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 ABSTRACT
Introduction: Cancer is one of the lethal diseases in the global world. 
Proliferation of cancer cells is commonly inhibited by chemotherapeutics. 
Cyclophosphamide  (CP) is an alkylating chemotherapeutic agent often 
used for treatment of various types of cancers, but it is full of side effects 
which in turn lead to organ toxicity. Zingerone, a polyphenolic alkanone 
found in ginger, has strong antioxidant potential and causes extensive 
scavenging of free radicals and offers defense against oxidative stress. 
Twenty‑four adult male Wistar rats were divided into four groups, 
six rats in each group. Materials and Methods: Group  I  (control), 
Group  II (CP, 2  mg/kg bwt), Group  III  (cotreatment with zingerone at 
the dose of 50  mg/kg bwt and CP at the dose of 2  mg/kg bwt), and 
Group  IV  (pretreatment of zingerone at the dose of 50  mg/kg bwt for 
7 days and CP at the dose of 2 mg/kg bwt for next 7 days). Results: CP 
significantly increased the level of hepatic marker enzymes such as alanine 
aminotransferase, aspartate aminotransferase, and alkaline phosphatase, 
drastically caused alteration in lipid profile and deficiency in antioxidant 
defense mechanism by decreasing the activities of antioxidant 
enzymes such as catalase, glutathione, glutathione‑S‑transferase, and 
glutathione peroxidase. This was accompanied by subsequent increase 
in lipid peroxidation, nitrite production, and marked DNA damage. 
Conclusion: The restoration of hepatic markers, amelioration of lipid 
profile, and improvement of antioxidant status and DNA damage by 
pre‑  and co‑treatment with zingerone clearly indicate the ameliorative 
potential of zingerone against CP‑induced organ toxicity and oxidative 
stress. The protective potential of zingerone may be attributed to its 
strong antioxidant activity.
Key words: Cyclophosphamide, oxidative stress and hepatic injury, 
zingerone

SUMMARY
•  Zingerone ameliorated the oxidative stress induced by cyclophosphamide

•  Zingerone improved the hepatic functions deteriorated by cyclophosphamide
•  Zingerone treatment reduced the lipid peroxidation
•  Zingerone treatment improved the lipid profile 
•  Zingerone treatment reversed the DNA damage.

Abbreviations used: CP: Cyclophosphamide; ALT: Alanine transaminase; 
AST: Aspartate transaminase; ALP: Alkaline phosphatase; CAT: Catalase; 
GSH: Reduced glutathione; ROS: Reactive oxygen species; SOD: 
Superoxide dismutase; LPO: lipid peroxidation; MDA:  Malonaldehyde; 
GPX: Glutathione peroxidase.
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INTRODUCTION
Cyclophosphamide  (CP) is a widely used synthetic anticancer drug in 
chemotherapy.[1] Chemically, it is an alkylating agent that belongs to 
nitrogen mustard.[2] In the world of cancer, it has been found quite effective 
against broad spectrum of malignancies such as leukemia, ovarian cancer, 
prostate cancer, and lung and breast cancer.[3,4] CP is metabolized in the 
liver and gets transformed from inactive to active state. Oxidative stress 
generated in cancer cells by free radicals, reactive oxygen species (ROS), 
and lipid peroxidation  (LPO) is the main mechanism associated with 
many of the anticancer drugs.[5] The ROS‑mediated oxidative stress not 
only causes the physiological and biochemical alteration but also leads to 
drastic damage to DNA of cells.[6,7] The biotransformation of CP generates 
ROS not only in cancer cells but also in normal healthy cells. The injury of 
healthy normal tissues is the major limitation associated with CP which 
in turn leads to severe side effects in patients. CP has been reported to 

