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ABSTRACT

Objective: The present research article was conducted to study the toxicity profile,
antioxidant potential and wound healing activity of ethanolic leaves extract of Hibiscus
rosa-sinensis L. (ELEHR). Materials and Methods: /n-vitro antioxidant properties were
assessed using DPPH radical scavenging activity, Nitric oxide scavenging activity, and
superoxide radical scavenging activity. Acute toxicity was performed to study the general
behavioural pattern of mice and sub-acute toxicity studies were performed to study the
toxic effects of the test extract on different biochemical and haematological parameters,
body and organ weight and histopathology of liver, pancreas and kidney. Wound healing
properties was evaluated using excision, incision, dead space and burn wound model.
Results: Strong antioxidant activity was recorded in a concentration dependant manner
for ELEHR in all three models. The toxicological evaluation of ELEHR revealed that it has
a reasonable safety profile as there was no severe alteration. In the evaluation of wound
healing properties, ELEHR treated group showed an enhanced wound contraction rate
and epithelisation period in both excision and burn wound models, whereas in incision
wound model wound breaking strength was significantly increased in extract treated
group compared to control. Histology of the skin of healed excised wound also showed
restoration to normal architecture in extract treated group. Wound healing activity was
further substantiated by enhanced antioxidants and connective tissue markers which
were estimated in dead space wound model. Conclusion: Thus ELEHR proved to be
effective in wound healing which may be because of strong antioxidant properties and
also possesses reasonable safety profile.

Key words: Antioxidant, Burn injuries, Hibiscus rosa-sinensis, Normal wound healing,
Toxicity profile

INTRODUCTION

The use of plants for healing purposes
predates human history and forms the
source of current modern medicine. Many
conventional drugs have been originated
from plant sources.' In the current scenario,
the demand for herbal products is growing
exponentially throughout the world and
major pharmaceutical companies atre currently
conducting extensive research on plant

materials for their potential therapeutic
value.?

Many medicinal plants have been evaluated
for their antioxidant properties. Natural anti-
oxidants either in the form of raw extracts
or their chemical constituents are very effective
to prevent the damage caused by oxidative
stress.” Reactive oxygen species (ROS) and
other oxidants are responsible for causing
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numerous disorders and diseases which has brought the
attention of scientists for investigating medicinal plants
for their antioxidant properties.* Medicinal plants may
be beneficial to humans as they have several bio-active
compounds to cure diseases but the potential toxicity of
these phyto-constituents has not been well established.
There are very little scientific evidences on the safety
and efficacy of herbal drugs to the increase in number
of its users which raised concerns regarding toxicity and
detrimental effects of these herbal remedies. Thus there
is a need to evaluate the safety and efficacy of these
plants thoroughly to maximize their benefits for mankind.®
Hibiscus  rosa-sinensis (Linn.) is an evergreen woody,
glabrous, showy shrub 5-8 feet in height belonging to
family Malvaceae. It is commonly referred as Chinese
hibiscus, China rose and shoe flower and is widely
grown as an ornamental plant in tropical and subtropical
regions of East Asia.”® Traditionally, the plant is
reported to be used in the treatment of a variety of
ailments. The leaves and flowers are observed to be
promoters of hair growth and aid in healing of ulcers.
The aerial parts of Hibiscus rosa-sinensis are used in treat-
ment constipation and diarrhea. The leaves are used in
curing skin diseases and fatigue. The powdered roots
of the plant are used in treatment of menorrhagia and
fresh juice of root is used in gonorrhea. The flowers of
are used in treatment of epilepsy, diabetes, leprosy etc.
In Ayurvedic medicine an infusion of petal is widely
used as a demulcent refrigerant drink in fever. The flowers
have also been found to be effective in the treatment
of arterial hypertension and to have significant anti-
fertility effect. Moreover, in India the herbal products in
the market intended for hair growth include the extract
of various parts of Hibiscus rosa-sinensis. There are several
pharmacological activities reported on Hibiscus rosa-sinensis
leaves such as antifungal, anti-inflammatory, hair growth
promoting, analgesic, antipyretic, antibacterial, and in-vitro
antioxidant activities.”''* Many phyto-constituents wete
also isolated from various parts of Hibiscus rosa-sinensis
like B-sitosterol, stigmasterol, taraxeryl acetate from
leaves and stems. Quercetin-3-diglucoside, cyanidin-
3-sophoroside-5-glycosides, 3, 7-diglucoside, cyanidin-3,
5-diglucoside have been isolated from deep yellow flowers
of Hibiscus rosa-sinensis.""'*

Wound can be defined as a break in the cellular and
anatomical architecture of body tissue that includes
skin, mucus membrane, deeply lying tissues or surface of
internal organs ranging from incision, laceration, abra-
sion, puncture, and closed wounds such as contusion,
hematoma and crush."”” Normal wound healing response
begins as soon as the tissue is injured. An inflammatory
response occurs following the injury and the cells below

the dermis begin to increase collagen production. Later,
the epithelial tissue is regenerated."

Burns are injuries to tissues caused by excessive heat,
electricity, radioactivity or corrosive chemicals that
destroy (denature) protein in the exposed cells. They
permit microbial invasion and infection, loss of body
fluid and loss of thermo regulation."”

Inappropriate treatment of the wounds may delay its
healing, causing the area to become infected and subse-
quently resulting in chronic wounds. Few antimicrobial
ointments such as silver sulfadiazine, mafenide, silver
nitrate, povidone-iodine, mupirocin and bacitracin,
are used to reduce the risk of infection in minor cuts
and burns but these topical antimicrobials are not fully
effective in treatment of wounds and may cause some
side effects.' Thus there is need to develop safer drugs
to combat different types of wounds.

Literature available from all possible scientific sources
revealed that the leaves of Hibiscus rosa-sinensis have
not been evaluated for its toxicological effects and also
its wound healing potential. Thus the present study is
investigated to explore the antioxidant properties,
toxicological effects and healing potential of ethanol
extract from Hibiscus rosa-sinensis (Linn.) on excision,
incision, dead space and burn wound model in Wistar
albino rats.

