340

Nagarjuna Reddy V. et al. / International Journal of Phytopharmacology. 4(5), 2013, 340-346.

e- ISSN 0975 - 9328
Print ISSN 2229 — 7472

International Journal of Phytopharmacology

Journal homepage: www.onlineijp.com

P

EVALUATION OF ANTI-CANCER ACTIVITY OF RUELLIA
TUBEROSA ON EAC INDUCED SOLID TUMOR

Nagarjuna Reddy V', Nagarathna PKM, Divya M

Department of Pharmacology, Karnataka College of Pharmacy, Bangalore, Karnataka, India.

ABSTRACT

Aim of the present study to evaluate the antitumor effect of Ruellia tuberosa. Antitumor activity of methanolic
extracts of 250, 500 mg/kg of Ruellia tuberosa leaves was evaluated against Ehrlich ascites carcinoma (EAC) tumor in mice.
Acute and short-term toxicity studies were performed initially in order to ascertain the safety of methanolic extracts of
Ruellia tuberosa. Tumour cells (1x10°cells/mice) were injected into the right hind limb (thigh) of solid tumour group animals
subcutaneously and the tumour is allowed to develop for 11 days and the treatment is started from 12" day for a period of 20
days. The effect of methanolic extracts of Ruellia tuberosa on the growth of tumor, life span of EAC bearing hosts and
simultaneous alterations in the haematological profile and histopathological profile were estimated. The methanolic extracts
of Ruellia tuberosa showed decrease in tumor size, average body weight, mean survival time thereby increasing life span of
EAC tumor bearing mice. Haematological profile reverted to more or less normal levels in extracts treated mice.

Histopathology has minimal effects when compared but a significant variation is seen.
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INTRODUCTION

Cancer is one of the leading causes of mortality
worldwide and the failure of conventional chemotherapy
to affect major reduction in the mortality indicates that
new approaches are critically needed. Due to enormous
propensity of plants, which synthesize a variety of
structurally diverse bioactive compounds. The plant
kingdom is a potential source of chemical constituents
with antitumour and cytotoxic activities. The rich and
diverse plant sources of India are likely to provide
effective anticancer agents. One of the best approaches in
the search of anticancer agents from plant sources is the
selection of  plants based on ethnomedical leads
(Kintzios, 2006). The new and recent approaches of
chemotherapy serve as an attractive alternative to control
the cancer. Recently, the major focus of research in
chemotherapy for cancer includes the identification,
characterization and development of new and safe cancer
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chemo preventive agents. A large number of agents
including natural and synthetic compounds have been
identified as having some potential  cancer
chemotherapeutic value. A number of natural products
have been studied for anticancer activity on various
experimental models. This has resulted in the availability
of nearly 30 effective anticancer drugs ™. Cancer is a
group of diseases where cell growth is aggressive and
abnormal, invasive, and /or metastatic many times leading
to death. Carcinoma arises from epithelial cells invading
surrounding tissues and organs and may metastasize, or
spread, to lymph nodes and other sites. The treatment of
cancer has undergone major advances, which include
benefits of combination chemotherapy as well as the
incorporation of biologic therapy, and yielding
significant improvements in survival over the past decade
(Raju SK et al., 2011). Improving the quality of life of
patients living with cancer and dying from cancer is
therefore an urgent humanitarian need. This can be
achieved by in depth research and continuous screening of
new molecules or natural agents, which will provide the
antitumour activity in Indian traditional system of
medicine (Ayurvedic system) uses plant derived
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medicines in health care from ancient period of time.
These natural medicines have played a great role to treat
various disorders in humans including cancer. Oxygen
free radicals are formed in tissue cells by many
endogenous and exogenous influences like cellular
metabolism, exposure to chemicals, carcinogens and
ionizing radiation. Oxygen free radicals may attack all
macromolecules in cell (proteins, lipids and DNA) giving
rise to a wide variety of damaged products. Free radicals
cause DNA double strand breaks, mismatching of bases
and chromosome deletions and rearrangements. Hence,
the antioxidants which can quench these free radicals
could act as cancer chemo-preventive agents (Meenakshi
S et al., 2012). Natural products are playing an important
role as a source of effective anticancer a gents and it is
significant that 60% of currently used anticancer agents
are derived from natural sources, including plants, marine
organism and micro-organism. The mechanism of
interaction between many secondary metabolites and
cancer cells has been studied extensively. In particular,
there is growing interest in the pharmacological
evaluation of various plants used in Indian traditional
system of medicine. Plant-derived natural products like
flavonoid, steroids, alkaloids and terpenoids have
received considerable attention in recent years due to their
diverse pharmacological activities, including antioxidant
and anticancer activity. Antioxidants play an important
role in inhibiting and scavenging radicals and thus,
protecting humans against infection and degenerative
diseases (Raju SK et al., 2011).

