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The main objective of the study is to determine the hepatoprotective efficacy
of Basella rubra against chemically induced colon carcinogenesis model.
The study was performed in male Wistar rats allocated into six groups. First
group considered to be normal control and second group as drug control
receives Basella rubra aqueous extract (BRAE 250mg/kg b.w.) orally for 30
weeks, third group served as cancer control injected with only DMH
(25mg/kg b.w.) for 15 consecutive weeks. Rats in group IV and VI were
administered with BRAE along with DMH injections. Rats in group V were
administered with BRAE after cessation of DMH injection. After 30 weeks

of experimental period, all the organs were collected and the liver tissue from
all groups of rats was subjected to lipid peroxidation (LPO) and histological
studies. Protective effects of BRAE were observed by increased in
consumption of food and body weights in BRAE administration groups.
Increased levels of LPO were seen in only DMH injected rats; BRAE
administration to DMH injected rats significantly decreased the levels of
LPO in liver tissue. Histopathological findings revealed that high level of
damage was seen in only DMH induced rats whereas administration of
BRAE shows recovery in liver architecture and the improved results were
observed in entire period administration of BRAE. From the above results, it
can be concluded that Basella rubra possess the hepatoprotective effect
against chemically induced colon carcinogenesis in rats. The effect was more
pronounced in entire period administration of BRAE.
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INTRODUCTION

Colorectal cancer is the third common form of all diagnosed cancers, found in both men and women. An
estimated of 93,090 cases of colon cancer are to be diagnosed in 2015 (American cancer society, 2015). Numerous
reports stated that, close association between the diet and incidence of colon cancer (Katia et al. 2013). It has been
estimated that, modifications in the dietary habits prevent 70-80% of colorectal cancer (Denis et al. 2002). Diet is
the most imperative factor in regulating colon cancer development. Therefore extensive research has been made to
produce dietary chemopreventive agents that could inhibit, delay or reverse the multistage carcinogenesis (Eun et al.
2007).

1, 2-dimethylhydrazine (DMH) broadly used as an experimental model to study colorectal carcinogenesis
in rodents. The establishment of the first animal model was appreciated for its macroscopic and histological
similarity to human colorectal carcinoma (Martina et al. 2005). DMH s initially metabolized in liver to form
azoxymethane and methylazoxymethane which is then transported to colon via bile or blood to produce ultimate
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carcinogenic metabolite, diazonium ion that elicits an oxidative stress by methylating biomolecules of colonic
epithelial cells and that leads to promutagenic events leads to inflammation and tumor promotion (Hamiza et al.
2012). 1, 2-Dimethyl hydrazine (DMH) is known to generate hydroxyl radical in the existence of metal ions that
assist to the initiation of lipid peroxidation. In DMH-induced animal model circulation of increased levels or
progressed generation of ROS and toxic degradation products of lipid peroxidation have been reported. Free radicals
or reactive oxygen species (ROS) are the main offenders in lipid peroxidation and forms destructive and irreversible
damage to the components of a cell, such as lipids, proteins and DNA (Bouftira et al. 2012).

Generally normal levels of ROS are capable of participated in signal transduction and intercellular
communications. Excess production of these reactive oxygen species cause various pathological effects such as
causing lipid peroxidation, protein peroxidation, DNA damage and cellular degeneration leading to cardiovascular
disease, inflammatory disease, cancer and other disorders. To maintain homeostatic balance between the free
radicals production and our defense system of the body, there is require of diet rich with antioxidants (Manish et al.,
2011).

