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Objective: To investigate experimentally the possible antitumor effect of methanol extract (ME) of
Calotropis gigantea L. (C. gigantean) root bark and its petroleum ether (PEF) and chloroform (CF)
soluble fractions against Ehrlich ascites carcinoma (EAC) in Swiss albino mice. Methods: The
effects of ME (10 and 20 mg/kg), PEF (40 and 80 mg/kg) and CF (20 and 40 mg/kg) on the growth
of EAC and life span of EAC bearing mice were studied. Hematological profile and biochemical
parameters (SALP, SGPT and SGOT) were also estimated. Results: Results of in vivo study showed
a significant decrease in viable tumor cell count and a significant increase of life span in the ME
and CF treated group compared to untreated one. The life span of ME and CF treated animals was
significantly (P<0.05) increased by 43.90% (20 mg ME/kg) and 57.07% (40 mg CF/kg). ME and CF
brought back the hematological parameter more or less normal level. ME and CF also restored
the altered levels of serum alkaline phosphatase (SALP) and serum glutamate oxaloacetate
transaminase (SGOT). Conclusions: Methanol extract (ME) of C. gigantea root bark and its
chloroform soluble fraction (CF) possesses significant antitumor activity.

1. Introduction

One of the major limitations in the currently available
treatment modalities for cancer is their side effects|!]. Hence
alternate treatment for cancer is being tested. Plant derived
natural products such as flavonoids, terpenes, alkaloids and
so on have received considerable attention in recent years
due to their diverse pharmacological properties including
cytotoxic and cancer chemopreventive properties(2-31.
Information on the ethnopharmacologic use of plants has
given important lead in the cancer drug development. One
of the best approaches in search for anticancer agents from
plant resources is the selection of plant based on ethno
medical leads and testing the selected plant’s efficacy and
safety in light of modern science.

Calotropis gigantea L. (C. gigantea), locally known as
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Boro Akanda belongs to the Asclepiadaceae family and it
grows in tropical region and most abundant in Bangladesh,
India, Burma, Pakistan and in the sub Himalayan tractl4l.
Traditionally extracts and preparations from roots and
leaves of C. gigantea are used against abdominal tumours,
boils, syphilis, tuberculous, leprosy, skin diseases, piles,
wounds, rtheumatism and insect—bites. Root bark of this
plant is used in dysentery and as a purgative, alterative,
diaphoretic and emeticl5l. Antipyretic, analgesic,
anticonvulsant, anxiolytic, sedative, hepatoprotective,
wound healing, antidiabetic, larvicidal, anti-inflammatory
and anti—diarrhoeal activities of C. gigantea have been
scientifically provenl(6-14]. Several phytochemicals
have been isolated from C. gigantea and they include
cytotoxic cardenolides|15-17], antifeedant nonprotein amino
acidi18], naphthalene and terpene derivatives(19l, flavonol
glycosides|20], pregnanes|21-23], ursane—type triterpenoidslsl
and steroids(24-25]. In the present communication, the
crude methanol extract of root bark of C. gigantea and its
petroleum ether (40-60 °C) and chloroform soluble fractions
were evaluated for their antitumour activity against Ehrlich
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Ascites Carcinoma (EAC) cells in mice.
2. Materials and methods
2.1. Plant material

The root bark of C. gigantea was collected from the
relevant area (Meherchandi) of Rajshahi University
Campus, Rajshahi, Bangladesh in November, 2010. The
plant was taxonomically identified by Professor A. T. M.
Naderuzzaman, Department of Botany, Rajshahi University
and a voucher specimen (No. 1A. Alam, Collection date
15.08.2004) was kept in the Department of Botany, Rajshahi
University.

2.2. Extraction

The pulverized plant material (1.0 kg) was extracted with
methanol (2.0 L) at room temperature for two weeks. The
methanol extract was concentrated and yielded 38.6 g of a
crude extract (ME). The crude extract (25.0 g) was suspended
in H,0 and partitioned with petroleum ether (40-60 °C
) and chloroform successively to yield 13.8 g and 10.5 g
petroleum ether (PEF) and chloroform (CF) soluble fractions,
respectivelyl26].

