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Abstract

Changes in the metabolism and transport of bile acids lead to pathological conditions. This highlights the importance of a
balanced circulation of these substances due to their significant role in homeostasis. The main purpose of the study is to
evaluate the indicator "total bile acids" in minks with shed keeping in the climatic conditions of the Tver region. The study of
the total amount of bile acids is a promising way to identify pathologies of the hepatobiliary system. Venous blood was taken
from 200 minks for analysis. As a result of a clinical study of mink blood, no significant pathological changes were revealed.
The data obtained make it possible to refer the above animals to the category of "clinically healthy" for further exploratory
studies.
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MAPAMETP «OBIIUE )KEJYHBIE KUCJOTbI» Y HOPOK (MUSTELA VISON)
HHPU EAOBOM COAEP KAHUHU B ITPUPOJHO-KIIMMATHYECKHUX
YCJOBUSAX TBEPCKOM OBJIACTU

Hayunas crates

AHHOTAIHUA

N3meneHnns meTaboau3Ma U TPAHCTIOPTA KETYHBIX KUCIOT MPHUBOJAT K MATOJOTHYECKUM COCTOSIHUSM. DTO MOTYEPKUBAET
BaXHOCTh COAAaHCUPOBAHHOTO LUPKYJIUPOBAHUS JaHHBIX BEUIECTB M3-3a MX 3HAUMTEIHHOW poiu B roMeocTaze. OCHOBHas
el WCCICNOBAaHHUA — OLEHHUTH I[IOKa3aTelb «OOImHpe >KETYHBIE KHCIOTBD) y HOPOK MpPH IIEJOBOM COAEPKAHUH B
KIMMAaTHYeCKUX yciaoBUsAX TBepckoil oOmactu. McciaemoBaHme oOMIEr0 KOMWUYECTBA KEMYHBIX KHCIOT — SIBISETCS
MEPCICKTHBHBIM CIOCOOOM BBISBIICHHS IATOJIOTHI TeMaTOOMIHapHOW cucTeMmbl. [l TPOBENCHHS aHaim3a OTOMpad
BeHO3HYI0 KpoBb 200 HOpok. B pesyinbTare KIMHUUECKOTO HMCCIEAOBAHHUA KPOBU HOPOK 3HAYUTENBHBIX MAaTOJOIMYECKUX
W3MEHCHUN BBIBICHO He ObUIO. [lonmydeHHBIC MaHHBIC IMO3BOJSIOT OTHECTH BBINICYKA3aHHBIX JKHBOTHBIX K KATETOPHH
«KJTMHAYECKHU 3JOPOBBIX» JUIS MPOBEECHUS NabHEHIINX MIOMCKOBBIX UCCIIEOBAHUM.

KiroueBble ¢JioBa: KeITYHBIE KUCIOTHI, OOIINE KeTIHbIE KUCIOTHI, HOPKH, T€MaTOJIOTHS, TEeTIaTOMaTOIOTHS .

1. Introduction

Bile acids are surfactants, at a concentration of more than 2 mmol / | they form micelles (aggregates of molecules, the
hydrophilic sides of which are directed into water, and the hydrophobic ones are facing each other). Due to the formation of such
micelles, hydrophobic compounds are absorbed. Cyclic circulation of bile acids in the digestive tract, in which they are
synthesized by the liver, excreted in the bile into the duodenum, reabsorbed in the intestine, transported by the bloodstream to the
liver and reused in bile secretion is called the enterohepatic circulation (portal-biliary circulation, enterohepatic circulation).

Bile acids have a steroidal structure. The molecule of choledesoxycholic acid (CDCA) has a carboxyl group, as well as two
hydroxyl groups in the -position. Due to this structure, the CDCA molecule, like the molecules of most other bile acids, has a
polar (hydrophilic) and a non-polar (lipophilic) side. Because of this structure, bile acids are also called amphiphilic. This property
gives them the ability to form micelles with lipids, making them water-soluble. However, the same mechanism determines their
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potential toxicity. It is believed that bile acids "sit down" on cell membranes and begin to destroy (dissolve) them. This detergent
effect compromises membrane integrity and stability.

