@

Academic
Journals Inc.

International Journal of
Cancer Research

ISSN 1811-9727

www.academicjournals.com




International Journal of Cancer Research 7 (1): 36-46, 2011
ISBN 1811-9727 / DOIL: 10.3923/jcr.2011.36.46
© 2011 Academic Journals Inc.

Chemopreventive Potential of Bitter Melon (Momordica charantia)
against Precancerous Lesions in the Colon of Fisher 344 Male Rats

'D. Asiamah, 'M. Verghese, 'J. Boateng, 'B. Kanda, 'L. Shackelford and *L.T. Walker
'Nutritional Biochemistry and Carcinogenesis Laboratory, Department of Food and Animal Sciences,
Alabama A and M University, Normal AL, Alabama, USA

Food Chemistry Labaoratory, Department of Food and Animal Sciences, Alabama A and M University,
Normal AL, Alabama, USA

Corresponding Author: Dr. Martha Verghese, Department of Food and Animal Sciences, P.O. Box 1628, 35762,
Normal, AL , Alabama, USA Tel: 256-372-4175 Fax: 256-372-5432

ABSTRACT

Bitter Melon, (BM) Momordica charantia is known in Asia for regulation of blood glucose levels
and as a treatment for Diabetes mellitus. However, studies on its effect in preventing cancer are
scarce. This study was conducted to investigate the chemopreventive properties of bitter melon on
azoxymethane (AOM)-induced Aberrant Crypt Foci (ACF) in Fisher 344 male rats and determine
its effects on selected hepatic detoxification and antioxidant enzymes. Rats were fed AIN93G as
control (C) and treatment diets containing 2 and 4% BM. At 7 and 8 weeks of age, ACF was
induced by administering 2 s/c injections of AOM at 186 mg kg ! b.wt. and killed by CO,
asphyxiation at 17 weeks of age. Total ACF in proximal and distal colons were 35, 26 and 21; 116,
54 and 38 in rats fed C, 2% BM and 4% BM, respectively. Catalase and SOD activities (umol mg™)
were higher in rats fed treatment diets (0.293 and 0.03; 1.82 and 0.27 for rats fed 2 and 4% BM,
respectively) compared to control (0.04). Glutathicne-S-Transferase (GST) (umol mg™) activity and
Glutathione (GSH) levels were higher in treatment groups compared to control. Physicochemical
analysis was conducted on bitter melon fruit (total phenolics, free radical scavenging activity
(DPPH) and Ferric Reducing Antioxidant Power (FRAP)). Total phenolic content was
34.81 mg/CAE/g fresh fruit, DPPH activity was 2.99% and FRAP was 0.6562 umol Fe?/g/mL. Results
indicate bitter melon reduced incidence of AOM induced ACF. Thus inclusion of BM in diets may
have possible implications in reducing the risk of colon cancer.
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INTRODUCTION

