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STUDYING EFFECT OF AQUEOUS EXTRACT OF CINNAMON STEM BARK AND
STEVIA LEAVES AND THEIR COMBINATION ON GENTAMICIN=-INDUCED
NEPHROTOXICITY IN RATS

Aml F. Elgazar*

The principle aim of the present study was to assles potential
effect of aqueous extract (AE) of cinnamon stenmk {&@SB) and stevia
leaves (SL); and their combination against gentami@GM)-induced
nephrotoxicity in rats. Rats were grouped into fraes each in five groups.
Group one kept as healthy control group; the ofioer groups were
intraperitoneal injected with 100 mg/kg b.wt of Gbr 10 days to induce
nephrotoxicity. Rats of groups 3, 4 and 5 were aistered daily 200
mg/kg of b.wt of AE of CSB & SL; and their combirat, respectively.
GM significantly (P<0.05) induced an elevation @&lative weight of liver
and kidney; serum biochemical markers of liver &mhey functions; and
imbalance in oxidative parameters of kidney tissues well as
morphological changes in the kidney, along withrdased body weight and
total of serum albumin and protein levels, compangith that of normal
rats. Co-administration AE of CSB, SL, or their donation significantly
ameliorates all of the tested parameters; and gastological changes, as
well as the activities of antioxidant enzymes irdrigy tissues were
reconditioned. Effect of CSB or CSB + SL amelioralieof the parameters
more than that of SL. Finally, the present work dastrated that AE of
CSB and SL, or CSB + SL ameliorate the changesiver lor kidney
functions and oxidative markers in the kidney inetiby GM in rats. Thus,
CSB and SL can be used within of the nutritionahgior kidney patients.

Keywords: Gentamicin; Renal toxicity; Liver FungticAntioxidant
Enzymes; Histopathological; Stevia, Cinnamon
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I ntroduction

The kidneys are highly vulnerable to injury caubgd high volume
of blood flowing through it, and infiltration largemounts of toxins, which
can converge in kidney tubuleBggum et al., 201). The kidneys
variability in the reaction to toxic substances \mrious morphological
patterns starting with tubular changes to nephtgpéilva, 2004. Kidney
diseases are considered one of the main causesceensed grade of
mortality in the worldwide, especially due to sid#ects manifested by
artificial drugs Singh et al., 2016. Furthermore, the increase of pollutions
in the environment, some the diseases (hyperurieadmngh blood pressure,
diabetes mellitus, and obesity) and misuse of dragswell as family
history of kidney failure are the main factors admiting to the prevalence
of chronic kidney diseases (CKHifnmelfarb, 2004).

Gentamicin (GM) is a type of the aminoglycosid¢ilaatic drug,
which used widely against life-menacing infectioogused by Gram-
negative bacteriaRandjelovic et al., 2013. Proximal renal tubules are the
main place for excretion and reabsorption of GMdi@arily GM is
accumulated within renal tubules causing renalraetgion Ghaznavi et
al., 2019. Therefore, the total dose of GM and duratiotredtment should
be decreased, and limits the therapeutic presgribirespecially in patients
with renal insufficiency Acharya et al., 2013. GM-triggered the renal
failure is usually accompanied by the announceebss of reactive oxygen
(ROS) and nitrogen species (RNS), superoxide anioydrogen peroxide
and hydroxyl radicals by kidney mitochondrigagafi and Ahmadvand,
2011.

Stem barks of cinnamon are used as a spice inacylifor several
centuries in many countries. In addition to itsircaly uses, cinnamon has
been used for the treatment of gastrointestinairdess Teuscher, 2003
antidiabetic effect\(erspohl et al., 2009; rheumatism, muscular pain and
typhoid fever Dongmoet al., 2007); immunomodulatory activityNiphade
et al., 2009; vasorelaxant and antihypertensive effediyddjeu et al.,
2011); and ant-atherosclerosiNdyak et al., 2017).
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Stevia Gevia rebaudiana Bertoni) is a sweet herb domestic in
South America, plays an important role as a nonitiug natural sweetener,
safe sugar substitute and does not possess amgt ttarehuman health
(Savitaet al., 2009. Also, stevia has been established hopeful resslthe
remedy of diabetes, hypertension, sexual dysfunciiod other metabolic
disorders Ghaheri et al., 2019. The most common effects of stevia are
antioxidant and anti-inflammatory; and support tecrase of the
cardiovascular and metabolic disordeB®@¢nkaewwanet al., 2009. The
main active constituents of stevia are steviosittkrabaudioside, which are
responsible for antidiabetic, antihypertensive aatioxidant activity
(Ghaheri et al., 2018. According to the strong and consistent relatgms
between oxidative stress and nephrotoxicity a nurobstudies, the present
study was conducted to evaluate the potential etfeaqueous extract of
cinnamon stem bark and stevia leaves; and theibowtion against GM-
induced nephrotoxicity in rats.

