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Abstract

Background: Raphanus sativus is reported to have a variety of biological activities. This work screened the hepato-protective and antioxidant
activity of ethanol (ERS), and aqueous (ARS), extracts of leaves of Raphanus sativus in Carbon tetrachloride (CCl4), model in rats.
Material and Methods: The extracts were subjected to antioxidant tests (Total reducing power and Total phenolic content), and preliminary
phytochemical screening. A pilot study was done on 100 and 300 mg/kg extracts, form which 300 mg was chosen for further experiments. The
albino rats (200-250 grams), were divided into 5 groups of 6 animals each (n=6). There were three control groups comprising of normal control
(normal saline -1ml/kg), negative control group (CCl4 1ml/kg in olive oil in a ratio of 1:1 v/v), and positive control group (Silymarin 50mg/kg).
The Test drugs were given in a dose of 300 mg/kg for both ERS and ARS extract for 7 days. Biochemical parameters (AST, ALT, Alkaline
phosphatase, Total Bilirubin), histo-pathological examination of liver and in vivo antioxidant tests [CAT, GSH and MDA] were done.
Results: The phytochemical study showed the presence of flavanoids, terpenoids, alkaloids, saponins and sterols. A dose dependent increase in
the oxidative potential was observed in both the extracts with total phenolic content 70.1 and 44.4 GAE/g extract for ERS and ARS respectively.
ERS 300mg/kg showed a significant (p<0.001) increase in levels of AST, ALT and alkaline phosphatase as compared to negative control
(percentage hepatoprotection =45.3%) while ARS 300 mg/kg (p<.01) group showed 30% hepatoprotection. The GSH (p<0.001) and CAT
(p<0.05) in ERS and ARS were significantly increased while MDA levels were decreased (P< 0.01), as compared negative control. The findings
were confirmed histo-pathological examination.
Conclusion: The ethanol and aqueous extract of Raphanus sativus have partial hepatoprotection against CCl4 toxicity.
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Introduction

The liver is one of the largest organs in the body that plays an important role in the metabolism of endogenous and exogenous
chemicals. Hepatic injury due to various aetiologies causes decline in liver functions. As there is no definitive treatment for the majority of the
liver diseases, many scientists are turning back to traditional medicinal knowledge for answers. Raphanus sativus is one of such plants which
being used in Indian traditional medicine for the treatment of liver ailments. It is commonly known as radish, belonging to the family
Brassicaceae and is cultivated in temperate and warm countries (Kiritikar and Baus, 1987).

Raphanus sativus is reported to have antimicrobial activity (Abdou et al., 1972; Khan et al. 1985; Rani et al., 2008; Shetty et al., 2011) ,
anticancer ( Kim et al., 2006; Hanlon et al., 2007 ), anti-diabetic (Taniguchi et al., 2006; Shukla et al., 2011), gastrointestinal and uterine tone
modulatory (Gilani and Ghayur, 2004), anti-ulcer and cardio-modulatory activities(Ghayur & Gilani, 2006; Suh et al., 2006). The hepato-
protective activity of root was investigated by Popvic et al. (1993) using paracetamol induced hepatotoxicity model. Chaturvedi et al. (2007) and
Baek et al. (2008) also showed hepatoprotective effect of root extract on paracetamol and CCl4 induced heptotoxicity in experimental animals,
respectively.

To our knowledge there is no study of hepatoprotective and anti-oxidant properties of aqueous and ethanol extract of R. sativus on rats,
so in this study we intend to find out the same.

Material and method
Plant material

The leaves of R. sativus (voucher No. SC-0129/11) were purchased from the local market in Aligarh, India. The leaves were
authenticated by Prof. S. H. Afaq, Section of Pharmacognosy, Ilmul Advia, A.K. Tibbya College, A.M.U. and voucher specimen was submitted
(SC-0129/11). The plant material was shade dried and two extracts, ethanol (ERS), & aqueous (ARS), were prepared using soxhlet’s extractor.

Preliminary Phyotchemical Study

Phytochemical analysis was done by the methods described by Harborne (1996). A solution of extract in water in a concentration of 1
g/ml was prepared and used for the analysis of flavanoids, anthraquinones, terpenoids, alkaloids, glycosides, saponins, and sterols.

