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ABSTRACT

Objective: To validate the hepatoprotective and antioxidant activity of purified anthocyanin extracted from the cell suspension culture of
Clerodendron infortunatum Linn.

Methods: A protocol has been developed for the induction of callus proliferation from leaf and nodal explants of C. infortunatum. The explants were
inoculated on murashige and skoog (MS) medium supplemented with diverse combinations of 2, 4-dichlorophenoxyacetic acid (2,4-D) and
benzylaminopurine (BAP) for triggering callus formation. Subsequently, the green compact callus has been sub-cultured in the medium fortified
with 2,4-dichlorophenoxyacetic acid (2,4-D)and Kinetin for anthocyanin synthesis. Cell suspension culture was also established and the elicitor,
salicylic acid was used for triggering anthocyanin synthesis. Three different chromatographic columns (solid phase extraction by Sepharose C18
column, Oasis-MCX and Amberlite XAD 7+Sephadex LH 120 sorbents) were employed to purify the in vitro synthesized anthocyanin from cell
suspension cultures. For purity evaluation, high-performance liquid chromatography (HPLC) and molar absorptivity assay was used. Further,
hepatoprotective and antioxidant activity was evaluated comparing with silymarine, as standard in rats. In vitro antioxidant scavenging activity was
analysed by 2 2-diphenyl-1-picrylhydrazyl (DPPH), ferric reducing antioxidant power (FRAP) and oxygen radical absorbance capacity (ORAC) assay.

Results: After 1 mo, the leaf explants yielded remarkable green compactcallus on murashige and skoog (MS) medium containing 2.0 mg/l
benzylaminopurine (BAP) and 0.5 mg/1 2,4-dichlorophenoxyacetic acid (2,4-D). Salicylic acid enhanced anthocyanin synthesis. The mean purity
values obtained by high-performance liquid chromatography (HPLC) were 90.9%+1.9 and 80.60%=%2.3 for Oasis MCX, Amberlite XAD-7+Sephadex
LH-20 column respectively. However, the purity calculated by molar absorptivity was found to be less. The highest purity achieved using molar
absorptivity analysis was with MCX cartidges i.e., 85.9+3.8%. High-performance liquid chromatography (HPLC) yielded 12 anthocyanin fractions.
Remarkable antioxidant scavenging activity was noticed as revealed by 2 2-diphenyl-1-picrylhydrazyl (DPPH), ferric reducing antioxidant power
(FRAP) and oxygen radical absorbance capacity (ORAC) assay. The hepatoprotective activity (25, 50, 100 mg/100g b. w) was compared with
silymarine (25 mg/kg b. w) against carbon tetrachloride (CCls) induced toxicity. Anthocyanin extract improved the aspartate aminotransferase
(AST), alanine aminotransferase (ALT) and recovered the activity of kidney function by decreasing the urea and creatinine content. In addition, the
administration of anthocyanin significantly inhibited the oxidative stress via its scavenging of the reactive oxygen species formed by carbon
tetrachloride (CCl4) stress. Further, a decrease in the malondialdehyde (MDA), hydrogen peroxide (H202), nitric oxide (NO) accumulation and an
increase of glutathione (GSH) content were noticed. Similarly, improved lipid profiles, low-density lipoprotein (LDL) and high-density lipoprotein
(HDL) levels were also observed suggesting that anthocyanin significantly suppress the toxicity via its activation of antioxidant enzymes
[glutathione transferase (GST), catalase (CAT) and superoxide dismutase (SOD)].

Conclusion: The overall results showed that the purified anthocyanin of C. infortunatum function as an antioxidant and thereby hepatoprotective
protection against carbon tetrachloride (CCl4) induced toxicity in animal models.

Keywords: Clerodendron, high-performance liquid chromatography (HPLC), murashige and skoog (MS)medium, hormones, anthocyanin, column
chromatography, hepatoprotective, antioxidant, scavenging activity, oxidative stress and carbon tetrachloride (CCls)
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INTRODUCTION safeguard it from damages. The medicinal plant research constantly
revealed that hepato-protective effects associated with plant-based

Oxidative stress is one of the leading factors in triggering aging and compounds via the antioxidant properties [7-8].

immunosuppression, which in turn leads to chronic and

degenerative disorders like atherosclerosis, ischemic heart diseases,
diabetes mellitus, cancer, neurodegenerative diseases and others
[1]. Plant-based phytochemicals can safeguard cells from free
radicals or reactive oxygen species (ROSs) and mitigate many
chronic disorders as well as inhibit the lipid peroxidative fouling in
foods [2]. Many reports suggest the potential of phytochemicals as
antioxidants against scavenging free radicals. Polyphenols such as
flavonoids, anthocyanins and phenolic acids are proven compounds
in inducing self-defence against reactive oxygen species (ROSs) [3-
5]. Many studies have been showed the positive correlation between
the phenolic content and antioxidant potential in terms of various
antioxidant assays. Hepatic cells are involved in diverse metabolic
functions. In spite of remarkable developments in modern therapy,
the hepatic disease still remains a global health issue. Therefore, to
design a liver protective compound is of immense importance to

Clerodendrum species have been ethnically used over decades for
multipurpose curing ailments such as antioxidant, hepatoprotective,
antimicrobial etc. Clerodendrum infortunatum Linn. (Verbenaceae) is
a terrestrial shrub showing wide distribution. Different parts of the
species were used by tribes in colic disorders, scorpion sting, snake
bite, tumors and certain skin disorders [9]. The leaves were
marginally bitter used as curative against inflammation, skin
disorders and smallpox [10-11]. Similarly, the various plant parts
were also documented in Indian folk medicine to cure bronchitis,
asthma, fever, blood-borne diseases, inflammation, burning
sensation and epilepsy. Further, Ayurveda, Unani and Homeopathy
use the plant along with other medicinal plants for treating
diarrhoea, skin diseases, venereal and scrofulous complaints,
wounds, post-natal issues, as vermifuge, laxative, cholagogue, for the
removal of ascarids in the anus, as external applications on tumours,
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etc. Fresh root was also chewed with betel leaf to cure abdominal
pain. Fresh dried powdered seed was used as an antidote for poison.
Ethnic women use the seeds for making ornamentals. In this
scenario, Clerodendrum infortunatum needs thorough validation for
its specific biological activities.