Materials and Methods
Materials

Plant Materials: Dried gevia leaves were obtained from Sugar
Crops Research Institute, Agricultural Researcht&@eiGiza, Egypt. Stem
barks of cinnamon were purchased from Khedr El rAstaop for herbs,
medicinal plants, spices, seeds and oils, CairgpEg

Rats and Diet: Twenty-five adult male albino rats Sprague-Dawley
strain, aged 10-12 weeks and weighting 180+10 gmewsed. Rats were
purchased from the Laboratory Animal Colony, Helwggypt. Basal diet
constituents were purchased from the El Gomhouam@any for Trading
Drugs, Chemicals and Medical Appliances, Cairo,#Egy

Chemicals and Drug: Gentamicin sulfate was obtained from the
Memphis Pharm and Chemical Ind., Cairo, Egypt. Ratgyfor biochemical
reactions and other chemicals used in the presaay svere purchased from
the Gamma Trade Company for Pharmaceutical and €henDokki,

Egypt.

1220
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Methods

Preparation of Aqueous Extract: Dried stevia leaves and stem
barks of cinnamon were cleaned from dust and renatiweorthless parts.
Then, both plants materials were ground into adgnirand sieves were used
to take out a fine powder particle size of lessitBatmm. One kilogram of
each plant powders were soaked into 10 L of destilvater for 48 hours,
and heating at 50° C for 20 minutes. The solutrangure was then filtered
using Whatman filter paper no. 4. The filtrate $iolus were concentrated
under vacuum to obtain on concentrated aqueousastof stevia leaves
and cinnamon, which were 65 and 50 g of steviadsaand cinnamon,
respectively.

Preparation of Basal Diet: Diet (AIN-93M) was ready as depicted
by Reeveset al., (1993) to meet the reasonable suggested supplements
levels of nutrients for keeping up with wellbeiregs as shown in Table 1.

Table 1: Components of Basal diet (AIN-93M)

Components Amount (g/kg)
Casein 140.00
Corn starch 620.69
Sucrose 100.00
Soybean oil 40.00
Fibers 50.00
Mineral mix. 35.00
Vitamin mix. 10.00
L-Cystine 1-80
Choline chloride 2.50
Tert-Butylhydroquinone 0.008

Experimental Plan and Grouping of Rats:All rats were adapted
in the animal house setting at the Faculty of H&onenomics for one-week
prior to the start of the study. The animal housas wnaintained at a
temperature of (20 £ 3 °C) and a humidity of 50 % %vith a 12 —hr
dark/light cycle. Basal diet and drinking water [dgdtum were provided to

{1482)
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the rats during the experimental period (180 dakats were randomly
divided into five groups, and five rats in each ugoGroup (I) healthy
control group (HCG), fed on a basal diet and oraliiyninistered distilled
water. Groups Il, lll, IV and V were intraperitoieajected by GM at a
dose of 100 mg/kg body weight for 10 days as regbhly Sadeghiet al.,
(2015) to induce nephrotoxicity. Then, the group (Il) waept as
nephrotoxicity control group (NCG), nephrotoxicrits in groups (lll) and
(IV) were given orally the aqueous extract of cimaa (NRTC) and stevia
leaves (NRTS) at levels of 200 mg/kg of b.w/dagpextively. Group (V)
nephrotoxicity rats giving orally the combinatioi leoth cinnamon and
stevia (NRTCS) leaves aqueous extracts (1:1) irose cof 200 mg/kg of
b.w/day.

After the accomplishment of the experimental pdricats were
fasted for 12 hr but had free access to water agighed. Body weight was
measured using a digital scale. Then, the rats ameesthetized using light
diethyl ether and the blood samples were withdré&wm the portal vein
into dry clean centrifuge tubes. Blood serum wataiokd by centrifuging
blood samples at 3000 rpm for 10 min and stored oheep freezer even
used for biochemical analysis. Carefully, kidndixer and heart were taken
away from the sacrificed animals and weighed. Thaas, kidneys were
prepared for histopathological study.

