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Mat e r i a l s a n d Me t h o d s

This study was carried out in rat model for a period of 14 days 
at the small animal house facilities of the College of Veterinary 
Science & Animal Husbandry, Kamdhenu University, Navsari 
(India) following approval of the Institutional Animal Ethics 
Committee vide No. 090-VCN-VPP-2020.

Design of the Experiment
A total of 32 adult Wistar rats of either sex weighing 200-350 
gm, procured from Ribosome Research Center, Kim, Gujarat 
were used. Rats were maintained in an environment 
controlled room at a temperature of 22 °C and relative 
humidity of 40 to 70 %. The photoperiod was 12 h light and 

in t r o d u c t i o n

Cisplatin, known as the “penicillin of cancer” (Stephen, 2005), 
is an inorganic compound that is considered one of the best 

and first metal-based chemotherapeutic drugs (Hannon, 2007). 
Cisplatin has shown anticancer activity in variety of tumors 
in human (Hattori et al., 2013; Dasari and Tchounwou, 2014). 
Cisplatin can induce nephrotoxicity, hepatotoxicity, suppression 
of bone marrow, gastrointestinal toxicity, neurotoxicity, 
ototoxicity and hypersensitivity reactions (Stakisaitis et al., 2010; 
Moneim, 2014). 

Flavonoids, categorized as natural antioxidants, are widely 
distributed in plants. Flavonoids affect basic cell functions 
such as development, apoptosis and differentiation as a 
result of their profound scavenging activity and increasing 
cyclic-GMP-dependent relaxation (David et al., 2016) and it 
also exerts beneficial effects in coronary heart disease, hyper 
cholesterolemia, atherosclerosis and heart failure (Stoclet et al., 
2004). It is also reported that flavonoids are now considered 
as an indispensable component in a variety of nutraceutical, 
pharmaceutical, medicinal and cosmetic applications (Panche 
et al., 2016). Hesperidin is one of the major dietary flavanones 
that are found abundantly in many citrus fruits. Hesperidin 
has beneficial effects on human health in its free state or as 
glycosides. Hesperidin has analgesic effects, antibacterial, 
antifungal, antiviral, anti-yeast, anti-fertility, anti-cancer, 
ultraviolet protection effects, anti-allergic, anti-ulcer and 
antipyretic effects (Garg et al., 2001). Recently there is a trend 
in toxicological research to explore health beneficial effects of 
various flanenoids. Hence, the present study was planned to 
explore ameliorative effects of hesperidin on cisplatin-induced 
haemato-biochemical alterations in rats.
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ab s t r ac t
Cisplatin, known as “penicillin of cancer” is an inorganic compound that is considered one of the best and first metal-based 
chemotherapeutic drugs. Hesperidin is one of the major dietary flavanones that is found abundantly in many citrus fruits. The present 
study was aimed to evaluate the ameliorative effects of hesperidin (@100 & 200 mg/kg b. wt.) in cisplatin (@ 7.5 mg/kg b.wt.) induced 
haemato-biochemical alteration in rats (n=32) over a period of 14 days. There was a decrease in mean values of haemoglobin, packed 
cell volume, platelets, total erythrocyte count and total leukocyte count in Group II (cisplatin, 7.5 mg/kg) and III (cisplatin plus 100 mg/
kg hesperidin)  in comparison with Group I (control, 0.5 mL of carboxy methyl cellulose) and IV (cisplatin plus 200 mg/kg hesperidin) 
at 14th day of experiment. Similarly, a significant elevation in serum AST, ALT, cholesterol, urea, creatinine and triglyceride values as 
well as significant decrease in total protein and albumin values were noted in cisplatin treated rats (Group II) at 14th day of experiment. 
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12 h dark. Prior to the commencement of experiment, rats 
were acclimatized in an animal house for 7 days. Clean, dry 
and autoclaved rice husk was used as bedding material for 
experimental animals and it was changed every two days. 
Animals were fed a standard pellet (size 12 mm) diet. Rats 
were provided with ad libitum pellet feed which was procured 
from M/S VRK Nutrition Solution, Pune, Maharashtra. Rats 
were provided unlimited pure drinking water (RO water) 
in polypropylene bottles throughout the period of the 
experiment.

