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Spontaneous hormonal variations in male cats
following gonadectomy
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The increased prevalence of obesity after neutering in cats is problematic in
veterinary practice. Although many factors seem to be involved, the role of
prolactin (PRL) and insulin-like growth factor-I (IGF-I), both implicated in
adipose tissue development and glucose intolerance, should be considered.
Seven male cats were castrated when 11 months old. Body weight was then
recorded for 56 weeks and PRL, IGF-I and leptin assayed for 44 weeks. Body
weight increased steadily but only significantly after 36 weeks. It stabilised after
44 weeks, and the cats then gained about 20% of their initial body weight. IGF-I
increased rapidly and was significantly higher by week 3. PRL and leptin
increased with initial peaks during the eighth and eleventh weeks, respectively.
This study confirms that castration rapidly modifies the hormonal balance,
partly explaining the body weight increase, and that hormonal changes precede
this body weight increase. Hyperleptinaemia is apparently a consequence of
excess weight.
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T
he increased prevalence of obesity in cats
is problematic in veterinary practice as
obesity is associated with diabetes melli-

tus, hepatic lipidosis and many diseases of the
urinary tract and skin. Neutering has been iden-
tified as one of the main risk factors. Allan et al
(2000) studied the risk factors for obesity in an
urban cat population in New Zealand. They
found that 31% of the desexed cats were obese
whereas none of the entire cats were overweight.
Previous studies have demonstrated an increase
in body weight after gonadectomy (Fettman
et al 1997, Kanchuk et al 2003, Nguyen et al 2004).
This could result from increased food intake, de-
creased metabolic rate or both. However, it was
shown in neutered cats allowed free access to
food (Martin et al 2001, Kanchuk et al 2003)
that energy expenditure, on a lean body mass ba-
sis, did not decrease after gonadectomy. Never-
theless, food intake does increase rapidly after
neutering, with neutered cats eating significantly
more than entire ones (P< 0.01) as early as 3
days after surgery (Kanchuk et al 2003).
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However data, regarding the effect in cats of
gonadectomy on release of the hormones impli-
cated in gonadal function, are scarce. Testicular
endocrine regulation in the male is complex
and involves many neuroendocrine factors.
Briefly, gonadal function is controlled by the pi-
tuitary gonadotrophins (LH and FSH) and pro-
lactin (PRL). PRL stimulates testicular function
in many species (Hair et al 2002) and a suppres-
sion of PRL secretion in man causes a decrease in
testicular weight and spermatogenesis (Hair et al
2002). Evidence also suggests a strong implica-
tion of the somatotropic axis (Chandrashekar
et al 2004). Growth hormone (GH) and insulin-
like growth factor 1 (IGF-I) both stimulate
gonadotropin release, GnRH secretion, gameto-
genesis and steroidic synthesis in the gonads.
IGF-I seems to play a major role in reproductive
system control (Adam et al 2000) and is a specific
and strong stimulator of PRL release (Fruchtman
et al 2002, Chandrashekar and Bartke 2003).
Testicular steroidogenesis occurs in Leydig cells
under the control of luteinising hormone (LH).
The action of LH is also regulated by many other
hormones such as PRL, GH and IGF-I (Huhtaniemi
nd AAFP. Published by Elsevier Ltd. All rights reserved.
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and Toppari 1995). Excess secretion of GH/IGF-I
results in significant increase of LH receptors in
the testis accompanied by enhanced plasma LH
levels. On the other hand, the hyperprolactinae-
mia inhibits the pulsatile release of LH. In
many species, especially rats and ferrets, neuter-
ing induces an increase in LH pulse frequency
(Sisk and Desjardins 1986, Bakker and Baum
2000). Moreover, an increase of circulating PRL
has been observed in castrated rats (Brar et al
1985) and hyperprolactinaemia significantly re-
duced the post-castration increase of LH (Park
et al 1993, Grattan and Selmanoff 1994).

