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ABSTRACT

Currently, veterinarians pay much attention to the diagnostic examination of animals, including animals kept on fur farms. Blood is the main material used for
such examinations. Changes in its composition allows veterinary practitioners to identify disorders in various systems and organs of animals, as well as to assess
metabolism in animals. Results of biochemical tests of serum samples from platinum fox males and females of different age groups and comparative assessment
thereof are presented. The levels of aspartate aminotransferase (U/L), alanine aminotransferase (U/L), alkaline phosphatase (U/L), total protein (g/L), albumin (g/L),
urea (mmol/L), creatinine (umol/L), a-amylase (U/L), cholesterol (umol/L) were determined. Aspartate aminotransferase levels in females at the age of 6 months
were lower by 69% than that ones in males. Increase in aspartate aminotransferase by the age of 6 months helps animals to accumulate body weight before win-
ter. Sexual differences in the alkaline phosphatase levels were detected in 1.5-month-old kits: alkaline phosphatase levels were higher by 21.05% in males than
in females. By the age of 6 months, the alkaline phosphatase levels decreased in both males and females. The decline in alkaline phosphatase level with the age is
associated with participation of this enzyme in the development of animal skeleton during ontogenesis. From the age of 4 months, the growth and development
of the skeleton slows down, and by the age of 6 months the animals gain the size and body weight of adult animals. Urea and creatinine levels in foxes of both
sexes increased during their growth, but remained within the reference limits. Changes in urea levels in blood can be caused by feeding excessively high-protein
or excessively low-protein diets. The total protein content in sera from 4 month-old males and females decreased by 32.51 and 43.24%, respectively, compared
with that one in sera from animals at the age of 1.5 months, and increased at the age of 6 months up to the level observed at the age of 4 months. According to
the literature, rather rapid stabilization of protein metabolism is a biological feature of many mammals born in spring, their growth rate is accelerated and, in
general, the maturity phase is shortened.
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bruoxummnueckne nokasarenu KPOBU'Y CAMOK
N CaMLIOB TNCUL, NNTIaTUHOBOTO OKPACd B OHTOreHe3e

. I OkynoBa’, 10. A. bepesuna’, A. C. Ciotkuna', 0. A. Mnothukos', 0. 10. becnatbix™ 2, U. A. flomckuit’

T QOIBHY «Bcepoccuiickuii HayuHO-McCNefOBATENbCKUI MHCTUTYT OXOTHUUBETO X03AIACTBA 1 3BepOBOACTBA M. Npodeccopa b. M. Mutkosa»
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PE3IOME

