SHBG values were log-
transformed and Pearson’s correlation coefficients were calculated to further 
investigate relationships between SHBG levels, total testosterone, free 
testosterone and free fraction percentage of testosterone. 

Subsequently, we divided the subjects into two subgroups, on the basis of their 
baseline SHBG levels (mean of placebo, 0.25, 0.50, 0.75 mg predose levels). This 
subdivision was based on a median split of the baseline SHBG levels. One group 
(N = 8) with low SHBG levels (≤63 nmol/L) and the other group (N = 8) with 
relatively high SHBG levels (>63 nmol/L). Independent samples t-test were used 
to assess free testosterone levels with SHBG as grouping variable (low vs. high 
SHBG) for each post-dose measurement.  

The dependent variable free fraction was analyzed in a 3 Drug (0.25 mg vs. 0.50 
mg vs. 0.75mg) x 6 Time (t = 4, 6, 8, 10, 20, 30 min) x 2 Group (SHBG low vs. 
SHBG high) repeated measures ANOVA, with Drug and Time as within subjects 
factor and Group as between subjects factor. To analyze the effects of the within 
subject factors within each group separately, paired-samples t-test were used for 
each SHBG group for each post-dose measurement between the three doses. For 
all ANOVAs sphericity was not violated. For all analyses a (two-sided) p-value less 
than 0.05 was considered statistically significant. SPSS 16.0 was used for all 
statistical analyses. 
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subjects were instructed to keep the solution sublingually for 1 minute while 
moving the tongue slightly to optimize absorption. After 1 minute the blinded 
research associate instructed the subject to swallow the solution.  

Hormone assays 

The assay used for the determination of total testosterone, free testosterone 
(after ultrafiltration), and DHT was High Performance Liquid Chromatography 
with Mass Spectrometric detection (LC/MSMS) (API 4000, AB Sciex). The method 
was validated with a lower limit of quantification (LLOQ) of 0.02 ng/mL for 
testosterone and DHT, and 0.001 ng/mL for free testosterone. The LC/MSMS 
assay is a reliable method for analysis of free testosterone and overcomes the 
known limitations of direct immunoassays in measurement of testosterone 
values in the lower range [28,29].  

E2 was analyzed by a chemiluminescence immunoassay (Siemens), the LLOQ was 
0.25 pmol/L. 3α-diol-G was measured by ELISA (BioVendor), the LLOQ was 0.25 
ng/mL.  SHBG was measured by an electrochemiluminescent assay (ECLIA, 
Roche). Albumin was measured by Roche Bromocresol Green (BCG) analysis 
(Roche). 

Statistical analysis 

The pharmacokinetic parameters were analyzed using the WinNonlin software 
(version 5.1). Pharmacokinetic parameters including area under the curve, t = 0 
till t = 230 min (AUC0-230), maximum concentration (Cmax) and time to maximum 
concentration (tmax) were calculated based on actual and baseline corrected 
individual concentration time curves. AUCs were estimated using the linear 
trapezoidal rule. Individual pharmacokinetic parameters AUC0-230 and Cmax and 
corresponding dose normalized parameters were log transformed and analyzed 
using a mixed maximum likelihood analysis (PROC MIXED in SAS, version 9.1) 
including subject as a random factor and drug as a fixed effect factor. Contrasts 
were made of the least square means to compare the different doses. Tmax was 
analyzed using a Wilcoxon rank sum test. This was based on the planned times 

 

 
 

corresponding to the actual tmax to prevent bias in analysis results based on 
differences in sampling times.   

The baseline levels of total and free testosterone, DHT, E2, 3α-diol-G, SHBG and 
albumin were calculated by taking the mean of the placebo, 0.25, 0.50 and 0.75 
mg predose levels. 

Overall analysis of the free fraction (free testosterone levels divided by total 
testosterone levels at each time point) was analyzed in a 3 Drug (0.25 mg vs 0.50 
mg vs 0.75mg) x 6 Time (t = 4, 6, 8, 10, 20, 30 min.) repeated measures ANOVA, 
with Drug and Time as within subjects factors. 

In order to meet normality assumptions, baseline SHBG values were log-
transformed and Pearson’s correlation coefficients were calculated to further 
investigate relationships between SHBG levels, total testosterone, free 
testosterone and free fraction percentage of testosterone. 

Subsequently, we divided the subjects into two subgroups, on the basis of their 
baseline SHBG levels (mean of placebo, 0.25, 0.50, 0.75 mg predose levels). This 
subdivision was based on a median split of the baseline SHBG levels. One group 
(N = 8) with low SHBG levels (≤63 nmol/L) and the other group (N = 8) with 
relatively high SHBG levels (>63 nmol/L). Independent samples t-test were used 
to assess free testosterone levels with SHBG as grouping variable (low vs. high 
SHBG) for each post-dose measurement.  

The dependent variable free fraction was analyzed in a 3 Drug (0.25 mg vs. 0.50 
mg vs. 0.75mg) x 6 Time (t = 4, 6, 8, 10, 20, 30 min) x 2 Group (SHBG low vs. 
SHBG high) repeated measures ANOVA, with Drug and Time as within subjects 
factor and Group as between subjects factor. To analyze the effects of the within 
subject factors within each group separately, paired-samples t-test were used for 
each SHBG group for each post-dose measurement between the three doses. For 
all ANOVAs sphericity was not violated. For all analyses a (two-sided) p-value less 
than 0.05 was considered statistically significant. SPSS 16.0 was used for all 
statistical analyses. 
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RESULTS 

The baseline characteristics and hormone levels of the 16 study participants are 
outlined in table 1. One subject was excluded from the 0.50 mg analysis due to 
an incorrect administration procedure of the testosterone solution.  

Table 1. Baseline and clinical characteristics of the participants 

Characteristic  Value (N = 16) 
Age (years) 27.3 ± 5.3  
Race (no. (%)) 
    Caucasian 
    Black 
    Asian 
    Other 

 
11 (69) 
2 (13) 
1 (6) 
2 (13)a 

BMI (kg/m²) 23.5 ± 3.4  
Contraceptive (no. (%)) 
   Hormonal  
    -Combined oral contraceptive pill 
    -IUD (levonorgestrel) 
    -Vaginal ring (progestin and estrogen) 
   Non-hormonal 
   None 
 

 
11 (69) 
8 (50) 
2 (13) 
1 (6) 
1 (6) 
4 (25.0) 

Total testosterone (ng/mL)                           
Free testosterone (pg/mL) 
DHT (ng/mL) 
3α-diol-G (ng/mL) 
E2 (pmol/L) 
SHBG (nmol/L) 
Albumin (g/L) 

0.2 ± 0.1  
1.9 ± 0.7b 
0.1 ± 0.03 
2.0 ± 1.9  
207 ± 147c 
114 ± 120 
44.7 ± 1.5 

Plus–minus values are means ± SD. To convert total testosterone to nanomoles per liter, multiply 

by 3.467; to convert free testosterone to  picomoles per liter, multiply by 3467. To convert total 

DHT to nanomoles per liter, multiply by 3.44. To convert 3α-diol-G to nanomoles per liter, multiply 

by 2.13. All baseline levels are means of placebo, 0.25, 0.50, 0.75 mg predose levels. 

a The percentages do not sum up to 100% due to rounding of the numbers 
b Only measured in 11 subjects; 5 subjects had values below the LLOQ 
c Only measured in 15 subjects; 1 subject had a value below the LLOQ 

 

 
 

Primary pharmacokinetic endpoints 

The pharmacokinetic parameters of total and free testosterone are summarized 
in table 2. 

 

Table 2. Baseline corrected pharmacokinetic parameters of total- and free testosterone 
following administration of 0.25 to 0.75 mg sublingual testosterone 

 Dose 

(mg) 

t1/2 * 

(min) 

Tmax * (min) Baseline 

corrected 

AUC 0-230 ** 

(ng*min/mL)  

Cmax ** 

(ng/mL)  

MRT  * 

(min)  

 

Testosterone  

(ng/mL) a 

0.25 49.8 ± 16.0 15.6 ± 5.4 194 (37.2) 3.79 (39.9) 57.7±12.2 

0.50 49.7 ± 22.4 15.1 ± 5.5 266 (37.6) 5.31 (37.8) 55.6±13.9 

0.75 58.5 ± 24.6 14.3 ± 5.3 337 (34.7) 6.73 (39.6) 59.5±16.4 

Free 

testosterone 

(ng/mL) b 

0.25 42.3 ± 14.6 15.6 ± 5.1 0.95 (51.8) 0.021(39.7) 52.6±11.6 

0.50 55.7 ± 27.5 14.4 ± 5.5 1.51 (40.2) 0.032(37.6) 57.1±15.6 

0.75 51.1 ± 26.4 12.8 ± 6.3 1.87 (47.8) 0.043(45.7) 51.4±14.5 
a Total testosterone normal range =0.14 to 0.66 ng/mL  [30]. 
b Free testosterone normal range= 0.00072 to 0.0036 ng/mL  [30]. 
To convert total testosterone to nanomoles per liter, multiply by 3.467; to convert free testosterone 
to  picomoles per liter, multiply by 3467. 
MRT = mean residence time 
*   mean ±  SD 
** geometric mean (%CV) 

Total testosterone 

The three doses (0.25, 0.50, 0.75 mg) produced maximum levels of total 
testosterone of 3.79, 5.31 and 6.73 ng/mL, respectively, at means of 15.6, 15.1 
and 14.3 min (Figure 1).  

The Cmax of total testosterone was significantly different (P < 0.0001) among the 
three doses. We found no statistically significant differences in Tmax of total 
testosterone between the three dosages. The AUCs of total testosterone were 
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RESULTS 

The baseline characteristics and hormone levels of the 16 study participants are 
outlined in table 1. One subject was excluded from the 0.50 mg analysis due to 
an incorrect administration procedure of the testosterone solution.  

Table 1. Baseline and clinical characteristics of the participants 

Characteristic  Value (N = 16) 
Age (years) 27.3 ± 5.3  
Race (no. (%)) 
    Caucasian 
    Black 
    Asian 
    Other 

 
11 (69) 
2 (13) 
1 (6) 
2 (13)a 

BMI (kg/m²) 23.5 ± 3.4  
Contraceptive (no. (%)) 
   Hormonal  
    -Combined oral contraceptive pill 
    -IUD (levonorgestrel) 
    -Vaginal ring (progestin and estrogen) 
   Non-hormonal 
   None 
 

 
11 (69) 
8 (50) 
2 (13) 
1 (6) 
1 (6) 
4 (25.0) 

Total testosterone (ng/mL)                           
Free testosterone (pg/mL) 
DHT (ng/mL) 
3α-diol-G (ng/mL) 
E2 (pmol/L) 
SHBG (nmol/L) 
Albumin (g/L) 

0.2 ± 0.1  
1.9 ± 0.7b 
0.1 ± 0.03 
2.0 ± 1.9  
207 ± 147c 
114 ± 120 
44.7 ± 1.5 

Plus–minus values are means ± SD. To convert total testosterone to nanomoles per liter, multiply 

by 3.467; to convert free testosterone to  picomoles per liter, multiply by 3467. To convert total 

DHT to nanomoles per liter, multiply by 3.44. To convert 3α-diol-G to nanomoles per liter, multiply 

by 2.13. All baseline levels are means of placebo, 0.25, 0.50, 0.75 mg predose levels. 

a The percentages do not sum up to 100% due to rounding of the numbers 
b Only measured in 11 subjects; 5 subjects had values below the LLOQ 
c Only measured in 15 subjects; 1 subject had a value below the LLOQ 

 

 
 

Primary pharmacokinetic endpoints 

The pharmacokinetic parameters of total and free testosterone are summarized 
in table 2. 

 

Table 2. Baseline corrected pharmacokinetic parameters of total- and free testosterone 
following administration of 0.25 to 0.75 mg sublingual testosterone 

 Dose 

(mg) 

t1/2 * 

(min) 

Tmax * (min) Baseline 

corrected 

AUC 0-230 ** 

(ng*min/mL)  

Cmax ** 

(ng/mL)  

MRT  * 

(min)  

 

Testosterone  

(ng/mL) a 

0.25 49.8 ± 16.0 15.6 ± 5.4 194 (37.2) 3.79 (39.9) 57.7±12.2 

0.50 49.7 ± 22.4 15.1 ± 5.5 266 (37.6) 5.31 (37.8) 55.6±13.9 

0.75 58.5 ± 24.6 14.3 ± 5.3 337 (34.7) 6.73 (39.6) 59.5±16.4 

Free 

testosterone 

(ng/mL) b 

0.25 42.3 ± 14.6 15.6 ± 5.1 0.95 (51.8) 0.021(39.7) 52.6±11.6 

0.50 55.7 ± 27.5 14.4 ± 5.5 1.51 (40.2) 0.032(37.6) 57.1±15.6 

0.75 51.1 ± 26.4 12.8 ± 6.3 1.87 (47.8) 0.043(45.7) 51.4±14.5 
a Total testosterone normal range =0.14 to 0.66 ng/mL  [30]. 
b Free testosterone normal range= 0.00072 to 0.0036 ng/mL  [30]. 
To convert total testosterone to nanomoles per liter, multiply by 3.467; to convert free testosterone 
to  picomoles per liter, multiply by 3467. 
MRT = mean residence time 
*   mean ±  SD 
** geometric mean (%CV) 

Total testosterone 

The three doses (0.25, 0.50, 0.75 mg) produced maximum levels of total 
testosterone of 3.79, 5.31 and 6.73 ng/mL, respectively, at means of 15.6, 15.1 
and 14.3 min (Figure 1).  

The Cmax of total testosterone was significantly different (P < 0.0001) among the 
three doses. We found no statistically significant differences in Tmax of total 
testosterone between the three dosages. The AUCs of total testosterone were 
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also statistically significant different among the three doses (P < 0.0001) and 
showed a dose-dependent increase. The calculated half-life of total testosterone 
showed a significant difference between the 0.50 mg and 0.75 mg dose (P = 
0.0125). 

Free testosterone 

Peak levels for free testosterone during the three dosages were 0.021, 0.032 and 
0.043 ng/mL at means of 15.6, 14.4 and 12.8 min respectively (Figure 2). There 
was a statistically significant difference between the three doses with respect to 
Cmax of free testosterone (p < 0.0001). There were no statistically significant 
differences for free testosterone Tmax between the three dosages. Free 
testosterone AUCs were statistically significant different between the three 
doses and increased dose-dependently. The differences between the free 
testosterone AUCs of the 0.25 mg vs 0.50 mg and 0.25 mg vs 0.75 mg have p 
values < 0.0001, while the difference between the 0.50 and 0.75 mg was 
significant at P < 0.01. There were no statistically significant differences between 
the three doses for the calculated half-life of free testosterone. 

For all doses, baseline levels for total- and free testosterone were reached by 
150 min. 

Bioavailability 

To determine the absolute percentage of the sublingual testosterone dose which 
is absorbed in the systemic circulation, the fraction of absorbed testosterone 
needs to be calculated from the formula used also for the AUC calculation after 
intravenous dosing. Since we did not have an intravenous standard, we took the 
0.25 mg dosage as reference value. Thus the  bioavailability of the 0.25 mg was 
set at 100%, and for 0.50 and 0.75 mg were calculated as 69% (or 0.34 mg), and 
58% (or 0.43 mg), respectively. The bioavailability of sublingual testosterone 
administration decreases with increasing doses.  

 

 
 

 

Figure 1. Geometric mean total testosterone levels in serum after administration of 0.25, 
0.50 and 0.75 mg sublingual testosterone. Total testosterone normal range = 0.14—0.66 
ng/mL (0.5—2.3 nmol/L) [30]. To convert total testosterone to nanomoles per liter, 
multiply by 3.467. 

 

Figure 2. Geometric mean free testosterone levels in serum after administration of 0.25, 
0.50 and 0.75 mg sublingual testosterone. Free testosterone normal range = 0.00072—
0.0036 ng/mL (2.5—12.5 pmol/L) [30]. To convert free testosterone to picomoles per 
liter, multiply by 3467. 
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also statistically significant different among the three doses (P < 0.0001) and 
showed a dose-dependent increase. The calculated half-life of total testosterone 
showed a significant difference between the 0.50 mg and 0.75 mg dose (P = 
0.0125). 

Free testosterone 

Peak levels for free testosterone during the three dosages were 0.021, 0.032 and 
0.043 ng/mL at means of 15.6, 14.4 and 12.8 min respectively (Figure 2). There 
was a statistically significant difference between the three doses with respect to 
Cmax of free testosterone (p < 0.0001). There were no statistically significant 
differences for free testosterone Tmax between the three dosages. Free 
testosterone AUCs were statistically significant different between the three 
doses and increased dose-dependently. The differences between the free 
testosterone AUCs of the 0.25 mg vs 0.50 mg and 0.25 mg vs 0.75 mg have p 
values < 0.0001, while the difference between the 0.50 and 0.75 mg was 
significant at P < 0.01. There were no statistically significant differences between 
the three doses for the calculated half-life of free testosterone. 

For all doses, baseline levels for total- and free testosterone were reached by 
150 min. 

Bioavailability 

To determine the absolute percentage of the sublingual testosterone dose which 
is absorbed in the systemic circulation, the fraction of absorbed testosterone 
needs to be calculated from the formula used also for the AUC calculation after 
intravenous dosing. Since we did not have an intravenous standard, we took the 
0.25 mg dosage as reference value. Thus the  bioavailability of the 0.25 mg was 
set at 100%, and for 0.50 and 0.75 mg were calculated as 69% (or 0.34 mg), and 
58% (or 0.43 mg), respectively. The bioavailability of sublingual testosterone 
administration decreases with increasing doses.  

 

 
 

 

Figure 1. Geometric mean total testosterone levels in serum after administration of 0.25, 
0.50 and 0.75 mg sublingual testosterone. Total testosterone normal range = 0.14—0.66 
ng/mL (0.5—2.3 nmol/L) [30]. To convert total testosterone to nanomoles per liter, 
multiply by 3.467. 

 

Figure 2. Geometric mean free testosterone levels in serum after administration of 0.25, 
0.50 and 0.75 mg sublingual testosterone. Free testosterone normal range = 0.00072—
0.0036 ng/mL (2.5—12.5 pmol/L) [30]. To convert free testosterone to picomoles per 
liter, multiply by 3467. 
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Free fraction  

Our analyses showed a statistically significant  effect of drug dose on the free 
fraction of testosterone (i.e. the ratio of free to total testosterone) during the t = 
4 through t = 30 min measurements (P = 0.002). We also found a statistically 
significant difference for the Cmax during t = 4 through t = 30 min between the 
0.25 mg and 0.50 mg (P = 0.003) and between 0.25 mg and 0.75 mg doses (P = 
0.010), but not between the 0.50 and 0.75 mg dose (P = 0.381) (Figure 3). 

 

Figure 3. Free fraction of testosterone for 0.25 mg, 0.50 mg and 0.75 mg measured from  
t = 4 min to 30 min. 

As stated above, we expected to find a relationship between circulating SHBG 
and the increases in the free levels and the free fraction of testosterone induced 
by the different dosages of sublingual testosterone.  Moreover, our experimental 
manipulations produced no statistically significant changes in SHBG and albumin 
levels between and on test days (data not shown).  
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In our study population we found a large between-subject variation in circulating 
SHBG levels. Baseline SHBG levels (log transformed) were correlated with total 
testosterone levels (t = 20 min): r =.732, P < 0.0002; r =.930, P < 0.001 and r 
=.894, P < 0.001 for the 0.25 mg, 0.50 mg and 0.75 mg dose respectively. 
Baseline SHBG levels (log transformed) were inversely correlated with free 
testosterone levels (t = 20 min): r = -.702, P < 0.003; r = -.849, P < 0.001 and r = -
.798, P < 0.001 for the 0.25 mg, 0.50 mg and 0.75 mg dose respectively. For the 
free fraction levels and SHBG levels, we observed stronger correlations; r = -.947, 
P < 0.001;  r = -.938, P < 0.001 and r = -.944, P < 0.001 for the 0.25 mg, 0.50 mg 
and 0.75 mg dose respectively on t = 20. 

Because of this large between-subject variation we subdivided the subjects in 
two group based on a median split of the baseline SHBG levels. The low SHBG 
group had a mean SHBG baseline level of 44 nmol/L (±11), while the high SHBG 
group had a mean level of  183 nmol/L (±141). 

Total testosterone and SHBG 

In subjects with low SHBG, the three doses produced maximum levels of total 
testosterone of 3.18, 3.93 and 4.73 ng/mL, respectively, at 20 min after dosing. 
In subjects with high SHBG, the maximum levels of total testosterone were 5.00, 
7.08 and 9.04 ng/mL after administration of the three doses sublingual 
testosterone. Between groups, total testosterone levels were  statistically 
different  for t = 10 till t = 30 min in the 0.25 and 0.50 mg dose, and in the 0.75 
mg dose 6 till 30 min after dosing.   

Free testosterone and SHBG 

In subjects with low SHBG, the three doses produced maximum levels of free 
testosterone of 0.026, 0.039 and 0.048 ng/mL, respectively, at 20 min after 
dosing. In subjects with high SHBG, the maximum levels of free testosterone 
were 0.018, 0.026 and 0.034 ng/mL after administration of the three doses 
sublingual testosterone. Between groups, all differences were statistically 
different, except for the levels of free testosterone in the 0.25 mg dose 4 and 20 
min after dosing and in the 0.75 mg dose 4 and 10 min after dosing. 
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Free fraction  

Our analyses showed a statistically significant  effect of drug dose on the free 
fraction of testosterone (i.e. the ratio of free to total testosterone) during the t = 
4 through t = 30 min measurements (P = 0.002). We also found a statistically 
significant difference for the Cmax during t = 4 through t = 30 min between the 
0.25 mg and 0.50 mg (P = 0.003) and between 0.25 mg and 0.75 mg doses (P = 
0.010), but not between the 0.50 and 0.75 mg dose (P = 0.381) (Figure 3). 

 

Figure 3. Free fraction of testosterone for 0.25 mg, 0.50 mg and 0.75 mg measured from  
t = 4 min to 30 min. 

As stated above, we expected to find a relationship between circulating SHBG 
and the increases in the free levels and the free fraction of testosterone induced 
by the different dosages of sublingual testosterone.  Moreover, our experimental 
manipulations produced no statistically significant changes in SHBG and albumin 
levels between and on test days (data not shown).  
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In our study population we found a large between-subject variation in circulating 
SHBG levels. Baseline SHBG levels (log transformed) were correlated with total 
testosterone levels (t = 20 min): r =.732, P < 0.0002; r =.930, P < 0.001 and r 
=.894, P < 0.001 for the 0.25 mg, 0.50 mg and 0.75 mg dose respectively. 
Baseline SHBG levels (log transformed) were inversely correlated with free 
testosterone levels (t = 20 min): r = -.702, P < 0.003; r = -.849, P < 0.001 and r = -
.798, P < 0.001 for the 0.25 mg, 0.50 mg and 0.75 mg dose respectively. For the 
free fraction levels and SHBG levels, we observed stronger correlations; r = -.947, 
P < 0.001;  r = -.938, P < 0.001 and r = -.944, P < 0.001 for the 0.25 mg, 0.50 mg 
and 0.75 mg dose respectively on t = 20. 

Because of this large between-subject variation we subdivided the subjects in 
two group based on a median split of the baseline SHBG levels. The low SHBG 
group had a mean SHBG baseline level of 44 nmol/L (±11), while the high SHBG 
group had a mean level of  183 nmol/L (±141). 

Total testosterone and SHBG 

In subjects with low SHBG, the three doses produced maximum levels of total 
testosterone of 3.18, 3.93 and 4.73 ng/mL, respectively, at 20 min after dosing. 
In subjects with high SHBG, the maximum levels of total testosterone were 5.00, 
7.08 and 9.04 ng/mL after administration of the three doses sublingual 
testosterone. Between groups, total testosterone levels were  statistically 
different  for t = 10 till t = 30 min in the 0.25 and 0.50 mg dose, and in the 0.75 
mg dose 6 till 30 min after dosing.   

Free testosterone and SHBG 

In subjects with low SHBG, the three doses produced maximum levels of free 
testosterone of 0.026, 0.039 and 0.048 ng/mL, respectively, at 20 min after 
dosing. In subjects with high SHBG, the maximum levels of free testosterone 
were 0.018, 0.026 and 0.034 ng/mL after administration of the three doses 
sublingual testosterone. Between groups, all differences were statistically 
different, except for the levels of free testosterone in the 0.25 mg dose 4 and 20 
min after dosing and in the 0.75 mg dose 4 and 10 min after dosing. 
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Our analyses showed that the low SHBG group had overall significantly higher 
levels of the free fraction compared to the high SHBG group (P = 0.007). Analyses 
revealed a statistically significant Group x Drug effect  for the difference 
between 0.25 mg and 0.75 mg (P = 0.012) and between 0.25 mg and 0.50 mg (P 
= 0.031) (see Figure 4). As shown in Figure 4,  statistically significant differences 
between the different doses sublingual testosterone were found in the low SHBG 
group.  

Figure 4. Free fraction of testosterone for 0.25 mg, 0.50 mg and 0.75 mg measured from 
t = 4 min to t = 30 min for the low and high SHBG groups. 
* significant difference between 0.25 mg vs. 0.75 mg (P = <0.05) 
† significant difference between 0.25 mg vs. 0.50 mg (P = <0.05) 
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Secondary pharmacokinetic endpoints 

DHT peak levels of 0.285, 0.404 and 0.465 ng/mL were reached at means of 27.5, 
28.0 and 27.5 min respectively (Table 3).  

Table 3. Baseline corrected pharmacokinetic parameters of DHT following administration 
of 0.25 to 0.75 mg sublingual testosterone 

 Dose 

(mg) 

t1/2 * (min) Tmax* 

(min) 

AUC 0-230 ** 

(ng* 

min/mL) 

Cmax ** 

(ng/mL)  

MRT* (min) 

 

Dihydro-

testosterone 

(ng/mL) 

0.25 45.1 ± 10.5 27.5 ± 4.5 20.6 (44.9) 0.285 (42.5) 75.7 ± 14.4 

0.50 44.5 ± 16.8 28.0 ± 4.1 28.8 (37.9) 0.404 (37.6) 73.4 ± 14.8 

0.75 50.5 ± 30.4 27.5 ± 4.5 34.4 (41.3) 0.465 (43.5) 81.5 ± 36.3 

DHT reference range= < 0.29 ng/mL [30]. To convert total DHT to nanomoles per liter, multiply by 
3.44. *   mean ± SD, ** geometric mean (%CV) 

T max differences between the three doses were not significant. The difference 
between the Cmax of the 0.25 mg vs. 0.50 mg and 0.25 mg vs. 0.75 mg was 
significant (P < 0.0001), and the difference between the Cmax of 0.50 mg and 
0.75 mg was statistically significant (P = 0.031). Mean residence time of the 
dihydrotestosterone levels were not different between the three sublingual 
doses. AUCs were statistically significant different between the three doses and 
increased dose-dependently.  

The difference between the AUCs of the 0.25 mg vs 0.50 mg and 0.25 mg vs 0.75 
mg was statistically significant (P < 0.0001), while the difference between the 
0.50 and 0.75 mg was significant at P = 0.021. There were no statistically 
significant differences between the three doses, for the calculated half-life of 
DHT. For all doses, return to DHT baseline levels occurred within 180 min (Figure 
5).  
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Our analyses showed that the low SHBG group had overall significantly higher 
levels of the free fraction compared to the high SHBG group (P = 0.007). Analyses 
revealed a statistically significant Group x Drug effect  for the difference 
between 0.25 mg and 0.75 mg (P = 0.012) and between 0.25 mg and 0.50 mg (P 
= 0.031) (see Figure 4). As shown in Figure 4,  statistically significant differences 
between the different doses sublingual testosterone were found in the low SHBG 
group.  

Figure 4. Free fraction of testosterone for 0.25 mg, 0.50 mg and 0.75 mg measured from 
t = 4 min to t = 30 min for the low and high SHBG groups. 
* significant difference between 0.25 mg vs. 0.75 mg (P = <0.05) 
† significant difference between 0.25 mg vs. 0.50 mg (P = <0.05) 
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Secondary pharmacokinetic endpoints 

DHT peak levels of 0.285, 0.404 and 0.465 ng/mL were reached at means of 27.5, 
28.0 and 27.5 min respectively (Table 3).  

Table 3. Baseline corrected pharmacokinetic parameters of DHT following administration 
of 0.25 to 0.75 mg sublingual testosterone 

 Dose 

(mg) 

t1/2 * (min) Tmax* 

(min) 

AUC 0-230 ** 

(ng* 

min/mL) 

Cmax ** 

(ng/mL)  

MRT* (min) 

 

Dihydro-

testosterone 

(ng/mL) 

0.25 45.1 ± 10.5 27.5 ± 4.5 20.6 (44.9) 0.285 (42.5) 75.7 ± 14.4 

0.50 44.5 ± 16.8 28.0 ± 4.1 28.8 (37.9) 0.404 (37.6) 73.4 ± 14.8 

0.75 50.5 ± 30.4 27.5 ± 4.5 34.4 (41.3) 0.465 (43.5) 81.5 ± 36.3 

DHT reference range= < 0.29 ng/mL [30]. To convert total DHT to nanomoles per liter, multiply by 
3.44. *   mean ± SD, ** geometric mean (%CV) 

T max differences between the three doses were not significant. The difference 
between the Cmax of the 0.25 mg vs. 0.50 mg and 0.25 mg vs. 0.75 mg was 
significant (P < 0.0001), and the difference between the Cmax of 0.50 mg and 
0.75 mg was statistically significant (P = 0.031). Mean residence time of the 
dihydrotestosterone levels were not different between the three sublingual 
doses. AUCs were statistically significant different between the three doses and 
increased dose-dependently.  

The difference between the AUCs of the 0.25 mg vs 0.50 mg and 0.25 mg vs 0.75 
mg was statistically significant (P < 0.0001), while the difference between the 
0.50 and 0.75 mg was significant at P = 0.021. There were no statistically 
significant differences between the three doses, for the calculated half-life of 
DHT. For all doses, return to DHT baseline levels occurred within 180 min (Figure 
5).  
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Figure 5. Geometric mean DHT levels in serum after administration of 0.25, 0.50 and 
0.75 mg sublingual testosterone. DHT reference range= < 0.29 ng/mL [30].  To convert 
total DHT to nanomoles per liter, multiply by 3.44. 

Increasing doses of sublingual testosterone did not have a statistically significant  
influence on the 3α-diol-G concentrations as measured at t = 0, t = 60, t = 120, 
and t = 230. Cmax and AUCs differences were not statistically significant 
between the three doses (data not shown).  

E2 levels did not change between the three doses of sublingual testosterone and 
did not increase significantly compared to baseline on t = 60 and t = 230 min 
(data not shown).  

The three doses sublingual testosterone were well tolerated. 

  

 

 

 

 

 
 

DISCUSSION 

Our results demonstrate that sublingual administration of each of the three 
doses testosterone  was followed by a quick and steep increase of total and free 
testosterone levels; with peak levels reached at 15 min. Serum levels of total and 
free testosterone rapidly declined to reach baseline levels by 2.5 h, which is in 
line with our previous study [8,30], and with the reported pharmacokinetic 
profile following inhalation of testosterone [30]. 

The total testosterone Cmax following administration of 0.50 mg sublingual 
testosterone showed consistency with the reported Cmax of Tuiten et al [8]. Also, 
the time to reach Cmax of total testosterone in this study showed uniformity with 
the data of Tuiten et al. and the study of Salehian et al., who administered 2.5 
mg and 5.0 mg sublingual testosterone [23].   

DHT levels showed a significant dose-dependent increase, peak levels were 
reached within 30 min and levels returned to baseline levels within 3 h.  DHT is 
metabolized to 3α-diol-G, so an elevation of 3α-diol-G levels was expected after 
administration of sublingual testosterone. However, no dose-dependent effect 
of sublingual testosterone on the concentration of 3α-diol-G was found.  

According to the SHBG saturation threshold hypothesis by van der Made et 
al.[10], an increased influx of testosterone into the body will occupy binding sites 
of SHBG. When most binding sites are occupied, free (non-SHBG bound) 
testosterone and consequently the free fraction will increase and thereby 
inducing, probably via genomic mechanisms [1], behavioral effects after 
approximately 4 h.  

The results of the present study show that free and total testosterone levels 
significantly increase dose-dependently, which is reflected by an increase in the 
free fraction of testosterone. However, the difference in free fraction of 
testosterone between the 0.50 and 0.75 mg condition did not reach statistical 
significance. It is interesting that around Tmax of free and total testosterone, six 
women have lower free fraction levels in the 0.75 mg condition compared to the 
0.50 mg condition. Whether this is the result of variation in drug absorption, or 
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Figure 5. Geometric mean DHT levels in serum after administration of 0.25, 0.50 and 
0.75 mg sublingual testosterone. DHT reference range= < 0.29 ng/mL [30].  To convert 
total DHT to nanomoles per liter, multiply by 3.44. 

Increasing doses of sublingual testosterone did not have a statistically significant  
influence on the 3α-diol-G concentrations as measured at t = 0, t = 60, t = 120, 
and t = 230. Cmax and AUCs differences were not statistically significant 
between the three doses (data not shown).  

E2 levels did not change between the three doses of sublingual testosterone and 
did not increase significantly compared to baseline on t = 60 and t = 230 min 
(data not shown).  

The three doses sublingual testosterone were well tolerated. 

  

 

 

 

 

 
 

DISCUSSION 

Our results demonstrate that sublingual administration of each of the three 
doses testosterone  was followed by a quick and steep increase of total and free 
testosterone levels; with peak levels reached at 15 min. Serum levels of total and 
free testosterone rapidly declined to reach baseline levels by 2.5 h, which is in 
line with our previous study [8,30], and with the reported pharmacokinetic 
profile following inhalation of testosterone [30]. 

The total testosterone Cmax following administration of 0.50 mg sublingual 
testosterone showed consistency with the reported Cmax of Tuiten et al [8]. Also, 
the time to reach Cmax of total testosterone in this study showed uniformity with 
the data of Tuiten et al. and the study of Salehian et al., who administered 2.5 
mg and 5.0 mg sublingual testosterone [23].   

DHT levels showed a significant dose-dependent increase, peak levels were 
reached within 30 min and levels returned to baseline levels within 3 h.  DHT is 
metabolized to 3α-diol-G, so an elevation of 3α-diol-G levels was expected after 
administration of sublingual testosterone. However, no dose-dependent effect 
of sublingual testosterone on the concentration of 3α-diol-G was found.  

According to the SHBG saturation threshold hypothesis by van der Made et 
al.[10], an increased influx of testosterone into the body will occupy binding sites 
of SHBG. When most binding sites are occupied, free (non-SHBG bound) 
testosterone and consequently the free fraction will increase and thereby 
inducing, probably via genomic mechanisms [1], behavioral effects after 
approximately 4 h.  

The results of the present study show that free and total testosterone levels 
significantly increase dose-dependently, which is reflected by an increase in the 
free fraction of testosterone. However, the difference in free fraction of 
testosterone between the 0.50 and 0.75 mg condition did not reach statistical 
significance. It is interesting that around Tmax of free and total testosterone, six 
women have lower free fraction levels in the 0.75 mg condition compared to the 
0.50 mg condition. Whether this is the result of variation in drug absorption, or 
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the large between-subject variation in SHBG levels which could have influenced 
the results, is not clear. Furthermore, it is also possible that the number of 
subjects was probably too small to detect a significant increase in free fraction 
levels between these two doses.  

Testosterone has a high affinity to SHBG and slowly dissociates from SHBG. Free 
testosterone is rapidly metabolized (T1/2 10 min.) which demonstrates the 
importance of SHBG binding and dissociation capacity, indicating that SHBG is 
the major determinant of the free fraction equilibrium. Fig 4 shows the free 
fraction levels for subjects with low and high SHBG levels. In the low SHBG group 
we observed an increase of the free fraction of testosterone levels induced by 
increasing dosages of sublingual testosterone, while this pattern was not found 
in the women with high SHBG. These results corroborate the hypothesis of van 
der Made et al. [10], namely: absorbed testosterone is bound to SHBG which has 
a limited capacity and only when this binding capacity is saturated, free 
testosterone and the free fraction increase. 

According to van der Made, the increase in the free fraction might be 
responsible for behavioral effects observed 3.5 to 4 h later. However, in this 
study we measured free testosterone levels directly (with LC/MSMS) and we 
found these to be dose-dependently increased in both SHBG groups, in contrast 
to the free fraction which did not show a dose-dependent increase. Therefore 
we propose an adjustment to the SHBG saturation threshold hypothesis as 
postulated by van der Made et al [10]; it is confirmed that SHBG levels influence 
the percentage of free fraction of testosterone (and the maximum concentration 
of free testosterone), however, an increase in free testosterone levels seems to 
be relatively less dependent of circulating SHBG levels after administration of the 
used dosages of sublingual testosterone. Further studies are necessary to 
investigate if free testosterone levels or free fraction levels are responsible to 
the observed behavioral effects as described by van der Made et al.  

The data of the bioavailability show that sublingual testosterone absorption 
decreases with increasing doses and is 69% and 58% for the 0.50 and 0.75 dose 
respectively when the 0.25 mg condition is used as the reference value 
(100%).These data suggest a limitation of the total amount of testosterone 

 

 
 

absorbed. The volumes of the sublingual testosterone solution in the higher dose 
conditions were larger compared to the lower dosages. These increasing 
volumes could possibly influence the absorption at the limited surface area in 
the mouth.  

In this study we did not take into account the cyclical and diurnal variation of 
testosterone. It is well known that testosterone levels are highest during the 
ovulatory and midluteal phase of the menstrual cycle and lowest in the early 
follicular phase and late luteal phase [31-33]. In this study, blood samples were 
taken irrespective of menstrual cycle phase. However, almost 60% of the women 
in this study used some form of hormonal contraceptive (combined oral 
contraceptive pill, combined-contraceptive vaginal ring) which is known to 
suppress ovulation [34,35]. Moreover, we assumed that the used dosages used 
in the present study overruled considerably the natural occurring relatively 
subtle cyclical and diurnal variation of testosterone. Furthermore, in a recent 
study by Braunstein et al. it was shown that SHBG levels of 161 women remained 
relatively stable across the menstrual cycle. They found a relatively small 
increase in testosterone levels in the mid-cycle period compared to the overall 
variability and suggest that the reference ranges described can be applied 
irrespective of the day in the menstrual cycle [36]. So it is therefore unlikely that 
the dose-dependent increase in total and free testosterone levels are biased by 
the cyclical and diurnal variation of testosterone.  

Next to the sublingual route of testosterone administration other routes could 
be investigated as well. However for the desired immediate uptake and rapid 
return of testosterone to baseline levels the intramuscular and transdermal 
route are not suitable since both will result in gradual systemic uptake and 
prolonged higher plasma levels after drug administration via these routes. Oral 
administration is impossible at all, due to the very large first-pass effect no 
unmodified testosterone will reach the systemic circulation. For alternative 
routes next to sublingual with a very fast uptake and quick return to baseline of 
testosterone, the pulmonal and nasal delivery could be used for which in that 
case suitable and convenient dosage forms need to be developed.  
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the large between-subject variation in SHBG levels which could have influenced 
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the percentage of free fraction of testosterone (and the maximum concentration 
of free testosterone), however, an increase in free testosterone levels seems to 
be relatively less dependent of circulating SHBG levels after administration of the 
used dosages of sublingual testosterone. Further studies are necessary to 
investigate if free testosterone levels or free fraction levels are responsible to 
the observed behavioral effects as described by van der Made et al.  

The data of the bioavailability show that sublingual testosterone absorption 
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respectively when the 0.25 mg condition is used as the reference value 
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Next to the sublingual route of testosterone administration other routes could 
be investigated as well. However for the desired immediate uptake and rapid 
return of testosterone to baseline levels the intramuscular and transdermal 
route are not suitable since both will result in gradual systemic uptake and 
prolonged higher plasma levels after drug administration via these routes. Oral 
administration is impossible at all, due to the very large first-pass effect no 
unmodified testosterone will reach the systemic circulation. For alternative 
routes next to sublingual with a very fast uptake and quick return to baseline of 
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In conclusion, the three doses testosterone are rapidly absorbed by the 
sublingual route and quickly metabolized without sustained elevations of DHT 
and E2. These data suggest that a SHBG threshold exists which influences the 
increase in free fraction levels.  
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and E2. These data suggest that a SHBG threshold exists which influences the 
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ABSTRACT 
 

In three related manuscripts we describe our drug development program for 
the treatment of Hypoactive Sexual Desire Disorder (HSDD). In this rst 
theoretical article we will defend the hypothesis that different causal 
mechanisms are responsible for the emergence of HSDD: low sexual desire in 
women (with HSDD) could be due to either a relative insensitive brain system 
for sexual cues or to enhanced activity of sexual inhibitory mechanisms. This 
distinction in etiological background was taken into account when designing 
and developing new pharmacotherapies for this disorder. 
 
Irrespective of circulating plasma levels of testosterone, administration of 
sublingual 0.5 mg testosterone increases the sensitivity of the brain to sexual 
cues. The effects of an increase in sexual sensitivity of the brain depend on the 
motivational state of an individual. It might activate sexual excitatory 
mechanisms in low sensitive women, while it could evoke (or strengthen) sexual 
inhibitory mechanisms in women prone to sexual inhibition. Sexual stimulation 
in the brain is necessary for phosphodiesterase type 5 inhibitor (PDE5i)-mediated 
increase in genital sexual response. Accordingly, a single dose of T+PDE5i might 
enhance sexual responsiveness, especially in women with low sensitivity to 
sexual cues. In other women sexual stimulation might elicit a prefrontal cortex 
(PFC)-mediated phasic increase in sexual inhibition, in which activity of 5-
hydroxytryptamine (5-HT, serotonin) is involved. We hypothesize that a single 
dose of 5-hydroxytryptamine1A receptor agonist (5-HT1Ara) will reduce the 
sexual-stimulation-induced PFC-mediated sexual inhibition during a short 
period after administration. Consequently, treatment with T+5-HT1Ara will be 
more effective, in particular in women exhibiting sexual inhibition. 
 
Based on the results of our efcacy studies described in parts 2 and 3 of the 
series, we conclude that tailoring on-demand therapeutics to different 
underlying etiologies might be a useful approach to treat common symptoms in 
subgroups of women with HSDD.  

  

 

 
 

INTRODUCTION 

Human sexual behavior has been extensively studied in biology and psychology, 
but so far there is very limited success in the development of drugs for treatment 
of sexual dysfunction in women. Low sexual desire, with or without sexual 
arousal problems, is the most common sex-related complaint reported by 
women [1–3]. As a result, many women suffer from sexual dissatisfaction, 
which often negatively interferes with psychological well-being [4]. This has 
been classied as a clinical condition, referred to as Hypoactive Sexual Desire 
Disorder (HSDD) [5]. 

To date, no medication for this condition has been approved by the U.S. Food 
and Drug Administration (U.S. FDA). In the present article we will describe our 
hypothesis that different causal mechanisms are responsible for the lack of 
sexual desire in women, which was taken into account when designing and 
developing two new medicines for HSDD. In particular, in some women with 
HSDD, sexual dysfunction results from a relative insensitivity for sexual cues, 
whereas in others, sexual complaints result from dysfunctional automatic 
activation of sexual inhibitory mechanisms during exposure to sexual stimulation. 
One drug has been developed for a subgroup of patients in which sexual 
dysfunction occurs as the result of a relatively insensitive system for sexual cues. 
The other drug has been developed for women in which the sexual complaints 
result from (dysfunctional) activation of sexual inhibitory mechanisms. 

The efcacy of both drugs is based on a delay in effect of sublingual 
testosterone. That does not mean that low sexual desire can be attributed to an 
absolute deciency of testosterone. There are other intervening biological and 
psychological variables inuencing the sensitivity of the brain for sexual stimuli 
and mediating the effects of treatment with testosterone. In this rst 
theoretical part we will try to clarify these assertions and our assumptions. The 
second and third parts of this trilogy are empirical studies, in which we will 
describe the results on the efcacy of both proposed treatments in two 
subgroups of women with HSDD, in which the complaints have a different 
etiological origin. 
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ABSTRACT 
 

In three related manuscripts we describe our drug development program for 
the treatment of Hypoactive Sexual Desire Disorder (HSDD). In this rst 
theoretical article we will defend the hypothesis that different causal 
mechanisms are responsible for the emergence of HSDD: low sexual desire in 
women (with HSDD) could be due to either a relative insensitive brain system 
for sexual cues or to enhanced activity of sexual inhibitory mechanisms. This 
distinction in etiological background was taken into account when designing 
and developing new pharmacotherapies for this disorder. 
 
Irrespective of circulating plasma levels of testosterone, administration of 
sublingual 0.5 mg testosterone increases the sensitivity of the brain to sexual 
cues. The effects of an increase in sexual sensitivity of the brain depend on the 
motivational state of an individual. It might activate sexual excitatory 
mechanisms in low sensitive women, while it could evoke (or strengthen) sexual 
inhibitory mechanisms in women prone to sexual inhibition. Sexual stimulation 
in the brain is necessary for phosphodiesterase type 5 inhibitor (PDE5i)-mediated 
increase in genital sexual response. Accordingly, a single dose of T+PDE5i might 
enhance sexual responsiveness, especially in women with low sensitivity to 
sexual cues. In other women sexual stimulation might elicit a prefrontal cortex 
(PFC)-mediated phasic increase in sexual inhibition, in which activity of 5-
hydroxytryptamine (5-HT, serotonin) is involved. We hypothesize that a single 
dose of 5-hydroxytryptamine1A receptor agonist (5-HT1Ara) will reduce the 
sexual-stimulation-induced PFC-mediated sexual inhibition during a short 
period after administration. Consequently, treatment with T+5-HT1Ara will be 
more effective, in particular in women exhibiting sexual inhibition. 
 
Based on the results of our efcacy studies described in parts 2 and 3 of the 
series, we conclude that tailoring on-demand therapeutics to different 
underlying etiologies might be a useful approach to treat common symptoms in 
subgroups of women with HSDD.  

  

 

 
 

INTRODUCTION 

Human sexual behavior has been extensively studied in biology and psychology, 
but so far there is very limited success in the development of drugs for treatment 
of sexual dysfunction in women. Low sexual desire, with or without sexual 
arousal problems, is the most common sex-related complaint reported by 
women [1–3]. As a result, many women suffer from sexual dissatisfaction, 
which often negatively interferes with psychological well-being [4]. This has 
been classied as a clinical condition, referred to as Hypoactive Sexual Desire 
Disorder (HSDD) [5]. 

To date, no medication for this condition has been approved by the U.S. Food 
and Drug Administration (U.S. FDA). In the present article we will describe our 
hypothesis that different causal mechanisms are responsible for the lack of 
sexual desire in women, which was taken into account when designing and 
developing two new medicines for HSDD. In particular, in some women with 
HSDD, sexual dysfunction results from a relative insensitivity for sexual cues, 
whereas in others, sexual complaints result from dysfunctional automatic 
activation of sexual inhibitory mechanisms during exposure to sexual stimulation. 
One drug has been developed for a subgroup of patients in which sexual 
dysfunction occurs as the result of a relatively insensitive system for sexual cues. 
The other drug has been developed for women in which the sexual complaints 
result from (dysfunctional) activation of sexual inhibitory mechanisms. 

The efcacy of both drugs is based on a delay in effect of sublingual 
testosterone. That does not mean that low sexual desire can be attributed to an 
absolute deciency of testosterone. There are other intervening biological and 
psychological variables inuencing the sensitivity of the brain for sexual stimuli 
and mediating the effects of treatment with testosterone. In this rst 
theoretical part we will try to clarify these assertions and our assumptions. The 
second and third parts of this trilogy are empirical studies, in which we will 
describe the results on the efcacy of both proposed treatments in two 
subgroups of women with HSDD, in which the complaints have a different 
etiological origin. 
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Administration of one single dose of 0.5 mg sublingual testosterone increases, 
with a delay in effect of about 4 hours, the sensitivity of the brain to cues 
associated with behavior driven by social interaction, including sexual behavior 
[6–8]. This effect on the brain’s sensitivity to sexual cues affects mechanisms 
involved in sexual motivation, and has divergent effects in the proposed 
subgroups of women. A single-dose sublingual testosterone might increase 
central sexual stimulation, a necessary condition for the efcacy of a 
phosphodiesterase type-5 (PDE5) inhibitor on physiological sexual responding. 
Sublingual testosterone combined with a PDE5 inhibitor (dosed in such a 
manner that the time of the peak plasma concentration of the PDE5 inhibitor 
coincides with the 4-hour delay in behavioral effects of the testosterone) will 
enhance sexual responsiveness, especially in women with low sensitivity for sex 
[9,10]. On the other hand, in women already prone to sexual inhibition, an 
increase in central sexual stimulation might elicit a phasic prefrontal cortex 
(PFC)-mediated serotonin-dependent increased response in sexual inhibition. A 
single dose of a 5-hydroxytryptamine1A (5-HT1A) receptor agonist will reduce 
the sexual stimulation-induced PFC-mediated sexual inhibition during a short 
period after intake. Consequently, treatment with sublingual testosterone and 
5-HT1A receptor agonist (dosed in such a manner that the pharmacological 
effects of the 5-HT1A receptor agonist coincide with the behavioral window 
induced by the testosterone administration) will be more effective, in 
particular in women prone to sexual inhibition. 

Multifactorial Determination of Human Sexual Behavior 

A range of biological and psychological regulatory mechanisms control human 
social and sexual functions. However, the degree of activation of these 
mechanisms (i.e., their relative strength) varies within and between subjects. 
One possible reason for the limited success in developing drug treatments for 
HSDD could be the lack of consideration of multiple interacting biological 
and psychological mechanisms in the existence of individual differences in 
sexual (dys)function. In humans, a range of complex social, cognitive, and 
affective processes mediate the transition from a preparatory sexual 
motivational state to actual sexual behavior. These conscious and subconscious 
processes are partly the result of present and previous benecial and/or adverse 

 

 
 

experiences and signicantly inuence the extent to which an individual is willing 
to engage in sexual activities and the extent to which those activities are 
enjoyable. Therefore,   the   delicate   and   relative   balance between activation 
of central mechanisms governing sexual excitation and sexual inhibition controls 
sexual activities in humans, including fantasizing, masturbation, and sexual 
intercourse. 

Human sexual behavior occurs in the context of social relationships. These social 
relationships themselves are inuenced by (or can inuence) biological (e.g., 
testosterone) and psychological variables. The relationship between 
endogenous or exogenous induced testosterone levels and social behavior is 
subject of extensive research. Here we will start to discuss some of the 
established relationships between this steroid and social behavior and highlight the 
reciprocal nature of this relationship and the implications this has on sexual 
behavior. In other words, we will discuss the inuence of testosterone on social 
behavior in the context of the interrelationship between social and sexual 
behavior. 

On the Physiological Control of Social and Sexual Behavior 

In many mammalian species, female sex steroids are essential for the 
expression of female sexual behavior. As a result, the capability for copulation 
in these animals is limited to the period of ovulation [11,12]. In higher 
primates, like humans, sexual intercourse is not limited to the peri-ovulatory 
period, and it has been suggested that testosterone plays an important role in 
sociosexual behavior of women [13]. This is supported by the fact that the 
depletion of testosterone in women following ovariectomy and adrenalectomy 
is accompanied by a complete loss of libido [14], while substitution of 
testosterone restores sexual desire and fantasies after surgical menopause [15]. 
Because testosterone plays a central role in the steroid-responsive neural 
network of human (males and) females, testosterone will inuence the sensitivity 
of the brain for social and sexual cues in both sexes. 

Although the testosterone production in adult men is about 10 to 15 times 
higher than in women, it is believed that women are more sensitive to this steroid 
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Administration of one single dose of 0.5 mg sublingual testosterone increases, 
with a delay in effect of about 4 hours, the sensitivity of the brain to cues 
associated with behavior driven by social interaction, including sexual behavior 
[6–8]. This effect on the brain’s sensitivity to sexual cues affects mechanisms 
involved in sexual motivation, and has divergent effects in the proposed 
subgroups of women. A single-dose sublingual testosterone might increase 
central sexual stimulation, a necessary condition for the efcacy of a 
phosphodiesterase type-5 (PDE5) inhibitor on physiological sexual responding. 
Sublingual testosterone combined with a PDE5 inhibitor (dosed in such a 
manner that the time of the peak plasma concentration of the PDE5 inhibitor 
coincides with the 4-hour delay in behavioral effects of the testosterone) will 
enhance sexual responsiveness, especially in women with low sensitivity for sex 
[9,10]. On the other hand, in women already prone to sexual inhibition, an 
increase in central sexual stimulation might elicit a phasic prefrontal cortex 
(PFC)-mediated serotonin-dependent increased response in sexual inhibition. A 
single dose of a 5-hydroxytryptamine1A (5-HT1A) receptor agonist will reduce 
the sexual stimulation-induced PFC-mediated sexual inhibition during a short 
period after intake. Consequently, treatment with sublingual testosterone and 
5-HT1A receptor agonist (dosed in such a manner that the pharmacological 
effects of the 5-HT1A receptor agonist coincide with the behavioral window 
induced by the testosterone administration) will be more effective, in 
particular in women prone to sexual inhibition. 

