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The objective of the study was to determine the concentration profile of selected hormones in
the blood serum of blue polar fox vixens at various ages during the non-mating period, three
months after lactation. The investigation was performed on 50 clinically healthy female polar
foxes derived from a domestic reproductive farm. The animals were divided into 5 age groups
(n=10) ranging from the 1 to 5 years of life. In the blood serum the contents of insulin,
triiodothyronine (total and free), thyroxin (total and free), leptin and ghrelin (total and active)
were determined. No significant, female age-dependent differences were found in the
contents of insulin, total and free triiodothyronine and total ghrelin in the blood serum.
Significant (P<0.05) differences were observed in the concentration of total and free thyroxin
(the highest in the blood of 4-year old females) as well as leptin and active ghrelin (the lowest
and the highest content in 3-year old vixens). However, no distinct, female age-dependent
tendencies for change in the content of these hormones in the blood serum were observed.
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It is widely believed that hormones play a key
role in the regulation of physiological processes
and adaptation of organisms to the environment. In
the case of carnivorous fur animals whose ances-
tors were predators, the main factors that synchro-
nise many biological processes are daylight length
and changes in the activity of the pineal gland and
in the pituitary-adrenocortical system (VALTONEN
1989; KOLESNIKOVA 1996). Polar foxes, apart
from the cyclic nature of processes associated with
reproduction, are also characterised by a strong
seasonality of their basic metabolic rate (BMR),
manifested in the reduction of the BMR in autumn
and winter (about 15 to 30%) following its maxi-
mum rate in the summer period (BERESTOV &
KOZHEVNIKOVA 1989;FUGLEI &ØRITSLAND 1999).
In adult foxes, seasonal changes in the basic meta-

bolic rate correspond with annual differences in
their body weight and the degree of body fattening.
Tissue and visceral fat accumulation attains a
maximum in November and December when fat
reserves reach 20% of the body weight. These re-
serves are released rapidly from March to May and
the lowest levels of fat are recorded in early sum-
mer months (6% of body weight) (PRESTRUD &
NILSSEN 1992). This is associated with the “switch-
ing over” from summer to winter metabolism in
foxes (FUGLEI et al. 2000; KOZHEVNIKOVA et al.
2000; FUGLEI et al. 2004). Seasonal changes in
hormone activities regulating reproduction and
metabolism in adult polar foxes are well docu-
mented. There is also information concerning the
activity of the hormonal system in fox pups during
the first months of life in which intensive pro-



cesses of organogenesis, tissue differentiation and
development of thermoregulatory mechanisms take
place (VALTONEN 1989; PRESTRUD & NILSSEN
1992; SIROTKINA & TYUTYUNNIK 1998; RENDAKOV
et al. 2003). On the other hand there is a lack of in-
formation in the available literature about the pro-
file of hormone concentrations in the blood of
adult foxes depending on their age and consecutive
reproductive season.

The aim of this study was to determine quantities
of selected hormones in the peripheral blood in fe-
male blue polar foxes in the non-mating period in
relation to age.

Material and Methods

Experimental animals

The experiment was carried out in September
2006 on 50 adult, clinically healthy females of the
blue fox (Alopex lagopus L.) derived from the do-
mestic reproductive farm in £achowo near Szubin.
All of the vixens were in the non-mating period,
three months after lactation. The number of pup-
pies raised by each female during the last repro-
ductive season was similar (from 7 to 10). The
experimental females were divided into 5 age
groups (n=10): one-year (group I), two-year
(group II), three-year (group III), four-year (group
IV) and five-year-old females (group V). The ani-
mals were reared in standard farm conditions, fed
once a day and had ad libitum access to water. Di-
ets used on the farm for feeding reproductive blue
foxes during this breeding period were based on
poultry and fish offals, meat-and-bone meal, ex-
truded cereals and rapeseed oil supplemented with
a mineral-vitamin mixture. The content of metabo-
lisable energy (ME) in 1 kg feed was 7100 kJ. The
dietary ME distribution from protein, fat and car-
bohydrates was 29, 54 and 17%. The metabolis-
able energy content from fat was higher than the
recommended level given in the country feeding
standards (JAROSZ 1994) but was in agreement
with Scandinavian feeding standards (HANSEN
1992).

