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Summary

The study was carried out on 50 female polar foxes, which were divided into S experimental groups with
respect to age (n — 10): from 1 to S-years-of-age. The content of triglycerides, total cholesterol, HDL, LDL,
total, free and estrified L-carnitine and the composition of fatty acids was determined in blood serum samples.
The lowest content of triglycerides, total cholesterol and HDL fraction was found in one-year-old females
(p < 0.05). It was observed that there was a tendency towards an increase in the content of triglycerides and
LDL until 3-years-of-age and in total cholesterol and HDL until 4-years-of age. No significant, age-dependant
changes in the content of individual fatty acids and L-carnitine were observed. Among fatty acids, the
dominant ones were C16:0; C18:0; C16:1; C18:1 and n-6 PUFA, where C16:2 n-6 prevailed.
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The study of biochemical blood parameters, inclu-
ding those related to lipid metabolism, allows for the
drawing of conclusions about the state of health of
animals and it shows any intensification of the meta-
bolic processes in their organism. Basic lipid metabo-
lic indices in the blood include the content of triglyce-
rides (TG), total cholesterol, high-density-lipoprotein
(HDL) and low-density-lipoprotein (LDL), as well as
the fatty acid profile (3, 4, 15, 16, 18, 24, 27). Another
important parameter is the level of L-carnitine (total,
free and estrified) in the blood, indicating proper
processes of B-oxidation of fatty acids in cells (22).
Factors that influence the level of the above mentio-
ned indices in the blood include species, breed, sex,
age, physiological state of animals and also the diet
composition and type of fat used in it (7, 11, 15, 18,
24-26).

The polar fox (4lopex lagopus L.) 1s a typical repre-
sentative of carnivorous animals. Its life span is about
8-10 years, but for reproduction it is used mainly until
6-years-of-age. It reaches sexual maturity after com-
pleted growth and development at the age of 9-11

months (2). Available literature does not contain any
data concerning lipid metabolism indices in the blood
of mature foxes in relation to their age. It would seem
essential to know these values to distinguish age-rela-
ted changes from those indicating pathological pro-
cesses in the animal’s organism (4, 12).

The aim of the study was to determine the values
of selected lipid metabolism indices of female polar
foxes in relation to their age, three months after a lac-
tation period.

Material and methods

The experiment was conducted on 50 polar fox females
coming from a reproductive farm in the non-mating period,
three months after a lactation period. The females were
divided into 5 experimental groups (n = 10): one-year-old
females (group I), two-year-old females (group I1), three-
-year-old females (group III), four-year-old females (group
IV) and five-year-old females (group V). After the veteri-
nary examination the foxes were considered clinically
healthy. The number of reared kits in the last reproductive
period was from 7 to 10 per female. The diet used on the



farm in this period included poultry and fish offal, meat-
-and-bone meal, extruded cereals, rapeseed oil and vita-
min-mineral mixture. The concentration of metabolizable
energy in 1 kg of the diet was 1700 kcal, and its distribu-
tion of protein, fat and carbohydrates was in agreement with
recommended feeding standards (1).

Blood samples for analysis were taken from a cephalic
vein in the morning (8:00-10:00), before feeding the
animals. In the blood serum samples stored until the time
of analysis at the temperature of —20°C, the content of TG,
total cholesterol and LDL fraction was determined by an
enzymatic method, and the content of HDL fraction by
a spectrophotometric method. All the above mentioned
determinations were made with an Advia 1650 analyzer
using original Bayer reagents and application notes. The
content of fatty acids in the blood serum was determined
by liquid chromatography (HPLC) according to the me-
thod described by Osterroht (20) with the use of an AKTA
Purifier instrument (Pharmacia LKB). The content of
L-carnitine (total, free and short-chain carnitine esters) was
determined with the radiochemical method by Cederblad
&Lindstedt, modified by Bghmer et al., & Iben (10) using
the Tri-Carb 2100 TR Liquid Scintillation Analyzer Pac-
kard Instrument at the Institute of Physiology of Veterinary
Medicine in Vienna. The obtained results were analysed
statistically with analysis of variance using the Statistica
5.5 PL program. The level of significance was set at
p <0.05.

