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Abstract: The present study investigated the effect of cranberries on development
of colon tumors induced by azoxymethane in Fisher 344 male rats. Fifty five rats
were divided into five groups and fed with control (AIN 93) or treatment diets:
cranberry meal (5, 10%) cranberry juice (2.5, 5%). Two AOM (16 mg ke ' b.wt.)
injections were given weekly for 2 weeks for induction of colon tumors, At 45 weeks
of age, all rats were killed and colons were evaluated for tumor incidence, size of
tumor and tumor multiplicity. Selected hepatic phase | (CYP2ZEL), phase 11 (GST)
and antioxidative enzyme (catalase and SOD) activities were determined. Tumor size
and tumors/tumor bearing rat were higher (p=0.05) in the control group. Number of
tumors was lower in cranberry fed rats compared to control. Administration of
cranberry to rats increased (p<0.05) hepatic enzyme activities by 1.2-3.7 fold
compared to control fed rats. These results indicate that feeding cranberry
(meal and juice) inhibited colon tumors induced by AOM and enhanced the activity
of hepatic enzymes.
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INTRODUCTION

Colon cancer is the third most common cancer (108, 070) and second leading cause of
death (49, 960) in the US (ACS, 2008). High morbidity related to cancer increases health care
costs and economic burden. Thus prevention of cancer has become a prime concern for
researchers. Dietary modification is one of the alternative approaches for primary prevention
of cancer. It has been hypothesized that components present in certain foods may offer
protection against many diseases and much research has been focused in identifying these
chemopreventive compounds (Kassie er al., 2002: Fresco er al., 2006; Howells er al., 2007).
However, some of these isolated agents do not yield the expected beneficial effects against
diseases as they exhibited different properties at non-physiological dose (Hennekens ef al.,
1996; Omenn er al., 1996). The protective effect of whole foods, vegetables and fruits
consumption might be due to additive or synergistic interaction of various bioactive agents,

Cranberry (Vaccinium macrocarpon Ait Encaceae) 1s a native fruit of North America and
has proven to have many health benefits. Prevention of urinary tract infection by the
consumption of cranberry is well documented (Kandil er al., 2002). The active components
present in cranberry prevent adhesion of bacteria to urinary and gastro intestinal tract and
hydroxyapatite in teeth. The benefits of cranberry are attributed to the phytochemicals such
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as phenolics, anthocyanins, flavonols, proanthocyanidins, organic acids and fiber.
Phytochemicals present in cranberry are found to contain antioxidative and in vitro
anticancer properties. Extracts of cranberry showed higher antiproliferative activity
(Seeram et al., 2004), reduced tumor growth (Murphy er al., 2003) and induced apoptosis
(Volate er al., 2005) and exhibited anti-angiogenic and anti-inflammatory properties
(Atalay er al., 2003; Bagchi er al., 2004; Roy et al., 2002) in many cell lines.

Understanding the underlying mechanisms of action by chemopreventive agents in
reducing tumors is important for the identification of potential agents against colon cancer,
Specific components of foods offer protection against cancer through various mechanisms:
antioxidant activity and/or trapping of oxygen radicals; induction of drug metabolizing and
detoxifying enzvmes, modulation of signal transduction, cell proliferation and apoptosis
(Shimizu and Weinstein, 20035). Protective agents for colon cancer were characterized based
on their potential to modulate biotransformation enzymes (Phasel and II) (Van lersel er al.,
1999; Paolini ef al., 1996). The chemical carcinogen used in this study was Azoxymethane
(AOM), which is metabolized in the liver by phase 1 (CYP2E]) enzyme. Phase | enzymes are
generally involved in activating the carcinogen by exposing the functional groups and
formation of reactive electrophiles. Phase IT enzymes (GST, QR, UDP Glucaronidase) facilitate
conjugation of specific substrates to increase water solubility and thereby facilitate
elimination. Antioxidative enzymes scavenge free radicals formed during metabolism of
carcinogen.

Administration  of nutritional and chemopreventive agents inhibited colon
carcinogenesis at different stages using the AOM-F 344 rat model (Reddy and Maruvama,
1986; Kawamori er al., 1999; Reddy, 2000). Compounds that appear to be effective in
short-term studies must further be examined in long term experiments for further conclusive
protective effects. Analysis of tumor data in an end point tumor model provides a definitive
picture of the chemopreventive potential of agents as there are many mechanisms by which
these compounds may affect tumorigenesis. Our earlier study showed that feeding cranberry
for 13 weeks reduced AOM-induced colonic ACF in F344 rats (Sunkara er al., 2008).
Therefore, the objective of the present study was to determine the modulatory effects of
cranberry on tumor formation in F 344 male rats induced by AOM. We also examined the
effect of cranberry on selected hepatic enzymes.

