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Abstract

This study was carried out to evaluate the protective effects of Panax ginseng aqueous

extract (GAE) against hepatorenal toxicity induced by lambda-cyhalothrin-acetamiprid

insecticide mixture in rats. A total of 32 male albino rats were assigned into four

groups. Normal control group received distilled water. Insecticide control group intoxi-

cated with the insecticide at a dose of 2.14 mg/kg b.wt orally day after day for

45 days. GAE control group was treated with GAE at a dose 200 mg/kg b.wt orally.

GAE experimental group was administered GAE 1 hour before insecticide administra-

tion. Intoxication of rats with the insecticide caused a significant increase in serum

aspartate aminotransferase and alanine aminotransferase activities and urea and creati-

nine levels as well as malondialdehyde concentration and proteins expression of

caspase-3 and induced nitric oxide synthase in hepatic and renal tissues. However, it

decreased the serum levels of total protein and globulin and reduced the glutathione

content and catalase activity in hepatic and renal tissues. In addition, insecticide

induced histopathological alterations in both hepatic and renal tissues. In contrast, GAE

modulated insecticide-induced alterations in liver and kidney functions and structures

as it ameliorated the effects of insecticide on the above mentioned parameters. These

results indicated that GAE was a potent antioxidant agent that could protect rats

against insecticide-induced hepatorenal toxicity.
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1 | INTRODUCTION

Pesticides are natural or synthetic chemicals of public health concern.

They are used to prevent, repel, destroy, and mitigate pests and vectors

causing human and animal diseases as well as pests that grow on and

harm plants.1 Although the application of pesticides has advantages of

improving agricultural productivity and reducing insect-borne diseases,

pesticides may pose threats due to their nonbiodegradability. Persistence

of pesticides in the environment leads to unavoidable exposure of

human and animals to these toxic compounds that contaminate air,

water, soil, and food, resulting in incidence of toxicological hazards in

mammals.2

The tendency of using insecticide mixtures or combinations in

controlling of pests is recently developed as important tools to
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overcome the insecticide resistance to the preexisting chemicals.

