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Abstract

The present study envisages the antigenotoxic property of Hibiscus sabdariffa L. (Roselle) calyx extracts that is
presumably attributed to its antioxidant properties. The dried calyx extracts of Roselle were administered to male albino
mice at doses of 50, 100, and 150 mg/kg body weight for 7 days followed by a single dose of interperitoneal (i.p.) injection
of sodium arsenite (2.5 mg/kg body weight) and the extent of DNA damage was analysed by widely used Comet assay.
The results revealed that the calyx extract of Roselle inhibited the DNA damage induced by sodium arsenite in a dose
dependent manner. The presence of phytochemical constituents such as polyphenols and flavonoids were ascribed
to the observed changes. The antioxidant efficacy was substantiated by applying Ferric Reducing Antioxidant Power
(FRAP) and 2, 2-di(4-tert-octylphenyl)-1-picrylhydrazyl (DPPH) assays.
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Introduction

Advancement in medicinal plant research has undergone a
stellar growth during the last decade. The exponential growth in the
popularity of natural plant remedies has stirred up an enormous surge
in need for information regarding the properties and uses of medicinal
plants. Based on fact that plants like Hibiscus sabdariffa L. (Malvaceae)
is used both in food and beverage was given special attention as regards
medicinal plant research is concerned [1,2]. H. sabdariffa is commonly
known as Roselle or Red Sorrel in English and in Arabic as Karkadeh. It
is widely cultivated in Central and West Africa and in South-East Asia.
In the Indian states of West Bengal, Bihar and Orissa, H. sabdariffa (var
sabdariffa) is grown for its edible calyx and H. sabdariffa (var altisima)
is cultivated as an alternative to jute in regions where jute plants cannot
be grown. The fruits bear persistent, stout, bright red, fleshy calyx that
are used for preparing jam, jellies, and syrups. The dried calyx extracts
are consumed as hot and cold beverages around the world. Roselle calyx
and leaves have been reported to have many therapeutic effects and are
traditionally used in countries like Taiwan, Philippines, Myanmar and
Africa for medicinal purposes as well as a functional food in China. In
folk medicine, the calyx extracts are used for the treatment of several
ailments, including high blood pressure, liver illnesses and fever [3-5].

H. sabdariffa leaves are reported to have antiscorbutic, emollient,
diuretic, refrigerant and sedative properties. The plant is also known
to have antiseptic, aphrodisiac, astringent, antioxidant, cholagogue,
demulcent, digestive, purgative, resolvent, and anti tumor properties
[6]. H. sabdariffa is used as a folk remedy in the treatment of abscesses,
bilious conditions, cancer, cough, debility, dyspepsia, fever, hangover,
heart ailments, hypertension, hepatoprotection, and neurosis [7-10].

The administration of antioxidant natural products to treat or
prevent environmentally induced toxicity is a promising field of
research. A wide variety of herbs, fruits and vegetables have been found
to be protective against a wide range of ailments and this effect has been
ascribed partly to the antioxidants contained therein, in particular, the
phenolic compounds [11]. The aqueous H. sabdariffa calyx extracts
aqueous extracts (HSE) besides cathartic activity [12] was found to

possess profound antimutagenic [13], antitumour [14], antigenotoxic
and antioxidant actions [15]. The role of natural antioxidants and to
determine their potential always remained a question of great interest
which lead to develop various in vivo and in vitro techniques [16].

Arsenic ‘As’ is a known human carcinogen and teratogen. It is
ubiquitously present in the Environment where it occurs as As* and
As>* [16,17] Contamination of drinking water with As is a serious
environmental problem worldwide. It is alarming that in Bengal region
(Asia) and elsewhere its level reached 3.7 mg/L, which is far above the
World Health Organization (WHO) and United States Environmental
Protection Agency (USEPA) permissible limit [18-20]. Arsenic
compounds were used in the present study to understand the protective
nature of H. sabdariffa. In earlier studies several crude extracts of
plants and vegetables were shown to significantly reduce the cytotoxic
and carcinogens effects of toxic metals and chemical such as: zinc,
lead, sodium arsenite, mitomycin C and cyclophosphamide in bone
marrow cells [21-23]. The present study elucidates the antigenotoxic
potential of HSE in a dose dependent manner which can presumably
be attributed to its antioxidant properties.