Biochemical Assay: The biochemical markers were assayed
guantitatively in the serum of rats using Automdticchemistry analyzer
Humastar 200, Wiesbaden Germany). Serum actiwatiggutamic pyruvic
transaminase (SGPT), glutamic oxaloacetic transaseif{fSGOT), gamma-
glutamyl transferase (GGT) aralkaline phosphates (ALP) enzymes; and
concentrations of albumin, total protein (TP) aathit bilirubin (TBr) were
analyzed using the instructions of commercial dosgic kits (Diamond Co,
Hannover, Germany) as indicators of liver functioBfood urea nitrogen
(BUN), serum creatinine (Cr) and uric acid (UA) éé&vwere determined by
using commercially obtainable test kits (Diamond Bannover, Germany)
as indicators of renal functions according to thethnmds ofLamb and

Jones, (2019)
(1483)
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Preparation of Kidney Tissues HomogenatesOne gram of the
frozen kidney samples was washed by ice-cold Nafdtisn (0.9%). Then,
samples were homogenized in 10 ml ice-cold phospafifer solution (pH:
7.4). The homogenates tissues were centrifuge®@@ 4om for 15 min at
4°C and the supernatant was collected into sangiteeb and kept on -80°C
until analysis as described Byedemiet al., (2011)

Determination of Malondialdehyde and Actives of Antioxidant
Enzymes in Kidney Tissues The oxidative status in kidney tissues was
evaluated by the determination of malondialdehyd®A) level, activates
of catalase (CAT), superoxide dismutase (SOD) auliged glutathione
(GSH) enzymes as described bighiyama and Mihara, (1978), Aebi,
(1984), Nishikimiet al., (1972)andHabig et al., (1974) respectively.

Histopathological Examination: The kidney of scarified rats was
taken and immersed in formalin solution (10%). Thehe specific
specimens were trimmed, washed and dehydratedcendsg grades of
alcohol. Specimens were then cleared in xylol, anpdd in paraffin,
sectioned at 4-6 microns thickness, and splotchiyn wiematoxylin and
Eosin stain for examination, accordingBancroft and Stevens, (1996).

Statistical Analysis: Statistical analysis of data was performed
using one-way analysis of variance (ANOVA) using tbrigin Lab (SPSS
Ver. 20) software. The obtained results were e)ga@sas mean + standard
deviation (mean £ SD). Significant differences ag@xperimental groups
were taken into account at P < 0.05.

Results

As shown in Table 2, gentamicin treated rats (N@Gsitive rats)
have a significant reduction (P<0.05) in final bodsight (FBW) and
relative body weight gain (RBWG), compared to thfathe healthy control
group (HCG: normal rats). Gentamycin-induced nefuxioity groups
treated with aqueous extracts of cinnamon (NRTGtevia (NRTS) and/or
their combination (NRTCS) showed significant highheFBW and RBWG,
compared to that of the NCG (P<0.05). However, NRiB8 a significant
reduction in FBW and RBWG, compared to that ofRi&TC and NRTCS.

(148%)
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Table 2: Effect of AE of CSB, SL and their combination ordigaveight in
nephrotoxicity rats.

[ Parameters IBW FBW BWG RBWG
Groups (9) (9) (9) (%)
Group (I): HCG 185.00 +0.7] 227.80 + 0°84 42.80 + 0.88 | 23.14 +0.84
Groups II: NCG 185.80 + 0.84  201.40 + (f'5%5 15.60 + 0.89 | 8.40+0.89
Groups Ill: NRTC | 185.40 +0.55 225.00 + 0°71 39.60 + 0.58 | 21.38 + 0.37
Groups IV: NRTS | 185.80+0.84  216.40 + (.5530.60 + 0.5%5 | 16.47 + 0.39
Groups V: NRTCS | 186.00+0.71 | 225.40 +0.%5| 39.40+0.98 | 20.75+0.79

Means £ SD with the different letters superscriptsthe same
column are significant at P < 0.05. IBW = Initiady weight; FBW = Final
body weight; BWG = Body weight gain; RBWG = Relatibody weight
gain; HCG = Healthy control group; NCG = Nephrotityi control group;
NRTC = Nephrotoxicity rats treated with cinnamon;RTS =
Nephrotoxicity rats treated with stevia; NRTCS =pNmtoxicity rats
treated with cinnamon + stevia.

Comparing the relative organs weight of gentamicthiced
nephrotoxicity rats with those treated with the emus extracts of
cinnamon, stevia and their combination is showrnTable 3. The tabled
results revealed gentamicin induced significant)(BS) increase in relative
liver and kidneys weight and there is no significaelmanges in relative heart
weight to body weight, compared to that of normatkr In contrast, the
nephrotoxicity-treated rats with the aqueous exdraaf cinnamon and
stevia; and their combination caused significant<@®05) reduction in
relative weight of liver, kidneys and heart to baggight, compared to that
of the untreated positive rats. There was non-Bagmt (P<0.05) changes in
relative organs weight (liver, kidneys and heam)oag nephrotoxicity—
treated rats with aqueous extracts of cinnamontlaadnixture of cinnamon
with stevia.