Over the past one and a half to two decades, a huge factual material has been accumulated on the research of the biosynthesis
and metabolism of bile acids. Nonetheless, the currently available various literature data on the investigation of the circulation of
bile acids in different liver lesions are contradictory in many respects and do not reveal all the processes of the participation of bile
acids in the progress of diseases. Last but not least, this is as the result that the schemes used until recently for evaluating bile
acids had a variety of disadvantages: big labor intensity, insufficient accuracy and particularity, and most importantly, the
impossibility of determining all individual bile acids, which play an ambiguous function in bile synthesis, bile secretion, and
transport lipids, in changing the role of cell membranes and other processes which take place in the liver and intestines

Bile acids are a class of steroids with a set of unique properties, and which plays an important function in vertebrate
organisms facies amphiphilic properties of bile acid molecules, i.e. ability to bind with its hydrophilic and hydrophobic surfaces
with substrates of the comparable nature make them very attractive objects for inclusion of their fragments into the structure of the
ionic receptor to increase its affinity for the cell membrane. Currently, more than 20 bile acids are known.

Bile acids (also called "cholic acids" or "steroid acids™) are organic molecules that are unique components of bile and have a
lot of purpose in the metabolism and absorption of lipids, as well as in some other processes happening in the gastrointestinal
tract, involved in the transport of lipids in the aquatic environment. Bile acids are also the final product of cholesterol circulation.

One of the main functions of bile acids, the transport of lipids in the aquatic environment, is associated with their detergent
properties. They dissolve lipids by forming a micellar solution. These abilities of bile acids appear in the liver tissue, where, with
their participation, micelles are formed (or finally formed) from a number of bile components, which are called the bile lipid
complex. Because of the inclusion in this complex, lipids secreted by the liver and some other hydrophobic substances are
transferred to the intestine in the form of a homogeneous solution as part of bile.

The total concentration of bile acids in the blood and their ratio vary significantly in a number of the liver illnesses and
gallbladder disorders. This blood parameter is used for diagnostic purposes. With parenchymal lesions of the liver, the ability of
liver cells to catch bile acids from the blood is highly reduced, as a result of which they accumulate in the blood and are excreted
in the urine. Increased concentration of bile acids in the blood is also observed with difficulty in the outflow of bile, especially
with obstruction of the common bile duct, which is also accompanied by a violation of the hepato-intestinal circulation with a high
decrease or disappearance of deoxycholate conjugates from bile. A prolonged and significant increase in the concentration of bile
acids in the blood can cause damage of the liver cells with necrosis and changes in the activity of certain enzymes in the blood
serum as a terminal stage.

Changes in the metabolism and transport of bile acids lead to pathological conditions [1]. For example, their increased level in
the system in the enterohepatic circulation can cause pathologies of the liver and intestines [2]. Conversely, deficiency of this
acids leads to nutrient malabsorption and fat-soluble vitamin deficiencies. Both extreme situations emphasize the importance of a
balanced metabolism of these substances due to their significant role in homeostasis [3], [4].

The aim of the study was to evaluate the indicator "total bile acids" in minks with shed keeping in the climatic conditions of
the Tver region, which are predictors of pathologies of the hepatobiliary system, in order to assess the use of the indicator of bile
acids in blood serum as a diagnostic criterion. The study of the total amount of bile acids is a promising way to identify
pathologies of the hepatobiliary system, especially those that are accompanied by a violation of protein and fat metabolism [5].

2. Methods

As part of the scientific research work, venous blood was collected from experimental animals (minks, females -
100 heads, males - 100 heads, age - 1 year) in the fur farm "Mermeriny" (Tver region, Kalinin district, Mermeriny village).

Blood sampling was carried out taking into account the rules of asepsis and antisepsis by cutting the tip of the tail into
vacuum tubes for hematological studies with K3 EDTA [6].

There are several methods for detecting different types of bile acids: gas, column, liquid chromatography, enzymatic, mass
spectrometry and radioimmunoassay. Unified enzymatic colorimetric method. It is based on the use of biologically active
substances (enzymes), which act as catalysts, under the influence of which several bile acids are converted into formazan. The
amount of this substance is determined at a wavelength of 530 nm. The intensity of its color is directly proportional to the
amount of bile acid in the blood sample. The duration of the test does not exceed one day [7].

Total bile acids were determined using a BSBE bile acid kit (China). The method is based on the chemical properties of
bile acids [8].

Statistical research methods were not used due to the exploratory nature of the studies and the lack of control groups [9],
[10].