produce severe oxidative stress and genotoxicity in experimental mice.[8] 
The redox imbalance resulted in normal tissues due to CP exposure leads 
to various physiological and biochemical alterations, which in turn results 
disorders such as hemorrhagic cystitis, androgenic disorders, and liver 
and kidney disorders.[9] CP reacts with DNA and leads to the defective 
DNA and alteration in normal cellular functions and ultimately cell 
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death.[10] The CP toxicity leads to search for a novel agent that could 
reduce the organ toxicity associated with CP.[11] Numerous studies 
have suggested that supplementation of antioxidants can influence the 
response to chemotherapy and side effects development resulted from 
anticancer drugs.[12] Among antioxidants, natural antioxidants are gaining 
tremendous attention. Zingerone is a pure natural compound present 
mostly in dry ginger. It has tremendous antioxidant potential more than 
ascorbic acid.[13] Zingerone is a polyphenolic alkanone commonly known 
as vanillyl acetone. This phytocompound has strong pharmacological 
properties such as anti‑inflammatory,[14] anticancer,[15] and antimicrobial 
properties.[16] Zingerone is a  also a potent include hepatoprotective,[17] 
Immuno-stimulating effect and lipolytic effect in on fat storage in 
ovariectomised rats.[18]  Cancer chemoprevention is the use of different 
agents natural, synthetic, and semisynthetic compounds which prevent 
or inhibit the proliferation of cancer cells. Ginger has rich phytochemical 
constituents that have potent potential to inhibit the progression of 
cancer cells. Zingerone is one of the the main compounds of ginger 
phytochemistry and has been reported to inhibit colon carcinogenesis 
induced by 1,2‑dimethylhydrazine by its strong antioxidant nature.[15] 
Besides zingerone, other phytoconstituents of ginger such as 6‑gingerol 
and 6‑shogaol also have significant ability against cancer cell progression 
by arresting cell cycle and promoting apoptosis of cancer cells.[19,20] 
Recently, 6‑shogaol present in low amount in ginger has been reported 
as a strong anticancer agent of future.[21] Zingerone has been reported to 
prevent aging by downregulation of age‑related‑specific pro‑inflammatory 
cytokines.[14] It also has been reported to provide protection to human 
lymphocytes against radiation‑induced damage[22] and prevented 
mutation in Escherichia coli induced by ultraviolet rays.[23] To the best 
of our knowledge, no many clinical studies  studied the protective 
effect of zingerone against various anticancer drugs Keeping this into 
consideration the present study was designed to study the ameliorative 
potential of zingerone against the oxidative insults induced by CP. This 
study was therefore designed to evaluate the protective effect of zingerone 
against CP‑induced toxicity in Wistar rats.

MATERIALS AND METHODS
Zingerone was purchased from Sigma‑Aldrich; sodium dihydrogen 
phosphate, sodium hydrogen phosphate, sodium potassium tartrate, 
and sodium hydroxide were purchased from E. Merck Limited. All 
other chemicals and reagents were of analytical and highest purity grade 
commercially available.

Animals
For the current study, 4–6 week‑old male albino Wistar rats (130–180 g) 
were obtained from the Central Animal House of University. The animals 
were housed in the polypropylene cages in groups of four rats per cage in 
animal house of faculty of veterinary science, Sher‑e‑Kashmir University 
of Agricultural Science and Technology‑Kashmir  (SKUAST‑K), and 
were kept in controlled environment conditions under the standard 
conditions of temperature and humidity with an alternating 12 h light 
and dark cycle. The animals were fed ad libitum food and water.
The animals were maintained and managed in accordance with the 
guidelines prescribed by the Committee for the Purpose of Control and 
Supervision of Experiments on Animals, and the study was approved 
by the Animal Ethics Committee of Faculty of Veterinary Sciences and 
Animal Husbandry, SKUAST‑K, Jammu and Kashmir.

Experimental design
After the acclimatization period of 14 days, animals were divided into 
four groups, six rats in each group. All the rats were kept on fast for 24 h 
before experiment. The first group was kept as control received normal 

saline. The second group animals were treated with CP only at the dose 
of 2 mg/kg bwt orally dissolved in for 14 days. The third group was given 
zingerone at the dose of 50 mg/kg bwt and cotreatment of CP at the dose 
of 2 mg/kg bwt orally for 14 days. The Fourth group was pretreated with 
zingerone at the dose of 50 mg/kg bwt by oral gavage for 7 days after 
which CP commences for another 7  days. The dose for CP was given 
based on recommended adult dose for leukemia treatment while the 
dose for zingerone was decided from information available in literature. 
All the animals were euthanized with 24 h after the last treatment.

