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Abstract: The objective of this study was to determine the effects of dietary
administration of sorrel calyx and sorrel juice on the induction and development of
azoxymethane (AOM) induced Aberrant Crypt Foci (ACF) in Fisher 344 rats. Thirty
male F344 rats were randomly divided into 5 groups and fed AIN 93-G diet as
control, AIN 93-G+sorrel meal (5 and 10%) or juice (2.5 and 5%). Rats were given
subcutaneous injections of AOM (16 mg kg™’ b.wt.) once a week for 2 weeks and
were killed after administering sorrel for 13 weeks. The effect of sorrel on
detoxification (phase | and II) and antioxidant enzymes (catalase (CAT) and
superoxide dismutase (500D)) was also determined. Treatment with dietary sorrel
meal and juice significantly (p<0.03) decreased total number of ACF and the total
number of aberrant crypts compared to the control fed rats. Feeding sorrel meal at
10% level significantly (p<0.05) reduced the percentage of ACF by 70% compared
to the control. Administration of sorrel to rats significantly (p<0.03) increased
hepatic Glutathione-S-Transferase (GST), CAT and SOD activities by 3.3-6.5 fold
compared to the control fed rats. However, no effect on CYP2E] activity was
observed among the treatment groups. Present results demonstrate the
chemopreventive potential of sorrel either as meal or juice on AOM induced ACF
as well as its ability to modulate detoxification and antioxidant enzymes.

Key words: Chemoprevention, azoxymethane, sorrel, aberrant crypt  foc,
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INTRODUCTION

Colon cancer may occur through genetic mutations by exposure to carcinogens and by
environmental factors. Epidemiological studies revealed the highest incidence of colon
cancer in populations with diets containing high fat, low fiber, high calorie and low fruit and
vegetable intakes (Bingham, 1999; Slattery et al., 1998). An effective preventive measure
which includes diet modification is one of the approaches to reduce colon cancer morbidity
and mortality. Current evidence suggests that bioactive food components in fruits and
vegetables may affect the development of colon cancer (Ross ef al., 2006). Ubiquitous in
nature, bioactive compounds are known to act as antioxidants (Geber and Bowerman, 2001),
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activate liver detoxification enzymes, destroy harmful ROS. block carcinogens,
suppress malignant cells and interfere with several processes known to cause cancer
(Pennington, 2002).

Sorrel. Hibiscus sabdariffa L., belongs to Malvaceae family and the calyx of this plant
15 commonly used to prepare cold drinks, hot tea and jellies. It 1s commonly known as Sorrel,
rossele, or karkade. In some parts of the world, the leaves are used as green leafy vegetables,
The calyx contains bioactive compounds such as polyphenols, flavonoids, anthocyanins,
volatile acids and protocatechuic acid along with several minerals and  vitamins,
Anthocyanins are the most abundant bioactive components in sorrel drink. The water
or solvent extracts of sorrel calyx have shown hepatoprotective, cardioprotective
(Jonadet et al., 1990; Chen er al., 2003), antihypertensive (Herrera-Arellano et al., 2004;
Odigie et al., 2003), antidiabetic, antidiuretic (Mojiminiyi ef al., 2000)) and in vitro anticancer
properties. Hibiscus anthocvanins (HAs) possess antioxidant bioactivity both in vive and
in vitro (Tseng er al., 1997, Wang et al., 2000).

The azoxymethane (AOM )-Fisher 344 (F344) model is extensively being used in colon
cancer prevention studies and has provided significant answers on the development of the
disease. Perhaps, the most important aspect of this model is the fact that it is reliable and
many of the clinical, histological and molecular features resemble sporadic human colon
cancer (Takahashi and Wakabayashi, 2004). Aberrant Crypt Foci (ACF) are the earliest
identifiable mucosal abnormalities in carcinogen-treated rodents and can be scored at 14 wks
after two AOM injections in rats (Bird, 1995).

Biotransformation of carcinogens occurs by the action of phase I and 11 enzymes within
the cell. At the initiation stage of carcinogenesis, carcinogens are converted into reactive
electrophiles by the action of Phase I CYP450 enzymes, leading to mutations and genetic
lesions in DNA. Reactive electrophiles conjugate with different water soluble substrates by
phase II detoxification enzymes (GST, Sulfotranferases etc.) and are eliminated from the body.
In general, the bioactivation reaction often generates Reactive Oxygen Species (ROS) directly
as a spin-off product, since it uses oxygen: hence, dietary antioxidants such those from fruits
and vegetables can help protect tissue from damage that may occur by this reaction.

