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Summary

The aim of this study was to assess the impact of the leptin concentration and body weight of mink females
on the birth parameters of their kits. Blood samples were collected 3 times during preparation for reproduction,
7 £ 2 days before mating. Total leptin concentration in serum was measured using commercial RIA Kits
(Millipore, St. Charles, Missouri USA). Research was conducted on 20 clinically healthy scanbrown female
minks (Neovison vison) aged 2-3 years. To evaluate their body condition, the females were divided into two
groups based on the BCS scoring system. In the first group, referred to as BCS 2, lean females were included,
and the second group (BCS 4) consisted of obese females.

In mink dams belonging to BCS 2, the average leptin values were one-fourth of those in the BCS 4 group.
The results obtained indicate the influence of the body mass of minks during preparation for reproduction on
serum leptin concentration. The results of the Mann-Whitney U test showed a statistically significant difference
between weights and leptin concentrations in groups BCS 2 and BCS 4. Among the other traits, such differences
were not found. The analysis of results obtained in the two mink groups did not reveal a clear relationship

between leptin in the serum of mothers before mating and the birth parameters of their Kits.
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The mink (Neovison vison), a semi-aquatic carni-
vore, was introduced for fur farming in many parts of
Europe in the early 20™ century (12). Minks as wild
animals had to adapt to the cage, which limited their
physical activity, but received access to food exceed-
ing their normal intake in the wild. This situation is
particularly noticeable in the perinatal period and in
2-6 weeks of lactation, and can often be manifested
by the wet net disease, increased maternal mortality,
destruction of the offspring, and metabolic syndrome
in females (2). Similar to other seasonal breeders,
minks have annual cycles of changes in food intake
and body weight. During the winter months, their body
weight decreases by 10-15% in ad libitum-fed dams.
Furthermore, reproduction in minks is strictly regu-
lated by photoperiod, and the reproductive outcome
is highly responsive to nutritional manipulation (13).

Minks have a tendency for seasonal fatness, and are
very vulnerable to changes in energy supply. Besides,
they store large fat amounts during autumn, which are
mobilized during winter and spring (14). Therefore,
the process of mink breeding faces the problem of
conceiving after a period of declining body reserves.
The reproductive performance of minks is highly
responsive to energy supply especially in yearling
females (the necessity of supporting growth and the
viability of a large number of fetuses) (12-14). The
dam gives birth to altricial young after a gestation
comprising a short embryonic diapause followed by
a true gestation period of 31 days (7). In minks, birth
weight is strongly determined by the environment (3).
The nutritional status and the quality of many active
ingredients operating in the perinatal period and early
extrauterine life affect the development of the hypo-
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thalamic structures involved in the control of appetite,
energy expenditure, and metabolism. In extremely lean
animals, the pre-ovulatory luteinizing hormone surge
and ovulation can even be abolished (9). Hormones
like leptin affect the metabolism of the mother, regu-
lating the availability of nutrients to the fetus (4). On
the other hand, plasma leptin concentrations correlate
positively with the body fat content in humans (4, 11)
and minks (14).

This work is a fragment of a broader study on the
impact of susceptibility to obesity on metabolic disor-
ders in mink females during the reproductive period.
The aim of this study was to assess the impact of the
leptin concentration and body weight of mink females
on the birth parameters of their kits.

