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INTRODUCTION

The crystalline chemical potassium bromate
(KBrOs3) is colorless, hydrophilic, and odor-
lesst™. 1t is a vital component used in food,
pharmaceutical, and cosmetic productions,

ABSTRACT

KBrOs is a vital component used in food, beer, pharmaceutical,
and cosmetic productions; it produces moderate-to-dangerous
toxic insults to a variety of organs. This study aimed to
investigate if Moringa oleifera leaves aqueous extract (MOE)
can protect rats from KBrOsz-induced renal toxicity. Four
experimental groups of male albino rats (Sprague Dawley)
were used here (n=8): control, MOE (400 mg/kg body weight),
KBrOs (100 mg/kg body weight), and KBrOs; in combination
with MOE groups. Daily for six weeks, each group received
orally its unique treatment. After the experimental period
kidneys and serum were collected for biochemical, molecular,
and histological investigations. The KBrOjz treatment was
associated with a significant rise in serum levels of urea,
creatinine, sodium, and potassium. KBrO; also caused
a significant increase in the renal tissue levels of malon-
dialdehyde and nitric oxide, while reducing the activities of
antioxidant enzymes in the renal tissues. Moreover, KBrO3 led
to kidney inflammation and fibrosis by increasing the tumor
necrosis factor-a, interleukin-6, and tumor growth factor-p1,
which was followed by upregulation in the renal expression of
miRNA 21 (miR-21), miR-29, and miR-192. In comparison to
the control group, histopathological evaluation of the KBrOs;
group revealed degenerative alterations and damage in the
kidney tissues. Conversely, co-treatment with MOE revealed
a noticeable alleviation of the harmful effects of KBrO; in
almost all examined parameters. In conclusion, MOE could be
utilized as an alternative therapy to alleviate the detrimental
effects of KBrOs; on kidneys due to its antioxidant, anti-
inflammatory, and anti-fibrotic activities.

where it’s used for making beer, drugs, and
hair care products!. Also, KBrO; has
been recognized being as an oxidizing
agent, and its aggregation in the body
has been shown to resolve various organ
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Vivo
more
and

Furthermore, after in
KBrOs;  produces
metabolites  (bromate
bromide radicals). They extend invade
cellular  components through reactive
oxygen species (ROS) and nitric oxide
(NO), which damage the cellular structures,
containing membranes, nucleic acids, and
the essential proteins'. As a result, in vivo,
KBrO; produces moderate-to-dangerous
toxic insults to a variety of organs,
including the kidney, liver, and brain.
Because of its oxidizing property and
mutagenicity in vivo, KBrO; is categorized

as a class 2B carcinogen.,

The kidney is responsible for a variety
of functions, including detoxification and
fluid balance. The kidney might be
regarded as one of the principal target
organs of exogenous toxicants due to its
physiological importance®™. In this regard,
KBrOs; has been confirmed to labialize
cell membranes of the kidney of rats,
which can also result in renal failure!®.
The capacity of KBrO; to stimulate the
generation of ROS, lipid peroxidation,
and 8-hydroxyguanosine alteration in renal
DNA has been linked to its nephro-
toxicity!

Consequently,  therapeutic  mediation
including the usage of natural products to
alleviate and/or pharmacologically reduce
the KBrOs-caused organ toxicity may be
a good therapy methodology™®. Moringa
oleifera (MO) is a highly prized medicinal
plant’®. It is employed for the treatment
of numerous diseases!®. It has several
biological effects, all of which have
been linked to its high concentration of
bioactive substances such as flavonoids,
alkaloids, phytosterols, and glucosinolate!*!.
Specifically, the leaves and some other parts
of the Moringa plant have been found to
contain high concentrations of flavonoids
such as quercetin, kaempferol, and apigenin,
and these are believed to be responsible
for the potent antioxidant activity of the
plant!*?. Therefore, the present investigation
was designed to consider the role of the
MO leaves aqueous extract (MOE) for

toxicity®
metabolism,
aggressive

its nephroprotective effects versus KBrOs
toxicity in rats.

MATERIAL AND METHODS
Preparation of MOE

The MO leaves were authenticated and
acquired from the Egyptian Scientific
Society for Moringa at National Research
Center, Dokki, Giza, Egypt. To eliminate
contaminants, the MO leaves were soaked
in water for 15 minutes. The leaves were
dehydrated at 55°C in an air dryer. Then
leaves were ground into a powder using
a domestic grinder (BRAUN), sieved
through a 60 mesh sieve, and kept at
7°C. The MOE was made by mixing 40 g of
dry powder with 100 mL of hot water
and leaving it at room temperature for
24 hours, stirring constantly with a glass
rod. The extract was achieved by filtration
using Whatman No. 1 (Maidstone, UK).
The filtrate was condensed utilizing
Rotary Evaporator (Model RE52A; Wincom
Company Ltd., Changsha, Hunan, China)
to 8% of its original amounts at 55°C.
The concentrated filtrate was dry in the
oven at 60°C for 48 hoursi*®. The high-
performance liquid chromatography (HPLC)
analysis of the phenolic composites was
performed using a Waters 2695 Alliance
HPLC system (Waters Inc., Milford, CT,
USA), supplied with a UV-Vis DAD
according to Mizzi et al.*!.

Experimental animals

Thirty-two adult male albino, Sprague
Dawley, rats (Rattus norvegicus) weighing
200+10g were used throughout the study.
The rats were purchased from the breeding
unit of Medical Research of National
Research Center, Giza, Egypt. Animals were
bred and kept in an air-conditioned animal
house in conjunction with 12 hours light-
dark cycle and unlimited access to food
and water. The animals were acclimated for
one week before the start of the experiments.

Experimental design
Rats were randomly allotted into four
experimental groups (eight rats/per group).

30



Kamel, A. H. et al.

The experimental groups were illustrated
as follows: Group (A) acted as a control
group and received only distilled water,
group (B) received 400 mg MOE/kg body
weight™ group (C) received 100 mg
KBrOs/kg body weight™®, and group (D)
received MOE combined with KBrOs. All
experimental regimens were administrated
orally/daily for six weeks. The KBrO3z white
crystals (molecular weight: 167, code:
L26221) were purchased from El-Gomhoria
Co., Cairo, Egypt.

Sample collection.

After the completion of the experiment,
animals were sacrificed under light diethyl
ether anesthesia. Blood samples were
collected in clean, dry centrifuge tubes and
were left for clotting and then centrifuged
for 10 minutes at 1800 xg and 4°C to
separate the serum. Sera were stored at
—20°C in polypropylene vials until analysis.
The kidneys were also removed for
biochemical, molecular, and histological
analysis.

