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ABSTRACT

The present study has investigated the pro-apoptotic potential of ferulic acid by analysing the activities of
caspase-3 and 9 as well as by investigating the expression pattern of pro-apoptotic protein, Bax, during 7,12-
dimethylbenz(a)anthracene (DMBA)-induced hamster buccal pouch carcinogenesis. Oral tumors were developed
in the buccal pouch of hamsters by painting with 0.5% DMBA three times a week for 14 weeks. We noticed 100%
tumor formation, histopathologically confirmed as well differentiated squamous cell carcinoma, with marked ab-
normalities in the activities of caspase-3 and 9 and Bax expression pattern in hamsters treated with DMBA alone.
Oral administration of ferulic acid at a dose of 40mg/kg bw to hamsters treated with DMBA, not only completely
prevented the formation of oral tumors but also restored the activities of caspase 3 and 9 and up regulated the
expression of Bax. The present study thus suggests that the pro-apoptotic potential of ferulic acid might have in-

hibited tumor formation during DMBA-induced hamster buccal pouch carcinogenesis.
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INTRODUCTION

Apoptosis plays pivotal role in the removal of unwant-
ed damaged cells from the body. Under normal situa-
tions, apoptosis is essential to regulate the balance
between cell proliferation and cell death. Apoptosis
causes cell death by inducing blebbing, cytoplasmic
membrane shrinkage, dissipation of mitochondrial
membrane potential, nuclear condensation and DNA
fragmentation (Hengartner, 2000 & Xu, et al., 2010).
Impairment in apoptosis disrupts the maintenance of
tissue homeostasis and can lead to several diseases
including cancer. Evasion of apoptosis to various toxic
stimuli is one of the characteristic features of neo-
plastic cells. Several chemopreventive agents exhibited
antitumor efficacy through apoptotic induction
(Kamesaki, 1998).

Bax, a proapoptotic protein of Bcl-2 family, is present
predominantly in the cytosol. Bax, is responsible for
transferring apoptotic signals to the mitochondria
(Pluta, et al., 2010). Lowered Bax expression is associ-
ated with poor prognosis in oral squamous cell carci-
noma. Imbalance in Bcl-2 /Bax ratio has been recog-

* Corresponding Author

Email: sakshiman@rediffmail.com

Contact: +91-4144 239141  Fax: +91-4144238080
Received on: 17-09-2012

Revised on: 20-09-2012

Accepted on: 26-09-2012

nized as a common phenomenon cancer (Simonart &
Van Vooren, 2002). Extensive studies have pointed out
that the expression of bax was reduced in
preneoplastic and neoplastic lesions (Loro, et al., 1999;
Manoharan, et al.,, 2011). Tumor tissues with higher
Bcl-2 or lower Bax expression escape from apoptosis,
which enhance the tumor progression and aggressive-
ness (Gao, et al., 2012). Natural products or synthetic
agents that induce apoptosis have thus great potential
to emerge as novel chemotherapeutic agents.

Caspases, intracellular cysteine proteases, are im-
portant components of apoptotic cascade (Porter &
Janicke, 1999). Caspases exist in cells as inactive
proenzymes, which are activated in response to pro-
apoptotic stimuli (Li & Yuan, 2008; Logue & Martin,
2008). In apoptosis two types of caspases are involved,
which include initiator caspases and effector caspases.
While the initiator caspases (2, 8, 9 and 10) are in-
volved in initiating caspase activation cascade, effector
caspases (3, 6 and 7) are responsible for demolition of
the cells during apoptosis (Sanders & Parker, 2002;
Zimmermann, et al., 2001). Caspase-9 is an initiator
caspase for mitochondrian specific apoptotic pathway.
Upon activation, caspase-9 stimulates the effector
caspase-3 to complete the process of apoptosis.
Caspase-3, synthesized as a latent pro-enzyme, is in-
volved in the degradation of the cell in the final stages
of apoptosis. Inactivation or reduced expression of
caspase-3 and 9 has been implicated in the pathogene-
sis of cancer.
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Ferulic acid (4-hydroxy- 3-methoxy cinnamic acid) a
polyphenol, is present abundantly in bananas, citrus
fruits, bamboo shoots, egg plants and cabbage (Zhao &
Moghadasian, 2008). Ferulic acid possesses diverse
biochemical and pharmacological effects, which in-
clude antioxidant, anti-inflammatory, anti-genotoxic,
anticancer, neuroprotective and hepatoprotective
properties (Anselmi, et al., 2004; Joshi, et al., 2006;
Rukkumani, et al., 2004). Previous studies from our
laboratory demonstrated the chemopreventive poten-
tial of ferulic acid against DMBA- induced oral, skin and
mammary carcinogenesis (Balakrishnan, et al., 2008;
Alias, et al., 2009; Baskaran, et al., 2010). The present
study focuses the modulating effect of ferulic acid on
the activities of caspase 3 and 9 and the expression
pattern of Bax during DMBA-induced hamsters buccal
pouch carcinogenesis.

