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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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which were given to drink 10% sodium nitrite solution, sodium 
glutamate was administered at a dose of 20 mg/kg in 0.5 ml of 
distilled water, Ponceau 4R – at a dose of 5 mg/kg in 0.5 ml 
distilled water 1 time per day orally. Thus, the use of a com-
plex of dietary additives of sodium nitrite, sodium glutamate and 
Ponceau 4R led to changes in the morphometric parameters of 
all structural components of the rats’ duodenal wall. This reac-
tion is aimed at neutralizing the alterative factor and restoring 
the morphofunctional state of the duodenum. By the end of the 
observation, complete recovery of structural components was 
not established due to the predominance of constant negative 
influence of the stimulus with the occurrence of dystophic-de-
structive changes.

Keywords: sodium nitrite, sodium glutamate, Ponceau 4R, 
duodenum, rats.

РЕЗЮМЕ

РЕМОДЕЛИРОВАНИЕ ДУОДЕНАЛЬНОЙ СТЕНКИ 
КРЫС ПОД ВОЗДЕЙСТВИЕМ КОМПЛЕКСНЫХ ПИ-
ЩЕВЫХ ДОБАВОК - гЛУТАМАТА НАТРИя, НИТРИ-
ТА НАТРИя И PONCEAU 4R

григоренко А.С., Ерошенко г.А., Шевченко К.В., 
Лисаченко О.Д., Передерий Н.А.

украинская медицинская стоматологическая академия, 
Полтава, украина

Целью исследования явилось установить динамику из-
менений морфометрических показателей структурных ком-
понентов стенки двенадцатиперстной кишки крыс при дли-
тельном применении комплекса пищевых добавок: нитрита 
натрия, глутамата натрия и Ponceau 4R. 

Работа проведена на 84 половозрелых нелинейных кры-
сах-самцах, которым давали пить 10% раствор нитрита на-
трия; раствор глутамата натрия в дозе 20 мг/кг в 0,5 мл дис-
тиллированной воды, Ponceau 4R - в дозе 5 мг/кг в 0,5 мл 
дистиллированной воды, 1 раз в сутки перорально.

Применение комплекса пищевых добавок нитрита на-
трия, глутамата натрия и Ponceau 4R привело к изменениям 
морфометрических показателей всех структурных компо-
нентов стенки двенадцатиперстной кишки крыс в резуль-
тате реакции, направленной на обезвреживание альтера-

тивного фактора и восстановление морфофункционального 
состояния двенадцатиперсной кишки. Однако, это не приво-
дит к полному восстановлению структурных компонентов, 
ввиду преобладания постоянного негативного воздействия 
раздражителя и появления дистрофических-деструктивных 
изменений.

reziume 

virTagvas duodenuri kedlis remodelireba kom-
pleqsuri sakvebi danamatebis - natriumis glu-
tamatis, natriumis nitritis da PONCEAU 4R ze-
moqmedebiT 

a.grigorenko, g.eroSenko, k.SevCenko, o.lisaCenko, 
n.perederi

ukrainis samedicino stomatologiuri akademia, 
poltava, ukraina

kvlevis mizans warmoadgenda virTagvas 
Tormetgoja nawlavis kedlis struqturuli 
komponentebis morfometriuli cvlilebebis di-
namikis analizi sakvebi danamatebis kompleqsis 
xangrZlivad gamoyenebis pirobebSi: natriumis 
nitriti, natriumis glutamati da PONCEAU 4R. 
kvleva Catarda 84  zrdasrul araxazovan mamr 
TeTr virTagvaze, romelTac eZleoda natriumis 
nitritis 10%-iani xsnari, natriumis glutamati 
- doziT 20 mg/kg distilirebuli wylis 0,5 ml-
Si, PONCEAU 4R - doziT 5 mg/kg distilirebuli 
wylis 0,5 ml-Si, dReSi erTxel, peroralurad.
sakvebi danamatebis - natriumis nitritis, nat-

riumis glutamatis da PONCEAU 4R, gamoyenebam 
ganapiroba virTagvebis Tormetgoja nawlavis 
kedlis yvela struqturuli komponentis morfo-
metriuli maCveneblebis cvlilebebi, mimarTuli 
alternatiuli faqtoris gauvnebelyofaze da 
Tormetgoja nawlavis morfofunqciuri mdgo-
mareobis aRdgenaze. Tumca, gamRizianeblis mudmi-
vi negatiuri moqmedebis siWarbisa da distrofi-
ul-destruqciuli cvlilebebis gamo, aRniSnuli 
ver uzrunvelyofs struqturuli komponentebis 
srul aRdgenas.

