https://doi.org/10.34883/P1.2024.13.3.014 [QIoEle)

Hawraa M., Asia S.A.D<|, Muhsin S.G. AL-Mozie'l
College of Pharmacy, University of Basrah, Basrah, Iraq

Renal Protective Effects of Soy Isoflavones Compared
to Carvedilol in Rat Models of Glycerol Induced Acute
Renal Injury

Conflict of interest: nothing to declare.

Authors’ contribution: the concept and design of research, collecting material, processing, writing text - Hawraa M.;
the concept and design of research, editing — Asia S.A.; the concept and design of research, editing, collecting material -
Mubhsin S.G. AL-Mozie'l.

Ethics statement. All the animal experiments were carried out in accordance with guidelines evaluated and approved by the
National Institute of Health (86/609/EEC) Guidelines for using Laboratory Animals. Furthermore, College of Pharmacy / University
of Basrah / Ethical Committee approval number 3/5/414, October 2022 were obtained.

The article is published in the author’s edition.

Submitted: 16.05.2024

Accepted: 23.08.2024
Contacts: asiaselman2016@gmail.com

Abstract

Introduction. Acute kidney injury (AKI) is a thoughtful clinical problem with a high degree
of morbidity and mortality. Therefore, searching for medicinal products with pronounced
therapeutic and prophylactic effects in acute renal pathology appears to be relevant.
Purpose. To investigate possible protective effect of soy isoflavones genistein (GN) and
daidzein (DZ) compared to carvedilol (CV) against glycerol induced AKl in rats.

Materials and methods. A total of 30 adult female Wister rats were divided into five
groups. Group 1 (6 rats) represented the control. Group 2 (6 rats) represented the glycerol-
induced ARImodel, Groups 2 (6 rats), 3 (6 rats), 4 (6 rats) and 5 (6 rats) rats were administered
8 ml/kg water, 2.5 mg/kg CV, 21.7 mg/kg GN and 17.4 mg/kg DZ respectively, orally daily
for 14 days and after that animals of the last four groups were deprived from water for 24h,
and then administered hypertonic solution (8 ml/kg body weight/day) IM for 3 days to
induce ARI. Fourth day, the animals sacrificed, blood were collected for biochemical tests
and kidneys for histopathological analysis.

Results. No deaths or changes in animals appearance were reported throughout the
study. Rises in body weight was significantin all groups, except AKl induced group. Urinary
B,-microglobulin, urine albumin, BUN and serum creatinine were increased in the induced
group compared to control and preserved normal in pretreatment groups with CV, GN
and DZ. Histopathology results of rat kidneys are consistent with the biochemical results.
Conclusion. Glycerol induces AKl and treatment with CV, GN and DZ reversed the adverse
effects. Therefore, CV drug and soy isoflavones (GN and DZ) have a renal protective effect;
however, CV and GN have more pronounced protective effect than DZ. It was shown that
soya proteins might be of health values in recovering patients with acute kidney injury
induced by rhabdomyolysis.
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Pesiome

BBepgeHue. Octpoe nospexpgeHue novek (OMM) - omacHasa KAMHMYeCcKasa naTonoruA
C BbICOKOW CTeneHblo 3aboneBaemocTn U cMepTHOCTW. B cBA3M € 3TMM npefcTaBnAeTca
aKTyaslbHbIM MOWCK IeKapCTBEHHbIX CPefCTB, OKa3blBalOLNX BbipaXeHHbI neyebHo-npo-
dunakTuyeckun ekt Npu oCTPON peHanbHOM NaTonornu.

Lienb. ccnepoBaTb BO3MOXKHbIV NPOTeKTUBHbLIN 3$deKT nsopnasoHos con (GN n DZ) B
CpaBHeHMM C TaKoBbIM Kapeeaunona (CV) Ha mogenu ranuepon-nHayuuposaHHoro ONM
y KpbIC.

