
Citation: Winter, E.; van Geijlswijk, I.;

Akkerdaas, I.; Sturkenboom, M.;

Gehring, R. Tramadol Steady-State

Pharmacokinetics of Immediate-

Release Capsules and Sustained-

Release Tablets in Dogs. Future

Pharmacol. 2022, 2, 660–668.

https://doi.org/10.3390/

futurepharmacol2040040

Academic Editor: Fabrizio Schifano

Received: 30 September 2022

Accepted: 7 December 2022

Published: 10 December 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Article

Tramadol Steady-State Pharmacokinetics of Immediate-Release
Capsules and Sustained-Release Tablets in Dogs
Esther Winter 1,*, Ingeborg van Geijlswijk 1 , Ies Akkerdaas 2, Marieke Sturkenboom 3 and Ronette Gehring 1

1 IRAS Veterinary and Comparative Pharmacology Group (One Health Pharma), Department Population
Health Sciences, Faculty of Veterinary Medicine, Utrecht University, Yalelaan 106,
3584 CM Utrecht, The Netherlands

2 Department of Clinical Sciences, Faculty of Veterinary Medicine, Utrecht University, Yalelaan 108,
3584 CM Utrecht, The Netherlands

3 Department of Clinical Pharmacy and Pharmacology, University Medical Center Groningen,
University of Groningen, 9713 GZ Groningen, The Netherlands

* Correspondence: e.a.winter@uu.nl

Abstract: Tramadol is a veterinary analgesic for dogs. In this study, the steady-state pharmacoki-
netics of a sustained-release (SR) tablet (Tramagetic OD®) and immediate-release capsules (IR)
were compared. In a crossover design, six dogs received five doses of IR 50 mg four times a
day (qid), or two doses of SR 200 mg once a day (sid). Eight blood samples were collected per
dog, per formulation, up to 6 and 24 h after the last dose, respectively. Serum concentrations of
tramadol and its metabolites were measured with LC-MS/MS. Metabolite M1 levels were below
the lower limit of quantification (LLOQ) in all samples. The non-compartmental analysis of the
time–concentration data showed a later Tmax with the SR formulation (median 6.00 h (3.00–9.00))
and a lower Cmax/D (median 7.74 µg/L/mg/kg (0.09–25.3)) compared to the IR formulation
(median Tmax 1.75 h (0.75–2.00) and median Cmax/D 11.1 µg/L/mg/kg (4.8–70.4)). AUCtau/D af-
ter SR administration was 55.5 h × kg × µg/L/mg (0–174.1) compared to 29.8 h × kg × µg/L/mg
(12.2–140.8) after IR administration. The terminal elimination half-lives were 2.38 h (1.77–6.22) and
1.70 h (0.95–2.11) for the SR and IR formulations, respectively. Strong conclusions cannot be drawn
from this study because of the high percentage of samples that were below LLOQ and the great
interindividual variability, but these results suggest that Tramagetic OD can be administered less
frequently in dogs.
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1. Introduction

Tramadol is a widely used analgesic in dogs. It has a complex, multimodal mechanism
of action: it is a weak µ-opioid agonist, but it also inhibits the reuptake of serotonin and
noradrenaline, and it has an inhibiting effect on muscarinergic receptors [1]. Tramadol is me-
tabolized by different cytochrome P450 (CYP) enzymes into various metabolites, of which
O-desmethyltramadol (M1), N-desmethyltramadol (M2) and N,O-desmethyltramadol (M5)
are described the best. In dogs, CYP 2D15 metabolizes tramadol to M1, and CYP 2B11 and
CYP 3A12 metabolize tramadol to M2. M5 is formed from M1 and M2, mainly by CYP
2C21 [2,3]. M1 is an active metabolite and the most important metabolite with regard to
analgesic effect. It is reported to have a >200-fold higher affinity for the µ-opioid receptor
compared to tramadol [4,5]. However, in contrast to tramadol, M1 does not influence nora-
drenaline and serotonin reuptake. In vitro, M5 also shows µ-agonism, but its contribution
to the analgesic effect is expected to be negligible because it does not pass the blood–brain
barrier. M2 is thought to be an inactive metabolite [6].
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There are concerns about the analgesic efficacy of tramadol in dogs because they
hardly produce M1 [6–8]. However, tramadol might still be of benefit in dogs, possibly as
part of a multimodal therapy [9].

Tramadol is available for dogs as immediate-release (IR) tablets. These tablets need to
be administered 3–4 times a day, which is a schedule that is hard for the owner to follow.

