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In experiments on laboratory nonlinear white mature rats, the effect of melatonin (5 mg/kg) on the
morphofunctional state of kidneys under the conditions of cisplatin-induced acute kidney injury was studied.
It was found that single administration of cisplatin at a dose of 6 mg/kg causes necrosis and disseminated
degenerative changes of tubular cells with the development of oliguric form of toxic nephropathy, which is
accompanied by a decrease in diuresis by 2.9 times, a reduction of glomerular filtration rate by 5 times, an
increase in plasma creatinine level by 2.2 times, a significant proteinuria and decreased tubular reabsorption
capacity. It was established that the use of melatonin in the prophylactic-therapeutic regimen demonstrates
a cytoprotective effect in relation to the epitheliocytes of the renal tubules, significantly limiting the degree
and prevalence of histopathological changes, and thus preventing the development of oliguria, as evidenced
by a significant increase in diuresis by 1.8 times, glomerular filtration rate — by 2,6 times comparing to
untreated animals; prevention of retention azotemia, hypokalemia, and significant loss of sodium ions,
reducing proteinuria by 1.7 times and activating ammoniagenesis. The research results prove the prospects
of the further studies to investigate the nephroprotective potential of melatonin under the conditions of

renal pathology of different genesis.
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INTRODUCTION

Nowadays, the in-depth study of the influence
of pineal hormone melatonin on the various
systems of the organism, both in physiological
and pathological conditions, as well as the
study of the possibilities of its use as a drug
for the purpose of prevention and treatment of
numerous pathologies is becoming increasingly
relevant [1, 2]. The main physiological function
of melatonin is the synchronization of circadian
rhythms of biological functions (sleep-wake
cycle, reproduction, synthesis of paracrine
and endocrine hormones, numerous metabolic
processes, blood pressure, etc.), which results in
its therapeutic use as a sedative-hypnotic drug,
as a remedy for prophylaxis of jet lag syndrome,
as well as a geroprotector [1-3].

Besides, melatonin acts as a powerful anti-
oxidant due to its ability to penetrate membranes
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and physiological barriers, scavenge reactive
oxygen and nitrogen species, and regulate
the activity of antioxidant enzymes [4]. The
antioxidant properties of melatonin determine the
prospect of studying the possibilities of its use in
a wide range of pathological states accompanied
by the development of oxidative stress [1, 5, 6].
The radioprotective effect of melatonin, as well
as its ability to inhibit carcinogenesis, has been
also established. Moreover, melatonin exhibits
immunomodulatory, anti-inflammatory and
analgesic effects, due to its ability to interact
with immunocompetent cells and regulate the
synthesis of cytokines [7, 8]. An important
advantage of melatonin as a drug is a minimal
risk of side effects, even when a high-dose
therapy or a long-term treatment is used [9].
Multiple effects of melatonin, as well as its
ability to affect the main pathogenetic links of the
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pathological process, give rise to the numerous
experimental and clinical researches into the
mechanisms of action and organoprotective
potential of exogenous melatonin under the
conditions of various pathologies, including
renal [10-12].

The numerous research results indicate the
possible efficacy of melatonin as a cytoprotector
in a number of acute (toxic and ischemic
injury of liver, kidneys, or brain) and chronic
pathologies (metabolic and neurodegenerative
diseases, oncopathology, inflammation, aging)
[1,3,5,09].

The importance and relevance of conducting
our research in this direction is determined by
the continuous increase in the number of patients
with acute kidney injury (AKI) and chronic
kidney disease (CKD). This, in particular,
is caused by the frequent use in clinical
practice of a number of drugs with nephrotoxic
side effects [13]. Among such agents, in
anticancer chemotherapy relatively commonly
is used cisplatin, which is characterized by
a significant nephrotoxicity, observed in a
third of patients. For this reason, the search
for and the introduction into clinical practice
of drugs capable of preventing or limiting the
toxic effects of cisplatin is an issue of current
importance [ 14-16]. Initially, the nephrotoxicity
of cisplatin is associated with the development
of oxidative stress — one of the most important
links in the pathogenesis of cisplatin-induced
kidney injury. The main target for cisplatin is
the mitochondria of the renal proximal tubular
cells, where it causes a dysfunction of the
respiratory chain and generation of reactive
oxygen species, which is closely related to the
development of cellular energy deficiency and
disturbances of aerobic metabolism with the
further progression of pathological changes [14,
15]. Since it has been proved that melatonin is
the most potent mitochondrial antioxidant, the
rationale for its use as a cytoprotector under the
given conditions is not in doubt [16, 17]. Several
studies also indicate the synergistic antitumor
activity of melatonin when used in combination
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with chemotherapeutic agents, combined with
its ability to potentiate the effects of antitumor
agents (including cisplatin), while reducing the
severity of their adverse effects [18].

