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SUMMARY

In the present study, the ethanolic leaf and bark extract of Wrightia tomentosa were tested for
comparative in vivo antitumour properties against Ehrlich ascites carcinoma (EAC) tumour
bearing mice at 100 and 200 mg/kg body weight doses given orally once daily for 16 days. The
EAC mice receiving 100 and 200 mg/kg ethanolic leaf and bark extract showed a dose dependent
elevation in tumour - free survival and a highest number of survivors were observed at 200 mg/
kg for leaf extract of ethanol, which was considered as an optimum dose for its anti neoplastic
action. The Median survival time for this dose was approximately 44 days when compared with
23 days of non-drug treated controls. The results indicate that the administration of leaf extract
not only increased the survival of animals with ascites tumour and reduced packed cell volume
and viable tissue cell count, but also altered many hematological parameters changed during
tumour progression, indicating the potent antitumour nature of leaf extract than the bark extract.
Statistical analysis also reveals that the leaf extract showed highly significant anti tumour potency
(p < 0.001) when compared with control.
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INTRODUCTION

Among the diseases of man, cancer is most feared
and baffling. There are several hundred different
types of cancer and these are associated with rapid
and uncontrolled formation of abnormal cells in
the body (Sammbamurty and Subrahmanyam,
1994). Because cancer can spread, it is important to
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find out as early as possible if a tumour is present
(Ranajit, 2004) and if it is cancer.

Plant based medicines have definitely found a
role in this type of treatment and the mechanism of
interaction between many phytochemicals and
cancer cells has been studied extensively (Harry
et al., 1999). Hence, a major portion of the current
pharmacological research is devoted to anti tumour
drug design customized to fit new molecular targets
(Minami et al., 2004).

There are examples of successful drugs obtained
from plant sources which have had a profound
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impact in the field of cancer. World wide efforts are
on to discover new antitumour agents from plants
(Cragg et al., 2000; Da Rocha et al., 2000; Cragg and
Newman, 2005).

Wrightia tomentosa is a small deciduous tree
reaching 12 meter height, found throughout the
warmer parts of India, ascending to an altitude of
600 m in the Himalayas and to 1,200 m in the
Nilgiris (Anonymous, 1985). Various parts of this
plant have been recognized to possess several
medicinal properties in the folklore system of
medicine. The stem and root bark are believed to
be useful in snake bites and scorpion stings
(Nadkarni and Nadkarni, 1976). The preparations
from the bark are also given in menstrual and renal
complaints (Basu and Kirtikar, 1973). A novel
isoflavone, wrightiadione isolated from the plant
possess cytotoxic activity against the murine P**
lymphocytic leukemia cell line (Geoffrey et al.,, 1992).
The butanol extract of Wrightia tomentosa bark and
leaf were also reported to possess antibacterial
properties (Nagarajan et al., 2006). The ethanolic
bark extract of Wrightia tomentosa was found to
possess maximum antihyperglycemic activity in
streptozotocin induced diabetic rats (Nagarajan et
al., 2008). The ethanolic bark & leaf extract of
Wrightia tomentosa possesses significant anti-allodynic
effects (Nagarajan et al., 2007) with no observable
signs of toxicity (Nagarajan et al, 2007). The
alcoholic extract of Wrightia tomentosa dried bark
was reported to exhibit markedly high anti-oxidant
activity (ICs value of 75.0 mg/ml from DPPH
radical scavenging assay), suitable for prevention
of human disease (Nagarajan et al., 2008). The leaf
extract (100 mg) of Wrightia tomentosa has proved
to be extremely useful against non-tuberculous
mycobacterium infections (Nagarajan et al., 2008),
which are becoming a major concern for hospitals
and medical clinics.