Ruellia tuberosa is an erect, suberect, or diffuse
perennial herb up to 60-70 cm tall herb and belongs to
family Acanthaceae, a native of Central America,
introduced into Indian garden as ornament. It is used
medicinally in West Indies, Central America, Guiana, and
Peru. R. tuberosa is commonly known as “Cracker plant”
(Brindha D and Arthi D, 2010; Pandey CN, 2005). In
Siddha system of medicine, leaves are given with liquid
copal as remedy for gonorrhea and ear diseases (Chothani
DL et al., 2010), used in stomach cancer (Suseela L and
Prema S, 2007). Dried and ground roots in dose of two
ounces cause abortion and also used in sore eyes (Reddy
MB et al., 1991). The herb also exhibits emetic activity
and employed substitute of ipecac, also used in bladder
stones and decoction of leaves used in treatment of
Bronchitis (Kirtikar BD and Basu BD, 1935). In
Suriname’s traditional medicine system, it is used as
anthelmintic and also in management of joint pain and
strained muscles. In folkmedicine, it has been used as
diuretic, antipyretic, antidiabetic, antidotal, thirst-
quenching agent and analgesic and anti-hypertensive
activity (Anonymous 1; Chiu NY and Chang KH, 1995).
Ruellia tuberosa is used as cooling in urinary problem,
uterine fibroids (Chen FB et al., 2006; Lans CA, 2001). It
has recently been incorporated as a component traditional

medicine system, it is used as anthelmintic and also in
management of joint pain in a herbal drink in Taiwan
(Lans CA, 2006). It has been experimentally proved to
possess antioxidant (Balick MJ et al., 2000), antimicrobial
(Chen FA et al., 2006), anticancer (Wiart C et al., 2005),
gastroprotective activity (Arun S et al., 2008),
antinociceptive, and  anti-inflammatory  activity
(Arambewela LSR et al., 2003). It is reported that it
contains flavonoid, steroids, triterpenoids and alkaloid
(Alam MA et al., 2009). The isolation and the structural
elucidation of flavonoid and their antiproliferative
activity against HepG2 and KB cancer cell lines has been
reported (Chwan-Fwu L et al., 2006). R. tuberosa. having
wide activities and contains flavanoids.

MATERIALS AND METHODS
Animals

Eight to ten weeks old Swiss albino mice having
weight (25-30gm) were purchased from NIMHANS
Bangalore. They were housed, five per poly propylene
cage under standard laboratory conditions at room
temperature (25° C+ 2° C) with 12h light / dark cycle.
The animals were provided with pellet chow and water ad
libitum. Ethical clearance was obtained from Institutional
Animal Ethical Committee (IAEC) of Karnataka College
of pharmacy, Bangalore.

Plant material and Extract preparation

The leaves of Ruellia tuberosa were collected
from Tirupati forest region Tirupati District, Andhra
Pradesh, INDIA in the month of March 2013. This plant
species were authenticated by Dr. K. Madhava Chetty,
Assistant  professor, Department of Botany, Sri
Venkateswara University, Tirupati, Andhra Pradesh,
India. The collected plant material was washed
thoroughly with water to remove the adhering soil, mud,
and debris. All old insect damage or fungus infected
leaves, and flowers were removed. The leaves were dried
in the shade at room temperature to a constant mass. The
plant material was coarsely powdered into coarse powder
a warring blender. The powder was stored in an airtight
container and protect from light.