Thus in cats, brutal suppression of the testes
may also have several effects on the secretion
of circulating IGF-I and PRL. Moreover, IGF-I
and PRL are strongly implicated in adipose
tissue development and glucose homeostasis
(Reis et al 1997, Kopelman 2000, Frystyk 2004).
It has also been reported that appetite should
be increased by PRL through mechanisms
independent of gonadal hormones but probably
by a direct stimulation of the brain (Sauve and
Woodside 2000). It is thus apparent that chronic
hyperprolactinaemia increases body weight
through an effect on food intake. In addition,
there are interactions between PRL and leptin
secretion with leptin increasing PRL secretion
but, conversely, PRL stimulating leptin secretion
by white adipocytes in rats, but through an
indirect mechanism (Casanueva and Dieguez
1999).

The purpose of our study was to identify
the modifications occurring in circulating PRL
and IGF-I after neutering. We hypothesised that
gonadectomy in cats would bring about an in-
crease of PRL and IGF-I that preceded the body
weight modifications and could be involved in
the increased food consumption and that an in-
crease in circulating leptin would result from
this.

Material and methods

Animals

Seven post-pubertal male cats were castrated at
the age of 11 months. Their body condition score
was optimal (BCS¼ 3) before gonadectomy. The
cats were housed together and food and water
were freely available before and after gonadec-
tomy. Room lighting consisted of 12 h light and
dark periods and the inside temperature ranged
from 18(C to 21(C. The cats were able to go
outside. Husbandry and use of the cats were in
accordance with the international rules for exper-
imental animals.

Methods

Blood samples for the determination of plasma
hormones were collected by jugular venepunc-
ture into heparin plasma tubes from all cats,
weekly for 10 weeks after castration then twice
a month until 20 weeks and monthly until 44
weeks and, centrifuged within 1 h. Plasma ali-
quots were frozen immediately at �20(C in plas-
tic tubes until assayed.

Commercially available kits were used. All as-
says were previously validated for use in cats in
our laboratory and the assay procedures were
performed according to the manufacturer’s
instructions.

For the determination of total testosterone (TT)
in cat plasma, the RIA kit used in humans (Spec-
tria testosterone RIA, from Orion Diagnostica,
Espoo, Finland) had to be modified. Differences
in the sex-hormone-binding-globulins (SHBG)
bound to testosterone in blood were encountered
which interacted with the assay procedure. Satis-
factory results were obtained by including an
additional extraction step to dissociate the
testosterone from SHBG before the TT assay.
The testosterone was extracted from the plasma
with an organic solvent composed of hexane
and ethyl acetate.

IGF-I is highly conserved across species and
presents a high degree of cross-reactivity espe-
cially with anti-human IGF-I antibodies. It was
assayed with the human IGF-I RIA kit (Nichols
Institute Diagnostics, California, USA) (Starkey
et al 2004). Leptin was assayed with a RIA kit
previously validated for cats according to the
literature (Multi-species Leptin RIA Kit, Linco
Research, Inc., USA) (Appleton et al 2002).

Analysis of the PRL sequence has shown sig-
nificant similarities between species. For exam-
ple, feline and bovine PRLs showed 86%
similarity (Warren et al 1996) whereas cross-reac-
tivity was observed between canine and bovine
hormones (Knight et al 1977). A highly specific
solid phase enzyme immunometric assay (EIA)
from Milenia Biotec (Bad Nauheim, Germany)
was, therefore, tested and validated for cats.
Briefly, after incubation, a sandwich complex
consisting of two monoclonal antibodies specific
for canine PRL and of feline PRL is formed and
the non-reactive sample components are re-
moved during two washing steps. The mean
PRL level in normal males and anoestrous
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females is <6 ng/mL and the lower detection
limit for this test is 0.4 ng/mL.

Hormones were measured weekly for 10
weeks after castration then twice a month until
20 weeks and monthly until 44 weeks. Body
weight was recorded weekly for 56 weeks.