MATERIALS AND METHODS
Animals

Male golden Syrian hamsters, aged 8—10 weeks, weigh-
ing 80—-120 g, were purchased from the National Insti-
tute of Nutrition, Hyderabad, India and were main-
tained in the Central Animal House, Rajah Muthaiah
Medical College and Hospital, Annamalai University.
The animals were housed in polypropylene cages and
provided with a standard pellet diet (Agro Corporation
Pvt. Ltd., Bangalore, India) and water ad libitum. The
animals were maintained under controlled conditions
of temperature (27+2°C) and humidity (55+5%) with a
12 h light/dark cycle.

Chemicals

The carcinogen, 7,12-dimethylbenz(a)anthracene and
ferulic acid was obtained from Sigma-Aldrich Chemical
Pvt. Ltd., Bangalore, India. Bax, primary antibodies
were purchased from Dako, Carprinteria, CA, USA.
Power Block™ reagent and secondary antibody conju-
gated with horseradish peroxidase were purchased
from BioGenex, San Ramon, CA, USA. The caspase 3
and -9 colorimetric assay kits were purchased from
Biovision, Mountain View, CA, USA.

Experimental design

The institutional animal ethics committee (Register
number 160/1999/CPCSEA), Annamalai University,
Annamalainagar, India, approved the experimental
design. A total number of 40 hamsters were catego-
rized into four groups of ten hamsters in each. Group |
hamsters served as vehicle control and were painted
with liquid paraffin alone three times a week for 14
weeks on their left buccal pouches. Groups Il and Il
hamsters were painted with 0.5% DMBA in liquid par-
affin three times a week for 14 weeks on their left
buccal pouches. Group Ill hamsters were orally admin-
istered with ferulic acid at a dose of 40mg/kg bw/day,
starting one week before exposure to the carcinogen
and continued on days alternate to DMBA painting,
until the completion of the experiment. Group IV ham-

sters were orally administered with ferulic acid alone
at a dose of 40mg/kg bw/day throughout the experi-
mental period. The experiment was terminated at the
end of 16™ week and all hamsters were sacrificed by
cervical dislocation.

Immunohistochemical staining

Paraffin embedded tissue sections were dewaxed and
rehydrated through grade ethanol to distilled water.
Endogenous peroxidase was blocked by incubation
with 3% H,0, in methanol for 10 minutes. The antigen
retrieval was achieved by microwave in citrate buffer
solution (2.1 g citric acid/L D.H,0; 0.37g EDTA/L D.H,0;
0.2g Trypsin) (pH 6.0) for 10 minutes, followed by
washing step with Tris-buffered saline (8g NaCl; 0.605g
Tris) (pH 7.6). The tissue section was then incubated
with power BlockTM reagent (BioGenex, San Ramon,
CA, USA), universal proteinaceous blocking reagent, for
15 minutes at room temperature to block non-specific
binding sites. The tissue sections were then incubated
with the primary antibody ( Bax - Dako, Carprinteria,
CA, USA) overnight at 4°C. The bound primary antibody
was detected by incubation with the secondary anti-
body conjugated with horseradish peroxidase
(BioGenex, San Ramon, CA, USA) for 30 minutes at
room temperature. After rinsing with Tris-buffered
saline, the antigen-antibody complex was detected
using 3,3’-diamminobenzidine, the substrate of horse-
radish peroxidase. When acceptable color intensity
was reached, the slides were washed, counter stained
with hematoxylin and covered with a mounting medi-
um. Each slide was microscopically analyzed and enu-
merated the percentage of the positively stained cells
semi-quantitatively. The percentage of positive cells
was scored according to the method of Nakagawa et al.
(1994) as follows: 3+ = strong staining, more than 50%
of cells were stained; 2+ = moderate staining, between
20 and 50% of cells were stained; 1+ = week staining,
between 1 and 20% of cells were stained; 0 = negative,
less than 1% of cell staining.