Thus, the new challenges of toxicity and environmental pollution are

induced. The use of pesticide in combined formulations provides addi-

tive and synergistic interactions between their active ingredients; in

addition, the mixtures work in prolonged lasting residual effects.3-5

Organophosphates can prolong the action of pyrethroids when used

in a mixture. It helps in slowing down the activity of esterase enzymes

that is responsible for metabolic detoxification of pyrethroid molecule,

thus resulting in blocking of its hydrolysis and excretion in urine.6

From economic and ecological points of view, the combination

between different pesticides helps in reduction of the amount of each

one, while keeping the insecticidal potency at the same level.7

Lambda-cyhalothrin (LCT) is one of the synthetic type II pyrethroids

derived from cyhalothrin pyrethroid and used as insecticide, fungicide,

and acaricide.8 Type II pyrethroids containing α-cyano group are more

potent neurotoxicants than type I (noncyano) pyrethroids that have no

α-cyano substitute in their chemical structures.9,10

It was reported that LCT induced cytotoxic oxidative stress by

altering antioxidant defense mechanisms and increasing lipid peroxi-

dation via generation of reactive oxygen species (ROS) in different

organs of rabbits and rats.11-14 Other possible mechanisms of LCT

cytotoxicity could be attributed to nitric oxide production and to its

genotoxic effects.15,16

Acetamiprid (ACE) is one of the chloropyridinyl neonicotinoids

that was widely used among the third-generation pesticides. It is

highly effective for controlling of pests on crops, fruits, and leafy veg-

etables, along with fleas infesting domestic livestock and pet animals

such as cats and dogs.17 It is a nicotinic agonist systemic neurotoxic

insecticide. It can activate the nicotinic acetylcholine receptors (nACh-

R) located in all neurons of the brain, spinal cord, ganglia, and neuro-

muscular junctions of insects causing hyperactivity and muscle

spasms, and eventually death from asphyxia.18 Moreover, it induces

reduction in body weight gains, hematological changes, hepatotoxic-

ity, and nephrotoxicity in rats.19-22

There is growing concern in using natural antioxidants of plant ori-

gin to achieve safe and potent protection against oxidative damage by

slowing down the generation of ROS.23

Ginseng and ginsenosides have been studied for their beneficial

and ameliorative effects on pathological disorders of livers, brain, and

heart.24 It has positive therapeutic potential in preventing fatigue, oxi-

dative damage, mutagenicity, and stimulation of male copulatory

behavior in rats,25,26 and also it has anticancerous effect.27

There is a new commercial insecticide, El Bacha 47, formulated in

a mixture of LCT and ACE. This insecticide is widely used although its

hazed toxic effects are still mysterious. Therefore, this study was

designed to know whether there is an increase in the toxic potency of

LCT and ACE in a mixure compared with each insecticide alone. This

was performed by the determination of the acute oral median lethal

dose (LD50) of insecticide mixture by comparing this LD50 with the

previously recorded LD50 of each insecticide alone. Then the assess-

ment of hepatotoxicity and nephrotoxicity of the insecticide mixture

and the protective effects of Panax ginseng water extract were

studied.

2 | MATERIALS AND METHODS

2.1 | Insecticide and chemicals

A commercial insecticide, El Bacha 47 emulsifiable concentrate, was

used in this study manufactured by Chimac-Agriphar Company for

Modern Chemical Industries, Egypt. This pesticide is a mixture of

LCT 30 g/L (RS)-alpha-cyano-3-phenoxybenzyl-3-(2-chloro-3,-

3,3-trifluoropropenyl)-2,2-dimethylcyclopropanecarboxylate and

ACE 17 g/L (E)-N1-[(6-chloro-3-pyridyl)methyl]-N2-cyano-N1-methyl

acetamidine.

Diagnostic kits used for assaying serum and tissue biochemical

parameters were purchased from Biodiagnostic Company, Egypt. All

other chemicals used in this study were obtained from Sigma-Aldrich

Chemical Company and were of analytical grade.

2.2 | Natural protector

Korean ginseng (P. ginseng C.A. Meyer; Araliaceae) root powder was

purchased from Wady Food Company, Egypt.

Ginseng aqueous extract (GAE) was prepared according to King

et al28 with slight modification. Briefly, one part of ginseng root pow-

der was macerated in nine parts of sterile distilled water (DW) by agi-

tation at 90�C in water bath for 1 hour. Then the mixture was cooled

at room temperature for 30 minutes and centrifuged at 1200g/minute

for 15 minutes. The supernatant was collected, while the pellet was

re-suspended in sterile DW (half of the original volume). This step was

repeated three times and the collected supernatants of the entire

extraction processes were combined and dried in oven at 40�C until

the liquid was evaporated completely. The daily dose of dried ginseng

aqueous extraction was freshly dissolved in DW.

2.3 | Animals

A total of 32 male Wistar albino rats (Rattus norvegicus) weighing 120

± 10 g were purchased from the laboratory animal house of the Mod-

ern Veterinary Office, Giza, Egypt. Rats were reared in plastic cages in

well-ventilated animal house at 22 ± 3�C temperature, 50-60% rela-

tive humidity, and 12/12 hours light and dark cycle. Animals had free

access to fresh water and fed well-balanced ration ad libitum. Rats

were kept for 10 days before the beginning of the experiment for

acclimatization. Rearing and handling of animals followed the guide-

lines of International Animal Care and Use Committee, IACUC, Faculty

of Veterinary Medicine, University of Sadat City (approval number:

FST/LNFP/Pro 152 012.

2.4 | Determination of insecticide acute oral median
lethal dose (LD50)

A total of 12 healthy male albino rats were assigned into four groups

of three rats each and used for the determination of acute oral LD50

of the insecticide aqueous suspension. These groups received differ-

ent dose levels of the tested insecticide with geometric factor
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between them. Deaths were recorded within 24 hours of insecticide

exposure and oral LD50 was determined according to Weil.29 The

selected doses were determined after preliminary experiment on

higher doses (unpublished data). The LD50 value can be calculated

using the equation: log m = log D + d (f + 1), where log m is the loga-

rithm of the LD50, log D is the logarithm of the lowest dose used, d is

the logarithm of the constant ratio (log 2) between dosage levels, and

the f value was obtained from the Weil's tables according to mortality

data (r values). 1/20 of the calculated oral LD50 was used in studying

the subacute toxic effects of this insecticide on rats.

2.5 | Experimental design

A total of 32 male albino rats were randomly assigned into four

groups, having eight rats each.

• Normal control group received DW.

• Insecticide control group was intoxicated with the insecticide (man-

ufactured as a mixture of LCT and ACE) at a dose 2.14 mg/kg b.wt

(1/20 LD50).