The objective of the present investigation is to
assess the comparative anti-tumour potency in vivo
in Ehrlich ascites tumour cells bearing mice with
leaf and bark extract of ethanolic fractions of

Wrightia tomentosa.
MATERIALS AND METHODS

Plant material and extraction

The dried wood bark and leaves of Wrightia tomentosa
(Family: Apocynaceae) were obtained from Yercaud
hills, India. The plant materials were identified
(Basu, 1991; Matthew, 1982) & authenticated as
leaves and wood bark of Wrightia tomentosa by
Mr. Dhiravia Das of the Botany department,
Bharathidasan University, Trichy. Both the leaves
and bark were extracted successively with petroleum
ether (60 - 80 °C) and ethanol using soxhlet’s extractor
till the materials were exhausted as indicated by a
blank thin layer chromatography. The extracts
were concentrated under vacuum & dried, preserved
in a refrigerator at 4 °C until further use.

Drug and chemicals

5-Fluorouracil (5-FU) was obtained from Ranbaxy
Ltd., Gurgaon, India. Tryphan blue was obtained
from Hi-Media Laboratories Ltd., Mumbai, India.
All the chemicals used were of analytical grade.

Tumour cells

Ehrlich ascites carcinoma (EAC) cells were supplied
by Amala Cancer Research Centre, Trissur, Kerala,
India. The cells were maintained in vivo in swiss
albino mice by intra peritoneal transplantation.
EAC cells aspirated from the peritoneal cavity of
mice were washed with saline and given intra
peritoneally to develop ascitic tumour.

Animals

Healthy Swiss Albino mice of both sex weighing
between 18 - 25 g were obtained from the animal
house, Periyar College of Pharmaceutical Sciences
for Girls, Trichy, India. The mice were grouped
and housed in polyacrylic cages and maintained
under standard conditions (25+2 °C) with12+1h
dark/light cycle. The animals were fed with rat
pellet feed supplied by Hindustan Lever Litd.,
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Bangalore, India and water ad libitum. All the
procedures were reviewed and approved by CPCSEA,
Chennai, India (No. PCPSG/IAEC/265A).

Tumour transplantation procedure

EAC in ascitic form was selected for the present
study, where the tumour cell was known to grow
as uniform cell suspension in the abdominal cavity
of the host. EAC being maintained in the ascitic
form in swiss mice was carried out by serial
transplantation of tumour cells intraperitoneally in
5 -6 weeks old mice. Very well developed ascitic
tumour contains large number of neo plastic mono
nuclear cells produced around the 10 - 14" day of
tumour transplantation. The ascitic fluid of EAC
were drawn out from donor mice, diluted in saline
P" (0.9%) and aliquot (1x10° cells/ml) of the
diluted solution were injected in to the mice.

In vivo tumour growth inhibition and survival assays
The extracts of leaf & bark were evaluated for their
anti-tumour activity (Akamanchi et al., 1991) in
accordance with the U.S. National Cancer Institute
standard protocols (Anonymous, 1978) for primary
screening.

Swiss albino mice were divided in to seven
groups (n =15). All the animals were injected with
EAC cells (1 x10° cells/mouse) intraperitoneally
except for the normal group. This was taken as day
zero. Group I served as the normal control and
group II served as the tumour control. These two
groups received sodium chloride solution (0.9%
w/v). Group III, which served as the positive
control, was treated with the solution of 5-FU at 20
mg/kg body weight. Groups IV, V, VI and VII
were treated with ethanolic leaf extract at 100 and
200 mg/kg and with ethanolic bark extract at 100
and 200 mg/kg body weight doses, respectively.
All these treatments were given 24 h after the
tumour inoculation, once daily for 16 days.

