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HISTOLOGICAL CHANGES IN LIVER AND KIDNEYS IN EXPERI MENTAL TYPE 2
DIABETES MELLITUS AND ITS CORRECTION BY ADMINISTRAT ION OF
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The experimental studies of the morphological sthtbe white rats’ kidney and liver in conditioothe simulated Type 2
diabetes mellitus and the use of pharmaceuticgapation comprisingsalega officinalis L.and Vaccinium myrtillus,as well as
administration of “Galevit” liposomal formulationalle been carried out. In the group of animals owmiticorrection the drastic
destructive-degenerative damage to all structunalponents of the studied organs, as well as signifivascular disorders has been
found. Application of the remedial pharmaceutiagigaration comprisinGalega officinalis L andVaccinium myrtillushas a positive
effect on morphofunctional state of the liver aithkys of laboratory animals, especially the adstraiion of the “Galevit” liposomal
formulation. The degree of the reparatory proceisst®e studied organs in experimental type 2 debmellitus shows that the new
“Galevit” composition has more apparent positiie@fas compared to the pharmaceutical preparediomprisingGalega officinalis L.
andVaccinium myrtillus
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The paperis a fragment of the RSW “Pharmacologiaal pharmacogenetic aspects of the protective tefféc
immunobiological drugs, enterosorbents, substanéesitural and synthetic origin in different patbgical states”. State registration
number 0116U004148.

Diabetes mellitus (DM) is one of the major medanadl social problems, ranking the third place in the
world after cardiovascular and oncological diseabes International Diabetes Federation (IDF) repabout
120 to 180 million patients with diabetes worldwidecounting for 2-3% of the total population af thianet
[1, 3, 4, 6]. This causes the relevance of theystifidhe novel effective medications to prevent amdt DM
sequelae.

The purpose of the paper was tdetermine the histological changes in the liver kidtheys in
streptozotocin-induced type 2 diabetes mellitus #red effect of pharmaceutical preparation compgisin
Galega officinalis L., Vaccinium myrtilliend taurine, as well as its liposomal formulatotih conventional
name “Galevit”.

Materials and Methods. The object of the pharmacological studies was tharrpaceutical
combination preparation comprisin@alega officinalis L and Vaccinium muyrtillusand its liposomal
formulation «Galevit». The composition is comprisgfddry extracts of 50 m@alega officinalis L.and
Vaccinium myrtillusand 1.4.mg taurine. Liposomal formulation of themposition was obtained by the
conventional technique. The study was carried os® outbreed male white rats with body weight @®-2
280 g. Type 2 DM was induced by streptozotocin (STHgma", United States). STZ was dissolved
extemporeand injected on the citrate buffer (pH 4.5), siimcalkaline and neutral medium it quickly degrades
to inactive metabolites and loses its diabetogantwvity. To simulate the type 2 DM, rats were abl
intraperitoneally with a single dose of (65 mg/kglp weight) STZ solution according to the IslamGhpi
H. (2007) technique [7]. To reduce the diabetogantevity of STZ prior (15 minutes) to its admimeion
nicotinamide (N) was injected intraperitoneallytwdt dose of 230 mg/kg. The rats were fed a higbrieadliet
for 12 weeks before administration of STZ [8]. Thmvestigated formulations were administered
endogastrically once a day for 21 days with treatraed-prophylactic purpose. The first injectiontloé
drugs started within 24 hours after induction afbdites. A group of animals of controlled pathol@@P)
were administered with distilled water in a similay. The animals were randomized into 4 groupsu@d
(the control group; intact animals (IC)); Groupadi(nals of control pathology); Group 3 (STZ + Nucdd
diabetic animals administered with pharmaceuticapgration comprisingGalega officinalis L. and
Vaccinium myrtillugnvith a dose of 50 mg/kgerostaurine with a dose of 1.4 mg/kg); Group 4 grabp4 +
N-induced diabetic animals administered with “Galeliposomal formulation. The experiments were
performed in compliance with the requirementsnéémational principals of the “European Convenfan
the Protection of Vertebrate Animals Used for Ekpental and Other Scientific Purposes” (Strasbd9&f)
and “ General Ethical Principles for Scientific Eximents on Animals”, approved by the | Nationah@ess
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of Bioethics (Kyiv, 2001). No violations of ethlcgtandards in the conduct of scientific reseametbeen
revealed by the commission on bioethics at SHEIHdtbachevsky Ternopil State Medical University»
(Minutes No. 41 as of 15.03.2017). For histologataldies the slices of the kidneys and liver wededfin
10% neutral formalin solution. The subsequent fasiog of the material with the follow up embedniatd
paraffin  blocks was conducted using the conveationethods [2]. The sections, obtained on theénglid
microtome, were stained with hematoxylin-eosinégstdtbgical specimens have been studied usingdhe |
microscope SEO SCAN and the images were made \visibriVCCD Camera with image output system of
histological preparations.