Materials and Methods
Test chemicals

Sodium arsenite, CAS No. 7784-46-5 (Sigma Chemical Co., USA),
Dimethylsulfoxide, (Qualigens, Mumbai, India), Disodium EDTA
(Hi Media, Mumbai, India), Ethidium bromide (Sigma Chemical Co.,
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USA), Phosphate Buffer Saline (HiMedia, Mumbai, India), Sodium
chloride (E. Merck, Mumbai, India) Sodium hydroxide (E. Merck,
Mumbai, India), Triton X-100 (Sigma chemical Co., USA), Trizma Base
(E. Merck, Mumbai, India), Normal melting point (NMP) and Low
melting point (LMP) agarose were purchased from Sigma Chemical
Co., St. Louis, MO. While, 2,2-di(4-tert-octylphenyl)-1-picryl-hydrazyl
free radical (DPPH, CAS 84077-81-6), phosphoric acid (H,PO,) were
purchased from Sigma-Aldrich Fine Chemicals, St. Louis, USA.

Ethanol and Aluminium chloride anhydrous (CAS 7446-70-0)
were obtained from Merck Specialities (Pvt.) Ltd., India., Gallic acid,
ascorbic acid, Folin-Ciocalteu reagent were purchased from SRL,
India. Ethanol, ferric chloride (FeCl,), sodium carbonate (Na,CO,)
were purchased locally and were of analytical grade.

Preparation of plant extract

Commercially available sachets of dried and crushed Roselle
calyxes were obtained from Royal Herbs (Ottoman Group, Egypt).
2 g of dried and crushed calyxes were contained in each tea bag in
each sachet. Extracts were made in hot water before every gavage
administration in case of mice while ethanolic extracts were prepared
for phytochemical and antioxidant assays. Based on the concentrations
of 50, 100, 150 mg/kg body weight of mice for Comet assay and 5, 7.5
and 10 mg/ml solutions for phytochemical and antioxidant assays [6].
The required amounts of crushed, dried calyxes were weighed before
every experiment and kept in hot water or ethanol for 5 minutes after
which the water or ethanol was filtered to create a bright red extract.
Fresh extracts were made before every experiment.

Test animals/organisms

The studies were conducted on male Swiss albino mice, 8-10
weeks old and weighing 20-25 g. The animals were obtained from
the departmental animal house colony, individually ear tagged, and
acclimatized for two weeks prior to exposure. Mice were housed in
groups of six per cage under standard husbandry and feeding schedules
and provided with clean conventional colonies. The animals were
housed in polycarbonate cages with a bedding of sterilized rice husk.
They were maintained at ambient temperature (25 + 2°C), relative
humidity (60 + 5%) and 12 hour light/dark photoperiod conditions.
The animals were fed with standard rodent pellet (M/S 5 Hindustan
Lever Foods, Bangalore, India). Throughout the study, mice had
access to the feed and water ad libitum. Ethical clearance was obtained
from the Institutional Ethics Committee prior to the experimentation
(University animal care unit, University of Calcutta, India) [24-29].

Dosage selection

According to a study of Onyenekwe et al. [29], no deaths were
observed in albino mice after fourteen days of administration at
doses of 1000-5000 mg/kg body weight per day, thus the calculated
LD, (Lethal Dose 50) of HES aqueous extract was >5000 mg/kg body
weight. Based on the above studies, the concentrations of 50, 100 and
150 mg of HSE per kg body weight of mice were taken, respectively.
For sodium arsenite a single concentration of 2.5 mg/kg body weight in
distilled water (corresponding 1/10 to the LD50 of the salt /mice) was
chosen based on the study reported by Adetutu et al. [30].