After the last dose, six mice from each group
were sacrificed at the end of 21* day and tumour
volume was measured with vernier calipers. The

tumour volumes were estimated from two- dimensional
measurements: tumour volume (mm’) = (axb’)/2,
where a & b are the tumour length and width
(mm), respectively (Kokura et al., 1999). For the
survival analysis, results are expressed as percent
of mean survival time of treated animals (T) over
mean survival time of the control (Ahluwalia ef al.,
1984) group (C). The percentage of increased life
span (ILS%) was calculated according to the formula:
ILS% = (T-C)/Cx100. By NCI criteria, a T/C
exceeding 125% and an ILS exceeding 25% indicate
that the drug has significant antitumour acitivity
(Alley et al., 1995). Median survival times (MST) for
each group was noticed. The antitumour efficacy
of plant extracts were compared with 5-FU (20
mg/kg/day) for 16 days (Dilip and Pratima, 1994).
MST was noted with reference to control.

Ascites fluid is a direct nutritional source to
tumour cells, and the faster increase in ascites fluid
with tumour growth could possibly be means to
meet more nutritional requirements of tumour
cells (Giri and Prasad, 1994). Viability of ascitic
cells were checked by trypan blue (0.4% in normal
saline) dye exclusion test (Talwar, 1974; Fleischer et
al., 1978) and the count was taken in Neubauer
counting chamber.

Hematological studies

Blood was obtained from tail vein, 24 h after the
last dose. For total count, blood was drawn in to
RBC or WBC pipettes in proper dilution and
counted in Neubauer counting chamber. Hemoglobin
concentration was determined by Sahli’s Hemog-
lobinometer method (Dacie, 1958). Differential
count of leukocytes was done on freshly drawn
blood film using Leishman’s stain.

Statistical analysis

Results are expressed as means * S.E. of the
representative experiment; experiments were repeated
at least twice. Statistical significance was evaluated
using the student’s t test (Kobayashi and Pillai,
2003). P < 0.001 were considered significant.
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RESULTS

The effect of ethanolic leaf and bark extract of the
test drug on the survival time of the tumour
bearing mice showed the MST. The MST for the
Control group was 23 days, while it was 33 days
and 44 days for the groups treated with 100 mg &
200 mg/kg/day i.p. of ethanolic leaf extract of
Wrightia tomentosa. Mean while, the MST were 29
days and 39 days for the groups treated with 100
mg and 200 mg/kg/day ip of ethanolic bark
extract of Wrightia tomentosa. MST was compared
with standard drug 5-Fluoro uracil (20 mg/kg/
day i.p) which is having 49 days (Table 3).
Cytological studies of Leishman stained cell
smears have revealed a decrease in the number of
mitotic cells followed by the leaf & bark extract
drug treatment when compared with that of
control. The leaf extract (200 mg/kg) was found to
have maximum antitumour acitivity as the tumour
volume have been reduced from 4.8 ml to 2.3 ml at
the end of treatment. This tumour volume shows
that there was a negative change over compared to

Table 1. Effect of Leaf extract treatment on tumor growth

control (-52.08%), whereas the standard drug
5-Fluoro uracil represents the % decrease in
tumour volume as compared to control (-64.58%).
Among the extracts in different doses tested,
higher dose of leaf extract (200 mg/kg) of Wrightia
tomentosa was found to have better therapeutic
effect in reducing the tumour volume (-52.08%),
which was slightly lesser than the standard 5-FU
(-64.58%).

In addition to the above results, the viable tumour
cells count (1 x 10’ cells) also decreased drastically
and shows promising effect (-ve change over
control; -69.23%) with higher dose of the leaf
extract (200 mg/kg) and it was almost similar with
that of standard drug, 5-FU (-ve change over control;
-74.03%). Meanwhile, the non-viable tumour cells
count (1x10" cells) for leaf extract has been
increased as positive change with respect to control
(+75%), whereas the non-viable tumour cells count
using 5-FU has been increased remarkably high as
twice as the leaf extract (200 mg/kg) with positive
change over control (+125%) (Table 1).

