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1. Introduction:

ORGANOPHOSPHORUS (OP) pesticides, which are widely used in
agriculture, medicine, and industry, can cause a wide range of health and
behavioral issues in humans and wildlife when used excessively.
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Environmental degradation occurs almost immediately after the release of
these OP compounds. Following the ban on organochlorines, which have the
potential to bioaccumulate and biomagnified, resulting in ecotoxicological
effects [1], their concept was developed. An OP pesticide commonly used to
eradicate ectoparasites, and household insects, preserve the stored grain and
eliminate disease-inducing arthropods and malathion [O, O-dimethyl S-(1,2-
dicarcethoxyethyl) phosphonodithioate] is an OP. Butyrylcholinesterase
(AChE) and other cholinergic pathways are overstimulated due to the
inactivation of serine esterase, a common side effect of this OP agent 231,

WITH their lipophilic nature and rapid intestinal assimilation, OPs can
cause a wide range of pathological issues, including insufficiency of the
immune system, pancreatitis and hepatic disorder, liver disease, and renal
damage [4l. Studies show that these OPs are toxic to humans and animals.
Regulation of hepatic gene expression could play an essential role in the
adaptive response to altered metabolism by altering the capacity of enzymes
in relevant metabolic pathways [51.

IN the biotransformation of thin organophosphates, the liver is the
primary metabolizing site, and the kidneys play a role in removing toxic
products. Toxicological effects of malathion on these tissues are thought to be
mediated by reactive oxygen species (ROS) oxidative stress. Molecular
oxygen is converted during normal cellular metabolism into reactive oxygen
species (ROS) like superoxide anion and peroxides, hydroperoxyl radicals,
and hydroperoxyl radicals. ROS are considered a normal part of oxidative
metabolism at low or moderate concentrations. At high concentrations, they
can cause tissue damage, including lipid and protein oxidation, DNA damage,
and enzyme inactivation. It has been suggested that they are also involved in
many pathological conditions like cancer and diabetes, heart and lung
disease, autoimmune disorders, and neurological problems [¢l.

FREE radicals can cause a wide range of illnesses, and ginger (Zingiber
officinale) is one of the most critical exogenous antioxidants. Oleoresin from
ginger roots has been found to contain anti-inflammatory and analgesic
properties as well as cardiotonic and antioxidant properties and anti-
hepatotoxic properties [7l. For its antioxidant, anti-inflammatory, and anti-
cancer properties, ginger is a widely used spice and alternative medicine
treatment worldwide. Ginger has also been shown to aid in various
detoxifying chemicals and drug-induced stress conditions [8l. The study's
main objective was to evaluate ginger's protective effect on kidney and liver
biomarkers at different doses and to find the most effective dose for this
purpose.

2. Materials and methods
2.1 Materials

2.1.1 Ginger was bought from the Ministry of Agriculture's Directorate
of Agriculture in Giza, Egypt.

2.1.2 The O, O-dimethyl phosphorodithioate of diethyl
mercaptosuccinate, also known as malathion (98% active ingredient), was
purchased from the Kafr El Zayat company in Egypt for use in the current
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study. The malathion was dissolved in corn oil prior to administration to the
animals.

2.2 Animals

Thirty-five male Sprague Dawley rats (n=35) were bought from the
Animal House Colony of the Agriculture Research Center in Giza, Egypt. Each
rat weighed 200-220 grams. Rats were kept in cages that were 22 °C, with 56
% humidity (40 to 70 %), and had a 12-hour light/ 12-hour dark cycle. Rats
had unrestricted access to food and water from the tap. The experiment was
conducted in a lab at the Faculty of Home Economics, Helwan University,
Cairo, Egypt. All associated procedures followed the National Institutes of
Health Guiding Principles in the Care and Use of Animals. Rats were divided
into two main groups: the experimental group and the control group.

2.3 Methods
2.3.1 Diet

The rats were kept in plastic cages at a set temperature and fed a base
diet for two weeks straight to help them acclimate. The basal diet was
prepared following the AIN-93 recommendations [°l. The basic diet contains
crude protein (20%), crude fat (4%), crude fiber (3.5%), ash (6.0%), salt
(0.5%), calcium (1.0%), phosphorus (0.6%), vitamin A (20.0 IU/g), vitamin D
(2.2 1U/g), and vitamin E (70.0 IU/kg), as well as trace minerals (i.e. cobalt,
copper, iodine, iron, manganese, selenium, zinc, and methyl choline).

2.3.2 Induction of malathion toxicity

For induction of malathion toxicity, malathion was orally administered
to the rats at doses of 50 and 200 mg/kg body weight (BW) per day [10]
(volume, 1 ml) (1/316 LD50 for malathion). The 50 mg/kg BW of malathion
was added at a dose level of 1/10 LD50 (50 mg /kg body weight) in 1,000 ml
corn oil. Also, the 200 mg/kg BW of malathion was added at a dose level of
1/40 LD50 (200 mg /kg body weight) in 1,000 ml corn oil 1. The added
doses were calculated directly from commercial grade. The rats were
monitored daily for any clinical signs of toxicity, moribund status, and
mortality throughout the experiment.

2.3.3 Preparation of ginger extract:

Ginger rhizomes were dried at room temperature and ground into a
powder. 400 mg and 800 mg of the powder were macerated for 12 hours at
room temperature in 1000 ml of distilled water before being filtered. In the
current study, each animal orally gave 1 ml of the final aqueous extract.

2.3.4 Experimental design

The thirty-five rats were divided into the following groups: Group one
(CN): control negative were healthy, not infected, and fed basal diet only.
Group two (CP1): control positive 1 received the basal diet and oral doses of
malathion (50 mg/kg BW). Group three (CP2): control positive 2 received the
basal diet and oral doses of malathion (200 mg/kg BW). Group four (Ginl):
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received the basal diet, oral doses of malathion (50 mg/kg BW), and ginger
(400 mg/kg BW) supplements. Group five (Gin2): received the basal diet,
oral doses of malathion (200 mg/kg BW), and ginger (400 mg/kg BW).
Group six (Gin3): received the basal diet, oral doses of malathion (50 mg/kg
BW), and ginger (800 mg/kg BW). Group seven (Gin4): received the basal
diet, oral doses of malathion (200 mg/kg BW), and ginger (800 mg/kg BW).
The experiment lasted for 35 days, including a 7-day adaptation period
followed by an experimental period of 28 days. Ginger and malathion were
both given orally every day throughout the experiment. Grams of feed intake
(GFI) was determined by weighing the amounts of diet given, refused and
spilled. Feed intake per day was defined as feed intake rate. Body weight was
recorded daily and the weight gain per day (daily gain) was defined as
weight gain percentage. By the end of the experiment, all rats were sacrificed
under diethyl ether anesthetic, and blood samples were collected via the
retro-orbital plexus. The serum was separated and stored at -20 °C in a
plastic vial until analysis.

2.3.5 Biological assessment:

The following formulas were used to calculate the body weight gain
(BWG%) and feed efficiency ratio (FER):

BWG (%) = (Final weight - Initial weight) X 100 + Initial weight

FER (GWG/GFI day) = (Grams body weight gain + Grams food intake)/28 day

2.3.6 Biochemical evaluation
2.3.6.1 Liver enzymes

Aspartate Aminotransferase (AST) and Alanine Aminotransferase
(ALT) were determined according to the methods described in Huang et al.
[12]. Alkaline phosphates (ALP): were determined by immunosorbent assay
according to the method described by Bishop et al. [131.

