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ABSTRACT

Objectives: Exposure to a-cypermethrin (a-CP) may yield reactive oxygen species (ROS) that is responsible for oxidative stress in mammals. A variety
of antioxidants were used to alleviate a-CP-induced toxicity in experimental animals. To the best of our knowledge, there are no attempts of using
Moringa oleifera L. (MO) plant extracts against a-CP-induced toxicity. Therefore, this study was conducted.

Methods: A total of 16 adult female rats were segregated into equally four groups: One group administered a-CP orally at a dose of 0.05/mg kg bw/
day; and the second group was freely allowed to drink MO leaf extract (moringa tea [MOT]) + the a-CP dose. The other two groups represented
negative and positive controls. The daily consumption of the solutions was estimated. At the end of experiments (28 day), all animals were subjected
to the planned manifestations.

Results: MOT has proved its palatability as drinking solution more than water. Compared with control results, the relative weights of liver and brain
recorded significant increases, while that of kidney, heart, spleen, ovary, and lung decreased significantly. Furthermore, alterations in the architecture
of the liver, kidney, and brain were observed. a-CP treatment induced high elevation of the levels of aspartate aminotransferase, alanine amino
transferase, alkaline phosphatase, creatinine, and malondialdehyde, while caused decline of butyrylcholinesterase, urea, superoxide dismutase, and
total antioxidant capacity levels. Coadministration of MOT restored biochemical and histopathological alterations caused by a-CP to a great extent.

Conclusion: The present study introduces novel data on the protective effect of MO leaf extract against CP toxicity and sheds light on the palatability
of “MOT” to rodents.
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INTRODUCTION stay open much longer than normal. Therefore, there is a possibility of
generating excessive reactive oxygen species (ROS) following exposure

Synthetic pyrethroids representabout 30% of insecticides used globally to CP [11]

and are considered the least toxic compared with other classes [1].
They are preferentially used due to their rapid biodegradability and
target oriented with respect to their mode of action [2]. Pyrethroids
include two types of different chemical structures. Type I includes
allethrin , tetramethrin , resmethrin, bioremethrin, and permethrin,
while type II includes cypermethrin (CP), cyfluthrin, cyphenothrin,
and deltamethrin. Both types inhibit the insect’s nervous system [3].
Type I pyrethroids induce hyperexcitation and fine tremors and affect
the sodium channels in the closed state [4], while type II causes a
more complex syndrome and affects the sodium channels in the open
state [5]. In general, the nerve membrane ionic channels represent the
primary target of pyrethroid toxicity [6].

The insecticide o-CP, like other pyrethroids, is metabolized in the
liver through hydrolytic ester cleavage and oxidative pathways by
cytochrome P-450 enzymes to yield ROS that is responsible for oxidative
stress in mammals [12]. Increased ROS levels lead to cytotoxicity
and genotoxicity in higher vertebrates [13,14]. Moreover, during
metabolism of a-CP, it forms cyanohydrines and decomposes further
to cyanides and aldehydes, substances that can cause production of
ROS [15].

Severalinvestigators have used avariety of antioxidantagentstoalleviate
CP-induced toxicity in experimental animals. For instance, the ethanolic
extract of Tribulus terrestris plant was used to alleviate reproductive
toxicity of o-CP in male Wistar rats [16]. Resveratrol (trans-3,5,4'-
trihydroxystilbene), a polyphenolic phytoalexin abundantly found in

The synthetic pyrethroid, CP, is widely used in controlling pests in
agriculture, veterinary, and household purposes as a fast-acting
neurotoxin to insects [7]. CP technical grade is a racemic mixture of

eight isomers (four cis and four trans isomers) and molecular formula
of C22H19C12N03. Two stereoisomers, known as o-CP, are considered to
be the most active forms. a-CP is used extensively as an ectoparasiticide

in animals, agriculture, and public health programs [8].