The bark extract (200 mg/kg) have shown good

EAC Leaf

Groups control

mg/kg)

Change Leaf Extract Change 5FU
Extract (100 over Con- (200mg/ over Con- (20 mg/ over Con-
trol (%) ke)

Change

trol (%) kg) trol (%)

Tumour volume (ml)

48+0.68 34+0.89
Viable Tumor cells count x 10”7 10.4 + 0.56 5.4% + 0.23
Non viable Tumour cells count x10° 0.4 + 0.03 0.6 + 0.03

-2917 23*+0.09 -52.08 1.7**+£0.52 -64.58
-48.07 32*x0.06 -69.23 2.7**x0.14 -74.03
+50 07£0.03 +75 09£0.03 +125

Results are represented as mean + S.E.

*P < 0.01 vs Control + Positive change over compared to control
**P < 0.001 vs Control by Students ‘t’ test. - Negative change over compared to control

Table 2. Effect of Bark extract treatment on tumor growth

EAC Extract

Groups control

kg)

Change
(100mg/ over Con- (200mg/ over Con-
trol (%) kg)

Extract ~ Change 5FU Change
over Con-

wol (%) O™8/K8) "ol (o)

Tumour volume (ml)
Viable Tumor cells count x 107

48+0.68 3.6+0.93
10.4 +0.56 5.8* + 0.05
Non viable Tumour cells count x 107 0.4 +0.03 0.5 +0.03

-44.23

-25 27*%+01 4375 1.7%%£0.52 -64.58
42*+£0.08 -59.61 2.7**+014 -74.03
+25 08+0.04 +100 09+0.03 +125

Results are represented as mean + S.E.

*P < 0.01 vs Control + Positive change over compared to control
**P < 0.001 vs Control by Students ‘t’ test. - Negative change over compared to control
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Table 3. Anti tumour activity of the given plant extract Effect on Median Survival time of mice

Treatment Median Survival Time (days) Life span (%)
EAC + Control 23.2+1.51 100
EAC + Leaf (100 mg/kg) 325+£3.3 140.08
EAC + Leaf (200 mg /kg) 43.6+39 187.93
EAC + Bark (100 mg/kg) 293+23 126.29
EAC + Bark (200 mg/kg) 38.8+3.6 167.24
EAC + 5 - Fluoro uracil (20 mg/kg) 485+4.1 209.05

Data are represented as mean + S.E.; n = 10.

antitumour effect with respect to parameter groups
like tumour volume (-ve change over control;
-43.75%) and counting of viable tumour cells (-ve
change over control; -59.61%). The bark extract at
higher dose (200 mg/kg) showed increase in non-
viable cell count (1 x 10 cells) as compared with
EAC control (+100%). This result specifically
suggested that the ethanolic bark extract of Wrightia
tomentosa at higher dose (200 mg/kg) exhibited
antitumour effect by augmenting the positive
change (in %) four times over the respective
control (Table 2). The bark extract (100 mg/kg) was
found to have negligible antitumour potency as the
volume reduced from 4.8 ml to 3.6 ml only.
Degenerative changes in the treated tumour cells
have been observed in the form of membrane
blebbing, vacuolated cytoplasm and a reduction in
the staining intensity.

Among the extracts tested with different parameter

groups (Table 1, 2), the leaf extract of Wrightia
tomentosa was found to have much more promising
antitumour potency at higher dose (200 mg/kg)
than the bark extracts tested at different doses.
Hematological parameters of tumour bearing
mice (Table 4) was found to be significant and
altered from the normal group. The total WBC
count was found to increase from 6.9 to 13 cells/ml
x 10° with the subsequent reduction of hemoglobin
content (16 to 13 gram %) of RBC tumour bearing
mice. The total number of RBC had shown a
modest change. In differential count of WBC, the
presence of neutrophil increases (28 to 76%), while
lymphocyte count decreases (66 to 22%) in tumour
bearing mice. At the same interval, ethanolic leaf
extract of Wrightia tomentosa (200 mg/kg/day)
have shown predominant antitumour activity by
restoring those altered parameters to near normal
(Hb = 16.2 gram%; Total RBC =1.37 cells/ml x 10";