Antioxidants are the compounds that possess the property of inhibiting the initiation or propagation of
oxidizing chain reaction. Natural antioxidants refer to compounds that are derived from plant sources. Based on the
type and source of the material used, the mode of action of natural antioxidants involves multiple actions. It is
believed that the regular consumption of dietary antioxidants may reduce the risk of several serious diseases
(Tawheed et al. 2014). Consumption of natural antioxidants in fruits and vegetables, favors the xenobiotic
metabolizing enzymes to act against cardiovascular disease and cancers. Hence, identification of dietary constituents
that prevent colon cancer is important and a major focus of research in recent years. Recently, there has been a keen
interest in the protective and therapeutic effects of certain plant chemicals on chronic diseases including cancer.
Especially, active compounds in dietary phytochemicals that consist of a wide variety of biological applications
have drawn a great deal of attention from both the scientific community and the general public owing to their
demonstrated ability to suppress cancers (Balaiya et al. 2010). Therefore, prevention of cancer through diet is regard
as safety and economic, compare synthetic anticancer drugs with prolong survival and minimal side effects.

Basella rubra belongs to family Basellaceae, consumed as a green leafy vegetable throughout the country
and grown abundant in Asian counties. It has been cited in Indian traditional medicine for various applications,
mainly in the treatment of ulcer, gonorrhea and balanitis (Nagarajan et al. 2012) and in Chinese traditional medicine,
B. rubra has been used for the treatment of constipation, as a diuretic and as toxicide (Toshiyuki et al. 2001).
Basella rubra has been reported to possess antioxidant (Nagarajan et al. 2012), anti-inflammatory (Bhanu priya et al.
2014), anti-diabetic (Nirmala et al. 2011), hepatoprotective (Yanadiah et al. 20011) and also anti-microbial (Sen et
al. 2010) properties. Inspite of numerous therapeutic effects of B. rubra, it effects on its hepatoprotective role in
chemically induced colon carcinogenesis model has not been reported yet. Since, the present investigation study
examines the protective efficacy of BRAE on oxidative stress induced by DMH colon carcinogenesis. The effects
were evaluated by the morphological observations, measurement TBRAS levels and by histoarchitecture
determination.

2. MATERIALS AND METHODS
2.1 Plant collection and authentication

The Basella rubra leaves were collected from in and around the regions of Tirupati, Andhra Pradesh, India
in the month of October to November 2012 depending on its easy availability. The plant materials were identified
and authenticated (Herbarium. No. SPMVV/BT/BR1/2012) by Dr. N. Nagaraju, Assistant professor, Dept. of
Botany, Sri Venkateswara Arts College, Tirupati, Andhra Pradesh.
2.2 Preparation of aqueous extraction

The leaves of Basella rubra was washed with tap water in order to remove any dust particles and then dried
the leaves in shade for 2 weeks. The dried leaves were ground to fine powder using electric grinder. The 10g of
powder was weighed out and mixed with 500 ml distilled water. This mixture was then stirred for 16 h. The
supernatant mixture was then filtered and then freeze dried. The freeze dried material was weighed and re-dissolved
in distilled water to produce a stock solution that was stored at frozen -20°C for further studies.
2.3 Animal maintenance

In this study Male Wistar albino rats were selected and procured from Ragavendra enterprises, Bangalore,
India. All Rats were placed in polypropylene plastic cages covered with wire mesh top and a hygienic bed of husk in
a specific-pathogen free animal room. Room temperature was maintained at 22+2°C and a humidity of 55+5 %
under a 12h light-dark cycle. The animals were acclimatized to laboratory conditions at least one week before
starting the experiment and they had free access to food and water ad labitum. The study protocol was performed as
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per institute animal ethics committee regulations and approved by the committee (Reg. No.
1077/P0O/a/12/CPCSEA/SPMVV-IEC/2014/02).
2.4 Carcinogen treatments

The experimental rats were divided into six groups. The rats in groups I, IV,V & VI received sub-
cutaneous injections of DMH at a dose of 25 mg/kg body weight once a week for the fifteen consecutive weeks to
induce colorectal cancer. Prior to subcutaneous injection, DMH was dissolved in 1mM EDTA (freshly prepared
before use) the pH adjusted to 6.5 with ImM NaOH to ensure the pH and stability of the chemical and was used
immediately after preparation.