After acclimatization, rats were randomly divided into 
four groups each comprising of 4 males and 4 females.  
Animals were housed (4 rats of the same sex in each cage) in 
polypropylene cages with solid bottom. In Group I (Vehicle 
control Group), animals were administered 0.5 mL of carboxy 
methyl cellulose (CMC) daily for 14 days by oral gavage. In 
Group II, III and IV rats were given cisplatin at a dose rate of 
7.5 mg/kg body weight intraperitoneally and hesperidin @ 
00, 100 and 200 mg/kg body weight, respectively, by oral 
gavage daily for 14 days. Hesperidin was dissolved in 1% 
carboxy methyl cellulose (CMC). 

Sample Collection and Haemato-Biochemical 
Analysis
Blood samples were collected from the rats of all the groups 
on the 0-day and 15th day of the experiment in sterile vials 
containing K2EDTA at 1 mg/mL as well as plain vacutainers 
from the retro-orbital plexus for haematology and serum 
biochemical analysis, respectively. 

At both intervals, blood samples were analyzed for 
detailed haematological indices using a haemato-analyser 
(Exigo EOS Vet, Sweden). The plain vacutainers containing 
blood samples were initially kept at room temperature for 
30 min and later centrifuged at 112 g for 10 min to obtain 
serum, which was stored at -20 °C until further analyses. 
Serum samples were analyzed for the enzymatic activities of 
aspartate amino transferase (AST), alanine amino transferase 
(ALT), blood urea nitrogen (BUN), serum creatinine, total 
protein, albumin, cholesterol and triglycerides by using 
standard procedures and assay kits (Randox Laboratories 
Ltd) on biochemistry analyzer (Merck Instrument, Model: 
Microlab 300, India).

Statistical Analysis
The data were subjected to statistical analysis using SPSS 20.0 
statistical software. A one-way analysis of variance followed 
by Duncan’s multiple range test was performed to determine 
inter-group differences. The values were presented as mean 
± standard error (SE). The criterion for statistical significance 
was p<0.05. 

re s u lts a n d di s c u s s i o n

The mean ± SE values of the haematological and biochemical 
parameters observed in different treatment groups of rats on 

day 0 and day 15th of the experiment are presented in Tables 
1 and 2, respectively.
Haematological Alterations
In present study, at the end of experiment, the Hb value was 
reduced significantly (p<0.05) in cisplatin-treated rats (Group 
II) as compared to Groups I, III and IV. Similarly cisplatin-
treated rats had significantly (p<0.05) lower TEC and PCV 
values than Groups I, III and IV. Moreover, in Groups II and III 
mean values of TLC decreased significantly in comparison to 
Group I and IV. The mean platelets values in Groups II and III 
were significantly decreased than in Groups I and IV. Among 
haematological values, viz., DLC (neutrophils, eosinophils, 
basophils, lymphocytes and monocytes), MCV, MCH and 
MCHC showed no significant difference.

In the current study, cisplatin caused a significant 
alteration in the mean values of TLC, TEC, PCV, Hb and 
platelets, which were in accordance with the findings of 
the earlier workers (Nasr, 2014; Karale and Kamath, 2017; 
Rajendrakumar et al., 2020). Contrary to present findings, a 
significant increase in lymphocytes and TLC were noted by 
Karale and Kamath, (2017). It is reported that cytotoxic nature 
of cisplatin can easily cause DNA damage and myelotoxicity 
(bone marrow suppression) which ultimately leads to 
reduction in the RBCs number and decrease in platelets 
(Rajendrakumar et al., 2020). The cisplatin administration also 
reduces erythropoietin and haemopoietic growth factors 
which results in an alteration of haematological parameters 
and increased osmotic fragility of RBCs (Rajendrakumar et 
al., 2020). In the study cisplatin intoxication caused anaemia 
which might be due to result of either suppression of activity 
in haematopoietic tissues and impaired erythropoiesis or 
accelerated RBCs destruction because of the altered RBCs 
membrane permeability, increased RBCs mechanical fragility 
and defective iron metabolism (Nasr, 2014).

