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Wound healing and antioxidant effect of Calliandra haematocephala leaves on incision
and excision wound models
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Abstract
Objective: The present study deals with the phytochemical and biological evaluation of Calliandra haematocephala

Revised: 5 April 2016 Accepted: 10 April 2016

leaves for its wound healing activity in rats. Materials and methods: Leaves of C. haematocephala were collected and
used for size reduction to make powder. Powder leaves of plant (100 gm) were extracted with ethyl acetate by hot
continuous extraction process using Soxhlet apparatus. Ethyl acetate extract was screened for chemical constituents
and evaluated wound healing effect by incision and excision in vivo wound models. The various antioxidants were also
estimated into the healed skin to confirm the antioxidant effect. Results: The ethyl acetate was found most chemical
constituent i.e. glycosides, terpenoids, tannins and flavonoids. The 2.5 and 5% ethyl acetate extract ointment of
Calliandra haematocephala were subjected for detailed study of wound healing activity using incision wound and
excision wound models. Healing effect was confirmed by significant (P< 0.05) increase in tensile strength as well as
hydroxproline and protein level of healed skin tissues. The histological studies also support the satisfactory wound
healing activity of ethyl alcohol extract of Calliandra haematocephala. Conclusion: Calliandra haematocephala
leaves found potent wound healing effect in rats and mechanism of healing can be correlated with its antioxidant

property.
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Introduction

Wound is a disruption of cellular and anatomical continuity of a
living tissue. It may be produced by physical, chemical, thermal
or microbial insult to the tissue. When skin is torn, cut, or
punctured it is termed as an open wound and when blunt force
trauma causes a contusion, it is called closed wound, whereas
the burn wounds are caused by fire, heat, radiation, chemicals,
electricity, or sunlight (Shuid et al., 2005; Jalalpure et al., 2008).
Wound healing is a multifaceted development consists of
various stages namely wound, wound closure and re-
establishment of a functional barrier. The sequential phases of
healing process are inflammation, proliferation and migration

of connective tissue cells, making of extracellular matrix as well
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as collagen synthesis, epithelial cells migration and
proliferation most important to new vessels formation of
wounded tissue (Strodtbeck, 2001).

C. haematocephala, (family: Mimosaceae) is
commonly known as red powder puff. The red powder puff
flowers are attractive to butterflies and hummingbirds but
only appear during November-April. It is a rambling shrub
with height of 1.5-4 meters has branched pinnates and silky
leaves (Kiritikar and Basu, 1999). The presence of
antibacterial and insecticidal properties in leaves and seeds
from former researches has been reported (Parekh and
Chanda, 2007). C. haematocephala is a branched plant,
height from 1 to 3 meters. Its branches are brown, cylindric
and rough. Leaves are oblong, acute, with 5 to 10 pairs of
glossy green leaflets. It can be grown in gardens and parks
and found native to tropical America and India.
Phytochemical investigations of the C. haematocephala
have been extensively done in last few decades and were
reported to presence of flavonoids, carbohydrates,

alkaloids, glycosides, saponins, steroids and tannins as
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major category of compounds. This plant is traditionally used as
anti-oxidant and as blood purifier (Moharran, 2006). Ethyl
acetate fraction of C. haematocephala barks consist of p-
hydroxybenzoic acid, protocatechuic acid, caffeic acid, astilbin,
neo-isoastilbin lupeol and betulinic acid. The plant genus
showed various pharmacological properties e.g. anticonvulsant,
anti-inflammatory, immunomodulatory and antiulcerogenic
activity. Its butanolic extract reported for gastroprotective
effects in acute gastric lesions (A de Paula et al., 2012). It also
used traditionally as antibacterial (Nia et al., 1999). Recently, C.
haematocephala effervescent granules have been formulated for
the treatment of gastric ulcer treatment (Gupta et al., 2013). The
present study was aimed to evaluate wound healing and
antioxidant effect of leaves of C. haematocephala on incision
and circular iz vivo wound models in rats.

Materials and methods

Identification and collection of plant materials

The fresh leaves of C. haematocephala were collected during
early summer from young matured plant from the rural belt of
Jabalpur (M.P.) and C. haematocephala plant material was
authenticated by Tropical Forest Research Institute, Jabalpur.
The leaves were washed under running tab water, cut in small
pieces and dried in shade for 15 days. To ensure complete
dryness plant leaves were kept in hot air oven at 40°C for 5
minutes.