MATERIALS AND METHODS
Plant material

The healthy fresh leaves and nodes of C. infortunatum were collected
from the garden of Department of Botany, University College,
Thiruvananthapuram, Kerala.

Chemicals

Amberlite XAD-7, 2,2-diphenyl-1-picrylhydrazyl-hydrate free radical
assay (DPPH), 2,2'-azino-bis-3-ethyl-benzothiazoline-6-sulphonic
acid assay (ABTS) 2,4-dichlorophenoxy acetic acid (2,4-D),
naphthalene acetic acid (NAA), Kinetin and 6-benzyl-aminopurine
(BAP) were obtained from Sigma-Aldrich, Banglore, India.
Butylated-hydroxytoluene (BHT) and murashige and Skoog (MS)
media were procured from Hi-media, Mumbai, India. All other
reagents and solvents are of analytical grade.

In vitro culture

Fresh excised leaves and nodes of C. infortunatum were used as
explants for murashige and skoog (MS) medium culturing [12].
The explants were thoroughly surface sterilized and disinfected
with 5% teepol (v/v) for 20 min followed by 0.01-0.2 % mercuric
chloride treatments for 1-5 min. Subsequently, the explants were
rinsed with sterilized water for thrice. The sterilized explants
were then dissected out into an appropriate size and inoculated on
MS medium containing by 3% sucrose in 0.6% agar for
solidification. pH was maintained to 5.8, prior to autoclaving at
pressure 121 ° C for 20 min. The cultures were incubated at 25 °C
with a photoperiod of 12 h.

The sterilized explants were inoculated in murashige and skoog (MS)
medium  supplemented with different concentrations and
combinations of (i) 2,4-dichloro-phenoxyacetic acid (2,4-D)+
Benzylaminopurine (BAP) (0.5-3.0 mg/l) (ii) Benzylaminopurine
(BAP)+naphthalene acetic acid (NAA)(0.5-3.0 mg/1) for induction of
callus. Callus obtained were subcultured in fresh murashige and skoog
medium with different concentrations of 2,4-dichloro-phenoxyacetic
acid (2,4-D)and kinetin (0.5-3.0 mg/1) to produce pigmented callus.

Cell suspension cultures were derived from friable callus in
Erlenmeyer flasks containing 100 ml of liquid MS medium
containing different doses of 2,4-dichlorophenoxyacetic acid (2,4-
D)+Kinetin (0.5 to 3 mg/1) in triplicates. The cell suspensions were
maintained at 110 rpm on a rotary shaker at 25+1 °C, 3000 lux and
16/8 h photoperiod. Cultures were maintained for 30 d and their
growth was recorded by weight loss using dissimilation method.

Further, the analysis was continued from 10% to 25% d using
elicitors such as salicylic acid, ethephon and precursors like
phenylalanine and shikimic acid into the suspension cultures.
Chemicals were sterilized through 0.22 pm millipore filters and
added at the time of inoculation to make the concentration of 50
ul/25 ml suspension culture. The cultures were maintained at 25+1
°C under the continuous white fluorescent light on a rotary shaker.

Estimation of anthocyanin content

1 g in vitro pigmented cell mass was used for extraction and
estimation of anthocyanin. The OD was read at 510 and 700 nm
against a blank (distilled water) [13].

Purification

Crude anthocyanin extract was subjected to purification using three
different columns and was further subjected to fractionation using
HPLC-PDA.

(a) Sepharose Pack solid-phase extraction (SPE. C18) [14-15]

(b) Oasis-MCX SPE is a mixed mode between cation exchange and
reversed-phase interactions. (c) Amberlite XAD-7 and Sephadex LH-
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20 SPE-purification were carried through 2 different cartridges.
Initial purification was done with Amberlite XAD 7, and the resulted
purified fraction was further loaded into Sephadex LH 20 cartridge
in order to separate anthocyanins from proanthocyanidins.

High-performance liquid chromatography-photodiode array
detection (HPLC-PDA) and Mass spectroscopy (MS) analysis was
performed using Shimadzu HPLC-Photodiode array (PDA) system
equipped with a SPD-M20A PDA detector and also Shimadzu LCMS-
2010 EV liquid chromatograph. The mobile phase was solvent A:
4.5% formic acid in liquid chromatography-mass spectroscopy
(LC/MS) grade water, and B: 0.1% formic acid in liquid
chromatography-mass spectroscopy (LC/MS) grade acetonitrile.

Antioxidant activity (AOX)-2 2-diphenyl-1-picrylhydrazyl (DPPH),
Ferric reducing antioxidant power (FRAP) and Oxygen radical
absorbance capacity (ORAC) assay

2 2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity
has been evaluated according to Burits and Bucar method, [16] and
was measured at 515 nm. Silymarine (25-50 pg/ml) was used as the
reference compound. The ferric reducing antioxidant power (FRAP)
assay was done using the method described by Benzie and Strain,
[17]. The oxygen radical absorbance capacity (ORAC) assay was
conducted according to the method of Re etal. on a 96-well
microplate using a fluorescence plate reader [18]. The reaction
consisted of 12pl of anthocyanin extracts and 138ul of fluorescein
(14 pM), which was used as a target for free radical attack. The
reaction was initiated by the addition of 50p1 AAPH (768uM) and
the fluorescence was (emission 538 nm, excitation 485 nm)recorded
every 1min for 2 h. Ascorbate and a-tocopherol were used as the
standard and results were expressed as pmol/g sample.

