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ABSTRACT

The present study was aimed to investigate the hematological parameters by the activities of Citrus 
maxima in animal models. This investigation revealed the effect of CM-LF-ETH, CM-LF-ACET, CM-
LF-WATE, CM-BRK-ETH, CM-BRK-ACET, CM-BRK- WATE, CM-FP-ETH, CM-FP-ACET and 
CM-FP- WATE 300 mg/kg b.w p.o., and CYP 25 mg/kg b.w i.p on hematological parameters against 
EAC induced animals estimated on 14th day of treatment.  CM-LF-ETH, CM-BRK-ETH and CM-FP-
ETH 300 mg/kg b.w p.o., showed better improvement in the hematological parameters than the rest of 
the doses among the compared groups. The total WBC count found increased in the EAC control group. 
All the test drugs when administered to the EAC bearing mice shoed the significant (p < 0.001) decrease 
in the WBC count(Figure 1.1) when compared with the EAC  control group,. RBC count (Figure 1.2) 
and Hb content (Figure 1.3) in the EAC groups were significantly (p < 0.001) decreased as compared to 
the normal group. All the test drugs have showed the significant increase but CM-LF-ETH, CM-BRK-
ETH and CM-FP-ETH 300 mg/kg b.w p.o., showed the better activity compared to rest of the drugs 
and doses. 
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Introduction

 Traditional medicine based on herbal remedies has 
always played a key role in the health systems of many 
countries. In India the native people are exploiting a variety 
of herbals for effective curing of various ailments. The plant 
parts used, preparation, and administration of drugs vary from 
one place to other. Ethno medicinal studies have offered 
immense scope and opportunities for the development of 
new drugs. Some modern drugs have been deducted from 
folklore and traditional medicines. The pharmaceutical 
industry continues to investigate and confirm the efficacy 
of many medicines used by traditional communities.

 Cancer is a generic term for a group of over hundred 
diseases that can affect any part of the body. An important 
feature of cancer is the rapid creation of abnormal cells 
which grow beyond their usual boundaries and can invade 
adjoining parts of the body and spread to other organs, a 
process referred to as metastasis. Metastases are the major 
cause of death from cancer.

 In the present study, with CM-LF-ETH, CM-BRK-
ETH and CM-FP-ETH at the dose of 300 mg/kg b.w. p.o. 
has shown significant prolongation of lifespan, reduction in 

tumor volume, improvement in the hematological parameters 

(W.B.C, R.B.C and Hemoglobin) when compared to the rest 

of groups.   

 The Citrus maxima tree, which is the most cold-

intolerant citrus species, has a rounded crown and grows 

5 to 15 m (15 to 50 ft) tall. The tree has large evergreen 

oblong to elliptic leaves, 10.5 to 20 cm (4 to 8 in) long, with 

winged petioles (leaf stems). The flowers and fruits are borne 

singly, in contrast to grape fruits (C. X paradisi), in which 

they grown in clusters of 2 to 20. The fruits, which vary from 

round to pear-shaped and ripen to yellow, orange, or red, 

are large--30 cm or more in diameter, and weighing up to 

9 kg (20 lbs). The flesh of the fruit, which may be greenish 

yellow, yellow, pink, or red, is often juicy, and divided into 

11 to 18 segments. The flavor is sweet to somewhat acidic. 

 The leaves, flowers, and rind are given for their 

sedative effect in cases of epilepsy, chorea and convulsive 

coughing. The hot leaf decoction is applied on swellings and 

ulcers. The fruit juice is taken as a febrifuge. The seeds are 

employed against coughs, dyspepsia and lumbago. The fruit 

include treatment of coughs, fevers, cardiotonic, cancer and 

gastrointestinal disorders. The plant used as anti diarrhea.
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Materials  and Methods
Collection and authentication of plant material 

 The leaves, stem bark and fruit peels of  Citrus 

aurantium Lin. (Bitter orange) were collected from the local 

gardens around Devanahalli, Bengaluru, Karnataka, India. 

