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ABSTRACT  
 
 Cisplatin is a prominent member of the effective broad-spectrum antitumor drugs. However, its clinical 
usage is restricted due to some adverse side effects, such as ototoxicity, hepatotoxicity and nephrotoxicity. The 
objective of this study was to determine the protective effect of ginseng aqueous extract against cisplatin-
induced hepatotoxicity. Adult male Wistar albino rats (100-120g) were divided into four groups (eight animals 
each) and treated for six weeks as follows: group (1) normal rats injected (i.p) with saline and served as control, 
group (2) animals orally administrated with ginseng extract (100mg/kg b.wt./day), group 3) rats injected (i.p) 
with cisplatin (0.4 mg/kg b.wt./day) and group 4) rats daily administrated with ginseng extract just one hour 
before the cisplatin injection. Results: Administration of ginseng extract in combination with cisplatin 
ameliorated the cisplatin-induced liver deterioration. This was monitored from the significant reduction in the 
level of serum ALAT, ASAT, GGT, ALP, bilirubin, cholesterol and triglycerides as well as hepatic MDA and 
nitric oxide coupled with an improvement in the levels of serum albumin as well as hepatic total antioxidant 
activity and Na/K ATPase. In conclusion, ginseng extract could play a beneficial role for prevention of cisplatin 
hepatotoxicity via its anti oxidative and anti-nitrosative voltage. 
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Introduction 
 
 The majority of drugs used for the treatment of cancer today are cytotoxic (cell-killing) drugs that work by 
interfering in some way with the operation of the cell's DNA. Cytotoxic drugs have the potential to be very 
harmful to the body unless they are very specific to cancer cells - something difficult to achieve because the 
modifications that change a healthy cell into a cancerous one are very subtle. Cisplatin (cis-diamine-
dichloroplatinum) is one of the most potent anticancer drugs used in chemotherapy. In 1978, the American Food 
and Drug Administration (FDA) approved cisplatin for clinical use of cancers such as bladder, cervical, 
esophageal, head, neck, ovarian, and testicular. However, its clinical usage is restricted due to some undesirable 
side effects, such as hepatotoxicity and nephrotoxicity (Nagwani, et al., 2010; Naqshbandi, et al., 2012 and 
Naqshbandi et al., 2013). According to recent studies, nephrotoxicity and hepatotoxicity are the major dose 
limiting side effect in cisplatin-based chemotherapy (Fasihi, et al., 2012 and Mustafa, et al., 2012). The 
mechanism underlying the side effects induced by cisplatin are not understood clearly, it was considered to be 
attributed to the combination of multi-ways, such as the generation of reactive oxygen species (ROS), which 
could interfere with the antioxidant defense system and result in oxidative damage in different tissues (Florea & 
Büsselberg, 2011), and reaction with thiols in protein and glutathione, which could cause cell dysfunction. 
Oxidative stress is an important contributor to the pathophysiology of a variety of pathological conditions 
including inflammation and drug toxicity (Johnkennedy & Adamma, 2011). Human body has multiple 
mechanisms especially enzymatic or non enzymatic antioxidant systems which can protect the cellular 
molecules against reactive oxygen species (ROS) induced damage. However the innate defense may not be 
enough for severe or continued oxidative stress. Hence, certain amounts of exogenous antioxidants are 
constantly required to maintain an adequate level of antioxidants in order to balance the ROS in human body 
(Alipour & Wankhade, 2012). 
 Until now, a large number of studies have been focused on the ways for preventing the cisplatin side effects 
using herbal products (Hadjzadeh et al., 2012 and Manimozhi, et al., 2012). These studies suggested that the 
side effects of cisplatin could be protected by some plant extracts and different chemical nature. Numerous in 
vitro and animal studies have examined the interaction of Panax ginseng with carcinogenesis, apoptosis, 
angiogenesis, and metastasis (Lee et al., 2005 and Yao et al., 2007). It was proposed an anti-inflammatory role 
of Panax ginseng in the sequence of progression to promotion in a model of carcinogenesis (Hofseth & 
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Wargovich 2007). Traditionally the ginseng root, available in white or red, is used. White ginseng is prepared by 
air-drying after harvest, and red ginseng is prepared by a steaming or heating process (Wang et al., 2007 and 
Fishbein et al., 2009). The leaf, berry and other parts of ginseng are also medicinal sources (Xie et al., 2004 and 
Li et al., 2009). 
 Panax ginseng has a broad range of beneficial effects including tonic, adaptogenic, immunomodulatory, 
anti-inflammatory, anti-oxidant, anti-aging, anti-diabetes, anti-mutagenic, anti-cancer and neurovascular 
modulatory activities (Kiefer & Pantuso, 2003; Sengupta et al., 2004 and Lee et al., 2005). As a large number of 
herbs has been traditionally used to treat or reduce drug-induced complications, therefore the main objective of 
the present work was to explore the protective battery of Panax ginseng aqueous extract against cisplatin-
induced hepatic damage through certain biochemical measurements in both blood and hepatic tissue. 
 
Materials and Methods 
 
Preparation of ginseng extract: 
 
 This study dealt with the aqueous extract of the herb rather than that of organic solvents; this due to the 
possible effects of the organic solvents on the conformational and configuration structure of the extract 
components. Specimens of Korean mountain red ginseng (P. ginseng C.A. Meyer) roots mainly in India and 
China were obtained from a local supplier, Abd El-Rahman Harraz (Bab El-Khalk zone, Cairo, Egypt).  
 The ginseng aqueous extract was prepared according to the extraction method of Zhang et al. (1995). 
Specimens of Panax ginseng roots were previously smashed, and the poweder was soaked with water (1:25 W: 
V) in a glass flask for three hours. The container then was placed in boiling water bath for 40 min. The solid 
residue was subjected to the same process once again, and then the water fractions were combined and filtered 
through Whatman No. 1 filter paper, and finally filtrate lypholization with freeze drier (Snijders Scientific-
tilburg, Holland) under pressure, 0.1 to 0.5 mbar and temperature -35 to -41°C conditions. The dry extract was 
stored at -4°C until used. 
 
Animal and Experimental Design:  
 
 Adult male Wistar albino rats (Rattus norvegicus) weighting 100-120g were obtained from Animal House, 
National Research centre, Dokki, Egypt. The animals were housed in suitable plastic cages for one week for 
acclimation with the new room conditions. Fresh tap water and standard rodent food pellets (Agricultural-
Industrial Integration Company, Giza, Egypt) were always available. All animals were received human care in 
compliance with the standard insitiuation’s criteria for the care and use of experimental animals. After the 
animals being acclimatized with the experimental room conditions, they were divided into four groups (10 
animals each) as following:  
 Group (I): rats were daily administrated (i.p) (0.4 ml//kg b.wt) saline for six weeks and act as control. 
 Group (II): animals subjected to daily oral administration of ginseng aqueous extract (100 mg/kg b.w) for 
six weeks (Zhang et al., 1995). 
 Group (III): animals subjected to intraperetoneally administration of cisplatin (0.4mg/kg b.wt /day) 
(Pratibha et al., 2006). 
 Group (IV): animals subjected to daily administration of ginseng aqueous extract on hour before 
intraperitonial administration of cisplatin (0.4 mg/Kg b.w) for six weeks. 
  
Blood sampling: 
 
 At the end of the study period, animals were fasted overnight. Following diethyl ether anesthesia, and using 
heparinized capillary tubes, blood specimens were collected from the retro-orbital plexus into vacutainer 
collecting tubes and left 20 minutes to clot, then centrifuged at 3000 rpm for 10 minutes using cooling 
centrifuge (IEC centra-4R, International Equipment Co., USA). The sera were separated, divided into aliquots 
and stored at -70°C until biochemical measurements could be carried out as soon as possible.  
 