2.3.6.2 The kidney's functions

Serum creatinine: was determined. By immunosorbent assay, according
to Glod et al. [14l. Urea: was determined. By immunosorbent assay according
to the method described by Wadehra [151. Uric acid: was determined. By
immunosorbent assay according to the method described by Kageyama [16].

2.3.6.3 Blood lipids

An immunosorbent assay was used to measure total cholesterol (TC)
following the Allain et al. method [17]. According to the procedure outlined by
van't Hof et al. [18], high-density lipoprotein cholesterol (HDLc) was
determined. Using the method outlined by Fossati and Prencipe, triglycerides
(TG) were determined [1°. According to the equations given by Lee and
Nieman [29], the low-density lipoprotein cholesterol (LDLc) and very low-
density lipoprotein cholesterol (VLDL) were calculated.

2.3.7 Histopathological examination
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The specimens of tissues from the liver and kidneys were fixed in 10%
neutral buffered formalin for 24 hours. A light microscope and digital camera
were used to examine six-micron thick paraffin slices stained with
hematoxylin and eosin (H and E) 24. (Nikon Instruments, Tokyo, Japan). The
histopathological examination was performed at Cairo University's Faculty of
Veterinary Medicine's histology lab [211.

2.3.8 Statistical Analysis

Using One-Way ANOVA followed by LSD post hoc analysis in SPSS, the
data were statistically compared to determine the significance levels
between the experimental rat groups. The data were presented as mean
value SD (version 22, Chicago, IL, USA). It was deemed statistically significant
if the p 0.05.

3. Results

Data presented in Table (1) showed food intake (FI), food efficiency,
and body weight gain (BWG%) after exposure to malathion toxicity and
treatment with ginger. As shown, the higher the malathion dose (200
mg/BW), the lowest the BWG (32.45+3.35 g/28 days), FI (17.80+0.20
gram/day), and FER (0.015+0.002). However, compared with CP1 and CP2,
the administration of ginger induced an increase in food intake. However,
this increment was not enough to significantly increase body weight gain.
The analysis of variance (ANOVA) revealed that the difference between
groups was statistically significant (p<0.001).

Table (1): Effect of ginger by different doses on body weight, food intake and food
efficiency ratio of rats’ toxicity by malathion and treatment with ginger

Groups BWG (%) Fl(g/day) FER (GWG/GFI/day)
CN 43.70+4.07c 22.404+0.24a 0.146%0.003b
CP1 40.35+5.59d 19.60+0.24b 0.15540.004b
CP2 32.45+3.35e 17.80+0.20a 0.13740.002b
Ginl 37.841+3.78d 20.4010.24a 0.13940.002b
Gin2 38.851+2.65b 20.8010.20a 0.140+0.002c
Gin 3 43.56+3.39b 20.40+0.24a 0.1601+0.001a
Gin 4 40.55+6.04c 21.8010.20a 0.13940.003b

All values represented as Mean+SE. Means with different subscript in the column are significantly different(P<0.05)
CN: Control negative, CP1: Control positive 1 (50 mg malathion /kg BW), CP2: Control positive 2 (200 mg malathion
/kg BW), Ginl: Ginger 1 (50 malathion and 400 mg/kg BW), Gin 2: Ginger 2 (200 malathion and 400 mg/kg BW),
Gin3: Ginger 3 (50 malathion and 800 mg/kg BW), Gin 4: Ginger 4 (200 malathion and 800 mg/kg BW)

Table (2) shows the effect of malathion toxicity and ginger treatment
on serum liver enzymes (AST, ALT, and ALP) in rats. The serum AST enzyme
levels in the CP1 and CP2 groups increased to 26.67+2.73 and 27.34+3.28
U/l, respectively, which may result in liver inflammation. Furthermore,
serum ALT enzyme levels in the CP1 and CP2Z groups increased to
45.33+1.85 and 47.67+3.17 U/L, respectively. It was also reported that
serum ALP enzyme levels increased to 144.33+10.49 and 203.331+0.79 U/I
for the CP1 and CP2 groups, respectively. However, ginger administration

-67-



JANS 2022, 1(2) Abdelbaky et al, 2022

(particularly in the Gin2 and Gin 3 groups) significantly improved all liver
enzymes to levels comparable to the normal control group.

Table (2): Effect of exposure to malathion toxicity and treatment with ginger on
AST, ALT and ALP.

Groups AST (U/]) ALT (U/1) ALP (U/1)

CN 21.33+1.20b 32.33+4.40d 133.33+19.28d
CP1 26.67+2.73a 45.33+1.85a 190.6740.88a
CP2 27.34+3.28a 47.67+3.17a 203.33+0.79a
Gin1l 22.7043.29b 34.43+1.76d 155.33+1.45¢
Gin2 21.0040.57b 32.35+7.31d 149.67+0.88¢
Gin 3 22.6742.90b 36.00+1.15¢ 144.33+10.49c
Gin 4 22.33+1.45b 33.6740.88d 165.6740.88b

All values represented as Mean+SE. Means with different subscript in the column are significantly different(P<0.05)
CN: Control negative, CP1: Control positive 1 (50 mg malathion /kg BW), CP2: Control positive 2 (200 mg malathion
/kg BW), Gin1: Ginger 1 (50 malathion and 400 mg/kg BW), Gin 2: Ginger 2 (200 malathion and 400 mg/kg BW),
Gin3: Ginger 3 (50 malathion and 800 mg/kg BW), Gin 4: Ginger 4 (200 malathion and 800 mg/kg BW)

Table (3) showed the effect of exposure to malathion toxicity and
treatment with ginger on serum urea, uric acid, and creatinine in rats. It is
evident that due to oral administration of malathion without treatment,
blood urea increased to 45.66+1.20 and 47.671+6.17 g/], respectively, among
CP1 and CP2 groups. Also, uric acid increased to 3.371+0.14 and 3.73+0.57
mg/dL, respectively, among CP1 and CP2 rats. Serum creatinine (mg/dl) also
increased dramatically to 1.80+0.11 and 1.90+0.05 mg/dL, respectively,
among CP1 and CP2 rats. However, intervention with ginger, especially Gin 2
group, resulted in some improvements, and the results of the Gin 2 group
were the best and the closest to the corresponding values of the CN group.

Table (3): Effect of exposure to malathion toxicity and treatment with ginger on
serum urea, serum uric acid and serum creatinine.

Groups Urea (g/L) Uric Acid (mg/dL) Creatinine (mg/dL)
CN 40.33+2.03d 2.23%0.03c 1.3710.03c
CP1 45.66+1.20b 3.37%£0.14a 1.80+0.11a
CP2 47.67+6.17a 3.73%£0.57a 1.90+0.05a
Ginl 45.67+1.20b 2.47+0.14b 1.63+0.09b
Gin2 42.33+1.45c 2.131+0.09c 1.43+0.07c
Gin 3 45.33+6.98b 2.27%0.03c 1.60+0.05b
Gin 4 44,00+2.08b 2.23%0.06c 1.57+0.03b

All values represented as Mean+SE. Means with different subscript in the column are significantly different(P<0.05)
CN: Control negative, CP1: Control positive 1 (50 mg malathion /kg BW), CP2: Control positive 2 (200 mg malathion
/kg BW), Ginl: Ginger 1 (50 malathion and 400 mg/kg BW), Gin 2: Ginger 2 (200 malathion and 400 mg/kg BW),
Gin3: Ginger 3 (50 malathion and 800 mg/kg BW), Gin 4: Ginger 4 (200 malathion and 800 mg/kg BW)

Data presented in Table (4) showed the effect of exposure to malathion
toxicity and treatment with ginger on serum HDLc, VLDL, LDL, triglycerides,
and total cholesterol. It was clear that due to malathion, the HDLc level
among CP1 and CP2 groups was significantly lower than in other groups
(52.00£0.58 and 50.00+0.57 mg/dL, respectively). On the other hand, serum
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VLDL, LDL, triglycerides, and total cholesterol increased significantly among
the CP1 and CP2 groups. However, administration of ginger, especially Ginl
and Gin3, improved the levels of LDL, VLDL, TG, and TC.