Plant species were authenticated by Prof. B.V. Krishnappa, 

Government First Grade College, Chickballapur, Karnataka, 

India. And voucher specimens, SBGNSC/O14, 015 were 

deposited at the herbarium of Botany Department of SBGNS 

College,Chickballapur, Karnataka, India. The respective 

materials were washed thoroughly 2-3 times with running 

tap water. Then the materials were air and shadow dried 

and mechanically crushed into coarse powder of 40 µm size 

by using mixer grinder.  Powders were stored separately in 

air tight bottles.

Preparation of extract

 Extracts were prepared in order to study their 

antioxidant activity. Ethanolic, acetone and aqueous extracts 

of each of the leaves, stem bark and fruit peels of two 

different citrus plants were prepared by soaking  the material 

in various solvents for 72h and after every 24h, the mixture 

was stirred with a sterile glass rod. After the completion of 

72h , the extracts were filtered using a Buckner funnel and 

Whatman No. 1filter paper and concentrated by vacuum 

drying.

Hematological Parameters 

 In order to detect the influence of three drugs on the 

hematological status of EAC bearing mice, comparison 

were made amongst all groups of mice on the 14th day after 

inoculation.  The tumor bearing mice treated with Citrus 

maxima (p.o for first 9 days) and Cyclophosphamide (i.p for 

first 9 days).  

Collection of Blood

 Six Mice from each group were anaesthetized on 14th 

of the study. Blood samples were collected by sino-orbital 

puncture in sterilized, heparinized tubes. The heparinized 

blood was used for hematological evaluation. Following 

hematological parameters were estimated from blood were 

WBC, RBC and Hb. 

White Blood Cell Count

 Total leukocyte count in blood was carried by the 

method described by Joshi114. The blood was diluted 20 

times with a suitable diluting fluid which destroys the red 

blood corpuscles and stains the nuclei of the white blood 

cells. The leucocytes are then counted in a hemocytometer 

and their number in undiluted blood was calculated.

Reagent: Turk’s Fluid Composition: Glacial acetic acid 1.5 

mL (for hemolysing RBCs), Gentian violate (1% solution in 

water) 1mL, Distilled water100 mL.

Procedure

 The blood was taken up to 0.5 mark in the WBC 

pipette and diluted with Turk’s fluid up to 11 mark, mixed 

thoroughly. 1-2 drops were discarded and charged the diluted 

blood into counting chamber with cover slip. The cells were 

counted after 5 minute under low power objective in the 

compound microscope. Total WBC in undiluted blood was 
6calculated and expressed as cell x 10  /mL blood. 

Red Blood Cell Count

 Enumeration of Red blood corpuscles were carried 

by the method described by Joshi74.The number of red cells 

in blood is very high. The blood was therefore, diluted 200 

times, with an appropriate diluting fluid before the cells was 

counted in a hemocytometer. Their number in undiluted 

blood can then be calculated.

Reagent: Haeym’s Fluid Composition: Sodium chloride 0.5 

g (for isotonicity), Sodium Sulphate 2.5 g (as anticoagulant), 

Mercuric chloride 0.25 g (as preservative), and Distilled 

water 100 mL.

Procedure

 The blood was taken up to 0.5 mark in the RBC pipette 

and diluted with Haeym’s fluid up to 101 mark, mixed 

thoroughly. 1-2 drops were discarded and charged the diluted 

blood into counting chamber (hemocytometer) with cover 

slip. The cells were counted after 5 minute under high power 

objective in the compound microscope.

 Total number of RBC in undiluted blood was calculated 
9and expressed as cell x 10 /mL blood.

Hemoglobin

 Hemoglobin in blood was assayed by 

cyanmethemoglobin method using Beacon diagnostics kit, 

Navasari.