Several studies in humans have shown that compliance is improved by reducing
the dosing frequency [10–12]. Animal owners also seem to find it difficult to accurately
follow dosing regimens, even for the short-term administration of medication [13,14]. For
compliance, once-daily dosing (sid) is preferred above more frequent dosing.

Dosing frequency can be reduced by using tablets with sustained-release (SR) prop-
erties. Besides the advantage of less frequent dosing, SR formulations also result in less
fluctuations in serum concentrations, giving a more consistent effect with less side-effects.
For dogs, there are only immediate-release (IR) formulations are on the marke. However,
there are various oral SR formulations with tramadol available for humans. Using the SR
tablets in dogs could facilitate a dosing regimen that is more tractable for owners, resulting
in better compliance and better analgesic efficacy, without inducing breakthrough pains.

To dose SR tablets correctly, the pharmacokinetics (PK), such as the rate of absorp-
tion and bioavailability, of these formulations in dogs must be known. It is difficult
to predict these parameters in dogs based on human data because of the differences in
anatomy and physiology between these species. [15]. Pharmacokinetic studies in dogs are
therefore needed.

There are several studies available on the PK of tramadol in dogs, but only one study
of an SR tablet [5]. This was a pilot study in which one tramadol SR tablet (Contramal
100 mg) was administered once to six dogs weighing between 20 and 27 kg, resulting in a
dose of 3.7–5.0 mg/kg. In this study, the Tmax in dogs was 2–4 h, compared to 4.9 h when
the same formulation was administered to humans. The absorption therefore appears to be
faster in dogs compared to humans.

Our study aimed to compare the steady-state pharmacokinetics between a different
tramadol SR tablet (Tramagetic Once Daily®) and IR capsules in dogs.

2. Materials and Methods

The study was performed at the Utrecht University Department for Companion Ani-
mals (Utrecht, the Netherlands). It was approved by the Animal Experiments Committee of
the university, as required under Dutch legislation (approval number DEC 2008.III.05.049).
Six university-owned female research dogs (four Beagles and two cross-breed Beagle-
Bedlington terriers, 13.3–16.9 kg, aged 4–7 years) received one IR tramadol capsule of 50 mg
every six hours (qid) on a total of five times (Pharmachemie BV, Haarlem, the Netherlands)
(3.0–3.8 mg/kg), or an SR tramadol tablet 200 mg every 24 h (sid) (Tramagetic® Once-Daily
tablet from Nycomed BV, Hoofddorp, The Netherlands) (11.8–15.0 mg/kg) twice. Dogs
were randomly assigned to receive either the IR capsules or the SR tablet first. All dogs
received the alternate medication after a wash-out period of 48 h. Immediately after the
last administration, blood samples (2.5 mL) were collected via jugular veni-puncture at 0,
30, 45, 60 and 90 min and 2, 4 and 6 h after the IR capsule and at 30, 60, 90 min and 3, 6, 9,
15 and 24 h after the SR tablet.

Serum concentrations of tramadol and its metabolites M1, M2, and M5 were measured
by the Department of Clinical Pharmacy and Pharmacology of University Medical Centre
Groningen (Groningen, The Netherlands) using a validated LC-MS method. For sample
preparation a volume of 100 µL serum was mixed with 750 µL precipitation reagent. This
reagent consisted of a mixture of methanol and acetonitrile (4:21, v/v) and the internal
standard cyanoimipramine. After centrifuging the samples at 10,000 g for 5 min, 5 µL
of the supernatant was injected on the LC-MS/MS. A Thermo Finnigan Surveyor® LC-
system consisting of a quaternary LC Pump, an autosampler set at 10 ◦C and a column
compartment, was coupled to a TSQ Quantum triple quadruplose mass spectrometer
(Thermo Finnigan). A Thermo Electron Hypurity Aquasta column (50 × 2.1 mm, 5 µm),
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maintained at a temperature of 23 ◦C, was used for chromatographic separation. The mobile
phase contained an aqueous buffer (consisting of ammonium acetate p.a. 0.25 g/L, glacial
acetic acid 1.75 mL/L and trifluoroacetic anhydride 0.1 mL/L water; pH 3.5), purified
water and acetonitrile (LC-MS grade) with a flow rate of 0.3 mL/min. With a constant part
of 5% of the aqueous buffer, a gradient between water and acetonitrile was run for 3.6 min.
The concentration gradient of acetonitrile went from 0% the first minute, to 30–95% from
1–2.5 min; the concentration stayed at 95% for 0.3 min, after which it was turned back to
0%. The mass spectrometer operated in positive mode using single-ion mass detection
(SIM). Electrospray ionization was performed with an ion source spray voltage of 3500 V.
The sheath and auxiliary gas pressure were set to 35 arbitrary units (Arb.) and 10 Arb.,
respectively, and the vaporizer temperature and the capillary temperature were set at 75 ◦C
and 350 ◦C, respectively.

