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SUMMARY

The kidney plays a vital role in eliminating the
toxic substances and drug metabolites from blood.
Therefore, it is prone to hazards in case of abuse
or overdose of drugs. The aim of the work was to
clarify the impact of Moringa oleifera (MO) against
the nephrotoxic effect of paracetamol in adult male
albino rats. Twenty-eight adult male albino rats
were used in this study and divided equally into
four groups (G); G1 (control G), G2 (paracetamol-
treated animals), G3 (paracetamol- plus high MO-
treated G), G4 (high MO-treated rats). Kidney
specimens were harvested after anesthetizing the
animals, and then processed for histological and
DNA comet analysis. Biochemical blood investiga-
tions for kidney function were also performed
through assessment of serum creatinine (Cr) and
blood urea nitrogen (BUN). Administration of para-
cetamol resulted in genotoxicity and marked bio-
chemical and renal histological changes. It caused
a significant increase in Cr and BUN levels and
degeneration in both proximal and distal convolut-
ed tubules with glomerular changes. Administra-
tion of MO with paracetamol led to a noticeable
amelioration of previous mentioned changes.
Moringa oleifera is suggested to be an effective
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nephroprotection against paracetamol-induced
damage. Further studies are recommended to con-
firm the protective role of MO using large numbers
of different animal models before investigating it in
humans.
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INTRODUCTION

The kidney is an important organ, formed of two
main parts of different embryological origins. One
excreting portion arises from the intermediate mes-
oderm and constitutes structural and functional
units of the kidney called nephrons. The other por-
tion develops from the ureteric bud and forms the
collecting passages (Hegazy, 2014). The unit
(nephron) of excretory portion that functions in
eliminating waste products, medications metabo-
lites and toxic substances such as creatinine and
urea from blood consists of a glomerulus, the loop
of Henle and proximal (PCT) and distal convoluted
tubules (DCT) (Gounden and Jialal, 2019).

Paracetamol or acetaminophen (N-acetyl-p-
aminophenol [APAP]), is an acylated aromatic am-
ide, a metabolite of phenacetin. It is widely used in
outpatient and inpatient settings in a widespread
manner as a single-component medication, and
also as a component of a plethora of combinations
for treatment of mild pain and fever. Despite its
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safety when used properly, paracetamol poisoning
is one of the common overdoses reported to poi-
son centers. This is because paracetamol is readi-
ly available over-the-counter without physician’s
prescription in many countries; and so, overdose is
a common means of self-poisoning worldwide
(Ghaffar and Tadvi, 2014). The toxic dose of para-
cetamol is highly variable. The recommended
maximum daily dose for healthy adults is 4 grams.
Higher doses lead to increasing risk of toxicity. In
adults, single doses above 10 grams or 200 mg/kg
of body weight, or multiple smaller doses within 24
hours when they exceed these levels, have a rea-
sonable likelihood of causing toxicity (Daly et al.,
2008).

Potentially, an acute paracetamol overdose
causes fatal liver damage; and this is even noticed
with normal doses taken by rare individuals. In
both the United Kingdom and the United States, it
is the most common cause of acute liver failure.
Although hepatotoxicity is more addressed than
nephrotoxicity in paracetamol overdoses, Parace-
tamol-induced renal damages such as renal tubu-
lar damage and acute renal failure are usually life-
threatening; and there is no specific treatment for
them up till now (Khashab et al., 2007; Peng et al.,
2010).