B HacToAwWwee BpemA BeTepUHApHbIe CNeLnanucTbl yAenanT MHOr0 BHUMaHNA AUAarHOCTUYeCKomMy 00C/1e,0BaHMNI0 XKUBOTHBIX, B TOM UMCNe B nyLIHOM 3B€POBOA-
cTBe. OCHOBHbIM matepuanom Ana Takux 06cne10BaHNii ABNAETCA KpOBb. /13meHeHue ee cocTaBa no3BonAeT Bpayam-npakTUKam BblABUTb HapyLIEHNA B pa60Te
Pa3INYHbIX CUCTEM U OPraHOB XNBOTHDIX, a TAKXKE OLEHUTb meTtabonnam. B NpeACTaB/IEHHbIX MaTepuranax 0TpaXeHbl pe3ynbratbl 6OrOXUMINYECKNX UCCNeI0BaHMI
CbIBOPOTKM KPOBU CAMOK 1 CAamML0B JIUCULL NJIATUHOBOIO LiBETOBOTO TIMA Pa3HbIX BO3PACTHBIX TPYNN, NPOBEAEHA UX CPaBHUTENbHAA XapaKTepUCTUKa. OI'IPEAEHFU'IVI
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YPOBeHb acnaptatamuHoTpaHchepasbl (E/n), ananuHamuHoTpancdepasbl (E/n), wenouwoit pocdatasbl (E/n), obwiero benka (r/n), anbbymuna (r/n), mouesu-
Hbl (MMO7Ib/), KpeaTuHuHa (MKmonb/n), a-amunasbl (E/n), xonectepuxa (Mkmonb/n). Mokasateny acnapTataMmHoTpaHcdepasbl y camok B Bo3pacte 6 mec. bbinm
HIDKe, YeM y CamLIoB, Ha 69%. YBennueHve acnaptaTamMuHoTpaHcdepasbl K 6-MecAuHOMY BO3ACTy CNocobCTBYET HaKOMEHINI0 MacChl Tena B Nepuog NoAroToBKM
3Bepeii K 3ume. Y 1,5-MeCAUHDIX LLIEHKOB BbIABNEHDI MONOBbIE Pa3NNuNA B YPOBHE aKTUBHOCTM LLENOYHOI Gocdatasbl: Y (aMLOB JaHHbIN NOKa3aTenb BbiLle,
yem y camok, Ha 21,05%. K 6-mecauHoMy BO3pacTy ypoBeHb LLenouHoil Gocdatasbl NOHMMKANCA KaK Y CAMLIOB, Tak U Yy cAMOK. CHIDKeHIe aKTUBHOCTY LLE0YHON
dochaTasbl CBO3pacTOM XMBOTHbIX 00YCIOBNEHO yuacTeM dpepmeHTa B GOPMUPOBAHIY CKeNeTa B NpoLiecce OHTOreHeTUueckoro passutua. C 4-MecAYHOro Bo3-
pacTa pocT v pa3BuTMe CKeneTa 3amefAeTCA, a K 6 Mec. 38epy NpuobpeTaioT pasmepbl i Maccy Tena B3poCbIX XUBOTHbIX. [oKa3aTenin MoueBIHbI M KpeaTnHIHa
y ucnL 0601X NONOB B MPOLIECCE POCTa XKUBOTHBIX YBENMUNBANICD, HO OCTABaNUCh B Npeaenax pedepeHTHbIX rpaHuL. M3meHeH1e KonuyecTBa MOYEBMHbI B KPOBY
MOXeT HabnioaaTbCA Npu NOTpebaeHN KopMa Co CIULLKOM MasbiM UK upe3mepHo 6onbLuim KonuuecTBom benka. Copepxatue obLuero 6enka B cbiBopoTke
KPOBY y CAMLLOB 11 CAMOK B Bo3pacTe 4 Mec. cHu3unocb Ha 32,51 1 43,24% cooTBETCTBEHHO MO CPABHEHMIO CO 3HaueHUAMM B 1,5 Mec., a B Bo3pacTe 6 Mec. no-
Ka3aTeNn CHoBa NOAHANMC 10 YpoBHA 4 Mec. o nuTepaTypHbIM AaHHbIM, OTHOCUTENbHO BbicTpan cTabunu3auua 6enkosoro 0bmeHa ABAAETCA 61onornyeckoi
0C06eHHOCTbI0, XapaKTepHOIA ANA MHOTX MNEKONWUTAIOLLNX, POX/EHHbIX BECHOIA, Y HUX YCKOPeH TeMN pocTa 1 B 061Lem cokpaLLieHa Ga3a AOCTIKEHNA 3penocTu.

KntoueBbie cnioBa: MCLbI MNATUHOBOTO 0KPAca, LUeNoyHas Gocharasa, XonecTepuH, amMuaa, MOYEBMHA, KPEaTUHIH, anbOYMUHDI, acnapTaTaMUHOTPaHC-
depasa, anaHuHamMnHoTpaHchepasa
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INTRODUCTION

The analysis of biochemical blood parameters allows
us to identify changes in animal and human organisms, as
well as to assess the specificity of changes characteristic of
a certain pathology.

Despite numerous and long-term studies, blood com-
position remains understudied, especially its changes
depending on the sex and age of fur animals. This could
be accounted for different blood sample collection pro-
cedures and different methods used for blood testing [1].