2.3. Animals

Male Swiss albino mice (25-30 g) were procured from the
Animal Research Branch of the International Centre for
Diarrhoeal Diseases and Research, Bangladesh (ICDDR,B).
They were used throughout the study and housed in iron
cages in a controlled environment (temperature 25+2 °C and
12h dark/light cycle) with standard laboratory diet and water
ad libitum. Experiments were carried out in accordance
with the Ethical Committee Guidelines laid down by the
local committee regarding the care and use of animals for
experimental procedures.

2.4. Tumour cells

EAC cells were obtained by the courtesy of Indian Institute
for Chemical Biology (IICB), Kolkata, India and were
maintained by weekly intraperitoneal (i.p.) inoculation of 10’
cells/mouse in the laboratory.

2.5. Acute toxicity studies

An acute toxicity study relating to the determination of LD,
was performed in mice by the method of Lorkel27l. For each
sample, this method was carried out in twenty animals, four
per treatment group and widely different dose ranges of 100,
200, 400, 800 and 1 600 mg/kg body weight. Then after 24

787
hrs,

the mortality number caused by each test sample was
observed from which the median lethal dose (LD, of ME,
PEF and CF was determined.

2.6. Cell growth inhibition

In vivo tumour cell growth inhibition was carried out by the
method as described by Senthilkumar et all2s]. 2x10° EAC
cells were inoculated into 8 groups of mice (6 in each) on
day 0. The groups and the design of the experiment were as
follows:

Group 1: EAC + 2% Dimethylsulfoxide (DMSO)

Group 2: EAC + ME (10 mg/kg b.wt; i.p.)

Group 3: EAC + ME (20 mg/kg b.wt; i.p.)

Group 4: EAC + PEF (40 mg/kg b.wt; i.p.)

Group 5: EAC + PEF (80 mg/kg b.wt; i.p.)

Group 6: EAC + CF (20 mg/kg b.wt; i.p.)

Group 7: EAC + CF (40 mg/kg b.wt; i.p.)

Group 8: EAC + Bleomycin (0.3 mg/kg b.wt; i.p.)

Treatment was continued for 5 days and on day 6 after
tumour transplantation, animals were sacrificed. Tumour
cells were collected by repeated washing with 0.9% saline
and viable tumour cells per mouse of the treated group were
compared with those of control.

2.7. Studies on survival time, hematological and biochemical

[)(ll'(ll)l(?[(fli%'

Swiss Albino mice were divided into nine groups (n = 12).
All the animals were injected with EAC cells (2x10° cells/
mouse) intraperitoneally except for the normal control group.
This was taken as day 0. Group 1 served as the normal
control and group 2 served as the tumour control. These two
groups received 2% DMSO. Group 3, 4, 5, 6, 7 and 8 were
treated with methanol extract and its petroleum ether and
chloroform soluble fractions at 10 and 20 mg/kg body weight,
respectively. Group 9, which served as the positive control,
was treated with bleomycin at 0.3 mg/kg body weight. All
these treatment were given 24 h after the tumour inoculation,
once daily for 10 days. Six mice from each group were
sacrificed on 14th day after tumor inoculation for the study of
hematological and biochemical parameters. Hematological
parameters (Hemoglobin, RBC, WBC and Differential count
of WBC) were measured from freely flowing tail vein blood
of each mice of each groupl29l. Then every mouse was
sacrificed and blood was collected by heart puncture. The
blood samples of each animal were allowed to clot for 45 min
at 4 °C. Serum was separated by centrifugation at 4 000 rpm
for 10 minutes and analyzed for serum alkaline phosphatase
(SALP), serum glutamate pyruvate transaminase (SGPT) and
serum glutamate oxaloacetate transaminase (SGOT) in an
Bioanalyzer (Microlab 200) using commercial kits (Atlas
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Medica, UK). The rest of the animal groups were kept to
check the survival time of EAC—tumor bearing mice.

2.8. Statistical Analysis

All values were expressed as mean + SEM (Standard Error
of Mean). Statistical analysis was performed with one way
analysis of variance (ANOVA) followed by Dunnett’s i— test
using SPSS statistical software of 12 version. P<0.05 were
considered to be statistically significant when compared
with control.

3. Results

The LDy, value of ME, PEF and CF was evaluated in
Swiss albino mice and found to be 259.2, 905.1 and
482.5 mg/kg body weight, respectively. The average
number of viable tumour cells per mouse of tumour
control group was found to be (5.12 = 0.18) x 10’
cells/mL. Treatment with ME (10 and 20 mg/kg),
PEF (80 mg/kg) and CF (20 and 40 mg/kg) decreased the
viable cells significantly (P<0.05) (Figure 1A).