Successive solvent extraction

The extraction of drug (solid extraction) represents a solid from
solid separation, as solid components must be extracted from a
solid substance. The collected, cleaned leaves of C.
haematocephala were used for the extraction process. Powder
leaves of plant (100 gm) were extracted successively with
petroleum ether and ethyl acetate by hot continuous extraction
process using Soxhlet apparatus and porcelain bits were added to
avoid the bumping during extraction in round bottom flask
(Lodhietal.,2010; Lodhi and Singhai, 2013).

The extracts were filtered, while hot, to remove any impurities,
if present. The extracts were concentrated by vacuum distillation
to reduce the volume 1/10. The concentrated extracts were
transferred to 100 ml beaker and the solvent were removed by
evaporating on the water bath. Then the semisolid mass was
obtained were collected and placed in desiccators to remove the
excessive moisture. The dried extracts were packed and labeled
in air tight container for the further studies such as a
phytochemical screening.

Qualitative Analysis

After complete extraction the preliminary tests were carried out
for the presence or absence of phytoconstituents like glycosides,

flavanoids, saponins, alkaloids, carbohydrates, sterols, proteins,

phenolic compounds. Phytochemical examinations were
carried out for ethyl acetate extract as per the standard
procedure (Roopashree et al., 2008; Obasi et al., 2010;
Auduetal.,2007).

Animal protocol

Wistar albino rats (150-200 g) were selected for in vivo
study. The animals were acclimatized to the standard
laboratory conditions in cross ventilated animal house at
temperature 25+2°C relative humidity 44 —56% and light
and dark cycles of 12:12 hours, fed with standard pallet diet
and water during experiment. The rats were used after
acclimatization to the laboratory environment for about 7
day's period prior experiment. Animals were divided in four
groups each group containing six animals. The control
group received ointment base only. Standard group
received topically Povidone iodine ointment. Test group
treated with topically 2.5 and 5% w/w ethyl acetate extract
ointment.

Incision wound model

All the animals were anaesthetized with diethyl ether before
wound creation and the back hair of the rats were shaved.
Full thickness of skin of 1.5 cm long incision was made
through the skin at dorsal portion of rat skin with sterile
scalpel or bled (Lodhi and Singhai, 2011). The parted skin
was kept together and stitched with surgical thread (No. 1)
and a curved needle (No.22). Both wound edges were
tightened for good closure of the wound and after stitching,
wound was left undressed. The wounding day was
considered day 0. The all extracts and the standard drug
ointment were topically applied once a day for 9 days. All
the sutures were removed on the 9th day of post wounding.
On 10 day, breaking or tensile strength was measured using
Tensinometer (Lee, 1968; Suntaretal.,2010).

Tensile Strength Measurement

Tensile strength is the resistance to breaking under tension.
It indicates resistance of tissue to breaking under tension
and may indicate in part the required tissue. The newly
repaired tissue including scar was tested to measure the
tensile strength by using an instrument known as
Tensiometer. Before testing, the rats were anesthetized with
diethyl ether and secured to the operating table. Once day
before measurement of tensile strength, the sutures were
removed from the stitched wounds of rat's recovery. The
animal was then placed on stack of paper towels on the
middle of the board. The two clamps were then carefully
applied on the skin 0.5 cm away from the edge of wound
facing each other on opposite side of the incision wound.

One of the clamp or forceps was fixed on stands, while the
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other was connected to a freely suspended light weight plastic
(Polyethylene) bottle of volume 1000 ml through a string run
over to a pulley. Water was allowed to flow continuously from the
reservoir slowly and steadily into the container. The moment the
wound just opened up, the amount of water in polyethylene bottle
was weighed and consider to as the tensile strength of wound
(Ilango and Chitra, 2010).

Excision wound model

The rats were anesthetized with Diethyl Ether before and during
infliction of experimental wounds. The hairs on the dorsal
thoracic area of the animals were shaved and ethanol was applied
on the region before making the wound. Thereafter open circular
wound of 500 mm’ area was produced in each rat by excising the
skin. Rats wound were left undressed to the open environment.
After 24 h of wound creation, the ointments/gel was applied
gently to cover the wounded area once daily until complete
healing achieved (Singh et al., 2016). Wound area and wound
contraction, epithelialization period was observed (Mukherjee et
al.,2000; Charde, etal., 2005).

Wound area and wound contraction and epithelialization time
The ointment was topically applied once daily until the wounds
were completely healed. Wound area was measured at day zero
(450mm’) and once every 3 days post wounding. Excision wound
margins were traced using transparent paper. The tracing was
then shifted to graph paper, from which the wound surface area
was obtained. The measured surface area at different days of post
wound creation was employed to calculate the percentage of
wound contraction, taking initial size of wound as 100 %,
according to reported method (Shenoy etal.,2011).