MATERIALS AND METHODS

Animals, Chemicals and Diets

Fifty five fisher 344 male rats (Harlan, IN) at 3 week age were maintained in a temperature
(217C) and humidity (50%:) controlled environment with a 12 h of light and dark cvcles. The
study was conducted in the Small Animal Laboratory in the Department of Food and Animal
Sciences, Alabama A and M University (2007). Following 1 week adaptation, rats were
divided into 5 different groups (11 rats/group). Control group received AIN93-G/M diets and
the treatment groups received cranberry in the form of meal (5 and 10%) juice (2.5 and 5%).
Modifications (1socaloric) were made to the treatment diets based on AIN 93 G and M diet.
Feed and fluids were given ad libitum during the experimental period. Bi-weekly body
weights and daily feed and fluid intakes were monitored. Cranberry meal and juice were
prepared as described earlier (Sunkara er al.,, 2008). For the induction of colon tumors,
aroxymethane (s/c) was administered to the rats twice at seventh and eighth week of age @
16 mg kg ' bowt., At 46 weeks, all rats were killed by CO, asphyxiation. The colons of rats
from each group were removed, opened longitudinally and flushed with potassium
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phosphate buffer (0.1 M, pH 7.2) and prepared for examination. Total number of twmors,
tumor size, location and tumaors per tumor bearing rat ratio (T/TBR) were determined. Weight
of cecal tissue and pH of the contents were noted.

Preparation of Liver for Enzyme Analysis

Liver was excised from rats, washed with 1.15% ice-cold potassium chloride and blotted.
The samples were minced, homogenized and centrifuged at 10,000 g for 30 min. An aliquot
of supernatant was stored for the analysis of catalase and 50D activities. The supernatant
was further centrifuged at 100,000 g for 60 min under refrigeration. The microsomal pellet was

washed, mixed with an equal volume of homogenization buffer and used for the analysis of
CYP2E] and GST activities.

Determination of Enzyme Activities

The hydroxyvlation of p-nitrophenol (PNP) to 4-nitrocatechol (4-NC) by CYP2ZE1 was
determined spectrophotometrically according to Koop (1997). Reaction mixtures contained
0.2 mM PNP, 50 mM Tris-HCL, 25 mM MgCL, (pH 7.4) and 50 pL. of microsomal proteins in a
total volume of 1 mL. Reactions were started by adding 50 mM NADPH and stopped by the
addition of 0.6 N perchloric acid. GST activity was analyzed by measuring the conjugation
of 1-chloro 2,4 dinitrobenzene (CDNB ) with glutathione mediated by GST (Habig er al., 1974),
Liver sample was added to the reaction mixture (phosphate buffer, glutathione and CDNB)
and change in absorbance was measured for 5 min at 340 nm in a Cary 1/3 UV/VIS dual beam
spectrophotometer, Liver CAT and SOD activities were analyzed by using the catalase and
SOD assay kits from Caymen chemical Co (Ann Arbor, MI) according to the manufacturer’s
instructions.

RESULTS

General Observations

All the amimals remained healthy throughout the experimental period. Feed intake and
body weights of the rats in the 5 groups did not differ throughout the experiment and no
significant differences were observed at the end of the study (Table 1). Highest consumption
of feed, which resulted in a higher weight gain, was observed in rats administered CJ (2.5%).
Rats fed cranberry did not show any significant differences in cecal weight or pH compared
to the control fed rats.

Tumor Incidence, Size and Multiplicity

Most tumors developed in the distal colon of all rats. Both proximal and distal tumor
incidence was higher in rats fed the control diet compared to the rats fed cranberry. Proximal
tumor incidence (%) was higher in rats fed cranberry meal (CM 5%-45.45; CM 10%-36.36)
compared to those fed cranberry juice (CJ 2.5% and 3%-18.18), Whereas, distal tumor

Table 1:  Effect of cranberries on weight gain, feed intake, cecal weight and cecal pH on AOM-induced Fisher 344 male
rats

Feed intake Weight gain Cecal weight
Ooups =z - § ) ——— - Cecal pH
Caontrol 16,630.60 J10.87£8.61 111006 7181007
Cl2.5% 17.05+1.44 333.2547.61 L 130,07 7.83+0.10
Cl 5% 15.76x1.07 310.12£10.4 1052005 1775006
CM 5% 15534057 332,1247.30 105003 71.93:0.04
CM 10% 15.0640.29 3249.5048.06 L1940 13 17940, 14