Therefore, focus has been given for the potential use of whole foods and synergy of
phytochemicals to reduce cancer. In this study we used sorrel calyx in the form of meal
and juice to determine its chemopreventive potential against AOM induced ACF in Fisher
344 rats.

MATERIALS AND METHODS

Preparation of Sorrel Meal and Juice

Dry Sorrel calyxes were obtained {Alabama A and M University) and ground to a fine
powder (particle size of 0.5 mm) using a Wiley mill (Swedesboro, NJ) and mixed into the diet.
Modifications were made to cornstarch, sucrose and fiber in order to make the diets
isocaloric with AIN 93G. One thousand milliliter of distilled water was heated to a boiling
temperature, One hundred grams of dried sorrel was added to the boiling water and allowed
to boil for an additional 10 min. The sorrel decoction was allowed to cool to room temperature
and was filtered. Desired 2.5 and 5% sorrel juice was prepared daily from the concentrated
stock.,

Animal Care and Experimental Design

Male Fisher 344 weanling rats (Harlan, IN) rats were housed following standard
protocols. All rats were subjected to a 1-week adaptation period and randomly assigned o
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5 groups (n = 6) and assigned o the following diets: AIN-93G (Reeves er al.. 1993) (control),
AIN-93G diet containing 5 and 10% ground sorrel calyx with modifications and AIN-93G with
2.5 and 3% sorrel juice in place of water. Rats were given ad libitwm access to the diets,
weekly body weight and daily feed and daily fluid intakes were recorded. The diets were
prepared weekly and stored at 4°C. Ingredients for preparing AINY3G diets were obtained
from M.P. Biomedicals (Costa Mesa, CA). The Institutional Animal Care and Use Commitiee
of Alabama A and M University approved all protocols involving rats.

Carcinogen Injection and Tissue Sample Collection

To induce ACF, two subcutaneous injections of Azoxymethane (AOM), (NCI
Repository and Kansas City, MO) were administered to the rats” at 16 mg kg™' b.wt. during
the 7th and 8th week of age. After 13 week, feed was withheld overnight and the rats were
killed by CO, asphyxiation. The cecum from each rat was excised, weighed and split open and
the pH of the cecal contents was recorded. Colon was removed for ACF enumeration and
liver was collected, rinsed in potassium phosphate buffer (pH 7.0, 0.1 M), flash frozen in
liquid nitrogen and immediately frozen at -80°C until enzyme assays were conducted.

Quantification of ACF

Colons of rats from each group were removed and flushed with PBS (0.1 M, pH 7.2).
These were cut open then fixed in buffered formalin. Each colon was cut into 2 equal
sections, distal and proximal and stained with methylene blue. ACF and crypts per focus
were enumerated as described by Bird (1987). ACF were classified into small (<3 crypts) and
large (=4 crypts) based on number of ACF/focus.

Preparation of Homogenates and Microsomal Fractions

Hepatic tissue was homogenized in ice-cold homogenizing buffer (20 mM Hepes, pH 7.4
containing 100 mM KCI, I mM MgCl,, | mM EGTA, 210 mM mannitol and 70 mM sucrose)
to prepare 10% (w/v) homogenate. An aliquot was saved from the homogenate after
centrifuging at 10,000 g for 30 min to quantify the antioxidative enzymes: SOD and catalase
activities. The remaining supernatant was further centrifuged at 100,000 g for 60 min at 4°C.
Microsomal pellets were mixed with equal volumes of homogenization buffer and used to
determine CYP2EI and GST activities.

