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Ghrelin-stimulation test in the diagnosis of canine pituitary dwarfism

Abstract

This study investigated whether ghrelin, a potent releaser of growth hormone (GH)
secretion, is a valuable tool in the diagnosis of canine pituitary dwarfism. The effect of
intravenous administration of ghrelin on the release of GH and other adenohypophyseal
hormones was investigated in German shepherd dogs with congenital combined pituitary
hormone deficiency and in healthy Beagles.

Analysis of the maximal increment (i.e. difference between pre- and maximal post-
ghrelin plasma hormone concentration) indicated that the GH response was significantly
lower in the dwarf dogs compared with the healthy dogs. In none of the pituitary dwarfs, the
ghrelin-induced plasma GH concentration exceeded 5 pg/l at any time. However, this was
also true for three healthy dogs. In all dogs, ghrelin administration did not affect the plasma
concentrations of adrenocorticotrophic hormone (ACTH), cortisol, thyroid-stimulating
hormone (TSH), luteinizing hormone (LH), and prolactin (PRL) .

Thus, while a ghrelin-induced plasma GH concentration above 5 pg/l excludes GH

deficiency, false-negative results may occur.
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Introduction

The secretion of growth hormone (GH) is primarily under control of the central
nervous system and is mainly regulated by the opposing effects of the hypothalamic
hormones GH-releasing hormone (GHRH) and somatostatin (Plotsky and Vale, 1985). The
existence of another, unknown factor involved in the control of somatotroph function has
been hypothesized for several years. This was based on the observation that synthetic peptidyl
and non-peptidyl compounds, named GH secretagogues (GHSs) or GH-releasing peptides
(GHRPs), showed a strong GH-releasing effect (Bowers et al., 1977; Casanueva and Dieguez
1999) and acted on a specific GHS-receptor (GHS-R), i.e. the GHS-R type 1a (Howard et al.,
1996; McKee et al., 1997). The endogenous ligand of the GHS-R type 1a has recently been
purified from rat and human stomach (Kojima et al., 1999) and has also been identified in the
fundus of the canine stomach (Tomasetto et al., 2001). This 28-amino-acid peptide, ghrelin,
has a unique structure with an n-octanoyl ester at its third Serine residue which is crucial for
its biological activity, at least in terms of GH release (Kojima et al., 1999; Bednarek et al.,
2000, Date et al., 2000; Hayashida et al., 2001).

Ghrelin is a potent stimulator of GH release in several species such as humans (Arvat
et al., 2000; Peino et al., 2000; Takaya et al., 2000), rats (Kojima et al., 1999) and dogs
(Bhatti et al., 2002; Bhatti et al., 2006 in press). In rats, the GH-releasing potency of ghrelin is
similar to that of GHRH (Kojima et al., 1999), whereas in humans, ghrelin releases more GH
than GHRH and the synthetic GHS hexarelin (Ghigo et al., 2001). In young dogs, ghrelin is a
more potent stimulator of GH secretion than GHRH or GHRP-6 (Bhatti et al., 2006 in press).
However, the action of ghrelin and the synthetic GHSs is not exclusively confined to GH
release. For example, in humans these substances also stimulate the secretion of prolactin
(PRL), adrenocorticotrophic hormone (ACTH), and cortisol (Massoud et al., 1996; Takaya et
al., 2000; Arvat et al., 2001; Ghigo et al., 2001). In rats, GHRP-6 activates the hypothalamic-
pituitary-adrenal axis (Thomas et al., 1997). In contrast, ghrelin and GHRP-6 specifically
release GH in young dogs (Bhatti et al., 2006 in press).

Pituitary dwarfism or congenital GH deficiency in dogs is encountered most often in
German shepherd dogs. In this breed, pituitary dwarfism is due to a simple, autosomal
recessive inherited abnormality (Andresen and Willeberg, 1976). In contrast to
disproportionate dwarfism caused by for example congenital hypothyroidism, the condition of
congenital GH deficiency is characterized by profound proportionate dwarfism with retention

of puppy coat or secondary hairs and lack of primary or guard hairs, and symmetrical
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alopecia. Intrapituitary cysts are often detected at a young age and gradually enlarge with time
(Kooistra et al., 1998). Functionally, German shepherd dwarf dogs have a combined pituitary
hormone deficiency. An absolute deficiency of GH, PRL and thyroid-stimulating hormone
(TSH) is associated with an impaired release of gonadotrophins, whereas ACTH secretion is
preserved (Hamann et al., 1999; Kooistra et al., 2000). The abnormality in these dwarfs is
most likely caused by a mutation in a developmental transcription factor that precludes
effective expansion of a pituitary stem cell after the differentiation of the corticotroph cells
(Kooistra et al., 2000). To date, sequence analysis of genomic DNA from German shepherd
dwarfs has not revealed causative mutations in candidate genes (Lantinga-van Leeuwen et al.,
2000a; Lantinga-van Leeuwen et al., 2000b; van Oost et al., 2002).