Estimation of caspase 3 and 9 activities by enzyme
linked immunosorbent assay [ELISA]

The activities of caspase-3 and 9 were assayed in the
buccal mucosa using ELISA kits for caspase-3 and 9 ac-
cording to the manufacturer’s instructions. The
caspase-3 and 9 assays are based on spectrophotomet-
ric detection of the chromophore p-nitroanilide (pNA)
after cleavage from the labeled substrate DEVD — pNA
and LEHD—pNA respectively at 405nm in a microtiter
plate reader.

Statistical analysis

Values are expressed as mean + standard deviation
(SD). Statistical comparisons were performed by one-
way analysis of variance followed by Duncan’s Multiple
Range Test. The results were considered statistically
significant if the p values were less than 0.05.
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Table 1: Incidence of oral neoplasm in control and experimental hamsters in each group (n=10)

Parameter Group | Group Il Group II! . G.rou!a \"
Control DMBA alone DMBA + Ferulic acid | Ferulic acid alone
Tumor incidence . 0 100% 0 0
(oral squamous cell carcinoma)
Total number of tumors/animals 0 33/10 0 0
Tumor volume (mm?3)/ animals 0 312.45+28.72 0 0
Tumor burden (mm?3)/ animals 0 1031.08 £94.77 0 0

Tumor volume was measured using the formula, v = (4/3)rt [D1/2][D,/2][D3/2] where D1, D2 and D3 are the
three diameters (mm3) of the tumor. Tumor burden was calculated by multiplying tumor volume and the

number of tumors/animal.

Figure 1: Immunoexpression pattern of Bax protein observed in the buccal mucosa of control and experi-

mental hamsters in each group

A and D - Control and ferulic acid alone (nuclear expression positive); B - DMBA alone (nuclear expression
negative); C- DMBA + ferulic acid (nuclear and cytoplasmic expression positive [ —]).

RESULTS

The tumor incidence, tumor volume and tumor burden
of control and experimental hamsters are shown in
Table 1. We observed 100% tumor formation with
mean tumor volume (312.45 mm3) and tumor burden
(1031.08 mm?3) in hamsters treated with DMBA alone.
The tumor was histopathologically confirmed as well
differentiated squamous cell carcinoma. Oral admin-
istration of ferulic acid at a dose of 40mg/kg bw signifi-
cantly prevented the tumor incidence, tumor volume
and burden in hamsters treated with DMBA. Tumors
were not formed in control hamsters painted with lig-
uid paraffin alone as well as hamsters administered
with ferulic acid alone.

The immunoexpression pattern of Bax and the score of
positively stained cells in control and experimental

hamsters in each group are depicted in figure 1 and
Table 2 respectively. Decreased expression of Bax was
noticed in hamsters treated with DMBA alone. Oral
administration of ferulic acid at a dose of 40mg/kg bw
to hamsters treated with DMBA significantly restored
the expression pattern of Bax. Hamsters treated with
ferulic acid alone revealed expression similar to that of
control hamsters.

The activities of caspase 3 and 9 in the buccal mucosa
of control and experimental hamsters in each group is
shown in figure 2. The activities of caspase 3 and 9
were decreased in hamsters treated with DMBA alone.
Oral administration of ferulic acid to hamsters treated
with DMBA brought back the activities of caspase 3
and 9 to near normal range. No significant difference
was noticed in the status of above markers in control
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hamsters and hamsters administered with ferulic acid
alone.

DISCUSSION

Apoptotic (pro and anti-apoptotic) proteins could serve
as promising molecular markers to assess the progres-
sion and aggressiveness of malignant tumors. Deregu-
lation of apoptotic proteins has been associated with
tumor development and progression (Danial &
Korsmeyer, 2004). Bcl-2 family consists of anti-
apoptotic and pro-apoptotic proteins. They are located
in the outer mitochondrial membrane, nuclear enve-
lope and endoplasmic reticulum of cells. Bax/Bcl-2 ra-
tio could be used as a marker to evaluate the outcome
of an apoptotic stimulus. Bax/Bcl-2 ratio could also be
used to assess the response of tumor cells to chemo-
therapy. Previous studies from our laboratory demon-
strated increase in p53 and Bcl-2 expression in oral
tumor bearing hamsters as well as decreased expres-
sion of p53 and Bcl-2 in hamsters treated with DMBA +
ferulic acid (Balakrishnan, et al., 2010).