Hepatic Enzyme Activities

Hydroxylation of 4-nitrophenol to 4-nitrocatechol was determined by the method
described by Koop er al. (1997). Briefly, 4-Nitrophenol (0.2 mM) was dissolved in 50 mM
Tris-HCI. 25 mM MgClL,, pH 7.4. An aliquot of 930 pL of this solution and 50 pL of liver
microsomal sample were incubated at 37°C. Reactions were started by adding 50 mM NADPH
and stopped by the addition of 0.6 N perchloric acid. The formation of 4-Nitrocatechol
formation was spectrophotometrically determined with the addition of 10 N NaOH at 6(0) nm.
Hepatic GST activity was assayed according to the spectrophotometric methods using
(Habig er al., 1974) 1, chloro 2. 4-dinitrobenzene (CDNB) (Sigma chemicals, St. Louis, MO)
as substrate. Change in absorbance was recorded every minute for 5 min in a Cary 1/3
UV/VIS dual beam spectrophotometer (Palo Alto, CA). The CAT and SOD activities were
analyzed using kits from Cayvman Chemical (Ann Arbor, MI) according to the manufacturer’s
Instructions.
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Statistical Analysis

Data are expressed as Means£5EM and were analyzed using the SAS statistical program
(SAS 9.1) by Analysis of Variance (ANOVA) and means were separated using Tukey’s
studentized range test. Differences were determined for statistical significance using two-way
ANOVA. Differences were considered significant at p<0.05,

RESULTS

General Observations

Rats fed the treatment diets had similar weight gain, feed intake, cecal weight and pH
(Table 1). Weight gain (13 weeks) in rats fed sorrel was comparable to the control fed rats,
indicating that the dose or treatments used did not cause any toxicity or side effects. The
highest feed consumption was seen in rats fed SM 10% and lowest intake was seen in
control fed rats. Cecal pH was near neutrality in all the groups including the control;
although, the lowest cecal pH and highest cecal weight were observed in rats fed SM

(Table 1).

Incidence of Aberrant Crypt Foci (ACF) in Colon of Fisher 344 Male Rats
Administration of sorrel significantly (p<(0.035) reduced the number of ACF compared to

the control fed rats (Fig. 1). In all the groups, the incidence of ACF in the distal colon was

higher than in the proximal section, which has also been seen in humans. While the number

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

Feed mtake Weight gain Cecal weight
Treatments e ) e Cecal pH
Control 12644072 226.40=110.54 10341014 T 530,06
51 2.5% 14.25+1.35 192.20£8.20 1.034+0,19 T1.9340.08
515% 14.56£1.67 197401 1.94 I .0240.20 7044000
SN 5% 13.71+1.23 200.00%5.05 113405 T.aTHIO5
SM 105 14.89+1.25 191.60+6,73 1104019 7. 704002

S1: Somrel juice:; SM: Sorrel meal. Values are as Means2SEM, n=06

= —
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Fig. I: Effect of Sorrel calyx on AOM-induced ACF in the colon of male F344 rats, SJ:
Sorrel juice, SM: Sorrel meal. Values are Means£SD n = 6. Bars not sharing a
common superscript are significantly different (p<0.05) with Tukey’s studentized
range test
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of ACF in the proximal colon was comparable in all the treatment groups, it was however
significantly (p<0.05) lower (50%) compared to the control fed rats. Rats fed sorrel showed
a significantly (p<0.03) lower number of distal ACF compared with rats fed the control diet,
with the highest reduction seen in the groups fed SM (SM 10% (62.35%) and SM 5%
(51.23%})). A similar trend was also observed in the total number of ACF,

We observed that compared to the control fed rats, supplementation of sorrel meal in
the diet significantly (p<0.05) reduced the incidence of ACF by 70.23% (5M 10%) and
50.23% (SM 5% ) and as juice by 49.32% (8] 5%) and 32.45% (8] 2.5%).

Crypt Multiplicity and Total Crypts

Total crypts in rats fed the control diet (330.50£18.87) was significantly (p<0.05) higher
compared to rats fed the treatment diets (Table 2). Present results showed that among the
treatment groups, total crypts were similar in the rats fed 5J (2.5 and 5%) and SM 5% but
significantly lower in the SM10% fed rats. Compared to the control, the highest reduction in
total crypts was observed in rats fed SM 10% (72.54%) and the lowest reduction was
observed in the rats fed 8J 2.5% (49%). Increased dosage of SJ and SM resulted in decreased
incidence of total crypt. Dietary administration of sorrel juice and meal significantly (p<().03)
reduced the number of small (ACF with crypts <3) and large crypts (ACF with crypts =4)
compared to the control fed rats. Among the treatment groups. ACF with small crypts were
significantly (p<0.05) lower in rats fed 10% SM (28.7543.88), however, we did not observe
any significant differences among the treatment groups with regard to ACF with large crypts.