CHANGES IN THE KIDNEY AND LIVER STRUCTURE AND FUNCTIONS DURING 
THE EXPERIMENTAL, NON-LETHAL LOAD OF CARBON TETRACHLORIDE (CCL₄)

¹Tatarina O., ²Chulak О., ²Chulak Yu., 3Nasibullin B.

¹National Pirogov Memorial Medical University, Vinnitsa; ²International Humanities University, Odessa; 
³Ukrainian Research Institute of Medical Rehabilitation and Balneology of the Ministry of Health of Ukraine, Odessa

Currently, there is a steady tendency for the growth of dis-
eases of the hepatobiliary system, which is caused by a whole set 
of factors, both endogenous and exogenous. One of these factors 
is the entry into the human body of a large group of unnatural 

compounds that are not used by the body for life or energy. Such 
compounds are called xenobiotics. Elimination of xenobiotics 
is carried out in different organs (lungs, skin, gastrointestinal 
tract), but it is most actively carried out in the liver. Transformed 
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hydrophiliated xenobiotics are excreted by the kidneys. 
The existing level of development of society is caused by the 

increased use of foreign substances. When these compounds 
enter the body, they do not take part in the implementation of 
vital processes and are not used as a source of energy. These 
compounds are defined as xenobiotics [1-3].

Xenobiotics are divided into 3 groups: a) products of human 
economic activity (industry, agriculture, transport); b) household 
chemical compounds (detergents, insecticides and perfumes); 
c) most drugs [2-5]. A significant accumulation of foreign sub-
stances (xenobiotics) in the body seriously threatens the health 
and even human life, because over time, it damages cells and 
causes mutations leading to malignant processes or hereditary 
diseases. To remove foreign compounds from the body, mecha-
nisms of detoxification and their removal from the body were 
made during evolution. Elimination of xenobiotics proceeds by 
chemical modification in two phases. The first phase is a series 
of chemical reactions that makes them more hydrophilic, the 
second phase is the excretion of modified compounds with urine 
[2,5]. The first phase is carried out in the liver, the second phase 
is carried out by the kidneys. Excessive xenobiotic load, which 
creates increased requirements for liver and kidney function, 
causes structural and functional changes in them, which, accu-
mulating over time, can lead to the formation of a pathological 
process, in particular to the development of pseudo-hepatorenal 
syndrome [6-10]. Based on the foregoing, the aim of our work 
was to identify structural and functional changes in the liver and 
kidneys with a single massive exposure to a xenobiotic - carbon 
tetrachloride (CCL₄).

Objective - to evaluate changes in the structure and function 
of the liver and kidneys under non-lethal carbon tetrachloride 
intragastric administration. 

Material and methods. The material of the present work was 
the results obtained in the study of 46 white Wistar rats (180–
200 g), which were kept under vivarium conditions at a tem-
perature of 19–21 °C and a humidity of 40-60%, water and feed 
were given ad libitum. Animal experiments were carried out in 
compliance with the provisions of Directive 2010/63/EU of the 
European Parliament and of the Council of 09.22.2010 on the 
protection of animals used for scientific purposes [11] and Order 
of the Ministry of Education and Science, Youth and Sports of 
Ukraine № 249 of 01.03.2012 [12].

In accordance with the objectives of the study, animals were 
divided into two groups: 1‒ group of 16 intact rats (control 
group); 2 - group of 30 rats that were subjected to xenobiotic 
loading by subcutaneous injection of 0.5 ml CCl₄.

Animals were withdrawn from the experiment on the 7th 
day after the introduction of CCl₄. At autopsy, liver and kidney 
pieces were removed and 5 ml was taken. blood for biochemi-
cal research. To assess the state of renal function, daily urine 
was collected from animals on the eve of elimination from the 
experiment. The seized material of the liver and kidneys was di-
vided into two parts. One part was fixed with a 4% solution (36 
hours). Then it was carried out through alcohols of increasing 
concentration and poured into celloidin according to the gener-
ally accepted technique. Celloidin was used for maximum pres-
ervation of tissue structure. Histological sections 7–9 μm thick 
were prepared from the obtained blocks, which were stained 
with hematoxylin-eosin.