Table 2: The score of positively stained cells of Bax in
control and experimental hamsters in each group

Bax
Groups / Markers ENENER
Control 213|411
DMBA 8| 20| O0
DMBA + Ferulicacid | 1| 2 | 2 | 5
Ferulic acid alone 21422

Values are given as number of hamsters (n = 10). The
percentage positive cells were scored as: 3+ = strong
staining, more than 50% of cells were stained, 2+ =
moderate staining, between 20 and 50% of cells were
stained 1+ = week staining, between 1 and 20% of cells
were stained, 0 = negative, less than 1% of cell staining.

Caspases play putative role in the initiation and execu-
tion of the apoptotic process. It has been reported that
impaired activation of initiator caspases (caspases 2,8,9
and 10) and executioner caspases (caspases 3,6 and 7)
in tumor cells make them resistance to apoptotic death

Caspase3
_ 025
E 3
) | a
£ 0.2
-
e
g 0.15 c
&
< 014
g b
s
- 0.05 -
£
i
0 + -
Control DMBA DMBA + ferulic Ferulic acid

acid

(Logue & Martin, 2008). Several studies pointed out
those anticancer drugs induce apoptosis through acti-
vation of caspase cascade (Kaufmann & Earnshaw,
2000; Zimmermann, et al., 2001). Caspase-3 is one of
the key components of apoptosis and its apoptotic role
is executed by initiator caspases 8 and 9 (Cohen, 1997).
Low expression of caspase 3 was shown in gastric and
breast carcinoma (Park, et al., 2005). Activation of
caspases-3, the key and essential member of caspases
family, plays crucial role in the DNA fragmentation pro-
cess and other morphological changes associated with
apoptosis. A large number of in vitro studies suggested
that natural products and synthetic agents induce
caspase-3 dependent apoptosis in cancer cells (Pres-
ton, 2001; Liu, et al., 2010).

Caspase 9 plays an important role in apoptosis and
impaired caspase-9 activation has profound conse-
qguences including morphological deformation of the
brain. Multicellular organisms need caspase-9 to re-
move damaged cells to escape from the proliferative
diseases (Hakem, et al., 1998). Insufficient caspase-9
activation in the cell contributes to chemotherapeutic
drug resistance in various cancer models (Kuida, et al.,
1998; Liu, et al., 2002). It has been reported that poly-
morphisms in the coding regions of caspase-9 gene
predispose to various cancers such as lung, bladder
and colorectal cancers (Park, et al., 2006; Gangwar, et
al., 2009; Theodoropoulos, et al., 2011). While Bcl-2 is
involved in the inhibition of caspase cascade, Bax pro-
motes the activation of caspase cascade.

Low expression of Bax accompanied by decreased ac-
tivities of caspase 3 and 9 in the buccal mucosa of
hamsters treated with DMBA alone suggests that the
buccal mucosa was protected from apoptosis and ren-
der more susceptible to tumor progression. Oral ad-
ministration of ferulic acid at a dose of 40mg/ kg bw to
hamsters treated with DMBA restored the expression
of Bax and the activities of caspases. The results of the
present study suggest that ferulic acid revealed signifi-
cant apoptotic potential during DMBA-induced ham-
ster buccal pouch carcinogenesis.

Caspase9
E 0.18 2 a
E 016
&
£ 0.14
3
T 0.12 "
g 0.1
< 0.08
£ 0.06 b
-
S 0.04
)
g 0.02 .
3
0 - T T
Control DMBA DMBA +ferulic  Ferulic acid

acid

Figure 2: Caspase 3 and 9 activities in control and experimental hamsters in each group

Values are expressed as mean + SD for 10 hamsters in each group. Values that do not share a common super-
script letter between groups differ significantly at p < 0.05. (Analysis of variance followed by DMRT).
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The present study thus concludes that ferulic acid
might have inhibited oral tumor formation in hamsters
treated with DMBA through apoptotic induction, as
evidenced by increased activities of caspases and
increased expression of Bax in DMBA + ferulic acid
treated hamsters.

ACKNOWLEDGEMENT

Financial assistance from University Grants Commis-
sion (UGC), New Delhi, is gratefully acknowledged.

REFERENCES

Alias, L.M., Manoharan, S., Vellaichamy, L,
Balakrishnan, S., Ramachandran, C.R. Protective ef-
fect of ferulic acid on 7,12-
dimethylbenz[a]lanthracene-induced skin carcino-
genesis in swiss albino mice. Exp Toxicol Pathol, 61,
2009 pp. 205-214.