Marepumanbi u metoabl. O6beKTOM UCCNIEA0BAHNSA ABUNUCH B3POCSIblE KPbICh! IMHUY Bu-
cTap (30 camoK), KOHTUHIeHT KOTopbIX BKoYan 5 rpynn. Mpynna 1 (6 camok) 6bina KoH-
TponbHON. Kaxkaas »e 13 nocneayowmnx YeTbipex rpynmn BKoYana B ce6a 1abopaTopHbIxX
MUBOTHbIX, KOTOPbIM HakaHyHe mogenupoBaHua Ol npon3BoaMNOCh BBeAeHNE execy-
TOYHO Ha NPOTAXeHUN 14 CyTOK: BoAbl U3 pacyeTa 8 M/Kr Mmaccol Tena (rpynna N2 2 - 6 ca-
MOK), kKapsegunona (CV) — 2,5 mr/kr maccbl Tena (rpynna N2 3 — 6 camok), nsodpnasoHa GN
(5,7-dihydroxy-8-[4-hydroxyphenyllchromen-4-one) - 21,7 mr/kr (rpynna N2 4 — 6 camoK),
nsodnasoHa DZ (4,7 Dihydroxyisoflavone) — 17,4 mr/kr (rpynna N2 5 — 6 camok). Mocne
3TOro XMBOTHbIX MOCNEeAHMX YeTblpex rpynn Anwanu Bogabl Ha 24 yaca, 3aTeM UM BBOAM-
NN TUNEPTOHUYECKUI pacTBOP ruuepona (8 mn/Kr Mmaccol Tenla B A€Hb) B TeyeHue 3 CyT.
BHyTpMMbIWeyHo (unn BM) ana nHayumposanua OMM. Ha ueTBepTble CyTKM »KUBOTHbIX
yMepLUBAANU, KPOBb OTOMPaNu Ha GMOXMMWNYECKII aHann3, a MOYKM NoABepraam rmcro-
MaToNorMyeckoMy aHanmsy.

PesynbTaTbl. B npoponkeHre Bcero skcnepumeHTa He 6bifio 3aperncTprupoBaHo HU of-
Horo cny4as rméenu unm n3MeHeHNA BHELWHEro BMAA XKMBOTHbIX. YBeNNYeHne Maccbl Tena
6bIN10 JOCTOBEPHO 3HAYUMbBIM BO BCEX MPyMmnax, Kpome rpynnbl nHgyumposaHHoro OIMT.
YpoBeHb [3-MvornobuHa B Moue, anbbymmHa B MOYE, OCTaTOYHOrO a30Ta M KpeaTuHUHa
B CbIBOPOTKe KpOBU Obla MOBbIleH B rpynne nHayumposaHHoro Ol no cpaBHeHMIo €
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KOHTPOJIbHOW FPYMMol 1 ocTaBanca B Npefenax Hopmbl B rpynnax npeasapuTesibHoro
neuveHna CV, GN n DZ. Pe3ynbTaThl rMCTONATONOMMYECKOro NCCNefOBaHNA MOYEK KPbIC CO-
BNasnu C pesynbrataMm 6UOXMMUYECKNX NCCIIefOBaHNIA.

3aknioueHue. MnuueprH nnayumpyet OIMM, a npodunakTuyeckas Tepanua npenapatamu
CV, GN 1 DZ ycTpaHseT cBA3aHHble C NoOBpeXAeHVeM noyeKk HebnaronpuaTHble ABNEHUA.
Takum obpasom, n kKapseaunon (CV), n nsodpnasoHbl con (GN n DZ) okasbiBatoT Hedpo-
NpoTeKTOpHOe AelcTeue, ogHako CV u GN obnagatoT 6onee BbipaXKeHHbIM 3aLUTHbIM
sbdpekToMm, yem DZ. MNokaszaHo, YTO NPOTEMHbI COM MOTYT ObITb NOMIE3HbI ANA BbI3AOPOB-
NEeHNA NALMUEHTOB C OCTPbIM MOBPEXKAEHMEM MOYEK, BbI3BaHHbIM pPacnagom MblLeYHOM
TKaHu (pabaoMnonnsom).

KnioueBble cnoBa: KapBeunos, reHNCTerH, alna3enH, rmctonaTonorus noyek, nsosdna-
BOHbI CcOU

B INTRODUCTION

A clinical case called rhabdomyolysis produced from an acute skeletal muscle
disturbance that caused by chemical or physical damaging due to comprehensive
exercise, injury, extreme temperature or due to toxins [1]. Skeletal muscle damage causes
the myoglobin and another cellular proteins to leak from the cells to the circulation
resulting in myoglobinuria, that can lead to acute kidney injury (AKI) if it is severe. About
10% of the AKI developed from rhabdomyolysis [2].