Animal studies
Experimental design

Studies were carried out by using Sprague Dawley albino weighing
150-200 g were purchased from Mahaveera agencies, Hyderabad.
The Sprague Dawley albino healthy rats of either sex were used in
the present work. The 100-180 g weighed rats were kept in an air
conditioned animal room for two w before the analysis. Animals
were housed under standard conditions (25+2 °C, 60-70% relative
humidity and 14 h light and 10 h dark). The animals were fed on
basal diet (M/s Venkateshwara Feeds, Bengaluru) [19]. Ethical
approval was obtained from the institutional Ethical Committee for
Teaching and Research (Reg. No. PRC/Expt.10 (1)/2015-16 dated
04.07.15, Form no. 25/03,/03-AWD, GOI).

After adaptation, 36 of those rats were divided into 6 groups each
group contained 6 rats as:

A. Negative control: Fed on the basal diet.

B. Positive control: Fed on the basal diet and injected by 10% carbon
tetrachloride (CCly).

C. Fed on the basal diet+injected by 10% carbon tetrachloride (CCls)
and treated orally with silymarin (0.2 g/kg b. w).

D. Fed on the basal diet+injected by 10% carbon tetrachloride (CCl4)
and treated orally with 100 mg/100g b. w anthocyanin.

E. Fed on the basal diet+injected by 10% carbon tetrachloride (CCls)
and treated orally with 200 mg/100g b. w anthocyanin.

F. Fed on the basal diet+injected by 10% carbon tetrachloride (CCl4)
and treated orally with 300 mg/100g b. w anthocyanin.

At the end of the experiment, all the animals were subjected to over-
night fasting before being scarified by decapitation.

Biochemical analysis

At the end of the experiment, blood samples were drawn from the
retro-orbital venous plexus of the rats in glass tubes. Within a span
of 20min of blood collection, the sera were drawn after
centrifugation at 3500 rpm for 10 min at 4 °C. The sera were kept at
-20 °C until for biochemical analysis. Portions of liver from all
animals in each group were homogenized in 50 mmol Tris-HCI
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buffer (pH 7.4) containing 1.15 % potassium chloride (KCI). The
homogenates were centrifuged at 10,000 g for 15 min at 4 °C. The
collected supernatants were used for all other analysis.

Body and relative liver weights

Body weight changes of rats were recorded weekly. At the end of
treatments, the rats were sacrificed by cervical dislocation. Liver
removed, cleaned, weighed quickly and used for biochemical and
histological studies. Then, relative weight of liver was also recorded.

Biochemical measurements

The biochemical features like aminotransferase (AST), alanine
aminotransferase (ALT), low density lipoprotein (LDL), catalase
(CAT) and superoxide dismutase (SOD), glutathione transferase
(GST), malondialdehyde (MDA), and glutathione (GSH) were
analyzed using standard Kkits as per the instructions of manufacturer
using UV-Vis spectrophotometer. Urea and creatinine were
quantified as per the method of Fawcett and Scott, and Schirmeister
et al. respectively [20-21]. Reduced glutathione and Glutathione-s-
transferase (GST) was assayed according to the colourimetric
protocol of Beutler et al. and Habig et al. [22-23]. Wieland and Seidel
protocol was employed to analyze high-density lipoprotein (HDL)
and low-density lipoprotein (LDL)-cholesterol [24]. Hydrogen
peroxide (H202) by Ortega et al. and Lipid peroxide assay (LPX) as
per the protocol of Satoh [25-26]. Superoxide dismutase activity by
Nishikimi et al. and nitric oxide was quantified according to a
colourimetric method of Montgomery and Dymock [27-28].

Histological analysis

Appropriate sized liver samples from each experimental group were
dissected and fixed in 10 % neutral formalin, dehydrated in
ascending grades of alcohol and embedded in paraffin wax. 5 um
thick paraffin sections were stained using haematoxylin and eosin
(H and E). Two slides were prepared for each mice; each slide
content two sections. Ten field areas for each section were selected
and analyzed for histopathological features (x160) under a light
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microscope. The liver fields were scored as follows: normal
appearance (-), minimal cellular disruption in less than 1 % of field
area (+), mild cellular disruption of 1-30 % of field area (++),
moderate cellular disruption of 31-60 % of field area (+++), severe
cell disruption of 61-90 % of field area (++++) and very severe
cellular disruption of 91-100 % of field area (++++) [29].

Statistical analysis

The results were expressed as meanst SD All data were done with
the Statistical Package for Social Sciences (SPSS 17.0 for windows).
The results were analyzed using one-way analysis of variance
(ANOVA). P<0.05 was considered as statistically significant.

RESULTS

Sterilization using 0.1% mercuric chloride (HgClz) for 2 min was
effective to establish explants with least contamination and showed
95% establishment on the medium. The leaf and nodal explants
inoculated on murashige and skoog (MS) medium fortified with
various combinations of 2,4-dichlorophenoxyacetic acid (2,4-D)and
benzylaminopurine (BAP) for the induction of callus. After 30 d,
green compact calli (fig. 1 a,b,c,) were proliferated remarkably from
leaf explants than node (fig. 2a and b).

Callogenesis revealed that the percentage of calli increased in on
murashige and skoog (MS media combinations of benzylaminopurine
(BAP)+2,4-dichloro-phenoxyacetic acid (2,4-D)(0.5-3 mg/l) when
compared to benzylaminopurine (BAP)+ naphthalene acetic acid
(NAA) (0.5-2 mg/l) (table 1). The on murashige and skoog (MS
medium supplemented with 2 mg/l benzylaminopurine (BAP)+0.5
mg/1 2,4-dichlorophenoxyacetic acid (2,4-D)yielded 2. 7+0.45 g callus
fresh weight compared with other combinations. Medium fortified
with benzylaminopurine (BAP) significantly improved the callus fresh
weight indicating its role for callus induction in C infortunatum
comparing to 2,4-dichlorophenoxyacetic acid (2,4-D)and naphthalene
acetic acid (NAA). The resulted callus was sub-cultured to trigger
anthocyanin synthesis.