Cl: Cranberry juice, CM: Cranberry meal. Values are Means£5EM, n= 11
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Table 2: Incidence of tumors in the colon of Fisher 344 male rats fed cranberry
Rats with tumors (%)

Groups MM Mo, of tumors Proximal Dasial T TBE Tumor size (rmm)
Control 11411 59 48,00 | 0 5.37+0.49 5064039
Cl25% sl ) 5. 18 72,72 2.124.29% 2.27H). 14"
Cl 5% 8711 11 18.18 712,92 1.37+0. 18 2.00+0.26"
CM 5% 611 17 45.45 54.54 2.62+0.18" 1.68+0,.23"
CM 10% 6/l 1 12 36.36 54.54 1.87+0.12* 1.59+0.29"
CJ: Cranberry juice, CM: Cranberry meal. N /N, No. of rats with tumors/No. of rats in group, T/TBR: Tumorsftumor
bearing rat. Values are Mean25EM, n = 11. ™Values not sharing a common superscript in a column are significantly

different (p<0.05) with Tukey’'s student range test

Table 3: Activity of selected hepatic enzymes (CYP2EIL and GST)

Groups CYPZEI (nmoliminmg) GST (mumolfminmg)
Control 0810014 13194035
1 25% 0.6440.01% 32.72£1.03"
C] 5% 0.54+0.01% 47911 71"
M 5% 0644001 28, 78£].12"
ChM 10% 0.58+0.01° 44 4340611

CJ; Cranberry juice, CM: Cranberry meal, CYP: Cyvtochrome, GST: Glutathione-5-Transferase. Values are MeantSEM,
n =6, Values not sharng a common superscript in a column are significantly different (p<D.05) with Tukey's student
T.illlgl: lesl

incidence (%) was higher in rats fed cranberry juice (72.72) compared to the meal fed rats.
There was no dose response effect observed with feeding cranberry (meal or juice) in
reduction of tumor incidence (%), Administration of cranberry as meal had a higher (45.46%)
effect in reducing tumor incidence compared to cranberry juice (27.28%).

Rats fed cranberry had significantly (p<0.05) lower T/TBR and total number of tumors
compared to the control fed rats (Table 2). Among the treatment groups, number of rats with
tumors/group was higher (8) in the cranberry juice fed group compared to the meal fed
(6) group. Tumor numbers were highest in rats fed the control diet (59). Similar number of
tumaors were observed in rats fed cranberry at lower concentrations (CJ 2.5 and CM 5%- 17)
and higher concentrations (CJ 2.5%-11 and CM 10%-12). Highest reductions in twmor
multiplicity or T/TBR were observed in rats fed CJ 5% (74%) followed by CM 10% (62.47%),
CJ 2.5% (60.22%) and CM 5% (46.90% ). Rats fed higher concentrations of cranberry, CM 104
(1.87) and CJ 5% (1.37) had lower TBR ratios compared to their counterparts (CM 5%-2.62;
CJ 2.5%-2.12), indicating a possible dose response effect.

Among the treatment groups, rats fed CM had smaller tumors compared o the rats fed
Cl. Although there were no significant differences in average tumor size (mm) among the rats
fed cranberry (juice and meal). they were lower significantly (p<0.03) compared to the rats fed
the control diet. Reductions (%) in tumor size was highest in rats fed CM 10% (68.57),
followed by CM 5% (66.79), C1 5% (60.47), CJ 2.5% (55.13), compared to the rats fed the
control diet.

Activity of Hepatic Phase I and Phase II Enzymes

CYP 2EI enzyme activity was higher (p<0.05) (0.81£.01 nmol/min/mg) in rats fed the
control diet compared to the rats fed cranberry diets (Table 3). GST activity (mmol/min/mg)
was significantly (p<0.03) lower (13.1940.35) in rats fed the control compared o the treatment
diets. Among the treatment groups, highest GST activity was observed in rats fed higher
concentrations ol cranberry, CM 10% (49.430.61) and CJ 5% (47.91x1.71) compared to their
counterparts (CM 5%-28.78+1.12; CJ 2.5%-32.72+1.03). GST actuvities were 3.74 (CM 10%),
3.63 (CJ5%), 248 (CJ 2.5%) and 2.18 (CM 5%) fold higher than in control fed rats.
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Fig. 1: Activity of hepatic antioxidative enzymes. ClI: Cranberry juice, CM: Cranberry meal,
CAT: Catalase, SOD: Superoxide dismutase. Values are means, n = 6. Bars not sharing
a common superscript are significantly different (p<0.05) with Tukey’s student range
Lest