2.5 Experimental design

All the rats were randomly allocated into six groups; each group consists of six rats. Rats in group |
received normal saline during the experimental period served as control. Group Il rats received only BRAE
(250mg/kg/day b.w.) through oral dosage for 30 weeks served as drug control. Group |1l rats served as carcinogen
control received DMH injections (25 mg/kg b.w.) subcutaneously once a week for 15 weeks and then animals were
kept without any treatment until 30 weeks. Group IV rats received DMH (same as Group I11) and meanwhile BRAE
(250mg/kg/day b.w.) administration were started one week before the starting of the experiment and continued up to
final exposure of carcinogen (0-15 weeks). Group V rats received DMH (same as Group I11) and also administration
of BRAE (250mg/kg/day b.w.) started after the DMH termination and proceeds until the end of experiment (16-30
weeks). Group VI rats received DMH (same as Group I11) and also BRAE was administered from day one of the
experiment (1-30 weeks) and continued for entire period of the experiment.

2.6 Body weights, food consumption and Tissue pathology

The body weights of rats in all the groups were monitored throughout the study period and they were
recorded once a week for 30 weeks. Food consumption of the rats in all the groups was also observed during the
experimental period for once a week (Jun et al. 2002).

After necropsy, a subjective examination of organs (Spleen, liver, kidneys & colon) were collected from all
the rats in different groups and they were observed for morphological changes and signs of toxicity. Organs were
weighted and they were preserved for further study (Dias et al. 2006). The colons were removed and flushed clear
with ice cold physiological saline (0.9% NaCl solution). Colons were opened longitudinally along the median and
laid flat to examine the incidence of macroscopic lesions (Takefumi et al. 2006).

2.7 Lipid Peroxidation Assay

A weighed portion of liver from the rats in different groups was homogenized in phosphate buffer (100
mM, pH 7.0) and used to measure the concentration of thiobarbituric acid reacting substances (TBARS) as an
indicator of lipid peroxidation. The extent of lipid peroxidation was measured in terms of formation of TBARS in
liver tissue by the method of Ohkawa et al. (1979). 5% liver homogenate was prepared in ice cold 1.5% KCL. To
200pl of liver homogenate, 50ul of 8.1% sodium dodecyl sulphate and 375 pl of thiobarbituric acid (0.6%) TBA
was added and the mixture was placed in boiling water bath for 60 min at 95°C and then samples were allowed to
cool at room temperature. A mixture of 1.25ml of butanol: pyridine (1.5:1) was added, vortexed and centrifuged at
1000rpm for 5 minutes. The pink colored chromogen was formed and it was produced by the reaction of
thiobarbituric acid (TBA) with malondialdehyde (MDA), a secondary product of lipid peroxidation measured was
estimated at 532 nm in UV-VIS spectrophotometer. The values were expressed as the nmol/ TBARS formed per
gram tissue.

2.8 Histological examination

Liver tissues were cut in small pieces and immersed in neutral buffered formalin for 24 h. The fixed tissues
were processed for embedded in paraffin, sectioned, deparaffinized and rehydrated using the standard techniques
(Bancroft and Gamble, 2002). The extent of hepatic damage was evaluated by assessing the morphological changes
in the liver sections of 5-6 um were cut and stained with hematoxylin and eosin and examined for histopathological
changes.

2.9 Statistical analysis

The values obtained from results were articulated as the mean + standard deviation (SD). The statistical
significance of the data was evaluated by One-way analysis of variance (ANOVA) followed by Dunnett’s
Comparision Test. The statistical significance was considered at *p<0.05.

3. RESULTS
3.1 General findings

Body weights were recorded weekly during the experimental period of 30 weeks. Various changes were
observed in different group rats regarding their body weights. Body weights of the rats were shown in Table-1. Rats
in all the groups gradually increased their body weights. In only BRAE administration (group I1) rats body weights
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were elevated as like control group rats (group 1) for the period of the experiment. The body weight gain was
significantly decreased in DMH alone (group IlI) injected rats compared to control group rats (group I).
Administration of BRAE to DMH injected (group IV, V & V1) rats shows significant increase in their body weights
compared to cancer control group rats (group IlI). Significant increase in body weights were seen in group VI. At
the end of the study the final body weights of all the rats were 273+ 14.3, 269+13.8, 215+17.4, 243+14.1, 257+15.9
and 266+16.6g respectively.