In vitro antioxidant tests

For performing in vitro tests, the test compounds were serially diluted to make 8 different samples of concentration 0.25, 0.50, 0.75,
1.00, 1.25, 1.50, 1.75 and 2.00 mg/ml.
Total Reducing Power: The test was performed by the method described by Oyaizu et al (1996). 1 ml of the extract was mixed with 2.5 ml of
phosphate buffer (0.2 M, pH 6.6) and 2.5 ml of 1% potassium ferrocyanide. It was incubated at 50°C for 30 mins. To this solution 2.5 ml of
trichloroacetic acid (10%), was added and the whole sample was centrifuged at 3000 rpm for 10 minutes. 2.5 ml of the supernatant was then
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mixed with 2.5 ml of distilled water and 0.5 ml of FeCl3 (0.1%). Ascorbic acid was taken as control. Absorbance was measured at 700nm using
spectrophotometer.
Total Phenolic content: The test was done as described by Saucier et al. (1999).  20 μl of extract or standard (Gallic acid) was mixed with 1.58 
ml of distilled water. To this solution 100 μl of Folin ciocalteau’s (FC), reagent was added. After 30 sec and before 8 mins, 300 μl of 20% of 
sodium bicarbonate solution was added and shaken. The solution was incubated for 2 hours at room temperature. Gallic acid solution at
concentration of 0, 50,100,150, 250 and 500 mg/l was used to make standard curve. Absorbance was measured at 765 nm using
spectrophotometer and expressed as Gallic acid equivalent (GAE/gram of extract).

Experimental animals

The ethical clearance was taken from the Institutional Animal Ethics Committee (401/CPCSEA, dated 23/03/2011), and all the
experiments were carried out as per CPCSEA guidelines. Adult albino rats of either sex weighing 200-250g of Charles foster strain were divided
into 5 groups of six animals each (n=6). They were kept in standard environmental conditions and given standard pellet diet & water ad libitum
throughout the study.

Acute toxicity study

Acute toxicity testing was done to find out the LD50 of the extracts. The testing was done according to the OECD guidelines. For
performing the study, 3 non pregnant female rats of 200-250g were chosen. ARS and ERS extracts were given in a dose of 2 g/kg b.w. The
animals were observed daily for a total period of 14 days. The findings were confirmed by repeating the above mentioned experiment on same
dose and observing for another 14 days. As no lethal toxicity was observed at a dose of 2 g/kg so, a lower dose of 100, and 300mg/kg for both
ARS and ERS was chosen for the experiment.

Experimental Design

A pilot study was done on 100 and 300 mg/kg extracts, based on higher hepatoprotection, dose of 300 mg was chosen for further
experiments. The hepatotoxicity was induced by administering carbon tetrachloride (CCl4) p.o. (Anandan et al., 2009). Out of 6 groups, the first
group was the baseline control group given only distilled water per orally (1ml/kg), second group was given CCl4 in a dose of 1 ml/kg mixed with
olive oil in a ratio of 1:1 v/v and served as the negative control group; the third group was positive control (silymarin 50mg/kg). There were two
test groups, which were given R.sativus ethanol (ERS), extract and aqueous extract (ARS), in a dose of 300 mg/kg b.w. All the drugs were given
orally every day for a period of 7 days. The animals were sacrificed on the 8th day. The blood and liver were collected for liver function test
(AST, ALT, Alkaline Phosphatase, Total bilirubin) (Reitman & Frankel, 1957; Marsh et al. 1959; Jendrassik-Gróf, 1938) and in vivo antioxidant
tests [Catalase (CAT), Reduced glutathione (GSH) and malonylaldehyde (MDA)]. A part of liver tissue was also used for histopathological
examination.