Anselmi, C., Centini, M., Andreassi, M., Buonocore, A,,
Rosa, C.L., Facino, R.M., Sega, A., Tsuno, F. Confor-
mational analysis: a tool for the elucidation of the
antioxidant properties of ferulic acid derivatives in
membrane models. J Pharm Biomed Anal, 35, 2004
pp. 1241-1249.

Balakrishnan, S., Manoharan, S., Alias, L.M., Nirmal,
M.R. Effect of curcumin and ferulic acid on modula-
tion of expression pattern of p53 and bcl-2 proteins
in 7,12-dimethylbenz[alanthracene-induced hamster
buccal pouch carcinogenesis. Indian J Biochem
Biophys, 47, 2010 pp. 7-12.

Balakrishnan, S., Menon, V.P., Manoharan, S. Ferulic
acid inhibits 7,12-dimethylbenz[a]anthracene in-
duced hamster buccal pouch carcinogenesis. ] Med
Food, 11, 2008 pp. 693-700.

Baskaran, N., Manoharan, S., Balakrishnan, S.,
Pugalendhi, P. Chemopreventive potential of ferulic
acid in 7,12-dimethylbenz[alanthracene-induced
mammary carcinogenesis in sprague-Dawley rats.
Eur J Pharmacol, 637, 2010 pp. 22-29.

Cohen, G.M. Caspases: the executioners of apoptosis.
Biochem. J, 326, 1997 pp. 1-16.

Danial, N. N., Korsmeyer, S. J. Cell death: Critical con-
trol points. Cell, 116, 2004 pp. 205-219.

Gangwar, R., Mandhani, A., Mittal, R.D. Caspase 9 and
caspase 8 gene polymorphisms and susceptibility to
bladder cancer in north Indian population, Ann Surg
Oncol, 16, 2009 pp. 2028-2034.

Gao, Q., Yang, S., Kang, M.Q. Influence of survivin and
Bcl-2 expression on the biological behavior of non-
small cell lung cancer. Mol Med Report, 5, 2012 pp.
51409-51414.

Hakem, R., Hakem, A., Duncan, G.S., Henderson, J.T.,
Woo, M., Soengas, M.S., Elia, A., de la Pompa, J.L.,
Kagi, D., Khoo, W., Potter, J., Yoshida, R., Kaufman,
S.A,, Lowe, S.W., Penninger, J.M., Mak, T.W. Differ-

ential requirement for caspase 9 in apoptotic path-
ways in vivo. Cell, 94, 1998 pp. 339-352.

Hengartner, M.O. The biochemistry of apoptosis. Na-
ture, 407, 2000 pp. 770-776.

Joshi, G., Perluigi, M., Sultana, R., Agrippino, R., Cala-
brese, V., Butterfield, D.A. In vivo protection of
synaptosomes by FA ethylester from oxidative stress
mediated by  2,2-azobis (2-amido-propane)
dihydrochloride (AAPH) or Fe2+/H202: insight into
mechanisms of neurodegenerative  disorders.
Neurochem Int, 48, 2006 pp. 318-327.

Kamesaki, H. Mechanism involved in chemotherapy-
induced apoptosis and their implications in cancer
chemotherapy. Int J Hematol, 68, 1998 pp. 29-43.

Kaufmann, S.H., Earnshaw, W.C. Induction of apoptosis
by cancer chemotherapy. Exp Cell Res, 256, 2000 pp.
42-49.

Kuida, K., Haydar, T.F., Kuan, C.Y., Gu, Y., Taya, C.,
Karasuyama, H., Su, M.S., Rakic, P., Flavell, R.A. Re-
duced apoptosis and cytochrome c-mediated
caspase activation in mice lacking caspase 9. Cell, 94,
1998 pp. 325-337.

Li, J., Yuan, J. Caspases in apoptosis and beyond. Onco-
gene, 27, 2008 pp.6194-6206.

Liu, H., Dong, A., Gao, C., Tan, C., Xie, Z., Zu, X., Qu, L.,
Jiang,Y. New synthetic flavone derivatives induce
apoptosis of hepatocarcinoma cells. Bioorg Med
Chem, 18, 2010 pp. 6322-6328.

Liu, J.R., Opipari, AW., Tan, L., lJiang, Y., Zhang, Y.,
Tang, H., Nunez, G. Dysfunctional apoptosome acti-
vation in ovarian cancer: implications for
chemoresistance, Cancer Res, 62, 2002 pp. 924-931

Logue, S.E., Martin, S.J. Caspase activation cascades in
apoptosis.Biochem Soc Trans, 36, 2008 pp. 1-9.

