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Diabetes has been a significant social problem, since it leads both to disability and
mortality. The experiment involved 32 sexually mature nonlinear males of white rats.
Experimental groups of animals were administered a single streptozotocin dose of 70 mg/
kg intraperitoneally and NADP — 30 mg/kg. The animals in the experimental groups were
slaughtered and studied on the 11th, 21st and 31st days after streptozotocin administration.
The studies have shown that, along with the development of proteinuria, kidney damage is
manifested by the primary increase in glomerular filtration rate and changes in diuresis in
experimental animals.

Conclusion. The primary possible mechanisms of the development of diabetic
nephropathy are the disorders in glycosylation processes, overload of functioning nephrons
with protein, and increasing energy expenditure in the proximal and distal parts of the

nephron.
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Introduction

At present, about 382 million people
with diabetes mellitus (DM) live in the world.
According to domestic and foreign scien-
tists, without unified and coordinated mea-
sures to overcome the epidemic of this dis-
ease, their number will reach 592 million by
2035. According to Lyubov Sokolova —
Head of the Department of Diabetes of the
State Institution “V. P. Komisarenko Institute
of Endocrinology and Metabolism of the
NAMS of Ukraine” DM stands third in
Ukraine after cardiovascular and oncologi-
cal diseases [1].

Despite the large number of papers
dealing with the study of types 1 and 2 di-
abetes mellitus (DM), the etiology and
pathogenesis of its development have not
been definitely determined yet. The sever-
ity of this disease is due, above all, to the
gravity and progress of its complications.
The incidence of certain complications of
DM depends on the compensation of the
disease and its duration. But some compli-
cations of diabetes can be diagnosed both

at the beginning of this disease and during
its long course [5, 8]. Among the typical
complications of diabetes mellitus is vas-
cular damage, which manifests itself
through a variety of micro- and macroangi-
opathies. Among the prognostically unfa-
vorable complications of diabetes is diabet-
ic nephropathy (DN). DN leads to proteinur-
ia and, afterwards, to a reduced glomeru-
lar filtration rate (GFR) with a gradual de-
velopment of chronic kidney disease [7, 9].

The incidence of DN varies from 6 to
40 % or more, depending on the duration
of the disease, the adequacy of treatment,
and the degree of compensation for this
ailment [10, 11].

The leading factors in the pathogen-
esis of DN development are metabolic and
hemodynamic disorders. In the case of DN
all cellular elements of the kidney are af-
fected: glomerular endothelium, mesangial
cells, podocytes and epithelium of the re-
nal tubules. The main provocative factor in
diabetes is hyperglycemia which causes a
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disruption of metabolic processes and
leads to accumulation of components of the
extracellular matrix and subsequent fibro-
Sis.

The degree of damage to the tubules
depends on such factors as high levels of
glucose and the content of glycosylation
end products, as well as a large amount of
protein that is filtered through the glomer-
ular capillary barrier [7, 10].

To study the pathophysiological
mechanisms of the onset and progression
of DN, scientists use appropriate experi-
mental models that accurately reproduce
the natural course of this vascular compli-
cation of diabetes in people. Streptozoto-
cin-induced diabetes mellitus (STZ) is com-
monly used among non-genetic models of
diabetes [3, 4]. It is an antibiotic with on-
costatic action that selectively penetrates
into pancreatic beta cells using a GLUT-2
carrier and causes a shortage of NAD + co-
factor reserve and later of energy sub-
strates as ATP, which inevitably leads to
beta-cell necrosis. This process is en-
hanced by the activation of free radical
oxidation associated with the generation of
peroxynitrite from the excess of nitric ox-
ide produced by the nitroso group of STZ.
[3, 4].

Objective

To identify the features of disorders
in the values of the excretory renal func-
tion in the early stages of the development
of experimental streptozotocin-induced di-
abetes mellitus while administering NADP.