Chemical analysis

Blood samples for analysis were collected from
the cephalic vein (vena cephalica) in the morning
(8.00-10.00) before feeding the animals. Prior to
analysis, the centrifuged samples of blood serum
were stored at a temperature of -20oC. The level of
the following hormones was determined: insulin,
triiodothyronine (T3) total and free, thyroxin (T4)
total and free, leptin and ghrelin total and active.

Hormones in the serum were analyzed radio-
immunologically using the insulin RIA kit, ghrelin
(total and active) – RIA kits, multi-species leptin –
RIA kit obtained from Linco Res., (USA), and
with RIA-gnost T3, RIA-gnost FT3, RIA-gnost T4,
RIA-gnost FT4 obtained from CIS Bio Interna-
tional (France).

Statistical analysis

The obtained results were analysed statistically
with one way analysis of variance (ANOVA). The
post hoc Duncan test was applied. The signifi-
cance of differences was set at P<0.05.

Results

Table 1 presents the content of insulin, thyroxin
and triiodothyronine, leptin and ghrelin deter-
mined in the blood of experimental female blue
polar foxes. There were no significant differences
in the content of insulin in the blood of the animals.
The level of this hormone fluctuated from 9.51 to
12.27 uU ml-1. Moreover, also the content of total
and free T3 in the blood serum of females did not
differ significantly between the examined groups.
However, significant differences (P<0.05) were
determined in the total and free thyroxin. The low-
est level of this hormone was found in the blood se-
rum of one- and five-year-old vixens (respectively:
T4 total – 24.98 and 33.31 ng ml-1; T4 free – 6.77
and 6.74 pg ml-1), while the highest content of total
(52.35 ng ml-1) and free (10.39 pg ml-1) thyroxin
was determined in four-year-old females
(P<0.05). The lowest concentration of leptin was
determined in the blood of three-year-old vixens.
The mean level of this hormone in the experimen-
tal females from group III amounted to 1.16 ng
ml-1 and was significantly lower (P<0.05) in com-
parison to the level of leptin determined in the se-
rum of one-, two- and five-year-old vixens. The
analysis of the total ghrelin content did not demon-
strate statistically significant differences between
age groups. The content of this hormone in the
blood of the experimental females ranged from
1275 pg ml-1 (group V) to 1496 pg ml-1 (group III).
On the other hand, significant (P<0.05), age-
dependent differences were found in the concen-
tration of active ghrelin. The highest and similar
levels of this hormone were observed in two- and
three-year-old animals (51.91 and 52.00 pg ml-1,
respectively), while the lowest were noted in the
group of one-year-old females (32.04 pg ml-1).
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Discussion

Despite of the domestication process, the life of
polar foxes is regulated by seasonality. The strict
rhythm of biological cycles such as reproduction,
moulting and metabolism is reflected in a number
of physiological parameters in this species and
provides a basis in the farm breeding of carnivo-
rous fur animals (BERESTOV & KOZHEVNIKOVA
1989). However, there is no information in the
available literature on physiological indices, in-
cluding hormone contents, in the blood of farmed
polar foxes depending on age and consecutive re-
productive season. In the present study carried out
on polar vixens of 1 to 5 years of age, it was found
that the concentration of insulin, total and free
triiodothyronine and total ghrelin in blood serum
did not differ significantly among groups. How-
ever, significant (P<0.05), age-dependent differ-
ences were recorded in the concentrations of total
and free thyroxin, leptin and active ghrelin.

