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Abstract

Objective: The present study was carried out to evaluate the antitumor and antioxidant activities of the methanol 
extract of Cordia dichotoma (MECD) against EAC in Swiss albino mice. Materials and Methods: The present 
study evaluated the anticancer effect of the methanolic extract of C. dichotoma (MECD) bark against Ehrlich ascites 
carcinoma (EAC) cells induced in albino mice and against human cancer cell lines (malondialdehyde-MB-231 
and MCF-7 cells). Results and Discussion: There was significant fall in the red blood cell count and hemoglobin 
(Hb) content, and a significant increase in white blood cell (WBC) count in the EAC control mice as compared 
to normal control mice. Treatment with MECD (500 mg/kg, b.w., p.o.) or 5-Fluorouracil (20 mg/kg b.w., i.p.) 
in EAC-cell bearing mice caused a significant (P < 0.01) increase in Hb levels while a significant (P < 0.01) 
decrease in WBC levels compared to EAC control rats. Furthermore, increase in the concentration of MECD dose-
dependently increased the percent cytotoxicity and decreased the cell viability in both cell line types. The results 
with MECD were comparable to the tamoxifen. The maximum gain of body weight was observed in the EAC 
control group. In case of MECD and 5-Fluorouracil treated groups, the body weight was significantly (P < 0.01) 
reduced. The tumor volume and tumor weight were found to be significantly (P < 0.05 or P < 0.01) decreased in 
MECD treated animals at the doses 250 and 500 mg/kg and 5-Fluorouracil (20 mg/kg) when compared with EAC 
control animals. With MECD treatment, the survival of EAC bearing mice significantly (P < 0.01) increased as 
compared to EAC bearing control group. In treated group, mean survival time (MST) was significantly increased 
to 29.0 ± 1.98 (%ILS = 69.04), 34.12 ± 1.84 (%ILS = 81.25), and 36.87 ± 1.67 (%ILS = 87.79), respectively, when 
compared to EAC control group. Conclusion: The results of the current study propose that the antitumor activity 
of MECD can be inferred from the increased life span of EAC bearing mice which is due to its antioxidant activity.
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INTRODUCTION

Malignant neoplasm is a major health 
concern in which a group of cells 
shows abnormal proliferation, 

invasion, and sometimes metastasis.[1] Current 
estimate projects that, in 2015, there were 8.8 
million cancer deaths across the globe,[2] with 
an estimated 19.3 million new cases per year 
by 2025.[3] Chemotherapy is a major challenge 
for the cancer patients because of its potent and 
toxicity. The need for new drugs required due 
to the increased body resistance to the available 
chemotherapeutic agents.[4] Numerous efforts 
have been made to search for new anticancer 
therapeutic approaches. One such effort 
is investigation of plant products for their 
anticancer effects. Plants have a long history 

of use in cancer treatment.[5] Scientific research on plants 
has led to the discovery of many drugs in the past including 
anticancer drugs.[6] Experimental tumors such as Ehrlich 
ascites carcinoma (EAC) have pronounced significance for 
the purposes of modeling. The characteristics features of 
EAC includes poor differentiation, originally hyperdiploid, 
highly transplantable, 100% malignancy, no-regression, 
rapid proliferation, shorter life span, and with no tumor 
specific transplantation antigen. EAC has been used as 
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a transplantable murine tumor model in ascitic form to 
evaluate the antitumor effects of several drugs.[4-6]

Cordia dichotoma (Family: Boraginaceae) is one of the 
traditional medicinally important deciduous plants available 
all over India. Ripe fruit of C. dichotoma plant is used as 
antibacterial, antiviral, and antitussive. Leaves and stem bark 
are used in the treatment of fever, diarrhea, dyspepsia, leprosy, 
and gonorrhea. Leafs are used traditionally as astringent, 
anthelmintic, diuretic, purgative, expectorant, demulcent, tonic, 
and ulcer. Various experts have documented the aforementioned 
properties on other plants and their parts of Boraginaceae family 
except for C. dichotoma Forst. Bark.[7-11] However, there is no 
logical proof of study on the bark of the C. dichotoma Forst.

