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	 The effect of ethanolic extract of Terminalia chebula was tested on hematological 
complications induced by doxorubicin (DXR) in male and female rats. Hematological parameters 
were evaluated by estimating the hemoglobin content and total leucocytes count. The antioxidant 
assay was done by finding the serum catalase level. The results of the study was analyzed by 
Two-way Anova and Bonferroni tests and p<0.05 was considered to indicate the significance 
of the results. Our data indicated DXR at 2.5 mg/kg significantly (p<0.001) decreased the 
hemoglobin content, total WBC count and serum catalase level compared to control groups 
in both male and female rats. Administration of Terminalia chebula extract at 0.5 and 1 g/
kg significantly (p<0.05) improved the level of hemoglobin content and total WBC count and 
elevated the catalase concentration compared to DXR.  The results suggest that co-administration 
of Terminalia chebula can prevent the hematological complications of doxorubicin possibly by 
elevating the antioxidant status.
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	 Doxorubicin (DXR) is one of the most 
effective and widely used anticancer drugs. Its 
dose-dependent anticancer activity was discovered 
over forty years ago. Doxorubicin interacts with 
DNA by intercalation and inhibits macromolecular 
biosynthesis. The mechanism involves inhibition 
in the progression of topoisomerase II, an enzyme 
that relaxes supercoils in DNA for transcription. 
Doxorubicin stabilizes the topoisomerase II 
complex after it has broken the DNA chain for 
replication, prevents the DNA double helix from 
being resealed and thereby impedes the process of 
replication.1

	 In spite of its high antitumor efficacy, 
DXR’s use in chemotherapy has been largely limited 
due to its cardiac, hematological, renal, pulmonary 

and testicular toxicities. The hematological side 
effects results due to suppression of bone marrow 
leading to anemia, increased bleeding tendencies 
and susceptibility for infections.2

	 DXR is reported to cause an imbalance 
between free oxygen radicals and antioxidants. The 
disturbance in oxidant-antioxidant systems which 
has been demonstrated with lipid peroxidation 
(LPO) and protein oxidation results with tissue 
injury. Suppression of growth and formation of free 
radicals are suggested to be the major pathways for 
the DXR-toxic effects.3

	 Traditional medicinal plants have many 
therapeutic properties, are accessible by all the 
communities of the world and are economically 
effective means of treatments for many diseases. 
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Terminalia chebula (Haritaki) has been extensively 
used in Ayurveda, Unani & Homeopathy medicine 
& has become cynosure of modern medicine. It 
belongs to the family Combretaceae4. The herb is 
generating enormous curiosity among the research 
fraternity across the globe because of its reported 
medicinal properties like anti-oxidant, antibacterial, 
antifungal, anti-neoplastic, antiviral, anti-diabetic, 
cardio protective, immunomodulatory etc.5

	 Earlier studies suggests that Terminalia 
chebula is effective in the treatment of gum bleeds 
and possess anticancer and antioxidant properties6. 
However, its role in prevention of complications 
associated with doxorubicin chemotherapy is 
not studied extensively. Since the data from the 
previous research suggests that co-administration 
of an antioxidant have the potential to minimize 
the side effects of DXR7, this study was designed 
to evaluate the effect of ethanolic extract of 
Terminalia chebula in reducing the hematological 
adverse effects of DXR in rats.

Materials and Method

Chemicals
	 A gift sample of ethanolic extract of 
Terminalia chebula (TCE) was obtained from Sami 
Labs, Bangalore, India. The powder form of the 
extract was weighed, dissolved in distilled water 
and administered orally depending on the dose and 
body weight of the animals.
Animals
	 Eight week old healthy, laboratory bred, 
Wistar rats (male and female) weighing 160 ± 
10 g were maintained under standard laboratory 
conditions (24o ± 2o C, 12:12 h light / dark cycle) 
and provided water and pellet food ad libitum. 
The experiments were conducted in CPCSEA 
(Committee for the purpose of control and 
supervision of experiments on animals, Chennai, 
India) approved animal house after obtaining the 
prior approval from the Institutional Animal Ethics 
Committee.
Administration of Doxorubicin
	 Doxorubicin (DXR) was obtained as a 
research sample from GETWELL Pharmaceuticals, 
Gurgaon, India. A solution of DXR was prepared by 
dissolving the required amount of DXR in distilled 
water as per dosage. A freshly prepared DXR (2.5 

mg/kg) was administered by the intra- peritoneal 
route. On alternate days, each animal received a 
dose of DXR for a period of 12 days.8

