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ABSTRACT 

Cancer is one of the most life-affecting disease with many different 

types. Since most of the chemotherapeutic agents sold for the treatment 

of cancer are highly expensive, mutagenic, carcinogenic and side 

effects limit their applications,  the compounds derived from plants 

have a special role in anti-cancer treatment. Apoptosis is a highly 

organized physiological process to eliminate damaged cells and is 

involved in maintaining homeostasis. Therefore induction of apoptosis 

in cells has been considered as a methodology for the identification of 

anticancer drugs. Apoptosis are triggered by activation of extrinsic and  

intrinsic pathways, which results from activation of caspases. Sansevieria roxburghiana is an 

herb that is used for various ailments by traditional healers. The medicinal uses of S. 

roxburghiana include treatment for abdominal pains, earache, diarrhoea and hemorrhoids. In 

treating ear aches and hemorrhoids, the leaf of this plant is heated and the warm juice is 

squeezed onto the affected area. In the present study, Effect of methanol extract of leaves of 

S. roxburghiana on the activities of caspase-3, caspase-8, and caspase-9 were studied in 

HepG2 cancer cell line using caspase colorimetric assay which showed caspase-3 and 

caspase-9 activity whereas caspase-8 showed no activity suggesting, extrinsic apoptotic 

pathway is probably not involved in this process. 
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INTRODUCTION 

Recent studies on tumor inhibitory compounds of plant origin have yielded wide spectrum of 

chemical structures. Epidemiological studies suggest that consumption of diets containing 

fruits and vegetables, which are major sources of phytochemicals and micronutrients, may 

reduce the risk of developing cancer. Since many of the antitumor agents sold are non 

affordable, the search for an effective anti-cancer drug which would be non toxic, highly 

efficacious against multiple cancer, cost effective, palatable  and accepted by human 

population is an active research field.
[1] 

 

Certain products from plants are known to induce apoptosis in cells.
[2,3,4]

  Apoptosis or 

programmed cell death is a highly organized physiological process to eliminate damaged or 

abnormal cells and is involved in maintaining homeostasis in multicellular organisms.
[5]

 It 

also plays a major role in embryogenesis where apparently normal cells undergo apoptosis. It 

has become increasingly evident that apoptosis is an important mode of action for many anti-

tumour agents, including ionizing radiation  alkylating agents such as cisplatin and 

camptothecin.
[ 6,7,8]

  Apoptosis are triggered by activation of the death receptor (extrinsic) and 

mitochondrial (intrinsic) pathways, results from activation of members of cysteine protease 

family called caspases.
[9,10]

  Mitochondria are involved in a variety of key events, including 

release of caspase activators, changes in electron transport etc.
[11,12]

 Alterations in 

mitochondrial structure and function have been shown to play a vital role in caspase-9-

dependent apoptosis.
[13] 

by releasing apoptotic factors from mitochondria including 

cytochrome C. In this manner, released cytochrome C interacts with Apaf-1 and pro-caspase-

9 to form the apoptosome. Then caspase-9 cleaves and activates caspase-3, the executioner 

caspase, which cleaves poly (ADP-ribose) polymerase (PARP) and activates endonucleases 

leading to DNA fragmentation.
 [14]

 The caspase colorimetric provides a colorimetric substrate 

and a cell-permeable inhibitor that allows quantitative measurement of caspase (DEVD, 

IETD and LEHD ase), protease activity, which is an early regulatory event in the apoptotic 

cell death process. The colorimetric substrate is labeled with the chromophore  

p-nitroaniline (pNA) which is released from the substrate upon cleavage by the respective 

protease. Free pNA produces a yellow colour that is monitored by a spectrophotometer at 405 

nm. The amount of yellow colour produced upon cleavage is proportional to the amount of 

protease activity in the sample.
[13]
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MATERIALS AND METHODS 

Preparation of solvent extracts: The fresh leaves of Sansevieria roxburghiana were 

washed, air dried, cut into small pieces and pulverized in a mechanical blender. Powdered 

plant material was used for the preparation of solvent extracts. 

