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Background: North East India is a rich source of medicinal plants and a number of plant extracts are www.phcog.com

used by tribal peoples living in this area for various disorders. L.aspera is such a plant, traditionally DOI:

used as an antitumor agent. Aim: In the present study, aerial parts of L.aspera were investigated 10.4103/0973-1296.131022
for antitumor activity in Dalton’s lymphoma (DAL) bearing mice. The ability of plant extract in free
radical scavenging, neoangiogenesis inhibition and macrophage stimulation were also checked.
Materials and Methods: Based on the preliminary in vitro cytotoxicity studies ethyl acetate fraction
of L.aspera (EALA) was selected for the detailed study. DAL ascites tumor model was performed
to check the antitumor activity of EALA (200 and 400mg/kg of body weight). Hematological and
histopathological parameters were estimated. Antioxidant levels, neoangiogenesis and peritoneal
macrophage count were also determined. Results: /n vitro MTT and Trypan blue assay results
showed the cytotoxic effect of EALA in DAL cells lines. EALA treatment resulted in significant
decrease in ascites tumor volume and viable cell count. Hematological and liver antioxidant
parameters were normalised by EALA treatment. It was also found that EALA treatment inhibits
neovascularisation and produce macrophage stimulation in treated mice. Conclusion: The results
showed that EALA is a promising anticancer agent and its activity is comparable to the standard
drug 5-Flouro uracil (5-FU).
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INTRODUCTION

Cancer is one of the most serious diseases that damage
human health in the modern world and the second largest
deadly disease just below heart disease.l! Currently available
anticancer drugs like alkylating agents, anti-metabolites,
apoptosis inducers, cell cycle inhibitors and hormonal
regulators are harmful to the normal cells in great extent.
So, there is an increased interest in new drug molecules
of plant origin as they are less likely to cause serious
side effects.”) Recent studies show that oxidative stress
and neoangiogenesis plays good role in the initiation and
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development of cancer.P! It is also reported that activated
macrophages have an important role in cancer therapy,
since they can kill tumor cells.!! Studies are claiming that
ingestion of natural antioxidants reduces the risk of
arthritis, cardiovascular diseases, cancer and other diseases
associated with ageing.*® Hence; the development of an
anticancer plant molecule with antioxidant, neoangiogenesis
inhibition and macrophage stimulatory properties may
improve the conventional anticancer treatment.

L.asperais a weed plant, widely available in Assam and used
in indigenous system of medicine for vatiety of ailments.”
Literature survey reveals that extracts of L.aspera exhibit
analgesic, anti-inflammatory, anti-arthritic and anti-pyretic
efficacies.®) Extract prepared from root parts of the
plant showed significant antinociceptive, antioxidant and
cytotoxic activities.” The present study was designed to
evaluate the antitumor effect of L.aspera in DAL bearing
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mice, with emphasis on antioxidant, anti-angiogenesis and
macrophage stimulatory properties of the plant extract.

MATERIALS AND METHODS

Drugs and chemicals

Trypan blue, MTT (3-(4, 5-dimethylthiazol-2-yl)-2,
5-diphenyltetrazolium bromide), RPMI medium, Foetal
bovine serum (FBS), 5-FU, Lowry reagent, Folin ciocaltease
reagent, DTNB (5, 5-dithio-bis-(2-nitrobenzoic acid),
Catalase assay kit (Lot#062M4144V) and SOD assay
kit (Lot#BCBJ2137V) were purchased from Sigma Aldrich.

All other chemicals used were of analytical grade.

Animals

The study was carried out using Swiss albino mice weighing
20 £ 5 gm. They were obtained from the Central Animal
Facility of National Institute of Pharmaceutical Education
and Research, Guwahati. The mice were grouped, housed in
polyacrylic cages and maintained under standard laboratory
conditions (temperature 25 * 2°C) with light/dark
cycle (12/12 h). They were allowed free access to standard
dry pellet diet and water ad /ibitum. All experimental studies
were done after getting permission from the Institutional
Animal Ethics Committee, Gawahati Medical College,
Guwahati (MC/32/2012).