Despite the fact that the whole plant has antileprotic and 
antidiabetic activity.[8] The genus, Cordia has been documented 
for having other properties such as anthelmintic, wound 
healing, anti-inflammatory, antiulcer, gastro-protective, 
and antioxidant.[12-14] Various experts have documented the 
aforementioned properties on other plants and their parts of 
Boraginaceae family except for C. dichotoma Forst. Bark. 
However, there is no logical proof of study on the bark of 
the C. dichotoma Forst. plant of the Boraginaceae family. 
Thus, the purpose of the current study was to discover its 
pharmacological action for its in vitro antioxidant activity.

Plant-derived flavonoids and terpenoids have received 
considerable attention in recent years due to their varied 
pharmacological properties, including antitumor and 
antioxidant activity.[15] Antioxidants play an important role 
in scavenging free radicals, thus providing protection against 
various degenerative diseases. From this point of view, the 
present study was carried out to evaluate the antioxidant and 
antitumor activity of the methanol extract of C. dichotoma 
(MECD) against EAC in Swiss albino mice.

MATERIALS AND METHODS

Plant Materials and Preparation of Extract

C. dichotoma forst bark was procured from the local forest of 
Ghaziabad, Uttar Pradesh, India. The seeds were identified 
at the National Institute of Science Communication and 
Information Resources (NISCAIR), New Delhi, India (ref. 
NISCAIR/RHMD/Consult/-2012-13/2025/33). The shaded 
dried bark of C. dichotoma plant was pulverized to a coarse 
powder, which was initially defatted using petroleum ether 
and then extracted using methanol, which is then evaporated 
completely dry to acquire the MECD.

Phytochemical Screening of MECD

Chemical tests for the screening and identification of bioactive 
chemical constituents (such as flavonoids, glycosides, 

steroids, phenols, terpenoids, saponins, resins, tannins, 
carboxylic acid, coumarins, quinones, and xanthoproteins) in 
MECD were carried out using the standard procedures.[16-18]

Determination of Phenolic and Flavonoid Contents 
in MECD

The phenolic contents of MECD were determined as follows: 
0.5 mL aliquot of MECD or gallic acid (standard) was added 
with 5 mL of Folin–Ciocalteu reagent and 4 mL of aqueous 
sodium carbonate (1 M). After incubation for 15 min at room 
temperature, the absorbance was read at 765 nm. The total 
phenolic contents were expressed in terms of mg equal gallic 
acid in 1 g powder of dry plant.[19]

Flavonoid contents of MECD were determined as follows: 
0.5 mL of MECD diluted in 1.5 mL of 95% methanol solution, 
0.1 mL of 10% AlCl3 (w/v), 0.1 mL of 1 M potassium acetate, 
and 2.8 mL of distilled water were added. After 30 min at room 
temperature, the absorbance was measured at 415 nm. Rutin 
was used as a positive standard for preparing the standard 
calibration curve. The total flavonoid contents were measured 
in terms of mg equal of rutin in 1 g powder of the dry plant.[20]

Experimental Design

The guidelines of Committee for the Purpose of Control 
and Supervision of Experiments on Animals, Government 
of India, were followed and prior permission was sought 
from the Institutional Animal Ethics Committee (IAEC), 
Vide Approval number IAEC/DU/58 dated. 24.09.2013 
Dibrugarh University, India, for conducting the study. 
Albino mice of either sex (25–30 g) and Albino rats of 
either sex (160–180 g) were housed in polypropylene cages 
under controlled conditions (room temperature 25 ± 2°C, 
air humidity 50 ± 15%, and photoperiod of 12 h light:dark 
cycle), and water was provided ad libitum throughout the 
study. After acclimatization to the environment for 1 week, 
mice were used for evaluation of anticancer activity while 
rats were used for the evaluation of antioxidant activity.