Consequently, taking into consideration
the relevance and prospects for establishing a
sufficient evidence base for the introduction
of melatonin into clinical practice as a remedy
for prevention and reduction the cisplatin
toxicity, based on the presence of its potent
antioxidant and cytoprotective properties, as
well as the low risk of side effects, the aim of
our research was to study the morphofunctional
state of rat kidneys under the conditions of
cisplatin-induced AKI against the background
of melatonin administration in the prophylactic-
therapeutic treatment regimen.

METHODS

Experiments were carried out on 30 nonlinear
mature white rats weighing 150-200 g, which
were maintained under the standard vivarium
conditions at constant temperature and humidity,
free access to water and food (full value fodder
for the laboratory animals). The animals were
randomly divided into 3 groups (n=7): group
I — intact control, group II — cisplatin-induced
AKI caused by a single intraperitoneal injection
of cisplatin (“EBEWE Pharma”, Austria) at a
dose of 6 mg/kg 72 hours prior to completion
of the experiment [19]. Animals of the III group
were administered with melatonin at a dose of
5 mg/kg (“Sigma”, USA) for 4 days prior to
and 3 days after cisplatin administration. For
evaluation of the functional state of kidneys, 24 h
after last melatonin injection, urine was collected
for 2 h under the conditions of induced water
load (enteral administration of drinking water
heated to 37°C in the amount of 5% of body
weight using an intragastric tube). Animals were
sacrificed under the light anesthesia, while blood,
urine samples and kidneys were collected for
biochemical and histopathological assessments.

All interventions were conducted in accor-
dance with the criteria outlined in the European

ISSN 0201-8489 Dision. scyph., 2018, T. 64, Ne 6



Ye.A. Dudka, T.S. Shchudrova, A.Ye. Petriuk, I.I. Zamorskii

Union Directive 2010/63/EU «On the protection
of animals used for scientific purposes» (2010).

The excretory kidney function was evaluated
by the indices of diuresis, glomerular filtration
rate (GFR), plasma and urine creatinine level,
urine protein concentration and excretion.
Plasma and urine creatinine levels were determined
using the Jaffe reaction, urine protein level —using
the sulfosalicylic acid precipitation test.

The ion-regulatory kidney function was
assessed by the indices of concentration and
excretion of sodium ions with urine, reab-
sorption, proximal, distal transport of sodium
ions, concentration and excretion of potassium
ions with urine. Sodium and potassium plasma
and urine levels were determined using elect-
ronic flame photometry method. The acid-
regulatory function of kidneys was estimated
by the indices of the hydrogen ions, titrated
acids and ammonium ions excretion, their urine
content was determined by titration of a sodium
bicarbonate solution [20]. Standardization
of kidney function indices was performed by
recalculation of their absolute values per unit of
body weight or by 100 pl of glomerular filtrate.

To conduct a histological examination
the kidneys of rats were fixed in 10% formalin,
embedded in paraffin, sectioned at 5SmM and
then stained with hematoxylin and eosin. The
preparations were evaluated using light mic-
roscopy and photographed (Olympus C740UZ
photo camera, Japan, LUMAM-R8 microscope,
LOMO, Russian Federation). Documentation
of the pathological processes was performed
by the computer morphometry of objects
in histological preparations using computer
software “VideoTest — Razmer 5.0” (LLC
“VideoTest”, Russian Federation).

Statistical analysis of the data was performed
using SPSS 17.0 software. All data are represen-
ted as a mean = standard error of the mean
(M=£m). A character of distribution within group
was determined using Kolmogorov-Smirnov
test. Estimation of the differences between
the samples was conducted using parametric
Student’s t-test (for normal distribution) and
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nonparametric Mann-Whitney U test (when the
assumptions of the t-test were not met). The
values P<0.05 were considered statistically
significant.