Activity of Phase I and Phase Il Enzymes

Feeding sorrel meal and juice did not have any effect in modulating hepatic phase 1
CYP2ZEI activity. CYP2ZE] activity was not significantly different in all the groups including
the control. However, the administration of treatment diets resulted in a significant increase
in GST (Table 3) activity compared to the control fed rats. Administration of sorrel meal at
(10%) and SJ (5%) increased GST activity (mmol/min/mg) by 6.5 and 5.28 fold, respectively,
compared to the control (10.35+1.87). Rats fed 5J (2.5%) had the lowest induction of GST
activity among all the treatment groups, however had significantly (p<0.05) higher induction
(3.32 fold) compared to the control.

Table 2: Crypt multiplicity and number of crypts in colon of rats

Treatments Crypts<3 Crypts =4 Total crypts
Control 90, 255,02 28.75£2. 75 330.50£18.87
8] 2.5% 60, 006, 04" 70021 .08 168 80+13.91"
51 5% 55.25+3.63" 10.2522.92° 157.80£10.06°
SM 5% 477545 54 7.75&1.000" 139.00+11.25"
SM 0% 28.T5+3 BE° 10.25=1.97" 1003, 408, M

S1: Sorrel juice, SM: Sorrel meal. Values are Means£5EM; n = 6. Values in a column not sharing a common superscript
are significantly different (p<0.05) with Tukev’s sdentized range test

Table 3: CYP2EI and Glutathione S-transferase activity in liver of rats

Treatments CYP2ZE] (nmol/min/mg) GST (mmol/minmg)
Control 0.720.02 10.35£1.87
51 2.5% 0.61£0.01 33.3746,92"
51 5% 0.75+0.03 54,6024, 14
SM 5% 0.69+0.02 49.52%529™
SM 10 U.6640.01" 67 28+6,T7H

SI; Sorrel Juice; SM: Sorrel meal. Values are Meant5EM; n = 6, Values in a column not sharing a common superscript
are significantly different (p<0.05) with Tukey's siudentized range
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Fig. 2: Activity of hepatic antioxidative enzyme. SJ: Sorrel juice, SM: Sorrel meal, CAT
catalase, SOD: Superoxide dismutase values are Means£SEM, n = 6. Bars not sharing
a common superscript are significantly different (p<(0.05) with Tukey’s studentized
range test

Activity of Antioxidative Enzymes (SOD and CAT)

CAT and SOD were significantly (p<(.05) higher in rats fed treatment diets compared
with the control rats (Fig. 2). Except in the group fed SJ (2.5%), CAT activity (U mg™') in rats
fed SM (109%), SM (5% ) and SJ (5%) were significantly (p<0.05) higher compared to the group
fed control diet (20.65). With SOD activity, the highest induction, compared to the control
fed rats, was observed in rats fed SM 10% (6.77 fold), followed by SJ 5% (4.61 fold), SM (5%)
(4.33 fold) and 51 (2.5%) (2.35 fold). Among the treatment groups, administration of sorrel at
5% as juice and meal did not have any significant effect in induction of SOD activity.
However, both these groups had signficantly (p<0.05) higher activity compared to the
control.

DISCUSSION

The present study was conducted to evaluate the potential of sorrel in reducing the
incidence of ACF in Fisher 344 male rats. The dose levels in this study were selected to
determine the upper limits of efficacy of sorrel calyx as a chemopreventive agent as these
doses correspond to 1.5-2 servings of fruits and vegetables for human consumption. Present
results indicate that administration of sorrel significantly (p<0.05) reduced the incidence of
ACF by 32-70% compared to the control fed rats.