Acute Toxicity Study

The acute toxicity test of the methanol extract of C. dichotoma 
(MECD) was done on Swiss albino mice (40–45 g) as per 
the fixed dose procedure, OECD 420.[23] The Institutional 
Animal Ethical Committee permitted using the animals for 
this purpose. After overnight fasting, the animals were given 
a fixed maximum dose 2000 mg/kg, body weight through 
intraperitoneally.

In Vitro Antioxidant Activity

The in vitro antioxidant activity of the MECD was 
evaluated with the help of following methods. The 1, 
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1-diphenyl-2-picryl hydrazyl (DPPH) radical was employed 
for the determination of the free-radical scavenging action of 
the MECD extract. The nitric oxide free-radical scavenging 
activity was calculated by the method reported previously. 
The hydrogen peroxide scavenging of methanol extract was 
determined according to the method reported elsewhere.[24,25] 
The following equation was employed for the calculation of 
percentage inhibition:

Percentage inhibition= (Ao–At/Ao)×100

In Vivo Antioxidant Activity

The level of malondialdehyde (MDA) (21) and antioxidant 
enzyme activities, that is, reduced glutathione (GSH) (28), 
superoxide dismutase (SOD) (16), and catalase (CAT) (6) was 
measured in the serum. The protein content in the supernatant 
was measured according to the method reported earlier.[26]

In Vitro Anticancer Activity 

MTT assay

The cells were developed in the RPMI-1640 medium at 37°C 
in a humified incubator for 6–7 h under 5% CO2. The cells 
were harvested, counted (3 × 104 cells per mL) and transferred 
into a 24 well plate, incubated for 24 h before adding the 
test compound. Then, the serial dilutions of the test samples 
were prepared by dissolving the compounds in dimethyl 
sulfoxide (DMSO) followed by the dilution with RPMI-1640 
medium to get the final concentration of 100, 250, 500, and 
1000 μg per mL. The stock solutions of the samples were 
prepared. The sample at 10 μL and the cell lines at 90 μL 
were incubated for 72 h. The MTT solution at 5 mg/ mL was 
dissolved in 1 mL of phosphate buffer solution, and 10 μL 
of it was added to each of the 24 wells. The wells were 
wrapped using aluminum foil and incubated for 4 h at 37°C. 
The solution containing media, dead cells and unbend MTT 
in each of the well were removed by suction and 150 μL of 
DMSO was added in each of the well. Then, the plants were 
vibrated and the optical density was recorded at 595 nm using 
DMSO as blank. The controls and the samples were assayed 
and replicated for each concentration and for each cell line. 
After incubation for 24 h of the mononuclear cells containing 
the plant extract, the toxicity on the cancer cell lines was 
estimated using the MTT assay. The toxicity was obtained by 
comparing the absorbance between the control and samples. 
Then, the values were used to calculate the concentration of 
plant extract needed to cause a 50% decrease (IC50) a growth 
(cell number) in EAC cell lines.[27]

Cell viability (%) = Mean OD/Control OD×100

Sulforhodamine B (SRB) assay

The anticancer action of the MECD was assessed under 
two cell lines. Cell lines were developed in the RPMI 1640 

medium having 10% of the fetal bovine serum and 2 mM of 
L-glutamine. For this study, the cells were inoculated in 96 
well plates with 90 μL/well at appropriate plating densities, 
depending on the doubling time of the individual cell lines. 
After the inoculation of cell, the microtiter plates were 
incubated in 5% CO2 and 95% air at 37°C and 100% relative 
humidity for 24 h before adding the test drugs.

After completion of 24 h incubation, the cells from one 
plate of each of the cell lines were fixed in situ with TCA to 
represent the measurement of the cell population for every 
cell line at the time of adding the drug (Tz). The experimental 
drugs were solubilized in an appropriate solvent to 400-folds 
the desired maximum test concentration and stored in the 
fridge before use. At the time of addition of the drug, aliquot 
of the frozen concentrate was then thawed and subsequently 
diluted to 10 times the maximum test concentration with 
the medium containing test article at the concentration of 
100, 200, 400, and 800 μg/mL. The aliquots of 10 μL of the 
different dilutions were included to the appropriate wells 
already having 90 μL of the cell suspension, resulting in 
final drug concentrations of 10, 20, 40, and 80 μg/mL. For 
each experiment, a recognized anticancer medicament, 
doxorubicin was employed as a positive control.

