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COMPARATIVE ANALYSIS OF THE NEPHROPROTECTIVE ACTION OF
ADEMETIONINE AND GLUTATHIONE IN ISCHEMIA-REPERFUSION ACUTE
KIDNEY INJURY

© V. Drachuk, I. Zamorskii, T. Shchudrova

3saoicarouu Ha 3HauHi OOCACHEHHA Y MeOUKAMEHMO3HOMY JNIKY8AHHI MA YOOCKOHANEHHS Memooié HUpPKOGO-
3amicHoi mepanii, cmepmuicms 6i0 2ocmpo2o nowkooxicenns nupox (I'TIH) 3aruwaemvcs 6Ucokoio i cmano-
sumsb O1uzvko 25-70 %. He sunsmiom € iwemiuno-penep@ysiina ¢popma I'TIH 3 tioco mynvmughakmopuum na-
MO2EHEMUYHUM DO3BUMKOM MA WEUOKUM NPOSPecyiouum nepebicom, NPUdUHO SUHUKHEHHS AK020 3a36Udall
cmaromes mpagmu, Cencuc, MpaucniaHmayis HUPoK, 6NIUE MOKCUYHUX peuosun. SK 3acobu ons namozenemuy-
HOT Kopekyii iwemiuno-penep@ysitinoi popmu I'TIH npusepnynu yeazy npenapamu 3 008e0€H0I0 YUMONPOMeK-
MOPHOIO MA AHMUOKCUOAHMOIO AKMUBHICMIO — A0eMeMIOHIH Ma 2ITYMamioH.

Mema. [lopisuamu eéniue adememioHiHy ma 21ymamiony Ha YYHKYIOHANIbHY AKMUBHICMb Md NPOOKCUOAHMHUL-
AHMUOKCUOAHMHUL OANAHC Y HUPKAX wypie npu iwemiuno-penep@ysiunomy I'ITH.

Memoou. [Jocniou npogedeni na 28 cmameso3pinux HexiniiHux 6inux wypax macor 130-180 e, axi o6yau
posoineni na 4 epynu (n=7): I epyna — konmpons, Il epyna — modenroganns iuwemii / penepysii, 111 — epyna
MEAPUH, AKUM 8800UNU SHYMPIUHbOUEPEBHO 8 NPOPINAKMUUHOMY pedcuMi adememioHin 8 003i 20 me/ke
(I'enmpan, "Abbott SpA", Imania), IV — epyna meapuu, AKuM 8800UNU SHYMPIUHbOUEPEBHO 2TYMAMIOH 8
003i 30 me/xe, (TAH 600, Biomedica Foscama, Imanis), V — epyna meapun, skum 6600ulu 6HympiutHboye-
pesHo pepepenc —npenapam mexcudon 6 003i 100 me/ke, (Mexcuoon, « @apmacogpmy», PD). Oynkyionans-
HULL cman HUpOK wypie oyinioganu yepes 24 200 3a ymos 600H020 HABAHMAICEHHS 3a NOKAZHUKAMU OLype3y,
LIK®, konyenmpayii ma exckpeyii 0iIKa, NOKAZHUKAMU LOHI6 Hampilo ma kaniio 3 cevero. Cman nepokcu-
oayii 6 Hupkax oyinrosanu 3a noxkasHukamu MIA ma npodyxmie OMBb, ma cucmemu aHMUOKCUOAHMHO20
saxucmy — 3a akmugHnicmio KAT, I'll.