MATERIALS AND METHODS
Collection and authentication of plant materials

The fresh leaves of Hibiscus rosa-sinensis (Linn.) were
collected in the month of July, 2012 from the rural belt of
Visakhapatnam district, Andhra Pradesh, India. The plant
materials were then authenticated by Dr. M. Venkaiah,
Professor (Retd.), Department of Botany, Andhra
University, Visakhapatnam, Andhra Pradesh, India.
A voucher specimen has been kept in our research labo-
ratory for further reference.

Preparation of extracts

The collected plant materials were gently washed in tap
water to remove dirt and then they were shade dried
in the laboratory under room temperature (24 £ 2°C)
for 3-4 weeks and protected from direct heat or sunlight.
After complete drying of the plant materials they were
pulverized by using a mechanical grinder followed by
sieving (sieve no. 40) to obtain coarse powder. The
powdered plant materials (500 g) were defatted with
petroleum ether (60-80°C) in a soxhlet extractor. The
marc was then air-dried and extracted with ethanol
(90%), excess solvents were removed by rotary vacuum
evaporator (Evator, Media Instrument Mfg. Co., Mumbai,
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India) and concentrated to obtain a dark greenish residue
which was about 51.8 g, The percentage yield was calcu-
lated by the following formula.

weight of dry crude

extract obtained (g)
Weight of plant material
before extraction (g)

Percentage yield = x100

Preliminary phytochemical tests

Preliminary phytochemical studies of ELEHR were
performed for determination of major phytochemical

constituents using standard procedures.'™'®

In-vitro Antioxidant activities

DPPH radical scavenging activity

The free radical scavenging activity of ELEHR was
assessedby1,1-diphenyl-2-picrylhydrazyl (DPPH) radical
scavenging assay according to the methods described by
Shimada ezal.,1992."” 0.1 mM DPPH solution was freshly
prepared in ethanol and was used for the assay. Then,
ImL of this solution was added to 2 mL. of ELEHR
solution at different doses of 200, 400, 600, 800 and
1000 pg/mL. The mixture was shaken vigorously and
kept in the dark at controlled room temperature
(25-28°C) for 30 min. Then the absorbance was mea-
sured at 517 nm in a spectrophotometer. The degree
of discoloration occurred in the samples indicates the
free radical scavenging efficiency of the substances.
The percentage of DPPH radical scavenging activity
was calculated by the following formula.

% inhibition of DPPH radical = {M} %100

br

Whete Abr is the absorbance before reaction and Aar is
the absorbance after reaction has taken place.

Nitric oxide (NO) scavenging activity

Nitric oxide (NO) scavenging activity was performed
according to methods described by Rai et al., 2006.*
0.5 mL of 10 mM sodium nitroprusside in phosphate
buffered saline was added and mixed with 0.5 mL of
different concentrations of ELEHR (200, 400, 600,
800 and 1000 pg/mlL) and control and incubated in the
datk at room temperature (25-28°C) for 150 min. After
150 min of incubation, 0.5 mL of the incubated solu-
tion was withdrawn and mixed with 0.5 mL of Griess
reagent [(1.0 mL sulfanilic acid reagent (0.33% sulfanilic
acid in 20% glacial acetic acid incubated at room
temperature for 5 min) with 1 ml of naphthyl ethyl
enediamine dichloride (0.1% w/v)]. Then the mixture

was incubated for 30 min at 25°C. The absorbance of
the chromophore formed was read at 540 nm. The
results were expressed as the percentage inhibition of
nitric oxide. The amount of nitric oxide radical inhibi-
tion was calculated by the following equation:

% inhibition of NO radical = [%}100
0

Whete A0 is the absorbance before reaction and A1
is the absorbance after reaction has taken place with
Griess reagent.

Superoxide radical scavenging activity

Measurement of superoxide anion scavenging activity
of ELEHR was based on standard methods.?*
Superoxide radicals are generated in phenazine
methosulphate (PMS)—nicotinamide adenine dinucleo-
tide (NADH) systems by oxidation of NADH and
assayed by the reduction of nitroblue tetrazolium
(NBT). The superoxide radicals were generated in
3 mL of Tris—HCI buffer (16 mM, pH 8.0) containing
ImL of NBT (50 pM) solution, 1mL. NADH (78 uM)
solution and 1mL sample solution of ELEHR (200, 400,
600, 800 and 1000 pg/mL) were mixed. The reaction was
initiated by adding 1mL of PMS solution (10pM) to the
mixture. The reaction mixture was incubated at 25°C
for 5 min, and the absorbance was measured at 560 nm
against blank samples, containing all the reagents except
the PMS. The percentage inhibition of superoxide anion
generation was calculated using the following formula:

% inhibition = {AOA‘ Al}xlOO

0
Where A was the absorbance of the control, and A,
was the absorbance of ELEHR.

Experimental animals and housing conditions

Swiss albino mice (20-25 g) of either sex were used for
acute toxicity evaluation and Wistar albino rats (150-250 g)
both male and female were used to evaluate wound
healing potential, whereas for examination of sub-acute
toxicity only male Wistar albino rats of 8-16 weeks old
were taken. The animals were housed for at least one
week in the laboratory animal room prior to testing
and maintained in clean polypropylene cages (Temp:
25 + 2°C, and 75% relative humidity) and fed with
commercially pelleted rat diet (M/s Hindustan Lever
Ltd., Mumbai) and water ad /ibitum.

Ethical approval

All experimental protocols were approved by the
Institutional Animal Ethics Committee (IAEC) of
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GITAM Institute of Pharmacy, Visakhapatnam, Andhra
Pradesh, India(Registration No.1287/ac/09/CPCSEA
and Protocol No: IAEC/GIP-1287/Bpharm/IP/
SM-NS/11/2012-13). Experiments were performed
according to the guide for the care and use of labora-
tory animals.

Acute toxicity study

The acute toxicity studies were conducted over Swiss
albino mice as per OECD guidelines 423, where the
limit test dose of 2000 mg/kg, p.o., was used. Observa-
tions were made and recorded continuously for the first
4 h for any behavioural changes. They were then kept
under observation up to 14 days after drug administra-
tion to find out the mortality if any. One-tenth of the
maximum tolerated dose of ELEHR (200 mg/kg, body
weight, p.o.) was selected for dead space wound model
study.