Insulin, as an anabolic hormone, exhibits a
strong antilipolytic activity. Its level in the blood
of carnivorous fur animals is associated with the
state of nutrition and seasonal changes in basic me-
tabolism. Investigations carried out on wild rac-
coon dogs and farm minks showed that high
insulin activity, observed in the autumn, is associ-
ated with the accumulation of energy saved in the
form of intra-abdominal fat and glycogen for the
winter period, while fasting is a factor reducing the
concentration of this hormone in the blood serum
(ASIKAINEN et al. 2004; MUSTONEN et al. 2005).
The impact of age on insulin concentration in the
blood is observed in young, growing animals in
which anabolic processes prevail, whereas aging
processes are associated with reduced insulin se-
cretion and intensification of catabolic processes

(ŒLEBODZIÑSKI 1979; PERRY 1999). It should be
mentioned that polar foxes attain somatic maturity
before the age of 12 months. They reach a lifespan
of 10 years but are used for reproductive purposes
for no more than 4 to 6 (BERESTOV &
KOZHEVNIKOVA 1989). According to earlier stud-
ies, the best reproduction results are achieved in
polar vixens at an age of 2 to 5 years, afterwards
the number of puppies delivered and reared by fe-
males decreases significantly (STANIS£AWSKA &
BERNACKA 1984). Therefore, in our study the
growth and somatic development of the experi-
mental vixens was complete and the animals were
in the period of full reproductive capacity. It
should be noted that the content of insulin in the
blood serum of the blue polar vixens of all the ex-
amined age groups was within the range of refer-
ence values determined for mature dogs
(WINNICKA 2004).

Despite the significant differences found in the
present study in the concentrations of total and free
thyroxin in the blood of the experimental females,
no significant, age-dependent changes in the con-
centrations of the total and free triiodothyronine
were recorded. It is known that triiodothyronine is
a metabolically active form of thyroid hormone.
Therefore, the results obtained in the experiment
suggest that during the non-mating period, meta-
bolic rate in polar vixens from 1 to 5 years of age
remains at an equal level. Also earlier investiga-
tions carried out on adult, farm mink females
(from 2 to 5 years of age) did not show significant,
age-dependent differences in the concentration of
total T3 (KASPRZAK et al. 1993). Complex investi-
gations on the activity of the thyroid gland in polar
foxes revealed that the highest total T3 and T4 lev-
els in the blood were determined in 1 to 2-month
old puppies (2.28-2.93 nmol l-1 and 47.60-100.80
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Table 1

Hormone content in the blood serum of polar fox females (x ± SD)

Hormone
Group

I II III IV V

Insulin, uU ml-1 9.51 ± 2.09 12.27 ± 4.78 9.51 ± 5.52 9.52 ± 4.67 11.30 ± 2.98

T3 total, ng ml-1 0.38 ± 0.04 0.41 ± 0.04 0.36 ± 0.06 0.40 ± 0.05 0.38 ± 0.06

T3 free, pg ml-1 1.10 ± 0,28 1.49 ± 0.29 1.35 ± 0.39 1.46 ± 0.27 1.07 ± 0.26

T4 total, ng ml-1 24.98a ± 7.15 38.60b ± 13.66 36.17a,b ± 12.78 52.35c ± 19.54 33.31a,b ± 6.85

T4 free, pg ml-1 6.77a± 1.39 8.42a,b ± 2.32 8.66a,b ± 3.56 10.39b ± 2.82 6.74a ± 2.08

Leptin, ng ml-1 1.49a ± 0.16 1.56a ± 0.37 1.16b ± 0.24 1.35a,b ± 0.24 1.58a ± 0.38

Ghrelin total, pg ml-1 1450 ± 331 1295 ± 208 1496 ± 205 1351 ± 317 1275 ± 117

Ghrelin active, pg ml-1 32.04a ± 9.16 51.91b ± 12.55 52.00b ± 15.91 38.71a ± 5.66 41.52a,b ± 17.15

a,b,c – means in the rows with different letters differ significantly (P<0.05).