Multifactorial Determination of Human Sexual Behavior 

A range of biological and psychological regulatory mechanisms control human 
social and sexual functions. However, the degree of activation of these 
mechanisms (i.e., their relative strength) varies within and between subjects. 
One possible reason for the limited success in developing drug treatments for 
HSDD could be the lack of consideration of multiple interacting biological 
and psychological mechanisms in the existence of individual differences in 
sexual (dys)function. In humans, a range of complex social, cognitive, and 
affective processes mediate the transition from a preparatory sexual 
motivational state to actual sexual behavior. These conscious and subconscious 
processes are partly the result of present and previous benecial and/or adverse 

 

 
 

experiences and signicantly inuence the extent to which an individual is willing 
to engage in sexual activities and the extent to which those activities are 
enjoyable. Therefore,   the   delicate   and   relative   balance between activation 
of central mechanisms governing sexual excitation and sexual inhibition controls 
sexual activities in humans, including fantasizing, masturbation, and sexual 
intercourse. 

Human sexual behavior occurs in the context of social relationships. These social 
relationships themselves are inuenced by (or can inuence) biological (e.g., 
testosterone) and psychological variables. The relationship between 
endogenous or exogenous induced testosterone levels and social behavior is 
subject of extensive research. Here we will start to discuss some of the 
established relationships between this steroid and social behavior and highlight the 
reciprocal nature of this relationship and the implications this has on sexual 
behavior. In other words, we will discuss the inuence of testosterone on social 
behavior in the context of the interrelationship between social and sexual 
behavior. 

On the Physiological Control of Social and Sexual Behavior 

In many mammalian species, female sex steroids are essential for the 
expression of female sexual behavior. As a result, the capability for copulation 
in these animals is limited to the period of ovulation [11,12]. In higher 
primates, like humans, sexual intercourse is not limited to the peri-ovulatory 
period, and it has been suggested that testosterone plays an important role in 
sociosexual behavior of women [13]. This is supported by the fact that the 
depletion of testosterone in women following ovariectomy and adrenalectomy 
is accompanied by a complete loss of libido [14], while substitution of 
testosterone restores sexual desire and fantasies after surgical menopause [15]. 
Because testosterone plays a central role in the steroid-responsive neural 
network of human (males and) females, testosterone will inuence the sensitivity 
of the brain for social and sexual cues in both sexes. 

Although the testosterone production in adult men is about 10 to 15 times 
higher than in women, it is believed that women are more sensitive to this steroid 
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[16]. Despite the large differences in circulating testosterone levels between the 
sexes, it has been shown that testosterone has similar effects on behavior in 
men and women [17]. Thus, conclusions about the inuence of testosterone 
on behavior in men are generalizable to women. Testosterone has been associated 
with behavior driven by social interaction, in particular competitive and sexual 
behavior. Competitive behaviors are linked to the personality trait “dominance.” 
This trait refers to the motivated behavior through which high status within a 
social hierarchy will be attained and maintained, and is partly determined by the 
production of endogenous testosterone [17,18]. 

For a long time it has been assumed that testosterone also encourages 
competition between males to attract attention of sexually attractive females. 
Dominance is often used by males in competition with others to get 
reproductive advantage [19,20]. They do so by using direct (e.g., self-promotion) 
and indirect (e.g., derogation of the competitors) dominance strategies. In 
animal studies it is often shown that testosterone is involved in various 
behaviors related to competition to get access to the opposite sex, including 
increased sexual motivation, territorial demarcation, mate guarding, increased 
aggression, and display behavior [21–23]. In human males it has recently been 
shown that precompetitive testosterone levels were positively associated with 
dominance behavior during a competition experiment, in which men had to 
compete with other men to attract attention of an attractive female 
confederate. High testosterone levels were associated with higher assertiveness 
and the degree of control these men took during an interview setting with 
these women, and the extent to which women had “felt a click” with these men. 
These effects of testosterone on the behavior of dominant men were especially 
pronounced in those who also reported a strong need for social dominance. 
Moreover, men with more testosterone and a high need for social dominance 
were found to be able to suppress the competitor’s ability to also attract 
potential partners. In contrast, among the men who had indicated that they 
had little or no need for social dominance, there was neither a correlation 
between their testosterone levels and their dominant behaviors, nor in their 
perception of the behaviors of their competitors [21]. These ndings emphasize 
an important difference between humans and animals. In humans—in 
contrast to animals—explicit and conscious motives inuence the effects of 

 

 
 

testosterone on behavior. 

Thus testosterone promotes approach behavior focused on dominance and 
status especially to get access to sexual rewards. Further evidence for this comes 
from a functional magnetic resonance imaging (fMRI) study, in which it was 
demonstrated that in anticipation of a reward, treatment with testosterone 
enhanced the activity of neural pathways   involved   in   reward   seeking   
[24]. 

However, not only does testosterone inuence social behavior, but a reciprocal 
relationship also exists between social behavior and testosterone levels. In 
rhesus monkeys it has been demonstrated that an increase in social status 
induces an increase in testosterone [25,26], whereas a loss of social status is 
accompanied by a decrease in testosterone [25,26], which was also found in 
men [27,28]. Moreover, increases and decreases in testosterone levels in 
response to mating cues also inuence men’s mating behavior in a reciprocal 
fashion. Testosterone levels in men rise when they interact with female 
confederates in the lab, and the degree of increase of these testosterone levels 
correlates with the confederates’ experience of how much they felt the men 
tried to impress them [29]. Furthermore, testosterone levels of men also 
increase during exposure to sexually explicit movies as compared with neutral 
ones [30]. In women it has also been demonstrated that salivary testosterone 
levels rise in anticipation of sexual intercourse compared with anticipation of 
nonsexual activities. These levels stayed higher up until 15 minutes after the 
intercourse [31]. Also, Hamilton and Meston [32] studied women in long-
distance relationship and found that testosterone increases the day before 
women were reunited with their partners after a separation. These results seem 
to support the hypothesis that testosterone increases in anticipation of sexual 
activity. A recent study of Goldey and Van Anders [33] showed that sexual 
thoughts in women can also inuence testosterone levels. These studies 
employed salivary testosterone measures, and it should be noted that salivary 
testosterone measurements as compared with serum testosterone levels may 
underestimate testosterone-behavior correlations in women [34]. 

Concluding, testosterone not only inuences social behavior, but socially 
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[16]. Despite the large differences in circulating testosterone levels between the 
sexes, it has been shown that testosterone has similar effects on behavior in 
men and women [17]. Thus, conclusions about the inuence of testosterone 
on behavior in men are generalizable to women. Testosterone has been associated 
with behavior driven by social interaction, in particular competitive and sexual 
behavior. Competitive behaviors are linked to the personality trait “dominance.” 
This trait refers to the motivated behavior through which high status within a 
social hierarchy will be attained and maintained, and is partly determined by the 
production of endogenous testosterone [17,18]. 

For a long time it has been assumed that testosterone also encourages 
competition between males to attract attention of sexually attractive females. 
Dominance is often used by males in competition with others to get 
reproductive advantage [19,20]. They do so by using direct (e.g., self-promotion) 
and indirect (e.g., derogation of the competitors) dominance strategies. In 
animal studies it is often shown that testosterone is involved in various 
behaviors related to competition to get access to the opposite sex, including 
increased sexual motivation, territorial demarcation, mate guarding, increased 
aggression, and display behavior [21–23]. In human males it has recently been 
shown that precompetitive testosterone levels were positively associated with 
dominance behavior during a competition experiment, in which men had to 
compete with other men to attract attention of an attractive female 
confederate. High testosterone levels were associated with higher assertiveness 
and the degree of control these men took during an interview setting with 
these women, and the extent to which women had “felt a click” with these men. 
These effects of testosterone on the behavior of dominant men were especially 
pronounced in those who also reported a strong need for social dominance. 
Moreover, men with more testosterone and a high need for social dominance 
were found to be able to suppress the competitor’s ability to also attract 
potential partners. In contrast, among the men who had indicated that they 
had little or no need for social dominance, there was neither a correlation 
between their testosterone levels and their dominant behaviors, nor in their 
perception of the behaviors of their competitors [21]. These ndings emphasize 
an important difference between humans and animals. In humans—in 
contrast to animals—explicit and conscious motives inuence the effects of 

 

 
 

testosterone on behavior. 

Thus testosterone promotes approach behavior focused on dominance and 
status especially to get access to sexual rewards. Further evidence for this comes 
from a functional magnetic resonance imaging (fMRI) study, in which it was 
demonstrated that in anticipation of a reward, treatment with testosterone 
enhanced the activity of neural pathways   involved   in   reward   seeking   
[24]. 

However, not only does testosterone inuence social behavior, but a reciprocal 
relationship also exists between social behavior and testosterone levels. In 
rhesus monkeys it has been demonstrated that an increase in social status 
induces an increase in testosterone [25,26], whereas a loss of social status is 
accompanied by a decrease in testosterone [25,26], which was also found in 
men [27,28]. Moreover, increases and decreases in testosterone levels in 
response to mating cues also inuence men’s mating behavior in a reciprocal 
fashion. Testosterone levels in men rise when they interact with female 
confederates in the lab, and the degree of increase of these testosterone levels 
correlates with the confederates’ experience of how much they felt the men 
tried to impress them [29]. Furthermore, testosterone levels of men also 
increase during exposure to sexually explicit movies as compared with neutral 
ones [30]. In women it has also been demonstrated that salivary testosterone 
levels rise in anticipation of sexual intercourse compared with anticipation of 
nonsexual activities. These levels stayed higher up until 15 minutes after the 
intercourse [31]. Also, Hamilton and Meston [32] studied women in long-
distance relationship and found that testosterone increases the day before 
women were reunited with their partners after a separation. These results seem 
to support the hypothesis that testosterone increases in anticipation of sexual 
activity. A recent study of Goldey and Van Anders [33] showed that sexual 
thoughts in women can also inuence testosterone levels. These studies 
employed salivary testosterone measures, and it should be noted that salivary 
testosterone measurements as compared with serum testosterone levels may 
underestimate testosterone-behavior correlations in women [34]. 

Concluding, testosterone not only inuences social behavior, but socially 
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challenging stimuli and social behavior can also induce increases and decreases 
of testosterone levels, which can be interpreted as a functional adaptation of the 
action of this hormone to changing circumstances. Although many factors and 
circumstances elicit uctuations in testosterone levels, the basal level of this 
steroid appears to be relatively constant over longer periods [35]. As a result, 
many researchers consider these basal levels as a trait-level factor. The 
increases and decreases elicited in these testosterone levels may be considered 
as transient states, which are also trait-dependent in size, and which are 
superimposed on the baseline trait levels.  

Sex Steroids in Animals and Humans: Sensitivity for Sexual Cues 

The idea of the existence of individual differences in sensitivity of the brain for 
sexual cues is an important concept for our hypothesis that different causal 
mechanisms are responsible for HSDD, and that sublingual testosterone can 
increase this sensitivity with different effects in the differentiated subgroups 
[10]. 

In animal experiments it has been shown that sex hormones affect sexual 
behavior, through alterations in functions and activity of the brain [36]. In the 
development of animal models, scientists have focused on the relationship 
between neurophysiological brain mechanisms and several indices of sexual 
behavior. Based on these experiments, a steroid-responsive neural network 
has been postulated, a highly interconnected group of sex hormone receptor-
containing neurons in the brain [36]. According to the authors this network is not 
a closed circuit, but serves reproductive aims by functioning as an integrating 
and activating center between external sensory cues, hormonal processes, and 
reproductive behavior. This is partly accomplished by selective ltering of 
sensory input and amplication of signals that may facilitate sexual behavior. In 
human sex research ethical and practical barriers exist for observing sexual 
behavior directly, and of assessing the underlying neurophysiological brain 
processes in a similar fashion as in animal research. Although models of human 
and animal sexuality are to a large extent incomparable, they might bear in 
common that the inuence of sex hormones operate through a steroid- 
responsive network which can vary in sensitivity. 

 

 
 

Two Paradigms in Testosterone Treatment and Sex Research 

There are two main research paradigms used for investigating the effects of 
treatments with testosterone on sexual behavior: (i) chronic increases of 
testosterone levels through continuous administration; and (ii) short transient 
increases of testosterone through single-dose sublingual administration. We will 
give a short description of the differences between both approaches. 

Chronic Testosterone Treatment and Sexual Behavior in Women 

Chronic testosterone preparations affecting sexual functioning of women have 
been prescribed by physicians for surgically and naturally postmenopausal 
women for decades. Clinical trials documenting positive effects of androgens 
on sexual desire and sexual responsiveness indicated a signicant positive effect 
of testosterone on women’s sexual function [15,37–41]. 

It is well known that during the natural menopause, testosterone levels decrease 
very gradually. However, this is more likely a result of declining ovarian and 
adrenal function due to aging than a function of natural menopause. In contrast, 
women who undergo bilateral oophorectomy (surgical menopause) experience 
a more rapid dramatic decline in testosterone production with levels that are 50% 
lower than they are for natural menopause. Since aging and menopause have been 
linked to low libido or HSDD, the decline in androgen levels in women with a 
natural menopause or following oophorectomy is supportive for the hypothesis 
that decreased testosterone is related to reduced sexual desire and/or 
satisfaction. 

In the 1980s, the rst experiments were conducted to support this hypothesis. 
Sherwin et al. examined the effect of intramuscular testosterone on sexual 
function in 53 surgically postmenopausal women. The subjects were 
randomized to testosterone alone, estrogen alone, testosterone (T) combined 
with estrogen (E) or no treatment. Participants in  the T + E group showed  
signicant higher rates of sexual desire, arousal, and sexual fantasy compared 
with E alone or the untreated group [15]. Since then, others reported increased 
desire and other parameters of sexual well-being in postmenopausal women 
receiving oral methyltestosterone in combination with esteried estrogens [42], 
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challenging stimuli and social behavior can also induce increases and decreases 
of testosterone levels, which can be interpreted as a functional adaptation of the 
action of this hormone to changing circumstances. Although many factors and 
circumstances elicit uctuations in testosterone levels, the basal level of this 
steroid appears to be relatively constant over longer periods [35]. As a result, 
many researchers consider these basal levels as a trait-level factor. The 
increases and decreases elicited in these testosterone levels may be considered 
as transient states, which are also trait-dependent in size, and which are 
superimposed on the baseline trait levels.  

Sex Steroids in Animals and Humans: Sensitivity for Sexual Cues 

The idea of the existence of individual differences in sensitivity of the brain for 
sexual cues is an important concept for our hypothesis that different causal 
mechanisms are responsible for HSDD, and that sublingual testosterone can 
increase this sensitivity with different effects in the differentiated subgroups 
[10]. 

In animal experiments it has been shown that sex hormones affect sexual 
behavior, through alterations in functions and activity of the brain [36]. In the 
development of animal models, scientists have focused on the relationship 
between neurophysiological brain mechanisms and several indices of sexual 
behavior. Based on these experiments, a steroid-responsive neural network 
has been postulated, a highly interconnected group of sex hormone receptor-
containing neurons in the brain [36]. According to the authors this network is not 
a closed circuit, but serves reproductive aims by functioning as an integrating 
and activating center between external sensory cues, hormonal processes, and 
reproductive behavior. This is partly accomplished by selective ltering of 
sensory input and amplication of signals that may facilitate sexual behavior. In 
human sex research ethical and practical barriers exist for observing sexual 
behavior directly, and of assessing the underlying neurophysiological brain 
processes in a similar fashion as in animal research. Although models of human 
and animal sexuality are to a large extent incomparable, they might bear in 
common that the inuence of sex hormones operate through a steroid- 
responsive network which can vary in sensitivity. 

 

 
 

Two Paradigms in Testosterone Treatment and Sex Research 

There are two main research paradigms used for investigating the effects of 
treatments with testosterone on sexual behavior: (i) chronic increases of 
testosterone levels through continuous administration; and (ii) short transient 
increases of testosterone through single-dose sublingual administration. We will 
give a short description of the differences between both approaches. 

Chronic Testosterone Treatment and Sexual Behavior in Women 

Chronic testosterone preparations affecting sexual functioning of women have 
been prescribed by physicians for surgically and naturally postmenopausal 
women for decades. Clinical trials documenting positive effects of androgens 
on sexual desire and sexual responsiveness indicated a signicant positive effect 
of testosterone on women’s sexual function [15,37–41]. 

It is well known that during the natural menopause, testosterone levels decrease 
very gradually. However, this is more likely a result of declining ovarian and 
adrenal function due to aging than a function of natural menopause. In contrast, 
women who undergo bilateral oophorectomy (surgical menopause) experience 
a more rapid dramatic decline in testosterone production with levels that are 50% 
lower than they are for natural menopause. Since aging and menopause have been 
linked to low libido or HSDD, the decline in androgen levels in women with a 
natural menopause or following oophorectomy is supportive for the hypothesis 
that decreased testosterone is related to reduced sexual desire and/or 
satisfaction. 

In the 1980s, the rst experiments were conducted to support this hypothesis. 
Sherwin et al. examined the effect of intramuscular testosterone on sexual 
function in 53 surgically postmenopausal women. The subjects were 
randomized to testosterone alone, estrogen alone, testosterone (T) combined 
with estrogen (E) or no treatment. Participants in  the T + E group showed  
signicant higher rates of sexual desire, arousal, and sexual fantasy compared 
with E alone or the untreated group [15]. Since then, others reported increased 
desire and other parameters of sexual well-being in postmenopausal women 
receiving oral methyltestosterone in combination with esteried estrogens [42], 
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and subcutaneous testosterone implants [43].  Considering the signicant effect 
of testosterone therapy on sexual functioning in postmenopausal women, 
further studies explored the most efcacious route of administration for 
testosterone. Transdermal administration has the advantage of avoiding rst-
pass hepatic metabolism, of delivering consistent and reliable doses of 
testosterone, and it is less invasive than intramuscular administration. Shifren et 
al. conducted the rst randomized, double blind, placebo-controlled trial of a 
transdermal testosterone patch in 75 women who had undergone surgical 
menopause. The participants were randomized to receive a 150 mg/day 
testosterone patch, 300 mg/day testosterone patch or placebo for 12 weeks. 
Only the highest dose group showed signicant higher scores for frequency 
of sexual activity, sexual fantasies, masturbation, and orgasm [39]. Since then, 
several studies reported benecial effects of the transdermal testosterone patch 
in surgically menopausal women [38,40] and in naturally menopausal women 
[44]. Also, others studies have demonstrated that administration of transdermal 
testosterone gel in surgical and natural menopausal women increases sexual 
desire and frequency of sex [45,46]. 

In premenopausal women only a few studies have been performed on chronic 
testosterone treatment for HSDD as compared with the large database of 
studies for postmenopausal women. Davis et al. conducted a study in 261 
premenopausal women with decreased sexual satisfaction who received one of 
three different daily doses of transdermal testosterone spray (50 μg 
testosterone per mL: one 56-μL spray, one 90-μL spray, and two 90-μL sprays) or 
placebo for 16 weeks. Only the treatment group on the single 90-μL dose showed 
a signicant increase in satisfactory sexual events as compared with placebo [47]. 

The above described studies show promising results for testosterone as 
treatment for women with HSDD. However, chronic testosterone treatment is 
accompanied with adverse events due to a longlasting higher androgen status. 
Transdermal testosterone preparations result in physiologic serum testosterone 
levels and the most common side effects reported are increased hair growth and 
acne [47,48]. When supraphysiological testosterone levels are reached, 
cardiovascular adverse events have been described [49]. Low-dose 
testosterone is safe in postmenopausal women with regard to endometrial 

 

 
 

effects and breast cancer risk [50–53]. However, safety studies in premenopausal 
women are sparse, and long-term safety studies regarding exogenous 
testosterone preparations are necessary. At this moment there is no complete 
long-term safety prole for a testosterone-based product in premenopausal 
women and therefore the U.S. FDA has not yet approved any for treatment in 
women with HSDD. 

Sublingual Single Dose Administration of Testosterone  

An important aspect of sexual motivation is physiological sexual responding. An 
increase in vaginal vasocongestion (as measured by vaginal pulse amplitude 
[VPA]) elicited by sexual stimuli is considered to be preparatory for copulatory 
behavior [54]. Increases in VPA are consistently observed during exposure to 
erotic stimuli. In eight hypogonadotropic hypogonadal females we found that 
substitution with testosterone undecanoate 40 mg orally per day during an 8-
week period enhanced the VPA during exposure to erotic visual stimuli [54]. 
This effect was not found in another group of  eight  women  with  
panhypopituitarism  (also hypogonadotropic hypogonadal) (unpublished data). 
In both studies subjects received testosterone each morning, but patients in the 
rst experiment were tested during the afternoon and patients in the second 
experiment during the morning. The different outcomes on physiological 
responding between these experiments may be caused by the difference in 
patient population, but also by a delay in effect of testosterone on physiological 
sexual responding. In a third experiment, we examined if administration of a 
single dosage of sublingual testosterone (0.5 mg), as compared with a placebo, 
increases the VPA during exposure to visual erotic stimuli as compared with 
neutral stimuli [6]. On the 2 treatment days, eight sexually functional women 
viewed a neutral and erotic lm clip 25 minutes before drug intake, and at ve 
time points after drug intake (at t = 0, 90, 180, 270, and 360 minutes). The intake 
of testosterone caused a sharp increase in plasma levels of testosterone of short 
duration. About 3.5 hours after this testosterone peak, we found a striking 
increase in VPA and subjective sexual experiences (self-report ratings of sexual 
lust and genital sensations) when the subjects were exposed to the visual 
sexual stimuli. These ndings indeed demonstrated a time lag in the effect of 
sublingually administered testosterone on genital arousal in sexually functional 
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and subcutaneous testosterone implants [43].  Considering the signicant effect 
of testosterone therapy on sexual functioning in postmenopausal women, 
further studies explored the most efcacious route of administration for 
testosterone. Transdermal administration has the advantage of avoiding rst-
pass hepatic metabolism, of delivering consistent and reliable doses of 
testosterone, and it is less invasive than intramuscular administration. Shifren et 
al. conducted the rst randomized, double blind, placebo-controlled trial of a 
transdermal testosterone patch in 75 women who had undergone surgical 
menopause. The participants were randomized to receive a 150 mg/day 
testosterone patch, 300 mg/day testosterone patch or placebo for 12 weeks. 
Only the highest dose group showed signicant higher scores for frequency 
of sexual activity, sexual fantasies, masturbation, and orgasm [39]. Since then, 
several studies reported benecial effects of the transdermal testosterone patch 
in surgically menopausal women [38,40] and in naturally menopausal women 
[44]. Also, others studies have demonstrated that administration of transdermal 
testosterone gel in surgical and natural menopausal women increases sexual 
desire and frequency of sex [45,46]. 

In premenopausal women only a few studies have been performed on chronic 
testosterone treatment for HSDD as compared with the large database of 
studies for postmenopausal women. Davis et al. conducted a study in 261 
premenopausal women with decreased sexual satisfaction who received one of 
three different daily doses of transdermal testosterone spray (50 μg 
testosterone per mL: one 56-μL spray, one 90-μL spray, and two 90-μL sprays) or 
placebo for 16 weeks. Only the treatment group on the single 90-μL dose showed 
a signicant increase in satisfactory sexual events as compared with placebo [47]. 

The above described studies show promising results for testosterone as 
treatment for women with HSDD. However, chronic testosterone treatment is 
accompanied with adverse events due to a longlasting higher androgen status. 
Transdermal testosterone preparations result in physiologic serum testosterone 
levels and the most common side effects reported are increased hair growth and 
acne [47,48]. When supraphysiological testosterone levels are reached, 
cardiovascular adverse events have been described [49]. Low-dose 
testosterone is safe in postmenopausal women with regard to endometrial 

 

 
 

effects and breast cancer risk [50–53]. However, safety studies in premenopausal 
women are sparse, and long-term safety studies regarding exogenous 
testosterone preparations are necessary. At this moment there is no complete 
long-term safety prole for a testosterone-based product in premenopausal 
women and therefore the U.S. FDA has not yet approved any for treatment in 
women with HSDD. 

Sublingual Single Dose Administration of Testosterone  

An important aspect of sexual motivation is physiological sexual responding. An 
increase in vaginal vasocongestion (as measured by vaginal pulse amplitude 
[VPA]) elicited by sexual stimuli is considered to be preparatory for copulatory 
behavior [54]. Increases in VPA are consistently observed during exposure to 
erotic stimuli. In eight hypogonadotropic hypogonadal females we found that 
substitution with testosterone undecanoate 40 mg orally per day during an 8-
week period enhanced the VPA during exposure to erotic visual stimuli [54]. 
This effect was not found in another group of  eight  women  with  
panhypopituitarism  (also hypogonadotropic hypogonadal) (unpublished data). 
In both studies subjects received testosterone each morning, but patients in the 
rst experiment were tested during the afternoon and patients in the second 
experiment during the morning. The different outcomes on physiological 
responding between these experiments may be caused by the difference in 
patient population, but also by a delay in effect of testosterone on physiological 
sexual responding. In a third experiment, we examined if administration of a 
single dosage of sublingual testosterone (0.5 mg), as compared with a placebo, 
increases the VPA during exposure to visual erotic stimuli as compared with 
neutral stimuli [6]. On the 2 treatment days, eight sexually functional women 
viewed a neutral and erotic lm clip 25 minutes before drug intake, and at ve 
time points after drug intake (at t = 0, 90, 180, 270, and 360 minutes). The intake 
of testosterone caused a sharp increase in plasma levels of testosterone of short 
duration. About 3.5 hours after this testosterone peak, we found a striking 
increase in VPA and subjective sexual experiences (self-report ratings of sexual 
lust and genital sensations) when the subjects were exposed to the visual 
sexual stimuli. These ndings indeed demonstrated a time lag in the effect of 
sublingually administered testosterone on genital arousal in sexually functional 
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women. A subsequent study was designed to investigate the inuence of 
repeated measurements on the physiological and subjective sexual responses. 
The same experimental design was used as in the former study, but with only two 
measurement points: at t = -25 minutes and t = 270 minutes. The same results 
were obtained for the physiological sexual response in 10 sexually functional 
women. However, the subjective indices of sexual arousal showed no 
signicant increase. Repeated exposure to sexual stimuli seemed to be an 
important condition for the subjective arousal to also increase under sublingual 
testosterone [7]. This delay in effect of testosterone on sexual arousal was 
replicated in 10 sexually functional postmenopausal women [8], and for other 
cognitive and affective functions [8,55–64]. 

It is not fully understood which exact mechanism is responsible for this delay 
in behavioral effect, it could be that testosterone exerts its effect via an 
increase in free levels of T, androgenic metabolites (e.g., 5α-
dihydrotestosterone [DHT], androsterone glucoronide), via genomic or non- 
genomic mechanisms or a combination of these factors [65]. There is some 
debate as to the importance of testosterone aromatization to estradiol in 
determining testosterone effects in human sexual behavior [66–68]. However, 
the delay in effect of about 4 hours of sublingual testosterone on behavior 
cannot be explained by the process of aromatization of testosterone to 
estradiol. In animal experiments it is well documented that the time course of 
aromatization of testosterone to estradiol starts about 16 hours after the increase 
in testosterone and reaches its maximum level after about 48 hours. In these 
experiments it has been demonstrated that activation of copulatory behavior 
follows a similar time course, and occurs with a delay of 24–48 hours after the 
induced increase of testosterone [69,70]. So, it is not plausible that 
aromatization to estradiol accounts for the at least 20 replications of the 4-hour 
delay in effect of sublingual testosterone. Direct evidence that testosterone’s 
effect on sexual motivation is not due to aromatization to estradiol comes from 
Davis et al. [71]. In this study, it was evaluated if the effects of transdermal 
testosterone in postmenopausal women is the direct effect of testosterone 
itself or indirectly inuenced by the aromatization of testosterone by 
aromatase. Sixty postmenopausal women using transdermal estrogen therapy 
with low sexual satisfaction were treated with transdermal testosterone gel and 

 

 
 

randomly assigned to receive treatment with the aromatase inhibitor 
letrozole, or placebo. It was demonstrated that treatment with  testosterone,  
which  induced an increase in the total and free testosterone levels, was 
associated with improved sexual satisfaction, mood, and well-being in these 
women. These increases were not due to aromatization to estradiol because 
testosterone administration with simultaneous treatment with an aromatase 
inhibitor did not have any effect on these outcomes. Further studies are 
necessary to investigate what then causes this delay in effect of testosterone. 

During chronic administration of testosterone the behavioral effects occur often 
only after several weeks of treatment. This time-effect interval is in stark 
contrast to the time lag of about 3 to 4 hours induced by the sublingual dosage 
form. This difference in time on effects may be partially caused by the 
differences in the pharmacokinetic prole of both treatment forms. 

Chronic vs. Sublingual Administration of Testosterone  

Only few pharmacokinetic studies have been performed with sublingual 
testosterone administration,  and  mostly  in  hypogonadal  men  [72,73]. 
Besides  the  different  inuence  of  chronic  and single-dose  administration  
of  testosterone  on sexual behavior, pharmacokinetic differences exist between 
these administration methods. According to Salehian et al. [73], investigating the 
pharmacokinetic proles of testosterone enanthate (intramuscular 200 mg) 
and two doses of sublingual testosterone (2.5 and 5.0 mg) in hypogonadal men, 
free and total levels of testosterone increased much faster in the sublingual group 
compared with the group receiving the testosterone enanthate. Only two 
pharmacokinetic studies of sublingual testosterone administration in women 
have been described [6,74]. These two studies demonstrated that after 
administration of 0.5 mg sublingual testosterone, peak concentrations of serum 
testosterone were reached at 15 minutes post dose, and that baseline levels were 
reached within 150 minutes. The time to reach maximum concentrations is 
consistent with that found in men [73]. 

It is widely accepted that the unbound fraction of testosterone is the most 
bioactive and therefore responsible for the effects on behavior. If free fraction 
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women. A subsequent study was designed to investigate the inuence of 
repeated measurements on the physiological and subjective sexual responses. 
The same experimental design was used as in the former study, but with only two 
measurement points: at t = -25 minutes and t = 270 minutes. The same results 
were obtained for the physiological sexual response in 10 sexually functional 
women. However, the subjective indices of sexual arousal showed no 
signicant increase. Repeated exposure to sexual stimuli seemed to be an 
important condition for the subjective arousal to also increase under sublingual 
testosterone [7]. This delay in effect of testosterone on sexual arousal was 
replicated in 10 sexually functional postmenopausal women [8], and for other 
cognitive and affective functions [8,55–64]. 

It is not fully understood which exact mechanism is responsible for this delay 
in behavioral effect, it could be that testosterone exerts its effect via an 
increase in free levels of T, androgenic metabolites (e.g., 5α-
dihydrotestosterone [DHT], androsterone glucoronide), via genomic or non- 
genomic mechanisms or a combination of these factors [65]. There is some 
debate as to the importance of testosterone aromatization to estradiol in 
determining testosterone effects in human sexual behavior [66–68]. However, 
the delay in effect of about 4 hours of sublingual testosterone on behavior 
cannot be explained by the process of aromatization of testosterone to 
estradiol. In animal experiments it is well documented that the time course of 
aromatization of testosterone to estradiol starts about 16 hours after the increase 
in testosterone and reaches its maximum level after about 48 hours. In these 
experiments it has been demonstrated that activation of copulatory behavior 
follows a similar time course, and occurs with a delay of 24–48 hours after the 
induced increase of testosterone [69,70]. So, it is not plausible that 
aromatization to estradiol accounts for the at least 20 replications of the 4-hour 
delay in effect of sublingual testosterone. Direct evidence that testosterone’s 
effect on sexual motivation is not due to aromatization to estradiol comes from 
Davis et al. [71]. In this study, it was evaluated if the effects of transdermal 
testosterone in postmenopausal women is the direct effect of testosterone 
itself or indirectly inuenced by the aromatization of testosterone by 
aromatase. Sixty postmenopausal women using transdermal estrogen therapy 
with low sexual satisfaction were treated with transdermal testosterone gel and 

 

 
 

randomly assigned to receive treatment with the aromatase inhibitor 
letrozole, or placebo. It was demonstrated that treatment with  testosterone,  
which  induced an increase in the total and free testosterone levels, was 
associated with improved sexual satisfaction, mood, and well-being in these 
women. These increases were not due to aromatization to estradiol because 
testosterone administration with simultaneous treatment with an aromatase 
inhibitor did not have any effect on these outcomes. Further studies are 
necessary to investigate what then causes this delay in effect of testosterone. 

During chronic administration of testosterone the behavioral effects occur often 
only after several weeks of treatment. This time-effect interval is in stark 
contrast to the time lag of about 3 to 4 hours induced by the sublingual dosage 
form. This difference in time on effects may be partially caused by the 
differences in the pharmacokinetic prole of both treatment forms. 

Chronic vs. Sublingual Administration of Testosterone  

Only few pharmacokinetic studies have been performed with sublingual 
testosterone administration,  and  mostly  in  hypogonadal  men  [72,73]. 
Besides  the  different  inuence  of  chronic  and single-dose  administration  
of  testosterone  on sexual behavior, pharmacokinetic differences exist between 
these administration methods. According to Salehian et al. [73], investigating the 
pharmacokinetic proles of testosterone enanthate (intramuscular 200 mg) 
and two doses of sublingual testosterone (2.5 and 5.0 mg) in hypogonadal men, 
free and total levels of testosterone increased much faster in the sublingual group 
compared with the group receiving the testosterone enanthate. Only two 
pharmacokinetic studies of sublingual testosterone administration in women 
have been described [6,74]. These two studies demonstrated that after 
administration of 0.5 mg sublingual testosterone, peak concentrations of serum 
testosterone were reached at 15 minutes post dose, and that baseline levels were 
reached within 150 minutes. The time to reach maximum concentrations is 
consistent with that found in men [73]. 

It is widely accepted that the unbound fraction of testosterone is the most 
bioactive and therefore responsible for the effects on behavior. If free fraction 
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testosterone levels increase much later in the chronic administration method it is 
expected that pharmacodynamic effect, e.g., on sexual behavior, will also occur 
in such a time-dependent manner. This is consistent with several studies 
describing the effects of a testosterone patch on sexual behavior. Women who 
started with the testosterone patch treatment reported improvements in sexual 
functioning over placebo after 4–8 weeks [75]. This is in sharp contrast with 
the series of sublingual testosterone (0.5 mg) experiments, demonstrating a 
delay in effect of about 4 hours after the peak in circulating testosterone [6–9,55–
64]. 

Free Fraction and Sex Hormone Binding Globulin (SHBG) Saturation Threshold  
Mechanism 

As mentioned earlier, chronic administration of testosterone causes a slow 
increase of total and free testosterone levels, and therefore a slow increase of 
the free fraction, in contrast to the rapid increase of these parameters after 
sublingual administration. The free levels and free fraction of testosterone is 
partly dependent upon circulating SHBG levels. In the study of Salehian et al. 
[73], it was shown that free testosterone levels in the testosterone enanthate 
condition only increased when SHBG levels were suppressed after 
administration by day 7. Apparently, chronic treatment of testosterone induces 
a rise in free fraction levels, after the installment of a new equilibrium between 
testosterone and SHBG. Moreover, there is some evidence that a rise in free 
fraction levels following sublingual testosterone administration depends on 
circulating SHBG levels [74]. In the latter study it was demonstrated that the 
free fraction levels increased  in  a  dose-dependent  fashion  (after 0.25 mg, 
0.50 mg, and 0.75 mg of sublingual testosterone), but only in subjects with 
relatively low SHBG levels. In the group of women with high SHBG levels, no 
increase of free fraction levels was observed after sublingual testosterone 
administration.  This observation is partly consistent with the SHBG saturation 
threshold hypothesis postulated by van der Made et al. [10]. According to this 
hypothesis, the free fraction of testosterone only increases after saturation of 
SHBG. However, van der Made et al. state that when testosterone levels are high 
enough to pass this saturation threshold, this will result in a short 
supraphysiological  peak of free testosterone, and subsequently induce behavioral 

 

 
 

effects after approximately 4 hours. This is not consistent with the results 
described by van Rooij et al. Besides the fact that free fraction levels only 
increased in women with low SHBG, which is in line with the saturation part of 
the hypothesis, increases in the free testosterone levels were also observed  in    
the women with high SHBG. However, maximum concentrations of free 
testosterone in the women with low SHBG were signicantly higher compared 
with the women with high SHBG. Apparently, rapid inux of testosterone does 
induce a peak in free and total testosterone irrespective of SHBG level. See also 
Figure 1. 

It is unclear at this point, whether the increase of free testosterone levels or 
the free fraction is responsible for the induced behavioral effects of the 
sublingual testosterone dosage form. Future studies specically designed for 
this purpose are needed to clarify the inuence of free testosterone and free 
fraction levels on behavior.  
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testosterone levels increase much later in the chronic administration method it is 
expected that pharmacodynamic effect, e.g., on sexual behavior, will also occur 
in such a time-dependent manner. This is consistent with several studies 
describing the effects of a testosterone patch on sexual behavior. Women who 
started with the testosterone patch treatment reported improvements in sexual 
functioning over placebo after 4–8 weeks [75]. This is in sharp contrast with 
the series of sublingual testosterone (0.5 mg) experiments, demonstrating a 
delay in effect of about 4 hours after the peak in circulating testosterone [6–9,55–
64]. 

Free Fraction and Sex Hormone Binding Globulin (SHBG) Saturation Threshold  
Mechanism 

As mentioned earlier, chronic administration of testosterone causes a slow 
increase of total and free testosterone levels, and therefore a slow increase of 
the free fraction, in contrast to the rapid increase of these parameters after 
sublingual administration. The free levels and free fraction of testosterone is 
partly dependent upon circulating SHBG levels. In the study of Salehian et al. 
[73], it was shown that free testosterone levels in the testosterone enanthate 
condition only increased when SHBG levels were suppressed after 
administration by day 7. Apparently, chronic treatment of testosterone induces 
a rise in free fraction levels, after the installment of a new equilibrium between 
testosterone and SHBG. Moreover, there is some evidence that a rise in free 
fraction levels following sublingual testosterone administration depends on 
circulating SHBG levels [74]. In the latter study it was demonstrated that the 
free fraction levels increased  in  a  dose-dependent  fashion  (after 0.25 mg, 
0.50 mg, and 0.75 mg of sublingual testosterone), but only in subjects with 
relatively low SHBG levels. In the group of women with high SHBG levels, no 
increase of free fraction levels was observed after sublingual testosterone 
administration.  This observation is partly consistent with the SHBG saturation 
threshold hypothesis postulated by van der Made et al. [10]. According to this 
hypothesis, the free fraction of testosterone only increases after saturation of 
SHBG. However, van der Made et al. state that when testosterone levels are high 
enough to pass this saturation threshold, this will result in a short 
supraphysiological  peak of free testosterone, and subsequently induce behavioral 

 

 
 

effects after approximately 4 hours. This is not consistent with the results 
described by van Rooij et al. Besides the fact that free fraction levels only 
increased in women with low SHBG, which is in line with the saturation part of 
the hypothesis, increases in the free testosterone levels were also observed  in    
the women with high SHBG. However, maximum concentrations of free 
testosterone in the women with low SHBG were signicantly higher compared 
with the women with high SHBG. Apparently, rapid inux of testosterone does 
induce a peak in free and total testosterone irrespective of SHBG level. See also 
Figure 1. 

It is unclear at this point, whether the increase of free testosterone levels or 
the free fraction is responsible for the induced behavioral effects of the 
sublingual testosterone dosage form. Future studies specically designed for 
this purpose are needed to clarify the inuence of free testosterone and free 
fraction levels on behavior.  
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Figure 1. Free fraction testosterone and the Sex Hormone Binding Globulin (SHBG) 
saturation hypothesis. (A) A slow increase in testosterone levels following chronic 
administration. This decreases SHBG after several days—weeks, and thereby also the 
SHBG saturation threshold. Once this threshold is lowered, the free fraction increases 
and behavioral effects become manifest. (B) A fast transient increase in testosterone 
levels following acute sublingual administration of doses too low to reach SHBG 
saturation, thus not influencing the free fraction. (C) A fast transient increase in 
testosterone levels following acute sublingual administration of doses that are high 
enough to reach SHBG saturation, thereby also transiently increasing the free fraction. 
SHBG saturation threshold is depicted in bandwidth to indicate that this threshold is 
depends on a person’s endogenous SHBG level. Testosterone levels are shown as 
baseline corrected levels. (A) A hypothetical figure adapted from several studies 
reporting pharmacokinetic and efficacy measures of chronic testosterone administration 
(see text). (B) and (C) Adapted from van Rooij et al. [74]. 

 

 
 

Automatic Responses and Cognitive Factors in Sexual Functioning of Women 

Models of human sexuality are mainly based on subjective reports, 
sometimes combined with manifestations of physiological sexual arousal. An 
increase in vaginal vasocongestion induced by sexual stimuli results from 
activation of neural pathways involved in reward-seeking and associated areas. 
Visual exposure to sexual intercourse between members of the species of the 
onlooker is a potent releasing stimulus for such a preparatory motivational 
response. Both men and women have a marked capacity to respond to erotic lms 
with a genital  response,  irrespective  of  whether  they found such exposure 
pleasant or not [76,77]. Discordance between genital responses and subjective 
sexual functioning, as monitored in the laboratory, has been frequently reported 
[54,78]. As a result, an increase in vaginal responding has been considered as an 
automatic preparatory physiological response for copulatory behavior [54]. 

As stated above, the capability of sexual cues to evoke an increase or decrease in 
the sexual motivational brain activity depends on individual biological and 
psychological characteristics and social circumstances, such as the sensitivity of the 
steroid receptor system (e.g., polymorphism of the androgen receptor [79]), 
prenatal testosterone exposure inuencing organization of the sexual brain 
(measured by the second to fourth digit ratio [80]), levels of sex steroids, and 
environmental factors, e.g., the proximity of an attractive mate. Moreover, the 
transition of preparatory motivational brain activity to the execution of 
copulatory behavior is, at least in humans, mediated by higher cortical 
processes (which can feedback on the motivational systems involved in reward-
seeking). Aside from the induction of a preparatory physiological response 
during conscious perception of erotic stimuli, it has been shown that 
subliminally presented erotic stimuli can activate the limbic reward circuitry 
involved in sexual motivation [81]. Thus, even erotic cues which do not enter 
conscious awareness induce alterations in (sexual) reward- related motivational 
brain areas. A sexual cue belongs to the domain of stimuli—e.g., an odor, a 
thought, a memory, a word, a sound, a picture, irtatious body language, or 
someone’s physical appearance, etc.—which can elicit sexual responses in the 
brain or body. Individual differences in sexual-cue sensitivity might be reected 
in differences in responses induced by exposure to subliminal sexual cues. One 
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Figure 1. Free fraction testosterone and the Sex Hormone Binding Globulin (SHBG) 
saturation hypothesis. (A) A slow increase in testosterone levels following chronic 
administration. This decreases SHBG after several days—weeks, and thereby also the 
SHBG saturation threshold. Once this threshold is lowered, the free fraction increases 
and behavioral effects become manifest. (B) A fast transient increase in testosterone 
levels following acute sublingual administration of doses too low to reach SHBG 
saturation, thus not influencing the free fraction. (C) A fast transient increase in 
testosterone levels following acute sublingual administration of doses that are high 
enough to reach SHBG saturation, thereby also transiently increasing the free fraction. 
SHBG saturation threshold is depicted in bandwidth to indicate that this threshold is 
depends on a person’s endogenous SHBG level. Testosterone levels are shown as 
baseline corrected levels. (A) A hypothetical figure adapted from several studies 
reporting pharmacokinetic and efficacy measures of chronic testosterone administration 
(see text). (B) and (C) Adapted from van Rooij et al. [74]. 

 

 
 

Automatic Responses and Cognitive Factors in Sexual Functioning of Women 

Models of human sexuality are mainly based on subjective reports, 
sometimes combined with manifestations of physiological sexual arousal. An 
increase in vaginal vasocongestion induced by sexual stimuli results from 
activation of neural pathways involved in reward-seeking and associated areas. 
Visual exposure to sexual intercourse between members of the species of the 
onlooker is a potent releasing stimulus for such a preparatory motivational 
response. Both men and women have a marked capacity to respond to erotic lms 
with a genital  response,  irrespective  of  whether  they found such exposure 
pleasant or not [76,77]. Discordance between genital responses and subjective 
sexual functioning, as monitored in the laboratory, has been frequently reported 
[54,78]. As a result, an increase in vaginal responding has been considered as an 
automatic preparatory physiological response for copulatory behavior [54]. 

As stated above, the capability of sexual cues to evoke an increase or decrease in 
the sexual motivational brain activity depends on individual biological and 
psychological characteristics and social circumstances, such as the sensitivity of the 
steroid receptor system (e.g., polymorphism of the androgen receptor [79]), 
prenatal testosterone exposure inuencing organization of the sexual brain 
(measured by the second to fourth digit ratio [80]), levels of sex steroids, and 
environmental factors, e.g., the proximity of an attractive mate. Moreover, the 
transition of preparatory motivational brain activity to the execution of 
copulatory behavior is, at least in humans, mediated by higher cortical 
processes (which can feedback on the motivational systems involved in reward-
seeking). Aside from the induction of a preparatory physiological response 
during conscious perception of erotic stimuli, it has been shown that 
subliminally presented erotic stimuli can activate the limbic reward circuitry 
involved in sexual motivation [81]. Thus, even erotic cues which do not enter 
conscious awareness induce alterations in (sexual) reward- related motivational 
brain areas. A sexual cue belongs to the domain of stimuli—e.g., an odor, a 
thought, a memory, a word, a sound, a picture, irtatious body language, or 
someone’s physical appearance, etc.—which can elicit sexual responses in the 
brain or body. Individual differences in sexual-cue sensitivity might be reected 
in differences in responses induced by exposure to subliminal sexual cues. One 
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method to investigate this is by the measurement of preconscious attentional 
bias for sexual cues, using an emotional Stroop task. The emotional Stroop 
task measures attentional bias for emotional cues [9,10]. In this task, subjects 
are instructed to name the color in which emotional and neutral stimuli are 
printed as quickly as possible, while ignoring the meaning of the word. The 
motivational state of the subject and the emotional content of the stimuli 
determine the performance on this task, in terms of slowing down or speeding 
up in color naming. Attentional bias for emotional cues is demonstrated when 
color naming latencies for emotional stimuli are greater or smaller than color-
naming latencies for neutral stimuli. It has been assumed that attention is 
automatically allocated to the emotional value of the stimuli. In the context of 
sexual function, with another cognitive task it has been demonstrated that low 
levels of attention for sexual stimuli is associated with low sexual desire [82]. 

A masked version of this task turned out to be a more reliable measurement of 
(preconscious) attentional bias for emotional cues [9,10]. Thus, deceleration in 
color-naming of masks, preceded by sexual words and as compared with neutral 
words, indicates increased resource allocation to the processing of sexual stimuli, 
while acceleration indicates relatively decreased resource allocation to the 
processing of sexual stimuli as compared with neutral ones. In the masked 
version of this task measuring preconscious attentional bias for sexual cues 
words with erotic content (“orgasm”) and words without erotic content 
(“chair”) are presented for 26 milliseconds on a computer screen in different 
print colors. Directly after presentation, the word is masked (i.e., covered) by a 
scrambled letters in the same print color. This method of presentation 
ensures that the target word does not enter the subject’s conscious awareness. 
The subject is instructed to name the print color of the word mask as fast as 
possible. Thus, deceleration in color naming of masks which were preceded by 
erotic words (as compared with neutral words) indicates increased preconscious 
attentional resource allocation to the processing of sexual cues. In other words, 
subconscious attentive processing capacity is automatically allocated to the 
emotional value of the cues [83]. Differences in this preconscious attentional 
bias between subjects then indicate differences in sexual cue sensitivity, and thus 
differences in the strength with which these subjects respond sexually to 
sexual stimuli as the examples mentioned above. The sexual response can be 

 

 
 

anything ranging from facilitation or activation of brain motivational systems to 
full blown sexual arousal and desire, depending on the sensitivity of the brain for 
sex and on stimulus intensity. 

Sexual behavior in humans depends on a range of interacting biological and 
psychological regulatory mechanisms, which are inuenced by situational 
cues. The absolute and relative degree of activation of these mechanisms varies 
within and between subjects. Psychological mechanisms (including conscious 
and subconscious processes) are partly established by present and previous 
benecial and/or adverse experiences, and signicantly inuence the extent to 
which an individual is willing to engage in sexual activities and the extent to 
which those activities are enjoyable. Therefore, the delicate and relative 
balance between activation of neurobiological and psychological mechanisms 
governing sexual excitation and sexual inhibition, controls sexual activities in 
humans, including fantasizing, masturbation, and sexual intercourse. 

Sublingual Testosterone and Treatment of Female Sexual Dysfunction 

Single administration of sublingual testosterone (0.5 mg) can induce an 
increase in physiological and subjective indices of sexual responding in sexually 
functional women [6,7]. This might indicate this dosage form can be part of a 
potential pharmacotherapy  for  HSDD. 

In a randomized, placebo-controlled, double- blind, cross-over study, we 
investigated the efcacy of sublingual testosterone (0.5 mg), the PDE5 inhibitor 
vardenal and the combination of these drugs on preconscious attentional bias 
for sexual cues and physiological sexual function in women diagnosed as having 
HSDD [9]. We assume that the delay in effect of testosterone on physiological 
sexual arousal in sexually functional women occurred as the result of an increase 
in activation of central sexual motivational mechanisms. Central sexual 
stimulation is necessary for a PDE5 inhibitor to induce an increase in the 
amount of blood in erectile tissue of the genitals. This occurs in the following 
way: In genital erectile tissue of both  men  and  women,  sexual  stimulation 
will induce the release of nitric oxide (NO) from nerves and endothelium. NO 
induces an increase in production of cyclic guanosine monophosphate (cGMP). 
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method to investigate this is by the measurement of preconscious attentional 
bias for sexual cues, using an emotional Stroop task. The emotional Stroop 
task measures attentional bias for emotional cues [9,10]. In this task, subjects 
are instructed to name the color in which emotional and neutral stimuli are 
printed as quickly as possible, while ignoring the meaning of the word. The 
motivational state of the subject and the emotional content of the stimuli 
determine the performance on this task, in terms of slowing down or speeding 
up in color naming. Attentional bias for emotional cues is demonstrated when 
color naming latencies for emotional stimuli are greater or smaller than color-
naming latencies for neutral stimuli. It has been assumed that attention is 
automatically allocated to the emotional value of the stimuli. In the context of 
sexual function, with another cognitive task it has been demonstrated that low 
levels of attention for sexual stimuli is associated with low sexual desire [82]. 

A masked version of this task turned out to be a more reliable measurement of 
(preconscious) attentional bias for emotional cues [9,10]. Thus, deceleration in 
color-naming of masks, preceded by sexual words and as compared with neutral 
words, indicates increased resource allocation to the processing of sexual stimuli, 
while acceleration indicates relatively decreased resource allocation to the 
processing of sexual stimuli as compared with neutral ones. In the masked 
version of this task measuring preconscious attentional bias for sexual cues 
words with erotic content (“orgasm”) and words without erotic content 
(“chair”) are presented for 26 milliseconds on a computer screen in different 
print colors. Directly after presentation, the word is masked (i.e., covered) by a 
scrambled letters in the same print color. This method of presentation 
ensures that the target word does not enter the subject’s conscious awareness. 
The subject is instructed to name the print color of the word mask as fast as 
possible. Thus, deceleration in color naming of masks which were preceded by 
erotic words (as compared with neutral words) indicates increased preconscious 
attentional resource allocation to the processing of sexual cues. In other words, 
subconscious attentive processing capacity is automatically allocated to the 
emotional value of the cues [83]. Differences in this preconscious attentional 
bias between subjects then indicate differences in sexual cue sensitivity, and thus 
differences in the strength with which these subjects respond sexually to 
sexual stimuli as the examples mentioned above. The sexual response can be 

 

 
 

anything ranging from facilitation or activation of brain motivational systems to 
full blown sexual arousal and desire, depending on the sensitivity of the brain for 
sex and on stimulus intensity. 

Sexual behavior in humans depends on a range of interacting biological and 
psychological regulatory mechanisms, which are inuenced by situational 
cues. The absolute and relative degree of activation of these mechanisms varies 
within and between subjects. Psychological mechanisms (including conscious 
and subconscious processes) are partly established by present and previous 
benecial and/or adverse experiences, and signicantly inuence the extent to 
which an individual is willing to engage in sexual activities and the extent to 
which those activities are enjoyable. Therefore, the delicate and relative 
balance between activation of neurobiological and psychological mechanisms 
governing sexual excitation and sexual inhibition, controls sexual activities in 
humans, including fantasizing, masturbation, and sexual intercourse. 

Sublingual Testosterone and Treatment of Female Sexual Dysfunction 

Single administration of sublingual testosterone (0.5 mg) can induce an 
increase in physiological and subjective indices of sexual responding in sexually 
functional women [6,7]. This might indicate this dosage form can be part of a 
potential pharmacotherapy  for  HSDD. 