After the addition of the test compound, the plates were 
incubated at the standard conditions for 48 h, and the assay 
was terminated by adding cold TCA. The cells were fixed 
in situ by gently adding 50 μL 30% w/v cold TCA making 
final concentration 10%, and then incubated at 4°C for 
1 h. Supernatant was then discarded; plates were washed 
5 times with tap water and then air dried. The solution 
of SRB (50 μL) at 0.4% w/v in acetic acid (1%) was 
added to each well and the plates were incubated at room 
temperature for 20 min. After the staining, the unbound dye 
was recovered and residual dye was eliminated by washing 
5 times with acetic acid. Plates were air dried and bound 
stain was consequently eluted with 10 mM Trizam base and 
absorbance was read at 540 nm with the 690 nm reference 
wavelength. The percentage growth was calculated on a 
plate by plate basis for the test wells relative to the control 
wells. The percentage growth was expressed as ratio the 
average absorbance of test well to average absorbance of 
control wells multiplied by 100.

Using these six absorbance measurements (time zero [Tz], 
the control growth [C], and the test growth in the presence of 
drug at four concentration levels [Ti]); percentage growth was 
assessed at every drug concentration level. The percentage 
growth inhibition was evaluated as:

([Ti-Tz]/[C-Tz])×100 for the concentrations for which 
Ti≥Tz (Ti-Tz) positive or zero ([Ti-Tz]/Tz)×100 for the 
concentrations for which Ti<Tz (Ti-Tz) negative.

Dose-response parameters were estimated for every test 
object. The growth inhibition of 50% (GI50) was evaluated 
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from ([Ti-Tz]/[C-Tz])×100=50, which is drug concentration 
leading to 50% decrease in net protein elevation (as 
determined by SRB staining) in the control cells during 
incubation process. The concentration of drug causing the 
total growth inhibition (TGI) was evaluated from Ti=Tz. The 
concentration of the drug causing 50% decrease in measured 
protein at the end of the treatment of drug as compared to 
that the start (LC50), indicate a net loss of the cells after the 
treatment is calculated from ([Ti-Tz]/Tz)×100 = ‒50.

Values were evaluated for each of the three parameters, if the 
activity level was reached; but it effect was not reached or was 
surpassed, values for parameter were expressed as higher or 
lower than the maximum or minimum concentration tested. 
The synopsis of the parameters is as follows:
• GI50: Concentration of drug causing a 50% inhibition in 

the net protein increase
• TGI: Concentration of drug causing total inhibition 

growth
• LC50: Concentration of drug causing 50% reduction 

in measured protein at the end of drug treatment in 
comparison to the beginning.[28]

In Vivo Anticancer Activity

EAC cells were cultured in the peritoneal cavity of healthy 
albino mice weighing 25–30 g by administering a suspension 
of EAC cells (1 × 106 cells per mL) intraperitoneally. 
The cells were aspirated aseptically from the peritoneal 
cavity of the mice on 15th day and washed with normal 
saline and centrifuged at 1500 rpm for 15 min. The pellet 
was re-suspended with normal saline and the process 
was repeated 3 times. Finally, the cells were suspended in 
a known quantity of normal saline and the cell count was 
adjusted to 2 × 106 cells per mL. The sample showing more 
than 90% viability was used for transplantation. Each animal 
received 0.5 mL of tumor cell suspension containing 2 × 106 
cells intraperitoneally.[29]

Statistical Analysis

The data are expressed as means ± S.E.M. All statistical 
analyses were performed using Graph-Pad InStat version 
3.06 (GraphPad Software). All data were analyzed using a 
one-way analysis of variance followed by Dunnett’s test. 
The results were considered statistically significant when 
P < 0.05.