In vivo antioxidant tests

The liver was homogenised in 10 % w/v of phosphate buffer (0.2M, pH-6.6) such that, 1 gram of liver was homogenised with 10 ml of
buffer. The homogenate was used as such for employing GSH assay. It was further centrifuged at 6000 rpm for 10 minutes and supernatant was
used for performing MDA and Catalase assay. GSH assay was performed by Ellman (1959) technique. In short, 400 µl of tissue homogenate was
added to 80 µl of 50 % w/v of trichloroacetic acid and 320 µl of distilled water and was centrifuged at 1800g for 15 minutes. 400 µl of this
supernatant was separated in a glass test tube and mixed with 2200 μl of tris buffer (0.4 M , PH 8.9), and  400 µl of 5,5 DITHIO BIS (0.01 M). 
The solution was mixed by vigorous shaking. All the samples were tested in triplicate. The absorbance of test and control samples was measured
at 412 nm within 5 minutes and expressed as µmol/ mg of protein using standard curve. For performing Catalase (Beers & Sizer, 1952), a solution
was made by mixing 2 ml of phosphate buffer (0.2M, pH-6.6), with 0.5 ml of 30 mM H2O2. The reaction was started by adding 20 μl of tissue 
extract to the solution. Optical density of test and standard was measured at 0 and 60 seconds at wavelength of 240 nm using spectrophotometer
and expressed as Units of H2O2 consumed/ min/ mg of protein. The MDA assay was done according to the method described by Niehans and
Samuelsson (1968). For performing the assay 0.2 ml of tissue homogenate was added to a solution of 0.2 ml of 8.1 % of sodium dodecyl
sulphate, 1.5 ml of 20 % of acetic acid and 1.5 ml of 0.8 % of thiobarbituric acid. The total volume of the resultant solution was made 4 ml by
adding distilled water. The sample was heated at 95°C for 60 minutes in a water bath and allowed to cool down. This solution was gently mixed
with 5 ml mixture of n-butanol and pyridine (15:1) and centrifuge at 4000 rpm for 10 minutes. The organic layer (upper layer) was separated and
its absorbance was measured at 532 nm and expressed as μmol/mg of tissue. 

Percentage of Hepatoprotection

Hepatoprotection was calculated as percentage by using the following formula (Dasgupta et al., 2008):

) × 100

Where P = Percentage of Hepatoprotection, T = Mean value of test group, N = Mean value of negative control group and C = Mean value
for baseline control group animals.

Statistical analysis

The results were presented as Mean ± Standard Error of Mean (SEM). The groups were compared by One way analysis of variance
(ANOVA), followed by post hoc “Dunnett’s Multiple comparison test” to analyse statistical significance. P value of less than 0.05 was considered
to be significant. ANOVA and Dunnett’s multiple comparison tests were employed by using software SPSS 17.

Result and Discussion

The yield of extract after extraction was 4.0% and 5.6% for aqueous (ARS), and ethanol (ERS), extract, respectively. Phenolic content
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of an extract is directly proportional to the antioxidant activity present in that extract. The antioxidant property of phenols is due to the presence
of benzene ring which is characterized by the ability to donate π-electrons. The phenolic content of the extracts was measured as Gallic acid 
equivalents (GAE) per gram of the extract. The total phenolic content in ERS and ARS were found to be 70.1 and 44.4 GAE/g of extract
respectively.

Flavanoids, terpenoids and glycosides were found to be present in ARS while ERS was shown to have flavanoids, terpenoids, alkaloids,
saponins and sterols.

The in vitro antioxidant tests were employed for preliminary screening of the free radical scavenging activity of the extracts. Ethanol
extract fared better in both in vitro antioxidant tests. In total reducing power test, both ERS and ARS showed dose dependent increase in the free
radical neutralizing potential as shown in Figure 1.

Figure 1: Total reducing power of Ethanolic and Aqueous extracts of Raphanus sativus
(Negative control group was compared with Normal control group and all other groups were compared with Negative control group, * p< 0.05,