In a randomized, placebo-controlled, double- blind, cross-over study, we 
investigated the efcacy of sublingual testosterone (0.5 mg), the PDE5 inhibitor 
vardenal and the combination of these drugs on preconscious attentional bias 
for sexual cues and physiological sexual function in women diagnosed as having 
HSDD [9]. We assume that the delay in effect of testosterone on physiological 
sexual arousal in sexually functional women occurred as the result of an increase 
in activation of central sexual motivational mechanisms. Central sexual 
stimulation is necessary for a PDE5 inhibitor to induce an increase in the 
amount of blood in erectile tissue of the genitals. This occurs in the following 
way: In genital erectile tissue of both  men  and  women,  sexual  stimulation 
will induce the release of nitric oxide (NO) from nerves and endothelium. NO 
induces an increase in production of cyclic guanosine monophosphate (cGMP). 
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cGMP is a key mechanism in relaxing smooth muscle necessary for the induction 
of enlargement of the erectile tissue. cGMP is hydrolyzed by the 
phosphodiesterases in the corpora cavernosa, in which PDE5 is the most 
abundant PDE. Therefore, during sexual stimulation, the action of NO/cGMP on 
erectile function will be enhanced by PDE5 inhibitors [84]. Thus, without 
adequate central stimulation, i.e., activation of central sexual motivational 
mechanisms, a PDE5 inhibitor cannot be effective, which is likely why the trials 
investigating PDE5 inhibitor efcacy in FSD failed. Indeed, the PDE5 inhibitor 
alone had no effect on physiological sexual functioning of our patients, but  
neither did  testosterone alone.  In contrast, the combined use of sublingual 
testosterone and the PDE5 inhibitor produced an increase in physiological sexual 
responding about 4 hours after the intake of the testosterone. Apparently, in 
addition to testosterone-mediated facilitation of central sexual stimulation, 
peripheral facilitation of the physiological sexual response was needed. 
Interestingly, we found a striking difference in effect between women who had 
and women who had not reported the experience of childhood sexual abuse 
(CSA). In women without CSA, testosterone treatment induced an increase in 
their originally low levels of preconscious attentional bias for sexual cues, while 
women with CSA showed a decrease in their originally high levels of attention. 
The effects of the combination of testosterone and the PDE5 inhibitor on the 
physiological sexual response also differed between these groups. Women 
without CSA revealed an increase in their physiological response, while the 
women with CSA showed no alterations in this response. 

These results were reproduced in a second randomized, double-blind, crossover, 
placebo-controlled study [10]. This study was designed to investigate the effects 
of testosterone, a PDE5 inhibitor, and the combination of both drugs on 
alterations in preconscious attentional bias for sexual cues in 28 women 
suffering from HSDD. Moreover, we investigated the inuence of these drugs 
on physiological and subjective indices of sexual function during neutral and 
erotic visual stimulation. In this study women who reported experience of CSA 
were excluded. Based on their initial preconscious attentional bias for sexual cues 
scores, we construed two groups: women with a high and women with a low 
sensitive brain system for sexual cues. Testosterone treatment produced in the 
low sensitive group an increase in their attentional bias for sexual cues, while 

 

 
 

in the high sensitive group a reversed pattern was found. We examined in both 
groups the effects of the different treatments on physiological and subjective 
sexual responding. Again, neither testosterone (0.5 mg)  nor  the  PDE5  
inhibitor   (vardenal, 10 mg) alone had an effect on measures of physiological 
and subjective arousal. The combined administration of testosterone and 
vardenal in the low sensitive group produced 4 hours post dose a 
signicant increase in physiological and subjective sexual functioning, while in 
the latter group no drug induced alterations in these measures were observed. 
This study had no subjects with a history of CSA, but the latter group did 
have a higher prevalence of negative sexual experiences (63% vs. 17%), which 
implies that this group’s past negative sexual experiences may have contributed 
to the development of HSDD as a result of activation of central inhibitory 
mechanisms. Vardenal was used as the PDE5 inhibitor in these studies, but 
other PDE5 inhibitors such as sildenal can also be used (see Poels et al. this 
issue) as the mechanism of action is the same. 

Testosterone and Sensitivity of the Brain for Socially—Including Sexually—
Relevant Cues 

As described above, female sexual behavior in many mammalian species 
depends on female sex steroids. In human females, testosterone appears to be 
highly involved in sexual motivation and behavior. Consequently, testosterone 
plays a central role in the steroid-responsive neural network involved in the 
regulation of social and sexual behavior from both men and women, and might 
exert its inuence on these behaviors by selective ltering and amplication of 
cues important for behavioral responses. In other words, testosterone inuences 
the sensitivity of the brain for cues (status, challenge, sex) relevant for an 
individual’s interest. The above described relationships between preconscious 
attentional biases, testosterone treatment, and sexual responsiveness can be 
conceptualized in terms of testosterone-induced alterations in sensitivity of 
the brain for sexual cues [9,10]. The low preconscious attention scores before 
treatment with testosterone reected a relatively insensitive brain system for 
sexual cues in women without CSA. Sublingual testosterone increased this 
sensitivity about 4 hours after dosing, reected in an increase in subconscious 
attention for sexual cues. It might be assumed that an increase in the brain’s 
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cGMP is a key mechanism in relaxing smooth muscle necessary for the induction 
of enlargement of the erectile tissue. cGMP is hydrolyzed by the 
phosphodiesterases in the corpora cavernosa, in which PDE5 is the most 
abundant PDE. Therefore, during sexual stimulation, the action of NO/cGMP on 
erectile function will be enhanced by PDE5 inhibitors [84]. Thus, without 
adequate central stimulation, i.e., activation of central sexual motivational 
mechanisms, a PDE5 inhibitor cannot be effective, which is likely why the trials 
investigating PDE5 inhibitor efcacy in FSD failed. Indeed, the PDE5 inhibitor 
alone had no effect on physiological sexual functioning of our patients, but  
neither did  testosterone alone.  In contrast, the combined use of sublingual 
testosterone and the PDE5 inhibitor produced an increase in physiological sexual 
responding about 4 hours after the intake of the testosterone. Apparently, in 
addition to testosterone-mediated facilitation of central sexual stimulation, 
peripheral facilitation of the physiological sexual response was needed. 
Interestingly, we found a striking difference in effect between women who had 
and women who had not reported the experience of childhood sexual abuse 
(CSA). In women without CSA, testosterone treatment induced an increase in 
their originally low levels of preconscious attentional bias for sexual cues, while 
women with CSA showed a decrease in their originally high levels of attention. 
The effects of the combination of testosterone and the PDE5 inhibitor on the 
physiological sexual response also differed between these groups. Women 
without CSA revealed an increase in their physiological response, while the 
women with CSA showed no alterations in this response. 

These results were reproduced in a second randomized, double-blind, crossover, 
placebo-controlled study [10]. This study was designed to investigate the effects 
of testosterone, a PDE5 inhibitor, and the combination of both drugs on 
alterations in preconscious attentional bias for sexual cues in 28 women 
suffering from HSDD. Moreover, we investigated the inuence of these drugs 
on physiological and subjective indices of sexual function during neutral and 
erotic visual stimulation. In this study women who reported experience of CSA 
were excluded. Based on their initial preconscious attentional bias for sexual cues 
scores, we construed two groups: women with a high and women with a low 
sensitive brain system for sexual cues. Testosterone treatment produced in the 
low sensitive group an increase in their attentional bias for sexual cues, while 

 

 
 

in the high sensitive group a reversed pattern was found. We examined in both 
groups the effects of the different treatments on physiological and subjective 
sexual responding. Again, neither testosterone (0.5 mg)  nor  the  PDE5  
inhibitor   (vardenal, 10 mg) alone had an effect on measures of physiological 
and subjective arousal. The combined administration of testosterone and 
vardenal in the low sensitive group produced 4 hours post dose a 
signicant increase in physiological and subjective sexual functioning, while in 
the latter group no drug induced alterations in these measures were observed. 
This study had no subjects with a history of CSA, but the latter group did 
have a higher prevalence of negative sexual experiences (63% vs. 17%), which 
implies that this group’s past negative sexual experiences may have contributed 
to the development of HSDD as a result of activation of central inhibitory 
mechanisms. Vardenal was used as the PDE5 inhibitor in these studies, but 
other PDE5 inhibitors such as sildenal can also be used (see Poels et al. this 
issue) as the mechanism of action is the same. 

Testosterone and Sensitivity of the Brain for Socially—Including Sexually—
Relevant Cues 

As described above, female sexual behavior in many mammalian species 
depends on female sex steroids. In human females, testosterone appears to be 
highly involved in sexual motivation and behavior. Consequently, testosterone 
plays a central role in the steroid-responsive neural network involved in the 
regulation of social and sexual behavior from both men and women, and might 
exert its inuence on these behaviors by selective ltering and amplication of 
cues important for behavioral responses. In other words, testosterone inuences 
the sensitivity of the brain for cues (status, challenge, sex) relevant for an 
individual’s interest. The above described relationships between preconscious 
attentional biases, testosterone treatment, and sexual responsiveness can be 
conceptualized in terms of testosterone-induced alterations in sensitivity of 
the brain for sexual cues [9,10]. The low preconscious attention scores before 
treatment with testosterone reected a relatively insensitive brain system for 
sexual cues in women without CSA. Sublingual testosterone increased this 
sensitivity about 4 hours after dosing, reected in an increase in subconscious 
attention for sexual cues. It might be assumed that an increase in the brain’s 
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sensitivity for sexual cues is accompanied by an increase in central sexual 
stimulation, making it possible for a PDE5 inhibitor to produce an increase in 
physiological sexual responding. On the other side, the absence of an effect on 
physiological sexual response in the women with negative sexual experiences 
(including a history of CSA) can also be interpreted as the result of an increase in 
sensitivity of the brain for sexual cues. Because of the negative association 
with sex in these women, this increased sensitivity resulted in an automatic 
activation of a sexual inhibitory mechanism [9,10]. Thus, testosterone increases 
sensitivity of the brain for socially relevant cues, which might produce different 
behavioral outcomes depending on other involved characteristics of an 
individual. 

Testosterone and Sexual Inhibition 

Janssen and Bancroft [85] conceptualized that individual differences in sexual 
responding depend on a delicate interplay of the earlier mentioned excitatory 
and inhibitory processes. It is widely accepted that the PFC is involved in the 
inhibitory control of human behavior [86], including sexual behavior [87,88]. A  
sexual event which is consciously or subconsciously negatively valenced or 
which induces inappropriate responses in, for that response, inappropriate 
situation, can be expected to induce a phasic increase in PFC-mediated sexual 
inhibition. Amplifying negative valence or response sensitivity in an 
inappropriate setting would be expected to increase inhibition even further. 
Indeed, in two studies (unpublished data) we found support for this hypothesis, 
in that testosterone can actually induce an inhibitory sexual response. 

In the rst experiment we examined whether treatment with testosterone 
would cause an increase in neural activity in brain areas associated with sexual 
behavior. In a randomized, placebo-controlled, double-blind, crossover design, 
an fMRI-VPA study was conducted in 12 sexually functional eugonadal female 
volunteers. Four hours after the intake of the placebo or 0.5 mg of testosterone 
sublingually, the blood-oxygen-level-dependent (BOLD) MRI response was 
measured while subjects viewed neutral and erotic lm excerpts. Immediately 
after the fMRI session, VPA in response to another comparable set of neutral 
and erotic lm excerpts was measured.  As expected, we found comparable BOLD 

 

 
 

responses to erotic stimuli in the placebo condition, as in other imaging 
studies [89,90]: the amygdala and temporal pole, hippocampus, hypothalamus, 
brain stem, orbitofrontal cortex, anterior cingulate cortex, and decreased BOLD 
response of dorsal prefrontal  areas (Figure 2, top row). We expected this 
pattern to become more pronounced following sublingual testosterone 
administration, followed by a concomitant increase in VPA relative to placebo. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Blood oxygen level dependent responses to erotic stimuli under placebo and 
testosterone. Transverse images of the brain. Z-coordinates in Talairach space. (Source: 
unpublished results) 

 
In the testosterone condition, however, women showed decreased BOLD 
responses in all brain structures implicated in the normal sexual response (Figure 
2, bottom row). Additionally, there was an increased BOLD response in the 
superior part of the middle frontal gyrus, a portion of the dorsolateral PFC 
(DLPFC), which mediates inhibition of task-irrelevant responses [91–95] and 
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sensitivity for sexual cues is accompanied by an increase in central sexual 
stimulation, making it possible for a PDE5 inhibitor to produce an increase in 
physiological sexual responding. On the other side, the absence of an effect on 
physiological sexual response in the women with negative sexual experiences 
(including a history of CSA) can also be interpreted as the result of an increase in 
sensitivity of the brain for sexual cues. Because of the negative association 
with sex in these women, this increased sensitivity resulted in an automatic 
activation of a sexual inhibitory mechanism [9,10]. Thus, testosterone increases 
sensitivity of the brain for socially relevant cues, which might produce different 
behavioral outcomes depending on other involved characteristics of an 
individual. 

Testosterone and Sexual Inhibition 

Janssen and Bancroft [85] conceptualized that individual differences in sexual 
responding depend on a delicate interplay of the earlier mentioned excitatory 
and inhibitory processes. It is widely accepted that the PFC is involved in the 
inhibitory control of human behavior [86], including sexual behavior [87,88]. A  
sexual event which is consciously or subconsciously negatively valenced or 
which induces inappropriate responses in, for that response, inappropriate 
situation, can be expected to induce a phasic increase in PFC-mediated sexual 
inhibition. Amplifying negative valence or response sensitivity in an 
inappropriate setting would be expected to increase inhibition even further. 
Indeed, in two studies (unpublished data) we found support for this hypothesis, 
in that testosterone can actually induce an inhibitory sexual response. 

In the rst experiment we examined whether treatment with testosterone 
would cause an increase in neural activity in brain areas associated with sexual 
behavior. In a randomized, placebo-controlled, double-blind, crossover design, 
an fMRI-VPA study was conducted in 12 sexually functional eugonadal female 
volunteers. Four hours after the intake of the placebo or 0.5 mg of testosterone 
sublingually, the blood-oxygen-level-dependent (BOLD) MRI response was 
measured while subjects viewed neutral and erotic lm excerpts. Immediately 
after the fMRI session, VPA in response to another comparable set of neutral 
and erotic lm excerpts was measured.  As expected, we found comparable BOLD 

 

 
 

responses to erotic stimuli in the placebo condition, as in other imaging 
studies [89,90]: the amygdala and temporal pole, hippocampus, hypothalamus, 
brain stem, orbitofrontal cortex, anterior cingulate cortex, and decreased BOLD 
response of dorsal prefrontal  areas (Figure 2, top row). We expected this 
pattern to become more pronounced following sublingual testosterone 
administration, followed by a concomitant increase in VPA relative to placebo. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Blood oxygen level dependent responses to erotic stimuli under placebo and 
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In the testosterone condition, however, women showed decreased BOLD 
responses in all brain structures implicated in the normal sexual response (Figure 
2, bottom row). Additionally, there was an increased BOLD response in the 
superior part of the middle frontal gyrus, a portion of the dorsolateral PFC 
(DLPFC), which mediates inhibition of task-irrelevant responses [91–95] and 



Ch
ap

te
r 3

  

80

 

 
 

willful inhibition of the sexual response [87]. Also, there was increased BOLD 
response of the septal nuclei, which have been postulated to play a constrictive 
role on subcortical structures, reducing emotional and arousal extremes, thus 
preventing emotional overshoot [96]. Moreover, and contrary to our former 
ndings [6,7], the VPA showed a relatively blunted response in the testosterone 
condition as compared with placebo (see Figure 3), as compared with our former 
studies on the delay effect of testosterone. We hypothesized that exposure of 
our subjects to the  experimental  conditions—i.e.,  a  noisy  dark  narrow 
cylinder with male technicians and scientists all around—seemed to have 
demanded induction of an inhibitory mechanism in order to dampen the 
inappropriate effects of the testosterone-induced increase in sensitivity of the 
sexual response system. 

 
 
 

 
 

Figure 3. Relative changes in vaginal pulse amplitude (VPA). Comparison between a 
former [6] and the present experiment for the average relative increases  in VPA induced 
by an erotic film fragment viewed about 4 hours after placebo and testosterone (0.5 mg) 
intake. A univariate analysis revealed a significant interaction effect [F(1, 17) = 6.49; 
P <0.025] for Drug (Placebo vs. Testosterone) X Study (Former vs. Present), indicating a 
relatively blunted VPA response in the testosterone condition for the fMRI-VPA 
experiment as compared with the former VPA-alone experiment. (Source: unpublished 
results) 
 

 

 
 

The amount of attentional resources directed at sexual stimuli greatly 
determines the strength of the physiological and subjective sexual response. 
Focusing on sexual stimuli facilitates the sexual response, while withdrawing 
attention attenuates it. In subjects with sexual problems, however, the 
opposite relationship has been observed [97]. Apparently, focusing attention 
on sexual stimuli can induce inhibition under certain circumstances. Varying 
attentional resource allocation in the sexually inappropriate MRI 
measurement setting should then be able to amplify and/or reduce 
(testosterone-induced) situation-dependent inhibitory BOLD responses. 
 
In a second pilot experiment [98], the hypothesis of testosterone-induced 
sexual inhibition was further investigated while varying the level of attention 
for sexual stimuli, in a group of women with HSDD (N=14). In this randomized, 
double-blind, placebo-controlled, crossover fMRI study, the inuence of 
varying levels of attention (Stroop task superimposed on an erotic lm clip, 
erotic lm clip without additional instruction, an erotic lm clip and the 
instruction to monitor bodily sexual response preceded by a neutral lm clip, and 
an erotic lm and the instruction to monitor bodily sexual response preceded 
by an erotic lm clip with Stroop task superimposed) for sexual stimuli on 
BOLD MRI response to erotic vs. neutral lm clips were investigated in three 
treatment conditions: placebo, testosterone (0.5 mg), and the combined 
administration of testosterone (0.5 mg) and sildenal (50 mg).  
 
In the placebo condition where subjects viewed erotic lm clips without additional 
instruction, we observed activation patterns comparable to former imaging 
studies on sexual arousal [87,89,90], but with three noteworthy differences: 
subjects did not show increased amygdala (stimulus salience 
perception/attribution) and right frontal insula (interoception) BOLD response, 
but they did show increased BOLD response in the left DLPFC (Figure 4) indicating 
that subjects inhibited their sexual (amygdala and insula) response. In the 
condition when subjects watched an erotic lm clip while monitoring their 
bodily sexual response preceded by a Stroop-superimposed erotic lm clip as 
compared with the condition where a neutral lm clip  preceded  the  erotic  
lm  clip  left  DLPFC BOLD response decreased and right insula BOLD response 
increased under placebo and even more so under testosterone (Figure 5). 
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willful inhibition of the sexual response [87]. Also, there was increased BOLD 
response of the septal nuclei, which have been postulated to play a constrictive 
role on subcortical structures, reducing emotional and arousal extremes, thus 
preventing emotional overshoot [96]. Moreover, and contrary to our former 
ndings [6,7], the VPA showed a relatively blunted response in the testosterone 
condition as compared with placebo (see Figure 3), as compared with our former 
studies on the delay effect of testosterone. We hypothesized that exposure of 
our subjects to the  experimental  conditions—i.e.,  a  noisy  dark  narrow 
cylinder with male technicians and scientists all around—seemed to have 
demanded induction of an inhibitory mechanism in order to dampen the 
inappropriate effects of the testosterone-induced increase in sensitivity of the 
sexual response system. 
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former [6] and the present experiment for the average relative increases  in VPA induced 
by an erotic film fragment viewed about 4 hours after placebo and testosterone (0.5 mg) 
intake. A univariate analysis revealed a significant interaction effect [F(1, 17) = 6.49; 
P <0.025] for Drug (Placebo vs. Testosterone) X Study (Former vs. Present), indicating a 
relatively blunted VPA response in the testosterone condition for the fMRI-VPA 
experiment as compared with the former VPA-alone experiment. (Source: unpublished 
results) 
 

 

 
 

The amount of attentional resources directed at sexual stimuli greatly 
determines the strength of the physiological and subjective sexual response. 
Focusing on sexual stimuli facilitates the sexual response, while withdrawing 
attention attenuates it. In subjects with sexual problems, however, the 
opposite relationship has been observed [97]. Apparently, focusing attention 
on sexual stimuli can induce inhibition under certain circumstances. Varying 
attentional resource allocation in the sexually inappropriate MRI 
measurement setting should then be able to amplify and/or reduce 
(testosterone-induced) situation-dependent inhibitory BOLD responses. 
 
In a second pilot experiment [98], the hypothesis of testosterone-induced 
sexual inhibition was further investigated while varying the level of attention 
for sexual stimuli, in a group of women with HSDD (N=14). In this randomized, 
double-blind, placebo-controlled, crossover fMRI study, the inuence of 
varying levels of attention (Stroop task superimposed on an erotic lm clip, 
erotic lm clip without additional instruction, an erotic lm clip and the 
instruction to monitor bodily sexual response preceded by a neutral lm clip, and 
an erotic lm and the instruction to monitor bodily sexual response preceded 
by an erotic lm clip with Stroop task superimposed) for sexual stimuli on 
BOLD MRI response to erotic vs. neutral lm clips were investigated in three 
treatment conditions: placebo, testosterone (0.5 mg), and the combined 
administration of testosterone (0.5 mg) and sildenal (50 mg).  
 
In the placebo condition where subjects viewed erotic lm clips without additional 
instruction, we observed activation patterns comparable to former imaging 
studies on sexual arousal [87,89,90], but with three noteworthy differences: 
subjects did not show increased amygdala (stimulus salience 
perception/attribution) and right frontal insula (interoception) BOLD response, 
but they did show increased BOLD response in the left DLPFC (Figure 4) indicating 
that subjects inhibited their sexual (amygdala and insula) response. In the 
condition when subjects watched an erotic lm clip while monitoring their 
bodily sexual response preceded by a Stroop-superimposed erotic lm clip as 
compared with the condition where a neutral lm clip  preceded  the  erotic  
lm  clip  left  DLPFC BOLD response decreased and right insula BOLD response 
increased under placebo and even more so under testosterone (Figure 5). 
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However, the combination of testosterone plus sildenal reversed this pattern; 
adding the sildenal apparently increased the sexual response to inappropriate 
levels, thereby necessitating  inhibition. 
 

 

Figure 4. Blood oxygen level dependent responses to passive viewing of erotic minus 
neutral film clips under placebo. Transverse images of the brain. Z-coordinates in 
Montreal Neurological Institute space. Source: unpublished results. Presented at the 
Congress of the International Society for the Study of Women’s Sexual Health, 2007 [98]. 
DLPFC = dorsolateral prefrontal cortex. 

 
 

In many situations, it is inappropriate to act on a sexual cue, for example, 
because of social conventions (i.e., there is a threat of consequences that acting 
on such a cue in the wrong circumstance implies). Under such circumstances, 
sexual cues can still elicit preparatory sexual responses, but these then have to 
be inhibited [99]. The need for, or strength of this inhibitory response is 
dependent on the elicited sexual response. Thus, if a sexual cue is relatively 
weak (due to the nature of the cue, or to the neurobiological disposition of the 
individual), no inhibition may be needed. However, if the processing of a 
relatively weak sexual cue is enhanced through testosterone administration, 

 

 
 

inhibition may be needed. Therefore, the net effect of testosterone 
administration could be an inhibitory response. 

In conclusion, depending on circumstances, testosterone can produce effects that 
deviate from the expectations concerning the functional (i.e., facilitation) role of 
testosterone in the regulation of sexual behavior.  

The Influence of Testosterone and Serotonin on Sexual Inhibition 

Given that sublingual testosterone increases the sensitivity of the brain to 
sexual cues, women prone to sexual inhibition are expected to exhibit stronger 
inhibitory activity in the PFC during exposure to a sexual stimulus following 
testosterone administration. An important mediator of inhibitory mechanisms in 
the brain is the neurotransmitter 5-hydroxytryptamine (5-HT, serotonin) [100], 
that also exerts abundant inhibitory effects via the PFC [101]. After acute 
treatment with a 5-HT1A receptor agonist, the agonist binds to somatodendritic 
autoreceptors of the raphe nuclei in the midbrain. The hyperpolarizing effect of 
activated 5-HT1A auto receptors decreases serotonergic ring activity [102] and 
inhibition of serotonin release from the presynaptic terminal [103], and 
subsequently, reduced extracellular serotonin levels in the PFC [104]. There are 
differences in effects on serotonergic activity between acute and prolonged 
treatment with a 5-HT1A receptor agonist, resulting in opposed effects on 
behavior mediated by 5-HT1A. For example, acute buspirone causes an increase 
in impulsivity, which effect is reversed following chronic treatment [104]. 
Accordingly, acute treatment with a 5-HT1A receptor agonist might decrease 
sexual stimuli induced phasic serotonergic inhibitory control in the PFC, which in 
turn might prevent or reduce the inhibitory response to sexual cues in women 
with HSDD as the result of activation of sexual inhibitory mechanisms. 
Consequently, when exposed to sexual stimuli (whether internally or externally 
induced), women prone to sexual inhibition might show an increased sexual 
response when treated with sublingual testosterone and a 5-HT1A  receptor 
agonist. 
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However, the combination of testosterone plus sildenal reversed this pattern; 
adding the sildenal apparently increased the sexual response to inappropriate 
levels, thereby necessitating  inhibition. 
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neutral film clips under placebo. Transverse images of the brain. Z-coordinates in 
Montreal Neurological Institute space. Source: unpublished results. Presented at the 
Congress of the International Society for the Study of Women’s Sexual Health, 2007 [98]. 
DLPFC = dorsolateral prefrontal cortex. 
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Figure 5. Blood oxygen level dependent responses to attentional engagement under 
conditions of increased sexual stimulation. BOLD responses to attentional engagement 
under conditions of increased sexual stimulation, under placebo, testosterone, and the 
combination of testosterone and sildenafil. Transverse images of the brain. Z-
coordinates in Montreal Neurological Institute space. Source: unpublished results. 
Presented at the Congress of the International Society for the Study of Women's Sexual 
Health, 2007 [98]. DLPFC = dorsolateral prefrontal cortex 
 

Two studies above [9,10] describe the use of the emotional Stroop task to 
differentiate between high and low sensitive women. The high sensitive women 
did not show an increase, or showed decreases in physiological and subjective 
sexual responding following the combined administration of testosterone and 
vardenal. These women also showed a higher incidence of negative sexual 
experiences, which led to the hypothesis that these women suffered from 
HSDD as a result of (over)activation of  sexual inhibitory  systems. Women who 
have negative sexual experiences are about twice as likely to develop a sexual 
dysfunction, but it is not a given [105]. A potential risk factor for developing 
a sexual dysfunction after negative sexual experiences is, according to our 
hypothesis, a person’s sensitivity to sexual cues, which will affect positive and 
negative sexual experiences. Irrespective of the absolute levels of testosterone, 
different levels of sensitivity for sexual cues might occur, for example, as the 
result of a difference in the sensitivity of the receptor system for androgens (i.e., 

 

 
 

different length of CAG repeats [79] and/or different levels in androgenic 
intracellular activity [106]). Other systems might interfere with functioning of the 
androgen systems in the brain; for example, differences in polymorphisms of the 
serotonin transporter gene, and the serotonin1A receptor gene have been linked 
to a higher likelihood of developing affective disorders [107,108] due to the 
altered processing of emotional stimuli (i.e., more reactive to negative 
stimuli) [107]. High sensitive women are more sensitive for positive and 
negative sexual experiences. It is possible that the high sensitive women can 
develop HSDD (partly) because of altered serotonergic transmission, making 
them more sensitive to negative sexual experiences leading to subsequent 
overactivation of sexual inhibitory mechanisms in response to sexual arousal. 
This is in contrast to the low sensitive women, who have a higher chance to 
develop HSDD because their insensitivity causes a lack of adequate activation of 
sexual excitatory mechanisms  (see Figure 6). In the near future we will report on 
the results of our research program into these relationships between the above 
mentioned brain variables/mechanisms and the vulnerability to develop HSDD. 

CONCLUSIONS 

Summarizing, we formulated the hypothesis that different causal mechanism 
are responsible for HSDD. Based on this hypothesis, we designed and developed 
two new medicines for HSDD. Sublingual testosterone combined with a PDE5 
inhibitor has been developed for women who suffer from low sexual 
motivation and low sexual desire (HSDD), as the result of a relatively 
insensitive system for sexual cues. This combination should increase the 
sensitivity for internal and external sexual cues, activates central sexual 
motivation mechanisms and subsequently the physiological sexual response. 
The combination of sublingual testosterone and a 5-HT1A receptor agonist 
was designed to treat HSDD induced by dysfunctional sexual inhibition 
mechanisms. This combination should also increase sexual motivation, but 
inhibits overactive sexual inhibition mechanisms in the prefrontal areas.   

To investigate whether the testosterone combined with the PDE5 inhibitor was 
also efcacious at home in women who suffer from HSDD as the result of an 
insensitive system for sex, and to test the  hypothesis  that  testosterone  plus  a  
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inhibitor has been developed for women who suffer from low sexual 
motivation and low sexual desire (HSDD), as the result of a relatively 
insensitive system for sexual cues. This combination should increase the 
sensitivity for internal and external sexual cues, activates central sexual 
motivation mechanisms and subsequently the physiological sexual response. 
The combination of sublingual testosterone and a 5-HT1A receptor agonist 
was designed to treat HSDD induced by dysfunctional sexual inhibition 
mechanisms. This combination should also increase sexual motivation, but 
inhibits overactive sexual inhibition mechanisms in the prefrontal areas.   
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5-HT1A receptor agonist are efcacious in women with HSDD who are prone to 
sexual inhibition, we conducted a randomized, double-blind, placebo-controlled 
crossover study in 56 women with HSDD with or without Female Sexual Arousal 
Disorder. In an ambulatory experiment at home (see also [109]), preconscious 
attentional bias for sexual cues, physiological and subjective indices of sexual 
functioning were measured three times during the rst week of each treatment. 
In a subsequent bedroom experiment during a 3-week period under condition of 
each treatment, we evaluated sexual satisfaction following each sexual event. 
The results of the efcacy of sublingual testosterone combined with a PDE5 
inhibitor in women with HSDD as the result of an insensitive system for sexual 
cues are described in part 2 of this series. In part 3 we will describe the results of 
treatment with sublingual testosterone combined with a 5-HT1A receptor agonist 
in women with HSDD as the result of activation of sexual inhibitory  mechanisms. 

 

 

 

 

 

 

 
 

 

 
 

              
 

Figure 6. Representation of our hypothetical sexual (low– high) sensitivity-inhibition 
model. According to the model, HSDD is correlated with low sensitivity to sexual cues 
(blue area), or by overactivation of sexual inhibitory mechanisms (red area). Subjects 
with high sensitivity for sexual cues will be more sensitive for positive sexual stimuli 
and experiences, which can lead to a hedonic sex life. However, high sensitivity subjects 
are also more vulnerable to negative sexual experiences, and as a result more 
susceptible for learning a negative association with sex. Exposure to stimuli that make an 
appeal to the sexual motivational system, can then automatically elicit an inhibitory 
response (e.g., a phasic increase in serotonin activity in the dorsolateral prefrontal cortex 
[PFC]) to diminish conscious or subconscious negative affective state induced by the 
undesired sexual motivational state. The strength of the inhibitory response might be 
a function of the sensitivity of the sexual brain system, and the duration and severity 
of negative sexual experiences. Low sensitivity for sexual cues might be the result of a 
low sensitive androgenic receptor system in the brain, and/or a low level of intracellular 
androgenic activity, and/or tonic high serotonergic activity in particular areas in the PFC 
(which may function as a filter for emotional positive and negative stimuli). Subjects 
with a low sensitive system will have decreased levels of activation of sexual 
excitatory mechanisms, resulting in low sexual desire. This state of low sensitivity can 
be interpreted as a biological trait, and is unlikely to be caused by sexual experiences. 
Different combinations of various levels of sensitivity and inhibition are possible, but 
high inhibition is more likely to occur in sexually high sensitive subjects (resulting in 
HSDD). Subjects with HSDD and a low sensitive sexual brain are less likely to suffer 
from high inhibition because they already have low propensity to respond to sexual 
stimuli; they have less need to inhibit their sexual response.  
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ABSTRACT 

Introduction.  Low sexual desire in women may result from a relative 
insensitivity of the brain for sexual cues. Administration of sublingual 0.5 mg 
testosterone (T) increases the sensitivity of the brain to sexual cues. Sexual 
stimulation in the brain is necessary for phosphodiesterase type 5 inhibitor 
(PDE5i)-mediated increase in genital sexual response. Accordingly, a single dose 
of T+PDE5i might enhance sexual responsiveness, especially in women with low 
sensitivity for sexual cues. 

Aim.  To assess the hypothesis that treatment with on-demand use of T+PDE5i 
improves sexual functioning, particularly in women who suffer from Hypoactive 
Sexual Desire Disorder (HSDD) as the result of a relative insensitivity for sexual 
cues. 

Methods.  In a randomized, double-blind, placebo-controlled, cross-over 
design, 56 women with HSDD underwent three medication treatment regimes 
(placebo, T+PDE5i, and T with a serotonin 1A receptor agonist; see also parts 1 
and 3), which lasted 4 weeks each. In a participant-controlled ambulatory 
psychophysiological experiment at home (the first week of each drug 
treatment), physiological and subjective indices of sexual functioning were 
measured. In a bedroom experiment (the subsequent 3 weeks), sexual 
functioning was evaluated following each sexual event after the self-
administration of study medication. Subjective evaluation of sexual functioning 
was also measured by weekly and monthly reports. 

Main Outcome Measures.  Subjective: sexual satisfaction, experienced genital 
arousal, sexual desire. Physiological: vaginal pulse amplitude. Cognitive: 
preconscious attentional bias. 

Results.  T+PDE5i, as compared with placebo, significantly improved 
physiological and subjective measures of sexual functioning during ambulatory 
psychophysiological lab conditions at home and during the sexual events, in 
women with low sensitivity for sexual cues. 

 

 
 

Conclusions.  The present study demonstrated that on-demand T+PDE5i is a 
potentially promising treatment for women with HSDD, particularly in women 
with low sensitivity for sexual cues.  
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INTRODUCTION 

Low sexual desire is the most common sexual complaint in women [1]. It has 
been classified as the clinical condition Hypoactive Sexual Desire Disorder 
(HSDD), which is characterized by chronic or recurrent loss or decrease in 
interest in sexual activity, causing sexual dissatisfaction and severely affecting a 
woman's quality of life [2]. Bancroft and Janssen have described the 
involvement of dual control systems in the regulation of sexual functioning. 
They argue that individual differences in sexual responding depend on a 
delicate interplay of such activating excitatory and inhibitory processes [3,4]. 
We have hypothesized that in some women with HSDD low sexual desire could 
be due to a relatively insensitive system for sexual cues, resulting in impaired 
activity of excitatory mechanisms involved in sexual motivation [5]. In these 
women, administration of sublingual 0.5 mg testosterone might increase the 
brain's sensitivity for sexual cues, which might activate excitatory mechanisms 
in the brain involved in sexual motivation and desire [5–8]. Sufficient sexual 
stimulation of the brain is necessary for a phosphodiesterase type 5 inhibitor 
(PDE5i)-mediated increase in the genital sexual response [9,10]. Because 
central mechanisms (sexual motivation) play a large role in sexual stimulation, 
PDE5i's will generally have little to no effect when activation of central sexual 
mechanisms is reduced or absent. In previous studies it was shown that PDE5i 
administration increases physiological [6] and subjective [5] sexual responding 
under psychophysiological lab conditions in women with HSDD and low 
sensitivity for sexual cues, only when the PDE5i administration was preceded by 
administration of a single dose of sublingual testosterone. It was also shown 
that testosterone by itself did not increase sexual responding [5,6]. In the 
present study we measured sexual functioning under the more ecologically 
valid condition of an ambulatory psychophysiological lab setting at home and 
sexual satisfaction following sexual events. We hypothesize that treatment with 
T+PDE5i improves physiological and subjective indices of sexual functioning, 
particularly in women who suffer from HSDD as the result of an insensitive 
system for sex. 

 

 

 
 

METHODS 

Participants 

The 56 heterosexual women who participated in this study signed a written 
informed consent and received reimbursement for their participation. The local 
medical ethics committee (Stichting Therapeutische Evaluatie Geneesmiddelen 
Medisch Ethische Toetsingscommissie, Almere, the Netherlands) approved this 
study, which was carried out in agreement with International Conference on 
Harmonization-Good Clinical Practice (ICH-GCP), and monitored by a certified 
Contract Research Organization (CRO) (PSR Group, Hoofddorp, the 
Netherlands). Women were eligible if they were healthy, between 21 and 70 
years, and had a diagnosis of HSDD or Female Sexual Arousal Disorder (FSAD) 
according to the Diagnostic and Statistical Manual of Mental Disorders-Fourth 
Edition (Text Revision) (DSM-IV-TR) criteria [2]. Subjects were diagnosed by an 
experienced psychologist. If the subject was diagnosed with any psychiatric 
disorder other than HSDD or FSAD they were excluded; also any treatment for 
female sexual dysfunction within 7 days before or during the study was 
excluded. Furthermore women were excluded if they were using oral 
contraceptives containing anti-androgens or more than 50 μg estrogen, 
Cytochrome P450 3A4 (CYP3A4) inhibitors, CYP3A4 inducers, nitrates, 
monoamine oxidase inhibitors, calcium channel blockers, antidepressants, 
opiates, and medicinal herbs like St. John's wort. Cardiovascular exclusions 
included a history of myocardial infarction, stroke or life-threatening 
arrhythmia within the prior 6 months, uncontrolled hypertension, atrial 
fibrillation/flutter or any other significant abnormality observed on 
electrocardiogram (ECG). Gynecological exclusions included pelvic inflammatory 
disease, vaginal infection, previous prolapse and incontinence surgery affecting 
the vaginal wall, abnormal uterine bleeding patterns, perimenopausal 
hormonal status, pregnancy and breastfeeding in the past 6 months. Lastly 
women were excluded with clinically relevant endocrine disease, neurological 
disease, severe or acute liver disease, history of severe hepatic impairment, 
body mass index above 35, and vision impairment. Women were recruited and 
enrolled from referrals, newspaper advertisements, the Internet, and our own 
database. To determine eligibility, participants were screened 4 weeks prior to 
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woman's quality of life [2]. Bancroft and Janssen have described the 
involvement of dual control systems in the regulation of sexual functioning. 
They argue that individual differences in sexual responding depend on a 
delicate interplay of such activating excitatory and inhibitory processes [3,4]. 
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be due to a relatively insensitive system for sexual cues, resulting in impaired 
activity of excitatory mechanisms involved in sexual motivation [5]. In these 
women, administration of sublingual 0.5 mg testosterone might increase the 
brain's sensitivity for sexual cues, which might activate excitatory mechanisms 
in the brain involved in sexual motivation and desire [5–8]. Sufficient sexual 
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under psychophysiological lab conditions in women with HSDD and low 
sensitivity for sexual cues, only when the PDE5i administration was preceded by 
administration of a single dose of sublingual testosterone. It was also shown 
that testosterone by itself did not increase sexual responding [5,6]. In the 
present study we measured sexual functioning under the more ecologically 
valid condition of an ambulatory psychophysiological lab setting at home and 
sexual satisfaction following sexual events. We hypothesize that treatment with 
T+PDE5i improves physiological and subjective indices of sexual functioning, 
particularly in women who suffer from HSDD as the result of an insensitive 
system for sex. 

 

 

 
 

METHODS 

Participants 
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study, which was carried out in agreement with International Conference on 
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Netherlands). Women were eligible if they were healthy, between 21 and 70 
years, and had a diagnosis of HSDD or Female Sexual Arousal Disorder (FSAD) 
according to the Diagnostic and Statistical Manual of Mental Disorders-Fourth 
Edition (Text Revision) (DSM-IV-TR) criteria [2]. Subjects were diagnosed by an 
experienced psychologist. If the subject was diagnosed with any psychiatric 
disorder other than HSDD or FSAD they were excluded; also any treatment for 
female sexual dysfunction within 7 days before or during the study was 
excluded. Furthermore women were excluded if they were using oral 
contraceptives containing anti-androgens or more than 50 μg estrogen, 
Cytochrome P450 3A4 (CYP3A4) inhibitors, CYP3A4 inducers, nitrates, 
monoamine oxidase inhibitors, calcium channel blockers, antidepressants, 
opiates, and medicinal herbs like St. John's wort. Cardiovascular exclusions 
included a history of myocardial infarction, stroke or life-threatening 
arrhythmia within the prior 6 months, uncontrolled hypertension, atrial 
fibrillation/flutter or any other significant abnormality observed on 
electrocardiogram (ECG). Gynecological exclusions included pelvic inflammatory 
disease, vaginal infection, previous prolapse and incontinence surgery affecting 
the vaginal wall, abnormal uterine bleeding patterns, perimenopausal 
hormonal status, pregnancy and breastfeeding in the past 6 months. Lastly 
women were excluded with clinically relevant endocrine disease, neurological 
disease, severe or acute liver disease, history of severe hepatic impairment, 
body mass index above 35, and vision impairment. Women were recruited and 
enrolled from referrals, newspaper advertisements, the Internet, and our own 
database. To determine eligibility, participants were screened 4 weeks prior to 
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study entry. In addition to an assessment of medical history with detailed 
sexual, gynecological, and psychological history, all subjects received a physical 
examination including a 12-lead ECG, a vaginal culture test to exclude infection, 
standard biochemistry and hematological laboratory tests, and pelvic 
examination. Biochemical parameters including hematology, liver function 
tests, electrolytes, creatinine, uric acid, glucose and lipids were collected at 
baseline, following each treatment period, and at the final follow-up visit. 
Serum concentrations of total testosterone, sex hormone binding globulin 
(SHBG), luteinizing hormone (LH), follicle-stimulating hormone (FSH), estradiol, 
progesterone, and prolactin were measured at baseline. All subjects also had 
their thyroid status assessed; thyroid stimulating hormone and free thyroxine. 
A urine pregnancy test was administered to all women of childbearing 
potential. Investigators monitored and followed up any reports of adverse 
events. On a pretreatment visit, a trained female experimenter explained the 
study requirements and procedures to the participants. A practice trial was 
conducted, including insertion of the vaginal photoplethysmograph and a 
practice session of the emotional Stroop task. 

Study Design 

In a randomized, double-blind, placebo-controlled, cross-over design, each 
participant underwent three different medication treatments: (i) placebo: 
placebo for testosterone (cyclodextrin solution without testosterone) and 
placebo for the PDE5i (PDE5i = sildenafil) and 5-HT1A receptor agonist (5-
HT1Ara = buspirone) (powder-filled gelatin capsule without 
sildenafil/buspirone); (ii) T+PDE5i: the combination of testosterone (0.5 mg) 
sublingually with cyclodextrin as carrier and sildenafil (50 mg, hidden in a 
powder-filled gelatin capsule); (iii) T+5-HT1Ara: the combination of testosterone 
(0.5 mg) sublingually with cyclodextrin as carrier and buspirone (10 mg, hidden 
in a powder-filled gelatin capsule). A single medication regime lasted 4 weeks, 
and the order of the three medication regimes was randomized. All treatment 
orders were possible. Between each medication regime there was a washout 
period of 1 week. Participants received 14 units of medication (throughout the 
manuscript, 1 medication or 1 unit of medication means the combination of the 
sublingually administered solution and the oral capsule) during each medication 

 

 
 

regime; instructions were given to have at least 48 hours between two 
medication intakes (see Figure 1). Participants were instructed to take the 
cyclodextrin solution (testosterone or placebo) sublingually 4 hours prior to 
each measurement session or sexual event and rinse it under the tongue for 1 
minute. They were instructed to ingest the capsule (sildenafil, buspirone, or 
placebo) 2.5 hours later. The sequence of the drugs and time frame were such 
that the pharmacological effects of the PDE5i and 5-HT1Ara coincide with the 
window of T-induced behavioral effects, approximately 3–6 hours after T 
administration. Following the completion of a drug regime, the research 
physician took in any leftover medication of the previous regime and handed 
out the next regime's medication box. 

Study Procedure 

Ambulatory Psychophysiological At-Home Experiment 

Participants visited the study site 12 times during a period of 26 weeks for 
screening and safety control visits. In the first week of each 4-week medication 
regime, participants underwent three experimental psychophysiological 
measurement sessions (under condition of study medication) at home using 
participant-controlled (i.e., no experimenters were present) ambulatory 
laboratory [11]. In premenopausal women not using oral contraceptives, 
experimental days were within the first 10 days after their menstruation. Users 
of oral contraceptives were not measured during their pill-free period. During 
each experimental session, subjects engaged in 2 minutes each of: (i) self-
induced sexual fantasy; (ii) viewing an erotic film clip depicting sexual foreplay; 
and (iii) viewing an erotic film depicting explicit heterosexual intercourse. The 
sexual fantasy condition was preceded by a 6-minute baseline establishment 
period during which subjects viewed a neutral film clip. The foreplay and 
heterosexual intercourse films were preceded by 2 minutes return to baseline 
periods (see Stimuli, Apparatus, and Measures below, for a detailed description 
of the neutral and erotic stimulus material). At the start of the experimental 
session, and after each exposure to sexual stimuli (the fantasy session and film 
clips), we measured “experiences of genital arousal” and “sexual desire” by 
means of the Sexual Arousal Response Self-Assessment Questionnaire 
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each measurement session or sexual event and rinse it under the tongue for 1 
minute. They were instructed to ingest the capsule (sildenafil, buspirone, or 
placebo) 2.5 hours later. The sequence of the drugs and time frame were such 
that the pharmacological effects of the PDE5i and 5-HT1Ara coincide with the 
window of T-induced behavioral effects, approximately 3–6 hours after T 
administration. Following the completion of a drug regime, the research 
physician took in any leftover medication of the previous regime and handed 
out the next regime's medication box. 

Study Procedure 

Ambulatory Psychophysiological At-Home Experiment 

Participants visited the study site 12 times during a period of 26 weeks for 
screening and safety control visits. In the first week of each 4-week medication 
regime, participants underwent three experimental psychophysiological 
measurement sessions (under condition of study medication) at home using 
participant-controlled (i.e., no experimenters were present) ambulatory 
laboratory [11]. In premenopausal women not using oral contraceptives, 
experimental days were within the first 10 days after their menstruation. Users 
of oral contraceptives were not measured during their pill-free period. During 
each experimental session, subjects engaged in 2 minutes each of: (i) self-
induced sexual fantasy; (ii) viewing an erotic film clip depicting sexual foreplay; 
and (iii) viewing an erotic film depicting explicit heterosexual intercourse. The 
sexual fantasy condition was preceded by a 6-minute baseline establishment 
period during which subjects viewed a neutral film clip. The foreplay and 
heterosexual intercourse films were preceded by 2 minutes return to baseline 
periods (see Stimuli, Apparatus, and Measures below, for a detailed description 
of the neutral and erotic stimulus material). At the start of the experimental 
session, and after each exposure to sexual stimuli (the fantasy session and film 
clips), we measured “experiences of genital arousal” and “sexual desire” by 
means of the Sexual Arousal Response Self-Assessment Questionnaire 
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(SARSAQ; see Stimuli, Apparatus, and Measures below, and [5]). During all 
neutral and sexual stimulus sessions, the vaginal pulse amplitude (VPA) was 
continuously measured (see Stimuli, Apparatus, and Measures below). Before 
the baseline establishment period and finally as the last element of the 
experimental session, we measured biases in preconscious attention for sexual 
cues by means of an emotional Stroop task (see Figure 1).  

Bedroom Experiment 

For the remaining 3 weeks, participants were instructed to use at least one 
medication per week, with an attempt at a sexual event (cuddling, coitus, or 
masturbation). For the remainder, they were free to take their medication 
whenever they wanted but not during two consecutive days. When they had 
experienced a sexual event they were asked to fill out an event diary within 24 
hours and a diary at the end of each week. 

 

 

 

 

 

 

 

 
 

Figure 1. Overview of study design and procedures. Subjects were randomized before 
the initiation visit and received seven units of medication to take home for the 
subsequent 2 weeks. At each safety visit, which was planned halfway of each regime, 
subjects received the other seven units of medication for the last 2 weeks of that 
regime. Adverse events (AEs) and vital signs were recorded at each visit. Blood safety 
was also determined at all follow-up visits. During the first week of each regime, 
subjects received an ambulatory laboratory for three psychophysiological 
measurements at home. During the subsequent 3 weeks subjects were free to take the 
medication when they wanted. They were instructed to attempt sexual activity at least 
once a week with medication during this period. Medication intake was on-demand but 
separated by at least 48 hours. Subjects reported their subjective experience within 24 
hours following each sexual activity via a secure Web-based questionnaire. At the end 
of each week, a Web-based week diary was completed. AEs experienced at home could 
also be reported in this manner. AEs which were reported through the Web-based 
questionnaire were discussed with the subject the following visit. SARSAQ = Sexual 
Arousal Response Self-Assessment Questionnaire; VPA = vaginal pulse amplitude 
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(SARSAQ; see Stimuli, Apparatus, and Measures below, and [5]). During all 
neutral and sexual stimulus sessions, the vaginal pulse amplitude (VPA) was 
continuously measured (see Stimuli, Apparatus, and Measures below). Before 
the baseline establishment period and finally as the last element of the 
experimental session, we measured biases in preconscious attention for sexual 
cues by means of an emotional Stroop task (see Figure 1).  

Bedroom Experiment 

For the remaining 3 weeks, participants were instructed to use at least one 
medication per week, with an attempt at a sexual event (cuddling, coitus, or 
masturbation). For the remainder, they were free to take their medication 
whenever they wanted but not during two consecutive days. When they had 
experienced a sexual event they were asked to fill out an event diary within 24 
hours and a diary at the end of each week. 

 

 

 

 

 

 

 

 
 

Figure 1. Overview of study design and procedures. Subjects were randomized before 
the initiation visit and received seven units of medication to take home for the 
subsequent 2 weeks. At each safety visit, which was planned halfway of each regime, 
subjects received the other seven units of medication for the last 2 weeks of that 
regime. Adverse events (AEs) and vital signs were recorded at each visit. Blood safety 
was also determined at all follow-up visits. During the first week of each regime, 
subjects received an ambulatory laboratory for three psychophysiological 
measurements at home. During the subsequent 3 weeks subjects were free to take the 
medication when they wanted. They were instructed to attempt sexual activity at least 
once a week with medication during this period. Medication intake was on-demand but 
separated by at least 48 hours. Subjects reported their subjective experience within 24 
hours following each sexual activity via a secure Web-based questionnaire. At the end 
of each week, a Web-based week diary was completed. AEs experienced at home could 
also be reported in this manner. AEs which were reported through the Web-based 
questionnaire were discussed with the subject the following visit. SARSAQ = Sexual 
Arousal Response Self-Assessment Questionnaire; VPA = vaginal pulse amplitude 
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Stimuli, Apparatus, and Measures 

Audiovisual Stimuli 

For this study, neutral, erotic foreplay, and explicit sex film clips were used. 
Neutral clips were 6-minute and 2-minute clips from Dutch action films. The 6-
minute neutral film clips were used to establish a baseline VPA. Erotic foreplay 
clips were 2-minute clips showing kissing, caressing, and cunnilingus, but no 
fellatio. Explicit sex clips were 2-minute clips showing cunnilingus and coitus, 
including visible penetration. The erotic film footage was selected and edited by 
female research associates and then rated by other female research associates 
to ensure that all clips were within set specifications. All digitally sampled film 
clips were presented using Presentation software (Neurobehavioral Systems, 
Albany, CA, USA). For a more detailed description see Bloemers et al. [11]. 

Ambulatory Laboratory 

The ambulatory laboratory is based on the MobiHealth Mobile remote 
monitoring system (MobiHealth B.V., Enschede, The Netherlands) [12]. Study-
specific functionality of this system enables VPA measurements, stimulus 
presentation, and execution of emotional Stroop tasks to be performed at an 
arbitrary time and location (e.g., house of a participant). This laboratory is 
operated autonomously by the participant. The ambulatory laboratory 
transmits all measured data to a secure central database server, at which the 
researcher can obtain the data for further analysis. This method allows for a 
more ecologically valid psychophysiological measurement of sexual responding. 
See for a detailed description the study by Bloemers et al. [11]. 

Main Outcome Measures: Ambulatory Laboratory 

VPA 

The VPA reflects phasic changes in vaginal engorgement corresponding with 
each heartbeat. VPA was measured using a vaginal photoplethysmograph, a 
tampon-shaped device containing an infrared light-emitting diode and a 
photosensitive light detector (photodiode). VPA was defined as the peak-to-

 

 
 

trough amplitude of the pulse wave and was calculated by acquiring the means 
of all peaks and troughs and subtracting those. Data from the 
photoplethysmograph were sampled at 256 Hz and filtered offline (high-pass 
1 Hz, 48 dB/oct and low-pass 1.5 Hz, 48 dB/oct), in order to isolate the AC 
component from the DC coupled amplifier, reduce respiration artifacts and 
high-frequency oscillations. Large movement artifacts (more than 100% 
increase for a small number of isolated periodic cycles) were manually removed 
following visual inspection of the data. The data were divided into 30-second 
epochs for each 2-minute film clip, thus yielding four discrete values and for the 
6-minute film clip 12 values reflecting VPA during different stages of the film 
clip. Finally, in order to eliminate interpersonal differences and obtain 
meaningful data, mean VPA scores over the four epochs of the fantasy 
condition, foreplay clips, and explicit clips were related to activity during the 
last epoch of the first 6-minute neutral clip, using the following formula: 

VPArel = ((VPAx – VPAneu)/VPAneu) 

with VPArel being the relative change in VPA related to the first neutral clip, 
VPAx being the mean of the four 30-second epochs of either the fantasy 
condition, foreplay clips, or explicit clips, and VPAneu being the last 30-second 
epoch of the first 6-minute neutral clip. 