Pe3ynomamu. 3acmocysanus 0ocniodcysanux npenapamis npu I/P npuszeeno 0o 6i0H08eHHS 8UOLTbHOL PyHKYIT
HUPOK, wo peanizysanocs 30invuenusm LIIK®, i 6i0nogiono, oiype3y 3 00HOUACHUM 3MEHUEHHAM azomemii ma
npomeinypii, ma ioHope2ynto8anbHoi GyHKYil, npo wo ceiouume 30inbeHHs peabcopoyii ioHie Hampiio 3i 3me-
HUIeHHAM KOHYeHmpayii iona 6 ceui ma 8i0HOGIEHHAM NPOKCUMATLHO20 MA OUCMATbHO20 mpancnopmy. Ananiz
AHMUOKCUOAHMHOT cCUCeMU 3aXUCY NpU 3ACMOCY8AHHI NPenapamis c8ioyums NPo 3HUNCEHHS NePOKCUOHO20
OKUCHeHHs 1inioie Ha mai akmueayii aHmuoKCUOaHmMHOI cucmemu, npu 4omy 00CMOBIPHO Kpauwji NOKAZHUKU OYau
3aghikcosani y epyni meapuH, AKUM 6600UIU NPEnapam 2i1ymamiony, wo niomeeportcyemocs 2icmonoiuHUMU
00CIOHCEHHAMU.

Bucnoexu. Bcmanosneno, wo adememionin ma 2iymamion UASIISIIOMb HeponpomexmopHy 0i0 npu iuleMivHo-
peneppy3iiHoMy 20CMpoMy ROUKOOICeHHI HUpoK. TIpu ybomy 00cmosipHo Kpawji nokasHuku Oyau 3agikcosani
V epyni meapuH, sIKUM 6600ULU NPENApam Lymamiony, K 3a 6iOHOBNEHHAM DYHKYIOHATbHO20 CMAHY HeDPOHIE,
max i 3a 6NAUBOM HA NPOOKCUOAHMHO - AHMUOKCUOAHMHULL OANAHC Y MKAHUHI HUPOK, WO NIOMEEpONCYEMbCS
OaHumMU 2icmon02iuH020 00cnioxcents. OmpumMani pe3yibmamu CmeoprOms RIOIPYHMsL 0Jisk NOOAAbUOZ0 00C-
JHOXHCEHHS HeQhPONPOMeKmMOPHO20 NOMEHYIATY NPpenapamis adememioniny ma enymamiony 3a ymos I'TIH pizHoi
emionoeii

Knrouosi cnosa: megpponpomexmopra 0is, adememioHin, 2iymamioH, iuwemis- penepysis, cocmpe NOUIKO-
00ICEeHHsl HUPOK

1. Introduction
Today, due to significant advances in drug treat-

accompanied by dysfunction of the microcirculation, the
development of hypoxia, oxidative stress and inflamma-

ment and the improvement of renal substitution therapy,
the mortality rate from acute kidney injury (AKI) re-
mains high and is about 25—70 % [1]. There is no excep-
tion for the ischemic-reperfusion form of the AKI with
its multifactorial pathogenetic development and rapid
progressive course, the cause of which is usually injury,
sepsis, kidney transplantation, and the effects of toxic
substances [2, 3].

2. Formulation of the problem in a general
way, the relevance of the theme and its connection
with important scientific and practical issues

The ischemic injury primarily affects the structure
and function of the tubular epithelium cells, which is

tory reactions, which further leads to necrosis and apop-
tosis of the nephrocytes. A critical factor in the develop-
ment of this renal cell injury is the generation of a large
number of free oxygen radicals and endothelial damage
[4], since ischemia results in a rapid degradation of ATP,
ADP and AMP, which leads to the depletion of the ener-
gy supply of the cell. AMP is metabolized in two ways:

1) the formation of nucleotides, the loss of which
leads to a decrease in the formation of ATP and an in-
crease in the intracellular level of calcium ions, which in
turn activates proteinases and phospholipases — enzymes
that violate cell cytoskeleton;

2) by the formation of hypoxanthine, the accumu-
lation of which promotes the generation of active forms
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of oxygen, and its subsequent biotransformation leads to
the formation of hydrogen peroxide and superoxide,
which, along with free iron ions and nitric oxide, which
is formed in parallel with renal tubules by means of NO
synthase, contribute to the formation peroxinitrate, which
in turn leads to cellular damage through nitrosylation of
cellular proteins, activation of peroxide lipid oxidation,
damage to the DNA of nephrocytes and induction of
apoptosis [5].