Table 1: Effects of phytohormoes on the induction of callus in the nodal and leaf explants of C. infortunatum culture on MS medium

Hormonal supplements (mg/1)

Percentage of callus (FW) (M+SD)

Leaf Nodal

BAP+2,4 D (0.5-2.5 mg/1)

0.5+0.5 0.17+0.12 0.11+0.03
0.5+1.0 1.09+0.17 0.78+0.20
1.0+0.5 1.12+0.28 0.91+0.17
1.5+0.5 1.14+0.39 1.03+0.06
2.0+0.5 2.7+0.45 1.4+0.25
2.5+0.5 2.0+0.66 1.7+0.23
3.0+0.5 1.7+0.11 1.52+0.09
BAP+NAA (0.5-2.0 mg/1)

0.5+0.5 0.19+0.64 0.09+0.01
0.5+1.0 0.31+0.64 0.15+0.04
1.0+0.5 0.71x0.64 0.29+0.08
1.5+0.5 1.28+0.64 0.72+0.03
2.0+0.5 1.1+0.64 0.81+0.05

All the values are mean (n=10 replicates)+SD. P<0.05 (significance at 5% level)

Fig. 1: a, b and c, Callus proliferation from leaf explants in MS medium of C. infortunatum
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Fig. 2: a and b Callus proliferation from nodal explants in MS medium of C. infortunatum

Further, sub-culturing of callus was attempted on onmurashige and
skoog (MS) medium fortified with 2,4-dichlorophenoxyacetic acid
(2,4-D)+kinetin at different doses. Luxuriant pigmented callus was
yielded on murashige and skoog (MS) medium supplemented with 1
mg/1 2,4-dichlorophenoxyacetic acid (2,4-D)+2 mg/] Kkinetin after 2
mo of subculture (table 2).

Higher concentrations of 2,4-dichlorophenoxyacetic acid (2,4-
D)and kinetin decreased callogenic potentiality of the explants
and which in turn the pigmentation (fig. 3). Light is a factor
regulating the green callus initiation with the protocorm-like
body at 25 °C and 12 h photoperiod with an irradiance of 60+2
umol/m?/sec.

Table 2: Role of phytohormoes on anthocyanin induction in the callus from leaf explants of C. infortunatum culture on MS medium

Hormonal supplements (mg/1)

Percentage of pigmented callus (FW) (M+SD)

2,4 D+Kin (0.5-2.5 mg/1)
0.5+0.5
0.5+1.0
1.0+1.5
1.5+1.5
1.0+1.5
1.0+2.0
1.0+2.5

0.17+0.12
1.09+0.17
1.02+0.28
0.94+0.39
1.7+0.45

2.68+0.66
1.52+0.11

All the values are mean (n=10 replicates)+SD. P<0.05 (significance at

Fig. 3: Pigment callus formation in murashige and skoog (MS)
medium fortified with 2,4-D (1 mg/1) and Kkinetin (2 mg/1) of C.
infortunatum

5% level).

Batch suspension cultures were initiated with 2 g of friable callus at
temperature 25+1 °C having 16/8 photoperiod at 110 rpm in liquid
murashige and skoog (MS)medium supplemented with the same
combinations of the growth regulators that of callus culture.
Interstingly, transparent, homogeneous and nonchlorophyllous
cultures (coloured) resulted and which were further used to analyze
cell biomass and anthocyanin content. The cultures yielded typical
sigmoid growth curves ie., it includes lag, exponential, linear,
stationary and progressive decline phases. The growth rates of cells
were initially low (lag phase) but as the cultures proceeded, the
growth increased and accumulated higher fresh weight over a period
of 20-25 d. Subsequently, the growth of cells became stable and
started declining from 25% d. Maximum growth was achieved in
suspension culture supplemented with Kinetin (2.5 mg/1)+2,4-
dichlorophenoxyacetic acid (2,4-D) (0.5 mg/1) combinations (table 3).

Table 3: Effect of different concentrations of 2, 4-D+Kin over duration in terms of cell biomass (g)

Hormonal combinations 5th day 10t day 15t day 20t day 25t day 30t day
2,4-D+Kin (mg/1)

0.5+0.5 0.4+0.01 0.8+0.04 1.3+0.05 2.1+0.05 2.0+0.02 1.6+0.09
0.5+1.0 0.7+0.05 0.94+0.02 1.6+0.03 2.7+0.04 2.6+0.02 2.0+0.2
0.5+1.5 0.8+0.03 1.0+0.01 1.9+0.01 2.8+0.03 2.8+0.03 2.1+0.15
0.5+2.0 0.85+0.01 1.2+0.03 2.1+0.04 3.0+0.02 3.0+0.01 2.5+0.09
0.5+2.5 0.9+0.02 1.34+0.04 2.7£0.03 3.86%0.01 3.8+£0.02 3.1+£0.07
0.5+3.0 0.7+0.04 1.1+0.01 2.5+0.01 3.0+0.07 3.1+0.01 2.60.03
All the values are mean (n=10 replicates)+SD. P<0.05 (significance at 5% level)

Effect of elicitors and precursors

Elicitation by salicylic acid increased the fresh cell weight (FCW)
marginally up to 15% d and subsequently declined from 25% d
(9.8+0.41 g). The maximum fresh cell weight (FCW) was noticed at

20t d (10.4+0.74 g). Meanwhile, the anthocyanin content increased
and attained a maximum at 25% d (4.5+0.08 mg/g). There is a
negative correlation was seen between anthocyanin synthesis and
cell growth. Similarly, the ethephon on the fresh cell weight is lower
than that of the control but, marginally increased from day by day.
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The anthocyanin concentration increased and reached to the
maximum level on 25t day but lower than that of salicylic acid (SA)
elicitation (3.4£0.26 mg/g). Further, phenylalanine and shikimic
acid showed no positive impacton the fresh cell weight (FCW). The
anthocyanin content showed a decrease initially but increased again
between 15-20 d (0.98 to 1.7 and 1-1.9 mg/g respectively).