Emotional Stroop Task 

To measure preconscious attentional bias for sexual cues, a masked version of 
the emotional Stroop task was used [13]. In this task, words were presented for 
26 milliseconds in four different colors (red, green, blue, and yellow) on a Dell 
Latitude D531 laptop (Dell Inc., Round Rock, TX, USA) set at a 75 Hz refresh 
rate. Words were backwardly masked by randomly cut and reassembled letters 
in the same color. Backward masking prevents conscious processing of the 
words. Participants were instructed to name the color of the masks as quickly 
as possible. A microphone connected to a voice-level detector was placed in 
front of the participant. Initiation of vocal response was registered by the 
computer's clock and terminated the target (mask) presentation (with a no-
response maximum of 3,000 milliseconds). Accuracy of color naming was not 
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Stimuli, Apparatus, and Measures 

Audiovisual Stimuli 

For this study, neutral, erotic foreplay, and explicit sex film clips were used. 
Neutral clips were 6-minute and 2-minute clips from Dutch action films. The 6-
minute neutral film clips were used to establish a baseline VPA. Erotic foreplay 
clips were 2-minute clips showing kissing, caressing, and cunnilingus, but no 
fellatio. Explicit sex clips were 2-minute clips showing cunnilingus and coitus, 
including visible penetration. The erotic film footage was selected and edited by 
female research associates and then rated by other female research associates 
to ensure that all clips were within set specifications. All digitally sampled film 
clips were presented using Presentation software (Neurobehavioral Systems, 
Albany, CA, USA). For a more detailed description see Bloemers et al. [11]. 

Ambulatory Laboratory 

The ambulatory laboratory is based on the MobiHealth Mobile remote 
monitoring system (MobiHealth B.V., Enschede, The Netherlands) [12]. Study-
specific functionality of this system enables VPA measurements, stimulus 
presentation, and execution of emotional Stroop tasks to be performed at an 
arbitrary time and location (e.g., house of a participant). This laboratory is 
operated autonomously by the participant. The ambulatory laboratory 
transmits all measured data to a secure central database server, at which the 
researcher can obtain the data for further analysis. This method allows for a 
more ecologically valid psychophysiological measurement of sexual responding. 
See for a detailed description the study by Bloemers et al. [11]. 

Main Outcome Measures: Ambulatory Laboratory 

VPA 

The VPA reflects phasic changes in vaginal engorgement corresponding with 
each heartbeat. VPA was measured using a vaginal photoplethysmograph, a 
tampon-shaped device containing an infrared light-emitting diode and a 
photosensitive light detector (photodiode). VPA was defined as the peak-to-

 

 
 

trough amplitude of the pulse wave and was calculated by acquiring the means 
of all peaks and troughs and subtracting those. Data from the 
photoplethysmograph were sampled at 256 Hz and filtered offline (high-pass 
1 Hz, 48 dB/oct and low-pass 1.5 Hz, 48 dB/oct), in order to isolate the AC 
component from the DC coupled amplifier, reduce respiration artifacts and 
high-frequency oscillations. Large movement artifacts (more than 100% 
increase for a small number of isolated periodic cycles) were manually removed 
following visual inspection of the data. The data were divided into 30-second 
epochs for each 2-minute film clip, thus yielding four discrete values and for the 
6-minute film clip 12 values reflecting VPA during different stages of the film 
clip. Finally, in order to eliminate interpersonal differences and obtain 
meaningful data, mean VPA scores over the four epochs of the fantasy 
condition, foreplay clips, and explicit clips were related to activity during the 
last epoch of the first 6-minute neutral clip, using the following formula: 

VPArel = ((VPAx – VPAneu)/VPAneu) 

with VPArel being the relative change in VPA related to the first neutral clip, 
VPAx being the mean of the four 30-second epochs of either the fantasy 
condition, foreplay clips, or explicit clips, and VPAneu being the last 30-second 
epoch of the first 6-minute neutral clip. 

Emotional Stroop Task 

To measure preconscious attentional bias for sexual cues, a masked version of 
the emotional Stroop task was used [13]. In this task, words were presented for 
26 milliseconds in four different colors (red, green, blue, and yellow) on a Dell 
Latitude D531 laptop (Dell Inc., Round Rock, TX, USA) set at a 75 Hz refresh 
rate. Words were backwardly masked by randomly cut and reassembled letters 
in the same color. Backward masking prevents conscious processing of the 
words. Participants were instructed to name the color of the masks as quickly 
as possible. A microphone connected to a voice-level detector was placed in 
front of the participant. Initiation of vocal response was registered by the 
computer's clock and terminated the target (mask) presentation (with a no-
response maximum of 3,000 milliseconds). Accuracy of color naming was not 
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scored. Thirty-two unambiguous neutral words from one category (furniture; 
examples are “chair” and “table”) and 32 unambiguous erotic words (examples 
are “penis,” “coitus,” and “vagina”) were presented in a blocked manner (eight 
words per block). The same words were used for each test; however, the 
sequence of words and their colors differed all eight times this task was used. 
These different versions were randomized over the participants. An extra set of 
stimuli consisting of meaningless letter strings was used for practice trials 
directly before each Stroop task. The Stroop reaction times for color naming 
were visually inspected for outliers. After these outliers were excluded, 
participants' mean reaction times for erotic and neutral words on each trial 
were calculated. The differences between the mean reaction times of erotic 
and neutral words on each trial were used in the analysis. 

Sensitivity of the Brain to Sexual Cues 

Based on their mean reaction times of erotic and neutral words on the 
emotional Stroop task taken over the 3 experimental days, we divided patients 
in two groups: one group with low (negative score; reaction time to neutral 
words > erotic words) and one group with high (positive score; reaction time to 
neutral words < erotic words) sensitivity for sexual cues. 

SARSAQ 

The SARSAQ is a 10-item self-report questionnaire using a seven-point Likert 
scale (ranging from “not at all” to “extremely”), adapted from Morokoff and 
Heiman [14] and Heiman and Hatch [15]. It measures current subjective feelings 
of sexual arousal and sexual desire. Five items concern subjective feelings of 
genital responding, and five items concern subjective feelings of sexual desire. 
The SARSAQ was administered via the ambulatory laboratory laptop whereby 
the number keys (from 1 to 7) were used to complete the questionnaire. 

 

 

 

 

 
 

Main Outcome Measures: Bedroom Experiment 

Event Diary 

In this secure web-based diary, subjects were asked 10 questions (one open-
ended, four multiple-choice, five 5-point Likert scale items) concerning the 
type, duration, pleasantness, and intensity of the sexual event. Participants 
were instructed to fill out the event diary within 24 hours following each sexual 
event (e.g., cuddling, coitus, masturbation). 

Week Diary 

Women were also instructed to fill out the secure Web-based week diary once 
a week during each medication regime. Subjects were asked their experiences 
during the past week regarding: (i) sexual desire (six-point Likert scale: 
1 = nothing to 6 = much); (ii) vaginal arousal (six-point Likert scale: 1 = nothing 
to 6 = much); (iii) sexual improvement/deterioration (four-point Likert scale; 
1 = nothing to 4 = much); and (iv) if they could attribute the 
improvement/deterioration to the medicines (yes/no). 

Subjective Evaluation of Improvement (SEI) 

The SEI questionnaire was used to determine, after each medication regime, if 
the subject felt there had been an overall improvement in sexual desire, sexual 
arousal or both, and if they attribute this improvement to the medication. 
Subjects answered yes or no to both questions. The SEI was administered as a 
pen and paper test. 

Subjective Evaluation of Gain (SEG) 

The SEG questionnaire was used to determine, after each medication regime, if 
the subject felt that she had any meaningful benefit from the study medication, 
and if she would use it if it were available by prescription. Subjects answered 
yes or no to both questions. The SEG was administered as a pen and paper test. 
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scored. Thirty-two unambiguous neutral words from one category (furniture; 
examples are “chair” and “table”) and 32 unambiguous erotic words (examples 
are “penis,” “coitus,” and “vagina”) were presented in a blocked manner (eight 
words per block). The same words were used for each test; however, the 
sequence of words and their colors differed all eight times this task was used. 
These different versions were randomized over the participants. An extra set of 
stimuli consisting of meaningless letter strings was used for practice trials 
directly before each Stroop task. The Stroop reaction times for color naming 
were visually inspected for outliers. After these outliers were excluded, 
participants' mean reaction times for erotic and neutral words on each trial 
were calculated. The differences between the mean reaction times of erotic 
and neutral words on each trial were used in the analysis. 

Sensitivity of the Brain to Sexual Cues 

Based on their mean reaction times of erotic and neutral words on the 
emotional Stroop task taken over the 3 experimental days, we divided patients 
in two groups: one group with low (negative score; reaction time to neutral 
words > erotic words) and one group with high (positive score; reaction time to 
neutral words < erotic words) sensitivity for sexual cues. 

SARSAQ 

The SARSAQ is a 10-item self-report questionnaire using a seven-point Likert 
scale (ranging from “not at all” to “extremely”), adapted from Morokoff and 
Heiman [14] and Heiman and Hatch [15]. It measures current subjective feelings 
of sexual arousal and sexual desire. Five items concern subjective feelings of 
genital responding, and five items concern subjective feelings of sexual desire. 
The SARSAQ was administered via the ambulatory laboratory laptop whereby 
the number keys (from 1 to 7) were used to complete the questionnaire. 

 

 

 

 

 
 

Main Outcome Measures: Bedroom Experiment 

Event Diary 

In this secure web-based diary, subjects were asked 10 questions (one open-
ended, four multiple-choice, five 5-point Likert scale items) concerning the 
type, duration, pleasantness, and intensity of the sexual event. Participants 
were instructed to fill out the event diary within 24 hours following each sexual 
event (e.g., cuddling, coitus, masturbation). 

Week Diary 

Women were also instructed to fill out the secure Web-based week diary once 
a week during each medication regime. Subjects were asked their experiences 
during the past week regarding: (i) sexual desire (six-point Likert scale: 
1 = nothing to 6 = much); (ii) vaginal arousal (six-point Likert scale: 1 = nothing 
to 6 = much); (iii) sexual improvement/deterioration (four-point Likert scale; 
1 = nothing to 4 = much); and (iv) if they could attribute the 
improvement/deterioration to the medicines (yes/no). 

Subjective Evaluation of Improvement (SEI) 

The SEI questionnaire was used to determine, after each medication regime, if 
the subject felt there had been an overall improvement in sexual desire, sexual 
arousal or both, and if they attribute this improvement to the medication. 
Subjects answered yes or no to both questions. The SEI was administered as a 
pen and paper test. 

Subjective Evaluation of Gain (SEG) 

The SEG questionnaire was used to determine, after each medication regime, if 
the subject felt that she had any meaningful benefit from the study medication, 
and if she would use it if it were available by prescription. Subjects answered 
yes or no to both questions. The SEG was administered as a pen and paper test. 
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Measures: On Site 

Hormonal Measures 

Serum total testosterone, serum estradiol, serum progesterone, serum 
prolactin, serum LH, serum FSH, and serum SHBG were measured through 
electrochemiluminescence radioimmunoassay with COBAS kits of Roche 
Diagnostics (Mannheim, Germany), using a Modular E170 at OLVG Hospital 
(Amsterdam, the Netherlands). The measuring range for total testosterone was 
0.087–52.0 nmol/L. The coefficient of variation was 8%. 

Data Transformation and Reduction 

Ambulatory Experiment 

For each drug treatment condition, we used the mean levels of the 3 
experimental days of the experience of genital arousal, sexual desire, 
preconscious attentional bias for sexual cues and VPA, respectively, for further 
analyses. 

Bedroom Experiment 

Based on high Cronbach's alphas of the six items measuring duration, 
pleasantness, and intensity of the sexual events (measured by the event diary) 
during the different drug conditions (placebo: α = 0.95; T+PDE5i: α = 0.95) we 
calculated the mean of these items, as a measure of “sexual satisfaction.” Each 
question of the week diary, SEG and SEI questionnaire were analyzed 
separately. To analyze sexual satisfaction and the week diary items, we 
calculated the average of each dependent variable over the 3 weeks of drug 
treatment. 

Statistical Analysis 

Baseline characteristics and demographics of both subgroups were compared 
using the Student's t-test, Mann–Whitney U-test or chi-square test when 
appropriate. 

 

 
 

For each of the dependent variables, separate repeated measures analyses of 
variance (ANOVAs) were carried out. The within-subject factor had two levels 
(placebo and T+PDE5i). The between-subject factor also had two levels (low and 
high sensitivity for sexual cues). For all analyses menopausal status 
(premenopausal vs. postmenopausal) and hormonal contraception (hormonal 
contraception vs. non-hormonal contraception) were analyzed in a repeated 
measures ANOVA for each dependent variable. 

We have chosen to report an ANOVA for each of these dependent variables 
separately, instead of analyzing the variables together in a multivariate analysis 
(MANOVA). The reasons for this choice are twofold: first, our interest is into 
effects on each of the dependent variables separately as they are quite 
different in nature (e.g., we have a physiological measure such as VPA as well as 
self-report measures such as diaries under different experimental conditions); 
second, when missing data are scattered over all dependent variables (e.g., 
sometimes women did not have sexual activities, at other times a VPA 
measurement failed), participants are eliminated completely from MANOVA 
leading to unnecessary loss of power. 

An assumption of ANOVA is that the means of the variables are normally 
distributed. Tabachnick and Fidell indicate that the F-test is robust against 
violations of normality of variables if there are at least 20 degrees of freedom 
for error in a univariate ANOVA, provided that there are no outliers [16]. In 
most of our analyses the number of degrees of freedom is 55 (in some of the 
analyses the number of degrees of freedom is a bit lower because sometimes 
women did not have sexual activities). The dependent variables have no 
outliers, except for the six dependent variables of the VPA, who have a few, so, 
except for the six dependent variables of the VPA the assumptions of ANOVA 
are met. For VPA we created log-transformed variables and this removed 
almost all of the outliers. To investigate the robustness of the results for VPA 
we carried out an analysis on the original variables as well as on the log-
transformed variables. The log-transformed variables yielded an almost 
identical pattern of significant results as the original analysis. We report the 
results of the original analysis because the original variables are more easily 
interpretable. 
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Measures: On Site 

Hormonal Measures 

Serum total testosterone, serum estradiol, serum progesterone, serum 
prolactin, serum LH, serum FSH, and serum SHBG were measured through 
electrochemiluminescence radioimmunoassay with COBAS kits of Roche 
Diagnostics (Mannheim, Germany), using a Modular E170 at OLVG Hospital 
(Amsterdam, the Netherlands). The measuring range for total testosterone was 
0.087–52.0 nmol/L. The coefficient of variation was 8%. 

Data Transformation and Reduction 

Ambulatory Experiment 

For each drug treatment condition, we used the mean levels of the 3 
experimental days of the experience of genital arousal, sexual desire, 
preconscious attentional bias for sexual cues and VPA, respectively, for further 
analyses. 

Bedroom Experiment 

Based on high Cronbach's alphas of the six items measuring duration, 
pleasantness, and intensity of the sexual events (measured by the event diary) 
during the different drug conditions (placebo: α = 0.95; T+PDE5i: α = 0.95) we 
calculated the mean of these items, as a measure of “sexual satisfaction.” Each 
question of the week diary, SEG and SEI questionnaire were analyzed 
separately. To analyze sexual satisfaction and the week diary items, we 
calculated the average of each dependent variable over the 3 weeks of drug 
treatment. 

Statistical Analysis 

Baseline characteristics and demographics of both subgroups were compared 
using the Student's t-test, Mann–Whitney U-test or chi-square test when 
appropriate. 

 

 
 

For each of the dependent variables, separate repeated measures analyses of 
variance (ANOVAs) were carried out. The within-subject factor had two levels 
(placebo and T+PDE5i). The between-subject factor also had two levels (low and 
high sensitivity for sexual cues). For all analyses menopausal status 
(premenopausal vs. postmenopausal) and hormonal contraception (hormonal 
contraception vs. non-hormonal contraception) were analyzed in a repeated 
measures ANOVA for each dependent variable. 

We have chosen to report an ANOVA for each of these dependent variables 
separately, instead of analyzing the variables together in a multivariate analysis 
(MANOVA). The reasons for this choice are twofold: first, our interest is into 
effects on each of the dependent variables separately as they are quite 
different in nature (e.g., we have a physiological measure such as VPA as well as 
self-report measures such as diaries under different experimental conditions); 
second, when missing data are scattered over all dependent variables (e.g., 
sometimes women did not have sexual activities, at other times a VPA 
measurement failed), participants are eliminated completely from MANOVA 
leading to unnecessary loss of power. 

An assumption of ANOVA is that the means of the variables are normally 
distributed. Tabachnick and Fidell indicate that the F-test is robust against 
violations of normality of variables if there are at least 20 degrees of freedom 
for error in a univariate ANOVA, provided that there are no outliers [16]. In 
most of our analyses the number of degrees of freedom is 55 (in some of the 
analyses the number of degrees of freedom is a bit lower because sometimes 
women did not have sexual activities). The dependent variables have no 
outliers, except for the six dependent variables of the VPA, who have a few, so, 
except for the six dependent variables of the VPA the assumptions of ANOVA 
are met. For VPA we created log-transformed variables and this removed 
almost all of the outliers. To investigate the robustness of the results for VPA 
we carried out an analysis on the original variables as well as on the log-
transformed variables. The log-transformed variables yielded an almost 
identical pattern of significant results as the original analysis. We report the 
results of the original analysis because the original variables are more easily 
interpretable. 
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The alpha level was set at 0.05 for all tests carried out. All tests were two-tailed. 
We made no adjustment for multiple testing. In this article many tests have 
been carried out and the application of, e.g., the popular Bonferroni correction 
would lead to conservative results and extreme loss in power. Although we do 
not control for chance capitalization, nearly all analyses show significant results 
in the same direction, showing that these findings are not by chance. 

There were no data exclusions. Less than 5% of the data were missing. When 
data from an experimental day during the ambulatory experiment were 
missing, the data were estimated by taking the averaged data over the other 2 
experimental days of the same drug condition. 

RESULTS 

This article only reports about the T+PDE5i condition compared with placebo in 
relation to sensitivity for sexual cues. In part 3 the results of the third drug 
condition (T+5-HT1Ara) will be described along with the subdivision in low and 
high inhibition (see chapter 5). 

Participants 

Fifty-six otherwise healthy patients (Mean age 39.8 [± 10.36]; premenopausal: 
N = 43, postmenopausal: N = 13) diagnosed as having HSDD or FSAD for at least 
6 months prior to study entry completed the study (for a trial profile see 
Figure 2). 

  

 

 

Figure 2. Clinical trial profile and disposition of women. Three women were not analyzed 
in the T+5-HT1Ara condition. One participant did not receive T+PDE5i, therefore could not 
be determined as either a high or low inhibitor for analysis in the T+5-HT1Ara condition. 
The remaining two subjects' data were unreliable; one subject owned a company which 
went bankrupt during the course of the study and one subject had severe maxillary 
sinusitis which in her opinion influenced her sexual functioning during one of the 
treatment regimes (the T+5-HT1Ara regime, as determined after unblinding). 

Assessed for eligibility (n=83 ) 

Excluded  (n= 16) 
Not meeting inclusion criteria 
(n=15) 
Other reasons (n=1) 

Randomized (n= 67) 

Allocated to intervention Placebo  (n=67) 

 
Received allocated intervention (n= 58) 

 
Did not receive allocated intervention 
(n=9) 

            2 were non-compliant, 4 withdrew  
3 met exclusion criteria 

Allocated to intervention T+PDE5i  (n=67) 

Received allocated intervention 
(n=60) 
Did not receive allocated 
intervention (n=7)  

 2 were non-compliant, 4 withdrew 
            1 met exclusion criteria 

Allocated to intervention T+5-HT1Ara 
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Received allocated intervention 
(n=59) 
Did not receive allocated 
intervention (n=8) 

 2 were non-compliant,3 withdrew, 
3 met exclusion criteria 

Discontinued intervention (n=4)  

       2 withdrew, 2 met exclusion criteria 

Discontinued intervention (n=1) 

       1 withdrew 

Discontinued intervention (n=2) 

       1 withdrew, 1 due to adverse events  

Exclusion from analysis (n=1)  Analyzed  (n= 56) Exclusion from analysis (n=3) 

Analyzed (n=56) Analyzed (n=54) 
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Women diagnosed with primary FSAD (N = 11), reported experiencing low sexual 
desire. Women rarely perceive desire and arousal as two separate entities of the 
sexual response cycle, which was also true for the women in our study. This is 
also one of the reasons for the proposed revision in DSM-V of the combining of 
the diagnoses HSDD and FSAD into “Sexual Interest/Arousal Disorder.” Because 
of this, these women were included in the study, which had no effect on the 
results. During the clinical interview all women reported moderate to severe 
distress from their sexual complaints. Thirty-one women used hormone-
containing contraceptives, 15 used other forms of contraceptives, and 10 used 
no contraceptives. Forty-nine women were Caucasian, three were Black, two 
were Asian, one was mixed Black/Caucasian, and one was mixed 
Asian/Caucasian. All baseline hormonal values were in the normal female 
reproductive and/or postmenopausal range. None of the dependent variables 
were influenced by menopausal status and hormonal contraception (data not 
shown). Demographics and baseline characteristics of the subgroups are 
presented in Table 1. 

Effects of T+PDE5i Relative to Placebo: Preconscious Attentional Bias for Sexual 
Cues 

The results on the emotional Stroop task revealed a clear group difference 
regarding the T+PDE5i induced alterations in preconscious attention for sexual 
cues [F(1, 54) = 13.27, P < 0.001]. In women with a low sensitive system for 
sexual cues, T+PDE5i induced an increase of preconscious attention allocation 
(Figure 3). This reversed pattern is consistent with the results reported by van 
der Made et al. [5,6]. 

 
 
 

 

 
 

 
 

Figure 3. Preconscious attentional bias for sexual cues. Treatment with T+PDE5i relative 
to placebo produced an increase in the preconscious attentional bias (the differences 
between the mean reaction times of erotic and neutral words) for sexual cues in women 
with a relative insensitivity for sexual cues. 
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der Made et al. [5,6]. 

 
 
 

 

 
 

 
 

Figure 3. Preconscious attentional bias for sexual cues. Treatment with T+PDE5i relative 
to placebo produced an increase in the preconscious attentional bias (the differences 
between the mean reaction times of erotic and neutral words) for sexual cues in women 
with a relative insensitivity for sexual cues. 
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Table 1. Baseline characteristics and demographics 

  Low sensitive 
women 

High sensitive 
women P 

N 29 27 

Age, years 39.3 ± 10.4 40.3 ± 10.4 n.s 

Body mass index, kg/m2 25.1 ± 4.0 24.0 ± 3.5 n.s 

Race, no (%) n.s.* 

   Caucasian 25 (86.2) 24 (88.9) 

   Black 2 (6.9) 1 (3.7) 

   Asian 0 (0) 2 (7.4) 

   Other 2 (6.9) 0 (0) 

Parity, no (%) n.s.* 

   Para 0 9 (31) 7 (25.9) 

   Para 1 5 (17.2) 3 (11.1) 

   Para ≥ 2 15 (51.8) 17 (63) 

Menopausal status, no (%) n.s.* 

   Premenopausal 22 (75.9) 21 (77.8) 

   Postmenopausal 7 (24.1) 6 (22.2) 

        Surgical menopause 1 (3.4) 0 (0) 

Contraception, no (%) n.s.* 

   Hormonal 18 (62.1) 13 (48.2) 

      Combination Pill 8 (44.4) 7 (53.8) 

      Progestagen (IUD, implanon) 8 (44.4) 5 (38.5) 

      Vaginal ring (progestin and estrogen) 2 (11.1) 1 (7.7) 

   Non-hormonal 6 (20.7) 9 (33.3) 

     Condoms 1 (16.7) 1 (11.1) 

     Sterilization 3 (50.0) 3 (33.3) 

     Sterilization partner 2 (33.3) 5 (55.5) 

   None 5 (17.2) 5 (18.5) 

FSD diagnosis, no (%) n.s.* 

   Primary HSDD 24 (82.8) 21 (77.8) 

   Primary FSAD 5 (17.2) 6 (22.2) 

Negative sexual experiences (inappropriate touching, [attempted] 
rape, other), no (%)   n.s.* 

   Yes 11 (37.9) 12 (42.9) 

   No 18 (62.1) 15 (53.6) 

Duration of current relationship, years 12.5 (38) 18.0 (29) n.s.† 

Age and Body Mass Index are represented as mean ± standard deviation. Duration of current 
relationship did not fit the normal distribution and therefore is represented as median (range). 
*Chi-square test 
†Mann–Whitney U-test 
IUD = intra uterine device; FSD = female sexual dysfunction; HSDD = Hypoactive Sexual Desire 
Disorder; FSAD = Female Sexual Arousal Disorder; n.s. = not significant 

 

 
 

Effects of T+PDE5i Relative to Placebo: Ambulatory Experiment 

During the first part of the study T+PDE5i as compared with placebo produced 
statistically significant overall increases in the subjective indices of sexual 
function (experienced genital arousal and sexual desire) in women with a 
relative insensitivity for sexual cues. There were no treatment-order effects 
observed. 

Low Sensitive Women 

The results of the VPA were only significant in the fantasy condition showing 
higher levels of the VPA in the T+PDE5i treatment (M = 0.39, SE = 0.11) 
compared with placebo (M = 0.14, SE = 0.05), [F(1,28) = 7.68, P = 0.010] in 
women with low sensitivity for sexual cues (Figure 4). 

      

Figure 4. Ambulatory experiment: The effects of T+PDE5i relative to placebo on vaginal 
pulse amplitude. There was a significant interaction effect between the drug (placebo 
vs. T+PDE5i) and the group (low vs. high sensitivity for sexual cues), [F(1, 54) = 8.50, 
P = 0.005]. 
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        Surgical menopause 1 (3.4) 0 (0) 
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      Combination Pill 8 (44.4) 7 (53.8) 
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     Sterilization partner 2 (33.3) 5 (55.5) 
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   Primary FSAD 5 (17.2) 6 (22.2) 

Negative sexual experiences (inappropriate touching, [attempted] 
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Effects of T+PDE5i Relative to Placebo: Ambulatory Experiment 

During the first part of the study T+PDE5i as compared with placebo produced 
statistically significant overall increases in the subjective indices of sexual 
function (experienced genital arousal and sexual desire) in women with a 
relative insensitivity for sexual cues. There were no treatment-order effects 
observed. 

Low Sensitive Women 

The results of the VPA were only significant in the fantasy condition showing 
higher levels of the VPA in the T+PDE5i treatment (M = 0.39, SE = 0.11) 
compared with placebo (M = 0.14, SE = 0.05), [F(1,28) = 7.68, P = 0.010] in 
women with low sensitivity for sexual cues (Figure 4). 

      

Figure 4. Ambulatory experiment: The effects of T+PDE5i relative to placebo on vaginal 
pulse amplitude. There was a significant interaction effect between the drug (placebo 
vs. T+PDE5i) and the group (low vs. high sensitivity for sexual cues), [F(1, 54) = 8.50, 
P = 0.005]. 
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In the subgroup of women with low sensitivity for sexual cues (N = 29) the 
experience of genital arousal was significantly higher during the T+PDE5i 
treatment in the fantasy (M = 14.41, SE = 1.21), foreplay (M = 21.00, SE = 1.36) 
and explicit sex condition (M = 22.34, SE = 1.49) compared to placebo (fantasy; 
M = 9.59, SE = 1.02, [F(1,28) = 21.95, P < 0.001], foreplay; M = 14.34, SE = 1.23, 
[F(1,28) = 31.92, P ≤ 0.001], explicit sex; M = 16.31, SE = 1.44, [F(1,28) = 21.11, 
P < 0.001], Figure 5). 

 

 

Figure 5. Ambulatory experiment: The effects of T+PDE5i relative to placebo on the 
experience of genital arousal and sexual desire. T+PDE5i, relative to placebo and under 
all stimulus conditions, produced higher levels of the experience of genital arousal and 
sexual desire in women with a relative insensitivity for sexual cues. There was a 
significant interaction effect between the drug (placebo vs. T+PDE5i) and the group 
(low vs. high sensitivity for sexual cues) for both measures (experience of genital 
arousal: [F(1, 54) = 21.24, P < 0.001], subjective report of sexual desire: [F(1, 
54) = 13.48, P < 0.001]). SARSAQ = Sexual Arousal Response Self-Assessment 
Questionnaire 

The experience of sexual desire was significantly higher during the T+PDE5i 
treatment in the fantasy (M = 13.34, SE = 1.18), foreplay (M = 18.76, SE = 1.47) 

 

 
 

and explicit sex condition (M = 20.14, SE = 1.62) compared with placebo 
(fantasy; M = 9.97, SE = 1.01, [F(1,28) = 13.39, P = 0.001], foreplay; M = 13.97, 
SE = 1.44, [F(1,28) = 16.65, P < 0.001], explicit sex; M = 15.69, SE = 1.58, 
[F(1,28) = 10.86, P = 0.003], Figure 5). 

High Sensitive Women 

During the T+PDE5i treatment within the high sensitive subgroup (N = 27), the 
VPA showed lower levels in the foreplay (M = 0.58, SE = 0.09) and explicit sex 
condition (M = 0.61, SE = 0.11) compared with placebo (foreplay; M = 0.87, 
SE = 0.14, [F(1,26) = 6.28, P = 0.019], explicit sex; M = 1.0, SE = 0.19, 
[F(1,26) = 4.60, P = 0.042], Figure 4). 

Effects of T+PDE5i Relative to Placebo: Bedroom Experiment 

During the bedroom experiment treatment with T+PDE5i relative to placebo 
produced overall statistically significant increases in sexual functioning. There 
were no treatment-order effects observed. 

Low Sensitive Women 

Sexual Satisfaction During Sexual Events.  Treatment with T+PDE5i produced a 
statistically significant [F(1,23) = 6.34, P = 0.019] increase in sexual satisfaction 
(M = 3.36, SE = 0.16) as compared with placebo (M = 2.96, SE = 0.20), Figure 6. 

Weekly Diary.  Our analysis of the weekly reports revealed somewhat higher 
levels (statistically not significant) during treatment with T+PDE5i as compared 
with placebo for sexual desire (M = 2.72, SE = 0.16 vs. M = 2.54, SE = 0.16), 
genital arousal (M = 2.80, SE = 0.14 vs. M = 2.59, SE = 0.15), and sexual 
improvement (M = 1.40, SE = 0.16 vs. M = 1.19, SE = 0.09). 
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P < 0.001], Figure 5). 
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and explicit sex condition (M = 20.14, SE = 1.62) compared with placebo 
(fantasy; M = 9.97, SE = 1.01, [F(1,28) = 13.39, P = 0.001], foreplay; M = 13.97, 
SE = 1.44, [F(1,28) = 16.65, P < 0.001], explicit sex; M = 15.69, SE = 1.58, 
[F(1,28) = 10.86, P = 0.003], Figure 5). 

High Sensitive Women 

During the T+PDE5i treatment within the high sensitive subgroup (N = 27), the 
VPA showed lower levels in the foreplay (M = 0.58, SE = 0.09) and explicit sex 
condition (M = 0.61, SE = 0.11) compared with placebo (foreplay; M = 0.87, 
SE = 0.14, [F(1,26) = 6.28, P = 0.019], explicit sex; M = 1.0, SE = 0.19, 
[F(1,26) = 4.60, P = 0.042], Figure 4). 

Effects of T+PDE5i Relative to Placebo: Bedroom Experiment 

During the bedroom experiment treatment with T+PDE5i relative to placebo 
produced overall statistically significant increases in sexual functioning. There 
were no treatment-order effects observed. 

Low Sensitive Women 

Sexual Satisfaction During Sexual Events.  Treatment with T+PDE5i produced a 
statistically significant [F(1,23) = 6.34, P = 0.019] increase in sexual satisfaction 
(M = 3.36, SE = 0.16) as compared with placebo (M = 2.96, SE = 0.20), Figure 6. 

Weekly Diary.  Our analysis of the weekly reports revealed somewhat higher 
levels (statistically not significant) during treatment with T+PDE5i as compared 
with placebo for sexual desire (M = 2.72, SE = 0.16 vs. M = 2.54, SE = 0.16), 
genital arousal (M = 2.80, SE = 0.14 vs. M = 2.59, SE = 0.15), and sexual 
improvement (M = 1.40, SE = 0.16 vs. M = 1.19, SE = 0.09). 
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Figure 6. Bedroom experiment: The relative increase in sexual satisfaction following 
T+PDE5i treatment. In women with a relative insensitivity for sexual cues treatment 
with T+PDE5i increased sexual satisfaction with 22%, relative to placebo, while in the 
high sensitive group there was no such relative increase. 

Monthly Diary.  The results of the SEI questionnaire showed that during the 
T+PDE5i treatment participants perceived more improvement in sexual 
arousal/desire (M = 2.07, SE = 0.18) compared with placebo (M = 1.62, 
SE = 0.14), [F(1,28) = 7.04, P = 0.013]. Moreover, this improvement was more 
frequently attributed to the medication during the T+PDE5i treatment 
(M = 1.52, SE = 0.09) compared with placebo (M = 1.21, SE = 0.08), 
[F(1,28) = 7.66, P = 0.010], Figure 7. 

 

 

 

 

 

 

 
 

 

 

Figure 7. Bedroom experiment: The effects of T+PDE5i relative to placebo on the 
subjective indices of the Subjective Evaluation of Gain (SEG) and Subjective Evaluation 
of Improvement (SEI) questionnaire. There was a significant interaction effect between 
the drug (placebo vs. T+PDE5i) and the group (low vs. high sensitivity for sexual cues) 
for all dependent measures, with exception of “improvement due to medication”. 
Benefit from medication: [F(1, 54) = 4.30, P = 0.043], would you use the medication: 
[F(1, 54) = 5.80, P = 0.020], and improvement in sexual desire and/or arousal: [F(1, 
54) = 6.03, P = 0.017]. 

The results of the SEG questionnaire showed that during the T+PDE5i 
treatment, low sensitive participants experienced more benefit from the study 
medication (M = 1.55, SE = 0.09) than from the placebo (M = 1.24, SE = 0.08), 
[F(1,28) = 6.41, P = 0.017]. Low sensitive women also indicated that when the 
drugs are available via prescription they would use T+PDE5i (M = 1.41, 
SE = 0.09) more than placebo, (M = 1.14, SE = 0.07), [F(1,28) = 7.93, P = 0.009], 
Figure 7. 
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Figure 6. Bedroom experiment: The relative increase in sexual satisfaction following 
T+PDE5i treatment. In women with a relative insensitivity for sexual cues treatment 
with T+PDE5i increased sexual satisfaction with 22%, relative to placebo, while in the 
high sensitive group there was no such relative increase. 

Monthly Diary.  The results of the SEI questionnaire showed that during the 
T+PDE5i treatment participants perceived more improvement in sexual 
arousal/desire (M = 2.07, SE = 0.18) compared with placebo (M = 1.62, 
SE = 0.14), [F(1,28) = 7.04, P = 0.013]. Moreover, this improvement was more 
frequently attributed to the medication during the T+PDE5i treatment 
(M = 1.52, SE = 0.09) compared with placebo (M = 1.21, SE = 0.08), 
[F(1,28) = 7.66, P = 0.010], Figure 7. 

 

 

 

 

 

 

 
 

 

 

Figure 7. Bedroom experiment: The effects of T+PDE5i relative to placebo on the 
subjective indices of the Subjective Evaluation of Gain (SEG) and Subjective Evaluation 
of Improvement (SEI) questionnaire. There was a significant interaction effect between 
the drug (placebo vs. T+PDE5i) and the group (low vs. high sensitivity for sexual cues) 
for all dependent measures, with exception of “improvement due to medication”. 
Benefit from medication: [F(1, 54) = 4.30, P = 0.043], would you use the medication: 
[F(1, 54) = 5.80, P = 0.020], and improvement in sexual desire and/or arousal: [F(1, 
54) = 6.03, P = 0.017]. 

The results of the SEG questionnaire showed that during the T+PDE5i 
treatment, low sensitive participants experienced more benefit from the study 
medication (M = 1.55, SE = 0.09) than from the placebo (M = 1.24, SE = 0.08), 
[F(1,28) = 6.41, P = 0.017]. Low sensitive women also indicated that when the 
drugs are available via prescription they would use T+PDE5i (M = 1.41, 
SE = 0.09) more than placebo, (M = 1.14, SE = 0.07), [F(1,28) = 7.93, P = 0.009], 
Figure 7. 
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High Sensitive Women 

The results of the high sensitive subgroup showed no statistically significant 
drug effects in the bedroom experiment. 

Treatment with T+PDE5i was well tolerated. Only “mild” to “moderate” adverse 
were reported. All adverse events were caused by the PDE5i component (see 
Table 2). During the study, no serious adverse events were reported. 

 
Table 2. Treatment related adverse events 
 
  T+PDE5i (%)* Placebo (%)† Total (%)‡ 
Flushing 23.0 3.7 9.6 
Headache 15.9 2.4 7.4 
Lightheadedness 0.9 0.6 3.9 
Dizziness 1.1 0.2 4.2 
 
* Percentage T+PDE5i medication = AE T+PDE5i/552 units 
† Percentage placebo medication = AE placebo/542 units 
‡ Percentage total medication = AE total/1,636 units 
T = testosterone; PDE5i = phosphodiesterase type 5 inhibitor; AE = adverse events 

  

 

 
 

DISCUSSION 

We suggested different causal mechanisms for the lack of sexual desire in 
women with HSDD, which was taken into account when designing and 
developing new medicines for HSDD. In the present article, we have focused on 
the results of treatment with sublingual testosterone combined with a PDE5i, 
developed for women with HSDD and a relatively insensitive brain system for 
sexual cues. 

In earlier experiments, we have shown that sublingual testosterone activates 
central sexual mechanisms thereby increasing salience of sexual stimuli, which 
affects central sexual stimulation and can thereby increase sexual motivation 
[7,8]. Central sexual stimulation is a prerequisite for PDE5i to be effective. In 
the present study, we again showed that sublingual testosterone influences 
central sexual processing, reflected by the increase in preconscious attentional 
bias in low sensitive women. Treatment with T+PDE5i affects mechanisms 
involved in processing of sexual information, and improves physiological and 
subjective sexual responding under institutional psychophysiological lab 
conditions, in particular demonstrated for women with HSDD and low 
sensitivity for sex [5,6]. The present results again show that T+PDE5i influences 
central sexual information processing, as reflected in an increase in 
preconscious attentional bias for sex in low sensitive women and that this 
treatment caused increased physiological sexual responding in the fantasy 
condition, and more pronounced, significant effects in subjective measures of 
sexual functioning under all stimulus conditions in an ambulatory 
psychophysiological lab in the domestic setting. These results demonstrate that 
the findings of van der Made et al. determined under institutional lab 
conditions also hold in a psychophysiological measurement setting at home 
[5,6]. In extension, and more importantly, treatment with T+PDE5i, as 
compared with placebo, caused a statistically significant higher level of sexual 
satisfaction during sexual events in women with a relatively low sensitive 
system for sex. In the active drug condition, these women also reported 
improvement on other subjective measures of sexual functioning; they 
indicated that they experienced positive effects, that they attributed these 
effects to the medication, and that they would use it if available via 
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The results of the high sensitive subgroup showed no statistically significant 
drug effects in the bedroom experiment. 
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were reported. All adverse events were caused by the PDE5i component (see 
Table 2). During the study, no serious adverse events were reported. 
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Lightheadedness 0.9 0.6 3.9 
Dizziness 1.1 0.2 4.2 
 
* Percentage T+PDE5i medication = AE T+PDE5i/552 units 
† Percentage placebo medication = AE placebo/542 units 
‡ Percentage total medication = AE total/1,636 units 
T = testosterone; PDE5i = phosphodiesterase type 5 inhibitor; AE = adverse events 

  

 

 
 

DISCUSSION 

We suggested different causal mechanisms for the lack of sexual desire in 
women with HSDD, which was taken into account when designing and 
developing new medicines for HSDD. In the present article, we have focused on 
the results of treatment with sublingual testosterone combined with a PDE5i, 
developed for women with HSDD and a relatively insensitive brain system for 
sexual cues. 

In earlier experiments, we have shown that sublingual testosterone activates 
central sexual mechanisms thereby increasing salience of sexual stimuli, which 
affects central sexual stimulation and can thereby increase sexual motivation 
[7,8]. Central sexual stimulation is a prerequisite for PDE5i to be effective. In 
the present study, we again showed that sublingual testosterone influences 
central sexual processing, reflected by the increase in preconscious attentional 
bias in low sensitive women. Treatment with T+PDE5i affects mechanisms 
involved in processing of sexual information, and improves physiological and 
subjective sexual responding under institutional psychophysiological lab 
conditions, in particular demonstrated for women with HSDD and low 
sensitivity for sex [5,6]. The present results again show that T+PDE5i influences 
central sexual information processing, as reflected in an increase in 
preconscious attentional bias for sex in low sensitive women and that this 
treatment caused increased physiological sexual responding in the fantasy 
condition, and more pronounced, significant effects in subjective measures of 
sexual functioning under all stimulus conditions in an ambulatory 
psychophysiological lab in the domestic setting. These results demonstrate that 
the findings of van der Made et al. determined under institutional lab 
conditions also hold in a psychophysiological measurement setting at home 
[5,6]. In extension, and more importantly, treatment with T+PDE5i, as 
compared with placebo, caused a statistically significant higher level of sexual 
satisfaction during sexual events in women with a relatively low sensitive 
system for sex. In the active drug condition, these women also reported 
improvement on other subjective measures of sexual functioning; they 
indicated that they experienced positive effects, that they attributed these 
effects to the medication, and that they would use it if available via 
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prescription. These findings are of importance because they indicate that 
T+PDE5i's positive effect was also meaningful to the subjects, and not just a 
statistically significant increase which was not perceived as such by the 
subjects. 

An important difference between our on-demand approach and chronic 
testosterone treatments is that the effects in our treatment form occur nearly 
directly (about 3.5 hours post-dose) compared with chronic formulations, which 
take weeks to take effect. As described in chapter 3, the unbound fraction of 
testosterone is the most bioactive testosterone and therefore responsible for 
the effects on behavior. If free fraction testosterone increases much later under 
chronic treatment, it is expected that the pharmacodynamic effect, i.e., 
increases in sexual motivation and desire, will occur in the same time-
dependent manner [17]. This is consistent with several studies describing the 
effects of a testosterone patch on sexual behavior as described in chapter 3. As 
stated in chapter 2 and chapter 3, one decisive factor in the time-dependent 
difference in behavioral effects between sublingual or chronic treatment with 
testosterone is the influence of an SHBG saturation threshold. This saturation 
threshold mechanism will ensure that the use of sublingual testosterone is 
accompanied by an increase in free levels of testosterone within 15 minutes 
after administration. These differences between the acute, on-demand dosage 
forms containing testosterone and the chronic dosage forms are of such 
importance because the amount of exposure to testosterone is much less in the 
former. Less exposure means fewer side effects, and in the case of 
testosterone, this would mean that the chance of adverse events like increased 
hair growth and acne are much less likely to occur. Indeed, testosterone-related 
side effects were not observed during this study, and are neither to be 
expected to occur during long-term treatment. The medication was well 
tolerated, with only mild to moderate, transient adverse events which were 
caused by the PDE5i component. The majority of studies investigating chronic 
testosterone administration in the treatment of women's sexual behavior have 
been done in naturally or surgically menopausal women [18–20]. The present 
study demonstrates that T+PDE5i is well tolerated and effective in 
premenopausal as well as in postmenopausal women. The results revealed no 
interaction with menopausal status or hormonal contraception. 

 

 
 

The medication regimes in the present study were relatively short (3 weeks for 
the bedroom experiment). However, seeing that drug efficacy in a phase III 
testosterone gel trial was not statistically significant higher than placebo during 
6 months of therapy [21], the current results are promising. More extensive 
research is needed to establish the effects of T+PDE5i over a longer period of 
time, but we expect the large placebo effects, which were also encountered in 
the current study, to decrease over time. Since the present study already shows 
significant superior efficacy as compared with placebo, this can even be 
expected to increase when tested during a longer period of time. 

In the present study, the ratio between low and high sensitive subjects was 
approximately 50/50 (N = 29 vs. N = 27). This 50/50 division between low and 
high sensitivity is not inherent to the calculation which we used to define 
sensitivity; if a subject is faster in color naming of masked erotic words than of 
non-erotic words, she is low sensitive. If she is slower in color naming of 
masked erotic words, she is high sensitive. In our previous studies this division 
was approximately 40/60 [5,6]. Together, these studies measured 41 women 
with HSDD. With the present data, we have determined the sensitivity to sexual 
cues in 97 women. Taken together, our study population revealed a 45/55 
division in low and high sensitive subjects. More research in a higher number of 
women is necessary to determine if this ratio between low and high sensitive 
subjects with HSDD is generalizable. 

The low and high sensitive women only differed from each other on the Stroop 
task, and on the measures of sexual arousal under condition of T+PDE5i, as 
compared with placebo. They did not differ in severity of their sexual 
complaints or any other trait measure. As sexual cue sensitivity is testosterone 
dependent (see chapter 3), combinations of biological markers reflecting (and 
influencing) the activity of the androgen and serotonin systems (see chapter 3) 
may well be able to differentiate between high and low sensitive women. 
Without such markers, or without the emotional Stroop task, assessing cue 
sensitivity in the broader HSDD population will be difficult. 

The use of an on-demand therapy for HSDD seems counterintuitive. Why would 
women with low desire bother to take an on-demand sex drug if she is not “in 
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prescription. These findings are of importance because they indicate that 
T+PDE5i's positive effect was also meaningful to the subjects, and not just a 
statistically significant increase which was not perceived as such by the 
subjects. 

An important difference between our on-demand approach and chronic 
testosterone treatments is that the effects in our treatment form occur nearly 
directly (about 3.5 hours post-dose) compared with chronic formulations, which 
take weeks to take effect. As described in chapter 3, the unbound fraction of 
testosterone is the most bioactive testosterone and therefore responsible for 
the effects on behavior. If free fraction testosterone increases much later under 
chronic treatment, it is expected that the pharmacodynamic effect, i.e., 
increases in sexual motivation and desire, will occur in the same time-
dependent manner [17]. This is consistent with several studies describing the 
effects of a testosterone patch on sexual behavior as described in chapter 3. As 
stated in chapter 2 and chapter 3, one decisive factor in the time-dependent 
difference in behavioral effects between sublingual or chronic treatment with 
testosterone is the influence of an SHBG saturation threshold. This saturation 
threshold mechanism will ensure that the use of sublingual testosterone is 
accompanied by an increase in free levels of testosterone within 15 minutes 
after administration. These differences between the acute, on-demand dosage 
forms containing testosterone and the chronic dosage forms are of such 
importance because the amount of exposure to testosterone is much less in the 
former. Less exposure means fewer side effects, and in the case of 
testosterone, this would mean that the chance of adverse events like increased 
hair growth and acne are much less likely to occur. Indeed, testosterone-related 
side effects were not observed during this study, and are neither to be 
expected to occur during long-term treatment. The medication was well 
tolerated, with only mild to moderate, transient adverse events which were 
caused by the PDE5i component. The majority of studies investigating chronic 
testosterone administration in the treatment of women's sexual behavior have 
been done in naturally or surgically menopausal women [18–20]. The present 
study demonstrates that T+PDE5i is well tolerated and effective in 
premenopausal as well as in postmenopausal women. The results revealed no 
interaction with menopausal status or hormonal contraception. 

 

 
 

The medication regimes in the present study were relatively short (3 weeks for 
the bedroom experiment). However, seeing that drug efficacy in a phase III 
testosterone gel trial was not statistically significant higher than placebo during 
6 months of therapy [21], the current results are promising. More extensive 
research is needed to establish the effects of T+PDE5i over a longer period of 
time, but we expect the large placebo effects, which were also encountered in 
the current study, to decrease over time. Since the present study already shows 
significant superior efficacy as compared with placebo, this can even be 
expected to increase when tested during a longer period of time. 

In the present study, the ratio between low and high sensitive subjects was 
approximately 50/50 (N = 29 vs. N = 27). This 50/50 division between low and 
high sensitivity is not inherent to the calculation which we used to define 
sensitivity; if a subject is faster in color naming of masked erotic words than of 
non-erotic words, she is low sensitive. If she is slower in color naming of 
masked erotic words, she is high sensitive. In our previous studies this division 
was approximately 40/60 [5,6]. Together, these studies measured 41 women 
with HSDD. With the present data, we have determined the sensitivity to sexual 
cues in 97 women. Taken together, our study population revealed a 45/55 
division in low and high sensitive subjects. More research in a higher number of 
women is necessary to determine if this ratio between low and high sensitive 
subjects with HSDD is generalizable. 

The low and high sensitive women only differed from each other on the Stroop 
task, and on the measures of sexual arousal under condition of T+PDE5i, as 
compared with placebo. They did not differ in severity of their sexual 
complaints or any other trait measure. As sexual cue sensitivity is testosterone 
dependent (see chapter 3), combinations of biological markers reflecting (and 
influencing) the activity of the androgen and serotonin systems (see chapter 3) 
may well be able to differentiate between high and low sensitive women. 
Without such markers, or without the emotional Stroop task, assessing cue 
sensitivity in the broader HSDD population will be difficult. 

The use of an on-demand therapy for HSDD seems counterintuitive. Why would 
women with low desire bother to take an on-demand sex drug if she is not “in 



Ch
ap

te
r 4

 

128

 

 
 

the mood” for sex? One of the main DSM-IV-TR criteria for HSDD is that the 
desire problems cause marked distress or interpersonal difficulties. Women 
seeking help for HSDD do so because of their distress, i.e., they want to want to 
have sex. These women are thus prepared to take a medicine on-demand, in 
the hope that several hours later, they will be more receptive to their spouses' 
advances or more willing to initiate sex. 

Based on these results we tentatively conclude that the combination of 
sublingual testosterone and a PDE5i is a safe and promising potentially effective 
pharmacotherapy for women with HSDD as the result of an insensitive system 
for sexual cues. Future studies will have to confirm this. 
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ABSTRACT 

Introduction.  Among other causes, low sexual desire in women may result from 
dysfunctional activation of sexual inhibition mechanisms during exposure to sex. 
Administration of sublingual 0.5 mg testosterone (T) increases the sensitivity of 
the brain to sexual cues, which might amplify sexual inhibitory mechanisms 
further in women already prone to sexual inhibition. Sexual stimulation might 
elicit a prefrontal cortex (PFC)-mediated phasic increase in sexual inhibition, in 
which activity of 5-hydroxytryptamine (5-HT, serotonin) is involved. A single dose 
of 5-HT1A receptor agonist (5-HT1Ara) might reduce the sexual stimulation 
induced PFC-mediated sexual inhibition during a short period after 
administration. Consequently, treatment with a single dose of T+5-HT1Ara might 
enhance sexual responsiveness, particularly in women exhibiting sexual 
inhibition. 

Aim.  To investigate if treatment with a single dosage of T+5-HT1Ara will produce 
improvement in sexual functioning in women with Hypoactive Sexual Desire 
Disorder (HSDD) as the result of dysfunctional high sexual inhibition. 

Methods.  Fifty-four women were divided on the basis of their excitatory or 
inhibitory responses during T+phosphodiesterase type 5 inhibitor (PDE5i) in low 
(N = 26) and high inhibitors (N = 28). Physiological and subjective indices of 
sexual functioning were measured in a participant-controlled ambulatory 
psychophysiological experiment at home (the first week of each drug 
treatment). In a bedroom experiment (the subsequent 3 weeks), sexual 
functioning was evaluated by event, week, and monthly diaries. 

Main Outcome Measures.  Subjective: sexual satisfaction, experienced genital 
arousal, sexual desire. Physiological: vaginal pulse amplitude. 

Results.  Women with high inhibition show a marked improvement in sexual 
function in response to treatment with T+5-HT1Ara relative to placebo and 
relative to T+PDE5i. 

Conclusions.  The present study demonstrated that on-demand T+5-HT1Ara is a 
potentially promising treatment for women with HSDD, particularly for those 
women who are prone to sexual inhibition.  

 

 

 

INTRODUCTION 
Sexual dissatisfaction is a complaint with a high prevalence which negatively 
interferes with psychological and social well-being. In women, the most common 
complaint is low sexual desire, which is classified as Hypoactive Sexual Desire 
Disorder (HSDD) [1]. As stated in previous chapters, HSDD might result from a 
relative insensitivity for sexual cues or might be caused by dysfunctional 
activation of sexual inhibitory mechanisms during sexual stimulation. In chapter 
4, it is demonstrated that combined treatment with testosterone and a 
phosphodiesterase type 5 inhibitor (T+PDE5i) improves sexual functioning in 
women with HSDD, and who have a relatively insensitive system for sexual cues. 
As expected, some women deteriorated by treatment with T+PDE5i. This 
subgroup of women might be prone to sexual inhibition during sexual 
stimulation (see part 1 of this series, chapter 3). In the present study, our focus is 
on treatment of these women who did not respond or who had a decreased 
response to on T+PDE5i, for which we assume, as the result of increased 
activation of central inhibitory mechanisms. 