Along with body weights, food consumption (g/day/rat) of the rats was also monitored every week for the
period of experiment (Table 1). Food intake in group Il rats (31.2+ 4.3) was almost similar to control group | rats
(32.4 + 3.0). Average intake of food in rats injected with only DMH (group 111) was significantly reduced (21.0 +
5.2) compared to control group rats (group I). Whereas BRAE administration to DMH injected rats showed
increased food consumption (group IV (25.9 + 2.8), V (27.8 + 4.3) and VI (29.2 + 3.7)). This shows oral
administration of BRAE has no adverse effects as observed by the body weights and also food consumption of rats.

At the end of the experiment (after 30 weeks), rats from all the groups were euthanatized and the intra-
abdominal organs like liver, kidney and spleen were observed for gross morphological changes and they were
weighted (g/100 g body wt). In drug control rats (group 1) no noticeable changes were found, weights of the liver,
kidney and spleen weights were (13.1+0.7, 2.19+0.1, 1.17+0.15) almost similar to control group rats (13.5+0.4,
2.2+0.1, 1.24+0.13). In only DMH injected rats (group I11) shows abnormal changes macroscopically in their liver
by formation of cyst (Figure 1) and organ weights (11.9+0.8, 1.8+0.1, 0.9+0.17) were reduced compared to control
(group 1) rat organs. BRAE administration to DMH injected rats in groups 1V (12.5+0.4, 1.9+0.04, 0.9+0.19) group
V (12.9+0.68, 1.9+0.14, 1.2+0.14) & group VI (13.1+0.68, 2.0+0.2, 1.2+0.16) organ weights were not significantly
differ among the groups. Organ weights were significantly increased compared to only DMH injected rats (group
).

3.2 Lipid Peroxidation (LPO)

The effect of BRAE on the levels of oxidative stress marker (TBARS) in the liver homogenate was given in
Table 2. The level of lipid peroxidation was in the order of 0.30+0.03, 0.31+0.02, 0.54+0.04, 0.39+0.04, 0.35+0.02
and 0.34+0.02 nmoles of TBARS formed/g tissue/hr in control rats, drug control, only DMH, Initiation, post —
initiation and entire period groups respectively. The level of TBARS in liver homogenate was significantly elevated
in only DMH injected rats when compared to control (group I) and drug control rats (group 11). BRAE
administration to DMH induced rats ((group 1V, V and VI) showed significantly (p<0.05) lower levels of TBARS.
Restoration of TBARS to near normal levels was found in entire period administration of BRAE (group VI).

3.3 Histopathology

The histopathological changes in the liver sections are represented in figure 2. Liver histopathological
examination was done after 30 weeks study to evaluate the histomorphological changes, the liver of control (group
I) rats indicated the normal hepatic morphology with intact hepatocytes. Administration of only BRAE (group I1)
did not affect the hepatic architecture shows same normal hepatic morphology as like control rats, which shows
protective nature of BRAE. The liver sections of only DMH injected rats (group II1) showed fatty changes with
vacuolation and scattered hepatocytes associated with necrosis. Administration of BRAE to DMH induced rats
(group IV, V & V1) had displayed clear hepatic recovery by a complete regeneration of hepatocytes that are closely
arranged and necrosis appeared to be normal with less vacuolation. The more pronounced recovery in hepatic
morphology was seen in group VI rats (entire period administration of BRAE).

FIGURES
Table 1. Effect of BRAE on intake of food, body weights and organ weights of rats in different groups
General Group | Group I Group 111 Group 1V Group V Group Vi
observations | (Control) Orug | ony DMH) | (Initiation) (Post- (Entire
Control) initiation) period)
Food
consumption 324+3.0 31.2+4.3 21.045.2** 259 +2.8* 27.8+4.3 29.2+3.7
(g/rat/day)
Initial body 157+ 11.2 155+ 10.7 169+12.7 152+14.2 155+12.6 157+11.7
weight(g)
Fln_al body 273+ 14.3 269+13.8 215+17.4** 243+14.1** 257+15.9* 266+16.6*
weight (g)
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Organ weights

