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Abstract

Original Article

IntroductIon

Chemotherapy includes chemical agents that are used for 
stopping the growth of tumor cells as well as for eradicating it. 
It does not differentiate between a tumor and rapidly growing 
normal cells in the body.[1] Cisplatin is one of the most effective 
chemotherapeutic antineoplastic drugs, which has been used 
extensively for the treatment of a variety of tumors such as 
breast, ovarian, and lung cancers.[2] However, its clinical utility 
is associated with serious side effects in many organs, including 
liver and kidneys. Recent studies suggested that hepatotoxicity 
is a major dose-limiting side effect of cisplatin-based 
chemotherapy, leading to restriction in its use.[3,4]

Cisplatin-induced toxicity is most likely mediated by diverse 
oxidative damage to the cells mainly through generation of 
free reactive oxygen species (ROS) exceeding the antioxidant 
capability of the cell, resulting in imbalance of the pro-oxidant 
and antioxidant in the cells. This process is called oxidative 
stress, which eventually induces cell death.[5]

The liver is one of the major organs in the body responsible 
for numerous functions; one of the most important is drugs 
conversion into products that are more easily excreted. The 
central role of the liver in drug metabolism predisposes 
it to toxic injury.[6] Alanine aminotransferase (ALT) and 
aspartate aminotransferase (AST) activates are used as 
the indicators of hepatotoxicity that are only found in the 
serum in significant amount when there is damage to the 
liver.[7]

Recently, attention has been drawn to natural products for its 
safety. Panax ginseng (Araliaceae) is a well-known medicinal 
herb in traditional Asian medicine and has a long history of 
medicinal use as a tonic to promote health. Ginseng and its 
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constituents have been thought to possess antineoplastic, 
antioxidant, anti-inflammatory, and anti-aging activities.[8,9]

Cancer is a growing health problem around the world. The 
World Health Organization reported that cancer is the second 
leading cause of death in 2018, accounting for an estimated 9.6 
million deaths worldwide.[10] More than half of cancer patients 
use chemotherapeutic drugs.[11] The use of chemotherapy to 
prevent cancer cells growth or cause them to die can damage 
healthy cells in the body and produce adverse effects in many 
organs including the liver.[1]

There is considerable information suggesting that a combination 
of chemotherapy and phytochemicals with antioxidant action 
can increase the efficiency of chemotherapeutic agents and 
attenuate the hepatotoxicity.[12] ROS are the leading factors in 
toxicity of cisplatin.[5] Mechanisms that can control oxidative 
stress may decrease its toxicity by means of antioxidant.

Aim of the work
Based on these facts, we investigated in this study the possible 
protective effect of Panax ginseng on the liver damage induced 
by cisplatin in rats. Biochemical and histological study was 
done.

MaterIals and Methods

Chemicals
Cisplatin was obtained from Merck (Rodalben, Germany); it 
was provided as 50 mg/50 ml saline. Ginseng was purchased 
from Mulini Pharmaceutical, Saudi Arabia, and was present 
in the form of syrup containing the dried roots of the Panax 
ginseng; each 1 ml contains 10 mg.

Animals
Twenty adult male albino rats, with body weights of 150–200 g 
at the beginning of the experiment, were used in the current 
study. The animals were fed on standard laboratory food and 
water. They were kept under standard cases of humidity and 
temperature. Ethical animal treatment protocols were followed.

Experimental design
The animals were randomly classified into four equal 
groups (five rats per group), as follows:
• Group I (control group): Administered distilled water
• Group I I  (g inseng g roup):  Animals received 

ginseng (100 mg/kg/day) once/day orally by intragastric 
tube for 4 weeks[13]

• Group III (cisplatin-treated group): Animals were injected 
intraperitoneally with three equal doses of cisplatin (each 
containing 3.3 mg/kg) daily for 3 consecutive days as 
previously reported[14]

• Group IV (cisplatin/ginseng-treated group): The animals 
were concomitantly treated by both cisplatin and ginseng 
in which cisplatin treatment was begun 2 h before ginseng 
treatment at the same previous routes, doses, and duration.

The experiment lasted for 4 weeks, and then, all rats were 
weighed and sacrificed by ether anesthesia. Blood samples 

and small pieces of the right lobe of the liver tissues were 
taken.

Biochemical study
Venous blood samples from all animals were collected in 
heparinized tubes and centrifuged at 3000 rpm for 15 min to 
separate plasma used for the determination of serum activity 
of AST and ALT. These enzymes used as markers of liver 
functions and were assayed as previously reported using 
commercially available diagnostic kits.[15]

Histological study
Small pieces of the right lobe of the liver were fixed in 10% 
buffered formalin, dehydrated in a gradual series of ethyl 
alcohol, and then embedded in paraffin wax after clearance 
by xylol. Five-micron sections were obtained and stained with 
hematoxylin and eosin (H and E) to study histological features 
and Masson’s trichrome for the detection of collagen fibers.[16] 
Finally, the sections were examined and photographed using 
an Olympus light microscope Japan at histological units.