It is widely accepted that the prefrontal cortex (PFC) is involved in the inhibitory 
control of human behavior [2], including sexual behavior [3,4] (see also chapter 
3). An important mediator of inhibitory mechanisms is the neurotransmitter 5-
hydroxytryptamine (5-HT, serotonin) [5], which also exerts abundant inhibitory 
effects via the PFC [6]. We assume that a sexual event, which is consciously or 
subconsciously negatively valenced—which is dependent on an individual's trait 
properties, their experiences, and the particular circumstance in which an event 
occurs—can induce a phasic increase in serotonergic activity in areas of the PFC 
involved in sexual inhibition. Acute treatment with a serotonin1A receptor 
agonist (5-HT1Ara) decreases serotonergic activity for a short time after 
administration. Accordingly, acute treatment with a 5-HT1Ara might decrease 
sexual-stimuli-induced phasic serotonergic inhibitory control in the PFC, which in 
turn might prevent or reduce the inhibitory response to sexual cues in women 
with HSDD and prone to sexual inhibition. We hypothesize that for this subgroup 
of women with HSDD, and enhanced activation of sexual inhibitory mechanisms 
elicited by sexual stimulation, treatment with T+5-HT1Ara will improve their 
physiological and subjective sexual responses during ambulatory lab conditions, 
and their sexual satisfaction during sexual events. 
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ABSTRACT 

Introduction.  Among other causes, low sexual desire in women may result from 
dysfunctional activation of sexual inhibition mechanisms during exposure to sex. 
Administration of sublingual 0.5 mg testosterone (T) increases the sensitivity of 
the brain to sexual cues, which might amplify sexual inhibitory mechanisms 
further in women already prone to sexual inhibition. Sexual stimulation might 
elicit a prefrontal cortex (PFC)-mediated phasic increase in sexual inhibition, in 
which activity of 5-hydroxytryptamine (5-HT, serotonin) is involved. A single dose 
of 5-HT1A receptor agonist (5-HT1Ara) might reduce the sexual stimulation 
induced PFC-mediated sexual inhibition during a short period after 
administration. Consequently, treatment with a single dose of T+5-HT1Ara might 
enhance sexual responsiveness, particularly in women exhibiting sexual 
inhibition. 

Aim.  To investigate if treatment with a single dosage of T+5-HT1Ara will produce 
improvement in sexual functioning in women with Hypoactive Sexual Desire 
Disorder (HSDD) as the result of dysfunctional high sexual inhibition. 

Methods.  Fifty-four women were divided on the basis of their excitatory or 
inhibitory responses during T+phosphodiesterase type 5 inhibitor (PDE5i) in low 
(N = 26) and high inhibitors (N = 28). Physiological and subjective indices of 
sexual functioning were measured in a participant-controlled ambulatory 
psychophysiological experiment at home (the first week of each drug 
treatment). In a bedroom experiment (the subsequent 3 weeks), sexual 
functioning was evaluated by event, week, and monthly diaries. 

Main Outcome Measures.  Subjective: sexual satisfaction, experienced genital 
arousal, sexual desire. Physiological: vaginal pulse amplitude. 

Results.  Women with high inhibition show a marked improvement in sexual 
function in response to treatment with T+5-HT1Ara relative to placebo and 
relative to T+PDE5i. 

Conclusions.  The present study demonstrated that on-demand T+5-HT1Ara is a 
potentially promising treatment for women with HSDD, particularly for those 
women who are prone to sexual inhibition.  

 

 

 

INTRODUCTION 
Sexual dissatisfaction is a complaint with a high prevalence which negatively 
interferes with psychological and social well-being. In women, the most common 
complaint is low sexual desire, which is classified as Hypoactive Sexual Desire 
Disorder (HSDD) [1]. As stated in previous chapters, HSDD might result from a 
relative insensitivity for sexual cues or might be caused by dysfunctional 
activation of sexual inhibitory mechanisms during sexual stimulation. In chapter 
4, it is demonstrated that combined treatment with testosterone and a 
phosphodiesterase type 5 inhibitor (T+PDE5i) improves sexual functioning in 
women with HSDD, and who have a relatively insensitive system for sexual cues. 
As expected, some women deteriorated by treatment with T+PDE5i. This 
subgroup of women might be prone to sexual inhibition during sexual 
stimulation (see part 1 of this series, chapter 3). In the present study, our focus is 
on treatment of these women who did not respond or who had a decreased 
response to on T+PDE5i, for which we assume, as the result of increased 
activation of central inhibitory mechanisms. 

It is widely accepted that the prefrontal cortex (PFC) is involved in the inhibitory 
control of human behavior [2], including sexual behavior [3,4] (see also chapter 
3). An important mediator of inhibitory mechanisms is the neurotransmitter 5-
hydroxytryptamine (5-HT, serotonin) [5], which also exerts abundant inhibitory 
effects via the PFC [6]. We assume that a sexual event, which is consciously or 
subconsciously negatively valenced—which is dependent on an individual's trait 
properties, their experiences, and the particular circumstance in which an event 
occurs—can induce a phasic increase in serotonergic activity in areas of the PFC 
involved in sexual inhibition. Acute treatment with a serotonin1A receptor 
agonist (5-HT1Ara) decreases serotonergic activity for a short time after 
administration. Accordingly, acute treatment with a 5-HT1Ara might decrease 
sexual-stimuli-induced phasic serotonergic inhibitory control in the PFC, which in 
turn might prevent or reduce the inhibitory response to sexual cues in women 
with HSDD and prone to sexual inhibition. We hypothesize that for this subgroup 
of women with HSDD, and enhanced activation of sexual inhibitory mechanisms 
elicited by sexual stimulation, treatment with T+5-HT1Ara will improve their 
physiological and subjective sexual responses during ambulatory lab conditions, 
and their sexual satisfaction during sexual events. 
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METHODS 

The 56 heterosexual women who participated in this study signed a written 
informed consent and received reimbursement for their participation. The local 
medical ethics committee (Stichting Therapeutische Evaluatie Geneesmiddelen 
Medisch Ethische Toetsingscommissie, Almere, the Netherlands) approved this 
study, which was carried out in agreement with International Conference on 
Harmonization-Good Clinical Practice (ICH-GCP), and monitored by a certified 
Contract Research Organization (CRO) (PSR Group, Hoofddorp, the Netherlands). 

Women were eligible if they were healthy, between 21 and 70 years, and had a 
diagnosis of HSDD or Female Sexual Arousal Disorder (FSAD) according to the 
Diagnostic and Statistical Manual of Mental Disorders-Fourth Edition (Text 
Revision) DSM-IV-TR criteria [1]. Subjects were diagnosed by an experienced 
psychologist. If the subject was diagnosed with any psychiatric disorder other 
than HSDD or FSAD they were excluded, also any treatment for female sexual 
dysfunction within 7 days before or during the study was excluded. Furthermore 
women were excluded if they were using oral contraceptives containing 
antiandrogens or more than 50 μg estrogen, Cytochrome P450 3A4 (CYP3A4) 
inhibitors, CYP3A4 inducers, nitrates, monoamine oxidase inhibitors, calcium 
channel blockers, antidepressants, opiates, and medicinal herbs like St. John's 
wort. Cardiovascular exclusions included a history of myocardial infarction, 
stroke or life-threatening arrhythmia within the prior 6 months, uncontrolled 
hypertension, atrial fibrillation/flutter or any other significant abnormality 
observed on electrocardiogram (ECG). Gynecological exclusions included pelvic 
inflammatory disease, vaginal infection, previous prolapse and incontinence 
surgery affecting the vaginal wall, abnormal uterine bleeding patterns, 
perimenopausal hormonal status, pregnancy and breastfeeding in the past 6 
months. Lastly women were excluded with clinically relevant endocrine disease, 
neurological disease, severe or acute liver disease, history of severe hepatic 
impairment, body mass index above 35, and vision impairment. 

Women were recruited and enrolled from referrals, newspaper advertisements, 
the Internet, and our own database. To determine eligibility, participants were 
screened 4 weeks prior to study entry. In addition to an assessment of medical 
history with detailed sexual, gynecological, and psychological history, all subjects 
received a physical examination including a 12-lead ECG, a vaginal culture test to 

 

 

exclude infection, standard biochemistry and hematological laboratory tests, 
and pelvic examination. Biochemical parameters including hematology, liver 
function tests, electrolytes, creatinine, uric acid, glucose and lipids were 
collected at baseline, following each treatment period, and at the final follow-up 
visit. Serum concentrations of total testosterone, sex hormone binding globulin 
(SHBG), luteinizing hormone (LH), follicle-stimulating hormone (FSH), estradiol, 
progesterone, and prolactin were measured at baseline. All subjects also had 
their thyroid status assessed; thyroid stimulating hormone and free thyroxine. 

A urine pregnancy test was administered to all women of childbearing potential. 
Investigators monitored and followed up any reports of adverse events. On a 
pretreatment visit, a trained female experimenter explained the study 
requirements and procedures to the participants. A practice trial was conducted, 
including insertion of the vaginal photoplethysmograph and a practice session of 
the emotional Stroop task. 

Study Design 

In a randomized, double-blind, placebo-controlled, cross-over design, each 
participant underwent three different medication treatments: (i) placebo: 
placebo for testosterone (cyclodextrin solution without testosterone) and 
placebo for the PDE5i (PDE5i = sildenafil) and 5-HT1Ara (5-HT1Ara = buspirone) 
(powder-filled gelatin capsule without sildenafil/buspirone); (ii) T+PDE5i: the 
combination of testosterone (0.5 mg) sublingually with cyclodextrin as carrier 
and sildenafil (50 mg, hidden in a powder-filled gelatin capsule); (iii) T+5-HT1Ara; 
the combination of testosterone (0.5 mg) sublingually with cyclodextrin as 
carrier and buspirone (10 mg, hidden in a powder-filled gelatin capsule). A single 
medication regime lasted 4 weeks and the order of the three medication 
regimes was randomized. Between each medication regime there was a washout 
period of 1 week. Participants received 14 units of medication (throughout the 
manuscript, 1 medication or 1 unit of medication means the combination of the 
sublingually administered solution and the oral capsule) during each medication 
regime; instructions were given to have at least 48 hours between two 
medication intakes. Participants were instructed to take the cyclodextrin 
solution (testosterone or placebo) sublingually 4 hours prior to each 
measurement session or sexual event and rinse it under the tongue for 1 minute. 
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METHODS 

The 56 heterosexual women who participated in this study signed a written 
informed consent and received reimbursement for their participation. The local 
medical ethics committee (Stichting Therapeutische Evaluatie Geneesmiddelen 
Medisch Ethische Toetsingscommissie, Almere, the Netherlands) approved this 
study, which was carried out in agreement with International Conference on 
Harmonization-Good Clinical Practice (ICH-GCP), and monitored by a certified 
Contract Research Organization (CRO) (PSR Group, Hoofddorp, the Netherlands). 

Women were eligible if they were healthy, between 21 and 70 years, and had a 
diagnosis of HSDD or Female Sexual Arousal Disorder (FSAD) according to the 
Diagnostic and Statistical Manual of Mental Disorders-Fourth Edition (Text 
Revision) DSM-IV-TR criteria [1]. Subjects were diagnosed by an experienced 
psychologist. If the subject was diagnosed with any psychiatric disorder other 
than HSDD or FSAD they were excluded, also any treatment for female sexual 
dysfunction within 7 days before or during the study was excluded. Furthermore 
women were excluded if they were using oral contraceptives containing 
antiandrogens or more than 50 μg estrogen, Cytochrome P450 3A4 (CYP3A4) 
inhibitors, CYP3A4 inducers, nitrates, monoamine oxidase inhibitors, calcium 
channel blockers, antidepressants, opiates, and medicinal herbs like St. John's 
wort. Cardiovascular exclusions included a history of myocardial infarction, 
stroke or life-threatening arrhythmia within the prior 6 months, uncontrolled 
hypertension, atrial fibrillation/flutter or any other significant abnormality 
observed on electrocardiogram (ECG). Gynecological exclusions included pelvic 
inflammatory disease, vaginal infection, previous prolapse and incontinence 
surgery affecting the vaginal wall, abnormal uterine bleeding patterns, 
perimenopausal hormonal status, pregnancy and breastfeeding in the past 6 
months. Lastly women were excluded with clinically relevant endocrine disease, 
neurological disease, severe or acute liver disease, history of severe hepatic 
impairment, body mass index above 35, and vision impairment. 

Women were recruited and enrolled from referrals, newspaper advertisements, 
the Internet, and our own database. To determine eligibility, participants were 
screened 4 weeks prior to study entry. In addition to an assessment of medical 
history with detailed sexual, gynecological, and psychological history, all subjects 
received a physical examination including a 12-lead ECG, a vaginal culture test to 

 

 

exclude infection, standard biochemistry and hematological laboratory tests, 
and pelvic examination. Biochemical parameters including hematology, liver 
function tests, electrolytes, creatinine, uric acid, glucose and lipids were 
collected at baseline, following each treatment period, and at the final follow-up 
visit. Serum concentrations of total testosterone, sex hormone binding globulin 
(SHBG), luteinizing hormone (LH), follicle-stimulating hormone (FSH), estradiol, 
progesterone, and prolactin were measured at baseline. All subjects also had 
their thyroid status assessed; thyroid stimulating hormone and free thyroxine. 

A urine pregnancy test was administered to all women of childbearing potential. 
Investigators monitored and followed up any reports of adverse events. On a 
pretreatment visit, a trained female experimenter explained the study 
requirements and procedures to the participants. A practice trial was conducted, 
including insertion of the vaginal photoplethysmograph and a practice session of 
the emotional Stroop task. 

Study Design 

In a randomized, double-blind, placebo-controlled, cross-over design, each 
participant underwent three different medication treatments: (i) placebo: 
placebo for testosterone (cyclodextrin solution without testosterone) and 
placebo for the PDE5i (PDE5i = sildenafil) and 5-HT1Ara (5-HT1Ara = buspirone) 
(powder-filled gelatin capsule without sildenafil/buspirone); (ii) T+PDE5i: the 
combination of testosterone (0.5 mg) sublingually with cyclodextrin as carrier 
and sildenafil (50 mg, hidden in a powder-filled gelatin capsule); (iii) T+5-HT1Ara; 
the combination of testosterone (0.5 mg) sublingually with cyclodextrin as 
carrier and buspirone (10 mg, hidden in a powder-filled gelatin capsule). A single 
medication regime lasted 4 weeks and the order of the three medication 
regimes was randomized. Between each medication regime there was a washout 
period of 1 week. Participants received 14 units of medication (throughout the 
manuscript, 1 medication or 1 unit of medication means the combination of the 
sublingually administered solution and the oral capsule) during each medication 
regime; instructions were given to have at least 48 hours between two 
medication intakes. Participants were instructed to take the cyclodextrin 
solution (testosterone or placebo) sublingually 4 hours prior to each 
measurement session or sexual event and rinse it under the tongue for 1 minute. 
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They were instructed to ingest the capsule (sildenafil, buspirone, or placebo) 2.5 
hours later. The sequence of the drugs and time frame were such that the 
pharmacological effects of the PDE5i and 5-HT1Ara coincide with the window of 
T-induced behavioral effects, approximately 3–6 hours after T administration. 
Following the completion of a drug regime, the research physician took in any 
leftover medication of the previous regime and handed out the next regime's 
medication box. 

Study Procedure 

Ambulatory Psychophysiological At-Home Experiment 

Participants visited the study site 12 times during a period of 26 weeks for 
screening and safety control visits. In the first week of each 4-week medication 
regime, participants underwent three experimental psychophysiological 
measurement sessions (under condition of study medication) at home using 
participant-controlled (i.e., no experimenters were present) ambulatory 
laboratory [7]. See Figure 1 in chapter 4, for an overview of the study design and 
procedures. 

In premenopausal women not using oral contraceptives, experimental days were 
within the first 10 days after their menstruation. Users of oral contraceptives 
were not measured during their pill-free period. 

During each experimental session, subjects engaged in 2 minutes each of: (i) self-
induced sexual fantasy; (ii) viewing an erotic film clip depicting sexual foreplay; 
and (iii) viewing an erotic film depicting explicit heterosexual intercourse. The 
sexual fantasy condition was preceded by a 6-minute baseline establishment 
period during which subjects viewed a neutral film clip. The foreplay and 
heterosexual intercourse films were preceded by 2 minutes return to baseline 
periods (see Stimuli, Apparatus, and Measures below, for a detailed description 
of the neutral and erotic stimulus material). At the start of the experimental 
session, and after each exposure to sexual stimuli (the fantasy session and film 
clips), we measured “experiences of genital arousal” and “sexual desire” by 
means of the Sexual Arousal Response Self-Assessment Questionnaire (SARSAQ; 
see Stimuli, Apparatus, and Measures below, and [8]). During all neutral and 

 

 

sexual stimulus sessions, the vaginal pulse amplitude (VPA) was continuously 
measured (see Stimuli, Apparatus, and Measures below). Before the baseline 
establishment period and finally as the last element of the experimental session, 
we measured biases in preconscious attention for sexual cues by means of an 
emotional Stroop task. 

Bedroom Experiment 

For the remaining 3 weeks, participants were instructed to use at least one 
medication per week, with an attempt at a sexual event (cuddling, coitus, or 
masturbation). For the remainder, they were free to take their medication 
whenever they wanted but not during 2 consecutive days. When they had 
experienced a sexual event they were asked to fill out an event diary within 24 
hours and a diary at the end of each week. 

Stimuli, Apparatus, and Measures 

Audiovisual Stimuli 

For this study, neutral, erotic foreplay, and explicit sex film clips were used. 
Neutral clips were 6-minute and 2-minute clips from Dutch action films. The 6-
minute neutral film clips were used to establish a baseline VPA. Erotic foreplay 
clips were 2-minute clips showing kissing, caressing, and cunnilingus, but no 
fellatio. Explicit sex clips were 2-minute clips showing cunnilingus and coitus, 
including visible penetration. The erotic film footage was selected and edited by 
female research associates and then rated by other female research associates 
to ensure that all clips were within set specifications. All digitally sampled film 
clips were presented using Presentation software (Neurobehavioral Systems, 
Albany, CA, USA). For a more detailed description see Bloemers et al. [7]. 

Ambulatory Laboratory 

The ambulatory laboratory is based on the MobiHealth Mobile remote 
monitoring system (MobiHealth B.V., Enschede, The Netherlands) [9]. Study-
specific functionality of this system enables VPA measurements, stimulus 
presentation, and execution of emotional Stroop tasks to be performed at an 
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They were instructed to ingest the capsule (sildenafil, buspirone, or placebo) 2.5 
hours later. The sequence of the drugs and time frame were such that the 
pharmacological effects of the PDE5i and 5-HT1Ara coincide with the window of 
T-induced behavioral effects, approximately 3–6 hours after T administration. 
Following the completion of a drug regime, the research physician took in any 
leftover medication of the previous regime and handed out the next regime's 
medication box. 

Study Procedure 

Ambulatory Psychophysiological At-Home Experiment 

Participants visited the study site 12 times during a period of 26 weeks for 
screening and safety control visits. In the first week of each 4-week medication 
regime, participants underwent three experimental psychophysiological 
measurement sessions (under condition of study medication) at home using 
participant-controlled (i.e., no experimenters were present) ambulatory 
laboratory [7]. See Figure 1 in chapter 4, for an overview of the study design and 
procedures. 

In premenopausal women not using oral contraceptives, experimental days were 
within the first 10 days after their menstruation. Users of oral contraceptives 
were not measured during their pill-free period. 

During each experimental session, subjects engaged in 2 minutes each of: (i) self-
induced sexual fantasy; (ii) viewing an erotic film clip depicting sexual foreplay; 
and (iii) viewing an erotic film depicting explicit heterosexual intercourse. The 
sexual fantasy condition was preceded by a 6-minute baseline establishment 
period during which subjects viewed a neutral film clip. The foreplay and 
heterosexual intercourse films were preceded by 2 minutes return to baseline 
periods (see Stimuli, Apparatus, and Measures below, for a detailed description 
of the neutral and erotic stimulus material). At the start of the experimental 
session, and after each exposure to sexual stimuli (the fantasy session and film 
clips), we measured “experiences of genital arousal” and “sexual desire” by 
means of the Sexual Arousal Response Self-Assessment Questionnaire (SARSAQ; 
see Stimuli, Apparatus, and Measures below, and [8]). During all neutral and 

 

 

sexual stimulus sessions, the vaginal pulse amplitude (VPA) was continuously 
measured (see Stimuli, Apparatus, and Measures below). Before the baseline 
establishment period and finally as the last element of the experimental session, 
we measured biases in preconscious attention for sexual cues by means of an 
emotional Stroop task. 

Bedroom Experiment 

For the remaining 3 weeks, participants were instructed to use at least one 
medication per week, with an attempt at a sexual event (cuddling, coitus, or 
masturbation). For the remainder, they were free to take their medication 
whenever they wanted but not during 2 consecutive days. When they had 
experienced a sexual event they were asked to fill out an event diary within 24 
hours and a diary at the end of each week. 

Stimuli, Apparatus, and Measures 

Audiovisual Stimuli 

For this study, neutral, erotic foreplay, and explicit sex film clips were used. 
Neutral clips were 6-minute and 2-minute clips from Dutch action films. The 6-
minute neutral film clips were used to establish a baseline VPA. Erotic foreplay 
clips were 2-minute clips showing kissing, caressing, and cunnilingus, but no 
fellatio. Explicit sex clips were 2-minute clips showing cunnilingus and coitus, 
including visible penetration. The erotic film footage was selected and edited by 
female research associates and then rated by other female research associates 
to ensure that all clips were within set specifications. All digitally sampled film 
clips were presented using Presentation software (Neurobehavioral Systems, 
Albany, CA, USA). For a more detailed description see Bloemers et al. [7]. 

Ambulatory Laboratory 

The ambulatory laboratory is based on the MobiHealth Mobile remote 
monitoring system (MobiHealth B.V., Enschede, The Netherlands) [9]. Study-
specific functionality of this system enables VPA measurements, stimulus 
presentation, and execution of emotional Stroop tasks to be performed at an 
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arbitrary time and location (e.g., house of a participant). This laboratory is 
operated autonomously by the participant. The ambulatory laboratory transmits 
all measured data to a secure central database server, at which the researcher 
can obtain the data for further analysis. This method allows for a more 
ecologically valid psychophysiological measurement of sexual responding. See 
for a detailed description the study by Bloemers et al. [7]. 

Main Outcome Measures: Ambulatory Laboratory 

VPA 

The VPA reflects phasic changes in vaginal engorgement corresponding with 
each heartbeat. VPA was measured using a vaginal photoplethysmograph, a 
tampon-shaped device containing an infrared light-emitting diode and a 
photosensitive light detector (photodiode). For a detailed description of the VPA, 
see chapter 4. 

SARSAQ 

The SARSAQ is a 10-item self-report questionnaire using a seven-point Likert 
scale (ranging from “not at all” to “extremely”), adapted from Morokoff and 
Heiman [10] and Heiman and Hatch [11]. It measures current subjective feelings 
of genital arousal and sexual desire. Five items concern subjective feelings of 
genital responding, and five items concern subjective feelings of sexual desire. 
The SARSAQ was administered via the ambulatory laboratory laptop whereby 
the number keys (from 1 to 7) were used to complete the questionnaire. 

Main Outcome Measures: Bedroom Experiment 

Event Diary 

In this secure Web-based diary, subjects were asked 10 questions (one open-
ended, four multiple-choice, five 5-point Likert scale items) concerning the type, 
duration, pleasantness, and intensity of the sexual event. Participants were 
instructed to fill out the event diary within 24 hours following each sexual event 
(e.g., cuddling, coitus, masturbation). 

 

 

Week Diary 

Women were also instructed to fill out the secure Web-based week diary once a 
week during each medication regime. Subjects were asked their experiences 
during the past week regarding: (i) sexual desire (six-point Likert scale: 
1 = nothing to 6 = much); (ii) vaginal arousal (six-point Likert scale: 1 = nothing to 
6 = much); (iii) sexual improvement/deterioration (four-point Likert scale: 
1 = nothing to 4 = much); and (iv) if they could attribute the 
improvement/deterioration to the medicines (yes/no). 

Subjective Evaluation of Improvement (SEI) 

The SEI questionnaire was used to determine, after each medication regime, if 
the subject felt there had been an overall improvement in sexual desire, sexual 
arousal or both, and if they attribute this improvement to the medication. 
Subjects answered yes or no to both questions. The SEI was administered as a 
pen and paper test. 

Subjective Evaluation of Gain (SEG) 

The SEG questionnaire was used to determine, after each medication regime, if 
the subject felt that she had any meaningful benefit from the study medication, 
and if she would use it if it were available by prescription. Subjects answered yes 
or no to both questions. The SEG was administered as a pen and paper test. 

Measures: On Site 

Hormonal Measures 

Serum total testosterone, serum estradiol, serum progesterone, serum prolactin, 
serum LH, serum FSH, and serum SHBG were measured through 
electrochemiluminescence radioimmunoassay with COBAS kits of Roche 
Diagnostics (Mannheim, Germany), using a Modular E170 at OLVG Hospital 
(Roche Diagnostics, Amsterdam, the Netherlands). The measuring range for 
testosterone was 0.087–52.0 nmol/L. The coefficient of variation was 8%. 
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arbitrary time and location (e.g., house of a participant). This laboratory is 
operated autonomously by the participant. The ambulatory laboratory transmits 
all measured data to a secure central database server, at which the researcher 
can obtain the data for further analysis. This method allows for a more 
ecologically valid psychophysiological measurement of sexual responding. See 
for a detailed description the study by Bloemers et al. [7]. 

Main Outcome Measures: Ambulatory Laboratory 

VPA 

The VPA reflects phasic changes in vaginal engorgement corresponding with 
each heartbeat. VPA was measured using a vaginal photoplethysmograph, a 
tampon-shaped device containing an infrared light-emitting diode and a 
photosensitive light detector (photodiode). For a detailed description of the VPA, 
see chapter 4. 

SARSAQ 

The SARSAQ is a 10-item self-report questionnaire using a seven-point Likert 
scale (ranging from “not at all” to “extremely”), adapted from Morokoff and 
Heiman [10] and Heiman and Hatch [11]. It measures current subjective feelings 
of genital arousal and sexual desire. Five items concern subjective feelings of 
genital responding, and five items concern subjective feelings of sexual desire. 
The SARSAQ was administered via the ambulatory laboratory laptop whereby 
the number keys (from 1 to 7) were used to complete the questionnaire. 

Main Outcome Measures: Bedroom Experiment 

Event Diary 

In this secure Web-based diary, subjects were asked 10 questions (one open-
ended, four multiple-choice, five 5-point Likert scale items) concerning the type, 
duration, pleasantness, and intensity of the sexual event. Participants were 
instructed to fill out the event diary within 24 hours following each sexual event 
(e.g., cuddling, coitus, masturbation). 

 

 

Week Diary 

Women were also instructed to fill out the secure Web-based week diary once a 
week during each medication regime. Subjects were asked their experiences 
during the past week regarding: (i) sexual desire (six-point Likert scale: 
1 = nothing to 6 = much); (ii) vaginal arousal (six-point Likert scale: 1 = nothing to 
6 = much); (iii) sexual improvement/deterioration (four-point Likert scale: 
1 = nothing to 4 = much); and (iv) if they could attribute the 
improvement/deterioration to the medicines (yes/no). 

Subjective Evaluation of Improvement (SEI) 

The SEI questionnaire was used to determine, after each medication regime, if 
the subject felt there had been an overall improvement in sexual desire, sexual 
arousal or both, and if they attribute this improvement to the medication. 
Subjects answered yes or no to both questions. The SEI was administered as a 
pen and paper test. 

Subjective Evaluation of Gain (SEG) 

The SEG questionnaire was used to determine, after each medication regime, if 
the subject felt that she had any meaningful benefit from the study medication, 
and if she would use it if it were available by prescription. Subjects answered yes 
or no to both questions. The SEG was administered as a pen and paper test. 

Measures: On Site 

Hormonal Measures 

Serum total testosterone, serum estradiol, serum progesterone, serum prolactin, 
serum LH, serum FSH, and serum SHBG were measured through 
electrochemiluminescence radioimmunoassay with COBAS kits of Roche 
Diagnostics (Mannheim, Germany), using a Modular E170 at OLVG Hospital 
(Roche Diagnostics, Amsterdam, the Netherlands). The measuring range for 
testosterone was 0.087–52.0 nmol/L. The coefficient of variation was 8%. 
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Data Transformation and Reduction 

Ambulatory Experiment 

For each drug treatment condition, we used the mean levels of the 3 
experimental days of the experience of genital arousal, sexual desire, 
preconscious attentional bias for sexual cues and VPA, respectively, for further 
analyses. 

Bedroom Experiment 

Based on high Cronbach's alphas of the six items measuring duration, 
pleasantness, and intensity of the sexual events (measured by the event diary) 
during the different drug conditions (placebo: α = 0.95; T+PDE5i: α = 0.95; T+5-
HT1Ara: α = 0.93) we calculated the mean of these items, as a measure of “sexual 
satisfaction.” Each question of the week diary, SEG and SEI questionnaire were 
analyzed separately. To analyze sexual satisfaction and the week diary items, we 
calculated the average of each dependent variable over the 3 weeks of drug 
treatment. 

Different Drug Treatment Responders 

The T+PDE5i negative responders were defined as follows. We calculated the 
reversed scores of items measuring sexual satisfaction and other positive 
experiences of sexual functioning during the T+PDE5i treatment period (for 
items of both the event diary and week diary). We used “sexual desire” and 
“improvement in sexual function” items from the week diaries and “pleasure”, 
“horny,” and “genital arousal” of the event diaries. The raw item scores were 
standardized and summated, representing the variable “Sexual Inhibition.” 
Cronbach's alpha over the five items was sufficiently high (α = 0.90) to summate. 
Subjects with negative summated z-scores were termed “low inhibitors” and 
subjects with positive summated z-scores were termed “high inhibitors.” We 
used this division of high and low inhibitors as between-subject factor in 
analyzing the effects of T+5-HT1Ara compared with placebo and to T+PDE5i, 
respectively, on sexual experiences during the bedroom experiment. 

 

 

Statistical Analysis 

Demographic data were analyzed to investigate possible group differences (low 
vs. high inhibitors) with an independent t-test if the data were normally 
distributed. For non-normally distributed data, the Mann–Whitney test was 
used. Categorical data were compared between the groups with a chi-square 
test. 

For each of the dependent variables, separate 2 × 2 repeated measures analyses 
of variance (repeated measures ANOVAs) were carried out. The within-subject 
factor had two levels (placebo and T+5-HT1Ara or T+PDE5i and T+5-HT1Ara). The 
between-subject factor also had two levels (low inhibition vs. high sexual 
inhibition). For all analyses menopausal status (premenopausal vs. 
postmenopausal) and hormonal contraception (hormonal contraception vs. 
nonhormonal contraception) were analyzed in a repeated measures ANOVA for 
each dependent variable. 

We have chosen to report an ANOVA for each of the dependent variables 
separately, instead of analyzing these variables together in a multivariate 
analysis (MANOVA). The reasons for this choice are twofold: first, interest goes 
out into effects on each of the dependent variables separately as they are quite 
different in nature (e.g., we have a physiological measure such as VPA as well as 
self-report measures such as diaries under different experimental conditions); 
second, when missing data are scattered over all dependent variables (e.g., 
sometimes women did not have sexual activities, other times a VPA 
measurement failed), participants are eliminated completely from MANOVA 
leading to unnecessary loss of power. 

An assumption of ANOVA is that the means of the variables are normally 
distributed. Tabachnick and Fidell indicate that the F-test is robust against 
violations of normality of variables if there are at least 20 degrees of freedom for 
error in a univariate ANOVA, provided that there are no outliers [12]. In most of 
our analyses the number of degrees of freedom is 52 (in some of the analyses 
the number of degrees of freedom is a bit lower because sometimes women did 
not have sexual activities). The dependent variables have no outliers, except for 
the nine dependent variables of the VPA (three drug conditions: placebo, 
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nonhormonal contraception) were analyzed in a repeated measures ANOVA for 
each dependent variable. 

We have chosen to report an ANOVA for each of the dependent variables 
separately, instead of analyzing these variables together in a multivariate 
analysis (MANOVA). The reasons for this choice are twofold: first, interest goes 
out into effects on each of the dependent variables separately as they are quite 
different in nature (e.g., we have a physiological measure such as VPA as well as 
self-report measures such as diaries under different experimental conditions); 
second, when missing data are scattered over all dependent variables (e.g., 
sometimes women did not have sexual activities, other times a VPA 
measurement failed), participants are eliminated completely from MANOVA 
leading to unnecessary loss of power. 

An assumption of ANOVA is that the means of the variables are normally 
distributed. Tabachnick and Fidell indicate that the F-test is robust against 
violations of normality of variables if there are at least 20 degrees of freedom for 
error in a univariate ANOVA, provided that there are no outliers [12]. In most of 
our analyses the number of degrees of freedom is 52 (in some of the analyses 
the number of degrees of freedom is a bit lower because sometimes women did 
not have sexual activities). The dependent variables have no outliers, except for 
the nine dependent variables of the VPA (three drug conditions: placebo, 
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T+PDE5i, and T+5-HT1Ara and three stimuli conditions), who have a few, so, 
except for the nine dependent variables of the VPA the assumptions of ANOVA 
are met. For VPA we created log-transformed variables and this removed almost 
all of the outliers. To investigate the robustness of the results for VPA we carried 
out an analysis on the original variables as well as on the log-transformed 
variables. The log-transformed variables yielded an almost identical pattern of 
significant results as the original analysis. We report the results of the original 
analysis because the original variables are more easily interpretable. 

An alpha level of 0.05 was set for all analyses. We made no adjustment for 
multiple testing. In parts 2 and 3 of this series, many tests have been carried out 
and the application of, e.g., the popular Bonferroni correction would lead to an 
extreme loss in power. Although we do not control for chance capitalization, 
nearly all analyses show significant results in the same direction, showing that 
these findings are not by chance. 

Less than 5% of the data were missing. When a data for an experimental day 
during the ambulatory experiment were missing, the data were estimated by 
taking the averaged data over the other 2 experimental days of the same drug 
condition. 

  

 

 

RESULTS 

As described in chapter 4, the analysis in the T+PDE5i condition was done with 
56 women, while for the T+5-HT1Ara condition the data of 54 women have been 
used. There were two data exclusions, both exclusions were caused by factors 
that retrospectively biased the study results during the T+5-HT1Ara drug regime; 
one subject lost her own business due to financial problems and another 
woman had severe maxillary sinusitis, which in her opinion influenced her 
sexual functioning during the T+5-HT1Ara regime. All baseline hormonal values 
were in the normal female reproductive and/or postmenopausal range. None 
of the dependent variables were influenced by menopausal status and 
hormonal contraception (data not shown). For a detailed description of the 
study population, see Table 1. 

 

Table 1. Baseline and clinical characteristics of the participants 

  
Low 
inhibitors 

High 
inhibitors 

P 

N 26 28 

Age, years 39.1 ± 11.3 40.07 ± 9.8 n.s 

Body mass index, 
kg/m2 

25.5 (15.5) 22.2 (15.5) n.s* 

Race, no (%) 

   Caucasian 20 (76.9) 27 (96.4) n.s.† 

   Black 3 (11.5) 0 (0) 

   Asian 2 (7.7) 0 (0) 

   Other 1 (3.8) 1 (3.6) 

Parity, no (%) 0.038† 

   Para 0 12 (46.2) 4 (14.3) 

   Para 1 3 (11.5) 5 (17.9) 

   Para ≥ 2 11 (42.3) 19 (67.8) 

Menopausal 
status, no (%)   

n.s.† 

  Premenopausal 18 (69.2) 23 (82.1) 

  Postmenopausal 8 (30.8) 5 (17.9) 

 Surgical menopause 0 (0) 1 (20) 
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Low 
inhibitors 

High 
inhibitors 

P 

Contraception, no 
(%) 

n.s.† 

   Hormonal 16 (61.5) 15 (53.6) 

        Combined oral  
        contraceptive  pill 

6 (37.5) 8 (53.3) 
 

           Progestagen  
           (IUD, implanon) 

7 (43.8) 7 (46.7) 
 

        Vaginal ring (progestin  
        and estrogen) 

3 (18.8) 0 (0) 
 

   Nonhormonal 5 (19.2) 9 (32.1) 

       Condoms 1 (20.0) 1 (11.1) 

       Sterilization 3 (60.0) 3 (33.3) 

       Sterilization partner 1 (20.0) 5 (55.6) 

   None 5 (19.2) 4 (14.3) 

FSD diagnosis, no 
(%)   

n.s.† 

      Primary HSDD 21 (80.8) 23 (82.1) 

      Primary FSAD 5 (19.2) 5 (17.9) 

Duration of current 
relationship, years 

11.56 ± 8.4 16.9 ± 9.2 0.033 

Negative sexual experiences 
(inappropriate touching, 
[attempted] rape, other), no 
(%) 

  
0.025† 

     Yes 7 (26.9) 16 (57.1) 

     No 19 (73.1) 12 (42.9) 

Age and relationship duration are in are means ± standard deviation. For the body mass 
index (BMI) median (range) is described. The BMI is the weight in kilograms divided by 
the square of the height in meters. 

* Mann–Whitney test 
† Chi-square test 

IUD = intra uterine device; FSD = female sexual dysfunction; HSDD = Hypoactive Sexual 
Desire Disorder; FSAD = Female Sexual Arousal Disorder; n.s. = not significant 

 

 

 

Ambulatory Experiment 

When the participants were divided on the basis of their response on T+PDE5i in 
low (N = 26) and high inhibitors (N = 28), the results showed that treatment with 
T+5-HT1Ara relative to placebo (or to T+PDE5i) produced statistically significant 
increases in most dependent variables of the ambulatory experiment in high 
inhibitors compared with low inhibitors. The interaction effects between drug 
and group in the ambulatory experiment are described in the caption for each 
figure. 

Effects of T+5-HT1Ara Relative to Placebo 

Low Inhibition Group.  Our analysis in the low inhibition group (N = 26) revealed 
no statistically significant effects of the dependent variables in the ambulatory 
experiment. 

High Inhibition Group.  The results of the high inhibition group (N = 28) of the 
VPA during the fantasy condition revealed a statistically significant effect. In the 
T+5-HT1Ara condition VPA was statistically significant higher (M = 0.33, SE = 0.06) 
compared with the placebo condition (M = 0.19, SE = 0.05) [F(1,27) = 4.97, 
P = 0.034]. In the foreplay condition this effect was marginally significant 
(M = 1.17, SE = 0.16) vs. (M = 0.89, SE = 0.13), respectively, [F(1,27) = 4.10, 
P = 0.053]. There were no significant results in the explicit sex condition (see 
Figure 1). 
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Figure 1. Ambulatory experiment: The effects of T+5-HT1Ara relative to placebo on 
vaginal pulse amplitude. There was no significant interaction effect between the drug 
(placebo vs. T+5-HT1Ara) and the group (low vs. high inhibitors), [F(1, 52) = 0.151, P = n.s]. 

 

The experience of genital arousal was higher after T+5-HT1Ara administration as 
compared with placebo in the fantasy condition (M = 11.71, SE = 1.01 vs. 
M = 9.64, SE = 0.94) [F(1,27) = 8.87, P = 0.006], the foreplay condition 
(M = 16.14, SE = 1.26 vs. M = 13.29, SE = 1.08) [F(1,27) = 8.35, P = 0.008], and 
the explicit sex condition (M = 17.86, SE = 1.42 vs. M = 15.18, SE = 1.31) 
[F(1,27) = 7.03, P = 0.013], and see Figure 2. 

 

 

 

 

                       
Figure 2.  Ambulatory experiment: The effects of T+5-HT1Ara relative to placebo on the 
experience of genital arousal. T+5-HT1Ara, relative to placebo and under all stimulus 
conditions, produced higher levels of the experience of genital arousal in women in the 
high inhibition group. There was no significant interaction effect between the drug 
(placebo vs. T+5-HT1Ara) and the group (low vs. high inhibitors) for the experience of 
genital arousal, [F(1, 52) = 1.30, P = n.s]. SARSAQ = Sexual Arousal Response Self-
Assessment Questionnaire. 

 

Subjective reports of sexual desire were significantly higher during T+5-HT1Ara 
treatment in the fantasy condition (M = 10.96, SE = 1.03) compared with placebo 
(M = 8.96, SE = 0.80) [F(1,27) = 6.90, P = 0.014]. There were no significant results 
in the foreplay and explicit sex condition. 

Effects of T+5-HT1Ara Relative to T+PDE5i 

The results demonstrate that treatment with T+5-HT1Ara (as compared with 
T+PDE5i) produced no statistically significant differences between levels of 
physiological (VPA) and subjective indices of sexual functioning (experience of 
genital arousal and subjective reports of sexual desire) in low and high inhibitors, 
with the exception of subjective reports of sexual desire in the explicit sex 
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condition which were higher after T+5-HT1Ara administration (M = 15.61, 
SE = 1.46) compared with the T+PDE5i condition (M = 13.86, SE = 1.25) 
[F(1,27) = 4.38, P = 0.046]. 

Bedroom Experiment 

The results show that treatment with T+5-HT1Ara relative to placebo produced 
statistically significant increases in all measures of sexual functioning in high 
inhibitors compared with low inhibitors. The interaction effects between drug 
and group in the bedroom experiment are described beneath each figure. 

Effects of T+5-HT1Ara Relative to Placebo 

Low Inhibition Group 

Our analysis in the low inhibition group (N = 26) revealed no statistically 
significant effects of the dependent variables in the bedroom experiment. 

High Inhibition Group 

Sexual Satisfaction During Sexual Events.  In the T+5-HT1Ara condition “sexual 
satisfaction” was statistically significant higher (M = 2.98, SE = 0.13) compared 
with the placebo condition (M = 2.51, SE = 0.14) [F(1,25) = 9.51, P = 0.005]. See 
Figure 3. 

 

 

 

 

 

 

 
 

Figure 3. Bedroom experiment: The relative increase in sexual satisfaction following T+5-
HT1Ara treatment. In women with high inhibition, treatment with T+5-HT1Ara increased 
sexual satisfaction with 25%, relative to placebo, while in the low inhibition group there 
was no such relative increase. 

 

Weekly Diary.  According to the weekly diaries, participants in the high inhibitor 
group reported more sexual desire in the T+5-HT1Ara condition (M = 2.45, 
SE = 0.11) compared with placebo (M = 2.19, SE = 0.11) [F(1,27) = 6.49, 
P = 0.017]. This effect was also seen for genital arousal (M = 2.60, SE = 0.09 vs. 
M = 2.29, SE = 0.11) [F(1,27) = 10.08, P = 0.004]. In the T+5-HT1Ara condition, 
more participants reported an improvement of sexual functioning (M = 1.31, 
SE = 0.09) compared with placebo (M = 1.09, SE = 0.06) [F(1,27) = 4.35, 
P = 0.047]. This improvement was more frequently attributed to T+5-HT1Ara 
medication (M = 1.48, SE = 0.09) compared with placebo (M = 1.22, SE = 0.07) 
[F(1,27) = 4.80, P = 0.037]. See Figure 4. 
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condition which were higher after T+5-HT1Ara administration (M = 15.61, 
SE = 1.46) compared with the T+PDE5i condition (M = 13.86, SE = 1.25) 
[F(1,27) = 4.38, P = 0.046]. 

Bedroom Experiment 

The results show that treatment with T+5-HT1Ara relative to placebo produced 
statistically significant increases in all measures of sexual functioning in high 
inhibitors compared with low inhibitors. The interaction effects between drug 
and group in the bedroom experiment are described beneath each figure. 

Effects of T+5-HT1Ara Relative to Placebo 

Low Inhibition Group 

Our analysis in the low inhibition group (N = 26) revealed no statistically 
significant effects of the dependent variables in the bedroom experiment. 

High Inhibition Group 

Sexual Satisfaction During Sexual Events.  In the T+5-HT1Ara condition “sexual 
satisfaction” was statistically significant higher (M = 2.98, SE = 0.13) compared 
with the placebo condition (M = 2.51, SE = 0.14) [F(1,25) = 9.51, P = 0.005]. See 
Figure 3. 

 

 

 

 

 

 

 
 

Figure 3. Bedroom experiment: The relative increase in sexual satisfaction following T+5-
HT1Ara treatment. In women with high inhibition, treatment with T+5-HT1Ara increased 
sexual satisfaction with 25%, relative to placebo, while in the low inhibition group there 
was no such relative increase. 

 

Weekly Diary.  According to the weekly diaries, participants in the high inhibitor 
group reported more sexual desire in the T+5-HT1Ara condition (M = 2.45, 
SE = 0.11) compared with placebo (M = 2.19, SE = 0.11) [F(1,27) = 6.49, 
P = 0.017]. This effect was also seen for genital arousal (M = 2.60, SE = 0.09 vs. 
M = 2.29, SE = 0.11) [F(1,27) = 10.08, P = 0.004]. In the T+5-HT1Ara condition, 
more participants reported an improvement of sexual functioning (M = 1.31, 
SE = 0.09) compared with placebo (M = 1.09, SE = 0.06) [F(1,27) = 4.35, 
P = 0.047]. This improvement was more frequently attributed to T+5-HT1Ara 
medication (M = 1.48, SE = 0.09) compared with placebo (M = 1.22, SE = 0.07) 
[F(1,27) = 4.80, P = 0.037]. See Figure 4. 
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Figure 4. Bedroom experiment: The effects of T+5-HT1Ara relative to placebo on the 
subjective indices of the week diaries. There was a significant interaction effect between 
the drug (placebo vs. T+5-HT1Ara) and the group (low vs. high inhibitors) for all 
dependent measures with exception of “improvement due to medication.” Sexual 
desire: [F(1,52) = 5.05, P = 0.029]; genital arousal: [F(1,52) = 6.41, P = 0.014]; and 
improvement of sexual functioning: [F(1, 52) = 6.32, P = 0.015]. 

 

Monthly Diary.  The results of the SEI questionnaire revealed that in the 
condition high inhibitors reported more sexual improvement in desire and/or 
arousal during treatment with T+5-HT1Ara (M = 1.93, SE = 0.17) compared with 
placebo (M = 1.25, SE = 0.10) [F(1,27) = 11.56, P = 0.002]. They attributed this 
improvement to the medication more frequently in the T+5-HT1Ara condition 
(M = 1.57, SE = 0.10) compared with placebo (M = 1.11, SE = 0.06) 
[F(1,27) = 18.18, P < 0.001]. 

The results of the SEG questionnaire showed that high inhibitors experienced 
more benefit from the T+5-HT1Ara medication (M = 1.61, SE = 0.09) as compared 
with placebo (M = 1.25, SE = 0.83; F(1,27) = 9.25, P = 0.005). Regarding the 
question if they would use the medication if available via prescription, high 
inhibitors would use T+5-HT1Ara (M = 1.43, SE = 0.10) more compared with 
placebo, (M = 1.04, SE = 0.36) [F(1,27) = 17.47, P < 0.001]. See Figure 5. 

 

 

 

Figure 5. Bedroom experiment: The effects of T+5-HT1Ara relative to placebo on the 
subjective indices of the Subjective Evaluation of Gain (SEG) and Subjective Evaluation of 
Improvement (SEI) questionnaire. There was a significant interaction effect between the 
drug (placebo vs. T+5-HT1Ara) and the group (low vs. high inhibitors) for all dependent 
measures. Benefit from medication: [F(1, 52) = 4.85, P = 0.032], would you use the 
medication: [F(1, 52) = 11.20, P = 0.002], improvement in sexual desire and/or arousal: 
[F(1, 52) = 10.68, P = 0.002], and improvement due to the medication: [F(1, 52) = 8.91, 
P = 0.004]. 

 

Effects of T+5-HT1Ara Relative to T+PDE5i 

The results demonstrate that participants in the low inhibitor group reported 
more beneficial effects of T+PDE5i treatment, while the high inhibitors have 
more effect of T+5-HT1Ara administration. 
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Figure 4. Bedroom experiment: The effects of T+5-HT1Ara relative to placebo on the 
subjective indices of the week diaries. There was a significant interaction effect between 
the drug (placebo vs. T+5-HT1Ara) and the group (low vs. high inhibitors) for all 
dependent measures with exception of “improvement due to medication.” Sexual 
desire: [F(1,52) = 5.05, P = 0.029]; genital arousal: [F(1,52) = 6.41, P = 0.014]; and 
improvement of sexual functioning: [F(1, 52) = 6.32, P = 0.015]. 

 

Monthly Diary.  The results of the SEI questionnaire revealed that in the 
condition high inhibitors reported more sexual improvement in desire and/or 
arousal during treatment with T+5-HT1Ara (M = 1.93, SE = 0.17) compared with 
placebo (M = 1.25, SE = 0.10) [F(1,27) = 11.56, P = 0.002]. They attributed this 
improvement to the medication more frequently in the T+5-HT1Ara condition 
(M = 1.57, SE = 0.10) compared with placebo (M = 1.11, SE = 0.06) 
[F(1,27) = 18.18, P < 0.001]. 

The results of the SEG questionnaire showed that high inhibitors experienced 
more benefit from the T+5-HT1Ara medication (M = 1.61, SE = 0.09) as compared 
with placebo (M = 1.25, SE = 0.83; F(1,27) = 9.25, P = 0.005). Regarding the 
question if they would use the medication if available via prescription, high 
inhibitors would use T+5-HT1Ara (M = 1.43, SE = 0.10) more compared with 
placebo, (M = 1.04, SE = 0.36) [F(1,27) = 17.47, P < 0.001]. See Figure 5. 
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Low Inhibition Group 
 
Sexual Satisfaction During Sexual Events.  Our analysis in the low inhibition 
group (N = 26) revealed that treatment, “sexual satisfaction” was statistically 
significant higher during T+PDE5i (M = 3.82, SE = 0.11) compared with the T+5-
HT1Ara condition (M = 3.37, SE = 0.18) [F(1,22) = 8.84, P = 0.007]. See Figure 6. 

 

 

 
 

Figure 6. Bedroom experiment: The relative increase in sexual satisfaction following T+5-
HT1Ara treatment compared with T+PDE5i treatment (sexual satisfaction T+5-HT1Ara 
minus satisfaction T+PDE5i). Treatment with T+5-HT1Ara, relative to T+PDE5i increased 
sexual satisfaction significantly with 15% in women with high inhibition (while women in 
the low inhibitor group had more effect of T+PDE5i administration). 

 

Weekly Diary.  According to the week diaries, no statistically significant 
differences were observed between the T+PDE5i and T+5-HT1Ara condition for 
sexual desire or genital arousal. In the T+PDE5i condition, more low inhibition 
participants reported an improvement of sexual functioning (M = 1.82, SE = 0.16) 
compared with T+5-HT1Ara (M = 1.28, SE = 0.13) [F(1,25) = 9.94, P = 0.004]. This 
improvement was more frequently attributed to T+PDE5i medication (M = 1.85, 
SE = 0.13) compared with T+5-HT1Ara (M = 1.47, SE = 0.10) [F(1,25) = 8.58, 
P = 0.007]. See Figure 7. 

 

 

 

 

Figure 7. Bedroom experiment: The effects of T+5-HT1Ara relative to T+PDE5i on the 
subjective indices of the week diaries. There was a significant interaction effect between 
the drug (T+5-HT1Ara vs. T+PDE5i) and the group (low vs. high inhibitors) for all 
dependent measures. Sexual desire: [F(1, 52) = 8.27, P = 0.006], genital arousal: [F(1, 
52) = 11.12, P = 0.002], improvement of sexual functioning: [F(1, 52) = 21.72, P < 0.001], 
and improvement due to the medication: [F(1, 52) = 21.01, P < 0.001]. 

 

Monthly Diary.  The results of the SEI questionnaire revealed that in the T+5-
HT1Ara condition, low inhibitors reported no more sexual improvement in desire 
and/or arousal compared with T+PDE5i. 

The results of the SEG questionnaire showed that low inhibitors experienced 
more benefit from the T+PDE5i medication (M = 1.81, SE = 0.08) as compared 
with T+5-HT1Ara (M = 1.54, SE = 0.10) [F(1,25) = 5.17, P = 0.032]. Regarding the 
question if they would use the medication if available via prescription, low 
inhibitors would use T+PDE5i (M = 1.65, SE = 0.10) more compared with T+5-
HT1Ara, (M = 1.38, SE = 0.10) [F(1,25) = 6.62, P = 0.016]. See Figure 8. 
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Low Inhibition Group 
 
Sexual Satisfaction During Sexual Events.  Our analysis in the low inhibition 
group (N = 26) revealed that treatment, “sexual satisfaction” was statistically 
significant higher during T+PDE5i (M = 3.82, SE = 0.11) compared with the T+5-
HT1Ara condition (M = 3.37, SE = 0.18) [F(1,22) = 8.84, P = 0.007]. See Figure 6. 
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participants reported an improvement of sexual functioning (M = 1.82, SE = 0.16) 
compared with T+5-HT1Ara (M = 1.28, SE = 0.13) [F(1,25) = 9.94, P = 0.004]. This 
improvement was more frequently attributed to T+PDE5i medication (M = 1.85, 
SE = 0.13) compared with T+5-HT1Ara (M = 1.47, SE = 0.10) [F(1,25) = 8.58, 
P = 0.007]. See Figure 7. 

 

 

 

 

Figure 7. Bedroom experiment: The effects of T+5-HT1Ara relative to T+PDE5i on the 
subjective indices of the week diaries. There was a significant interaction effect between 
the drug (T+5-HT1Ara vs. T+PDE5i) and the group (low vs. high inhibitors) for all 
dependent measures. Sexual desire: [F(1, 52) = 8.27, P = 0.006], genital arousal: [F(1, 
52) = 11.12, P = 0.002], improvement of sexual functioning: [F(1, 52) = 21.72, P < 0.001], 
and improvement due to the medication: [F(1, 52) = 21.01, P < 0.001]. 

 

Monthly Diary.  The results of the SEI questionnaire revealed that in the T+5-
HT1Ara condition, low inhibitors reported no more sexual improvement in desire 
and/or arousal compared with T+PDE5i. 