The second part of the material was frozen with dry carbon 
dioxide (tº = - 44ºC), cryostatic sections 11 µm thick were made 
from the obtained blocks, on which the activity of succinate de-
hydrogenase (SDG, EC 1.3.5.1), lactate dehydrogenase (LDG, 

EC. 1.1.1.27), and glutamate dehydrogenase (GDG, EC 1.4.1.3) 
[13]. Assessment of liver function was carried out according to 
changes in biochemical parameters: the content of total protein, 
urea, creatinine in the blood, the activity of alanine transami-
nase (ALT, EC 2.6.1.2) and aspartate transaminase (AST, EC 
2.6.1.1), and the content of bilirubin and its fractions. Changes 
in liver function were performed according to the following in-
dicators: daily urine output, glomerular filtration rate, % ring 
reabsorption, the amount of urea and creatinine in the urine, the 
amount of chloride ions and the pH of the daily urine.

The results were statistically processed using standard meth-
ods MS Excel and Statistica SPSS 10.0 application packages 
for Windows. The results are presented as arithmetic mean and 
mean error (M±m). The likelihood of difference between the in-
dicators was evaluated by the parametric Student’s t-test (with 
normal distribution). The data at p<0.05 were considered as 
plausible [14]. 

Results and discussion. The results of the studies showed 
that on the 7th day of the experiment, microscopic liver of nor-
mal size, its surface is shiny, shiny, the front edge is pointed, the 
color of the fabric is brown ‒ yellow.

Microscopic examination determines the preservation of the 
lobular organization of the parenchyma, although the isolation 
of individual lobules is somewhat difficult, since part of the in-
terlobular septa is thinned or destroyed. In the vessels of the 
triads and in the central vein, the phenomenon of plasmostasis 
is determined. In the lobules, over most of their area, hepato-
cytes are not distributed in an orderly manner, only around the 
central vein can their beam organization be observed. Most he-
patocytes are small, their lumpy cytoplasm is pale colored. The 
nuclei are small, intensely colored, some of them are of point 
size (karyopycnosis). In hepatocytes around the central vein, the 
nuclei are medium in size but intensely stained. In the cytoplasm 
of many hepatocytes - small vacuoles, in the cytoplasm of the 
part - medium vacuoles. Between hepatocytes lymphoid cells 
are scattered.

According to the results of histoenzymatic studies, the activity 
of SDG in hepatocytes of the central zone is 3.0±0.06 conven-
tional units of optical density (CUOD), In hepatocytes of the 
peripheral zone 4.5±0.5 CUOD. Perhaps this reflects a slight 
weakening of the reparative activity of the liver parenchyma. 
LDG activity in hepatocytes of the central zone of the lobule is 
7.0±0.35 CUOD, in peripheral hepatocytes of 5.0±0.09 CUOD. 
The activity of GDG was also higher in the cells of the central 
zone 6.5±0.07 CUOD, and in hepatocytes of the peripheral zone 
5.0±1.0 CUOD, which means the activity of this enzyme was 
individual. The results of assessing the state of liver function 
according to the main indicators are summarized in Table 1. As 
follows from the data obtained (Table 1), the activity of ALT and 
AST with a load of CCl₄ increases, which may indicate destruc-
tion of the hepatocyte membrane.

In addition, one should pay attention to a different degree of 
increase in the activity of these enzymes, which can be consid-
ered as a manifestation of an imbalance in the transamination 
process in hepatocytes, which means the violation of detoxifica-
tion processes.

As for the content of bilirubin, we observe its decrease, which 
can be considered as a manifestation of compensatory reactions 
of increased excretion of xenobiotics with bile. However, the 
degree of change in the content of bilirubin fractions is not the 
same (indirect bilirubin decreases to a lesser extent), which may 
be associated with a weakening of the detoxification function of 
the liver. Accordingly, with the accumulation of the toxic form 
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Table 1. The dynamics of indicators of the state of liver function in rats with xenobiotic load ссl₄
 Groups

Indicators

І groupe
(control)

ІІ groupe
(with ССl₄ load) р⁕

ALT (mmol/l) 113.31±2.13 194.7±17.3 <0.05
AST (mmol/l) 289.64±12.12 316.82±15.7 <0.05

bi
lir

ub
in

(µ
m

ol
/l) Total 84.4±0.28 4.62±1.4 <0.02

Direct 3.06±0.18 1.83±0.1 <0.002
Indirect 5.38±0.15 2.79±0.8 <0.05

Urea (mmol/l) 2.08±0.27 5.3±0.3 <0.02
Creatinine (mmol/l) 47.8±0.63 72.2±3.8 < 0.02