Some studies have reported the adverse effects of a-CP on brain of
laboratory animals [9,10]. It causes neurotoxicity in mammals and
long-lasting prolongation of sodium permeability during excitation.
This may cause severe repetitive nerve impulses in the sense organs
and damage to the voltage-dependent sodium channel, causing it to

grapes and red wine, was found to ameliorate CP-induced brain damage
in Wistar rats [17]. Zinc and a-lipoic acid were reported to reduce the
harmful effects of a-CP on the reproductive system of male rat [18]. To
the best of our knowledge, there are no attempts of using the “Miracle
Plant, Moringa oleifera L.” against a-CP toxicity; however, the plant is
known for its antioxidant properties [19-23]. For example, MO extracts
were reported to ameliorate acetaminophen-induced hepatotoxicity
in rats [21]; lead acetate-induced changes in liver and kidney function
parameters and oxidative stress markers in rats [22]; diclofenac-
induced hepatotoxicity in rats [24]; alcohol-induced hepatotoxicity
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in Wistar rats [25]; cadmium toxicity in rats [26]; and lead toxicity in
cerebral cortex in rats [27]. Furthermore, coadministration of MO leaf
extract with chlorpyrifos (CPF) caused a significant restoration in brain
enzymes and protein as well as restoration of antioxidant capacity.
Brain architecture was also well preserved in rats who received CPF-
MO combination [28]. For the above-mentioned considerations, it may
be convenient to present an introductory section on MO.

M. oleifera (Lam.) belonging to the family of Moringaceae is an effective
remedy for malnutrition. It is commonly known as “drumstick tree” or
“horseradish tree” or the “miracle tree” or “the tree of life.” Moringa
(MO) is rich in nutrition owing to the presence of a variety of essential
phytochemicals present in its leaves, pods, and seeds. Surprisingly,
MO is said to provide Vitamins C and A as 7 and 10 times more than
oranges and carrots, respectively; 17,9, 15, and 25 times more calcium,
protein, potassium, and iron than milk, yoghurt, bananas, and spinach,
respectively [29]. MO is considered as a sustainable remedy for
malnutrition in children in countries such as Senegal and Benin [30].
It is used to treat malnutrition in children younger than 3 years.
Furthermore, the MO leaf powder (ca. 6 spoonfuls) can meet a woman'’s
daily Fe and Ca requirements during pregnancy [31]. On the other hand,
the aqueous extract of MO leaves was reported to possess antidiabetic
activity [32] and the leaf powder has potential antibacterial activity [33].

According to Mishra et al. [34], many companies across the world
manufacture various products of MO leaves such as tea, tablets,
capsules, soaps, and beverages. Fortunately, boiling of seeds and leaves
of MO increased the availability of iron and antioxidant content, and
thus soaking the leaves in hot water improves its health effects [35].
Usually, a teaspoon of dried MO leaves (crushed or blended) is added to
hot water and allowed to steep for 3-5 min (or until the color changes)
to prepare a cup of MOT [34].

The present study was undertaken to provide an overview on the effect
of a-CP on some physiological, biochemical, and histopathological
parameters in female rats and to evaluate the ameliorative effect of MO
leaf extract.

METHODS

Chemicals and reagents

CP, C,,H,,CLLNO, [cyano-(3-phenoxyphenyl) methyl] 3-(2,2-dichlo
roethenyl)-2,2-dimethylcyclopropane-1-carboxylate, was obtained
from the Modern Chemical Industries Company, Egypt, in a
form of commercial formulation (10% EC). 2-thiobarbituric acid
(2,6-dihydroxypyrimidine-2-thiol) was purchased from Merck
(Germany). Dibasic and monobasic sodium phosphates were
obtained from Alliance Bio (Irvine, CA, USA). The reagents used in
biochemical assay of malondialdehyde (MDA), superoxide dismutase
(SOD), transaminases (alanine amino transferase [ALT] and aspartate
aminotransferase [AST]), alkaline phosphatase (ALP), total antioxidant
capacity (TAC), butyrylcholinesterase (BuChE), urea, and creatinine
were purchased from Biodiagnostic Company, Dokki, Giza, Egypt.

Animals

Healthy female albino rats of the Wistar strain (Rattus norvegicus),
60 days of age, and with average weights of 120-140 g were obtained
from the Animal Breeding House of the National Research Centre
(NRC), Dokki, Cairo, Egypt, and maintained in clean plastic cages in the
laboratory animal room (23°C+2°C) of 12/12 h daily dark/light cycle. The
animals were fed a standard pellet diet and had free access to water for
1 week acclimatization period before experimentation. The experimental
work on rats was performed with the approval of the Animal Care and
Experimental Committee, NRC, Cairo, Egypt, and in accordance with the
guidelines for Care and Use Of Laboratory Animals [36].