After oral administration, about 63% of paraceta-
mol is metabolized via glucuronidation and 34%
via sulphation primarily in the liver. The water-
soluble metabolites consisting of these metabolic
pathways are excreted via the kidney. N-Acetyl-p-
benzoquinone (NAPQI) is a reactive intermediate
that occurs when oxidization of 55% of paraceta-
mol takes place by the microsomal P-450 enzyme
system. NAPQI is detoxified by intracellular gluta-
thione (GSH) in therapeutic doses. Accordingly,
NAPQI has been implicated as a responsible me-
tabolite of paracetamol toxicity. In paracetamol
overdosing cases, glutathione stores are depleted,;
NAPQI are not eliminated from the body and their
rapid increase in concentration causes necrosis.
Lipid peroxidation is initiated in renal tubular cells,
disturbing the body’s natural antioxidants system
and ultimately causing death of renal tubular cells.
The reactive oxygen species (ROS) or free radi-
cals are important mediators of paracetamol-
induced nephrotoxicity. APAP (acetyl-para-
aminophenol), a phenacetin metabolite, also
makes nephritic syndrome and renal papillary ne-
crosis possible (chronic analgesic nephropathy)
(ljaz et al., 2016).

Moringa oleifera (MO) is a tree that grows widely
in many tropical and subtropical countries. It is
known as the drumstick tree based on the appear-
ance of its immature seed pods, the horseradish
tree based on the taste of ground root prepara-
tions, and the ben oil tree from seed-derived oils.
In some areas, immature seed pods are eaten,
while the leaves are widely used as a basic food
because of their high nutrition content: they con-

tain vitamins, minerals, amino acids, and fatty ac-
ids (Mbikay, 2012; Abdull Razis et al., 2014). The
moringa plant is beginning to gain more popularity
as a new superfood for its powerful tissue-
protective properties, among many other health
benefits. It has been used for generations in East-
ern countries to treat and prevent diseases. The
leaves are reported to contain various types of
antioxidant compounds such as ascorbic acid, fla-
vonoids, phenolics, and carotenoids. Various prep-
arations of MO are used for their anti-
inflammatory, antihypertensive, antimicrobial, diu-
retic, antidiabetic, antineoplastic and hepatoprotec-
tive activities, etc. No adverse effects have been
reported in any of the human studies that have
been conducted to date (Abdull Razis et al., 2014).

Therefore, the aim of this work was to evaluate
the role of MO against paracetamol-induced ne-
phrotoxicity in rats.

MATERIALS AND METHODS

The study was performed according to the Insti-
tutional Review Board of Zagazig University (ZU-
IRB) instructions. Approval of the Animal Care and
Use Committee of our Institution was received.

Materials

Paracetamol (C8H9NO2) (N-acetyl-p-
aminophenol [APAP]), in the form of Cetal 500 mg
tablets manufactured by EIPICO Company.

Seeds of Moringa oleifera, purchased from (El-
Kahera Company for chemical and medical trad-

ing, Zagazig, Egypt).

Experimental animals

The present study was carried out for 10 days on
28 adult healthy male albino rats, weighing from
150 to 200 gm according to IRB instructions. They
were obtained from the animal house unit in Facul-
ty of Medicine, Zagazig University. All animals
were housed in environmentally controlled rooms,
in wire mesh cages.

The animals were equally divided into 4 groups
(G), 7 animals for each, as follows:

G1 (control group): The rats were only on bal-
anced diet and tap water without any additions.

G2 (paracetamol-treated group): The rats re-
ceived a daily dose of paracetamol 2g/kg in 5 ml
distilled water (Canayakin et al., 2016).

G3 (paracetamol plus MO-treated group): The
rats received a daily dose of paracetamol 2g/kg in
5 ml distilled water and 400 mg/kg MO seed pow-
der orally (ljaz et al., 2016).

G4 (MO-treated group): The animals were given
a daily dose of 400 mg/kg oral MO seed powder
diluted in 5 ml distilled water by gastric tube.

Methods
The initial body weight (BW) of rats in different
groups was estimated at the first day of experi-
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Fig 1. Columns showing the variations in means of final BW (in gm) of different groups.

ment before administration of food and drugs us-
ing a digital balance. The BW was again assessed
at the end of the experiment using the same digital
balance.

Venous blood samples were collected from ani-
mals by means of micro—capillary glass tubes from
the retro—orbital plexus under light ether anaesthe-
sia. The blood samples were used to investigate
kidney function through assessment of serum cre-
atinine (Cr) and blood urea nitrogen (BUN). The
analysis was performed in the Clinical Pathology
Department, Zagazig University Hospitals.