• GAE control group was treated with GAE at a dose rate of

200 mg/kg b.wt according to Moon et al.30

• GAE experimental group was treated with GAE 1 hour before insec-

ticide intoxication at the same dose of each as mentioned in the

third and second groups.

All treatments were given orally using stomach tube day by day

for 45 days.

2.6 | Samples' collection and preparation of tissue
homogenates

At the end of the experiment (24 hours after last dose of all treat-

ments), all rats were fasted overnight. Then, blood samples were col-

lected by heparinized capillary tubes from the retro-orbital veinous

plexus under isoflurane anesthesia in plain centrifuge tubes without

anticoagulants. The samples were allowed for clotting at room tem-

perature and then centrifuged for 15 minutes (at 3000 rpm). Then

sera samples were collected and kept at –20�C as aliquot for further

biochemical assays.

After sacrificing of rats by cervical dislocation, the liver and kid-

neys were rapidly excised. Parts of liver and kidneys were washed

with normal saline solution and blotted over a piece of filter paper

and rinsed in a cold phosphate-buffered saline (PBS) of pH 7.4 con-

taining 0.16 mg/mL heparin to remove red blood cells and clots. Then

0.225 g of renal and hepatic tissues was homogenized in 2 mL cold

PBS at pH 7.4 by using an automatic tissue homogenizer. The tissue

homogenates were centrifuged at 4�C and 4000 rpm for 15 minutes,

and the supernatants were separated, stored at –80�C, and used for

measuring of malondialdehyde (MDA) and reduced glutathione (GSH)

contents and catalase (CAT) activity.

The other parts of hepatic and renal tissues were kept in neutral

buffer of formalin 10% for histopathological investigations.

2.7 | Serum biochemical analysis

The activities of serum aspartate amino transferase (AST) and alanine

amino-transferase (ALT) were estimated according to Reitman and

Frankel.31 Although serum levels of total protein and albumin were ana-

lyzed according to Gornall et al32 and Doumas et al,33 respectively, serum

globulin levels were obtained by subtraction of serum albumin levels from

serum total protein levels. Serum urea and creatinine levels were deter-

mined according to Fawcett and Soctt34 and Schirmeister,35 respectively.

2.8 | Analysis of hepatic and renal tissues lipid
peroxidation and antioxidant defense mechanism
biomarkers

Hepatic and renal tissues lipid peroxidation biomarker, MDA, was esti-

mated according to Ohkawa et al.36 The GSH content of hepatic and

renal tissues was analyzed according to Beutler et al.37 CAT enzyme

activity of hepatic and renal tissues was evaluated according to Aebi38

following the manufacturer's instructions of diagnostic kits.

2.9 | Histopathological examination

The liver and kidney samples were fixed in 10% neutral buffered formalin,

dehydrated gradually with gradual concentrations of ethanol (50-100%),

and embedded in paraffin wax after being cleared in xylene. Sections

(5-μm thickness) were stainedwith hematoxylin and eosin (H&E).

2.10 | Immunohistochemical investigation

The immunohistochemical examinations for active caspase-3 and

iNOS protein expression in renal and hepatic tissues were performed

according to Sternberger.39 The fixed renal and hepatic tissues sec-

tions were deparaffinized, incubated in 3% H2O2, and hydrated in eth-

anol. Then the sections were incubated with rabbit anti-caspase-3

(diluted to 1:1000, Abcam, Ltd) and rabbit anti-iNOS (diluted to 1:100,

Lab Vision Corporation, Fremont, California). The immune reaction was

demonstrated with diaminobenzidine (DAB) to visualize the immune

reaction. Images were taken. Cells with dark brown cytoplasm and

nucleus were considered positive cells. Finally, counterstaining of the

slides with hematoxylin was performed. Protein expressions of caspase-3

and iNOS in hepatic and renal tissues sections were estimated in five ran-

dom fields (HPF) (40×) according to the percentage of positive cells40

with slight modifications, in which 0 indicates negative staining; 1 indi-

cates <10% of positive cells were in per field; 2 indicates 10 to 50%;

while 3 indicates >50% of positive cells were in per field.