RESULTS

Phytochemical Analysis

The MECD showed the presence of steroid, carbohydrate, 
alkaloid, saponin, cardiac glycosides, flavonoid, and phenolic 
compounds.

Determination of Phenolic and Flavonoid Contents

The phenolic [Figure 1] and the flavonoid contents [Figure 2] 
of the MECD elevated with an increase in the concentration, 
with values of 48.75 and 63.5 μg/ml, respectively.

Acute Toxicity

From the study, it was observed that the animals have not 
shown any overt signs of toxicity. Both CNS and peripheral 
effects were not observed. No mortality was found in animals 
after 48 h. Thus, the dose 2000 mg/kg body weight is found to 
be safe and the two doses of MECD were used for additional 
analyses.

In Vitro Antioxidant Activity

The significant reduction in the DPPH radical concentration 
was detected due to the free-radical scavenging capacity 
of MCED. The antioxidant action elevated with elevated 
concentration of the MECD, exhibited as the minimum 
inhibitory concentration of the MECD that inhibited 50% 
of the free radicals (IC50) to be 62.46 μg/ml while the 
documented IC50 value for the standard (ascorbic acid) was 
27.66 μg/ml (24) [Figure 3].

The MECD considerably inhibited the nitric oxide 
content in a dose-dependent manner with an IC50 value of 
254.13 μg/ml. This nitric oxide antioxidant activity could be 
due to the phenolic and polyphenolic contents present in the 
MECD [Figure 4]. The IC50 of the MECD was found to be 
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254.13 μg/ml and the IC50 of the standard was found to be 
104.45 μg/ml, the protecting ability against formation of nitric 
oxide radical. The MECD also showed H2O2 degradation 
activity in a concentration-dependent fashion with the IC50 
value, 236.5 μg/ml, and the IC50 of the standard was found to 
be 47.05 μg/ml [Figure 5].

In Vivo Antioxidant Activity

Figure 6 represents the levels of oxidative stress marker 
MDA, while Table 1 represents the levels of oxidative 
stress markers (GSH, SOD, and CAT) in serum. A marked 
increase of MDA levels (lipid peroxidation) and decrease 
of antioxidant enzyme status (GSH, SOD, and CAT) were 
observed in the serum of rats in control group when compared 
with normal control group. MECD (250 and 500 mg/kg b.w.) 
treatment significantly (P < 0.01) decreases the MDA levels 

and restored the antioxidant enzyme (GSH, SOD, and CAT) 
activity. The results were comparable to the standard drug, 
ascorbic acid (5 mg/kg b.w.).

In Vitro Anticancer Activity 

Table 2 represents the effect of MECD on MTT assay on 
MDA-MB-231 cell line and MCF-7 cell line. Increase in 
the concentration of MECD dose-dependently increased the 
percent cytotoxicity and decreased the cell viability in both 
cell line types. The results with MECD were comparable to the 
tamoxifen. SRB method is adopted for evaluating the tumor 
cell suppression activity on the growth inhibition of 50% 
(GI50), TGI and lethal concentration 50% (LC50). Table 3 
shows the potential anti-proliferative activity of MECD on 
selected cell lines MCF-7 and MDA-MB-231. The methanolic 
extract of C. dichotoma shows highest activity against MCF-
7, followed by MDA-MB-231 cell line. The results obtained 
with MECD were comparable to doxorubicin.

Figure 3: 1, 1-Diphenyl-2-picryl hydrazyl radical scavenging 
activity

Figure 4: Nitric oxide scavenging activity

Figure 5: H2O2 radical scavenging activity
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Figure 6: Effect of MECD on malondialdehyde levels. Results 
are expressed as mean±S.E.M. (n = 6); ##P < 0.01 compared 
to normal control; *P < 0.05 and **P < 0.01 compared to 
control; Group 1: Normal control; Group 2: Toxic (alloxan) 
control; Group 3: MECD, 250 mg/kg b.w.; Group 4: MECD, 
500 mg/kg b.w.; Group 5: ascorbic acid, 5 mg/kg. MECD: 
Methanolic extract of Cordia dichotoma