Treatment with glycerol causes skeletal muscle disturbance that can be used as an
investigational model mimics the case of rhabdomyolysis that induces AKI in the human
[3]. Pathophysiology of AKI induced by glycerol revealed variant mechanisms, specifically
oxidative stress, apoptosis and inflammatory factors. Skeletal muscle damage causes the
myoglobin and another cellular proteins to leak from the cells to the circulation causing
myoglobin concentrated in the urinary tubules and subsequent leak of the ROS that lead to
tubules injury [4]. Furthermore, increase of macrophage numbers [5] and the production
of cytokines for instance tumour necrosis-factor-a (TNF-a) [6] and subsequently, TNF-a
causes the release of IL-6 in abundant amounts by the endothelium cells [7].

Genestein (GN) and Daidzein (Dz) are the principal isoflavone phytoestrogens in
the soy products, their structures are similar to 17-f-oestradiol structure and produces
oestrogenic actions [8-10]. Soybean, is a legume species, which is a natural isoflavonoid
type and the soy benefits have been studied clinically, with some indication related
to decreased occurrences of atherosclerosis, coronary - heart disease and type Il DM
[11]. Furthermore, soy isoflavones can decrease the risk of numerous chronic diseases,
including some cancers, especially BC, and prostate adenocarcinoma [12, 13].

Studies revealed that soy isoflavones show antioxidant effect in both of in vivo and
in vitro. They have a direct effect on scavenging free radicals, mainly effective are GN
and DZ, which are exposed to stop the oxidative damage of DNA and reduces the lipid
peroxidation [14]. Furthermore, they can result in reduction of the oxidative cell damage
by an indirect effects like the induction of ant oxidation enzymes [14].

Carvedilol (CV) is a non-selective, third-generation B-blocker having al-adrenergic
blockade action [15]. It is prescribed for the management of the essential hypertension,
heart failure, and also for myocardial infarction [16]. It was indicated that CV causes
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vasodilation effect mediated by both of a1-adrenergic blocking and endothelial release of
NO [17]. It was established that CV possess antioxidant, anti-ischemic, anti-inflammatory
and anti-proliferative effects, in addition to Ca2+ antagonistic effect [18]. It was founded
that CV improves hemodynamics and decreases vascular resistance of the renal system
[19]. Previous study in rats indicated that administration of CV (2.5 mg/kg/day, orally) has
a renal protective effect against the rhabdomyolysis induced by glycerol, mimicking to
AKI [20].

B PURPOSE OF THE STUDY
To investigate possible protective effect of soy isoflavones genistein (GN) and daidzein
(DZ) compared to carvedilol (CV) against glycerol induced AKl in rats.

B MATERIALS AND METHODS

Materials and animals

Hypertonic Glycerol solution (50% v/v in normal saline), CV obtained from Denk pharma
(Germany) that dissolved in distilled water. GN (5,7-dihydroxy-8-[4-hydroxyphenyl]
chromen-4-one) and DZ (4,7 Dihydroxyisoflavone) powders both from axenic research
and formulation materials, China. GN and DZ were dissolved in distilled water. Thirty
adults female Wister rats weighing 150-250 g were utilized in the present study. Rats
obtained from college of veterinary medicine/university of basrah and acclimated for a
period of one week before starting experiment. Each three animals caged in a plastic cage
with standard bedding. Standard food pellets and water were supplied ad libitum unless
otherwise stated.

Experiment

Thirty adult female rats equally divided into five groups of 6 rats each. Animal’s
weights measured at the beginning and the end of experiment. Group 1 rats represent the
control group, administered distilled water (8 ml/kg body weight) / day orally by gavage
for 20 days. Group 2 rats represent the glycerol-induced ARI model, Groups 2, 3, 4 and
5 rats administered 8 ml/kg body weight water, 2.5 mg/kg body weight CV, 21.7 mg/kg
body weight GN and 17.4 mg/kg body weight DZ respectively, daily for 14 days orally by
gavage and after that animals of the last four groups deprived from water for 24 h then
administered hypertonic solution (8 ml/kg body weight/day) IM for 3 days to induce ARI.
The injected volume was divided equally between the two hind limbs.

Urine samples from the control and treatments groups were collected in sterile Petri
dishes, preserved in Eppendorf tubes and frozen until analysis for the selected biomarker.
After that, the animals were sacrificed on day 20 (at the end of experiment and 24h
after last dose) and the blood samples were taken by intracardiac puncture and the
sera collected by centrifugation at a speed of 1000 rpm for 10 min. Sera were kept for
biochemical tests at — 20 °C. Kidneys from rats in all groups removed and washed with
saline solution (0.9%), then separated longitudinally into two parts and fixed in 10%
formalin for histopathological examination.