The effect of ME, PEF and CF on the survival of tumor—
bearing mice is shown in Figure 1B and 1C. The mean
survival time (MST) for the control group was 19.8+0.47 days,
whereas it was 26.8+2.14, 28.5+1.62 (P<0.05), 24.1+0.92, 25.1+
1.80, 26.51+1.43, 31.1£1.52 and 39.0+0.85 (P<0.05) days for the
groups treated with ME (10 and 20 mg/kg), PEF (40 and 80 mg/kg)
and CF (20 and 40 mg/kg) and bleomycin (0.3 mg/kg)
respectively. Among the test samples, the highest increase in
the lifespan of tumor—bearing mice treated with CF (40 mg/kg)
was found to be 57.07% as compared to the control group
whereas it was 96.97% for bleomycin (0.3 mg/kg). PEP did
not show significant efficacy to increase the MST of EAC cell
bearing mice.

Hematological parameters of tumor—bearing mice on day
14 showed significant changes when compared with the
normal mice (Table 1). The total WBC count was found to
increase with a reduction in the hemoglobin content of RBC.
The differential count of WBC showed that the percentage
of neutrophils increased (P<0.05) while that of lymphocytes
decreased (P<0.05). At the same time interval, ME (10
and 20 mg/kg) and CF (20 and 40 mg/kg) treatment could
change these altered parameters to near normal whereas no
significant change was found for PEF.

Mice of EAC control group showed significant (P<0.05)
increase in the activities of ALP and SGOT when compared
with the respective normal values (Table 1). Significant
(P<0.05) depletion in the activities of ALP and SGOT was
found by treatment with ME (at 10 and 20 mg/kg) and CF (20
and 40 mg/kg). At 0.3 mg/kg dose, bleomycin significantly
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(P<0.05) decreases the activities of ALP and SGOT. However
SGPT was not significantly altered by tumour growth in only
EAC cell bearing mice but treatment of ME (at 20 mg/kg) and
CF (at 40 mg/kg) increased SGPT (P<0.05) when compared
with only EAC cell bearing mice.
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Figure 1. Effect of ME, PEF and CF on EAC cell bearing mice.

A: Viable EAC cells on day 6 after tumor cell inoculation.

B: Mean survival time

C: % Increase in life span

Data are expressed as mean * S.E.M (n = 6); *P<0.05: between EAC
control and treated group.
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Effect of ME, PEF and CF on hematological and biochemical parameters of EAC cell bearing mice.

789

Treatment (mg/kg body weight)

Parameters Normal EAC + EAC+ME EAC+ME EAC+PEF EAC+PEF EAC+CF EAC + CF EAC + Bleomycin
Vehicle (10 mg/kg) (20 mg/kg) (40 mglkg) (80 mgrkg) (20 mg/kg) (40 mg/kg) (0.3 mg/kg)
Hgb (g/dL) 12.05+£0.34  6.61 +0.11* 8.16+0.21t 9.78 £0.19t 6.21+0.29 6.73 £0.16 9.51 +0.24t  10.15+0.25t  14.37 +0.25t
RBC(x10 cells/mL) 6.10£0.05 298 +0.04* 3.76 +0.03t 4.24 +0.03t 2.97 +0.04 3.28+0.09 4.01 £0.05t  4.56 +0.04t 4.90 +0.09t
WBC(x10° cells/mlL) 5.83+0.53 17.5+0.99*% 123 +0.66t 10.2+098 17.6+1.22 16.5+0.61 11.3+0.71t 8.16 +0.60t 9.37 £0.59t
Lymphocytes (%) 69.5+0.76 353 x1.17* 422130t 46.6+0.49t 342124 38.6x1.33 458149t 53.1+1.55t 68.25 +0.90t
Neutrophils (%) 26.6 £1.28  60.5+1.33*% 53.6+1.62 49.0+1.06t 62.5+1.64t 558+1.70 50.3 £1.40t 43.6+1.22t  28.87 +0.93t
Monocytes (%) 2503 2.6 +0.33 2.7 +0.34 2.5+0.42 2.0 +0.44 304036  2.5+0.22 2.1+0.42 2.00 +0.27
ALP (U/L) 113.1 £1.35 293.0 £1.70* 253.6 £1.38t 168.5 +1.24t 287.2 £1.66 266.6 +3.62 187.3 £1.57t 163.7 +1.25t  133.1 +0.72t
SGPT (U/L) 56.3+0.52 513=+1.12 53.0=x1.85 79.1+293t 51.5=+1.84 56.3x0.70 624+147 83.3=l1.16t 71.3 £0.36t
SGOT (U/L) 45.1 £1.10 290.3 £1.00* 205.2 £1.55t 154.3 +1.95t 287.9 £1.94 277.9 +1.58 206.1 £0.92t 184.7 +1.51t 80.0 +0.78t