The results of the SEG questionnaire showed that low inhibitors experienced 
more benefit from the T+PDE5i medication (M = 1.81, SE = 0.08) as compared 
with T+5-HT1Ara (M = 1.54, SE = 0.10) [F(1,25) = 5.17, P = 0.032]. Regarding the 
question if they would use the medication if available via prescription, low 
inhibitors would use T+PDE5i (M = 1.65, SE = 0.10) more compared with T+5-
HT1Ara, (M = 1.38, SE = 0.10) [F(1,25) = 6.62, P = 0.016]. See Figure 8. 
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Figure 8. Bedroom experiment: The effects of T+5-HT1Ara relative to T+PDE5i on the 
subjective indices of the Subjective Evaluation of Gain (SEG) and Subjective Evaluation of 
Improvement (SEI) questionnaire. There was a significant interaction effect between the 
drug (T+5-HT1Ara vs. T+PDE5i) and the group (low vs. high inhibitors) for all dependent 
measures. Benefit from medication: [F(1, 52) = 16.07, P < 0.001], would you use the 
medication: [F(1, 52) = 15.68, P < 0.001], improvement in sexual desire and/or arousal: 
[F(1, 52) = 11.24, P = 0.001], and improvement due to the medication: [F(1, 52) = 19.41, 
P < 0.001]. 

 

High Inhibition Group 

Sexual Satisfaction During Sexual Events.  “Sexual satisfaction” was statistically 
significant higher during T+5-HT1Ara treatment (M = 2.98, SE = 0.14) compared 
with the T+PDE5i condition (M = 2.64, SE = 0.13) [F(1,23) = 8.88, P = 0.007]. See 
Figure 6. 

 

 

 

 

 

Weekly Diary.  According to the week diaries, participants in the high inhibitor 
group reported more sexual desire in the T+5-HT1Ara condition (M = 2.45, 
SE = 0.11) compared with T+PDE5i (M = 2.13, SE = 0.12) [F(1,27) = 10.08, 
P = 0.004]. This effect was also seen for genital arousal (M = 2.60, SE = 0.09 vs. 
M = 2.23, SE = 0.12) [F(1,27) = 11.50, P = 0.002]. In the T+5-HT1Ara condition, 
more participants reported an improvement of sexual functioning (M = 1.31, 
SE = 0.09) compared with T+PDE5i (M = 0.96, SE = 0.07) [F(1,27) = 13.92, 
P = 0.001]. This improvement was more frequently attributed to T+5-HT1Ara 
medication (M = 1.48, SE = 0.09) compared with T+PDE5i (M = 1.13, SE = 0.04) 
[F(1,27) = 13.50, P = 0.001]. See Figure 7. 

 

Monthly Diary.  The results of the SEI questionnaire revealed that in the 
condition high inhibitors reported more sexual improvement in desire and/or 
arousal compared during treatment with T+5-HT1Ara (M = 1.93, SE = 0.17) 
compared with T+PDE5i (M = 1.36, SE = 0.13) [F(1,27) = 13.10, P = 0.001]. They 
attributed this improvement to the medication more frequently in the T+5-
HT1Ara treatment condition (M = 1.57, SE = 0.10) compared with T+PDE5i 
(M = 1.21, SE = 0.08) [F(1,27) = 15.00, P = 0.001]. 

The results of the SEG questionnaire showed that high inhibitors experienced 
more benefit from the T+5-HT1Ara medication (M = 1.61, SE = 0.09) as compared 
with T+PDE5i (M = 1.29, SE = 0.87) [F(1,27) = 12.89, P = 0.001]. Regarding the 
question if they would use the medication if available via prescription, high 
inhibitors would use T+5-HT1Ara (M = 1.43, SE = 0.10) more compared with 
T+PDE5i, (M = 1.07, SE = 0.05) [F(1,27) = 9.25, P = 0.005]. See Figure 8. 
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Figure 8. Bedroom experiment: The effects of T+5-HT1Ara relative to T+PDE5i on the 
subjective indices of the Subjective Evaluation of Gain (SEG) and Subjective Evaluation of 
Improvement (SEI) questionnaire. There was a significant interaction effect between the 
drug (T+5-HT1Ara vs. T+PDE5i) and the group (low vs. high inhibitors) for all dependent 
measures. Benefit from medication: [F(1, 52) = 16.07, P < 0.001], would you use the 
medication: [F(1, 52) = 15.68, P < 0.001], improvement in sexual desire and/or arousal: 
[F(1, 52) = 11.24, P = 0.001], and improvement due to the medication: [F(1, 52) = 19.41, 
P < 0.001]. 

 

High Inhibition Group 

Sexual Satisfaction During Sexual Events.  “Sexual satisfaction” was statistically 
significant higher during T+5-HT1Ara treatment (M = 2.98, SE = 0.14) compared 
with the T+PDE5i condition (M = 2.64, SE = 0.13) [F(1,23) = 8.88, P = 0.007]. See 
Figure 6. 
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SE = 0.11) compared with T+PDE5i (M = 2.13, SE = 0.12) [F(1,27) = 10.08, 
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M = 2.23, SE = 0.12) [F(1,27) = 11.50, P = 0.002]. In the T+5-HT1Ara condition, 
more participants reported an improvement of sexual functioning (M = 1.31, 
SE = 0.09) compared with T+PDE5i (M = 0.96, SE = 0.07) [F(1,27) = 13.92, 
P = 0.001]. This improvement was more frequently attributed to T+5-HT1Ara 
medication (M = 1.48, SE = 0.09) compared with T+PDE5i (M = 1.13, SE = 0.04) 
[F(1,27) = 13.50, P = 0.001]. See Figure 7. 

 

Monthly Diary.  The results of the SEI questionnaire revealed that in the 
condition high inhibitors reported more sexual improvement in desire and/or 
arousal compared during treatment with T+5-HT1Ara (M = 1.93, SE = 0.17) 
compared with T+PDE5i (M = 1.36, SE = 0.13) [F(1,27) = 13.10, P = 0.001]. They 
attributed this improvement to the medication more frequently in the T+5-
HT1Ara treatment condition (M = 1.57, SE = 0.10) compared with T+PDE5i 
(M = 1.21, SE = 0.08) [F(1,27) = 15.00, P = 0.001]. 

The results of the SEG questionnaire showed that high inhibitors experienced 
more benefit from the T+5-HT1Ara medication (M = 1.61, SE = 0.09) as compared 
with T+PDE5i (M = 1.29, SE = 0.87) [F(1,27) = 12.89, P = 0.001]. Regarding the 
question if they would use the medication if available via prescription, high 
inhibitors would use T+5-HT1Ara (M = 1.43, SE = 0.10) more compared with 
T+PDE5i, (M = 1.07, SE = 0.05) [F(1,27) = 9.25, P = 0.005]. See Figure 8. 
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Both T+PDE5i and T+5-HT1Ara were tolerated well. Only “mild” to “moderate 
adverse” were reported. All adverse events were caused by the PDE5i or 5-
HT1Ara components. See Table 2. During the study, no serious adverse events 
were reported. 

 

Table 2. Treatment-related adverse events 

  T+PDE5i (%)* 
T+5-HT1Ara 
(%)† 

Placebo (%)‡ Total (%)§ 

Flushing 23.0 1.9 3.7 9.6 

Headache 15.9 3.7 2.4 7.4 

Lightheadedness 0.9 10.3 0.6 3.9 

Dizziness 1.1 11.3 0.2 4.2 

* Percentage T+PDE5i medication = AE T+PDE5i/552 units 
† Percentage T+5-HT1Ara medication = AE 5-HT1Ara/542 units 
‡ Percentage placebo medication = AE placebo/542 units 
§ Percentage total medication = AE total/1,636 units 

T = testosterone; PDE5i = phosphodiesterase type 5 inhibitor; 5-HT1Ara = 5-HT1A 
receptor agonist; AE = adverse events  

 
 

  

 

 

DISCUSSION 
We suggested (chapter 3) the existence of different causal mechanisms for the 
lack of sexual desire in women with HSDD, which were taken into account when 
designing and developing new medicines for HSDD. In chapter 4 it is 
demonstrated that women with a relative insensitivity of the brain for sexual 
cues benefit from T+PDE5i. In this part, women with high inhibition show a 
marked improvement in sexual function in response to treatment with T+5-
HT1Ara relative to placebo and relative to T+PDE5i. These results demonstrate 
that, in accordance with our hypothesis, the efficacy of the treatments seems to 
depend on the etiological origin of the complaints. 

The majority of studies investigating chronic testosterone administration or 
other medicines in the treatment of women's sexual behavior have been done in 
naturally or surgically menopausal women [13–15]. Based on the results of 
chapter 4 and the present study, T+PDE5i and T+5-HT1Ara are well tolerated and 
effective in premenopausal as well as in postmenopausal women. The results 
revealed no interaction with menopausal status or hormonal contraception. 

As described in chapter 4, the medication regimes in the present study were 
relatively short (3 weeks for the bedroom experiment). However, given that in 
most drug efficacy studies have a much longer treatment period, the current 
results are promising. More extensive research is needed to establish the effects 
of T+PDE5i and T+5-HT1Ara over a longer period of time, but we expect the large 
placebo effects to decrease, while the drug effects are expected to increase over 
time. Thus, since the present study already shows significant effect of both 
treatment forms as compared with placebo in the subgroups which these 
treatments were designed, this may even be expected to increase when tested 
during a longer period of time. 

In the present study, the ratio between low and high inhibitors was 
approximately 50/50 (N = 26 vs. N = 28). This near 50/50 division between low 
and high inhibitors is at least in part attributable to the calculation which we 
used to define inhibition, and thus, we are unable to determine at this time if 
this ratio reflects the ratio in the general HSDD population. In chapter 4, the 
ratio between low and high sensitive subjects was also approximately 50/50 
(N = 29 vs. N = 27). This 50/50 division between low and high sensitivity was not 
inherent to the calculation which we used to define sensitivity and also roughly 
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HT1Ara components. See Table 2. During the study, no serious adverse events 
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most drug efficacy studies have a much longer treatment period, the current 
results are promising. More extensive research is needed to establish the effects 
of T+PDE5i and T+5-HT1Ara over a longer period of time, but we expect the large 
placebo effects to decrease, while the drug effects are expected to increase over 
time. Thus, since the present study already shows significant effect of both 
treatment forms as compared with placebo in the subgroups which these 
treatments were designed, this may even be expected to increase when tested 
during a longer period of time. 

In the present study, the ratio between low and high inhibitors was 
approximately 50/50 (N = 26 vs. N = 28). This near 50/50 division between low 
and high inhibitors is at least in part attributable to the calculation which we 
used to define inhibition, and thus, we are unable to determine at this time if 
this ratio reflects the ratio in the general HSDD population. In chapter 4, the 
ratio between low and high sensitive subjects was also approximately 50/50 
(N = 29 vs. N = 27). This 50/50 division between low and high sensitivity was not 
inherent to the calculation which we used to define sensitivity and also roughly 
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corroborated our previous findings of a division in sensitivity in HSDD subjects of 
approximately 40/60 (low/high sensitivity) [8]. So in the case of sensitivity, there 
is good reason to believe that approximately 40 to 50% of the HSDD population 
is low sensitive, although this will have to be confirmed in a larger population. In 
the present series, we have treated the analysis population as belonging to one 
of two ends of either continuum (a sensitivity or inhibition continuum). Future 
studies should take into account the interaction between sensitivity and 
inhibition, both in terms of prevalence as in terms of this interaction's influence 
on sexual behavior. 

Our former studies showed a relationship between negative sexual experiences 
and high sensitivity for sexual cues [8,16]. The results of these studies led to the 
hypothesis that these women suffered from HSDD as a result of (over)activation 
of sexual inhibitory systems. A potential risk factor for developing a sexual 
dysfunction after negative sexual experiences is, according to our hypothesis, a 
person's sensitivity to sexual cues, which will affect positive and negative sexual 
experiences. High sensitive women are more sensitive for positive and negative 
sexual experiences. It is possible that the high sensitive women can develop 
HSDD (partly) because of altered serotonergic transmission, making them more 
sensitive to negative sexual experiences leading to subsequent over-activation of 
sexual inhibitory mechanisms in response to sexual arousal. In the present study 
we observed that women with high inhibition reported negative sexual 
experiences significantly more often than women with low inhibition, but we 
observed no such difference between the high and low sensitive women 
(chapter 4). It has to be noted that negative sexual experiences by themselves do 
not induce HSDD or high inhibition. 

Number of parity was also related to group assignment, where women who 
were high inhibitors tended to have more children. As stated in chapter 3, 
women with over-activation of sexual inhibitory mechanisms are more sensitive 
to emotional stimuli, so any type of negative or emotionally laden experience 
will impact these people more profoundly. Raising children can be very 
demanding and can increase the pressures a woman or a couple endures in their 
lives and is known to affect the sexual relationship between couples [17]. On the 
other hand, women in the high inhibition group also had a longer relationship 
duration compared with the women in the low inhibitor group, this could also 

 

 

influence the parity and might influence induction of inhibitory mechanisms. 
However, further research on this topic is needed. 

As stated in chapter 4, one could think that on-demand therapy for HSDD is 
counterintuitive. We think that because these women with HSDD experiencing 
distress or interpersonal difficulties with their sexual complaints, which is one of 
the main criteria of the DSM-IV-TR, they want to want to have sex because of 
the fact they seek help. We contend that different causal mechanisms could give 
rise to common symptoms in HSDD (see also chapter 3). While biological factors 
play an important role in human social interactions, psychosocial factors should 
also be taken into account when attempting to understand and explain these 
phenomena. In the present study (see also chapter 4), a common biological 
factor (testosterone) had opposing effects, depending on the subject's 
psychological state and/or psychosocial circumstances. In low sensitive women, 
sublingual testosterone boosted sexual motivation, while in others it caused 
sexual inhibition. In this latter group of women, HSDD is most likely caused by 
dysfunctional activation of sexual inhibitory systems. For a potential 
pharmacotherapy for women with HSDD and prone to sexual inhibition, the 
mode of action should thus be directed at alleviating this dysfunctional 
inhibition. Indeed, as the present study shows, in these subjects, T+5-HT1Ara 
could be a potentially effective pharmacotherapy. Future studies will have to 
confirm this. 

Considerable effort has been put into developing drugs for HSDD, but with little 
success to date. A main assumption in these endeavors is to find one generally 
applicable drug for the improvement of all women with HSDD, irrespective of 
the different causal mechanisms involved in the sexual suffering. Halford et al. 
[18] recently described a similar situation with regard to drug development 
programs for obesity. One of the main reasons for the limited success in the 
development of antiobesity drugs is that too little emphasis is placed on 
behavioral analyses of eating behavior, in particular the heterogeneity in the 
motives for eating. While biological factors play an important role in human 
behavior, psychosocial factors should also be taken into account when 
attempting to understand and explain these phenomena (see also Eisenegger 
et al. [19]) and thus also when developing drugs for psychopathology. Along the 
same lines, we described in chapter 3 that different causal mechanisms could 
give rise to common symptoms in HSDD. In order to obtain a comprehensive 
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corroborated our previous findings of a division in sensitivity in HSDD subjects of 
approximately 40/60 (low/high sensitivity) [8]. So in the case of sensitivity, there 
is good reason to believe that approximately 40 to 50% of the HSDD population 
is low sensitive, although this will have to be confirmed in a larger population. In 
the present series, we have treated the analysis population as belonging to one 
of two ends of either continuum (a sensitivity or inhibition continuum). Future 
studies should take into account the interaction between sensitivity and 
inhibition, both in terms of prevalence as in terms of this interaction's influence 
on sexual behavior. 

Our former studies showed a relationship between negative sexual experiences 
and high sensitivity for sexual cues [8,16]. The results of these studies led to the 
hypothesis that these women suffered from HSDD as a result of (over)activation 
of sexual inhibitory systems. A potential risk factor for developing a sexual 
dysfunction after negative sexual experiences is, according to our hypothesis, a 
person's sensitivity to sexual cues, which will affect positive and negative sexual 
experiences. High sensitive women are more sensitive for positive and negative 
sexual experiences. It is possible that the high sensitive women can develop 
HSDD (partly) because of altered serotonergic transmission, making them more 
sensitive to negative sexual experiences leading to subsequent over-activation of 
sexual inhibitory mechanisms in response to sexual arousal. In the present study 
we observed that women with high inhibition reported negative sexual 
experiences significantly more often than women with low inhibition, but we 
observed no such difference between the high and low sensitive women 
(chapter 4). It has to be noted that negative sexual experiences by themselves do 
not induce HSDD or high inhibition. 

Number of parity was also related to group assignment, where women who 
were high inhibitors tended to have more children. As stated in chapter 3, 
women with over-activation of sexual inhibitory mechanisms are more sensitive 
to emotional stimuli, so any type of negative or emotionally laden experience 
will impact these people more profoundly. Raising children can be very 
demanding and can increase the pressures a woman or a couple endures in their 
lives and is known to affect the sexual relationship between couples [17]. On the 
other hand, women in the high inhibition group also had a longer relationship 
duration compared with the women in the low inhibitor group, this could also 

 

 

influence the parity and might influence induction of inhibitory mechanisms. 
However, further research on this topic is needed. 

As stated in chapter 4, one could think that on-demand therapy for HSDD is 
counterintuitive. We think that because these women with HSDD experiencing 
distress or interpersonal difficulties with their sexual complaints, which is one of 
the main criteria of the DSM-IV-TR, they want to want to have sex because of 
the fact they seek help. We contend that different causal mechanisms could give 
rise to common symptoms in HSDD (see also chapter 3). While biological factors 
play an important role in human social interactions, psychosocial factors should 
also be taken into account when attempting to understand and explain these 
phenomena. In the present study (see also chapter 4), a common biological 
factor (testosterone) had opposing effects, depending on the subject's 
psychological state and/or psychosocial circumstances. In low sensitive women, 
sublingual testosterone boosted sexual motivation, while in others it caused 
sexual inhibition. In this latter group of women, HSDD is most likely caused by 
dysfunctional activation of sexual inhibitory systems. For a potential 
pharmacotherapy for women with HSDD and prone to sexual inhibition, the 
mode of action should thus be directed at alleviating this dysfunctional 
inhibition. Indeed, as the present study shows, in these subjects, T+5-HT1Ara 
could be a potentially effective pharmacotherapy. Future studies will have to 
confirm this. 

Considerable effort has been put into developing drugs for HSDD, but with little 
success to date. A main assumption in these endeavors is to find one generally 
applicable drug for the improvement of all women with HSDD, irrespective of 
the different causal mechanisms involved in the sexual suffering. Halford et al. 
[18] recently described a similar situation with regard to drug development 
programs for obesity. One of the main reasons for the limited success in the 
development of antiobesity drugs is that too little emphasis is placed on 
behavioral analyses of eating behavior, in particular the heterogeneity in the 
motives for eating. While biological factors play an important role in human 
behavior, psychosocial factors should also be taken into account when 
attempting to understand and explain these phenomena (see also Eisenegger 
et al. [19]) and thus also when developing drugs for psychopathology. Along the 
same lines, we described in chapter 3 that different causal mechanisms could 
give rise to common symptoms in HSDD. In order to obtain a comprehensive 
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understanding of human sexual (dys)function, research should be extended to 
conceptual analyses and empirical control of the reciprocal influences of 
biological and psychological mechanisms. Ideally, sexual dysfunction in human 
subjects should be described in terms of a constellation of interacting 
mechanisms, both biological and psychological, which at the same time should 
provide an adequate indication for treatment. Based on such an analyses, we 
have demonstrated that our approach of tailoring on-demand therapeutics to 
different underlying etiologies can be used to treat common symptoms in 
subgroups of women with HSDD. 
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ABSTRACT 

Selective serotonin reuptake inhibitors (SSRIs) are known to cause sexual 
dysfunction, such as decreased sexual motivation, desire, arousal, and orgasm 
difficulties. These SSRI-induced sexual complaints have a high prevalence rate, 
while there is no approved pharmacological treatment for SSRI-induced sexual 
dysfunction. It is hypothesized that a polymorphisms in the androgen receptor 
gene, encoded by the nucleotides cysteine,  adenine, and guanine (CAG), 
influence the effect of testosterone on sexual functioning. In an explorative, 
randomized, double-blind, placebo-controlled, crossover study  we investigated 
the possible effects of sublingual testosterone combined with a serotonin (5-HT) 
1A receptor agonist, and of sublingual testosterone combined with a 
phosphodiesterase type 5 inhibitor (PDE5-i) on sexual functioning in women with 
SSRI-induced sexual dysfunction. Furthermore, we did an exploratory analysis to 
assess if the CAG polymorphism influences this effect. 21 pre- and 
postmenopausal women with SSRI-induced sexual dysfunction participated and 
underwent the following interventions: a combination of testosterone (0.5 mg) 
sublingually and the PDE5-inhibitor sildenafil (50 mg) and a combination of 
testosterone (0.5 mg) sublingually and the 5-HT1A receptor agonist  buspirone 
(10 mg). The results show that women who use a low dose of SSRI and have 
relatively long CAG repeats report a marked improvement in sexual function in 
response to both treatments compared to placebo. 

This explorative study and preliminary results indicate that in women with SSRI-
induced sexual dysfunction, a combination of testosterone sublingually and a 
PDE5-inhibitor or testosterone sublingually and a 5-HT1A receptor agonist  might 
be promising treatments for certain subgroups of women with this condition. 

  

 

 
 

INTRODUCTION 

Antidepressant therapy has been frequently associated with negative sexual side 
effects, such as decreased sexual motivation, desire, arousal, and orgasm 
difficulties [1,2]. These negative sexual side effects can produce psychological 
distress and an impaired quality of life. Selective serotonin reuptake inhibitors 
(SSRIs) are the most notorious for causing sexual dysfunction (SD) with an 
estimated prevalence rate of 20-70% [3,4]. Although some beneficial effects 
have been reported with the use of buspirone [5,6], bupropion [7-9] or type 5 
phosphopdiesterase (PDE5) inhibitors (e.g., sildenafil) [10-12], to date no FDA 
approved pharmacological treatment for SSRI-induced SD is available.   

Of the different serotonin (5-HT) receptors, 5-HT1A and 5-HT2receptors are well 
accepted to be involved in sexual functioning [13,14]. The SSRI-induced elevated 
synaptic serotonin levels, and by inference the increased serotonergic 
neurotransmission, are thought to inhibit the sexual excitatory effects of 
dopamine and norepinephrine in the mesolimbic reward system [13,15,16] via a 
tonic increased serotonergic activity in the prefrontal cortex (PFC) [17,18]. 5-
HT1A [14] receptor agonists, e.g., buspirone, decrease serotonergic activity for a 
short time after a single dose administration via activation of the 
somatodendritic autoreceptor [19-21]. Accordingly, acute treatment with a 5-
HT1A receptor agonist might decrease, during a relatively short period of time, 
the serotonergic inhibitory control in the PFC, which might lead to an increased 
activity in the mesolimbic system involved in sexual motivation. Therefore the 
use of a 5-HT1A receptor agonist could be part of treatment in patients with 
SSRI-induced SD.  

In sexual functioning it is well recognized that testosterone plays an important 
role [22,23]. Tuiten et al. reported that a single dose of 0.50 mg sublingual 
testosterone increased genital arousal and experiences of sexual lust and genital 
sensation in premenopausal sexually functional women 3-4 hours after the 
induced testosterone peak [24,25]. This delay in effect of sublingual testosterone 
has been frequently replicated in several studies regarding cognitive and 
affective functions, including sexual functioning and social behavior [26-38]. In 
addition, it has been demonstrated that the combined use of sublingual 
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ABSTRACT 

Selective serotonin reuptake inhibitors (SSRIs) are known to cause sexual 
dysfunction, such as decreased sexual motivation, desire, arousal, and orgasm 
difficulties. These SSRI-induced sexual complaints have a high prevalence rate, 
while there is no approved pharmacological treatment for SSRI-induced sexual 
dysfunction. It is hypothesized that a polymorphisms in the androgen receptor 
gene, encoded by the nucleotides cysteine,  adenine, and guanine (CAG), 
influence the effect of testosterone on sexual functioning. In an explorative, 
randomized, double-blind, placebo-controlled, crossover study  we investigated 
the possible effects of sublingual testosterone combined with a serotonin (5-HT) 
1A receptor agonist, and of sublingual testosterone combined with a 
phosphodiesterase type 5 inhibitor (PDE5-i) on sexual functioning in women with 
SSRI-induced sexual dysfunction. Furthermore, we did an exploratory analysis to 
assess if the CAG polymorphism influences this effect. 21 pre- and 
postmenopausal women with SSRI-induced sexual dysfunction participated and 
underwent the following interventions: a combination of testosterone (0.5 mg) 
sublingually and the PDE5-inhibitor sildenafil (50 mg) and a combination of 
testosterone (0.5 mg) sublingually and the 5-HT1A receptor agonist  buspirone 
(10 mg). The results show that women who use a low dose of SSRI and have 
relatively long CAG repeats report a marked improvement in sexual function in 
response to both treatments compared to placebo. 

This explorative study and preliminary results indicate that in women with SSRI-
induced sexual dysfunction, a combination of testosterone sublingually and a 
PDE5-inhibitor or testosterone sublingually and a 5-HT1A receptor agonist  might 
be promising treatments for certain subgroups of women with this condition. 

  

 

 
 

INTRODUCTION 

Antidepressant therapy has been frequently associated with negative sexual side 
effects, such as decreased sexual motivation, desire, arousal, and orgasm 
difficulties [1,2]. These negative sexual side effects can produce psychological 
distress and an impaired quality of life. Selective serotonin reuptake inhibitors 
(SSRIs) are the most notorious for causing sexual dysfunction (SD) with an 
estimated prevalence rate of 20-70% [3,4]. Although some beneficial effects 
have been reported with the use of buspirone [5,6], bupropion [7-9] or type 5 
phosphopdiesterase (PDE5) inhibitors (e.g., sildenafil) [10-12], to date no FDA 
approved pharmacological treatment for SSRI-induced SD is available.   

Of the different serotonin (5-HT) receptors, 5-HT1A and 5-HT2receptors are well 
accepted to be involved in sexual functioning [13,14]. The SSRI-induced elevated 
synaptic serotonin levels, and by inference the increased serotonergic 
neurotransmission, are thought to inhibit the sexual excitatory effects of 
dopamine and norepinephrine in the mesolimbic reward system [13,15,16] via a 
tonic increased serotonergic activity in the prefrontal cortex (PFC) [17,18]. 5-
HT1A [14] receptor agonists, e.g., buspirone, decrease serotonergic activity for a 
short time after a single dose administration via activation of the 
somatodendritic autoreceptor [19-21]. Accordingly, acute treatment with a 5-
HT1A receptor agonist might decrease, during a relatively short period of time, 
the serotonergic inhibitory control in the PFC, which might lead to an increased 
activity in the mesolimbic system involved in sexual motivation. Therefore the 
use of a 5-HT1A receptor agonist could be part of treatment in patients with 
SSRI-induced SD.  

In sexual functioning it is well recognized that testosterone plays an important 
role [22,23]. Tuiten et al. reported that a single dose of 0.50 mg sublingual 
testosterone increased genital arousal and experiences of sexual lust and genital 
sensation in premenopausal sexually functional women 3-4 hours after the 
induced testosterone peak [24,25]. This delay in effect of sublingual testosterone 
has been frequently replicated in several studies regarding cognitive and 
affective functions, including sexual functioning and social behavior [26-38]. In 
addition, it has been demonstrated that the combined use of sublingual 



Ch
ap

te
r 6

170

 

 
 

testosterone with a PDE5-inhibitor (PDE5i), and of sublingual testosterone with a 
5-HT1A receptor agonist are two treatments which are effective in different 
subgroups of women with Hypoactive Sexual Desire Disorder (HSDD). The first 
combination increased sexual satisfaction in women who have a relatively 
insensitive brain system for sexual cues [39], while the second combination was 
most suitable for women with enhanced activity of sexual inhibitory mechanisms 
[40]. The sequence and timeframe of the delivery of the compounds in both 
combination-treatments were such that the pharmacological effects of the 
PDE5-inhibitor and 5-HT1Ara coincide with the time-window of the testosterone-
induced behavioral effects [39,40]. The behavioral effects of sublingual 
testosterone are mediated, at least in part, by binding to the androgen receptor 
(AR). It is our hypothesis that polymorphisms in the AR gene are of influence in 
this behavioral effect. The polymorphic polyglutamine stretch in the 
aminoterminal domain of the AR, encoded by the nucleotides cysteine, adenine, 
and guanine (CAG), is known to influence the function of the receptor as a 
transcription factor, so that relatively long CAG repeat lengths are associated 
with a low level of receptor function [41-43]. It can be hypothesized that women 
with relatively long CAG repeat lengths are less sensitive to sexual cues because 
their AR has a low level of receptor functioning. These women may need higher 
levels of circulating testosterone to activate intracellular processes after binding 
to the AR. Therefore, they could benefit more from sublingual testosterone in 
increasing their brain’s sensitivity compared to women with relatively shorter 
CAG repeats.   

In this explorative study we investigated the possible effects of sublingual 
testosterone combined with a 5-HT1A receptor agonist, and of sublingual 
testosterone combined with a PDE5-inhibitor on sexual functioning in pre- and 
postmenopausal women with SSRI-induced SD. 

  

 

 

 

 
 

METHODS 

Study subjects 

Twenty-one women, aged ≥ 21, pre- or postmenopausal with a diagnosis of SSRI-
induced SD (comorbidity with other SDs was allowed) according to the 
Diagnostic and Statistical Manual of Mental Disorders-Fourth Edition (Text 
Revision) (DSM-IV-TR) criteria [44] were randomized (the diagnosis SSRI-induced 
SD falls under the diagnosis substance-induced SD). This diagnosis was made by 
a trained psychologist. In order to meet the criteria of this diagnosis it was 
evaluated to what extend depressive or anxious feeling contributed to the sexual 
complaints and it was assessed how these subjects experienced sex prior to the 
start of the SSRI.  Participants used an SSRI for at least 3 months and were on a 
stable dose for a minimum of 6 weeks. Participants used the following SSRIs: 
citalopram (n=5), paroxetine (n=11), venlafaxine (n=3), fluvoxamine (n=1) and 
sertraline (n=1).  

Exclusion criteria included a history of serotonin syndrome, endocrine disease, 
neurological problems, a current serious psychiatric disorder (e.g., 
schizophrenia, psychosis or treatment for obsessive compulsive disorder, 
anorexia nervosa, bulimia nervosa and/or social anxiety neurosis), cardiovascular 
condition, hypertension, and abnormal liver or renal function.   

Blood samples for determination of baseline levels of total testosterone, Sex 
Hormone Binding Globulin (SHBG), albumin, Thyroid Stimulating Hormone (TSH), 
Follicle Stimulating Hormone (FSH), estrogen and CAG repeat length were 
collected at the screening visit. A urine pregnancy test was applied to all 
premenopausal women.  

Twenty-one women participated after providing written informed consent. This 
study was approved by the local medical ethics committee and carried out in 
agreement with the International Conference on Harmonisation- Good Clinical 
Practice (ICH-GCP). 
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testosterone with a PDE5-inhibitor (PDE5i), and of sublingual testosterone with a 
5-HT1A receptor agonist are two treatments which are effective in different 
subgroups of women with Hypoactive Sexual Desire Disorder (HSDD). The first 
combination increased sexual satisfaction in women who have a relatively 
insensitive brain system for sexual cues [39], while the second combination was 
most suitable for women with enhanced activity of sexual inhibitory mechanisms 
[40]. The sequence and timeframe of the delivery of the compounds in both 
combination-treatments were such that the pharmacological effects of the 
PDE5-inhibitor and 5-HT1Ara coincide with the time-window of the testosterone-
induced behavioral effects [39,40]. The behavioral effects of sublingual 
testosterone are mediated, at least in part, by binding to the androgen receptor 
(AR). It is our hypothesis that polymorphisms in the AR gene are of influence in 
this behavioral effect. The polymorphic polyglutamine stretch in the 
aminoterminal domain of the AR, encoded by the nucleotides cysteine, adenine, 
and guanine (CAG), is known to influence the function of the receptor as a 
transcription factor, so that relatively long CAG repeat lengths are associated 
with a low level of receptor function [41-43]. It can be hypothesized that women 
with relatively long CAG repeat lengths are less sensitive to sexual cues because 
their AR has a low level of receptor functioning. These women may need higher 
levels of circulating testosterone to activate intracellular processes after binding 
to the AR. Therefore, they could benefit more from sublingual testosterone in 
increasing their brain’s sensitivity compared to women with relatively shorter 
CAG repeats.   

In this explorative study we investigated the possible effects of sublingual 
testosterone combined with a 5-HT1A receptor agonist, and of sublingual 
testosterone combined with a PDE5-inhibitor on sexual functioning in pre- and 
postmenopausal women with SSRI-induced SD. 

  

 

 

 

 
 

METHODS 

Study subjects 

Twenty-one women, aged ≥ 21, pre- or postmenopausal with a diagnosis of SSRI-
induced SD (comorbidity with other SDs was allowed) according to the 
Diagnostic and Statistical Manual of Mental Disorders-Fourth Edition (Text 
Revision) (DSM-IV-TR) criteria [44] were randomized (the diagnosis SSRI-induced 
SD falls under the diagnosis substance-induced SD). This diagnosis was made by 
a trained psychologist. In order to meet the criteria of this diagnosis it was 
evaluated to what extend depressive or anxious feeling contributed to the sexual 
complaints and it was assessed how these subjects experienced sex prior to the 
start of the SSRI.  Participants used an SSRI for at least 3 months and were on a 
stable dose for a minimum of 6 weeks. Participants used the following SSRIs: 
citalopram (n=5), paroxetine (n=11), venlafaxine (n=3), fluvoxamine (n=1) and 
sertraline (n=1).  

Exclusion criteria included a history of serotonin syndrome, endocrine disease, 
neurological problems, a current serious psychiatric disorder (e.g., 
schizophrenia, psychosis or treatment for obsessive compulsive disorder, 
anorexia nervosa, bulimia nervosa and/or social anxiety neurosis), cardiovascular 
condition, hypertension, and abnormal liver or renal function.   

Blood samples for determination of baseline levels of total testosterone, Sex 
Hormone Binding Globulin (SHBG), albumin, Thyroid Stimulating Hormone (TSH), 
Follicle Stimulating Hormone (FSH), estrogen and CAG repeat length were 
collected at the screening visit. A urine pregnancy test was applied to all 
premenopausal women.  

Twenty-one women participated after providing written informed consent. This 
study was approved by the local medical ethics committee and carried out in 
agreement with the International Conference on Harmonisation- Good Clinical 
Practice (ICH-GCP). 
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Study design 

Study setting and design are the same as described in Poels et al. and van Rooij 
et al. [39,40].  In this manuscript only the results of the event questionnaire (see 
further on), which was filled out following each sexual event, will be reported. 

In a randomized, double-blind, placebo-controlled, crossover design, twenty one 
women underwent three different medication regimes: (i) placebo: placebo for 
testosterone (cyclodextrin solution without testosterone) and placebo for the 
PDE5 inhibitor (PDE5i = sildenafil)/ 5-HT1A receptor agonist (5-HT1Ara= buspirone) 
(powder-filled gelatine capsule without sildenafil/buspirone); (ii) T+PDE5i: the 
combination of testosterone (0.5 mg) sublingually with cyclodextrin as carrier 
and sildenafil (50 mg, hidden in a powder-filled gelatine capsule); (iii) T+5-
HT1Ara; the combination of testosterone (0.5 mg) sublingually with cyclodextrin 
as carrier and buspirone (10 mg, hidden in a powder-filled gelatin capsule). Each 
medication regime lasted four weeks and the order of the three medication 
regimes was randomized [39,40].  

Participants were instructed to take the cyclodextrin solution (testosterone or 
placebo) sublingually four hours prior to each measurement session or sexual 
event and rinse it under the tongue for one minute. They were instructed to 
ingest the capsule (sildenafil, buspirone or placebo) 2.5 hours later. When they 
had experienced a sexual event they were asked to fill out a secure web-based 
event questionnaire (EQ) within 24 hours following the sexual event. The EQ 
comprised of ten questions (one open-ended, four multiple-choice, five 5-point 
Likert scale items) concerning the type, duration, pleasantness and intensity of 
the sexual event.  

In order to monitor changes in psychological wellbeing, the Beck Depression 
Inventory-II (BDI-II) and the State-Trait Anxiety Inventory - Disposition 2 (Trait) 
version Y (STAI-DY2) questionnaires were filled out at baseline and final follow 
up visit as well as  after each treatment period. 

 

 

 

 
 

Statistical analysis 

Based on high Cronbach’s alpha’s of 5 items measuring desire and intensity of 
the sexual events (measured by the EQ) during the different drug conditions 
[Placebo: α=0.92; T + PDE5i: α=0.90; T+5-HT1Ara: α=0.92]  the mean of these 
items were calculated as a qualitative measure of “sexual satisfaction”.  

Two participants did not fill out their EQs in the placebo treatment period, 
however they did report sexual events in the T + PDE5i and T+5-HT1Ara period. 
Because of the small study population their missing placebo data was imputed in 
the following manner: the correlation between placebo and the mean of both 
drug conditions (((T + PDE5i) + (T+5-HT1Ara))/2) was high (r= .617, p = 0.005). 
Because all participants had (T + PDE5i) and (T+5-HT1Ara) data, z-scores were 
made of the ((T + PDE5i) + (T+5-HT1Ara))/2 variable. The two subjects with the 
missing placebo data comprised of one subject with a negative z-score and one 
subject with a positive z-score based on the ((T + PDE5i) + (T+5-HT1Ara))/2 
variable. The mean of sexual satisfaction during placebo of the subjects with a 
negative z-score in the ((T + PDE5i) + (T+5-HT1Ara))/2 condition was imputed in 
the placebo condition for one subject and the mean of sexual satisfaction during 
placebo of the subjects with a positive z-score in the ((T + PDE5i) + (T+5-
HT1Ara))/2 condition was imputed in the placebo condition for the other subject.  

Regarding the comparability of dosages of the SSRI use, the dosing classification 
of Gartlehner and colleagues [45] was used in this study. We divided the subjects 
into two subgroups on the basis of their SSRI dose: a low and medium-high dose 
group.  SSRI dosages that were classified as low (n=16) were: citalopram <30 mg, 
fluvoxamine <75 mg, paroxetine <30 mg, sertraline <75 mg and venlafaxine 
<156.3 mg. Higher dosages of each SSRI (n=5) were classified as medium-high 
dosages. 

For the CAG repeat length, we divided the subjects into two subgroups based on 
the mean of the CAG repeat length: subject with a relative short CAG repeat 
length (CAG ≤ 22 repeats) and subjects with relative long CAG repeat length 
(CAG length > 22 repeats). This cut-off point corresponds to other studies with 
CAG repeats in women (e.g., the comparison between women with breast 
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Study design 

Study setting and design are the same as described in Poels et al. and van Rooij 
et al. [39,40].  In this manuscript only the results of the event questionnaire (see 
further on), which was filled out following each sexual event, will be reported. 

In a randomized, double-blind, placebo-controlled, crossover design, twenty one 
women underwent three different medication regimes: (i) placebo: placebo for 
testosterone (cyclodextrin solution without testosterone) and placebo for the 
PDE5 inhibitor (PDE5i = sildenafil)/ 5-HT1A receptor agonist (5-HT1Ara= buspirone) 
(powder-filled gelatine capsule without sildenafil/buspirone); (ii) T+PDE5i: the 
combination of testosterone (0.5 mg) sublingually with cyclodextrin as carrier 
and sildenafil (50 mg, hidden in a powder-filled gelatine capsule); (iii) T+5-
HT1Ara; the combination of testosterone (0.5 mg) sublingually with cyclodextrin 
as carrier and buspirone (10 mg, hidden in a powder-filled gelatin capsule). Each 
medication regime lasted four weeks and the order of the three medication 
regimes was randomized [39,40].  

Participants were instructed to take the cyclodextrin solution (testosterone or 
placebo) sublingually four hours prior to each measurement session or sexual 
event and rinse it under the tongue for one minute. They were instructed to 
ingest the capsule (sildenafil, buspirone or placebo) 2.5 hours later. When they 
had experienced a sexual event they were asked to fill out a secure web-based 
event questionnaire (EQ) within 24 hours following the sexual event. The EQ 
comprised of ten questions (one open-ended, four multiple-choice, five 5-point 
Likert scale items) concerning the type, duration, pleasantness and intensity of 
the sexual event.  

In order to monitor changes in psychological wellbeing, the Beck Depression 
Inventory-II (BDI-II) and the State-Trait Anxiety Inventory - Disposition 2 (Trait) 
version Y (STAI-DY2) questionnaires were filled out at baseline and final follow 
up visit as well as  after each treatment period. 

 

 

 

 
 

Statistical analysis 

Based on high Cronbach’s alpha’s of 5 items measuring desire and intensity of 
the sexual events (measured by the EQ) during the different drug conditions 
[Placebo: α=0.92; T + PDE5i: α=0.90; T+5-HT1Ara: α=0.92]  the mean of these 
items were calculated as a qualitative measure of “sexual satisfaction”.  

Two participants did not fill out their EQs in the placebo treatment period, 
however they did report sexual events in the T + PDE5i and T+5-HT1Ara period. 
Because of the small study population their missing placebo data was imputed in 
the following manner: the correlation between placebo and the mean of both 
drug conditions (((T + PDE5i) + (T+5-HT1Ara))/2) was high (r= .617, p = 0.005). 
Because all participants had (T + PDE5i) and (T+5-HT1Ara) data, z-scores were 
made of the ((T + PDE5i) + (T+5-HT1Ara))/2 variable. The two subjects with the 
missing placebo data comprised of one subject with a negative z-score and one 
subject with a positive z-score based on the ((T + PDE5i) + (T+5-HT1Ara))/2 
variable. The mean of sexual satisfaction during placebo of the subjects with a 
negative z-score in the ((T + PDE5i) + (T+5-HT1Ara))/2 condition was imputed in 
the placebo condition for one subject and the mean of sexual satisfaction during 
placebo of the subjects with a positive z-score in the ((T + PDE5i) + (T+5-
HT1Ara))/2 condition was imputed in the placebo condition for the other subject.  

Regarding the comparability of dosages of the SSRI use, the dosing classification 
of Gartlehner and colleagues [45] was used in this study. We divided the subjects 
into two subgroups on the basis of their SSRI dose: a low and medium-high dose 
group.  SSRI dosages that were classified as low (n=16) were: citalopram <30 mg, 
fluvoxamine <75 mg, paroxetine <30 mg, sertraline <75 mg and venlafaxine 
<156.3 mg. Higher dosages of each SSRI (n=5) were classified as medium-high 
dosages. 

For the CAG repeat length, we divided the subjects into two subgroups based on 
the mean of the CAG repeat length: subject with a relative short CAG repeat 
length (CAG ≤ 22 repeats) and subjects with relative long CAG repeat length 
(CAG length > 22 repeats). This cut-off point corresponds to other studies with 
CAG repeats in women (e.g., the comparison between women with breast 
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cancer and controls) [46,47] . Unfortunately, the CAG results of two subjects 
were missing due to an error in the laboratory analysis. In total, the mean of the 
CAGs of 19 subjects were used for the analysis: 8 subjects with relatively short 
CAG repeats and 11 subjects with relatively long CAG repeats. 

Demographic data were analyzed to investigate possible group differences (low 
vs. medium-high SSRI dose and short vs. long CAG repeat length) with an 
independent t-test if the data were normally distributed. For non-normally 
distributed data, the Mann-Whitney test was used. Categorical data was 
compared between the groups with a Chi-square test. For each of the 
dependent variables, separate 2x2x2 repeated measures analyses of variance 
(repeated measures ANOVA) were carried out. The within-subject factor was 
drug response, and had two levels (T+PDE5i versus Placebo, and T+5-HT1Ara 
response versus placebo). The between subject factor was SSRI dosage (low SSRI 
dose vs. medium-high SSRI dose) and CAG repeat length (short CAG repeat 
length vs. long CAG repeat length). To calculate the relative increase in sexual 
satisfaction, placebo was subtracted from the T+PDE5-inhibitor treatment and 
this was divided by placebo and multiplied by 100%. The same calculation was 
done for the relative increase in sexual satisfaction after T+5-HT1Ara treatment. 
An alpha level of 0.05 was set for all analyses.   

 

 
 

RESULTS 

Twenty-one women completed the study. All baseline hormonal values were in 
the normal female reproductive and/or postmenopausal range. There were no 
clinical significant changes in the scores of the BDI-II and STAI-DY2 
questionnaires during the study.  

The baseline characteristics and hormone levels of the twenty-one women  are 
outlined in Table 1.  

Sexual satisfaction during sexual events 

Overall, treatment with T+PDE5i or treatment with T+5-HT1Ara produced no 
statistically significant increase in sexual satisfaction as compared with placebo.  
Subsequently, the participants were divided on the basis of their SSRI dose (in 
low SSRI dose (n=16) and medium-high SSRI dose (n=5)) and CAG repeat length 
(n=8 with short repeat length and n=11 with long repeat length), the results 
showed that there was a highly significant interaction effect between placebo 
versus T+PDE5i and these groups. The interaction between placebo and T+5-
HT1Ara and the two groups (SSRI dose and CAG repeat length) was also 
statistically significant. In the following sections each effect for the different 
drugs will be described separately. 
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cancer and controls) [46,47] . Unfortunately, the CAG results of two subjects 
were missing due to an error in the laboratory analysis. In total, the mean of the 
CAGs of 19 subjects were used for the analysis: 8 subjects with relatively short 
CAG repeats and 11 subjects with relatively long CAG repeats. 

Demographic data were analyzed to investigate possible group differences (low 
vs. medium-high SSRI dose and short vs. long CAG repeat length) with an 
independent t-test if the data were normally distributed. For non-normally 
distributed data, the Mann-Whitney test was used. Categorical data was 
compared between the groups with a Chi-square test. For each of the 
dependent variables, separate 2x2x2 repeated measures analyses of variance 
(repeated measures ANOVA) were carried out. The within-subject factor was 
drug response, and had two levels (T+PDE5i versus Placebo, and T+5-HT1Ara 
response versus placebo). The between subject factor was SSRI dosage (low SSRI 
dose vs. medium-high SSRI dose) and CAG repeat length (short CAG repeat 
length vs. long CAG repeat length). To calculate the relative increase in sexual 
satisfaction, placebo was subtracted from the T+PDE5-inhibitor treatment and 
this was divided by placebo and multiplied by 100%. The same calculation was 
done for the relative increase in sexual satisfaction after T+5-HT1Ara treatment. 
An alpha level of 0.05 was set for all analyses.   

 

 
 

RESULTS 

Twenty-one women completed the study. All baseline hormonal values were in 
the normal female reproductive and/or postmenopausal range. There were no 
clinical significant changes in the scores of the BDI-II and STAI-DY2 
questionnaires during the study.  

The baseline characteristics and hormone levels of the twenty-one women  are 
outlined in Table 1.  

Sexual satisfaction during sexual events 

Overall, treatment with T+PDE5i or treatment with T+5-HT1Ara produced no 
statistically significant increase in sexual satisfaction as compared with placebo.  
Subsequently, the participants were divided on the basis of their SSRI dose (in 
low SSRI dose (n=16) and medium-high SSRI dose (n=5)) and CAG repeat length 
(n=8 with short repeat length and n=11 with long repeat length), the results 
showed that there was a highly significant interaction effect between placebo 
versus T+PDE5i and these groups. The interaction between placebo and T+5-
HT1Ara and the two groups (SSRI dose and CAG repeat length) was also 
statistically significant. In the following sections each effect for the different 
drugs will be described separately. 

 

 

 

 

 

 

 



Ch
ap

te
r 6

176

 

 
 

Table 1. Demographics and baseline hormonal values of the participating women. 
 Subjects Low dose SSRI Medium-high dose 

SSRI 
P 

N 21 16 5  

Age, years 38.81 ± 11.9 40.38 ± 12.5 33.80 ± 9.4 n.s.* 

Body mass index, 
kg/m² 

24.4 ± 3.3 23.91 ± 3.5 26.12 ± 2.9 n.s.* 

Race, no (%)     

   Caucasian 21 (100) 16 5  

SSRI-antidepressant, 
no (%) 

   n.s. † 

   Citalopram 5 (24) 4 1  

   Paroxetine 11 (52) 8 3  

    Venlafaxine 3 (14) 3 0  

   Fluvoxamine 1 (5) 1 0  

   Sertraline 1 (5) 0 1  

Menopausal status, no 
(%) 

   n.s. † 

Premenopausal 16 (76) 11 5  

Postmenopausal 5 (24) 5 0  

Contraception, no (%)    n.s. † 

Hormonal 12 (57) 9 3  

Non-hormonal 5 (24) 3 2  

None 4 (19) 4 0  

Total testosterone 
(ng/mL) 

0.34 ± 0.5 0.31±0.5 0.45±0.6 n.s.^ 

SHBG (nmol/L) 98.7 ± 66.2 100.6±67.5 92.8±69.2 n.s.* 

Mean CAG length 22.4 ± 2.3 22.1±2.4 23.2±2.4 n.s.* 

Age and relationship duration are represented in means ± standard deviation. The body mass 

index (BMI) is the weight in kilograms divided by the square of the height in meters. 

Testosterone values <0.7 ng/mL are analysed as 0.01 ng/mL, the SHBG levels values > 200 nmol/L 

are analysed as 200 nmol/L. 

*T-test 

†Chi-square test 

^ Mann–Whitney test 

 

 
 

Placebo versus T+PDE5i 

The interaction between drug (placebo versus T+PDE5i) and the two groups 
(SSRI dose and CAG repeat length) was statistically significant F(1,15) = 14.17, P = 
0.002.  In figure 1 it is shown in which group there is an increase or decrease in 
sexual satisfaction (relative increase in sexual satisfaction compared to placebo).  

 

 
Figure 1. Overview of subjects in the different groups and the relative increase or 
decrease after T+PDE5i treatment compared to placebo. Relative increase is calculated 
as T+PDE5i-placebo/placebo*100%.  
* p <0.05  

As shown in figure 1, only women with relatively long CAG repeats and using 
relatively low SSRI doses (n=8) reported statistically significant more sexual 
satisfaction in the T+PDE5i (M = 3.53,SE = 0.26) condition compared to placebo 
(M = 2.92, SE = 0.21 [F(1,7) = -4.67, P = 0.002]).  

 

 

Subjects with SSRI 
induced SD (n=21) 

CAG repeat length ≤ 
22 repeats (n=8): 
-5.3 % decrease 

low dose  SSRI (n=6): 
-14.8 % decrease 

medium-high dose 
SSRI (n=2): 

23.2 % increase 

CAG repeat length > 
22 repeats (n=11): 

8.5 % increase 

low dose  SSRI (n=8): 
21.2% increase* 

medium-high dose 
SSRI (n=3): 

-25.5% decrease 
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Table 1. Demographics and baseline hormonal values of the participating women. 
 Subjects Low dose SSRI Medium-high dose 

SSRI 
P 

N 21 16 5  

Age, years 38.81 ± 11.9 40.38 ± 12.5 33.80 ± 9.4 n.s.* 

Body mass index, 
kg/m² 

24.4 ± 3.3 23.91 ± 3.5 26.12 ± 2.9 n.s.* 

Race, no (%)     

   Caucasian 21 (100) 16 5  

SSRI-antidepressant, 
no (%) 

   n.s. † 

   Citalopram 5 (24) 4 1  

   Paroxetine 11 (52) 8 3  

    Venlafaxine 3 (14) 3 0  

   Fluvoxamine 1 (5) 1 0  

   Sertraline 1 (5) 0 1  

Menopausal status, no 
(%) 

   n.s. † 

Premenopausal 16 (76) 11 5  

Postmenopausal 5 (24) 5 0  

Contraception, no (%)    n.s. † 

Hormonal 12 (57) 9 3  

Non-hormonal 5 (24) 3 2  

None 4 (19) 4 0  

Total testosterone 
(ng/mL) 

0.34 ± 0.5 0.31±0.5 0.45±0.6 n.s.^ 

SHBG (nmol/L) 98.7 ± 66.2 100.6±67.5 92.8±69.2 n.s.* 

Mean CAG length 22.4 ± 2.3 22.1±2.4 23.2±2.4 n.s.* 

Age and relationship duration are represented in means ± standard deviation. The body mass 

index (BMI) is the weight in kilograms divided by the square of the height in meters. 

Testosterone values <0.7 ng/mL are analysed as 0.01 ng/mL, the SHBG levels values > 200 nmol/L 

are analysed as 200 nmol/L. 

*T-test 

†Chi-square test 

^ Mann–Whitney test 

 

 
 

Placebo versus T+PDE5i 

The interaction between drug (placebo versus T+PDE5i) and the two groups 
(SSRI dose and CAG repeat length) was statistically significant F(1,15) = 14.17, P = 
0.002.  In figure 1 it is shown in which group there is an increase or decrease in 
sexual satisfaction (relative increase in sexual satisfaction compared to placebo).  

 

 
Figure 1. Overview of subjects in the different groups and the relative increase or 
decrease after T+PDE5i treatment compared to placebo. Relative increase is calculated 
as T+PDE5i-placebo/placebo*100%.  
* p <0.05  

As shown in figure 1, only women with relatively long CAG repeats and using 
relatively low SSRI doses (n=8) reported statistically significant more sexual 
satisfaction in the T+PDE5i (M = 3.53,SE = 0.26) condition compared to placebo 
(M = 2.92, SE = 0.21 [F(1,7) = -4.67, P = 0.002]).  

