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ABSTRACT 

Objective: Methanol extract of Calamus rotang (MECR) root was appraised as a spotlight for the candidate of anticancer activity through the vehicle 
(Ehrlich Ascites Carcinoma) on Swiss albino mice. 

Methods: In vitro cytotoxicity assay has been accessed by trypan blue and MTT assay. In vivo anticancer activity was done using EAC cells (2 × 106

Results: In MECR treated groups (200 and 400 mg/kg) tumor volume, packed cell volume and viable cell count was significantly lessened as 
compared to that of the EAC control group. Life span, most reliable criteria for anticancer study, increased quite surprisingly by 50% and 100% in a 
dose dependant manner while compared to EAC control group. The hematological, biochemical and liver tissue antioxidant parameter are 
significantly (p<0.05) restored along with solid tumor case study (solid tumor volume) towards the normal level after treatment with MECR. 

) 
where in each groups mice were 6. After treatment with MECR at the lower dose of 200 and higher dose of 400 mg/kg respectively for 9 d, half of 
the mice of each group were sacrificed and the rest were kept to check prolongation of life span. The anticancer potential of MECR was evaluated by 
tumor volume, viable and nonviable tumor cell count, tumor weight, hematological parameters, biochemical estimations and Furthermore, tissue 
antioxidant parameters. Besides, solid tumor activity was also inspected. 

Conclusion: From the above study it can be inferred that the MECR has impressive anticancer activity in dose dependent way. 
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INTRODUCTION 

Cancer, one of the most serious issues in the world, has now focused 
its precedence in terms of mortality worldwide after cardiovascular 
disease. A core research with new approaches has been under 
running to deal with this vital phenomenon. Cancer is a group of 
diseases possessing many hallmark characteristics of cancer cell 
with manifestation of cancer catalog among which six essential 
alterations in cell physiology that collectively depict malignant 
growth comprising of self-sufficiency in growth signals, insensitivity 
to growth-inhibitory signals, evasion of programmed cell death 
(apoptosis), limitless replicative potential, sustained angiogenesis as 
well as tissue invasion with metastasis excessively meet the criteria 
to suit with cancer[1]. One of the requisite of cancer chemo 
preventive agent presently used is alleviation of damaged or 
malignant cells through cell cycle inhibition or induction of 
apoptosis without affecting normal cells [2]. Due to abundance of 
plants that synthesize bioactive compounds possessing antitumor 
properties and also cost effectiveness, plants have become a new 
searchlight for grabbing the opportunity to fight against excrescence 
and are expected to enhance higher excellence of life. As such, 
medicinal plants have been consumed as medication for cancer [3]. 
Approximately 60% of drugs currently used for cancer treatment 
have been isolated from natural products [4]. 

Calamus rotang (Family-Arecaceae), a shrub, is found in mainly 
coastal swamp forest which is indigenous to Southwest Asia like 
India, Bangladesh, Sri Lanka. It is a dioecious rattan palm that grows 
up to 10 m tall (basal section vertically) and 200 m wide 
(horizontally) and commonly known as ‘bet’ in Hindi, ‘vetra’ in 
Sanskrit and ‘Rattan’ in English. Cane is used for rough baskets, 
walking sticks, bags, chairs as furniture. Traditionally rattan is used 
as vermifuge in tribal people in Assam [5]. Fresh root juice is used in 
asthma, insomnia and chronic fever [6]. For many years it has 
assisted in treatment of various ailments like cough, leprosy and 
bleeding disorders whereas leaf sap of this medicinal plant is 
generally used for eye problem [7]. Rattan is also applied as 

antidiabetic, antidiarrhoeal and anti-inflammatory. Presence of 
flavonoids in the root of rattan is used in convulsions and cramps 
[8]. Exploration on phytochemical study implies the existence of 
alkaloids and flavonoids which carry potent antimutagenic and 
antimalignant traits are prime reason to establish this inspection. In 
this present study cytotoxic effect of methanol extract of Calamus 
rotang was evaluated against Ehrlich’s Ascites Carcinoma (EAC) in 
Swiss albino mice. 