Anthocyanin content

The anthocyanin was quantified from the in vitro elicited pigmented
calli which displayed a range from 1.7 to 4.5 mg/g monomeric
anthocyanin i.e., approximately 5 fold increase than from the in vivo
leaves (0.89 mg/g). The pinkish embryonic viable cells were
confirmed using acetocarmine staining method indicate the active
nature of cells. Subsequently, the anthocyanin extracted from the
callus was subjected to thin layer chromatography (TLC) resulted
yellow, dark violet and green-yellow colours with Rf values 0.77,
0.65 and 0.511 respectively.

Based on the Rf values anthocyanin were predicted as cyanidin,
delphinidin and malvidin based compounds. As the last phase, the
crude anthocyanin extract was subjected to purification with 3
different columns and further fractionated by high-performance
liquid chromatography-photodiode array detection (HPLC-PDA)
analysis.

Purity evaluation

Among the different sorbents employed for anthocyanin
purification, the highest purity was found to be with Oasis MCX
(90.9%+1.9) followed by C18 cartridges (87.6%=1.7), while the
lowest value was obtained for Amberlite XAD-7 and Sephadex LH-20
(80.6%+2.3). Molar absorptivity purity analysis was found to be
with Oasis MCX (85.9%+3.8). C18 cartridges and Amberlite XAD-7
and Sephadex LH-20 yielded 68.3+5.27, 59.8+3.68 respectively. The
purity data values calculated with this method was lower than that
analyzed by HPLC.

Identification and quantification of anthocyanins

The high-performance liquid chromatography (HPLC) chromatogram of
purified fractionated anthocyanin comprises 12 peaks (fig. 4). Based on
comparison with the literature of the elution order reported for
anthocyanin, the derivatives were identified.

The fragmentation of delphinidin derivatives in MS2 yielded the
formation of delphinidinaglycone (m/z = 302 [M+H]+), after the
characteristic release an 160 indicating the galactoside or glucoside in
case of compounds 1 and 2, respectively and the release of 131
indicating the arabinoside unit in case of compound 4. Using a similar
procedure, the identification of all other compounds was presented in
the table 6. Peaks were identified as 1-Delphinidin-3-0O-galactoside, 2-
Delphinidin-3-0-glucoside, 3-Cyanidin-3-0O-galactoside, 4-Delphinidin-3-
O-arabinoside, 5-Cyanidin-3-O-glucoside, 6-Petunidin-3-0O-galactoside,
7-Cyanidin-3-0-arabinoside, 8-Paeonidin-3-0O-galactoside, 9-Petunidin-
3-0-arabinoside, 10-Malvidin-3-0-galactoside, 11-Malvidin-3-0-
glucoside, 12-Malvidin-3-0-arabinoside.
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Fig. 4: HPLC-PDA chromatogram of purified anthocyanin of C.
infortunatum Linn

Antioxidant potential

Anthocyanin showed a concentration-dependent (50, 100, 150, 200
and 250 pg/ml) 2 2-diphenyl-1-picrylhydrazyl (DPPH)free radical
scavenging activity (24.6, 72.3, 80, 87.5 and 93.63% respectively)
comparable to that of ascorbate (50 pg/ml) and tocopherol (100
pg/ml) ie., 87.5 and 90.3% respectively i.e., purified anthocyanin of
C. infortunatums howed effective 2 2-diphenyl-1-picrylhydrazyl
(DPPH) radical scavenging potential and this may be due to its
electron donating potential(table 4). The results are in agreement
with Prakash et al. [30] who confirmed that medicinal plants would
exert several beneficial effects by virtue of their antioxidant activity
and could be harnessed for drug formulation.

The ability of anthocyanin to reduce ferric ions was analyzed by
ferric reducing antioxidant power (FRAP) assay. This assay is
effective with low molecular weight antioxidants of hydrophilic
and/or hydrophobic nature. The action of electron donating
antioxidants causes a change in the absorbance at 593 nm due to the
formation of blue colored Fe*2 tripyridyltriazine (TPTZ) compound
from the colorless oxidized Fe*3form. The purified anthocyanin
showed highferric reducing antioxidant power (FRAP) (umol AAE/g
sample) scavenging activity i.e., 225+5.6@mol AAE/g with 250pg/ml
(table 4) and was comparable with ascorbate and tocopherol.

The oxygen radical absorbance capacity (ORAC) assay measures
antioxidant inhibition of peroxyl-radical-induced oxidation and the
radical chain-breaking antioxidant activity via H-atom transfer. The
oxygen radical absorbance capacity (ORAC) assay uses 2,2 -
azobis(2-amidinopropane) dihydrochloride (AAPH) for free radical
generation. 2,2'-azobis(2-amidinopropane) dihydrochloride (AAPH)
is a water-soluble compound and has been widely used as a free
radical initiator for biological studies in terms of haemolysis
involving membrane damage. Assay value of oxygen radical
absorbance capacity (ORAC) was 206.6+3.4 umol TE/g sample at
100 pg/ml anthocyanin and thus, reflects its potency to protect cells
from oxidative damage (table 4).

