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THE EFFECT OF ALLOXAN-INDUCED HYPERGLYCEMIA
ON THE RENAL CORTEX

About 422 million people in the world suffer from diabetes
mellitus. Among diseases, diabetes ranks third, and among endocrine
disorders, it ranks first. Some issues concerning the pathogenesis of
this disease are unclear. The main reason for diabetes damage is high
blood glucose levels. Hyperglycaemia has a toxic effect on the vessels
of the kidneys. The present study aims to investigate the impact of
alloxan-induced diabetes mellitus on the remodeling of the renal
cortex.

Materials and methods. We divided twenty-four mature white
male rats into the control and experimental groups. We administered
alloxan to experimental animals intraperitoneally at a single dose of 40
mg/kg. Blood glucose levels were measured 2, 12, and 24 hours after
injection of alloxan and then weekly. The average glucose level
remained 11.0 + 2.0 mmol/l. Animals were sacrificed on days 14, 21,
and 45. We stained histological preparations of Kkidneys with
hematoxylin and eosin. The selected dose of alloxan and the method of
its administration caused persistent hyperglycemia in rats and did not
lead to their death.

Results. On the 14th day, the diseased kidney had a thickening of
the glomerular capillary walls. Nephrons had a spherical shape with a
slightly uneven surface. On the 21st day of the observation, it was
more difficult to distinguish the cortex from the medulla. On the 45th
day, the distal tubules lost their usual shape, became thinner, and were
difficult to distinguish from other tubules by histological preparation.
The cortex became spongy due to cystic dilation of the tubules.

Conclusions. All components of the renal cortex underwent daily
changes. At the early stages of the experiment, it looked much denser
compared to the cortical layer of the kidneys of animals in the control
group. The number of subcapsular nephrons visually increased, and
the renal capsule thickened. In the later period of the experiment,
dilatation and blood fullness of glomerular capillary with their
leukocyte infiltration were observed. In addition, there was a cystic
expansion of the tubules, due to which the cortical layer of the kidney
looked like a sponge.
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BILINB AJIJIOKCAHOBOI I'IIEPTJIIKEMIi HA KIPKOBY
PEYOBUHY HUPKHA

Brmspko 422 MinbiHOHIB Jrofel y CBiTI XBOPIIOTh Ha I[yKPOBHI
niabet. Cepen 3aXBOpIOBaHb IYKPOBHH Aia0eT MOCiAae TpeTe MicIle,
a cepeJl eHIOKPHHHUX 3aXBOPIOBaHb — mepiie. JlesKi MUTaHHs 00
MaToreHe3y LOT0 3aXBOPIOBAHHS 3AJIMINAIOTHCS HesICHUMH. OCHOB-
HOIO NIPUYMHOIO YpaXKCHHs /11a0eTOM € BHCOKHH DiBEHb IJIIOKO3U B
KpoBi. ['inepriikemisi YMHUTH TOKCUYHY 10 HA CYAMHH HUPOK. Me-
TOIO0 I[bOTO JOCIIPKEHHS! € BUBUCHHS BIUIMBY IIyKPOBOTO Jia0ery,
IHIYKOBaHOTO QJIOKCAHOM, Ha PEMOJIETIFOBAHHS KOPH HUPOK.

Martepianu Ta MmeToau. 24 6ini 7-MicsS9HI OTypH-caMIli OyIH po-
3[iIeHI Ha JABiI TpymH: KOHTpONbHY (6 TBapuH) i mocmimHy (18 TBa-
pun). IliznocnigHuM TBapnHAaM AJUTOKCAaH BBOIMIM OJWH pa3 BHYT-
pimHBOYEpeBHO B 11031 40 Mr/kT. PiBeHB IIFOKO3H y IIypiB BUMIpIO-
Baim depe3 2, 12 i 24 rogwHU micis iH’€KIi ajIOKCaHy, a MOTIM
mwotmwkHs. Cepenniil piBeHp Iiroko3u 3amumuses 11,0 MMoib/a +
2,0 mMonb/n. TBapuHu OyiM BHBesEHI 3 ekcriepuMeHTy Ha 14, 21 ta
45 noOy. T'icronoriuni npenapatu HUPOK (apOyBalu reMaToOKCHIIi-
HOM Ta eo3uHoM. [liniOpaHa no3a amnokcaHy Ta cnoci® #Horo BBe-
JICHHS] BUKJIMKA€E Y IYPIB CTiMKy TiMepriiikeMiro i He MPU3BOAUTD 10
ix 3aru6emi.