Results and DiscussionThe Group 1 animals (IC) were used for controlpining white rats, kept
in the standard conditions of the vivarium andexqiosed to pathogenic factors. The histologicalystf the
liver and kidneys detected no inconsistencies thighdescriptions of the microstructure of thesasgound
in the publications. The resulting microscopic gadf the liver in animals of Group 2 (control paibgy)
have revealed the significant destructive-degeinerahanges in all structural components of tigaer on
day 22 after the confirmed STZ + N -induced typdigbetes mellitus. The significant vascular lesibave
been detected; lumens of the central and sublobeias were plethoric, dilated, their walls weriatied and
with unclear contours. Wide veins, filled with btboorpuscles, were found in the triads. Arteriad $maller
diameters and thickened walls. The destructionhef majority of the lobuli and impaired beam-type
arrangement of the cells was detected in the payeme. In the central parts of the lobuli the alétive
changes in hepatocytes were noted often in the fofrmatomized fat dystrophy, sometimes with the
development of the centrolobular necrosis. The pign of cells was weakly oxyphilic, partially or
completely cleared, their nuclei were pyknotic. &eily, sinusoids were observed only on the penpbé

(Fig. 1). _
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ig. 1. ioI(;gicaI chan X " aftet 7 V 0g ges in the rat kidney raéteh
STZ+N. Impaired beam organization of the organdystrophic changes STZ+N. Dilated, plethotic lumens of the vessetsppiny of glomeruli.
in hepatocytes. H&E stain. Magnification x 200.

Fig. 3. Histological hepatic changes in STZ + Ndicell diabetic Fig. 4. Microscopic state of the liver of the STA\Minduced diabetic
animals, administered with pharmaceutical premaratbmprisingsalega  animals, administered with “Galevit” liposomal farfation. Central veins;
officinalis L. and Vaccinium myrtillus Altered lobular-beam structure, area of the triad. Preserved lobular-beam structuttee organ. Moderately
destruction of hepatocytes, dilated lumens of thassids. H&E stain. dilated lumens of the sinusoids. H&E stain. Magation x200.
Magnification x 200.

Histological studies of the kidneys of diabeticraais have established the destructive changes$ of al
components of the organ. Inhomogeneous blooddillith a predominance of moderate plethora of ¢nalr
cortex has been noted. The lumens of vessels,iakhpdioe venous ones, were markedly dilated, pléth
their walls were thinned; hemorrhages, sludge yihescytes and stasis were detected. Drasticaxditn of
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the vascular glomeruli was observed in the rengluseles, as well as their poor blood filling aietdtion of

the lumens of Shumlyanskiy - Bowman capsules. Demgive changes in the epithelial cells of the vas
majority of the sinuous canaliculi have been fou@gtically empty vacuoles have been found in their
edematic cytoplasm, indicating about the focal graent of hydropic degeneration. The lumen of many
tubules was dilated or stenosed, sometimes wed fillth homogenous eosinophilic masses (Fig. 2).

The findings of histological study of the kidnayddiver of STZ + N-induced diabetic white rats of
Group 3, who were administered with pharmaceufcaparation comprisinggalega officinalis L.and
Vaccinium myrtillushave established changes, specific to experimBiamodel; however, in comparison
with the previous group their intensity was lessifieated. The microscopic study of the liver in dmémals
of Group 3 has established that lobular-beam streiatf the organ was partially broken and the eveht
disintegration have been noted in some areas.