nmol l-1, respectively) and, later on, the concentra-
tion of these hormones, mainly triiodothyronine,
declined significantly. In 4- to 5-month-old fox
cubs, the content of the total T3 reaches the average
level of 1.90 nmol l-1 (SIROTKINA & TYUTYUNNIK
1998; RENDAKOV et al. 2003). Also investigations
conducted on dogs showed that the amount of thy-
roid hormones in the blood of cubs remains at an
elevated level in comparison with adult dogs and
decreases significantly in old animals (PALAZZOLO
& QUADRI 1987; GONZALEZ & QUADRI 1988;
REIMERS et al. 1990). In adult foxes, the concen-
tration of thyroid hormones, changing in relation
to the phase of the reproductive cycle, is associated
with the moulting process and state of nutrition.
Depending on the species (common foxes or blue
foxes) as well as the season of the year, the total
thyroxin content in the blood of adult foxes ranges
widely (from 14 to 50 nmol l-1). It is the lowest dur-
ing the winter months (metabolic depression) and
then it increases in spring (mating season) and at the
beginning of autumn (moulting season) (VALTONEN
1989; SIROTKINA & TYUTYUNNIK 1998; FUGLEI
et al. 2000). The results obtained in the present
study correspond with the values quoted earlier.

Leptin, synthesised and secreted primarily by
adipocytes, is a key hormone in the regulation of
energy balance. Leptin administered to ob/ob mice
(which genetically can not produce leptin) de-
creases feed intake, body weight and fattening
(PELLEYMOUNTER et al. 1995). It is well known
that in humans and rodents the concentration of
this hormone in blood is positively correlated with
body fat content (MAFFEI et al. 1995; RYAN &
ELAHI 1996). Moreover, relationships were also
demonstrated between the status of other hor-
mones involved in metabolism such as thyroid
hormones, insulin, glycocorticoids or estrogens
and leptin concentration in the blood of humans
and rodents (KIEFFER et al. 1996; SHIMIZU et al.
1997; DIEKMAN et al. 1998; FRIED et al. 2000). In
experiments carried out on carnivorous fur ani-
mals, both wild and farm kept, changes in leptin
concentrations in the blood of foxes, minks and
raccoon dogs were investigated taking into consid-
eration seasonal changes and endocrine adaptation
of organisms to a periodical lack of food
(NIEMINEN et al. 2002; RYÖKKYNEN et al. 2003;
ASIKAINEN et al. 2004; FUGLEI et al. 2004;
MUSTONEN et al. 2005). However, no information
was found in the literature about the impact of age
of fur animals on the level of this hormone in
blood. In the present study, a similar leptin concen-
tration in the female blood serum, with the excep-
tion of vixens from group III, was found. A
significantly (P<0.05) lower concentration of this
hormone in the 3-year old females is difficult to
explain on the basis of the available results. It

could be attributed to the lower fattening of the ex-
perimental vixens from group III. In studies car-
ried out on dogs of different breeds and in different
conditions, ISHIOKA et al. (2007) demonstrated
that the content of leptin in the blood of obese dogs
could be more than 4 times higher in comparison
with dogs maintained in optimal conditions. On
the other hand, they did not find a significant corre-
lation between the age of mature dogs and the con-
centration of leptin in blood, independently of the
degree of obesity. Also in the case of young (less
than 1 year old) and adult (over 1 year old) wild
raccoon dogs, no effect of age on the level of this
hormone in blood was determined (ASIKAINEN et
al. 2004). It should be noted that in the present
study the leptin content in the blood serum of ex-
perimental vixens of all age groups was lower in
comparison with that found in the blood of adult,
wild polar foxes (approx. 2.00-2.25 ng ml-1) and
raccoon dogs (2.12-3.00 ng ml-1) in the spring –
late autumn period and adult dogs (3.00-12.80 ng
ml-1) (ASIKAINEN et al. 2004; FUGLEI et al. 2004;
ISHIOKA et al. 2007).