Biochemical parameters
The activities of aspartate aminotransferase  (AST), alanine 
aminotransferase (ALT), alkaline phosphatase (ALP), and bilirubin were 
estimated using Accurex Diagnostic Skits. Analyses were performed 
according to the manufacturer’s instruction.

Postmitochondrial supernatant preparation and 
estimation of different parameters
Livers were removed readily, cleaned free of debris and irrelevant 
material, and immediately perfused with ice cold saline (0.85% NaCl). 
The livers were homogenized in chilled phosphate buffer (0.1 M, pH 7.4) 
using a Potter‑Elvehjem homogenizer.

Lipid peroxidation level
The assay for membrane LPO was done by the method of Wright et al.[24] 
with some modifications. The reaction mixture in a total volume of 
3.0  ml contained 1.0  ml tissue homogenate, 1.0  ml of trichloroacetic 
acid  (10%), and 1.0  ml thiobarbituric acid  (0.67%). All the test tubes 
were placed in a boiling water bath for 45  min. The tubes were then 
shifted to an ice bath and centrifuged at 2500 g for 10 min. The amount 
of malondialdehyde (MDA) formed in each of the samples was assessed 
by measuring the optical density of the supernatant at 532  nm. The 
results were expressed as the nmol MDA formed/g tissue using a molar 
extinction coefficient of 1·56 × 105/M/cm.

Nitrite estimation
Nitrite  (NO) assay was done using Griess reagent by the method of 
Green et al., 1982.[25] In brief, 100 μl of Griess reagent (1:1 solution of 1% 
sulfanilamide in 5% phosphoric acid and 0.1% naphthyl ethylenediamine 
dihydrochloride in water) was added to 100 μl of PMS incubate for 
5–10  min at room temperature protected from light. Purple/magenta 
color began to form immediately. Absorbance was measured at 546 nm, 
NO concentration was calculated using a standard curve for sodium NO, 
and NO levels were expressed as l mol/mg protein.

Antioxidant enzyme assay
•	 Measurement of SOD activity: The SOD activity was measured by 

the method of Marklund and Marklund, 1974[26]

•	 Glutathione reductase (GR) activity: The GR activity was determined 
by the method of Carlberg and Mannervik, 1975[27]

•	 Assay for catalase (CAT) activity: The CAT activity was assessed by 
the method of Claiborne, 1985[28]

•	 Assay for glutathione peroxidase (GPX) activity: The activity of GPX 
was calculated by the method of Mohandas et al., 1984[29]

•	 Detection of DNA fragmentation: DNA fragmentation was carried 
out in liver tissue by diphenylamine assay according to Donya et al., 
2012.[30]

Statistical analysis
The data from individual groups are presented as the mean ± standard 
error of the mean. Difference between groups were analyzed using 
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analysis of variance followed by Tukey–Kramer multiple comparison test 
and minimum criteria for statistical significance was set at P ≤ 0.05 for 
all comparisons.

RESULTS
Effect of pretreatment of zingerone on aspartate 
aminotransferase alanine aminotransferase and 
alkaline phosphatase levels
Administration of CP alone caused significant increase in the plasma 
activities of AST, ALT, and ALP. However, pretreatment and cotreatment 
with zingerone attenuated the CP induced increase in the activities of 
AST, ALT, and ALP relative to CP‑treated rats [Table  1].

Effect of zingerone on the activities of catalase in 
liver
CAT activities in CP alone‑treated group showed a significant decrease in 
activities of CAT as compared to normal group. However, pretreatment 
and cotreatment with zingerone significantly  (P  <  0.01) ameliorated 
against the decrease in CAT activities when compared to CP‑treated 
animals [Table 2].

Effect of zingerone on glutathione reduced activity 
in liver
The glutathione  (GSH) levels of animals treated with CP alone 
activities showed a significant  (P  <  0.001) decrease as compared to 
control group. However, pretreatment and cotreatment with zingerone 
significantly (P < 0.01) increased the activities of GSH [Table 2].