Table 1: Effect of MECD on antioxidant enzymes 
(GSH, SOD, and CAT) levels

Groups Reduced GSH 
(µmoles of  

GSH/mg protein)

SOD (U/mg 
protein)

CAT (U/mg 
protein)

Group 1 4.99±0.17 3.79±0.13 5.09±0.18

Group 2 3.11±0.14## 2.20±0.26## 2.01±0.25##

Group 3 4.82±0.18** 4.08±0.25** 4.85±0.23**

Group 4 5.58±0.12** 4.75±0.20** 5.07±0.13**

Group 5 4.25±0.18** 3.93±0.25** 3.62±0.24**

Results are expressed as mean±S.E.M. (n=6); ##P<0.01 compared 
to normal control; *P<0.05 and **P<0.01 compared to control; 
Group 1: Normal control; Group 2: Toxic control; Group 3: MECD, 
250 mg/kg b.w.; Group 4: MECD, 500 mg/kg b.w.; Group 5: 
ascorbic acid, 5 mg/kg. GSH: Glutathione,  
SOD: Superoxide dismutase, CAT: Catalase, MECD: Methanolic 
extract of Cordia dichotoma
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In Vivo Anticancer Activity 

There were significant falls in the red blood cell (RBC) count 
and hemoglobin (Hb) content, and significant increase in 
white blood cell (WBC) count in the EAC control mice as 
compared to normal control mice. Treatment with MECD 
(500 mg/kg, b.w., p.o.) or 5-fluorouracil (20 mg/kg b.w., i.p.) 
in EAC-cell bearing mice caused a significant (P < 0.01) 
increase in Hb levels, while MECD (250 mg/kg, b.w., p.o.) 
treatment had no significant (P > 0.01) effect on Hb levels as 
compared to EAC control group. Similarly, MECD (250 or 
500 mg/kg, b.w., p.o.) treatment had no significant (P > 0.01) 
effect on RBC content as compared to EAC control group. 
Treatment with MECD (250 or 500 mg/kg, b.w., p.o.) or 
5-fluorouracil (20 mg/kg b.w., i.p.) in EAC-cell bearing 
mice caused a significant (P < 0.01) decrease in WBC levels 
compared to EAC control rats [Table 4].

Table 5 shows the effect of MECD on tumorigenic parameters. 
The maximum gain of body weight was observed in the 
EAC control group. In the case of MECD and 5-fluorouracil 
treated groups, the body weight was significantly (P < 0.01) 
reduced. The tumor volume and tumor weight were found 
to be significantly (P < 0.05 or P < 0.01) decreased in 
MECD treated animals at the doses 250 and 500 mg/kg 
and 5-fluorouracil (20 mg/kg) when compared with EAC 
control animals. The days of survival were recorded in 

the EAC bearing mice administered with MECD and 
5-fluorouracil. With MECD treatment, the survival of EAC 
bearing mice significantly (P < 0.01) increased as compared 
to EAC bearing control group. In treated group, MST was 
significantly increased to 29.0 ± 1.98 (%ILS = 69.04), 34.12 
± 1.84 (%ILS = 81.25), and 36.87 ± 1.67 (%ILS = 87.79), 
respectively, when compared to EAC control group.

DISCUSSION

Cancer-related morbidity and mortality is a serious concern 
despite significant advancements in chemotherapeutic agents. 
However, preventive agents are few and are of limited use.[30] 
The present study evaluated the antitumor activity of MECD 
against EAC induced in mice. The study indicated significant 
increase in body weight following inoculation of EAC cells 
to EAC control mice. The increased body weight in mice 
bearing EAC tumor may be due to accumulation of ascetic 
fluid inducing an intense edema formation.[31-33] In the present 
study, anticancer effect of MECD is observed by attenuation 
of EAC-induced weight gain, decreased tumor volume and 
tumor weight. Further, a reliable criterion for judging the 
value of anticancer agent is the prolongation of life span of 
animals.[34] The mean survival of MECD treated EAC mice 
was increased indicating the prolongation of life span of 
animals. In the present study, it was observed that MECD has 