RESULTS AND DISCUSSION

The development of cisplatin-induced AKI
was accompanied by the significant changes
in the functional state of rat kidneys due to
accumulation of the drug in the proximal tubular
cells (Table). As a consequence of cisplatin
toxicity, there was a damage to cells of the tubu-
lar apparatus of nephron with the development of
energy deficiency, which caused an inhibition of
the activity of membrane transport systems and
disorders in the processes of ion reabsorption
in the proximal and distal tubules, manifested
by an increase in the excretion of sodium and
potassium ions.

An increase in the urine sodium level
resulted in the activation of the tubular-
glomerular feedback with a decrease in the renal
blood flow and subsequent reduction of GFR.
As a result, in animals with cisplatin-induced
AKI there was a decrease in diuresis by 2.9
times, indicating the development of the oliguric
stage of AKI, with a related fall in GFR by 5
times, and reduction of water reabsorption by
4.6%. Consequently, the creatinine excretion
decreased by 2.3 times, which was accompanied
by an increase in plasma creatinine level by 2.2
times and development of retention azotemia. A
significant damage to nephrocytes and reduction
of the tubular reabsorption capacity led to the
development of a marked proteinuria with an
increase in urine protein level by 3.9 times, urine
protein excretion — by 6.9 times. On the part of
the acid-regulatory kidney function there was a
decrease in urine pH, which was accompanied
by an increase in titrated acids excretion by 2.2
times, and a decrease in ammoniagenesis by 1.8
times, indicating a reduction in kidney ability
to compensate for acidosis. Disturbances of the
ion-regulatory kidney function were manifested
by an increase in sodium ions level in urine by
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3.4 times, and their excretion — by 1.2 times.
This can be explained by a reduction of the
absolute reabsorption of sodium ions by 5.3
times, with a decrease in proximal transport by
5.6 times, distal — by 3.1 times. As a result, a
fractional excretion of sodium ions increased
to 2.8%, which confirms a significant toxic
damage to the proximal tubular nephrocytes. The
progression of the AKI was accompanied by an
enhanced renal potassium loss with an increase
in its excretion by 6 times, due to the growing
influence of aldosterone on the distal part of
nephron. At the same time, a 1.3-fold decrease
in the plasma potassium level indicates the
development of hypokalemia — a characteristic
side effect of the therapy with cisplatin.

The obtained data correlate with the results of
a morphological study on the histopathological
signs of renal tissue damage 72 hours after
cisplatin administration, which was evaluated
by the changes in glomeruli, degree of tubular
epithelial cells degeneration, extent of tubular
necrosis, presence of luminal casts, and inter-
stitial edema. In the kidneys of animals with
cisplatin-induced AKI there are signs of
damage to both glomeruli and tubules (Fig.
1). Pathological changes occur in most cells
of the proximal tubules, with about 26% of the
epitheliocytes in the state of necrosis, while
other cells have signs of dystrophic damage of
varying degrees: 64+1.6% of cells are in the state
of hydropic vacuolation, and 6+1.7% are in the

Influence of melatonin (5 mg/kg) on the functional state of rat kidneys in conditions of cisplatin-induced AKI

(M£m, n=7)
Cisplatin-induced AKI+
Index Intact control P AKI Melatonin
Diuresis, ml/2 hx100 g 4.34%0.11 1.48+0.09* 2.64£0.10**
Plasma creatinine, pmol/l 55.97+2.43 124.74+£4.17% 96.25+3.90**
Creatinine excretion, umol/2 h 3.93+0.17 1.72£0.13%* 3.46£0.23%*
Glomerular filtration rate, pl/minx100 g 587.69+20.23 115.324£9.03* 300.54£19.44%*

Reabsorption of water, % 98.81£0.25 94.20+£0.48* 97.58+0.27**
Urine protein, g/l 0.016£0.001 0.063+£0.008* 0.037£0.002%*
Urine protein excretion, mg/100 pl 0.012+0.001 0.083+0.012* 0.033+0.002%*
Urine pH 7.45£0.05 7.23£0.04* 7.41£0.07
Titrated acids excretion, pumol/2 h 21.90+£2.41 48.76+3.31%* 34.55£1.62%*
Ammonium ions excretion, pmol/2 h 59.5248.33 32.82+3.50* 65.33£5.65%*
Urine Na*, mmol/I 0.78+0.06 2.64+0.64* 2.74+0.15
Plasma Na*, mmol/I 126.43£5.08 122.50£5.35 125.71+4.14
Filtration fraction of Na*, pmol/min 74.10+3.35 14.05+£0.97* 37.57+£2.14%**
Absolute Na* reabsorption, pmol/min 88.88+4.02 16.83+1.16%* 45.01+£2.56**
Relative Na* reabsorption, % 98.19£0.22 95.79+0.27* 96.67+0.15
Fractional excretion of Na*, % 0.46+0.04 2.82+0.33* 1.09£0.08**
Proximal transport of Na®, mmol/min 69.53+3.24 12.55+0.90* 34.83£2.05%*
Distal transport of Na*, umol/min 4.5340.20 1.47+0.09* 2.7140.12%*
Urine K*, mmol/l 4.43+0.23 15.36+0.80* 9.50£0.41**
Plasma K*, mmol/l 5.71+0.21 4.36+0.27* 5.86£0.36%*

