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Abstract

Recently, considerable attention has been focused on identifying naturally occurring chemopreventive compounds
capable of inhibiting, retarding, or reversing the multi-step carcinogenesis. The primary aim of the present study
was to identify the effects of a commonly consumed spice, viz., cardamom against azoxymethane (AOM) induced
colonic aberrant crypt foci (ACF) in Swiss Albino mice. The secondary aim, was to explore the ability of cardamom
to modulate the status of proliferation and apoptosis, and to understand its role in altering cyclooxygenase-2 (COX-
2) and inducible nitric oxide synthase (iNOS) expression. Male Swiss albino mice were injected with AOM (dose:
5mg/Kg body weight) or saline (Group 1) weekly once for two weeks. The AOM-injected mice were randomly assigned
to two groups (Groups 2 and 3). While all the groups were on standard lab chow, Group 3 received oral doses of
0.5% cardamom, in aqueous suspension, daily for 8 weeks. Following treatment, significant reduction in the incidences
of aberrant crypt foci (p<0.05) was observed. This reduction in ACF was accompanied by suppression of cell
proliferation (mean Brdu LI in carcinogen control=13.91+3.31, and 0.5%cardamom=2.728).830) and induction of
apoptosis (mean Al in carcinogen control=1.54#0.42 and 0.5% cardamom= 6.640.55). Moreover, reduction of
both COX-2 and iNOS expression was also observed. These results suggest that aqueous suspensions of cardamom
have protective effects on experimentally induced colon carcinogenesis. Cardamom as a whole and its active
components require further attention if the use of this spice is to be recommended for cancer prevention.
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Introduction antioxidant and anti-inflammatory agent in traditional and
folklore medicine, prompted us to use it as treatment agent
Colorectal cancer is still a leading cause of cancer deatlig our experiment.
in the United States and is increasing at an alarming rate in The present study was designed to observe the inhibiting
developing countries due to changing dietary habits and lifeffect of agueous suspension of cardamom on azoxymethane
style (Greenlee et al., 2000; Yeole et al., 2001). Plant§AOM) induced colon carcinogenesis in Swiss Albino mice
vegetables, herbs and spices used in folk and tradition&l terms of incidences of ACF. Enhancement of cell
medicine are currently being recognized as canceproliferation, and inhibition of apoptosis are considered to
chemopreventive agents (Gupta, 2001); because of thdie the risk factors for tumour development as well as for
antioxidant and anti inflammatory properties that plausiblymultistep carcinogenesis in colon (Jenab et al., 2001).Thus,
contribute to their anticarcinogenic and antimutagenidn the present study the ability of cardamom suspension to
activities (Ann et al., 2001). Some of them have many othenodulate the level of cell proliferation and apoptosis, was
beneficial effects like hypocholesterolaemic, assessed.
hypoglycaemic, and antimicrobial properties Cyclooxygenase (COX)-1 and COX-2 are isoforms
(Krishnaswamy & Polasa, 2001). responsible for the production of prostaglandin (PG) from
Elettaria cardamomuni{Family.Zingiberaceae], arachidonic acid. While COX-1 is constitutive .COX-2 is
Cardamom, is a sweet spice and is employed as a medicitbe inducible form and is overexpressed in colon tumors
flavouring agent. Cardamom has been reported to possedsrrandez et al., 2003; Ota et al., 2002). Similarly, inducible
antioxidant properties. The existing use of this spice asitric oxide synthase (iNOS), a generator of cellular nitric

Dept. of Cancer Chemoprevention, Chittaranjan National Cancer Institute, 37, S.P. Mukherjee Road, Kolkata — 700026, India
1Corresponding Author Email: archana_sen@yahoo.com

118 Asian Pacific Journal of Cancer Prevention, Vol 6, 2005



Cardamom Inhibition of ACF - Role of COX2 and iINOS

oxide is also overexpressed in colon tumors (Barrachina 8tdeoxyuridine labelling (Davidson et al., 2000) and a
al., 2001; Watanabe et al., 2000). It is well known that th®etection Kit Il, procured from Roche Molecular
inhibition of COX-2 and iNOS activities lead to the Biochemicals. The Proliferative Index (PI) was determined
prevention and/or control of colon cancer (Watanabe et aby dividing the number of labelled cells by the total cells
2000; Ricchi et al., 2003). Thus, in this study we also haveounted and multiplying by 100.

