
Introduction
Cisplatin (CIS) is one of the major antineoplastic agents

that extensively used in the treatment of various types of

carcinoma, sarcoma and lymphoma. The antitumor

mechanism of cisplatin is referring to its ability to overlap

with DNA transcription, replication and repair mechanism,

mitochondrial dysfunction that ultimately leads to DNA

damage and apoptosis (Kandeil, et al., 2019). The clinical

application and effectiveness of cisplatin is restricted due to

its resistance and cellular toxicity including nephrotoxicity,

hepatotoxicity, bone marrow toxicity and neurotoxicity

(Ghosh, 2019; Cetinkaya-Fisgin, et al., 2020). Cisplatin

induces neurotoxicity through DNA damage, inflammation

and oxidative stress. The induction of oxidative stress

together with inflammatory cytokines represents the most

common cause of neurotransmitters disturbance, apoptosis

and necrotic neuronal death (Khafaga, et al., 2021).

Neurodegenerative diseases including Alzheimer’s diseases

are connected with oxidative stress. The reduction of ROS is

very important to preserve the normal neurons functions.

Therefore, antioxidants have been used to restore the

neuronal loss and cognitive dysfunction induced by cisplatin

(Jangra, et al., 2016). Antioxidant’s supplementation has a

protective role against cisplatin-induced neuropathy via

reduction of ROS, inflammation and AChE activity,

improving the cognitive dysfunctions (Stankovic, et al.,

2020). Ginseng (GIN) constituents have been proved as

antioxidant, anti-inflammatory, immunomodulatory,

antifatigue, antidiabetic, cardioprotective, hepatoprotective,

and renoprotective agent (Jakaria, et al., 2019). Regarding

on informational hypothesis of mechanistic action of ginseng

against oxidative stress, inflammation, apoptosis,

neurotransmitter disturbance; this work endeavors to assess

the neuroprotective potential of ginseng against cisplatin-

induced neurotoxicity and cognitive impairment via

measuring certain biochemical markers including oxidative

stress neuroinflammatory cytokines, neurotransmitters,

amyloidogenic and apoptotic factors. Also, we evaluated

morphologic alterations in hippocampal neuronal tissues in

male rats.

Materials and methods

Reagents & doses: All the reagents and chemicals used were of analytical grade

Animals and experimental design

Rats were orally administered their respective doses every day for 90 days.

Biochemical parameters:

1. Oxidative stress markers (TBARS, NO, SOD, GPX, GST, CAT, GSH and TAC)

were measured spectrophotometrically in hippocampal brain tissues.

2. Neurotransmitter markers

ACh, MAO norepinephrine (NE), dopamine (DA) and serotonin (5-HT) were

estimated to the protocol of ELISA Kits in the hippocampus

3. Proinflammatory markers & β amyloid by ELISA (The levels of inflammatory

molecules (TNF-α, IL-6, IL-1β and IL-12 were evaluated in hippocampus was

quantitated by ELISA kits. The levels of Aβ40 and Aβ42 were carried out in the

hippocampus.

4. Apoptosis (Caspase and P53)

5. Histopathological examination

After sacrifice, hippocampus samples were removed straightaway, washed three

times in ice-cold saline and fixed with buffered neutral formalin solution (10%) for

48 hours then, treated with alcohol (70%) and xylol. The specimens were embedded

in paraffin and cut (4-6 μm thickness) by a rotary microtome. The hippocampal

sections were stained with Hematoxylin and Eosin (H&E) and examined under a

microscope for the histopathological examination

Results

Table 1: Changes in the brain acetylcholinesterase (AChE), acetylcholine (ACh),

monoamine oxidase (MAO), norepinephrine (NE), dopamine (DA) and Serotonin

(5-HT) in male rats treated with ginseng (GIN), cisplatin (CIS) and their

combination.

Fig. 1 Effect of ginseng (GIN), cisplatin (CIS) and their combination on brain

thiobarbituric acid reactive substances (TBARS), nitric oxide (NO), Superoxide

dismutase (SOD), glutathione peroxidase (GPX), glutathione S-transferase (GST),

catalase (CAT) and reduced glutathione (GSH) of male rats.

Fig. 2. Effect of ginseng (GIN), cisplatin (CIS) and their combination on brain tumor

necrosis factor-α (TNF-α), interluikin-6 (IL-6), interluikin-1β (IL-1β), interluikin-12 (IL-

12), amyloid β 40 (Aβ 40), amyloid β-42 (β 42) of male rats.