The lumens of many vessels were dilated comprigiegblood corpuscles. Portal tracts were not
principally dilated, and their blood vessels wdeghwmric. Sinusoids were with clear contours, tgastthe
central parts of the lobuli, and dilated. At thensatime the focal destructive changes in hepatsayith
clarification of their cytoplasm have been notedrébver, the enlargement of the area of hepatdcytekei
and their intense basophilia has been detectedh &anges prevailed in the central parts of thali@and
were less pronounced in the periportal areas. Toeease in binuclear hepatocytes, indicating the
enhancement of the regenerative processes haslseemoted (Fig. 3). Histological study of the lagia of
animals of Group 3 has found that the circulatasprdiers were the hallmark of the specific charajahe
renal cortex and medulla of kidney. They were nemtefd by the dilatation of numerous blood vessels,
capillaries of the peritubular reticulum and pafttiee blood capillaries of the glomeruli. Perivalsc
connective tissue was edematic.

The architectonics of the majority of renal glonlienas preserved. Part of the renal corpuscles and
their vascular glomeruli were hypertrophied andrapc degenerated glomeruli in diminished renal
corpuscles in which moderately dilated lumens a 8humlyanskiy - Bowman capsules were noted.
Microscopic changes have been also found in theirped and distal parts of the nephron tubules. Tegu
with dilated lumens and collapsible tubes were dholie other tubules with narrowed lumens the efigthe
cells were edematic, sometimes the areas of desgjoainof their apical sections were found. Theexifon
of hyperglycemia in experimental STZ + N-inducealditic animals of Group 4, administered with “Géilev
liposomal formulation minimized the hepatic andaldasions. The architectonics of the lobuli anthtdeam
organization was preserved with, practically, nergs of disintegration. Disorders of blood circolatwere
not found, and sporadic dilated lumens of the eémeins were detected; the plethora was insigmific
Scarce red blood cells and macrophages were détiectthe lumens of moderately dilated and clearly
circumscribed sinusoids. Hepatocytes were clestryctured with no signs of edema and destruction,
intercellular contacts were not disturbed. At$hee time moderately pronounced focal destructisages
in the hepatic cells, mainly on the periphery eflibbuli, were detected.

The structure of cells in all areas of the lobukes homogeneous. The cytoplasm was oxyphilic,
round nuclei were clearly circumscribed and foumali lobular hepatocytes. The increased amourtief
binuclear hepatocytes indicated about the actiegrpss of regenerative processes. Portal traces madr
dilated; their blood vessels were plethoric (Fig.Histological study of the kidney of animals ofa@p 4
showed that the structural changes of the compsrmErithe organ were not significant as compareithéo
group of animals, not administered with correcti@alevit” preparation. In the renal cortex andduléa of
kidney insignificant disorders of blood circulatiovere detected, manifested by inhomogeneous vascula
plethora. In the renal cortex the hypertrophiedakesorpuscles with minor lumens of the capsules and
moderately plethoric vascular glomeruli were noted.

Hypertrophied renal corpuscles were not detectElde proximal and distal parts of the nephron were
changed insignificantly. The lumens of the tubwlese partially dilated, histostructure of the eglitl cells
were without apparent signs of edema and destrudtigperglycemia is the key metabolic factor thiggers
a cascade of pathological changes in the cellseafanal glomeruli and tubules in diabetes mellitiiaduces
unfermentable glycosylation of the membrane andrgtioteins, activates the sorbitol bypass of theage
metabolism, oxidative stress, action of growthdes;tcytokines, which causes kidney damage atetdar
level.

Glycosylation of the proteins of the basal membraihthe renal glomeruli leads to changes in its
structure and properties, thickening of the basainbrane of the vessels of glomerulus, dilatatiothef
mesangial matrix, resulting in the reduced levehefglomerular filtration. Our studies confirm thescribed
processes of the progress of diabetes mellit@].[5,
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1. The simulated diabetes mellitus (experimental Gdujs accompanied by the marked degenerative and
focal necrobiotic changes in parenchymatous strestof the liver and kidneys and their blood flow.