In vitro cytotoxicity studies

A Pilot study (Trypan blue and MTT assay) of various
extracts of L.aspera were performed in DAL cells and the
ethyl acetate fraction showed good results as compared
to the other extracts. Hence EALLA was selected for the
detailed study.

Evaluation of in vitro antitumor property
Experimental design

Swiss albino mice (7 = 6) were divided in to 5 groups:

e  Group 1: Normal control (0.5% CMC 10 ml/kg p.o.)
Group 2: Tumor control (0.5% CMC 10 ml/kg p.o.)
Group 3: Standard control (5-FU 20 mg/kg i.p.)
Group 4: Testl (EALA 200 mg/kg p.o.)

Group 5: Test2 (EALA 400 mg/kg p.o.).

All the animals were injected with DAL cells (1 X 10°cells/
mouse) 1.p, except the normal group, for the development
of ascites tumor. After 24h of tumor inoculation,
treatments were given daily for a period of 14 days as
described above.

Tumor growth response

All treatments were given continuously for 14 days as
described in the experimental design. On 15" day tumor
fluid aspirated from peritoneum and measured. The
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viability of the DAL cells was checked by try pan blue
assay.

Hematological parameters

On 15" day blood was collected from the above animals
by retro orbital plexure method. Whole blood was used for
the estimation of hemoglobin (Hb) content,"” red blood
cells (RBC) count, and white blood cells (WBC) count.
RBC and WBC counting was performed using Countess
cell counter.

Antioxidant parameters

After collection of blood samples, the mice were sacrificed.
Then the liver was excised, rinsed in ice cold normal saline
followed by ice cold 10% KCI solution, blotted, dried
and weighed. A 10% (w/») homogenate was prepared
in ice cold KCI solution and centrifuged at 1500rpm
for 15 min at 4°C. The supernatant thus obtained was
used for the estimation of lipid peroxidation (LPO),!"!
glutathione (GSH),I"” and total protein (TP).I"! Super
oxide dismutase (SOD) and Catalase (CAT) level were
checked using respective kits according to manufacturer’s
instruction. A part of the dissected liver from all the
groups were cleared off of the surrounding tissues and
used for histological study.

Antiangiogenic study

After sactificing the animals on 15* day, petitoneum of the
mice were removed and the inner lining of the peritoneal
cavity were examined for angiogenesis. Photographs of
the peritoneal linings were captured. Histopathological
specimen of peritoneum was prepared as described
above. The sections were observed under low power light
microscope to identify the highly vascularised areas. The
micro vessel density (MVD) was counted in ten fields of
these vascularised areas under low power focus and the
average MVD was noted.!"

Macrophage stimulation study

Swiss albino mice were divided in to 3 groups containing
6 animals. Group 1 was kept as control (0.5% CMC p.o).
Group 2 and group 3 mice were treated with EALA
200 mg/kg and 400 mg/kg p.o. All treatments were given
for a period of 7 days. On the 8™ day, peritoneal cavities
of the animals were washed with PBS and cells collected.
Peritoneal cells were counted using Countess cell counter.!"
Statistical analysis

Values were expressed as mean = SEM. Statistical analysis was
performed using one way ANOVA (Graph pad prism version 6)
followed by Dunnets posz hoc test and values of P < 0.05 were
considered to be statistically significant.
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RESULTS

Evaluation of in vitro antitumor property

Tumor growth response

Following the inoculation of DAL cells, there was profound
proliferation of tumor cells along with tumor fluid in the
peritoneal cavity of the mice. Both doses of EALA and
5-FU significantly reduced the amount of tumor fluid and
live tumor cell count (*P < 0.001) as compared to tumor
control. Moreover, plant extract treatment increased the
number of dead cell count [Table 1].

Hematological parameters

On 15" day, hematological parameters were estimated.
It was found that in tumor control group, the RBC and
Hb counts were drastically reduced, but WBC count
became doubled as compared to negative control. In
treatment group (EALA 400 mg/kg) and 5-FU group,
there were no significant changes in hematological
parameters [Figure 1].