Preparation of MOT

Packets of MO grinded leaves, each of 2 g, were brought from the Unit
of Research and Production of Moringa at NRC, Cairo, Egypt. Production
of MO products was preceded by voucher specimens deposited in the
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herbarium of NRC. MOT was prepared by soaking each packet in 300 ml
of hot water and kept at room temperature, with occasional swirling,
until cooled. The prepared tea extracts were transferred to glass bottles,
each contained 300 ml, and fixed in the experimental cages (1 bottle/
cage of 4 rats). The bottles were removed every morning, and the daily
consumption of MO solution was determined over the experimental
duration period (28 days).

Experimental design

A total of 16 female rats were distributed in four cages, each contained
four rats and represented an experimental group (G), as follows:
G1: Drinking water only (control group), G2: MOT (300 ml), G3: CP
(0.05 mg/kgbw/day), and G4: CP (0.05 mg/kg bw/day) + MOT (300 ml).
CP was given orally by gavages at a dose of 0.05 mg/kg bw/day which
represents its acceptable daily intake (ADI) according to the FAO/
WHO [8]. The insecticide solution was prepared daily in distilled water
on active ingredient basis. The concentration of MOT was extrapolated
from its traditional use (e.g., a teaspoon of dried MO leaves/cup of hot
water) [34]. Both MOT and drinking water were subjected to daily
consumption estimation .

Blood and organs’ collection

At the end of the experiment (4 weeks), the final body weights were
recorded and blood samples were taken from the facial artery of each
animal under ether anesthesia and added to non-heparinized centrifuge
tubes to separate serum. This was performed by centrifugation at
3500 rpm (600 g) for 10 min at 4°C using Heraeus Labofuge 400R,
Kendro Laboratory Products GmbH, Germany. The sera were kept in a
deep freezer (-20°C) until analyzed. Then, the animals were sacrificed
by cervical dislocation, and the heart, spleen, liver, kidneys, lung, brain,
and ovaries were removed and weighted. Small pieces of the liver,
kidney, and brain were kept in 10% formalin for histopathological
studies. Other pieces of liver (1 g tissue + 1 ml phosphate buffer, pH 7.4)
were homogenized for 1min and centrifuged at 4500 rpm for 10 min at
4°C. The supernatant was withdrawn in clean tubes and kept in a deep
freezer (-20°C) until analyzed for MDA and SOD.

Biochemical analyses

The measurements of biochemical parameters were performed on
Shimadzu UV-VIS Recording 2401 PC (Japan) Spectrophotometer at the
specified wavelengths and in accordance to the pamphlet instructions
given by the manufacturers and in the light of the published methods.
The activity of AST (EC.2.6.1.1) and ALT (EC.2.6.1.2) was determined
according to the method described by Reitman and Frankel [37] at
546 nm, expressing the enzyme’s activity in terms of units per liter
(U/L). ALP (EC 3.1.1) was measured in sera at 510 nm (U/L) according
to Belfield and Goldberg [38]. BuChE activity, U/L (BuChE; EC 3.1.1.8),
was measured at 405 nm using the method followed by Knedel and
Bottger [39]. Concentration of urea (in milligram per deciliter; mg/dl)
was determined in sera at 550 nm using the method of Fawcett and
Scott [40]. Creatinine was measurable at 495 nm according to Bartels
and Bohmer [41] in terms of mg/dl. Lipid peroxidation (LPO) was
determined in terms of MDA which is a marker of LPO according to
Satoh [42] at 534 nm, expressing concentration of MDA in terms of
nmol/g tissue. The SOD (EC1.15.1.1) activity was measured at 560 nm
and expressed in terms of ug/g tissue [43]. The determination of TAC
was performed colorimetrically according to Koracevic et al. [44] at
505 nm in terms of mM/L.

Histological studies

Autopsy samples were taken from the liver, kidney, and brain from rats
of different groups and fixed in 10% formalin saline for 24 h. Washing
was done in tap water and then dehydrated in ascending grades of
alcohol. Specimens were cleared in xylene and embedded in paraffin
bees at 56°C in a hot air oven for 24 h. Paraffin blocks were prepared
for sectioning at 4 p thickness by slide microtome. The obtained tissue
sections were collected on glass slides, deparaffinized, and stained by
hematoxylin and eosin stain. Two slides were prepared for each animal;
each slide contained two sections for each organ. Ten field areas for
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each section were selected and examined for histopathological changes
under light microscope according to Banchroft et al. [45] at x40. The
histopathology was carried out in the Pathology Department, NRC,
Cairo, Egypt.