**p<0.01 and ***p<0.001 were considered significant)

CCl4 induced hepatic injury is the most common model used to study for liver damage. CCl4 is a clear, colourless, non-flammable,
volatile liquid with a characteristic sweet odour. It is well absorbed form gastrointestinal tract and distributed throughout the whole body, with
highest concentrations in liver, brain, kidney, muscle and fat (CCl4, Environment health criteria, 2004). CCl4 is metabolised by cytochrome P-
450-mediated transfer of an electron to the C-Cl bond, forming an anion radical , trichloromethyl radical (CCl3*) and further metabolised to a
more reactive intermediate trichloromethylperoxyl radicals (CCl3OOC*) (Gruebele et al., 1996; Raucy et al., 1993). These free radicals donate
their electron to the organic components of the hepatocytes thus oxidising them and causing severe intracellular damage. The damage to the cell
membrane by free radical mediated lipid per oxidation causes leakage of intracellular hepatic enzymes which is reflected by the increased in
Transaminases (AST and ALT) and alkaline phosphatases in negative control group. The levels of hepatic transaminases were significantly lower
in the silymarin control group (p< 0.001) as well as in test groups (ERS & ARS) (p< 0.001) implying their hepatoprotective action (Table 1). The
percentage hepatoprotection as a function of ALT was 45.3% and 30.3% for ERS and ARS respectively. The levels of alkaline phosphatase were
also found to be significantly increased in ERS (p<0.01) and ARS (p<0.01) as compared to negative control group. While the levels of total
bilirubin showed no significant changes in both control and test groups, which could be due to the short duration of the study.

Table 1: Results of liver function test and percentage hepatoprotection after CCl4 induced liver toxicity

Biochemical Test (Mean ± SEM) Groups
(Percentage Hepatoprotection %)

NORMAL CONTORL
(Water)

NEGATIVE
CONTROL

(CCl4)

POSITIVE
CONTROL

(SILYMARIN)

R. sativus
Ethanolic

(300mg/kg)

R. sativus
Aquoues

(300mg/kg)
AST (IU/ml) 39.1 ± 1.4 154.0 ± 6.1*** 60.5± 6.4***

(81.3 %)
95.1 ± 3.8***

(51.2%)
122.8 ± 3.7**

(27.1%)
ALT (IU/ml) 38.8 ± 1.2 161.3 ± 2.2*** 55 ± 2.6***

(86.7%)
105.7 ± 4.5***

(45.3%)
124.0 ± 4.0***

(30.3%)
ALP (KAU/dl) 42.8 ± 2.3 78.6 ± 4.2*** 50.2 ± 4.7** 55.5 ± 5.1** 57.7 ± 5.0**

BILIRUBIN (mg/ml) 0.7 ± 0.026 0.83 ± 0.049 0.7 ± 0.026 0.76 ± 0.033 0.78 ± 0.033

The In vivo antioxidant properties of the drug were also measured by levels of the antioxidant enzymes in the cell. Free radicals that are
generated due to CCl4 biotransformation are neutralized by the scavenging enzymes (Raucy et al., 1993). So, a decreased level of enzyme are seen
in negative control group as excess amount of antioxidant enzymes are being used to neutralize the free radical. In test groups (ERS & ARS),
there is an increased level of Catalase (p< 0.05), and GSH (p< 0.001), enzymes implying either decreased reactive species generation or increased
free radical scavenging by the test drug (Table 2). The results were confirmed by lipid peroxidation studies. Active species starts a cascade of
membrane lipid peroxidation producing MDA as one of the by product. MDA served as a biomarker for membrane lipid peroxidation, whose
levels are raised in the negative control group (administered only CCl4). The levels of MDA were decreased in both test groups (ERS p< 0.001 &
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ARS p< 0.01) which were comparable to that of silymarin positive control group (p< 0.001). In general, the ethanol extract has shown better
results than aqueous extract.

Table 2: Results of in vivo antioxidant tests after CCl4 induced liver toxicity

Biochemical Test (Mean ± SEM) Groups
(Percentage Hepatoprotection %)

NORMAL CONTORL
(Water)

NEGATIVE
CONTROL

(CCl4)

POSITIVE
CONTROL

(SILYMARIN)

R.sativus
Ethanolic

(300mg/kg)

R.sativus
Aquoues

(300mg/kg)
Catalase

(U/ min/mg)
82.2 ± 3.7 47.4 ± 1.6*** 67.7 ± 1.0*** 57.2 ± 3.6* 55.3 ± 2.7

GSH
(μmol /mg) 