Data are expressed as mean £S.E.M. for eight animals in each group. *P<0.05: against normal group and tP<0.05: against EAC control group.

4. Discussion

In EAC tumor bearing mice, a regular rapid increase in
ascitic tumor volume was observed. Ascitic fluid is the
direct nutritional source for tumor cells and a rapid increase
in ascitic fluid with tumor growth would be a means to
meet the nutritional requirement of tumor cells[30-36]. In
this investigation, treatment with ME and CF decreased the
viable tumor cell count and increased the life span of the
tumor bearing mice. The reliable criteria for judging the
value of any anticancer drug are the prolonga—tion of the life
span of animals(37. ME and CF by decreasing the nutritional
fluid volume and arresting the tumor growth increases the
life span of EAC—bearing mice. Thus, ME and CF has potent
antitumor activity against EAC bearing mice.

Myelosupression is a frequent and major complication of
cancer chemotherapy(38l. In this study, ME and CF treatment
and subsequent tumor inhibition resulted in appreciable
improvements in hemoglobin content, RBC and WBC
counts. These observations assume great significance,
as anemia is a common complication in cancer and the
situation aggravates further during chemotherapy since a
majority of antineoplastic agents exert suppressive effects
on erythropoiesisi39] and thereby limiting the use of these
drugs. The improvement in hematological profile of the
tumor bearing mice following the treatment with ME and CF
could be due to the action of the different phytoconstituents
present in the extract and fraction.

Numerous studies on the enzymes of carbohydrate
metabolism in cancer showed that actively dividing
neoplastic tissues require more energy than normal
cellsl40l. The consequent display of a high rate of glycolysis
in malignant conditions is clinically manifested in the
increased activity of several serum enzymesl41.42]. In our
study, fourteen (14) days of inoculation with EAC brought
the significant elevation in the levels of SGOT and SALP.
Treatment with ME and CF restored the elevated biochemical
parameters more or less to normal range thereby indicating
the protective effect on the tumour induced complications.

However some extent of hepatotoxicity was associated
with the treatment of ME (20 mg/kg) and CF (40 mg/kg)
as indicated by the elevation in the levels of SGPT. Some
phytochemicals present in ME and CF may be responsible
for this elevation.

The result of the present investigation is quite encouraging
and it explores in vivo the potent anticancer activity of ME
and CF of root bark of C. gigantea L. probably because
of its direct cytotoxic effect. No significant results were
obtained for PEF. In vitro some phytochemicals with potent
cytotoxic effect have already been reported from the
root bark of C. giganteal23.15). Our preliminary thin layer
chromatography (TLC) screening also showed that ME and
CF contained flavonoid, glycosides, saponin, steroids and
terpenoids type compounds. Many such type of compounds
are known to possess potent antitumor propertiesf43l. Further
investigations are in progress in the laboratory to identify
the active principles involved in this antitumor activity and
investigate the mechanism of inhibition.

Conlflict of interest statement

We declare that we have no conflict of interest.

References

[1] Joensuu H. Systemic chemotherapy for cancer: from weapon to
treatment. Lancet Oncol 2008; 9(3): 304

[2] Mann CD, Neal CP, Garcea G, Manson MM, Dennison AR,
Berry DP. Phytochemicals as potential chemopreventive and
chemotherapeutic agents in hepatocarcinogenesis. Eur J Cancer
Prev 2009; 18(1): 13-25

[3] Doughari JH, Human IS, Bennade S, Ndakidemi PA.
Phytochemicals as chemotherapeutic agents and antioxidants:
Possible solution to the control of antibiotic resistant verocytotoxin
producing bacteria. J Med Plant Res 2009; 3(11): 839-848.

[4] Ghani A. Medicinal plants of Bangladesh. 2nd ed. Asiatic Society



790

of Bangladesh: Dhaka; 2003.