Experimental Design

The animals were divided into seven experimental groups with 6
male mice in each group. The volume of test compound was 10mL/kg
body weight for each dose.

Group 1: Negative controls received distilled water in drinking
water.

Group 2: Animals were gavaged with HSE-50 mg/kg body weight
for seven days.

Group 3: Animals received a single interperitoneal (i.p.) injection
of sodium arsenite (2.5mg/kg body weight), 24hours before the day of
sacrifice.

Group 4: Animals were administered with HSE-50 mg/kg body
weight for seven days and on day 7 received a single acute dose of
sodium arsenite (2.5 mg/kg body weight; i.p.).

Group 5: Animals were gavaged with HSE 100 mg/kg body weight
for 7 consecutive days

Group 6: Animals were primed with HSE (100 mg/kg body weight)
for 7 consecutive days and on the seventh day of experiment received
a single acute dose of sodium arsenite (2.5 mg/kg body weight; i.p.).

Group 7: Animals were gavaged with HSE 150 mg/kg body weight
for 7 consecutive days.

Group 8: Animals were primed with HSE (150 mg/kg body weight)
for 7 consecutive days and on the seventh day of experiment received
a single acute dose of sodium arsenite (2.5 mg/kg body weight; i.p.).

Animals were sacrificed by cervical dislocation 24 hours after
the last treatment. After sacrificing them, the femurs were flushed in
phosphate buffer solution to obtain suspensions of bone marrow cells.

Alkaline single cell gel electrophoresis or Comet assay

The alkaline single cell gel electrophoresis/Comet assay was
performed by the method of Singh et al. [31] with slight modifications
and following the guidelines of Tice et al. [32]. Single cell suspensions
of the bone marrow cells were obtained by flushing the femurs with (1
ml) PBS [33]. In the control and treated animals viable bone marrow
cells were obtained by checking cell viability as measured by Trypan
blue dye exclusion method [34]. All samples examined exceeded 90%
viability after scanning several fields. Slides were prepared by mixing
the bone marrow cell suspension with 1% low melting point agarose
(prepared in Ca®*,Mg?** free PBS); layered on the slide base coated with
1% normal melting point agarose and cover slips were immediately
placed over the second layer.

Slides were then placed on ice packs for 5 min. to solidify the
agarose after which the cover slips were removed and the third layer of
0.5% low melting point agarose was placed and solidified again on ice.
The slides were then immersed in chilled lysing solution (2.5 M NaCl,
100 mM EDTA, 10 mM Trizma, 10% DMSO and 1% Triton X-100,
pH 10.0) at 4°C, overnight. Then the slides were subjected to DNA
unwinding in chilled alkaline electrophoresis buffer solution (300 mM
NaOH and 1 mM Na2EDTA, pH >13) for 20 min and subsequently
electrophoresis was performed at 0.7 V/cm and 300 mA at 4°C for 30
min.

After electrophoresis the slides were neutralized with Tris buffer
(400 mM, pH 7.4). Slides were stained with 20 ug/ml ethidium bromide
(EtBr) and stored at 4°C in a humidified slide box until scoring. Slides
were scored at a final magnification of 400x using an image analysis
system (Komet 5.5, Kinetic Imaging, Andor technology, Nottingham,
UK) attached to a fluorescence microscope (Leica, Germany) equipped
with an attachment of a CCD camera. The comet parameters used to
measure DNA damage in the cells were tail DNA (%) [35].
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Statistical Analysis

For all statistical analyses, the level of significance was established
at P< 0.05. Data were analyzed using the statistical functions of Sigma
Stats 3.0 (SPSS Inc., Chicago, IL). A one-way ANOVA followed
by Duncan’s multiple range test (DMRT) was carried out to detect
significant differences in % Tail DNA, if any, amongst different
treatment sets.