Effect of zingerone on glutathione‑S‑transferase 
activity in liver
The activities of glutathione‑S‑transferase  (GST) in CP alone‑treated 
animals were significantly reduced as compared to control 
group. However, pretreatment and cotreatment with zingerone 
significantly  (P  <  0.01) increased the activities of GST relative to CP 
alone‑treated group [Table 2].

Effect of zingerone on glutathione peroxidase 
activity in liver
CP alone‑treated group showed a significant decrease in GPX activity 
as compared to control group. However, pretreatment and cotreatment 
with zingerone significantly  (P  <  0.01) increased the activities of GST 
relative to CP alone‑treated group [Table 2].

Effect of zingerone on lipid profile
CP induced significant increase in levels of total cholesterol  (TC), 
triglycerides (TGs), and low‑density lipoprotein (LDL) but decrease in 
high‑density lipoprotein (HDL) in CP alone‑treated group as compared 
to normal control group. In pre‑  and co‑treated groups, zingerone 
markedly improved the altered levels of TC, TG, LDL, and HDL. 
Pretreatment with zingerone exhibited more significant amelioration in 
lipid profile than cotreatment [Table 3].

Effect of zingerone on nitrite production
Administration of CP resulted elevation of hepatic NO production 
in CP alone‑treated animals  (P  <  0.001) as compared with control. 
We observed that pretreatment and cotreatment with zingerone lead 
to significant  (P  <  0.01, P  <  0.001) decreasing in NO production 

Table 1: Effect of treatment of zingerone on alanine transaminase, aspartate 
aminotransferase, and alkaline phosphatase in cyclophosphamide‑induced 
toxicity

Treatment 
regimen per 
group

ALT (IU/L) AST (IU/L) ALP (IU/L)

Group I 25.29±0.80 132.4283±9.41 254.15±5.23
Group II 63.13±1.28*** 240.9817±12.91*** 676.43±12.67***
Group III 41.53±1.63## 180.6767±5.15# 486.56±8.43#

Group IV 32.06±1.01### 162.6567±8.53## 353.27±9.25##

Results represent mean±SE of six animals per group. ***P<0.001, toxic versus 
normal; #P<0.05, toxic versus zingerone‑treated group; ##P<0.01, toxic versus 
zingerone‑treated group; ###P<0.001, toxic versus zingerone‑treated group. 
ALT: Alanine transaminase; AST: Aspartate aminotransferase; ALP: Alkaline 
phosphatase; SE: Standard error

Table 2: Effect of treatment of zingerone on antioxidant enzymes such as catalase, glutathione reduced, glutathione‑S‑transferase, and glutathione peroxidase 
in cyclophosphamide‑induced toxicity

Treatment 
groups

Catalase (nmol H2O2 
consumed/min/mg protein)

GSH (nmol 
GSH/g tissue)

GST (nmol CDNB conjugate 
formed/min/mg protein)

GPX (nmol NADPH 
oxidized/min/mg protein)

Group I 224.31±5.02 13.37±0.37 807.49±10.43 233.47±6.69
Group II 90.40±1.21*** 8.27±0.37** 438.41±16.36*** 138.97±13.03**
Group III 162.05±2.48# 10.30±0.22# 542.58±11.57# 174.31±3.34#

Group IV 204.90±4.34### 11.63±0.21## 672.80±14.02## 201.12±3.42##

Results represent mean±SE of six animals per group. ***P<0.001, toxic versus normal; #P<0.05, toxic versus zingerone‑treated group; ##P<0.01, toxic versus 
zingerone‑treated group; ###P<0.001, toxic versus zingerone‑treated group. GSH: Glutathione reduced; GST: Glutathione‑S‑transferase; GPX: Glutathione peroxidase; 
SE: Standard error; NADPH: Nicotinamide adenine dinucleotide phosphate; CDNB: 1‑chloro‑2,4‑dinitrobenzene

Table 3: Effect of treatment of zingerone on lipid profile in cyclophosphamide‑induced toxicity

Treatment 
regimen

TC (mg/dl) HDL‑C (mg/dl) LDL‑C (mg/dl) TG (mg/dl)