To investigate the effect of gentamicin-induceghretoxicity and
treated rats with aqueous extracts of cinnamomiasnd their combination

on liver function; the serum levels of SGPT, SG@GIGT and ALP were
7 1o\
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measured. The obtained results showed that livezymees were

significantly elevated in nephrotoxicity rats, caangd to that of the normal
control rats. Treatment of nephrotoxicity rats laymanistration of aqueous
extracts of cinnamon, stevia and their combinasanificantly (P<0.05)

lowered serum activities of SGPT, SGOT, GGT and AéRzymes,

compared to that of untreated nephrotoxicity raEsrthermore, by

comparing the liver functions in both cinnamon-teganephrotoxicity rats
and stevia-treated rats, the present study fouatl dimnamon treated rats
had a significantly prominent reduction in serurtivdites of SGPT, SGOT

and ALP enzymes (P<0.05) as compared to that of steeia-treated

nephrotoxicity rats. In addition to, aqueous exsacombination of

cinnamon with stevia ameliorates the elevated lavederum activities of

SGPT, SGOT, GGT and ALP enzymes, compared to thainaamon or

stevia alone (Table 4).

Table 3: Effect of AE of CSB, SL and their combination otatae
organs weight in nephrotoxicity rats.

-
eters Liver Kidneys Heart

|Groups Weight RW Weight (g) RW Weight (g) RW
(9) (%) (%) (%)

Group (I): HCG 5.90+0.16h 2.59+0.09 ¢  1.42+0.04b 6280.01d | 0.86+0.05a 0.3810.03

Groups Il: NCG 6.66+0.27a  3.34+0.13a  1.62+0.08a 0£0802a | 0.72+0.04b  0.36+0.02

Groups lll: NRTC | 6.04+0.11h 2.67+0.05bc  1.46+0.0510.65+0.01c | 0.7210.04b 0.32+0.01

Groups IV: NRTS | 5.88+0.13bh  2.72+0.05b  1.50+0.07b 69€0.01b | 0.74+0.05b 0.33%0.01

Groups V: NRTCS| 5.90+0.10b  2.62+0.05hc  1.44+0.05b.64£0.01c | 0.74+0.05h 0.32+0.02

Means + SD with the different letters superscriptsthe same
column are significant at P < 0.05. RW = Relativgam weight to body
weight; HCG = Healthy control group; NCG = Nephpatity control

group,

NRTC =

Nephrotoxicity rats treated with cnmon; NRTS

Nephrotoxicity rats treated with stevia; NRTCS =pNmtoxicity rats
treated with cinnamon + stevia.

{{1486)
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Table 4: Effect of AE of CSB, SL and their combination omws®a activities
of liver enzymes in nephrotoxicity rats

=

Par ters SGPT SGOT GGT ALP
Groups (U/L) (UL) (U/L) (U/L)

Group (I): HCG 77.80 £ 0.21d 129.34 +0.71 21942 ¢ 129.30 + 0.84d|

Groups Il: NCG | 136.40 +0.55a  197.00 + 0.61] 93:8027a | 196.00 +1.004|

Groups IV:NRTS | 79.90+0.26 b 132.50 +0.35

24:2084b 132.40 = 0.89hj|

Cc
a
Groups Ill: NRTC 78.60 + 0.42¢d 129.80 +0.76 c ®4:01.00b 130.40 = 0.55¢
b
C

Groups V: NRTCS| 78.40+0.55¢ 129.20 £ 0.45

QxD.54 c 128.60 + 0.550

Means = SD with the different letters superscriptsthe same
column are significant at P < 0.05. SGPT = Serutiviies of glutamic
pyruvic transaminase; SGOT = Glutamic oxaloacedodaminase; GGT =
y-glutamyl transferase; ALP = Alkaline phosphatas#{G = Healthy
control group; NCG = Nephrotoxicity control groupNRTC =
Nephrotoxicity rats treated with cinnamon; NRTS =pNrotoxicity rats
treated with stevia; NRTCS = Nephrotoxicity ratsated with cinnamon +
stevia.