Statistical analysis

The data were analyzed using GraphPad Prism 5 Demo and expressed
as means+standard error. Paired samples (t) test was used to compare
the data of the control with those of treatments, where p<0.05 and
p<0.01 were considered for significant and high significant differences,
respectively. p>0.05 meant no significant difference.

RESULTS

Consumption of MOT

The average daily consumption of MOT by female rats in MO group (G2;
Fig. 1) was found to be 256, 271, 277, and 284 ml during the 1%, 2",
3rd and 4™ week, respectively. This pattern of consumption resembled
nearly that obtained for the treatment: CP + MO (G4) and was higher
than that obtained for the other two treatments (G1 and G3: water and
CP, respectively). In general, the daily use of 300 ml drinking solution
for 4 rats was found to be quite enough (Fig. 1).

Body and organs’ weights

The initial body weight was about 140-180 g, and at the end of the
experimental period, the body weight in control (G1) and CP + MO (G4)
treatments reached 208 g. The other two treatments recorded lower
values (Fig. 2).

G1: Control (water); G2: Moringa; G3: Cypermethrin; G4: Cypermethrin
+ moringa

Table 1 presents the absolute and relative weights of some internal
organs. There were no significant differences between results of control
(G1) and MO (G2), with respect to absolute and relative weights of the
studied organs (e.g, liver, kidney, heart, spleen, ovary, brain, and lung).
Compared with control group (G1), the absolute and relative weights
of the liver (8.73 g and 4.2%) recorded significant differences (p<0.05)
than those for the treatment of CP (G3). Either the absolute or relative
weights of the kidney in the CP treatment (G3) were significantly
(p<0.01) lower than control values. Similar result trend was obtained
for the heart, spleen, ovary, and lung . The absolute and relative weights
of control brain recorded 1.78 g and 0.89%, respectively, values
which were significantly lower (p<0.01) than those obtained for the
CP treatment (G3). In general, coadministration of MO with CP (G4)
narrowed the differences between their results and those of control
treatments (Table 1).

Biochemical parameters

Table 2 shows the results of biochemical parameters in female rats
treated with CP, with and without coadministration of MO. Control
value for ALT activity recorded 25.01 U/L, a value which was nearly
equal to that recorded for MO and CP + MO treatments (25.03 and
26.9 U/L, respectively). CP treatment (G3) showed highly significant
elevation (p<0.01) in ALT activity, accounting to 53.0 U/L . This means
that coadministration of MO brought down the activity of ALT to the
normal level. Typical pattern was obtained for AST and ALP activities.

CP treatment (G3) caused high significant (p<0.01) decline in BuChE
activity (2517.1 U/L), compared with that obtained for control
treatment (3110.1U/L). Coadministration of MO (G4) resulted in
3090.9 U/L as BuChE activity, revealing insignificant difference than
control result.

Urea and creatinine, as kidney function parameters, recorded 40.01 and
0.75 mg/dl, respectively, in G1. Exposure to cypermethrin (G3) induced
a high significant decline in urea concentration and high significant
elevation in creatinine concentration. Coadministration of MO (G4)
normalized urea level (p<0.01) and improved creatinine level to some
extent (p<0.05).
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Exposure of female rats to the insecticide CP induced a high elevation
in LPO (represented by MDA), and severe decline in SOD and TAC
activities. Coadministration of MO normalized the MDA and SOD levels
(p<0.01) and improved the TAC level to some extent (p<0.05) (Table 2).

Histopathological studies
Sections from the liver, kidney, and brain were subjected to histological
examination to study the effects of CP treatment on the tissue integrity
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Fig. 1: Average daily consumption of administered solutions
to the female rats during the experimental period (4 weeks).
Experimental groups: G1: Water; G2: Moringa; G3: Cypermethrin;
G4: Cypermethrin + moringa
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Fig. 2: Fluctuation of body weight of the tested female rats during
the experimental period (4 weeks)

Table 1: Absolute and relative organs weights of female rats
treated with cypermethrin with and without moringa

Organs Groups
weights G1 G2 G3 G4
Liver
Absolute (g) 8.73+0.49*° 8.58+0.28* 7.89+0.67° 8.08+0.47°
Relative (%) 4.2+0.01° 4.4+0.032 4.8+0.02° 4.3+0.005*
Kidney
Absolute (g) 2.06+0.21* 1.77+0.13* 1.55%0.09° 1.75%0.09*