Haematopoietic system is one of the most sensitive 
systems to evaluate the hazardous effects of poisons and 
drugs in humans and animals. Cisplatin is cytotoxic drug 
used to kill cancer cells, but as a side effect it also destroys 
the cells of immune system. Hesperidin affects the formation 
or secretion of erythropoietin, which stimulates stem cells 
in the bone marrow to produce red blood cells (Mahmoud, 
2013; Ghaffar et al., 2017). It also favours a haematopoietin-
like effect or release of haematopoietin from haematopoetic 
organs such as the kidneys or liver (Ahmad et al., 2012). 
Hesperidin at dose rate of 200 mg/kg body weight exerted 
good protective effect against cisplatin induced changes in 
blood in comparison to low dose of hesperidin. 

Serum Biochemical Alterations
 At the end of the present experiment, rats of Group II 
treated with cisplatin alone revealed a significant (p<0.05) 
rise in ALT, AST, BUN and creatinine values when compared 
with cisplatin plus hesperidin @ 100 mg/kg. b. wt. treatment 
Group III. However, values of cholesterol and triglycerides 
did not show any significant changes between these two 
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groups, and their values were significantly higher than in 
Group I (Control) and IV (cisplatin plus hesperidin @ 200 
mg/kg b.wt.). Among Groups II and III, the values of total 
protein and albumin were significantly (p<0.05) lower in 
Group II. There was no statistically significant difference 
in these values between Group IV and Group I. However in 
group I and IV, total protein and albumin concentration was 
found to be higher than group II and III. The ALT, AST, BUN 
and creatinine activity in cisplatin treated rats (Group II) was 
significantly (p<0.05) higher at the end of the experiment as 
compared to control Group I of rats, while in Group III and 
Group IV the ALT, AST, BUN and creatinine enzyme activity 
noted was significantly (p<0.05) lower in comparison to 
Group II.  

In the present study, the increased values of ALT and 
AST observed in the cisplatin group were in agreement with 

those reported in cisplatin-induced toxicity by Ezz-Din et al. 
(2011), Karale and Kamath (2017), Abdel-Daim et al. (2019) 
and Ogbe et al. (2020). Total protein and albumin values 
were decreased following cisplatin treatment in current 
study and these findings were in line with the reports of 
earlier workers (Saad et al., 2001; Tikoo et al., 2007; Yadav, 
2015). Hesperidin treatment improved concentration of 
total protein and albumin, which indicates its protective 
effect. Our findings supported the observations of earlier 
researchers (Elshazly and Mahmoud, 2014; Kamel et al., 2014). 
Cisplatin treated group of rats showed increased cholesterol 
and triglycerides levels, which were in agreement with those 
observed in cisplatin-induced toxicity by Ogbe et al. (2020). 
Administration of hesperidin at a dose rate of 200 mg/kg. b. 
wt. improvised the toxic effects of cisplatin and this result 
supported the findings of Omar et al. (2016). 

Table 1: Haematological values in different treatment groups of rats initially (day 0) and at 15th day of experiment (n=8)

