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Abstract

Currently, clearance tests are an important and integral component of assessing the liver functional state. They are a set of
methods that allow you to determine the rate at which a certain substance is excreted from the body through the liver.

As a result of the experiment, the base and maximum levels of caffeine in laboratory animals were determined in order to
further study its changes during the artificial induction of various types of hepatopathy in a particular experimental group of
laboratory animals. These data provide an opportunity to study changes in caffeine levels in experimental hepatotoxicity states
in the same experimental animals. The non-linearity of the caffeine biotransformation process at doses of 100 mg/kg and 150
mg/kg indicates the need to use the 3 dosage steps described in this article in subsequent experiments, and the dynamics of
caffeine biotransformation will serve as a diagnostic criterion.
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AHHOTa M

B Hacrositee Bpemsi KIMPEHC-TECThI SIBSIOTCS BaXKHBIM M HEOTHEMJIEMBIM KOMITOHEHTOM OLIeHKHM (yHKLMOHA/TBHOTO
cocTosiHYS TleueHH. OHY MIPeACTaBsA0T COO00H KOMIIEKC METOZOB, II03BOJISIOLMX OIIPe/ie/INTh CKOPOCTb BBIBE/|EHUSI TOTO W/
VHOTO Bell[eCTBa U3 OpraHu3Ma uyepes IeyeHb.

B pesysnbrare skcrieprMeHTa ObITH OrpeZieneHbl 0a30BbI M MAKCUMa/IbHBIN YPOBHM KOerHa B OpraHu3Me /1abopaTopHBIX
JKUBOTHBIX C 11e/IbI0 la/ibHeMIIero u3yueHus ero u3MeHeHU Npy UCKYCCTBEHHOM MH/IYKLIMM Pa3/IMUHbIX BU/OB relaTonaTiy y
KOHKDETHOM 3KCIepUMEHTAIbHOM IPYIIITbl 1Tab0PAaTOPHBIX KUBOTHBIX. OTH JlaHHBIE AT BO3MOXKHOCTH M3YUHUTh U3MEHEHHS
YPOBHSI KOodpeHa MPH SKCIePUMEHTAalbHBIX COCTOSIHHSIX TeIaTOTOKCHYHOCTH y TeX JKe SKCIIePUMEHTa/bHbIX >KUBOTHBIX.
HenmueliHocTh mporjecca 6uorpancopMariuu kodenHa B go3ax 100 mr/kr u 150 Mr/Kr ykaseiBaeT Ha He0OXOMMOCThb
WCTO0/Ib30BaHUs B MOC/eAYIOIMX SKCIIepUMeHTax TPEX CTyleHel [O3UMpOBaHUS, OMMCAHHBIX B [IAHHOW CTaThe, a JUHAMHKa
OuoTpaHcdopmanyii kKodenHa OyfeT CIyKUTb JUarHOCTUYEeCKUM KPUTEPHEM.

KnroueBble cj10Ba: KIMpeHC-TeCT, KoeUH, I1aTo/I0rMU I1eueHy, 1abopaTopHble KUBOTHBIE.

Introduction

One of the most promising methods for diagnosing and differential diagnosing pathologies of the hepatobiliary system is
the changes' determination in the clearance of various exogenous (including pharmacological) substances, which metabolism
almost absolutely proceeds with the involvement of the hepatic cytochrome system [1], [2].

Currently, clearance tests are an important and integral component of assessing the functional state of the liver. They are a
set of methods that allow you to determine the rate at which a certain substance is excreted from the body through the liver [3],
[4].

Clearance tests in the context of the functional state of the liver are of great importance in the diagnosis and monitoring of
diseases of this organ. They allow you to determine how effectively the liver performs its functions and help specialists choose
the most optimal treatment methods [5].

The main goal of this study is to determine dose-dependent features of the kinetic curves of caffeine in the urine of
laboratory animals.

Research methods and principles

The studies were carried out in the vivarium of the Department of Pharmacology and Toxicology of the FSBEI HE
SPbSUVM. The studies were carried out in accordance with the principles of the European Convention for the Protection of
Vertebrate Animals used for Experimental and other Scientific Purposes, the rules of Good Laboratory and Clinical Practice
(GLP and GCP), as well as the requirements of Directive 2010/63/EU of the European Parliament and of the Council of the
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European Union dated 22 September 2010 on the Protection of Animals Used for Scientific Purposes [8], [9]. The study design
was approved by the Bioethics Commission of the St. Petersburg State University of Veterinary Medicine.

Non-linear laboratory rats (18 males, 18 females, average body weight 180 g + 4%, age 3 months) [6] purchased from the
Federal State Unitary Enterprise "Laboratory Animal Nursery" "Rappolovo" were used for the study.

All animals were subjected to prophylactic quarantine (acclimatization period) before the study. During quarantine, each
animal was examined daily (behavior and general condition), animals were observed in cages twice a day (morbidity and
mortality) [7].