2. Correction of the abovementioned pathological dandicontributes to the decrease in the intendity o
these changes with the simultaneous activationeo€dmpensatory mechanisms, and more positive dgmam
of the recovery of structural-functional state lué tiffected organs occurred in the STZ + N-indutiabletic
animals of Group 4, administered with “Galevit"dgpmal formulation, as compared with STZ + N-induce

diabetic animals of Group 3, administered withmaceutical preparation comprisi@glega officinalis L

andVaccinium myrtillus

3. The degree of the reparatory processes in theestodjans in experimental type 2 diabetes mehitosvs
that the new “Galevit” composition has more appapositive effect as compared to the pharmaceutical
preparation comprisinGalega officinalis LandVaccinium myrtillus

The perspectives of further researddew scientific data obtained during the experinuamt be subsequently used for study
of the effect of phytocomposition on the liver kiddeys in type 2 diabetes mellitus.
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I'MCTOJIOI''MYECKHUE UBMEHEHHUA IEYEHHU U IIOYEK
ITPU DKCITEPUMEHTAJIbHOM CAXAPHOM JUABETE 2
THUIIA 1 UX KOPPEKIIUS BBEJIEHUEM
®UTOKOMITO3UIINI HA OCHOBE KO3JIATHUKA
JIEKAPCTBEHHOI'O
Kypuio K. U, Kinumy U.H., He6ecnas 3. M., ®ypaena M 4.,
Boabckast A. C., JIntBunok C. A.

B skcriepumenTe Ha OeNBIX KpbICaX IPOBEJEHHI MCCIIENOBAHUS
MOP(OJIOTUIECKOTO COCTOSIHMSI MOYEeK M TEYeHH B  YCIOBHSX
skcniepumentanbHoro C/I |l Thna M mpuMeHeHUs JIeKapCTBEHHOTO
CPEACTBA HA OCHOBE KO3JATHHMKA JIEKAPCTBEHHOTO, UEPHHUKH
OOBIKHOBEHHOW, BBEICHUsA JUIOCOMaIbHOW ¢opmbl [anesur. B
TpyINEe JKHUBOTHBIX ©O€3 KOPPEKIMH, YCTaHOBJICHHBI TIIyOOKHE
JIECTPYKTHBHO-JIETCHEPATHBHBIE TOBPEKICHHUS BCEX CTPYKTYPHBIX
KOMITOHEHTOB HCCJIEyEMbIX OpPraHOB M 3HAUMTENIHHBIE COCYIUCTHIC
paccrpoiictBa. [IpuMeHeHHE KOPPEKTHUPYIOIIETO JIEKapCTBEHHOIO
CPEACTBA Ha OCHOBE KO3JITHHMKA JICKAPCTBEHHOTO M YEPHHKH
OOBIKHOBEHHOH  OKa3blBaeT  MOJNOXKUTENBHOE  BIHMSHHE  HA
MOp(hODYHKIMOHAIBHOE COCTOSIHUE TIEYEHH M TOYCK JIabopaTOpHBIX
JKUBOTHBIX M OCOOEHHO BBEIEHHE JMIOCOMaIbHON (opmbl ['aneBur.
Ilo cTenenu penapaTUBHBIX MPOLIECCOB B MCCIEAYEMBIX OpraHax MpH
SKCIIEPHIMEHTAIBLHOM CaXapHOM Juadere 2 THIa HOBask KOMITO3HIHS
TaneBur nmeer Goiee BBIPAXKEHHOE IOJNOXKHUTEIBHOEC BIMSHHE IO
CPaBHCHHIO C (papMaLeBTUYECKUM CPEJICTBOM Ha OCHOBE KO3JIATHHKA
JIEKapCTBEHHOTO U YEPHHUKH OOBIKHOBEHHOMH.

KiroueBble ci10Ba: rieyeHb, MOYKH, CaxapHblii apaber 2 Tuma,
KOBJISITHUK JIEKapCTBEHHBIH, YepHUKa OOBIKHOBEHHas,
MnocoMainbHas Gopma.
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The experimental studies of the morphological stdtéhe
white rats’ kidney and liver in conditions of thienslated Type
2 diabetes mellitus and the use of pharmaceutiegiapation
comprising Galega officinalis L. and Vaccinium niljus , as
well as administration of «Galevit» liposomal folation have
been carried out. In the group of animals wittemrtection the
drastic destructive-degenerative damage to all ctsiral
components of the studied bodies and significargcutar
disorders has been found. Application of the reaiedi
pharmaceutical preparation comprising Galega offii L. and
Vaccinium myrtillus has a positive effect on morfumetional
state of the liver and kidneys of laboratory angnakpecially
the administration of the «Galevit» liposomal fotation. The
degree of the reparatory processes in the studigan® in
experimental type 2 diabetes mellitus shows that rlew
«Galevit» composition has more apparent positiiecefas
compared to the pharmaceutical preparation comgriSalega
officinalis L. and Vaccinium muyrtillus.
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