Material and methods

Research was conducted on 20 clinically healthy scan-
brown female minks aged 2-3 years. To evaluate their body
condition, the females were divided into two groups based
on a BCS scoring system developed by Hynes (7), which
is useful in assessing obesity in mink. In the first group,
referred to as BCS 2, lean females weighing 922.3 £ 15.6 g
were included, and the second group BCS 4 consisted of
obese females with a weight of 1315+ 12.1 g. The animals
received a balanced fodder in the period from December
to February: ME-4811 klJ/kg (%ME 52.0 from protein,
36.0 from fat 12.0 from carbohydrates), and from March
to weaning: ME 5230 kJ/kg (%ME 45.0 from proteins 43.0
from fat, 12.0. from carbohydrates). The ration size was
determined independently, in accordance with current food
standards, depending on the condition of the animals (10).
The animals were provided with continuous access to water.
Blood samples were collected 3 times during preparation for
reproduction, 7 = 2 days before mating, always at the same
time before feeding and watering, into plain 5 ml tubes and
allowed to clot for 15 minutes at 36°C. After clotting, the
tubes were centrifuged at 1.500 x g for 15 min. Serum was
aliquoted and frozen at —80°C. Serum total leptin concen-
trations were measured using commercial RIA kits (Mil-
lipore, St. Charles, Missouri USA). Samples were run in
duplicate and counted in a gamma counter (Agroecological
Laboratory in Lublin). Serum concentrations of leptin were
determined by radioimmunoassay (Multi-Species Leptin
RIA kit; Millipore, St Charles, Missouri, USA) previously
validated for mink plasma. The Multi-Species Leptin assay
utilizes '*I-labeled Human Leptin with a specific activity
of 135 pCi/pg, with normal guinea pig IgG as a carrier,
and goat anti-guinea pig IgG serum, 3% PEG and 0.05%
TritonX-100 in 0.005M Phosphosaline, 0.025M EDTA in
the precipitating reagent. All samples were run in one assay,
and the within-assay CV estimated from the precision pro-
file was 10% for concentrations between 1 and 10 ng/ml.

The results obtained were subjected to statistical analysis.
Arithmetic means (X) and standard deviations (SD) were
calculated. In order to determine the interdependence of the
traits studied, the Pearson correlation coefficient was calcu-
lated for BCS 2 and BCS 4. Because of the small sample size
and the discrete nature of certain variables, a nonparametric
Mann—Whitney U test was used to determine significant
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differences in these traits between all tested minks. In all
tests, the level of significance a = 0.05 was adopted. All
calculations were performed using STATISTICA version 10.

Results and discussion

Mean values of total leptin are presented in Table 1.
Those differences were statistically significant at
P <0.05. In the case of leptin, the values obtained from
lean females (3.09 ng/ml) were almost one-fourth of
the values obtained from obese minks (12.42 ng/ml),
which was statistically important at P < 0.05. The
values of body weight and litter size for lean (BCS 2)
and obese (BCS 4) mink dams are included in Table 2.
The average total born litter size was 72 in lean dams
and 71 in obese dams, of which, respectively, 64 and 67
kits were born alive. The mean live litter body weight
at birth was lower for lean dams (10.89 g) than it was
for obese dams (11.17 g). From then on, kits gained
weight at a normal rate and reached live weights of
124.6 g (for lean dams) and 116.20 g (for obese dams)
on 21* day after birth. Stillborn kits constituted 11% of
the total born (8 kits of lean dams) and 5.5% (4 kits of
obese dams). The mortality rate of offspring between
7™ and 21% day of rearing was lower in the BCS 2 group
(5 individuals) than in the BCS 4 group (8 individuals).

Tab. 1. Values of serum total leptin concentration (ng/mL) in
mink females 7 + 2 days before mating (x + SD)

Females
obese
12.42"+5.35

lean
3.09°+1.38

Explanations: “* — mean values differ significantly at P < 0.05

Tab. 2. Values of body weight and litter size for lean (BCS 2,
n = 10) and obese (BCS 4, n = 10) mink dams

Dams
lean obese

Total born litter size 72 14l

at birth 64 67
Litter size

7-21 days after birth 59 59

at birth 10.89 11.17
Mean litter body weight (g)

21 days after birth 124.6 116.20

The analysis of relationships between the param-
eters in the group BCS 2 (Tab. 3), revealed negative
correlations between the number of live-born kits in
the litter and the maternal weight (—0.64) and leptin
levels (=0.77). A negative correlation (—0.60) was also
observed between the weight of the mother and the
number of deaths between 7™ and 215 day. A positive
correlation was found between the number of offspring
born and the number of live individuals in the litter
(0.72). In BCS 4 (Tab. 4), the mother’s weight corre-
lated positively with the mortality of cubs between 7%
and 21* day after birth (0.67). In addition, leptin levels
correlated positively with the average body weight of
cubs on 21* day after birth (0.73). In all mink dams
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Tab. 3. Pearson correlation coefficients for the BCS 2 group

Body weight of dams (g)

Leptin

Total born litter size

Dead

Alive

Mean litter body weight (g)