3. Analysis of recent studies and publications in
which a solution of the problem are described and to
which the author refers

Our attention as a means for pathogenetic correc-
tion of ischemic-reperfusion form of AKI attracted drugs
with cytoprotective and antioxidant activity - ademe-
tionine and glutathione.

Ademetionine is a natural amino acid found in
all body tissues. It participates in reactions of trans-
methylation, acting as a donor of a methyl group dur-
ing the construction of a phospholipid cell membrane,
providing membrane protective effect [6]. In the reac-
tions of transfusion, ademetionine acts as a precursor
in the formation of sulfurous compounds (cysteine,
taurine and glutathione). With oxidative stress, it re-
plenishes precisely the mitochondrial glutathione,
providing the flow of the internal mitochondrial mem-
brane. [7]. Affects the metabolism of catecholamines
(dopamine, adrenaline, noradrenaline), indolamines
(serotonin, melatonin) and histamine [8, 9]. As a me-
dicinal product exhibits a powerful hepatoprotective
effect, and also has anti-inflammatory, anti-depressant
properties [10].

Glutathione — an endogenous tripeptide, is the
most powerful antioxidant and detoxicant due to the
reactivity of the SH group, which as a strong nucleo-
phile binds electrophiles [11]. In addition, the available
in its composition are involved in the metabolic pro-
cesses of the body. Thus, glutamic acid is involved in
protein and hydrocarbon metabolism, stimulates oxida-
tion processes, prevents reduction of oxidation-reducing
potential, affects processes of glycolysis in tissues,
exhibits hepatoprotective effect, etc. As a medicinal
product used to prevent nephrotoxicity and hepatotoxi-
city in chemotherapy with cisplatin, as a hepatoprotec-
tor in acute and chronic hepatitis, cirrhosis and other
liver pathologies [12].

4. The field of research considering the general
problem, which is described in the article

The issue of rational treatment and prophylaxis of
I/R AKI remains unresolved today, and effective meth-
ods of treatment and prevention of this syndrome have
not yet been developed. Therefore, the search for new
drugs with nephroprotective activity is an important
aspect of intensive therapy of modern nephrology.

5. Formulation of goals (tasks) of article

Considering the role of antioxidant defense in the
pathogenesis of AKI, the aim of our study was to com-
pare the effects of ademetionine and glutathione on func-
tional activity and the antioxidant-prooxidant balance in
rat kidneys in ischemic-reperfusion AKI.
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6. Presentation of the main research material
(methods and objects) with the justification of the
results

Experiments were conducted on 28 sexually ac-
tive non-linear white rats weighing 130-180 g. Animals
were divided into 4 groups (n=7): group I — control
(pseudo-operated  animals), group II — Ische-
mia/Reperfusion modeling (I/P), group II animals re-
ceived intramuscular injection of ademetionine 20 mg/kg
(Heptral, “Abbott SpA”, Italy) intradermally during the
three days prior to I/P simulation, animals of the
IV group received glutathione 30 mg/kg (TAD 600, “Bi-
omedica Foscama”, Italy). Doses of drugs are determined
by reverse extrapolation [13]. As a reference drug was
used Mexidol ("Farmasoft", RF) as an antihypoxant with
expressive antioxidant and proven nephroprotective
properties [14]. The drug was administered intraperitone-
ally at a dose of 100 mg/kg.

Ischemia was modeled according to aseptic condi-
tions under general anesthesia (aethaminalum sodium,
40 mg/kg): they performed mid-laparotomy, isolated
each kidney, impositioning on the renal leg of the clamp
for the purpose of crossing the artery, veins and ureter for
60 minutes, followed by sealing the abdominal cavity.
After removing the clamp, the abdominal cavity was
stained with subsequent 24-hour reperfusion and a grad-
ing of the kidneys [15].