Statistics
Biochemical and histological statistical analysis was performed 
using SPSS program, version 17 (IBM Corporation, Somers, 
New York, USA) in the form of mean ± standard deviation. 
A one-way analysis of variance was used for calculation 
of differences between groups’ means. The results were 
considered statistically significant when P < 0.05 against the 
control group.

results

Body weights of the rats
There was no significant difference in the body weights in 
rats treated with ginseng alone (Group II) comparing with 
the control one. After administration of cisplatin (Group III), 
significant loss of body weights was observed compared to 
control (P < 0.001).

Administration of ginseng along with cisplatin (Group IV) 
significantly ameliorated this change and showed a trend of 
recovery to control level [Table 1 and Histogram 1].

Biochemical results
As shown in Table 2 and Histograms 2, 3, cisplatin 
injection (Group III) resulted in a significant increase in 
serum levels of AST and ALT compared with the control 
group (P < 0.001). However, ginseng administration with 
cisplatin (Group IV) was able to significantly decrease these 
parameters when compared with Group III. Nonsignificant 
difference (P > 0.05) was observed in serum levels 
of AST and ALT of the control and ginseng groups 
(Groups I and II, respectively).

Histological results
Control and ginseng groups (Groups I and II)
Hematoxylin and eosin stain
Examination of liver sections stained by H and E of control and 
ginseng treated rats showed the normal structure of the liver that 
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consists of ill-defined hepatic lobules had cords of hepatocytes 
radiating from the central veins to the periphery. The polyhedral 
hepatocytes contained prominent round vesicular nuclei and 
finely granular acidophilic cytoplasm. Some hepatocytes 
appeared binucleated. At the periphery of the lobules, there were 
portal tracts contained branches of the portal vein, hepatic artery, 
and bile duct. Hepatic sinusoids appeared in between hepatic 
cords as narrow spaces lined with Kupffer cells [Figure 1].

Masson’s trichrome
Examination of liver sections stained by Masson’s 
trichrome of these groups revealed fine few collagen fibers 
(stained blue) around the portal tracts as well as around the 
central veins [Figure 2].

Cisplatin‑treated group (Group III)
Hematoxylin and eosin stain
Marked histological changes were observed after administration of 
cisplatin. The hepatic architecture was disturbed characterized by 
diffuse affection of the hepatic lobules. Most hepatocytes appeared 
swollen with small darkly stained nuclei and vacuolated cytoplasm. 
Other cells were fused forming deeply acidophilic areas associated 
with dissolutions of hepatic cords. Central veins as well as blood 
sinusoids were markedly dilated. Enlargement of portal tracts 
with dilatation of branches of portal veins and proliferation of bile 
ductules was observed. Periportal mononuclear inflammatory cell 
infiltrations were also noted [Figures 3-5].

Masson’s trichrome
Examination of liver sections stained by Masson’s trichrome 
of cisplatin-treated rats showed marked accumulations of 
collagen fibers around the portal tracts [Figure 6].

Cisplatin/ginseng‑treated group (Group IV)
Hematoxylin and eosin stain
Examination of liver sections stained by H and E of 
cisplatin/ginseng-treated group showed partial improvement 

in histological structure of the liver tissue. Most hepatocytes 
appeared more or less normal and had round vesicular nuclei 
and pale acidophilic cytoplasm [Figure 7]. However, some 

Table 1: Body weights of control and experimental rats

Groups Body weight (g)
Group I 204±2.6a

Group II 198±3.1a

Group III 145±3.3b

Group IV 187±3.9a

Values are mean±SD (n=5). Means in the same column with different 
letters differ significantly (P<0.001). SD: Standard deviation

Table 2: Serum aspartate aminotransferase and alanine 
aminotransferase of control and experimental rats

Groups ALT (IU/L) AST (IU/L)
Group I 22.32±1.2a 27.91±4.1a

Group II 21.26±2.6a 26.87±2.7a

Group III 47.76±1.9b 48.76±1.2a

Group IV 29.75±4.3a 28.74±5.9b

Values are mean±SD (n=5). Means in the same column with different 
letters differ significantly (P<0.001). AST: Aspartate aminotransferase, 
ALT: Alanine aminotransferase, SD: Standard deviation

Histogram 1: Level of body weights in control and experimental groups. 
A significant decrease in body weight was observed in Group III in 
comparison with the other groups. Note the significant return of body 
weight to control level in Group IV

Histogram 2: A significant increase of ALT level in Group III when 
compared with the control group. Note the significant return of ALT to 
control level in Group IV. ALT: Alanine aminotransferase

Histogram 3: A significant increase of the AST level in Group III when 
compared with the control group. Note the significant return of AST to 
control level in Group IV. AST: Aspartate aminotransferase
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cells still affected with deeply stained nuclei and vacuolated 
cytoplasm. Dilated central veins and blood sinusoids were 
observed [Figure 8].