Table 4: Analysis of antioxidant activity of anthocyanin by DPPH, FRAP and ORAC assay

Anthocyanin (pg/ml) DPPH (%) FRAP(umol AAE /g sample) ORAC assay (umol TE /g sample)
50 24.6%3.2 72.4+3.85 98.5+1.4

100 72.3%1.4 109.4+1.4 206.6+3.4

150 80+6.5 125+9.6 267+3.78

200 87.5+7.2 157+4.4 302£0.92

250 93.63+1.6 225#5.6 344+7.6

Ascorbate (50) 87.5%2.5 130.5+2.5 181+4.9

a-tocopherol (100) 90.3+3.3 100+6.9 228+12.5

All the values are mean (n=10 replicates)+SD. P<0.05 (significance at 5% level)

Animal studies

Initially, the loss of body weight (25.5+1.3 g) was noticed with
carbon tetrachloride (CCls)treated rat groups compared to the group

fed with basal diet only (32+0.45 g) and was statistically significant
at 5% level (p<0.05). Interestingly, administration of purified
anthocyanin at 300 mg/kg b. wt. of carbon tetrachloride (CCls)
treated group restored body weight to a normal level (33%0.1 g).
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Similarly, a remarkable decrease in relative liver weight was seen in
carbon tetrachloride (CCl4) treated rats compared to control group
(381%g vs. 5.2%g). Application of anthocyanin at 200 and
300 mg/kg b. wt. with carbon tetrachloride (CCls) groups modulated
relative live weight to the normal value (4.9 %, 4.99 % vs. 5 %).

Histopathological analysis of the liver tissue and the semi-
quantitative histological scoring of liver damage reveals the
recovery of liver damage from carbon tetrachloride (CCls) treated
rats by anthocyanin extract. Liver sections of control showed
healthy hepatic cytoarchitecture like radiation of hepatocytes from
central vein to the periphery of the lobules (fig. 5A). For instance,
histology of liver section of a control animal (fig. 5A) exhibited
normal hepatic cells, each with clearly defined cytoplasm, prominent
nucleus and nucleolus with the well revealed central vein.
Meanwhile, liver lobules of carbon tetrachloride (CCls) treated group
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animal showed complete loss of hepatic architecture with
centrilobular hepatic necrosis fatty changes, vacuolization and
sinusoid congestion (fig. 5B). Centrilobular necrosis, hepatocytes
ballooning and infiltration of inflammatory cells (such as macrophages
and lymphocytes) into the portal tract and sinusoid in the necrotic
lesion were also noticed. Diffused areas of hepatitis, especially in the
perivenular region which extend to the central zone.

Treatment with anthocyanin of C. infortunatum and silymarin
showed the remarkable activity of protecting the liver cells against
carbon tetrachloride (CCls) injury including regeneration. The
absence of cellular necrosis and inflammatory infiltrates were seen
in the anthocyanin treated animals. The severity of degenerative
changes in tubules was lower than in carbon tetrachloride (CCls)
treated group (fig. 5C, D). The results were quite comparable to the
control (table 5).

Fig. 5: Hepatoprotective action of purified anthocyanin against CCls induced hepatotoxicity: liver histopathology; (a) Normal control; (b)
CCl4 treated rats; (c) Standard silymarin+CCls; (d) anthocyanin (200 mg/kg)+CCls

Table 5: Histopathological reaction in liver tissue of different treated groups, Con: control; Ac: anthocyanin 200 and 300 mg/kg b.
wt.++++Very sever; +++Sever; ++moderate; +mild; -nil. n=10 replicates

Histopathological features Con Ac200 Ac300 CCls  CCls+Ac200 CClsy+Ac 300 CCls#+Silymarin
mg/kgb.w  mg/kgb.w mg/kgb. w mg/kgb. w 0.2g/kgb.w

Inflammatory cell infiltration in portal area - - - +++ - - -

Inflammatory cell infiltration in hepatic - - - +++ - R R

parenchyma

Degeneration in hepatocytes - - - ++++ - -

Congestion in portal vein - - - ++++ - + -

Congestion in central vein - - - 4+ + . R

Liver and kidney function of rat

Administration of 200 and 300 mg/100 g b. wt. of purified
anthocyanin remarkably regained the activities of aminotransferase
(AST), alanine aminotransferase (ALT) and ALP enzymes almost at
par with the positive control silymarin. The lowest values have been

noticed (61, 51.8 and 100 U/l of aminotransferase (AST), alanine
aminotransferase (ALT) and ALP respectively) with 200 mg/100g b.
wt (table 6). The obtained results justify the antioxidant scavenging
potentiality of anthocyanin against reactive oxygen species (ROSs)
formed due as a consequence of carbon tetrachloride (CCls) induced
liver damage.

Table 6: Effect of anthocyanin extract on the activity of ALT, AST, ALP and LDH in serum and LDH in liver homogenate of rats exposed to CCl4

Treatments ALT (U/]) AST (U/]) ALP (U/]) LDH
Serum (U/1) Liver (U/g tissue)

Control 42.5%0.25 52+0.05 87.8+0.1 176.83+6.0 159+1.8

Ac 200 44.5+0.37 53.5+0.02 89+0.29 170.7+11 161+0.32

Ac 300 46.4+0.88 54+0.34 90.3%+1.3 174+1.6 164+0.28

CCls 62+2.6 70.2+0.5 133+0.32 243+10.4 103+0.06

CCls+Ac 200 51.8+0.92 60+0.78 93.6+4.1 192+0.78 138+0.27

CCls+Ac 300 48.4+3.4 55.2+#2.9 92+0.25 180.2+0.76 149+0.51
Silymarine 100 44+0.11 52+0.08 90+0.65 174+0.85 157+1.3

All the values are mean (n=10 replicates)+SD. P<0.05 (significance at 5% level)
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Similarly, anthocyanin and the silymarine significantly improved the
functioning of kidneys. The lowest urea and creatinine contents have
been seen with control i.e,, 25.4 and 0.70 mg/dl respectively against
positive control (carbon tetrachloride (CCls) treated) (63 and 1.9
mg/dl of urea and creatinine respectively) (table 7). Administration
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of different doses of anthocyanin and silymarine recouped the
values of urea and creatinine to optimal levels. The results suggest
the antioxidant potential of anthocyanins against the reactive
oxygen species (ROSs) or free radicals formed as a consequence of
oxidative stress in the cells.