aimed to test if suspension of cardamom modulates the

expression of COX-2 or iNOS proteins. Set Il In situ Cell Death detection (Apoptosis)
Apoptotic cells in colon were visualized using the
Materials and Methods terminal deoxynucleotidyl transferase (TdT) - mediated

dUTP- biotin nick end labelling (TUNEL) method with the

Male Swiss albino mice, (obtained from animal colonyhelp of in situ cell death detection kit, AP (Roche Molecular
of our Institution) were maintained in plastic cages (~6 mic®&iochemicals). Apoptotic Index (Al) was determined as the
/ cage) at an ambient temperature of 22-25°C on a 12 hopercentage of the labelled nuclei with respect to the total
light / dark cycle with access to drinking water and pellehumber of nuclei counted (Caderni et al., 2000).
diet (Lipton India Ltd) ad libitum. Use of animals was under
strict animal care ethics guidelines of the institute. Set IV: SDS-PAGE Western blotting for COX-2 and iNOS

AOM (Sigma Chemicals Co. MO, USA) was injected Expression
intraperitoneally once a week for two weeks (5mg/kg b. w.). Distal 5cms of colon tissues were removed, washed in
Cardamom was bought from local market. The spice waBBS at 0°C, cut into pieces and homogenized in 5 volumes
powdered in a mixer and diluted with distilled water so asf ice-cold homogenizing buffer (0.1M NacCl, 0.01M Tris-
to make a 0.5% (w/v) aqueous suspension of Cardamor@l, 0.001M EDTA) containing 1mM PMSF,ug/ml
The suspensions were prepared fresh everyday before ofgirotinin, 0.1 mM Leupeptin. After centrifugation at 13000
administration at a dose of 00’ mouse per day. In our rpm for one hour at 4°C, the supernatants were estimated
previous studies (unpublished), we used three doses, vipr their protein content using Bovine Serum Albumin (BSA)
0.25%, 0.5% and 1% (w/v) solutions of cardamom in ordeas a standard (Lowry et al., 1951).
to observe their effects on ACF formation during AOM  SDS-PAGE and Western blotting were carried out
induced colon carcinogenesis. Treatment with the selectexbsentially as described by Laemmli. (1970). Two separate
dose (0.5% (w/v) aqueous suspension of Cardamom) waggls, one 10% (for COX-2) and another 8% (for INOS) were
found to be most effective in reducing the incidences of ACIFun simultaneously. Electrophoretically resolved proteins

without any toxic manifestations. were transblotted onto Immobilon-P (PVDF) membranes
and subsequently blocked with 5% TBS blotto A (Santa Cruz
Experimental Design Biotech. Inc., Santa Cruz, California) and incubated with

The experiment was designed in four sets according thie anti-COX-2 and anti-iNOS rabbit polyclonal antibodies
the experimental parameters used. Each set, having 30 mi¢@anta Cruz Biotech. Inc., Santa Cruz, California) diluted
was divided into 3 groups - Normal, Carcinogen Controll:500 in TBS containing 0.5% TBS blotto A (non fat dried
and Cardamom treated groups. Each group in a set consistaik). After extensive washing, blots were reincubated with
of 10 mice. All the mice were injected with azoxymethanédHRP-conjugated anti-rabbit secondary antibody (Santa Cruz
(AOM, dose: 5mg/Kg body weight) or saline (Group-1),Biotech. Inc., Santa Cruz, California). The protein bands
weekly once for two weeks. The AOM-injected mice werewere then visualized using Luminol reagent (Santa Cruz
randomly assigned to two groups (Groups2 and 3). WhilBiotech. Inc. Santa Cruz, California) and applied for
all the groups were on standard lab chow, Group 3 receivexxposure of X-ray film.To demonstrate equal loading of
oral dose of 0.5% cardamom, in aqueous suspensiorsamples onto the gel, the PVYDF membranes were stained
respectively; daily for 8 weeks. The treatment waswith Coomassie Brilliant blue (Tao et al., 2002).
commenced from the first day of AOM injection in Group

3. The different parameters were studied thereafter. Statistical Analysis
The differences in mean values among different groups
Set |: Assessment of ACF were tested and the values were expressed as#reBn

After 8 weeks of $AOM injection, the mice in this set Data obtained from incidences of ACs, Al and Brdu LI were
were sacrificed to assess the incidences of colonic ACBnalyzed using Students-t-test. All the statistical calculations
identified, by staining with 2% methylene blue (Qualigenswere carried out using Microsoft Excel and a P-value < 0.05
Itd.), on glass slides with mucosal side up under the lightas considered significant.
microscope at 100X magnification, by their large and
elliptical luminal opening (Mclellan et al., 1991; Bird, 1987) Results
.The total number ACF was counted for each mouse.