Serum biochemical assays

Urea and creatinine concentrations were
determined by the endpoint colorimetric
methods (CHEMELEX, S.A, Barcelona,
Spain). Concentrations of electrolytes (Na*
and K*) were estimated by direction-
selective electrode systems (ADVIA 1800
Chemistry System; Siemens Healthineers
Headquarters, Erlangen, Germany).

Renal biochemical assays

In an ice-cold medium containing
10 mmol/L  phosphate-buffered saline,
pH 7.4, Kkidney tissue was homogenized
to yield 10% (weight/volume) homogenate
for investigations of nitric oxide (NO) and
malondialdehyde (MDA) levels, as well as
antioxidant enzymatic activities (SOD, CAT,
and GPx). In a cooling centrifuge at 4°C,
the homogenate was spun at 1800 xg for
10 minutes. The nitric oxide assay was
performed using the OxiSelect™ NO assy
kit (catalog number: STA-800, Cell Biolabs,
San Diego, CA, USA). MDA concentration
was measured using a colorimetric assay

by OxiSelect™ TBARS assay kit (catalog
number: STA-330, Cell Biolab). However,
the superoxide dismutase (SOD) and
catalase (CAT) activities were measured
by OxiSelect™ Assay Kit (Catalog numbers:
SAT-340 and SAT-341, respectively, Cell
Biolab). The glutathione peroxidase (GPx)
activity was measured colorimetrically by
GPx assay kit (catalog number: EGPX-100,
BioAssay System, Hayward, CA, USA).

Western blotting assay

The expressions of tumor necrosis
factor-o  (TNF-a), interleukin-6 (IL-6),
and tumor growth factor-pl1 (TGF-B1)

were performed by Western blotting assay.
The kidneys were pounded using a homo-
genizer (PRO Scientific Inc, Oxford,
CT, USA) in a lysis solution containing
(50 mmol Tris, 150 mmol sodium chloride,
1% triton, 0.1 sodium dodecyl sulfate
“SDS”, and 1.0 mmol phenylmethyl-
sulfonylfluoride). The homogenates were
sonicated for 10 seconds per kidney after
centrifugation at 12000 xg and 4°C for
20 minutes. The supernatants containing
the Kkidney lysates were collected then
equal volumes of protein (20 pg) were
separated by 10% SDS polyacrylamide
gel electrophoresis (SDS-PAGE). Fractioned
proteins were transferred to polyvinylidene
(PVDF) membranes, which were blocked
for one hour with 5% non-fat, dry milk in
tris buffer saline (1x) containing 0.01 tween
20 (TBST). After blocking, the membranes
were washed three times for 5 minutes
each. This was followed by the incubation
of membranes overnight at 4°C on
a sharker with primary antibodies: antibody
TNF-0 antibody (PA5-19810), antibody
IL-6 antibody (PA1-26811), and antibody
TGF-B1 antibody (PA1-29032). In addition,
B-actin was used as an internal control.
The concentration of all antibodies was
1:10000. After incubation, the primary
antibody was discarded and the membranes
were washed with TBST three times for
5 minutes each, at 37°C for one hour. Next,
the membranes were incubated with the
secondary antibody: Horseradish peroxidase-
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linked goat antirabbit (HRP). Then, the
secondary antibody was discarded and the
membranes were washed 3 times by TBST.
All primary and secondary antibodies were
purchased from (Thermo Fisher Scientific,
Waltham, MA, USA). For detection, the
membranes were incubated overnight in
10 mL of the blocking buffer mixed with
5 puL of the substrate “Qdot R 625
streptavidin  conjugate; catalog number:
W10142, Thermo  Fisher  Scientific,
Waltham, MA, USA” on a rocking
platform. Then, the substrate was discarded
and the membranes were washed 3 times
with 1x washing buffer. Calculation of
protein concentration relative to the internal
control protein (B-actin) was performed
using the Image J software.

miRNA (miR) expression in renal tissue

Total RNA from kidney tissue was
isolated using a miRNeasy Mini Kit, catalog
number: 217004 (Qiagen, Hilden, Germany)
according to the manufacturer’s protocol.
Then the total RNA was eluted from the
column in RNase-free water and stored at
—80°C. The quality and concentration of
the isolated RNA were evaluated by
using NanoDrop (R) 1000 spectrophoto-
meter (Thermo Fisher Scientific); all
samples showed an A260/280 > 1.6. Total
RNA was reverse transcribed using miScript
I1 RT Kit, catalog number: 218160 (Qiagen).
Target-specific polymerase chain reaction
(PCR) primers (miR-21, miR-29, and
miR-192) were obtained from Applied
Biosystems (Waltham, MA, USA). Real-
time PCR (gPCR) amplifications were
performed using the SYBR-Green fluore-
scent-based primer assay. The gPCR was
performed in the 5-plex Rotor-Gene
PCR System (Qiagen, Hilden, Germany).
Approximately 20 pL reaction mixture
consists of 2x QuantiTect syber green
PCR master mix, 10x miscript universal
primers, 2 pL primer assay, and 50 pg-3ng
cDNA was used for gPCR. All objectives
were amplified in duplicates for each
sample. The thermal protocol consists of
15 minutes for HotStarTaqg DNA poly-
merase activation at 95°C, followed by

40 cycles of denaturation at 95°C for
15 minutes of primer annealing for
30 seconds at 55 °C and extension at 70°C
for 30 seconds. The 2**Ct method was
conducted for the analysis of the tested
miRs expression amounts, using RUNG6
as an endogenous reference control for
standardization determinations.

Histological investigation.

For histological investigation, the kidney
was dissected and immediately fixed in
10% neutral buffered formalin. Tissues were
dehydrated in a series of ethanol solutions,
then cleaned in Xylene, embedded in
paraffin, and processed for histological
investigation™. Using a rotary microtome,
sections of 4-5 pum thickness were cut
and stained with hematoxylin and eosin
for general histological examination and
Masson Trichrome for fibrosis.

Statistical analysis.

Data were reported as mean + standard
error. Statistical analyses were performed
by using the statistical package for social
sciences (SPSS) version 26 (IBM corp.,
Armonk, NY, USA). One-way analysis of
variance was used for comparison of
means followed by an LSD post-hoc test.
Differences between means were considered
to be significant when P<0.05.