Sorrel calvx is a composite of several compounds including anthocyanins,
cyanidin-3-rutinoside, protocatechuic acid and quercetin. The additive and synergistic effect
of these bioactive compounds present in sorrel might have contributed to the reduction in
colonic ACF. One of the mechanisms associated with these phenolic compounds are their
in-vive antioxidant properties as well as their ability to influence signal transduction. The
generation of Reactive Oxygen Species (ROS) is by far the most potent threat faced by any
living organism (Chandra er al., 2000; MacCarthy and Shah, 2003). As evidenced,
accumulation of ROS such as superoxide anion, hydrogen peroxide, singlet oxygen, hydroxyl
radical and peroxyl] radical, may lead to damage to key biological macromolecules, including
DNA and lipids (Paravicini and Touyz, 2008). Oxidative damage to DNA is one of the
contributory factors in tumor initiation. Phenolic compounds that possess antioxidant or
reactive oxygen scavenging activity may prove beneficial as chemoprevention agents.
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Chewonarin er al. (1999) remarked that the reduced incidence of ACF 1n rats administered a
gavage ol sorrel may be due to the inhibition of DNA methylation and cytochrome P450 1 A2,
however, the exact mechanisms are yelt to be determined. In our study we noted that rats fed
SM had significant (p<0.05) reduction in ACF compared to the rats fed §J. Aside from its
phenolic content, sorrel calyx 1s a reliable source of dietary fiber. Fiber present in the meal
might enhance the release of bivactive components into the colon of rats by the action of
colonic microflora. Fiber can also act as blocking agent and decrease the interaction of the
carcinogen with the colonic mucosa.

Crypt multiplicity 15 an important indicator of tumor incidence. Large ACF (crypts=4) are
likely to develop into tumors over time by proliferation (Zhang er al., 1992) and small ACF
(crypts<3) might get dissolved and disappear. Rats fed SM and 5] had significantly (p<0.05)
lower number of large and small ACF compared to the rats fed the control diet, thus implying
that polyphenolic compounds present in sorrel might have led to the induction of apoptosis
thereby decreasing cell proliferation.

AOM 1s metabolized by CYP2EI enzyme in the liver to methylazoxymethanol which is
responsible for the formation of DNA adducts. Inhibition of CYP2EI by phytochemicals can
halt the process of cancer by preventing the occurrence of genetic lesions. In our study we
showed that admimstration of sorrel had no effect in modulating CYP2E] enzyme.

Phase Il detoxification enzymes such as GST and QR make the carcinogen more water
soluble and readily excreted in the urine or feces and bile. Our results are comparable to
enhancement of GST and QR in liver and colonic mucosa of male F344 rats given a dose
100 mg kg™ ' of ferulic acid (Kawabata et al., 2000). Silymarin, a flavonoid did not influence
liver P 450 2E1 in rats (Miguez et al., 1994). Diallyl sulphide, a volatile compound in garlic
inhibited the activity of CYP 2E1 in rats (Brady ef al., 1991). The GST and QR activities in the
liver and colon of rats gavaged with 40, 200 and 400 mg ke ' b.wt. of silymarin were
significantly higher than the control rats induced with AOM (Kohno er al., 2002). No
changes in CYP 2E1 activity and enhanced activity of GST suggest an important mechanism
in reducing the formation of ACF in sorrel fed rats.

Polyphenols can atfect the process of carcinogenesis by counteracting oxidative stress
through the induction of antioxidative enzymes that are capable of neutralizing free radicals.
Catalase and SOD activities were elevated when rats were fed 5] and SM.

The exact mechanisms of action by sorrel calyx for reducing the number of ACF and
crypt multiplicity by AOM are not fully known. However, there are many possible
mechanisms of action by the bioactive components present in sorrel. Colon cancer occurs
in a step wise manner by the transformation of normal epithelial cells into preneoplastic,
neoplastic and metastatic states (Fearon and Vogelstein, 1990). Phytochemicals may act at
every stage to halt the process of carcinogenesis. Some of the components such as fiber and
polvphenols may act as blocking agents and hence, affect the initation stage of
carcinogenesis. The induction of a crucial phase II detoxification enzyme, GST and
antioxidative enzymes suggests their role in reducing the oxidative stress caused by AOM
and other xenobiotics.

CONCLUSION
The results of this study showed that administration of sorrel as meal (5 and 10%) and

juice (2.5 and 5%) significantly reduced ACF formation induced by AOM. Different
mechanisms of action in reducing the incidence of ACF suggest the potential combinational
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effect of phytochemicals and importance of a food based approach. Further mechanistic and
long term tumor model studies should be conducted to confirm the chemopreventive
potential observed in the short tern feeding of sorrel calyx.
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