Table 4. Effect of Wrightia tomentosa extract on Hematological Parameters

Total RBC Total WBC Differential Count %
Treatment Hb o Cells/m1  Cells /ml .
(gram %) % 10'° % 10° Lymphocyte Neutrophil Monocyte
Normal mice 161+02 1.38+£0.06 69+02 66+4.2 28+1.7 2+0.1
Tumour bearing mice 13.0+1.2 1.23+0.06 13+£0.7 22+1.2 76+4.2 3+0.2

Wrightia tomentosa leaf extract 14.8+0.9 1.28 +0.02
(100 mg/kg)

Wrightia tomentosa leaf extract 16.2+1.3 1.37 +0.04
(200 mg/kg)

Wrightia tomentosa Bark extract 14.2+0.4 1.24+0.04
(100 mg/kg)

Wrightia tomentosa Bark extract 15.8+0.4 1.32%0.6
(200 mg/kg)

50x09 43+4.3 47+03 29x0.03

58+09 58+24 3113 4 +0.02

43+0.03 40+£0.2 50+£38 25+0.04

5.4 +0.04 49+3.2 42+26 3+0.02

Data are expressed as mean + SE, n=6
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Total WBC = 5.8 cells/ml x 10°; Lymphocyte = 58%;
Neutrophil = 31%).

The student’s t-test, used to compare two groups
using the distribution of measured values & clearly
indicates that the test drug (leaf & bark) showed
significant antitumour acitivity (p < 0.001) when
compared with the control (Table 1, 2).

DISCUSSION

The greatest recent impact of plant derived drugs
is observed in the area of antitumour research,
where compounds such as taxol, vinblastine,
vincristine, and camptothecin have dramatically
improved the effectiveness of chemotherapy against
some of the dreaded cancers (Rates, 2001). Earlier
studies have shown cytotoxic properties of V.
tomentosa in murine P388 lymphocytic leukemia
cell line (Geoffrey et al., 1992). Ehrlich tumour is a
rapidly growing carcinoma with very aggressive
behaviour (Barbero et al., 2000). It is able to grow in
almost all strains of mice. The Ehrlich ascitic tumour
implantation induces per se a local inflammatory
reaction, with increasing vascular permeability,
which results in an intense edema formation,
cellular migration and a progressive ascitic fluid
formation (Fecchio et al, 1990). Based on these
observations, in the present study, the ethanol leaf
and bark extract of W. tomentosa were evaluated for
its comparative in vivo antitumour properties.

The results of the present study clearly
demonstrate the higher tumour inhibitory activity
of the leaf than the bark extract against transplantable
ehrlich ascites tumour cell line. The mechanism by
which these compounds mediate its antitumour
effect is still to be elucidated.

In comparing the leaf and bark extract
phytoconstituents, leaf extract possess large quantities
of flavanoids (Nagarajan et al., 2006). The presence
of flavanoids and triterpenoids are known to
possess antitumour properties (Kintzios, 2006). The
effect of leaf extract on cell proliferation is yet
unknown but certain structurally - related 4’ 5, 7 -

trihydroxy flavone (apigenin) is reported to inhibit
cell proliferation by arresting the cell cycle at the
G2/M phase (Matsukawa et al., 1994; Czyz et al,
2004). Inhibition of growth through cell cycle arrest
and induction of apoptosis appear to be related to
induction of p53 (Brandner et al., 1996; Kao et al.,
2005). Like wise, the action of the leaf extract could
also be mediated via cell cycle arrest at G2/M
phase due to the presence of flavanoids as
predominant active constituent. In conclusion, the
present study demonstrates the potent antitumour
properties of the ethanolic leaf extract than the bark
extract and the plant merits further investigation in
isolating its active constituents.