As shown in Table 5, the results indicated thattgyaicin caused
significantly (P<0.05) decreases in serum levelalibfimin and total protein
(TP) and increased in total bilirubin (TBr), comgarto that of the healthy
rats. However, administration of aqueous extratsimnamon, stevia or
their combination to nephrotoxicity rats causednsigantly (P<0.05)
ameliorates in the serum levels of albumin, TP BBd These changes tend
to improved towards normal levels with normal nateen compared to that
of the nephrotoxicity rats. By comparing the effe€taqueous extracts of
cinnamon, stevia and their combination in treatmgphrotoxicity rats,
results showed that there are no significant chamgehe serum levels of
albumin, TP and TBr.

Effects of gentamicin and administration of aquea@xtract of
cinnamon and stevia; and their combination on #malr biomarkers are
recorded in Table 6. The presented data showedhbet was statistically

P T
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significant (P< 0.05) increase in the serum comegions of BUN, Cr and
UA (58.30+0.67, 1.46+0.11 and 5.76+0.25) respebtivi@ gentamicin
group, compared to that of the normal group (270/% 0.67+0.02 and
2.64+0.22), respectively. While, there is a sigrafit reduction in the serum
levels of BUN, Cr and UA in nephrotoxicity rats ated with aqueous
extract of both cinnamon and stevia; and their doatibn, compared to
that of the untreated nephrotoxicity rats. In additcomparison of different
variables between nephrotoxicity rats treated witihamon and stevia, the
present results showed that there was statisticalihysignificant (P<0.05)
reduction of the two treated groups. In contrastlgination of cinnamon
and stevia aqueous extract significantly reducednsdBUN as compared to
administration stevia aqueous extract alone, aedetlivas no significant
reduction, compared to that of treated with cinnamwhile there are no
significant changes in the serum levels of Cr aAd U

Table 5: Effect of AE of CSB, SL and their combination omwsa albumin,

TP and TBr concentrations in nephrotoxicity rats

—

Parameters Albumin (g/dL) TP TBr
Groups (g/dL) (mg/dL)
Group (I): HCG 676+0.42a 181+0.65a 0.31+0.01b
Groups Il: NCG B3+0.84b 1(B7+0.84c 1.1610.11a
Groups lll: NRTC 670+0.79 a 152+0.91 b 0.38+0.03 b
Groups IV: NRTS 89+0.74 a 1%9+0.74b 0.38+0.03 b
Groups V: NRTCS §610.65 a 152+0.76 b 0.35+0.03 b

Means £ SD with the different letters superscriptsthe same

column are significant at P < 0.05. TP= Total pratg TBr =

bilirubin; HCG = Healthy control group; NCG = Nephoxicity control
group; NRTC = Nephrotoxicity rats treated with cnmmon; NRTS
Nephrotoxicity rats treated with stevia; NRTCS =pNmtoxicity rats

treated with cinnamon + stevia.
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Table 6: Effect of AE of CSB, SL and their combination omwa BUN, Cr
and UA concentrations in nephrotoxicity rats

I ameters BUN Cr UA
Groups (mg/dl) (mg/dl) (mg/dl)
Group (I): HCG 27.70 £ 0.57d 0.67 £ 0.02b 2.64220c
Groups Il: NCG 58.30 £ 0.67a 1.46 £ 0.114a 5.76258.
Groups lll: NRTC 28.90 £ 0.89bc 0.69+0.01b 2492.08b
Groups IV: NRTS 29.50 £ 0.50b 0.69+0.11 1 293@9b
Groups V: NRTCS 28.50 + 0.50cd 0.68 £0.32 & 2881 b

Means £ SD with the different letters superscriptsthe same
column are significant at P < 0.05. BUN= Blood unei&rogen; Cr =
creatinine; UA = Uric acid; HCG = Healthy controkogp; NCG
Nephrotoxicity control group; NRTC = Nephrotoxicitats treated with
cinnamon; NRTS = Nephrotoxicity rats treated witievea; NRTCS =
Nephrotoxicity rats treated with cinnamon + stevia.