2.11 | Statistical analysis

All data were expressed as mean ± SE. The data were analyzed by

using analysis of variance (ANOVA) followed by Duncan's multiple

range test using the SPSS program (Statistical package for Social Sci-

ences) Version 16 released on 2007. Significant differences among

the experimental groups were considered at P < .05.
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3 | RESULTS

3.1 | Acute oral median lethal dose (LD50) of tested
insecticide

In the present study, the estimated oral LD50 of the insecticide under

investigation (LCT 30 g/L and ACE 17 g/L) was 42.76 mg/kg b.wt

according to table and equation of Weil29 depending on the number

of deaths in rats of different groups (Table 1). The apparent symptoms

of insecticide intoxication for estimation of LD50 were observed

within 30 minutes after its administration. These symptoms include

colonic convulsions, profuse sweating, huddling, depression, paralysis,

coma, and death after few hours especially in higher doses.

3.2 | Panax ginseng water extract prevented
insecticide-induced alteration of serum liver function
biomarkers of rats

Serum liver function biomarkers of rats administered with insecticide

and/or GAE are illustrated in Figure 1. The insecticide induced signifi-

cant (P < .05) elevation of serum ALT and AST activities with signifi-

cant reduction of serum total protein and globulin levels compared

TABLE 1 Mortality data of the different acute oral doses of
insecticide mixture in rats (n = 3)

Groups Dose (mg/kg b.wt) No. of dead animals No. of live animals

1 12 0 3

2 24 0 3

3 48 2 1

4 96 3 0

F IGURE 1 Effects of insecticide and/or GAE on liver function biomarkers: Rats were fed balanced diet and received DW (normal control)
insecticide (manufactured as a mixture of LCT and ACE) at a dose 2.14 mg/kg b.wt (1/20 LD50) (insecticide control), GAE at a dose rate of 200 mg/kg b.
wt (GAE control), or GAE 1 hour before insecticide intoxication at the same dose of the third and second groups (GAE experimental). At the end of the
experiment, blood samples were collected; sera samples were separated; and serum ALT, AST, total protein, albumin, and globulin were measured.
Columns with different letters are significantly different (P < .05). ACE, acetamiprid; LCT, lambda-cyhalothrin; GAE, ginseng aqueous extract
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with those of the control rats. In contrast, administration of rats with

GAE an hour before their intoxication with insecticide significantly

reduced the activities of serum ALT and AST and significantly ele-

vated the serum levels of total protein and globulin compared with

those of rats administered insecticide alone and nearly restored their

values to be around the control levels.

GAE alone had no significant effect on the activities of serum ALT

and AST and serum levels of total protein, albumin, and globulin com-

pared with the control group.

3.3 | Panax ginseng water extract prevented
insecticide-induced elevation of serum kidney
function biomarkers of rats

Figure 2 presented the effects of insecticide and/or GAE on the

serum levels of renal function biomarkers. Intoxication of rats with

insecticide significantly (P < 0.05) elevated serum urea and creatinine

levels compared with those of the control rats. However, concomitant

administration of GAE with the insecticide could normalize the serum

levels of both urea and creatinine compared with those of the

intoxicated rats. On the other hand, GAE alone did not alter serum

levels of urea and creatinine compared with those of control rats.

3.4 | Panax ginseng water extract modulated
insecticide-induced oxidative stress in renal and
hepatic tissues of rats

The effects of insecticide administered alone or with GAE on lipid per-

oxidation and antioxidant defense system in rats' hepatic and renal tis-

sues are illustrated in Table 2.

The insecticide mixture induced significant (P < 0.05) elevation of

MDA, lipid peroxidation product, in both hepatic and renal tissues.

Moreover, it disturbed antioxidant defense system in these tissues,

which was represented by reduction of GSH content and catalase

activity compared with the control group. In contrast, pretreatment of

rats with GAE for an hour before their intoxication with the insecti-

cide modulated their effects on lipid peroxidation and antioxidant

defense system. These effects were represented by significant reduc-

tion (P < .05) of MDA levels along with significant elevation (P < .05)

of GSH content and catalase activity in both hepatic and renal tissues

compared with those of insecticide-intoxicated rats.