Table 7: Impacts of different concentrations of anthocyanin extract on urea and creatinine of experimental CCls-intoxicated rats

Treatments Urea Creatinine
mg/dl mg/dl

Negative control 25.4%0.73 0.70£0.1
Positive control (CCL4) 63+2.5 1.9+0.28
Silymarine (0.2g/kg b. w) 29.6+0.31 0.68+0.05
100 mg/100g b. w 28.63+4.04 0.70+0.15
200 mg/100gb. w 31+0.8 0.71+0.23
300 mg/100gb. w 32+0.1 0.69+0.00

LSD 5%

0.27

All the values are mean (10 replicates)+SD. P<0.05 (significance at 5% level)

Lipoprotein profile

Administration of different doses of anthocyanin (100, 200 and 300
mg/100g b. w) or silymarine significantly increased the level of
analyze high density lipoprotein (HDL)(55 to 77 mg/dl with 100 to
300 mg/100g) and decreased the level of low density lipoprotein
(LDL)(100 to 78 mg/dl with 100-300 mg/100g) against positive
control (21 and 158 mg/dl with high density lipoprotein (HDL) and
low density lipoprotein (LDL) respectively) (table 8). The obtained
results further substantiate the antioxidant potentialities of
anthocyanin and thereby maintaining the lipoprotein levels to normal.

Liver enzymes SOD, GST and CAT activities and MDA, GSH levels

100, 200 and 300 mg/100g b. w concentration of anthocyanins or
silymarin remarkably induced the activities of superoxide dismutase
(SOD), catalase (CAT), glutathion-S-transferase (GST) and also the
level of reduced glutathione (GSH). Lipid peroxide (MDA) level was

reduced remarkably. Superoxide dismutase (SOD), catalase (CAT)
and glutathione-S-transferase (GST) enzymes showed an increasing
order with anthocyanin concentrations i.e., 559 to 639 U/g; 48 to
69U/g and 6.5 to 7.6U/g respectively with 100 to 300 mg of
anthocyanin treatment. Similarly, the level of reduced glutathione
(GSH) was also increased (7.3 to 12.1 mg/g) while the lipid peroxide
(MDA) content was reduced (7.4 to 3.6 nmol/g) with 100 to 300 mg
of anthocyanin extract (table 9). Silymarine, the synthetic drug
showed 9 mg/g and 3.5 nmol/g reduced glutathione (GSH) and lipid
peroxide (MDA) respectively. The hepatoprotective activity and
antioxidant potential of anthocyanin extract were investigated
against CCls induced liver damage via its scavenging potential
against the accumulation of lipid peroxide (MDA)under carbon
tetrachloride (CCl4) toxicity via reactive oxygen species (ROSs), free
radicals formation. This leads to oxidative stress in the cells. On the
other hand carbon tetrachloride (CCls) toxicity impair the
antioxidant machinery in the cells.

Table 8: Lipoprotein profile of the experimental animals the effects of different concentrations of anthocyanin extract on HDL and LDL-
cholesterol of experimental CCls-intoxicated rats

Treatments HDL mg/dl LDL mg/dl
Negative control 85+4.2 82+0.32
Positive control (CCL4) 21.5%1.3 158+2.6
Silymarine (0.2g/kg b. w) 75.6+0.88 79+0.59
100 mg/100g b. w 55+1.7 100£0.3
200 mg/100gb. w 77.5+0.08 99.1+0.4
300 mg/100gb. w 75+0.65 78+0.87
LSD 5% 11.5 12.89

All the values are mean (n=10 replicates)+SD. P<0.05 (significance at 5% level)

Table 9: Impact of different combinations of anthocyanin extract on the activities of SOD, CAT, GST, GSH and MDA in the CCL4 treated rats

Treatments SOD (U/g) CAT (U/g) GST (U/g) GSH (mg/g) MDA nmol/g
Negative control 489+8.9 30+0.07 4+0.01 7.5+0.09 3.2+0.03
Positive control (CCL4) 312+4.7 11.5+0.09 2.1+0.05 1.9+0.07 21+0.06
Silymarine (0.2g/kg b. w) 624.4+12.4 42.6+0.23 6.9+0.02 9+0.08 3.5+0.01

100 mg/100g b. w 559+0.56 48+0.49 6.5+0.04 7.3+0.03 7.4+0.1

200 mg/100g b. w 631+4.8 51.9+2.7 7.1+0.07 11.2+0.2 5.2+0.09

300 mg/100g b. w 639+2.8 69+1.4 7.6+0.02 12.1+0.03 3.6+0.05

LSD 5% 14.8 7.3 0.9 1.5 1.75

All the values are mean (n=10 replicates)+SD. P<0.05 (significance at 5% level)

Nitric oxide (NO) and Hydrogen peroxide (Hz0:) level in liver

Administration 100, 200 and 300 mg/100g b. w doses of
anthocyanin extract or silymarin (0.2g/kgb. wt) significantly
reduced the nitric oxide (NO) and hydrogen peroxide (H202) levels
i.e, carbon tetrachloride (CCls)induced nitric oxide (NO) and

hydrogen peroxide (H202) levels were 46 and 165 pM/I respectively.
Administration of anthocyanin (300 mg) recalled the levels back to
normal ie, 5.6 and 21.8uM/l respectively (table 10). Thus,
suggesting the scavenging potentiality of the anthocyanin against
ROSs formed due to oxidative stress induced by carbon tetrachloride
(CCl4) in the liver cells.
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Table 10: Effect of anthocyanin on the NO and H:0:1levels in the CCLstoxicated rats

Treatments NO pM/1 H202 uM/I1
Negative control 5£0.092 20£0.89
Positive control (CCL4) 46+2.6 165+5.8
Silymarine (0.2g/kg b. w) 5.8+0.07 24+3.6
100 mg/100g b. w 11.4+0.04 64+0.93
200 mg/100gb. w 8.5+0.21 50+£0.05
300 mg/100gb. w 5.6+0.01 21.8+0.08
LSD 5% 3.3 8.42

All the values are mean (10 replicates)+SD. P<0.05 (significance at 5% level)

Valcheva-Kuzmanovaa et al. [31] reported that natural fruit juice from
Aronia melanocarpa prevented carbon tetrachloride (CCls)-induced
lipid peroxidation and hepatotoxicity in mice by a dual mechanism i.e.,
via decreasing the metabolic activation of carbon tetrachloride (CCls)
by cytochrome P450 against free radicals as well as by scavenging free
radicals. The ability of anthocyanins to scavenge free radicals has been
demonstrated in other studies also [32].