General protein (mg/ml) 68.7±2.74 79.25±8.3 <0.05
⁕р – level of statistical significance of differences compared with the control group

Table 2. changes in renal activity in rats with load ccl₄ 
 Groups

Indicators 
І group  

(control)
ІІ group

(with ССl₄ load) р⁕

Daily Diuresis
(ml / dm² body surface) 0.96±0.06 0.75±0.09 <0.01

Glomerular filtration  (ml/dm² per minute) 0.16±0.009 0.13±0.002 ˃0.05

Tubular reabsorption (% of filtration) 99.58±0.009 99.19±0.003 <0.01

Excretion of creatinine (mmol) 0.017±0.001 0.015±0.001 <0.01

Urea excretion (mmol) 0.80±0.05 0.76±0.004 <0.5

Chloride excretion (mmol) 1.24±0.05 1.80±0.01 <0.01

Daily urine рН (рН) 8.75±0.54 8.37±0.04 ˃0.5
⁕ - р – level of statistical significance of differences compared with the control group

of bilirubin, the blood urea and creatinine levels increase, which 
indicates a mismatch of the body’s ability to remove toxic me-
tabolites to this need. Also, there is an increase in total serum 
protein. Since the main binding and transporting agent of xeno-
biotics in the body is albumin, an increase in the total protein can 
be considered as a manifestation of the reaction to the xenobiotic 
load.

A study of the kidneys did not reveal changes in their appear-
ance. The size of the kidneys is normal (left - 20 mm, right ‒19 
mm), the surface is smooth, the color is grayish brown.

Microscopic examination revealed the arrangement of re-
nal bodies in groups. In some of them, capillary glomeruli are 
rounded, in a significant number of them - webbed structure. In 
capillaries, endotheliocytes with flattened, oval, medium sized 
nuclei. The cytoplasm of the endotheliocytes is swollen, and 
vacuoles are found in some of the endotheliocytes. Most Bow-
man spaces are slit-like; bodies are also found in which small 
homogeneous eosinophilic inclusions are defined in the bowman 
space. The convoluted tubules, for the most part, have a free 
clearance. All tubules are lined with a single-layer epithelium. 
In part of the tubule, the epithelium swells and closes the lumen. 
Separate tubules have desquamated epithelial cells with pyc-
notic poisons. The interstitial layers are broadened due to edema 
or due to released lymphocytes. Direct tubules of the cerebral 
substance of the usual form.

According to histoenzymatic studies, the activity of SDG of 
the tubular epithelium is 6.5±0.5 CUOD, in glomeruli 3.0±0.4 
CUOD.

The activity of LDG in the tubular epithelium is 6.5±0.44 
CUOD, the activity of this enzyme in glomerular endothelio-
cytes is 3.0±0.5 CUOD. As for the activity of GDG, according to 
the data obtained in the tubule epithelium, it was 5.5±0.5 CUOD 
and for endotheliocytes 3.0±0.5 CUOD. It can be assumed that 
the increase in GDG activity is associated with the active use of 
alternative substrates in the Krebs cycle. The results of the as-
sessment of the state of renal function by the main indicators are 
summarized in Table 2.

As follows from the data obtained (Table 2), daily diuresis 
in experimental rats is significantly decreased, this is due to a 
decrease in glomerular filtration rate and a decrease in the per-
centage of tubular reabsorption, which means there are changes 
characteristic of reduced renal function, which is described with 
the development of hepatorenal syndrome.

At the same time, there is a decrease in the amount of cre-
atinine and urea excreted by the kidneys, but it is significant in 
the change in the amount of creatinine excreted, and urea is at 
the trend level, which means it can be assumed that a violation 
of the excretory function of the kidneys affects the process of 
excretion of large molecules more strongly.
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There is also an increase in the excretion of chloride ions, 
which may indicate a violation of the ion-exchange function of 
the kidneys. At the same time, the pH in daily urine remains 
almost unchanged, which means urine acidification is not ob-
served.