Results and discussion

The content of the total cholesterol in the blood
serum of experimental female polar foxes was around
4.55-5.55 mmol/l (tab. 1) which is similar to the mean
cholesterol content in adult polar foxes (5.17 mmol/l)
presented by Brandt (4). The lowest content of TG,
total cholesterol, HDL and LDL fraction was found in
one-year-old females (0.49; 4.55; 3.56; 0.78 mmol/l
respectively) (tab. 1). Only in the case of LDL fraction
the difference was not statistically significant. There
was a tendency for the described parameters to in-
crease, which in the case of TG and LDL fraction was
until 3-years-of-age (0.70 and 0.96 mmol/l), and in the
case of total cholesterol and HDL fraction until 4-years-
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-of-age (5.55 and 4.31 mmol/l). Studies on dogs and
cats showed age-dependant changes in the cholesterol
content in the blood serum. The changes were most
distinct before the animals reached sexual maturity,
reflecting their intensive growth and development, and
increased steroidogenesis at the time of maturation
(7, 9, 18). After reaching sexual maturity and ending
growth and development, most of the biochemical
blood parameters concerning lipid metabolism reach
values close to standards typical of a given animal
species and stay at a relatively stable level until old
age (4, 15, 25).

The HDL fraction in the blood of the experimental
female foxes amounted to about 80% of the total cho-
lesterol (tab. 1), which agrees with results obtained in
investigations on foxes, mink (23) and dogs (3, 15,
16). The HDL/LDL ratio in the examined female
foxes (4.38-4.90) was similar to the value obtained by
Maldonado et al. (15) in mice (4.3), remarkably lower
than in dogs (8.3) and considerably higher compared
to cats (1.8). It is generally known that various lipo-
protein fractions have different functions in the trans-
port of lipids. A higher content of high-density lipo-
proteins (HDL) is beneficial for the organism, for it
enables a reverse transport of cholesterol (from peri-
pheral cells to the liver), protecting the organism aga-
inst cholesterol deposition in the blood vessels. More-
over, the HDL fraction takes away lipid peroxides that
are cytotoxic to endothelial cells. These peroxides are
released during decomposition of lipoproteins rich in
TG (15-17, 23).

The level of TG in serum of experimental female
foxes showed a tendency to increase until 3-years-of-
-age and then there was a decrease in their content to a
significantly lower level (0.57 mmol/l) in 5-year-old
females (tab. 1). An increase in the TG content in the
blood until a certain age and their subsequent de-
crease was also observed in rats and dogs (12, 27). In
other experiments on dogs, no direct influence of age
on the level of TG in the blood was observed (18, 21).

Carnitine (trimethyl-y-amino-f-hydroxybutyrate)
plays an important role in the production of metaboli-

Tab. 1. Lipid metabolism indices in serum of polar fox females (x = SD)

Index Group p<
1 2 3 4 5

Triglyceride (mmol/l) 0.492 x 0.10 0.61%¢ + 0.10 0.70° £ 0.16 0.64%4 + 0.06 0.572¢4 + 0.13 0.05
Total cholesterol (mmol/l) 4.55% + 0.66 5.210 + 0.60 5.46" + 0.58 5.55" + 0.86 5.37" + 0.33 0.05
HDL cholesterol (mmol/l) 3.562 + 0.53 4.120 £ 0.50 4.21° + 0.44 4.31" £ 0.69 4.21" £ 0.26 0.05
LDL cholesterol (mmol/l) 0.78 £ 0.10 0.84 £ 0.1 0.96 + 0.20 0.90 + 0.21 0.910.10 NS*
Total L-carnitine (umol/l) 136.06  25.66 | 126.42+18.82 | 111.51£22.19 | 138.39:28.27 | 136.84 = 28.01 NS
Free L-carnitine (pmol/l) 94.77 + 20.30 88.97 £ 19.18 88.91 + 17.54 96.39 + 13.86 95.84 + 14.07 NS
Estrified L-carnitine (umol/l) 38.04 + 18.53 35.85 + 18.47 29.34 £ 5.28 43.34 £ 22.09 40.62 £ 22.14 NS
Estrified L-carnitine/Free L-carnitine 0.42 £ 0.23 0.44 £ 0.33 0.35 £ 0.12 0.45 £ 0.21 0.42 £ 0.21 NS