PesyasTtaTn. Ha 14-Ty 100y B XBOpifl HHpII CIIOCTEPIraeThecs
MOTOBIIEHHS CTiHOK KamuIApiB KITyOOuKiB. Y KipKOBOMY IIapi 3Ha-
XOJAThCS YUCICHHI KITyOoukn HedpoHiB. BoHM MaroTh chepuuny
(hopMy 3 HEBENWKOIO HepiBHICTIO moBepxHi. Ha 21-it gaeHs crmocre-
PEeXEeHHs BIIPI3HUTH KOPY BiJi MO3KOBOi pedoBHHHM Baxkue. OJHaK
KOPTHKaJIbHUI 11ap Mae OIbILI HEPIBHY MOBEPXHIO, HIXK Y Momnepe/-
HBOMY fociipkeHHi. Ha 45-1y 1o0y crocTepekeHHs B HUPKax JUC-
TaJIbHI KaHAJIbIll BTPAYaloTh CBOIO 3BUYHY (DOPMY, CTOHIIYIOTHCS 1 1X
BaXKKO BIJPI3HUTH BiJ IHIIMX KaHAJBI[B HA TICTOJOTIYHOMY Mpera-
pari. Kopa crama ry0uyacTol0 BHACTIJOK KiCTO3HOTO PO3IIUPEHHS
KaHaJbLiB. BinOyBaeThcs MOCTYNOBE MOCHIICHHS KPOBOTOKY, IO €
MPUYMHOIO (PYHKIIOHAIBHUX 1 CTPYKTYPHHUX IMOPYLIEHb Y HUPKaX.

BucHOBKH. Yci KOMIIOHEHTH KipKOBOTO IIapy HHPOK LIO/AHS 3a-
3HAIOTh 3MiH. Ha paHHIX eTanax eKClepuMeHTY BiH BUIIILa€ 3HAYHO
IIIJTBHIIINM TTOPIBHIHO 3 TAKMM Y TBApHH KOHTPOJIBHOT TpynHu. Bizy-
AIBbHO 301MBITYETHCA KITBKICTh CYOKAmCyNIIpHUX HE(ppPOHIB, MOTOB-
IIy€ETHCS HUPKOBA Karicyna. Y OUTbII Mi3HIN Mepioj AOCTiay CrocTe-
piraeTbcs pO3MHUPEHHS i KPOBOHAIIOBHEHHS KITyOOUKOBHX KaIiJIspiB
3 ix JefikonuTapHoto iH(DimbTpamiero. Kpim Toro, cmocrepiraerbes
KICTO3HE PO3IIMPEHHS KaHAJBIIB, 32 PaXyHOK YOI'0 KOPTHKaJIbHUH
I1ap HUPKH BUTIISAE SIK I'yOKa.

KoarouoBi cioBa: rinepriikemisi, aJuloKcaH, HUPKa, KipKoBa pe-
YOBHHA, MO3KOBAa PEYOBHHA.
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INTRODUCTION / BCTYII

Diabetes mellitus is a chronic disease associated
with hyperglycemia when bodies cannot cope with
blood sugar (glucose) levels. Hyperglycemia is the
most common feature in the diagnosis of diabetes
[1]. The number of people that have this disease
increases every day.

About 422 million people worldwide have
diabetes (World Health Organization, 2020). An
estimated 700 million adults worldwide will have
diabetes by 2045. (International Diabetes Federation
[IDF], 2020). Among diseases, diabetes ranks third
place, and among endocrine diseases — first. Diabetes
is ahead of tuberculosis in terms of the rate of the
disease [2].

Scientists from all over the world are researching
diabetes. Despite the rapid development of science,
some questions about the pathogenesis of the disease
are unclear [3]. Many scientists link the appearance
of diabetes with urbanization, unhealthy habits,
biochemical changes, high-sugar drinks, and a
stressful lifestyle. However, some people are
genetically prone to type 2 diabetes caused by
pancreatic beta-cells dysfunction [4]. The main
reason for diabetes damage is high blood glucose
levels. It has a toxic effect on the vessels of the
kidneys. Primarily it induces non-enzymatic
glycosylation of proteins, oxidative stress, active
growth factors, and cytokines that cause kidney
damage at the cellular level. Diabetes mellitus causes
functional, structural, and clinical abnormalities [7].