Materials and methods

The study involved 32 sexually mature
nonlinear males of white rats, weighing from
0.17 to 0.20 kg. The animals were divided
into four groups. The first group (l) was a
control one (n = 9), whose animals were on
the standard feeding, lighting and mainte-
nance. The experimental groups of animals
(I-n = 8; ll-n = 8 and IV-n = 7) were ad-
ministered streptozotocin (Sigma, USA) at
a single dose of 70 mg / kg intraperitoneally
[2,6]. The animals of the 2nd group were
slaughtered and studied 11 days after the

administration of streptotsotocin, the values
in the animals of the 3rd group were exam-
ined after 21 days, IV — after 31 days, re-
spectively. The experiment involved the
animals whose glycemic level exceeded 10
mmol/l. The rats of the experimental groups
were administered a NADP solution intrap-
eritoneally at a dose of 30 mg/kg of body
weight on isotonic sodium chloride solution.

In order to investigate the necessary
values, the slaughter of animals was car-
ried out under a light etheric anesthesia,
following the provisions of the EU Directive
No. 609 (1986) and the Order of the Minis-
try of Health of Ukraine No. 690 of Septem-
ber 23, 2009 “On Measures for the Further
Improvement of Organizational Norms of
Work with the Use of Experimental Animals”.
To evaluate the function of the vascular-
glomerular apparatus of the kidney, the
animals were loaded with water with 5 % of
the body weight, and the urine was collect-
ed for 2 hours. The probability of difference
of values was determined using the Student
t-criteria In the tables, the values of prob-
ability (“p”) are given only for probable (p
= 0.05 or less) differences of the studied
values.

Results and discussion

As one can see from the table data,
NADP administration does not significantly
affect the excretory renal function values.
For instance, the diuresis of experimental
animals on the 11th day of the experiment
was 38.3 % lower than that of the control
group of animals. Moreover, there were no
significant differences between the values
in the intact rats and those in the experi-
mental groups on the 21t and 31st days of
the experiment. Changes in diuresis may be
associated with disorders in both glomeru-
lar filtration and tubular reabsorption.

While studying the state of these pro-
cesses, we determined that on the 11th day
the glomerular filtration does not decrease,
as it is described in many clinical studies
on diabetes, but, on the contrary, signifi-
cantly increases by more than twice. More-
over, on the 31 day of the experiment this
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value exceeds the control ones by 228,4 %.
An increase in GFR indicates the effective
excretion of nitrogen metabolites from the
body (in this case it is creatinine). Concen-
tration of creatinine in the urine is increas-
ing over the entire period of observation.

It should be noted that the decrease
in diuresis on the 11th day of the experi-
ment can be explained by the fact that in
the extracellular fluid osmolality increases,
as a result of an increase in glucose con-
centration, simultaneously with an increase
in the content of sodium. Hyperosmolarity
stimulates the increase of vasopressin se-
cretion, which, due to the growth of water
reabsorption in the collecting tubes, reduc-
es water diuresis. The subsequent restora-
tion of the level of diuresis in animals from
the experimental groups can be related to
the effect of the NADP.

The growth of glomerular filtration rate
leads to an increase in the loss of protein
with the urine. In general, proteinuria is
known to indicate kidney involvement in the
pathological process (increased filtration
and reduced reabsorption), but in these
studies, increased protein excretion was
found during the observation period. More-
over, while on the 11th day of the experi-
ment the increase

21st day (p < 0.001) compared with the
control ones, and by 2, 8 times on the 31¢
day (p < 0.001).

It can not be excluded that proteinur-
ia is indeed one of the signs of renal dys-
function, but the leading mechanism is
probably the further overload of the neph-
ron with filtered protein, which, with restric-
tion of reabsorption in the proximal tubule,
leads to its loss of urine.

Conclusion

The obtained results give grounds to
assume that the administration of NADP
does not lead to either an obvious or a hid-
den reduction of the number of functional-
ly active renal glomeruli in the initial period
of diabetes development. Administration of
NADP to the animals with experimental DM
only partially improves the values of the
excretory renal function. Probable disorders
in the processes of glycosylation, overload
of functioning nephrons with protein and
increasing energy expenditure in the prox-
imal and distal parts of the nephron lead to
kidney damage and subsequent develop-
ment of diabetic nephropathy.