Analysis of scientific and methodological literature
shows that the main publications were made 40-60 years
ago, and during this, albeit seemingly short, time, there
have been quite noticeable changes: adaptation of fur
animals to cage rearing conditions has continued, the
fur animal dietary pattern has deteriorated resulting in
blood composition changes. Therefore, even the refe-
rence values should be reviewed every 10-15 years. The
transaminase levels change first [2]. It should be noted
that different methods use different units of blood pa-
rameter measurement that hampers comparison of re-
sults from tests carried out in different years, especially
with a difference of 40-60 years. Fur animal blood tests
are described mainly in V. A. Berestov’s monographs
published more than half a century ago [3, 4]. These
monographs are rare and it is difficult to find them in
libraries. Therefore, V. A. Berestov’s monograph on fur ani-
mal clinical biochemistry was republished 20 years ago,
but it contained old data without their clarifications and
changes [5].

Biochemical reactions in the body are closely interre-
lated, metabolic reactions are highly coordinated. Taking
into account various biological functions of blood, study
of blood biochemical parameters in ontogenesis is of cur-
rent importance. So, the study was aimed at testing of
sera from platinum foxes for biochemical parameters in
ontogenesis.

MATERIAL AND METHODS

Platinum foxes kept on OO0 “Vyatka” fur animal breed-
ing farm located in the Kirov Oblast were used for testing.
Blood samples were collected from 10 fox females and
10 fox males at the age of 1.5; 4 and 6 months. The foxes
were fed a diet generally used on this fur farm.

The tests were carried out at the Veterinary Laboratory
of the Professor Zhitkov Federal State Budgetary Russian
Research Institute of Game Management and Fur Farm-
ing. Blood samples for biochemical tests were collected
from the lateral subcutaneous vein of the lower part of
a fox leg into a special tube containing a clot activator
before morning feeding of the foxes. Then, sera prepared
by centrifugation at 2,000 rpm for 15 minutes. The levels
of aspartate aminotransferase (AST, U/L), alanine amino-
transferase (ALT, U/L), alkaline phosphatase (U/L), total pro-
tein (g/L), albumin (g/L), urea (mmol/L), creatinine (umol/L),
a-amylase (U/L), cholesterol (umol/L) were determined
using the semi-automatic BiochimSA analyzer (USA) and
commercial test-kits.

The results were processed using the licensed
MS Excel (Office 2019) IBM SPSS Statistics 26 software.
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Mann - Whitney U-test, non-parametric statistical test,
was used for each group to assess the homogeneity of
the groups and the reliability of the differences in means
between the groups. Differences between the compared
groups were considered statistically significant at p < 0.05.
The data were summarized in terms of mean (M), standard
error of the mean (m) [6].

The works were performed in compliance with the in-
ternational principles laid down in the Declaration of Hel-
sinki for Animals (Declaration of Helsinki, 2013), Directive
2010/63/EC of the European Parliament and of the Council
of the European Union on the protection of animals used
for scientific purposes as well as in accordance with the
Rules for experimental animal handling (Annex to Order
of the Ministry of Health of the USSR No. 755 of 12 Au-
gust 1977) and methodological guidelines for conduct-
ing scientific and field experiments on feeding of fur ani-
mals [7, 8, 9].

RESULTS AND DISCUSSION

Biochemical tests of sera for AST and a-amylase showed
that there was no difference in AST and a-amylase levels
between fox females and fox males at the ages of 1.5,
4 and 6 months. AST levels in fox females at the age of
6 months increased by 5.25% as compared to that ones
in fox females at the age of 1.5 months (p < 0.05). In fox
males, AST levels decreased by 13.68% by the age of
6 months (p < 0.05).