As ghrelin is a more potent stimulator of GH release than GHRH in young dogs, it
may be useful for diagnostic purposes. We therefore investigated the effects of intravenous
administration of ghrelin on the plasma concentration of GH in German shepherd dogs with
pituitary dwarfism. Additionally, the plasma concentrations of ACTH, cortisol, TSH, PRL,
and luteinizing hormone (LH) before and after ghrelin administration were measured in these

dogs.

Materials and methods

Dogs

Six German shepherd dwarfs from different litters (four males and two females)
referred to the Department of Clinical Sciences of Companion Animals, Utrecht University,
because of an abnormal hair coat and proportionate growth retardation were used in this
study. The mean age at presentation was 12 months (range 9 to 21 months) and the mean
body weight was 9.6 kg (range 7.5 to 14.0 kg).

The results of the pituitary dwarfs were compared with data available from a
previously conducted study in eight Beagle dogs (four males and four females) with a mean
age of 13 months (range 10 to 17 months) and a mean body weight of 11.8 kg (range 10.0 to
13.5 kg) (Bhatti et al., 2006 in press). The dogs had free access to tap water and were fed a
commercial dog food. They had no history of illness and had not received any medications.

The mean age of the healthy dogs did not differ significantly (P = 0.5, independent
samples t-test) from that in the pituitary dwarfs. The mean body weight of the healthy dogs
was slightly higher (P = 0.04, independent samples t-test) than in the dwarfs.
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All experiments were carried out in conscious animals after an overnight fast. In the

female healthy dogs, blood samples were obtained in anoestrus.

Study design and blood sample collection

In all dogs, human ghrelin (MW 3370.9) (Peninsula Laboratories Inc. Belmont, CA,
USA), was administered intravenously in a dose of 2 ug/kg body weight through an
intravenous catheter. The peptide was dissolved according to the Peninsula laboratory
requirements and was stored at -20° C. Ghrelin, in a concentration of 10 pg/ml, was thawed
before administration. For each dog a fresh vial was applied. The mean volume to be injected
was 1.9 ml for the pituitary dwarfs and 2.4 ml for the healthy dogs.

Blood samples for the determination of plasma concentrations of GH, ACTH, cortisol,
TSH, LH and PRL were collected by jugular venipuncture at 15 min before and 0, 5, 10, 20,
30, and 45 min after ghrelin injection. Blood samples for the determination of plasma
concentrations of insulin-like growth factor-1 (IGF-I) were collected by jugular venipuncture
at -15 min and 0 min. The samples were immediately transferred to ice-chilled EDTA-coated
tubes (GH, IGF-I, ACTH, cortisol, LH and PRL) or heparin-coated tubes (TSH) and

centrifuged at 4° C for 10 min. Plasma was stored at -25° C until assayed.

Hormone determination

Plasma GH concentrations were determined with a homologous radioimmunoassay
(RIA) (Eigenmann and Eigenmann, 1981). The intra- and interassay coefficients of variation
were 3.8 % and 7.2 % respectively, and the sensitivity of the assay was 0.3 pg/l. The degree
of cross-reaction with canine PRL was 2 %.

Plasma ACTH concentrations were determined with an immunoradiometric assay
(Nichols Institute, Wijchen, The Netherlands). The interassay coefficient of variation was 7.8
% and the sensitivity was 0.2 pmol/I.

Plasma cortisol concentrations were determined with a commercially available RIA
(Diagnostic Products Corporation (DPC), Los Angeles, CA, USA), validated for dogs. The
intra-assay and inter-assay coefficients of variation ranged from 3.0 % to 5.1 % and from 4.0
% to 6.4 %, respectively. The sensitivity of the assay was 5.5 nmol/l.