Then, the animals were slaughtered and their
abdomens were opened. Kidneys were released
from their fatty covering connective tissue, gently
removed and weighed by digital balance.

Each kidney was cut into two halves across the
renal pelvis along its longitudinal axis to expose
cortex, medulla and papilla. The specimens were
immediately immersed in 10% formal saline for 48
hours to be processed and embedded in paraffin;
then slides’ specimens were stained with haema-
toxylin and eosin (H&E) (Hegazy and Hegazy,
2015). The histological structure of specimens was
investigated using light microscopy.

The quantitative and qualitative extent of DNA
damage in the cells was assessed by measuring
the length of DNA migration and the percentage of
migrated DNA by Comet 5 image analysis soft-
ware. A Comet 5 image analysis software devel-

oped by kinetic imaging, Ltd. (Liverpool, UK),
linked to a CCD camera was used. The analysis
was carried out at Animal Reproduction Research
Institute (ARRI), Cairo.

The collected data were computerized and statis-
tically analyzed using SPSS program (Statistical
Package for Social Science), version 18.0. Quanti-
tative data were expressed as mean * SD
(Standard deviation).

RESULTS

Weight

The initial BW showed a non-significant differ-
ence among different groups (Table 1), while final
BW showed highly statistically significant differ-
ence among different groups. Concerning the com-

Table 1. Means of initial BW in the four different groups

Groups Number of Initial BW
Rats (24) mean *SD (Range) F-Test P-value

158+7.6 gm

G1 7 (150-170)
165.1%11.3 gm

G2 7 (150-180)
177.5+14.1 23 007

.5+14.1 gm

G3 7 (155-192)
167.4£9.3 gm

G4 7 (153-180)
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Table 2. Multiple comparison analysis for comparing
final BW within the four different groups

Table 3. Comparison between KW of the four different
groups.

Groups Final body weight P-value
G2 0.001**

G1 G3 0.006*
G4 0.5

G2 G3 0.001**
G4 0.001**

G3 G4 0.03*

* Statistically significant difference (P < 0.05)
** Statistically highly significant difference (P < 0.001)

parison of final BW of different groups, there were
statistically significant differences (p-
value=0.0001), with highest final body weight in G1
(mean: 227.1 = 15.7 and ranged from 205 to 250
gm), followed by G4 (mean: 223 + 9.4 gm and
ranged from 213 to 240 gm). The G1 showed a
statistically significant difference with all other
groups except G4. Regarding the G2, there was a
statistically significant difference with other groups,
as BW showed a decrease in the paracetamol-
treated animals (Fig. 1; Table 2).

Assessment of kidney weight (KW) showed that
there was a statistically a significant difference be-
tween the G2 and other groups as there was sta-
tistical decrease in KW in the paracetamol-treated
group. Regarding the G1, there was statistically
significant difference in comparison with other
groups except with G4 (Tables 3-4).

Table 4. Multiple comparison analysis for comparing
KW within the four different groups

Number of KW mean £ SD
Groups rats (24) (Range) F-Test P-value
7 0.7+0.08
G1 (0.58-0.8)
7 0.39+0.05
G2 (0.32-0.46)
050000 442 0.001*
.00x0.
G3 7 (0.47-0.62)
0.83+0.04
G4 7 (0.78-0.9)

** Statistically highly significant difference (P < 0.001)

Biochemical results

Administration of paracetamol at dose 2g/kg in 5
ml distilled water orally in G2 significantly elevated
serum Cr (P < 0.05) (Fig. 2; Tables 5, 6) and BUN
levels (Fig. 3; Tables 7,8) as compared to their
respective levels in G1. There were statistically
significant differences between the four different
groups in serum Cr level (P = 0.001), with highest
creatinine level in the G2 with a mean of 0.37+£0.05
(range: 0.3 to 0.44), followed by the G3 with a
mean of 0.28+0.07) (range: 0.2 to 0.43) (Fig. 2).
Regarding BUN, there were also statistically signif-
icant differences between the four different groups
(P = 0.0001), with highest level in G2 (mean: 16.6
1+ 0.9 mg/dl; range: 15.1 to 17.8), followed by G3
(mean: 12.7 £ 0.39 mg/dl; range: 12.1-13.4) (Fig.
3).