[S] Mueen AKK, Rana AC, Kixit VK. Calotropis species
(Asclepiadaceae)—A comprehensive review. Pharmacogn Mag
2005; 1: 48-52.

[6] Chitme HR, Chandra R, Kaushik S. Evaluation of antipyretic
activity of Calotropis gigantea (Asclepiadaceae) in experimental
animals. Phytother Res 2005; 19: 454-456.

[7] Pathak AK, Argal A. Analgesic activity of Calotropis gigantea
flower. Fitoterapia 2007; 78: 40-42.

[8] Argal A, Pathak AK. CNS activity of Calotropis gigantea roots. J
Ethnopharmacol 2006; 106: 142—145.

[9] Lodhi G, Singh HK, Plant KK, Hussain Z. Hepatoprotective
effects of Calotropis gigantea exiract against carbon tetrachloride
induced liver injury in rats. Acta Pharm 2009; 59: 89-96.

[10]Deshmukh PT, Fernandes J, Atul A, Toppo E. Wound healing
activity of Calotropis gigantea root bark in rats. J Ethnopharmacol
2009; 125(1): 178-81.

[11]Rathod NR, Raghuveer I, Chitme HR, Chandra R. Free radical
scavenging activity of Calotropis gigantea on streptozotocin—
induced diabetic rats. Indian J Pharm Sct 2009; 71(6): 615-21

[12]Rahuman AA, Bagavan A, Kamaraj C, Saravanan E, Zahir AA,
Elango G. Efficacy of larvicidal botanical extracts against Culex
quinquefasciatus Say (Diptera: Culicidae). Parasitol Res 2009;
104(6): 1365-72.

[13]Adak M, Gupta JK. Evaluation of anti-inflammatory activity of
Calotropis gigantea (AKANDA) in various biological systems.
Nepal Med Coll ] 2006; 8: 156-161.

[14]Chitme HR, Chandra R, Kaushik S. Studies on anti—diarrhoeal
activity of Calotropis gigantea R.Br. in experimental animals. J
Pharm Pharm Sci 2004; 7: 70-75.

[15]Kiuchi F, Fukao Y, Maruyama T, Obata T, Tanaka M, Sasaki T,
et al. Cytotoxic principles of a Bangladeshi crude drug, akond mul
(roots of Calotropis gigantea L.). Chem Pharm Bull 1998; 46:
528-530.

[16]Seeka C, Sutthivaiyakit S. Cytotoxic cardenolides from the leaves
of Calotropis gigantea. Chem Pharm Bull 2010; 58(5): 725-728.

[17]Lhinhatrakool T, Sutthivaiyakit S. 19-Nor— and 18, 20—epoxy—
cardenolides from the leaves of Calotropis gigantea. J Nat Prod
2006; 69: 1249-1251.

[18]Pari K, Rao PJ, Devakumar C, Rastogi JN. A novel insect
antifeedant nonprotein amino acid from Calotropis gigantea. J Nat
Prod 1998; 61: 102-104.

[19]Gupta J, Ali M. Rare chemical constituents from Calotropis
gigantea roots. Ind J Pharm Sci 2000; 62: 29-32.

[20]Sen S, Sahu NP, Mahato SB. Flavonol glycosides from Calotropis
gigantea. Phytochemistry 1992; 31: 2919-2921.

[21]Shibuya H, Zhang R, Park JD, Back NI, Takeda Y, Yoshikawa
M. Chemical structures of Calotroposides C, D, E, F and G, five
additional new oxypregnane—oligoglycosides from the root of
Calotropis gigantea (Asclepiadaceae). Chem Pharm Bull 1992; 40:
2647-2653.

[22]Kitagawa I, Zhang RS, Park JD, Baek NI, Takeda Y, Yoshikawa
M, et al. Indonesian medicinal plants. I. Chemical structures of
calotroposides A and B, two new oxypregnane—oligoglycosides
A and B, from the root of Calotropis gigantea (Asclepiadaceae).
Chem Pharm Bull 1992; 40: 2007-2013.

[23]Zhu—Nian W, Mao—Yuan W, Wen-Li M, Zhuang H, Hao—Fu D.
A new cytotoxic pregnanone from Calotropis gigantea. Molecules
2008; 13: 3033-3039.