Administration effect of aqueous extract of cinnanuy stevia and
their combination on kidney MDA, CAT, SOD and GSH gentamicin-
induced nephrotoxicity rats are showed in Tablelt7revealed that,
gentamicin significantly elevated the MDA level alosver the activities of
CAT, SOD and GSH enzymes in the kidney tissues peved to that of the
normal rats. While, treatment of nephrotoxicitysratith aqueous extract of
cinnamon or stevia or their combination signifidarfP <0.05) reduced the
MDA level and increased activities of CAT, SOD a&B88H enzymes in the
kidney tissues, compared to that of untreated mapkicity rats. These
changes tend to be improved towards normal levalsnwompared to that
of the nephrotoxicity group. Also, there are nangigant (P<0.05) changes
in the level of MDA and serum activities of CAT, B@Gnd GSH enzymes
in the kidney tissues of nephrotoxicity rats treateth cinnamon and stevia
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Table 7: Effect of AE of CSB, SL and their combination on D
level and activates of CAT, SOD and GSH enzymekidmey tissues in
nephrotoxicity rats

MDA CAT SOD GSH

nmol/g tissues| u/g tissues u/g tissues mg/ g tissues

Group (I): HCG 55.26 +0.34b| 4.20+0.27a 30.30456 66.10 £ 0.74a

Groups II: NCG 118.70 +0.84a 1.80 +0.2Rb 16.0D35b 34.50 £ 0.50c

Groups lll: NRTC | 55.10+x0.42h 4.50 £0.3%a 3020 27a 65.30 + 0.76ab

Groups IV:NRTS| 55.70+0.27h 4.20+0.2fa 30.2D2/a 64.90 £ 0.22b

Groups V: NRTCS| 55.10+0.42bh 4.60+0.2Ra 30.6042a 65.62 + 0.48al

Means = SD with the different letters superscriptsthe same
column are significant at P < 0.05. MDA = Malondelhyde; CAT=
catalase; SOD = superoxide dismutase; GSH = redgic¢athione; HCG =
Healthy control group; NCG = Nephrotoxicity contrgtoup; NRTC =
Nephrotoxicity rats treated with cinnamon; NRTS =pNrotoxicity rats
treated with stevia; NRTCS = Nephrotoxicity ratsated with cinnamon +
stevia.

Histopathological examination of kidney

In gentamicin-induced nephrotoxicity rats and tedaivith aqueous
extract of cinnamon or stevia and their combinatlostopathology changes
in kidney were examined. It showed that a takehtlighotograph by a
microscope of kidney sections from normal rats ob=g no
histopathological changes of glomeruli and rendlutes as shown in
Picture 1. However, specify that gentamicin-indunoeg@hrotoxicity showed
noticeable structural changes of the kidney incigdithickening of
glomerular basement membrane and dilatation of |renaules with
eosinophilic protein lost as shown in Picture 2ctémtrast, administrations
of aqueous extract of cinnamon or stevia to nepkroity rats induced a
partial improvement in renal tissues, which reveas a slight congestion
of renal blood vessels (Picture 3) and small fotalcocytes cells

1200)
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aggregation (Picture 4), respectively. However, tarix of aqueous extract
of cinnamon with stevia caused totally improvemianglomeruli and renal
tubules as shown in Picture 5.

Picture 1: Photomicrograph of kidney sections from the ndrrats
showing apparently healthy glomeruli and renal tab(H&E X 400).

Picture 2. Photomicrograph of kidney sections of gentamycin-
induced nephrotoxicity rats (positive control) shagv thickening of
glomerular basement membrane and dilatation of |renbules with
eosinophilic protein lost (H & E X 200).

1200
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Picture 3: Photomicrograph of Kidney sections of treated
gentamycin-induced nephrotoxicity rats with cinnamagueous extract
showing slight congestion of renal blood vessel&ERK 200).

Picture 4: Photomicrograph of Kidney sections of treated
gentamycin-induced nephrotoxicity rats with steaggeous extract showing
small focal leucocytes cells aggregation (H & EOQOR

Picture 5. Photomicrograph for kidneys sections of treated
gentamycin-induced nephrotoxicity rats with the tmre of cinnamon with
stevia aqueous extract showing apparently healloyneruli and renal
tubules (H&E X 400).

Discussion

Drug-induced nephrotoxicity is one of the main coom problems
and can lead to kidney injury with the alterationkidney structural and
functional (Khan et al., 2011) Gentamicin (GM) is intensely used as an
experimental typical for the induction of nephratity as it completely
reflects the clinical findings. The purpose of flresent work was to assess
the potential nephroprotective activity of aqueexsact (AE) of cinnamon
stem bark (CSB) and stevia leaves (SL) and/ orr thembination in
gentamicin-induced nephrotoxicity in rats.