 

 

Subjects with SSRI 
induced SD (n=21) 

CAG repeat length ≤ 
22 repeats (n=8): 
-5.3 % decrease 

low dose  SSRI (n=6): 
-14.8 % decrease 

medium-high dose 
SSRI (n=2): 

23.2 % increase 

CAG repeat length > 
22 repeats (n=11): 

8.5 % increase 

low dose  SSRI (n=8): 
21.2% increase* 

medium-high dose 
SSRI (n=3): 

-25.5% decrease 
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Placebo versus T+5-HT1Ara 

The interaction between drug (placebo versus T+5-HT1Ara) and the two groups 
(SSRI dose and CAG repeat length) was statistically significant F(1,15) = 13.37, P = 
0.002.  In figure 2 it is shown in which group there is an increase or decrease in 
sexual satisfaction (relative increase in sexual satisfaction compared to placebo).  

 

 

 
Figure 2. Overview of subjects in the different groups and the relative increase or 
decrease after T+5-HT1Ara treatment compared to placebo. Relative increase is 
calculated as T+5-HT1Ara-placebo/placebo*100%. 
* p <0.05 

As shown in figure 2 and comparable with the results after T+PDE5i 
administration, only women with relatively long CAG repeats and using relatively 
low SSRI doses (n=8) reported statistically significant more sexual satisfaction in 
the T+5-HT1Ara (M = 3.58,SE = 0.27) condition compared to placebo (M = 2.92, SE 
= 0.21 [F(1,7) = -3.50, P = 0.010]).  

Subjects with SSRI 
induced SD (n=21) 

CAG repeat length ≤ 
22 repeats (n=8): 
-5.8 % increase 

low dose  SSRI (n=6): 
-18.1 % decrease 

medium-high dose 
SSRI (n=2): 
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CAG repeat length > 
22 repeats (n=11): 

16.2 % increase 

low dose  SSRI (n=8): 
23.6% increase* 

medium-high dose 
SSRI (n=3): 

-3.4% decrease 

 

 
 

Two women with short CAG repeat length and a medium-high SSRI dose seem to 
respond more to T+5-HT1Ara (31% increase in sexual satisfaction), although not 
significant. 

In figure 3 the relative increase of sexual satisfaction for both treatments 
compared to placebo is shown in the women with long CAG repeats and a 
relatively low dose of SSRI (n=8). 

 

Figure 3. The increase in sexual satisfaction following T+PDE5i  and T+5-HT1Ara treatment 
in subjects with long CAG repeat length who use a low dose of SSRI (n=8). Treatment 
with T+PDE5-inhibitor increased sexual satisfaction with 22%, relative to placebo and 
sexual satisfaction was increased by 24% after T+5-HT1Ara administration. Relative 
increase is calculated as T+5-HT1Ara-placebo/placebo*100% and T+PDE5-i-
placebo/placebo*100%. 
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Placebo versus T+5-HT1Ara 

The interaction between drug (placebo versus T+5-HT1Ara) and the two groups 
(SSRI dose and CAG repeat length) was statistically significant F(1,15) = 13.37, P = 
0.002.  In figure 2 it is shown in which group there is an increase or decrease in 
sexual satisfaction (relative increase in sexual satisfaction compared to placebo).  

 

 

 
Figure 2. Overview of subjects in the different groups and the relative increase or 
decrease after T+5-HT1Ara treatment compared to placebo. Relative increase is 
calculated as T+5-HT1Ara-placebo/placebo*100%. 
* p <0.05 
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DISCUSSION 

This is the first study in which a combination of testosterone with either a PDE5i 
(sildenafil) or a 5-HT1Areceptor agonist (buspirone) are used in women with SSRI-
induced Sexual Dysfunction. Although both individual treatments showed no 
significant main effects on sexual functioning compared to placebo, our analyses 
revealed a significant interaction effect between SSRI dosage (low and medium-
high SSRI dose, CAG repeat length (short and long length), and treatment 
response (placebo versus drug), on sexual satisfaction. Subsequent analyses 
showed that women with relatively long CAG repeat lengths and who use a low 
dose of SSRI, experienced an increase in sexual satisfaction after T+PDE5i 
administration compared to placebo (the relative increase in sexual satisfaction 
was approximately 22%). Moreover, for this subgroup of women our analyses 
revealed also an increase in sexual satisfaction after T+5-HT1Ara administration 
compared to placebo (approximately 24%). In this study an increase in sexual 
satisfaction is found only in women with relatively long CAG repeat length and 
who use a low dose of SSRI. Here we will discuss possible hypotheses for the 
observed drug response patterns although they only can be considered as very 
preliminary. 

It may be hypothesized that women with relatively long CAG repeat lengths are 
less sensitive to sexual cues because their AR has a low level of receptor 
functioning and would therefore benefit more from sublingual testosterone in 
increasing their brain’s sensitivity compared to women with relatively shorter 
CAG repeats.   

In this study statistically significant differences are only found in women with 
relatively long CAG repeat lengths using a low dose of SSRI. It can be 
hypothesized that women who use a low SSRI dose have a relatively modest 
elevation of synaptic serotonin levels and therefore treatment with sublingual 
testosterone is sufficient to increase the sensitivity of the brain, thereby 
increasing sexual motivation. Under this condition of increased sexual 
motivation, the PDE5i enhances physiological sexual responding. In case of the 
T+5-HT1Ara treatment, the on-demand intake of the 5-HT1Ara component lowers 
the serotonin firing activity for a relatively short period and thereby allows the 

 

 
 

sublingual testosterone component to increase the sensitivity of the brain for 
sexual cues, thereby increasing sexual satisfaction.   

It was expected that for women who use a medium-high SSRI dose, T+5-HT1Ara 
administration would be beneficial in increasing sexual satisfaction since acute 5-
HT1Ara administration will lower tonic serotonin levels and thereby decreases the 
sexual complaints during its active behavioral window. However, there was no 
statistically significant increase in sexual satisfaction after T+PDE5i and T+5-
HT1Ara administration, irrespective of CAG repeat length in these women. One 
possibility is that this non-significant difference is due to the small numbers of 
subjects in this study. Only 5 women used a medium-high SSRI dose, of which 
two women with relatively long CAG repeats report an increase in sexual 
satisfaction of 31% although not significant. Another explanation is that in 
women who use a medium-high SSRI dose, synaptic serotonin levels and 
serotonergic neurotransmission are more profoundly increased resulting in 
higher tonic activity of serotonin, at which level the buspirone dosage studied 
might be too low.  

In earlier studies we have shown that women with HSDD can be divided in two 
groups: women who have a relative insensitive brain system for sexual cues 
(who responded on T+PDE5i) and women with enhanced activity of sexual 
inhibitory mechanisms (who responded on T+5-HT1Ara). In the present study 
population, women who use a low SSRI dose and have relatively long CAG 
repeats respond to T+PDE5i and T+5-HT1Ara treatment, however it is not known 
which women can be subtyped into women who have a relative insensitive brain 
system for sexual cues or women with enhanced activity of sexual inhibitory 
mechanisms. There are many factors that could influence the brain’s sensitivity 
in this population; the use and dosage of an SSRI, genetic factors such as 
serotonin receptor polymorphisms, and other polymorphisms. Furthermore, an 
individual’s response to certain psychological factors (e.g., a negative sexual 
experience) is influenced by their brain’s sensitivity and therefore these factors 
should also be taken into account. Also, it is not known if CAG repeat length 
itself influences the risk of developing SSRI induced female sexual dysfunction.  
To identify specific subgroups in this population that could benefit from 
treatment with T+PDE5i and T+5-HT1Ara, future research will focus on a 
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induced Sexual Dysfunction. Although both individual treatments showed no 
significant main effects on sexual functioning compared to placebo, our analyses 
revealed a significant interaction effect between SSRI dosage (low and medium-
high SSRI dose, CAG repeat length (short and long length), and treatment 
response (placebo versus drug), on sexual satisfaction. Subsequent analyses 
showed that women with relatively long CAG repeat lengths and who use a low 
dose of SSRI, experienced an increase in sexual satisfaction after T+PDE5i 
administration compared to placebo (the relative increase in sexual satisfaction 
was approximately 22%). Moreover, for this subgroup of women our analyses 
revealed also an increase in sexual satisfaction after T+5-HT1Ara administration 
compared to placebo (approximately 24%). In this study an increase in sexual 
satisfaction is found only in women with relatively long CAG repeat length and 
who use a low dose of SSRI. Here we will discuss possible hypotheses for the 
observed drug response patterns although they only can be considered as very 
preliminary. 

It may be hypothesized that women with relatively long CAG repeat lengths are 
less sensitive to sexual cues because their AR has a low level of receptor 
functioning and would therefore benefit more from sublingual testosterone in 
increasing their brain’s sensitivity compared to women with relatively shorter 
CAG repeats.   

In this study statistically significant differences are only found in women with 
relatively long CAG repeat lengths using a low dose of SSRI. It can be 
hypothesized that women who use a low SSRI dose have a relatively modest 
elevation of synaptic serotonin levels and therefore treatment with sublingual 
testosterone is sufficient to increase the sensitivity of the brain, thereby 
increasing sexual motivation. Under this condition of increased sexual 
motivation, the PDE5i enhances physiological sexual responding. In case of the 
T+5-HT1Ara treatment, the on-demand intake of the 5-HT1Ara component lowers 
the serotonin firing activity for a relatively short period and thereby allows the 

 

 
 

sublingual testosterone component to increase the sensitivity of the brain for 
sexual cues, thereby increasing sexual satisfaction.   

It was expected that for women who use a medium-high SSRI dose, T+5-HT1Ara 
administration would be beneficial in increasing sexual satisfaction since acute 5-
HT1Ara administration will lower tonic serotonin levels and thereby decreases the 
sexual complaints during its active behavioral window. However, there was no 
statistically significant increase in sexual satisfaction after T+PDE5i and T+5-
HT1Ara administration, irrespective of CAG repeat length in these women. One 
possibility is that this non-significant difference is due to the small numbers of 
subjects in this study. Only 5 women used a medium-high SSRI dose, of which 
two women with relatively long CAG repeats report an increase in sexual 
satisfaction of 31% although not significant. Another explanation is that in 
women who use a medium-high SSRI dose, synaptic serotonin levels and 
serotonergic neurotransmission are more profoundly increased resulting in 
higher tonic activity of serotonin, at which level the buspirone dosage studied 
might be too low.  

In earlier studies we have shown that women with HSDD can be divided in two 
groups: women who have a relative insensitive brain system for sexual cues 
(who responded on T+PDE5i) and women with enhanced activity of sexual 
inhibitory mechanisms (who responded on T+5-HT1Ara). In the present study 
population, women who use a low SSRI dose and have relatively long CAG 
repeats respond to T+PDE5i and T+5-HT1Ara treatment, however it is not known 
which women can be subtyped into women who have a relative insensitive brain 
system for sexual cues or women with enhanced activity of sexual inhibitory 
mechanisms. There are many factors that could influence the brain’s sensitivity 
in this population; the use and dosage of an SSRI, genetic factors such as 
serotonin receptor polymorphisms, and other polymorphisms. Furthermore, an 
individual’s response to certain psychological factors (e.g., a negative sexual 
experience) is influenced by their brain’s sensitivity and therefore these factors 
should also be taken into account. Also, it is not known if CAG repeat length 
itself influences the risk of developing SSRI induced female sexual dysfunction.  
To identify specific subgroups in this population that could benefit from 
treatment with T+PDE5i and T+5-HT1Ara, future research will focus on a 
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personalized medicine approach through knowledge of more genetic 
polymorphisms, other biological markers, and other dosages of the compounds. 
In the present study a small number of women was included with a variety of 
SSRI molecules and dosages, therefore future studies on a larger scale are 
warranted.  

Conclusively, this explorative study and preliminary results indicate that in 
women with SSRI-induced SD, T+PDE5i or T+5-HT1A might be promising 
treatments for certain subgroups of women with this condition, depending on 
genetics, SSRI dose, and psychological factors.   
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ABSTRACT 

The study aimed to compare the kinetics of two novel combination drug 
products for Female Sexual Interest/Arousal Disorder (FSIAD). Thirteen women 
received testosterone via the sublingual route followed 2.5 hours later by a 
buspirone tablet, versus a single combination tablet swallowed at once. The first 
clinical prototype consisted of a sublingual solution containing testosterone 
(0.5 mg) complexed with cyclodextrin and a tablet containing 10 mg buspirone, 
in a gelatin capsule to ensure blinding during the clinical studies. The innovative 
fixed-combination tablet consists of an inner-core component of 10 mg 
buspirone coated with a polymeric time-delay coating and an outer polymeric 
coating containing testosterone with hydroxypropyl-beta cyclodextrin. We 
observed an immediate testosterone pulse absorption from both formulations. 
We also demonstrated that there was adequate absorption of buspirone (>80 % 
relative to the conventional tablet) and a time delay in release of buspirone of 
3.3 hours, close to the 3.0 hours of the reference formulation that showed 
clinical efficacy in early proof-of-principle studies. The newly developed 
combination tablet fulfils its design criteria and is a convenient tablet for further 
clinical studies in FSIAD. 

 

  

 

 
 

INTRODUCTION 

Human sexual behavior is extensively studied in biology, medicine and 
psychology, but so far there is limited success in the development of drugs for 
the treatment of sexual dysfunction in women. Low sexual desire, with or 
without sexual arousal problems, is the most common sex-related complaint 
reported by women [1–3]. As a result, many women suffer from sexual 
dissatisfaction, which often negatively interferes with psychological well-being 
[4]. This has been classified as a clinical condition, referred to as Hypoactive 
Sexual Desire Disorder (HSDD) [5] or, as recently renamed, Female Sexual 
Interest/Arousal Disorder (FSIAD) [6]. We have developed two new promising 
potential treatments for HSDD/FSIAD which are based on the premise that this 
disorder can have (at least) two different causes [7, 8]. 

For women who have a low sensitivity to sexual cues, Lybrido is indicated. 
Lybrido is the combination of sublingual testosterone and a phosphodiesterase 
type 5 (PDE-5) inhibitor, which is absorbed from the gastro-intestinal tract. 
Sublingual testosterone (0.5 mg) produces an increase in sexual motivation and 
desire in sexually functional women, about 4 hours after its peak plasma levels 
(time to maximum concentration [Tmax] = 15 min) [9]. The testosterone and the 
PDE-5 inhibitor are released in such a timeframe that the peak plasma 
concentration of the PDE-5 inhibitor coincides with the 4-hour delay in 
behavioral effects of the testosterone. In women with low sensitivity to sexual 
cues, this combination showed superiority over placebo in increasing sexual 
satisfaction [7, 10]. For women who have a dysfunctional activation of sexual 
inhibitory mechanisms during sexual stimulation, Lybridos is developed. Lybridos 
is the combination of sublingual testosterone and a 5-HT1A receptor agonist 
(buspirone), released in such a timeframe that the pharmacological effects of 
the 5-HT1A receptor agonist coincide with the behavioral window induced by the 
testosterone administration [8]. This combination in women with dysfunctional 
activation of sexual inhibitory mechanisms increased sexual satisfaction 
compared with placebo [8]. In previous clinical trials, the two components 
(sublingual testosterone in combination with a PDE-5 inhibitor or 5-
HT1A receptor agonist) were administered separately; however, these 
components have been developed into one single combination tablet in recent 
phase IIb trials. 
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ABSTRACT 

The study aimed to compare the kinetics of two novel combination drug 
products for Female Sexual Interest/Arousal Disorder (FSIAD). Thirteen women 
received testosterone via the sublingual route followed 2.5 hours later by a 
buspirone tablet, versus a single combination tablet swallowed at once. The first 
clinical prototype consisted of a sublingual solution containing testosterone 
(0.5 mg) complexed with cyclodextrin and a tablet containing 10 mg buspirone, 
in a gelatin capsule to ensure blinding during the clinical studies. The innovative 
fixed-combination tablet consists of an inner-core component of 10 mg 
buspirone coated with a polymeric time-delay coating and an outer polymeric 
coating containing testosterone with hydroxypropyl-beta cyclodextrin. We 
observed an immediate testosterone pulse absorption from both formulations. 
We also demonstrated that there was adequate absorption of buspirone (>80 % 
relative to the conventional tablet) and a time delay in release of buspirone of 
3.3 hours, close to the 3.0 hours of the reference formulation that showed 
clinical efficacy in early proof-of-principle studies. The newly developed 
combination tablet fulfils its design criteria and is a convenient tablet for further 
clinical studies in FSIAD. 

 

  

 

 
 

INTRODUCTION 

Human sexual behavior is extensively studied in biology, medicine and 
psychology, but so far there is limited success in the development of drugs for 
the treatment of sexual dysfunction in women. Low sexual desire, with or 
without sexual arousal problems, is the most common sex-related complaint 
reported by women [1–3]. As a result, many women suffer from sexual 
dissatisfaction, which often negatively interferes with psychological well-being 
[4]. This has been classified as a clinical condition, referred to as Hypoactive 
Sexual Desire Disorder (HSDD) [5] or, as recently renamed, Female Sexual 
Interest/Arousal Disorder (FSIAD) [6]. We have developed two new promising 
potential treatments for HSDD/FSIAD which are based on the premise that this 
disorder can have (at least) two different causes [7, 8]. 

For women who have a low sensitivity to sexual cues, Lybrido is indicated. 
Lybrido is the combination of sublingual testosterone and a phosphodiesterase 
type 5 (PDE-5) inhibitor, which is absorbed from the gastro-intestinal tract. 
Sublingual testosterone (0.5 mg) produces an increase in sexual motivation and 
desire in sexually functional women, about 4 hours after its peak plasma levels 
(time to maximum concentration [Tmax] = 15 min) [9]. The testosterone and the 
PDE-5 inhibitor are released in such a timeframe that the peak plasma 
concentration of the PDE-5 inhibitor coincides with the 4-hour delay in 
behavioral effects of the testosterone. In women with low sensitivity to sexual 
cues, this combination showed superiority over placebo in increasing sexual 
satisfaction [7, 10]. For women who have a dysfunctional activation of sexual 
inhibitory mechanisms during sexual stimulation, Lybridos is developed. Lybridos 
is the combination of sublingual testosterone and a 5-HT1A receptor agonist 
(buspirone), released in such a timeframe that the pharmacological effects of 
the 5-HT1A receptor agonist coincide with the behavioral window induced by the 
testosterone administration [8]. This combination in women with dysfunctional 
activation of sexual inhibitory mechanisms increased sexual satisfaction 
compared with placebo [8]. In previous clinical trials, the two components 
(sublingual testosterone in combination with a PDE-5 inhibitor or 5-
HT1A receptor agonist) were administered separately; however, these 
components have been developed into one single combination tablet in recent 
phase IIb trials. 
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Both products are intended for use on a ‘per need’ (i.e., not continuous or 
chronic) basis before anticipated sexual activity. Studies performed by various 
researchers have clearly indicated a time lag of about 3–4 hours in the 
pharmacodynamics effect of sublingual testosterone on genital arousal in 
women and other cognitive and affective functions [9, 11–23]. Therefore, either 
the PDE5 inhibitor (Lybrido) or (5-HT1a) receptor agonist (Lybridos) component 
needs to be administered approximately 2–3 hours after administering the 
testosterone. In the above-mentioned clinical studies, this was obtained by 
administering the testosterone sublingually as a solution, followed 2.5 hours 
later by a PDE-5 inhibitor (sildenafil) or a 5-HT1Areceptor agonist (buspirone) as a 
tablet (to ensure blinding, the tablet was administered in a gelatin capsule), thus 
creating overlapping peaks in effect of testosterone and sildenafil or buspirone. 
Because this kind of administration is not suitable and rather cumbersome for 
daily use in practice, we developed a single oral combination tablet that will 
deliver testosterone sublingually and, approximately 2.5 hours later in the 
gastro-intestinal tract, the sildenafil or buspirone component, allowing women 
with FSIAD to take just one single tablet 3–6 hours before the anticipated sexual 
activity. 

The objective of this study was to see if the pharmacokinetic profile of 
testosterone given sublingually followed 2.5 hours later by a tablet of buspirone 
(administered in a gelatin capsule) mimics the pharmacokinetic properties of the 
newly developed single combination tablet as described above. The results of 
the pharmacokinetic study of the combination of testosterone and sildenafil will 
be described separately. 

At frequent time points, plasma samples were taken and the following 
pharmacokinetic parameters were determined: the time to maximum 
concentration (T max), half-life (T ½ ), maximum concentration (C max), and area 
under the curve (AUC) for total testosterone, free testosterone, buspirone, and 
buspirone’s main metabolite (1-(2-pyrimidinyl)-piperazine) for each formulation. 

 

 

 

 

 
 

METHODS 

Study Subjects 

Eligible women were aged between 18 and 35 years, premenopausal, and had a 
body mass index (BMI) between 18 and 30 kg/m2. Exclusion criteria included an 
endocrine disease, neurological problems, a cardiovascular condition, 
hypertension, abnormal liver or renal function, and a history of a hormone-
dependent malignancy. Women taking medications that interfere with the 
metabolism of sex steroids (e.g., oral contraceptives containing anti-androgens 
or (anti)androgenic progestogens), or who used serotonergic drugs or who had 
used testosterone therapy within 6 months before study entry were also 
excluded. 

Women were recruited and enrolled from advertisements, and via a database of 
a contract research organization (QPS in the Netherlands). Recruitment started 
in June 2012 and the study was ended in November 2012. To determine 
eligibility, participants were screened approximately 4 weeks prior to study 
entry. In addition to an assessment of medical history, all subjects received a 
physical examination including a 12-lead electrocardiogram, standard 
biochemistry, serology, and hematological laboratory tests. Blood samples for 
determination of baseline levels of total testosterone, sex hormone-binding 
globulin (SHBG), albumin, thyroid-stimulating hormone (TSH), follicle-stimulating 
hormone (FSH) and estrogen were collected at the screening visit. A urine 
pregnancy test was applied to all women. 

Thirteen healthy young women participated after providing written informed 
consent. This study was approved by the local medical ethics committee 
(Stichting BEBO, Assen, the Netherlands) and carried out in agreement with the 
International Conference on Harmonisation-Good Clinical Practice (ICH-GCP). 

Study Design 

This was a single-center, investigator-blind, randomized, cross-over controlled 
study investigating two different modes of administration of a combination of 
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Both products are intended for use on a ‘per need’ (i.e., not continuous or 
chronic) basis before anticipated sexual activity. Studies performed by various 
researchers have clearly indicated a time lag of about 3–4 hours in the 
pharmacodynamics effect of sublingual testosterone on genital arousal in 
women and other cognitive and affective functions [9, 11–23]. Therefore, either 
the PDE5 inhibitor (Lybrido) or (5-HT1a) receptor agonist (Lybridos) component 
needs to be administered approximately 2–3 hours after administering the 
testosterone. In the above-mentioned clinical studies, this was obtained by 
administering the testosterone sublingually as a solution, followed 2.5 hours 
later by a PDE-5 inhibitor (sildenafil) or a 5-HT1Areceptor agonist (buspirone) as a 
tablet (to ensure blinding, the tablet was administered in a gelatin capsule), thus 
creating overlapping peaks in effect of testosterone and sildenafil or buspirone. 
Because this kind of administration is not suitable and rather cumbersome for 
daily use in practice, we developed a single oral combination tablet that will 
deliver testosterone sublingually and, approximately 2.5 hours later in the 
gastro-intestinal tract, the sildenafil or buspirone component, allowing women 
with FSIAD to take just one single tablet 3–6 hours before the anticipated sexual 
activity. 

The objective of this study was to see if the pharmacokinetic profile of 
testosterone given sublingually followed 2.5 hours later by a tablet of buspirone 
(administered in a gelatin capsule) mimics the pharmacokinetic properties of the 
newly developed single combination tablet as described above. The results of 
the pharmacokinetic study of the combination of testosterone and sildenafil will 
be described separately. 

At frequent time points, plasma samples were taken and the following 
pharmacokinetic parameters were determined: the time to maximum 
concentration (T max), half-life (T ½ ), maximum concentration (C max), and area 
under the curve (AUC) for total testosterone, free testosterone, buspirone, and 
buspirone’s main metabolite (1-(2-pyrimidinyl)-piperazine) for each formulation. 

 

 

 

 

 
 

METHODS 

Study Subjects 

Eligible women were aged between 18 and 35 years, premenopausal, and had a 
body mass index (BMI) between 18 and 30 kg/m2. Exclusion criteria included an 
endocrine disease, neurological problems, a cardiovascular condition, 
hypertension, abnormal liver or renal function, and a history of a hormone-
dependent malignancy. Women taking medications that interfere with the 
metabolism of sex steroids (e.g., oral contraceptives containing anti-androgens 
or (anti)androgenic progestogens), or who used serotonergic drugs or who had 
used testosterone therapy within 6 months before study entry were also 
excluded. 

Women were recruited and enrolled from advertisements, and via a database of 
a contract research organization (QPS in the Netherlands). Recruitment started 
in June 2012 and the study was ended in November 2012. To determine 
eligibility, participants were screened approximately 4 weeks prior to study 
entry. In addition to an assessment of medical history, all subjects received a 
physical examination including a 12-lead electrocardiogram, standard 
biochemistry, serology, and hematological laboratory tests. Blood samples for 
determination of baseline levels of total testosterone, sex hormone-binding 
globulin (SHBG), albumin, thyroid-stimulating hormone (TSH), follicle-stimulating 
hormone (FSH) and estrogen were collected at the screening visit. A urine 
pregnancy test was applied to all women. 

Thirteen healthy young women participated after providing written informed 
consent. This study was approved by the local medical ethics committee 
(Stichting BEBO, Assen, the Netherlands) and carried out in agreement with the 
International Conference on Harmonisation-Good Clinical Practice (ICH-GCP). 

Study Design 

This was a single-center, investigator-blind, randomized, cross-over controlled 
study investigating two different modes of administration of a combination of 
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testosterone and buspirone. The first mode (F1) consisted of the administration 
of a sublingual solution containing testosterone (0.5 mg) complexed with 
cyclodextrin, followed 2.5 hours later by an orally administered tablet containing 
10 mg buspirone hydrochloride in a gelatin capsule. The second mode of 
administration (F2) consisted of an innovative fixed-combination tablet with an 
inner-core component of 10 mg buspirone hydrochloride coated with a 
polymeric ethylcellulose-based time-delay coating and an outer coating 
containing 0.5 mg testosterone complexed with hydroxypropyl-β cyclodextrin. 

All 13 subjects received the investigational drug formulation in random order. 
Wash-out between treatments was at least 7 days. Subjects had serial blood 
samples drawn via an intravenous catheter. Pharmacokinetic parameters were 
monitored at baseline (−10 min) and (at 5, 10, 15, 20, 25, 30, 60, 90, 120, 135, 
145, 165, 180, 195, 210, 225, 240, 270, 300, 330, 360, 390, 450, 570, 690, 810, 
930, 1,590 min) after dosing. 

Measurement of total testosterone, free testosterone, and dihydrotestosterone 
were performed at −10, 5, 10, 15, 20, 25, 30, 60, 90, 120, 145, 180, 240 and 
1,590 minutes after dosing; buspirone and metabolite 1-(2-pyrimidinyl)-
piperazine at −10, 10, 30, 60, 90, 120, 135, 145, 165, 180, 195, 210, 225, 240, 
270, 300, 330, 360, 390, 450, 570, 690, 810, 930, 1,590 minutes after dosing. 

For each admission period, subjects were instructed to come to the study site on 
the evening prior to dose administration where vital signs were checked 
(including ECG) and urine drug test, pregnancy test, and alcohol breath analysis 
were performed. During the admission period, the subjects received low calorie 
meals on site and decaffeinated coffee and tea to minimize the influence on 
pharmacokinetic parameters. Drug, alcohol, and pregnancy tests were 
performed prior to experimental sessions. 

Medication and Dosing 

The combination tablet is a menthol-flavored white tablet of 9 mm in diameter 
for sublingual administration followed by oral administration. The quickly 
dissolving outer coating, applied by film coating the tablet, delivers cyclodextrin-
complexed testosterone (0.5 mg) sublingually, and the time-delayed-release 

 

 
 

core delivers buspirone (10 mg) 2.5 hours later. The outer coating comprises 
testosterone, excipients, and a menthol flavor to guide the disappearance of the 
coating. The testosterone coating is designed to fully dissolve and to obtain a 
fast and complete absorption via the mucosal membranes under the tongue. 
The time-delayed-release core containing the buspirone has been designed on 
the basis of in-vitro release studies of US Pharmacopeia (USP) II and III, to 
release the buspirone in a pulsatile manner, approximately 2.5 hours after oral 
administration. This method of release is accomplished through the use of a 
polymer coating of ethylcellulose which allows for a slow permeation of water in 
a pH-independent manner. At the predetermined time, the polymer coating 
ruptures at the edge of the tablet. The complete disintegrated core of the inner 
tablet is released immediately, after which there is no delay for the dissolution 
of the buspirone in the surrounding fluid. 

The two formulations were administered by a trained research associate and 
controlled by a second research associate. 

For the testosterone component of F1, a 1 mg/mL testosterone cyclodextrin 
complex solution was used; the solution was administered with a micropipette 
(e.g., Eppendorf) into the subject’s mouth under the tongue, and the subjects 
were instructed to keep the solution sublingually for 60 seconds while moving 
the tongue slightly to optimize absorption. After 60 seconds the subject was 
instructed to swallow the solution. The buspirone component of F1 was 
administered orally, as an encapsulated tablet with a glass of water 
(approximately 200 mL) 150 minutes later. 

For F2, the subject was instructed to keep the tablet in the mouth sublingually 
for 90 seconds, while moving the tongue slightly to optimize absorption. The 
amount of time that the tablet was in the mouth was timed so that the tablet 
was swallowed at exactly the right time. After 90 seconds, the subject was 
instructed to swallow the tablet as a whole, without chewing or otherwise 
disrupting the dosage form. If necessary, the subject could take a glass of water 
to enable swallowing. 
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testosterone and buspirone. The first mode (F1) consisted of the administration 
of a sublingual solution containing testosterone (0.5 mg) complexed with 
cyclodextrin, followed 2.5 hours later by an orally administered tablet containing 
10 mg buspirone hydrochloride in a gelatin capsule. The second mode of 
administration (F2) consisted of an innovative fixed-combination tablet with an 
inner-core component of 10 mg buspirone hydrochloride coated with a 
polymeric ethylcellulose-based time-delay coating and an outer coating 
containing 0.5 mg testosterone complexed with hydroxypropyl-β cyclodextrin. 

All 13 subjects received the investigational drug formulation in random order. 
Wash-out between treatments was at least 7 days. Subjects had serial blood 
samples drawn via an intravenous catheter. Pharmacokinetic parameters were 
monitored at baseline (−10 min) and (at 5, 10, 15, 20, 25, 30, 60, 90, 120, 135, 
145, 165, 180, 195, 210, 225, 240, 270, 300, 330, 360, 390, 450, 570, 690, 810, 
930, 1,590 min) after dosing. 

Measurement of total testosterone, free testosterone, and dihydrotestosterone 
were performed at −10, 5, 10, 15, 20, 25, 30, 60, 90, 120, 145, 180, 240 and 
1,590 minutes after dosing; buspirone and metabolite 1-(2-pyrimidinyl)-
piperazine at −10, 10, 30, 60, 90, 120, 135, 145, 165, 180, 195, 210, 225, 240, 
270, 300, 330, 360, 390, 450, 570, 690, 810, 930, 1,590 minutes after dosing. 

For each admission period, subjects were instructed to come to the study site on 
the evening prior to dose administration where vital signs were checked 
(including ECG) and urine drug test, pregnancy test, and alcohol breath analysis 
were performed. During the admission period, the subjects received low calorie 
meals on site and decaffeinated coffee and tea to minimize the influence on 
pharmacokinetic parameters. Drug, alcohol, and pregnancy tests were 
performed prior to experimental sessions. 

Medication and Dosing 

The combination tablet is a menthol-flavored white tablet of 9 mm in diameter 
for sublingual administration followed by oral administration. The quickly 
dissolving outer coating, applied by film coating the tablet, delivers cyclodextrin-
complexed testosterone (0.5 mg) sublingually, and the time-delayed-release 

 

 
 

core delivers buspirone (10 mg) 2.5 hours later. The outer coating comprises 
testosterone, excipients, and a menthol flavor to guide the disappearance of the 
coating. The testosterone coating is designed to fully dissolve and to obtain a 
fast and complete absorption via the mucosal membranes under the tongue. 
The time-delayed-release core containing the buspirone has been designed on 
the basis of in-vitro release studies of US Pharmacopeia (USP) II and III, to 
release the buspirone in a pulsatile manner, approximately 2.5 hours after oral 
administration. This method of release is accomplished through the use of a 
polymer coating of ethylcellulose which allows for a slow permeation of water in 
a pH-independent manner. At the predetermined time, the polymer coating 
ruptures at the edge of the tablet. The complete disintegrated core of the inner 
tablet is released immediately, after which there is no delay for the dissolution 
of the buspirone in the surrounding fluid. 

The two formulations were administered by a trained research associate and 
controlled by a second research associate. 

For the testosterone component of F1, a 1 mg/mL testosterone cyclodextrin 
complex solution was used; the solution was administered with a micropipette 
(e.g., Eppendorf) into the subject’s mouth under the tongue, and the subjects 
were instructed to keep the solution sublingually for 60 seconds while moving 
the tongue slightly to optimize absorption. After 60 seconds the subject was 
instructed to swallow the solution. The buspirone component of F1 was 
administered orally, as an encapsulated tablet with a glass of water 
(approximately 200 mL) 150 minutes later. 

For F2, the subject was instructed to keep the tablet in the mouth sublingually 
for 90 seconds, while moving the tongue slightly to optimize absorption. The 
amount of time that the tablet was in the mouth was timed so that the tablet 
was swallowed at exactly the right time. After 90 seconds, the subject was 
instructed to swallow the tablet as a whole, without chewing or otherwise 
disrupting the dosage form. If necessary, the subject could take a glass of water 
to enable swallowing. 
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Hormone Assays 

The assay used for the determination of total testosterone and 
dihydrotestosterone was High Performance Liquid Chromatography with Mass 
Spectrometric detection (HPLC–MS/MS) (API 4000, Applied Biosystems, MDS 
SCIEX). Free testosterone was determined in plasma through ultra-filtration 
followed by HPLC–MS/MS. The method was validated with a lower limit of 
quantification (LLOQ) of 1.00 pg/mL for free testosterone with an intra-assay 
coefficient of variation (CV) of 5.2 % and an inter-assay CV of 12.6 %. The LLOQ 
for testosterone was 0.02 ng/mL with an intra-assay CV of 11.0 % and an inter-
assay CV of 12.8 %. The LLOQ for dihydrotestosterone was 0.02 ng/mL with an 
intra-assay CV of 23.6 % and an inter-assay CV of 29.5 %. The HPLC–
MS/MS assay is a reliable and sensitive method for the analysis of free 
testosterone and overcomes the known limitations of direct immunoassays in 
measurement of testosterone values in the lower range [24, 25]. 

Buspirone and 1-(2-Pyrimidinyl)-Piperazine Assay 

The analytes buspirone and its major metabolite 1-(2-pyrimidinyl)-piperazine 
were determined in plasma by HPLC–MS/MS. The method was validated with a 
LLOQ of 0.01 ng/mL for buspirone with an intra-assay CV of 12.9 % and an inter-
assay CV of 7.2 %. The LLOQ for 1-(2-pyrimidinyl)-piperazine was 0.20 ng/mL 
with an intra-assay CV of 9.4 % and an inter-assay CV of 4.7 %. 

Statistical Analysis 

The pharmacokinetic parameters were analyzed using the Watson 7.2 
Bioanalytical LIMS software (Thermo Electron Corporation, Philadelphia, USA). 

Pharmacokinetic parameters including AUC, C max, T max and T ½ were calculated 
based on actual and baseline corrected individual concentration–time curves. 
AUCs were estimated using the linear trapezoidal rule. C max and T max were taken 
from the measured values. T ½ was calculated from the unweighted linear 
regression of the log transformed data determined at the elimination phase of 
the pharmacokinetic profile of each subject. 

 

 
 

The AUC0–1,590 was determined as the area under the concentration versus time 
curve from the first time point to the last time point with measurable drug 
concentration with a linear/log-linear trapezoidal model. The AUC0–∞ was 
calculated from the AUC0–1,590 by the addition of a constant (Cp/λz), where Cp is 
the last observed quantifiable concentration and λz is elimination rate constant. 
This was performed by dividing the Cp by λz determined using linear regression 
of Cp versus time data (standard extrapolation technique). The elimination rate 
constant and the corresponding elimination half-life was estimated by log-linear 
least squares regression of the terminal part of the plasma concentration versus 
time curve. Absorption lag time (Tlag) is determined as the first time point with a 
measurable concentration in plasma. 

The demographic baseline levels of total and free testosterone, 
dihydrotestosterone, SHBG, and albumin were calculated by taking the mean of 
F1 and F2. For the baseline corrected pharmacokinetic parameters, the raw data 
of each subject was taken as baseline. Dependent on distribution of normality, 
paired-samples t-tests were used for the difference between the F1 and F2 
pharmacokinetic parameters for the subjects of whom F1 and F2 data was 
obtained (n = 12). For all analyses a (two-sided) p value <0.05 was considered 
statistically significant. Statistical analyses were conducted with SPSS 19.0 (IBM 
SPSS Statistics for Windows, Version 19.0. Armonk, NY: IBM Corp). 
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Hormone Assays 

The assay used for the determination of total testosterone and 
dihydrotestosterone was High Performance Liquid Chromatography with Mass 
Spectrometric detection (HPLC–MS/MS) (API 4000, Applied Biosystems, MDS 
SCIEX). Free testosterone was determined in plasma through ultra-filtration 
followed by HPLC–MS/MS. The method was validated with a lower limit of 
quantification (LLOQ) of 1.00 pg/mL for free testosterone with an intra-assay 
coefficient of variation (CV) of 5.2 % and an inter-assay CV of 12.6 %. The LLOQ 
for testosterone was 0.02 ng/mL with an intra-assay CV of 11.0 % and an inter-
assay CV of 12.8 %. The LLOQ for dihydrotestosterone was 0.02 ng/mL with an 
intra-assay CV of 23.6 % and an inter-assay CV of 29.5 %. The HPLC–
MS/MS assay is a reliable and sensitive method for the analysis of free 
testosterone and overcomes the known limitations of direct immunoassays in 
measurement of testosterone values in the lower range [24, 25]. 

Buspirone and 1-(2-Pyrimidinyl)-Piperazine Assay 

The analytes buspirone and its major metabolite 1-(2-pyrimidinyl)-piperazine 
were determined in plasma by HPLC–MS/MS. The method was validated with a 
LLOQ of 0.01 ng/mL for buspirone with an intra-assay CV of 12.9 % and an inter-
assay CV of 7.2 %. The LLOQ for 1-(2-pyrimidinyl)-piperazine was 0.20 ng/mL 
with an intra-assay CV of 9.4 % and an inter-assay CV of 4.7 %. 

Statistical Analysis 

The pharmacokinetic parameters were analyzed using the Watson 7.2 
Bioanalytical LIMS software (Thermo Electron Corporation, Philadelphia, USA). 

Pharmacokinetic parameters including AUC, C max, T max and T ½ were calculated 
based on actual and baseline corrected individual concentration–time curves. 
AUCs were estimated using the linear trapezoidal rule. C max and T max were taken 
from the measured values. T ½ was calculated from the unweighted linear 
regression of the log transformed data determined at the elimination phase of 
the pharmacokinetic profile of each subject. 

 

 
 

The AUC0–1,590 was determined as the area under the concentration versus time 
curve from the first time point to the last time point with measurable drug 
concentration with a linear/log-linear trapezoidal model. The AUC0–∞ was 
calculated from the AUC0–1,590 by the addition of a constant (Cp/λz), where Cp is 
the last observed quantifiable concentration and λz is elimination rate constant. 
This was performed by dividing the Cp by λz determined using linear regression 
of Cp versus time data (standard extrapolation technique). The elimination rate 
constant and the corresponding elimination half-life was estimated by log-linear 
least squares regression of the terminal part of the plasma concentration versus 
time curve. Absorption lag time (Tlag) is determined as the first time point with a 
measurable concentration in plasma. 

The demographic baseline levels of total and free testosterone, 
dihydrotestosterone, SHBG, and albumin were calculated by taking the mean of 
F1 and F2. For the baseline corrected pharmacokinetic parameters, the raw data 
of each subject was taken as baseline. Dependent on distribution of normality, 
paired-samples t-tests were used for the difference between the F1 and F2 
pharmacokinetic parameters for the subjects of whom F1 and F2 data was 
obtained (n = 12). For all analyses a (two-sided) p value <0.05 was considered 
statistically significant. Statistical analyses were conducted with SPSS 19.0 (IBM 
SPSS Statistics for Windows, Version 19.0. Armonk, NY: IBM Corp). 
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RESULTS 

The baseline characteristics and hormone levels of the 13 study participants are 
outlined in Table 1. Because one subject discontinued after F1 dose, an 
additional subject was included into the study in order to have F1 and F2 data 
from 12 subjects. Therefore, 13 subjects were included in F1 and 12 subjects 
were included in F2. Table 1 shows the baseline demographics of the 13 study 
participants, all subjects were Caucasian and the mean age was 25.8 years. 
Baseline levels (measured at screening) of testosterone, SHBG, and albumin 
were all in the normal female range. 

  Table 1. Baseline and clinical characteristics of the participants. 

Characteristic Value (n = 13) 

Age (years) 25.8 ± 4.9 

Race 

    Caucasian 13 

BMI (kg/m2) 22.9 ± 2.1 

Contraceptive 

     Hormonal 12 

            Combined oral contraceptive pill 8 

            IUD (levonorgestrel) 3 

            Vaginal ring (progestin and estrogen) 1 

     Non-hormonal 1 

Total testosterone (ng/mL) 0.26 ± 0.1 

SHBG (nmol/L) 92 ± 80 

Albumin (g/L) 41.5 ± 2.8 

Baseline levels of total testosterone, SHBG and albumin were measured at the screening visit 

The values are mean ± SD. To convert total testosterone to nanomoles per liter, multiply by 3.467 

BMI body mass index, IUD intrauterine device, SHBG sex hormone-binding globulin. 

 

 

 
 

Pharmacokinetic Results 

Testosterone, Free Testosterone and Dihydrotestosterone 

Pharmacokinetic results of the two administrations show that from both 
products, testosterone was rapidly absorbed with a total 
testosterone T max between 12 and 16 minutes (0.201–0.256 h) and a half-life 
between 36 and 44 minutes (0.598–0.726 h). Free testosterone reached the 
maximum concentration within 12–15 minutes (0.194–0.250 h) with a half-life 
between 40 and 48 min (0.674–0.798 h). C max is significantly higher for total 
(p = 0.003) and free testosterone (p = 0.003) after F2 administration compared 
with F1 dosing. Furthermore, it is observed that the average AUC with F2 dosing 
is significantly higher for free testosterone (p = 0.018) and not statistically 
significant for total testosterone (p = 0.078) compared with the F1 dosing. The 
pharmacokinetic parameters of total and free testosterone and 
dihydrotestosterone after the different modes of administration are summarized 
in Table 2. 

Table 2. Pharmacokinetic parameters for total testosterone, free testosterone, and 
dihydrotestosterone after F1 and F2 administration 

Dosing C max(ng/mL) T max (h) AUC(0–

1,590)(ng*h/mL) T ½ (h) 

F1 total testosterone 
(ng/mL) 

5.65 ± 2.35 0.256 ± 0.063 6.41 ± 2.23 0.726 ± 0.165 

F2 total testosterone    
(ng/mL)  

7.84 ± 3.69* 0.201 ± 0.043 8.10 ± 2.49 0.598 ± 0.080 

F1 free testosterone 
(pg/mL) 

36.2 ± 14.9 0.250 ± 0.083 35.1 ± 18.8 0.674 ± 0.187 

F2 free testosterone 
(pg/mL) 

52.4 ± 20.8* 0.194 ± 0.054 55.5 ± 31.1* 0.798 ± 0.247 

F1 dihydrotestosterone 
(ng/mL) 

0.519 ± 0.222 0.410 ± 0.105 1.39 ± 0.87 1.14 ± 0.49 

F2 dihydrotestosterone 
(ng/mL) 

0.578 ± 0.245 0.451 ± 0.066 1.17 ± 0.47 0.850 ± 0.336 

For all calculations, the predose concentration is subtracted from the determined concentration after dosing. 
The values are mean ± SD. The means of F1 are calculated with the data of 13 women and the means of F2 are 
based on the data of 12 women. To convert total testosterone to nanomoles per liter, multiply by 3.467. 
* p < 0.05, value at F2 is significantly different from F1. 

AUC area under the curve, C max maximum concentration, T max time to maximum concentration, T ½ half-life 
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RESULTS 

The baseline characteristics and hormone levels of the 13 study participants are 
outlined in Table 1. Because one subject discontinued after F1 dose, an 
additional subject was included into the study in order to have F1 and F2 data 
from 12 subjects. Therefore, 13 subjects were included in F1 and 12 subjects 
were included in F2. Table 1 shows the baseline demographics of the 13 study 
participants, all subjects were Caucasian and the mean age was 25.8 years. 
Baseline levels (measured at screening) of testosterone, SHBG, and albumin 
were all in the normal female range. 

  Table 1. Baseline and clinical characteristics of the participants. 

Characteristic Value (n = 13) 

Age (years) 25.8 ± 4.9 

Race 

    Caucasian 13 

BMI (kg/m2) 22.9 ± 2.1 

Contraceptive 

     Hormonal 12 

            Combined oral contraceptive pill 8 

            IUD (levonorgestrel) 3 

            Vaginal ring (progestin and estrogen) 1 

     Non-hormonal 1 

Total testosterone (ng/mL) 0.26 ± 0.1 

SHBG (nmol/L) 92 ± 80 

Albumin (g/L) 41.5 ± 2.8 

Baseline levels of total testosterone, SHBG and albumin were measured at the screening visit 

The values are mean ± SD. To convert total testosterone to nanomoles per liter, multiply by 3.467 

BMI body mass index, IUD intrauterine device, SHBG sex hormone-binding globulin. 

 

 

 
 

Pharmacokinetic Results 

Testosterone, Free Testosterone and Dihydrotestosterone 

Pharmacokinetic results of the two administrations show that from both 
products, testosterone was rapidly absorbed with a total 
testosterone T max between 12 and 16 minutes (0.201–0.256 h) and a half-life 
between 36 and 44 minutes (0.598–0.726 h). Free testosterone reached the 
maximum concentration within 12–15 minutes (0.194–0.250 h) with a half-life 
between 40 and 48 min (0.674–0.798 h). C max is significantly higher for total 
(p = 0.003) and free testosterone (p = 0.003) after F2 administration compared 
with F1 dosing. Furthermore, it is observed that the average AUC with F2 dosing 
is significantly higher for free testosterone (p = 0.018) and not statistically 
significant for total testosterone (p = 0.078) compared with the F1 dosing. The 
pharmacokinetic parameters of total and free testosterone and 
dihydrotestosterone after the different modes of administration are summarized 
in Table 2. 

Table 2. Pharmacokinetic parameters for total testosterone, free testosterone, and 
dihydrotestosterone after F1 and F2 administration 

Dosing C max(ng/mL) T max (h) AUC(0–

1,590)(ng*h/mL) T ½ (h) 

F1 total testosterone 
(ng/mL) 

5.65 ± 2.35 0.256 ± 0.063 6.41 ± 2.23 0.726 ± 0.165 

F2 total testosterone    
(ng/mL)  

7.84 ± 3.69* 0.201 ± 0.043 8.10 ± 2.49 0.598 ± 0.080 

F1 free testosterone 
(pg/mL) 

36.2 ± 14.9 0.250 ± 0.083 35.1 ± 18.8 0.674 ± 0.187 

F2 free testosterone 
(pg/mL) 

52.4 ± 20.8* 0.194 ± 0.054 55.5 ± 31.1* 0.798 ± 0.247 

F1 dihydrotestosterone 
(ng/mL) 

0.519 ± 0.222 0.410 ± 0.105 1.39 ± 0.87 1.14 ± 0.49 

F2 dihydrotestosterone 
(ng/mL) 

0.578 ± 0.245 0.451 ± 0.066 1.17 ± 0.47 0.850 ± 0.336 

For all calculations, the predose concentration is subtracted from the determined concentration after dosing. 
The values are mean ± SD. The means of F1 are calculated with the data of 13 women and the means of F2 are 
based on the data of 12 women. To convert total testosterone to nanomoles per liter, multiply by 3.467. 
* p < 0.05, value at F2 is significantly different from F1. 

AUC area under the curve, C max maximum concentration, T max time to maximum concentration, T ½ half-life 
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The mean concentrations of testosterone, free testosterone, and 
dihydrotestosterone measured after sublingual administration of a single dose of 
testosterone (0.50 mg) after F1 and F2 administration are shown in the Figures 
1, 2 and 3. 

 

Figure 1. Mean total testosterone plasma concentration–time profile 

 

 

Figure 2. Mean free testosterone plasma concentration–time profile 

 

 
 

 

 

Figure 3. Mean dihydrotestosterone plasma concentration–time profiles 

 

Buspirone and 1-(2-Pyrimidinyl)-Piperazine 

Pharmacokinetic results of the two administrations show that from both 
products, buspirone was absorbed with a T max between 3.69 and 3.95 hours and 
a half-life between 6.03 and 7.12 hours. Buspirone Tlag (median) was 
approximately 3 hours after F1 and approximately 3 hours and 20 minutes after 
F2 administration. Since for F1 the encapsulated tablet was taken after 
150 minutes (2.5 h), the in vivo dissolution and absorption of buspirone took 
30 minutes. The in vivo lag time for F2 was 200 – 30 = 170 minutes, which was 
well in line with in vitro observations of the tablet. 1-(2-pyrimidinyl)-piperazine 
reached the maximum concentration after approximately 4 hours (4.02–4.40 h) 
with a half-life between 4.84 and 4.86 hours. C max and AUC were not 
significantly different between the F1 and F2 administration for buspirone as 
well as 1-(2-pyrimidinyl)-piperazine. 
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The mean concentrations of testosterone, free testosterone, and 
dihydrotestosterone measured after sublingual administration of a single dose of 
testosterone (0.50 mg) after F1 and F2 administration are shown in the Figures 
1, 2 and 3. 

 

Figure 1. Mean total testosterone plasma concentration–time profile 

 

 

Figure 2. Mean free testosterone plasma concentration–time profile 

 

 
 

 

 

Figure 3. Mean dihydrotestosterone plasma concentration–time profiles 

 

Buspirone and 1-(2-Pyrimidinyl)-Piperazine 

Pharmacokinetic results of the two administrations show that from both 
products, buspirone was absorbed with a T max between 3.69 and 3.95 hours and 
a half-life between 6.03 and 7.12 hours. Buspirone Tlag (median) was 
approximately 3 hours after F1 and approximately 3 hours and 20 minutes after 
F2 administration. Since for F1 the encapsulated tablet was taken after 
150 minutes (2.5 h), the in vivo dissolution and absorption of buspirone took 
30 minutes. The in vivo lag time for F2 was 200 – 30 = 170 minutes, which was 
well in line with in vitro observations of the tablet. 1-(2-pyrimidinyl)-piperazine 
reached the maximum concentration after approximately 4 hours (4.02–4.40 h) 
with a half-life between 4.84 and 4.86 hours. C max and AUC were not 
significantly different between the F1 and F2 administration for buspirone as 
well as 1-(2-pyrimidinyl)-piperazine. 
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The pharmacokinetic parameters of buspirone and its primary metabolite 1-(2-
pyrimidinyl)-piperazine after the F1 and F2 modes of administration are 
summarized in Table 3. 

Table 3. Pharmacokinetic parameters for buspirone and 1-(2-pyrimidinyl)-piperazine 
after either F1 or F2 administration 

Dosing C max 

(ng/mL) 

T max (h) AUC(0–

1,590)(ng*h/m
L) 

AUC 
extrapolat
ed(0–

∞) (ng*h/m
L) 

Tlag (h) T ½ (h) 

F1 buspirone 
(ng/mL) 

3.95 ± 4.38 3.69 ± 0.54 7.63 ± 8.07 8.02 ± 8.57 2.96 ± 0.14 6.03 ± 2.27 

F2 buspirone 
(ng/mL) 2.16 ± 2.55 3.95 ± 1.82 5.14 ± 5.08 5.56 ± 5.24 3.33 ± 0.82 7.12 ± 2.33 

F1 1-(2-
pyrimidinyl)-
piperazine 
(ng/mL) 4.35 ± 1.65 4.02 ± 0.68 25.4 ± 14.60 27.4 ± 17.8 3.27 ± 0.33 4.84 ± 2.11 

F2 1-(2-
pyrimidinyl)-
piperazine 
(ng/mL) 3.99 ± 1.71 4.40 ± 2.27 21.6 ± 6.7 22.7 ± 7.4 3.58 ± 1.32 4.86 ± 1.66 

The values are mean ± SD. The means of F1 are calculated with the data of 13 women and the 
means of F2 are based on the data of 12 women.  AUC area under the curve, C max maximum 
concentration, Tlag absorption lag time, T max time to maximum concentration, T ½ half-life. 