Relative (%) 1.41£0.003* 1.38+0.02* 0.99+0.001°¢ 1.21+0.003"
Heart
Absolute (g) 0.95+0.02*  0.89+0.04°
Relative (%) 0.70+£0.001* 0.68+0.2°

Spleen

0.73+£0.06¢  0.83+0.04°
0.59+0.003¢ 0.66+0.005°

Absolute (g) 1.03+0.06° 1.11+0.04* 0.99+0.05* 1.0+0.03®

Relative (%) 0.47£0.03* 0.45%0.005* 0.39+0.01°¢ 0.41+0.004°
Ovary

Absolute (g) 0.41+0.07*°  0.45+0.05* 0.26+0.01¢ 0.37+0.02°

Relative (%) 2.5+0.003* 2.47+0.001* 2.12+0.5¢ 2.35+0.2°
Brain

Absolute (g) 1.78+0.003* 1.81+0.01* 2.45+0.2° 1.91+0.001°

Relative (%) 0.89+0.006* 0.88+0.003* 1.03+0.02° 0.91+0.003°

Lung
Absolute (g) 2.02+0.03* 2.12+0.01* 1.81#0.005° 2.08+0.001"
Relative (%) 1.07+£0.05* 1.1+0.003* 0.93%0.001° 0.98+0.003°

Final body weights refer to Fig. 2; where G1: 208.2; G2: 193.5;

G3:182.1; G4: 208.3 g. G1: Control; G2: Moringa; G3: Cybermethrin;

G4: Cybermethrin+moringa. Relative organ weight (%)=(Weight of organ/
body weight)x100. Statistical analysis: Values are means+SE, n=4. Compared
with control values (G1) in each row: Non significant difference; "Significant
difference at (p<0.05); ‘High significant difference at (p<0.01).

SE: Standard error
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Table 2: Some biochemical parameters of liver and kidney functions as well as antioxidant enzymes in female rats treated with
cypermethrin with and without moringa

Biochemical markers Groups
G1 G2 G3 G4
Liver function enzymes
ALT (U/L) 25.01+0.032 25.03£0.012 53.0£0.02¢ 26.91+0.2°
AST (U/L) 61.02+0.01* 60.09+0.5° 70.00+0.1¢ 59.09+0.04°
ALP (U/L) 90.05+0.0012 90.14+0.2° 100.1+0.03¢ 88.01+0.01*
BuChE (U/L) 3110.1+0.09° 3200.3+0.32 2517.1£0.01¢ 3090.9+0.03°
Kidney function parameters
Urea (mg/dl) 40.01+0.0012 41.03+£0.03* 31.52+0.003¢ 39.93+0.4°
Creatinine (mg/dl) 0.75+0.1° 0.74+0.02° 1.33£0.05¢ 0.88+0.09°
Antioxidant enzymes
MDA (nmol/g tissue) 4.7+0.001* 4.9+0.5° 6.1+0.005¢ 5.1+0.03°
SOD (ug/g tissue) 344.0£0.012 341.01+0.12 243.09+0.03¢ 339.03+0.005°
TAC (mM/L) 1.66£0.022 1.69+0.03* 1.12+0.09¢ 1.58+0.05°

G1: Control; G2: Moringa; G3: Cypermethrin; G4: Cypermethrin+moringa. Statistical analysis: Values are meansSE, n=4. Compared with control values (G1) in each row:
aNon-significant difference; Significant difference at P<0.05; ‘High significant difference at P<0.01. ALT: Alanine aminotransferase, AST: Aspartate aminotransferase,

ALP: Alkaline phosphatase, BuChE: Butyrylcholinesterase, MDA: Malondialdehyde, SOD: Superoxide dismutase, TAC: Total antioxidant capacity, SE: Standard error

Table 3: Assessment of oxidative stress of cypermethrin based on the estimation of percentage of change in some biochemical

parameters and ameliorative effect of moringa coadministration

Biochemical parameters? Control value®

Cypermethrin value®

% of change* Amelioration index?