Antioxidant parameters

It was found that liver antioxidant markers like Catalase,
SOD and GSH level were reduced significantly (*P < 0.001)
in DAL control group as compared to negative
control. But the Malon di aldehyde (MDA) content
of DAL control group was elevated markedly. It was
observed that, treatment with both doses of EALA
and standard drug were restored the liver enzyme

levels [Figures 2-5]. Histological examination of the
liver tissue was performed to check the hepatoprotective
effect of EALA. Steatosis and lymphocyte accumulation
were widely observed in DAL tumor group while animals
treated with EALA 400 mg/kg showed almost normal
liver histology [Figure 0].

Anti-angiogenic study

The peritoneum of DAL tumor control mice showed
greater number of blood vessels. The peritoneum
photographs showed that both doses of EALA inhibited
the tumor induced new blood vessel synthesis [Figure 7].
The hematoxylin and eosin stained peritoneal tissue sections
showed increased MVD in DAL tumor group as compared to
the treatment group [Figure 8]. MVD count analysis showed
that EALA 400 mg/kg and EALA 200 mg/kg significantly
inhibited the neoangiogenesis (*P < 0.001), (°P < 0.01)
respectively [Figure 9].

Macrophage stimulation study

Average peritoneal cell count of normal mouse was
found to be 5.1 X 10°cells/ml. The treatment with EALA
200 mg/kg and EALA 400 mg/kg significantly increased
the peritoneal cell count (*P < 0.001) and (*P < 0.001)
respectively. Seven days continuous treatment with
EALA 400 mg/kg elevated the peritoneal cell count to
7.8 X 10°ells/ml [Figure 10].

Table 1: Effect of EALA on tumour growth response in DAL mice

Parameters DAL control DAL+EALA 200 mg/kg DAL+EALA 400 mg/kg DAL+5-FU 20 mg/kg
Tumour volume (ml) 9.62+1.23 3.87+0.942 2.41+0.67° 1.34+0.24°

Live cell count (x10° cells/ml) 15.01+1.12 3.49+0.532 2.61+£0.472 1.45+0.29°
Dead cell count (x108 cells/ml) 1.45+0.34 2.87+0.46 3.4+0.52 3.8+0.64

Values are expressed as mean+SEM (n=6), °P<0.001 as compared to DAL control group. EALA: Ethyl acetate fraction of L.aspera; DAL: Dalton’s lymphoma
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5-FU 20 mg/kg
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Figure 1: In vitro cytotoxic effect of EALA on DAL cells by trypan blue
exclusion assay. All values are mean + SEM, n=6. IC50 for EALA =
29.4 pg/ml; and 5-FU = 28.2 pg/ml
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Figure 2: Effect of EALA and 5-FU on mean survival time in DAL
bearing mice. Values are expressed as mean + SEM (n=6), 2P<0.001
as compared to DAL control group

Pharmacognosy Magazine | April-June 2014 | Vol 10 | Issue 38



Augustine, et al.: Anti-cancer activity of Leucas aspera

B3 Negative control
E=3 DAL control

1.09 =3 EALA 200 mg/kg
@@ EALA 400 mg/kg
£ oa. 5-FU 20 mg/kg

:?o.s- T 7
£ o %
: %
Q 0.2- /
.
_

0.0- T

Figure 3: Effect of EALA and 5-FU on percentage increase in life span
in DAL bearing mice. Values are expressed as mean (n=6)
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Figure 4: Effect of EALA and 5-FU on change of body weight in DAL
bearing mice. Values are expressed as meant SEM (n=6), 2P<0.001
as compared to DAL control group
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Figure 5: Effect of EALA and 5-FU on antioxidant parameters
(Catalase) in DAL bearing mice. Values are expressed as mean+ SEM
(n=6). 2P<0.001 as compared to DAL control group
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DISCUSSION

Plants have served as a good source of antitumor agents
and a large number of plants possessing anticancer
properties have been documented.!'" It is well established
that oxidative free radicals are promoting carcinogenesis
and many plant extracts containing antioxidant principles
have been reported to possess antitumor activity.!"”
So we have selected L.aspera, a folklore plant in which
antioxidant and cytotoxic properties have been already
reported.®

On the basis of i vitro cytotoxicity study results EALA was
forwarded to further iz vivo studies. Ascitic tumor study
showed that, EALLA lowered the tumor volume and live cell
count as compared to tumor control group. Moreover EALA
treatment increased the no of dead cells also. These results
could indicate either a direct cytotoxic effect of EALA on
tumor cells as evidenced by the 7 vitro studies or an indirect
local effect, which may involve macrophage activation."”!