Tissue sampling: 
 
 After blood collection, the animals were rapidly sacrificed and the liver left lobe of each animal were 
dissected out, washed with saline, dried, rolled in a piece of aluminum foil and stored at -70°C until 
homogenization and biochemical determinations. 
 
Biochemical measurements: 
 



3131 
J. Appl. Sci. Res., 9(4): 3129-3140, 2013 

 

In Blood: 
 
 The activity of serum aminotransferases (ALAT and ASAT) was determined according to the kinetic 
method described by Schumann and Klauke (2003) using instruction manual of Human reagent kits purchased 
from Human Gesell Schaft fur Biochemical und Diagnostic mbH, Germany. Serum GGT activity was measured 
according to the kinetic method described by IFCC (1983) using reagent kits purchased from Bio Systems S.A. 
Costa Brava 30, Barcelona, Spain. Serum alkaline phosphatase (ALP) activity was assayed according Moss & 
Henderson (1999) method according to the instruction manual of DiaSys reagent kits purchased from DiaSys 
Diagnostic systems GmbH Germany. Serum total proteins and albumin concentrations were evaluated according 
to the photometric systems of Johnson et al. (1999) using reagent kits purchased from DiaSys Diagnostic 
systems GmbH Germany. Serum bilirubin level was measured calorimetrically (Young, 2001) with the reagent 
kits purchased from Diamond Diagnostics MDSS GmbH Schiffgraben 41 30175 Hannover, Germany. Serum 
total cholesterol and triglycerides levels were determined according to Artiss & Zak (1997) and Cole et al. 
(1997) respectively, using DiaSys reagent kits purchased from DiaSys Diagnostic System GmbH, Germany.  
 
In Tissue: 
 
 Malondialdehyde (MDA) is the most abundant individual aldehyde resulting from lipid peroxidation 
breakdown in biological systems and used as an indirect index for lipid peroxidation (Draper & Hadley, 1990). 
Lipid peroxidation level in the liver was determined chemically according to the method described by Ruiz-
Larnea et al. (1994) on the based of MDA reaction with thiobarbituric acid (TBA) which forms a pink complex 
that can be measured photometrically. In this method 0.5 ml liver homogenate supernatant (1g liver tissue was 
homogenated in 10 ml phosphate buffer pH 7.4 and centrifuged at 5000 rpm for 10 minutes) was added to 4.5 
ml TBA working reagent [0.8 g TBA was dissolved in 100 ml percloric acid 10%, and mixed with 20% 
trichloroacetic acid (TCA) in volume ratio 1 to 3, respectively). In a boiling and shaking water bath, the sample-
reagent mixture was left for 20 minutes, then carried to cool at room temperature and centrifuged for 5 minutes 
at 3000 rpm. The absorbance of the clear pink supernatant was measured photometrically at 535 nm against 
reagent blank (0.5 ml distilled water + 4.5 ml TBA working reagent).  
 Nitric oxide level of the liver homogenate was determined according to the method of Montgomery et al. 
(1961) using the reagent kits purchased from Biodiagnostic Co., Dokki, and Giza, Egypt. Total antioxidant 
capacity (TAC) of the liver homogenate was estimated spectrophotometerically (Koracevic & Koracevic, 2001) 
with the reagent kits purchased from Biodiagnostic, Dokki, and Giza, Egypt. Finally, Na+/K+-adenosine 
triphosphatase (ATPase) activity was measured according to the chemical modified method of Tsakiris et al 
(2004).  
 
Statistical analysis: 
 
 Comparisons between means were carried out using one way ANOVA test (Duncan) at level of P≤ 0.01 
(Steel & Torrie, 1960) using statistical analysis system (SAS) program software; copyright (c) 1998 by SAS 
Institute Inc., Cary, NC, USA. 
 
Results: 
 
 Five animals died throughout the study period; three regarding cisplatin alone group and two from the 
animal group treated with cisplatin in combination with Panax ginseng; while no mortalities were recorded with 
respect to either control or ginseng animal groups. 
 Table (1) shows the mean values of initial and final body weights (g) as well as body weight gain of male 
Wistar albino rats treated with ginseng and cisplatin both alone or in combination as well as normal control. The 
data illustrated that administration of ginseng aqueous extract increased the body weight gain in a level close to 
that of control; while those treated with cisplatin alone recorded the lowest level of body weight gain. Cisplatin-
ginseng combination increased the levels of body weight gain in respect to ciplatin intoxicated ones. 
 
Table 1: Mean values of initial and final body weights (g) as well as body weight gain of treated and normal control male rats. 

 Initial 
Body Weight (g) 

Final
Body Weight (g)

Body gain 
(g/100g b.w) 

Control 168 ± 1.34 265 ± 1.42 2.22 ± 0.15 
Ginseng 165 ± 1.41 263 ± 1.33 2.76 ± 0.13 
Cisplatin 150 ± 1.07 163 ± 1.25 0.64 ± 0.08 

CisPlt + Ginseng 158 ± 1.11 181 ± 1.41 0.93 ± 0.06 
All data are presented as mean ± standard error. 
CisPlt = cisplatin. 
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 Table (2) shows that animals orally treated with the aqueous extract of Panax ginseng (100 mg/kg/day) for 
six weeks recorded non significant (p>0.05) decrease (-13.2, -11.6, -22 and -12%) in serum ALAT, ASAT, 
GGT and ALP activities, respectively. In contrast, animals group intoxicated intraperetoneally (i.p) with 
cisplatin only (0.4 mg /kg/day) for a similar period revealed a significant (p<0.01) increase (90.6, 41.7, 17.3 & 
10.4%) in the same markers respectively, compared to normal animals. 
 With regard to rats those intoxicated with cisplatin only, the rats treated with ginseng extract combined with 
cisplatin showed a significant (p<0.01) decrease (-48.8, -25, -66 & -35.6 %) in serum ALAT, ASAT, GGT and 
ALP, respectively.  
 
Table 2: Mean values of serum ALAT, ASAT, GGT and ALP activities of male Wistar albino rats of treated and control groups. 

 ALAT ASAT GGT ALP 
IU/L IU/L IU/L IU/L 

Control 51±1.97b 195±8.03b 6±0.72ab 259±1 9.4ab 
Ginseng 44±2.8b 173±4.9bc 5±0.30b 228±13.7bc 
Cisplatin 96±3.8a 276±15.1a 7±0.53a 286±19.4a 

CisPlt + Ginseng 50±1.7b 207±15.4b 2±0.31c 184±9.2c 
All data are presented as mean ± standard error. 
The different superscript litters within the same column are significantly different. 
Level of significance is p< 0.01. 
CisPlt = cisplatin. 

 
 Animals orally treated with the aqueous extract of Panax ginseng (100 mg/kg/day) for six weeks did not 
affect the serum bilirubin (total or direct), total protein and albumin levels these were found close to their values 
of normal rats, while animals those were intoxicated with cisplatin showed a significant (p<0.01) increase in the 
serum level of total (116.6%) and direct (50%) bilirubin matched with non significant (p>0.01) reduction in both 
total proteins and albumin in comparison with normal animals. Moreover, rats those treated with ginseng extract 
in combination with cisplatin pointed a significant (p<0.01) decrease in serum total and direct bilirubin level 
(26.9 & -22.2%) respectively while serum proteins still close to normal as compared to cisplatin intoxicated rats 
(table 3).  
 