100gm powdered leaves parts were subjected to
successive extraction in a Soxhlet extractor using methyl
alcohol. The extract obtained was concentrated in a rotary
shaker and evaporated to dryness to get constant weight.

Anti-Tumour Activity

Male Swiss Albino mice divided into 4 groups
(n=6). All the groups were injected with EAC cells (0.2
ml of 1 x10° cells/mouse) sub-cutaneously at the thigh
region to cause solid tumor. This was taken as day zero
and the treatment starts on the twelfth day after induction
of tumor cells. The parameters selected are checked
accordingly for every five days. The extract is then
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administered to the mice except the control group.
Standard group receives 5 Fluoro Uracil as standard drug.
One group receives 250mg and the other receives 500mg
of the extract. The parameters include the Mean survival
time (MST), % increase in life span (%ILS), Body
weight, tumor size, Haematological parameter, RBC,
WBC, Haemoglobin, Histopathology of liver and kidney.

Mean Survival Time

Animals will be inoculated with EAC cells (1 X
106¢ells/mouse) on day ‘0’ and the median survival time
(MST) of each group, consisting of 6 mice will be noted
(Abu-Sinna G et al., 2003).

(day of first death + day of last death)

MST =
2
Percentage Increase Life Span (% ILS)

The effect of the drugs on tumor growth was
monitored by recording the mortality daily for a period of
6 weeks and percentage increase in life span (%ILS) was
calculated (Kuttan G et al., 1990).

% ILS = (Mean survival of treated group/ Mean
survival of control group)-1 x 100

Body Weight

Body weights of the experimental mice were
recorded both in the treated and control group at the
beginning of the experiment (day 0) and sequentially on
every 5th day during the treatment period.

Tumor Size
Tumour mass was measured from the 11th day
of tumour induction. The measurement was carried out

RESULTS AND DISCUSSION

every 5th day for a period of 30 days. The volume of
tumour mass was calculated using the formula (D’ Armour
FE et al., 1965):

V=4/3 TIr*
Where ‘r’ is the mean of ‘r'” and ‘r>> which are the two
independent radii of the tumour mass.

Effect on Haematological Parameters:

At the end of the experimental period, 6 mice of
each group were sacrificed the next day after an overnight
fast by cervical dislocation. Blood was collected by
Retro-orbital route and wused for the estimation
Haemoglobin (Hb%) content, red blood cell count (RBC)
and white blood cell count (WBC) (Wintrobe MM et al.,
1961).

Histopathological Studies

A portion of liver and kidney of animals in all
groups were stored in container for 12 hours in 10%
formalin (10 ml of formaldehyde in 90 ml of normal
saline) solution and subjected to histopathological studies
(Ghosh MN, 1984).

Statistical Analysis

Values were represented as mean + SEM. Data
were analysed by one-way analysis of variance (ANOVA)
followed by Dunnett’s test using statistical package for
social sciences (SPSS) version 10.0. P<0.05 was
considered significant. The toxic control group was
compared with the normal control group and all other
treatment groups were compared with the toxic control

group.

Table 1. Effect of flavonoid of Ruellia tuberosa (250,500mg/kg, po/day/20days); 5 Fluorouracil (20mg/kg, ip/day/20

days) on EAC induced mice (solid tumour)

Sl Groups Mean survival % Increase in Body weight(g) | Tumour Size
No. time(MST) Lifespan (%ILS) (ml)
1 Group 1 (EAC control) 16.92+0.33 31.58 £0.15 10.74+0.03
2 Group 2(EAC+5-Flu) 38.17+0.21*** 97.33+0.34*** 29.50 £0.18*** | 4.21+0.04***
3 Group 3 [EAC+ RT(250mg)] 27.17+0.24*** 63.09+0.54*** 36.17 £0.25*** | 8.18+0.04***
4 Group 4 [EAC +RT(500mg)] 31.42+0.15*** 82.29+0.34*** 26.33 £0.24*** | 6.15+0.04***