Determination of total polyphenol content

The total polyphenol content of the extract was determined
according to the method of McDonald et al. and Roy et al. [36,37] with
slight modifications. Briefly, 0.5 ml of extract (5, 7.5, 10 mg/ml) was
mixed with Folin-Ciocalteu reagent (5 ml, 1:10 dilution with distilled
water) and further neutralized by aqueous Na,CO, (4 ml, 1 M) solution.
The reaction mixture was then allowed to stand for 15 min. at room
temperature. The absorbance of the reaction mixture was measured at
765 nm using a UV -visible spectrophotometer. The calibration curve
was prepared using solutions of gallic acid (standard) in ethanol with
final concentrations in reaction mix ranging from 0-35 ug/ml. The
total polyphenol content was expressed in terms of milligram of gallic
acid equivalent per gram of extract (mg GAE/g). Three replicates were
performed for each concentration of HSE. Results are represented as
mean * standard deviation.

Determination of total flavonoids

The method of Ordonez et al. [38] and Taie et al. [,39] was followed
for the estimation of total flavonoid content with minor modifications.
Briefly, 0.5 ml of 2% AICI3 in ethanol solution was added to 0.5 ml of
the extract (5, 7.5, 10 mg/ml). The reaction mixture was then allowed to
stand for 1h at room temperature. The absorbance was measured at 420
nm using a UV-visible spectrophotometer against the sample blank.
Total flavonoid content 8 was calculated as quercetin equivalent (mg/g)
obtained from calibration curve (0-33 pg/ml). The total flavonoid
content was expressed in terms of milligram of quercetin equivalent
per gram of extract (mg QUE/g). Three replicates were performed for
each concentration. Results are represented as mean + S.D.

Scavenging effect on 2, 2-di

picrylhydrazyl free radical

(4-tert-octylphenyl)-1-

The DPPH radical scavenging capacity was determined using
the method described by earlier researchers [40,41]. 10 pul ethanolic
extracts of HSE (at concentration of 0.1, 0.25, 0.5, 2.5, 5, 7.5 and 10
mg/ml) were mixed with 3 ml of 6x10-5 M DPPH in ethanol. After 30
min of incubation in the dark at room temperature, the absorbance at
517 nm was measured against blank. Three replicas were made for each
concentration.

The inhibition percentage of DPPH radical was calculated
according to the formula:

DPPH radical scavenging capacity % = [(ADPPH-AEXTR)/
ADPPH] x100.

Where:

- ADPPH is the absorbance of the control solution (containing
only DPPH).

- AEXTR is the absorbance in the presence of antioxidant.

- Ascorbic acid was used as a positive control.

Assay of Ferric Reducing Antioxidant Power (FRAP)

The FRAP assay was performed according to the method of Benzie
and Strain [42] with slight modifications. The FRAP reagent included
10 parts of 300 mM sodium acetate buffer (pH 3.6), 1 part of 10 mM
TPTZ (2, 4, 6-tripyridyl-s-triazine) solution in 40 mM HCI and 1
part of 20 mM FeCl,.6H,O solution. The fresh working solution was
prepared by mixing 20 mL acetate buffer, 2 mL TPTZ solution and 2
mL FeCl,.6H,O solution and then warmed at 37°C before using. 67 uL
of HSE from each concentration (2.5, 5, 7.5 and 10 mg/ml) were allowed
to react with ImL of the FRAP Reagent for 10 minutes on a warm
water bath. Readings of the colored product [ferrous tripyridyltriazine
complex] were then taken at 593 nm. The standard curve of ascorbic
acid was referred to. Results are expressed in milligram of ascorbic acid
equivalent per gram of extract (mgAAE/g) (Table 1).