Table 3: Mean values of serum total bilirubin, direct bilirubin, total protein and albumin levels of male Wistar albino rats of treated and 

control groups. 

 Total Bili. Direct Bili. Total proteins Albumin 
mg/dL mg/dL g/dL g/dL 

Cont 0.6 ± 0.05cd 0.24 ± 0.02bc 5.9 ± 0.16a 3.4 ± 0.12a 
Gin 0.5 ± 0.04d 0.18 ± 0.02c 5.9 ± 0.22a 3.3 ± 0.05a 

CisPlt. 1.3 ± 0.05a 0.36 ± 0.02a 5.3 ± 0.15a 3.2 ± 0.08a 
CisPlt. + Gin 0.95 ± 0.06b 0.28 ± 0.02b 5.6 ± 0.2a 3.2 ± 0.10a 

All data are presented as mean ± standard error. 
The different superscript litters within the same column are significantly different. 
Level of significance is p< 0.01. 
CisPlt = cisplatin 

 
 Table (4) monitored that administration of 100 mg/kg/day of ginseng extract for six weeks resulted in slight 
(p>0.01) decrease in the level of serum total cholesterol, triglycerides and LDL-cholesterol coupled with slight 
rise in serum HDL-cholesterol level. Contrarily, cisplatin intoxicated-rats revealed a significant (p<0.01) 
elevation (18.9, 29.9 & 31.5 %) in serum total cholesterol, triglycerides and LDL-cholesterol levels respectively, 
matched with non significant (p>0.01) reduction (-9.3 %) in serum HDL-cholesterol level when all were 
compared to normal animals. With respect to rats intoxicated with cisplatin only, administration of ginseng 
extract in combination with cisplatin resulted in a significant (p<0.01) decrease (-13.8, -17.1 & -21.6 %) in 
serum total cholesterol, triglycerides and LDL-cholesterol levels respectively coupled with a slight (p>0.01) 
increase in HDL-cholesterol level. 
 
Table 4: Mean values of serum total cholesterol, triglycerides, HDL-cholesterol and LDL-cholesterol levels of male Wistar albino rats of 

treated and control groups. 

 Cholesterol Triglycerides HDL LDL 
mg/dl mg/dl mg/dl mg/dl 

Cont 79.2±2.5c 70.7±2.3b 23.6±0.73a 41.5±1.7bc 
Gin 73.2±2.03c 69.4±2.0b 24.1±0.65a 35.2±2.6c 
Cis 94.2±2.04a 91.4±3.3a 21.4±0.98a 54.6±2.2s 

Cis+Gin 81.2±1.95bc 75.7±3.8b 22.0±1.2a 42.8±2.1b 
All data are presented as mean ± standard error. 
The different superscript litters within the same column are significantly different. 
Level of significance is p< 0.01. 
CisPlt = cisplatin. 
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 Comparing with normal rats, administration of Panax ginseng extract never adverse the liver total 
antioxdatint capacity or the values of its oxidative stress markers (MDA and NO), while cisplatin injection 
significantly (p<0.01) lowered liver total antioxidant capacity and ATPase activity (-17.8 & -27.2 %) and 
increased both MDA and nitric oxide levels (96 & 70.8 %) respectively. In addition, treatment of rats with 
ginseng extract besides to cisplatin revealed a significant (p<0.01) decrease in hepatic MDA and NO (-35.3 & -
16.2%) respectively; matched with a significant (p<0.01) increase in liver TAC and ATPaese activity (11.9 & 
19.6 %) in compared to cisplatin intoxicated rats (Table 5). 
 
Table 5: Mean values of hepatic malodialdehyde (MDA), nitric oxide (NO) and total antioxidant capacity (TAC) levels and Na+/K+-ATPase 

activity of male Wistar albino rats of treated and control groups. 

 TAC NO MDA Na+/K+-ATPase 
µmol/g µmol/g nmol/g umol pi / hr / g 

Control 112 ± 8.3abc 137 ± 3.9c 75 ± 4.2c 7.7 ± 0.39a 
Ginseng 132 ± 9.7a 135 ± 5.6c 68 ± 1.9c 7.9 ± 0.44a 
CisPlt 92 ± 6.8c 234 ±2.96a 147 ± 1.8a 5.6 ± 0.17b 

CisPlt +Ginseng 103 ± 5.7bc 196 ± 9.6b 95 ± 8.1b 6.7 ± 0.09ab 
All data are presented as mean ± standard error. 
The different superscript litters within the same column are significantly different. 
Level of significance is p< 0.01. 
CisPlt = cisplatin. 

 
Discussion: 
 