Table 2: MTT assay for MECD forst bark and tamoxifen

Concentrations % of cell viability on 
MDA-MB-231 cell line

% of cytotoxicity on 
MDA-MB-231 cell line

% of cell viability 
on MCF-7 cell line

% of cytotoxicity 
on MCF-7 cell line

MECD (μg/mL)

Control 100 0 100 0

25 90.2 9.8 88.3 11.7

50 87.3 12.7 82.5 17.5

100 68.4 31.6 60.3 39.7

300 45.4 54.6 40.5 59.5

500 30.6 69.4 27.9 72.1

Tamoxifen (μg/mL)

Control 100 0 100 0

10 79.7 20.3 70.6 29.4

25 70.6 29.4 42.5 57.5

50 42.2 57.8 25.6 74.4

100 22.9 77.1 15.9 84.1
MECD: Methanolic extract of Cordia dichotoma

Table 3: Anti-proliferative activity of MECD forst bark and doxorubicin on breast cancer cell lines
Test drugs MCF-7 cell line (µg/mL) (n=3) MDA-MB-231 cell line (µg/mL) (n=3)

GI 50 TGI LC 50 GI 50 TGI LC 50
MECD 30.6 65.5 >80 49.7 >80 >80

Doxorubicin <10 <10 <10 <10 <10 <10
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excellent antioxidant and free-radical scavenging properties 
which may be responsible for the anticancer effect.

Excessive production of free radicals leads to lipid 
peroxidation, which may cause degeneration of tissues and 
oxidative stress.[35] The inhibition of SOD activity results due 
to tumor growth (17). The decrease in SOD activity in EAC 
bearing mice might be due to loss of slight SOD activity in 
EAC cells and mitochondrial loss.[36] Free-radical scavengers 
(SOD and CAT) are present in oxygen metabolizing cells 
and provide defense against damaging effects of superoxide 
and hydrogen peroxide.[37] MECD decreased the lipid 
peroxidation and restored the antioxidant enzyme (GSH, 
SOD, and CAT) activity which indicates the antioxidant and 
free radical scavenging property of MECD. As MECD showed 
excellent antioxidant and free-radical scavenging properties 
that can induce cell death in cancer cells. The treatment also 
decreased number of actively dividing cells (increased the 
percent cytotoxicity and decreased the cell viability), both 
in MDA-MB-231 and MCF-7 cells. Apoptosis is a common 
mode of action of chemotherapeutic agents including plant 
derived natural products. Its induction is the key to success 
of plant-derived natural products as anticancer agents.[38] 
MECD could specifically induce apoptosis of cancer cells 
indicating its potential anticancer activity.

The hematological parameters of EAC tumor-bearing mice 
were significantly changed from those of the normal group. 
There were significant decreases in Hb levels and RBCs 
count and an increase in WBCs. A similar effect of EAC 
inoculation on hematological parameters of the animals 
bearing tumor has been reported in the previous studies.[39-41] 
Treatment with MECD brought back the Hb content and 
WBCs count to normal levels.

Plant-derived extracts containing antioxidant principles 
have shown cytotoxicity toward tumor cells and antitumor 
activity in experimental animals.[38,39] The lowering of lipid 
peroxidation and increase in levels of GSH, SOD, and CAT in 
MECD-treated group indicates its potential as an inhibitor of 
EAC induced intracellular oxidative stress. The antioxidant 
activity of MECD is generally attributed to its content 
of quercetin and rutin as phytochemical isolation studies 
with MECD have shown that the extract contains rutin and 
quercetin. The decrease of lipid peroxidation and increase 
in levels of GSH and SOD following the administration of 
MECD indicates its potential as an inhibitor of EAC induced 
intracellular oxidative stress.