Note: significant differences comparing to: intact control group — *(P<0.05); cisplatin-induced AKI group —

%(P<0.05).
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Fig. 1. Photomicrograph of kidney section (A — cortex, B —medulla) of rat with cisplatin-induced acute kidney injury. Glomerular
atrophy (1), dilation of Bowman’s space (2), epithelial degeneration (3), epithelial necrosis (4). Staining with haematoxylin and

eosin. 100x magnification

state reversible hydropic swelling. In the part
of glomeruli, the signs of atrophy are observed
with a 2-fold decrease in the total number of
cells comparing to control. Besides, there is a
moderate swelling of mesangium and dilation
of the Bowman’s lumen in some glomeruli.
Lumen of renal tubules are dilated, there are
single hyaline casts.

The positive effect of melatonin use mani-
fested in the prevention of a significant
damage to rat kidneys, which is confirmed by
an improvement of their functional state as
compared to non-treated animals with AKI (see
Table). In the group of animals administered
with melatonin, the diuresis increased by 1.8
times, accompanied by a significant rise in
GFR by 2.6 times, indicating the prevention of
the oliguria development and, accordingly, a
better prognosis comparing to untreated animals.
Use of melatonin caused a 2-fold increase
in creatinine excretion as compared with the
AKI group, which prevented the development
of hyperazotemia. The protective effect of
melatonin on tubular cells is confirmed by a
decrease in proteinuria — the urine protein level
decreased by 1.7 times, protein excretion — by
2.5 times. It was established, that administration
of melatonin in the prophylactic-therapeutic
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regimen resulted in the prevention of significant
sodium loss, confirmed by the preservation
of the fractional excretion of sodium at the
level of control values, with the corresponding
increase in the absolute sodium reabsorption
by 2.7 times. Likewise, an increase in the
indices of both proximal and distal transport of
sodium ions by 2.8 and 1.9 times, respectively,
was observed, indicating the maintenance of
the tubular-tubular balance. Use of melatonin
also caused an improvement in the potassium
balance: the excretion of potassium ions was
significantly reduced by 2.4 times, which
prevented the development of hypokalemia and
is confirmed by the normalization of the plasma
potassium level. Moreover, there was a decrease
in excretion of titrated acids by 1.4 times and
activation of ammoniagenesis, which led to a
tendency to increase urine pH.

The obtained data are confirmed by the results
of the morphological study (Fig. 2). The protective
effect of melatonin resulted in reducing the number
of necrotic cells to 4.5%, while dystrophic changes
in the form of reversible hydropic swelling are seen
in 85%=*1.3% epithelial cells of proximal tubules,
and only 1% of the cells are in a state of hydropic
vacuolation. Tubular lumen is free, not dilated.
Melatonin prevented damage to glomeruli, which
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B

Puc. 2. Photomicrograph of kidney section (A — cortex, B — medulla) of rat with cisplatin-induced acute kidney injury, admi-
nistered with melatonin, 5 mg/kg. Epithelial degeneration (1), epithelial necrosis (2). Staining with haematoxylin and eosin. 100x

magnification

have no signs of morphological changes.

The results of this study confirm the nephro-
protective activity of melatonin in conditions
of cisplatin-induced toxic kidney injury, which
manifested in improving the morphofunctional
state of kidneys due to the cytoprotective effect of
melatonin on tubular cells, and is confirmed by a
significant increase in diuresis and GFR, a decrease in
azotemia, proteinuria, loss of sodium and potassium
ions with urine, as well as the limitation of the degree
and prevalence of histopathological changes.

In our opinion, these nephroprotective effects
may be explained first and foremost by the powerful
antioxidant properties of this hormone at the level of
the renal tubular cells — both direct antioxidant effect
of the “scavenger” of free radicals, and indirect as a
stimulator of antioxidant enzymes activity [1, 7, 26].
Probably, the anti-inflammatory effects of melatonin
as a result of the inhibition of lipoxygenase activity
may also contribute to the cytoprotective action of
melatonin in conditions of cisplatin-induced AKI
[12, 13].