ALT levels in fox females determined at the age
of 1.5 months were 37.28% higher than in fox females at
the age of 4 months (p < 0.05). In fox males at the age
of 1.5 months ALT level was 37.57% higher than in fox
males at the age of 4 months (p < 0.05). AST/ALT ratio,
known as De Ritis ratio, varies from 0.9 to 1.73 U/L in
healthy animals [10]. The AST/ALT ratio in foxes of diffe-
rent sexes at the age of 1.5 months was the same, and
in fox females at the age of 4 months was 31.58% higher

Table 1
Biochemical blood parameters in platinum fox females and fox males during postnatal ontogenesis

Age of fox females and fox males

Parameters 1.5 months

than in fox females at the age of 1.5 months, but at the age
of 6 months the AST/ALT ratio became similar to that one
at the age of 1.5 months (Table 1).

The AST/ALT ratio increased by 53.13% (p < 0.05) in fox
males at the age of 6 months, as compared to that one
in fox males at the age of 4 months. Berezina Yu. A. et al.
studied ALT and AST activities in silver-black foxes in post-
natal ontogenesis. The ALT level increased more than AST
level in foxes throughout the studied period of the fox
life. It should be noted that the enzyme activity in fox fe-
males was lower than in fox males. ALT and AST levels in
blood increased during fox ontogenesis, and the highest
AST and ALT levels were detected in adult foxes. Thus, ALT
level increased by 27% (p < 0.01) and by 34% (p < 0.05)
in adult fox females and adult fox males, respectively, as
compared to that ones in 2 months-old kits as well as AST
level increased by 16 and 26% (p < 0.01), respectively,
according to literature data [11]. The AST level became
12.04% lower in platinum fox males at the age of 6 months
than in the animals at the age of 1.5 months that was not
reliable. The maximum transaminase content observed
in fur animals in autumn (6 months of age), during the
preparation for the cold season, contributed to an active
increase in body weight in animals that also correlated to
the results of other studies [12, 13]. ALT (cytoplasmic en-
zyme) activity increases in case of mild hepatocyte injury,
and AST (mitochondrial enzyme) activity increases in case
of significant hepatocyte injury [14, 15].

Tests for alkaline phosphatase showed that the alka-
line phosphatase level was 33.65% higher in fox females
at the age of 1.5 months than in animals at the age
of 4 months and 2 times higher than in foxes at the age
of 6 months (p < 0.05). The alkaline phosphatase activi-
ty decreases with age of animals, since the enzyme is in-
volved in bone calcification reducing with the age. Fur
animals grow rapidly, so they acquire the size and weight
of adult animals by the age of 6 months [10, 16]. The age

4 months 6 months

AST, U/L #39.18 +2.00 38.80 £3.05** 37.73£1.06 3450+ 0.74 14124 +1.97% 3413+1.35
ALT, U/L 68.16 £2.53* | B73.64£11.17* | 49.65+2.23 853.53+£2.90 69.98 + 8.47 70.78 £7.91
De Ritis ratio (AST/ALT), U/L 0.57 0.52 0.75 0.64 0.58 0.98
Alkaline phosphatase, U/L M12.78£7.55% | “136.52£8.42%%* | 17483 +7.45 | ©100.70 £ 6.53*** | A55.94+2.93 (64.65 + 2.89
Urea, mmol/L 452+0.16 4.04+0.64 3.93+0.40 3.85+£0.53 538+0.59 5.80 + 0.42%*
(reatinine, pmol/L 38.94+4.17 4774544 68.40 £ 1.47%* 71.65£3.57* 77.14 +1.26* 62.85 +7.68
Total protein, g/L 88.71+3.36* 83.72 +2.88** 50.35+2.26 56.50 £2.82 83.24£3.14 84.55+13.13
Albumin, g/L 43.00£1.59 42.34 + 0.64** 39.05+£1.33 39.05£0.81 3832143 42.98+2.10
Cholesterol, pmol/L 7.21£0.47 5.84+0.18 6.67£0.77 6.06£0.09 6.00 £0.41 5.98+0.63
a-amylase, U/L 53438 +43.59 569.42 +48.59 563.25+24.12 651.83 +36.52 619.38+£18.79 | 600.80 +35.47

*p <0.05—between ¢ at the age of 1.5 and 4 months; ** p < 0.05 — between & at the age of 1.5 and 4 months;

A*p <0.05 - between @ at the age of 1.5 and 6 months; 8 ** p < 0.05 — between & at the age of 1.5 and 6 months;

€% p < 0.05—between @ and 3 at the age of 4 months.
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of the animals is directly proportional to the alkaline phos-
phatase level. Sex differences in the alkaline phosphatase
level were found in 1.5-month-old kits. It was higher
by 21.05% (p < 0.05) in fox males than in fox females. By
the age of 6 months, the alkaline phosphatase level be-
came similar in fox females and fox males.