Table (4): Effect of exposure to malathion toxicity and treatment with ginger on
HDL, VLDL, LDL, triglycerides (TG) and total cholesterol (TC).

Groups HDL (mg/dL)  VLDL(mg/dL) LDL(mg/dL) TG (mg/dL) TC (mg/dL)
CN 60.67+1.45¢c 18.47+0.64b 58.00%3.51e 89.331+2.85¢ 79.331+5.84e
CP1 52.00+0.58d 22.13+2.21a 76.00+5.03a  117.00+£7.94b  98.00+5.51b
CpP2 50.00%+0.57e 23.20%+1.51a 78.00+8.14a  147.67+36.0a 103.00+13.07a
Ginl 54.00%+0.58a 14.4740.71d 61.00+£3.05d 75.6610.88d 75.00+4.35f
Gin2 58.00%+1.00b 17.60+0.53b 65.00%+0.57d 83.00+1.53c 87.00+4.51c
Gin 3 58.33+1.34b 16.77+0.43c 63.00+1.53d 78.33+2.73d 78.00%+1.15e
Gin 4 56.331+0.88b 18.20+£0.31b 67.661+3.84c 85.3340.33c 88.00+5.50c

All values represented as Mean+SE. Means with different subscript in the column are significantly different(P<0.05)
CN: Control negative, CP1: Control positive 1 (50 mg malathion /kg BW), CP2: Control positive 2 (200 mg malathion
/kg BW), Ginl: Ginger 1 (50 malathion and 400 mg/kg BW), Gin 2: Ginger 2 (200 malathion and 400 mg/kg BW),
Gin3: Ginger 3 (50 malathion and 800 mg/kg BW), Gin 4: Ginger 4 (200 malathion and 800 mg/kg BW)

Figs 1 to 7 showed the histopathological examination of the kidneys. It
could notice (Fig 1) that the photomicrograph of the kidneys of rats from the
CN group showed the normal histological structure of renal parenchyma (H &
E X 400). In contrast, Fig. (2) showed a photomicrograph of the kidney of the
rat CP1 group and showed proteinaceous material in the lumen of renal
tubules. The picture in Fig. (3) showed a photomicrograph of the kidney of a
rat from the CP2 group. It revealed congestion of renal blood vessels and
focal interstitial hemorrhage. However, Fig. (4) showed that the Ginl group
had necrobiosis of some renal tubular epithelial lining and congestion of
renal blood vessels. Fig (5) showed that Gin2 had congestion of renal blood
vessels. Fortunately, histopathological analysis of kidneys of Gin 3 and Gin 4
groups showed no histopathological changes.

Flg (4): Kldney of' G|n1 group »

F|g(5) Kldney of G|n2 group ]

F|g (6) Kldneyof G|n3 group '
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Fig. (7): Kidney of Gin4 group

Figs 8to 14 showed the histopathological examination of the liver, as
shown in Fig. (8); the liver of rats from the CN group showed the normal
histological structure of hepatic lobule (H & E X 400). On the other hand, Fig.
(9) showed oval cell proliferation and portal infiltration with inflammatory
cells among the CP1 group. Moreover, Fig. (10) showed cytoplasmic
vacuolization of hepatocytes and fibroplasia in the portal triad among the
CP2 group. However, rats treated with ginger showed some improvement but
still have some histological changes, as Fig. (11) showed portal infiltration
with few inflammatory cells among the Ginl group. Moreover, Fig. (12)
showed cytoplasmic vacuolization of some hepatocytes and slight edema in
the portal triad of the Gin2 group. Fig. (13) showed that rats from the Gin3
group slightly activated Kupffer cells. Finally, Fig. (14) showed the liver of the
rats from Gin 4 group, and it could be noticed that there was a binucleation of
hepatocytes.

; A" ‘. ‘.." & ) 2 -8 : 5F Py _._ V" . 5 ;'., \‘-‘_" e 2 .
Fig. (8): Liver of rat from CN group  Fig. (9): Liver of rat from CP1 group Fig. (10): Liver of rat from CP2

Fig. (11): Liver in2 Fig.
group group

Fig. (14): Liver of rat from Gin4
group
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4. Discussion:

Organophosphorus insecticides (Ops) are the most numerous and
diverse class of insecticides. The widespread use of Ops insecticides in
agricultural was associated with a potential risk to humans, animals, plants,
and the environment, resulting in severe acute and chronic poisoning [22l,
Indeed, the toxicity of Ops insecticides harms a variety of organs and
systems, including the liver, kidney, nervous system, immune system, and
reproductive system [2324], The liver is one of the organs affected by
malathion toxicity, and the results of the current study showed that rats
given malathion had lower BWG, FI, and FER. The deterioration worsened as
the malathion dose was increased. However, ginger administration increased
BWG and FI. These findings are consistent with those of Daly [25], who found
that malathion (at either 359 or 415 mg/kg/day) increased body weight gain
in males and females of Fischer-344 rats. The National Toxicology Program
(26] and Slauter [27] obtained similar results in their male and female animal
studies.

As demonstrated by the results, malathion increased liver enzymes
significantly (i.e., AST, ALT, and ALP). Hepatic damage can be diagnosed by
analyzing specific biochemical parameters in blood serum levels. The release
of intracellular enzymes like transaminases and serum alkaline phosphatase
is a highly sensitive and dramatic indicator of hepatocyte damage [28l. Hepatic
necrosis is always associated with high activities of these enzymes, which
indicate cellular leakage and loss of the liver cell membrane's functional
integrity (29301, Damage to the liver and changes in hepatic functions were
linked to elevated AST and ALP activities [31l. Inflammatory and necrotic
reactions could be causing this increase in enzyme levels in the blood, which
would indicate cytoplasmic release 321,

It was clear that administering ginger in various doses improved all
liver enzymes, and the higher the ginger dose, the more significant the
reduction in liver enzyme levels. These findings are consistent with those of
Sakr et al. [33] who found that treating animals with ginger water extract and
adriamycin improved the histological changes caused by adriamycin and
resulted in a significant increase in ALT and AST activity. Furthermore,
Videira et al. 3% reported that transaminases such as ALT and AST are
significant cytolysis markers in the liver. In line with the current study,
Kalender et al. [l discovered that malathion treatment increased the
activities of ALT, AST, and ALP in the serum of male albino rats compared to
the control group.