Table 1 summarizes the validation data of the analytical method of tramadol and its
metabolites. The validation process had been performed in human sera before. Therefore,
a cross-validation of dog and human sera was performed, and the results met the preset
requirements: for all concentrations, including LLOQ, both bias and CV were <15%.

Table 1. Summary of the validation information of the analysis of tramadol and the metabolites.

Analyte Retention
Time (min)

m/z
Ratio LLOQ (µg/L) Range (µg/L) Regression

Coefficient
Bias
(%)

CV
(%)

Tramadol 2.58 264.2 5 5–1500 0.99950 1.5–14.0 1.5–10.5
M1 2.40 250.2 5 5–1500 0.99868 −1.2–13.0 3.4–10.2
M2 2.58 250.2 5 5–1500 0.99907 −2.8–13.0 2.5–10.3
M5 2.41 236.2 5 5–1500 0.99837 −3.7–14.0 2.9–11.3

A noncompartmental analysis (NCA) profiles was performed of the serum concentration–
time using the commercially available software program Phoenix® WinNonLin from Cer-
tara USA, Inc. (Princeton, NJ, USA), version 8.3. The concentrations below LLOQ were
replaced by LLOQ/2, i.e., 2.5 µg/L before the NCA was executed. Replacing LLOQ by
LLOQ/2 is a common way of handling these data in the NCA [16–19]. Leaving these
out would have resulted in an overestimation of some of the parameter values, espe-
cially of the area under the concentration–time curve (AUC). The maximum concentration
(Cmax) and its corresponding time (Tmax) were observed directly from the individual serum
concentration–time profiles.

3. Results

The plasma concentrations of tramadol, M2 and M5 for each dog can be found in
Supplementary Materials (Tables S1–S7). M1 concentrations were below the LLOQ in all
samples. Of the 48 (8 time points of 6 dogs) measurements after IR administration, 12 (25%)
were below the LLOQ for tramadol (5 µg/L). All measured concentrations of M2 and
M5 were above the LLOQ. For the SR formulation, 22 (46%) of the 48 measurements for
tramadol and one measurement for both M2 and M5 were below the LLOQ. One dog had
tramadol levels below the LLOQ at all time points after administration of the SR tablets,
accounting for 8 of the 22 LLOQ measurements of tramadol.

The mean serum concentration–time curves of tramadol, M2 and M5 for both formula-
tions are shown in Figure 1. Serum concentration–time curves of the individual dogs are
available in Supplementary Materials (Figures S1–S3).
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same as the dosing interval, AUClast is the same as AUCtau. The terminal elimination 

half-life (T1/2) was calculated using the time points falling along a constant slope. These 

Figure 1. Mean (triangles show the mean concentrations after administration of the IR formulation
and circles the mean concentration after administration of the SR formulation) and standard deviation
of tramadol (A), M2 (B) and M5 (C) serum concentrations over time, after administration of IR (yellow
lines) and SR (purple lines) formulations. In these graphs, all measured values are included, as well
as values below LLOQ.

The pharmacokinetic parameters of tramadol and its metabolites, M2 and M5, are
summarized in Table 2. The ratio of the AUC overdose, given in mg/kg (AUC/D), was
calculated using the AUC from the time of administration of the last dose up to the last
measured concentration (AUClast). Because the time to the last measurement was the same
as the dosing interval, AUClast is the same as AUCtau. The terminal elimination half-life
(T1/2) was calculated using the time points falling along a constant slope. These time points
were selected by visual inspection of the semi-log of the concentration–time profiles for the
individual dogs.
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Table 2. Pharmacokinetic values of tramadol, M2 and M5 based on NCA; values below LLOQ are
replaced by LLOQ/2 (i.e., 2.5 µg/L).