 Cisplatin is the most important platinum anticancer drug, and has an activity against a variety of neoplasms, 
particularly head, neck, testicular, ovarian, bladder and small cell lung cancers. However, the mechanisms by 
which CisPt induces cytotoxicity, namely hepatotoxicity, are not completely understood. High doses of cisplatin 
are more effective than low doses in ovarian and colorectal cancer. Despite its significant anticancer activity, the 
clinical use of cisplatin is often limited by its undesirable side effects such as nephrotoxicity and hepatotoxicity 
(Seong et al., 2005). 
 The present work was undertaken to study detailed mechanism of CP induced hepatotoxicity alterations and 
possible action mechanism of ginseng aqueous extract in preventing those deleterious changes in rat liver. CP 
Hepatotoxicity in this study was gauged by weight loss, The results show that single injection produced a typical 
pattern of hepatotoxicity as indicated by increased levels of ALAT, ASAT, ALP, GGT, bilirubin, choleaterol, 
triglyerides, accompanied by slight decrease albumin in the serum; and increased levels of oxidative stress 
markers (MDA and nitric oxide) matched ith reduction in total antioxidant activity in liver homogenate. 
 Oral administration of rats with ginseng extract for a period of six weeks resulted in slight increment in the 
body weight gain percentage which was matched with the control group, i.e. no harmful effect on the animal 
appetite, gastrointestinal tract physiology, food assimilation and the body weight, reflecting the biological safety 
of both extracts. This finding is in accordance with the previous study of Lee et al. (2005).  
 In addition, Panax ginseng aqueous extract did not disturb liver; this was evidenced from the values, these 
close to control ones, of the biochemical investigations of the serum (ALAT, ASAT, GGT, ALP, bilirubin, 
proteins and lipogram) as well as liver (ATPase, MDA, NO and TAC). These findings confirm the biological 
safety of ginseng extract and agonist the reports of many authors (Somchit et al., 2005; Baum et al., 2006; 
Karina et al., 2007; Tarasub & Narula, 2008; and Naik et al., 2011). 
 Contrarily, the reduction in the body weight, as well as mortality, followed cisplatin intoxication may be 
due to the disturbance in the animals’ appetite and gastrointestinal tract physiology, food absorption and 
assimilation; and . This effect may be attributed to the gastrointestinal toxicity and the reduced ingestion of food 
as explained by Ahmet et al (2005), or to the severe or prolonged emesis as suggested by Ballatori & Roila 
(2003) and Pratibha et al. (2006). 
 Treatment of rats with Panax ginseng besides to cisplatin intoxication in this study significantly restored the 
animals’ survival rate and the lost body weight gain as a result of cisplatin intoxication. This result is confirmed 
with the previous reports of Raghavendran et al. (2011). 
 Nausea and vomiting are considered the foremost unpleasant side-effects of chemotherapy from the 
patients’ viewpoint and experienced by 20–90% of cancer patients during chemotherapy (Schnell, 2003 and 
Kovac, 2006). In spite of rats lack the vomiting centre in brain, not capable of producing emesis (King, 1990) 
the rat model responds consistently to a variety of emesis-inducing stimuli, such as cisplatin, cyclophospoamide 
and ionizing radiation (Yamamoto et al., 2002). It was reported that some antioxidants may prevent the toxic 
effects of drugs and other harm agents (Durak et al., 2002 and Naziroglu, et al., 2004). Ginseng was found to 
have protective effects that were attributed to their antioxidant properties by inhibiting free radical generation 
(Kondo et al., 2006). Their conjunction with the chemotherapy may be perform an anti-emetic effect; traditional 
clinical experiences and in vitro and in vivo studies support anti-emetic as well as anti-anorexic effects of red 
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ginseng that could be improve the digestive, assimilation and metabolic functions which in turn reduces the 
mortality rate and weight loss (Mehendale, et al., 2005). 
 This study pointed that cisplatin-intoxication significantly elevated serum ALAT, ASAT, GGT and ALP 
activities, hepatic ATPase activity and hepatic MDA and NO levels; also decreased hepatic total antioxidant 
capacity (TAC); consequently it reflects its hepatotoxicity potential. These findings are in constituent with that 
of Iraz et al. (2006), Iseri et al. (2007), Santos et al. (2007), Liao et al. (2008), Custódio et al. (2009), and Kart 
et al. (2010).  
 It was demonstrated that cisplatin interferes with mitochondrial bioenergetics, as reflected by the 
stimulation of mitochondrial respiration rates, depression of respiratory indexes and decreased phosphorylation 
rate (Custódio et al., 2009) besides to its ability to increase mitochondrial inner membrane permeability to H+ 
(proton leak). These effects also explain the mechanism by which the cisplatin decreases ATP content and 
Na+/K+-ATPase activity in rat liver (Santos et al., 2007 and Martins et al., 2008).  
 Moreover, the present study revealed that administration of the rats with the aqueous extract of Panax 
ginseng in line with cisplatin injection induced a significant decrease in serum ALAT, ASAT, GGT and ALP 
activities, hepatic ATPase activity and hepatic MDA & NO levels matched with a significant enhancement of 
TAC compared to the cisplatin-intoxicated group. These findings are concomitant with the reports of Liao et al. 
(2008), Custódio et al. (2009), Kart et al. (2010) who reported administration of ginseng significantly improve 
the liver functions disturbed by toxic compounds in rats. 
 Serum aminotransferases (ALAT & ASAT) are cytosolic enzymes of hepatocytes; an increase in their 
activities reflecting an increase in the plasma membrane permeability which in turn associated with cell death 
(Rosen & Keeffe, 2000). One or more mechanism could explain the cisplatin-induced hepatic disorder. Cisplatin 
may result in mitochondrial membrane rigidification and energetic metabolism impairment through the 
oxidation of a diverse set of hepatic mitochondrial components, including protein sulfhydryl groups. 
Additionally, cisplatin interferes with mitochondrial bioenergetics through: 1) stimulation of mitochondrial 
respiration rates, 2) depression of respiratory indexes and 3) decrease of phosphorylation rate. This interference 
is due to cisplatin ability to increase mitochondrial inner membrane permeability (Santos et al., 2007 and 
Martins et al., 2008).  
 Increased production of reactive oxygen species (ROS) and free radicals has been implicated in mediating 
CP induced toxicity (Atessahin et al., 2005 and Xiao et al., 2003). However, oxidative stress can occur as a 
result of either increased ROS generation and/or decreased antioxidant enzyme system comprising SOD, 
catalase and GSH-Px. These antioxidant enzymes protect the cell against cytotoxic ROS. SOD and catalase 
together convert superoxide radicals first to H2O2 and then to molecular oxygen and water. Other enzymes such 
as GSH-Px use thiol-reducing power of glutathione to reduce oxidized lipids and protein targets of ROS. Under 
ineffective antioxidant enzyme status, lipid peroxidation in the cellular and subcellular membranes is the 
inevitable outcome of ROS injury (Fadillioglu et al., 2004). 
 Moreover, Custódio et al. (2009) demonstrated that cisplatin increases the sensitivity of rat liver 
mitochondria to Ca2+-induced mitochondrial permeability transition (MPT) without interference on the Ca2+ 
uptake machinery. MPT is induced via the oxidation of protein thiol groups of the MPT complex. The most 
plausible hypothesis to explain cisplatin-MPT induction is concerned with the binding of cisplatin to protein 
thiol groups and the formation of complexes that have been described in tumor cells.  
 Kadikoylu et al. (2004) indicated the involvement of hydroxyl radicals in the mechanism of cisplatin-
induced oxidative damage in liver. Hydroxyl radicals are highly reactive oxygen species, capable of reacting 
with proteins and abstracting a hydrogen atom from polyunsaturated fatty acids in membrane lipids to initiate 
lipid peroxidation (evidenced here by the elevated hepatic MDA level) which in turn impairing the hepatocyte 
membrane permeability, eventually leakage of the enzymes. 
 The elevation of hepatic MDA and NO levels suggesting oxidative stress due to ROS generation; it is one 
of the possible mechanisms in hepatotoxicity (Iraz et al., 2006).  
 It was suggested that cisplatin significantly decreased the activities of SOD, catalase and GSH-Px and 
enhanced LPO in the hepatic tissues indicating CP-induced oxidative damage. In contrast, a marked increase in 
the antioxidant enzyme activities was seen when rats were fed FXO diet alone without CP administration 
(Naqshbandi et al., 2013). In addition, the inhibition of enzymatic antioxidant (CAT, and GR) system and 
reduction of the non enzymatic antioxidant system such as GSH (which plays an important role in the 
elimination of ciplatin in liver tissue) could be included in tissue damage (Hanigan & Devarajan, 2003; Pratibha 
et al., 2006 and Kart et al., 2010). 
 Xanthine oxidase (XO) is found in many tissues, and the highest concentration is present in the liver and 
intestine. The elevated NO level as a consequence of ciplatin treatment could be attributed to elevation in the 
activity of xanthine dehydrogenase (XD) which converted into xanthine oxidase (XO); the later was reported to 
be an important source of oxygen free radicals, generating O2