Dosage, Treatment and Sampling
	 The experiment was done separately on 
male and female rats, comprising of 6-8 animals. 
The animals were grouped as normal control (saline 
– 5 ml/kg, 28 days), positive control (DXR, 12 
days), negative control (TCE – 1 g/kg, daily for 
28 days) and treatment group (DXR + TCE – 0.25, 
0.5 and 1 g/kg9, daily for 28 days).
	 To find the effect of pre and post treatment 
of TCE, two additional groups were tested. In the 
pre-treatment, TCE – 0.5 mg/kg was administered 
daily for 16-days followed by 12-days of DXR 
(6-doses on alternate days). In the post-treatment 
group the schedule was reversed such as 12-days 
of DXR followed by 16-days of TCE (0.5 mg/kg, 
daily).
Hematological Parameters
Hemoglobin Estimation
	 (Sahli’s method): Blood is mixed with 
N/10 HCl resulting in the conversion of Hb to acid 
hematin which is brown in color. The solution is 
diluted till it’s color matches with the brown colored 
glass of the comparator box. The concentration of 
Hb is read directly (Gram percent).10

Total WBC Estimation
	 In order to count WBC, the lysing of 
erythrocytes should be done. For this 1.5-2% acetic 
acid solution with a small quantity of crystal violet 
was used as diluting fluid. Acetic acid destroys 
the erythrocytes, leaving behind the leucocytes. 
Crystal violet was used to stain the nucleolus of the 
leucocytes. This enables the leucocytes to be easily 
identifiable, and to be counted. The number of 
leucocytes in a diluted fluid can be counted by using 
a Neubauer counting chamber and represented as 
cells/cu mm of blood.11

Serum Catalase Activity
	 It was estimated by the method of 
Clairborne et al. The procedure involves the 
breakdown of H2O2 that can be measured at 240 
nm in unit time. The catalase activity is indicated as 
mM of hydrogen peroxide consumed per minute.12

Statistical Analysis
	 Two-way ANOVA and Bonferroni 
comparison was done for all groups. Two 
comparisons were made- normal control v/s DXR 
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Fig. 1. Effect of TCE on hemoglobin content

Values are represented as Mean ± SEM; n= 6  
Statistics: Two-way ANOVA with Bonferroni comparison.
ap<0.001 compared to normal control.  * p<0.05, ** p<0.01 compared to DXR treated animals

Values are represented as Mean ± SEM; n= 6  
Statistics: Two-way ANOVA with Bonferroni comparison.
ap<0.001 compared to normal control.  * p<0.05, ** p<0.01 compared to DXR treated animals

Fig. 2. Effect of TCE on total WBC count

and DXR v/s treatment groups. All values with 
significance p< 0.05 are shown with an asterisk or 
superscript. 

Results

Effect of TCE on Hemoglobin Content
	 Our observations from figure-1 indicated 
that doxorubicin (DXR) significantly (p<0.001) 

reduced the hemoglobin content compared to the 
control animals. The administration of TCE at 
0.5 g/kg showed significant (p<0.05) elevation 
in the hemoglobin level in female rats and when 
the higher dose of TCE (1 g/kg) was tested, the 
hemoglobin content was found to be elevated 
(p<0.01) in both male and female rats compared 
to DXR-treated rats. In the pre and post-treatment 
groups, an enhanced hemoglobin level was 
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observed when TCE (0.5 g/kg) was tested in post-
administration animals. However, the highest tested 
dose of TCE (1 g/kg) in normal animals did not 
change significantly the hemoglobin content.
Effect of TCE on Total WBC Count
	 The analysis of total WBC count indicated 
that administration of DXR significantly (p<0.001) 
reduced the count in both male and female rats 
compared to the control data. TCE at 0.5 g/kg 
enhanced (p<0.05) the total WBC level in both 
male and female rats and further increase in the 
dose of TCE (1 g/kg) exhibited more enhancement 
(p<0.01) in the level of WBC count compared to 
DXR animals. Administration of TCE (0.5 g/kg) 
after the DXR-treatment (post treatment group) 
significantly (p<0.05) increased the WBC count 
compared to DXR values in both male and female 
rats (Figure-2).
Effect of TCE on Serum Catalase Levels
	 The serum estimation of SOD levels were 
found to be significantly (p<0.001) reduced after 
the administration of DXR compared to the control 
animals. The higher tested doses of TCE (0.5 and 
1 g/kg) exhibited significant (p<0.05) elevation of 
SOD levels compared to DXR. Both pre and post-
treatment group’s analysis revealed that TCE did 
not produce significant variation in the levels SOD 

compared to DXR group. The testing of TCE (1 
g/kg) in normal animals also did not display any 
significant change in the levels of SOD (Figure-3).

Conclusion

	 In this research, it was observed that 
Terminalia chebula at 0.5 and 1 g/kg improved 
the hemoglobin content, total WBC count and 
catalase levels suppressed by doxorubicin. 
Terminalia chebula being an antioxidant also 
found to possess anticancer, immune-stimulatory, 
hematinic and wound healing properties. The co-
administration of Terminalia chebula with DXR 
has the merits of enhancing the prognosis of DXR 
chemotherapy. More research in this direction 
could provide effective measures in addressing the 
issues of DXR-mediated complications in cancer 
chemotherapy patients.
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