F IGURE 2 Effects of insecticide and/or ginseng aqueous extract on liver function biomarkers: Rats were reared and treated as in Figure 1.
Serum levels of urea and creatinine of all groups were analyzed. Columns with different letters are significantly different (P < .05)

TABLE 2 Tissue oxidant and antioxidant parameters in rats of control and treated groups

Liver Kidney

MDA (nmol/g) GSH (mg/g) CAT (U/g) MDA (nmol/g) GSH (mg/g) CAT (U/g)

Normal control 40.2 ± 0.58c 45.7 ± 1.86a 2.96 ± 0.09a 36.72 ± 0.59b 23.46 ± 1.19a 2.91 ± 0.08a

Insecticide control 49.8 ± 2.24a 33.2 ± 1.78b 2.54 ± 0.06b 43.82 ± 1.09a 17.77 ± 0.7b 1.40 ± 0.07c

GAE control 40.5 ± 0.43c 46.1 ± 3.44a 2.97 ± 0.03a 36.84 ± 0.77b 24.67 ± 1.04a 2.99 ± 0.03a

GAE experimental 44.9 ± 0.5b 42.1 ± 1.28a 2.82 ± 0.07a 38.71 ± 0.49b 21.79 ± 1.27a 2.12 ± 0.09b

Notes: Values are mean ± SE (n = 8). Values in the same column carrying different superscript letters are significantly different at P < .05. Insecticide

mixture is lambda-cyhalothrin and acetamiprid.

Abbreviations: GAE, ginseng aqueous extract, MDA, malondialdehyde; GSH, reduced glutathione; CAT, catalase.
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3.5 | Panax ginseng water extract ameliorated
insecticide-induced histopathological alteration in
hepatic and renal tissues of rats

Figure 3 and Table 3 illustrated the histopathological alterations in the

hepatic tissues of the experimental groups. Hepatic tissues of the nor-

mal control and GAE control groups showed normal histological struc-

tures with normal rounded hepatocytes and portal area (Figure 3A,C,

respectively). In contrast, liver tissues of rats intoxicated with insecti-

cide showed the variable areas of hepatocellular necrosis infiltrated

with macrophages and associated with apoptotic hepatocytes as well

as sinusoidal monocytosis (Figure 3B).

Marked amelioration was demonstrated in GAE experimental

group (GAE + insecticide), in which most hepatocytes appeared nor-

mal while necrosis was confined to individual cells (Figure 3D).

Figure 4 and Table 4 presented the histopathological changes dem-

onstrated in the renal tissues of the experimental groups. Renal tissues of

both normal control and GAE control groups were normal (Figure 4A,C,

respectively). However, necrosis of some renal tubular epithelium cells

with nuclear pyknosis and mild intertubular mononuclear cell infiltration

were demonstrated in the renal tissues of insecticide-intoxicated rats

(Figure 4B). Significant attenuation of necrosis and inflammatory reaction

of glomeruli and tubules were recorded in the renal tissues of rats that

administered both GAE and insecticide (Figure 4D).

F IGURE 3 Photomicrographs of liver tissue, stained with H&E, of, A, normal control group showing normal central vein (cv) and normal
rounded hepatocytes, B, insecticide control group showing focal hepatocellular necrosis that are infiltrated by macrophages (asterisk) associated
with apoptotic hepatocytes (black arrow) as well as sinusoidal monocytosis (red arrows), C, GAE control group showing normal hepatocytes,
and D, GAE experimental group showing individual cell necrosis (black arrows) (H&E stain, 40×) [Color figure can be viewed at
wileyonlinelibrary.com]

TABLE 3 The main histopathological alterations demonstrated in the liver of the control and treated groups

Liver

Group/parameter Normal control Insecticide control GAEcontrol GAE experimental

Liver vacuolar degeneration - ++ - +

Hepatocellular necrosis - ++ - +

Sinusoidal monocytosis - +++ - ++

Portal hepatitis - +++ - +

Notes: - indicates nil; + indicates mild alterations, ++ indicates moderate alterations; and +++ indicates severe alterations. Insecticide mixture is lambda-

cyhalothrin and acetamiprid.

Abbreviation: GAE, ginseng aqueous extract.

EL-BIALY ET AL. 129

http://wileyonlinelibrary.com


3.6 | Panax ginseng water extract reduced insecticide
induced elevation of apoptotic protein expressions in
hepatic and renal tissues of rats

Figures 5 and 6 and Table 5 illustrated the mean immunostaining

score for active caspase-3 and iNOS protein expression in the hepatic

and renal tissues of different experimental groups.

Hepatic and renal tissues of normal control and GAE control groups

showed no caspase-3 immunostained cells (Figures 5A,C and 6A,C,

respectively). However, abundant caspase-3 immunostained cells were

demonstrated in the hepatic (Figure 5B) and renal (Figure 6B) tissues of

insecticide intoxicated group with mean staining scores of 2.60 ± 0.24

and 2.80 ± 0.20, respectively. The numbers of caspse-3 immunostained

cells were significantly decreased in the liver and kidneys of GAE experi-

mental group (Figures 5D and 6D, respectively) with mean staining scores

of 1.40 ± 0.24 and 1.60 ± 0.24, respectively.