ACF
Set IlI: Detection of In situ Cell Proliferation At the end of 8 weeks, in comparison to the carcinogen
Cell proliferation in colon was measured using 5-bromoeontrols, total number of ACF was significantly lower by
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Table 1. Effects of Aqueous Suspension of Cardamom on AOM Induced ACF in Mice Colon

Groups Total ACF (mearED) % of inhibition ACF (4 or more AC) % of inhibition
after 8 weeks (meaSD) after 8 weeks

Normal 0 - 0 -

Carcinogen control 97.766.53 56.75 8.01

0.5% Cardamom 5056.73** 48.33 1.5+ 0.5% 97.3

Significant differences have been indicated by the asterisks on the respective values (*p<0.001, **p<0.005). Perceniagdashigien calculated
with respect to the Carcinogen control values.

BrdU Labelling Index(%PI)in Mice colon

48.33 % in the cardamom (p<0.005) treated group (Table 1: a

1). Mean numbers of ACF, consisting of 4 or more aberrant 2 ]—

crypts in each group, are also presented in Tablel. The Zn J_

numbers of foci consisting of 4 or more crypts were é to

significantly lower (p<0.001) in mice treated with aqueous § :

suspension of cardamom. No aberrant crypts were visible i b
in the colons of normal mice. : |_I—| |—I—|

Normal Carcinogen Control 0.5%CAR

Cell Proliferation and Apoptosis Groups
Sections from distal 5cm of colons were chosen and the

cells were counted. Significant reduction in Brdu LI (Figurerigure 1. Cell Proliferation is Expressed as % Plwhich

1) and significant induction in Al (Figure 2) was observeds calculated as percentages of Brdu labeled cells with respect to

in the treatment group. The Brdu LI increased significantl{he total no. of cells counted throughout the distal 5 cm of colons

in the carcinogen control group (13:®131; p<0.001) from rom each group. a: p<0.01 w.r.t. the Normal; b: p<0.001 in

that observed in the normal group (2.80B835). Cardamom Comparison with the Carcinogen control value.

significantly reduced Brdu LI (2.728.830) in comparison Apoptotic Indices (%AlI) in Mice Colon
to the carcinogen control group (p<0.001). 8 .
Al was found to decrease in the carcinogen control group 3 Z +
(1.54'#0.421; p<0.001) with respect to the normal group 3 s
(2.996t0.603). Following treatment, the Al increased 3% T
significantly in 0.5% cardamom (6.6Q.55) as compared E z L1 *
to the carcinogen control group (p<0.001). (1) | |‘I§|
Normal Carcinogen Control 0.5%CAR
Cyclooxygenase-2 Expression Groups

Expression of COX-2 protein in Normal, Carcinogen __
control and Cardamom treated animals has been represerftégire 2. Apoptosis is Expressed Through Algalculated
in Figure 3. COX-2 immunoreactivity with polyclonal anti- as the percentage of TdT-labeled cells w.r.t the total number of
COX-2 antibody was not detectable in colonic fraction ofells counted throughout the distal 5 cm of colons from each group.
Normal mice. In contrast, dark immuno reactive bands of P<0-01 wrt thel Nolrmal; **: p<0.001 in comparison with the
COX-2 at a position of 72KD were observed in animal&a'¢inogen control value.
treated with AOM only (Carcinogen control). In case of the . N ¢ CR1_CR2 CR3
cardamom treated animals, all the lanes showed negligible —_ —
expression of COX-2.

. o ) ) Figure 3. Expression of COX-2 Protein After
Inducible Nitric Oxide Synthase Expression Immunoblotting in Different Groups of Animals. Lane N
Data for expression of INOS are presented in Figure 4spresents the proteins from Normal group and C from Carcinogen
As with COX-2 expression, there was no detectable iNO8ontrol group. CR1, CR2 and CR3 show the COX-2 expression in
immunoreactivity with polyclonal anti-iNOS antibody in cardamom-treated animals.

colonic fractions of normal mice. Whereas immunoreactive N ¢ CR1 CR2 CR3
bands at a position of 117KD were clearly observed in 17kD il w ,
carcinogen control mice, they were only very faint in the . - —

treated group.

. . Figure 4. Expression of iINOS Protein After
Discussion Immunoblotting in Different Groups of Animals. Lane N

) . . represents protein from Normal group and C from Carcinogen
The major aim of the present study was to elucidate tRontrol group. CR1, CR2 and CR3 show the iNOS expression in
inhibitory role of cardamom against AOM induced coloniccardamom-treated animals
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ACF. ACF are recognized as early preneoplastic lesions &f well known, the observed reduction in ACF in the treatment
the colon (Bird, 1995; Mclellan et al., 1991). They havegroup may be due to this inhibition in COX-2 and iNOS
consistently been observed in experimentally induced cologxpression as determined by Western Blot analysis in our
carcinogenesis in laboratory animals (Mclellan et al., 1991fxperiment.