GSH-dependent mechanism functions to protect the membranes against
carbon tetrachloride (CCls)-induced damage [33]. Some flavonoids such
as silybin and kaempferol-3-Ogalactoside were shown to protect rats
against toxic agents-induced glutathione depletion. In the present study,
carbon tetrachloride (CCls) induced a depletion of reduced glutathione
(GSH) probably due to an increased conversion of reduced glutathione
(GSH) to oxidized glutathione in the process of free radical scavenging.
The anthocyanin effectively maintains the liver reduced glutathione
(GSH) level acting as antioxidants like that of reduced glutathione (GSH).

Denev et al. [6] evaluated the bioavailability and antioxidant activity
of black chokeberry polyphenols under in vitro and in vivo
conditions. Mossa et al. [34] reported the antioxidant activity and
hepatoprotective potential of Cedrelopsis grevei on cypermethrin
induced oxidative stress and liver damage in male rats.
Bhattacharjee et al [9] reviewed the biological potential of
Clerodendrum infortunatum used by the tribals. Nithianantham et al.
[35] proved the hepatoprotective potential of Clitoria ternatea leaf
extract against paracetamol-induced damage in mice. Aloh et al. [36]
analyzed the effect of methanol extract of Gambia albidum leaves on
carbon tetrachloride (CCls)-induced hepatocellular damage and lipid
profile in albino rats. Panda et al. [37] showed the antioxidant and
hepatoprotective effect of Garcinia indica fruit rind in ethanol-
induced hepatic damage in rodents. Asmaa et al. [38] confirmed the
hepatoprotective and antioxidant activity of Zinnia elegans leaves
ethanolic extract. Mandal et al. [39] viewed the hepatoprotective
effect of standardized antioxidant phenolic fractions of Hibiscus
mutabilis. Obouayeba et al. [40] evaluated the hepatoprotective and
antioxidant activities of Hibiscus sabdariffa petal extracts in Wistar
rats. Ezzatet al [41] recently studied the metabolic profile and
hepatoprotective activity of the anthocyanin-rich extract of Hibiscus
sabdariffa. Dash et al. [42] evaluated the hepatoprotective and
antioxidant activity of Ichnocarpus frutescens on paracetamol-
induced hepatotoxicity in rats. Awad et al [43] analyzed the
antioxidant and hepatoprotective effects of Justicia spicigera ethyl
acetate fraction and characterization of its anthocyanin content.
Hussain et al [44] proved the hepatoprotective effects of
Malvasylvestris L. Against paracetamol-induced hepatotoxicity.
Mallhi et al [45] evaluated the hepatoprotective activity of an
aqueous methanolic extract of Morusnigra against paracetamol-
induced hepatotoxicity in mice. Dash et al. [46] proved anthocyanins
of red radish as protective against hepatic damage induced by
carbon tetrachloride in albino rats. Many studies revealed that the
polyherbal formulation showed an excellent hepatoprotective
profile as compared to individual plants [47]. Keerthi and Devala
[48] proved the hepatoprotective effect of the formulation of Cassia
auriculata nanospheres containing sylimarin.

CONCLUSION

In the present study, calli initiation and growth was optimal with
leaf explants on MS medium supplemented with 0.5 mg/l 2, 4-
dichlorophenoxyacetic acid (2, 4-D)+2.0 mg/l benzylaminopurine
(BAP). But, the highest anthocyanin yield was obtained on MS

medium fortified with 1.0 mg/1 2,4-dichlorophenoxyacetic acid (2,4-
D)+2.0 mg/] Kinetin. The result showed that the calli growth and
anthocyanin synthesis were inversely correlated. Cyanidin 3-O-
sambubioside, delphinidin 3-O-sambubioside and malvidin 3-O-
glucoside, delphinidin 3-0-glucoside, cyanidin 3-Oglucoside and
petunidin 3-0-glucoside were minors. Malvidin 3-0-glucoside and
petunidin 3-0-glucoside were the major anthocyanin noticed in the
present study. Subsequently, the effect of purified anthocyanin of C.
infortunatum was evaluated in vitro and in vivo as therapy in
experimental carbon tetrachloride (CCls)-intoxicated rats. The
results revealed a significant in vitro scavenging of 2 2-diphenyl-1-
picrylhydrazyl (DPPH), ferric reducing antioxidant power (FRAP)
andoxygen radical absorbance capacity (ORAC) radicals. Regaining
the levels of aminotransferase (AST), alanine aminotransferase
(ALT), nitric oxide (NO), hydrogen peroxide (H202), low density
lipoprotein (LDL), MDA, urea, creatinine, glutathion-S-transferase
(GST), superoxide dismutase (SOD), catalase (CAT)and high density
lipoprotein (HDL) in anthocyanin treated rats. The results also
showed that the anthocyanin has a hepatoprotective activity against
carbon tetrachloride (CCls) induced toxicity on rats. Anthocyanin of
C. infortunatum regularize carbon tetrachloride (CCls) induced
damages through hepatoprotection and thereby retard the liver
injury by scavenging the ROSs and blocking the oxidative stress.
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