AST (U/L) 61.02 70.00
ALP (U/L) 90.05 100.1
BuChE (U/L) 3110.1 2517.1
MDA (nmol/g tissue) 4.7 6.1
SOD (ug/g tissue) 344.0 243.09
TAC (Mm/L) 1.66 1.12

14.7 1.15
11.2 1.11
-19.1 0.81
29.8 1.30
-29.3 0.71
-32.5 0.67

Data of biochemical parameters refer to Table 2. ¢)% of change=b-a/ax100; d) amelioration index=b/a. AST: Aspartate aminotransferase, ALP: Alkaline phosphatase,
BuChE: Butyrylcholinesterase, MDA: Malondialdehyde, SOD: Superoxide dismutase, TAC: Total antioxidant capacity

and to evaluate possible repair following coadministration of MO.
Results of this part of study are illustrated in Figs. 3-5.

Microscopic examination of liver sections (Fig. 3) from control (G1)
and MO (G2) showed the normal architecture of the hepatic lobule,
represented by strongly eosinophilic granulated cytoplasm and
round nuclei with peripherally dispersed chromatin and prominent
nucleoli. The Kupffer cells are satellite and site on the sinusoidal
surface of the endothelial cell, projecting in the vascular space.
Sections of the liver of rats given CP (G3) showed hemorrhagic
areas in the dilated hepatic sinusoids, and active Kupffer cells were
found. Some nuclei showed karyolytic or karyorrhexis feature. The
hepatic lobule appeared more or less like normal and active Kupffer
cells was seen in the sections of liver from rats given CP + MO (G4)
(Fig. 3).

Microscopic examination of kidney sections (Fig. 4) from control
(G1) and MO (G2) showed the normal architecture of the two major
components of kidney, the renal corpuscle, and the renal tubule. The
glomerulus, urinary space, and Bowman’s capsule are well seen.
Kidney sections from rats treated with CP (G3) showed intraglomerular
hemorrhagic areas and degeneration in the renal tubules, as well as
cell debris in the lumina of the renal tubules. Kidney sections from rats
given MO + CP (G4) showed the renal corpuscles and tubules appeared
more or less like normal (Fig. 4).

Microscopic examination of sections in brain cerebrum (Fig. 5) of
control rats (G1) showed the highly active neurons that have huge nuclei
with relatively pale-stained, the nuclear chromatin, and prominent
nucleoli disappeared. The surrounding support cells (glial cells) having
small nuclei with densely stained, condensed chromatin with no
visible nucleoli and background substance (neuropil). Sections in brain
cerebrum of rats given MO (G2) showed the normal structure of the
neurons and glial cells. Sections in brain cerebrum of rats administered

Fig. 3: A micrograph of liver sections from control rats (G1)
shows the architecture of the hepatic lobule. The hepatocytes
(HC) showed strongly eosinophilic granulated cytoplasm (CY)
and round nuclei with peripherally dispersed chromatin and

prominent nucleoli (N). Between the strands of HC, the hepatic
sinusoids are often seen (HS). The Kupffer cells (K) are satellite
and site on the sinusoidal surface of the endothelial cell,
projecting in the vascular space (H and E, Scale bar: 20 pm).
Liver section from rats given moringa for 28 days (G2) shows
the normal architecture of the hepatic lobule (H and E, Scale
bar: 20 pm). Liver sections from rats treated with cypermethrin
(G3) show necrotic HC associated with moderate lymphocyte
infiltration in the portal and periportal tract (short arrows)
with dilated and congested veins. HCs with karyolytic nuclei
or karyorrhexis are present (long arrow) (H and E, Scale bar:
20 pm). G4 represents a micrograph of liver sections from rats
treated with cypermethrin and moringa. The hepatic lobule
appeared more or less like normal and active Kupffer cells were
seen (H and E, Scale bar: 20 pm)

CP (G3) showed the neuron damage, shrinkage, and basophilic neurons
with core pyknosis . Sections in the brain cerebrum of rats administered
MO + CP (G4) showed neurons and glial cells that appeared more or less
like normal (Fig. 5).

The details of histopathological effects are presented below the studied
organs (Figs. 3-5).
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Fig. 4: A micrograph of kidney sections from control rats
(G1) shows the renal corpuscle and renal tubules, proximal
convoluted tubules (PCT), and distal convoluted tubules (DCT).
Notice the glomerulus (G), urinary space (US), and Bowman'’s
capsule (BC) (H and E, Scale bar: 20 pm). Kidney sections from
rats given moringa (G2) show the renal corpuscles and tubules
appeared more or less like normal (H and E, Scale bar: 20 pm).
Kidney sections from rats treated with cypermethrin (G3)
show intraglomerular hemorrhagic areas (long arrow). Notice
degeneration in the renal tubules, hemorrhagic areas present in
the interstitial spaces, and cell debris in the lumina of the renal
tubules (H and E, Scale bar: 20 pm). G4 represents a micrograph
of kidney sections from rats treated with cypermethrin and
moringa. The renal corpuscles and tubules appeared more or less
like normal (H and E, Scale bar: 20 pm)