Moreover, these findings are consistent with those of Badr et al. [351.
They discovered that ginger extract treatment significantly reduces serum
ALT and AST activities in tumor-induced mice. Ginger treatments had a
hepatoprotective effect, and ginger may protect against oxidative hepatocyte
damage, which lowers lipid peroxidation in the liver. The antioxidant effect of
ginger may explain why it provided significant protection against metalaxyl-
induced hepatotoxicity [3¢l,

Ginger's antioxidant and free radical scavenging properties may help to
prevent liver damage caused by metalaxyl 37]. Through antioxidant and anti-
inflammatory mechanisms, ginger may shield rats from hepatic damage from
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metalaxyl. The results raise the possibility that ginger will become a staple
food in areas where pesticide toxicity is possible [28],

The chemical components of ginger, such as gingerol, shogaol, paradol,
and oleoresins, are responsible for various pharmacological effects. Think
about how much safer and more potent ginger is as a medicine. Ginger has
been shown to have pharmacological effects like hepatotoxicity [38l.

One of the organs that experimental animals attacked by
organophosphorus compounds are the kidney [24l. The oral administration of
malathion in the current study significantly raised the blood levels of urea,
uric acid, and creatinine. The hepatocytes' cytoplasmic vacuolization,
fibroplasia in the portal triad, oval cell proliferation, and portal infiltration
with inflammatory cells are also signs of degenerative changes in the renal
tissues.

These results are consistent with earlier research [3°], which revealed
that a subject who consumed approximately 514 mg/kg of malathion
experienced mild renal insufficiency and protein in the urine (measured by
creatinine clearance). In a different instance, Crowley and Johns [40]
discovered that white blood cells, protein, and sugar could all be found in the
urine after consuming 600 mg/kg of malathion. According to Healy, an 18-
month-old boy who consumed malathion showed increased secretion of
ketone bodies and glucose in the urine [#1l. According to this study, Eraslan et
al. found that the toxic effects of malathion on the kidneys or an increase in
purine degradation may be responsible for an increase in uric acid levels [42],
Indicating kidney dysfunction, malathion exposure also caused an increase in
creatinine and urea levels [43]. Ginger is a prime example of an antioxidant
that lowers oxidative stress and the generation of free hydroxyl radicals [441.

The ginger rhizome contains various aromatic compounds, including
volatile and nonvolatile oils, spicy substances (gingerols, shogaols), starchy
and saccharide carbohydrates, proteins, coloring agents, trace minerals, etc.
Ginger's most abundant component is starch, which lowers urea, uric acid,
and creatinine [371.

Despite the fact that malathion administration led to dyslipidemia, it
was evident from the study that LDL, VLDL, TG, and TC levels rose when
ginger was administered, particularly Ginl and Gin3. These findings align
with those of Lasram et al. [51. They found that acute exposure to malathion
disrupts lipid metabolism by increasing LDL and TG contents and may be a
critical factor in the onset of atherosclerosis and cardiovascular diseases.
According to Basiak and Walter [43], cholesterol may play a significant role in
how an organophosphorus insecticide interacts with a biological membrane.
A change in the structural organization of phospholipids or competition for
the same or similar interaction sites may cause cholesterol action.

Bhandari et al. [*¢l reported that ginger was discovered to have
hypocholesterolemic effects and cause a decrease in body weight, total serum
cholesterol, and serum alkaline phosphatase in adult male rats. This is in line
with the study's findings. Since ginger has antioxidant properties, eating a
diet high in cholesterol will not cause cholesterol levels to rise [4°].

5. Conclusion:
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The exposure to organophosphorus malathion caused a decrease in FI
which caused a decrease in FER and a change in the tissue composition of
both kidneys and liver. Decreased FER and liver can alter body weights, liver
and kidneys, and alter biochemical markers such as ALT, AST, ALP, renal
urea, creatinine, and uric acid. Attenuation of toxicity induced by malathion
was observed by adding ginger during exposure to this pesticide.

Acknowledgment

The author is very thankful to all the associated personnel in any
reference that contributed to/for this research.

Conflict of interest

The authors declare that they have no conflict of interest regarding this
study.

Author contribution

El-Soauly RE have contributed to carry the practical part, chemical
analysis, collecting and analyzing data. All authors participated in the
biological experiments, writing, revising and editing the manuscript.

Funding: There is no funding source for this study.

References:

(11 Kalender S, Uzun FG, Durak D, Demir F, Kalender Y. Malathion-induced hepatotoxicity
in rats: the effects of vitamins C and E. Food Chem. Toxicol 2010 Feb;48(2):633-8.
doi:10.1016/j.fct.2009.11.044. [Google Scholar| [PubMed] [CrossRef].

(21 Suresh Babu N, Malik JK, Rao GS, Aggarwal M, Ranganathan V. Effects of subchronic
malathion exposure on the pharmacokinetic disposition of pefloxacin. Environ.
Toxicol. Pharmacol. 2006 Sep;22(2):167-71. doi:10.1016/j.etap.2006.03.001. [Google
Scholar]| [PubMed] [CrossRef].

(3] Bartling A, Worek F, Szinicz L, Thiermann H. Enzyme-kinetic investigation of different
sarin analogues reacting with human acetylcholinesterase and butyrylcholinesterase.
Toxicology. 2007 Apr20;233(1-3):166-72. doi:10.1016/j.tox.2006.07.003. [Google
Scholar| [PubMed] [CrossRef]

[41 Gokalp O, Buyukvanl B, Cicek E, Ozer MK, Koyu A, Altuntas I, Koylu H. The effects of
diazinon on pancreatic damage and ameliorating role of vitamin E and vitamin C.
Pestic. Biochem. physiol. 2005 Feb 1;81(2):123-8 [Google Scholar] [CrossRef].

[51 Lasram MM, Annabi AB, El Elj N, Selmi S, Kamoun A, El-Fazaa S, et al. Metabolic
disorders of acute exposure to malathion in adult Wistar rats. /. Hazard. Mater. 2009
Apr30;163(2-3):1052-5. doi:10.1016/j.jhazmat.2008.07.059  [Google  Scholar]
[PubMed] [CrossRef].

(61 Dal-Pizzol F, Klamt F, Dalmolin R], Bernard EA, Moreira ]JC. Mitogenic signaling
mediated by oxidants in retinol treated Sertoli cells. Free Radic Res. 2001
Dec;35(6):749-55. doi: 10.1080/10715760100301251 [Google Scholar] [PubMed]
[CrossRef].

[71 Malaysia JS. Protective effect of the ethanol extract of Zingiber officinale Roscoe on
paracetamol induced hepatotoxicity in rats. Journal Sains Kesihatan Malaysia.
2004;2(2):85-95 [Google Scholar] [CrossRef].