Colon cancer is the third leading cause of cancer deaths worldwide. It is estimated that there
are about one million new cases each year and about half a million deaths caused by colon cancer
each year worldwide (Parkin et al., 2005). One out of every four deaths in the United States 1s
caused by cancer (ACS, 2008). Colon cancer 1s the third most diagnosed cancer in both males and
females. In 2009 there were about 106,100 cases (ACS, 2009). Research has shown that a
significant number of colon cancer cases can be prevented if nutritional intervention is pursued.
Various studies have shown that diets rich in fruits and vegetables offer protection against the
incidence of colorectal cancer (Ribeli and Norat, 2003; Zampino ef al., 2008).
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Bitter melon 1s a tropical vegetable of the taxonomic family cucurbitaceae. Bitter melon is
relatively new to the Western world and its bitter taste does not make it a vegetable of choice,
However, the bitterness can be reduced through heat application (Wang ef «l, 2008a).
Traditionally bitter melon is used in tropical countries for the treatment of diabetes. Though data
on the chemical and biological properties of bitter melon remain scarce, its folk medicinal benefits
are widely known. Bitter melon contains numerous compounds, few of which include ferulic acid,
caffeic acid (Raj et al., 2005), momordin, momorcharin, eryptoxanthin {(Grover and Yadav, 2004),
isorhamnetin and fisetin (Lako et «l., 2007). Ferulic acid has the potential of scavenging
superoxides (Ogiwara et al., 2002), caffeic acid which 1s a phenolic acid is found in most plants
{Arimboor et al., 2008) and momordin a ribesome-inactivation protein (Leamon and Low, 1992) has
cytotoxic effects on leukemia cells (Kim et af., 2002). The proteins ¢ and p-momorcharin have the
potential of reducing the activity of the HIV virus (Taylor, 2002). Fisetin is a flavonol which was
shown to improve memory in laboratory rats (Troup ef al., 2007), 1sorhamnetin 1s also a flavoniod
inhibits superoxide radicals and lipid peroxidation (Zielinska ef af., 2001). Bitter melons also possess
antineoplastic properties (Basch ef al., 2003), however information on cancer studies using bitter
melon are scarce, specifically dietary chemoprevention studies with respect to colon
carcinogenesis. The selection of bitter melon was warranted due to studies indicating its numerous
medical benefits (Lee-Huang et al., 1995). Bitter melon contains momorcharin (Grover and Yadav,
2004), a plant protein which has exhibited antitumor properties in other studies (Ng et al., 1992).
The vegetable has alsc been shown to contain the protein MAP30, which has anti-HIV properties
{(Lee-Huang et al., 1995). However, there is no published work on the potential of bitter melon in
colon cancer prevention.

Azoxymethane is a colon specific carcinogen (Yamada and Mori, 2003). It is used to induce
Aberrant Crypt Foeci (ACF) which are preneoplastic lesions (Ochiai ef al., 1996). ACF are the
earliest identifiable precursors of colon cancer (Fretlow et al., 1991). In most colon cancer preventive
studies, Fisher 344 male rats are used due to their reliability and clinical features resembling
human colon cancer (Takahashi and Wakabayashi, 2004). Therefore, the objectives of this study
were to investigate the chemopreventive properties of bitter melen on AOM-induced ACF in Fisher
344 male rats and to determine its effects on selected hepatic detoxification and antioxidant
enzymes.

The selected hepatic detoxification enzyme was glutathione S-transferase (GST), selected
antioxidant enzymes were superoxide dismutase (SOD) and catalase (CAT). Catalase is a
peroxisomal enzyme which breaks down hydrogen peroxide into water and oxygen (Sato ef al.,
1992). It works together with other enzymes in providing defense against oxidants. Glutathione
S-transferase enzymes can metabolize carcinogens and they also play a role against other
xenobiotics (Pool-Zobel et al., 2005). These enzymes are found in yeast, bacteria, insects and
mammals. Superoxide dismutase protects the cell by preventing damage caused by Reactive
Oxygen Species (ROS) which readily attack cells (Miyazawa et al., 2009), Hydrogen peroxide which
is produced from superoxide anion {O,7) is metabolized into water and oxygen by glutathicne
(Mivazawa et al., 2009). These enzymes were selected due to their role in chemoprevention. They
may also serve as biomarkers for colon cancer.

MATERIALS AND METHODS
Reagents and standards: Methanol, buffered formalin, Azoxymethane (NCI Chemical
Repository, Kansas City, MQ), 1-chloro 2, 4-dinitrobenzene, glutathione, hydrogen peroxide,
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potassium hydroxide, purpald (chromogen), potassium periodate, formaldehyde standard, 0.056 M
carbonate buffer (pH 10.2), 0.3 mM adrenaline, Ellman's reagent, 4% sulfosalicylic acid,
Folin-Ciocalteu’s phenol reagent, 7% NaCO,, gallic acid standard, FRAP reagent, 300 mM acetate
buffer (pH 3.6), 10 mM 2,4,6-tri (2-pyridyl)-s-triazine (TEFTZ), 40 mM HCI, 20 mM ferric chloride
(FeCL,.H,0), ferrous sulphate (FeSO,.7H.,O) (0.1-1.0 mM), DPPH (1, 1-Diphenyl-2-picryl-hydrazyl)
radical solution and 10% buffered formalin were purchased from Fisher Scientific (Suwannee,
Creorgia).