Fig. 5: A micrograph of brain cerebrum sections from control
rats (G1) shows the highly active nerve cells (neurons) that have
huge nuclei with relatively pale-stained, the nuclear chromatin,
and prominent nucleoli disappeared (arrows). The surrounding
support cells (glial cells) have small nuclei with densely stained,

condensed chromatin with no visible nucleoli (arrow heads),
and background substance (neuropil) (star) (H and E, Scale bar:

20 pm). G2: A micrograph of sections in brain cerebrum of rats
given moringa (G2) shows normal structure of the neurons and
glial cell (H and E, Scale bar: 20 pm). Section in brain cerebrum
of rats administered cypermethrin (G3) shows cell damage (red
arrow), shrinkage of neurons (arrow), and basophilic neurons
with core pyknosis (arrow head) (H and E, Scale bar: 20 um). G4
represents a micrograph of brain cerebrum sections from rats
administered cypermethrin and moringa. The neurons and glial
cells appeared more or less like normal structure (H and E, Scale
bar: 20 pm)

DISCUSSION

The present study was an attempt to evaluate the toxicity of CP on some
physiological, biochemical, and histopathological parameters in female
rats and to test the possible ameliorative effect of Moringa olifera leaf
extract (MOT) against toxicity of CP. According to the results of the
present study, MOT has proved its palatability as drinking solution
more than water to the experimental rats.

In toxicological research, the evaluation of organ’s toxicity is an
important criterion. In general, increase or decrease of body and/
or organs weights than normal could be considered as a preliminary
sign of toxicity. Pyrethroid insecticides have poor feed conversion
efficiency; therefore, it may affect the body and the organs weights [46].
In this study, except the liver and brain, the relative weights of the
other organs (kidney, heart, spleen, ovary, and lung) were decreased
significantly as compared with the control treatments. Our results are
supported by previous investigations reporting a decline in body and
organ weights due to the administration of CP [47] and the synthetic
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pyrethroid and deltamethrin in experimental animals [48,49]. In
general, coadministration of MO with CP narrowed the differences
between control and CP treatments.

Several studies have reported the alteration of the levels of different
biochemical parameters related to liver, kidney, and oxidative
status functions in rats following exposure to CP. High elevation of
aminotransferases (ALT and AST), ALP, creatinine, and MDA activities
and decline of ChE, SOD, and CAT activities than the normal levels were
reported by several investigators [16,17,50,51]. The results of those
investigators support our findings regarding the effect of CP on the
studied biochemical markers.

Activities of the serum enzymes such as AST, ALT, and ALP represent
the functional status of the liver, while urea and creatinine levels are
indicatives of kidney function. Activities of SOD, TAC, and MDA levels in
the liver reflect the oxidative status. Cellular alteration due to exposure
to toxicants varies from simple increase of metabolism to the cell death.
The increase or decrease of enzyme activity is related to the cellular
damage intensity. Therefore, increase of transaminases activity along
with the decrease of activity of free radical scavengers may be the
consequence of a-CP-induced pathological alterations in the liver. The
decreased TAC and SOD activities and increased MDA level in the liver
as well as increased levels of serum aminotransferases and ALP suggest
that a-CP causes hepatic damage which may be through free radicals
formation. a-CP undergoes metabolism in the liver through esoteric
and oxidative pathways by means of the cytochrome P, microsomal
enzyme system which results in oxidative stress producing decline
of TAC and SOD activities and an increase of MDA activity , leading
to hepatic necrosis and histopathological damage even at sublethal
doses [9,50]. Furthermore, during metabolism of a-CP, it forms
cyanohydrins which decompose to cyanides and aldehydes, substances
that can cause production of ROS [15].

Cholinesterase (ChE), or pseudocholinesterase, is synthesized mainly
in hepatocytes and secreted into the bloodstream. In case of liver
dysfunction, the ChE activity is declined due to reduced synthesis in
contrast to other liver function enzymes whose activities increase due
to increased release following damage of cell membrane [52]. Hence,
changes in ChE activity reflect alterations in hepatocellular functions
and have been recognized as sensitive indicators of the diminished
synthetic capacity of the hepatic parenchyma [53]. In the present study,
the decline of BuChE activity in CP-treated group corroborated with
that recently reported by Mansour et al. [54] in deltamethrin-treated
female rats and their pups.