-73-


https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&scioq=Clinical+Chemistry+Principles+and+Techniques&q=Kalender%2C+S.%2C+F.G.+Uzun%2C+D.+Durak%2C+F.+Demir+and+Y.+Kalender%2C+2010.+Ion-induced+hepatotoxicity+in+rats%3A+The+effects+of+vitamins+C+and+E.+Food+Chem.+Toxicol.%2C+48%3A+633-63&btnG=
https://pubmed.ncbi.nlm.nih.gov/19941925/
https://www.sciencedirect.com/science/article/abs/pii/S0278691509005602
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&scioq=Clinical+Chemistry+Principles+and+Techniques&q=Effects+of+subchronic+malathion+exposure+on+the+pharmacokinetic+disposition+of+pefloxacin%2C+Environ&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&scioq=Clinical+Chemistry+Principles+and+Techniques&q=Effects+of+subchronic+malathion+exposure+on+the+pharmacokinetic+disposition+of+pefloxacin%2C+Environ&btnG=
https://pubmed.ncbi.nlm.nih.gov/21783705/
https://www.sciencedirect.com/science/article/pii/S1382668906000500
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Thiermann%2C+Enzyme-kinetic+investigation+of+different+sarin+analogues+reacting+with+human+acetylcholinesterase+and+butyrylcholinesterase&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Thiermann%2C+Enzyme-kinetic+investigation+of+different+sarin+analogues+reacting+with+human+acetylcholinesterase+and+butyrylcholinesterase&btnG=
https://pubmed.ncbi.nlm.nih.gov/16904809/
https://www.sciencedirect.com/science/article/pii/S0300483X06004446
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+effects+of+diazinon+on+pancreatic+damage+and+ameliorating+role+of+vitamin+E+and+vitamin+C&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0048357504001178
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&scioq=Clinical+Chemistry+Principles+and+Techniques&q=Metabolic+disorders+of+acute+exposure+to+malathion+in+adult+Wistar+rats&btnG=
https://pubmed.ncbi.nlm.nih.gov/18814961/
https://www.sciencedirect.com/science/article/abs/pii/S0304389408010947
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mitogenic+signaling+mediated+by+oxidants+in+retinol+treated+Sertoli+cells&btnG=
https://pubmed.ncbi.nlm.nih.gov/11811526/
https://www.tandfonline.com/doi/abs/10.1080/10715760100301251
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Protective+effect+of+the+ethanol+extract+of+%28zingiber+officinale+Roscoe%29+on+paracetamol+induced+hepatotoxicity+in+rats&btnG=
https://www.researchgate.net/profile/Siti-Budin/publication/253313788_Protective_Effect_of_the_Ethanol_Extract_of_Zingiber_officinale_Roscoe_on_Paracetamol_Induced_Hepatotoxicity_in_Rats/links/559093c708ae47a3490ed0f5/Protective-Effect-of-the-Ethanol-Extract-of-Zingiber-officinale-Roscoe-on-Paracetamol-Induced-Hepatotoxicity-in-Rats.pdf

JANS 2022, 1(2) Abdelbaky et al, 2022

8] Glimiisay OA, Borazan AA, Ercal N, Demirkol O. Drying effects on the antioxidant
properties of tomatoes and ginger. Food Chem. 2015 Aprl5;173:156-62.
doi:10.1016/j.foodchem.2014.09.162 [Google Scholar| [PubMed] [CrossRef].

[°]1 Reeves PG, Nielsen FH, Fahey GC Jr. AIN-93 purified diets for laboratory rodents: final
report of the American Institute of Nutrition ad hoc writing committee on the
reformulation of the AIN-76A rodent diet. / Nutr: 1993 Nov;123(11):1939-51. doi:
10.1093/jn/123.11.1939 [Google Scholar| [PubMed]

(101 Lasram MM, Lamine A], Dhouib IB, Bouzid K, Annabi A, Belhadjhmida N, et al.
Antioxidant and anti-inflammatory effects of N-acetylcysteine against malathion-
induced liver damages and immunotoxicity in rats. Life sciences. 2014 Jun 27;107(1-
2):50-8 doi: 10.1016/j.1fs.2014.04.033 [Google Scholar] [PubMed] [CrossRef].

[11] Sakr SA, Lamfon HA. Effect of green tea on metalaxyl fungicide induced liver injury in
albino mice. /n Oxford Res. Forum /2005 (Vol. 2, No. 2, pp. 65-69) [Google Scholar].

(121 Huang X], Choi YK, Im HS, Yarimaga O, Yoon E, Kim HS. Aspartate Aminotransferase
(AST/GOT) and Alanine Aminotransferase (ALT/GPT) Detection Techniques. Sensors
(Basel). 2006;6(7):756-782. PMCID: PMC3894536 [Google Scholar] [PubMed]
[CrossRef].

(131 Bishop ML, Fody EP, Schoeff LE, editors. Clinical Chemistry: Principles, Techniques,
and Correlations. Lippincott Williams & Wilkins; 2013 Feb 20. [Google Scholar]

[14] Glod BK, Wantusiak PM, Piszcz P, Lewczuk E, Zarzycki PK. Application of micro-TLC
to the total antioxidant potential (TAP) measurement. Food Chem. 2015
Apr15;173:749-54. doi:10.1016/j.foodchem.2014.10.058 [Google Scholar| [PubMed]
[CrossRef].

(151 Wadehra NR. A colorimetric method for the estimation of cholesterol from high
density lipoprotein and its subclasses. /ndian J. Clin. Biochem. 1990 Jul;5(2):131-4.
doi.org/10.1007/BF02873500 [Google Scholar] [CrossRef].

[16] Kageyama N. A direct colorimetric determination of uric acid in serum and urine with
uricase-catalase system. (linica Chimica Acta. 1971 Feb1;31(2):421-6.
doi:10.1016/0009-8981(71)90413-x [Google Scholar| [PubMed] [CrossRef].

(171 Allain CC, Poon LS, Chan CS, Richmond W, Fu PC. Enzymatic determination of total
serum cholesterol. Clin. Chem. 1974 Apr;20(4):470-5.
d0i:10.1093/clinchem/20.4.470 [Google Scholar] [CrossRef].

(18] van't Hof R], Armour K], Smith LM, Armour KE, Wei XQ, Liew FY, et al. Requirement
of the inducible nitric oxide synthase pathway for IL-1-induced osteoclastic bone
resorption.  Proc.  Natl  Acad. Sci  USA. 2000 Jul5;97(14):7993-8.
doi:10.1073/pnas.130511497 [Google Scholar] [PubMed] [CrossRef].

(191 Fossati P, Prencipe L. Serum triglycerides determined colorimetrically with an
enzyme that produces hydrogen peroxide. Clin. Chem. 1982 Oct 1;28(10):2077-80
[Google Scholar] [CrossRef].

[20] Lee, JR, Nieman, D. Nutritional Assessment. 2nd Ed., Mosby, Missouri, USA. 1996.

[21] [smail MS, Abuzaid OI, EI-Ashmawy IM. Effect of aqueous extract of tops of date palm
leaves on blood glucose of diabetic rats. Pakistan Journal of Pharmaceutical Sciences.
2017 Sep 3;30 [Google Scholar] [PubMed] [CrossRef].

[22] Abdollahi M, Mostafalou S, Pournourmohammadi S, Shadnia S. Oxidative stress and
cholinesterase inhibition in saliva and plasma of rats following subchronic exposure
to malathion. Comparative Biochemistry and Physiology Part C: Toxicology &
Pharmacology. 2004 Jan 1;137(1):29-34 [Google Scholar] [PubMed] [CrossRef].