Functional state of kidney of rats was evaluated
after 24 h under the conditions of water loading (intra-
gastric injection of warm drinking water (37 °C) in the
volume of 5 % of body weight) according to the parame-
ters of the excretory and ionregulatory function of the
kidneys. Excretory kidney function was evaluated for
diuresis, glomerular filtration rate (GFR), plasma creati-
nine, water reabsorption, protein concentration and ex-
cretion. The ionoregulatory function is based on Na’
concentration in urine, fractional excretion of Na', abso-
lute and relative Na“ reabsorption, Na“ proximal and
distal transport, K" concentration in blood plasma and its
excretion. The content of Na“ and K" ions in the urine
was measured on the device "FPL-1" (Ukraine) by the
method of photometry of the flame [16, 17]. The stand-
ardization of the indicators was carried out by converting
to 100 g of animal body weight or 100 pul of glomerular
filtrate. Based on the obtained data, the indicators of
kidney function were calculated [18].

The state of peroxidation in the kidneys was eval-
vated by the indicators: malone dialdehyde (MDA) by
the reaction between MDA and thiobarbituric acid [19]
and products of oxide-modified proteins (OMB), which
was determined by the amount of 2,4-dinitrophenylhy-
drazones obtained by the interaction of 24-
dinitrophenylhydrazine with carbonyl groups formed
during the process of oxidative modification of proteins
[20]. Antioxidant protection systems - by activity of
catalase (KAT), which was determined by the principle
of destruction of the catalase of a substrate of H,O, and
measuring the proportion of undiluted hydrogen peroxide
interacting with ammonium with molybdate to form a
stable colored complex [21], and glutathione peroxidase
(GP) by the amount of oxidized glutathione, which was
formed from reduced glutathione in the disinfection of
hydrogen peroxide in an enzymatic reaction [22].
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The kidney tissue that was taken for microscopic ex-
amination was fixed for 48 hours in a solution of neutral
buffered formalin (10 %), followed by an ethanol dehydra-
tion procedure and paraffin emulsion at a temperature of 58
°C. For morphological evaluation of histological sections,
histologic sections of 5 um thick, captured with hematoxylin
and eosin were obtained. Documentation of pathological
processes was carried out by computer morphometry of
objects in histological preparations. Digital copies of the
optical image of microscopic sites were obtained using an
Olympus digital camera (model C740UZ) and a microscope
LUMAM-P8 with the creation of a bank of digital micro-
photographs and then analyzed in the medium of the com-
puter program "VideoTest - Size 5.0" (TOV "VIDE-
OTEST", RF ) All studies were conducted in accordance
with the European Union Directive 2010/63 / EU on the
protection of animals used for scientific purposes [23].

Statistical processing of the results was performed
using SPSS Statistics 17.0. The reliability of the differ-
ence between the scores was evaluated using the para-
metric t-criterion of Student (in normal distribution) and
non-parametric Mann-Whitney U-criterion (in case of
mismatch with normal distribution). The critical value
level was adopted for p<0.05.

7. Results and their discussion

In animals, after the pathology modelling were
significant changes in the excretory function of the kid-
neys, which manifested in a decrease of diuresis by 84
%, a decrease in GFR in 3.1 times, and a significant
reduction in water reabsorption, indicating the develop-
ment of renal hypophiltration, and, accordingly, the oli-
guric stage of the AKI (Table 1). Significant decrease in
glomerular filtration led to the development of retention
azotemia: the concentration of creatinine in the blood
plasma increased by 2.6 times, compared with the group
of pseudo-controlled animals. Instead, the administration
of the investigational drugs led to increased urinary ex-
cretion in the treated animals, preventing the develop-
ment of oliguria: when using ademetionine, diuresis
increased by 53.8 %, glutathione — by 81.1 %, compared
with those of the animals in the group of pathology. Ac-
cordingly, there was a resumption of glomerular filtration
(with the use of ademetionine GFR increased 1.7 times,
glutathione - 2.7 times) with a significant restoration of
water retention and reduction of retention azotemia: the
concentration of creatinine in blood plasma decreased by
1.4 times and in 2 , 1 time in comparison with animals of
the group of pathology (Table 1).