Results

Total polyphenol and flavonoid content

The total polyphenol content of H. sabdariffa calyx extracts was 2.20
+ 0.08 mg gallic acid equivalent/g of extract (GAE/g), as determined
with reference to the standard curve of gallic acid (y=0.088x+0.132,
R2=0.99). Total flavonoid content of H. sabdariffa calyx extracts
was 3.20+0.11 mg quercetin equivalent/g of the extract (QUE/g)
as determined with reference to the standard curve of Quercetin
(y=0.037x+0.0017, R2=0.99) (Table 2).

Scavenging effect on 2, 2-di(4-tert-octylphenyl)-1-picrylhydrazyl
(DPPH) free radical. The DPPH radical scavenging activity of
H. sabdariffa calyx extracts (HSE) at various doses was assessed
spectrophotometrically by the quantitative estimation of the
discoloration of the same. HSE at various concentrations (0.1, 0.25,
0.5, 2.5, 5, 7.5 and 10 mg/mL) showed increasing inhibition of DPPH
with increase in concentration. The value was significant (p<0.05) at
the concentrations tested. The DPPH radical scavenging activity of
HSE ranged between 14.09 to 35.92% from 0.1 to 10 mg/mL solutions
of HSE respectively (Table 2); whereas in ascorbic acid (4 pg/mL) it
showed 71.48 £ 1.85% scavenging activity.

Assay of Ferric Reducing Antioxidant Power (FRAP)

The antioxidant capacity of H. sabdariffa L. calyx extract was
estimated from its ability to reduce TPTZ-Fe (III) complex to a TPTZ-
Fe (II) complex. The FRAP value of H. sabdariffa L. calyx extract was
expressed terms of mg ascorbic acid equivalent (AAE) per gram of the
extract and the value was determined as 0.784 + 0.01 mgAAE/g. The
FRAP values increased with increasing concentrations of HSE (Table
2) [43].

Discussion

Roselle (H. sabdariffa) is known as a delicacy as well as for its
medicinal properties. It is an excellent source of dietary phytochemicals
such as anthocyanins, polyphenols and flavonoids. The use of Roselle
petals, calyx and fruits as natural antioxidants, natural colorants, and
an ingredient of functional foods has sprouted interest for the research
of its antioxidant and antigenotoxic properties.

The purpose of the present study was to determine whether and
to what extent HSE can modulate the genotoxic damage induced by
sodium arsenite. HSE is a rich source of antioxidant that can scavenge
free radicals [44] and it is known that the mechanism of the As-
induced genotoxicity is ROS mediated [45]. Therefore looking for a
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Treatment

Tail DNA (%)

Group Compound Dose(mg/kg.b.wt) Sum of individual
(days) Mean +*SD Observed increase of the two
Increase (over control)
compounds
1 7 Water 10ml 1.99 + 1.43a* - -
2 7 HSE 50 3.71 +2.05a,d 1.72 -
3 1 As 25 26.65 +10.46b 24.66 -
4 7+1 HSE+As 50+2.5 478 +3.59¢ 2.79 <26.38**
5 7 HSE 100 7.63 +1.23d 5.64 -
6 7+1 HSE+As 100+2.5 9.48 +2.49 7.49 <30.3**
7 7 HSE 150 8.72 +2.67d 6.73 -
8 7+1 HSE+As 150+2.5 15.48 + 1.59f 13.49 <31.39**

*Values in a vertical column followed by the same letter (a,a) or (b,b) or (d,d) are not significantly different at 5% level ,whereas values with different letters(a,b) or (b,c) are

significant at the 5% level as determined by Duncan’s multiple range test; Each value is the average of the median values of 6 animals;

** significantly less at 5% level,

Table 1: Effect of aqueous extract of Hibiscus sabdariffa L. calyx extracts (HSE) on Arsenic (As) induced DNA damage (% Tail DNA) in mice bone marrow cells

Total Polyphenol (mgGAEI/g of extract) Total flavonoid (mgQUEI/g of extract)

[mean * SD]* [mean * SD]*

2.20+£0.08 3.20£0.11

*mean of three replicates; SD- standard deviation

FRAP(mg AAE/g of extract)
[mean * SD]*

% DPPH radical Scavenging Activity
of 100% HSE

0.784 £ 0.01 35.92% + 0.8

Table 2: Total polyphenol, flavonoid content and antioxidant activities of Hibiscus sabdariffa L. calyx extract

suitable dietary supplement is important in the management of As-
induced toxicity.