Principle

 In alkaline medium Hemoglobin and its derivatives 

are oxidized in the presence of potassium ferric cyanide 

and get converted to methemoglobin which then reacts 

with potassium cyanide to form purple red colored 

cyanmethemoglobin complex. The intensity of the Complex 

which is measured at 546 nm or green filter.

Preparation of Working Reagent: Drabkin’s Solution: 

Dilute 1 mL of the Reagent in 1 to 19 mL of deionised water.
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Procedure: Rinse the Pipette with the Reaction mixture.

Table No : Hemoglobin Working Procedure

Pipette into tube 
marked

Blank Test

Working Drabkin’s 
Solution

5.0 mL 5.0 mL

Blood 20 µL 20 µL

Blood hemoglobin in gm %

Absorbance of test
–– ––––––––––––––––––––––––

Absorbance of standard
× 15.6  standard concentration as stamped

on the vial × 0.251

The hemoglobin concentration in blood was expressed as g/
dl of blood. 

Statistical Analysis

 The results were expressed as mean ± S.E.M (n=6). 
The statistical analysis involving 12 groups was performed 
by means analysis of variance (ANOVA) followed by 
Dunnett test. p value at < 0.05 was considered as statistically 
significant. Data were processed with graph pad prism 

RESULTS

version 5.00 soft ware.

Table 1: Effect of Citrus maxima on hematological 
parameters on 14th day in normal and EAC tumor 
bearing mice

Table-1 revealed the effect of CM-LF-ETH, CM-LF-ACET, 
CM-LF-WATE, CM-BRK-ETH, CM-BRK-ACET, CM-
BRK- WATE, CM-FP-ETH, CM-FP-ACET and CM-FP- 
WATE 300 mg/kg b.w p.o., and CYP 25 mg/kg b.w i.p on 
hematological parameters against EAC induced animals 
estimated on 14th day of treatment.  CM-LF-ETH, CM-BRK-
ETH and CM-FP-ETH 300 mg/kg b.w p.o., showed better 
improvement in the hematological parameters than the rest 
of the doses among the compared groups. The total WBC 
count found increased in the EAC control group. All the test 
drugs when administered to the EAC bearing mice shoed the 
significant (p < 0.001) decrease in the WBC count(Figure 
1.1) when compared with the EAC  control group,. RBC 
count (Figure 1.2) and Hb content (Figure 1.3) in the EAC 
groups were significantly (p < 0.001) decreased as compared 
to the normal group. All the test drugs have showed the 
significant increase but CM-LF-ETH, CM-BRK-ETH and 
CM-FP-ETH 300 mg/kg b.w p.o., showed the better activity 
compared to rest of the drugs and doses.

 

6 9Groups Treatment WBC (x10 /mL) RBC (x10 /mL) Hb (g%)

Group I Normal Mice 7.24 ± 0.23 5.67±0.24 12.9±0.44

c c cGroup II EAC + solvent 20 mL/kg 21.78 ± 1.31 3.55±0.04 8.1±0.28

c,r r rGroup III EAC + CYP 25 mg/kg 10.71 ± 0.27 5.26±0.09 12.08±0.40

c,r,z c,r,z c,q,zGroup IV EAC + CM-LF-ETH (300  mg/kg) 14.76 ± 0.16  4.79 ± 0.11 9.25 ± 0.11

c,r,y c,p,z c,yGroup V EAC + CM-LF-ACET (300 mg/kg) 16.82 ± 0.23 4.03 ± 0.08 7.7 0± 0.15

c,r,y c,r,z c,p,zGroup VI EAC + CM-LF-WATE (300 mg/kg) 16.64 ± 0.29 4.32 ± 0.05 8.97±0.14

c,r,z c,r,z c,r,zGroup VII EAC + CM-BRK-ETH (300 mg/kg) 12.28 ± 0.28 4.91 ± 0.02 11.29±0.09

c,r,y c,r,z c,p,zGroup VIII EAC + CM-BRK-ACET  (300 mg/kg) 15.59 ± 0.24 4.13±0.14 8.99±0.13