Table 1

Functional state of kidney of rats at application of ademetionine and glutathione on the background of develop-
ment of ischemic-reperfusion (I/R) AKI, M+m (n=7)

Indicator Control I/R I/R+ac1f;netlon1 I/R+glutathione I/R+mexidol
Diuresis, ml 4.38+0.19 2.38+0.11" 3.66+0.13" 431+0.14" 3.91+0.14"
GFR, pl/min 532.7447.3 173.149.9% 296.7+8.37°" 463.7+242"° | 342.47£12.7
Plasma creatinine, umol/L 63.2146.05 165.4+9.23" 117.83£4.937° | 7839237 | 101.65+4.35
H,0 reabsorption, % 99.14+0.08 98.61+0.07" 98.76+0.05 99.06+0.04"° 98.85+0.04"
Concentration of protein in urine, g/l 0.016+0.002 | 0.049+0.003" | 0.033£0.004" | 0.022+0.002" | 0.030+0.004"
Excretion of the protein, mg/100 ml 0.014+0.001 | 0.068+0.004" | 0.040£0.002" | 0.021£0.002"° | 0.034+0.005"
r(r:l(r):gf/rlltratlon ofNa inurine, 0.52+0.03 2.57+0.07" 1.29+0.06""° 0.75+0.04"" 1.06£0.03"

. —
glill’gfl/’?a“on of Na” in blood, 121.07+6.77 146.76+7.96 136.07+2.88 120.00+4.50" 131.79+3.85
Fractional excretion of Na+, 4 * N -
; 0.38+0.05 2.46+0.13 1.19+0.10 0.57+0.05 0.93+0.05

umol/min
Absolute reabsorption of Na, 63.78+5.17 | 2535:1.88% | 40.38+1.60" | 55.73+3.80" | 45.28+2.68"
pumol/min
Relative reabsorption of Na', % 98.08+0.17 94.86+0.36" 96.06+0.24" 97.40+0.18"° |  96.540.11"
Proximal transport of Na", mmol/2 h 7.13+0.61 2.70+0.20% 435+0.17" 6.17+£0.43" 4.92+0.29™
Distal transport Na*, umol/2 h 527.6+34.5 346.1+29.3" 494.2425.4" 514.7425.6" 512.84+29.9"
iﬁgﬁ?trauon ofKin plasma, 5.18+0.49 4.46+0.10" 4.93+0.23 5.25+0.13" 5.07+0.29
Excretion of K*, umol/100 pl 437+0.47 16.92+4.27" 12.11+0.74 6.51+0.52" 10.55+0.84

Note: Statistically significant differences with the data of the group: control - * (p <0.05), 7 (p <0.01); Model Pathology (AKI) - * (p
<0.05), ** (p <0.01); of experimental preparations with a reference preparation - ° (p <0.05), *° (p <0.01)

Due to the injury of the filtration apparatus of the
nephron in animals of the model pathology group, there
was a significant proteinuria: the concentration of protein
in the urine increased 3.1 times, and its excretion —
4.8 times, compared with the group of intact animals.
The use of the investigational drugs led to a significant
reduction in proteinuria: ademetionine reduced the con-
centration of protein in urine by 1.5 times, glutathione —
by 2.2 times, with excretion decreasing 1.7 times in the

group of ademetionine and 3.2 times in the glutathione
group, which indicates a decrease in the degree of dam-
age to the nephrocytes (Table 1).

The condition of the tubal duct system of the kid-
neys of animals was evaluated according to the indicators
of the ion-regulating function of the kidneys. Thus, in
animals of the model of pathology, there was a marked
increase in sodium content in urine (4.9 times), with a
decrease in the fractional excretion of this ion by
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6.5 times compared to pseudo-controlled animals. With
the decrease in the activity of tubular transport, the abso-
lute reabsorption of sodium ions decreased by 2.5 times,
relative — by 3.3 %, which indicates a significant damage
and death of tubular cell.