RESULTS
Analysis
ingredients
Table “1” revealed the existence of the six
most important polyphenolic compounds
in MOE, which are coumarin (4.25 ppm),
ferulic acid (4.65 ppm), resorcinol
(0.31  ppm), quercetin (419 ppm),
kaempferol (3.98 ppm) and, phenanthrene
(117.71 ppm).

and detection of MOE

Effects of MOE on kidney functions and
serum levels of electrolytes in potassium
bromate-treated rats

Serum urea and creatinine concentrations
exhibited a significant (P<0.05) increase in
the group treated with KBrOsz; alone
when compared with the control group.
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Table 1: Phenolic compounds in aqueous extract of Moringa oleifera leaves.

Peak name Retentign Area _ Height  Relative R_elative Amount
time (min) (mAUx*min) (mAU) area (%) height (%)  (ppm)
Coumarin 1.323 0.304 1.083 8.28 8.26 4.25
Ferulic acid 1.983 0.309 1.095 8.40 8.35 4.65
Resorcinol 2.907 0.309 1.086 8.40 8.28 0.31
Quercetin 3.583 0.331 1.169 9.01 8.92 4.19
Kaempferol 4.350 0.320 1.168 8.71 8.91 3.98
Naphthaline nd nd nd nd nd nd
Phenanthrene 5.263 0.298 1.046 8.10 7.98 117.71
nd: Not detectable
However, the impairment in kidney KBrOs; group compared with the control
functions in KBrOs-treated group were group. Conversely, co-administration of

modulated significantly (P<0.05) by the
co-administration of MOE (Table 2).
Similarly, serum levels of Na' and K*
increased significantly (P<0.05) in the

MOE with KBrO;z; lowered significantly
(P<0.05) the Na" and K" levels compared
with the KBrO; alone treated group
(Table 2).

Table 2: Effects of aqueous extract of Moringa oleifera leaves (MOE) and potassium
bromate on kidney functions and serum levels of electrolytes in male rats.

Experimental Urea Creatinine Na"* K*
groups (mg/dL) (mg/dL) (mEq/L) (mEq/L)
Group A 0.66+0.02 23.40+1.43 133.53+0.82 4.60+0.04
Group B 0.71£0.02 23.60+0.69 134.48+0.87 4.73+0.11
Group C 1.63+0.13* 45.57+1.48% 163.07+0.79* 6.52+0.13°
GroupD  0.91+0.04" 31.55+1.15° 144.30+0.45° 4.72+0.11°

Values are expressed as mean + standard errors, n = 8. Group A: control group; group B:
MOE group; group C: KBrOsz group; group D: KBrOs+MOE group; % significantly different
from the control group at P<0.05; *: significantly different from the KBrOs group at P<0.05.

Effects of MOE on renal NO and MDA
levels, as well as enzymic antioxidants in
potassium bromate-treated rats

In comparison to the control group,
KBrOj3 induced a significant rise (P<0.05)
in NO and MDA contents in kidney tissue
(Figure 1). On the other hand, there was
a substantial drop (P<0.05) in the activities
of enzymic antioxidants (SOD, CAT,
and GPx) in KBrOgs-tretad groups. When
compared with the KBO3; group, the
group that received both KBO3; and
MOE demonstrated a large reduction

(P<0.05) in the NO and MDA contents
as well as a significant increase (P<0.05)
in the activities of enzymic antioxidants
(SOD, CAT, and GPx).

Effects of MOE on renal TNF-a, IL-6, and
TGF-B1 content in potassium bromate-
treated rats

KBrO; was found to trigger renal
inflammation as manifested by the
upregulation (P<0.05) of pro-inflammatory
cytokines (TNF-a and IL-6) as shown in
(Figure 2). Similarly, renal expression of
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TGF-B1 was increased significantly (P<0.05)
in KBrOs-treated rats. In contrast, the
cotreated group with KBO3+MOE showed
downregulation in the expression of pro-
inflammatory cytokines (TNF-a and IL-6)
and fibrotic agent TGF-B1.

Effects of MOE on renal miR-21, miR-29,
and miR-192 expression in potassium
bromate-treated rats

The data showed a significant increase
(P<0.05) in the expressions of miR-21,
miR-29, and miR-192 in the KBrOs-treated

Group C

SOD (U/mg)

I :

Figure 1: Effects of aqueous
extract of Moringa oleifera
leaves (MOE) and potassium
bromate on renal nitric oxide
(NO) and malondialdehyde
(MDA) levels, as well as
enzymic antioxidants in male
rats. Group A: control group;
group B: MOE group; group
C: KBrOs group; group D:
KBrOs+MOE group; SOD:
superoxide dismutase; CAT:
catalase; GPx: glutathione
peroxidease; *: significantly
different from the control
group at P<0.05; t: signi-
ficantly different from the
KBrO; group at P<0.05.
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group when compared with the control
group. In contrast, the combination between
KBrO; and MOE caused a significant
reduction (P<0.05) in the expressions of
miR-21, miR-29, and miR-192 as compared
with the KBrOz; alone treated group
(Figure 3).

Effects of MOE on renal histology of
potassium bromate-treated rats

In the control group, bowman’s capsule
and convoluted tubules displayed a normal
histological appearance (Figure 4). Like
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Group A

GroupB GroupC Group D

TGF-B1
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Reletive quantification

Figure 2: Western blot analysis showing the effects of aqueous extract of Moringa oleifera
leaves (MOE) and potassium bromate on renal tumor necrosis factor-o. (TNF-a), interleukin-6
(IL-6), and tumor growth factor-B1 (TGF-B1) content in male rats. Group A: control group;
group B: MOE group; group C: KBrO3 group; group D: KBrO3+MOE group; *: significantly
different from the control group at P<0.05; t: significantly different from the KBrO3 group at

P<0.05.

results were achieved in the kidney of
rats treated with MOE (Figure 4). The
current investigation showed that KBrO;
at a dose of “100 mg/kg” for 6 weeks
induced marked histopathological altera-
tions in the renal tissue of rats (Figure 5).
The kidney sections of KBrOs-treated rats
revealed separation in intratubular connect-
ive tissue and atrophy of glomerular tufts,
tubules were vacuolated, and hemorrhage
was also noticed. In addition, the tubules

were dilated with desquamation and loss
of cellular boundary, hyaline degeneration,
and lymphocytic infiltration (Figure 5).
However, rats given MOE (400 mg/kg)
demonstrated significant improvements in
the histological features and protection
against renal tissue degeneration, vestiges
of these alterations were even visible in the
rats given KBrO3;+MOE, but some sections
demonstrated significant improvements in
tubule architecture (Figure 6).
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Figure (4): Light micrograph of kidney sections of the control group (a and b) and the
aqueous extract of Moringa oleifera leaves (MOE)-treated group (c) (hematoxylin and eosin
stain). (a and b) Kidney sections of control rats showing normal renal glomeruli (black
arrows) and tubules. The renal glomeruli are normal in number and morphology
(magnification: 200x and 400x, respectively), and (c) Kidney section of MOE-treated rats
showing normal renal glomeruli and tubules (magnification: 200x).