Ghrelin, a peptide hormone produced primarily
by the secretory cells of the stomach and intestinal
mucosa, increases food intake and body weight,
stimulates the secretion of growth hormone and re-
duces fat utilisation. Both in humans and rodents,
ghrelin concentration in the blood plasma in-
creases rapidly during fasting and declines after re-
feeding and in obesity (TSCHÖP et al. 2000; LEE et
al. 2002; YILDIZ et al. 2004; GILG & LUTZ 2006).
By stimulating appetite, ghrelin contributes to
maintaining energetic homeostasis of the organ-
ism and, in wild-living animals, it can increase the
chances for survival in conditions of periodical
food shortages. It was found that the level of
plasma ghrelin in polar foxes (FUGLEI et al. 2004)
and raccoon dogs (NIEMINEN et al. 2002) exhibits
seasonal variability which is connected with sea-
sonal changes in appetite, body weight and basic
metabolism of carnivorous fur animals (BERESTOV
& KOZHEVNIKOVA 1989). On the other hand, no
significant correlation was found between the age
of raccoon dogs (< i > 12 months of life) and ghre-
lin concentration in blood (ASIKAINEN et al.
2004). LEE et al. (2002) demonstrated that in rats,
ghrelin synthesis increased progressively in the
first 2-3 weeks of life and reached a relatively sta-
ble level at the end of the rearing period. However,
considerable variability of the ghrelin concentra-
tion in blood was demonstrated without a distinct
age-related trend in an experiment carried out on
immature dogs (YOKOYAMA et al. 2005). In adults,
the concentration of this hormone in blood de-
pends on food availability and the type of food. It
was found that high-fat diets decrease considera-
bly ghrelin concentrations, while low protein sup-
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ply intensifies its secretion (LEE et al. 2002). In our
experiment the highest level of total and active
ghrelin was determined in the blood serum of 3-
year old females. The lowest leptin concentration
was recorded in the same animals. The recorded
differences were not caused by the type of diet
(standard feeding conditions on the farm) or differ-
ent time of blood sample collection. This may indi-
cate a poorer condition and lower level of fattening
of the three-year old females. The level of total ghre-
lin determined in our investigations was slightly
lower in comparison with the values determined in
August in raccoon dogs (2.20-2.70 ng ml-1) and
mink (1.67-1.98 ng ml-1) and comparable with val-
ues reported for rats (1.04-6.54 ng ml-1) (LEE et al.
2002; NIEMINEN et al. 2002; RYÖKKYNEN et al.
2003).

In conclusion, the studies carried out on adult,
clinically healthy blue polar fox females during
the non-mating period did not reveal significant,
age-dependent differences in the content of insu-
lin, total and free triiodothyronine as well as total
ghrelin in the blood serum. Significant differences
were determined in the concentration of total and
free thyroxin, leptin and active ghrelin. However,
no distinct, female age-dependent tendencies for
change in the content of these hormones in the
blood serum were observed.

References

ASIKAINEN J., MUSTONENA. M., HYVÄRINENH., NIEMINEN
P. 2004. Seasonal physiology of the wild raccoon dog
(Nyctereutes procyonoides). Zool. Sci. 21: 385-391.

BERESTOV V. A., KOZHEVNIKOVA L. 1989. Biology of
farmed fur bearing animals. (In: Haematology and Clinical
Chemistry of Fur Animals, Brandt A. ed., Scientifur Fin-
land): 10-18.

DIEKMAN M. J., ROMIJN J. A., ENDERT E., SAUERWEIN H.,
WIERSINGA W. M. 1998. Thyroid hormones modulate se-
rum leptin levels: observations in thyrotoxic and hypothy-
roid women. Thyroid 8: 1081-1086.

FRIED S. K., RICCI M. R., RUSSELL C. D., LAFERRÈRE B.
2000. Regulation of leptin production in humans. J. Nutr.
130: 3127S-3131S.

FUGLEI E., AANESTAD M., BERG J. P. 2000. Hormones and
metabolites of arctic foxes (Alopex lagopus) in response to
season, starvation and re-feeding. Comp. Biochem. Phys. A.
126: 287-294.