Prospects of further research
Taking into account these findings,

in protein excretion Table

was only recorded Changes in some values of the renal excretory function in rats with

when calculated for streptozotocin-induced diabetes mellitus and NADP administration

2 hours of diuresis, Control Streptozotocin-induced DM+NADP

on the 21st and the Value oS | 11" day, 21% day, 31 day,

31st day of the year n=8 n=8 n=7

this value increased | Diuresis, mi2h | 4,23 +0,21 2'5’118%’121 4594042 | 434039

reliably both in the i ’

calcu?lation for 2 contnain | ogsro0s | 18037 | 1432027 | 1082013
; ; urine, mmol/| S p <001 p <001 p <0,05

hours and with its : !

tandardizati " Concentration

standardization 1or o, of o2 124065 | 3841 £955 | 4841£10,58 | o o

the GF (table_)- In Endogenous T p<0,05 p <0,01 T

general, protein ex- | Creatinine, St.U.

; th +
cretion on the 11 G-Iom-erular 412,82 + 810,84 + 819,83 + 50.25 942,73 +
day of the experi- Filtration Rate, 2678 93,33 <0.001 284,16
ment exceeds by [H/min ’ p < 0,001 p=" p <0,001

o .. Extract of protein, 0,118 = 0,155+ 0,021 | 0,223 +0,101 | 0,334 +0,035
31.3 % the findings | ;mg/2h 0,014 p<0,05 p < 0,001 p < 0,001
in the intact ani- Extract of protein, 0,029 0.026 + 0.006 0,046 + 0,006 | 0,052 +0,052
mals, it increases mg/100 ul of GF 0,003 ’ - p <0,05 p <0,001

by 1.8 times on the

Note. n — number of animals in the group; p — probability of difference between the experimental
and the control groups of animals, GF — glomerular filtrate.
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further elucidation of renal function chang-
es with the administration of NADP in the
early stages of the experimental DM devel-
opment will be relevant in order to find the
ways to prevent DN.

References/Jinteparypa

1. Tkachenko VI Analysis of prevalence and
incidence of diabetes mellitus among the
world population and Ukraine for 2003-
2018. Drugs of Ukraine. 2014; 4 (21): 55-
59. / TkaueHko BIl. AHani3 nowmpeHocTi Ta
3aXBOPIOBAHOCTI Ha LYKPOBUiA aiabeT ce-
pen HaceneHHs CBiTy Ta Ykpainm 3a 2003-
20183 pp. Jlikn Ykpainn. 2014; 4 (21): 55-
59.

2. Bequer L, Gymez T, Molina JL.
Streptozotocin diabetogenic action in an
experimental neonatal induction model.
Biomedica 2016; 36 (2): 230-8.

3. Bruna BN, Luis HC. The role of progranulin
in diabetes and kidney disease. Diabetol.
Metab. Syndr. 2015; 7: 117-25.

4. Boonloh K, Lee ES, Kim, Hong M, Kwon
MH, Kim YM, Pannangpetch P. Rice bran
protein hydrolysates attenuate diabetic
nephropathy in diabetic animal model.
European journal of nutrition. 2016; 1-12.
DOI: 10.1007/s00394-016-1366-y.

5. El Din UAAS, Salem MM, Abdulazim DO.
Diabetic nephropathy: Time to withhold
development and progression A review.
Journal of advanced research. 2017; 8 (4):
363-73. doi: 10.1016/j.jare.2017.04.004.

6. Herrera GA, Turbat-Herrera EA Teng J.
Animal Models of Light Chain Deposition
Disease Provide a Better Understanding of
Nodular Glomerulosclerosis. Nephron.
2016; 132 (2): 119-36.

7. Liu X, Mo Y, Gong J. Puerarin ameliorates
cognitive deficits in streptozotocin-induced
diabetic rats. Metab. Brain Dis. 2016; 31
(2): 417-23.

8. Mohammad S, Basel M, Abozor L, Khalid
H, Zawawi G. The relationship between
periapical lesions and the serum levels of
glycosylated hemoglobin and C-reactive
protein in type 2 diabetic patients. Saudi
Med. J. 2017; 1 (38): 36-40.

9. Mora-Fernéndez C, DomHnguez-Pimentel
V, de Fuentes MM, Gyrriz JL, MartHnez-
Castelao A Navarro-Gonz6lez JF. Diabetic
kidney disease: from physiology to
therapeutics. J Physiol. 2014; 592 (18):
3997-4012. doi: 10.1113/

jphysiol.2014.272328.