Pretlow et. al. (Pretlow et al, 1992) have also shown that In conclusion, our preliminary study on reduced risk of
these lesions are present in the colonic mucosa of patiemtslon cancer associated with dietary consumption of
with colon cancer. ACF have been proposed as biomarketardamom is of great importance particularly in relation to
for short term bioassays for assessing the chemopreventitree global prevalence of this cancer. This beneficial spice,
potential of drugs, diets and naturally- occurring compoundsherefore, is worthy of serious consideration for further study.
(Dashwood, 1999; Michael et al., 1994). The results obtaindéuture studies should me aimed at elucidating the
in this study shows that aqueous suspension of cardamanetabolism, pharmacokinetics, and toxicity of the active
was able to reduce the incidence of ACF in the colon afompounds of cardamom. Clinical trials could be useful for
male Swiss Albino mice. assessing the ability of cardamom to prevent human colon

In the present study cell proliferation as reflected by Brdeancer or pre-neoplastic lesions.

LI in colon was decreased significantly and apoptosis as

shown by Al was increased significantly by CardamorTAcknowIedgements

treatment. This observation is of significance because the

balance between cell proliferation and apoptosis is important The authors wish to thank the Director of CNCI, for
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This may be due to its active ingredient- 1, 8- cineole whicaferences
has been shown to trigger apoptosis in human leukaemia
cells (Moteki et al., 2002). In various studies it has alreadyl-zuhair H, el-Sayeh B, Ameen HA, al-Shoora H (1996).
been reported that monoterpenes, especially limonene (a Pharmacological studies of cardamom oil in animals.
cyclic monoterpene), which is also present in cardamom Pharmacol Res34, 79-82.
has antiproliferative activity. D-limonene causes G1 celf\nn M Bode, Wei-Ya Ma, Young-Joon Surh, Zigang Dong (2001).
cycle arrest thus inhibiting proliferation (Belanger, 1998; Inhibiton of epidermal growth factor-induced cell
Hudes et al., 2000; Ripple, 2000; Reddy et al., 1997; Kaji et trgnsformatlon and activator protein-1 activation by [6]-

) . . Gingerol,Cancer Res51, 850-3.
al., 2001, Uedo. etal., 1999; Crowell ,et al., 1994, AsamOt%samoto M, et al (2002). Mammary carcinomas induced in human
et al., 2002).This corresponds well with the result obtalne. c-Ha-ras protooncogene transgenic rats are estrogen-
in this study, where a reduction in Pl has been observed in jngependent, but responsive to d-limonene treatrdgnt.J
the cardamom treated group. Cancer Res93, 32-5.

One previous study observed a marked antiBarrachina MD, Panes J, Esplugues JV (2001). Role of nitric oxide
inflammatory activity of the oil extracted from commercial  in gastrointestinal inflammatory and ulcerative diseases:
Elettaria cardamomunseeds, in doses of 175 and 280 perspective for drugs developme@urr Pharm Des7, 31-
microliters/kg against acute carrageenan-induced planter 48. ) - _
oedema in male albino rats (al-Zuhair et al., 1996).In OlﬁedlA,_Pasrlcha PJ, Akhtar AJ, et al (1995). Inhibition of apoptosis

L L during development of colorectal can¢gancer Reb5, 1811-
present study also, the anti-inflammatory activity of
cardamom has been proven by a decrease in the CQ@glanger JT (1998). Perillyl alcohol:Applications in oncology.
expression in the cardamom treated group, as determined ajtern Med ReyB, 448-57.
by Western blot analysis. The inducible NOS produces mu@ird RP (1987). Observation and quantification of aberrant crypts
greater amounts of NO than constitutive NOS and appears in the murine colon treated with a colon carcinogen: preliminary
to be the “pathophysiological”form of the enzyme because findings.Cancer Lett37, 147-51.
high concentration of nitric oxide is associated withBird RP (1995). Role of aberrant crypt foci in understanding the
inflammatory diseases, mutagenesis, and formation of Pathogenesis of colon canc€ancer Lett93, 55 -71.
carcinogenic N nitrosamines (Moncada et al., 1991(,:adern| C, DekFilippo C, Luceri C, et al (2000). Effects of black

. . . . tea, green tea and wine extracts on intestinal carcinogenesis
Moncada & Higgs, 1995; Marletta, 1993; Schimdt et al., induced by azoxymethane in F344 ratsrcinogenesis21,

1993). The results obtained in this experiment suggest that gg5_ g

cardamom was able to r.educe the expression of iINOS @gowell PL, et al (1994). Human metabolism of the experimental
compared to the carcinogen control group. As the cancer therapeutic agent d-limone@ancer Chemother
involvement of COX-2 and iNOS in colon carcinogenesis Pharmaco] 35, 31-7.
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