FUGLEI E., MUSTONEN A.-M., NIEMINEN P. 2004. Effects of
season, food deprivation and re-feeding on leptin, ghrelin
and growth hormone in arctic foxes (Alopex lagopus) on
Svalbard, Norway. J. Comp. Physiol. B. 174: 157-162.

FUGLEI E., ØRITSLAND N. A. 1999. Seasonal trends in body
mass, food intake and resting metabolic rate, and induction
of metabolic depression in arctic foxes (Alopex lagopus) at
Svalbard. J. Comp. Physiol. B. 169: 361-369.

GILG S., LUTZ T. A. 2006. The orexigenic effect of peripheral
ghrelin differs between rats of different age and with differ-
ent baseline food intake, and it may in part be mediated by
area postrema. Physiology & Behavior 87: 353-359.

GONZALEZ E., QUADRI S. K. 1988. Effects of aging on the
pituitary-thyroid axis in the dog. Exp. Gerontol. 23: 151-160.

HANSEN N. E. 1992. Recent advances in the nutrition of fur
animals. Norw. J. Agr. Sci. Suppl. 9: 221-231.

ISHIOKA K., HOSOYA K., KITAGAWA H., SHIBATA H.,
HONJOH T., KIMURAK., SAITOM. 2007. Plasma leptin con-
centration in dogs: effects of body condition score, age, gen-
der and breeds. Res. Vet. Sci. 82: 11-15.

JAROSZ S. 1994. Nutrient requirements of carnivorous and
herbivorous fur animals. Editor: The Kielanowski Institute
of Animal Physiology and Nutrition. Jab³onna (Poland). (In
Polish)

KASPRZAK M., SZYMECZKO R., PIETRYGA T. 1993. Thyroid
hormone level in mink at different ages. Scientifur 17:
179-180.

KIEFFER T. J., HELLER R. S., HABENER J. F. 1996. Leptin re-
ceptors expressed on pancreatic beta-cells. Biochem. Bioph.
Res. Co. 224: 522-527.

KOLESNIKOVA L. A. 1996. Structural and functional features
of the pineal gland of silver foxes: Changes under the effect
of domestication. Scientifur 20: 13-25.

KOZHEVNIKOVA L. K., TYUTYUNNIK N. N., UNZHAKOV A.
R., MELDO K. H. I. 2000. Lactate dehydrogenase isoen-
zymes during seasonal adaptation of carnivore fur animals.
J. Evol. Biochem. Phys. 36: 28-36.

LEE H.-M., WANG G., ENGLANDER E. W., KOJIMA M.,
GREELEYG. H. Jr. 2002. Ghrelin, a new gastrointestinal en-
docrine peptide that stimulates insulin secretion: enteric dis-
tribution, ontogeny, influence of endocrine, and dietary
manipulations. Endocrinology 143: 185-190.

MAFFEIM., HALAAS J., RAVUSSINE., PRATLEYR. E., LEEG.
H., ZHANG Y., FEI H., KIM S., LALLONE R.,
RANGANATHAN S., KERN P. A., FRIEDMAN J. M. 1995.
Leptin levels in human and rodent: Measurement of plasma
leptin and ob. RNA in obese and weight-reduced subjects.
Nat. Med. 1: 1155-1161.

MUSTONEN A.-M., SAARELA S., PYYKÖNEN T., NIEMINEN
P. 2005. Endocrinologic adaptations to wintertime fasting in
the male American mink (Mustela vision). Exp. Biol. Med.
230: 612-620.

NIEMINEN P., MUSTONEN A. M., ASIKAINEN J., HYVÄRINEN
H. 2002. Seasonal weight regulation of the raccoon dogs
(Nyctereutes procynoides): interactions between melatonin,
leptin, ghrelin, and growth hormone. J. Biol. Rhythm. 17:
155-163.

PALAZZOLO D. L., QUADRI S. K. 1987. Plasma thyroxin and
cortisol under basal conditions and during cold stress in the
aging dog. Proc. Soc. Exp. Biol. Med. 185: 305-311.