Contrary to noticed statistically significant posi-

Table 6. Multiple comparison analysis for comparing
serum creatinine level within the four different groups

Groups KW P-value Groups Serum creatinine mean * SD (Range) P-value

G2 0.001** G2 0.04*

G1 G3 0.001** G1 G3 0.7
G4 0. 001** G4 0.01*

G2 G3 0.001* 2 G3 0.06
G4 0.001** G4 0.001**

G3 G4 0.001** G3 G4 0.005*

* Statistically highly significant difference (P < 0.001) * Statistically significant difference (P < 0.05)
** Statistically highly significant difference (P < 0.001)
Table 5. Cr level of the four different groups Table 7. BUN level of the four animal groups
Number of Serum Cr mean Number of  BUN mean *

Groups rats (42) + SD (Range) F-Test P-value Groups rats (28) SD (Range) F-Test P-value
0.2740.08 11.8+£0.47

G1 7 (0.21-0.42) G1 7 (11.1-12.2)
0.37+0.05 16.6+0.9

G2 7 (0.3-0.44) G2 7 (15.1-17.8)
0.2840.0 5.9 0.001** 12.740.39 16.9 0.0001**

.28+0.07 .7%0.

G3 7 (0.2-0.43) G3 7 (12.1-13.4)
0.150.01 9.610.55

G4 7 (0.08-0.38) G4 7 (9-10.5)

** Statistically highly significant difference (P < 0.001)

** Statistically highly significant difference (P < 0.001)
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Fig 2. Bar chart showing means of Cr level (mg/dl) in the studied groups.

tive correlation with initial body weight and kidney
weight, there was statistically significant negative
correlation between final BW with serum Cr and
BUN levels (Fig. 4; Table 9).

Histological features

Regarding the microscopic tissue sections of the
kidneys of control animals (G1), the glomeruli were
surrounded by visceral and parietal layers of Bow-
man’s capsule and separated by Bowman’s space.
Proximal and distal convoluted tubules with normal
lumen and intact lining epithelium were observed
(Fig. 5). Normal collecting tubules and normal loop
of Henle with flat capillaries were obvious (Fig. 6).

Meanwhile, in G2 animals there were changes in
renal glomeruli, represented by shrinkage and at-

Table 8. Multiple comparison analysis for comparing
BUN level within the four different groups

Groups BUN P-value
G2 0.001**
G1 G3 0.004*
G4 0.001**
G3 0.004*
G2
G4 0.001**
G3 G4 0.001**

rophy in some glomeruli, and hypertrophy and hy-
percellularity with lobulations of others. There were
also widening or obliteration of Bowman’s space,
congestion of glomerular capillaries, dark stained
nuclei of parietal cell layer and Peri-glomerular
inflammatory cell infiltrations (Figs. 7-9).

As regard to the renal tubules, there were dilata-
tion, tubular cell necrosis, sloughing of necrotic
tubular epithelial cells into the lumens and dark
stained nuclei of distal convoluted tubules, marked
swelling and cytoplasmic vacuolization of proximal
tubular cells (Figs. 9-10). Deposition of acidophilic
hyaline material or cellular debris containing pyk-
notic nuclei in tubular lumen were noticed (Fig. 8).
Moreover, there were loss of architecture of the
renal interstitial tissues, interstitial hemorrhage,
mono-nuclear inflammatory cell infiltration (in the

Table 9. Correlation between final BW with initial BW,
BUN, serum Cr and KW in the studied group

Final BW

Variable r A P SIG
Initial BW 0.4 >0.03* S
BUN -0.8 0.001** HS
Serum Cr -0.8 0.001** HS
Kw 0.7 0.001** HS

* Statistically significant difference (P < 0.05)
** Statistically highly significant difference (P < 0.001)