Preparation of diets: Mature Bitter Melons (BM) were purchased from a local farmers market,
Huntsville Al. They were cleaned, sliced and freeze dried (Virtis genesis freeze drier) (Woodstock,
Greorgia) and ground to fine powder (Robot Coupe food processor Blixer RSIBX3) (Ridgeland,
Mississippi). The powdered sample was mixed in an AIN92G basal diet (powdered) at 2 and 4%
levels (Table 6). For chemical analysis, extracts were prepared using fresh bitter melon with 80%
methanol. Samples were concentrated using a Welch rotary evaporator (Model 2025, Sheboygan,
Wisconsin).

Animal study: This study was conducted in the Department of Food and Animal Sciences at
Alabama A and M University (2009). A total of 18 rats (6 rats/group) were used in this study. Rats
were obtained from Harlan (IN) and were randomly assigned in pairs and housed in wire cages.
Temperature and humidity were kept, at 21°C and 50%, respectively and light and dark cycles were
maintained at 12 h each for the entire duration of the study (13 week). Animals were allowed a one
week acclimatization period, after which they were randomly assigned into three groups. The
control group was fed a diet based on formulations from the American Institute of Nutrition
(AIN-Q) (Reeves ef al., 1993) and the treatment groups were fed an AIN92G based diet containing
2 and 4% BM which was added at the expense of corn starch. Feed intakes (g day™" and bedy
weight (g) were recorded daily and weekly, respectively. All work with animals was approved by
the Alabama A and M University.

Sample and tissue collection: At 7 and 8 weeks of age, rats received injections of Azoxymethane
(AOM) (NCI Chemical Repository, Kansas City, MO) in saline at 16 mg kg™ b.wt. Rats were killed
by COQ, asphyxiation at 17 weeks of age Livers were excised and stored at -80°C until enzyme
analysis. Cecal weight and cecal pH was noted. Colons were removed and fixed in buffered formalin
and Aberrant Crypt Focil (ACFEF) were enumerated as described by Bird (1987).

Enzyme analysis

Total Glutathione S-Transferase (GST) activity: Glutathione S-transferase activity in the
liver of the rats was assayed according to protocol outlined by Habig ef al. (1974), using CDNB as
the substrate. GST was determined at an absorbance of 340 nm at 1 min intervals for 5 min and

activity was expressed as pmol mg™!.

Catalase (CAT) and superoxide dismutase (SOD) activity: Liver catalase activity was
determined at ambient temperature according to the procedure described by Aebi (1984) with
modifications. To a 96 well culture plate, 20 pl of appropriately diluted sample was added to
100 pL of assay buffer and 30 pli of methanol. In each well, catalytic reactions were initiated by
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adding 20 pl of hydrogen peroxide noting the precise time the reaction is initiated. The samples
{wells) were gently agitated using the shaker, simultaneously at rcom temperature for 20 mn.
After 20 mrmn, 30 pL of potassium hydroxide was added to each well to terminate the reaction. Each
well had 30 uLi of purpald (chromogen) subsequently added to it. For an additional 10 min, the
plate was gently agitated using a shaker and incubated at room temperature. Finally, 10 uL of
potassium periodate was added to each well. The plate was gently agitated and incubated for an
additional b min at room temperature. Catalase activity was determined against a formaldehyde
standard, at an absorbance of 540 nm using a Microplate reader (Biotek Synergy HT, Winocoski,
Vermont) and expressed as uM of H,0,decomposed/min/mL protein,

Hepatic superoxide dismutase was assayed using Fridovich (1989) method. Homogenized livers
were added to 2.5 mL of 0.05 M carbonate buffer (pH of 10.2). The reaction was started with the
addition of 0.3 mL freshly prepared 0.3 mM adrenaline to the mixture which was quickly mixed by
inversion. Buffer (2.5 mL), 0.3 mL of substrate (adrenaline) and 0.2 mL of water was placed in the
reference cuvette. A change in the absorbance at 480 nm was monitored every 30 for 150 sec. A
single unit of enzyme 1s defined as the quantity of superoxide dismutase added to produce 50%
inhibition of autoxidation.