Previous studies indicated that ROS radicals play pivotal role in the
genotoxicity of arsenical compounds in mammalian cells [17,45,46].
Literature survey revealed that in majority of reports, antioxidant
prophylactic were successful in ameliorating genotoxicity of arsenic [46-
49]. This study was aimed to study the protection that could be afforded
by priming mice for 7 consecutive days with HSE before challenge
with sodium arsenite. Administration of HSE (at 50,100 and 150 mg
/kg body weight) reduced significantly the DNA damage induced
by sodium arsenite in a dose dependent manner. This antigenotoxic
property of HSE can be attributed to its antioxidant property of the
phytochemical constituents of the plant. The dried flower extracts of H.
sabdariffa was reported to inhibit significantly the unscheduled DNA
synthesis (UDS) induced by tert-butyl hydroquinone [46]. Comet assay
can measure DNA damage directly whereas UDS is an indirect method
of determination of the extent of DNA damage through the DNA
repair synthesis [40,50]. Hence, Comet assay is a more advantageous
method over the UDS method for assessing DNA damage.

Free radical scavenging and antigenotoxic activities of natural
phenolic compounds in dried flowers of H. sabdariffa are reported in
the literature [51]. Roselle flower organic extract showed antioxidant
capacity that seems to be a consequence of the polyphenol content
and other antioxidants such as ascorbic acid, eugenol, and limonene
[52]. The earlier reports demonstrated that the phenolic compounds
of the ethanolic or water extracts of dried flowers of H. sabdariffa can
scavenge oxygen free radicals and nitrogen oxide radicals and could
prevent sodium arsenite-induced in vivo bone marrow micronucleus
induction in rats [53] and in mice [30].

In the present study, the inhibitory effects of HSE further
underscore that active oxygen species are involved in its (Arsenic)
genotoxicity. HSE contains 141.09 mg/100 g of ascorbic acid, 1.88
mg/100 g of beta-carotene, 296 mg/100 g of total phenolic compounds
as gallic acid equivalent and 2.53 mg/100 g of anthocyanin expressed
as delphinidin-3- glucosiode [54]. The presence of polyphenols was

detected as 220 mg/100g GAE in the present study. The FRAP assay
is based on the reducing ability of antioxidant compounds present
in the sample which showed substantial reducing ability of HSE as a
result of its antioxidant property. The DPPH radical scavenging activity
was also of a considerable amount. Therefore, it can be asserted that
H. sabdariffa possesses considerable antioxidant properties based
on the results of the FRAP assay and DPPH assays and also contains
a substantial amount of flavonoids and polyphenols, which can
contribute to its antigenotoxic properties. Our results are in line with
the previous findings. Hibiscus anthocyanins also showed protective
effect against hepatic toxicity which added additional support to our
present findings [4].

Therefore, the crude aqueous extract of H. sabdariffa calyxes could
be used as a dietary supplement to prevent the clastogenic effects of
arsenic exposure through drinking water. This would benefit people
exposed in As-affected areas and in the cost-effective management
of the problem. Since the data reported in this study were generated
from short-term treatment, it is recommended that long-term animal
studies should be conducted to evaluate the effects of these extracts on
biomarkers of oxidative stress such as DNA damage.

Conclusion

Hibiscus sabdariffa L. calyx extract harbours antigenotoxic
properties that can be attributed to its antioxidant properties and free
radical scavenging activities. Hence, it can be used to combat Arsenic
induced genotoxicity.
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