Sub-acute toxicity studies

Sub-acute toxicity studies were done according to OECD
guidelines 407 *with slight modifications.” Wistar
albino rats were randomly assigned into two groups
(n=6/group) where group I received distilled water
(3 mL/kg, p.o.) which serves as the normal control and
group II received ELEHR at a dose level (200 mg/kg,
p.o.). All rats were treated twice daily for 14 days and
were observed daily for physiological and behavioural
changes. Body weight, food intake and water intake
were monitored. Animals were also closely observed
for signs of abnormalities during the whole treatment
process. On 15" day, the animals were anesthetized with
pentobarbital sodium 0.035 gm/kg, i.p. and blood samples
were collected by retro-orbital puncture using capillary
tubes for hematological and biochemical studies.
Ethylenedi-aminetetraacetic acid (EDTA) was added to
the blood samples collected for haematological analysis,
whereas the blood samples for biochemical analysis was
without EDTA. The hematological and biochemical
parameters were co-related with the normal range of
clinical laboratory parameters for Wistar albino rats.*

Hematological analysis

The blood samples collected in capillary tubes by retro-
orbital puncture from anesthetized Wistar rats and were
used for the analysis of Hematological parameters like
Platelet count, Haemoglobin (Hb) count, Red Blood
Cell (RBC) count, White Blood Cell (WBC) count,
Differential count (DC) (Neutrophils, Lymphocytes,

).27,28

Eosinophils, Monocytesand Basophils

Biochemical analysis

For biochemical analysis, blood were centrifuged at
3000%g for 10 min at 4°C. Serum was separated from
the blood after centrifugation and stored at -20°C until
analysis. Biochemical parameters like aspartate trans-
aminase (AST), alanine transaminase (ALT),” alkaline
phosphatase (ALP),” total bilirubin,” total protein,”
albumin,* serum creatinine,* blood urea,* total choles-
terol,” triglyceride” and glucose™ content were assayed
using standard procedures.

Evaluation of body weight and organ weight

The evaluation of body weight of the control and treated
animals were performed to check for possible toxicity.
Macroscopic analysis of target organs of control and
treated animals were done to evaluate any abnormalities
in weight, texture and shape for determination of possible
toxic effects.” The major targeted organs include rat
liver, pancreas and kidney.

Histopathological studies

Histopathological studies were performed on organ
samples of liver, pancreas and kidney. After euthanasia,
all animals were autopsied and the major organs like
liver, pancreas and kidney were surgically taken out and
were fixed in 20% formalin in normal saline. Sections of
5um were obtained on a rotary microtome and then the
material was stained by hematoxylin-cosin (HE).* The
sections were then analysed microscopically for patho-
logical examinations.

Evaluation of wound healing activity

Experimental grouping and dosing

The rats were acclimatised for one week prior to use
in the experimental models. The selected animals were
subdivided into three groups of six animals each (n=06
per group) for evaluating healing potential on excision,
incision, and burn wound models. Group I: treated with
simple ointment L.P. (vehicle control), Group 1I: treated
with reference standards. Group IlI: treated with test
ointment which was prepared by 10% w/w ELEHR
in Simple ointment IP. Povidone iodine ointment
(5% w/w) (Cipladine; mfg by: Jeps Pharmaceuticals,
Sirmour-173025 (H.P), Batch No: JMI 92) was used as
the reference standard for excision and incision wound
model, whereas silver sulfadiazine (1% w/w) was used
as the reference standard for chemical and thermal burn
injury model. For evaluating dead space wound model
twelve animals were randomly divided into two groups
of six animals each (n=6/group). Group I serve
as control, which received only plain drinking water
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(3 mL/kg, p.o.) and group II were separately adminis-
tered with ELEHR at a dose of 200 mg/kg daily for
10 days.

Excision wound model

Wound healing activities were evaluated using Excision
wound model on Wistar rats according to the methods
desctibed by Morton and Malone, 1972.*' Animals were
anesthetized prior to creation of the wounds, with
1 mL of intravenous ketamine hydrochloride (10 mg/kg,
body weight). An impression was made on the dorsal
thoracic region 1 cm away from vertebral column and
5 cm away from ear on the anaesthetized rat. The dorsal
fur of the animals was shaved with an electric clipper
and the anticipated area of the wound to be created
was outlined on the back of the animals with methylene
blue using a circular stainless steel stencil. A full thick-
ness of the excision wound of circular area of 500 mm?
and 2 mm depth was created along the markings using
toothed forceps, scalpel and pointed scissors. Haemo-
stasis was achieved by blotting the wound with cotton
swab soaked in normal saline. The entire wound was
left open. All surgical procedures were performed under
aseptic conditions. The wounds were left untreated for
a period of 24 h. The extracts and reference drugs were
applied topically at the wound site twice a day. The
wound closure rate was assessed by tracing the wound
on 5%, 10™and 15" post wounding days using transparent
paper and a permanent marker. Changes in wound
area were calculated, giving an indication of the rate
of wound contraction. Wound area was measured by
retracing the wound on a millimetre scale graph paper.
The percentage of wound closure was calculated using
the formula.*»*

wound area on day 0 -
wound area on day n
wound area on day 0

% wound closure = =100

Where n = 5%, 10" and 15"post wounding days

The period of epithelialisation was also calculated as the
number of days required for falling of the dead tissue
remnants without any residual raw wound.

Histomorphological analysis of wound tissue from
healed excised wound

The cross-sectional full thickness skin specimens
(Wound tissues) were cut on the 16™ day post wounding
from all the groups to study the histo pathological
changes. The tissue samples were then fixed in Bouin’s
solution and were dehydrated through increasing grades
of ethanol and then embedded in paraffin wax. The
tissues were then cut to Sum sections with a rotary

microtome, deparaffinised, mounted on clean glass
slides and stained with haematoxylin and eosin (HE).
The glass slides were then observed under the micro-
scope for histo morphological changes.***

Incision wound model

Incision wound model was performed according to
the methods described by Ehtlich and Hunt.*The rats
were anaesthetized with 1 mL of intravenous ketamine
hydrochloride (10 mg/kg, body weight) prior to and
during creation of the wounds. The dorsal fur of the
animals was shaved with an electric clipper and a longi-
tudinal para vertebral incision of 6 cm long was made
through the skin and cutaneous tissue on the back. After
the incision, the parted skin was sutured 1 cm apart
using a surgical thread and curved needle. The wounds
were left undressed. Extract was topically applied over
the wound once a day. The sutures were removed on 8"
post wound day and the application of the extract to
the wounds continued till 10" post wounding day. The
wound breaking strength was measured on the 10* day
evening after the last application.