Values are expressed as Mean + SEM, n=6, *** P<0.0001

Table 2. Effect of flavonoid of Ruellia tuberosa (250, 500mg/kg, po/day/20days); 5-Fluorouracil (20mg/kg, ip/day/20
days) on EAC induced mice. Hematological parameter of solid tumour

SI.No Groups Hb (g %) RBC(loﬁcells/mmS) WBC(loscells/mmS)
1 Group 1(Normal control) 15.23+0.12 5.89+0.06 6.44+0.02
2 Group 2 (EAC control) 7.98+0.15 3.54+0.06 14.44+0.11
3 Group 3(EAC+5-Flu) 13.2140.15*** 4.70+0.05*** 8.40+0.06***
4 Group 4 [EAC + RT(250mg)] 9.26+0.13*** 2.86+0.18*** 12.10+0.22***
5 Group 5[EAC + RT(500mg)] 11.074£0.112*** 3.65+0.14*** 9.89+0.45***

Values are expressed as Mean = SEM, n=6, *** P<0.0001
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Parameter Detail discussion

e The effect of flavonoid of Ruellia tuberosa on the
survival of tumours-bearing mice for the EAC control
group was 16.924+0.33days; where as it was
27.17+0.24days for Ruellia tuberosa (250 mg/kg/day p.o)
and 31.42+0.15days for Ruellia tuberosa (500mg/kg/day
i.p) treated groups. The MST 38.1740.21 for 5-
Fluorouracil (20mg/kg/day p.o) treated group.

e The ILS for Ruellia tuberosa (250 mg/kg/day p.o)
was increased to 63.09+0.54 %, for Ruellia tuberosa (500
mg/kg/day p.o) it was increased to 82.29+0.12 % and the
MST of 5-Fluorouracil (20mg/kg/day p.o) was increased
to 97.33+0.34% and is shown in Table 2.

e There was reduction in the tumour volume of mice
treated with the extract as (P<0.0001) shown in Table 1.
Tumour volume of EAC control animals (20" day) was
10.7440.03 ml, whereas for the group treated with Ruellia
tuberosa (250mg) it was 8.184+0.04 ml and 6.15+0.02 ml
for Ruellia tuberosa (500mg). Fluorouracil treated group
was 4.21+0.04 ml, thus produced a significant reduction
in the tumour volume.

e The effect of Ruellia tuberosa and 5-Fluorouracil on
the body weight of tumour-bearing mice is shown in
Table 1. The body weight of the EAC control group was
31.58 £0.15g, whereas it was 36.17 +0.25g for Ruellia
tuberosa (250mg) and 26.33 +0.24g for Ruellia tuberosa
(500mg) treated groups. The body weight for 5-
Fluorouracil treated group was 29.50 +0.18g.

e Hematological parameters of EAC control group on
Day 15 showed significant changes when compared to the
Vehicle control mice as shown in Table 2. In EAC control
the total WBC count was found to increase with a
reduction in the hemoglobin content and the RBC count.
On the other hand, flavonoid of Ruellia tuberosa
treatment could change these altered parameters to near
normal values in a dose dependent manner, and the
highest dose of Ruellia tuberosa has produced a superior
effect which is comparable to 5-Fluorouracil.

e The standard group receiving 5 Fluoro Uracil, The
Section studied shows liver parenchyma with intact
architecture. The liver parenchyma and central veins
appear normal. Most of the sinusoids appear dilated and
congested.

e  The Kidney’s architecture is intact. The Glomerulus
shows normal cellularity. Tubules appear normal. Some
of the blood Vessels are dilated and congested.

e The 3rd group receiving 100mg of extract of Kigelia
Africana Section studied shows liver parenchyma with
intact architecture. Some of the sinusoids appear dilated.
There is few periportal inflammatory infiltration
comprising of predominantly lymphocytes. Few of the
veins appear congested.

e Kidney’s architecture is Intact. Glomerulus shows
normal cellularity. The mesangium appear within normal
limits. Tubules and Interstitium appear normal. And few
blood vessels are congested.