Investigated drugs prevented the transport of so-
dium ions by restoring the reabsorption process. Thus,
the concentration of sodium ions in urine was significant-
ly lowered when glutathione was used 3.4 times, frac-
tional excretion — 4.3 times. When ademetionine was
administered, the indices decreased by 2 times and by
2.1 times, respectively. Indicators of absolute and rela-
tive reabsorption of sodium ions also tended to improve,
indicating that the functional capacity of nephrons was
maintained under the influence of drugs. Thus, absolute
reabsorption of sodium ions under the influence of ade-
metionine increased 1.6 times, glutathione — 2.2 times,
relative reabsorption increased by 1.3 % and 2.7 % re-
spectively (Table 1)

Significant ischemic injury to the proximal neph-
ron in the model of the AKI is confirmed by a decrease
in the corresponding index of transport of sodium ions,
which is accompanied by a decrease in the transport of
these ions in the distal nephron. In the group of treated
animals, the protective effect on tubular cells was mani-
fested by an increase in the index of proximal transport
of sodium ions in the application of ademetionine in
1.6 times, glutathione - in 2.3 times. In this case, the
activation of distal transport of these ions by the mecha-
nism of the canal-canal balance: 1.4 times using ademe-
tionine and 1.5 times - in the group of glutathione, re-
spectively (Table 1).

The study of potassium ion content showed that in
the group of model pathology animals the concentration
of potassium ions in plasma decreased by 15.6 % due to

an increase in excretion of this ion by 3.9 times, and the
use of glutathione prevented the development of hypoka-
lemia.

Simultaneously, in the kidneys of animals in the
group of model pathology, the activation of peroxide
oxidation of lipids was observed, which was shown by
an increase in the content of MDA by 1.7 times in the
kidney tissue. The content of OMB products increased
by 1.5 times compared to pseudo-operated animals.
Instead, in the treated animals, these rates were lower:
the content of MDA in the kidneys decreased slightly
by 1.2 times with the use of ademetionine and
1.5 times - with the application of glutathione. A simi-
lar trend was observed in the processes of oxidation of
proteins: the content of OMB products in the kidney
tissue decreased by 1.2 times with the use of ademe-
tionine, and by 1.4 times, with the introduction of
glutathione (Table 2).

From the antioxidant system at I/R model of the
AKI, a decrease in CAT activity in the kidney tissue was
detected by 23.2 % compared to pseudo-operated ani-
mals. Glutathione more effectively increased the activity
of the enzyme (by 27.6 %), which slightly exceeded the
pseudo-controlled animals. Under the influence of ade-
metionine, the activity of KAT in renal tissue increased
by 10.1 % compared to the animals in the group of pa-
thology.

The development of ischemic-reperfusion GPN
was accompanied by a decrease in 1.9 times the activi-
ty of GP in the renal tissue compared with the control
group animal. In the use of drugs noted an increase in
the activity of GP, compared with the indicators of the
group of pathology: 1.7 times with the introduction of
glutathione and 1.3 times — with the use of ademe-
tionine (Table 2).

Table 2
Prooxidant-antioxidant balance in renal kidneys of rats with ischemic-reperfusion acute kidney damage (AKI)
(M=£m, n=7)

Indicator Control I/R I/R+adeemet10n1n I/R+glutathione I/R+mexidol
fn‘ﬁfgt OFMDA, | 4036283 | 70.18:2.16% | 58.83£096" | 46484244 | 49.01+1.39"
fg‘g‘/’rg“ OfOMB. | g 434043 12.56£0.76" 10.40+0.72 8.94+0.42" 9.23£0.19"
CAT activity, 7.13£0.35 5.29+0.23% 5.83+0.77 7.42+0.20" 7.04+0.37"
pmol/minxmg
GP activity, 217.749.8 114.49.5% 144.6+11.9° 196.3+4.4™ 188.0749.46"
nmol/minxmg

Note: Statistically significant differences with the data of the group: control —7 (p <0.05), 7 (p <0.01); model pathology (AKI) — * (p
<0.05), ** (p <0.01); experimental drugs with a reference preparation (p <0.05); MDA — malonic dialdehyde, OMB - oxide-

modified proteins, GP - glutathione peroxidase, CAT — catalase

Thus, the use of ademetionine and glutathione in
the conditions of I/R led to a decrease in peroxide oxida-
tion of lipids on the background of activation of the anti-
oxidant system. At the same time, the antioxidant effect
of ademetionine was slightly inferior, and the glutathione
effect corresponded to the activity of the referent drug.