Glutathione (GSH) levels: Hepatic glutathione was assayed using the colorimetric method and
Ellman’s reagent was used. Briefly, livers were homogenized in 4 volume of ice-cold homogenizing
buffer at pH 7.4. The aliquot of the homogenate was deproteinized by addition of an equal volume
of 5% metaphosphoric acid and centrifuged at 17,000 g for 15 min at 2°C. An aliquot of the
supernatant (0.5 mL) was added to 4.5 mL of Ellman’s reagent. GSH levels were determined at an
absorbance of 412 nm. A standard curve was prepared by plotting different concentrations of GSH.

Chemical analysis

Total phenolic: The total phenolic content in bitter melon was determmned using Folin-Ciocalteu’s
reagent. The method was modified for the micro plate reader. Briefly, bitter melon extracts (25 pli)
were added to 50 pL. of distilled water. Further, 125 pl. of Folin-Ciocalteu’s phenol reagent was
added to the mixture (1:10). After 5 min 100 pL of 7% NaCO, was added the mixture was allowed
to incubate for 90 min at 25°C in the dark. Absorbance was measured using the micro plate reader
{Biotek Synergy HT, Winooski, Vermont), at 750 nm versus a blank consisting of distilled water.
Grallic acid standard solution was used to develop a standard curve for total phenclics. Total

phenolics was expressed as mg Gallic Acid Equivalents (GAFK) per 100 g of bitter melon.

Free Radical Scavenging Activity (FRSA) (DPPH): FRSA of bitter melon was analyzed as
described by Brand-Williams (Brand-Williams ef «l., 1995). Extracts were diluted to various
concentrations and 0.1 mL of each sample volume was added to 2.9 mL 1,1-Diphenyl-2-picryl-
hydrazyl (DPPH) radical solution. The DPPH radical was dissolved in 80% methanol. The mixture
was agitated and incubated at room temperature for 30 min. The experiment. was conducted under
restricted light. Free radical scavenging activity was measured as the amount of extract required
to decrease the initial absorbance (wavelength 517 nm) of the DPFH radical concentration by 50%
as compared to the control according to the equation below:

DPPH (%) - Aconwul_Asample/A\:ontmlxloo
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Ferric Reducing Antioxidant Power (FRAP): The ferric reducing antioxidant power assay was
conducted as explained by Benzie and Strain (1996), Approximately 100 uL of diluted bitter melon
extracts was combined with 3 mL of FRAF reagent consisting of 300 mM acetate buffer (pH 3.8),
10 mM 2,46-tri (2-pyridyl)-s-triazine (TPTZ) in 40 mM HCL and 20 mM ferric chloride
(FeClL;. H, Q). The diluted mixture was then incubated for 4 min at a temperature of 37°C.
Following incubation, the samples were read at an absorbance of 583 nm. Absorbance readings
were taken for 2 min over a period of 10 min. The change in absorbance was compared to standard
ferrous sulphate (FeS0O,.7TH,O) (0.1-1.0 mM). The samples were analyzed in 4 replicates and the
coneentration of Fe® were expressed as pmol of Fe?/g/mL. The FRAP reagent was freshly prepared
as needed.

Statistical analysis: Data were analyzed using SAS system version 9.0 (SAS, 2004) by analysis
of variance. The values were given as Means+SEM. A one way ANOVA was used in determining
the means. A follow up test, Tukey's studentized range test was used in separating the means.
Significance were tested at p<0.05 level.

RESULTS

Body weight, feed intake, cecal weight and cecal pH in rats: Table 1 shows the weight gain
(g 13 week™) and feed intake (g day™) in rats fed control and BM diets. The group fed 4% BM had
significantly (p<0.05) higher feed intake compared to the control and 2% BM. This was reflected
in their weight gain, where the group fed 4% BM had significantly (p<0.05) higher weight gain
compared to the control group. There were no significant differences chserved in cecal weight and
cecal pH among control and treatment groups (Table 1).