MATERIALS AND METHODS 

Plant material 

Root of Calamus rotang (2 kg) was collected near the coastal area of 
Sundarbans, West Bengal, of India in month of August 2016 and 
identified by the Botanical Survey of India, Botanic garden, Howrah, 
West Bengal, India. A voucher specimen (JU/SR-01) has been 
preserved at our laboratory for future scope. Roots were cleaned 
and dried for 4 d at 35-40 °C on roof (d time 8 h) and then shade 
dried for 2 d and pulverized in a mechanical grinder. Coarse powder 
(200 gm) was carried out in soxhlet apparatus by using methanol 
(14.5% w/w, yield). The solvent was completely removed under 
reduced pressure at 40 °C in a rotary evaporator (Buchi R-210) and 
stored in vacuum desiccators for further use. 

Chemicals 

Sodium chloride, Propylene glycol, Trypan blue, Methyl violet, 
Sodium sulphate, Methylene blue, 5-Fluorouracil, MTT (MERCK 
Limited, Mumbai, India). All other chemicals and reagents used were 
of highest analytical grade. 

Animals 

Healthy male Swiss albino mice (weighing 20-22g) were taken to 
conduct the experiment. They were picked up from Chakraborty 
Enterprise, Kolkata, India. The mice were grouped and housed in 
poly acrylic cages (38 × 23 × 10 cm) maintaining not more than 6 
animals per cage and preserved under standard laboratory 
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conditions (temperature 25±2 ° C and dark/light cycle 14/10 h). 
They were permitted free access to standard dry pellet diet 
supplied by (Hindustan Lever, Kolkata, India) in India and water 
ad libitum. The mice were acclimatized to laboratory 
environment for 7 d before inception of the experiment. 

Acute toxicity 

OECD guideline 425 was followed for acute oral toxicity of methanol 
extract of Calamus rotang (root). The acute toxicity studies disclosed 
LD50 

One-fifth and one-tenth of the maximum safe dose of the extract 
used for acute toxicity were chosen for the in vivo experiment. 
Hence, the experimental dose was fixed as 200 mg/kg and 400 
mg/kg respectively for lower and higher dose.  

value up to 2000 mg/kg did not show any toxic effect.  

In vitro cytotoxicity assay 

In vitro cytotoxicity studies of MECR were performed by standard 
trypan blue (0.4%) exclusion method and MTT assay [9]. The 
experiment was performed in triplicate. 

Transplantation of tumor 

Chittaranjan National Cancer Institute (CNCI), Kolkata, India was the 
source of EAC cells. EAC cells were maintained in vivo in Swiss albino 
mice by intraperitoneal transplantation of 2 × 106 cells per mouse 
after every 10 d. Ascitic fluid was drawn out from EAC tumor 
bearing mouse at the log phase (d 7-8 of tumor bearing). Each 
animal received 0.1 ml of tumor cell suspension containing 2 × 106

Experimental protocol 

 
tumor cells intraperitoneally [10]. 

30 Swiss albino mice were divided into five groups (n = 6). All the 
animals in every groups except Group-I received EAC cells (2 × 106

Twenty four hours from the last dose and 18 hr of fasting, 3 animals 
of each group were sacrificed through cervical dislocation to find out 
antitumor, hematological and biochemical parameters and rest of 
the animals were placed with food and water ad libitum to monitor 
percentage increase in life span. The below parameters were 
examined from the sacrificed animals. 

 
cells/mouse i. p.). This was taken as d “0”. Group-I worked as 
normal saline control (5 ml/kg i. p.) and group-II served as EAC 
control. 24 h after EAC transplantation, Group-III and IV received 
methanol extract of Calamus rotang (MECR) at a dose of 200 and 
400 mg/kg i. p. for nine consecutive d, respectively. Group-V 
experienced 5-FU (20 mg/kg i. p.) as a reference drug for nine 
consecutive d [10]. 