Urea level increased by 19.03 and 43.56% (p < 0.05)
in fox females and fox males, respectively, during their
growth but remained within the reference limits (Table 2).
Urea is synthesized in the liver, travels with blood to
the kidneys, then, it is filtered through the vascular glome-
rulus and excreted in the urine. Urea plays an osmotically
active role in the body. Urea accumulation facilitates
edema development in parenchymal organs (lungs, li-
ver, kidneys, pancreas, spleen, thyroid gland), central
nervous system, myocardium, subcutaneous tissue. Tests
for urea are important since it contributes to about half of
the total residual nitrogen as liver converts ammonia into
urea, being the final product for protein metabolism. It
should also be noted that nitrogen deficiency significant-
ly increases urea reabsorption in the kidneys. Changes in
urea levels (decrease or increase) in animal blood can be
caused by feeding excessively high-protein or excessively
low-protein diets. It is known that the urea level in dogs
fed with dry food is about 1.7 times lower than in dogs fed
with canned meat [17, 18].

Tests for creatinine showed that its level increased
by 75.65% (p < 0.05) and by 62.65% (p < 0.05) in fox
females and in fox males at the age of 4 months, re-
spectively, as well as by 98.1% (p < 0.05) and by 31.65%
(p < 0.05) in fox females and in fox males at the age
of 6 months, respectively, as compared to creatinine
levelsin 1.5-month-old animals. Serum creatinine is the
most widely used functional biomarker of kidney func-
tion. Its concentration is quite stable and mainly de-
pends on the total muscle mass. Creatine is synthesized
in the liver from guanidine acetic acid, released into
the blood stream and travels to the muscle cells where
it is phosphorylated and transformed into phosphocre-
atine to be taken up to produce the energy required

Table 2
Reference limits for biochemical blood parameters in platinum fox females and fox males in ontogenesis

Age of fox females and males

for muscle contractions. Dehydrated creatinine, being
a non-threshold substance, is excreted in the urine.
The creatinine level in the blood mainly correlates with
the muscle mass and the kidney excretory ability. In case
of chronic renal failure, an increase in creatinine level
in the blood is accompanied by an increase in the con-
centration of other residual nitrogen components and,
first of all, urea. A similar pattern is observed in case of
urinary tract blockage [19, 201].

Protein including its fractions (albumin and globulins
of several types) at a certain quantitative and structural
ratio is one of the major components of the blood. Pro-
teins play an important role in maintaining the colloidal
osmotic pressure of the blood plasma. The circulating
blood volume remains constant and the formed ele-
ments remains suspended owing to the protein ability
to drag and retain water. In platinum fur animals the total
protein content in sera from 4-month-old fox males and
fox females were by 32.51 and 43.24 % (p < 0.05) lower,
respectively, as compared with that one in sera from ani-
mals at the age of 1.5 months, and increased at the age of
6 months up to the level observed at the age of 4 months.
According to some researchers [21], protein metabolism
in mammals born in the spring season is relatively fas-
ter stabilized, that is a biological feature of such animals.
Such animals grow faster and reach their maturity within
a shortened period.