Effects of MOE on renal fibrosis of
potassium bromate-treated rats

The tubulointerstitial fibrosis score was
evaluated in renal tissues by measuring the
fibrotic region in the Masson trichrome-
stained section. No evidence of fibrosis was
detected in the renal tissues of the control
group (Figure 7a). Similar morphological
findings were observed in the MOE-treated
group (Figure 7b). The KBrOs-treated rats
revealed marked tubulointerstitial fibrosis,
which was indicated by a dense deep red
staining, the fibrosis with tubules scored
92% (Figure 7c, d). On the other hand,
a marked improvement was detected in
the MOE-treated group, which was proved

by the reduction in fibrotic score to 62%
(Figure 7e).

DISCUSSION

Given the present results, KBrO;
administration resulted in a significant
increase in serum concentration of creatinine
and urea compared with the control group.
This result is in harmony with reports of
Akomolafe et al.®! and Abd Elmaksoud
et al.l'®. These results may be expected to
the kidney’s incapability to carry out its
functions of purification and removal of
metabolites as a result of the structural
alterations in the kidney tissues after
administration of KBrOz; as repotred
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and eosin stain) showing (a) the renal cortex is infiltrated with inflammatory cells (black star)
associated with extravasation hemorrhage (black arrow), dilated tubules with loss of cellular
boundary (white arrows), and hyaline degeneration (orange arrow) (magnification: 400x%),
(b) renal tubules infiltration with inflammatory cells (black star) associated with
extravasation hemorrhage (black arrow), dilated tubules with loss of cellular boundary (white
arrows), and hyaline degeneration (orange arrow) (magnification: 400x), and (c) a marked
reduction in glomeruli number and size, glomerular atrophy (black arrows), associated with
marked interstitial spaces widening of renal tubules (magnification: 200x).

.

Figure (6): Light micrograph of kidney sections of KBrOs;+MOE-treated group (hematoxylin
and eosin stain) showing (a) moderated reduction in glomeruli number and size, associated
with mild retraction of the interstitial spaces with a widening of renal tubules (magnification:
200x) and (b) marked improvement of architecture of tubules (magnification: 400x).
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Figure 7: Photomicrographs of renal sections stained with Masson trichrome showing: (a and
b) no evidence of fibrosis (negative control and MOE groups, respectively); (c and d)
evidence of tubulointerstitial fibrosis indicated by dense deep red staining, and fibrosis with
tubules score = 92% (KBrOs group); (e) a marked improvement proved by a reduction in the
fibrotic score to 62% (KBrO3;+MOE group). MOE: aqueous extract of Moringa oleifera

leaves.

previously!*®). The kidney is responsible for
the management of different electrolytes and
the care of homeostasis®®”’. Sodium (Na")
and potassium (K®) are chief components
of extracellular and intracellular fluids,
respectively, therefore the raised levels
of these electrolytes could signify renal
dysfunction, mainly at glomerular and

tubular levels™ The current result showed
that KBrO3 was correlated with a significant
increase in serum levels of Na* and K™ ions;
this agrees with Adewale et al!® who
mentioned that oral ingestion of KBrO3
alone increased significantly the serum
electrolytes “Na’, CI, HCO; and K™.
Meanwhile, the animal group received
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MOE with KBrOz; showed a significant
decrease in serum urea, creatinine, Na*, and
K" levels as compared with the KBrOs-
treated group. In addition, Adedapo et al.’?!
found a significant improvement in
urea/creatinine ratio after co-exposure to
MO stem methanolic extract and glycerol
that could be linked with restored tubular
architecture compared with the toxicant
group. Also, Omodanisi et al.”? found
that MO administration reduced the
creatinine level, suggesting MO's ability to
restore/enhance the kidney functional status
in diabetic-nephrotoxic rats.

In comparison to the control group, the
group received KBrO3 showed a significant
rise in NO and MDA levels in Kkidney
tissue, as well as a significant decline in the
enzymic activities of renal antioxidants
“SOD, CAT, and GPx”. These findings
might be attributed to the nephrotoxic effect
of KBrOs, which can mediate renal oxidative
stress!?®!. The kidney is sensitive to oxidative
stress because of its minimal amounts
of antioxidant protection systems including
antioxidant enzymes®" The elevated levels
of NO in rats of the KBrO3 group correlated
with the report of Adewale et al.!®!, which
demonstrated that KBrO3 treatment signified
tissue damage in rats by increasing NO.
Likewise, Watanabe et al.”**! mentioned that
KBrOs is established to reduce the activity
of glutathione peroxidase and increase the
formation of free radicals as superoxide
anion radical, NO, and peroxynitrite anion
(ONOO)), and increase lipid peroxidation in
the rat’s kidney. Akomolafe et al.l®! showed
a substantial drop in the SOD, CAT, and
GPX activities and GSH level in the KBrOs-
treated group compared with the control
group, which is consistent with our findings.
Furthermore, when compared with the
control, KBrO; caused a substantial rise in
MDA levels in the kidneys of rats. In the
present study, the inadequate antioxidant
enzyme activity and the elevated MDA
concentrations suggested oxidative injury to
the kidney tissues of rats. After KBrO;
treatment, Abd Elmaksoud et al.l*®
discovered a large increase in renal tissue

MDA, as well as a significant decrease in
renal tissue antioxidants (SOD and GPx).
Khan et al.!! stated also that the reduction of
antioxidant responses has been a concern in
the kidney toxicity with KBrOs. The current
results stated that oral administration of
MOE with KBrOs; during the experiment
period declined significantly the levels of
renal NO and MDA, as well as increased
significantly the activity of renal SOD,
CAT, and GPx enzymes when compared
with the KBrOs-treated group. ljaz et al.*®
reported also that MO protected from
paracetamol-induced nephrotoxic in rabbits.