-74-


https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+effects+of+diazinon+on+pancreatic+damage+and+ameliorating+role+of+vitamin+E+and+vitamin+C&btnG=
https://pubmed.ncbi.nlm.nih.gov/25466007/
https://www.sciencedirect.com/science/article/abs/pii/S0048357504001178
https://scholar.google.com/scholar?q=AIN-93+purified+diets+for+laboratory+rodents:+final+report+of+the+American+Institute+of+Nutrition+ad+hoc+writing+committee+on+the+reformulation+of+the+AIN-76A+rodent+diet&hl=en
https://pubmed.ncbi.nlm.nih.gov/8229312/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Lasram+MM%2C+Lamine+AJ%2C+Dhouib+IB%2C+Bouzid+K%2C+Annabi+A%2C+Belhadjhmida+N%2C+Ahmed+MB%2C+El+Fazaa+S%2C+Abdelmoula+J%2C+Gharbi+N+%282014%29+Antioxidant+and+anti-inflammatory+effects+of+N-+acetylcysteine+against+malathion-induced+liver+damages+and+immunotoxicity+in+rats.+Life+Sci+107%3A50–58&btnG=
https://pubmed.ncbi.nlm.nih.gov/24810974/
https://www.sciencedirect.com/science/article/abs/pii/S0024320514004536
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effect+of+green+tea+on+metalaxyl+fungicide+induced+liver+injury+in+albino+mice&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Aspartate+Aminotransferase+%28AST%2FGOT%29+and+Alanine+Aminotransferase+%28ALT%2FGPT%29+Detection+Techniques&btnG=
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3894536/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3894536/pdf/sensors-06-00756.pdf
https://scholar.google.com/scholar?as_ylo=2018&q=Clinical+Chemistry:+Principles,+Techniques,+and+Correlations&hl=en&as_sdt=0,5&scioq=Richard+J,+Henry+MD,+Donald+C.+%22Clinical+chemistry:+principles+and+techniques.+2nd+Ed.,+Harper+and+Publishers,+New+York.+Philadelphia,+1974%3B1468-1471.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Application+of+micro-TLC+to+the+total+antioxidant+potential+%28TAP%29+measurement&btnG=
https://pubmed.ncbi.nlm.nih.gov/25466085/
https://www.sciencedirect.com/science/article/abs/pii/S0308814614016203
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&scioq=Clinical+Chemistry+Principles+and+Techniques&q=A+colorimetric+method+for+the+estimation+of+cholesterol+from+high+density+lipoprotein+and+its+subclasses&btnG=
https://link.springer.com/article/10.1007/BF02873500
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&scioq=Clinical+Chemistry+Principles+and+Techniques&q=A+direct+colorimetric+determination+of+uric+acid+in+serum+and+urine+with+uricase-catalase+system&btnG=
https://pubmed.ncbi.nlm.nih.gov/5573684/
https://www.sciencedirect.com/science/article/pii/000989817190413X
https://scholar.google.com/scholar?cluster=4463186553572568320&hl=en&as_sdt=0,5&scioq=Clinical+Chemistry+Principles+and+Techniques
https://academic.oup.com/clinchem/article-abstract/20/4/470/5676927
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&scioq=Clinical+Chemistry+Principles+and+Techniques&q=Requirement+of+the+inducible+nitric+oxide+synthase+pathway+for+IL-1-induced+osteoclastic+bone+resorption&btnG=
https://pubmed.ncbi.nlm.nih.gov/10869429/
https://www.pnas.org/doi/abs/10.1073/pnas.130511497
https://scholar.google.com/scholar?cluster=5468558976062216979&hl=en&as_sdt=0,5
https://academic.oup.com/clinchem/article-abstract/28/10/2077/5667036
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&scioq=Effect+of+green+tea+on+metalaxyl+fungicide+induced+liver+injury+in+albino+mice&q=Ismail+MS%2C+Abuzaid+OI%2C+El-Ashmawy+IM.+Effect+of+aqueous+extract+of+tops+of+date+palm+leaves+on+blood+glucose+of+diabetic+rats.+Pakistan+Journal+of+Pharmaceutical+Sciences.+2017+Sep+3%3B30+&btnG=
https://pubmed.ncbi.nlm.nih.gov/29105640/
https://www.researchgate.net/profile/Mohamed-Ismail-10/publication/320269670_Effect_of_aqueous_extract_of_tops_of_date_palm_leaves_on_blood_glucose_of_diabetic_rats/links/5caeb87c299bf120975d73fb/Effect-of-aqueous-extract-of-tops-of-date-palm-leaves-on-blood-glucose-of-diabetic-rats.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Oxidative+stress+and+cholinesterase+inhibition+in+saliva+and+plasma+of+rats+following+subchronic+exposure+to+malathion&btnG=
https://pubmed.ncbi.nlm.nih.gov/14984701/
https://www.sciencedirect.com/science/article/abs/pii/S1532045603002576

JANS 2022, 1(2) Abdelbaky et al, 2022

(23] Aly NM, El-Gendy KS. Effect of dimethoate on the immune system of female mice.
Journal of Environmental Science & Health Part B. 2000 Jan 1;35(1):77-86 [Google
Scholar]| [PubMed] [CrossRef].

[24] Mansour SA, Mossa AT. Oxidative damage, biochemical and histopathological
alterations in rats exposed to chlorpyrifos and the antioxidant role of zinc. Pesticide
Biochemistry and Physiology. 2010 Jan 1;96(1):14-23 [Google Scholar] [CrossRef].

(25] Daly IW. A 24-month Oral Toxicity/Oncogenicity Study of Malathion in the Rat Via
Dietary Administration. Unpublished study performed by Huntingdon Life Sciences,
East Millstone, NJ, Study. 1996 (90-3641) [Google Scholar].

[26] National Toxicology Program. Bioassay of Malathion for Possible Carcinogenicity.
National Cancer Institute carcinogenesis technical report series. 1978;24:1-02
[Google Scholar] [PubMed] [CrossRef].

(271 Slauter RW. 18-Month Oral (Dietary) Oncogenicity Study in Mice, Test Substance
Malathion. Unpublished report (study No. 668-001) from International Research and
Development Corp, Mattawan, Michigan, USA. Submitted to WHO by Cheminova,
Lemvig, Denmark. 1994 [Google Scholar].

(28] Hussein SA, El Senosi YA, Mansour MK, Hassan MF. Role of antioxidant and anti-
inflammatory of Ginger (Zingiber officinal Roscoe) against metalaxyl induced
oxidative stress in rats. Benha Veterinary Medical Journal. 2017 Dec 1;33(2):504-16
[Google Scholar] [CrossRef].

(291 Naik SR, Panda VS. Hepatoprotective effect of Ginkgoselect Phytosome® in
rifampicin induced liver injurym in rats: Evidence of antioxidant activity. Fitoterapia.
2008 Sep 1;79(6):439-45. doi: 10.1016/j.fitote.2008.02.013 [Google Scholar]
[PubMed] [CrossRef].

(301 Howell BA, Siler SQ, Shoda LK, Yang Y, Woodhead JL, Watkins PB. A mechanistic
model of drug-induced liver injury AIDS the interpretation of elevated liver
transaminase levels in a phase I clinical trial. CPT: Pharmacometrics & Systems
Pharmacology. 2014 Feb;3(2):1-8. doi: 10.1038/psp.2013.74 [Google Scholar]
[PubMed] [CrossRef].

[31] Kanbur M, Eraslan G, Silici S, Karabacak M. Effects of sodium fluoride exposure on
some biochemical parameters in mice: evaluation of the ameliorative effect of royal
jelly applications on these parameters. Food and Chemical Toxicology. 2009 Jun
1;47(6):1184-9. doi: 10.1016/j.fct.2009.02.008 [Google Scholar] [PubMed]
[CrossRef].

(32] Sidhu IP, Bhatti ]S, Bhatti GK. Modulatory action of melatonin against chlorpyrifos
induced hepatotoxicity in Wistar rats. Asian | Med Sci. 2014;2:123-31 [Google
Scholar].