The mean concentration–time profiles of buspirone and 1-(2-pyrimidinyl)-
piperazine measured after oral administration of a single dose of buspirone 
(10 mg) using the F1 and F2 modes of administration are shown in 
Figures 4 and 5. 

 

 

 

 

 
 

 

Figure 4. Mean buspirone plasma concentration–time profile 

  

Figure 5. Mean 1-(2-pyrimidinyl)-piperazine plasma concentration–time profile 

The two formulations were well tolerated. 
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The pharmacokinetic parameters of buspirone and its primary metabolite 1-(2-
pyrimidinyl)-piperazine after the F1 and F2 modes of administration are 
summarized in Table 3. 

Table 3. Pharmacokinetic parameters for buspirone and 1-(2-pyrimidinyl)-piperazine 
after either F1 or F2 administration 

Dosing C max 

(ng/mL) 

T max (h) AUC(0–

1,590)(ng*h/m
L) 

AUC 
extrapolat
ed(0–

∞) (ng*h/m
L) 

Tlag (h) T ½ (h) 

F1 buspirone 
(ng/mL) 

3.95 ± 4.38 3.69 ± 0.54 7.63 ± 8.07 8.02 ± 8.57 2.96 ± 0.14 6.03 ± 2.27 

F2 buspirone 
(ng/mL) 2.16 ± 2.55 3.95 ± 1.82 5.14 ± 5.08 5.56 ± 5.24 3.33 ± 0.82 7.12 ± 2.33 

F1 1-(2-
pyrimidinyl)-
piperazine 
(ng/mL) 4.35 ± 1.65 4.02 ± 0.68 25.4 ± 14.60 27.4 ± 17.8 3.27 ± 0.33 4.84 ± 2.11 

F2 1-(2-
pyrimidinyl)-
piperazine 
(ng/mL) 3.99 ± 1.71 4.40 ± 2.27 21.6 ± 6.7 22.7 ± 7.4 3.58 ± 1.32 4.86 ± 1.66 

The values are mean ± SD. The means of F1 are calculated with the data of 13 women and the 
means of F2 are based on the data of 12 women.  AUC area under the curve, C max maximum 
concentration, Tlag absorption lag time, T max time to maximum concentration, T ½ half-life. 

The mean concentration–time profiles of buspirone and 1-(2-pyrimidinyl)-
piperazine measured after oral administration of a single dose of buspirone 
(10 mg) using the F1 and F2 modes of administration are shown in 
Figures 4 and 5. 

 

 

 

 

 
 

 

Figure 4. Mean buspirone plasma concentration–time profile 

  

Figure 5. Mean 1-(2-pyrimidinyl)-piperazine plasma concentration–time profile 

The two formulations were well tolerated. 
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DISCUSSION 

Our results demonstrate that sublingual administration of testosterone in both 
formulations was followed by a very quick and steep increase of total and free 
testosterone levels; with peak levels reached between 10 and 20 minutes, which 
is in line with our previous studies [9, 26]. Serum levels of total and free 
testosterone rapidly declined to reach baseline levels by approximately 
2.5 hours. 

The total testosterone C max following administration of 0.50 mg sublingual 
testosterone after the liquid dosing regimen showed consistency with the 
reported C max of Tuiten et al. and van Rooij et al. [9, 26]; however, the C max of 
total and free testosterone after administration of the tablet is higher. This is 
also reflected by the AUC for total and free testosterone after administration of 
the tablet compared with the liquid dosing, meaning very fast absorption from 
the solid polymeric matrix. Since there is no time delay or difference in 
absorption for the two formulations, the in vivo dissolution of testosterone from 
the tablet coating is not the rate-limiting step in the absorption process, which 
indicates that the driving force for dissolution in the saliva is high. It is surprising 
that the bioavailability of testosterone from the tablet is higher than from the 
liquid, since one would expect it to be the other way around, and certainly for an 
intrinsically insoluble compound such as testosterone. On the other hand, it 
should be taken into account that a small amount of the liquid testosterone 
(0.5 ml) may leak away to the esophagus and stomach which could explain the 
lower bioavailability of this dosage form compared with the combination tablet. 
In a previous study of van Rooij et al., three different doses of the liquid 
testosterone were investigated (0.25, 0.50, and 0.75 mg) and it was observed 
that the lowest testosterone dose (0.25 mg) had the highest bioavailability [26]. 
In that study, the 0.50 mg of sublingual testosterone solution had a relative 
availability to the lowest dose of 69 %. The AUC of the lowest dose was dose 
corrected equivalent to a 0.3 mg single pulmonal testosterone dose described by 
Davison and colleagues [27]. Due to the properties of testosterone, the low 
dose, and the large surface area of the lungs, it was anticipated that this was a 
near 100 % bioavailability, resulting in an approximate 70 % bioavailability for 
the 0.5 mg liquid sublingual dose. And since the new combination tablet with the 

 

 
 

coating of testosterone has both a higher C max and AUC, we assume that the 
absolute bioavailability of this tablet is above 70 and probably close to 80 %. 

The metabolite dihydrotestosterone peak levels were reached within 30 minutes 
and levels returned to baseline levels within 4 hours, which is also consistent 
with our previous pharmacokinetic study [26]. 

Due to the high first-pass effect, the variability between the subjects for the 
buspirone levels was as expected very high. The Tlag time and the T max for both 
buspirone and its metabolite 1-(2-pyrimidinyl)-piperazine were comparable for 
both formulations. This indicates that the in vivo rupture time of the tablet is 
within the set specification of 120–240 minutes (average 150 min). 

Although the C max for buspirone was not significantly different between the two 
formulations, the average Cmax was somewhat lower for the combination tablet 
(F2) compared with the encapsulated tablet (F1) taken after 150 minutes. The 
encapsulated gelatin capsule of F1 is probably absorbed in the stomach, while 
the combination tablet is absorbed at a more distal location in the 
gastrointestinal tract (in the small intestines). Since the combination tablet will 
release its drug load after a 150-minute longer travel through the 
gastrointestinal tract, this could have influenced the C max for buspirone. 
However, based on the AUC of the main first-pass metabolite of buspirone, 
there does not seem to be a significant incomplete absorption of the buspirone, 
but rather a more extensive first-pass effect with the tablet that resides longer 
and further in the gastrointestinal tract. 

Conclusion 

In conclusion, there was adequate absorption of both testosterone and 
buspirone and an adequate time delay for the release of buspirone after 
administration of the combination tablet, which is a well-tolerated, convenient 
and suitable formulation for Lybridos administration in a daily practical setting. 
All subsequent clinical studies, including dose-finding studies, will be done with 
this innovative tablet formulation. 
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DISCUSSION 

In this thesis studies are presented which use a personalized medicine approach 
to investigate potential causal mechanisms, both biological and psychological, 
which might underlie sexual complaints such as low sexual desire, interest or 
arousal of women diagnosed with Female Sexual Interest/Arousal Disorder 
(FSIAD). We hypothesized that these causal mechanisms are partly the result of 
differences in sensitivity of the brain to sexual stimuli. The degree of this 
sensitivity for sexual cues or stimuli is influenced by biological factors, including 
hormonal levels and genetic factors. The results of the different studies 
described in this thesis suggest that there are at least two different subtypes 
among women who are diagnosed with HSDD/FSIAD; those who are low 
sensitive to sexual stimuli and those in which sexual stimuli elicit a dysfunctional 
activation of sexual inhibitory mechanisms.  

We hypothesized that women who are classified as low sensitive would benefit 
from an on-demand treatment of sublingual testosterone (0.5 mg) in 
combination with a PDE5-inhibitor (e.g., sildenafil (50 mg)) and that women with 
dysfunctional activation of sexual inhibitory mechanisms would benefit from the 
combination of sublingual testosterone (0.5 mg) and the 5-HT1A receptor agonist 
buspirone (10 mg). Besides the FSIAD population, these treatments could also be 
efficacious in another indication; women who developed sexual complaints as 
the result of the use of SSRI antidepressants. In these women in which synaptic 
serotonin levels are increased by the SSRIs,  a 5-HT1A receptor agonist such as 
buspirone, lowers serotonergic neuron firing activity for a short time after a 
single administration via activation of somatodendritic 5-HT1A autoreceptors. 
Because of the pharmacodynamic properties of buspirone and other 5-HT1A 
receptor agonists, we hypothesized that the combination of sublingual 
testosterone and buspirone could be beneficial in women diagnosed with SSRI-
induced sexual dysfunction. However, the classification we used in the FSIAD 
population could also be of influence in women with SSRI-induced sexual 
dysfunction. The sensitivity of the brain to sexual stimuli before the start of SSRI 
therapy can influence a woman’s response on our two treatments (sublingual 

 

 
 

testosterone in combination with a PDE5 inhibitor and sublingual testosterone in 
combination with a 5-HT1A receptor agonist). 

Each treatment consists of a combination of two components, administered in 
such a time frame that during the behavioral window induced by sublingual 
testosterone (3-6 hours after the testosterone peak) the second component 
(PDE5-inhibitor or 5-HT1A receptor agonist) becomes active. The increase in 
sensitivity to sexual stimuli in combination with the PDE5-inhibitor results in an 
increase in physiological sexual responding which might trigger a positive 
feedback loop:  physical responses (such as genital arousal) are experienced 
more intensely and this experience might act as an enhancing (positive 
feedback) internal stimulus. Because the women are more aware of their 
physical responses, this might further increase sexual motivation and desire. The 
operating principle of the combination of sublingual testosterone and a 5-HT1A 

receptor agonist is based on the following reasoning. In a subdivision of women 
with FSIAD an increase in sensitivity to sexual stimuli due to sublingual 
testosterone will elicit an exaggerated inhibitory sexual response. This inhibitory 
effect could have come about through a functional and a phasic increase of 
serotonergic activity in the dorsolateral PFC. Addition of the 5-HT1A receptor 
agonist buspirone prevent this phasic increase of serotonergic 
neurotransmission which influences the inhibitory sexual response in the PFC. 
During exposure to sexual stimuli (internally or externally induced), women 
prone to sexual inhibition might then react to a combined treatment with 
testosterone and a 5-HT1A receptor agonist with an increased physiological and 
subjective sexual response. 

In this chapter, the main findings of the pharmacokinetic- and pharmacodynamic 
properties of these two treatments on sexual functioning in women with FSIAD 
and SSRI-induced sexual dysfunction, and future perspectives will be discussed.  

Pharmacokinetic properties 

On-demand sublingual testosterone administration forms the basis for the effect 
of our treatments for women diagnosed with FSIAD or SSRI-induced sexual 
dysfunction.  After sublingual testosterone administration, plasma levels of total 
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and free testosterone rapidly increases with a maximum plasma concentration 
after 15 minutes. In order to obtain a peak in plasma level of free testosterone, 
which is the biological active substance, the dosage of sublingual testosterone 
should be high enough to surpass the Sex Hormone Binding Globulin (SHBG) 
threshold. By surpassing the SHBG threshold, unbound free testosterone 
increases, which has repeatedly shown to result in behavioral effects 
approximately 4 hours later. In our study described in chapter 2, we confirmed 
that the administration of 0.5 mg of sublingual testosterone is indeed sufficient 
to surpass this threshold.  

In the majority of studies regarding the influence of testosterone on sexual 
behavior in women, chronic testosterone administration is utilized as the 
method of administration [1-3]. However, in contrast to on-demand sublingual 
testosterone administration, chronic testosterone will not lead to a steep and 
quick increase of free testosterone levels. During chronic treatment, the increase 
in the free levels of testosterone occurs slowly and much later in time, and 
therefore a behavioral (pharmacodynamics) effect on sexual functioning would 
follow later. Most importantly, chronic treatment with testosterone will result in 
a sustained increase of testosterone levels which subsequently might induce 
androgenic adverse events. After a single on-demand administration of 0.5 mg 
sublingual testosterone, plasma testosterone levels return to baseline within 3 
hours. Thus, even if 0.5 mg sublingual testosterone is administered daily, this will 
not result in sustained supraphysiological testosterone levels. Long-term safety 
studies are needed, but it is expected that there will be no safety concerns with 
this dose and administration route. 

In previous studies, the two components (testosterone and 5-HT1A receptor 
agonist) were administered separately, which is not suitable for clinical practice. 
Chapter 7 describes the development of a new innovative combination tablet (a 
combination of 0.5 mg sublingual testosterone and 10 mg of the 5-HT1A receptor 
agonist buspirone hydrochloride) which appears to have a comparable 
pharmacokinetic profile as the separate administration of 0.5 mg sublingual 
testosterone, followed 2.5 hours later by 10 mg of buspirone (the prototype). It 
is remarkable that the bioavailability of testosterone is even higher after 
administration of the combination tablet, compared to the sublingual 

 

 
 

testosterone solution with cyclodextrin as a carrier that was used in the 
prototype. It is possible that a small amount of the sublingual testosterone 
solution with cyclodextrin as a carrier may leak away to the esophagus and the 
stomach, and results in a lower bioavailability of this administration method as 
compared to the combination tablet. The pharmacokinetics of buspirone for 
both administration methods was comparable. The combination tablet is a 
patient-friendly method of administering these treatments on-demand. For 
future studies, this on-demand combination tablet will be used.  

Effect on sexual functioning in women with HSDD/FSIAD 

In chapter 3, the basis for different causal mechanisms in the etiology of FSIAD 
and the role of androgens and serotonin in sexual functioning is discussed. A 
rationale is given for the use of on-demand combined administration of 
sublingual testosterone and a PDE5 inhibitor for women with low sensitivity for 
sexual cues, and for the use of on-demand combined administration of 
sublingual testosterone and a 5-HT1A agonist in women with a dysfunctional 
activity of sexual inhibitory mechanisms. These women suffer from low sexual 
desire and are therefore not motivated to initiate sexual activities. It seems 
counterintuitive that these women would take an on-demand drug; however, 
because they are distressed by their low desire, they are motivated to change 
and improve their sexual functioning and seek help. 

In chapter 4 and chapter 5, the results of a randomized, double-blind, placebo-
controlled cross-over study are presented in which 56 women with FSIAD took 
both on-demand treatments (testosterone 0.5 mg + sildenafil 50 mg, and 
testosterone 0.5 mg + buspirone 10 mg, respectively) and placebo in an at home 
setting. In the first week of each treatment, the women were instructed to take 
3 administrations of study drug, and their subjective and physiological responses 
during exposure to erotic film clips were measured with the help of an 
ambulatory lab. In the following 3 weeks, the women could take the study drug 
on-demand (4 hours before anticipated sexual activity) and were instructed to 
fill out a sexual event diary after each sexual activity. The combination of 
sublingual testosterone and sildenafil, and the combination of sublingual 
testosterone and buspirone increased sexual functioning in the ambulatory 



Di
sc

us
sio

n

215

 

 
 

and free testosterone rapidly increases with a maximum plasma concentration 
after 15 minutes. In order to obtain a peak in plasma level of free testosterone, 
which is the biological active substance, the dosage of sublingual testosterone 
should be high enough to surpass the Sex Hormone Binding Globulin (SHBG) 
threshold. By surpassing the SHBG threshold, unbound free testosterone 
increases, which has repeatedly shown to result in behavioral effects 
approximately 4 hours later. In our study described in chapter 2, we confirmed 
that the administration of 0.5 mg of sublingual testosterone is indeed sufficient 
to surpass this threshold.  

In the majority of studies regarding the influence of testosterone on sexual 
behavior in women, chronic testosterone administration is utilized as the 
method of administration [1-3]. However, in contrast to on-demand sublingual 
testosterone administration, chronic testosterone will not lead to a steep and 
quick increase of free testosterone levels. During chronic treatment, the increase 
in the free levels of testosterone occurs slowly and much later in time, and 
therefore a behavioral (pharmacodynamics) effect on sexual functioning would 
follow later. Most importantly, chronic treatment with testosterone will result in 
a sustained increase of testosterone levels which subsequently might induce 
androgenic adverse events. After a single on-demand administration of 0.5 mg 
sublingual testosterone, plasma testosterone levels return to baseline within 3 
hours. Thus, even if 0.5 mg sublingual testosterone is administered daily, this will 
not result in sustained supraphysiological testosterone levels. Long-term safety 
studies are needed, but it is expected that there will be no safety concerns with 
this dose and administration route. 

In previous studies, the two components (testosterone and 5-HT1A receptor 
agonist) were administered separately, which is not suitable for clinical practice. 
Chapter 7 describes the development of a new innovative combination tablet (a 
combination of 0.5 mg sublingual testosterone and 10 mg of the 5-HT1A receptor 
agonist buspirone hydrochloride) which appears to have a comparable 
pharmacokinetic profile as the separate administration of 0.5 mg sublingual 
testosterone, followed 2.5 hours later by 10 mg of buspirone (the prototype). It 
is remarkable that the bioavailability of testosterone is even higher after 
administration of the combination tablet, compared to the sublingual 

 

 
 

testosterone solution with cyclodextrin as a carrier that was used in the 
prototype. It is possible that a small amount of the sublingual testosterone 
solution with cyclodextrin as a carrier may leak away to the esophagus and the 
stomach, and results in a lower bioavailability of this administration method as 
compared to the combination tablet. The pharmacokinetics of buspirone for 
both administration methods was comparable. The combination tablet is a 
patient-friendly method of administering these treatments on-demand. For 
future studies, this on-demand combination tablet will be used.  

Effect on sexual functioning in women with HSDD/FSIAD 

In chapter 3, the basis for different causal mechanisms in the etiology of FSIAD 
and the role of androgens and serotonin in sexual functioning is discussed. A 
rationale is given for the use of on-demand combined administration of 
sublingual testosterone and a PDE5 inhibitor for women with low sensitivity for 
sexual cues, and for the use of on-demand combined administration of 
sublingual testosterone and a 5-HT1A agonist in women with a dysfunctional 
activity of sexual inhibitory mechanisms. These women suffer from low sexual 
desire and are therefore not motivated to initiate sexual activities. It seems 
counterintuitive that these women would take an on-demand drug; however, 
because they are distressed by their low desire, they are motivated to change 
and improve their sexual functioning and seek help. 

In chapter 4 and chapter 5, the results of a randomized, double-blind, placebo-
controlled cross-over study are presented in which 56 women with FSIAD took 
both on-demand treatments (testosterone 0.5 mg + sildenafil 50 mg, and 
testosterone 0.5 mg + buspirone 10 mg, respectively) and placebo in an at home 
setting. In the first week of each treatment, the women were instructed to take 
3 administrations of study drug, and their subjective and physiological responses 
during exposure to erotic film clips were measured with the help of an 
ambulatory lab. In the following 3 weeks, the women could take the study drug 
on-demand (4 hours before anticipated sexual activity) and were instructed to 
fill out a sexual event diary after each sexual activity. The combination of 
sublingual testosterone and sildenafil, and the combination of sublingual 
testosterone and buspirone increased sexual functioning in the ambulatory 



Ch
ap

te
r 8

216

 

 
 

psychophysiological part as well as during the sexual activity at home. As 
hypothesized, the combination of testosterone and sildenafil significantly 
improved sexual functioning in the low sensitive women, while the combination 
of testosterone and buspirone improved sexual functioning in women with high 
inhibition. 

The results did not show any interaction with menopausal status or oral 
contraceptive use. Apparently, the increase in plasma testosterone levels after 
the sublingual testosterone administration proved to be enough to saturate the 
high SHBG levels, observed in women who took combined oral contraceptives, 
and to increase free testosterone levels, thereby inducing behavioral effects 3-6 
hours later. This has to be confirmed in larger trials.  

As stated in the beginning of this chapter, the sensitivity of the brain for sexual 
stimuli is based, inter alia, on biological mechanisms. The chance of developing a 
sexual dysfunction in women with a low sensitive or normal/high sensitive brain 
system for sexual stimuli depends on all kinds of individual characteristics in the 
context of external stimuli. Women high sensitive for sexual stimuli, might be 
more sensitive for positive sexual experiences. The other side of this high 
sensitivity coin is that they also might be more sensitive for negative experiences 
(as is described in the introduction and in chapter 3). In the light of individual 
differences, women prone to inhibition might have an altered serotonergic 
neurotransmission making them more sensitive to negative sexual experiences 
which could lead to a dysfunctional activity of inhibitory mechanisms. In the 
study described in chapters 4 and 5, we did not observe a difference in the 
number of negative experiences between women who are low sensitive and 
women who are high sensitive based on the emotional Stroop task (described in 
chapter 4). However, we did observe that women who were high inhibitory 
reported significantly more negative sexual experiences compared to the low 
inhibitory group (described in chapter 5). One can imagine that high sensitive 
women, as compared to low sensitive women, might experience to a greater 
degree positive or negative sexual experiences, respectively. As a result, it could 
be expected that the frequency of negative sexual experiences would also be 
higher in the high sensitive group compared to the low sensitive women. 
However, because a subdivision of women responds to both treatments or does 

 

 
 

not respond to any of the treatments, there is only in a part overlap between 
high sensitive and high inhibitory women. In this study, the women who 
reported a decrease in sexual functioning under the condition of sublingual 
testosterone combined with sildenafil were classified as high inhibitors. Based 
on this analyses, we made the subdivision between women who were low or 
high sexual inhibitors. It must be noted that negative sexual experiences per se 
do not have to cause learning of sexually inhibitory mechanisms, or FSIAD. 

Women who are low sensitive and suffer from FSIAD lack an adequate activation 
of excitatory mechanisms, which could be partly the result of an inadequate 
activation of the androgen receptor and/or different activity of testosterone 
metabolism. These underlying mechanisms must be interpreted irrespective of 
absolute testosterone levels, which is currently under debate by various 
researchers [4,5]. These women, although biologically equipped with a low 
sensitive system, do not necessarily develop sexual complaints. We believe 
however, that these women are not experiencing the same amount of sexual 
motivation, desire, and maybe sexual pleasure as compared to high sensitive 
women. This does not have to create a problem, and therefore a low sensitive 
woman can be sexually functional although this is also dependent on her 
partner’s sexual needs. If a low sensitive woman meets a high sensitive partner, 
it is possible that after a certain period of time the low sensitive woman 
experiences distress because of the interpersonal difference in sexual motivation 
and thereby is prone to develop a sexual dysfunction. 

Effect on sexual functioning in women with SSRI-induced sexual dysfunction 

Women who develop sexual complaints after the start of an SSRI do not fall 
under the diagnosis of FSIAD because their sexual complaints are caused by a 
pharmacological substance. However, these women meet the criteria of the 
DSM-5 diagnosis: substance (in this case an SSRI)-induced sexual dysfunction. 
We have conceptualized FSIAD as the result of interacting biological and 
psychological mechanisms; however, in women with SSRI-induced sexual 
dysfunction the effects of serotonin reuptake inhibition on serotonergic 
neurotransmission is likely to play an important role. SSRIs not only influence the 
serotonergic neurotransmission, but also other neurotransmitter systems (e.g., 
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dopamine, noradrenalin). It is known that the prevalence of sexual complaints is 
very high in women taking SSRIs. In our studies we assume that testosterone 
administration could be an effective therapy for the sexual complaints of these 
women. In a preliminary, placebo-controlled, randomized, cross-over, 
exploratory study (described in chapter 6), 21 women with SSRI-induced sexual 
dysfunction received the combination of sublingual testosterone 0.5 mg and 
sildenafil 50 mg, and the combination of sublingual testosterone 0.5 mg and 
buspirone 10 mg. In addition to measures of sexual functioning, the androgen 
receptor CAG repeat length was assessed. It was hypothesized that women with 
relatively long CAG repeats, which implies a lower receptor function, are less 
sensitive to sexual cues. These women might need higher levels of circulating 
testosterone compared to women with relatively shorter CAG repeats to 
activate intracellular processes after binding to the androgen receptor, hereby 
increasing their sensitivity to sexual stimuli.   

In this study, overall no main effect of either treatment on sexual satisfaction 
was found. However, a significant interaction effect between the SSRI dosage 
(low and medium-high dose), CAG repeat length (short and long length) and 
treatment response on sexual satisfaction was found. Women with a relatively 
long CAG repeat length who use a low dose of a SSRI reported an increase in 
sexual satisfaction with both drug combinations. Thus, only significant 
differences in sexual satisfaction were found in women with relatively long CAG 
repeats which confirmed our hypothesis partially. However, this difference was 
only observed in women who use a low dose of SSRI. It can be hypothesized that 
women who use a low dose of SSRI have relatively modest elevations of synaptic 
serotonin levels and therefore 0.5 mg sublingual testosterone would be 
sufficient to increase the sensitivity of the brain, thereby increasing sexual 
motivation, which enhances the physiological responsiveness due to sildenafil. 
These women also responded to sublingual testosterone in combination with 
buspirone, in which case buspirone seemed to lower serotonergic firing activity 
for a short period of time, thereby allowing testosterone to increase the 
sensitivity of the brain for sexual stimuli.  

In women with a medium-high SSRI dose there were no differences in sexual 
satisfaction after treatment with either drug combinations compared to placebo. 

 

 
 

This is probably due to the small sample size (only 5 women used a medium-high 
dose). Another explanation may be that the buspirone dose is relatively too low 
in case a medium-high SSRI dose is given to effectively decrease the synaptic 
serotonin levels. Another point of discussion is that we do not know in this 
population which women can be subtyped into low sensitive or prone to sexual 
inhibition because we do not have data regarding baseline sexual functioning 
prior to SSRI administration.  

This preliminary study suggests that our treatments may be promising in certain 
subgroups with this indication, depending on genetics, SSRI dose, and 
psychological factors. More research in a larger study population is needed and 
more polymorphisms should be investigated that could have an influence on 
sexual functioning.  

Future perspectives 

In the studies described in chapters 3, 4 and 5, the ratio between low sensitivity 
and high sensitivity was determined by a masked version of the emotional 
Stroop task in which a woman’s reaction time to erotic and neutral words are 
measured. Based on this task, women who are low sensitive are identified as 
having a longer reaction time to neutral words compared to erotic words (they 
are low sensitive for erotic stimuli (in this case erotic words), and therefore have 
less attention to these words). Based on this method, the ratio between the two 
subtypes is approximately 50/50. Although we believe that this ratio reflects two 
subdivisions of the FSIAD population, the Stroop task, however, is not a practical 
tool in a clinical setting. As a first step towards a more practical tool, we 
developed a demarcation formula which includes biological variables, genetic 
polymorphisms e.g., CAG repeats, other relevant neurotransmitter and 
hormonal systems and subjective variables such as questionnaires regarding 
sexual functioning. With the use of this demarcation formula, we performed two 
phase 2b trials in which 210 women with FSIAD participated in each trial. If a 
woman was low sensitive according to the demarcation formula, she could 
participate in the testosterone and sildenafil trial; high sensitive women (who 
are prone to sexual inhibition) could participate in the testosterone and 
buspirone trial. The women who were low sensitive were randomly assigned to 1 
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of the following treatment groups: placebo; sublingual testosterone 0.5 mg; 
sildenafil 50 mg; 0.25 mg testosterone+25 mg sildenafil; 0.25 mg of 
testosterone+50 mg sildenafil; 0.50 mg testosterone+25 mg sildenafil; 0.50 mg 
testosterone+50 mg sildenafil. Women who were high sensitive participated in 
another trial with also 7 treatment arms (placebo; testosterone 0.5 mg; 
buspirone 10mg; 0.25 mg testosterone+5 mg buspirone; 0.25 mg of 
testosterone+10 mg buspirone; 0.50 mg testosterone+5 mg buspirone; 0.50 mg 
testosterone+10 mg buspirone). The results of the study in low sensitive women 
confirmed our hypothesis that the dosage of 0.5 mg testosterone in combination 
with 50 mg sildenafil is the most efficacious. Analysis of the results of the high 
sensitive women is currently ongoing. 

The demarcation formula based on the parameters we used in the phase 2b 
trials could be optimized and made more suitable for clinical practice if it could 
be based on only genetic polymorphisms. In this way, a practical kit (based on, 
for example, saliva of a finger prick) may be developed to predict almost 
immediately whether a women is low- or high sensitive. 

It is very likely that there might be different levels of sensitivity for sexual stimuli 
(e.g., low sensitivity; medium-high sensitivity; high sensitivity), which are 
influenced by the difference in the sensitivity of the androgen system (e.g., CAG 
repeat length, testosterone metabolism), the serotonin system (5-HT receptor 
polymorphism) as well as other neurobiological systems (for example dopamine, 
prolactin, and norepinephrine systems). In recent years, genetic polymorphisms 
are more and more studied and new polymorphisms are identified in a broad 
area of medicine. In a personalized medicine point of view, analysis of relevant 
polymorphisms might be an excellent method to identify individual differences 
in sensitivity for sexual stimuli and response of our pharmacological treatments.  
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SAMENVATTING/SUMMARY IN DUTCH 

Seksuele problemen bij vrouwen kunnen een negatieve invloed hebben op het 
psychisch welbevinden. De meest gerapporteerde seksuele klacht bij vrouwen is 
een verminderd seksueel verlangen, welke tot voorheen werd geclassificeerd als 
de diagnose Hypoactive Sexual Desire Disorder (HSDD) in het diagnostisch 
handboek voor statistische en psychische stoornissen, de Diagnostic and 
Statistical Manual for Mental Disorders (DSM, versie IV-tekst revisie) [1]. 
Vrouwen die problemen hebben met seksuele opwinding worden in deze 
manual geclassificeerd als Female Sexual Arousal Disorder (FSAD). Omdat 
verlangen en opwinding niet los van elkaar gezien kunnen worden, zijn deze 
twee diagnosen in de meest recente editie van dit handboek (DSM-5 uit 2013) 
samengevoegd onder één diagnose: Female Sexual Interest/Arousal Disorder 
(FSIAD) [2]. De belangrijkste criteria voor deze diagnose zijn dat vrouwen met 
FSIAD een afwezig of verminderde seksuele interesse/verminderde seksuele 
opwinding hebben gedurende minimaal 6 maanden en dat zij gebukt gaan onder 
deze klachten. Vrouwen voldoen niet aan deze diagnose wanneer de klachten 
veroorzaakt worden door een andere seksuele stoornis, psychische diagnose 
(zoals depressie of angst) of een medische conditie.   

De prevalentie van seksuele klachten bij vrouwen is niet eenduidig en de 
percentages lopen uiteen van 10% tot 43%. Het exacte percentage vrouwen met 
HSDD/FSIAD1 is onduidelijk omdat dit afhangt van de populaties die onderzocht 
zijn (bijvoorbeeld verschillende leeftijden, of de klachten gepaard gaan met 
psychisch lijden, duur van de klachten). Tot op heden is er voor vrouwen met 
FSIAD geen farmacotherapeutische behandeling geregistreerd door de 
regulatoire instanties (de Food and Drug Administration (FDA) in de Verenigde 
Staten en de European Medicines Agency (EMA) in Europa). 

1  In onze huidige en toekomstige studies zullen de vrouwen die gediagnosticeerd worden met FSIAD ook aan 
de volgende criteria moeten voldoen: “afwezig of verminderde interesse in seksuele activiteiten” en 
“afwezige/verminderde erotische gedachten of fantasieën”. Deze criteria vallen onder criterium A in de DSM-5 
en komen overeen met de indicatoren zoals die beschreven zijn in de diagnose HSDD in de DSM-IV-TR. Dus alle 
vrouwen die aan criterium A van de diagnose FSIAD voldoen worden automatisch gediagnosticeerd als HSDD 
(maar niet vice versa). Om onduidelijkheden te voorkomen zal de HSDD populatie zoals we die in eerdere 
studies hebben beschreven aangepast worden als FSIAD in dit proefschrift. 
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Dit proefschrift beschrijft de ontwikkeling van twee verschillende ‘on-demand’  
farmacologische behandelingen (dus deze medicijnen worden alleen ingenomen 
wanneer een vrouw en haar partner anticiperen op een seksuele activiteit) voor 
vrouwen met FSIAD. De basis voor dit ontwikkelingsprogramma is een 
gepersonaliseerde aanpak, oftewel een personalized medicine approach; 
verschillende individuele behandelmogelijkheden gebaseerd op verschillende 
onderliggende mechanismen. Deze onderliggende mechanismen zijn deels 
gebaseerd op het dual control model van Bancroft en Janssen (2007). In dit 
model beargumenteren Bancroft en Janssen dat verschillen in de seksuele 
respons beïnvloed worden door activatie van excitatoire en inhibitoire 
mechanismen en processen [3,4].  

Naar onze mening, zijn deze excitatoire en inhibitoire mechanismen afhankelijk 
van de gevoeligheid van het brein voor seksuele stimuli. Vrouwen die een 
relatief ongevoelig brein hebben voor seksuele stimuli hebben onvoldoende 
activatie van excitatoire mechanismen die betrokken zijn bij seksuele motivatie 
en seksueel verlangen. Aan de andere kant, hebben vrouwen met een normaal 
of verhoogd gevoelig breinsysteem voor seksuele stimuli, een adequate 
excitatoire respons maar kunnen ook een verhoogde gevoeligheid  hebben voor 
het ontwikkelen van een negatieve associatie ten aanzien van deze seksuele 
prikkels, waardoor een versterkte inhibitoire respons kan optreden. Met 
betrekking tot deze vrouwen poneren wij de hypothese dat de seksuele klachten 
beïnvloed worden door activiteit van de prefrontale cortex (PFC) welke 
betrokken is bij inhibitoire processen die een algemene rol spelen in gedrag, 
inclusief seksueel gedrag. We hebben de hypothese dat er in deze vrouwen een 
fasische toename van serotonerge activiteit in de PFC plaatsvindt in respons op 
de negatieve associaties die deze vrouwen hebben bij bepaalde seksuele 
prikkels. Deze fasische serotonerge toename in de PFC zorgt op zijn beurt dat er 
minder activiteit optreedt in de limbische gebieden die betrokken zijn bij 
seksuele motivatie, waardoor verminderd seksueel verlangen en opwinding kan 
ontstaan. Gebaseerd op deze onderliggende mechanismen hebben wij twee 
subtypes binnen de FSIAD populatie geclassificeerd:  vrouwen met een relatief 
ongevoelig breinsysteem voor seksuele stimuli en vrouwen met een versterkte 
inhibitoire respons (of een overactief remsysteem) als reactie op seksuele 
stimuli.  

 

 
 

Voor deze twee subtypes binnen de FSIAD populatie hebben wij twee 
verschillende farmacologische behandelingen ontwikkeld die on-demand 
ingenomen kunnen worden: een combinatie van sublinguaal testosteron (0.5 
mg) met een  fosfodiësterase-type 5 (PDE5)-remmer (sildenafil 50 mg) voor 
vrouwen met een relatief ongevoelig systeem voor seksuele prikkels en een 
combinatie van sublinguaal testosteron (0.5 mg) met een serotonine (5-HT)1A 
receptor agonist (buspiron 10 mg) voor vrouwen met een overactief 
remsysteem. 

De basis voor beide farmacologische behandelingen is sublinguaal testosteron. 
Testosteron is zowel betrokken bij sociaal gedrag  als seksueel gedrag. Wanneer 
testosteron in het bloed komt bindt het aan seks hormoon bindend globuline 
(SHBG), het deel wat ongebonden blijft (het vrije testosteron) is het biologische 
actieve deel. Het nadeel van chronische testosteron toediening, welke in de 
meeste studies met vrouwen is onderzocht, zijn de androgene effecten (zoals 
hirsutisme en acne). Bovendien treden de effecten van chronische testosteron 
pas laat in de behandeling op omdat er voldoende toename moet zijn van het 
vrije testosteron wat vaak pas na dagen of weken optreedt bij chronische 
toediening. Bij sublinguaal testosteron, in de dosering die wij gebruiken (0.5 mg), 
is er een snelle piek van het vrije testosteron (na 15 min) en zijn de 
uitgangswaarden weer bereikt binnen 3 uur. Omdat er na on-demand 
sublinguaal testosteron toediening geen blijvende toename van testosteron 
ontstaat, is de kans op androgene bijwerkingen zeer gering. Het effect op gedrag 
treedt ongeveer 4 uur na inname van sublinguaal testosteron op, dus 4 uur na 
de piek van het vrije testosteron. Deze vertraging van het testosteron effect is 
voor het eerst ontdekt door Tuiten et al. (2000), en zeer vaak gerepliceerd in 
studies naar sociaal gedrag en cognitieve functies [5].  

In een eerdere studie van onze onderzoeksgroep is onderzocht of alleen de 
combinatie van testosteron en een PDE5-remmer (vardenafil) effect had op de 
fysiologische respons (de vaginale puls amplitude) in vrouwen met FSIAD. 
Testosteron of vardenafil alleen had geen significant effect op deze fysiologische 
respons. De hypothese dat sublinguaal testosteron de seksuele motivatie zou 
kunnen verhogen wat een noodzakelijke voorwaarde is voor het effect van een 
PDE5- remmer werd bevestigd in deze studie [6]. Om een effectieve combinatie 
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van sublinguaal testosteron en de PDE5-remmer te krijgen moet het 
farmacodynamische effect van de PDE 5-remmer optreden tijdens het 
gedragseffect van sublinguaal testosteron (ongeveer 4 uur na inname). In een 
vervolg studie werd gevonden dat vrouwen die een relatief lage gevoeligheid 
hebben voor seksuele prikkels, een toename in het seksueel functioneren 
rapporteerde na de combinatie van sublinguaal testosteron en vardenafil. Bij 
vrouwen die hoog gevoelig waren voor seksuele prikkels (gebaseerd op een 
neuropsychologische taak) werd deze toename niet gerapporteerd [7]. Deze 
studie vormde de basis voor onze classificatie in vrouwen met FSIAD: vrouwen 
met een laag gevoelig brein-systeem voor seksuele prikkels en vrouwen met een 
overactief remsysteem. 

De vrouwen met een hoog gevoelig brein-systeem reageerden niet op de 
combinatie van sublinguaal testosteron en vardenafil; de hypothese ontstond 
toen dat deze vrouwen baat zouden kunnen hebben bij een combinatie van 
sublinguaal testosteron en een 5-HT1A receptor agonist. Zoals hierboven 
beschreven hebben wij de hypothese dat er in deze vrouwen een fasische 
toename van serotonerge activiteit in de PFC plaatsvindt, in respons op de 
negatieve associaties die deze vrouwen hebben bij bepaalde seksuele prikkels. 
Een 5-HT1A receptor agonist zoals buspiron, zorgt na acute administratie voor een 
verlaging van de serotonine transmissie in de PFC wat bij deze vrouwen de 
remming van de PFC op de limbische gebieden zou remmen wat een positieve 
invloed zou kunnen hebben op het seksueel verlangen en de opwinding. 

Hoofdstuk 2 beschrijft een gerandomiseerd, onderzoeker-blinde, crossover-
studie waarin 16 premenopauzale vrouwen zonder seksuele klachten drie 
verschillende doseringen (0.25 mg, 0.50 mg en 0.75 mg) sublinguaal testosteron 
toegediend kregen. De farmacokinetische profielen van deze doseringen werden 
onderzocht, alsmede het effect van deze doseringen op de vrije fractie van 
testosteron (het gedeelte wat niet gebonden is aan SHBG). Het 
farmacokinetische profiel van de 0.50 mg dosering sublinguaal testosteron werd 
vergeleken met de studie van Tuiten et al. (2000) waarin de farmacokinetische 
eigenschappen van deze dosering al eerder werden onderzocht [5]. De 
resultaten lieten zien dat testosteron in alle drie doseringen zeer snel werd 
opgenomen in het bloed (maximale concentraties werden na 15 minuten 

 

 
 

gemeten) en de totale en vrije testosteron niveaus waren binnen 3 uur weer op 
de beginwaarden. Deze resultaten komen overeen zoals deze eerder door Tuiten 
et al.(2000) zijn beschreven. De oppervlakte onder de curves (AUCs) en 
maximale concentraties (Cmax) verschilden significant tussen de doseringen en 
namen dosis-afhankelijk toe. Bovendien suggereren de resultaten dat er een 
SHBG drempel bestaat die de vrije testosteron fractie beïnvloedt.  

In hoofdstuk 3 wordt de theoretische achtergrond van onze hypothesen 
beschreven en uitgelegd dat verschillende onderliggende mechanismen ten 
grondslag kunnen liggen aan de seksuele klachten bij vrouwen die 
gediagnosticeerd zijn met FSIAD. Een verminderd seksueel verlangen kan 
veroorzaakt worden door een relatief ongevoelig breinsysteem voor seksuele 
prikkels of ontstaan door een overactief remsysteem in respons op seksuele 
prikkels. In dit hoofdstuk wordt o.a. de invloed van androgenen en serotonine op 
seksueel gedrag beschreven. Verder wordt er een rationale gegeven voor onze 
verschillende farmacotherapeutische on-demand behandelingen en de rol van 
androgenen en serotonine hierin. Een combinatie van sublinguaal testosteron en 
een PDE5 remmer (sildenafil) voor vrouwen met een relatief ongevoelig brein 
voor seksuele prikkels en een combinatie van sublinguaal testosteron en een 5-
HT1A receptor agonist (buspiron) voor vrouwen met een overactief remsysteem 
in respons op seksuele prikkels.  
 
In een placebo-gecontroleerde, dubbelblinde, cross-over studie, beschreven in 
hoofdstuk 4 en hoofdstuk 5, laten we zien dat de combinatie van sublinguaal 
testosteron (0.50 mg) in combinatie met sildenafil (50 mg) werkt in vrouwen met 
een laag gevoelig brein-systeem voor seksuele prikkels (N =29) en dat de 
combinatie van sublinguaal testosteron (0.50 mg) met buspiron (10 mg ) effect 
heeft in vrouwen met een overactief remsysteem (N = 28). Het design van de 
studie was dat vrouwen een maand placebo, een maand een combinatie van 
sublinguaal testosteron met sildenafil en een maand sublinguaal testosteron met 
buspiron mee naar huis kregen (gerandomiseerd) waar ze deze medicijnen on-
demand konden innemen (dus wanneer ze dat zelf wilden). In de eerste week 
van de maand waarin ze de specifieke medicatie mee naar huis hadden, werden 
ze geïnstrueerd om driemaal hun eigen fysiologische respons te meten middels 
een ambulant laboratorium. Met dit laboratorium konden de vrouwen zelf hun 
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androgenen en serotonine hierin. Een combinatie van sublinguaal testosteron en 
een PDE5 remmer (sildenafil) voor vrouwen met een relatief ongevoelig brein 
voor seksuele prikkels en een combinatie van sublinguaal testosteron en een 5-
HT1A receptor agonist (buspiron) voor vrouwen met een overactief remsysteem 
in respons op seksuele prikkels.  
 
In een placebo-gecontroleerde, dubbelblinde, cross-over studie, beschreven in 
hoofdstuk 4 en hoofdstuk 5, laten we zien dat de combinatie van sublinguaal 
testosteron (0.50 mg) in combinatie met sildenafil (50 mg) werkt in vrouwen met 
een laag gevoelig brein-systeem voor seksuele prikkels (N =29) en dat de 
combinatie van sublinguaal testosteron (0.50 mg) met buspiron (10 mg ) effect 
heeft in vrouwen met een overactief remsysteem (N = 28). Het design van de 
studie was dat vrouwen een maand placebo, een maand een combinatie van 
sublinguaal testosteron met sildenafil en een maand sublinguaal testosteron met 
buspiron mee naar huis kregen (gerandomiseerd) waar ze deze medicijnen on-
demand konden innemen (dus wanneer ze dat zelf wilden). In de eerste week 
van de maand waarin ze de specifieke medicatie mee naar huis hadden, werden 
ze geïnstrueerd om driemaal hun eigen fysiologische respons te meten middels 
een ambulant laboratorium. Met dit laboratorium konden de vrouwen zelf hun 
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vaginale puls amplitude meten gedurende het kijken naar erotisch stimulus 
materiaal. Voorts moesten ze tijdens het kijken ook een aantal vragen in de 
computer beantwoorden die aangaven in hoeverre de vrouw opgewonden was 
op dat moment.  De overige drie weken konden de vrouwen on-demand de 
medicatie innemen en werd hen gevraagd om na een seksuele activiteit een 
dagboekje in te vullen waarin ze konden aangeven in hoeverre ze seksueel 
verlangen, opwinding en andere seksuele gevoelens ervoeren na inname van de 
medicatie. 

De studie beschreven in hoofdstuk 4, beschrijft de resultaten van 56 vrouwen 
met FSIAD waarin aangetoond wordt dat wanneer vrouwen ingedeeld worden 
door middel van een neuropsychologische taak (de Stroop taak), de vrouwen 
met een laag gevoelig-brein systeem voor seksuele prikkels (in dit geval minder 
gevoelig zijn voor erotische woorden die gemaskeerd gepresenteerd worden in 
de Stroop taak) een verbetering in hun seksueel functioneren rapporteren na 
inname van sublinguaal testosteron in combinatie met sildenafil. Deze vrouwen 
rapporteerden een toename in de seksuele tevredenheid van 22% in vergelijking 
tot placebo.  De vrouwen die na het innemen van sublinguaal testosteron in 
combinatie met sildenafil geen verbetering rapporteerden konden ingedeeld 
worden in vrouwen met lage inhibitie (lage remming, N = 26) en vrouwen met 
hoge inhibitie (N = 28). Op basis van deze indeling worden de uitkomsten in 
hoofdstuk 5 beschreven. De resultaten laten zien dat vrouwen met hoge 
inhibitie een significante verbetering in hun seksueel functioneren ervaren (o.a. 
een toename van 25% in de seksuele tevredenheid ten opzichte van placebo) na 
inname van de combinatie sublinguaal testosteron met buspiron, terwijl dit 
effect niet werd gevonden in vrouwen in de lage inhibitie groep.  

Naast de vrouwen die seksuele klachten ervaren die onder de diagnose FSIAD 
vallen, zijn er ook vrouwen die seksuele problemen ervaren door het gebruik van 
selectieve serotonine-heropnameremmers (SSRI) antidepressiva. Van alle 
antidepressiva zijn de SSRIs het meest beducht in het ontwikkelen van seksuele 
klachten met een prevalentie van 20-70% in mannen en vrouwen. Deze 
negatieve seksuele bijwerkingen kunnen de kwaliteit van leven beïnvloeden 
alsmede de therapietrouw. 

 

 
 

SSRIs zorgen er in de hersenen voor dat de synaptische serotonine concentratie 
omhoog gaat, welke de seksuele excitatie, gemedieerd door dopamine en 
noradrenaline, remt in het mesolimbische systeem via een tonische serotonerge 
toename in de prefrontale cortex. Een hogere serotonine concentratie werkt als 
een filter voor de verwerking van negatieve en positieve stimuli. Buspiron, een 5-
HT1A receptor agonist, verlaagt de serotonerge neuronale activiteit voor een 
korte periode na eenmalige toediening via activatie van somatodendritische 5-
HT1A autoreceptoren. Hierdoor gaat de serotonine concentratie in de PFC naar 
beneden en dit kan leiden tot een tijdelijke afname van de remmende werking 
van serotonine op het mesolimbische systeem dat betrokken is bij seksuele 
motivatie. Gebaseerd op de farmacokinetische eigenschappen van on-demand 
toegediend buspiron, hebben wij de hypothese geponeerd dat de combinatie 
van sublinguaal testosteron en buspiron effectief zou kunnen zijn in vrouwen 
met SSRI-geïnduceerde seksuele klachten. De classificatie die wij hebben 
gehanteerd in de FSIAD populatie zou ook van toepassing kunnen zijn in 
vrouwen die SSRIs gebruiken. Vrouwen kunnen een laag gevoelig brein-systeem 
hebben of een overactief remsysteem voorafgaand aan de start van de SSRI. Om 
de sensitiviteit voor testosteron te onderzoeken in deze populatie werd tevens 
bij iedere vrouw het polymorfisme van de androgeen receptor bepaald, 
gecodeerd door de nucleotiden cysteine, adenine en guanine (CAG) herhalings 
(repeat) lengte. Deze CAG herhalings lengte is geassocieerd met de functie van 
de androgeen receptor: een relatieve lange CAG herhaling is geassocieerd met 
een verminderde functie van de androgeen receptor. Onze hypothese is dat 
vrouwen met een relatieve lange CAG herhaling minder gevoelig zijn voor 
seksuele prikkels dan vrouwen met een relatief korte herhaling. Dus vrouwen 
met een relatief lange CAG herhalings lengte zouden meer baat kunnen hebben 
bij sublinguaal testosteron om hun sensitiviteit voor seksuele prikkels te 
verhogen in vergelijking met vrouwen met een relatieve korte CAG herhalings 
lengte. 
 
Hoofdstuk 6 beschrijft een preliminaire studie waarin 21 vrouwen met SSRI-
geïnduceerde seksuele klachten participeerden. Het design van de studie was 
een placebo-gecontroleerde, dubbelblinde, cross-over studie waarin 
gerandomiseerd iedere vrouw een maand placebo, een maand een combinatie 
van sublinguaal testosteron (0.50 mg) met sildenafil (50 mg) en een maand 
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Naast de vrouwen die seksuele klachten ervaren die onder de diagnose FSIAD 
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negatieve seksuele bijwerkingen kunnen de kwaliteit van leven beïnvloeden 
alsmede de therapietrouw. 
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bij iedere vrouw het polymorfisme van de androgeen receptor bepaald, 
gecodeerd door de nucleotiden cysteine, adenine en guanine (CAG) herhalings 
(repeat) lengte. Deze CAG herhalings lengte is geassocieerd met de functie van 
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verhogen in vergelijking met vrouwen met een relatieve korte CAG herhalings 
lengte. 
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sublinguaal testosteron (0.50 mg) met buspiron (10 mg) mee naar huis kregen 
waar ze deze medicijnen on-demand konden innemen (dus wanneer ze dat zelf 
wilden). Na een seksuele activiteit vulden de vrouwen een dagboekje in waarin 
ze de mate van seksueel verlangen, opwinding en andere seksuele gevoelens 
konden rapporteren. Ook de CAG herhalings lengte werd bepaald. De resultaten 
toonden een significant interactie effect tussen SSRI dosering, CAG herhalings 
lengte en het effect van de medicatie op het seksueel functioneren. Vrouwen 
met een relatief lange CAG herhalings lengte en een lage dosering SSRI (N = 8), 
rapporteerden een toename in het seksueel functioneren na  0.50 mg 
sublinguaal testosteron in combinatie met 50 mg sildenafil en ook na  inname 
van 0.50 mg sublinguaal testosteron in combinatie met 10 mg buspiron. Gezien 
de kleine populatie in deze studie is meer toekomstig onderzoek nodig.  
 
Bovenstaande onderzoeken werden allemaal verricht met een oplossing van 
0.50 mg testosteron (in een cyclodextrine complex) die sublinguaal werd 
toegediend, gevolgd door een sildenafil of buspiron capsule 2.5 uur later zodat 
het effect van de sildenafil en buspiron maximaal is tijdens het 
farmacodynamische effect van testosteron (3-6 uur na inname). Omdat deze 
manier van toediening niet praktisch is voor de klinische praktijk werd er een 
combinatie tablet ontwikkeld. Deze combinatie tablet heeft een coating van 
testosteron (met hydroxypropyl-beta cyclodextrin), die na 1 minuut onder de 
tong opgelost is waarna de tablet doorgeslikt kan worden. Na 2.5 uur klapt de 
tablet open en komt de sildenafil of buspiron vrij in het maag-darm kanaal.  
In hoofdstuk 7 worden de resultaten beschreven van een farmacokinetische 
studie waarin bij 13 vrouwen de farmacokinetiek werd vergeleken tussen de 
‘oude’ manier van toediening (testosteron oplossing met apart een capsule van 
10 mg buspiron) en de nieuwe combinatie tablet.  Na beide formuleringen werd 
testosteron snel opgenomen. De resultaten laten ook zien dat buspiron 
adequaat wordt opgenomen en na ongeveer 3 uur na inname van de combinatie 
tablet vrij komt in het bloed wat vergelijkbaar is met de ‘oude’ formulering 
waarin sublinguaal testosteron en buspiron apart werden toegediend. De 
nieuwe combinatie tablet is goed vergelijkbaar met de ‘oude’ formulering en zal 
gebruikt worden in toekomstige onderzoeken bij vrouwen met FSIAD.  
 

 

 
 

Tenslotte worden in hoofdstuk 8 de belangrijkste bevindingen van dit 
proefschrift bediscussieerd. Binnen de FSIAD populatie hebben wij 2 subtypes 
kunnen classificeren: vrouwen met een relatief ongevoelig breinsysteem voor 
seksuele stimuli en vrouwen met een versterkte inhibitoire respons (of een 
overactief remsysteem) als reactie op seksuele stimuli. Het zou natuurlijk heel 
goed kunnen dat er meerdere subtypes zijn te vormen gebaseerd op deze 
gevoeligheid, bijvoorbeeld lage, laag-normale gevoeligheid, normaal-hoge en 
hoge gevoeligheid. Hetzelfde zou kunnen gelden voor vrouwen die lijden aan 
SSRI-geïnduceerde seksuele klachten. De hypothese is dat de gevoeligheid van 
het brein voor seksuele prikkels in belangrijke mate wordt beïnvloed door het 
androgene systeem (zoals de CAG herhalings (repeat) lengte en het metabolisme 
van testosteron), het serotonine systeem (5-HT receptor polymorfismen) en 
andere neurobiologische systemen (zoals dopamine, prolactine). De laatste jaren 
wordt er steeds meer onderzoek gedaan naar genetische polymorfismen. In het 
licht van een gepersonaliseerde aanpak, zou analyse van relevante 
polymorfismen een zeer goede methode zijn om te kunnen differentiëren in de 
verschillende mate van gevoeligheid voor seksuele prikkels alsmede de respons 
op onze farmacologische behandelingen. 
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