TNF-a and IL-6 are pro-inflammatory
cytokines that are thought to play a role
in the g)athophysiology of chronic kidney
disease®’. ROS can cause inflammation by
activating transcription factors, which cause
pro-inflammatory cytokines like IL-6 and
TNF-a to be secreted!’). The current results
showed that KBrOs; enhanced the
inflammatory response in the kidneys, as
seen by increasing the expression level of
renal TNF-o and IL-6. These findings are
consistent with those of Elsayed and
Barakat®® who found a high level of
renal IL-6 in KBrOs-intoxicated rats. Also,
Okoko” revealed that KBrO; caused
a significant release of TNF-o and IL6,
which indicates that the molecule activates
macrophages. However, the animal group
received both MOE and KBrO;s; in the
present study revealed a suppression in the
overproduction of TNF-a and IL-6 in renal
tissue that provided a protective effect
against the kidney pathological changes.
The anti-inflammatory influence of MOE
has been earlier reported using different
experimental designs, Edeogu et al.”
confirmed that MOE prevented the progress
of renal inflammation in response to
gentamicin administration by reducing the
concentrations and expressions of IL-1p,
IL-6, TNF-a, NO, nuclear factor(NF)-xB,
and inducible nitric oxide synthase. Abdel-
Daim et al.’® revealed that pre-treating
the rats with MOE suppressed significantly
the progression of kidney inflammation
following lead acetate exposure. The major
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mechanism of action MO as an anti-
inflammatory was indicated to be through
the suppression of the NF-kB pathway!*®!.

Statistical analysis revealed a rise in the
expression of TGF-B1 protein in the renal
tissues of the KBrOgs-treated group when
compared with the control group. This result
was consistent with Bayomy et al.EY who
reported that KBrO3 treatment is associated
with inflammatory cell infiltration and
deposition of a massive amount of collagen
fibers in the tissues; they reasoned that
ROS and oxidative stress stimulated the
expression of proinflammatory and pro-
fibrotic molecules. Our results also agree
with Ali et al.”®l who declared that KBrO;
daily administration for 28 days resulted in
inflammatory cell infiltration and fibrosis in
rat kidneys, which increased gradually with
increasing the KBrOs dose. In the current
experiment, the administration of MOE
reduced the expression of TGF-B1; this
reduction was attributed to MOE's role in
attenuating the KBrOz-induced fibrosis
process. In addition, Susanto et al.l*d
showed the significant activity of MO in
decreasing TGF-B1 expression in the
mice model that developed hepatocellular
carcinoma.

Prolonged inflammation causes failure
of regeneration and extracellular matrix
accumulation; thus, one of the mechanisms
for inhibiting fibrosis is inflammatory
inhibition. This study proved that MOE
has an anti-inflammatory effect that
inhibited the fibrosis process and associated
with a decrease in the proinflammatory
cytokine “TNF-a and IL-6: production. Farid
and Hegazy!®® stated that MOE utilized
the excretion of cytokines to realize the
equilibrium between the pro-and counter
inflammatory signaling paths. The active
substances in MO such as quercetin could
inhibit the NF-xB pathway by inhibiting the
translocation of NF-xkB factor p65 to the
nucleus, so that it inhibits the inflammatory
effect!®*?

The miRs are epigenetic controllers of
gene regulation that can influence a variety
of cellular processes, including development

and illness®. The miRs like miR-192,
miR-194, miR-21, miR-200a, and miR-204
are concentrated in the kidney as well as
other organs, according to evaluations of
miRNA expression patterns’®®l. The miRs
are also important in standardizing renal
physiology functions, from blood pressure
management to fluid and electrolyte
equilibrium throughout the body®®*"). TGF-B1
stimulates the transcriptional and post-
transcriptional invention of the profibrotic

miR-21 in cultured proximal tubular
epithelial cells through mothers against
decapentaplegic  homolog 3 (Smad3)
signaling pathways!®®. In the present

experiment, animals that received KBrOs;
showed an elevation of the expression
of miR-21, which was associated with
upregulation in the renal TGF-B1. Also,
the expression of miR-29 increased
significantly in the current study in KBrOs.
treated group. Long et al.*%. noticed also
that an increase in quantities of miR-29c
promoted cell apoptosis and fibronectin
synthesis, which is associated with TGF-p1

signaling.
A functional relationship  between
miR-192 and TGF-B1-motivated renal

fibrosis has also been recognized, even
though the effect of TGF-f1 on miR-192
expression is not constant between different
studies. Likewise, miR-192 was noticed to
be overexpressed in fibrotic kidneys of
rodents  following unilateral  ureteral
obstruction or renal mass excisiont*®, but
upregulated or downregulated on models of
experimental diabetic nephropathy™. The
present study recorded a significant rise in
renal expression of both TGF-f1 and
miR-192 in the KBrOs-treated group.
Several investigations in experimental
animal models have concentrated on the
beneficial possibility of miRs in chronic
kidney disorders and hopeful results in
stopping renal fibrosis have been acquired
by knocking down miR-211% miR-29¢!*,
and miR-192"" In the current study,
animals that received both KBrO; and MOE
showed a reduction in renal expression
levels of miR-21, miR-29, and miR-192.
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The molecular parameters reported in
the current investigation were validated
by histopathological analyses. The renal
histopathology abnormalities identified in
the KBrOs confirmed the renal damage that
might be caused by oxidative destruction.
Earlier, research has suggested that KBrOs
can cause glomerular injury, tubular
necrosis, and other alterations!®. This is
consistent with the findings of the current
investigation, which show degeneration of
corpuscular tissues after KBrOj3 injection as
compared with the control group. The
current study found that KBrOs; induced
obvious histopathological changes including
disruption in the architecture of Kkidney
tissue; similar results have been reported
by Eldurssi et al*l. Opara et al.l’®
indicated that administration of KBrO;
might produce labialization of the cell
plasma membrane due to the occurrence of
elevated oxygen content in each molecule of
KBrOs. Such disturbance of the regular lipid
bilayer of the plasma membrane has been
followed by a leak of the enzymes to the
extracellular fluid™®. It is established that
the main mechanism of KBrOs-produced
nephrotoxicity is the construction of ROS,
which  begins lipid peroxidation and
reduces both enzymatic and non-enzymatic
antioxidants™ Yet, the animal group that
received both KBrOs; and MOE showed
improvement in kidney tissue architecture.
This finding was compatible with Abdel-
Daim et al.™® who emphasized the reno-
protective impact of MOE against
histopathological alteration in kidney tissue
induced by lead acetate.