In the present study, 10 days of GM intraperitbrej@ction at a
dose of 100 mg/kg b.wt significantly (P<0.05) loegrbody weight gain
and serum levels of albumin and total protein (TH)e decrease in body
weight gain might be related to the increases atgmlysis and the reduced
in protein synthesis as reported Agll et al., (2016).In the present study,
the reduced in protein synthesis and the increpssteolysis are confirmed
by the decrease in serum level of alboumin and mtatleins of gentamicin-
treated rats. Also, GM significantly increased tigka liver and kidneys
weight. The increase of liver and kidney relativeigint might be resulted
from the edema that caused by GM-induced acutelaumecrosis. The
obtained results agreed witbhodi et al., (2015) who reported that any
toxic matter that provokes kidney tissue causirftammmatory response as
well as its hypertrophy.
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Co-treatment of AE of CSB or SL and their comhimat
significantly ameliorated gentamicin’s deleteri@ffects such as a decrease
in body weight gain, serum total aloumin and prmdeiand the increase in
liver and kidneys’ relative weight. The presentdfings are consistent with
earlier reports byAtsamo et al., (2021)who mentioned that AE of CSB at
the doses of 200 and 400 mg/kg significantly préserthe decrease of
weight gain and the increase of relative kidneygheilt could be suggested
that AE of CSB or SL and their combination prevemtsteolysis or even
potentiate protein synthesis. The hypothesis oibition of proteolysis is
supported by the fact that AE of CSB or SL and rtheambination
significantly prevented the drop in serum proteimd aalbumin content
induced by gentamicin. The plant extract as welltlasr combination
significantly mitigated the liver and kidney hypergthy. This may result
from the anti-inflammatory potential of AE of CSBr &L and their
combination. Interestingly, the two major constitiee of CSB are
cinnamaldehyde and eugenol. It has been compleiaigrized that they
have various curative properties such as antifimftatory, antioxidative
and nephroprotective effect84rboza et al., 2018 In addition,Gupta and
Sparsh, (2019) demonstrated that the antiinflammatory effect bé t
alcoholic extract of cinnamon stem bark was asdrib® trans-
cinnamaldehyde components of cinnamon. Severaiestindve revealed the
antiinflammatory properties of stevia and its comgats using both in vitro
and in vivo models. For instandeatha et al., (2017)demonstrated that an
alcoholic extract of SL can prohibit inflammationdalowered oxidative
damage in the liver by altering the level of prtanimatory cytokines such
as TNFe, IL-1p and IL-6. RecentlyCasas-Grajaleset al., (2019)reported
that steviol glycosides present as an aglyconeidjen stevia leaves have
anti-cancer, immunomodulatory and anti-inflammateffects.

Serum activities of SGPT, SGOT, GGT and ALP enzyaned total
serum bilirubin are the specific indicators of hvenction. Administration
of gentamicin caused significantly (P<0.05) inceeasthe serum activities
of SGPT, SGOT, GGT and ALP enzymes and total sdrilinubin as an
indicator of impairment of hepatic functions. Thietaoned results agreed
G
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with Rizwana et al., (2019 who mentioned that administration of GM at a
dose of 100 or 150 mg/kg b. wt significantly inged SGPT, SGOT, and
total serum bilirubin in experimental animals. Alddasakazu et al.,
(2014) reported that, despite the use of gentamicin #seempeutic agent
against infections, the longer period of use oftgercin may encourage
hepatorenal toxicity in about 30% of patients. Tdeterioration of liver
functions might be correlated with increased preéidacof reactive oxygen
species (ROS), after the use of gentamicin, whséckfiective in inducing
toxic impacts on the structure and function of uess(Wojciech and
Vincent, 2005) In extension to thatNayma et al., (2014) demonstrated
that hepatocytes are hexagonal cell and have mastgbolic enzymes.
Liver cell damage may emerge these enzymes ingmalaand can be used
as an indicator in the statement of liver damagkl & accountable for
increased production of ROS associated with aneas® in lipid
peroxidation (LP) which takes place in the cell rheames. LP progresses
an imbalance between oxidant and antioxidant statdsessentially leading
to cellular damage.