 and H2O2 (Harrison, 2002 and Kart et al., 2010). 
It is also possible that XO could convert nitrite and nitrate to NO thereby nitrosative stress occurs (Chirino & 
Pedraza-Chaverri, 2008).  
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 With regard to cisplatin-injected animals, treatment of rats with ginseng extract in combination with 
cisplatin injection significantly attenuated serum ALAT, ASAT, GGT and ALP activities, hepatic ATPase 
activity and hepatic MDA and NO levels and significantly up regulated hepatic total antioxidant capacity 
(TAC). These findings are in line with the reports of Baum et al. (2007); Zhang et al. (2008) and Naik et al. 
(2011). 
 It was shown that ginseng ginsebosides (Rb1, Rg1, Rg2, Rg3, Rc, Re, Rh1, and Rd have capability of 
scavenging reactive oxygen species and enhancing the anti-oxidative defense system to attenuate free radical-
induced damage (Yokozawa et al., 2004; Cheng et al., 2007 and Abdel-Wahhab et al., 2010). 
  The aqueous extract of ginseng also never adverse serum levels of bilirubin and proteins. This result point 
to the safe effects of this extract on the synthesis and excretion capacity of hepatic and bile canaliculi systems as 
well as on erythrocytes membrane i.e. RBCs fragility. This finding is in accordance with Abdel-Salam et al 
(2002); Mokhtar et al., (2008) and Abdel-Wahhab et al (2010). With respect to control rat group, significant 
elevation of serum bilirubin and lowered serum total protein and albumin levels were indicated as a 
consequence of cisplatin intoxication. This indication is consistent with the report of (Shibayama et al., 2007); 
while treatment with ginseng extract in combination with cisplatin injection alleviated the serum level of 
bilirubin and proteins towards the values of normal rats. This finding agonists that of Karakus et al (2011).  
 Animals ingested the aqueous extract of Panax ginseng in this study for showed no disturbances in serum 
level of cholesterol, triglycerides, LDL and HDL. This finding is agonist that of Kim et al (2002b); Abdel-
Salam et al. (2002), Baum et al. (2006), Mokhtar et al. (2008), Abdel-Wahhab et al. (2010) and Mahmmoud 
(2011). Contrarily, cisplatin intoxication significantly elevated serum level of total cholesterol, triglycerides and 
LDL and reduced HDL compared to normal animals. This result declares the atherogenic effect of cisplatin.  
 The elevated serum cholesterols and teriglycerides level herein may be attributed to one or more, of the 
following explanations. It was stated that, intoxication with cisplatin could cause centrilobular necrosis, which 
results in translocation and accumulation of fats from peripheral adipose tissue in the liver, increases hepatic 
synthesis of fatty acids, impaired the function of smooth endoplasmic reticulum and induce peroxisomes to 
catalyze β-oxidation of fatty acids converting them into Acetyl-CoA, the precursor of cholesterol biosynthesis, 
and decreases the release of lipoproteins (Maling et al., 1962, Devarshi et al., 1986 and Reddy & Rao, 2006). 
Also, cisplatin may activate the rate limiting enzyme, 3-Hydroxy-3-methylglutaryl-CoA (HMG-CoA) reductase, 
which converts HMG-CoA into mevalonate which is the precursor of cholesterol biosynthesis. Cisplatin may 
reduce cholesterol catabolism through inactivation of 7-α hydroxylase resulted in malformation of bile acids 
which is the major pathway of cholesterol degradation. Therefore, malformation of bile acids, those solubilize 
cholesterol in an aqueous medium resulted in impaired secretion of bile (bilirubin, cholesterol bile acids). The 
elevation of bilirubin confirmed the disordered excretory function of hepatocytes (Tolman & Rej, 1999). It was 
indicated that patients with liver diseases often present with lethicin-cholesterol acyltransferase (LCAT) 
deficiency i.e. impaired cholesterol ester synthesis (James & Deakin, 2004). 
 The elevation of triglycerides (TG) level may be due to impaired removal and destruction of TG rich in 
lipoproteins such as VLDL, LDL, IDL and remnants (Recknagel & Lombardi, 1961), this could be confirmed 
by the elevated level of LDL, or to the increased hepatic synthesis of fatty acids (precursors of TG formability) 
(Karakus et al., 2011). 
 Chan (1992) reported that apoprotein-B 100 (Apo-B 100) [the essential structural component of very low 
density lipoproteins (VLDL), intermediate density lipoprotein (IDL) and low density lipoproteins (LDL)] is 
required for the intracellular assembly and secretion of these lipoproteins, therefore, the elevation in LDL level 
herein could be attributed to the increased hepatic secretion of apoprotein B-100 which could be induced by 
cisplatin. 
 Conde et al. (1996) and Mohammadi et al. (1998) stated that there is a strong correlation between apo-B 
and total cholesterol levels, based on this correlation elevated LDL level is a parallel result with the elevated 
total cholesterol level induced by cisplatin intoxication. On the other side, the reduction in HDL may be related 
to: the reduction in Apo-A1 which is a principle protein of HDL (i.e., impaired synthesis of HDL), its 
conformational changes or the elevated level of hepatic lipase (HL) which has an inverse correlation with HDL 
that arises from the involvement of HL in the uptake of HDL by the liver and steroid secreting tissues (Jansen et 
al., 1980 and Colvin et al., 1990). 
 Ginseng extracts, when ingested in combination with cisplatin, showed a significant improvement in serum 
lipograme. This finding is in accordance with that of many reports (Kondo et al., 2000; Attele et al., 2002; 
Wang et al., 2003; Park et al., 2005; Xie et al., 2005 and Lee et al., 2005). 
 Polyacetylenic compounds such as panaxynol, panaxydol, panaxydiol and panaxytriol found in the root of 
ginseng were found to inhibit acyl-CoA, cholesterol acyltransferase, tumor cell proliferation and platelet 
function as well as promote neurite outgrowth and improve scopolamine-induced memory deficit (Yamazaki et 
al., 2001 and Kim et al., 2002a). Ginsenoside as one of active components of ginseng saponins may (1) 
accelerate serum cholesterol turnover by increased cholesterol degradation and excretion in the feces and (2) 
may increase LDL receptors by promoting the synthesis of LDL receptors (Yokozawa et al., 2004). 
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 Lee et al (2005) and Sang et al. (2008) demonstrated that epoxyheptadecan-4, 6-diyn-3-one (EHD), a newly 
isolated polyacetylene extract of ginseng, inhibits diacylglycerol acyltransferase, which is involved in the 
glycerol phosphate pathway, i.e. can be control the high triglyceride induced disorders, such as hypertriglycemia 
and obesity. 
  
Conclusion: 
 
 From the mentioned data, it could be concluded that ginseng extract supplementation ameliorated the 
cisplatin-induced liver deterioration; this was monitored from the improved antioxidant capacity which 
consequently suppressed oxidative stress, improved liver functions and reduced cisplatin induced mortality. 
These results evidenced that ginseng aqueous extract has a high protective battery against the cisplatin 
hepatotoxicity; and can be used to enhance cisplatin efficiency as anticancer drug, i.e our findings would 
provide a more promising strategy for prevention of hepatotoxicity in cisplatin-based chemotherapy. However, 
our study is a pilot study and the results are preliminary, additional studies using animals and patients are 
needed. 
 
References 
 
Abdel-Salam, O.M..E., S.A. Nada and M.S. Arbid, 2002. The effect of ginseng on bile-pancreatic secretion in 

the rat. Increase in proteins and inhibition of total lipids and cholesterol secretion. Pharmacological 
Research, 45(4): 349-353. 

Abdel-Wahhab, M.A., N.S. Hassan, A.A. El-Kady, Y.A. Khadrawy, A.A. El-Nekeety, S.R. Mohamed, H.A. 
Sharaf and F.A. Mannaa, 2010. Red ginseng extract protects against aflatoxin B1 and fumonisins-induced 
hepatic pre-cancerous lesions in rats Original Research Article Food and Chemical Toxicology, 48: 733-
742. 

Alipour, F. and V. Wankhade, 2012. Protective activity of Ficus bengalensis leaf extract against, Cisplatin 
induced toxicity in mice. Asian Pacific J. Tropical Biomedicine, 1-5.  

Artiss, J.D. and B. Zak, 1997. Measurement of cholesterol concentration. In: Rifai, N.; Warnick, G. R. and 
Dominiczak, M. H., (Eds.), Handbook of lipoprotein testing, pp: 99-114. 

Atessahin, A., S. Yilmaz, I. Karahan, A.O. Ceribasi, A. Karaoglu, 2005. Effects of lycopene against cisplatin-
induced nephrotoxicity and oxidative stress in rats. Toxicology, 212: 116-123. 