Aberrant Crypt Foeci (ACF): The incidence of Aberrant Crypt Foci (ACE) is shown in Table 2.
Rats fed BM had significantly {(p<0.05) lower ACF numbers compared to the control. ACF incidence
in the distal colon was significantly (p<0.05) higher compared to the proximal colon in all
experimental groups. However, the number of ACF in both the proximal and distal colon in rats
fed control was significantly (p<0.05) higher compared to the treatment groups (151+£9.44,
80.86+8.69 and 5947.95, respectively). ACF with 3, 4 and =5 crypts have a higher propensity of

Table 1: Weight gain, feed intake cecal weight and pH of Fisher 344 male rats

Groups Weight gain (g 13 week™) Feed intake (g day ™) Cecal weight Cecal pH
Control (C) 250.85+10.4° 15.18+2.4° 2.40+£0.03° 7.82+¢1.10°
C+2%BM 265.75+11 6% 15.46+1.9° 2.2640.05* 7.86+1.082
C+4% BM 260.75+10.92 16.05+2.72 2.38+0.09* 7.74+1.147

Means in a column with different superseripts are significantly (p<0.08) different using Tukey's studentized range test. BM: Bitter melon,
C: Control

Tahble 2: Incidence of Aberrant Crypt Foci (ACFE) in Fisher 344 male rats fed hitter melon and control

Incidence Control (C) C+2%BM C+4%BM
Proximal 35.1+4.232 26.20£2.4407 21+2.165¥
Distal 116.045.982 54.98+4.26%* 38+3.98~
Total 151.045.447 80.86+8.69° 59+7.95°

BM: Bitter melon, C: Control. Mean in a row with different superscripts are significantly different (p<0.05) using Tukey's studentized

range test. “Mean in a column with different superscripts are significantly different (p<0.05) using Tukey's studentized range test
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Table 3: Crypt multiplicity in Fisher 344 male rats fed hitter melon and control

Group 1 2 3 4 =5 Total
Caontrol 8.0 25.0 46.0 42.0 30 151
C+2%BM 8.0 39.0 21.0 9.0 3 80
C+ 4% BM 6.5 28.5 15.5 6.5 2 59

BM: Bitter melon, C: Control

Tahble 4: Total abnormal crypts in Fisher 344 male rats fed bitter melon and control diet

Group Proximal Distal Total

Control (C) 2422 4892 5142
C+ 2% BM 135° 65* 200t
C+ 4% BM 842 46° 130r

Means in a column with different superscripts are significantly (p<0.05) different using Tukey's studentized range test. BM: Bitter melon
C: Control

Table 5: Activity of selected enzymes and glutathione levels in Fisher 344 male rats

Activity Control (C) C+2%BM C+4% BM
GST (umol mg™) 10.55° 16.89* 21.572
SOD (umol mg™ 1) 0.04 0.30% 0.272
CAT (umol mg™) 0.04 0.293F 1.822
GSH (umol mg™) 0.17 0.49° 0.682

Means in a row with different superscripts are significantly (p=<0.08) different using Tukey's studentized range test. BM: Bitter melon
C: Control, GST: Glutathione S-Transferase activity, SOD: Superoxide dismutase activity, CAT: Catalase activity, GSH: Glutathione

levels

developing into tumors. The control group had a higher incidence of ACF with larger crypts
compared to the treatment groups (Table 3). Present results (Table 4) show that the contrel group
had significantly (p<0.05) higher number of abnormal crypts in both the proximal and distal colen,
compared to the rats fed 2 and 4% BM (514, 200 and 130, respectively). There was about a 60%
and 75% decrease in total crypts in the groups fed 2 and 4% BM, respectively, compared to the
control group.

Effects of diets on enzyme activity: Glutathione S-Transferase is a phase II detoxification
enzyme. We observed that the rats fed 4% BM had significantly (p<0.05) higher GST activity
compared to rats fed 2% BM and control (21.57, 16.89 and 10.55, respectively). Glutathione (GSH)
levels, in the rats fed 4 and 2% BM diet were significantly (p<0.05) higher compared to the control
{0.68, 0.49 and 0.17, respectively).