Negative immunostaining for iNOS was demonstrated in the

hepatic and renal tissues of both normal control and GAE control

groups (Figures 5A,C and 6A,C, respectively). In contrast, numerous

iNOS immunostained hepatocytes and renal tubular epithelium were

demonstrated in the insecticide control group (Figures 5B and 6B,

respectively) with mean staining scores of 2.40 ± 0.40 and 2.80

± 0.20, respectively. The positively stained hepatocytes and tubular

epithelium were markedly declined in the GAE experimental group

(Figures 5D and 6D, respectively) with mean staining scores of 1.20

± 0.37 and 1.40 ± 0.24, respectively.

4 | DISCUSSION

The estimation of oral LD50 was performed to provide preliminary

information about the severity degree of the tested insecticide

F IGURE 4 Photomicrographs of kidney tissue, stained with H&E, of, A, normal control group showing normal glomeruli (G) and renal
tubules, B, insecticide control group showing necrosis of some renal tubular epithelium with nuclear pyknosis (black arrows) and mild intertubular
mononuclear cell infiltration (red arrows), C, GAE control group showing normal histological structure, and D, GAE experimental group showing
glomeruli and tubules appeared normal (H&E stain, 40×) [Color figure can be viewed at wileyonlinelibrary.com]

TABLE 4 The main histopathological alterations demonstrated in the kidneys of the control and treated groups

Kidneys

Group/parameter Normal control Insecticide control GAE control GAE experimental

Glomerular congestion - ++ - +

Focal interstitial inflammatory infiltrates - +++ - +

Focal tubular necrosis - ++ - -

Notes: - indicates nil; + indicates mild alterations, ++ indicates moderate alterations; and +++ indicates severe alterations. Insecticide mixture is lambda-

cyhalothrin and acetamiprid.

Abbreviation: GAE, ginseng aqueous extract.
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compound because it is widely spread as a commercial insecticide

while there was no toxicological information available about this for-

mulation (combination from LCT and ACE).

According to the WHO,41 the insecticide is considered to be moder-

ately hazardous when its acute oral LD50 in rats lies between 50 and

2000 mg/kg b.wt in its technical form. LCT has been shown to be moder-

ately hazardous, as its acute oral LD50 in rats was 299 mg/kg b.wt when

it was administrated in aqueous suspension according to Knaak et al.42

Similarly, ACE is also a moderately hazardous insecticide in its

technical form when administrated to the experimental animal via

oral route, and its LD50 in aqueous suspension was 427.2 mg/kg

b.wt in male albino rats.22

The result of our study revealed that the calculated oral LD50 of the

insecticide under test in aqueous suspension was 42.76 mg/kg b.wt.

This means that the insecticide mixture in its commercial form becomes

highly hazardous or highly toxic according to the classification of insec-

ticides performed by the WHO41 because the oral LD50 in rats lies

between 5 and 50 mg/kg b.wt.

The current study indicated that intoxication of rats with tested

insecticide induced hepatic toxicity, which indicated the elevation in

F IGURE 5 Photomicrographs of immunohistochemically stained liver tissue, of, A,E, normal control group showing no caspase-3 (A) and no
iNOS (E) immunostained cells, B,F, insecticide control group showing abundant caspase-3 (B) and iNOS (F) immunostained hepatocytes, C,G, GAE
control group showing no caspase-3 (C) or iNOS (G) immunostained cells, and D,H, GAE experimental group showing a decreased number of
caspase-3 (D) and iNOS (H) immunostained hepatocytes (cleaved caspase-3 immunohistochemical stain for A-D; iNOS immunohistochemical
stain for E-H, 40×) [Color figure can be viewed at wileyonlinelibrary.com]