PELLEYMOUNTER M. A., CULLEN M. J., BAKER M. B.,
HECHT R., WINTERS D., BOONE T., COLLINS F. 1995. Ef-
fects of the obese gene product on body weight regulation in
ob/ob mice. Science 269: 540-543.

PERRY H. M. 1999. The endocrinology of aging. Clin. Chem.
45: 1369-1376.

PRESTRUD P., NILSSEN K. 1992. Fat deposition and seasonal
variation in body composition of arctic foxes in Svalbard. J.
Wildl. Manage. 56: 221-233.

REIMERS T. J., LAWLER D. F., SUTARIA P. M., CORREA M.
T., ERB H. N. 1990. Effects of age, sex, and body size on se-
rum concentrations of thyroid and adrenocortical hormones
in dogs. Am. J. Vet. Res. 50: 454-457.

RENDAKOV N. L., TYUTYUNNIK N. N., SIROTKINA L. N.,
KRUPNOVA M. Yu., NEMOVA N. N. 2003. Thyroid hor-
mones and activities of lysosomal proteolytic enzymes in or-
gans of the arctic fox Alopex lagopus. J. Evol. Biochem.
Phys. 39: 302-305.

RYAN A. S., ELAHI D. 1996. The effects of acute hyperglyce-
mia and hyperinsulinemia on plasma leptin levels: its rela-
tionships with body fat, visceral adiposity, and age in
women. J. Clin. Endocrinol. Metab. 81: 4433-4438.

RYÖKKYNEN A., MUSTONEN A. M., PYYKÖNEN T.,
HÄNNINEN S., ASIKAINEN J., KUKKONEN J. V. K.,
MONONEN J., NIEMINEN P. 2003. Detection, analysis and

Blood Hormones in Polar Foxes in Relation to Age 217



interactions of plasma ghrelin, leptin and growth hormone in
mink (Mustela vision). Zool. Sci. 20: 1127-1132.

SHIMIZU H., SHIMOMURA Y., NAKANISHI Y., FUTAWATARI
T., OHTANIK., SATON., MORIM. 1997. Estrogen increases
in vivo leptin production in rats and human subjects. J. Endo-
crinology 154: 285-292.

SIROTKINA L. N., TYUTYUNNIK N. N. 1998. Endocrine thy-
roid gland, adrenal cortex and gonadal functions in fur ani-
mals in the postnatal period and reproductive season.
Scientifur 22: 299-302.

STANIS£AWSKA B., BERNACKA H. 1984. Influence of polar
vixens age on number of puppies in litters and on changes of
selected blood indicators during pregnancy and lactation.
Zeszyty Nauk. ATR Bydgoszcz, Zootechnika 111: 20-33.
(In Polish).

ŒLEBODZIÑSKI A. 1979. An outline of farm animal endocri-
nology. PWN Warszawa. (In Polish).

TSCHÖP M., SMILEY D. L., HEIMAN M. L. 2000. Ghrelin in-
duces adiposity in rodents. Nature, 407: 908-913.

VALTONEN M. 1989. Hormones. (In: Hematology and Clini-
cal Chemistry of Fur Animals, Brandt A. ed., Scientifur Fin-
land):  86-94.

WINNICKAA. 2004. Reference values of basic laboratory tests
in veterinary medicine. SGGW Warszawa. (In Polish).

YILDIZ B. O., SUCHARD M. A., WONG M. A., WONG M.-L.,
MCCANN S. M., LICINIO J. 2004. Alterations in the dynamics
of circulating ghrelin, adiponectin, and leptin in human obesity.
PNAS 101: 10434-10439.
(www.pnas.org/cgi/doi/10.1073/pnas.0403465101).

YOKOYAMA M., MURAKAMI N., NAGANOBU K., HOSODA
H., KANGAWA K., NAKAHARA K. 2005. Relationship be-
tween growth and plasma concentration of ghrelin and
growth hormone in juvenile beagle dogs. J. Vet. Med. Sci.
67: 1189-1192.

R. SZYMECZKO et al.218