Tumor parameters 

The ascitic fluid was withdrawn from the peritoneal cavity of the 
animals and the volume was measured by taking this fluid in a 
graduated tube (expressed in ml). The packed cell volume was 
estimated by centrifuging the ascitic fluid at 3000 rpm and noting 
the volume of the precipitate in ml. 

Mean survival time 

The mean survival time* = (first death+Last death)/2  
*

Percentage increase in life span 

time denoted in d 

The effect of MECR on percentage increases in life span was 
calculated on the basis of mortality of the experimental mice [11].  

ILS (%) = [(Mean survival time of the treated group/Mean survival 
time of the control group)-1] × 100  

Tumor cell count 

The ascitic fluid was taken in a WBC pipette and diluted 100 times 
with WBC fluid. Then a drop of the diluted cell suspension was 
placed on the Neubauer’s counting chamber and the numbers of 
cells in the 64 (4 × 16) small squares were counted.  

Viable/nonviable tumor cell count 

The viability and non viability of the cell was observed by trypan 
blue assay. The cells were stained with trypan blue (0.4 % in normal 
saline) dye. The cells that didn’t accept the dye were viable and 
those that took the dye were nonviable. These viable and nonviable 
cells were counted. 

Cell count = Number of cells × dilution factor/Area × thickness of 
liquid film. 

Hematological parameters 

Blood was obtained from cardiac puncture that was used for total 
count of RBC, WBC and hemoglobin by standard method. 

Biochemical parameters 

Collected blood was set aside for 15 min to allow it to clot and then 
centrifuged at 5000 rpm for 10 min. The supernatants (serum) were 
collected and total protein, SGOT, SGPT and SALP were determined 
using the diagnostic reagent kit (Span Diagnostics Ltd, Surat, India). 

In vivo tissue antioxidant 

Livers and kidneys collected from the sacrificed animals were 
homogenized separately in 10 ml of phosphate buffer (20 mmol, pH-
7.4) and centrifuged at 12000 rpm for 30 min at 4 ° C. Inspection 
was carried out by measuring the level of lipid peroxidation [12] 
superoxide dismutase (SOD) [13]and nonenzymatic antioxidant 
system (reduced glutathione; GSH) [14]. 

Solid tumor study 

Mice were divided into three groups (n = 6). Tumor cells (1 × 106 
cells/mouse) were injected into the right hind limb (thigh) of all the 
animals intramuscularly. The mice of group I served as control. 
Group II received MECR (400 mg/Kg/d, p. o.) and group III received 
5-FU (20 mg/kg, i. p.). Tumor mass was measured from the 11th d of 
tumor induction. The measurement was carried out every 5 d for a 
period of 30 d. Tumor was measured using a vernier caliper at fixed 
intervals. The volume of tumor mass was calculated using the 
formula V = 4/3 πr2, where ‘r’ is the mean of ‘r1’ and ‘r2’ which are 
the two independent radii of the tumor mass [15]. On 31 d tumor 
mass was removed and weighed. % of Inhibition = [(Tumor volume 
of Control on 30th D–Tumor Volume of Treated on 30th d)/(Tumor 
volume of Control on 30th

Statistic analysis 

 D)] x 100 

All the data are given as mean±SEM of values obtained from three 
individual experiments. Data of all the experiments were analysed 
using analysis of variance (ANOVA) and group means were 
compared by Dunnett’s by GraphPad Prism software version 5.1.  

RESULTS  

Fig. 1: (Trypan blue exclusion assay) and fig. 2 (MTT assay) are 
showing the results of in vitro cytotoxicity study on EAC cell line in a 
dose dependent way with IC50 value of 195±5.41 μg/ml for Trypan 
blue exclusion assay and 114±7.82 and 88.3±7.33 μg/ml for MTT 
assay (24 and 48 h respectively). 