Loro, L.L., Vintermyr, O.K., Liavaag, P.G., Jonsson, R.,
Johannessen, A.C. Oral squamous cell carcinoma is
associated with decreased bcl-2/bax expression ratio
and increased apoptosis. Hum Pathol, 30, 1999 pp.
1097-1105.

Manoharan, S., Sindhu, G., Nirmal, M.R., Vetrichelvi, V.,
Balakrishnan, S. Protective effect of berberine on ex-
pression pattern of apoptotic, cell proliferative, in-
flammatory and angiogenic markers during 7,12-
dimethylbenz(a)anthracene induced hamster buccal
pouch carcinogenesis. Pak J Biol Sci, 14, 2011 pp.
918-932.

Nakagawa, K., Yamamura, K., Maeda, S., Ichihashi, M.
Bcl-2 expression in epidermal keratinocytic diseases.
Cancer, 74,1994 pp. 1720-1724.

Park, H.J., Kim, Y.J., Leem, K., Park, S.J., Seo, J.C., Kim,
H.K., Chung, J.H. Coptis japonica root extract induces
apoptosis through caspase3 activation in SNU-668

626 ©JK Welfare & Pharmascope Foundation | International Journal of Research in Pharmaceutical Sciences



Shanmugam Manoharan et al., (2012) Int. J. Res. Pharm. Sci., 3(4), 622-627

human gastric cancer cells. Phytother Res, 19, 2005
pp. 189-192.

Park, J.Y., Park, J.M., Jang, J.S., Choi, J.E., Kim, K.M,,
Cha, S.I., Kim, C.H., Kang, Y.M., Lee, W.K., Kam, S.,
Park, R.W., Kim, LS., Lee, J.T., Jung, T.H. Caspase 9
promoter polymorphisms and risk of primary lung
cancer. Hum Mol Genet, 15, 2006 pp. 1963-1971.

Pluta,P., Smolewski, P., Pluta, A., Cebula-Obrzut, B.,
Wierzbowska, A., Nejc, D., Robak, T., Kordek, R.,
Gottwald, L., Piekarski, J., Jezio rski, A. Significance of
Bax expression in breast cancer patients. Pol Przegl
Chir, 83, 2011 pp.549-553.

Porter, A., Janicke, R. Emerging roles of caspase-3 in
apoptosis. Cell Death Differ, 6, 1999 pp. 99-104.

Preston, T.J., Abadi, A., Wilson, L., Singh, G. Mitochon-
drial contributions to cancer cell physiology: poten-
tial for drug development. Adv Drug Deliv Rev, 49,
2001 pp. 45-61.

Rukkumani, R., Aruna, K., Varma, P.S., Menon, V.P.
Influence of ferulic acid on circulatory prooxidant an-
ti-oxidant status during alcohol and PUFA induced
toxicity. J Physiol Pharmacol, 55, 2004 pp. 551-561.

Sanders, E.J., Parker, E. The role of mitochondria, cyto-
chrome c and caspase-9 in embryonic lens fibre cell
denucleation. J Anat, 201, 2002 pp. 121-135.

Simonart, T., Van Vooren, J.P. Interleukin-1 beta in-
creases the BCL-2/BAX ratio in Kaposi's sarcoma
cells. Cytokine, 19, 2002 pp. 259-266.

Theodoropoulos, G.E., Gazouli, M., Vaiopoulou, A.,
Leandrou, M., Nikouli, S., Vassou, E., Kouraklis, G.,
Nikiteas, N. Polymorphisms of caspase 8 and caspase
9 gene and colorectal cancer susceptibility and prog-
nosis, Int J Colorectal Dis, 26, 2011 pp. 1113-1118.

Xu, H.L.,, Yu, X.F., Qu, A.C., Zhang, R., Qu, X.R., Chen,
Y.P., Ma, X.Y., Sui, D.Y.Anti-proliferative effect of
Juglone from Juglans mandshurica Maxim on human
leukemia cell HL-60 by inducing apoptosis through
the mitochondria dependent pathway. Eur J
Pharmacol, 645, 2010 pp. 14-22.

Zhao, Z., Moghadasian, M.H. Chemistry, natural
sources, dietary intake and pharmacokinetic proper-
ties of ferulic acid: a review. Food Chem, 10, 2008
pp. 691-702.

Zimmermann, K.C., Bonzon, C., Green, D.R. The ma-
chinery of programmed cell death. Pharmacol Ther,
92, 2001 pp. 57-70.

©JK Welfare & Pharmascope Foundation | International Journal of Research in Pharmaceutical Sciences

627