[24]Singh S, Bharti N, Chugh M, Naqvi F, Azam A. Activity of extracts

and procesterol from Calotropis gigantea against Entamoeba

M Rowshahul Habib et al./Asian Pacific Journal of Tropical Medicine (2011)786-790

histolytica. Nat Prod Commun 2010; 5(6): 867-8.

[25]Habib MR, Nikkon F, Rahman M, Haque ME, Karim MR.
Isolation of stimasterol and [ —sitosterol from methanolic extract
of root bark of Calotropis gigantea (Linn). Pak J Biol Sci 2007; 10:
4174-4176.

[26]Nikkon F, Habib MR, Saud ZA, Karim MR, Roy AK, Zaman S.
Toxicological evaluation of chloroform fraction of flower of Tagetes
erecta on rats. Int J Drug Dev & Res 2009; 1(1): 161-165

[27]Lorke DA. A new approach to practical acute toxicity testing. Arch
Toxicol 1983; 54: 275-287.

[28]Senthilkumar R, Manivannan R, Balasubramaniam A, Sivakumar
T, Rajkapoor B. Effects of ethanol extract of Pisonia aculeate
Linn. on ehrlich ascites carcinoma tumor bearing mice. Int J Green
Pharm 2008; 2(1): 50-53.

[29]Mukherjee KL. Medical laboratory technology. New Delhi: Tata
Mecgraw Hill Publishing Company Limited; 1988, p. 218-280.
[30]Shimizu M, Azuma C, Taniguchi T, Murayama T. Expression
of cytosolic phospholipase A2« in murine C12 cells, a variant
of 1929 cells, induces arachidonic acid release in response to
phorbol myristate acetate and Ca”* ionophores, but not to tumor

necrosis factor—a. J Pharmacol Sci 2004; 96: 324-332.

[31]0sman MA, MM Rashid, MA Aziz, MR Habib, MR Karim.
Inhibition of Ehrlich ascites carcinoma by Manilkara zapota L.
stem bark in Swiss albino mice. Asian Pac J Trop Biomed 2011;
1(6): 448-451.

[32]Mathan S, Smith AA, Kumaran J, Prakash S. Anticancer and
antimicrobial activity of Aspergillus protuberus SP1 Isolated from
marine sediments of South Indian coast. Chin J Nat Med 2011;
9(4): 286-292.

[33]Wang L, Ran Q, Li DH, Yao HQ, Zhang YH, Yuan ST, et al.
Synthesis and anti—tumor activity of 14—O—derivatives of natural
oridonin. Chin J Nat Med 2011; 9(3): 194—198.

[34]Ding GF, Huang FF, Yang ZS, Yu D, Yang YF. Anticancer
activity of an oligopeptide isolated from hydrolysates of sepia ink.
Chin J Nat Med 2011; 9(2): 151-155.

[351Jin Q, Nan JX, Lian LH. Antitumor activity of leaves from
Potentilla discolor on human hepatocellular carcinoma cell line
HepG-2. Chin J Nat Med 2011; 9(1): 61-64.

[36]Yuan P, Chen BA, Liu DL. Anticancer mechanisms and
researches of isothiocyanates. Chin J Nat Med 2018; 6(5):
325-332.

[37]Bala A, Kar B, Haldar PK, Mazumder UK, Bera S. Evaluation
of anticancer activity of Cleome gynandra on Ehrlich’s ascites
carcinoma treated mice. J Ethnopharmacol 2010; 129(1):
131-134.

[38]Hogland HC. Heamatological complications of cancer
chemotherapy. Sem Oncol 1982; 9: 95-102.

[39]Jules Hirsch MD. An anniversary for cancer chemotherapy. JAMA
2006; 296: 1518-1520.

[40]Scott SC, Davey M, Hamilton A, Norfolk DR. Serum enzyme
concentrations in untreated acute myeloid leukemia. Blut 1986;
52:297-304.

[41]Sagman U, Maki E, Evans WK. Small cell carcinoma of the lung—
derivation of a prognostic staging system. J Clin Oncol 1991; 9:
1639-1649.

[42]Bacci G, Picci P, Ferrari S. Prognostic significance of serum
alkaline phosphatase measurements in patients with osteosarcoma
treated with adjuvant or neoadjuvant chemotherapy. Cancer 1993;
71: 1224-1230.

[43]Kintzios SE. Terrestrial plant derived anticancer agents and plants
used in anticancer research. Crit Rev Plant Sci 2006; 25: 79-113.