Conclusions. Thus, the results of our studies showed that the 
xenobiotic load with carbon tetrachloride causes changes in the 
structure and, accordingly, function in the liver and kidneys. In 
these organs there are dystrophic, and in the liver, degenerative 
changes, which are characterized by: vacuolization of hepato-
cytes, pycnosis of nuclei, plasmostasis, violation of the intra-
lobular organization of the parenchyma and smearing of the 
lobular structure of the liver. Functional changes are manifested 
in the weakening and imbalance of the processes of transamina-
tion, a change in the nomenclature of the synthesized proteins, 
a change in the ratio of fractions of bilirubin. In the kidneys, 
dystrophic changes affect both the tubules (convoluted) and the 
renal corpuscles. The manifestation of functional disorders: a 
decrease in daily urine output, weakening excreting renal func-
tion and regulation of ion exchange. In general, the revealed 
changes correspond to those described in hepatorenal syndrome. 
However, since in addition to the xenobiotic load on the liver, 
other chronic or acute pathologies were not found in it, it is cor-
rect, from our point of view, to talk about the pseudo-hepatore-
nal syndrome when carbon tetrachloride is loaded.

REFERENCES

1. Dhaval K. Patel, Dr. Dhrubo Jyoti Sen. Xenobiotics: An Es-
sential Precursor for Living System. American Journal of Ad-
vanced Drug Delivery.2013;1(3). Р.262-270 
2. Северин Е.У. Биохимия: Пособие для ВУЗов. 5-издание 
Москва. GEOTAR-MEDIA. 2014; 768. 
3. Kулицкая M.И. Функциональное состояние печени у 
крыс в условиях экспериментального гепаторенального 
синдрома .. Медицинская и клиническая химия, 2015.17(4): 
С.74-77. 
4. Manon G., Laura T., Lauriane S., Mélusine M., Hélène 
H., Françoise C. Nuclear Receptor Metabolism of Bile Acids 
and Xenobiotics: A Coordinated Detoxification System with Im-
pact on Health and Diseases. International Journal of Molecular 
Sciences. 2018; 19(11):3630. Р.2-24.
5. Ito S. Biotransformation. Clinical Pharmacology & Therapeu-
tics. 2014; 96(3):281-3. 
6. Shah N., Silva R.,  Kowalski А, Desai С, Lerma Е. Hepa-
torenal syndrome. Disease-a- Month. 2016; 62(10); P. 364-375. 
7. Chen J, Gao SH. Advances in diagnosis and treatment of acute 
kidney injury in patients with liver cirrhosis. Zhonghua Gan 
Zang Bing Za Zhi. 2016; 24(10):797-800
8. Angeli .P, Garcia-Tsao G., Nadim M.K., Parikh Ch. R. News 
in pathophysiology, definition and classification of hepatore-
nal syndrome: A step beyond the International Club of Ascites 
(ICA) consensus document. Journal of Hepatology. 2019; 71(4): 
P.811–822. 
9. Durand F., Graupera I., Ginès P., Olson J., Nadim M. Patho-
genesis of Hepatorenal Syndrome: Implications for Therapy. 
American Journal of Kidney Diseases.2016; 67(2), P. 318-28.
10. Directive 2010/63/EU of the European Parliament and of the 
Council of 22 September 2010 on the protection of animals used 
for scientific purposes. Official Journal of the European Union. 
2010; 276: P.33-79. 
11.  Министерство образования и науки; молодежи и спор-
та Украины, Приказ «Об утверждении Порядка проведения 

научными учреждениями опытов, экспериментов на живот-
ных» от 01.03.2012 N 249. 
12. Lojda Z., Gossrau R., Schiebler T.H. Enzyme 
Histochemistry: A Laboratory Manual. Springer Berlin 
Heidelberg. 1979; P.344.
13. Алексеенко Н.О, Павлова O.С, Насибуллин B.A., Руч-
кина A.С. Руководство по методам исследования природных 
и готовых лекарственных средств: минеральные природные 
лечебно-столовые и лечебные воды, напитки на их основе; 
искусственно минерализованная вода; пелоид, рассолы, 
глины, воски и препараты на их основе. Часть 3. Экспери-
ментальные и доклинические исследования. Одесса: Спе-
циальное издание «UNESCO-SOCIO». 2002; 120. 

SUMMARY

CHANGES IN THE KIDNEY AND LIVER STRUCTURE 
AND FUNCTIONS DURING THE EXPERIMENTAL, 
NON-LETHAL LOAD OF CARBON TETRACHLORIDE 
(CCL₄)
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Objective - to evaluate changes in the structure and function 
of the liver and kidneys under non-lethal carbon tetrachloride 
intragastric administration. 