Activity of Antioxidative Enzymes

In order to explore the effect of antioxidant defense mechanisms in reducing the
incidence, number and size of colon tumors, hepatic antioxidative enzymes (S0OD and CAT)
were analvzed (Fig. 1). Antioxidative enzyme activities in rats were significantly (p<0.03)
increased following administration of cranberry (except CJ 2.5% in SOD activity) compared
o the control. SOD actuvity was significantly (p<0.05) higher in the rats fed CM 10%
(2.15 fold), followed by CM 5% (1.89 fold), CJ 5% (1.61 fold), compared to the rats fed the
control diet. Among the treatment groups, SOD activity (units/g) was significantly (p<(.05)
higher in the meal fed groups (CM 109%-38.52; CM 3%-51.54) compared to the juice fed
groups (CJ 5%-43.72; CJ 2.5%-31.65). CAT activity (U/g) was significantly (p<(.05) higher in
rats fed the higher concentrations of cranberry (CM 109%-49.51; CJ 5%-46.33) compared to
the groups fed lower dose counterparts (CM 3%- 23.12; CJ 2.5%- 32.86). A 1.2-2.6 fold
increase in CAT activity was observed in treatment groups compared to the control.

DISCUSSION

Consumption of fruits and vegetables has been implicated in reducing the risk of
developing colon cancer. Plant foods consist of many bioactive (non-nutritive) and nutritive
compounds which include minerals and vitamins. Including whole foods, froits and
vegetables in the diet may offer greater protection against cancer development due to the
additive or synergistic action of phytochemicals (Hemaiswarya and Mukesh, 2006; Liu et al.,
2002; Mertens-Talcott and Percival, 2005). Much focus has been given in recent years in the
identification of fruits and vegetables that possess chemopreventive efficacy in reducing
colon cancer. Dark fruits and vegetables are rich in many phytochemicals with a predominant
concentration of anthocyanins. Red colored fruits such as cranberry are rich in anthocyanins
and may exhibit chemopreventive effects against colon cancer.

Weight gain and feed intake did not differ among the groups fed cranberry (mealfjuice)
suggesting that none of the diets were either more palatable or toxic. As the cecal weight and
cecal pH did not differ significantly among the groups, there may not have been any
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protective effects of fiber in reducing tumor incidence, by its fermentation mechanism
associated with production of Short-Chain Fatty Acids (SFCA).

Tumor incidence and number of tumors were higher in control fed rats, whereas, feeding
treatment diets reduced tumor incidence by 25-43% in rats. These results are comparable to
the significantly lower number of tumors/rat/colon following administration of red wine
polyphenols after induction of colon cancer with DMH in F344 rats (Dolara et al., 2005).
Similarly, Harris er al. (2001), reported a decrease in tumor burden by 28, 42 and 75% in rats
fed 2.5, 5 and 10% black raspberries compared to the control fed AOM-induced rats.

Most of the tumors in this study were located in the distal region of the rat colon in all
the groups. Similar distribution of tumors has been observed in humans and rats (Holt er al.,
1996) with colon cancer. Reduction in tumors/tumor bearing rat (T/TBR) was seen in rats fed
cranberry. The TBE is the best indicator for assessing the efficacy of chemopreventive
compounds in a chemically-induced neoplasm model as it shows the reduction of tumors in
rats that developed tumors. Reduction (p<0.05) of T/TBR in the colon of rats fed cranberry
meal (5 and 10%) and juice (2.5 and 5%) compared to the control fed rats indicated the
tumor suppressing activity of cranberry. These results are consistent with other studies
(Harris er al., 2001; Bartoli ef al., 2000) where tumor multiplicity was reduced by 42, 45 and
719 after feeding 2.5, 5 and 10% black raspberries.

Rats injected with the colon carcinogen and fed the control diet might have higher
degree of proliferation and lower induction of apoptosis, which led to higher tumor incidence
and multiplicity. Effect of phytochemicals on cellular responses such as apoptosis and
proliferation may contribute to the chemopreventive effect against colon cancer at later
stages of carcinogenesis. Antiproliferative and apoptotic activities of cranberry might reduce
tumor burden, size and incidence in cranberry fed groups. Hydroxyeinnamates isolated from
cranberries reduced the proliferation in breast, cervical and prostate cancer cell lines
(Murphy et al., 20003). Anthocyanins from purple sweet potatoes, red cabbage and purple
corn (at 5% in the diet), significantly reduced colorectal carcinogenesis by 48, 63 and 89%,
respectively, in rats treated with 1, 2-dimethylhydrazine (Hagiwara et al., 2002). Commercial
Satsuma mandarin (Citrus unshin Marc.) juice rich in b cryptoxanthin and hesperidin,
suppressed cyclin D overexpression and induced apoptosis in AOM-induced colon tumors
male F344 rats (Tanaka et al., 2000). A monoterpene perillyl alcohol in cherry and spearmint
induced apoptosis in colonic tumors and inhibited AOM-induced colon carcinogenesis
(Reddy et al., 1997). A non-steroidal anti-inflammatory drug, sulindac, inhibited colon
carcinogenesis by inducing apoptosis in rats (Boolbol ef al., 1996).