Renal sections of KBrOs; model rats
stained with Masson trichrome revealed
marked tubulointerstitial fibrosis, which
was indicated by a dense deep red staining
and retraction of tubules with fibrosis.
The fibrotic activity of KBrO3; was reduced
by the MOE, as indicated in the current
study. Furthermore, Abd-Elhakim et al.[*]
discovered that the ethanol extract of MO
leaves inhibited fibrogenesis by reducing
a tissue inhibitor of metalloproteinases
“TIMP1”  expression; the anti-fibrosis

mechanism is thought to be derived from
MOE's antioxidant and anti-inflammatory
properties. The MO contains compounds
with hydroxyl complexes, such as quercetin
and kaempferol. The hydroxyl complex
easily donates electrons to other unstable
atoms such as free radicals; thereby,
stabilizing, and neutralizing potentially
pathological effects. The dried leaves of
MO are a rich source of polyphenol
components such as phenolic acids and
flavonoids. As shown in the current study,
MOE has high levels of coumarin, ferulic
acid, resorcinol, quercetin, kaempferol, and
phenanthrene. Flavonoids like quercetin, for
example, are potent antioxidants, hypo-
lipidemic, antidiabetic, and hypotensive,
and they decrease oxidative stress and
apoptosis™*”). Ferulic acid and resorcinol,
which are phenolic chemicals found in
MOE, have anti-inflammatory, antioxidant,
and antiapoptotic properties™*®!. As a result,
the phenolic compounds and flavonoid
concentration of MOE can be contributed to
its antioxidative and anti-inflammatory
characteristics. In conclusion, the current
study showed that exposure to KBrO3; was
associated with a considerable rise in renal
dysfunction markers, oxidative stress, pro-
inflammatory, and profibrotic cytokines, in
addition to histological alterations in kidney
tissue, indicating a nephrotoxic impact. On
the other hand, MOE administration
inhibited KBrOz; nephrotoxicity, probably
via mitigating renal functions, ROS-
mediated oxidative injury, inflammation,
and fibrosis, as well as improving kidney
tissue architecture.

COMPLIANCE
STANDARDS
Animal care and experimental procedures
were carried out following the guidelines
of the Committee of Care and Use of
Experimental Animal Resources, Medical
Research Center. Faculty of Medicine, Ain
Shams University.

WITH ETHICAL

FUNDING SOURCE DISCLOSURE
This research received no funds.

42



Kamel, A. H. et al.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

AUTHORS’ CONTRIBUTIONS

AHK, MAF,
research.

and HAM designed the
AHK and HAM performed

the biochemical investigations, molecular

assays,
presented the histological

and statistical analysis. MAF

examinations.

All authors carried out the experiments,
drafted the manuscript, as well as revised
and approved the manuscript.

REFERENCES

[1] Alhazza, I. M.; Hassan, I.; Ebaid
H. et al. (2020). Chemopreventive
effect of riboflavin  on  the
potassium  bromate—induced renal

[2]

[3]

[4]

[5]

[6]

toxicity in vivo. Naunyn Schmiede-
bergs Arch Pharmacol, 393: 2355-
2364.

Khan, R. A.; Khan, M. R. and
Sahreen, S. (2012). Protective effects
of rutin against potassium bromate
induced nephrotoxicity in rats. BMC
Complement Altern Med, 12: 204
(DOI: 10.1186/1472-6882-12-204).
Ebhohimen, I. E.; Ebhomielen, J. O
Edemhanria, L. et al. (2020). Effect
of ethanol extract of Aframomum
angustifolium seeds on potassium
bromate induced liver and Kkidney
damage in Wistar rats. Glob J Pure
Appl Sci, 26 (1): 1-8.

Shanmugavel, V.; Santhi, K. K
Kurup, A. H. et al. (2020). Potassium
bromate: effects on bread components,
health, environment, and method of
analysis: a review. Food Chem, 311:
125964 (DOI: 10.1016/j.foodchem.
2019.125964).

Chang, S. Y.; Weber, E. J.; Van Ness,
Kp. et al. (2016). Liver and kidney on
chips: microphysiological models to
understand transporter function. Clin
Pharmacol Ther, 100(5): 464-478.
Adewale, O. O.; Aremu, K. H. and
Adeyemo, A. T. (2020). Assessment of
combined toxic effects of potassium
bromate and sodium nitrite in some

[7]

[8]

[9]

[10]

[11]

[12]

[13]

key renal markers in male Wistar rats.
Res J Heal Sci, 8(1): 6-17.

Spassova, M. A.; Miller, D .J. and
Nikolov, A. S. (2015). Kinetic
modeling reveals the roles of reactive
oxygen species scavenging and DNA
repair processes in shaping the
dose-response  curve of KBrOs-
induced DNA damage. Oxid Med
Cell Longev, 2015: 764375 (DOI:
10.1155/2015/764375).

Akomolafe, S. F.; Olasehinde, T.
A.; Adewale, O. O. et al. (2021).
Curcumin  improves biomolecules

associated with renal function and
attenuates oxidative injury and histo-
pathological changes in potassium-
induced toxicity in rats’ kidneys. Biol
Trace Elem Res, 199:197-204.
Paidesetty, S. K.; Mishra, D,
Ghosh, G. et al. (2010). Medicinal
uses and pharmacological properties of
Moringa oleifera. Int J Phytomedicine,
2(3): 210-216.

Elblehi, S. S.; ElI Euony, O. I. and
El-Nahas, A. F. (2019). Partial
ameliorative effect of Moringa leaf
ethanolic extract on the reproductive

toxicity and the expression of
steroidogenic  genes induced by
subchronic cadmium in male rats.

Environ Sci Pollut Res, 26(23): 23306-
23318.

Saini, R. K.; Shetty, N. P. and
Giridhar, P. (2014). GC-FID/MS
analysis of fatty acids in Indian

cultivars of Moringa oleifera: potential
sources of PUFA. J Am Oil Chem Soc,
91(6): 1029-1034.

Amaglo, N. K.; Bennett, R. B.; Lo
Curto, R. B. et al. (2010). Profiling
selected phytochemicals and nutrients
in different tissues of the multipurpose
tree Moringa oleifera L., grown in
Ghana. Food Chem, 122(4): 1047-
1054.

Shah, M. A.; Bosco, S. J. D. and
Mir, S. A. (2015). Effect of Moringa
oleifera leaf extract on the physico-
chemical properties of modified

43


https://www.sciencedirect.com/science/article/abs/pii/S0308814610003663#!
https://www.sciencedirect.com/science/article/abs/pii/S0308814610003663#!
https://www.sciencedirect.com/science/article/abs/pii/S0308814610003663#!

Renoprotective effect of Moringa oleifera leaves extract

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

atmosphere packaged raw beef. Food
Packag Shelf Life, 3: 31-38.

Mizzi, L.; Chatzitzika, C.; Gatt, R.
et al. (2020). HPLC analysis of
phenolic compounds and flavonoids
with overlapping peaks. Food Technol
Biotechnol, 58(1): 12-19.
Abdel-Daim, M. M.; Khalil, S. R;
Awad, A. et al. (2020). Ethanolic
extract of Moringa oleifera leaves
influences NF-kB signaling pathway
to restore kidney tissue from
cobalt-mediated oxidative injury and
inflammation in rats. Nutrients, 12(4):

1031 (DOI: doi: 10.3390/nu12041031).