3. Results
The research results are presented in table 1 and figure 1.
Table 1 — Index "Total bile acids" in the studied minks

Males, Female,
n=100 n=100

4,63+1,02 5,56+1,19 2,00-7,00

Parameters References

Total bile acids,
pmol/l
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Fig. 1 — Index "Total bile acids" in the studied minks

As can be seen from the presented table, the state of protein, fat, carbohydrate and pigment metabolism, which are
indicators of the functional state of the liver, can be characterized as a variant of the physiological norm, since the indicators
did not go beyond the confidence intervals.

The absence of significant changes in the amount of bile acids of the group is associated with the peculiarity of their
metabolism (enterohepatic circulation). After synthesis in the liver, bile salts are secreted into the bile ducts, from where they
either enter the intestine or are stored in the gallbladder. Upon ingestion, cholecystokinin causes the gallbladder to contract and
empty, causing bile to be secreted through the bile ducts into the intestine, where nutrients are emulsified. The vast majority of
excreted bile acids (95%) then move through the portal circulation back to the liver. The remaining 5% is excreted in the feces
and replaced by newly synthesized bile acids in the liver from cholesterol.

4. Conclusion

As a result of a laboratory study of mink blood, no significant pathological changes were observed.

Changes in some indicators above or below the reference values do not indicate pathological processes and are probably
associated with the nature of feeding and water consumption, are reversible.

The data obtained make it possible to refer the analized animals to the category of "clinically healthy" for further scientific
research.

Theoretically, every factor that affect the enterohepatic circulation leads to pathologies of the hepatobiliary system.
However, there are still many unknown aspects when it comes to the control of bile acid homeostasis in the enterohepatic
circulation.

In the last few decades, it is believed that the most important prerequisites for the occurrence of hepatopathy are the
hypersecretion of bile cholesterol and the oversaturation of bile with it. Also, an important problem is the change in the
composition of bile acids, since its various representatives differ both in chemical activity and in the mechanism of action
(from cytotoxicity to cytoprotection).

It should also be noted that different animals have differences in the pool of bile acids, as well as in the nature of their
metabolism. This indicates differences in the specificity, affinity, and activity of enzymes involved in the synthesis of bile
acids. Thus, bile acids also affect the etiopathogenesis of diseases of the hepatobiliary system uniquely for each animal species,
and, conversely, etiopathogenetic factors change the pool of bile acids depending on the individual characteristics of the
species.

The study of the pool of bile acids in laboratory animals, which are used as experimental models, helps the scientist to
correctly project the results to other animal species.

Funding duHaHCHPOBaHHE
This work was supported by the Russian Science PaGora BbImosHeHa mnpu moanepkke Poccuiickoro
Foundation (Project No. 22-26-00158). Hay4yHOro ¢onza (mpoekt Ne 22-26-00158).
Conflict of Interest Kondaukr unrepecos
None declared. He yxaszan.
References

1. Tlerposckmii C.B. HopmaruBHble TpeOOBaHWS K IIOKa3aTesisiM OOMEHa BEIECTB y JXMBOTHBIX IIPU IPOBEACHHH
OMOXMMHUYECKUX HccieoBanuii kpoBu: pexomennanuu / C.B. Ilerposckuii, A.A. benko, A.Il. Kypaeko u np. — Burebekas
opnena «3nak Ilouera» rocynapcTBeHHas akaaeMusl BETEpUHAPHON MEIWLUHBL. — 2-¢ W3/1aHHe, CTEPEeOTUITHOe. — Burebck:
VYupexnenne obpaszoBaHus «BurteOckas opaeHa «3Hak [louera» rocyqapcTBeHHas akaJeMHs BETECPHUHAPHOW MEIUIIMHBIY,
2020. - 67 c.



Journal of Agriculture and Environment 7 (27) 2022

2. bBapcykoBa A.A. Buoxumuueckoe HcCCIENOBaHME KPOBH CEIILCKOXO3SMCTBEHHBIX >KMBOTHHIX / A.A. Bapcykosa,
E.A. KpacwisaukoBa, O.C. Ulymuxuna u ap. / MexayHapoaHbslil cryneHueckuii Hay4Hblii BecTHUK. — 2016. — Ne 4-3. —
C.276-277

3. TopOyHoBa A.A. buoxummudeckuii MeTox B HCCIENOBaHMM >KMBOW W TpynmHoil kpoBu / A.A. T'opOyHoBa,
B.K. agabaes // TBepckoit MmequuuHCKuHit xKypHaI. — 2019. — Ne 6. — C. 28-34