Attele, A.S., Y.P. Zhou, J.T. Xie, J.A. Wu, L. Zhang, L. Dey, W. Pugh, P.A. Rue, K.S. Polonsky and C.S. Yuan, 
2002. Antidiabetic effects of Panax ginseng berry extract and the identification of an effective component. 
Diabetes, 51: 1851-1858. 

Ballatori, E. and F. Roila, 2003. Impact of nausea and vomiting on quality of life in cancer patients during 
chemotherapy. Health Quality and Life Outcomes, 17(1): 46-50. 

Baum, M., E. Ernst, S. Lejeune and M. Horneber, 2006. Role of complementary and alternative medicine in the 
care of patients with breast cancer: report of the European Society of Mastology. Eur J Cancer, 42: 1702-
1710. 

Chan, L., 1992. Apolipoprotein B, the major protein component of triglyceride-rich and low density 
lipoproteins. J. Biol. Chem., 267: 25621-25624.  

Cheng, B., H.W. Liu, X.B. Fu, T.Z. Sun and Z.Y. Sheng, 2007. Recombinant human platelet-derived growth 
factor enhanced dermal wound healing by a pathway involving ERK and c-fos in diabetic rats. Journal of 
Dermatological Science, 45(3): 193-201. 

Chirino, Y.I., J. Trujillo, D.J. Sanchez-Gonzalez, C.M. Martinez-Martinez, C. Cruz, N.A. Bobadilla and J. 
Pedraza-Chaverri, 2008. Selective iNOS inhibition reduces renal damage induced by cisplatin. Toxicol. 
Lett., 176: 48-57. 

Cole, T.G., S.G. Klotzsch and J. McNamara, 1997. Measurement of triglyceride concentration. In: Rifai, N.; 
Warnick, G.R. and Dominiczak, M.H., (Eds.), Handbook of lipoprotein testing. Washington: AACC Press, 
pp: 115-126. 

Colvin, P.L., B.J. Auerbach,  D.R. Koritnik,  W.R. Hazzard and D. Applebaum-Bowden, 1990. Differential 
effects of oral estrone versus 17 beta-estradiol on lipoproteins in postmenopausal women. J. Clin. 
Endocrinol. Metab, 70: 1568-1573. 

Conde, K., M. Vergara-Jimenez, B.R. Krause, R.S. Newton and M.L. Fernandez,  1996. Hypocholesterolemic 
actions of atorvastatin are associated with alterations on hepatic cholesterol metabolism and lipoprotein 
composition in the guinea pig. J. Lipid Res., 37: 2372-2382. 

Custódio, J.B.A., C.M.P. Cardoso, M.S. Santos, L.M. Almeida, J.A.F. Vicente and M.A.S. Fernandes, 2009. 
Cisplatin impairs rat liver mitochondrial functions by inducing changes on membrane ion permeability: 
Prevention by thiol group protecting agents Original Research Article Toxicology, 259: 18-24. 



3137 
J. Appl. Sci. Res., 9(4): 3129-3140, 2013 

 

Devarshi, P., A. Kanase, R. Kanase, S. Mane, S. Patil and A.T. Varuthe, 1986. Effect of mandur bhasma on 
lipolytic activities of liver, kidney and adipose tissue of albino rat during CCl4-induced hepatic injury. J. 
Biosci., 10: 227-234. 

Draper, H.H. and A. Hadley, 1990. Malondialdehyde determination as index of lipid peroxidation. In: Packer, L. 
and Glazer, A. N. (Eds.), Method in Enzymology, pp: 421-431. 

Durak, I., H. Ozbek, M. Karaayvaz and H.S. Ozturk, 2002. Cisplatin induces acute renal failure by impairing 
antioxidant system in guinea pigs: effects of antioxidant supplementation on cisplatin nephrotoxicity. Drug 
Chem Toxicol., 25: 1-8. 

Fadillioglu, E., E. Oztas, E. Erdogan, 2004. Protective effects of caffeic acid phenethyl ester on doxorubicin-
induced cardiotoxicity in rats. Journal of Applied Toxicology, 24: 47-52. 

Fasihi, M., S. Ghodratizadeh and S. Ghodratizadeh, 2012. Protective Effect of Captopril on Cisplatin Induced 
Hepatotoxicity in Rat. American-Eurasian Journal of Toxicological Sciences, 4(3): 131-134. 

Fishbein, A.B., C.Z. Wang and X.L. Li, 2009. Asian ginseng enhances 5-fluoruracil's anti-proliferative effects 
on human colorectal cancer: Comparison between white and red ginseng. Arch. Pharm. Res., 32: 505-513. 

Florea, A.M. and D. Büsselberg, 2011. Cisplatin as an Anti-Tumor Drug: Cellular Mechanisms of Activity, 
Drug Resistance and Induced Side Effects. Cancers, 3: 1351-1371. 

Hadjzadeh, M.A.R., Z. Keshavarzi, S.A.T. Yazdi, M.G. Shirazi, Z. Rajaei and R.A. Khajavi, 2012. Effect of 
alcoholic extract of Nigella sativa on Cisplatin induced toxicity in rat. IJKD, 6: 99-104. 

Hanigan, M.H. and P. Devarajan, 2003. Cisplatin nephrotoxicity: molecular mechanisms. Cancer Ther., 1: 47-
61. 

Harrison, R., 2002. Structure and function of xanthine oxidoreductase: where are we now? Free Radic. Biol. 
Med., 33: 774-797. 

Hofseth, L.J. and M.J. Wargovich, 2007. Inflammation, cancer, and targets of ginseng. J Nutr., 137: 183S-185S. 
IFCC, 1983. Methods for measurement of catalytic concentration of enzymes, Part 4. IFCC method for γ-

glutamyltransferase. J. Clin. Chem. Clin. Biochem., 21: 633-646. 
Iraz, M., E. Ozerol, M. Gulec, S. Tasdemir, N. Idiz and E. Fadillioglu, 2006. Protective effect of caffeic acid 

phenethyl ester (CAPE) administration on cisplatin-induced oxidative damage to liver in rat. Cell Biochem 
Funct., 4: 357-361. 

Iseri, S., F. Ercan, N. Gedik, M. Yuksel and I. Alican, 2007. Simvastatin attenuates cisplatin-induced kidney and 
liver damage in rats. Toxicology, 230(2-3): 256-264. 

James, R.W. and S.P. Deakin, 2004. The importance of high-density lipoproteins for paraoxonase-1 secretion, 
stability and activity. Free Radic. Biol. Med., 37: 1986-1994. 

Jansen, H., A. Tol and W.C. Hülsmann, 1980. On the metabolic function of heparin-releasable liver lipase. 
Biochem. Biophys. Res. Commun., 92: 53-59. 

Johnkennedy, N. and E. Adamma, 2011. The protective role of Gongronema latifolium in acetaminophen 
induced hepatic toxicity in Wistar rats. Asian Pacific Journal of Tropical Biomedicine, S151-S154. 

Johnson, A.M., E.M. Rohlfs and L.M. Silverman, 1999. Proteins. In: Burtis CA, Ashwood ER. editors. Tietz 
textbook of clinical chemistry. 3rd ed. Philadelphia: W.B. Saunders Company, pp: 477-540. 

Kadikoylu, G., Z. Bolaman, S. Demir, M. Balkaya, N. Akalin and Y. Enli, 2004. The effects of desferrioxamine 
on cisplatin-induced lipid peroxidation and the activities of antioxidant enzymes in rat kidneys, Hum. Exp. 
Toxicol., 23: 29-34. 