c,r,z c,r,z c,r,zGroup IX EAC + CM-BRK-WATE (300 mg/kg) 14.13 ± 0.27 4.54±0.20 10.88±0.19

c,r,z b,r,z c,r,zGroup X EAC + CM-FP-ETH (300 mg/kg) 11.93 ± 0.08 5.07±0.09 11.01±0.22

c,r,zGroup XI EAC + CM-FP-ACET (300 mg/kg) 14.90 ± 0.20  4.23±0.05c,r,z c,q,z9.34 ±0.13

c,r,z c,r,x c,r,zGroup XII EAC + CM-FP-WATE (300 mg/kg) 13.69 ± 0.31 4.50±0.07 10.19±0.29

Values are mean ± S.E.M. (n=6).

p values:  p < 0.05, r < 0.001 as compared with EAC control + solvent. x < 0.05, y < 0.01,  z < 0.001, as compared to  CYP 
(by one way ANOVA followed by Dunnett’s multiple comparison test). CM-Citrus maxima, LF-leaf, BRK-bark, FP-fruit 
peel, ETH-ethanol, ACET-acetone, WATE-water.
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DISCUSSION
 Table No.5.1.2 revealed the effect CM-LF-ETH, CM-
LF-ACET, CM-LF-WATE, CM-BRK-ETH, CM-BRK-
ACET, CM-BRK- WATE, CM-FP-ETH, CM-FP-ACET, 
CM-FP- WATE, CA-LF-ETH, CA-LF-ACET, CA-LF-
WATE, CA-BRK-ETH, CA-BRK-ACET, CA-BRK- WATE, 
CA-FP-ETH, CA-FP-ACET and CA-FP- WATE  300 mg/
kg b.w. p.o dose of hematological parameters against EAC 
induced animals estimated on 14

th
 day of treatment.  CM-

LF-ETH, CM-BRK-ETH and CM-FP-ETH, 300 mg/kg 
b.w. p.o., showed better improvement in the hematological 
parameters than the rest of the doses among the compared 
groups. The total WBC count found significantly (p < 0.001) 
increased in the EAC control group. All the test drugs 
when administered to the EAC bearing mice  showed the 
significant (p < 0.001)  decrease  in the WBC  count when 
compared with the EAC  control group, with CM-LF-ETH, 
CM-BRK-ETH, CM-FP-ETH, 300 mg/kg b.w. p.o., showing 
the significant decrease in the WBC when compared to the 
normal (p < 0.001), cyclophosphamide ( p < 0.01) and EAC 
control (p <0.001) groups. RBC count and Hb content in 
the EAC groups were significantly (p < 0.001) decreased 
as compared to the normal group.  Treatment with CM-LF-

ETH, CM-BRK-ETH, CM-FP-ETH, 300 mg/kg b.w. p.o., 
significantly (p <  0.001) increased the RBC  and Hb content 
when compared with the EAC control. All the test drugs 
have showed the significant increase but CM-LF-ETH, CM-
BRK-ETH, CM-FP-ETH, 300 mg/kg b.w. p.o. showed the 
better activity compared to rest of the drugs and doses

Conclusion
 Furthermore, it may be that, the increase of lifespan 
of tumor-bearing mice by treatment is a positive result 
and supports the anti-cancer effect of Citrus maxima 
(Pomelo). The results of the present study are encouraging, 
as all the extracts have shown significant prolongation of 
lifespan, reduction in tumor volume, improvement in the 
hematological parameters of the hosts. The above parameters 
are responsible for the anti cancer activity of Citrus maxima 
(Pomelo).
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Fig. 1.2: Effect of Citrus maxima on RBC Count on 14th 
day in normal and EAC tumor bearing mice

Fig. 1.1: Effect of Citrus maxima on WBC Count on 14th 
day in normal and EAC tumor bearing mice
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Fig. 1.3:  Effect of Citrus maxima on Heamoglobin on 14th 
day in normal and EAC tumor bearing mice
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