* Statistically significant difference (P < 0.05)
** Statistically highly significant difference (P < 0.001)
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Fig 3. Bar chart showing means of BUN level (mg/dl) in the studied groups.

form of many small focal or massive areas be-
tween the renal tubules) and congestion and thick-
ening of wall of blood vessels (Figs. 7-9).
Co-administration of MO in G3 showed that the
renal glomeruli and tubules appeared almost nor-
mal (Fig. 11). However, dispersed areas of lobulat-
ed glomeruli, congestion and few periglomerular
inflammatory cells were still noticed (Fig. 12). Few
areas of almost normal collecting ducts with exfoli-

ated nuclei and vacuolated cells were also seen
(Fig. 13).

Comparing the microscopic tissue sections of
MO-treated animals (G4) with other groups, G4
showed almost the same normal structure of renal
cortex and medulla found in G1 (Figs. 5,6,14,15).

Morphometry
On comparing the measurements of the capillary

Table 10. Cortical Morphometric measures among the different groups

Parameter Capillary tuft area Bowman space PCT diameter DCT diameter
(m?) (um) (Hm)
Group Mean * SD Mean * SD Mean * SD Mean * SD
G1 1109.60+198.1 5.174+1.691 27.78+3.604 47.83+5.923
G2 641.3+102.1 aaa 9.785+2.265 aaa 36.88+3.494 aaa 67.32+7.703 aaa
G3 986.1£74.71 b 7.633£1.894 b 29.89+4.070 bb 52.76+9.838 bb
G4 1095+157.6 5.360+1.912 26.20+3.859 48.53+4.788
F 6.799 9.009 9.672
P 0.0001 *** <0.0001 *** <0.0001 *** < 0.0001 ***

No. of measurements in each group = 8. F: ANOVA test. ***: Highly significant (P <0.001); aaa: High significant change at P <0.001 in comparison with
Control; b: Mild significant change at P <0.05 in comparison with Paracetamol; bb: Moderate significant change at P <0.01 in comparison with Paraceta-

mol.
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Fig 4. Scatter plot with line chart for negative correlation between final weight and serum creatinine in the studied
groups.

tuft area, Bowman’s space, proximal convoluted group with respect to other groups (Table 10).
tubule (PCT) diameter and distal convoluted tubule There was some improvement in G3 animals co-
(DCT) diameter among the various groups, they administered with MO. At the same time, animals
revealed highly significant changes of the second of G4 receiving only MO showed measures ap-

proximately similar to that of G1.

ection of adult male
albino rat kidney of G1 showing the glomeruli (G). The
glomeruli are surrounded by visceral (curved arrow)

2 :
and parietal (arrow head) layers of Bowman’s capsule Fig 6. A ph lary
and separated by Bowman’s space (BS). PCTs (p) with tissue of a rat's kidney of G1 showing normal collecting
narrow lumen and DCTs (d) with wide lumen are also tubules (CT) and normal loop of Henle (H) with flat capi-
seen. (H&E, x400). llaries. (H&E, x400).
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Fig 7. A photomicrograph of a section of adult male
albino rat renal cortex of G2 showing lobulated hyper-
trophied glomerulus (LG) with congested glomerular
capillaries (*) and hypercellularity. The glomerulus
shows thickening in lining epithelium of parietal layer
(zigzag arrow). The convoluted tubules display cyto-
plasmic vacuolation (V) and loss in the lining epithelium
(arrow). Capillary congestion is also observed. (H&E,
x400).

'

Fig 9. A phot
albino rat renal cortex showing lobulated glomerulus
(LG) with congested glomerular capillaries (*), conges-
ted blood vessel (BV) with markedly thick wall (W) and
altered dimension of endothelial lining (double arrows).
Disorganized dilated tubules (T) with darkly stained nu-
clei and vacuolated cells (V) can be noticed. (H&E,
x400).

DNA Comet

Regarding percent of tail DNA, G2 had the high-
est percent of damage (2.99%) denoted by in-
creased migration length of stained DNA. This was
then followed by G3 (2.1%); and the least percent
was in G4 (Figs. 16-17).