REFERENCES

Ahluwalia GS, Cooney DA, Jayaram HN, Johns DG,
Plowhan JP. (1984) Studies on the mechanism of
action of 2--D-ribofuranosyl thiazole4-carboxamide-
V:Factors governing the response of murine tumours
to tiazofurin. Biochem. Pharmacol. 33, 1195-1203.

Akamanchi KG, Beena Pannikar, Pannikar KR,
Sathish Nair C. (1991) Inhibitory effects of Ixora
javanica extract on skin chemical carcinogenesis in
mice and its antitumour activity. Cancer Lett. 60,
253-258.

Alley MC, Dykes DJ, Hollingshead M, Plowman ],
Simpson HL. (1995) Human tumour xenograft
models in NCI drug development. In: Anticancer
drug development guide: preclinical screening, clinical
trials, and approval Totawa: Humana, edited by
Teicher B, p.101, USA.

Anonymous (1978) Screening Data Summary
Interpretation, pp.14, US. Natl. Cancer. Inst.
Instruciton, USA.

Anonymous. (1985) The wealth of India: Raw material,
pp-590, Vol.1A, Index- 175, CSIR publications.,
New Delhi.

Barbero LG, Marquez ], Segura JA. (2000) Ehrlich
ascites tumour unbalances splenic cell population
and reduces responsiveness of T cells to Staphylococcus
aureus enterotoxin B stimulation. Immunology Lett.
74, 111-115.

Basu BD, Kirtikar KR. (1973) Indian Medicinal Plants,
pp.1583, 2™ Edn,, VolIII, International Book Distributors.,

2008 Oriental Pharmacy and Experimental Medicine 8(4), 408-415



414 K Nagarajan et al.

Dehradun.

Basu BD (1991) Indian Medicinal Plants, pp.612, Part
111, Bishen Singh Mahendra Pal Singh Publishers.,
Dehradun.

Brandner G, Fritsche M, Hess RD, Plaumann B,
Rimpler H. (1996) Flavonoids activate wild- type
p53. Oncogene 13, 1605-1614.

Cragg GM, Newman DJ, Snader KM. (2000) The
influence of natural products upon drug discovery.
Nat. Prod. Rep. 17, 215-234.

Cragg GM, Newman DJ. (2005) Plants as a source of
anti-cancer agents. J. Ethnopharmacol. 100, 72-79.
Czyz], Hulser DF, Irmer U, Mauz M, Zappe C. (2004)
Hierarchy of carcinoma cell responses to apigenin:
gap junctional coupling versus proliferation. Oncol.

Rep. 11, 739-744.

Dacie JV. (1958) Practical Hematology, pp.38, ] & A
Churchill Ltd., London.

Da Rocha AB, Mans DR, Schwartsmann G. (2000)
Anti- cancer drug discovery and development in
Brazil: Targeted plant collection as a rational strategy
to acquire candidate anti- cancer compounds. Oncologist
5, 185-198.

Dilip KG, Pratima S. (1994) Tea plant root extract as
an antineoplastic agent. Planta Med. 60, 106-109.
Fecchio D, Janear S, Russo M, Sirois P. (1990) Studies
on inflammatory response induced by Ehrlich
tumour in mice peritoneal cavity.Inflammation 14,

125-131.

Fleischer S, Hogberg J, Moldeus P, Orrhenius S,
Parker L. (1978) Methods in Enzymology, pp. 60-71,
Vol 52, Academic Press., New York.

Geoffrey AC, Gulacti T, Hermann L, Hildebert W,
John MP, Lee-Juian L, Nijsiri R. (1992) Wrightiadione
from Wrightia tomentosa. Phytochemistry 31, 4333-
4335.

Giri A, Prasad SB. (1994) Antitumour effect of Cisplatin
against murine ascites Dalton’s lymphoma. Indian J.
Exp. Biol. 32, 155-162.

Harry LB, James AD, Leland JC, Peter BK, Sara W.
(1999) Natural products from plants, pp.158, CRC
press, New York.