Statistical analysis was performed with statisti-
cal software (Statview 4.1, SAS Abacus Concept,
Inc., Berkeley, California, USA). All continuous
data were expressed as mean� SEM. A re-
peated-measure analysis of variance (ANOVA)
was used to examine the effect of time on the mea-
sured parameters (continuous). The Scheffe post-
hoc test was applied to examine the differences
between means as these latter were not normally
distributed. Values of P< 0.05 were considered
significant in all the analyses.

Results
Body weight varied significantly during the
study (P< 0.0001). The mean initial body weight
was 3.8� 0.2 kg. Body weight decreased slightly
during the first 3 weeks (approximately 200 g)
then increased progressively and continuously
for about 40 weeks (Fig 1). After 40 weeks, it
seemed to plateau (4.5 kg) (SD� 0.3) and the
cats gained about þ20% of their initial body
weight and were overweight. Nevertheless,
from a statistical point of view, the body weight
was only significantly increased by the 36th
week after castration (P¼ 0.0072).

The testosterone concentration before gonadec-
tomy was 16.6� 3.9 nmol/L. The basal plasma
concentration in intact male cats (11 months
old), ranged from 8.3 to 31.3 nmol/L. One week
after gonadectomy, the testosterone concentration
decreased significantly to 2.7� 0.5 nmol/L
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Fig 1. Mean body weight variations (�SE) following
castration in seven male cats. Significantly (*) different
from baseline concentration.
(P< 0.0001) and ranged from 1.4 to 4.4 nmol/L
(Fig 2).

The variations in IGF-I concentration were sig-
nificant throughout the study (P¼ 0.0084) (Fig 3).
IGF-I increased rapidly after castration and was
significantly higher as early as the second week
(P¼ 0.003). The mean basal plasma concentra-
tion was 271� 35 ng/L and after 2 weeks, the
concentration rose to 410� 40 ng/L. The final
concentration was significantly higher than the
initial one (372� 93 ng/l; P¼ 0.008).

Prolactinaemia varied significantly during the
study (P¼ 0.0001) (Fig 4). PRL increased regularly
after castration from 18� 5 (range 5e41 ng/mL)
to 91� 9 ng/mL with an initial peak measured
during the seventh week (P¼ 0.027) and persis-
tent hyperprolactinaemia after the twelfth week
(P¼ 0.0009).

Leptin also increased significantly after castra-
tion from 1.1� 0.6 to 5.8� 0.6 ng/mL (P¼ 0.0001)
but hyperleptinaemia was only significant 11
weeks after castration (P¼ 0.0042) (Fig 5).

Leptinaemia and prolactinaemia were closely
correlated to body weight increase (r2¼ 0.86
and P< 0.001 and r2¼ 0.82 and P< 0.001,
respectively).

All these abnormalities were still apparent 2
years after castration. The mean IGF-I concentra-
tion was 384� 56 ng/L, all cats still exhibited
hyperprolactinaemia. Leptinaemia was still high:
10.5� 2.6 ng/mL.

Discussion
The withdrawal of androgens by orchiectomy
seems to have many consequences in healthy
post-pubertal cats. This study confirms that cer-
tain hormonal changes precede the body weight
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Fig 2. Mean plasma testosterone concentration variations
(�SE) following castration in seven male cats. Significantly
(*) different from baseline concentration.
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increase and that these modifications concern the
hormonal factors involved in adipose tissue
growth and glucose homeostasis.

After gonadectomy, the body weight increased
as previously reported in cats allowed free access
to food (Martin et al 2001, Kanchuk et al 2003).
Nevertheless, in this study, the body weight
was significantly increased only 36 weeks after
castration.