 

Fig. 1: Cytotoxic effect of MECR on in vitro EAC cell line by 
trypan blue, values are mean±SEM; where n = 6 
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Fig. 2: Cytotoxic effect of MECR on in vitro EAC cell line by MTT 
assay, values are mean±SEM; where n = 6 

Administration of MECR (200 and 400 mg/kg) intraperotoneally 
to EAC induced group significantly minimized the tumor volume, 
packed cell volume and the number of viable cells compared to the 
EAC control group while increasing the non-viable cells, mean 
survival time and percentage of life span (%ILS) (table 1). 

Table 2 depicts the picture of hematological changes in EAC treated 
groups. Leucocytes count was found to be reduced in treated group 
as compared to the EAC control group while RBC and hemoglobin 
levels were significantly elevated and restored towards normal 
levels. Table 3 indicates the alteration of serum biochemical enzyme 
estimation.  

Liver specific functional markers like value of SGPT, SGOT and SALP 
of MECR treated groups (200 and 400 mg/kg) along with reference 
drug restored to normal ones when compared to EAC control group. 
Total protein content escalated significantly (p<0.05) in the MECR 
treated groups and standard while comparing with EAC control 
group. 

 

Table 1: Effect of MECR on tumor volume, packed cell volume, % of viable and non viable cells, mean survival time and increase in life 
span 

Groups Tumor volume 
(ml) 

Packed cell volume 
(ml) 

Cell count (×107 Viable
% 

/ml) Non-viable% MST 
(D) 

ILS% 
Viable Non-viable 

EAC 
control 

2.10±0.06 1.88±0.06 7.74±0.27 0.42±0.01 94.77 5.22 18 00 

EAC+200 mg/kg MECR 1.30±0.05 0.96±0.04* 5.72±0.11* 3.33±0.04* 63.15 * 36.84 27 50 
EAC+400 mg/kg MECR 0.83±0.08 0.64±0.04* 4.00±0.05* 4.20±0.01* 48.82 * 51.17 36 100 
EAC+5-FU(20 mg/kg) 0.65±0.02 0.37±0.02* 2.69±0.05* 5.45±0.05* 33.04 * 66.95 40 122.22 

Values are represented as mean±SEM. *
 

p<0.05 when EAC control compared with treated groups. 

Table 2: Effect of MECR on hematological parameters 

Parameters Normal EAC control 200 mg/kg MECR 400 mg/kg MECR 20 mg/kg  
5-FU 

RBC(cell×106/mm3 5.54±0.12 ) 2.69±0.05 3.21±0.06a 4.75±0.02b 5.23±0.04b b 
WBC(cell×106/mm3 4.56±0.02 ) 7.82±0.03 6.35±0.04a 5.22±0.08b 5.16±0.03b 
Hb(g/dl) 

b 
11.32±0.06 4.41±0.10 7.42±0.10a 9.35±0.07b 10.90±0.04b b 

Values are represented as mean±SEM. ap<0.05 when compared to Normal, b

 

p<0.05 when compared with EAC control group. 

Table 3: Effect of MECR on serum parameter 

Parameters Normal EAC control 200 mg/kg MECR 400 mg/kg MECR 20 mg/kg  
5-FU 

TP(g/dl) 8.85±0.25 4.76±0.60 6.15±0.14# 7.19±0.14* 8.16±0.19* * 
SGOT(IU/l) 86.00±2.08 152.3±4.66 131.3±4.43# 87.57±4.45* 91.33±2.96* 
SGPT(IU/l) 

* 
37.00±3.46 101.7±4.41 64.33±4.66# 46.67±4.41* 35.67±2.96* 

SALP(KA/U) 
* 

65.33±2.60 131.3±3.52 117.3±3.84 # 77.33±4.25 70.33±3.18* * 

Values are represented as mean±SEM. #p<0.05 when compared to Normal, *

 

p<0.05 when compared with EAC control group. 