DISCUSSION

The kidney plays a vital role in eliminating the
toxic substances and drug metabolites (Gounden
and Jialal, 2019). Therefore, it is prone to hazards
in case of abuse or overdose of drugs. In this
study, we tried to induce nephrotoxicity by admin-
istration of high doses of paracetamol suggested
by Canayakin et al. (2016) in order to investigate
the MO role in alleviating such kidney damage. We

3% ! ~

® el W ¥ R B ~ =
Fig 8. A photomicrograph of a section of adult male
albino rat renal cortex of G2 showing shrunken degene-
rated glomerulus (DG) with dilated Bowman's space
(BS). Peri glomerular inflammatory cell infiltrations (IF)
can be noticed. There are hyaline casts in the tubules
(C).

Fig 10. A photomicrograph of a section in the medulla of
a rat kidney of G2 showing congested capillaries (CC)
and vacuolated cells (V). (H&E, x400).

did the experiment on male rats other than females
to exclude effects of hormonal changes of estrous
cycles in female animals (Hegazy et al., 2018).

In the current work, there was statistically signifi-
cant decrease in the BW of paracetamol-treated
animals when compared with the control group.
This result is in agreement with Pareta et al.
(2011), who reported that the percentage of the
increase in BW of paracetamol-treated rats was
dramatically lesser than the other groups due to
the toxicity of paracetamol, gastrointestinal toxicity,
reduced feed and water intake. Also, according to
European Agency for the Evaluation of Medicinal
Products (1999), there is a decrease in BW gain in
rats at daily doses of paracetamol higher than 800
mg/kg BW. However, Oyedeji et al. (2013) found
non-significant changes in rat BW relative to the
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Fig 11. A photomicrograph of a section of adult male rat
renal cortex of G3 showing almost normal glomerulus
(G) formed of a tuft of glomerular capillaries (C). It is
surrounded by visceral (curved arrow) and parietal
(arrow head) layers of Bowman’s capsule. Both layers
are separated by Bowman'’s space (BS). PCTs (p) with
narrow lumen and DCTs (d) with wide lumen are also
seen. (H&E, x400).

of adult male
albino rat renal cortex of G3 showing a lobulated glome-
rulus (LG) with congested glomerular capillaries (*).
Few peri glomerular inflammatory cell infiltrations (IF)
can be noticed. PCTs (p) with narrow lumen and DCTs
(d) with wide lumen are also seen. (H&E, x400).

control ones after their treatment for 42 days with
7.5 mg/kg BW of paracetamol. On the other hand,
the MO-treated animals (G4) showed a significant
increase in the BW in comparison to paracetamol-
treated group. The animals’ BW gain may be due
to an increase of their appetite as well as the nutri-
tious effect of MO as detected with Mbikay (2012)
and Abdull Razis et al. (2014).

Regarding KW, there was a statistical decrease
in paracetamol-treated animals (G2) in comparison
with other groups. It might be a part of total de-
crease of BW. However, this result differs from
findings of Pareta et al. (2011) that stated a treat-
ment-related increase in KW. On the other hand,
the MO-treated group (G4) showed a KW increase
in comparison to the other groups. This contradicts
the findings of Asogwa et al. (2017).
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Fig 13. A photomicrograph of a section in the medulla of
a rat kidney of G3 showing almost normal collecting
ducts with exfoliated nuclei (arrow) and vacuolated cells
(V). Small areas of congested capillaries (CC) are ob-
served. (H&E, x400).
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Fig 14. A photomicrograph of a section of adult male
albino rat renal cortex of G4 showing a totally normal
section: the glomeruli (G). The glomeruli are surrounded
by visceral (curved arrow) and parietal (arrow head)
layers of Bowman’s capsule and separated by Bo-
wman’s space (BS). PCTs (p) with narrow lumen and
DCTs (d) with wide lumen are also seen. (H&E, x400).