Nephroprotective activity of ademetionine, gluta-
thione and mexidol was verified by histological data.
Analysis of histopreparations of kidney of rats in the
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pathology group allowed to establish significant patho-
logical changes in the histostructure of the kidneys in the
form of necrosis and dystrophy.

In the kidneys of the animals, changes in the
model of the pathology of the disease cover 89.1 % of
the tubular epithelium cells, of which 10.4 % are in the
state of coagulation necrosis, the remaining nephrocytes
with signs of degenerative changes of varying degrees of
defeat. Thus, for 75 % of epithelial cells characterized by




Scientific Journal «ScienceRise: Pharmaceutical Science»

Ne2 (12)2018

dystrophy as a hydropic swelling, 3.7 % cells — with
signs of hydropic vacuolisation. The expressed changes
are also present in the brain substance, where the expan-
sion of the lumen of the collecting tubes has been re-
vealed, with 6.7 % filled with hyaline cylinders. Areas
are different with haemorrhage (Fig. 1).

In the application of ademetionine, the prevalence of
pathological changes in the epithelial cells of the tubule cells
of the cortical substance was 84.1 % of cells, however,
virtually no necrosis was observed. In 77.9 % of cells there
was a hydropic swelling, in 4.2 % of cells - a dystrophic
process in the form of hydropic vacuolisation. In the cere-
brospinal fluid, the tubules are enlarged, and the collection
tubes are 2 % filled with hyaline cylinders (Fig. 2).

In the glutathione group, the histostructure of the
kidneys approached the control group. Practically no

a

necrotized epithelial cells were observed; the number of
affected nephrocytes was 64.2 %, among which 60.3 %
of the cells were in a state of hydropic swelling, and
3.9 % — with signs of hydropic vacuolization. Collective
tubes of the cerebrospinal fluid are somewhat expanded,
and there are isolated hyaline cylinders (Fig. 3).

In histopreparations of kidney animals, which
were injected with mexidol there was no observed
coagulation necrosis. The defeat of the epithelial cells
of the proximal tubules of the cortical substance was
83.4 %, of which 72.8 % of the nephrocytes revealed
dystrophic processes in the form of hydropic swelling,
10.6 % — hydropic vacuolization. Composite tubes of
cerebrospinal fluid are filled with hyaline cylinders by
0.5 % (Fig. 4).

Fig. 1. Microslide of kidney of rat with ischemic-reperfusion acute kidney injury: a — cortical substance; b — brain sub-
stance. Coloring with haematoxylin and eosin. Objective magnification X100

a

Fig. 2. Microslide of rat kidneys with ischemic-reperfusion acute kidney injury in the use of ademetionine: a — cortical sub-
stance; b — brain substance. Coloring with haematoxylin and eosin. Objective magnification X100
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Fig. 3. Microslide of rat kidneys with ischemic-reperfusion acute kidney injury in the application of glutathione: a — cortical
substance; b — brain substance. Coloring with haematoxylin and eosin. Objective magnification x100

b

Fig. 4. Microslide of rat kidneys with ischemic-reperfusion acute kidney damage in the use of mexidol: a — cortical
substance; b — brain substance. Coloring with haematoxylin and eosin. Objective magnification x 100

8. Conclusions from the conducted research
and prospects for further development of this field

1. Thus, according to the functional study of the
kidneys, ademetionine, glutathione and mexidol exhibit-
ed nephroprotective effect in ischemic-reperfusion AKI,
promoting the protection of the renal cells in the devel-
opment of renal ischemia with reperfusion, manifested in
increasing GFR and diuresis, decreased proteinuria, limi-
tation of ion losses with urine, with the predominance of
glutathione in a number of indices.

2. The results of the study indicate that the most
reliable indicators were recorded in the group of ani-
mals administered glutathione as both the restoration
of the functional state of the nephrocytes and the ef-
fect on the prooxidant-antioxidant balance in the renal
tissue, which is confirmed by the data of the histologi-
cal study.

3. The established effectiveness of the drugs cre-
ates the basis for further study of their nephroprotective
potential for different models of AKI.
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