Alloxan is a structural analog of glucose. Most

often, alloxan diabetes is caused by double
subcutaneous administration of an aqueous solution
of alloxan hydrate to animals (mice, rats, rabbits, and
dogs) that were previously fasted during the day [5].
Alloxan-diabetic rats have increased kidney weight
[6, 8]. This disease increases blood glucose,
creatinine, and cholesterol and provokes high
oxidative stress in the kidneys. As a result of the
nephron's increasing filtration load, there is an
excretion of proteins and glucose in the urine [9].

The present study aims to investigate the effect
of alloxan diabetes mellitus on the kidney functions
of diabetic rats.

Materials and Methods. We divided twenty-
four mature white male rats into control and
experimental groups. We administered alloxan to
experimental animals one time intraperitoneally at a
dose of 40 mg/kg. Blood glucose levels were
measured 2, 12, and 24 hours after injection of
alloxan and then weekly. The average glucose level
remained at 11.0+2.0 mmol/l. Animals were
sacrificed on days 14, 21, and 45. Histological
preparations of the kidneys were stained with
hematoxylin and eosin. The selected dose of alloxan
and the method of its administration cause persistent
hyperglycemia in rats and do not lead to their death.

Results. In the kidneys of the control group of
rats, the thin fibrous capsule directly adjacents to the
cortex. The capsule, cortex, and medulla are
microscopically distinguished. The glomeruli have a
spherical shape. The capsule of nephrons has a
precise contour and a rounded shape (Fig. 1).

Figure 1 — The kidney of control rats x 40 (1 — kidney capsule, 2 — glomeruli, 3 — medulla)
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On the 14th day of the observation in the
experimental rat's capsule, the cortex and medulla
are microscopically distinguished. There is a
thickening of the cortical layer of the kidney of
experimental animals. The diseased kidney has a

thickening of the walls of the capillaries of the
glomeruli. In the cortical layer, there are numerous
glomeruli of nephrons. They are spherical with a
little uneven surface. The glomerular capsule
contains a rounded shape (Fig. 2).

Figure 2 — The kidney of experimental rats on day 14 of alloxan-induced hyperglycemia x 40 (/- kidney

capsule, 2 — glomeruli)

Figure 3 — The kidney of experimental rats on
the day of 21 of alloxan-induced hyperglycemia x
400 (I — Bowman's capsule)

On the 21st day of the observation, it is more
difficult to distinguish the cortex from the medulla.
However, the cortical layer has a more uneven
surface than in the previous study. The glomeruli
lose their rounded shape. The cavity between the
outer and inner layers of the glomerular capsule
(Bowman's capsule) slightly increases (Fig. 3). Renal
capsule compaction is also observed. However, in
the early development of experimental diabetes
mellitus, disorders of the tubular nephron are not
responsible for changes in renal function.

On the 45th day of the observation in the
kidneys, the distal tubules lose their usual shape,

Figure 4 — The kidney of experimental rats on the
45-th day of alloxan-induced hyperglycemia x 400
(1 — spongy cortex, 2 — glomeruli in the renal cortex
infiltrated with leukocytes)

become thinner, and are difficult to distinguish from
other tubules by histological preparation. The cortex
has become spongy due to cystic tubular dilatation.
Glomerular capillaries are dilated and full of blood.
This is explained by hyperfunction of the kidney
under hyperglycemia, which is manifested by an
increase in blood flow due to hyperfiltration (Fig. 4).
Also, there is a thinning of the renal artery. The
mesangial expansion and inflammation of interstitial
cells in diabetic animals explains diffusely located
lymphocytes and macrophages in the interstitial
connective tissue of the kidney.
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CONCLUSIONS / BACHOBKH

All components of the renal cortical layer
undergo daily changes under hyperglycemia.
Already at the early stages of the experiment, the
cortex looks much denser compared to the cortical
layer of the kidneys of animals in the control
group. The number of subcapsular nephrons
visually increases, and the renal capsule thickens.

In the later period of development of experimental
diabetes mellitus, disorders of the glomeruli and
tubular system are responsible for changes in renal
function. Thus, dilatation and blood fullness of
glomerular capillaries with their leukocyte
infiltration is observed. In addition, there is a
cystic expansion of the tubules, due to which the
cortical layer of the kidney looks like a sponge.

PROSPECTS FOR FUTURE RESEARCH / HEPCHEKTUBH MNOJAJBIINX TOCJTIIKEHD

Such an experimental model can help conduct comprehensive research aimed at studying the mechanisms of
diabetes mellitus, the effects of hyperglycemia on organs and tissues, and finding ways to correct complications

of diabetes mellitus.
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