Determination of wound breaking strength

The breaking strength of the wound on each animal was
measured by the constant water low method.”The rats
were anesthetized and secured to the operation table
and a line was drawn 3 mm away from the edge of the
wound on either side. Two forceps were firmly applied
on to the line facing each other on opposite side of
the incision wound. One of the forceps was fixed
on stands, while the other was connected to a freely
suspended lightweight polypropylene graduated container
through a string run over to a pulley. Water was allowed
to flow from the reservoir slowly and steadily into the
container. A gradual increase in weight was transmitted
to the wound site pulling apart the wound edges. As and
when the wound just opened up, the water flow was
arrested and the volume of water collected in the
container (approximately equal to its weight) was noted.
The readings were recorded for a given incision wound
and the procedure was repeated on the wound on the
contra lateral side. The average reading of the group was
taken as an individual value of breaking strength. Mean
value gives the breaking strength for a given group.

Dead space wound model

The rats were anaesthetized with 1 mL of intravenous
ketamine hydrochloride (10 mg/kg, body weight) prior
to and during creation of the wounds and 1 cm incision
was made on dorso-lumber part of the back. Two
pre-weighed sterilized polypropylene tube (2.5 length
x 0.25 cm diameter) were placed in the dead space of
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lumbar region of rat on each side and wounds were
closed with a suture material. On the 10" post wounding
day, the granulation tissue formed on the implanted
tubes was carefully detached from surfaces of the tubes.
The wet weight of the granulation tissue collected was
noted. The tissue samples were dried at 60°C for 12 h
and weighed to determine the dry granulation tissue
weight. Connective tissue parameter such as hydroxy-
proline content in granulation tissue was also deter-
mined by standard methods.* Part of the granulation
tissue was collected in phosphate-buffered saline for
the estimation of antioxidant enzymes superoxide
dismutase (SOD) and catalase (CAT).

Estimation of hydroxyproline

On day 10, a piece of skin from the wound area was taken
and analysed for hydroxyproline content. Hydroxypro-
line is a basic constituent of collagen. The tissue sample
taken from the wound area was dried in hot air oven at
60°C for 12 h to get dry granulation tissue which were
weighed and kept in glass stoppered test tubes. To each
tube containing about 40 mg dried granulation tissues,
6 N HCI (1.0 mL for 100 mg sample) was added and
then kept on boiling water bath (110°C) for 24 h (12 h
each day for 2 days) for hydrolysis. The hydrolysate was
then cooled and the excess acid was neutralized by 10N
NaOH using phenolphthalein as indicator. 1.0 mL of
acid hydrolysate sample was mixed with 1 mL each of
0.01M copper sulfate solution, 2.5N sodium hydroxide,
and 6% hydrogen peroxide. The solution were mixed
thoroughly and incubated for 5 min at 80°C. After incu-
bation period, the tubes are chilled in an ice water bath,
and 4 mL of 3N sulphuric acid were added with agita-
tion followed by addition of 2 mL of p-di-methyl amino
benzaldehyde (5%) solution and mixed thoroughly.
Then the tubes were heated in a water bath for 15 min
at 70°C and then cooled in an ice water bath. Then the
absorbance was recorded at 540 nm.*’

Estimation of granulation tissue antioxidants in wet
tissue

Superoxide Dismutase (SOD)

The inhibition of reduction of nitroblue tetrazolium
(NBT) to blue colored formozan in presence of phen-
azine methosulphate (PMS) and Nicotinamide adenine
dinucleotide (NADH) was measured at 560 nm using
n-butanol as blank. 0.6mL of 0.052M sodium pyro-
phosphate buffer (pH 8.3), 50 uL. of 186 uM of PMS,
150 ul. of 300 uM NBT, and 0.4mlL. of distilled water
was added to 0.2mL of tissue homogenate. Reaction
was initiated in the above by the addition of 0.1mL of
780 uM NADH and incubated for 60 sec at 30°C. After
incubation period, the reaction was stopped by the

addition of 0.5mL of glacial acetic acid. The reaction
mixture was stirred vigorously and shaken with 2mL
of n-butanol. The mixture was allowed to stand for
10 min, centrifuged at 3000 rpm for 10 min and butanol
layer was taken out. Colour intensity of the chromogen
in the butanol was measured at 560 nm in spectropho-
tometer against n-butanol, a system devoid of enzyme
that served as control. One unit of enzyme activity is
defined as enzyme concentration required inhibiting the
optical density at 560 nm of chromogen protection by
50% in one min under the assay conditions. The results
were expressed as IU/mg protein.”

Catalase (CAT)

The granulation tissue is homogenized (5%) in M/150
phosphate buffer at 1-4°C and centrifuge at 1000 rpm
for 30 mins. The supernatant obtained from centrifuga-
tion was diluted 1:10 with water and 0.04 mL was taken
for the assay. Decomposition of hydrogen peroxide
in presence of catalase was followed at 240 nm. The
results were expressed in nU/mg protein.”

Chemical and thermal burn wound model

The hairs of the dorsal skin were shaved mechanically
24 hrs before induction ofburn. Then the animals were
left for 24 hrs for identifying any inflammation caused by
shaving. Chemical burn injuries were induced in animals
by spreading few drops of concentrated hydrochloric
acid over the shaved skin on 7 x 7 c¢m area.”® Thermal
burn injuries were induced on dorsal skin of the rat
by pressing of metal rod (2.5 cm diameter) heated to
80-85°C for 20 sec. Then the wound area was dressed
with sterile gauge and animals were housed separately
after complete recovery from anaesthesia. Drugs were
applied twice daily upon the burn. The wound closure
rate was assessed on 5%, 10", 12"and 15" post wounding
days using transparent paper and a permanent marker.>
The percentage of wound healing was calculated for
final analysis of results according to the following

formula.**

wound are on day 0 -
wound area on day n
wound area on day 0

% wound closure = x100

Where n = 5%, 10", 12" and 15"post wounding days

Statistical analysis

The data obtained in the studies were subjected to one
way of analysis of variance (ANOVA) for determin-
ing the significant difference. The inter group signi-
ficance was analyzed using Dunnet’s t-test. A p-value
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<0.05was considered to be significant. All the values
were expressed as mean = SEM.