Tramadol M2 M5

IR SR IR SR IR SR
Tmax (h)
Median 1.75 6.00 2.0 7.5 1.25 6.0
Range 0.75–2.00 3.00–9.00 0.5–4 3–15 0.75–2 1.5–9
Cmax (µg/L)
Median 35.3 107.5 304 345 52.5 66.3
Range 17.0–213.5 1.10–380.6 131–397 53–590 29.7–84.7 24.7–107
Cmax/D (µg/L/mg/kg)
Median 11.1 7.74 85.5 24.6 14.4 5.3
Range 4.8–70.4 0.09–25.3 37.1–131.1 4.5–39.2 10.1–28.0 2.1–7.1
Clast (µg/L)
Median 5.7 3.0 149 61.7 34.5 26.8
Range 1.5–12.2 0.51–8.4 22.3–263 2.14–185 14.7–53.4 2.6–52.5
AUCtau (h × µg/L)
Median 95.5 783 1363 3794 246 1126
Range 43.3–426.8 0–2619 405–1766 451–7239 130–404 317–1623
AUCtau/D (h × kg × µg/L/mg)
Median 29.8 55.5 378 302 67.2 83.1
Range 12.2–140.8 0–174.1 114–540 38–481 43.8–133 26.8–114
AUCinf/D
(h × kg × µg/L/mg)
Median 33.1 85.7 613 358 195 143
Range 13.6–144.3 14.9–175.3 135–933 39.1–830 78.0–379 29.1–233
% extrapolated AUC0-inf 10.0% 35.2% 38.3% 15.6% 65.5% 41.9%
T1/2 (h)
Median 1.70 2.38 3.1 5.4 7.2 17.2
Range 0.95–2.11 1.77–6.22 1.9–3.8 3.0–22.1 4.8–12.9 7.2–35.4
MRTlast
Median 2.20 7.72 2.8 10.2 2.8 10.7
Range 1.52–2.87 0–10.52 2.1–3.1 6.6–13.2 2.5–2.9 9.2–12.9

4. Discussion

A simple dosing regimen improves owner compliance, resulting in a better clinical
outcome for the canine patient. SR tablets may help to simplify dosing regimens by reducing
dose frequency. Tramagetic Once-Daily (OD) tablets were developed to be administered
once a day to humans. This study shows that in dogs, for the same daily dose, the overall
exposure to tramadol (expressed as AUCtau/D) is higher after the administration of
Tramagetic OD compared to treatment with IR capsules. The slower rate of tramadol
release from these SR tablets in dogs may enable less frequent dosing compared to that
possible with the IR capsules.

In our pharmacokinetic analysis, all values below the LLOQ are included by replacing
them with LLOQ/2 (i.e., 2.5 µg/L). Handling values below the LLOQ can highly influence
the results of the analysis. Especially the AUC is highly affected by how one deals with
these LLOQ data [16]. The influence is most pronounced in datasets with a large percentage
of data below the LLOQ coupled with other low concentrations [17]. In our study, 25%
of the tramadol values were below the LLOQ after IR capsules and 46% after SR tablets.
Replacing those values with LLOQ/2 is a common way to handle these data in NCA.
Several studies in recent years have compared different methods of handling LLOQ in
NCA [16–19]. These studies all refer to the methods about handling data below LLOQ
in pharmacokinetic modeling, described by Beal [20], and it has since been shown that
handling data that are below the LLOQ as fixed-point censored data (called method 3, M3)
gives the best and least biased results in pharmacokinetic modeling, especially when a
high percentage (>30%) of the data are below the LLOQ [21]. The method of replacing data
below LLOQ by LLOQ/2 is only recommended in pharmacokinetic modeling when less
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than 5% of the data are below LLOQ [21]. We compared the results of AUCtau/D using M3
and LLOQ/2 because of the high percentages of data below LLOQ. AUCtau/D was 0.44%
and 1.54% higher in the IR and SR formulations, respectively, when using the LLOQ/2
method compared to the M3 method. We therefore chose the simpler method.

For the comparison of the exposure to tramadol between an IR and SR formulation,
we used AUCtau/D. For both formulations, the samples used to measure concentrations
started being taken 24 h after the first administration (this was directly after the fifth
administration of the IR formulation and the second administration of the SR formulation).
As the half-life of tramadol after IR has a range of 0.95–2.11 h in our study, the samples
are taken at a steady state for this formulation. The half-life after SR ranges from 1.77 to
6.22 h in our study. The sampling of the dog with a half-life of 6.22 h might not have been
in a set of steady-state conditions. As the other dogs had a shorter half-life (maximum of
4.00 h), the sampling was performed at a steady state in these dogs as well, which justifies
the use of AUCtau/D after SR formulation too. The median AUCtau/D for the IR capsules
was 46% lower compared to the SR tablets (29.8 h×kg×µg/L/mg and 55.5 h×kg×µg/L,
respectively). These results suggest a higher oral bioavailability of tramadol administered
as an SR formulation.