Opara, J. K.; Akpuaka, F. C. and
Ndukwe, G. U. (2018). The effect
of ethanolic extract of Tridax
procumbens on potassium bromate
induced toxicity in the Kidney of
Wistar rats. Asian J Res Med Pharm

Sci, 5(4), 1-7.
Slaoui, M. and Fiette, L. (2011).
Histopathology  procedures:  from

tissue sampling to histopathological
evaluation. Methods Mol Biol, 691:
69-82.

Abd Elmaksoud, H. A.; Abdel-Hamid,
O. M.; Desouki, A. et al. (2020).
Biochemical evaluation of parsley with
or without alfacalcidol on treatment
of renal dysfunction experimentally
induced by potassium bromate. ARC J
Nutr Growth, 6: 27-35.

Kanadi, M. A.; Wudil, A. M.
Alhassan, A. J. et al. (2019). Dose-
dependent chemopreventive effect of
methanol extract of Carica papaya
seed on potassium bromate-induced
nephrotoxicity in rats. Asian J
Biochem Genet Mol Biol, 2: 1-12.
D’Elia, J. A. and Weinrauch, L. A.
(2013). The autonomic nervous system
and renal physiology. Int J Nephrol
Renovasc Dis, 6: 149-160

Adedapo, A. A.; Etim U.; Falayi, O. O.
et al. (2020). Methanol stem extract of
Moringa oleifera mitigates glycerol-
induced acute kidney damage in rats
through modulation of KIM-1 and

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

NF-kB signaling pathways. Sci
African, 9: e00493 (DOI: 10.1016/j.
sciaf.2020.e00493).

Omodanisi, E. I.; Aboua, Y. G. and
Oguntibeju, O.0. (2017). Assessment
of the anti-hyperglycaemic, anti-
inflammatory and antioxidant
activities of the methanol extract of
Moringa oleifera in diabetes-induced
nephrotoxic  male  Wistar  rats.
Molecules, 22(4): 439 (DOI: 10.3390/
molecules22040439).

Ali, B. H.; Za'abi, M. A.; Karaca, T.
et al. (2018). Potassium bromate-
induced kidney damage in rats and the
effect of gum acacia thereon. Am J
Transl Res,1: 126-137.

Watanabe, S.; Togashi, S. and
Fukui, T. (2002). Contribution of nitric
oxide to potassium bromate-induced
elevation of methaemoglobin con-
centration in mouse blood. Biol Pharm
Bull, 25(10): 1315-1319.

ljaz, A.; Javed I.; Aslam, B. et al.
(2016). Nephroprotective and anti-
oxidant effects of Moringa oleifera
(Sohanjna) in paracetamol induced
nephrotoxic albino rabbits.Pak Vet J,
36(3): 292-296.

Stenvinkel, P.; Ketteler, M.; Johnson,
R. J. et al. (2005). IL-10, IL-6, and
TNF-a: central factors in the altered
cytokine network of uremia—the good,
the bad, and the ugly. Kidney Int,
67(4): 1216-1233.

Valério, D. A.; Georgetti, S. R.;
Magro, D. A. et al. (2009). Quercetin
reduces inflammatory pain: inhibition
of oxidative stress and cytokine
production. J Nat Prod, 72(11): 1975-
1979.

Elsayed, M. and Barakat, H. (2016).
Vitamins C and E alleviate nephron-
toxicity-induced by potassium bromate
in rats. J Appl Life Sci Int, 8: 1-8.
Okokao, T. (2020). Bromate
causes significant cytotoxicity and
modulation of the inflammatory
response. Asian J Biotechnol Genet
Eng, 3(4): 1-8.

44


https://www.sciencedirect.com/science/article/pii/S2468227620302313#!
https://www.sciencedirect.com/science/article/pii/S2468227620302313#!
https://www.sciencedirect.com/science/article/pii/S2468227620302313#!
https://www.sciencedirect.com/science/article/pii/S2468227620302313#!
https://www.sciencedirect.com/science/article/pii/S0085253815505784#!
https://www.sciencedirect.com/author/7102882588/bengt-j-lindholm
https://www.sciencedirect.com/author/7102882588/bengt-j-lindholm
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Daniel+A.++Val%C3%A9rio
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Sandra+R.++Georgetti
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Danilo+A.++Magro

Kamel, A. H. et al.

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Edeogu, C. O.; Kalu, M. E;
Famurewa, A. C. et al. (2020).
Nephroprotective effect of Moringa
oleifera seed o0il on gentamicin-
induced  nephrotoxicity in  rats:
biochemical evaluation of antioxidant,
anti-inflammatory, and antiapoptotic
pathways. J Am Coll Nutr, 39(4): 307-
315.

Bayomy, N. A.; Soliman, G. M. and
Abdelaziz, E. Z. (2016). Effect of
potassium bromate on the liver of
adult male albino rat and a possible
protective role of vitamin C:
histological,  immunohistochemical,
and biochemical study. Anat Rec
(Hoboken), 299(9): 1256-1269.
Susanto, H.; Tri Yunisa, D.; Taufig
Acet al. (2021). Anti fibrogenesis
effect of green materials Moringa
oleifera leaf powder (MOLP) on
the progression of hepatocellular
carcinoma. AIP Conf Proc, 2353:
030024-1-030024-6.

Farid, A. S. and Hegazy, A. M.
(2020).  Ameliorative  effects of
Moringa oleifera leaf extract on
levofloxacin—induced hepatic toxicity
in rats. Drug Chem Toxicol, 43(6):
616-622.

Luetragoon, T.; Sranujit, R. P,
Noysang, C. et al. (2020). Bioactive
compounds in Moringa oleifera
Lam. leaves inhibit the pro-

inflammatory mediators in lipopoly-
saccharide-induced human monocyte-

derived  macrophages. Molecules,
25(1): 191 (DOI: 10.3390/molecules
25010191).

Kozomara, A. and Griffiths-Jones,
S. (2014). miRBase: annotating high
confidence microRNAs using deep
sequencing data. Nucleic Acids Res,
42(database issue): D68-73.

Landgraf, P.; Rusu, M.; Sheridan,
R. et al. (2007). A mammalian
microRNA expression atlas based on
small RNA library sequencing. Cell,
129(7): 1401-1414.

Lorenzen, J. M.; Haller, H. and Thum,

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

T. (2011). MicroRNAs as mediators
and therapeutic targets in chronic
kidney disease. Nat Rev Nephrol, 7(5):
286-294.

Zhong, X.; Chung, A. C. K.; Chen,
H.-Y. et al. (2011). Smad3-mediated
upregulation of miR-21 promotes renal
fibrosis. J Am Soc Nephrol, 22(9):
1668-1681.