Biochemical analysis
Urine samples were centrifuged for 20 min at 2000 rev/min. The supernatant was
carefully collected according to the manufacturer’s instructions in order to test for
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[32-microglobulin using a rat ELISA kit (Shanghai YL Biotech Company, China). The serum
urea and creatinine concentrations were determined using a diagnostic automated
laboratory analyzer per the manufacturer’s instructions (Abbott Architect 4000c, USA).

Spectrophotometric analysis was used for kidney function tests (serum urea and
creatinine) Renal function tests, includes urinary Bz-microglobulin, urine albumin, blood
urea nitrogen (BUN) and serum creatinine, were determined by colorimetric methods
using kits supplied by Spinreact (Girona, Spain) and spectrum (Cairo, Egypt), respectively,
according to the manufacturer’s instructions.

Histopathological investigation

Histopathological investigation was prepared by fixing the tissues in 10% solution of
formalin for about 4 days, after that the tissues prepared as sections, and covered with
paraffin. The size of cut of histological pieces is 4 to 5 um, stained by routine hematoxylin
(H) and eosin (E) stains. After staining, the sections were examined under a light dissection
microscope.

Followingextraction, therightkidneyswerefixedina 10%formalin solution,dehydrated,
and then embedded in paraffin for histological analysis. For structural characterization
of renal impairment, 4-5 um histological slices were cut using a microtome, followed by
dewaxing and hematoxylin and eosin staining (H and E). An electronic light microscope
with a 20 x magnification was utilized for this purpose.

Statistical analysis

Statistics achieved using Graph Pad Prism software (version 7.0, Inc., San Diego, CA).
Descriptive data presented statistically as mean + SEM for wholly estimated parameters.
One-way analysis of variance (ANOVA) and Tuckey’s Multiple Comparison tests used for
comparison between groups, p-values less than 0.05 considered as significantly different.

B RESULTS

This study exposed no deaths in all experiment groups during the study period and
no alteration in the general appearance of animals was reported. The animal’s weights
measured at the beginning and the end of experiment. Rises in body weight appear
significant in all groups, except the AKl induced group as illustrated in fig. 1.

Renal function

As illustrated in Fig. 2, induction of AKI in female rats using a single dose of glycerol
distinctly elevate the normal urinary {8,-microglobulin level on the 2™ day of glycerol
administration and increased urine albumin, BUN and serum creatinine compared to
control. Pretreatment of rats with 2.5 mg/kg/day CV, 21.7 mg/kg/day GN and 17.4 mg/kg/
day DZ preserved the normal levels of urinary 3,-microglobulin, urine albumin, BUN and
serum creatinine.

Histopathological investigation of kidney

Control or normal rats had normal glomeruli and tubules (Fig. 3a), whereas rats of
AKI induced group showed enlargement, bleeding and necrosis of the epithelial cells
lining glomeruli and renal tubules, atrophy in the glomerular capillary tuff and dilation
of renal tubules. In addition to sloughing and bleeding in cortical tubules (Fig. 3b). Rats
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Fig. 1. Changes in animal’s body weight in different experiment groups. All data showed as mean + SEM.
Grey columns signify weights of rats at the start point of experiment while black columns represent
weights of rats at the end after treatment with 2.5 mg/kg/day Carvedilol (CV), 21.7 mg/kg/day Genestein
(GN) and 17.4 mg/kg/day Daidzein (DZ). P<0.05 is significant difference
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Fig. 2. Influence of treatment with 2.5 mg/kg/day Carvedilol (CV), 21.7 mg/kg/day Genestein (GN) and
17.4 mg/kg/day Daidzein (DZ) on urinary $2-microglobulin, urine albumin, BUN and serum creatinine

Notes: * represents significant difference P<0.05 among groups; ** represent significant difference P<0.001 among groups.

treated with 2.5 mg/kg/day CV displayed health and normal structure of glomeruli
and renal tubules (Fig. 3c), while rat treated with 21.7 mg/kg/day GN displayed normal
structure of glomeruli and dilated renal tubules with vaculation (Fig. 3d). Rats treated with
17.4 mg/kg/day DZ displayed the epithelium of tubules ragged due to the degeneration
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of the cells lining atrophied renal tubules, in addition to shrinkage of glomeruli with
dilatation of Bowman'’s space (Fig. 3e).