F IGURE 6 Photomicrographs of immunohistochemically stained kidney tissue of, A,E, normal control group showing no caspase-3 (A) and no
iNOS (E) immunostained cells, B,F, insecticide control group showing numerous caspase-3 (B) and iNOS (F) immunostained renal tubular
epithelium, C,G, GAE control group showing no caspase-3 (C) or iNOS (G) immunostained cells, and D,H, GAE experimental group showing a
decreased number of caspase-3 (D) and iNOS (H) immunostained tubular epithelium (cleaved caspase-3 immunohistochemical stain for A-D;
iNOS immunohistochemical stain for E-H, 40×) [Color figure can be viewed at wileyonlinelibrary.com]
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the activities of serum ALT and AST and reduction of serum total pro-

tein and globulin levels. The elevation in hepatic enzyme activities and

reduction in protein synthesis reflect the hepatotoxic effect of the

tested pesticide. These findings were related to the toxic effects of

the two insecticides in the mixture. It was found that exposure to LCT

insecticide produced hepatic injury and increased serum ALT and AST

activities in mice and rats.12,43,44 The liver is the main organ in which

biotransformation of toxic compounds occurs, and so it is the most

susceptible organ of toxicity with subsequent release of intracellular

enzymes, ALT and AST, into the blood stream.45

Moreover, it was proved that LCT induced hepatic injury through

induction of microsomal cytochrome P450 enzymes, oxidative stress

markers, gene expression of proinflammatory, oxidative stress, and

apoptosis mediators.46

ACE increased serum ALT and AST activities, which may be due to

the loss of hepatic membrane architecture and hepatocellular damage.21

The current study also revealed that insecticide intoxication of rats

altered renal functions, which indicated the elevation of serum levels of

urea and creatinine. These findings were in lines with that of researchers

who indicated that exposure of rats to LCT or acetameprid insecticides

increased serum levels of urea and creatinine.22,47

The degree of liver and renal injuries was considerably encountered

by increased activities of ALT and AST and levels of urea and creatinine

in serum, respectively. These findings were confirmed by the recorded

histopathological findings (Figures 3 and 4) in this study, which were sim-

ilar to those of previous studies that showed LCT and acetameprid could

induce degenerative changes and necrosis in both liver and kidneys.22,48

The damaging effects on the hepatic and renal tissues in the cur-

rent study can be explained by insecticide-induced oxidative stress in

both tissues (Table 2). The incidence of oxidative stress and resulting

damage of membrane lipids is one of the main mechanisms through

which many pesticides deserve their actions.49

In this study, LCT and acetameprid in mix formulation increased

MDA and decreased GSH contents and CAT activity in the liver and

kidney tissues. Previously, LCT has been shown to induce oxidative

damage that indicated a significant decrease in GSH levels and an

increase in MDA levels of the liver and kidney tissues associated with

elevation in serum AST, ALT, urea, and creatinine levels in mice.50

Pesticides induce oxidative stress through generation of free radicals

leading to lipid peroxidation and exhaustion of internal antioxidants.51

It has been proved that LCT generates various free radicals such as

superoxide radical (O2
.) and hydroxyl radical (OH˙).52 Although it

reduces the activities of glutathione peroxidase, glutathione-S-transfer-

ase, and glutathione reductase, the GSH concentration in rats' hepatic

and renal tissues results in lipid peroxidation and subsequently tissue

damage.12,13,53 In addition, acetameprid increased MDA and decreased

superoxide dismutase, glutathione peroxidase, and catalase activities

and the GSH content in hepatic and renal tissues of Wistar rats.20

Intoxication of rats with insecticide in this study induced the

expression of apoptotic protein, caspase-3, in both renal and hepatic

tissues (Figures 5 and 6). The induction of caspase-3 expression in

both hepatic and renal tissues of intoxicated rats may be related to the

generation of ROS leading to apoptosis.54 Exposure of animals to low

doses of H2O2 for long times produces ROS that activates caspase-3

and PKCδ, and as a result, induction of nuclear DNA damage occurs.55

Caspase-3 is responsible for apoptotic cell death in response to oxida-

tive stress.56,57 Furthermore, insecticide induced oxidative stress in rats

that increased the protein expression of iNOS in hepatic renal tissue

(Figures 5 and 6), which possibly led to hepatonephro toxicity and inju-

ries as it was indicated that intoxication of animals with pesticide

increased the production and activity of iNOS and increases caspase-3