Antioxidants are the set of substances, which reduce or 
impede the oxidative progression. Many of the possible 
harmful outcomes of oxygen are because of the development 
and action of several chemical constituents, called as the 
reactive oxygen species (ROS), which have the propensity 
to give oxygen to other compounds. Most of such reactive 
entities are basically free radicals in nature. The types of free 
radicals compounds comprise the superoxide (O2), hydroxyl 
(OH-), the lipid peroxy (LOO.), and nitric oxide (NO) free 
radical. This oxidative stress is an important etiological 
aspect concerned in many of the chronic human disorder such 
as cancer, diabetes mellitus, and aging. It has been stated 
that the antioxidant capacity of plants might be because 
of their phenolic contents. The flavonoids are a class of 
polyphenolic compounds with recognized properties, which 
comprise the inhibition of oxidative and hydrolytic enzymes, 
free-radical scavenging, and the anti-inflammatory activity. 
Most of the antioxidant action might be due to the presence 
of anthocyanin, catechin, coumarins, flavones, flavonoids, 
isocatechin, isoflavones, and lignans.[42-44]

Table 5: Effect of MECD forst bark on tumorigenic parameters of EAC cells bearing mice
Treatment Increase in body weight (g) MST (days) ILS (%) Tumor volume (mL) Tumor weight (g)
Group 1 - - - - -

Group 2 8.26±0.14 19.25±0.67 45.83 9.06±0.27 7.93±0.23

Group 3 7.30±0.2** 29.0±1.98** 69.04 7.73±0.39** 7.23±0.14*

Group 4 6.70±0.25** 34.12±1.84** 81.25 6.80±0.15** 6.53±0.14**

Group 5 5.83±0.23** 36.87±1.67** 87.79 6.16±0.20** 4.33±0.17**
Results are expressed as mean±S.E.M. (n=6); *P<0.05 and **P<0.01 compared to toxic control; Group 1: Normal control (0.1% NaCl); 
Group 2: Toxic control (EAC cells (2×106) with NaCl solution i.p.); Group 3: EAC cells (2×106) with MECD (250 mg/kg b.w., p.o.); 
Group 4: EAC cells (2×106) with MECD (500 mg/kg b.w., p.o.); Group 5: EAC cells (2×106) with 5-Fluorouracil (20 mg/kg b.w., i.p.).  
EAC: Ehrlich’s Ascites Carcinoma, MECD: Methanolic extract of Cordia dichotoma

Table 4: Effect of MECD forst bark on hematological 
parameters of EAC cells bearing mice

Treatment Hb (g/dL) RBC  
(106 cells/mm3)

WBC ( 103 
cells/mm3)

Group 1 14.23±0.14 5.30±0.05 7.03±0.08

Group 2 7.30±0.55## 3.00±0.28## 13.23±0.43##

Group 3 8.03±0.26 3.15±0.09 11.23±0.20**

Group 4 9.90±0.05** 3.90±0.05 10.56±0.38**

Group 5 11.36±0.40** 4.36±0.55** 8.46±0.42**
Results are expressed as mean±S.E.M. (n=6); ##P<0.01 compared 
to normal control; *P<0.05 and **P<0.01 compared to toxic control; 
Group 1: Normal control (0.1% NaCl); Group 2: Toxic control 
(EAC cells (2×106) with NaCl solution i.p.); Group 3: EAC cells 
(2×106) with MECD (250 mg/kg b.w., p.o.); Group 4: EAC cells 
(2×106) with MECD (500 mg/kg b.w., p.o.); Group 5: EAC cells 
(2×106) with 5-Fluorouracil (20 mg/kg b.w., i.p.). EAC: Ehrlich’s 
Ascites Carcinoma, MECD: Methanolic extract of Cordia dichotoma
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CONCLUSION

The results of the current study propose that the antitumor 
activity of MECD can be inferred from the increased life span 
of EAC bearing mice, which is due to its antioxidant activity. 
Thus, the present study clearly indicates that MECD could be 
a novel chemotherapeutic agent for human cancer because 
of its promising activity and may be considered for further 
clinical studies in drug development. The further study has to 
be extended for carrying out the mode of action of the plant 
extract on the cancer cell lines at the molecular level.
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