4. CepreeB A.A. buoxumus kposu. benmkn mrasmer kpoBu / A.A. Ceprees, A.A. CaBunosa // Bompocsr Haykn 2021:
MOTEHIIMAT HAayKHd M COBpPEeMEeHHbBIe acrekThl: COOpHUK HAayYHBIX TPyHOB mo Marepuaiam XVI MexayHapogHoO# HaydHO-
npakTHiIeckoil koHpepenmuu, Anama, 17 mapra 2021 roma. — Anama: OOmMECTBO C OTpaHWYCHHOW OTBETCTBEHHOCTHIO
«HaygHo-uccnenoBaTeIbCKui IEHTP SKOHOMHUYECKHAX W COMMANBHBIX mporeccoB» B HOxxHom denepansHom oxpyre, 2021. —
C.10-13

5. JlurBunenko JI.A. buoxumust kpou / JI.A. JIutBunenko, H.A. Yaiika // buoxumus: YueOHuk mis By30B. — CaHKT-
IeTepOypr: OOIIECTBO C OrpaHUYCHHOM O0TBETCTBEHHOCTHIO «I3matenbeTBo "CrenJluty, 2020. — C. 247-269

6. Kosanenok I0.K. B3sartue KpPOBH Yy )KUBOTHBIX: y‘-Ie6HO-MeTOIlI/IquK06 nocobue AJId CTYACHTOB yqpemaeﬂnﬁ BBICHICTO
06pa3OBaHI/I${, OGy‘IaIOHII/IXC)I 110 CIICNUaAJIbHOCTAM «BeTepI/IHapHas{ MeaulHa, «BeTepI/IHapHas[ CaHuTapus u 3KCHepTI/I3a»;
«Berepunapnas papmanus» / F0.K. Koanenok, A.Il. Kypaeko, B.B. Benukanos u ap. — Buredckas opnena «3nak [Toyera»
rocyaapCTBE€HHas1 aKaJACMUsL BeTepHHapHOﬁ MCAULIUHBI. — Burebck: yqpemueHne 06pa30BaHI/IH «Burebckas opAcHa «3HaK
[Toueray» rocymapcTBeHHasI akaJeMusl BeTepHHApHOH MeanuuHb», 2019. — 31 c.

7. Kycrosa T.I1. bBrnonorndeckas XuMusi 1 MoJieKyJsipHas ononorus : koHcnekt nekmwii / T.I1. Kycrosa; T.I1. KyctoBa —
M-Bo o6pazoBanus u Hayku Poc. ®enepanun, Ban. roc. yH-T. — IBanoBo: MBaH. roc. yH-T, 2004. — 150 c.

8. Enmkee D.III. Buonornueckas xmmus: Yduebnoe mocodbue / O.11. EnmkeeB, M.A. ®DeBpaneBa — YIbIHOBCKHMA
TOCYAApCTBEHHBI YHUBEPCUTET. — YJIBIHOBCK: YJIbSHOBCKHUI rocyjapCcTBEHHBIN yHUBEpcUTeT, 2019 — 56 c.

9. JlykesHoBa E.A. Craructuueckue metons! ananuza / E.A. JlykesHoBa, E.M. Illumkesuy, T.B. JlamyHnoBa. — Mocksa :
Poccuiickuit yausepcuret npy:x6s! Haponos (PY/IH), 2020. — 117 c.

10. IIuxoBa O.A. Martemaruueckas OHMOCTATHCTHKA : ydeOHOE MOCOOME Ui CTYACHTOB crenuanbHocTd 36.05.01
Berepunapust / O.A. lluxosa. — Bonorna-Monoutoe : Bonorojckas rocyapcTBeHHasi MOJIOYHOXO03HCTBEHHAS aKaJeMUsl HIM.
H.B. Bepemaruna, 2016. — 90 c.

References in English

1. Petrovskij S.V. Normativnye trebovaniya k pokazatelyam obmena veshchestv u zhivotnyh pri provedenii
biohimicheskih issledovanij krovi: rekomendacii [Normative requirements for indicators of metabolism in animals during
biochemical blood tests: recommendations] / S.V. Petrovskij, A.A. Belko, A.P. Kurdeko et al. — Vitebskaya ordena “Znak
Pocheta” gosudarstvennaya akademiya veterinarnoj mediciny. — 2" edition. — Vitebsk: Uchrezhdenie obrazovaniya
“Vitebskaya ordena “Znak Pocheta” gosudarstvennaya akademiya veterinarnoj mediciny”, 2020. — 67 p. [in Russian]