Group I 87.65±5.32 31.00±3.4 52.14±1.85 86.26±6.73
Group II 215.6±14.6*** 13.56±0.79*** 93.22±5.87*** 175.3±12.5***
Group III 177.1±6.69# 25.81±1.21 (NS) 92.44±7.75 (NS) 134.5±7.61 (NS)
Group IV 161.4±11.5## 22.12±2.10# 64.36±3.12## 117.41±14.0#

Results represent mean±SE of six animals per group. ***P<0.001, toxic versus normal; #P<0.05, toxic versus zingerone‑treated group; ##P<0.01, toxic versus 
zingerone‑treated group; ###P<0.001, toxic versus zingerone‑treated group. NS: Not significant; SE: Standard error; TC: Total cholesterol; LDL‑C: Low‑density 
lipoprotein cholesterol; HDL‑C: High‑density lipoprotein cholesterol; TG: Triglycerides
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in Group  III and IV when compared with CP alone‑treated 
Group II [Figure 1].

Effect of zingerone on lipid peroxidation
LPO was measured in terms of MDA levels. The level of MDA was 
significantly increased  (P  <  0.001) in CP alone‑treated animals as 
compared control group. Zingerone pretreatment and cotreatment 
markedly decreased the levels of MDA in Group  III  (P  <  0.05) and 
Group IV (P < 0.01), respectively, as compared to Group II [Figure 2].

Effect of zingerone on DNA fragmentation
Marked DNA damage was observed in CP alone‑treated animals due to 
tremendous oxidative stress. However, significant improvement in DNA 
repair was observed in Group III and IV by co‑ and pre‑treatment with 
zingerone by its strong antioxidant action [Figure 3].

DISCUSSION
CP is an inactive cytostatic alkylating agent that is transformed into 
potent active metabolite phosphoramide and acrolein by hepatic 
microsomal enzymes.[31] It has been reported by several studies that 
tremendous oxidative stress is produced during bioactivation of CP 
by heavy production of ROS which in turn reduces the antioxidant 
potential.[4] The present investigation was demonstrated to evaluate 
the chemoprotective potential of zingerone against oxidative 
stress‑mediated cellular toxicity induced by CP. Ginger is a common 
natural herbal medicinal plant, has strong antioxidant properties, and 
has gained tremendous attention in scientific research for the treatment 
of problems related to oxidative stress. Among the main constituents 
of ginger, zingerone is a key compound recognized for its strong 
antioxidant and antiinflammatory properties,[13] recently reported to 
have been associated with anticancer[15] and antimicrobial activities.[37] 
LPO induced by free radicals leads to alteration of the cell membrane 
structure and function. LPO status is indicated by increase in MDA 
production. Increase in LPO is therefore a reliable marker to show 
index of oxidative stress and tissue damage.[12] CP and its metabolites 
increased the levels of MDA in CP‑treated animals because of free 
radical‑mediated injury to cellular membranes. The attenuation of 
MDA levels by pretreatment and cotreatment with zingerone might be 
its strong potential to scavenge free radicals. Recent studies revealed 
that zingerone has scavenging effect against peroxynitrite formed 
from the reaction of superoxide and nitric oxide inducing cellular and 