Retro-orbital plexus route for getting blood sam-
ples from small animals such as rats is the com-
monly used method in our Animal House. It might
be performed to get a large volume of blood to be
tested. It was done following light anesthesia to
alleviate the stress that could result from blood
sampling (Mahl et al., 2000). The serum Cr and
BUN are indicators of renal functions; and their
levels are increased in case of kidney tissues’
damage (Ndukaku et al., 2014). In the current
study, administration of paracetamol at dose 2g/kg
in 5 ml distilled water orally (G2) significantly (P <
0.05) elevated serum Cr and BUN levels as com-
pared to their respective levels in control group.
These results are in agreement with Ramadan and
Schaalan (2011), who noticed their elevation in
rats after paracetamol administration at a dose of
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Fig 15. A photomicrograph of a section in the medulla of
a rat kidney of G4 showing normal collecting tubules
(CT) and normal loop of Henle (H) with flat capillaries.
(H&E, x400).

only 1 g/kg BW. However, the normal values in
control animals differ from the previous studies.
This might be due to the subtype of the rats used
and/or the methods adopted in the different stud-
ies. Moreover, Satirapoj et al. (2009) added that
even therapeutic dose of paracetamol could result
in elevations in BUN and Cr especially in case of
acute febrile illness.

The animals of G3 showed a significant lowering
in serum Cr and BUN level in comparison to G2.
This is because MO seed powder at oral doses of
400 mg/kg might protect the kidney against eleva-
tion of Cr and BUN. These results are in agree-
ment with ljaz et al. (2016) who reported that para-

Fig 16. Photomicrographs showing the length of DNA
migration and damage (DNA comet) in different groups;
G1 (1), G2 (3), G3 (4) and G4 (2).

cetamol-induced renal damage by significantly in-
creasing levels of serum Cr and BUN (P <0.05).
However, MO seed powder at oral doses of 200
mg/kg, 400 mg/kg or 600 mg/kg exerted its
nephroprotective and antioxidant role, and signifi-
cantly lowered the acute elevation in the serum Cr
and BUN (P <0.05).

The present study showed that paracetamol in-
duced different histopathological changes in the
renal cortex and medulla. Paracetamol-treated
animals revealed massive destructive damage of
the renal cortex and medulla and congestion of
glomerular capillaries. This could be explained, as
mentioned by Ahmed et al. (2015), due to an in-

o 299%

1st grnup 2nd group

3rd
regroup 4th group —

Fig 17. Bar chart for percent of tail DNA in the studied groups.
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crease in renal blood vessel permeability caused
by a high dose of paracetamol. On other side,
some renal glomeruli in this study showed shrink-
age and atrophy, which may be attributed to a de-
crease in the glomerular filtration of the drug as a
result of capillary constriction.

With regard to the renal tubules, there was tubu-
lar dilatation, dark stained nuclei and tubular cell
necrosis, sloughing of necrotic tubular epithelial
cells into lumens of tubules, marked cytoplasmic
vacuolization and swelling of tubular cells. These
results are in accordance with Kirbas et al. (2015),
who observed an intensive deformation of epitheli-
al cell structures of both proximal and distal tu-
bules in paracetamol-treated rats. This finding has
been explained by Morsy et al. (2013), who report-
ed the same results. They stated that exposure of
epithelial cells to oxidant stress leads to an eleva-
tion in nitric oxide release and nitrite production,
and decrease in cell viability.

This work demonstrated cytoplasmic vacuoliza-
tion of tubular cells in the renal cortex of rats treat-
ed with paracetamol. These data could be ex-
plained by Suriyakumari et al. (2016), who demon-
strated that cytoplasmic vacuolization occurs as
one of primary responses to all forms of cell injury.
They stated that increased permeability of cell
membranes leads to an increase of intracellular
water. As water sufficiently accumulates within the
cell, it produces cytoplasmic vacuolization.