Kao MC, Lin JK, Way TD. (2005) Degradation of
HER?2/neu by apigenin induces apoptosis through
cytochrome c release and caspase -3 activation in
HER 2/neu-overexpressing breast cancer cells. FEBS
Lett. 579, 145-152.

Kintzios SE. (2006) Terrestrial plant derived anticancer
agents and plants used in anticancer research. Crit.
Rev. Plant Sci. 25, 79-113.

Kobayashi K, Pillai SK. (2003) Applied Statistics in
Toxicology and Pharmacology, pp.19, Oxford &
IBH Publishing Co.Pvt. Ltd., New Delhi.

Kokura S, Kondo M, Naito Y, Tainaka K, Yoshikawa
T. (1999) A novel cancer therapy based on oxygen
radicals. Cancer Res. 55, 1617-1620.

Matsukawa Y, Matsumoto K, Nishino H, Sakai T and
Sato F. (1994) Apigenin induces morphological
differentiation and G2-M arrest in rat neuronal
cells. Biochem. Biophys. Res. Commun. 204, 578-584.

Matthew KM. (1982) Illustrations on the Flora of the
Tamilnadu Carnatic, pp.973, Vol.2, The Diocesan
Press, Madras.

Minami M, Onodera s, Tashiro S, Wang D, Wang M,
Xia M, Ikejima T. (2004) Dracorhodin percholarate
induces apoptosis via activation of caspases and
generation of reactive oxygen species. J. Pharmacol.
Sci. 95, 273-283.

Nadkarni AK, Nadkarni KM. (1976) Indian Materia
Medica, pp.849, 3" Edn., Vol. I Popular Prakashan.,
Bombay.

Nagarajan K, Mazumder A, Ghosh LK. (2006) Comparative
anti-microbial evaluation studies of the extracts and
isolates of leaves & bark of Wrightia tomentosa.
Ancient Sci. Life. 26, 12-18.

Nagarajan K, Mazumder A, Ghosh LK. (2007)
Comparative anti-allodynic effects and toxicity
studies for the herbal Wrightia tomentosa leaf &
bark in Swiss albino mice. Pharmacologyonline 3,
294-307.

Nagarajan K, Mazumder A, Ghosh LK. (2007)
Toxicological evaluation and antinociceptive effects
of Wrightia tomentosa in mice. Nigerian J. Nat. Prod.
Med. 11, 64-66.

Nagarajan K, Mazumder A, Ghosh LK. (2008) Invitro
antioxidant activity of alcoholic extracts of Wrightia
tomentosa. Pharmacologyonline 1, 196-203.

Nagarajan K, Mazumder A, Ghosh LK. (2008) Evaluation
of anti-tubercular activity directly from Versa TREK
mycobottles using Wrightia tomentosa alcoholic
extracts. Pharmacologyonline 1, 486-496.

Nagarajan K, Mazumder A, Ghosh LK. (2008) Comparative
antihyperglycemic activity of alcoholic leaf and
bark extract of Wrightia tomentosa in streptozotocin

2008 Oriental Pharmacy and Experimental Medicine 8(4), 408-415



Comparative antitumour effects from leaf & bark of Wrightia 415

induced diabetic rats. |. Cell. Tissue Res. 8, 1289-1292. Sammbamurty AVSS, Subrahmanyam NS. (1994)

Ranajit Sen. (2004) Principles and Management of Medicinal plants in Industry, pp.9, Ist Edn., CBS
Cancer - A Practical Guide, pp.3, B.I. Publications Publishers & Distributors., New Delhi.
Pvt. Ltd., New Delhi. Talwar GP. (1974) Hand Book of Practical Immunology,
Rates SM. (2001) Plants as source of drugs. Toxicon. pp- 329-336, National Book Trust., New Delhi.
39, 603-613.

2008 Oriental Pharmacy and Experimental Medicine 8(4), 408-415




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