RESULTS

Percentage yield and preliminary phytochemical
analysis of ELEHR

Ethanol extract of leaves of Hibiscus rosa-sinensis after
complete drying yielded about 10.36% of extract.
Preliminary phytochemical screening of ELEHR for
detection of different secondary metabolites showed
that the extract contains alkaloids, carbohydrates, sterols,
flavonoids, saponins, tannins, andtriterpenoids (Table 1).

In-vitro Antioxidant activity

DPPH radical scavenging activity

The DPPH radical scavenging activity of ELEHR was
estimated at different concentrations 200, 400, 600, 800
and 1000 (ug/mL). The result revealed that ELEHR
was capable of neutralizing the DPPH free radicals via
hydrogen donating activity in a dose dependant manner
(Figure 1A). The maximum DPPH radical scavenging
activity of ELEHR was recorded at a dose of 1000 pug/mL
which was 91.15 + 1.32 %.

Nitric oxide (NO) scavenging activity

Estimation of Nitric oxide (NO) scavenging activity of
ELEHR at doses of 200, 400, 600, 800 and 1000 (ug/mL)
revealed that ELEHR effectively reduced the generation
of NO(Figure 1B). Maximum Nitric oxide (NO) scav-
enging activity was observed at the dose of 1000 ug/mL
which was 86.45 * 2.09 %.

Superoxide radical scavenging activity

The superoxide radical scavenging activity of ELEHR
at doses of 200, 400, 600, 800 and 1000 (ug/mL)
revealed that ELEHR was effective in scavenging super-
oxide anion in a dose dependant manner (Figure 1C).
Maximum superoxide radical scavenging activity was
observed at 1000 pg/mL dose of ELEHR which was
79.12 + 1.56 %.

Acute toxicity studies

No mortality or morbidity was observed in animals
through the 14 day period following single oral admini-
stration. Morphological characteristics (fur, skin, eyes
and nose) appeared normal. No salivation, diarrhoea,
lethargy or unusual behaviours such as self mutilation,
walking backward etc. were observed. Gait and posture,
reactivity to handling or sensory stimuli, grip strength
was all normal. Food and water intake showed daily
fluctuations within the range of control animals.
This indicates that the ethanolic extract from Hibiscus
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rosa-sinensis leaves was safe to a single dose of 2000
mg/kg, body weight. Hence 200 mg/kg oral doses of
ELEHR were selected to evaluate wound healing activities.

Sub-acute toxicity studies
General behaviour of the animals

Opver the 14 days of sub-acute toxicity study there was
no significant change in body weight, since there was no
significant difference between the results representing
the control group and the test extract group. No
mortalities were recorded in rats after 14 days of dosing
of ELEHR (200 mg/kg, p.o.). None of the animals after
administration of ELEHR (200 mg/kg, p.o.) showed
any obvious morbidity or clinical symptoms of toxicity
such as changes in the skin and fur, eyes, respiratory
rate, autonomic (salivation, perspiration and pilo erection)
and central nervous system (ptosis and drowsiness)
effects throughout the experimental period of 14 days.
The control group also showed no symptoms of toxicity.

Effect on the haematological and biochemical blood
parameters of the animals

In the biochemical parameters evaluated, all parameters
remained almost unchanged as non-significant variations
were observed. All the values of the biochemical para-
meters for both the control and test groups fall within
the normal range as shown in Table 2. The haematological
parameters of rats treated with ELEHR (200 mg/kg, p.o.)
showed almost an unchanged value with non-significant
variations when compared with the control group.
Further the haematological parameters of rats after
treatment of control vehicle and ELEHR (200 mg/kg,
p.0.) shows normal values as they fall within the normal
range of haematological parameters of rats (Table 3).

Effect on body weight and organ weight

The body weight of rats treated with both control and
ELEHR (200 mg/kg, p.o.) treated groups over 14 days
period did not cause any significant change when com-
pared with the control (Figure 2A). The organ weights
of rats treated with ELEHR (200 mg/kg, p.o.) increased
slightly for liver and pancreas whereas the kidney weight
decreased slightly when compared with the control
treated group (Figure 2B). The organs examined were
liver, kidney and pancreas of rats.

Histopathological studies

Histopathological analysis of the liver, kidney and
pancreas of rats were performed on the 15" day after
administration with control vehicle and ELEHR (200
mg/kg, p.o.). Multiple sections of the liver showed
normal lobular architecture in control treated group.
In extract treated group it was observed that the hepatocyte
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appeared nearly normal with almost no signs of spe-
cific lobular hepatitis when compared with the control
treated group. There was also no evidence of bile stasis,
granuloma, dysplasia or malignancy in both the groups
(Figure 3: A and B). Similarly the multiple sections
taken out from renal biopsy showed almost normal size
and shape of glomeruli, tubules, intestinum and blood
vesicles. There was no strong evidence of acute tubular
necrosis and glomerular changes for the extract treated
groups when compared to the observations of the control
treated groups (Figure 3: C and D). Multiple sections
of rat’s pancreas showed normal architecture in control
treated group, whereas in extract treated group almost
negligible abnormalities were observed in the architecture
of both pancreatic acini and islets (Figure 3: E and F).

Wound healing activity
Effect of ELEHR on healing of Excision wound

The result showed that the percentage wound closure
rate increased significantly (P<0.01) for reference
standard Povidone iodine (5% w/w) as well as ELEHR
(10% w/w) during the 15 days study. Maximum wound
closure rate was observed in the 15" day where the
percentage wound closure in reference standard Povidone
iodine (5% w/w) and ELEHR (10% w/w) was 97.23 +
1.62 and 96.41 £ 2.07respectively. Average number
of days that took for the shedding of eschar without
leaving any residual raw wound (epithelisation period)
of reference standard Povidone iodine (5% w/w) and
ELEHR (10% w/w) was 16.6310.09 and 17.04%0.61
respectively. Thus ELEHR (10% w/w) showed a time
dependant healing effect on wound surface area in excision
wound in rats (Figure 4).