It should, however, be remembered that the AUC might be overestimated. The
percentage extrapolated AUC0-inf is 35.2% with the SR tablet. If the percentage is more than
20%, this implies that the sampling period was not long enough to estimate AUC reliably.
This is a known pitfall, especially in SR formulations [22]. Furthermore, SR formulations
often show flip-flop pharmacokinetics. Flip-flop pharmacokinetics are expected in slow-
release formulations as the active component of these tablets is meant to be absorbed
slowly, resulting in a slower absorption rate than the elimination rate and a flatter decline
during the elimination phase until the compound is fully absorbed. This is reflected in a
larger AUC, leading to an overestimation of the bioavailability. Although physico-chemical
properties can also result in flip-flop pharmacokinetics [23], with tramadol, this is not
expected, as it has a high solubility and high permeability (Biopharmaceutics Classification
System (BCS) class 1). The absence of flip-flop characteristics in the IR formulation also
indicates that the flip-flop pharmacokinetics of the SR tablets are a result of the formulation.

This assumption is confirmed if we compare our results with the results of the PK
study of the slow-release tramadol tablet, Contramal, in dogs [5]. This study reported a
higher AUC/D: 82.6, versus that of 55.5 in our study. The half-life of Contramal in dogs
was calculated by Giorgi to be 1.4–2.2 h, which lies between the half-lives we found for the
IR formulation (0.95–2.11 h) and Tramagetic OD (1.77–6.22 h). Tmax of Contramal (2–4 h)
is also shorter than that seen with Tramagetic OD (3–9 h). The differences in half-life and
Tmax can be explained by the following formulation: Contramal tablets are based solely on
a hydrophilic matrix; however, in Tramagetic OD, the hydrophilic matrix is combined with
castor oil to delay the release of tramadol even more.

Looking at the median Cmax and Clast of the parent tramadol of both formulations
(35.3 and 5.7 µg/L for IR, respectively, and 107.5 and 3.0 µg/L for SR, respectively), it is
expected that once a day Tramagetic OD 200 mg will result in similar analgesic efficacy
as tramadol IR capsules 50 mg four times a day. This is due to comparable drug levels
during the major part of the dosing interval. However, the minimal serum levels con-
sidered analgesic in human are 56–590 µg/L for tramadol [24–27] and 36–84 µg/L for
M1 [25,26]. Considering these thresholds, neither the IR capsules nor the Tramagetic OD
will provide analgesic efficacy in dogs in the given dosing regimens. This is consistent with
the conclusion of a recent review on the efficacy of tramadol as a post-operative analgesic
in dogs [28].

A limitation of this study is the high percentage of tramadol concentrations below
LLOQ. There was also a lot of interindividual variability among the concentrations. In
other PK studies in which human SR tablets with different compounds are administered to
dogs (5–11 dogs per study), the interindividual variability was also high [29–34]. This could
be due to variable dissolution of the formulations in the dog. The high variability in our
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study specifically could also be explained by the CYP metabolism of tramadol. Dogs might
have different activities of the CYP enzymes involved, resulting in different variations in
concentrations of tramadol and its metabolites.

More animals and higher doses would improve the characterization of the PK of
tramadol in dogs. However, with higher doses, adverse effects could occur. The purpose
of this study was limited to the comparison of steady-state PK of the two oral formu-
lations of tramadol. Better estimates of the PK parameters could have been attained if
blood samples were also taken after the first dose of both oral formulations and after
intravenous administration.

We conclude that Tramagetic OD shows sustained release of tramadol in dogs. More
data are needed to determine what dose and dosing frequency is comparable to that of the
IR capsules. Nevertheless, the great interindividual variability, especially seen with the
SR formulation, will result in variability in serum concentration and analgesic effect. This
reinforces the importance of evaluating the analgesic effect in an individual patient.

Although tramadol might not be the ideal analgesic for all dogs and types of pain,
these results provide insight into the possible use of human SR medicines in dogs.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/futurepharmacol2040040/s1, Figures S1–S3: Serum concentration–time profiles of tramadol,
M2 and M5 for the individual dogs, Tables S1–S7: raw data of tramadol, M2 and M5.
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