5.25 ± .21 2.15 ± 0.25*** 4.44 ± 0.11*** 3.64 ± 0.08*** 3.33 ± 0.20***

MDA
(nmol/mg)

203.9 ± 8.9 445.9 ± 17.8*** 255.8 ± 7.7*** 330.7 ± 26.3*** 353.8 ± 26.2**

(Negative control group was compared with Normal control group and all other groups were compared with Negative control group, * p< 0.05,
**p<0.01 and ***p<0.001 were considered significant)

The baseline control group was marked by normal contour of the hepatocytes and cords. Negative control, on the hand, showed
completely destroyed architecture of the tissue, marked inflammation and necrosis (Fig 2). The effects of CCl4, to a large extent, were neutralized
by positive control group which demonstrated normal looking hepatocytes with no inflammatory infiltrates. The ERS group showed well
preserved architecture and less conspicuous inflammatory infiltrates while a few areas of necrosis and inflammatory infiltrates were visualized in
the ARS slide (Figure 3).

Figure 2: Histology of Control Group
(Figure 2A: Photomicrograph of rat liver from Normal Control Group showing normal liver microstructure with intact hepatic cords (A) and
sinusoids (B). Hepatocytes (C) show normal contour. There is neither obvious congestion nor inflammatory cell infiltration. X400. H & E stain
Figure 2B: Photomicrograph of rat liver from Negative control group shows almost complete disorganization of hepatic microstructure. Most of
the hepatocytes show either lytic or coagulate changes (A) and there is inflammatory cell infiltration (B).
Figure 2C: Photomicrograph of rat liver from Positive control group showing maintained hepatic microstructure. The hepatic cords (A) are intact
and the contour of hepatocytes appear very akin to normal (B). There is no obvious inflammatory cell infiltration.)

Figure 3: Histology of Test Group
(Figure 3A: Photomicrograph of rat liver from Test group ERS 300 mg/kg showing degenerative changes in the left lower field (A) while the
remaining part is occupied by spared hepatocytes having normal appearance(B). There is no sign of congestion and undue inflammatory cell
infiltration. X400. H & E stain.
Figure 3B: Photomicrograph of rat liver from Test group ARS 300 mg/kg showing marked alteration in the hepatic microstructure. There is loss
of hepatic cord and sinusoids. Quite a large number of cells show ballooning (A) while others show moderate coagulate changes (B).
Inflammatory cells are not too obvious. X400. H & E stain.)

The ethanol and aqueous extracts of leaves of R. sativus in a dose of 300mg/kg showed a partial protective effect against the liver
damage caused by CCl4. The hepatoprotection may be due to the antioxidant principles in present in the extracts as shown in our study. The
phytochemicals like flavanoids, terpenoids and polyphenols present in the extract have shown to possess antioxidant potential in various studies.
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R. Sativus is also shown to possess the antioxidant activity as identified by Salah-Abbes et al. (2008), Chaturvedi (2008) , Lugasi et al. (2005),
Souri et al. (2004) which may be the basis of its hepatoprotective, anticancer and anti-inflammatory effect. Beevi et al. (2010) also reported that
the methanolic and acetone extracts of R. sativus leaves has total polyphenolic content of 86.16 and 78.77 mg/g dry extract giving a rough
estimated of its free radical scavenging activity. Takaya et al. (2003) showed that the polyphenols like sinapic acid and ferulic acid & flavanoids
like kaempferol are present in the R. sativus have antioxidant properties. Beevi et al. (2010) used HPLC to identifiy polyphenols like catechin,
protocatechuic acid, syringic acid, vanillic acid, ferulic acid, sinapic acid, o-coumaric acid, myricetin, and quercetin in leaves and stem extract of
R. sativus. Hepatoprotective activity of roots of R. sativus has been demonstrated in many studies. To the best of our knowledge, we have for the
first time demonstrated the hepato-protective, and in vivo anti-oxidant activity of aqueous extract of R. sativus in rats. So, we infer form this study
that the ethanol and aqueous extracts of leaves of R. sativus in a dose of 300 mg/kg offer partial protection against hepatotoxicity induced by
carbon tetrachloride.
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