 

Fig. 3(a): Effects of different concentrations of MECR on lipid peroxidation. Values are represented as mean±SEM. a*p<0.05 EAC control 
compared to normal liver and kidney, b*p<0.05 when treated groups compared to EAC liver and EAC kidney 
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Antioxidant status of EAC bearing mice is described in fig. 3(a, b, c). 
The level of lipid peroxide (expressed as nM MDA/mg protein) was 
significantly increased in EAC control mice when compared to normal 
animals. The level of malondialdehyde decreased in the extract treated 
groups compared to the EAC control group thereby indicating the 
decrease in lipid peroxidation in the MECR treated groups. SOD 

activity was found to be declined in EAC control group as compared to 
normal. SOD activity enhanced in MECR (200 and 400 mg/kg) treated 
groups as well as 5-FU while comparing to EAC control group. Same as 
in reduced glutathione level found in diminished in EAC control group 
that was notably reinstated to the near normal values by treatment 
with MECR in a dose dependent way. 

 

 

Fig. 3(b): Effects of different concentrations of MECR on SOD, values are represented as mean±SEM, a*p<0.05 EAC control compared to 
normal liver and kidney, b*

 

p<0.05 when treated groups compared to EAC liver and EAC kidney 

 

Fig. 3(c): Effects of different concentrations of MECR on GSH, values are represented as mean±SEM. a*p<0.05 EAC control compared to 
normal liver and kidney, b*

 

p<0.05 when treated groups compared to EAC liver and EAC kidney 

In solid tumor examination, tumor volume was lessened remarkably 
when treatment (400 mg/kg) was going on in contrast with EAC control 

group (table 4). Time related change in tumor volume was illustrated in 
fig. 4. A photographic portrayal of tumor size is figured out in fig. 5. 

 

Table 4: Effect of MECR on solid tumor volume 

Groups  Solid tumor volume(ml)  
D10 D15 D20 D25 D30 

EAC Control 2.88±0.13 3.90±0.08 4.55±0.19 5.21±0.13 6.44±0.22 
400 mg/kg MECR 2.57±0.07 3.72±0.06* 4.02±0.09* 4.65±0.15* 5.90±0.11* 
20 mg/kg 5-FU 

* 
2.05±0.03 2.27±0.04* 2.45±0.03* 2.69±0.02 * 2.96±0.03 

Values are represented as mean±SEM.*

 

p<0.05 when compared to Control (D10). Data were analyzed by one-way ANOVA followed by Dunnett’s test. 
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Fig. 4: Time related change in solid tumor volume, data are 
plotted as tumor volume vs. time (D)±SEM 

 

 

Fig. 5: Representative photographs of tumor size where (iii) 
means EAC Control, (ii) means 5-FU20 mg/kg and (i) means 

MECR400 mg/kg 

 

DISCUSSION 

In present inspection, EAC cell line was used to inspect the 
anticancer features of MECR. The reason behind the choice of EAC 
cell (cell line origin: murine mammary) is for its high transplantable 
capability, 100% malignancy, rapid proliferation and hostile nature. 
Ascitic fluid works as a direct nutritional source for augmentation of 
tumor cells [16]. MECR treatment materially reduced tumor volume 
probably by lowering the ascitic nutritional fluid volume. Further, 
the packed cell volume and the number of viable cell were 
significantly lower in the mice treated with MECR when compared to 
the EAC control group. These results could imply either a direct 
cytotoxic impact of MECR on tumor cells or an indirect local effect, 
involving macrophage activation and vascular permeability 
inhibition [17]. Prolongation of life span of the treated animals is a 
well founded benchmark for judging the value of any anticancer 
entity [18]. The increase of life span of tumor bearing mice by MECR 
treatment is a positive result and supports the antitumor effect of 
MECR. Myelosuppression and anemia are crucial complications of 
cancer chemotherapy [19]. The anemia occurring is mainly due to 
reduction in erythrocyte or hemoglobin percentage because of iron 
shortage or hemolytic or myelopathic state [20]. Treatment with 
MECR brought back the hemoglobin content, RBC and leucocytes cell 
count near to normal values. This indicates that MECR possesses 
minimum toxic effect on hematological system and favors its 
potential as an anticancer candidate. 