gene expression.58,59 Increased production and activity of iNOS as a

consequence of oxidative stress results in generation of O2
.− and NO

forming reactive nitrogen species (RNS) that induce oxidative stress

and subsequently cellular injuries.60,61

In this study, GAE ameliorated the toxic effects of insecticide on

the hepatic and renal tissue structures and functions. These effects

were indicated by the reduction in serum biomarkers of liver and kid-

ney functions. These results were in line with previous studies, which

revealed the protective effects of ginseng extracts on hepatocytes

exposed to xenobiotics such as aflatoxin B1,62,63 radiation,64 and viral

hepatitis65 reducing the activities of ALT, AST, and lactate dehydroge-

nase enzymes. In addition, it prevented gentamicin-induced nephro-

toxicity and apoptosis of renal tubular cells of rats.66,67 The protective

effects of ginseng extract against insecticide-induced hepatorenal tox-

icity in our study was confirmed by histopathological findings, which

proved that ginseng extract protected hepatic and renal tissues of rats

against insecticide-induced injuries (Figures 3 and 4). These findings

TABLE 5 Semiquantitative score for caspase-3 and iNOS immunostaining in the liver and kidneys of different groups

Group/parameter

Caspase-3 expression
(mean score of caspase-3 positive cells/HPF)

iNOS expression (mean score of
iNOS positive cells/HPF)

Liver Kidneys Liver Kidneys

Normal control 0.00c ± 0.00 0.00c ± 0.00 0.00c ± 0.00 0.00c ± 0.00

Insecticide control 2.60a ± 0.24 2.80a ± 0.20 2.40a ± 0.40 2.80a ± 0.20

GAE control 0.00c ± 0.00 0.00c ± 0.00 0.00c ± 0.00 0.00c ± 0.00

GAE experimental 1.40b ± 0.24 1.60b ± 0.24 1.20b ± 0.37 1.40b ± 0.24

Notes: Values are means ± SE. Values in the same column carrying different superscript letters are significantly different at P < .05. Insecticide mixture is

lambda-cyhalothrin and acetamiprid.

Abbreviation: GAE, ginseng aqueous extract.
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may be attributed to the antioxidant activities of ginseng extract as it

reduced lipid peroxidation and enhanced the antioxidant defense system

in both hepatic and renal tissues (Table 2). It was demonstrated that gin-

seng was able to inhibit oxidative stress inducing lipid peroxidation and

consequentially reduced the concentration of malondialdehyde and

thiobarbituric acid reactive substance.64,68,69 Moreover, it enhanced the

antioxidant defense system through increasing the activities of antioxi-

dant enzymes, superoxide dismutase, catalase, glutathione peroxidase,

glutathione reductase and glutathione-S-transferase in rats' hepatic

tissues.63,70

Furthermore, ginseng prevents gentamicin-induced nephrotoxicity

through decreasing oxidative stress and apoptosis of rat renal tubular

cells.66,67 The amelioration of oxidative stress in hepatic and renal

tissues of intoxicated rats was detected by reduction of the apoptotic

and inflammatory mediator expressions, caspase-3, and iNOS

proteins, respectively, in both hepatic and renal tissues (Table 4).

It was reported that ginseng suppresses protein expression nuclear

factor-kappa B (NF-kB) and iNOS71,72 and suppresses iNOS and

cyclooxygenase-2 (COX-2) gene expression in HepG-2 cells through

reducing lipid peroxidation and oxidative stress.73 Furthermore,

Korean red ginseng reduced cyclosporine induces nephrotoxicity,

proinflammatory, and profibrotic cytokines, including iNOS and

apoptotic cell death of HK-2 proximal tubular cells.74 It was proved

that ginseng prevents cisplatin inducing nephrotoxicity through

decreasing the expression of inflammatory cytokines, apoptosis,

and MDA concentration as well as decreasing the levels of renal

dysfunction biomarkers in rats. Therefore, treatment of rats with

ginseng extract protected rats against insecticide-induced hep-

atorenal toxicity through attenuating oxidative stress-mediated cell

death and apoptosis.75

5 | CONCLUSIONS

Commercially available insecticide in a mixture of LCT and

acetameprid (each is moderately toxic insecticide) had lower LD50

than that of each insecticide alone and became the grade of highly

toxic insecticides according to the WHO. The intoxication of rats with

this insecticide in a mixture altered liver and kidney structures and

functions through induction of oxidative stress-mediated cellular dam-

age and apoptosis. However, concomitant treatment of insecticide-

intoxicated rats with GAE modulated insecticide-induced hepatorenal

toxicity through suppression of oxidative stress-mediated apoptosis

and cell death. This study indicated that insecticides in mixture have

potent toxic effects than each one alone. Also GAE had a powerful

antioxidant activity that protected the liver and kidneys against envi-

ronmental pollutants.
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