GBT uses GSH as a substrate in the detoxification process. Hence, the higher the GSH levels
the higher the detoxification process. The treatment groups (2 and 4% BM) had significantly
(p<0.05) higher selected antioxidant enzymes activities compared to the control. Superoxide
dismutase (SOD) activity in treatment groups was significantly (p<0.05) higher compared to the
control. Catalase (CAT) activity in rats fed 4 and 2% was significantly higher compared to the
control (1.82, 0.293 and 0.04, respectively). CAT activity in rats fed 4% BM diet was about 98%
higher compared to the control group. Rats fed the diet containing 4% BM also had significantly
(p<0.05) higher enzyme activities compared to the group fed 2% BM and the control group
{Table B).
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Tahble 6: Composition of diets based on AIN93G

Ingredients (g kg™ Control 2% bitter melon 4% bitter melon
Corn starch 397 377 357
Casein 200 200 200
Dextrose 132 132 132
Sucrose 100 100 100
Soybean oil 70 70 70
Fiber 50 50 50
Mineral mix 35 35 35
Vitamin mix 10 10 10
Cystine 3 3 3
Choline 2.5 2.5 2.5
Bitter melons 0 20 40

Chemical analysis: Total phenclic content in bitter melon was 34.31 mg/GAE/g sample
{fresh weight). Free radical scavenging activity (DFFPH) was conducted on the fresh sample of
bitter melon. Free radical scavenging activity was 0.647 mg mL™', in percentage the value
obtained was 2.99%. The ferric reducing antioxidant power of bitter melon was recorded to be
0.652 pumol Fe*fg/imL.

DISCUSSION

The present animal study was conducted to evaluate the chemopreventive potential of bitter
melon. The results of the study indicate that administration of bitter melon significantly (p<0.05)
reduced the incidence of ACFEF. Several studies have supported the use of ACFEF as a reliable
biomarker in colon cancer (Verghese, 2000; Williams et al., 2007; Boateng et al., 2007). The ability
of bitter melon to reduce the incidence of ACF may be due to the compound momordin, which is
found in bitter melon. Momordin has been reported to have antiproliferative effects (IKim et al.,
2002). Comparable results were observed in a similar animal study conducted by Beateng et al.
(2007), where selected fruits were fed to Fisher 344 male rats. Another animal study carried out
using lycopene at different levels resulted in a reduced incidence of ACEF in Fisher 344 male rats.
This supports the hypothesis that fruits and vegetable may have antiproliferative properties. In
another study a fermented soy product was shown to have no preventive role in the development,
of ACF in Wistar male rats (Silva ef al., 2009). It was suspected that the soy fermented product was
unable to prevent the clonal proliferation of the abnormal cells. Enumeration of ACF can be used
to determine factors that affect the initiation phase of colon carcinogenesis (Fenoglo-Preiser and
Noffsinger, 1999). Bitter melon may have reduced the incidence of ACE due to its antiproliferative
properties. Bitter melon contains cryptoxanthin (Grover and Yadav, 2004), which was shown to
have had mild protective effects against colorectal cancer in males in an epidemological study
(Park et al., 2009). Cryptoxanthin has alsc been shown to reduce the incidence of colon
carcinogenesis in Fisher 344 male rats (fed mandarin oranges) by inducing apoptosis
(Tanaka et al., 2000). In the present study cryptoxanthin in the bitter melon may have aided in
the reduction of ACF incidence.

It was also observed that rats fed BM had higher activities of hepatic detoxification enzymes
{GST) and antioxidant enzymes (SOD and CAT). The treatment groups had significantly (p<0.05)
higher GST, SOD and CAT activity compared to the control. The GSH levels in the rats fed BM was
also found to be significantly (p<0.05) higher compared to the control. GSH is utilized by GST as
a substrate in the detoxification process. Superoxide dismutase catalyzes the dismutation of
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superoxides, which are potent carcinogens. They are converted to hydrogen peroxide (H,O,) and
molecules of oxygen. CAT and SOD work in sync in the prevention ACF formation, where the H,O,
produced by the SOD is further reduced to molecules of water by CAT. The groups fed 2 and 4%
BM diets had significantly (p<0.05) higher CAT and SCD activities. This is supported by an earlier
study, where pretreatment of momordin sustained the activities of glutathione, glutathione
reductase, glutathione S-transferase, glutathione peroxidase, catalase and superoxide dismutase
in laboratory rats (Kim et al., 2005).