Explanations: a, b, ¢, d — mean values in the same row with different postscripts are significantly different (p <0.05); * —not significant
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zable energy enabling transport of long-chain fatty
acids through the inner mitochondrial membrane.
Moreover, it facilitates removal of short- and medium-
-chain fatty acids which are accumulated in mitochon-
dria as a result of metabolic processes (10, 22). In
these studies, no influence of age on the level of
L-carnitine in serum of experimental female foxes was
observed. The lowest, but statistically not significant,
content of total, free and estrified carnitine was ob-
served in 3-year-old female foxes (111.51; 88.91;
29.34 umol/l respectively) and the highest in 4-year-
-old females (138.39; 96.39; 43.34 umol/l respective-
ly) (tab. 1). It should be noted that the level of L-carni-
tine in the serum of female polar foxes determined in
this experiment was remarkably higher in comparison
with values obtained in humans (8), dogs (19) and rats
(26). The estrified/free carnitine ratio was inversely
related to carnitine availability and, being an early
marker for impending carnitine deficiency in tissue,
ranged from 0.35 (3-year-old females) to 0.45 (4-year-
-old females). Studies on humans and animals have
given quite diversified results as far as the influence
of age on the level of L-carnitine in the blood is con-
cerned (8, 11, 13, 14, 26). The lack of unequivocal
data on this subject is a problem, because plasma car-
nitine levels are often used as an index of body carni-
tine status (26).

The content of fatty acids in serum is shown in tab. 2.
The present experiment
shows a relatively constant,
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oleic acid (C18:1), which agrees with results in dogs
(15, 24). A large amount of these fatty acids in the
serum of the examined animals results most probably
from their large content in the foxes’ diet and their
high ileal digestibility and absorption shown in our
previous experiments (5, 6).

In the present study polyunsaturated fatty acids
(PUFA) ranged from 25% (2-year-old females) to 34%
(5-year-old females) of TFA. There was an insignifi-
cant tendency towards an increase in the PUFA con-
tent until 4™ year of age (1-year-old females: 419.03
umol/l; 4-year-old females 552.53 pmol/l). More than
80% of PUFA in serum was constituted by linoleic
acid (C18:2 n-6), which is an essential unsaturated fatty
acid for foxes (1). Our previous study also showed that
in standard diets for polar foxes the C18:2 n-6 acid
definitely predominates in PUFA (5, 6). The content
of arachidonic acid (C20:4 n-6), was 8-11% of PUFA.
A characteristic feature of dogs’ plasma is a relatively
large content of long-chain n-6 PUFA, with the majo-
rity of C18:2 n-6 and C20:4 n-6 (15, 16). A consider-
ably lower amount of n-3 PUFA was observed in the
blood of experimental foxes, which also agrees with
the results in dogs (15, 16, 24). Linoleic acid (C18:3
n-3) was dominant among n-3 PUFA. Long-chain
PUFA are formed by desaturation and elongation of
dietary C18:2 n-6 and C18:3 n-3 acids and they have
many biologically important functions in the organism