[33] Sakr SA, Mahran HA, Lamfon HA. Protective effect of ginger (Zingiber officinale) on
adriamycin-induced hepatotoxicity in albino rats. / Med. Plant. Res. 2011
Jan4;5(1):133-40. [Google Scholar] [CrossRef]

[341 Videira RA, Antunes-Madeira MC, Lopes VI, Madeira VM. Changes induced by
malathion, methylparathion and parathion on membrane lipid physicochemical
properties correlate with their toxicity. Biochim. Biophys. Acta. 2001
Apr2;1511(2):360-8.  doi:10.1016/s0005-2736(01)00295-4  [Google  Scholar]
[PubMed] [CrossRef]

(351 Badr, M.O., Sakr, S.A., Abd-Eltawab, H.M. 2016. Ameliorative effect of ginger extract
against pathological alterations induced in mice bearing solid tumors. Journal of

-75-


https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effect+of+dimethoate+on+the+immune+system+of+female+mice&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effect+of+dimethoate+on+the+immune+system+of+female+mice&btnG=
https://pubmed.ncbi.nlm.nih.gov/10693056/
https://www.tandfonline.com/doi/abs/10.1080/03601230009373255
https://scholar.google.com/scholar?q=Oxidative+damage,+biochemical+and+histopathological+alterations+in+rats+exposed+to+chlorpyrifos+and+the+antioxidant+role+of+zinc&hl=en&as_sdt=0,5&scioq=Richard+J,+Henry+MD,+Donald+C.+%22Clinical+chemistry:+principles+and+techniques.+2nd+Ed.,+Harper+and+Publishers,+New+York.+Philadelphia,+1974%3B1468-1471.
https://www.sciencedirect.com/science/article/abs/pii/S0048357509001199
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&scioq=Richard+J%2C+Henry+MD%2C+Donald+C.+%22Clinical+chemistry%3A+principles+and+techniques.+2nd+Ed.%2C+Harper+and+Publishers%2C+New+York.+Philadelphia%2C+1974%3B1468-1471.&q=A+24-month+oral+toxicity%2Foncogenicity+study+of+malathion+in+the+rat+via+dietary+administration&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&scioq=Richard+J%2C+Henry+MD%2C+Donald+C.+%22Clinical+chemistry%3A+principles+and+techniques.+2nd+Ed.%2C+Harper+and+Publishers%2C+New+York.+Philadelphia%2C+1974%3B1468-1471.&q=Bioassay+of+malathion+for+possible+carcinogenicity&btnG=
https://pubmed.ncbi.nlm.nih.gov/12844184/
https://ntp.niehs.nih.gov/ntp/htdocs/lt_rpts/tr024.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&scioq=Richard+J%2C+Henry+MD%2C+Donald+C.+%22Clinical+chemistry%3A+principles+and+techniques.+2nd+Ed.%2C+Harper+and+Publishers%2C+New+York.+Philadelphia%2C+1974%3B1468-1471.&q=18-Month+oral+%28dietary%29+oncogenicity+study+in+mice%3A+Malathion&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&scioq=18-Month+oral+%28dietary%29+oncogenicity+study+in+mice%3A+Malathion&q=Role+of+antioxidant+and+anti-inflammatory+of+Ginger+%28Zingiber+officinal+Roscoe%29+against+metalaxyl+induced+oxidative+stress+in+rats&btnG=
https://bvmj.journals.ekb.eg/article_30599_f88105a08f83f7c3c8cda861cc0869e0.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&scioq=18-Month+oral+%28dietary%29+oncogenicity+study+in+mice%3A+Malathion&q=Hepatoprotective+effect+of+Ginkgoselect+Phytosome+in+rifampicin+induced+liver+injury+in+rats%3A+evidence+of+antioxidant+activity&btnG=
https://pubmed.ncbi.nlm.nih.gov/18534776/
https://www.sciencedirect.com/science/article/abs/pii/S0367326X08000993?via%3Dihub
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&scioq=18-Month+oral+%28dietary%29+oncogenicity+study+in+mice%3A+Malathion&q=A+mechanistic+model+of+drug-induced+liver+injury+AIDS+the+interpretation+of+elevated+liver+transaminase+levels+in+a+phase+I+clinical+trial&btnG=
https://pubmed.ncbi.nlm.nih.gov/24500662/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3944113/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&scioq=18-Month+oral+%28dietary%29+oncogenicity+study+in+mice%3A+Malathion&q=Effects+of+sodium+fluoride+exposure+on+some+biochemical+parameters+in+mice%3A+Evaluation+of+the+ameliorative+effect+of+royal+jelly+applications+on+these+parameters&btnG=
https://pubmed.ncbi.nlm.nih.gov/19425189/
https://www.sciencedirect.com/science/article/abs/pii/S027869150900074X
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&scioq=18-Month+oral+%28dietary%29+oncogenicity+study+in+mice%3A+Malathion&q=Modulatory+action+of+melatonin+against+chlorpyrifos+induced+hepatotoxicity+in+Wistar+rats&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&scioq=18-Month+oral+%28dietary%29+oncogenicity+study+in+mice%3A+Malathion&q=Modulatory+action+of+melatonin+against+chlorpyrifos+induced+hepatotoxicity+in+Wistar+rats&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&scioq=Modulatory+action+of+melatonin+against+chlorpyrifos+induced+hepatotoxicity+in+Wistar+rats&q=Protective+effect+of+ginger+%28Zingiber+officinale%29+on+adriamycin-induced+hepatotoxicity+in+albino+rats&btnG=
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.896.9648&rep=rep1&type=pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&scioq=Modulatory+action+of+melatonin+against+chlorpyrifos+induced+hepatotoxicity+in+Wistar+rats&q=Changes+induced+by+malathion%2C+methylparathion+and+parathion+on+membrane+lipid+physicochemical+properties+correlate+with+their+toxicity&btnG=
https://pubmed.ncbi.nlm.nih.gov/11286979/
https://www.sciencedirect.com/science/article/pii/S0005273601002954

JANS 2022, 1(2) Abdelbaky et al, 2022

Bioscience and Applied Research 2(3), 185-196. doi:10.21608/jbaar.2016.106941
[Google Scholar] [CrossRef].

[36] Mohamed AL, Nabil MT, Mahdy AK, Abd EW, Raghda IG. Ginger (Zingiber officinale)
potentiate paracetamol induced chronic hepatotoxicity in Rats. Journal of Medicinal
Plants Research. 2013 Nov 10;7(42):3164-70. doi:10.5897/JMPR2013.5252 [Google
Scholar] [CrossRef].

[37] Lamfon HA. Protective effect of ginger (Zingiber officinale) against metalaxyl induced
hepatotoxicity in albino mice. Journal of American Science, 2011;7(6):1093-1100
[Google Scholar] [CrossRef].

(38] Singh RP, Gangadharappa HV, Mruthunjaya K. Ginger: A potential neutraceutical, an
updated review. [nternational Journal of Pharmacognosy and Phytochemical
Research. 2017;9(9):1227-38. doi: 10.25258/PHYTO0.V9109.10311. [Google Scholar]
[CrossRef].