CONCLUSIONS

Use of melatonin at a dose of 5 mg/kg in the
prophylactic-therapeutic treatment regimen
shows a nephroprotective effect in conditions
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of cisplatin-induced acute kidney injury, which
manifests by the amelioration of excretory, ion-
regulatory, and acid-regulatory kidney function,
as well as the restriction of the morpho-structural
alterations in kidney tissue.

The findings reveal new prospects for the
study of melatonin as a drug with nephro-
protective activity in a wide range of renal
pathology.

The authors of this study confirm that the research
and publication of the results were not associated
with any conflicts regarding commercial or
financial relations, relations with organizations
and/or individuals who may have been related to
the study, and interrelations of coauthors of the
article.

€.A. ynka, T.C. lllynposa, A.€. IleTpiok,
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MOP®O®DYHKIIOHAJIBHU CTAH
HHUPOK I[YPIB 3A YMOB KOPEKIIIi
MEJIATOHIHOM U CIIJIATUHIHAY KO-
BAHOI'O T'OCTPOI'O NOIIKOAKEHHSA
HHUPOK

B excrieprMenTax Ha 1a00paTOpHHUX HENIHIHHHUX O1THX cTa-
TEBO3PLINX IIIypax MOCIIHKEHO BILTHB MEJIATOHIHY (5 MI/KT)
Ha MOp(OQYHKI[IOHATLHUH CTaH HUPOK 32 YMOB PO3BHTKY
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LMCIUIATHH-1H/TyKOBAaHOTO TOCTPOTO IOIIKO/PKCHHST HUPOK.
BusiBnieHo, 1110 01HOpa30Be BBEACHHS LUCIUIATHHY /103010 6
MI/KT TIPU3BOMIUTD 10 HEKPO3Y Ta HOLINPEHHX JIereHEePAaTHBHUX
3MiH KaHAJIbLEBUX KJIITHH 3 PO3BUTKOM OJIIypUUHOT popmu
TOKCHYHOI He(pomnarii, o CyIPOBOKY€ETHCS 3MEHIICHHSIM
niypesy y 2,9 pa3za, 3HI)KCHHSM MIBHJKOCTI KITyOOYKOBOT
¢inprpanii y 5 pasis, 30iIblIeHHSIM KOHLIEHTpaLii Kpea-
TUHIHY B IUIa3Mi KpoBi y 2,2 pa3a, 3HAYHOIO HPOTEiHypi€ro
Ta MOpyIIEHHsIM peabcopOuiitnoi 3narHocti Hedponis. 3a-
CTOCYBaHHSI MEJATOHIHY Y HPO]iIaKTHIHO-TIKYBaIbHOMY
PEKUMI BBECHHS BUSIBIISIE IIUTOMPOTEKTOPHUI €(PEKT 1010
SHITEeTIOUUTIB HUPKOBUX KaHAIBIIB, 3HAYHO OOMEKYI0UH
CTYMiHb Ta MOLIMPEHICTh IiCTONATOIOTIYHUX 3MiH, Ta, Bil-
IOBI/IHO, TOMEPE/DKYIOUYN PO3BUTOK ONIrypil, Ha 110 BKa3ye
BiporizHe 3pocranns aiypesy y 1,8 pasa, mBuakocTi Kiy-
60uKoBoi dinpTpanii —y 2,6 paza MOPIBHSHO 31 3HAYCHHSIMU
y HEJIKOBaHUX TBapHH; PETEHLIHHOI a30TeMii, rimokamiemii
Ta 3HAYHUX BTPAT 10HIB HATPIIO, 3MCHIITYIOUH TPOTEIHYPIIO Y
1,7 pa3a Ta akTHByI0YM aMoOHiiirene3. OTpuMaHi pe3yinbraTu
JIOCITI/KEHb OOTPYHTOBYIOTh HEPCHEKTHBHICTh MOAIBILIOTO
BUBYCHHSI HEQPOIIPOTEKTOPHOTO TOTEHIIially MEJIaTOHIHY 3a
YMOB HUPKOBOI NATOJIOTIT Pi3HOTO IeHE3Y.