Experimental studies were performed on 46 white Wistar 
male rats. Within 7 days, the experimental group of animals un-
derwent intoxication with the introduction of 0.5 ml of CCl₄. 
The state of liver function was evaluated by the activity of ALT 
and AST, the amount of bilirubin in the blood, the content of se-
rum creatinine and urea, the amount of total serum protein. The 
state of renal function was assessed by changes in daily diuresis, 
glomerular filtration function, percentage of tubular reabsorp-
tion, serum creatinine and urea, indicators of chloride output and 
urine pH. The results of a study in experimental animals with the 
introduction of carbon tetrachloride showed that in the liver and 
kidneys there is a development of dystrophic lesions: vacuoles 
in the hepatocytes and endothelial cells of the glomeruli, dis-
orders of the structural and functional organization of the liver 
parenchyma, swelling of Kupffer cells, swelling of the tubular 
epithelium, eosinophilic inclusions in the liver and renal intersti-
tium. However, the activity of redox functions was maintained 
and this suggests that the detected changes are not irreversible. 
In the kidneys, tubular cortical degeneration was determined, 
which is obviously associated with the renotropic effect of gen-
tamicin. At the same time, liver and kidney function changes. 
In the liver, the activity of transamination enzymes decreases, 
the level of urea and creatinine in the blood rises, and the level 
of bilirubin in the blood changes. In the kidneys, the rate of 
glomerular filtration and tubular reabsorption decreases, the 
level of creatinine and urea in the urine decreases, that is, 
urination and excretory function of the kidneys are impaired. 
The reaction to intoxication with carbon tetrachloride is also 
observed from other functional systems. In the peripheral 
blood, the number of red blood cells decreases (the trans-
port function of red blood cells persists). The balance and 
intensity of lipid peroxidation processes and the antioxidant 
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system are disturbed. Violation of the energy supply of the 
transmembrane potential, a decrease in ESR, and the content 
of total blood protein increases (the changes nomenclature of 
plasma proteins). With a non-fatal load of carbon tetrachlo-
ride, dystrophic changes in the liver and destructive changes 
in the kidneys were detected. The detoxification potential 
of the liver and urinary function of the kidneys decreased. 
Changes in nature were similar to those described in hepa-
torenal syndrome. However, taking into account that no no-
sology of liver damage was found, the activity of redox en-
zymes is preserved, the detected violations can be defined as 
pseudohepatorenal syndrome.

Keywords: xenobiotics, liver, kidneys, metabolism, carbon 
tetrachloride (CCl4), pseudogepatorenal syndrome

РЕЗЮМЕ

ИЗМЕНЕНИЕ СТРУКТУРЫ И ФУНКЦИИ ПЕЧЕНИ 
И ПОЧЕК ПРИ НЕСМЕРТЕЛЬНЫХ НАгРУЗКАХ ТЕ-
ТРАХЛОРИСТЫМ УгЛЕРОДОМ (ССl4) В ЭКСПЕРИ-
МЕНТЕ

¹Татарина О.В., ²Чулак О.Л., ²Чулак Ю.Л., 
3Насибуллин Б.А.
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Цель исследования - оценка изменения структуры и функ-
ции печени и почек при несмертельной нагрузке тетрахло-
ристым углеродом. 

Экспериментальные исследования проведены на 46 бе-
лых крысах-самцах линии Вистар. В течение 7 дней опыт-
ной группе животных проводили тетрахлор углеводистую 
интоксикацию введением 0,5 мл тетрахлористого углерода 
(ССl4). Состояние функции печени оценивали по активно-
сти АЛТ и АСТ, количеству билирубина в крови, содержа-
нию креатинина, мочевины и общего белка в сыворотке 
крови; состояние функции почек - по изменениям суточ-
ного диуреза, функции клубочковой фильтрации, процен-
ту канальцевой реабсорбции, содержанию креатинина и 
мочевины в сыворотке крови, показателям вывода хлори-
дов и рН мочи.

Результаты исследования на подопытных животных при 
введении тетрахлористого углерода показали, что в печени 
и почках отмечается развитие дистрофических поражений: 
вакуоли в гепатоцитах и эндотелиоцитах клубочков, нару-
шение структурно-функциональной организации парен-
химы печени, набухание клеток Купфера и канальцевого 
эпителия, эозинофильные включения в печени и интер-
стиции почек. Однако активность окислительно-восстано-
вительных функций сохранялась, что позволяет предпо-
лагать обратимость обнаруженных изменений. В почках 
определялась дегенерация коры канальцев, что, по всей ве-
роятности, вызвано ренотропным действием гентамицина. 
Одновременно изменяется функция печени и почек. В пе-
чени снижается активность ферментов трансаминирования, 
повышается уровень мочевины и креатинина, изменяется 
уровень билирубина в крови. В почках снижается скорость 
клубочковой фильтрации и канальцевой реабсорбции, а так-
же уровень креатинина и мочевины в моче, т.е. нарушается 