Mean body weight 21 days after birth
Dead 7-21 days after birth

1.00 0.57

1.00

-0.33
-0.52
1.00

0.44
0.38
0.31
1.00

-0.64
-0.77
0.72
-0.44
1.00

-0.15
-0.49
0.29
-0.16
0.39
1.00

0.25
-0.40
0.04
0.12
-0.04
0.08
1.00

757

-0.60
0.23
-0.06
-0.16
0.06
-0.29
-0.57
1.00

Tab. 4. Pearson correlation coefficients for the BCS 4 group

Body weight of dams (g) 1.00 0.53 0.10 -0.19 0.16 0.40 0.39 0.67
Leptin 1.00 -0.27 0.23 -0.35 0.30 0.73 0.51
Total born litter size 1.00 0.18 0.95 0.03 -0.46 0.38
Dead 1.00 -0.13 -0.19 0.16 -0.24
Alive 1.00 0.09 -0.51 0.46
Mean litter body weight (g) 1.00 0.41 0.27
Mean body weight 21 days after birth 1.00 0.23
Dead 7-21 days after birth 1.00
Tab. 5. Pearson correlation coefficients for all mink dams
Body weight of dams (g) 1.00 0.74 -0.08 -0.05 -0.05 0.13 0.02 0.10
Leptin 1.00 -0.33 0.15 -0.40 -0.10 -0.04 0.37
Total born litter size 1.00 0.24 0.84 0.18 -0.19 0.15
Dead 1.00 -0.32 -0.19 0.13 -0.20
Alive 1.00 0.28 -0.26 0.26
Mean litter body weight (g) 1.00 0.17 -0.06
Mean body weight 21days after birth 1.00 -0.23
Dead 7-21 days after birth 1.00

(Tab. 5) a positive correlation
between body weight and
leptin was observed (0.74).
The results of the Mann-
Whitney U test showed a sta-
tistically significant difference
between mother’s weight and
leptin in all minks. Among
the other traits, such differ-
ences were not found (Tab. 6).
Leptin is involved in the regu-
lation of food intake, energy
homeostasis, immunity, and

Tab. 6. Results of the Mann-Whitney U test for BCS 2 and BCS 4

Body weight
Leptin

Dead
Alive

Total born litter size

Mean litter body weight (g)
Mean body weight 21 days after birth
Dead 7-21 days after birth

55.000
67.000
110.000
107.000
101.000
87.500
114.000
93.000

155.000
143.000
100.000
103.000
109.000
122.500

96.000
117.000

0.000
12.000
45.000
48.000
46.000
32.500
41.000
38.000

-3.742
-2.835
0.340
0.113
-0.265
-1.285
0.643
-0.869

0.000
0.005
0.734
0.910
0.791
0.199
0.521
0.385

reproduction. Leptin is produced primarily in white
adipose tissue and acts via a family of membrane-bound