Tab. 2. Fatty acids in serum of polar fox females (umol/l) (x = SD)

age-independent compo- : Group
sition of fatty acids in the Fatty acid ] ’ 3 s .
blood of adult female foxes,
which agrees with results in 14:0 117.52 + 32.67 | 106.90 + 34.75 | 109.42 +53.19 | 112.72 + 35.47 | 85.02 + 45.83
dogs (15). 16:0 226.02 +79.98 | 196.72 + 44.43 | 217.86 + 75.23 | 216.20 + 45.69 | 168.02 + 59.98
Sggturated fzt?’ 3316(3/5 18:0 211.78 + 52.77 | 205.94 + 71.82 | 195.26 + 125.18 | 170.36  89.01 | 102.82 + 40.19
nst1 rom
( ) constifuted fro o 20:0 0.41 + 0.41 0.36 + 0.16 0.40 + 0.44 0.10 + 0.17 0.13 + 0.16
(5-year-old females) to 35%
(2_year_01d females) Of the 22:0 0.45 + 0.37 0.13 £ 0.13 0.21 £ 0.29 0.23 £ 0.28 0.20 £ 0.23
total fatty acids (TFA) in 14:1 105.58 + 32.67 | 118.40 =+ 33.88 | 143.26 + 32.08 | 141.32 + 40.87 | 130.46 x 87.91
Ehe blOde' Ehere was f}ften' 16:1 303.46 + 63.32 | 286.12 = 81.91 | 324.64 = 151.36 | 298.52 + 55.60 | 211.58 + 102.12
n r this gr att
chcy for this group o Y 18:1 246.20 + 113.88 | 185.64 = 30.95 | 212.32 + 43.49 | 225.68 + 66.94 | 188.10 = 66.08
acids to decrease with age.
(C16:0) and stearic acid 18:2 n-6 338.80 + 157.77 | 299.28 =+ 50.67 | 401.32 + 103.88 | 452.92 + 190.28 | 397.26 + 196.50
(C18:0) prevailed and to- 7-18:3 n-6 2.13 £ 2.37 1.95 + 1.43 1.47 £1.19 3.66 + 3.89 2.213.32
gether they constituted over 20:2 n-6 7.63 + 3.81 7.86 + 3.14 7.81+4.28 8.74 + 4.18 4.96 + 3.59
. . = - + + + + +
78% of SFA. Similar results : TeET e e e EET
were obtained for adult dogs, 20:3 n-6 13.06  6.81 8.51 + 6.01 12.13+11.80 | 13.54 +6.20 5.39 + 6.54
in which about 30% of TFA 20:4 n-6 48.58 + 25.25 | 31.94+5.79 39.92+965 | 55.52+18.95 | 38.52 +16.36
were SFA with the majority 22:2 n-6 0.33 2 0.67 0.06 = 0.04 0.24 20 .43 0.05 + 0.02 0.04 + 0.04
of C18:0and C16:0 (15, 24). a-18:3 n-3 8.05 + 7.57 9.09 + 2.62 9.66 + 3.02 14.15+10.90 | 10.79 = 8.87
-18:3 n- + + + + +
Monounsaturated fatty e s EE TR e
acids (MUFA) were ac- 22:5 n-3 0.89 + 1.04 1.63  2.04 1.09 + 0.73 4.94 + 2.01 5.81 + 1.45
counted for 40% of all SFA 555.73 + 143.81 | 500.92 + 147.09 | 522.94 + 250.28 | 499.38 + 141.81 | 355.97 + 132.65
determined fatty acids with MUFA 659.17 = 192.92 | 592.89 + 143.21| 685.88 = 213.73 | 671.57 = 136.49 | 537.23 + 243.86
the highest content of pal- PUFA 41 1 2.31 | 473.34 + 11 2.53 + 212.76 | 461 232.31
mitoleic acid (C16:1) and v 9.03 + 187.70 | 359.99 + 62.31 | 473.34 + 110.33 | 552.53 + 212.76 | 461.06 + 232.3
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(17). The results of the present investigations show
that foxes, like dogs, have a relatively large amount of
polyunsaturated fatty acids in the blood, related to the
high level of HDL fraction which is composed mainly
of phosphatidylcholine and cholesterol esters con-
taining large amount of long-chain PUFA (15, 16).
The present study showed a higher level of TG,
total cholesterol, HDL and LDL fraction in the blood
serum of older polar fox females compared to one-
-year-old females. No age-dependant changes in the
content of L-carnitine and fatty acids were observed.
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