Plasma TSH concentrations were determined with a homologous solid-phase, two-site
chemiluminiscent enzyme immunometric assay (Immulite® canine TSH, DPC, Los Angeles,
CA, USA) according to the instructions of the manufacturer. The intra-assay coefficients of

variation were 5.0 %, 4.0 %, and 3.8 % at TSH levels of 0.20, 0.50, and 2.60 ng/l,
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respectively. The interassay coefficients of variation were 6.3 % and 8.2 % at TSH levels of
0.16 and 2.80 pg/l, respectively. The sensitivity of the assay was 0.03 pg/l. Cross-reactivity
with FSH and LH was negligible.

Plasma LH concentrations were determined with a heterologous RIA as described
previously by Nett et al., (1975). A rabbit antiserum raised against ovine LH (CSU-204),
radioiodinated NIAMDD-bLH-4, and canine pituitary standard LER 1985-1 were used in this
assay. The intra- and interassay coefficients of variation for concentrations higher than 0.5
ug/l were 2.3 % and 10.5 %, respectively. The sensitivity of the assay was 0.3 ug/Il.

Plasma concentrations of PRL were determined with a previously validated
heterologous RIA (Okkens et al., 1985). The intra- and inter-assay coefficients of variation
were 3.5 % and 11.5 %, respectively. The sensitivity of the assay was 0.8 pg/I.

Plasma IGF-I concentrations were determined with a heterologous RIA validated for
the dog (Nap et al., 1993). The intra-assay and interassay coefficients of variation were 4.7 %

and 15.6 %, respectively, and the sensitivity of the assay was 3 pg/l.

Statistical analysis

Basal plasma concentrations (mean of -15 and 0 min) of GH, IGF-I, ACTH, cortisol,
TSH, LH and PRL in the dogs with pituitary dwarfism and the healthy dogs were compared
using an independent samples t-test to study differences between both dog groups before
treatment.

Additionally, the difference between the plasma hormone concentration just before (0
min) injection of ghrelin and the maximal plasma hormone concentration after injection was
calculated for each dog (referred to as the maximal increment) and used to capture the effect
of treatment. Therefore, an independent samples t-test was used to study the differences in
maximal increments between both dog groups.

Statistical significance was defined at P < 0.05. Values are expressed as mean
concentration + SEM. Statistical analysis was performed with SPSS version 12.0 for windows

(SPSS Inc., Chicago, Illinois, USA).
Ethics of the study

This study was approved by the Ethics Committee of the Faculty of Veterinary
Medicine, Utrecht University.
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Results

No side effects were observed during or after intravenous administration of ghrelin,
neither in the German shepherd dwarfs nor in the healthy dogs.

The mean basal plasma GH concentration was not significantly different in the dogs
with pituitary dwarfism (0.7 = 0.1 pg/l) and in the healthy dogs (0.5 + 0.1 pg/l) and neither
was the mean basal plasma IGF-I concentration (55 + 14 pg/l versus 88 + 13 png/l,
respectively) (Table 1). The mean basal plasma concentrations of ACTH and cortisol in the
dogs with pituitary dwarfism (67 = 17 ng/l and 94 £ 20 nmol/l, respectively) did not differ
significantly from those in the healthy dogs (38 = 6 ng/l and 71 + 15 nmol/l, respectively).
However, the mean basal plasma concentration of TSH and PRL in the dogs with pituitary
dwarfism (0.06 + 0.01 pg/l and 1.3 £ 0.2 pg/l, respectively) were significantly lower
compared with those in the healthy dogs (0.12 + 0.02 pg/l and 2.2 £ 0.2 pug/l, respectively).
The mean basal plasma concentration of LH in the pituitary dwarfs (3.7 £ 0.6 ug/l) was
significantly higher than in the healthy dogs (1.8 £ 0.3 pg/l).

Analysis of the maximal increment indicated that the mean plasma GH response after
ghrelin injection was significantly lower in the dwarf dogs (1.4 + 0.4 pug/l) compared with that
in the healthy dogs (45.3 &+ 14.8 pg/l) (Figure 1a). In none of the pituitary dwarfs, the ghrelin-
induced plasma GH concentration exceeded 5 pg/l at any time (Table 1). However, this was
also true for 3 healthy dogs. Administration of ghrelin did not affect the plasma
concentrations of ACTH, cortisol, TSH, LH and PRL in either the dogs with pituitary
dwarfism or in the healthy dogs (Figures 1b-f, respectively) .
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Figures 1. (a-f) Mean (+ SEM) plasma concentrations of GH, ACTH, cortisol, TSH, LH, and PRL respectively,

before and after intravenous administration of 2 pg/kg ghrelin (arrow) in six German shepherd dogs with

pituitary dwarfism (o) and in eight healthy Beagle dogs (e).
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Table 1. Mean basal (-15 and 0 min) plasma IGF-I (Basal IGF-I) and GH (Basal GH) concentration and
maximal plasma GH concentration after intravenous administration of ghrelin (GH max) in eight healthy Beagle

dogs and in six German shepherd dogs with pituitary dwarfism.