receptors, including an isoform with a long intracel-
lular domain (OB-Rb), and many isoforms with short
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intracellular domains (Ob-Rs) (1, 8). Furthermore,
leptin administration has been shown to accelerate the
onset of puberty in rodents. It has been proposed that
leptin acts as a general signal of low energy status to
the neuroendocrine axes; leptin administration reverses
changes in levels of thyrotropin, adrenocorticotrophic
hormone and gonadotropins caused by fasting in mice
(5). It has been shown that leptin is also involved in the
adaptation of the organism to life under extrauterine
conditions and affects body weight control. Leptin
inhibits the stress response by increasing the expres-
sion of glucocorticoid receptors in the central nervous
system and increases the sensitivity to an inhibitory
concentration of glucocorticoids. Another, although
less efficient source of leptin for the child, is the pla-
centa (9). An important dimension is the fact that the
placenta contains leptin receptors and is also the place
where this hormone is produced. Leptin can be both
a growth factor and a signal of energy status between
the mother and the fetus (14). It is also believed that
leptin is involved in the normal development of the
embryo and fetus and that its concentration during
parturition is positively correlated with birth weight
(9). Recent reports indicate that leptin activates the
release of pro-inflammatory cytokines and prostaglan-
dins from the human placenta, thus indicating leptin as
a modulator of the placenta endocrine function (14).
The synthesis of leptin in the fetus begins in the
first trimester of pregnancy with the development of
adipose tissue and significantly increases at the end
of the third trimester. It has been proven that leptin,
in addition to regulating body weight, affects the
development of many tissues and systems, including
the skeletal, respiratory, gastrointestinal, and hema-
topoetic system (4). Fertility in mammals requires
adequate nutrition and metabolic reserves. People with
a major dietary restriction (anorexia nervosa, insulin
dependent diabetes, cachexia) suffer from a significant
impairment of the reproductive system. It is postulated
that leptin may inform the reproductive axis of the
nutritional status of the body, preventing maturation
and reproduction if sufficient metabolic reserves are
not available. A reduced expression of leptin increases
the activity of neuropeptide Y (NPY), which exerts
an inhibitory effect on the gonadotropin axis, via
reduction in gonadotropin-releasing hormone (GnRH)
release follicle stimulating hormone (FSH) and lutropin
(LH), which control hormonal and generative gonadal
function. The receptor for leptin is expressed in the
human ovary, and leptin is present in the follicular
fluid. What is more, circulating leptin concentrations
are associated with the phase of the menstrual cycle.
Peak concentrations of leptin are found in the period
of ovulation and in the luteal phase. Although it is not
fully explained, it is believed that leptin affects the
menstrual cycle and prepares the body for pregnancy
(9). Reproduction in minks is highly dependent on the
photoperiod. Prolactin, which is luteotrophic in minks,
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starts to rise over basal concentrations about the time
of the vernal equinox, which might be permissive for
the increase in food intake in the period of implantation
because in mink dams that were not mated prolactin
concentrations remained at basal levels, food intake
was low, and the animals lost weight (14). Conversely,
if exogenous prolactin implants were given to females
that were not mated, food intake approached the level
in mated females (13). Here the prolactin concentra-
tions started to rise before those of leptin. In rats,
prolactin may stimulate leptin synthesis, so it can be
speculated that the photoperiod-dependent increase in
plasma prolactin contributes to the induction of ges-
tational hyperleptinaemia in the mink (13). Reduced
energy nutrition during pregnancy and birth in minks
is especially important to avoid overfeeding. Animals
should be physically active because movement stimu-
lates appetite and at the same time causes the loss
of energy. Recent studies suggest restrictive feeding
during the last days of pregnancy and the first two
weeks of lactation (3). A study by Tauson (14) showed
that fluctuations in body weight in response to food
restriction and refeeding to a great extent reflected
changes in body fat stores, and thereby confirmed that
circulating leptin monitors body fat mass in minks, as
well as in rodents and human subjects (5, 14). Increased
levels of leptin obtained by Houseknecht et al. (6)
suggest that obesity results from resistance to leptin,
and therefore resistance to leptin could play a role in
obesity. It should be noted that leptin has a direct and
indirect effect on the mobilization and synthesis of
lipids by adipocytes. In rats, leptin stimulates apop-
tosis of adipocytes and is involved in carbohydrate
metabolism (1). Houseknecht et al. (6) indicate that
the expression of leptin and its secretion are correlated
with adipose tissue mass and the size of fat cells. Leptin
can also directly affect the metabolism and function
of peripheral tissues, such as the liver and the skeletal
muscles, because leptin receptors are present on them
(1). There is evidence that monocytes that transform
into macrophages reside in fat tissue and can be the
source of pro-inflammatory cytokine generation both
locally and in the systemic circulation. Sex-dependent
differences were also found by Baile et al. (1). The
subcutaneous adipose tissue of women contains higher
levels of leptin in comparison with that of men. Also,
the amplitude of leptin is higher in women than in men
and is correlated with BMI. In rats, males have a higher
leptin concentration than females (1).

The present research showed the relationship
between the concentration of leptin and the number
and birth weight of the offspring. Tauson and Forsberg
(13) showed that leptin levels in pregnant minks were
lower than in unmated minks. However, in each case
the concentration of leptin in plasma reflected body fat
mass, which was also confirmed in our research. The
level of leptin (12.42 ng/ml) and the birth weight of kits
were higher in the BCS4 group. Similar results were



Med. Weter. 2016, 72 (12), 755-759

obtained by Havel (5) in humans. Also Bury et al. (4)
confirmed the importance of leptin as an indicator of
nutrition in their research on plasma leptin concentra-
tions in human neonates.

The results obtained in the present study suggest
that the body mass of minks preparing for reproduc-
tion influences the serum leptin concentration. The
analysis of results obtained in both mink groups did not
reveal a clear relationship between leptin in the serum
of mothers before mating and the birth parameters of
their kits.
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