Kitro4oBi cr1oBa: [UCIIaTHHIH /Y KOBaHE FOCTPE MOLIKODKSHHS
HUPOK; MEJIATOHIH; HS()POTPOTEKITisL.

Buwuii deporcasnuil nasuanvHuil 3ak1a0 Yrpainu
«Bykosuncvkuil Oepacasruii MeOUUHUl yHieepcumen,
Yepnisyi, e-mail: igor.zamorskii@gmail.com

E.A. ldynka, T.C. lllynpoBa, A.E. IleTpiok,
N.N. 3amopckuii

MOP®OPYHKIIMUOHAJBHOE COCTOSI-
HHUE INIOYEK KPBIC B YCJIOBUAX
KOPPEKIIMU MEJJATOHUHOM HUCIIJIA-
THUHUHAYIIUPOBAHHOTI'O OCTPOTI'O
MNOBPEXKAEHUS TIOYEK

B skcnepuMmenTax Ha J1a0OpaTOPHBIX HETMHEHHBIX OEJIbIX
II0JIOBO3PEJIBIX KPBICAX HCCIIEA0BAHO BIHMSHHE MEIAaTOHMHA
(5 mr/kr) Ha MOpHOPYHKIIMOHATBHOE COCTOSHUE MOYCK B
YCIIOBHSIX Pa3BUTHS LUCIUIATHH-MHIYLIUPOBAHHOTO OCTPOTO
HOBpexieHus noyek. OOHapyKEHO, 4TO OJJHOKPATHOE BBEIEC-
HHE LIUCIUIaTHHA B J103€ 6 MI/KT IPUBOIMT K HEKPO3y U pac-
IPOCTPAHEHHBIM JICTEHEPATUBHBIM M3MEHEHHSIM KaHAJIbLIEBBIX
KJICTOK C Pa3BUTHEM OJIUTYPUYECKOil OpMBI TOKCHYECKOIt
HedponaTuu, 4TO COMPOBOKAACTCSI YMEHBIICHUEM JUype3a
B 2,9 pa3za, CHIDKEHHEM CKOPOCTH KIIyOO4YKOBOH (DUIIBTpaAIMU
B 5 pas, yBeIMUCHNEM KOHLICHTPAIMU KPeaTHHHHA B IIa3Me
KpOBH B 2,2 pa3a, 3HAUMTEJIHON IPOTEUHYpUEH U HApyILECHU-
eM peabCcopOLOHHOI criocoOHOCTH HePpoHOB. [IprMeHenue
MeJIaTOHUHA B IPO(UIAKTHYECKU-TICYeOHOM PeXKUMe BBEIe-
HHUSI OKa3bIBaCT LIUTOIIPOTEKTOPHBIN 3(DPEKT 110 OTHOLICHUIO K
SMUTENUOLNUTAM IT0YCUHBIX KAHAJIBLIEB, 3HAYNTEIILHO OIPaHU-
YHBasl CTENICHb M PACIPOCTPAHEHHOCTh IMCTONATONIOTHYHUX
M3MEHEHHUH, U, COOTBETCTBEHHO, HPENyNpex/as pa3BUTHE
OJINTYPHH, HA YTO yKa3bIBaeT JOCTOBEPHBIN POCT AMype3a B

ISSN 0201-8489 Dision. scyph., 2018, T. 64, Ne 6

1,8 pasa, ckopoctH Kiy0OuKoBO# (uibTpanun — B 2,6 pasza
10 CPpaBHEHUIO CO 3HAYCHUSIMHU Yy HEJICUCHHBIX JXUBOTHBIX]
peTeHL[I/IOHHOf/i a30TEMUH, THIIOKAJIMEMHUH W 3HAYUTCIIBHBIX
HOTepb MOHOB HATPUs, YMEHbIIAs IPOTeHHyputo B 1,7 pasa
U aKTUBHPYS aMMoHuirenes. IlonyueHHble pe3ynbTaTsl Hc-
cl1e10BaHu 000CHOBBIBAIOT IEPCIEKTUBHOCTD JaIbHEHILIETO
U3yueHus1 He()POIIPOTEKTOPHOTO MMOTEHIMANIA MEIaTOHHHA B
YCJIOBHSIX TIOYEYHOM MATOJIOTMU PA3IMYHOTO I'eHe3a.
KitroueBble ciioBa: MUCIUIATHHUHYLIMPOBAaHHOE OCTPOE I10-
BPEXKCHHE [T0YEK; MEJIATOHUH; HEPPOIPOTEKIHSI.
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