Basal IGF-I Basal GH GH max

(ug/h (ng/h (ug/h

Healthy dogs Dog 1 125 0.8 1.7
Dog 2 124 0.2 76

Dog 3 72 0.2 124

Dog 4 123 0.2 0.2

Dog 5 51 0.6 4.8

Dog 6 43 1.0 47

Dog 7 63 0.9 57

Dog 8 58 0.5 69

Pituitary dwarfs  Dog 1 52 0.4 4.1
Dog 2 3 0.4 0.7

Dog 3 106 0.6 1.9

Dog 4 78 1.1 1.9

Dog 5 45 1.2 22

Dog 6 47 0.5 1.2

Discussion

Assessment of random basal plasma GH concentrations is inadequate for
documentation of hyposomatotropism, because circulating GH concentrations in healthy dogs
and pituitary dwarfs may overlap (Kooistra et al., 2000). Indeed, the results of this study
illustrate the absence of a significant difference in basal plasma GH concentration between
healthy dogs and German shepherd dogs with pituitary dwarfism. Although the plasma IGF-I
concentration represents the secretion of GH, this concentration cannot be used to irrefutably
diagnose hyposomatotropism. In GH-deficient human adults, circulating IGF-I levels are
within the reference range in about 60% of cases (Gill et al., 1998). In accordance with
previous canine studies (Eigenmann et al., 1984; Rijnberk et al., 1993; Kooistra et al., 1998;
Kooistra et al., 2000), the mean basal plasma IGF-I concentration in the pituitary dwarfs was
lower than that in the healthy dogs, but due to a considerable overlap this difference did not
reach statistical significance.

Thus, because of comparable plasma concentrations of GH and IGF-I between
pituitary dwarfs and healthy individuals, the diagnosis of GH deficiency has to be based upon
the results of a stimulation test. In dogs, most a-adrenergic drugs (such as clonidine and

xylazine) or GHRH are commonly used to test the GH secretory capability of the pituitary
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somatotrophs. In pituitary dwarfs, there is no significant increase in plasma GH concentration
after administration of one of the aforementioned GHSs (Eigenmann et al., 1984). Adverse
reactions, such as sedation, bradycardia, hypotension, and collapse, may preclude the use of
xylazine and clonidine, especially at high doses (Eigenmann and Eigenmann, 1981; Lothrop
1988). Since ghrelin is a more potent GH-releaser than GHRH in young dogs, (Bhatti et al.,
2006 in press), we tested whether ghrelin can be used to diagnose canine pituitary dwarfism.
In none of the dwarf dogs ghrelin administration resulted in a rise of the plasma GH
concentration above 5 pg/l. This finding corresponds with observations in humans with
isolated childhood-onset GH deficiency, in whom the GH response to ghrelin is also markedly
reduced (Aimaretti et al., 2002). However, in some of the healthy dogs the plasma GH
concentration remained low after ghrelin administration as well. Thus while a ghrelin-induced
plasma GH concentration higher than 5 pg/l seems to exclude GH deficiency, false-negative
results may be encountered. The reason for the blunted ghrelin-induced GH response in
healthy dogs remains unclear. In other species such as man, mice and rats, a similar atypical
hormone response to ghrelin has not been mentioned in literature. Stress may decrease the
responsiveness of the pituitary somatotrophs to GH stimulation tests in humans (Lazarus,
1984) and may have played a role in our study.

In line with earlier findings in German shepherd dwarf dogs (Hamann et al., 1999;
Kooistra et al., 2000), the basal plasma TSH and PRL concentrations in these dogs were
significantly lower than those in healthy dogs. In addition, ACTH and consequently cortisol
secretion seemed to be preserved in the dwarf dogs. In contrast with the study of Kooistra et
al., (2000), we found that the basal plasma LH concentration was significantly higher in the
dogs with pituitary dwarfism. This unexpected finding warrants further investigation of basal
LH secretion in German shepherd dwarfs with combined pituitary hormone deficiency.