Karakus, E., A. Karadeniz, N. Simsek, I. Can, A. Kara, S. Yildirim, Y. Kalkan and F. Kisa, 2011. Protective 
effect of Panax ginseng against serum biochemical changes and apoptosis in liver of rats treated with 
carbon tetrachloride (CCl4). Journal of Hazardous Materials, 195: 208-213. 

Karina, R., S. José, M. Shibayama, V. Paula, Moreno and M. Pablo, 2007. Curcumin protects against acute liver 
damage in the rat by inhibiting NF-@kB, proinflammatory cytokines production and oxidative stress. 
General Subjects, 1770(6): 8. 

Kart, A., Y. Cigremis, M. Karaman and O. Hasan, 2010. Caffeic acid phenethyl ester (CAPE) ameliorates 
cisplatin-induced hepatotoxicity in rabbit. Experimental and Toxicologic Pathology, 62: 45-52. 

Kiefer, D. and T. Pantuso, 2003. Panax ginseng. Am. Fam. Physic., 68: 1539-1542. 
Kim, S.S., J.D. Kim, H. Kim, M.S. Shin, C.K. Park and M.H.O. Park, 2002a. The effect of red ginseng product 

and combined exercise on blood lipid and body composition of obese women in their twenties. J Giseng 
Res., 26: 59-66. 

Kim, S.S., H.Y. Park, Y.H. Byun, B.G. Hwang, J.H. Lee and Y.J. Shim, 2002b. The effects on the blood lipid 
profiles and body fat by long term administration of red ginseng product. J Giseng Res., 26: 67-73. 

King, G.L., 1990. Animal models in the study of vomiting. Can J Physiol Pharmacol., 68: 260-268. 
Kondo, Y., S. Himeno, M. Satoh, A. Naganuma, T. Nishimura and N. Imura, 2004. Citrate enhances the 

protective effect of orally administered bismuth subnitrate against the nephrotoxicity of cis-
diaminedichloroplatinum. Cancer Chemother. Pharmacol., 53: 33-38. 



3138 
J. Appl. Sci. Res., 9(4): 3129-3140, 2013 

 

Koracevic, D., G. Koracevic,  V. Djordjevic,  S. Andrejevic and V. Cosic, 2001. Method for the measurement of 
antioxidant activity in human fluids. J Clin Pathol., 54: 356-361. 

Kovac, A.L., 2006. Prophylaxis of postoperative nausea and vomiting: controversies in the use of serotonin 5-
hydroxytryptamine subtype 3 receptor antagonists. J Clin Anesth, 18: 304-318. 

Lee, T.K., R.M. Johnke, R.R. Allison, K.F. O’Brien and L.J. Dobbs, 2005. Radioprotective potential of ginseng. 
Mutagenesis, 20: 237-243. 

Li, G.Y., Y.M. Zeng, H. Meng, X. Li, J.H. Wang, 2009. A new triterpenoid saponin from the leaves and stems 
of Panax quinquefolium L. Chin Chem Lett., 20: 1207-1210. 

Liao, Y., X. Lub, C. Lub, G. Li, Y. Jin and H. Tang, 2008. Selection of agents for prevention of cisplatin-
induced hepatotoxicity. Pharmacological Research, 57: 125-131. 

Liaoa, Y., X. Lub, C. Lub, G. Lib, Y. Jinb and H. Tanga, 2008. Selection of agents for prevention of cisplatin-
induced hepatotoxicity. Pharmacological Research, 57: 125-13. 

Litterst, C.L., S. Tong, Y. Hirokata, Z.H. Siddik, 1983. Stimulation of microsomal drug oxidation in liver and 
kidney of rats treated with the oncolytic agent cis-dichloro-diammineplatinum-II. Pharmacology, 26: 46-53. 

Liu, H., R. Baliga, 2000. Effect of iron chelator, hydroxyl radical scavenger and cytochrome P 450 inhibitors on 
the cytotoxicity of cisplatin to tumour cells. Cancer Res., 20: 4547-4550. 

Mahmmoud, Y.A. and S.B. Christensen, 2011. Oleic and linoleic acids are active principles in Nigella sativa 
and stabilize an E2P conformation of the Na,K-ATPase. Fatty acids differentially regulate cardiac glycoside 
interaction with the pump Original Research Article Biochimica et Biophysica Acta (BBA)-Biomembranes 
1808: 2413-2420. 

Maling, H.M., A. Frank and M.G. Horning, 1962. Effect of carbon tetrachloride on hepatic synthesis and release 
of triglycerides. Biochim. Biophys. Acta, 64: 540-545. 

Manimozhi, D.M., S. Sankaranarayananam and G. Sampathkumr, 2012. Evaluating the antibacterial activity of 
flavonoids extracted from Ficus bengalensis, 3: 7-18. 

Martins, N.M., N.A.G. Santos, C. Curt, M.L.P. Bianchi and A.C. Santos, 2008. Cisplatin induces mitochondrial 
oxidative stress with resultant energetic metabolism impairment, membrane rigidification and apoptosis in 
rat liver. J. Appl. Toxicol., 28: 337-344. 

Mohammadi, A., J. Macri, R. Newton, T. Romain, D. Dulay and K. Adeli, 1998. Effects of atorvastatin on the 
intracellular stability and secretion of apolipoprotein B in HepG2 cells. Arterioscl. Thromb. Vasc. Biol., 18: 
783-793. 

Mokhtar, I.Y., F.M. El-Demerdash and F.M.E. Radwan, 2008. Sodium arsenite induced biochemical 
perturbations in rats: Ameliorating effect of curcumin Original Research Article Food and Chemical 
Toxicology, 46: 3506-3511. 

Montgomery, H.A.C. and J.F. Dymock, 1961. The determination of nitrite in water. Analyst, 86: 414-416. 
Moss and Henderson, 1999. D.W. Moss, A.R. Henderson Clinical enzymology C.A. Burtis, E.R. Ashwood 

(Eds.), Tietz Textbook of Clinical Chemistry (third ed.), W.B Saunders Company, Philadelphia, pp: 617-
721. 

Mustafa, T.S., S. Ebru, T. Adem, P. Beyzagul, C. Irfan, P. Harun, A. Fatih, S. Halis, 2012. Biochemical and 
histologic study of lethal cisplatin nephrotoxicity prevention by mirtazapine. Pharmacological Reports, 64: 
594-602. 

Nagwani, S. and Y. Tripathi, 2010. Amelioration of Cisplatin induced nephrotoxicity by PTY: A herbal 
preparation. Food and Chemical Toxicology, 48: 2253-2258. 

Naik, S.R., V.N. Thakare and S.R. Patil, 2011. Protective effect of curcumin on experimentally induced 
inflammation, hepatotoxicity and cardiotoxicity in rats: Evidence of its antioxidant property Experimental 
and Toxicologic Pathology, 63: 419-431. 

Naqshbandi, A., S. Rizwan and F. Khan, 2013. Dietary supplementation of flaxseed oil ameliorates the effect of 
cisplatin on rat kidney. J Functional Foods, 5: 316-326. 

Naqshbandi, A., W. Khan, S. Rizwan and F. Khan, 2012. Studies on the protective effect of flaxseed oil on 
cisplatin-induced hepatotoxicity. Hum Exp Toxicol., 31(4): 364-75. 

Naziroglu, M., A. Karaoglu and A.O. Aksoy, 2004. Selenium and high dose Vitamin E administration protects 
cisplatin-induced oxidative damage to renal, liver and lens tissues in rats. Toxicology, 195: 221-230. 