(9)#

Liver 13.5+0.4 13.1+0.7 11.9+0.8 12.5+0.4 12.9+0.68 13.1+0.68
Kidney 2.240.1 2.19+0.1 1.8+0.1 1.9+0.04 1.9+0.14 2.0+0.2
Spleen 1.24+0.13 1.17+0.15 0.9+0.17 0.9+0.19 1.2+0.14 1.2+0.16

All experimental values are expressed as mean + SD. #Values represent after 30 weeks of experiment. Where **
p<0.01 and * p<0.05 compared with control group (Group I).

Fig. (1). Changes in the liver tissue. This figure shows the formation of cyst in the liver in only DMH induced rats,

observed during euthanasia after 30 weeks of experiment.

Table 2. Effect of BRAE on liver TBARS levels

Groups TBARS (nmol/g tissue)
Group | (Control) 0.30+0.03
Group Il (Drug Control) 0.31+0.02
Group 11 (Only DMH) 0.54+0.04**
Group IV (Initiation) 0.39+0.04**
Group V (Post-initiation) 0.35+0.02*
Group VI (Entire period) 0.34+0.02

DMH- dimethylhydrazine; TBARS- thiobarbituric acid reactive substances. Experimental values are given as mean

+ SD. Where ** p<0.01 and * p<0.05 compared with control group (Group I).

44




ISSN 2320-5407 International Journal of Advanced Research (2015), Volume 3, Issue 11, 40 — 48

Fig. (2). Represents the liver H&E section (10 X Objective). A) Liver section from control rats with lack of vacuoles
and intact hepatocytes. B) Section from drug control with no abnormalities. C) Section showing the liver from only
DMH injected group shows the formation of vacuoles, scattered hepatocytes and necrosis. D) Liver section from
initiation group with less vacuoles and necrosis. E) Section from post-initiation group with less necrosis and no
vacuole formation. F) Liver section from entire period administration of BRAE shows the formation of intact
hepatocytes and recovery from fatty changes. Arrow marks indicate H- Hepatocytes; V- Vacuoles; N- Necrosis.

4. DISCUSSION

Liver is more susceptible to injury because it is commonly exposed to agents (Environmental toxins,
carcinogens and drugs) in their most reactive toxic forms. These agents cause liver damage by lipid peroxidation,
oxidative damage, and free radical production. Even though free radicals are necessary to maintain biochemical
processes and an aerobic metabolism but they are deleterious to health (Rojin et al. 2015). Oxidative stress is an
imperative constituent of carcinogenesis. Free radicals produced as a result of oxidative stress initiate chain
reactions that lead to the process of lipid peroxidation which causes injury to cell membranes. So agents that reduce
free radical generation contribute to chemoprotection of cellular damage and also the carcinogenesis (Aditi et al.
2011).
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Several reports explored that naturally occurring phenolics in fruits and vegetables as a combination can
prevent cancer cell growth more efficiently than as a single compound (Halliwell, 2007). There are several studies
reported that higher intake of fruits and vegetables have a protective role against colorectal cancer (Van et al. 2009).
Everyone knows the importance of green leafy vegetables but their consumption was highly condensed and ignored.
This study aims to highlight the significance of Basella rubra (leafy vegetable) in our regular diet. In the present
study DMH (1, 2-dimethyl hydrazine) was selected to induce colon carcinogenesis in male Wistar rats. DMH shows
the toxicity not only to target organ (colon) but also to non-target organs (liver) leads to metabolic alterations and
occasionally malignant tumors of bile duct origin (Gilbert 1987). It is obvious that DMH could cause malignant
tumors and pathological damage to the tissues of an animal. The cytoarchitectural and toxicological studies will give
a clear understanding of the hepatoprotective effects of aqueous extract of Basella rubra against DMH induced
colon carcinogenesis in rats.