Histological studies of excision biopsy of skin at day
15 showed almost healed skin structures with normal
epithelisation, restoration of adnexa, and fibrosis within
the dermis in both reference standard Povidone iodine
(5% w/w) and ELEHR (10% w/w) treated groups
when compared to control group (Figure 5).

Effect of ELEHR on healing of incision wound

In the Incision wound model the result revealed that
wound breaking strength on 10™ post wound day
increased significantly (P<0.01) when compared with the
control group(Figure 6). The wound breaking strength
for reference standard Povidone iodine (5% w/w) and
ELEHR (10% w/w) was 385.03 £ 4.91 and 338.82 £
6.91 respectively, whereas the breaking strength for
control group was 108.26 * 8.28. Thus the increase in
wound breaking strength in extract treated group shows
the healing effect of ELEHR in incision wounds.

Effect of ELEHR on healing of dead space wound

In dead space wound model the weight of dry and wet
granulation tissue were significantly (P<0.01) increased
in ELEHR treated group when compared with the
control. Estimation of hydroxyproline content in the
granulation tissue revealed that the animal groups treated
with ELEHR (200 mg/kg, p.o.) increased significantly
(P<0.01) when compared with control treated group.
Hstimation of granulation tissue antioxidant enzymes
SOD and CAT revealed that ELEHR (200 mg/kg, p.o.)
treated group significantly (P<0.05) increased the levels
of antioxidant enzymes SOD and CAT (Table 4).

Effect of ELEHR on healing of chemical and thermal
burn wounds

The contracting ability of wounds for both thermal and
chemical induced burn wounds are depicted in Figure 7.
The result shows that in both chemical and thermal
induced burn wound there is a significant (P<0.01)
increase in percentage wound closure in ELEHR (10%
w/w) and Silver Sulfadiazine (1% w/w) treated groups
when compared with control group. In both chemically
and thermally induced burn injury model the percentage
wound closure increased with increase in number of
days. In thermal induced burn model the maximum
wound closure was observed on the 15" day of study
where it was observed that there was complete wound
closure rate in ELEHR (10% w/w) treated group,
whereas for chemical induced burn wound model the
maximum wound closure was observed on the 15® day
where it was 96.6 T 3.1 % in ELEHR (10%w/w) treated
group. In thermal induced burn wound the period of
epithelisation was recorded for both silver sulfadiazine
(1% w/w) and ELEHR (10% w/w) treated groups
which was 17.23 £ 0.81 and 18.09 = 1.6 respectively,
whereas in chemical induced burn injury the period of
epithelisation was 18.1 £ 1.03 and 17.1£1.03 for silver
sulfadiazine (1% w/w) and ELEHR (10% w/w) treated
groups respectively.

DISCUSSION

In many countries herbal medicines and its derivatives
have been used as an alternative to allopathic medicines
in treatment of various diseases. Despite the widespread
use of herbal medicine for treating various diseases
there has been very few scientific studies conducted on
herbals to provide knowledge about their efficacy and
safety.”*Acute toxicity is an initial study on the safety
assessment of the drug and also provides us the basis
for classification and labelling. It also provides initial
information about the mode of toxic action of a sub-
stance by which we can fix a dose of a new compound
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Figure 1: (A) Dose response curve for percentage scavenging of DPPH by ELEHR.
(B) Dose response curve for percentage scavenging of Nitric oxide by ELEHR.
(C) Dose response curve for percentage scavenging of Superoxide by ELEHR.
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Figure 2: (A) Effects on body weight of rats after treatment with ELEHR.
(B) Effects on organ weights in rats after oral administration of ELEHR.
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Figure 3: Photomicrographs of liver, kidney and Pancreas histopathology (A) Section of rat liver showing normal architecture
for normal control group. (B) Section of rat liver treated with ELEHR (200 mg/kg, p.o.). (C) Section of rat kidney showing normal
architecture for normal control group. (D) Section of rat kidney treated with ELEHR (200 mg/kg, p.o.). (E) Section of rat pancreas

showing normal architecture for normal control group. (F) Section of rat pancreas treated with ELEHR (200 mg/kg, p.0.).
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Figure 4: Percentage wound contraction of ELEHR in Excision Wound Model. Values are expressed as mean + S.E. (n=6).
Statistical analysis done by one way ANOVA followed by Dunnet’s t-test. **P<0.01 compared to control group.
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Figure 5: (A) Group I: (control-treated with simple ointment) showing with less collagen and more macrophages with evidence
of chronic inflammation. (B) Group Il: (standard-treated with povidone-iodine) Granulation tissue formation, showing significant
collagenation, lesser fibroblasts and capillaries, and re-epithelialization, with reduced pus cells. (C) Group llI: (treated with 10%

w/w ELEHR) showing significant increased collagenation, few macrophages and capillaries, appreciable angiogenesis and
granulation tissue formation. Evidence of hair follicle and re-epithelialization.
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Figure 7: (A) Percentage wound contraction on thermal burn injuries in rats.

(B) Percentage wound contraction on chemical burn injuries in rats. Values are expressed as mean + S.E. (n = 6). Statistical
analysis done by one way ANOVA followed by Dunnet’s t-test. *P<0.05, **P<0.01 compared to control group.
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Table 1: Preliminary phytochemical screening of ethanolic

leaves extract of Hibiscus rosa-sinensis L. (ELEHR)

Sl no. Phytochemical constituents Inference
1 Alkaloids A
2 Flavonoids +
3 Triterpenoids +
4 Saponins +
5 Tannins s
6 Proteins and amino acids -
7 Carbohydrates +
8 Sterols A
9 Gums and mucilages -
(+) Present, (-) Absent

Table 2: Effects of ELEHR on biochemical parameters in male Wistar rats

Parameter Unit ’E‘;:nml_a;:(;?;t:f)l (200 E;EFQR p.0) Normal Range?
Total bilirubin mg/dL 0.11 £ 0.02 0.10 +0.03 0.05-0.15
Total protein g/dL 6.2+0.9 7.1+0.8 5.2-7.1