Tests for albumin levels showed no significant diffe-
rence in both fox females and fox males of different age
groups. Albumin is a homogeneous plasma protein con-
taining a small amount of carbohydrates. Albumen is
the most important fraction and amounts for more than
40-60% of the total serum protein. In domestic animals,
albumin accounts for 35 to 50% of the total serum pro-
tein. Albumin is the main protein maintaining intravascu-
lar colloidal osmotic pressure, that prevents plasma from
leaving capillaries [14, 18, 19]. In our case, albumin con-
centration in both fox females and fox males practically
remained unchanged (Table 1) showing no statistical
difference, the albumin levels were within the reference

Parameters
2 3 9 3 @ 3

min/max min/max min/max min/max min/max min/max
AST, U/L 31.50/47.00 28.80/45.30 35.00/39.70 33.50/36.70 36.00/45.30 30.90/36.40
ALT, U/L 60.20/78.80 36.10/106.20 44.10/53.60 47.40/61.30 42.80/84.20 57.60/90.10
Alkaline phosphatase, U/L 80.90/135.40 109.80/160.00 59.60/94.70 8.70/112.50 49.60/65.50 60.10/72.70
Urea, mmol/L 4.30/5.30 3.30/5.30 2.80/4.60 3.00/5.20 3.90/7.40 4.70/6.50
Creatinine, pmol/L 29.90/54.00 34.80/63.10 64.00/70.10 70.50/86.30 73.70/81.30 46.60/76.80
Total protein, g/L 72.30/93.90 76.20/93.50 47.10/56.70 51.90/63.80 75.30/92.30 54.80/118.30
Albumin, g/L 38.10/48.00 40.60/44.00 36.60/42.20 37.70/41.10 33.80/41.40 36.90/46.00
Cholesterol, pmol/L 5.49/8.95 5.44/6.46 5.31/8.39 5.85/6.22 5.00/7.10 5.10/7.80
a-amylase, U/L 417.00/717.40 459.30/703.00 521.30/631.80 554.90/731.70 571.70/672.50 522.20/680.80
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limits (Table 2). Changes in albumin concentration are
observed during fasting, chronic gastroenteritis, when
protein digestion and absorption are impaired, as well
as chronic liver diseases (hepatitis, hepatodystrophy, cir-
rhosis) [17].

Tests for cholesterol showed that its level decreased
by 7.49 and 16.78% in fox females at the age of 4 and
6 months, respectively, as compared to that one in fox
females at the age of 1.5 months. Cholesterol is the most
important structural component of cell membranes. It
participates in cell permeability regulation and protects
red blood cells from hemolytic toxins. Cholesterol is used
for synthesis of steroid hormones, vitamin D,, and bile
acids. Cholesterol is synthesized in all cells of the body
but cholesterol released in the blood stream is synthe-
sized in hepatocytes and small intestine cells. The liver
plays a key role in cholesterol synthesis and cholesterol
catabolism. Changes in cholesterol levels are characteris-
tic of such diseases and pathologies as hepatic disease
(hepatitis, bile duct obstruction), nephrotic syndrome,
hypothyroidism, chronic pancreatitis, obesity, vitamin de-
ficiency [20, 22, 23].

CONCLUSIONS

Thus, tests of fox female and fox male blood for bio-
chemical parameters in ontogenesis showed the following:

1. Alkaline phosphatase levels (U/L) were higher
by 21.05% in fox males than in fox females starting from
the age of 1.5 months. By the age of 6 months, the alka-
line phosphatase levels decreased in both fox males and
fox females. The decline in alkaline phosphatase level with
the age is accounted for its participation in the animal
skeleton development during ontogenesis. From the age
of 4 months the skeleton growth and development slow
down and by the age of 6 months the animals gain the size
and body weight of adult animals.

2. Urea and creatinine levels in foxes of both sexes in-
creased during the growth of animals, but remained within
the reference limits.

3. The total protein content in sera from 4-month-old
fox males and fox females decreased by 32.51 and 43.24%,
respectively, as compared to that one in sera from animals
at the age of 1.5 months. According to V. A. Afanasyev and
N. Sh. Pereldik [21], rather rapid protein metabolism sta-
bilization is a biological feature of many mammals born
in spring; such animals grow faster and reach their matu-
rity within a shortened period.
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