Park, W.H., S.K. Lee and C.H. Kim, 2005. A Korean herbal medicine, Panax ginseng, prevents liver fibrosis 
and hepatic microvascular dysfunction in rats, Life Sci., 76: 1675-1690. 

Pratibha, R., R. Sameer, P.V. Rataboli, D.A. Bhiwgade and C.Y. Dhume, 2006. Enzymatic studies of cisplatin 
induced oxidative stress in hepatic tissue of rats European Journal of Pharmacolgy, 532: 290-293. 

Raghavendran, H.R.B., S. Rekha, J. Shin, H. Kim, J. Wang, H. Park, M. Choi, J. Cho and C. Son, 2011. Effects 
of Korean ginseng root extract on cisplatin-induced emesis in a rat-pica model. Food and Chemical 
Toxicology, 49: 215-221. 



3139 
J. Appl. Sci. Res., 9(4): 3129-3140, 2013 

 

Recknagel, R. and B. Lombardi, 1961. Studies of biochemical changes in subcellular particles of rat liver and 
their relationship to a new hypothesis regarding the pathogenesis of carbon tetrachloride fat accumulation. 
J. Biol. Chem., 236: 564-569. 

Reddy, J.K. and M.S. Rao, 2006. Lipid metabolism and liver inflammation. II fatty liver disease and fatty acid 
oxidation. Am. J. Physiol. Gastrointest. Liver Physiol., 290: 852-888. 

Rosen, H.R. and E.B. Keeffe, 2000. Laboratory evaluation of the patients with signs and symptoms of liver 
disease. In: Brandt, L. J., (Ed.) Clinical practice of gastroenterology, pp: 812-820. 

Ruiz-Larrea, M.B., A.M. Leal, M. Liza, M. Lacort and H.d. Groot, 1994. Antioxidant effects of estradiol and 2-
hydroxyestradiol on iron-nduced lipid peroxidation of rat liver microsomes. Steroids, 59: 383-388. 

Sang, J.C., T.H. Kim, Y.K. Shin, C.S. Lee, M. Park, H.S. Lee and J. Song, 2008. Effects of a polyacetylene 
from Panax ginseng on Na+ currents in rat dorsal root ganglion neurons Original Research Article Brain 
Research, 1191: 75-83. 

Santos, N.A.G., N.M. Martins, C. Curti, M.L.P. Bianchi and A.C. Santos, 2007. Dimethylthiourea protects 
against mitochondrial oxidative damage induced by cisplatin in liver of rats. Chem. Biol. Int., 170: 177-186. 

Schnell, F.M., 2003. Chemotherapy-induced nausea and vomiting: the importance of acute antiemetic control. 
Oncologist, 8: 187-198. 

Schumann, G. and R. Klauke, 2003. New IFCC reference procedures for the determination of catalytic activity 
concentrations of five enzymes in serum: preliminary upper reference limits obtained in hospitalized 
subjects. Clin. Chim. Acta, 327: 69-79. 

Sengupta, S., S.A. Toh, L.A. Sellers, J.N. Skepper, P. Koolwijk, H.W. Leung, H.W. Yeung, R.N. Wong, R. 
Sasisekharan and T.P. Fan, 2004. Modulating angiogenesis: the yin and the yang in ginseng. Circulation, 
110: 1219-1225. 

Seong, H.K., O.H. Kyoung, K.H. Jae, P. Kwang-Kyun, 2005. Xanthorrhizol has a potential to attenuate the high 
dose cisplatin-induced nephrotoxicity in. Food and Chemical Toxicology, 43: 117-122. 

Shibayama, K., J. Wachino, Y. Arakawa, M. Saidijam, N.G. Rutherford and P.J. Henderson, 2007. Metabolism 
of glutamine and glutathione via gamma-glutamyltranspeptidase and glutamate transport in Helicobacter 
pylori: possible significance in the pathophysiology of the organism. Mol Microbiol., 64(2): 396-406. 

Somchit, M.N., M.H.N. Shukriyah, A.A. Bustamam and A. Zuraini, 2005. Antipyretic and analgesic activity of 
Zingiber zerumbet. Int. J. Pharm., 1(3): 277-280. 

Steel, R.G. and G.H. Torrie, 1960. Principles and procedures of statistics and biometrical approach. 2nd ed. Pp: 
71-117, McGraw-Hill Book Co., New York, Tronto and London. 

Tarasub, N., K. Narula, N. Devakul and W. Ayutthaya, 2008. Effects of Curcumin on Cadmium-Induced 
Hepatotoxicity in Rats Thai J Toxicology, 23(2): 100-107. 

Tolman, K.G. and R. Rej, 1999. Liver function. In: Burtis, C.A. and Ashwood, E.R. (Eds.). Tietz Textbook of 
clinical chemistry. 3rd ed. pp: 1125-1177. Saunders Company Philadelphia, Pennsylvania. 

Tsakiris, S., K.H. Schulpis, K. Marinous and P. Behrakis, 2004. Protective effect of L-cysteine and glutathione 
on the modulated sukling rat brain Na+/K+-ATPase and Mg2+-ATPase activities induced by the in vitro 
gulactosaemia. Pharmacol Res., 49: 475-479. 

Wang, H., D.X. Xu, J.W. Lu, L. Zhao, C. Zhang and W. Wei, 2007. N-acetylcysteine attenuates 
lipopolysaccharide-induced apoptotic liver damage in D-galactosamine-sensitized mice. Acta Pharmacol. 
Sin., 28(11): 1803-1809. 

Xiao, T., S. Choudhary, W. Zhang, N.H. Ansari, A. Salahudeen, 2003. Possible involvement of oxidative stress 
in cisplatininduced apoptosis in LLC-PK1 cells. Journal of Toxicology and Environmental Health A, 66: 
469-479. 

Xie, J., S. Mehendale and C. Yuan, 2005. Ginseng and Diabetes. The American Journal of Chinese Medicine 
33(3): 397-404. 

Xie, J.T., S.R. Mehendale, A.B. Wang, A.H. Han, J.A. Wu, J. Osinski and C.S. Yuan, 2004. American ginseng 
leaf: ginsenoside analysis and hypoglycemic activity. Pharmacol. Res., 49: 113-117. 

Yamamoto, K., N. Takeda and A. Yamatodani, 2002. Establishment of an animal model for radiation-induced 
vomiting in rats using pica. J Radiat Res., 43: 135-141. 

Yamazaki, M., K. Hirakura, Y. Miyaichi, K. Imakura, M. Kita, K. Chiba and T. Mohri, 2001. Effect of 
polyacetylenes on the neurite outgrowth of neuronal culture cells and scopolamine-induced memory 
impairment in mice. Biol Pharm Bull., 24(12): 1434-6. 

Yao, X., K. Panichpisal, N. Kurtzman and K. Nugent, 2007. Cisplatin nephrotoxicity: a review, Am. J. Med. 
Sci., 334: 115-124. 

Yokozawa, T., A. Satoh and E.J. Cho, 2004. Ginsenoside-Rd attenuates oxidative damage related to aging in 
senescence-accelerated mice. J.Pharm. Pharmacol., 56: 107-113. 

Young, D.S., 2001. Effects of disease on Clinical Lab. Tests, 4th ed AACC. 



3140 
J. Appl. Sci. Res., 9(4): 3129-3140, 2013 

 

Zhang, G.Z., A.L. Liu, Y.B. Zhou, X. San, T.W. Jin and Y. Jin, 2008. Panax ginseng ginsenoside-Rg (2) 
protects memory impairment via anti-apoptosis in a rat model with vascular dementia. J Ethnopharmacol., 
115: 441-448. 