It is documented that the toxicity of various biologically active
substances (e.g., pesticides) is associated with the ROS formation
which is responsible for inducing oxidative stress in the tissues
and chronic permanent damage [55]. Many pesticides may induce
oxidative stress following acute exposure in humans [56] and
animals [57]. Nevertheless, increased LPO in the tissues may be one
of the molecular mechanisms involved in the toxicity of synthetic
pyrethroids [58,59].

It has been previously reported that the MO leaves contain different
classes of phytochemical compounds, vitamins, and carotenoids. Such
these compounds contribute mainly to the antioxidant properties,
as well as in other biological activities. 3-carotene from MO leaves is
converted efficiently into Vitamin A in the body and has potential
hepatoprotective effects [60]. These reported studies have strongly
suggested the importance of phenolic compounds from MO and their
antioxidant properties. The main antioxidant activity associated
with the phenolic contents is their ability to scavenge free radical
formation [61]. Such research evidences lead us to suggest that the
observed improvement in the biochemical parameters in the CP-treated
rats in the present study was attributed to coadministration of the
MOT. The scavenging activities of MO can help to modulate the adverse
effects of ROS resulted from CP treatment. Extracts of MO leaves were
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extensively reported to possess a wide range of biological activities
attributed to the role of MO as antioxidant agent [19-23].

The hepatic and renal function results of the current study
corroborated the histopathological lesions observed in the examined
organs and supported by the results of Lamfon [62] and Mansour et
al. [59] who found that rats treated with deltamethrin have shown
loss of normal structure of the hepatic cells, blood congestion, Kupffer
cells activation, and hemorrhagic areas and degeneration in the renal
tubules. Due to the ability of MO extracts to reduce the oxidative stress
induced by toxicants, its high nutritional value could ameliorate and
rejuvenate damages in several tissues including liver [63] and cerebral
cortex [27,28]. Subsequently, this supports the noticeable improvement
in the architecture of the studied organs in the present investigation.

It is worthy to mention that Mansour and Gamet-Payrastre [64]
have previously reported that alteration in the levels of biochemical
parameters due to pesticide exposure is an indicative to how much
deviation than normal values due to this pesticide. This could be
determined by calculating the percentage of change in pesticide-
treated groups relative to untreated control groups. On the other hand,
the “amelioration index” (AI) could be estimated by comparing the
results of a given biochemical parameter in the groups of pesticides +
antioxidant agent (e.g., MO here) with the results of the control groups
to assess the ameliorative efficiency of MO. As Al approaches 1, the
amelioration reaches a high degree of normalization to the control
value [64]. The results of such approach are presented in Table 3 for
some biochemical parameters, as examples.

According to the data presented in Table 3, alterations in the activity
were differed from a biochemical parameter to another. TAC, SOD, and
MDA showed the highest deviation than normal values, accounting to
-32.5%,-29.3%, and 29.8%, respectively, due to a-CP treatments. Those
for AST, ALP, and BuChE were 14.7%, 11.2%, and -19.1%, respectively.
These results are comparable with those of Sharma et al. [17] who
reported changes accounted to 83.99%, 17.08%, and 47.64% in the
activity of MDA, SOD, and AChE, respectively, in male rat brain treated
with a-CP (3.38/mg kg bw for 28 days); taking into consideration the
very high dose used in comparison with our dose (0.05/mg kg bw for
28 days).

On the other hand, the efficiency of MO to alleviate the oxidative stress
exerted by exposure to oa—CP has resulted in amelioration indices
(Als) around 1. Values of Al exceeding 1.0 may refer to either better
improvement or negligible experimental errors. The obtained results
are supported by our previously published investigations on other
pesticides and different antioxidants [59,64,65].

CONCLUSION

The present study explored the role of MO leaf extract to alleviate
the oxidative stress exerted by the pyrethroid insecticide, CP, for the
first time. This was referred to the scavenging capacity of MO that
diminished the hazard effects of ROS exerted by the insecticide, as well
as the high nutritional value of MO as a source of powerful antioxidants.
Interestingly, the study reveals the palatability of “MOT” to rodents.
The study may also encourage further investigations on the pyrethroid
insecticides, especially at doses characterized as safe, such as the ADI
doses.
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