The following environmental conditions were maintained in the animal holding room: ambient temperature 18-24°C;
relative humidity 50-60%; automatic change of 12-hour light period (06.00-18.00 — day, 18.00-06.00 — night); 100%
ventilation without recirculation with air change of 7-12 room volumes per hour [8].

Rats were kept in polycarbonate cages on a 2150 cm? bedding. Sawdust of non-coniferous trees, sterilized in a dry heat
oven, was used as bedding. For feeding the animals, LBK-120 complete feed for laboratory animals (Tosnensky feed mill),
corresponding to state standard 34566-2019, was used. Filtered tap water was provided in standard autoclaved drinking bottles
[8].

From the experimental animals, 3 groups were formed (6 females and 6 males each), each was injected subcutaneously
with a 20% solution of caffeine sodium benzoate (Mosagrogen LLC, Russia) in increments of 50 mg/kg (50, 100, 150)
calculated as pure caffeine. These dosages are justified by the fact that, according to most researchers, it is precisely this step,
which falls within the therapeutic breadth of the drug, which gives the most predictable and detectable caffeine concentrations
in blood plasma.

After 10 minutes after administration, electrocardiogram parameters were recorded in each animal using the Physiobelt
wireless system for recording and analyzing animal ECG (Neurobiotics, Russia) in order to exclude animals from the
experiment in the presence of negative reactions to the administered drug from the cardiovascular system.

After 1 hour, 4 hours and 8 hours, urine was taken from the animals using capillary tubes with an additional applicable
urethral pressure [9], in which Strelova O.Yu. and Chuvina N.A. (2008) [10] recorded the level of caffeine. To implement the
above technique, we used a UF-1100 model spectrophotometer (Shanghai Mapada Instruments Co., Ltd, China). The time
intervals were chosen based on the registered half-life of the drug.

Mathematical and statistical processing of the obtained data was carried out using the Statistica 6.1 program. The
arithmetic mean (M) and its mean error (m) were calculated. The calculation of the significance of the difference (p) by
Student's t-test was not carried out due to the exploratory nature of the study and the absence of comparison groups.

Main results
The results of trace levels of caffeine in the urine of laboratory animals are presented in Table 1 and Figure 1.

Table 1 - Urinary caffeine levels after exogenous caffeine administration

DOTI: https://doi.org/10.23670/IRJ.2023.137.50.1

Administere
d dosage of
the
medicine 50 mg/kg 100 mg/kg 150 mg/kg
(calculated
as pure
caffeine)

T after
injection /
sex of
animals

1 hour 0,825+0,17 | 0,846+0,12 | 2,415+0,39 | 2,487+0,51 4,45+0,79 4,512+0,84
4 hours 0,42+0,08 0,39+0,05 3,132+0,22 | 3,151+0,27 4,87+0,53 4,76+0,62
8 hours 0,205+0,03 | 0,175%0,07 2,61£0,19 2,57+0,11 4,061+0,31 4,23+0,27

At a dosage of 50 mg/kg, a standard linear decrease in blood levels of caffeine was observed with a sharp drop after 4
hours, which generally reflects the standard pharmacokinetics of this substance. Consequently, after 8 hours, the amount of
caffeine in the body becomes barely noticeable, indicating a natural metabolism and normal liver function.

When using dosages of 100 and 150 mg/kg, a non-linear biotransformation of the substance, when the concentration
reaches a maximum 4 hours after administration was observed. This is a standard pharmacokinetic indicator for high dosages
that fall outside the therapeutic range of the drug and are associated with insufficient reactivity of the cytochrome P-450
enzyme system during the absorption of the substance. Compared to baseline and peak levels, serum caffeine at 8 hours can be
considered "trace", which also indicates absence of metabolic changes.

As a result of the experiment, the initial and maximum levels of caffeine were determined in order to further study its
changes during the artificial induction of various hepatopathies types in a particular experimental group of laboratory animals.
These data provide an opportunity to study changes in caffeine levels during experimental hepatotoxicity in the same
experimental animals. The non-linearity of the process of caffeine biotransformation at doses of 100 mg/kg and 150 mg/kg
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indicates the need to use the above 3 dosage steps in subsequent experiments, in order the dynamics of caffeine
biotransformation serve as a diagnostic criterion.

Conclusion

In the course of scientific research, it is planned to develop graphs called "caffeine" that reflect changes in the
concentration of a substance in the organism depending on time and dosage. These graphs will help to identify the optimal
dosage that is most relevant for assessing the functional state of the liver. Based on the elimination vector, it is possible to
conclude about the influence on the pharmacokinetic characteristics of various drugs, expanding our understanding of the
prognostic functions of changes in the clearance of these substances.

Thus, clearance tests are an integral part of a comprehensive evaluation of the functional state of the liver. They allow you
to more accurately identify possible violations in the organism metabolism and take timely measures to maintain its health and
functionality. With advances in scientific and medical technology, clearance tests are becoming more accurate and informative,
contributing to the accurate diagnosis and effective treatment of liver disease.
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