[391 Dive A, Mahieu P, Van Binst R, Hassoun A, Lison D, De Bisschop H, Nemery B,
Lauwerys R. Unusual manifestations after malathion poisoning. Hum. Exp. Toxicol.
1994 Apr;13(4):271-4. doi:10.1177/096032719401300409. [Google Scholar]
[PubMed] [CrossRef]

(401 Crowley W] Jr, Johns TR. Accidental malathion poisoning. Arch. Neurol. 1966
Jun;14(6):611-6. doi:10.1001/archneur.1966.00470120043007 [Google Scholar]
[PubMed] [CrossRef]

[41] Healy JK. Ascending paralysis following malathion intoxication: a case report. Med. /.
Aust. 1959 Jun6;1(23):765-7. doi:10.5694/j.1326-5377.1959.tb88846.x [Google
Scholar]| [PubMed] [CrossRef]

[42] Eraslan G, Kanbur M, Silici S. Evaluation of propolis effects on some biochemical
parameters in rats treated with sodium fluoride. Pestic. Biochem. Physiol. 2007 Jul
1;88(3):273-83. doi.org/10.1016/j.pestbp.2007.01.002 [Google Scholar] [CrossRef]

[43] Selmi S, Rtibi K, Grami D, Sebai H, Marzouki L. Malathion, an organophosphate
insecticide, provokes metabolic, histopathologic and molecular disorders in liver and
kidney in prepubertal male mice. Toxicol Rep. 2018 ]Jan9;5:189-195.
doi:10.1016/j.toxrep.2017.12.021. [Google Scholar] [PubMed] [CrossRef]

[44] Mahjoubi-Samet A, Fetoui H, Zeghal N. Nephrotoxicity induced by dimethoate in
adult rats and their suckling pups. Pestic. Biochem. Physiol. 2008 Jun1;91(2):96-103.
[Google Scholar] [CrossRef]

[45] Btasiak ], Walter Z. Protective action of cholesterol against changes in membrane
fluidity induced by malathion. Acta Biochim. Pol. 1992;39(1):49-52. PMID: 1441835
[Google Scholar]| [PubMed].

[46] Bhandari U, Kanojia R, Pillai KK. Effect of ethanolic extract of Zingiber officinale on
dyslipidaemia in diabetic rats. J FEthnopharmacol 2005 Feb28;97(2):227-30.
doi:10.1016/j.jep.2004.11.011 [Google Scholar] [PubMed] [CrossRef].

-76-


https://dx.doi.org/10.21608/jbaar.2016.106941
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&scioq=Modulatory+action+of+melatonin+against+chlorpyrifos+induced+hepatotoxicity+in+Wistar+rats&q=Ameliorative+effect+of+ginger+extract+against+pathological+alterations+induced+in+mice+bearing+solid+tumors&btnG=
https://journals.ekb.eg/article_106941.html
https://doi.org/10.5897/JMPR2013.5252
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&scioq=Modulatory+action+of+melatonin+against+chlorpyrifos+induced+hepatotoxicity+in+Wistar+rats&q=Ginger+%28zingiber+officinale%29+potentiate+paracetamol+induced+chronic+hepatotoxicity+in+rats&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&scioq=Modulatory+action+of+melatonin+against+chlorpyrifos+induced+hepatotoxicity+in+Wistar+rats&q=Ginger+%28zingiber+officinale%29+potentiate+paracetamol+induced+chronic+hepatotoxicity+in+rats&btnG=
https://www.semanticscholar.org/paper/Ginger-(Zingiber-officinale)-potentiate-paracetamol-Lebda-Taha/d4540a0a34929c1e4c8df8274721285665cb87ae
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&scioq=Modulatory+action+of+melatonin+against+chlorpyrifos+induced+hepatotoxicity+in+Wistar+rats&q=Protective+effect+of+ginger+%28Zingiber+officinale%29+against+metalaxyl+induce+hepatotoxicity+in+albino+mice&btnG=
https://core.ac.uk/outputs/24072179
https://doi.org/10.25258/PHYTO.V9I09.10311
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&scioq=Modulatory+action+of+melatonin+against+chlorpyrifos+induced+hepatotoxicity+in+Wistar+rats&q=Ginger%3A+A+Potential+Neutraceutical%2C+An+Updated+Review&btnG=
https://pdfs.semanticscholar.org/f5dc/b8aca8e023e078832b75da1bdc438a5e8eca.pdf?_ga=2.49686694.1224102999.1659961387-304380086.1659961387
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&scioq=Modulatory+action+of+melatonin+against+chlorpyrifos+induced+hepatotoxicity+in+Wistar+rats&q=Unusual+manifestations+after+malathion+poisoning&btnG=
https://pubmed.ncbi.nlm.nih.gov/8204314/
https://journals.sagepub.com/doi/abs/10.1177/096032719401300409?casa_token=apCkeIvytskAAAAA:8Ff3wMzdGf1FkdUPOnSkImOfw0egnRHTsq7UDpg-RAdWYIzE4zzqs2MbBRgXv8UyfzwEgoSxhOzXeg
https://scholar.google.com/scholar?cluster=9718458892518955644&hl=en&as_sdt=0,5&scioq=Modulatory+action+of+melatonin+against+chlorpyrifos+induced+hepatotoxicity+in+Wistar+rats
https://pubmed.ncbi.nlm.nih.gov/5935955/
https://jamanetwork.com/journals/jamaneurology/article-abstract/566660
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&scioq=Modulatory+action+of+melatonin+against+chlorpyrifos+induced+hepatotoxicity+in+Wistar+rats&q=Ascending+paralysis+following+malathion+intoxication%3A+a+case+report&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&scioq=Modulatory+action+of+melatonin+against+chlorpyrifos+induced+hepatotoxicity+in+Wistar+rats&q=Ascending+paralysis+following+malathion+intoxication%3A+a+case+report&btnG=
https://pubmed.ncbi.nlm.nih.gov/13666174/
https://www.cabdirect.org/cabdirect/abstract/19592704154
https://doi.org/10.1016/j.pestbp.2007.01.002
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&scioq=Modulatory+action+of+melatonin+against+chlorpyrifos+induced+hepatotoxicity+in+Wistar+rats&q=Evaluation+of+propolis+effects+on+some+biochemical+parameters+in+rats+treated+with+sodium+fluoride&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S004835750700003X
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&scioq=Modulatory+action+of+melatonin+against+chlorpyrifos+induced+hepatotoxicity+in+Wistar+rats&q=Malathion%2C+an+organophosphate+insecticide%2C+provokes+metabolic%2C+histopathologic+and+molecular+disorders+in+liver+and+kidney+in+prepubertal+male+mice&btnG=
https://pubmed.ncbi.nlm.nih.gov/29854588/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5977160/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&scioq=Modulatory+action+of+melatonin+against+chlorpyrifos+induced+hepatotoxicity+in+Wistar+rats&q=Nephrotoxicity+induced+by+dimethoate+in+adult+rats+and+their+suckling+pups&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0048357508000308
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&scioq=Modulatory+action+of+melatonin+against+chlorpyrifos+induced+hepatotoxicity+in+Wistar+rats&q=Protective+action+of+cholesterol+against+changes+in+membrane+fluidity+induced+by+malathion&btnG=
https://pubmed.ncbi.nlm.nih.gov/1441835/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&scioq=Modulatory+action+of+melatonin+against+chlorpyrifos+induced+hepatotoxicity+in+Wistar+rats&q=Effect+of+ethanolic+extract+of+Zingiber+officinale+on+dyslipidaemia+in+diabetic+rats&btnG=
https://pubmed.ncbi.nlm.nih.gov/15707757/
https://www.sciencedirect.com/science/article/abs/pii/S0378874104005732?via%3Dihub