In addition, GM injection significantly increastge serum levels of
blood urea nitrogen, creatinine and uric acid, Whace indicated for renal
necrosis and dysfunction. The present results wengfirmed by the
histopathological examination, which mentioned th&M induced
thickening of glomerular basement membrane andadiitan of renal tubules
with eosinophilic protein lost. The present resal{geed withSafa et al.,
(2010).In addition toRizwanaet al., (2019)reported that administration of
100 mg gentamicin/kg/day over a five-day to expental animals
significantly increased BUN, Cr and UA. The renat@mulation of a toxic
metabolite of gentamicin could be leading to a sege of biochemical
responses that sustain kidney dama#gami et al., (2010)reported that the
increase in free radicals production as a sidecef®® GM changes the
filtration grade and area, so these factors mightce the filtration in the
glomerular resulting in aggregation of blood urdéogen, creatinine and
uric acid in the serum and tissues. In reality, Giuses tubular
deterioration through necrosis of tubular epitHeatels and amendment the
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function of main cellular components participatadransport of water and
solutes Randjelovi'c et al., 2017. As indicatedsupta and Sparsh, (2019)
that the renal toxicity of GM is due to its eclecéiggregation in the renal
involutes tubules, which thence leads to the Iddbh@tubule safety, severe
degradation, necrosis in epithelial cells of theoxpnal tubules, and
infiltration of mononuclear cells in inter-tubulextent. The present findings
confirmed that by oxidative stress activation asgor side effect of GM-
induced nephrotoxicity. GM elicited a magnificergerin the level of renal
MDA with a significant reduction in CAT, SOD and 83n the kidney
tissues as an indicator for kidney deterioratioom8 previous studies have
indicated that an elevated level of lipid peroxidat(LPO) leads to tissue
injury (Reshiet al., 2020. Antioxidative enzymes (CAT, SOD, GPx and
GSH) are the responsible for weakening reactiveenudés and protect
kidney from oxidative damag&\hidden et al., 2011). In addition,Sahu et
al., (2014)revealed that nephrotoxicity induced by GM wasreated to
the mitochondrial dysfunction in renal tubular sellt causes a marked
impairment in the activity of mitochondrial resgoey enzymes, including
NADH dehydrogenase resulting in the excessive R@8emtion. In
addition,Paquetteet al., (2015)showed that GM stimulates O2— and NOe
generation by the activation of inducible isoforfrN®e synthase (iNOS) in
kidney tissue. Reactive free radicals result inlibiel peroxidation, leading
to the modulation in the arrangement of membrap& libilayer and
reduction in the mechanisms of antioxidant defenaasing kidney cellular
damage and necrosis.

The present study indicates that co-treatment Milof CSB or SL
and their combination shows a significant (P<0.@8&)elioration in the
serum activities of liver enzymes as well as selewels of total bilirubin,
BUN, Cr and UA. In addition to, the improvementMDA level in kidney
tissues accompanied by increased activities of tedited antioxidant
enzymes (CAT, SOD, GPx and GSH) in the treatmeotigs. The present
findings were also confirmed by histopathologicadamination of the
kidney that showed rehabilitation cellular architeswing to robust
antioxidant activity. These results may be elu@dathat co-treatment of
(%)
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AE of CSB or SL and their combination against GMtned nephrotoxicity
significantly reduced the renal toxicity. Based tmese findings, the
protective activities AE of CSB or SL and their damation may be
through the ameliorating effect on antioxidatived ats anti-inflammatory
effects. Also, the nephroprotective activity of tle¢hanolic extract of
cinnamon stem barks has been reportedUligh et al., (2013) These
results are in agreement wiBarboza et al., (2018who showed that the
treatment with AE of CSB prevented the damage médlréssues induced by
gentamicin. AlsoSingh et al., (2013)indicated that stevia had the potential
to increase the biosynthesis of GSH, which herevattuces the oxidative
stress and/or inhibit the formation of lipid perdedion.

The cinnamon stem barks contain high amount afarimaldehyde,
eugenol, and small amounts of-l8/droxycinnamaldehyde and’-2
benzoyloxycinnamaldehyde. Cinnamaldehyde as a ikemomponent
mostly detected as the main phytochemical presentethnamon bark and
is responsible for the nearly of the biological eets of cinnamon
(Vangalapati et al., 2019. Several studies take in their suggested extracts
and oils obtained from cinnamon have strong frediced scavenging or
antioxidant activity related to the presence ofdiaoids and polyphenolic
compounds Khuwijitiaru et al., 2012. Recently,Gupta and Sparsh,
(2019)observed that the nephroprotective effect of CSgninbe due to the
being of cinnamaldehyde and eugenol compounddidrcase of treatment
with stevia,Yesmineet al., (2013)showed that stevia significant protective
effects against renal failure by reducing the senrgatinine level, blood
urea, bilirubin, SGPT and SGOT levels. Antioxidand anti-inflammatory
effects of stevia may be related to its contergte¥ioside and rebaudioside,
which are the main active components of ste@haheri et al., 2019.
Conclusion

Results from the present study evidenced the nppbiective effect
of AE of CSB, SL and Their combination against Ghkitity and
furthermore corroboration the use of these plantspbpulations in the
management of kidney diseases. The nephroproteefiget of CSB or SL
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is more probable by its antioxidant and anti-inflaatory properties. The
combination of both CSB and SL might be a good whatd for protecting
against nephrotoxicity effect.
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