10. Romero MJ, Lucas R, Dou H. Role of growth
hormone-releasing hormone in
dyslipidemia associated with experimental
type 1 diabetes. Proc. Natl. Acad Sci USA
2016; 113 (7): 1895-1900.

11. Sen Zh, Dongjie W, Nina X. Nicousamide
protects kidney podocyte by inhibiting the
TGFg receptor Il phosphorylation and AGE-
RAGE signaling. Am. J. Transl. Res. 2017;
9 (1): 115-25.

Pe3iome
BB HAO®D HA OKPEMI MOKA3HUKN
EKCKPETOPHOI ®dYHKLII HNPOK MNPU
CTPEMNTO30TOUNH-IHOYKOBAHOMY
LLYKPOBOMY LIABETI VY LLYPIB

Tpburok M. 1.

LlykpoBuin piabet 3anuwaeTbcs
3HA4YHOW couianbHOl npobnemoto,
OCKiJlbkKM BeAge He nuwe [0 BTpaTtwu
npauesgaTHoCTi, a N 0o iHBanigu3auii Ta
netanbHMX Hacnigkis. ExkcnepumeHT
npoeeneHo Ha 32 cTaTeBO3pinnx
HeniHiINnHMX camunax 6inux wypis. JocnigHnm
rpynam TBApWH 04HOPa30BO
BHYTPiLLHbOOYEPEBUHHO YBOAUNMN
CTPenTo30TouuH y 0o3i 70 mr/kr, HAO®D —

30 Mr/kr. Y gocnigHux rpynax TBapuH
3abih Ta BignoBigHI OoOCNigXeHHS
npoBogvnu Yyepe3 11 gib nicna yBeaeHHs
CTPENnTo30TOoUMHY, Yepe3 21 Ta 31 goby
BignosigHo. [lpoBeneHi AOocAigXeHHs
nokasanu, WO nopsan i3 PO3BUTKOM
NPOTEIHYPIT ypaXXeHHSA HUPOK NPOSBASIETbLCS
NEPBMHHUM 3POCTAHHAM WBUAKOCTI
Kny60o4KoBOI inbTpauji Ta aMiHamMu aiypesy
DOCNIOHNX TBAPWH.

BucHoOBOK. MepBUHHNMMK
MOXJINBUMU MEXaAHI3MaMu pPO3BUTKY
niabeTnyHoi HedponaTii € NOpPYyLUEHHS
npouecis rMiKko3nnoBaHHS,
nepesBaHTaKeHHS PYHKLIOHYIOUYMX HEPPOHIB
6inkom i 3pocTatodi eHeprosuTpaTtu B
NPOKCMMaNbHOMY i AMCTaNbHOMY Bigainax
HedPOHY.

KmoyoBi cnoBa: uykpoBuii aiabeTt, He-
¢pponaris, rinepinsTpayis, CTpPenTo30To-
UunH, aiypes.
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Peslome
BINAHVE HAOD HA OTAEJ1bHbLIE
MNMOKA3ATEJI 3KCKPETOPHOW
DOYHKUMW NMOYEK MPU
CTPENTO30TOUWNH-
MHOYUMPOBAHHOM CAXAPHOM
OVABETE Y KPbIC
Tpuutok M. N.

CaxapHbin  guabeT  ocTaeTcs
3HA4YNTENbHOWM coumanbHON NpPodnemMon,
MOCKOJIbKY BeAeT He TONIbKO K notepe
paboToCnocobHOCTH, HO " K
MHBaANMAu3aumMn u netasibHbIM UCXOOaM.
OKCNnepuMeHT npoBeneH Ha 32
MOJIOBO3PENbIX HENIMHENHbIX camMuax Oenbix
KpbIC. DKCNnepuMeHTaNllbHbIM rpynnam

21 un 31 CcyTkKM COOTBETCTBEHHO.
lMpoBeneHHbIE MCCNeaoBaHMs nokasanu,
4yTO, Hapsdy C pasBUTUEM MNPOTEUHYPUN,
nopaxeHus noyek nposBnsa0TCA
NepBMYHBIM POCTOM CKOPOCTM KITyDOUYKOBOM
dunbTpaumMm MU M3MEHEHUAMU aunypesa
OMbITHBIX XXVUBOTHbIX.