Albumin g/dL 41+0.9 46+0.7 3.4-4.8
ALT IU/L 25.6 £3.01 23.1+£3.02 18-45
AST U/L 78.6 £ 3.85 81.8+25 74-143
ALP IU/L 65.8 £4.3 72.3+3.3 62-230
Creatinine mg/dL 0.41 £0.02 0.29 £ 0.03 0.2-0.5

Urea mg/dL 20.8+191 21.5+£2.02 12.3-24.6
Total cholesterol mg/dL 40.2 £ 2.09 42.3+4.38 37-85
Triglyceride mg/dL 236+1.7 22.1+1.8 20-114
Glucose mg/dL 105.3+2.3 121.2+3.1 70-208

Results are expressed as meanxS.E. from six observations. Alanine transaminase (ALT); Aspartate transaminase (AST); Alkaline phosphatase. (ALP)

Table 3: Effects of ELEHR on hematological parameters in male Wistar rats

Parameter Unit ’E?:nml_a;ll(;?;.t:f)l (200 ELgEI?;p.o.) Normal Range?
Platelet 10%/pL 896 + 22.03 958 + 23.6 638-1177
Hemoglobin g/dL 14.8 +0.2 15.3+0.3 13.7-17.6
Red Blood Cell 108/uL 8.23+0.5 8.6+0.1 7.27-9.65
White Blood Cell 10%/pL 6.1+0.5 7.3+05 1.96-8.25
Neutrophils 10%/pL 0.71 +0.03 0.83 £0.02 0.22-1.57
Lymphocytes 103/uL 433+0.7 4.11+0.8 1.41-7.11
Eosinophils 10%/uL 0.06 + 0.01 0.07 £0.01 0.01-0.16
Monocytes 10%/uL 0.08 £ 0.01 0.07 £ 0.01 0.03-0.18
Basophils 10%/uL 00 0.00 0.0-0.05

Results are expressed as meanzS.E. from six observations.
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Table 4: Effects of ELEHR on granulation tissue weight, antioxidants (SOD & CAT), and hydroxyproline content

in granulation tissue.

Wet weight of Dry weight of Concentration of Superoxide
. . . . . . Catalase (IU/
Treatment granulation tissue granulation tissue hydroxyproline dismutase (1U/ mg protein)
(mg/100 g) (mg/100 g) (mg/g tissue) mg protein) 9p
Vehicle control 88.66 + 3.07 41.05 +2.33 28.5+4.02 0.105 + 0.05 0.11 + 0.02
ELEHR (200 mg/kg, p.o.) 108.6 + 5.08** 68.2 + 3.9** 60.66 + 4.67** 0.148 + 0.03* 0.51 + 0.02*

Values are expressed as mean = S.E. (n=6). Statistical analysis done by one way ANOVA followed by Dunnet’s t-test.*P<0.05, **P<0.01 compared to control group.

and help in dose determination in animal studies.”
In our study a single administration of ELEHR with
increasing doses did not produce any abnormities in
acute toxicity. Sub-acute ingestion of ELEHR produced
behavioural change of very low intensity. The body
weight and organ weight shows very little change when
compared with the control. Thus ELEHR does not
alter much of the behavioural and general morphological
changes. The haematopoietic system is considered one
of the most sensitive targets for toxic compounds and
an important index of physiological and pathological

56

status in man and animal.>® The haematological profile
of rats after treatment with extracts showed values
which falls within the normal range values of clinical
laboratory parameters. Biochemical parameters were
also studied and they showed very little variation when
compared with the control and they also fall within the
normal range of biochemical parameters of rats. This
indicates that the sub-acute administration of ELEHR
is not able to produce toxic effects on the haematological
and biochemical profile of rats.

The DPPH scavenging activity is based on the scavenging
of DPPH by the addition of an antioxidant or radical
species that decolourizes the DPPH solution. The
degree of change in colour is proportional to the con-
centration and potency of the antioxidants. Decrease in
absorbance of the reaction mixture points out the free
radical scavenging activity of the test compound.”” The
result of the DPPH scavenging activity showed strong
antioxidant activity of the plant extract in a dose depen-
dant manner. Thus ELEHR contain phytochemical
constituents that were able to donate hydrogen to a free
radical to scavenge the potential damage.

The superoxide radical is considered a major biological
source of reactive oxygen species (ROS).” superoxide
anion is a weak oxidant and gives rise to strong and
dangerous hydroxyl radicals as well as singlet oxygen,
both of which are responsible for causing oxidative
stress.” The result of our study showed that the plant
extract had sufficient capacity of scavenging superoxide
radical in a dose dependant manner. Thus ELEHR
possesses powerful antioxidant properties.

The Nitric oxide radical (NO") is produced in biological
tissues by specific nitric oxide synthesis. In the synthesis
process, arginine is metabolized to citrulline with the
production of nitric oxide radical (NO") via five elec-
tron oxidative reaction. At a pH of 7.2 sodium nitro
prusside decomposes in aqueous solution and produce
nitric oxide radical (NO"). Stable products like nitrate
and nitrite are produced when nitric oxide radical (NO")
reacts with oxygen under aerobic conditions. The quan-
tities of these stable products (nitrate and nitrite) are
determined by the help of Griess reagent.”’ In our study
dose dependant nitric oxide radical scavenging activity
was observed.

The wound healing process is a dynamic one which can
be divided into three phases like inflammatory phase,
Proliferation phase, and Maturation phase. The inflam-
matory phase is the body’s natural response to injury.
After initial wounding, the blood vessels in the wound
bed contract and a clot is formed. Once haemostasis has
been achieved, blood vessels then dilate to allow essential
cells; antibodies, white blood cells, growth factors,
enzymes and nutrients to reach the wounded area. This
leads to a rise in exudate levels so the surrounding skin
needs to be monitored for signs of maceration. It is at
this stage that the characteristic signs of inflammation
can be seen; erythema, heat, oedema, pain and func-
tional disturbances. During proliferation, the wound is
rebuilt with new granulation tissue which is comprised
of collagen and extracellular matrix and into which a
new network of blood vessels develop, a process known
as angiogenesis. Healthy granulation tissue is dependent
upon the fibroblast receiving sufficient levels of oxygen
and nutrients supplied by the blood vessels. Healthy
granulation tissue is granular and uneven in texture; it
does not bleed easily and is pink or red in colour. The
colour and condition of the granulation tissue is often
an indicator of how the wound is healing, Dark granula-
tion tissue can be indicative of poor perfusion, isch-
aemia and / or infection. Epithelial cells finally resurface
the wound, a process known as epithelialisation. Matu-
ration is the final phase and occurs once the wound has
closed. This phase involves remodelling of collagen.
In this study four different models were used to evaluate
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the effect of ELEHR on various phases of wound
healing.”!