Weight loss, decreased appetite and blood in the stool are frequently associated in colon cancer
(Venkatachalam et al. 2013). Food intake was significantly decreased due to the increased occurrence of tumours in
the colonic tract, which resulted in reduced weight in DMH exposed rats. In addition, enhanced development of
tumour leads to growth rate inhibition. The general findings of our present study also showed reduction in body
weight gain in only DMH injected rats. The intake of food also significantly decreased this may be due to the
presence of tumors in the colonic tract. Oral administration of rats with BRAE in three different stages (groups)
shows body weight restoration and the consumption of food also significantly increased. The results in present
investigation reveal that the BRAE preventive potential role against DMH induced colon cancer.

DMH produces free radicals that induce oxidative DNA damage in the liver of rats (Ha-Na et al. 2007).
Enhanced lipid peroxidation connected with depletion of antioxidant levels is a characteristic feature finding in
cancer bearing rats which reflect excessive free radical production and excessive deployment of antioxidants (Manju
and Nalini, 2007). The enhanced lipid peroxidation in the liver of DMH induced colon tumour bearing rats could be
attributed to the DMH induced oxidative stress and production of reactive oxygen substances. Oxidative stress was
measured by lipid peroxidation (LPO) levels in the liver homogenate. Numerous reports demonstrated the
antioxidant potential of natural dietary agents and carotenoids that can significantly reduce free radicals and the
oxidative load to help the body to healthy state (Aranganathan & Nalini, 2009; Sreedharan et al. 2009). The above
reports were substantiated by our study as administration of BRAE to DMH injected rats (group IV, V and VI)
significantly reduced hepatic TBARS levels and were restored to normal values (group | and Il). However, hepatic
TBARS levels were highly increased in only DMH injected rats (group I1). This may be due to DMH, a methylating
agent which releases oxidative stress and ROS. The antioxidant property of BRAE may be responsible for protecting
the cells against the oxidative stress, possibly by increasing the endogenous defensive capacity of the liver to combat
oxidative stress induced by DMH. Administration of BRAE to the entire period of the study was more effective than
the other treatment stages. This effect of BRAE could be due to its strong antioxidant potential.

It is well well-known that almost all chemical carcinogens are metabolized in the liver (Heidelberger, 1977)
and there is evidence that DMH is also metabolized in the same manner (Shank & Magee, 1967; Hawks & Magee,
1974). The evidence presented here indicates that rats treated with 25 mg/kg/wk b.w of DMH cause liver damage
sufficient to impair normal hepatic function. Thus the rat liver metabolism of DMH may be changed during the
course of an experiment in which DMH is administered by weekly injections (Castleden et al. 1979). Several studies
reported that presence of atypical cells in the liver suggests that besides colonic tumors the liver may also be a site
for abnormalities (Zhurkov et al. 1996), Jegatheeswaran et al. 2013 and Pamela et al. 2013). Gilbert (1987) reported
that the dimethylhydrazine also has an effect on the liver, causing dysplasia, cyst formation, hamartomas and
occasionally malignant tumors of bile duct origin. Our histopathological examination of liver sections in only DMH
injected rats (group IlI) also revealed the hepatic damage and appearance of fatty changes with vacuolation and
scattered hepatocytes associated with necrosis and results of this study were robustly agreed with above reports and
also with the recent studies of Ansil et al. 2013 and Mitra et al. 2014. BRAE administered rats (group 1V, V & VI)
showed the signs of recovery from DMH induced hepatotoxicity and seems to prevent hepatic changes as evident
from hepatic architectural pattern with mild to moderate depicted in figure-2.

BRAE markedly modulates the oxidative stress, thus Basella rubra may be an attractive candidate as an
antioxidant supplement for anticancer therapy. Cumulatively, the study suggests that BRAE can protect liver tissues
against DMH-induced colon carcinogenesis in rats. This protective and inhibitory effect of BRAE was more striking
in the entire period administration of the study. The hepatopreventive activity exhibited by BRAE might be
attributed to the presence of the single phytochemical constituents or in combination. This suggests that regular
intake of Basella rubra in our diet may impart the hepatoprotective effects against harmful agents that leads to
carcinogenesis.
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