мочеобразование и выводная функция почек. Реакция на 
интоксикацию тетрахлористым углеродом наблюдается и 
со стороны других функциональных систем. В перифери-
ческой крови снижается число эритроцитов, транспортная 
функция эритроцитов сохраняется. Нарушается баланс и 
интенсивность процессов перекисного окисления липидов 
и антиоксидантной системы. Происходит нарушение энер-
гообеспечения трансмембранного потенциала, снижение 
СОЭ, возрастает содержание общего белка крови (меняется 
номенклатура белков плазмы). 

При несмертельной нагрузке тетрахлористым углеродом 
обнаружены дистрофические изменения в печени и де-
структивные - в почках. Снижается детоксикационный по-
тенциал печени и мочевыводящая функция почек. Измене-
ния по своему характеру приближены к описанным при ге-
паторенальном синдроме. Однако, учитывая, что нозологии 
поражения печени не выявлено, активность окислительно-
восстановительных ферментов сохранена, обнаруженные 
нарушения можно определить как псевдогепаторенальный 
синдром.

reziume

RviZlis da Tirkmlis struqturisa da fun-
qciis cvlilebebi naxSirbadis tetraqloridiT 
(ССl4) arasasikvdilo datvirTvis pirobebSi eqs-
perimentSi
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kvlevis mizans warmoadgenda RviZlis da Tir-
kmlis struqturisa da funqciis cvlilebebis 
Sefaseba naxSirbadis tetraqloridiT (ССl4) 
arasasikvdilo datvirTvis pirobebSi.
eqsperimentuli kvleva Catarebulia vistar-

is xazis 46 TeTr mamr virTagvaze. sacdeli 
cxovelebis jgufs 7  dRis ganmavlobaSi utarde-
boda intoqsikacia 0.5 ml naxSirbadis tetraqlo-
ridis SeyvaniT. RviZlis funqciuri mdgomareoba 
fasdeboda alaninaminotrasferzas da aspartat-
aminotrasferzas aqtivobis, sisxlSi bilirubinis 
raodenobis, sisxlis plazmaSi kreatininis, Sar-
dovanas da saerTo cilis Semcvelobis mixedviT. 
Tirkmlebis funqciuri mdgomareoba fasdeboda 
dReRamuri diurezis cvlilebebiT, gorglovani 
filtraciis funqciiT, milakovani reabsorbciis 
procentiT, sisxlis plazmaSi kreatininis da 
Sardovanas Semcvelobis, qloridebis gamoyvanis 
da Sardis рН-is mixedviT.
kvlevis Sedegebma aCvena, rom RviZlsa da Tir-

kmlebSi aRiniSneba distrofiuli cvlilebebis 
ganviTareba: vakuolebi hepatocitebsa da gor-
glebis endoTeliocitebSi, RviZlis parenqimis 
struqturul-funqciuri organizaciis darRveve-
bi, kupferis ujredebis da milakovani epiTeli-
umis SeSupeba, eozinofiluri CanarTebi RviZlsa 
da Tirkmlebis intersticiaSi. Tumca, Jangva-aR-
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dgeniTi funqciebis aqtivoba SenarCunebuli iyo, 
rac iZleva varaudis safuZvels ganviTrebuli 
cvlilebebis Seqcevadobis Sesaxeb. TirkmelSi 
aRiniSna milakebis qerqis degeneracia, rac, ro-
gorc Cans, gamowveulia gentamicinis renotro-
puli moqmedebiT. amave dros, icvleba RviZlisa 
da Tirkmlebis funqciebi.
RviZlSi qveiTdeba transaminirebis fermentebis 

aqtivoba, matulobs Sardovanas da kreatininis 
done, icvleba bilirubinis done sisxlSi. Tir-
kmelSi qveiTdeba gorglovani filtraciis da 
milakovani reabsorbciis siCqare, aseve, kreati-
ninis da Sardovanas done SardSi, anu irRveva 
Sardwarmoqmna da Tirkmlebis gamomyvani fun-
qcia. reaqcia naxSirbadis tetraqloridiT into-
qsikaciaze aRiniSneba sxva funqciur sistemebSic. 
periferiul sisxlSi qveiTdeba eriTrocitebis 
raodenoba, Tumca, eriTrocitebis satransporto 