In excision wound, ELEHR and standard (Povidone
iodine) treated groups showed enhanced wound closure
rate and epithelisation period than the control group.
Histology of the skin area of excised wound on 15%
day post wounding showed normal epithelization, resto-
ration of adnexa and fibrosis within the dermis in both
ELEHR and standard (Povidone iodine) treated groups.
Wound contraction is the process of mobilizing the
healthy skin around the wound to cover the denuded
area. It usually involves complex and superbly orches-
trated interaction of cells, extracellular matrix, and
cytokines. The activities of myofibroblast may be
responsible for this centripetal movement of the
wound margin.”> The wound contraction rate which
was enhanced by ELEHR treatment was may be due
to enhanced contractile property of myofibroblast or
increased the number of myofibroblast entered the
wound area. In incision wound, ELEHR showed an
increase in wound breaking strength compared to control
which may be due to the increase in collagen concentra-
tion and stabilization of the fibres.”’

Collagen is a constituent of growing cell in healing
tissue which can be estimated by monitoring the content
of hydroxyproline. Thus higher the concentration of
hydroxyproline higher would be the rate of wound
healing. The biochemical data of dead space wound
study showed an increase in granulation tissue weight
and hydroxyproline content in extract treated group
compared to control group. The increased hydroxy-
proline content in dead space wounds indicates faster
collagen turnover which leads to rapid healing with
concurrent increase in the breaking strength of the
treated wounds and thus also indicating stabilization of
collagen fibres.** Oxidative stress is caused by overpro-
duction of reactive oxygen species (ROS), thereby causing
delay in the wound healing process. Therefore, in healing
of chronic wounds elimination of ROS could be an
important strategy and estimation of antioxidants like
superoxide dismutase (SOD), catalase (CAT) etc., in
granulation tissue becomes relevant as they help destroy
free radicals and hasten the process of wound healing.®%
In our study ELEHR treated groups showed potent
in-vivo antioxidant activity by reducing free radicals stress
and thus ELEHR could help to prevent oxidative damage
and promote the healing process.

In burn wounds, the repair process is more complicated
as there is an extensive loss of cells and tissues com-
pared to an incision wound. A burn injury causes an
alternation in the skin by producing a lesion in the corneal
strata which is sufficient to cause the skin to lose its

capacity to act as a barrier.”> The result of our study
showed that erythema, thickness and inflammation were
recorded in the control group animals, whereas these
observations were lower in animals treated with silver
sulfadiazine and ELEHR treated groups. Thus ELEHR
was effective in contraction of burn wounds which may
be due to the enhanced growth of keratinocytes and
fibroblast.”” Various phyto constituents were reported
from the leaves of Hibiscus rosa-sinensiswhich may be
responsible for the strong wound healing properties
such as B-sitosterol which was reported from the leaves
possesses strong epithelisation activity.*®®

CONCLUSION

The present study demonstrated that ethanolic leaves
extract of Hibiscus rosa-sinensis L. (ELEHR) possesses
strong antioxidant activity in a dose dependant manner
in all three #n-vitro models; DPPH radical scavenging
activity, Nitric oxide (NO) scavenging activity, and
superoxide radical scavenging activity. Acute and Sub-
acute toxicity study conducted on this plant showed
that it has minimal amount of toxic effect on animals.
ELEHR also showed strong wound healing activity
which was evident by enhanced wound contraction rate
and epithelisation period in excision and burn wound
model. Wound breaking strength were also increased
in ELEHR treated groups in incision wound model,
whereas enhanced antioxidant and hydroxyproline
content in dead space wound study indicates enhanced
wound healing in ELEHR treated groups. Thus we can
say that ethanolic leaves extract of Hzbiscus rosa-sinensis L.
(ELEHR) possesses significant antioxidant and wound
healing activity with a reasonable safety profile. Further
investigations are required to identify the phyto-constit-
uents which are responsible for the following activities
and also study their mechanism of actions.

ABBREVIATIONS
ELEHR  Ethanolic leaves extract of Hibiscus rosa-sinensis L.
DPPH 1,1-diphenyl-2- picrylhydrazyl
NO Nitric oxide
PMS Phenazine methosulphate
NADH Nicotinamide adenine dinucleotide
NBT Nitroblue tetrazolium
OECD Organization for Economic Community
Development
EDTA Ethylene di-aminetetraacetic acid
Hb Haemoglobin
RBC Red Blood Cell
WBC White Blood Cell
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DC
AST
ALT
ALP

HE
SOD
CAT
ROS
HCI

NaOH

Differential Count
Aspartate transaminase
Alanine transaminase
Alkaline phosphatase
Haematoxylin and Eosin
Superoxide dismutase
Catalase
Reactive Oxygen Species
Hydrochloric acid
Sodium hydroxide

U International Unit
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SUMMARY

The leaves of Hibiscus rosa-sinensis still has not
been evaluated for its sub-acute toxicity and
wound healing properties although it has been
used traditionally for inflammation and skin inju-
ries.

Potent /n-vitro antioxidant activities of ELEHR
were observed in all three models i.e., DPPH radi-
cal scavenging activity, Nitric oxide (NO) scaveng-
ing activity, and Superoxide radical scavenging
activity.

The leaves of Hibiscus rosa-sinensis has a reason-
able safety profile, as there was almost negligible
abnormalities observed in acute and sub-acute
toxicity studies.

The wound healing properties of leaves of Hibis-
cus rosa-sinensis were evaluated in four differ-
ent models i.e., excision, incision, dead space
and burn wound model thus a detailed report of
wound healing properties is given.

The results revealed that the leaves of Hibiscus
rosa-sinensis possesses potent wound healing
activity.
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