Histopathology of Liver and Kidney of EAC induced Solid tumor
Fig 1. Liver - EAC Control Fig 2. Kidney - EAC Control
2 X ot I

...
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Fig 9. Effect of flavonoid of Ruellia tuberosa on % Increase in Lifespan, Body Weight & Tomour size
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Cancer is a term describing conditions
characterized by unscheduled and uncontrolled cellular
proliferation . It is a very common disease, and its
incidence is increasing at an average annual rate of 1.2%
(29 L ately, there has been improvement in the treatment
strategies of cancer, which has resulted in prolonged
survival of patients with chronic cancer disease. However
there is a growing need for additional means of cancer
therapy, in the form of both palliative and curative
treatments. The strategies available today, are
sophisticated, and are only able to affect 50 to 60% of
cancer patients, while the others will eventually die from
the disease (Ponder BAJ, 2001; Verweij J and De Jong
MJA, 2003; Talback M et al., 2003).

The present study was carried out to evaluate the
anticancer activity of flavonoid of Ruellia tuberosa in
Ehrlich Ascites Carcinoma induced breast and solid
tumour. The anticancer activity of Ruellia tuberosa was
screened with respect to the following parameters:

e Mean Survival Time

e Percentage increase in life span (%ILS)
e Tumour size

e Body weight

o Histopathological Studies

In Invivo studies, the reliable criteria for judging
the value of anticancer drug are prolongation of life span,
inhibition of gain in average body weight and decrease of
WBC from blood (Anonymous 2). Besides these,
decrease in the tumour volume and viable tumour cell
count observed in the present experiment can be
considered as an important indication of the reduction of
tumour burden and enhancement of life span of EAC
bearing mice. An increase in the life span of ascites
bearing animals by 25% is considered as indicative of
significant drug activity (Clarkson BD, Burchenal JH,
1965). The results of the present study showed an anti
tumour effect of pure compound extract of Ruellia
tuberosa against EAC in swiss Albino mice. A significant
(P<0.0001 for the plant extract) enhancement of MST,
decrement of gain of average body weight and decrease of
WBC count were observed.

A growing body of research suggests that ROS
play a crucial role in cancer development. Cancer cells
produce high levels of the ROS superoxide anion (O,¢-)
and hydrogen peroxide (H,0,), and it has been
demonstrated that an increase in the cellular levels of
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O,*—and H,0, can induce cell malignant transformation.
Non-cytotoxic levels of O,*—and H,0, can induce DNA
alterations and play an important role in key aspects of
carcinogenesis, including cell proliferation, apoptosis
resistance, angiogenesis and  invasion/metastasis.
Accordingly, the malignant phenotype of cancer cells can
be reversed just by increasing the levels of the O2+— and
H,0,-detoxifying enzymes superoxide dismutase, catalase
or glutathione peroxidase. Because Ruellia tuberosa
contains flavonoid like leuteolin, 6-hydroxyluteolin-7-
alpha-glucoside and its glycosides, leuteolin have known
antioxidant properties, it makes sense to think that the
antioxidant activity of this flavonoid is a key mechanism
involved in its cancer preventive activity (Andreani A et
al., 1983).

Usually, in cancer chemotherapy the major
problems that are being encountered are of
myelosuppression and anaemia (Hogland HC, 1982). The
anaemia encountered in tumour bearing mice is mainly
due to reduction in RBC or Haemoglobin percentage, and
this may occur due to iron deficiency or due to haemolytic
or myelopathic conditions (Fenninger LD, Mider GB,
1954). The analysis of the haematological parameters
showed minimum toxic effect in mice treated with the
flavonoid plant extract of Ruellia tuberosa. After 20days
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