funqcia SenarCunebulia. irRveva lipidebis ze-
Janguri Jangvis da antioqsidaciuri sistemis 
balansi da intensivoba, aseve transmembranuli 
potencialis energouzrunvelyofa, mcirdeba eds, 
sisxlSi matulobs saerTo cilis Semcveloba 
(icvleba sisxlis plazmis nomenklatura).
naxSirbadis tetraqloridiT arasasikvdilo 

datvirTvisas dadgenilia distrofiuli cvli-
lebebi RviZlSi da destruqciuli – TirkmlebSi; 
qveiTdeba RviZlis detoqsikaciuri potenciali 
da Tirkmlebis Sardgamomyvani funqcia. cvli-
lebebi, Tavisi xasiaTiT, msgavsia hepatorenuli 
sindromis dros aRwerili cvlilebebisa; Tumca, 
imis gaTvaliswinebiT, rom RviZlis dazianebis 
nozologia aRmoCenili ar aris da Jangva-aR-
dgeniTi fermentebis aqtivoba SenarCunebulia, 
dadgenili cvlilebebi SeiZleba ganisazRvros, 
rogorc fsevdohepatorenuli sindromi.

НАЛОЖЕНИЕ БИЛИОДИгЕСТИВНЫХ АНАСТОМОЗОВ МЕТОДОМ ВЧ-ЭЛЕКТРОСВАРИВАНИя
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На сегодняшний день актуальной остается проблема фор-
мирования билиодигестивных анастомозов (БДА) при нару-
шении магистрального желчеоттока. Гепатикоеюностомия 
на Ру петле является стандартной операцией, которая про-
изводится как при заболеваниях, так и повреждениях внепе-
ченочных желчных протоков. Важным преимуществом дан-
ного метода является возможность сформировать анастомоз 
адекватной ширины не только при расширении желчных 
протоков на фоне хронической желчной гипертензии, но и 
на нерасширенных протоках в случаях интраоперационного 
выявления повреждения или при наличии внешнего желч-
ного свища [1-3].

Однако ранние послеоперационные осложнения, такие 
как несостоятельность швов и желчеистечение, формирова-
ние абсцессов, холангит возникают у около 20% больных, 
отдаленные, преимущественно в виде стриктур – у 10-30% 
[4-7]. Также практически нерешенным остается вопрос фор-
мирования БДА в условиях воспаления тканей и особенно 
желчного перитонита. Из-за высокого риска возникновения 
несостоятельности швов при наличии острой воспалитель-
ной реакции в тканях органов брюшной полости, существу-
ющие методы не дают возможности провести одноэтапное 
реконструктивно-восстановительное оперативное вмеша-
тельство, а требуют предварительного проведения длитель-
ной противовоспалительной терапии [1,8,9].

Таким образом, проблема нарушения магистрального 
желчеоттока требует дальнейшего изучения и разработки 

новых методов хирургического лечения с использованием 
современных технологий, позволяющих формировать на-
дежные БДА как в условиях неизмененных тканей, так и в 
условиях их воспаления [10-12].

Цель исследования – разработать новый способ наложе-
ния билиодигестивных анастомозов, который бы позволил 
формировать анастомозы, как на неизмененных желчных 
протоках, так и в условиях их воспаления.

Материал и методы. Экспериментальное исследование 
проводилось на 50 кроликах породы «Шиншила». В ходе 
экспериментального исследования были соблюдены нор-
мы, предусмотренные «EU Directive 2010/63/EU for animal 
experiments» и приказом №249 Министерства образования 
и науки Украины «Об утверждении Порядка проведения 
научными учреждениями исследований, экспериментов на 
животных».

Все животные помещались на карантин, а затем содержа-
лись в отдельных клетках. Хирургические вмешательства 
проводились в надлежащим образом оборудованной опера-
ционной. Все хирургические вмешательства проводились 
под общей внутреннеперитонеальной анестезией, путем 
введения в брюшную полость раствора тиопентала Na 5% - 
3,0 мл в сочетании с раствором пропофола 0,1% - 6,0 мл. В 
ходе операции при необходимости животным вводили еще 
1,5 - 3,0 мл тиопентала Na и 3,0 - 6,0 мл пропафола. В после-
операционный период кролики получали обезболивающие 
кеторолак 3% - 0,5 мл в/м 2 раза в день в течение 3 дней и 