Haematological parameters Days
Experimental groups

Group I Group II Group III Group IV

TEC (x 106/μL)
0 day 6.59a ±0.08 6.53a ±0.13 6.55a ±0.10 6.50a ±0.04

15th day 7.37a ±0.13 5.93c ±0.03 6.92b ±0.15 7.31a ±0.15

Hb conc. (g/dL)
0 day 14.3a ±0.13 14.4a ±0.15 14.4a ±0.14 14.5a ±0.19

15th day 14.6a ±0.05 11.5c ±0.26 12.9b ±0.12 14.1a ±0.17

Haematocrit (%)
0 day 36.6a ±0.14 36.8a ±0.25 36.7a ±0.32 36.7a ±0.21

15th day 43.0a ±0.05 34.9c ±0.20 40.9b ±0.49 42.3a ±0.33

TLC (x 103/μL)
0 day 7.41a ±0.14 7.46a ±0.15 7.38a ±0.10 7.36a ±0.14

15th day 7.28a ±0.13 5.85c ±0.25 6.56b ±0.15 7.19a ±0.12

Lymphocyte (%)
0 day 70.75a ±0.36 71.12a ±0.51 70.87a ±0.44 71.14a ±0.40

15th day 71.75a ±0.45 71.87a ±0.58 72.00a ±0.32 72.00a ±0.56

Monocyte (%)
0 day 2.50a ±0.37 2.62a ±0.18 2.25a ±0.31 2.57a ±0.40

15th day 2.87a ±0.35 3.00a ±0.18 3.12a ±0.39 2.87a ±0.22

Neutrophils (%)
0 day 24.37a ±0.26 24.00a ±0.26 24.37a ±0.41 23.85a ±0.50

15th day 22.87a ±0.54 22.75a ±0.55 23.00a ±0.46 22.50a ±0.80

Eosinophils (%)
0 day 2.37a ±0.18 2.25a ±0.31 2.37a ±0.18 2.57a ±0.18

15th day 2.50a ±0.42 2.75a ±0.31 2.37a ±0.32 2.50a ±0.32

Basophils (%)
0 day 0.00  ±0.00 0.00  ±0.00 0.00  ±0.00 0.00  ±0.00

15th day 0.00  ±0.00 0.00  ±0.00 0.00  ±0.00 0.00  ±0.00

MCV (fL)
0 day 56.16a ±0.63 56.43a ±0.36 56.13a ±0.97 56.49a ±0.29

15th day 59.71a ±0.60 59.29a ±0.36 59.38a ±0.78 59.39a ±0.93

MCH (pg)
0 day 19.88a ±0.16 20.06a ±0.53 20.16a ±0.59 19.99a ±0.50

15th day 22.03a ±0.44 22.10a ±0.22 21.97a ±0.18 22.07a ±0.14

MCHC (g/dL)
0 day 33.07a ±0.34 33.16a ±0.13 32.93a ±0.33 33.26a ±0.19

15th day 38.96a ±0.69 39.04a ±0.43 38.91a ±0.43 39.30a ±0.46

Platelets (x103/μL)
0 day 902.12a ±3.91 903.62a±3.37 904.12a±4.75 904.00a±2.69

15th day 933.75a ±3.87 641.37c±4.45 883.12b±4.47 926.12a 4.04

Means bearing different superscripts within a row differ significantly (p<0.05).  Group I: Control – CMC vehicle @ 0.5 mL, per os; Group II: Cisplatin @ 7.5 
mg/kg. body wt., I/P; Group III: HES @ 100 mg/kg body wt., per os and cisplatin @ 7.5 mg/kg. body wt., I/P;  Group IV: HES @ 200 mg/kg body wt. per os and 
cisplatin @ 7.5 mg/kg. body wt., I/P. 
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co n c lu s i o n

The findings of the present study showed the most 
consistent haemato-biochemical alterations associated 
with cisplatin administration for 14 days, i.e., reduced levels 
of haemoglobin, haemocrit and TEC, and increased levels 
of, ALT, AST, urea and creatinine due to an increased levels 
of generation of free-radicals that caused myelotoxicity, 
hepatotoxicity and nephrotoxicity. Hesperidin pre-
treatment revealed good antioxidant activity with haemato-
protective, hepato-protective, and nephro-protective 
effects against cisplatin induced organ toxicities in a dose 
dependant manner. Hesperidin pre-treatment at dose 200 
mg/kg b. wt. was found to be protective against cisplatin 
induced dyslipidemia in rats. Moreover, hesperidin at 100 
mg/kg b. wt was less effective as compared to 200 mg/kg 
b. wt.
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