Masson’s trichrome
Collagen fibers around the central veins as well as the portal 
tracts appeared more or less similar to control one as only a 
few fibers appeared around them [Figure 9].

dIscussIon

Detoxification and metabolism of chemicals take place in the 
liver, making it the target organ for the toxicity.[17] Cancer is 
one of the most common causes of death in the world and 
affects >6 million people every year. Treatment of cancer 
with chemotherapy is not as safe as it has many side effects 

on healthy organs.[18] Cisplatin, one of the chemotherapeutic 
agents, is used for the treatment of a wide spectrum of 
tumors.[2]

In the current study, all results of ginseng group (Group II) were 
similar to the control one indicating that intake of ginseng is 
safe and nontoxic. These observations were in agreement with 
results of previous researchers.[13] In addition, another study in 
united states reported the results of the National Toxicology 
Program chronic toxicity and tumorigenicity bioassay and 
showed that Panax ginseng is not toxic or a tumor agent.[19]

Treatment of rats with cisplatin (Group III) produced a 
significant loss of body weight in consistence with results 
of previous work which attributed that to a loss of adipose 
tissue as well as skeletal muscles.[20] Loss of body weight is 
also accompanied by decreased food intake noted during the 
present experiment.

Figure 1: A liver section of control rat showing hepatocytes (arrows) 
with a granular cytoplasm and vesicular nuclei and the central vein (cv). 
Note a portal tract (pt) and blood sinusoids (s) lining with Kupffer 
cells (arrowhead). Dotted arrow points to binucleated hepatocyte. H and E 
stain, scale bar 100 µm

Figure 2: A liver section of control rat showing few fine collagen 
fibers (arrows) around a central vein (cv) as well as portal tracts (pt). 
Masson’s trichrome, scale bar 100 µm

Figure 3: A liver section of cisplatin‑treated group showing swollen 
hepatocytes with vacuolated cytoplasm and small, dense nuclei (arrows), 
dilated central veins (cv), and areas of hepatocytes dissolutions (star). 
Note hypertrophic Kupffer cells (arrowhead) and vacuolated binucleated 
hepatocytes (dotted arrow). H and E stain, scale bar 100 µm

Figure 4: A liver section of cisplatin‑treated group showing disturbance 
of the normal architecture of liver with small deeply stained nuclei 
of most hepatocytes (thin arrows), dilated blood sinusoids(s) lining 
with hypertrophic Kupffer cells (arrowhead). Note mononuclear cell 
infiltrations (thick arrow). H and E stain, scale bar 100 µm
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In this study, cisplatin-induced hepatotoxicity in animals of 
Group III manifested by a significant increase of serum levels 
of AST and ALT as compared to the control group. These 
data were in agreement with other investigators.[21,22] Hepatic 
enzymes AST and ALT are used as markers of liver functions, 
and the observed increase of these enzymes in the blood 
indicated impairment of liver function and hepatic lesion.[23] In 
accordance with our results, previous study reported marked 
elevation of hepatic enzymes AST and ALT in rats after single 
injection of 2.5 mg/kg cisplatin and attributed that to damage 
to hepatocytes with subsequent leakage of enzymes into the 
circulation.[24] In addition, liver toxicity caused by cisplatin 
has been investigated clinically by increasing levels of hepatic 
enzymes in the blood and jaundice appearance.[25]

Biochemical changes came hand in hand with histological 
results which showed marked disturbance of hepatic tissue in 

the cisplatin-treated group. There were vacuolated hepatocytes 
with pyknotic nuclei and dissolution of hepatic cords as 
well as dilated congested blood vessels and collagen fibers 
accumulation around the blood vessels. These observations 
were in agreement with previous reports,[26] which states that 
treatment with chemotherapy as cisplatin and doxorubicin 
causes toxicity to the liver manifested by hepatic necrosis 
and periportal fibrosis. Furthermore, another study reported 
that cisplatin chemotherapy has induced severe disturbance in 
functions of liver and kidney with tissue necrosis and fibrosis 
in rats.[24]