In the present work, examination of kidney sec-
tions treated with paracetamol revealed also in-
flammatory cell infiltration. These results are in
agreement with Kumar et al. (2010) and Pareta et
al. (2011), who stated that the paracetamol-treated
group showed severe tubular necrosis, permeation
of inflammatory cells, tubular deterioration, hemor-
rhage, distension of tubules and vacuolization.
Kandemir et al. (2017) added that the kidney tis-
sue showed increased pro-inflammatory cytokines,
which could be another explanation of renal injury-
induced by paracetamol.

In the current work, light microscopic examina-
tion of the kidney tissue of rats treated with para-
cetamol and MO (G3) revealed that renal glomeruli
and tubules appeared almost normal when com-
pared with the paracetamol-treated group. Howev-
er, few atrophic renal glomeruli, some vacuolation
of cells and mild dilation of some tubules were still
evident, while other PCT and DCT began to retain
their normal histological architecture. These find-
ings are in consistence with those of ljaz et al.
(2016), who reported that MO significantly reduced
the histopathological changes observed in the pa-
racetamol-treated group. Animals administered
with MO seed powder at doses of 200 & 400 mg/
kg showed tubular epithelial cells with mild con-
densed nuclei. Ndhlala et al. (2014) proposed that
MO reduces nephrotoxicity by its antioxidant prop-
erties. On the other hand, light microscopic exami-

nation of the kidney tissue of rats treated with MO
only (G4) revealed normal architecture of kidney.
These results are in accordance with Uma et al.
(2010), who stated no toxic effect on rats with ad-
ministration of 800 mg/kg leaves extract of MO for
15 consecutive days. Therefore, the plant is sug-
gested to be safe for human consumption without
any undesirable effects.

In morphometric measurements, the G2 showed
increase in the diameter of PCT, DCT and Bow-
man’s space in comparison to the other groups.
Regarding G3, the diameters were less dilated
than those in the G2 due to the nephroprotective
effect of MO in these groups, which decreased the
toxic effect of paracetamol on kidney. The diame-
ters of PCT, DCT and Bowman’s space in the G1
and G4 were in the normal range; this suggested
the nephroprotective effect of MO in the G4. The
capillary tuft area was the smallest in the G2, while
the G3 showed larger capillary areas due to the
protective effect of MO. Regarding the G1 and G4,
their capillary tuft areas were nearly equal. These
results are in accordance with those of Canayakin
et al. (2016), who reported that the histopathology
of the kidneys of the paracetamol-treated group
showed severe proximal tubular distortion with en-
larged lumina. This was found also by Pareta et al.
(2011), who reported that the histopathological
studies for Paracetamol treated group showed se-
vere tubular necrosis, tubular deterioration, disten-
sion of tubules and vacuolization.

In addition to histological and biochemical evalu-
ation, the damage of the kidney could be also as-
sessed by comet assay (Abo-EL-Sooud et al.,
2018). Duez et al. (2003) concluded that such
method is an efficient way to demonstrate geno-
toxicity induced by physical or chemical agents. In
the present study, the DNA COMET analysis re-
sults are in consistence with the findings of the
European Agency for the Evaluation of Medicinal
Products (1999), which stated the presence of evi-
dences of chromosomal damage in high paraceta-
mol doses in its report. De Boeck et al. (2000) also
stated that increased DNA migration indicates the
induction of DNA strand breaks. The percentage of
DNA in the tail is the most appropriate parameter
to analyze induced DNA damage. Also, Abo-EL-
Sooud et al. (2018) stated that DNA damages are
considered to be strongly related to cell death, be-
cause it can lead directly to chromosome aberra-
tions and the loss of genetic material.

In conclusion, paracetamol administration could
produce renal tissue damage predicted by noticed
degenerative changes in the histological structure
and DNA comet, and confirmed by disturbed kid-
ney function tests. Co-administration of MO with
paracetamol improves such deleterious changes.
Moreover, MO has not only no bad sequelae if it is
given alone, but also might be of beneficial effect
indicated by least genotoxicity observed in G4.
Accordingly, MO is suggested to have a protective
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role against paracetamol-induced renal damage.
Further studies to investigate MO on other animals
with large numbers are recommended.
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