The testosterone concentrations before gonad-
ectomy were in accordance with previous data
(Tarttelin et al 1998) and decreased rapidly as
early as the first week after orchiectomy, as pre-
viously demonstrated by Johnstone et al (1984).
This brutal decrease possibly induced a physio-
logical increase in LH as in other species (Park
et al 1993, Grattan and Selmanoff 1994). Interest-
ingly, it has been suggested that in ferrets,
another induced- or reflex-ovulating species,
testosterone regulates LH release because castra-
tion provokes a rapid increase in the frequency
of LH pulses (Sisk and Desjardins 1986). It could
be supposed that a similar mechanism is acti-
vated after neutering in cats.
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Fig 3. Mean plasma IGF-I concentration variations (�SE)
following castration in seven male cats. Significantly (*)
different from baseline concentration.
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Fig 4. Mean plasma PRL concentration variations (�SE)
following castration in seven male cats. Significantly (*)
different from baseline concentration.
Fascinatingly, the first observed hormonal
change concerned IGF-I release which to our
knowledge has never been evidenced in other
species. Circulating IGF-I started to rise as early
as the first week after castration and was signifi-
cantly increased by 2 weeks post-castration. It
was assumed that the increased secretion of
IGF-I would be a consequence of the decrease
in circulating testosterone. As yet, the mecha-
nism behind this increase can only be hypothes-
ised. If neutering in the cat induces increased LH
secretion, this latter could also stimulate an in-
creased concentration of IGF-I (Huhtaniemi and
Toppari 1995). The rise in IGF-I could also be a re-
sponse to an increase in body weight character-
ised by an enlargement in body fat. Indeed,
although studies into the regulation of the soma-
totropic axis in obesity report contradictory
results as to the secretion of IGF-I, receptors
have been identified in pre-adipocyte and adipo-
cyte cells lines (Louveau and Gondret 2004).
Thus the increase in IGF-I secretion that follows
neutering may have a primary role in the onset
of obesity in the cat, since it promotes the multi-
plication and even enlargement of the adipocytes.

Although the mean prolactinaemia was ele-
vated at the start of the study, the standard devi-
ation between cats was considerable. Significant
changes in PRL secretion occur with stress
(Balcombe et al 2004) and handling and blood
collection are manipulations that lead to stress-
related responses. During the first week of blood
collection, 5/7 cats showed elevated prolactinae-
mia (>6 ng/mL). Nevertheless, prolactinaemia
increased significantly after castration. This
observed rise following castration in cats was
also shown in rats. However, the initial peak
was apparent 8 weeks after castration and was
not the first hormonal modification observed.
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Fig 5. Mean plasma leptin concentration variations (�SE)
following castration in seven male cats. Significantly (*)
different from baseline concentration.
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Hyperprolactinaemia could also have a deleteri-
ous effect on glucose metabolism in the cat in
both the short and long terms because of the
role of PRL in the production and maintenance
of adipose tissue (Flint et al 2003). PRL can also
stimulate appetite (Bray 2000), promoting glu-
cose intolerance, insulin resistance and hyperin-
sulinaemia (Reis et al 1997, Kopelman 2000).

In this study, hyperleptinaemia was the most
belated hormonal modification observed and
seemed only to be a consequence of the excess
weight. It is probably only a reflection of the in-
creased fat mass in castrated cats, as previously
demonstrated (Martin et al 2001). At term, such
hyperleptinaemia could have deleterious conse-
quences for the cat. Indeed, Appleton et al
(2002) demonstrated that leptin concentrations
in the cat are correlated with the intensity of in-
sulin resistance and involved in the pathogenesis
of insulin resistance. Hyperleptinaemia could,
therefore, be another key element controlling
the onset of diabetes mellitus in the castrated cat.

Conclusion
Castration in male cats rapidly modifies the hor-
monal balance which could partly explain the
body weight increase and the changes in food in-
take. Neutering, by modifying endocrine homeo-
stasis, induces a new state of equilibrium in which
the hormones involved in obesity and the dysre-
gulation of glucose metabolism predominate.
This situation explains the clinical consequences
observed in the majority of castrated cats that
are taken to the vet. The subsequent deleterious
effects can only be limited by preventing obesity
after neutering by reducing food allowance and
monitoring body weight.
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