 

The pulverized leaves was mixed with sufficient quantity of solvent methanol. It was kept in 

rotary shaker at 100 rpm overnight and filtered with Whatman No.1 filter paper and 

subsequently subjected to lyophilization at – 47.5ºC.  The dried extract thus obtained was 

weighed and preserved at 4ºC for future use.
[14]

  

 

Caspase activation was measured using caspase colorimetric assay kits (Millipore) following 

the manufacturer's protocol. The HepG2 liver cancer cells were treated with 0 (control), 100, 

200, 300, 400 and 500 µg/ml of methanol extract and 2 µg/ml of camptothecin as positive 

control. Cells were collected and cell lysates were prepared by incubating 2×10
6
 cells/ml  

lysis buffer for 10 min on ice. Lysates were centrifuged at 10,000×g for 1 min. The 

supernatants (cytosolic extract) were collected and protein concentration was measured using 

Bradford protein assay method using Bovine Serum Albumin (BSA) as a standard. Protein 

extract (100 μg), was diluted in 50 µl cell lysis buffer for each assay. Cellular extracts were 

then incubated in 96-well microtiter plates with 5 µl of the 4mM p-nitroanilide (pNA) 

substrates, (DEVD-pNA for caspase -3, IETD-pNA for caspase -8, and LEHD-pNA for 

caspase -9), and incubated at 37°C for 2 h in the dark. Caspase activities were assessed in 

parallel by cleavage of the above substrates to free pNA. Free pNA (cleaved substrates) was 

measured by absorbance at 405 nm in a microtiter plate reader. Relative caspase activity was 

calculated as a ratio of the absorbance of treated cells to untreated cells.
[15] 

   

RESULTS AND DISCUSSION 

Caspase activity 

Effect of methanol extract of S. roxburghiana leaves on the activities of caspase-3, caspase-8, 

and caspase-9 were examined in HepG2 cells (Table 1). The results showed a significant 

increase in caspase activity in the HepG2 cell line by the proteolytic cleavage of caspase-3 

and caspase-9 only. Activation of Caspase- 8 was not observed in the assay. In a dose 

dependent proteolytic cleavage of caspase activity, 500 µg/ml of methanol extract showed an 

increase in the fold of caspase-3 and caspase-9 activity of 150 and 165 respectively which 

were comparable to the standard Camptothecin that showed a fold of caspase activity of 152 

and 171. 
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Table 1: Caspase activity of methanol leaf extract of S. roxburghiana  

on HepG2 cancer cell line 

 

Apoptosis is characterized by chromatin condensation and is mediated by caspases.
[16,17]

  The 

family of caspases regulates apoptosis. Caspases are normally present in the cell as 

proenzymes that require limited proteolysis to activate enzymatic activity.
[18]

 Once activated, 

caspases cleave a variety of intracellular polypeptides, including major structural elements of 

the cytoplasm and nucleus, components of the DNA repair machinery, and a number of 

protein kinases. 

 

Collectively, these divisions disrupt the survival pathways and disturb the important 

architectural components of the cell, which contribute to the stereotypic morphological and 

biochemical changes that characterize apoptosis. Among the caspases, caspase-3 is most 

commonly activated in the apoptotic process.
[19]

  Caspase-3 is a key executioner of apoptosis, 

whose activation is mediated by the initiator caspases such as caspase-9 that cleave a number 

of substrates which act in response to DNA strand breaks leading to apoptosis.
[20]

 This 

biochemical and morphological changes in apoptotic cells are cell shrinkage, chromatin 

condensation, DNA fragmentation, and plasma membrane blebbing.
[21,22]

   

 

S. No. 
Concentration of 

extract (µg/ml) 

Caspase-3 activity Caspase-9 activity 

OD Fold of caspase 3 OD Fold of caspase 9 

1 0 0.58 100 0.548 100 

2 100 0.591 101.90 0.573 104.56 

3 200 0.637 109.83 0.681 124.27 

4 300 0.775 133.62 0.796 145.26 

5 400 0.662 114.14 0.714 130.29 

6 500 0.749 129.14 0.834 152.19 

7 Camptothecin 0.884 152.41 0.942 171.90 
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The anticancer activity of methanol leaf extract of S. roxburghiana is already established.
[23]

 

Therefore elevation in activities of caspase-3 and caspase-9 (Fig 1) suggests that methanol 

extract of leaves of   S. roxburghiana can probably induce apoptosis through activation of 

these proteases, particularly caspase-3 and caspase-9.
 [15,24]

  

 

CONCLUSION 

From the present study, we can conclude that the methanol extract of    S. roxburghiana 

showed cytotoxicity and induced apoptosis in HepG2 cells by caspase-3 and caspase-9 

activity only whereas caspase-8 showed no activity suggesting, extrinsic apoptotic pathway is 

probably not involved in this process. 

 

ACKNOWLEDGEMENTS 

The authors wish to thank Dr. Mujeera Fathima (Government Arts College, Nandanam, 

Chennai) for identification and authentication of plant specimens. We are also grateful to the 

management and Laboratory division of Biozone Research technologies Pvt. Ltd., Chennai, 

India for providing the laboratory facilities.  

 

REFERENCES 

1. Kumarappan CT, Subhash C, Mandal. Antitumor activity of polyphenolic extract of 

Ichnocarpus frutescens. Exp Oncol, 2007; 29(2): 94-101. 