Fruits and vegetables from earlier studies (Verghese, 2000; Williams et «af., 2007,
Boateng ef al., 2007) have been proven to induce the activity of critical hepatic enzymes (GST) and
antioxidative enzymes (SCD and CAT) which may reduce oxidative stress. We observed a
correlation between enzyme activity and the incidence of ACF. A study conducted to investigate
whether diets containing cruciferous vegetables such as broceoli, watercress, green cabbage and
red cabbage offered protection against ACF formation in rats, indicated that cabbage increased
hepatic GST activity in rats {Arikawa and Gallaher, 2008)., Rats fed cabbage also had lower
incidence of ACF. In the present study, rats fed bitter melon had higher GST activity and lower
ACF incidence. Previous experiments in our laboratory have shown a similar trend. Research show
that diets rich in protein could increase oxidative stress (Gu et al., 2008) hence leading to chronic
diseases like colon cancer. In a recent study, mice fed high protein diets (60% casein or soy protein)
were observed to have low catalase and superoxide dismutase activities (Gu ef al., 2008). Proving
that a healthy diet is one which consists of a good balance of fruits, vegetable and protein.

Phenolics may inhibit cancer through mechanisms such as antioxidant effects, activation of
detoxifying enzymes and increasing cell to cell communication (Malin et al., 2003). In the present
study it was observed that bitter melon had phenolic content, indicating that it may play a role in
the cancer prevention as the results from the animal study showed. Total phenolic content of bitter
melon (34.31 mg/GAE/g fresh fruit) is lower compared to blueberry (190.3 mg/100 g for f.wt.)
(Wang et al., 2008b), onion, asparagus and tomatoes (53, 44 and 35 mg of CAE 100 g™' of FW,
respectively), however in comparison to French beans, lettuce and cucumber (34, 32 and 20 mg of
CAE 100 g7! of FW, respectively) (Keevers et al., 2007) bitter melon’s total phenolic content was
observed to be higher. These results were expressed in milligrams of Chlorogenic Acid Equivalents
(CAE) per 100 g of Fresh Weight (FW). Free radicals are unstable molecules which destabilize
surrounding molecules by obtaining electrons from them. Free radicals in food and in the human
body can be harmful, hence natural sources of antioxidants is important in the prevention of the
damage they cause (Yang et al., 2009). Activities of free radicals can lead to several chronic diseases
such as cancer. The present study showed that bitter melon had some level of free radical
scavenging activity (DPPH). This indicates that hitter melon may be a natural source of
antioxidants. Free radical scavenging activity of bitter melon (0.847 mg mL™) is higher when
compared to vegetables such as egg plant (0.228 mg mL™) (Nisha et al., 2009), however its ability
to scavenge free radicals is made evident by results from the present research. The 0.647 mg mL™!
or £.99% value indicates the level at which bitter melon scavenged the free radical, 1,1-Diphenyl-2-
picryl-hydrazyl. Reduction of ACF by bitter melon in the animal study could have been due to its
antioxidative potential. Consumption of fruits and vegetable is encouraged due to their antioxidant,
activities {(Lohachoompol ef al., 2004). Bitter melon in the present study showed ferric reducing
antioxidant power activity (FRAP). This supports the hypothesis that bitter melon may have
antioxidant potential. FRAP assay measures alteration in absorbance, brought about by the
formation of blue colored ferrous-tripyridyltriazine from colorless oxidized ferric by the action of
electron donating antioxidants (Hazem et al., 2008). In a study conducted aimed at investigating
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the ability of red cabbage to ameliorate diabetes in rats, FRAP activity was found to be low in
kidney due to Reactive Oxygen Species (ROS) activity (Hazem et al., 2008). However, bitter melon
in the present study seems to have increased antioxidant activity in rats.

Based on the results of the study it can be deduced that bitter melon may have antiproliferative
and antioxidative properties. Bitter melon significantly reduced the incidence of ACF, reduced crypt
multiplicity as well as total erypts. Hepatic and antioxidant enzymes were increased in rats fed
bitter melon. With colon cancer being the second leading cause of cancer deaths, cutting edge
research needs to be conducted to stamp out the staggering statistics of colon cancer cases. Bitter
melon proves to be a vegetable which possesses the medicinal properties to prevent colon cancer as
results from this study has made cbvicus. Further endpoint {(long term) studies needs to be
conducted to determine the chemopreventive effects of bitter melon consumption over a longer
period.
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