Enzymes in serum have been studied for many years as possible 
early indicators of neoplasia and as aids in following the progression 
and regression of disease [21]. Hepatotoxicity may occur due to 

cytotoxic agent itself or due to its toxic metabolites. From the 
experiment it was found that EAC control group exhibited increased 
levels of liver specific enzymes such as SGOT, SGPT and ALP while 
the levels of total protein were decreased due to hepatocellular 
damages. The MECR treated group showed restoration of these 
biochemical parameters to more or less normal levels. 

The lack of balance between the reactive oxygen metabolites and the 
antioxidant defence systems leads to “oxidative stress” which 
deregulates various cellular functions causing pathological 
conditions [22]. Reactive oxygen species (ROS) formed in cancer 
tissues result in lipid peroxidation and subsequent increase in MDA 
and other TBARS levels. MDA, the end product of lipid peroxidation, 
a biomarker of oxidative stress, was reported to be higher in cancer 
tissues than in the non-diseased organ [23]. The present study 
showed that TBARS level measured as MDA in the EAC bearing liver 
tissues were higher than those in normal treated liver tissues. 
Treatment with MECR inhibited hepatic lipid peroxidation as 
revealed by curtailment of MDA levels towards normal levels. This 
pointed out the reduction in free radical generation by MECR in 
tumor bearing mice. 

Glutathione (mother of all antioxidants), a dynamic inhibitor of 
neopalstic system, plays a key function as an endogenous 
antioxidant process which is found abundantly in liver and works as 
in defensive way [24]. Reduced glutathione known as body’s own 
master antioxidant was found to be minimized in cancer bearing 
mice which might be due to its exploitation by the presence of 
superabundant free radicals. MECR treatment was observed to 
escalate the non enzymatic GSH content in liver as compared to EAC 
control group. Enzymatic antioxidant (SOD) is ubiquitous in all 
oxygen-metabolizing cells possessing free radical scavenging system 
to provide a barricade against superoxide (by product of oxygen 
metabolism) and stable molecule hydrogen peroxide (highly accused 
damaging species). Inhibition of SOD activities as a result of tumor 
growth was also reported and similar findings were obtained in the 
present investigation with EAC-bearing mice. Treatment with MECR 
significantly increased the SOD level indicating an affirmation of 
antioxidant and free radical scavenging activity of the extract. Effect 
on solid tumor treatment by MECR reveals a prominent hope by 
decreasing tumor volume and plays a direct role in killing tumor 
cells and enhances the curative effect of tumor chemotherapy. It 
shows that extract is cytotoxic. 

CONCLUSION 

Present investigation provides a promising exploration on 
anticancer activity of MECR probably because of its direct cytotoxic 
effect followed by its antioxidant properties. Also 400 mg/kg MECR 
showed better response compared to 200 mg/kg MEQL suggesting a 
possible dose dependent influence of the extract on cancer. Initial 
phytochemical screening unveiled the existence of flavonoid, 
alkaloids, saponin, and carbohydrate in MECR. Flavonoids possess 
antimutagenic and antimalignant effect through signal transduction 
in cell proliferation and angiogenesis. Alkaloids, better known for 
healing power of some serious illness including cancer, might be 
responsible alone or both (including flavonoids) combined for 
anticancer and cytotoxic activities of MECR. Further research is 
ongoing in our laboratory to find out the bioactive molecule(s) for 
the anticancer activity of the extract. 
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