BbiBoa. [NepBMYHBIMU BO3MOXHbBIMU
MexaHM3MaMu pasBuTUa amabeTnyeckomn
HedponaTun NABASETCA HapylweHune
npoueccos rMUKO3NNNPOBAHUS,
neperpyskn GYHKLUNOHUPYIOLWMX HEDPOHOB
6enkom u pacTyliume aHeprosaTpaTthbl B
NPOKCMMasnbHOM M OUCTallbHOM OTAenax
HedpoHa.

KniodyeBbie cnoBa: caxapHsbiii anaber,

XVBOTHbIX OAHOKPATHO BHYTPMOPIOLLINHHO
BBOOWM CTPENTO30TOUMH B fo3e 70 Mr/kr,
HAO®MD — 30 mr/kr. B onbITHbIX rpynnax
yb0li XUBOTHbIX U COOTBETCTBYlOLLIME
uccnenoBaHns nposoaunm Yepes 11 cytok
nocne BBeAeHNS CTPENTO30TOLMHA, Yepes

Hegponartusi, runeppunbtTpaums, cTper-
TO30TOLMH, ANYPES.

Briepsbie noctynuna B pegakumvio 17.11.2017 r.
PekomeHgoBaHa K neyatu Ha 3acegaHuun
penakuymMoHHOW KOIernn rnocae peueH3npoBaHus

YK 616.71-007.234-076:616.61-036
POJIb OCTEOMNPOTErEPUHY B MEXAHISMAX PO3BUTKY
BTOPUHHOIO OCTEONOPO3Y NPU MOAEJIIOBAHHI
NAPOOOHTUTY

Yepemicina B.®P.
HauioHanbHui papmaLeBTNYHUA YHIBEpPCUTET, M. XapKiB

B mMonekynsapHux mexaHiamax ¢$opmMyBaHHS OCTEONOPO3Yy KOYOBY POJSib Bigirpae
octeonpoTerepuH (OIlN), cMpoBaTKOBUI PiBEHb IKOrO 3POCTAE i3 NPOrpecyBaHHAM 3ax-
BOPIOBAHHA. ByB OOCHIMKEHUN B3AEMO3B’A30K MiX PiIBHEM OCTEOMPOTErepuHY N aHTaroH-
icTa peuenTtopa iHTepnenkiHy-1 y mMexaHiamax po3BUTKY BTOPMHHOIO OCTEONOpPO3y Mnpu
MOJe oBaHHI NapoaoHTUTY. BusaeneHo 36inbwieHHs BMmicTy OlNI y cnupoBaTL KpoBi TBApUH
y rpyni i3 NapogoHTUTOM, L0 MOXHa PO3rsaaTn K KOMMNEHCATOPHY peakLilo Ha nigBuv-
LLeHHSA aKTUBHOCTI OCTEOK/ACTIB, @ TakoX sK T-KNITUHHY iIMYHHY BiNOBiAb Ha 3anasieHHs.
Kopensuii piBHIB LMTOKIHIB Yy TBAPWH iIHTAKTHOI Ta eKCrnepuMeHTalibHOI rpyn ceigyaTb npo
Te, WO € B3AEMO3B’A30K Y CUCTEMI perynsLii peMoaentoBaHHA KiCTKOBOI TKAHUHN.

XapakTtep 3MiHu piBHiB IJ1-1PA i ocTeonpoTerepmHy Mae 3BOPOTHIO CNPSAMOBaHICTb
npouecise, WO A03BONSE NPUMNYCTUTU iCHYBaHHS MEXaHi3My 3BOPOTHbOrO HEraTMBHOIMO
3B’A3KY MiX MOPYLUEHHSIMU KICTKOBOro MeTaboniamy ii 3anasbH1UM NPOLLECOM B NapOAOHTI,
LLO peani3yeTbCs y BUMNSAI MKKNITUHHUX MefjaTopiB.

OcTeonpoTerepuH Bigirpae 3HayHy poJib HE TiNbKW Yy MpoLLecax pPeMoaesioBaHHS
KICTKW, ane n y po3BUTKY 3anasibHOro rnpouecy B NapogoHTi.

Knro4yoBi cnoBa: octeornporerepuH, 0CTeEONnopo3
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