2. Chiao C, Carothers AM, Grunberger D, Solomon G, Preston GA, Barrett JC. Apoptosis 

and altered redox state induced by caffeic acid phenethyl ester (CAPE) in transformed rat 

fibroblast cells. Cancer Res, 1995; 55: 3576-3583. 

3. Hirano T, Abe K, Gotoh M, Oka K. Citrus flavone tangeretin inhibits leukaemic HL-60 

cell growth partially through induction of apoptosis with less cytotoxicity on normal 

lymphocytes. Br J Cancer, 1995; 72: 1380-1388. 

4. Jiang MC, Yang-Yen HF, Yen JJ, Lin JK. Curcumin induces apoptosis in immortalized 

NIH 3T3 and malignant cell line Nutr Cancer, 1996; 26: 111-120. 

5. Perandones CE, Iiiera VA, Peckham D, Stunz LL. Regulation of apoptosis in vitro in 

mature spleen T-cell. J Immunol, 1993; 151(7): 3521-3528. 

6. Radford IR, Murphy TK, Radley JM, Ellis SL. Radiation response of mouse lymphoid 

and myeloid cell lines. Apoptotic death is shown by all lines examined. Int J Radiat Biol, 

1994; 65: 217-227. 

7. Watson AJ. Manipulation of cell death-the development of novel strategies for the 

treatment of gastrointestinal disease. Aliment Pharmacol Therap, 1995; 9: 215-226. 



www.wjpr.net                                   Vol 4, Issue 2, 2015. 

 

1476 

 

Kaleena et al.                                                       World Journal of Pharmaceutical Research 

8. Panchal RG. Novel therapeutic strategies to selectively kill cancer cells. Biochem 

Pharmacol, 1998; 55: 247-252. 

9. Miller LK. An exegesis of IAPs: salvation and surprises from BIR motifs. Trends Cell 

Biol, 1999; 9: 323-328. 

10. Fan TJ, Han LH, Cong RS, Liang J. Caspase family proteases and apoptosis. Acta 

Biochem Biophys Sinica, 2005; 37: 719–727. 

11. Green DR, Reed JC. Mitochondria and apoptosis. Science, 1998; 281: 1309-1312.   

12. Gottlieb RA. Mitochondria execution central. FEBS Lett, 2000; 482: 6-12.   

13. Green D, Kroemer G. The central executioners of apoptosis; caspases or mitochondria. 

Trends Cell Biol, 1998; 8: 267-271.  

14. Cecile C, Bertrand L, Faraj T. Induction of antiproliferative effect by diosgenin through 

activation of p53, release of apoptosis-inducing factor (AIF) and modulation of caspase-3 

activity in different human cancer cells.  Cell Res, 2004; 14: 188-196.  

15. Alnemri ES, Livingston DJ, Nicholson DW. Human ICE/CED -3 protease nomenclature. 

Cell, 1996; 87:171.  

16. Hengartner MO. The biochemistry of apoptosis. Nature, 2000; 407: 770-776.   

17. Elmore S. Apoptosis; A review of programmed cell death. Toxicol Pathol, 2007; 35: 495-

516.   

18. Nunez G. Benedict MA, Hu Y. Caspases; the proteases of the apoptotic pathway. 

Oncogene, 1998; 17(25): 3237-3245. 

19. Janicke RU, Sprengart ML, Wati MR, Porter AG. Caspase 3 is required for DNA 

fragmentation and morphological changes associated with apoptosis. J Biol Chem, 1998; 

273: 9357-9360. 

20. Soldani C, Scovassi AI. Poly (ADP-ribose) polymerase-1 cleavage during apoptosis; An 

update. Apoptosis, 2002; 7: 321-328 

21. Boe R, Gjertsen BT, Vintermyr OK, Houge G. The protein phosphatase inhibitor okadaic 

acid induces morphological changes typical of apoptosis in mammalian cells.  Exp Cell 

Res, 1991; 195: 237-246. 

22. Vaculova A, Zhivotovsky B. Caspases; determination of their activities in apoptotic cells. 

Methods Enzymol, 2008; 442: 157-181. 

23. Philip D, Kaleena PK, Valivittan K. In-vitro cytotoxicity and anticancer activity of 

Sansevieria roxburghiana. Int J Curr Pharm Res, 2011; 3(3): 71- 73. 

24. Stennicke HR, Salvesen GS. Caspases - controlling intracellular signals by protease 

zymogen activation. Biochem Biophys Acta, 2000; 1477: 299-306. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nu%C3%B1ez%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Benedict%20MA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hu%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/9916986
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Vaculova%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zhivotovsky%20B%22%5BAuthor%5D