Fig. 3 Effect of ginseng (GIN), cisplatin (CIS) and their combination on brain P53

protein and caspase of male rats.
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Impact of Ginseng on Neurotoxicity induced by Cisplatin in Rats

Abstract
Over the years, many researches have shown the potential protective effects of ginseng for preventing and treating neurological damage and their related diseases. Neuronal

disturbance is one of the most common serious effects of cisplatin chemotherapy that triggers memory impairment and cognitive disability. Based on the hypothesis that mechanistic

pathways of ginseng against the neurological and biochemical disturbance remain unclear, therefore, this study was designed to investigate the neuroprotective effect of ginseng

extract against neurological and behavior abnormality induced by cisplatin in male rats. Animals were divided into 4 groups. Group 1 served as a control, group 2 was orally

administrated with ginseng (100 mg/kg BW) daily for 90 days, group 3 was injected intraperitoneally with cisplatin (4 mg/kg BW) once a week for 90 days, and group 4 received

ginseng and cisplatin. Cisplatin induced a learning and memory dysfunction in the Morris water maze task and locomotor disability in the rotarod test. In addition, cisplatin

disrupted the oxidant/antioxidant systems, neuroinflammatory molecules (TNF- α, IL-6, IL-12 and IL-1β), neurotransmitters, apoptotic (caspase-3, P53 and Bax) and dementia

markers (amyloid-β40 and amyloid-β 42). Co-treatment with ginseng extracts successfully ameliorated the cognitive behaviors, intramuscular strength and presented a good

protective agent against neurological damage. Histopathological and histochemical studies proved the neuroprotective effect of ginseng. Our data showed that ginseng capable to

counteract the memory dysfunction induced by cisplatin via reducing oxidative stress and neuroinflammation restoring the neurological efficiency.

.

Fig. 4 (a-d): Photomicrographs of rat brain coronal sections (stained by

HE) in hippocampus in different groups. a and b: Hippocampus coronal

sections of control and ginseng groups showing normal structure of

hippocampus. c: Hippocampus coronal section of treated rat with

cisplatin revealed presence of a neurodegeneration, degenerated

pyramidal cells (arrow) and vacuolated neurocytes (arrow heads), in

addition to presence of dilated blood vessel. d: Hippocampus section in

co-treated rats with cisplatin and ginseng revealed a mild tissue injury

with a few neuronal damages (arrows).

Conclusion

In conclusion, strong association was evidenced

between the neurological disorder and long-term

exposure to cisplatin. Cisplatin induced their

neurotoxicity through the induction of free

radicals, neuroinflammatory cytokines and

apoptosis leading to neuron death and dementia.

Furthermore, it is implicated in the

amyloidgenesis/non-amyloidgenesis imbalance

and neurotransmitters disruption which in turn

induce cholinergic dysfunction. Ginseng showed

neuroprotective effect against cisplatin-induced

neurological damage. It successfully ameliorated

the cognitive deterioration reflecting muscle

strength, learning and memory skills

improvement through alleviating the oxidative

stress, neuroinflammation, apoptosis,

neurotransmitters disturbance and the structural

neuronal integrity. Therefore, ginseng

administration could be used as an adjuvant

therapy against cognitive dysfunction during

cancer treatment with cisplatin.

40 male rats

(160-180 g) 

Control 
group

GIN  group (100 
mg/kg BW)

CIS group  (4 mg 
/Kg BW/day)

GIN+CIS group

Parameter Experimental groups

Control GIN CIS GIN+ CIS

AChE    (U/mg) 6.8±0. 41c 7.1±0. 32c 15.4±0. 91a 10.1±0. 74b

ACh      (µmol/g) 11.4±0.8a 10.8±0.6a 4.3±0.29c 8.1±0.5b

MAO   (U/mg) 5.1 ± 0.26b 4.9 ± 0.21b 7. 6±0.14a 4.02± 0.31c

NE        (ng/mg) 251.4 ± 0.1a 259.3.4 ± 0.09a 97.1 ± 0.73c 191. 8 ± 0.76b

DA        (ng/mg) 178.2± 0.1a 183.6 ± 0.09a 109.2 ± 0.73c 135.7 ± 0.76b

5-HT     (ng/g) 214.8 ± 0.1a 223. 5 ± 0.09a 135.3 ± 0.73c 198.4 ± 0.76b