Several plausible explanations may explain the observed effect, including the presence
of various phytochemicals and their combined effect along with the fiber content of the
cranberries. Polyphenols present in cranberry may also decrease tumor promotion by their
anti-inflammatory  activity,  Several chemopreventive  phytochemicals  (curcumin,
epigallocatechin gallate and resveratrol) have been shown to inhibit COX-2 and iINOS
expression by blocking improper nuclear factor-kB activation, Whole cranberry polyphenolic
extracts (Neto er al., 2006) in prostate cell line and Ursolic acid (Kondo et al., 2004) in
fibrosarcoma cells inhibited the expression of extracellular matrix metaloproteins (MMP-
2 and MMP-9) thereby reduced the tumor invasion and metastasis.

AOM, the colon carcinogen used in this study, is metabolized in the liver to
methylazoxymethanol by CYP 2E1 enzyme and further metabolized in the liver and colon to
a highly reactive electrophile, methyldiazonium ion, which can methylate cellular
nucleophiles, including DNA (Fiala, 1977). Phase II detoxification enzymes such as GST and
QR catalyzes the conjugation reactions to neutralize the electrophilic sites of carcinogen thus
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making the carcinogen more water soluble and readily excreted in bile or urine. Since the
alkylation of nucleic acids is considered to be the initial step for induction of colon tumors
by AOM, changes in the metabolic activation of AOM will influence the outcome of colon
tumors. The decrease in the activity of phase I CYP2ZET activity and increase in hepatic phase
II GST activity in this study contributes to the inhibition of colon tumors by modulating the
metabolism of AOM in cranberry treated rats. Contrary to the short term study, feeding rats
with cranberry for 41 wk significantly reduced phase 1 (CYP2ZE1) enzyme activity compared
to the rats fed control diet. Constant and long-term availability of flavanoids and
anthocyanins in cranberry might act as bifunctional inducers of drug metabolizing (phase 1
and phase II) enzymes and thereby provide benefits as cancer chemopreventing agents. Oral
intake of theaflavins for four weeks, inhibited the protein level of CYP2E] in rat intestinal
microsomes (Catterall ef al., 2003). Feeding citrus lemonoids, limonin and nomilin (1, 2, 5 and
10 mg day') for 10 days induced GST activity in liver and small intestine of wister rats
in a dose dependent manner, while having no effect in induction of CYP2E] enzyme
(Kelly et al., 2003).

Reactive electrophiles developed by the conversion of AOM causes damage 1o DNA,
proteins and other macromolecules. These free radicals also promote tissue damage and
progression of cancer. One of the antioxidant defense mechanisms in the body 15 the
enhanced activity of antioxidative enzymes such as catalase, superoxide dismutase and
glutathione peroxidase. The enhanced activity (1.2-2.6 fold) of antioxidative enzymes, CAT
and SOD in the liver of cranberry fed rats might be one of the mechanisms for reducing the
tumor burden and size. Shih er al. (2007) reported that anthocyanins activated antioxidant
response element (ARE) upstream of genes that code for antioxidative and phase Il enzymes,
thereby protecting cells against oxidative stress. Drinking cranberry juice at 27 and 45% for
4 months increased plasma antioxidant capacity and SOD activity in orchidectomized rats
(Deyhim et al., 2007). Hepatic activities of SOD, CAT. Glutathione Peroxidase (GPx) and
Glutathione Reductase (GR) were significantly increased with administration of luteolin
(1.2 mg kg ") in mice induced with AOM (Ashokkumar and Sudhandiran, 2008).

CONCLUSION

The present study showed that administration of cranberry as meal and juice
significantly inhibited the development of colon tumors in F344 rats. To the best of our
knowledge. no studies have been conducted to evaluate the effect of cranberry (meal and
juice) on an end point colon tumor model induced by AOM in Fisher 344 rats. Although the
exact mechanisms remain unclear, the modulation of colon carcinogenesis by cranberry 1s
associated with the induction of detoxification and antioxidative enzymes. Further
mechanistic and extensive studies should be conducted using cranberry to elucidate
molecular mechanisms of action.
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