Hematological data of tumor control group showed that
animals were suffering from loss of RBCs, severe anemia
and accumulation of WBCs. The anemia encountered in
DAL mice is mainly due to reduction in RBC or hemoglobin
percentage and this may occur either due to iron deficiency
ot due to hemolytic or myelopathic conditions.? It was
found that EALA therapy restored the RBC and Hb level in
treated mice. The significant rise of WBC in DAL induced
group might be a defensive mechanism against cancer
cells.? As the tumor development was reduced by EALA
treatment, the WBC count also become normal.

DAL tumor group showed a sharp fall in antioxidant
parameters like GSH, Catalase and SOD levels with
elevated levels of lipid peroxidation. It was observed that
tumor cells produced more peroxides when they proliferate
actively after inoculation of tumor. This rise in peroxides
indicated the occurrence of intensification of oxygen free
radical production.” Antioxidant molecules, such as GSH
and vitamin E and C as well as antioxidant enzymes such
as SOD, Catalase and glutathione peroxidase, have been
long believed to have protective and anticancer activities
by scavenging excess of free radicals. In the current study,
L.aspera therapy restored the antioxidant levels and reduced
the MDA content in tumor animals which may be due to
the antioxidant and free radicles scavenging ability of the
plant. Many studies reported that plant derived extracts
containing antioxidant principles showed cytotoxicity
towards tumor cells and antitumor activity in experimental

animals.!"”!

The histological examination of the liver of DAL control
animals showed marked changes indicating the toxic effects
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Figure 6: Histology of liver stained with H and E (x100) of mice from the different groups, on day 15 of the experiment (n=6). A: Hepatocytes,

B: lymphocytes, C: Portal area

S a0

Figure 7: Effect of EALA on neoangiogenesis in peritoneal tissue of DAL bearing mice

Figure 8: Histopathology of the peritoneal wall sections (x100) of DAL bearing mice treated or untreated with EALA on day 15 of the experiment

(n=6). The arrow head indicates neoangiogenesis

of the tumor. The normalization of these effects observed
in the tissues treated with EALA further supported the
potent hepato protective and antioxidant effects of the
extract.

Antiangiogenic activity of EALA was studied in DAL bearing
mice. A greater number of blood vessels were observed in the
peritoneum of DAL bearing control mice. The peritoneal wall
tissue of EALA treated mice exhibited significant decreases
in blood vessel formation compared to the DAL control;
especially large blood vessels were absent. Furthermore
the micro vessel density (MVD) analysis of peritoneal wall
sections demonstrated significant reduction in MVD count
in EALA treated group as compared to DAL control. All
these findings strongly indicated the Antiangiogenic effects
of L.aspera.

122

Indirect antitumor activity of EALA was also checked using
macrophage stimulation study. Peritoneal fluid of normal
mouse contains about 5 X 10° peritoneal cells/ml, among
which 50% are macrophages only.”l EALA treatment
for 7 days was found to enhance peritoneal cell count
significantly as compared to normal animals. These results
demonstrated the indirect effect of L.agpera on DAL cells,
probably mediated through enhancement and activation
of macrophages.

CONCLUSION

In conclusion, the ethyl acetate extract of L.aspera aerial parts
are effective in inhibiting the Daltons lymphoma 7 vitro and
in vivo. The biochemical and histological studies revealed that
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Figure 9: Effect of EALA on MVD count of the peritoneal section of
tumor bearing mice. Values are expressed as mean+ SEM (n=6).
3P<0.001, PP<0.01 as compared to DAL control group
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Figure 10: Effect of EALA in macrophage stimulation. Values are
expressed as mean+ SEM (n=6). 2P<0.001, ®°P<0.01 as compared to
vehicle control group

anti cancer effect of L.aspera mediated through macrophage
stimulation, anti angiogenesis and free radicles scavenging.
Further investigations are going in our laboratory for the
isolation and characterisation of the active principle and to
find the mechanism of action in molecular level.
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