tissue damage.[32] It has been found that there is a direct relationship 
between oxidative stress and hepatic injury.[33,34] CP results severe 
depletion of enzymes involved in detoxification and oxidant defense 
by generating ROS.[35] In the current study, the activity of detoxifying 
enzymes such as CAT, GSH, GPX, and GST was decreased in CP 
alone‑treated groups. Reduction of activity in antioxidant enzymes 
such as CAT and GST by CP increases the susceptibility of liver for 
O2  −  and hydroxyl radicals‑induced oxidative damage. GSH is the 
key nonenzyme intracellular antioxidant involved in detoxification of 
endogenous and exogenous toxins,[36] and GST is mainly involved in 
electrophile detoxification in conjugation with GSH.[37] Depletion of 
these detoxifying agents in caused oxidative stress mediated hepatic 
damage. However, pretreatment and cotreatment with zingerone 
improved the overall redox and antioxidant status of liver in rats. Our 
results are supported by previous findings.[38] Nitrite (NO) is a highly 
reactive and short‑lived free radical synthesized from L‑arginine. 
Peroxynitrite the potent and versatile ident is spontaneously formed 
when NO reacts with superoxide radical. Peroxynitrite in turn leads 
to membrane peroxidation,[39] nuclear DNA damage,[40] and depletion 
of GSH content.[41] Increase in NO production in CP‑treated animals 
was found to be ameliorated in the current study by pretreatment 
and cotreatment with zingerone. Recently, studies have reported that 
zingerone has scavenging effect against peroxynitrite formed from 
the reaction of superoxide and nitric oxide inducing cellular and 
tissue damage.[32] DNA damage caused by increased oxidative stress 
generated by CP was found to be markedly improved by zingerone 
treatment; our result supported by the previous findings reported 
by Rajan et  al., 2013[13] that zingerone has effective potential against 
DNA damage caused by oxidative stress. Free radicals induced by 
CP administration cause accumulation of cholesterol in cells  (a) 
by significantly increasing the biosynthesis of cholesterol and its 
esterification, (b) by reducing ester hydrolysis of cholesterol, and (3) by 
decreasing efflux of cholesterol from cells.[9] Zingerone improved the 
oxidative stress induced by CP due to its strong antioxidant effects. The 
powerful antioxidative potential of zingerone is attributed to its highly 
scavenging power of zingerone against ROS. The more interesting 
fact regarding zingerone is that it has more antioxidant potential than 
ascorbic acid which makes it different from other herbs and herbal 
compounds.[13] Oxidative insults triggered by CP is improved by 
zingerone through its antioxidant effects. Hence, the marked alteration 
in lipid profile induced by CP in terms of increase in cholesterol, 

Figure  1: Effect of zingerone pretreatment and cotreatment on nitrite 
levels in cyclophosphamide‑induced toxicity. Values are expressed 
as mean  ±  standard error of the mean  (n  =  6) results represent 
mean ± standard error of six animals per group. ***P < 0.001, toxic versus 
normal, #P < 0.05, toxic versus zingerone‑treated group, ##P < 0.01, toxic 
versus zingerone‑treated group

Figure  2: Effect of zingerone pretreatment and cotreatment on 
malondialdehyde levels in cyclophosphamide‑induced toxicity. Values are 
expressed as mean ± standard error of the mean (n = 6). Results represent 
mean ± standard error of six animals per group. ***P < 0.001, toxic versus 
normal, #P < 0.05, toxic versus zingerone‑treated group, ##P < 0.01, toxic 
versus zingerone‑treated group
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TG, LDL and decrease in HDL may be attributed to its mechanistic 
effect on increased synthesis of cholesterol and reduction in its 
utilization. Zingerone pre‑ and co‑treatment remarkably ameliorated 
the changes in lipid profile induced by CP. Zingerone has previously 
been reported to have hypolipidemic effect.[42] Han et  al.  (2008)[18] 
reported the antilipolytic effect of zingerone in ovariectomized rats. 
Zingerone has been found to be effective in enhancing basal lipolysis 
and isoprenaline‑induced lipolysis in adipocytes.[35] ALT, AST, and 
ALP act as biomarker enzyme of hepatic damage.[17] Leakage of these 
enzymes in serum occur due to hepatocyte damage. CP activation 
in the liver leads to the formation of toxic metabolites which in turn 
causes hepatic damage as indicated by increase in ALT, AST, and ALP 
levels. Our results of the current study indicated that pretreatment and 
cotreatment with zingerone restored the activities of ALT, AST, and 
ALP. The hepatoprotective effects of zingerone observed in this study is 
supported by various previous studies.[43,44]

CONCLUSION
The biochemical investigations of the present study revealed the 
strong antioxidant potential of zingerone against CP‑induced toxicity. 
However, the pretreatment of zingerone was found more effective 
than cotreatment against CP‑induced organ toxicity and oxidative 
stress. The exact mechanism involved in protection of zingerone 
against CP is although unknown, the plausible mechanism found 
in the current study suggests that zingerones protection against the 
CP‑induced toxicity may be through the scavenging of free radicals 
generated by CP reactive metabolites. In view of above‑mentioned 
findings, we hypothesize its possible use in chemotherapy and other 
stress‑associated disorders as a supplementary therapy, but before 
that, further studies are warranted to elucidate the exact protective 
mechanism of zingerone.
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