Long, J.; Wang, Y.; Wang, W. et al.
(2011). MicroRNA-29c is a signature
microRNA  under high  glucose
conditions that targets  Sprouty
homolog 1, and its in vivo knock-
down prevents progression of diabetic
nephropathy. J Biol Chem, 286(13):
11837-11848.

Sun, L., Zhang, D.; Liu, F.
et al. (2011). Low-dose paclitaxel
ameliorates fibrosis in the remnant
kidney model by down-regulating
miR-192. J Pathol, 225(3): 364-377.
Wang, B.; Herman-Edelstein, M.;
Koh, P. et al. (2010). E-cadherin
expression is regulated by miR-
192/215 by a mechanism that is
independent of the profibrotic effects
of transforming growth factor-p.
Diabetes, 59(7): 1794-1802.

Nelson Chau, B.; Xin, C.; Hartner, J.
et al. (2012). MicroRNA-21 promotes
fibrosis of the kidney by silencing
metabolic pathways. Sci Transl Med,
4(121): 121ral8 (DOI: 10.1126/
scitransimed.3003205).

Deshpande, S. D.; Putta, S.; Wang, M.
et al. (2013). Transforming growth
factor-p—induced cross talk between
p53 and a microRNA in the
pathogenesis of diabetic nephropathy.
Diabetes, 62(9): 3151-3162.

Eldurssi, I. S.; Ebtesam, M. M.; Gheth
Gasem, M. A. et al. (2019). Protective
effects of Ruta Chalepensis L.
(Rutacae) oil extract against potassium
bromate induced nephrotoxicity in
male rats: histopathological study.
Asian J Pharm Res Dev, 7(2): 88-92.
Akanji, M.; Nafiu, M. and Yakubu,
M. (2008). Enzyme activities and

45


https://aip.scitation.org/author/Susanto%2C+Hendra
https://aip.scitation.org/author/Yunisa%2C+Dinda+Tri
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Sun%2C+Lin
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Zhang%2C+Dongshan
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Liu%2C+Fuyou
javascript:;
javascript:;
javascript:;
javascript:;
https://www.science.org/doi/abs/10.1126/scitranslmed.3003205#con2
https://www.science.org/doi/abs/10.1126/scitranslmed.3003205#con3
https://www.science.org/doi/abs/10.1126/scitranslmed.3003205#con4
https://www.science.org/doi/abs/10.1126/scitranslmed.3003205#con4
javascript:;
javascript:;
javascript:;

Renoprotective effect of Moringa oleifera leaves extract

[46]

histopathology of selected tissues in
rats treated with potassium bromate.
African J Biomed Res, 11(1): 87-95.

Abd-Elhakim, Y. M.; Mohamed,
W. A. M; El Bohi, K. M. et al.
(2021). Prevention of melamine-
induced hepatorenal impairment by an
ethanolic extract of Moringa oleifera:
changes in KIM-1, TIMP-1, oxidative
stress, apoptosis, and inflammation-
related genes. Gene, 764: 145083
(DOI: 10.1016/j.gene.2020.145083).

[47]

[48]

Coskun, O.; Kanter, M.; Korkmaz, A.
et al. (2005). Quercetin, a flavonoid
antioxidant, prevents and protects
streptozotocin-induced oxidative stress
and B-cell damage in rat pancreas.
Pharmaco Res, 51(2): 117-123.

Shahidi, F. and Yeo, J. (2018).
Bioactivities of phenolics by focusing
on suppression of chronic diseases:
a review. Int J Mol Sci, 19(6): 1573
(DOI: 10.3390/ijms19061573).

How to cite this article:
Kamel, A. H.; Fouad, M. A. and Mohamed, H. A. (2023). Protective effect of aqueous extract of
Moringa oleifera leaves against potassium bromate-induced renal toxicity in rats. Egyptian Journal of
Zoology, 79: 29-47 (DOI: 10.21608/ejz.2022.135884.1081).

46




O el alad 4 puaal) Alaal)
(2023 55i53) 79 daal

"Moringa oleifera < (3l ,9¥ Al galiiuall b gl Al
O‘SJ?-“ JJSS‘;A?MUJ,\S\ Sl g oo bl g olSl) aandll M

dada i gy ) Ls A c.\\fgémiu.h‘d.als ¢ 9luia cilie

Tl peme 2 sean 63 Rl c(puad e Anala e 5 o slall 5 I3 i) 4K () poa) e o

4ic G:L’x:a} ¢ Jaanil) a\)mji_)}!‘y\} B yull g Alaall Cilaiial) ‘53 pdiuy (51 palc o (a):\ul::),\j\ Clag g
el alaiual S 13 Lo @il ) Al jall s38 cidsn clac ) (e de sile de sanal yphad ) daw gie alus il
el pladind i o gligall ey Lewen A &SI Apald) e G ama O (S iy al) il (30 5Y
Glsl paliiue de gaan dhliall de gaaall Al all oda i (8=0) sligall (laall 5 S0 (e Aoy yad Cle gana
(andl 05 0 paS/aae 100) psmlisdl Clas Ao ganse (auall )5 O aaS/ana 400) o) sall
58 olgiil aay aliad Lis ol L gy ) (Bl (g lld g e gnll gl il g+ L) sall G151 (aldives Ao sane
Cila g Alalaal) cudag ) 385 Aympeaill 5 iy dall g il sl Jalaill o) Y sl Jomay S Jead o3 &y il
@l dian (& anulinlly aggally Gl Sy L)sll Clhsiue (8 4iban) AV 0 glEHL o suli gl
Ao 51l 308U Baliaall ey Y Al 85 aa el oIS A 8 ey sl 3T 5 algualllas sllall il st i
Wlioa sl as Jaele 33l oyl e I Cali g gl ) sl sl il s Alalaal) coaf a8 celld e 5 0le
MIRNA29 5 mIRNA21" (s JSV (5 581 iadl Haill G 0aly S le gaie o] U oy oll sad dale 5 ¢6-0S Y1 5
a5l Cla g Alalaall G sanall apnil) Gandll jelal dlajliall de ganall e 45 Eallhs " MIRNAL92
sl oaliiue A juidl Aldaall Cjell el e el e K Al G caliy AuSE s
) Claleall alara 8 o sl gl e gyl 5 jlall el LAl L Ul gale Lalisll e o sanli sl Clla gy + Loy ) sall
3l il il e ol iy 23S Ly sall 3155Y Al Galiiua) aladin) (Sey daadally Lguld o

Acalill 5 gt 5 528U Baliaall el oy SR e ausli gal) Cila gyl

47