2. Barsukova A.A. Biohimicheskoe issledovanie krovi sel'skohozyajstvennyh zhivotnyh [Biochemical study of the blood
of farm animals] / A.A. Barsukova, E.A. Krasil'nikova, O.S. Shumihina et al. // Mezhdunarodnyj studencheskij nauchnyj
vestnik [International Student Scientific Bulletin] — 2016. — Ne 4-3. — pp. 276-277 [in Russian]

3. Gorbunova A.A. Biohimicheskij metod v issledovanii zhivoj i trupnoj krovi [Biochemical method in the study of
living and cadaveric blood] / A.A. Gorbunova, V.K. Dadabaev // Tverskoj medicinskij zhurnal [Tver Medical Magazine] —
2019. — Ne 6. — pp. 28-34 [in Russian]

4. Sergeev A.A. Biohimiya krovi. Belki plazmy krovi [Blood biochemistry. Blood plasma proteins] / A.A. Sergeev,
A.A. Savinova // Voprosy nauki 2021: potencial nauki i sovremennye aspekty: Sbornik nauchnyh trudov po materialam XVI
Mezhdunarodnoj nauchno-prakticheskoj konferencii [Questions of Science 2021: the potential of science and modern aspects:
A collection of scientific papers based on the materials of the XVI International Scientific and Practical Conference], Anapa,
17 March 2021. — Anapa: Obshchestvo s ogranichennoj otvetstvennost'yu «Nauchno-issledovatel'skij centr ekonomicheskih i
social'nyh processov» v Yuzhnom Federal'nom okruge, 2021. — pp. 10-13 [in Russian]

5. Litvinenko L.A. Biohimiya krovi [Blood biochemistry] / L.A. Litvinenko, N.A. Chajka // Biohimiya: Uchebnik dlya
vuzov [Biochemistry: Textbook for universities] — Sankt-Peterburg: Limited Liability Company "Publishing House "SpetsLit",
2020. — pp. 247269 [in Russian]

6. Kovalenok Yu.K. Vzyatie krovi u zhivotnyh: uchebno-metodicheskoe posobie dlya studentov uchrezhdenij vysshego
obrazovaniya, obuchayushchihsya po special'nostyam "Veterinarnaya medicina"; "Veterinarnaya sanitariya i ekspertiza";
"Veterinarnaya farmaciya" [Taking blood from animals: a teaching aid for students of institutions of higher education studying
in the specialties "Veterinary Medicine"; "Veterinary sanitation and expertise™; "Veterinary Pharmacy"] / Yu.K. Kovalenok,
A.P. Kurdeko, V.V. Velikanov et al. — Vitebskaya ordena "Znak Pocheta” gosudarstvennaya akademiya veterinarnoj mediciny.
— Vitebsk: Uchrezhdenie obrazovaniya "Vitebskaya ordena "Znak Pocheta" gosudarstvennaya akademiya veterinarnoj
mediciny"”, 2019. — 31 p. [in Russian]

7. Kustova T.P. Biologicheskaya himiya i molekulyarnaya biologiya: konspekt lekcij [Biological Chemistry and
molecular biology: lecture notes] / T.P. Kustova; T.P. Kustova — M-vo obrazovaniya i nauki Ros. Federacii, Ivan. gos. un-t. —
Ivanovo: lvan. gos. un-t, 2004. — 150 p. [in Russian]

8. Enikeev E.Sh. Biologicheskaya himiya: Uchebnoe posobie [Biological Chemistry: Textbook] / E.Sh. Enikeev,
M.A. Fevraleva — Ul'yanovskij gosudarstvennyj universitet. — Ul'yanovsk: Ul'yanovskij gosudarstvennyj universitet, 2019. —
56 p. [in Russian]

9. Luk'yanova E.A. Ctatisticheskie metody analiza [Statistical methods of analysis] / E.A. Luk'yanova,
E.M. Shimkevich, T.V. Lyapunova. — Moskva: Rossijskij universitet druzhby narodov (RUDN), 2020. — 117 p. [in Russian]

10. Shihova O.A. Matematicheskaya biostatistika: uchebnoe posobie dlya studentov special'nosti 36.05.01 Veterinariya
[Mathematical biostatistics: a textbook for students of the specialty 36.05.01 Veterinary] / O.A. Shihova. — Vologda-
Molochnoe: Vologodskaya gosudarstvennaya molochnohozyajstvennaya akademiya im. N.V. Vereshchagina, 2016. — 90 p.
[in Russian]

4