Treatment of this form of combined pituitary hormone deficiency in German shepherd
dwarfs consists of restoring the two most important hormone deficits, i.e., TSH and GH
deficiency. The secondary hypothyroid state can easily be treated by oral supplementation of
synthetic I-thyroxine. Growth hormone substitution therapy in these dwarfs is less
straightforward. Canine GH is not yet available for therapeutic use. Moreover, antibody
formation precludes the use of biosynthetic human GH (van Herpen et al., 1994). The amino
acid sequence of canine GH is identical to that of porcine GH (Ascacio-Martinez and Barrera-
Saldana, 1994), but the results of treatment of pituitary dwarf dogs with porcine GH are not
satisfactory (Eigenmann and Eigenmann, 1981). In addition, treatment with heterologous GH

i1s expensive. At present, the only available treatment option consists of administration of
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medroxyprogesterone acetate (Kooistra et al., 1998) or proligestone (Knottenbelt and
Herrtage, 2002). The GH production induced by progestins originates from foci of
hyperplastic ductular epithelium in the mammary gland (Selman et al., 1994; Mol et al., 1995;
van Garderen et al., 1997). In dogs, this mammary-derived GH reaches the systemic
circulation (Selman et al., 1994). Unfortunately, treatment with progestins may result in
undesirable side-effects, such as diabetes mellitus, cystic endometrial hyperplasia, recurrent
pyoderma, and associated pruritis (Kooistra et al., 1998; Knottenbelt and Herrtage, 2002;
Romagnoli and Concannon, 2003).

Based on the strong and reproducible GH-releasing effect of GHSs, these molecules,
particularly if orally active, could theoretically have therapeutic usefulness in
hyposomatotropism. The GHS-R type la is present in the pituitary and hypothalamus of
several mammalian species and is distinct from the GHRH receptor (Howard et al., 1996;
McKee et al., 1997; Pong et al., 1996). As GHRH is not able to stimulate the release of GH
from the pituitary somatotrophs in German shepherd dogs with pituitary dwarfism (Kooistra
et al., 2000), theoretically the ghrelin-activated pathway offers another treatment option.
However, in line with the absence of pituitary somatotrophs, no GH response occurred and
consequently ghrelin is not a candidate for the treatment of this disorder. Again theoretically,
the possibility that long-term treatment with ghrelin would restore circulating GH levels in
dogs with hyposomatotropism can not be ruled out. Though, long-term administration of MK-
0677, a synthetic non-peptidyl GHS, was not very effective in increasing growth velocity in
children with isolated GH deficiency, however they did benefit from recombinant human GH
replacement therapy (Yu et al., 1998).

In humans and rats, the endocrine activity of both ghrelin and synthetic GHSs is not
specific for GH. In healthy humans, intravenous administration of GHRP-6 or ghrelin also
increases circulating concentrations of PRL, ACTH, and cortisol (Massoud et al., 1996;
Casanueva and Dieguez, 1999; Takaya et al., 2000; Arvat et al., 2001; Ghigo et al., 2001). In
rats, GHRP-6 activates the hypothalamic-pituitary-adrenal axis (Thomas et al., 1997). In
contrast, in the present study ghrelin did not cause significant elevations in plasma
concentrations of ACTH, cortisol, TSH, LH and PRL, neither in the healthy dogs nor in the
German shepherd dwarfs.

The data of the ghrelin-stimulation test in German shepherd dwarfs were compared
with those in healthy Beagle dogs. This may raise the question whether the differences in the
results might be attributable to differences in breed. However, in a study of Meij et al.,

(1997), no breed-related variation in the response of GH to stimulation with GHRH was
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noticed in dogs with pituitary-dependent hyperadrenocorticism. Therefore the lack of
response of the pituitary somatotrophs to stimulation with ghrelin can be considered abnormal
in the German shepherd dwarfs. Comparison with healthy, normal-sized German shepherd
dogs of a comparable age as the dwarf dogs might have been more appropriate, but these dogs
were not available for endocrine testing. In addition, these dogs would have weighed
considerably more than the German shepherd dwarfs and this discrepancy could also have
influenced the plasma GH levels. For these reasons, healthy Beagle dogs of a comparable age
and body weight were used as a control group.

It can be concluded that administration of the natural ligand of the GHS-R type la,
1.e., ghrelin, is not able to induce a considerable rise in plasma GH concentration in German
shepherd dogs with pituitary dwarfism. While a ghrelin-induced plasma GH concentration
higher than 5 pg/l seems to exclude GH deficiency, false-negative results may be

encountered.
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