The liver is the main site of cisplatin metabolism. 
Cisplatin-induced hepatotoxicity is attributed to drug 
metabolism and ROS generation with decreasing levels of 
antioxidant enzymes, which propagate direct cytotoxicity of 
hepatocytes resulting in oxidative stress, tissue damage, and 

Figure 5: A liver section of cisplatin‑treated group showing enlargement 
of a portal tract (pt) with dilated portal vein (pv) and proliferating bile 
ductules (pd) as well as periportal mononuclear cellular infiltrations (arrow). 
Note the loss of cellular cords arrangement with area of hepatocytes 
dissolutions (stars). H and E stain, scale bar 100 µm

Figure 6: A liver section of cisplatin‑treated group showing marked 
collagen fibers accumulation (arrows) around enlarged a portal tract (pt). 
Note dilated central vein (cv). Masson’s trichrome, scale bar 100 µm

Figure 7: A liver section of cisplatin/ginseng‑treated group showing more 
or less normal appearance of hepatic tissue and most hepatocytes have 
granular cytoplasm and vesicular nuclei (arrows). Note dilated congested 
blood sinusoids (s) and part of a central vein (cv). H and E stain, scale 
bar 100 µm

Figure 8: A liver section of cisplatin/ginseng‑treated group showing 
some hepatocytes still affected, have small dense nuclei (thin arrow) 
and others with vacuolated cytoplasm (dotted arrow). Note enlargement 
of a portal tract (pt) with cellular infiltrations (thick arrow). H and E stain, 
scale bar 100 µm
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ultimately cell death. Moreover, the ability of cisplatin to form 
adducts with DNA as a part of its activity against the tumor, 
causing inhibition of cell divisions and its death.[22,24,26]

The observed cytoplasmic and nuclear changes in hepatocytes 
of cisplatin-treated animals could be the result of induction of 
oxidative stress and damage of DNA that causes degeneration 
and death of hepatocytes. Furthermore, the picture of portal 
fibrogenesis that was observed in the cisplatin-treated group 
in the form of marked accumulation of collagen fibers and 
proliferating bile ducts are the resultant of ROS generation.[27]

In the present study, the observed cellular infiltration of portal 
tract in animals treated with cisplatin was in accordance 
with other works.[28] These infiltrating cells, leukocytes, are 
a prominent response of body tissues facing any injurious 
impacts. Moreover, the observed dilatation of blood sinusoids 
might be reflected impairment of substance exchange and liver 
dysfunction as the integrity of sinusoidal structure is very 
important for the continuous normal exchange of metabolites 
and fluids.[20]

Comparing with cisplatin-treated animals (Group III), 
administration of ginseng along with cisplatin (Group IV) 
showed a significance increase of body weight as well as a 
significant lowering in serum levels of AST and ALT. These 
findings were in consistence with the observations of other 
investigators who reported that ginseng had a protective 
effect to liver by decreasing the levels of serum transaminases 
following aflatoxin B1 toxicity in rats.[29] The reduction of 
liver enzymes (AST and ALT) to normal values indicated that 
ginseng effectively improved hepatic function impairments 
induced by cisplatin.

These results have been supported by light microscopic 
findings that revealed the effectiveness of Panax ginseng in 
protecting the liver from the damaging effect of cisplatin as most 
of the histological changes induced by cisplatin were greatly 
improved. The hepatic tissue has restored its normal structure 

and the liver cells appeared more or less normal with normal 
distribution of collagen fibers. Results of other investigators 
reported that ginseng was effective against hepatic toxicity 
caused by oxidative stress after cadmium intoxication.[30]

The balance between oxidative and antioxidative systems 
prevented tissue damage and cells death and any disturbance 
in this balance led to many pathological conditions. Previous 
studies reported that antioxidants prevent the adriamycin 
chemotherapy-induced toxicity in experimental animals as 
well as in human.[20]

The hepatoprotective effects of Panax ginseng are closely 
related to its antioxidant properties as it enhanced the 
antioxidant defense mechanism and has a potential role in 
scavenging free radicals and consequently alleviating the 
oxidative stress.[31]

conclusIon

The results of this study postulate that cisplatin induces 
hepatotoxicity and ginseng has a protective role in amelioration 
of this toxicity. Panax ginseng possesses the ability to decrease 
the higher serum levels of AST and ALT and partially 
restore the histological changes of the liver induced by cisplatin 
in the rats.

Recommendations
• Since it has been proven that Panax ginseng has a 

hepatoprotective effect on liver damage induced by 
cisplatin, it is advised to give ginseng to those exposed 
to chemotherapeutic agents

• Further studies must be carried out to evaluate the proper 
dose and the best time for administration (before, with 
the chemotherapy or both) to obtain the most beneficial 
results for treatment.
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