i

ik

PR
AT

Fwaty

Fig. 3. Light micrographic section of female rat kidney (stained by the H and the E) 20X. A - Control:
displays normal glomeruli and tubules structures (thick arrow). B - AKl induced group showed
enlargement, bleeding in glomeruli (black arrow), necrosis (orange arrows) of the epithelial cells lining
glomeruli and renal tubules, atrophy in the glomerular capillary tuff (green arrows) and dilation

of renal tubules (blue arrow), also, sloughing and bleeding in cortical tubules was noted (white arrow).
C - Carvedilol (CV) 2.5 mg/kg/day treatment group displayed health and normal structure of glomeruli
(black arrow) and renal tubules (green arrow). D - Genestein (GN) 21.7 mg/kg/day treatment group
displayed normal structure of glomeruli (black arrow) and dilated renal tubules with vaculation

(blue arrow). E - Daidzein (DZ) 17.4 mg/kg/day treatment shows the epithelium of tubules ragged due
to the degeneration of the cells lining atrophied renal tubules (black arrow), hemorrhage (green arrow)
dilated in tubules (white arrow) and shrinkage of glomeruli with dilatation of Bowman'’s space (red arrow)
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B DISCUSSION

Kidneys are the important organ in the human body, it is required to maintain
homeostasis, regulate extracellular fluid and to release the medications and toxic
substances [21], a huge number of external toxicants can injured the kidneys, affecting
their function causes acute damage of tubules, acute nephritis or chronic intoxication
[22]. This study aimed to evaluate the effects of soy isoflavones (GN and DZ) compared to
CV on renal biochemical functions and histopathology on the rhabdomyolysis induced by
glycerol, mimicking to AKI, in female rats.

Rises in body weight appear significant in all groups, except the AKl induced group and
this may be caused by oxidative stress in AKl induced group [23]. The significant increase
in body weights of rats treated with CV are in line with a study revealed that CV attenuated
cachexia in patients of chronic cases of severe heart failure [24]. Furthermore, rises in body
weights of rats treated with soy isoflavones (GN and DZ), which are phytoestrogens with
neuroprotective and antioxidant effects [8-11] observed reliable with the study on fat
Zucker rats [25].

Induction of AKI in female rats using a single dose of glycerol distinctly increases
urinary B,-microglobulin level and this increase may be related to either renal vessels
constriction, obstruction of renal tubules or oxidative stress [23]. Furthermore, urine
albumin, BUN and serum creatinine were elevated compared to control and this elevation
because they are protein breakdown waste excreted by kidneys, indicates renal injury
by glycerol. Serum creatinine level depends on the amount of muscle mass, gender and
age [26]. These issues were constant, as rats were the same weight, sex and all rats had
limited movement. Pretreatment of rats with CV, preserved the normal levels of urinary
B,-microglobulin, urine albumin, BUN and serum creatinine compared to glycerol group.
These results are in line with previous study indicated renal protective effect of CV against
rhabdomyolysis induced by glycerol [27] and they explained this protection effect related
to the antioxidant activity of CV, numerous studies reported the antioxidant activity of
CV [28, 29]. Moreover, pretreatment with soy isoflavones, also preserved the normal
levels of urinary Bz-microglobulin, urine albumin, BUN and serum creatinine compared to
glycerol group and these results are in line with previous studies stated that soy milk has
Reno protective in animal models of renal disease [30, 31]. These protective effects may
be related to the effects of soy phytochemicals on enzymes gene expression, which can
increase the antioxidant activity [32].

Kidney histopathological findings revealed that rats treated with CV, GN and DZ
displayed health and normal structure of glomeruli and renal tubules and restored the
kidney disrupted by glycerol, confirmed that all of these treatments have a renal protective
effect, however, CV and GN have more renal protective effect than DZ. These results are
consistent with the results of biochemical analysis.

B CONCLUSION

This study indicated that glycerol induces AKI and that CV, GN and DZ reversed all the
adverse effects. Therefore, our findings illustrates that CV drug and soy isoflavones (GN
and DZ) have a renal protective effect, however, CV and GN have more renal protective
effect than DZ. Soya proteins might be of health values to rhabdomyolysis induced AKI
patients.
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