. Healed area
Percent wound contraction =—————x100

Total area

Hydroxyproline and protein estimation

The wound tissue samples were analyzed for hydroxyproline
content, which is a basic constituent of collagen. Tissues were
dried at 60-70 "C to constant weight in a hot air oven. After drying
tissues were hydrolysed in 6 N HCl at 130 °C for 4 hour in sealed
tubes. After neutralization of hydrolyze tissue to pH 7 then
subjected to Chloramine-T oxidation for 20 minutes (Woessner,
1961). The reaction was terminated by addition of 0.4M
perchloric acid and developed color with Ehlrich reagent at 60 C
was read at 557 nm in UV (Agilant Technology)
Spectrophotometer.

Tissue protein was estimated from tissue lysate by
treatment with a mixture of sodium tartrate, copper sulphate and
sodium carbonate. The mixture was left to stand for 10 minutes
and then treated with Folin-Ciocalteau reagent that resulted in a
bluish color in 20-30 minutes. The absorbance was measured

using standard Spectrophotometry techniques 660 nm (Lowry et

al., 1951).

Estimation of antioxidants level in skin tissues

The granuloma tissues sample were collected from
wounded site and tested for antioxidants assay. Superoxide
dismutase (SOD) assay was based on the inhibition of
epinephrine autoxidation by the enzyme (Misra and
Fridovich, 1972). Catalase was estimated following the
breakdown of hydrogen peroxide (Beers and Sizer, 1952).
Reduced glutathione (GSH) level was determined by
method of Moron et al., (1979). Tissue homogenates were
immediately precipitated with 0.1 ml of 25% TCA and
separated by centrifugation. The assay of free-SH groups in
3 ml of sample done by the addition of 2 ml of 0.6 mM
DTNB and 0.9 ml 0.2 mM sodium phosphate buffer (pH
8.0) to 0.1 ml of the supernatant and the absorbance was
read at412 nmusing a UV spectrophotometer.
Histopathological studies

Wound tissue specimens were collected from wounded site
of excision wound and after usual processing. 6 mm thick
sections were cut and stained with haematoxylin and eosin.
Sections were qualitatively assessed under the light
microscope and observed in respect of fibroblast
proliferation, collagen formation and epithelialization.
Statistical analysis

Data were presented as the mean + Standard Deviation.
Treated groups were compared with the standard group. The
results were analyzed statistically using Student's #-test for
the comparison. The data were considered significant at P <
0.05.

Results and discussion

Extraction and Phytochemical study

In the present study of Calliandra haematocephala (leaves)
extract was subjected to phytochemical and
pharmacological studies for evaluation of wound healing
activity. The plant material was selected on the basis of
traditional uses and phytochemical constituent present in its
leaves. The powered plant material (leaves) was
successively extracted with ethyl acetate. The percentage
yields of all extract of Calliandra haematocephala was
found to be 2.5% w/w. The phytochemical tests showed the
presence of glycosides, terpenoids, tannins, and flavonoids.
Incision wound model

The tensile strength of the wounds treated with ethyl acetate
extract of Calliandra haematocephala was 560+2.56 and
reference ointment was 589+3.67 significantly (P< 0.01)
higher than the control group (330+3.45) of animals (Table
1). Collagen imparts tensile strength and elasticity to healed

skin. An increase in collagen in the treated wound
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correspond with significantly increased of tensile strength in
treated groups of incision wound over that in the untreated
wound. According to Singer and Clack (1999), wounds gain 20%
of their final strength in the first 3 weeks post wounding. The
tensile strength of wound can be related to its collagen formation
and maturation.

Table 1. Effect of Calliandra haematocephala extract ointment

ontensile strength of incision wound in rats

Treatment groups Tensile strength (gm/cmz)
Control (Base) 205+2.05
Reference ointment 576+2.40
Ethyl acetate extract ointment (5%w/w) 54042.20

n=6albino rats per group, value represent Mean + S.D.; P<0.01, when compared
each treated group with control group

The tensile strength indicates how much the required
tissue resists to breaking under tension and may indicate in part
the quality of repaired tissue. The results of the measurement of
tensile strength on day 10" were shown in Table 1. The tensile
strength of animals treated with ethyl acetate extract and
reference ointment was significantly greater than that of control.
In case of Calliandra haematocephala the significant difference
(P<0.01) was observed with the ethyl acetate extract.

Excision wound model

The percentage wound contraction was determined at two days
interval. The wound margins were traced and measured to
calculate the non healed area which then subtracted from the
original wound area to obtain the healed area. The wound
contraction percentage was found as observed on 16" day in the
ethyl acetate extract ointment (92.39+3.31) and reference
ointment (95.40+£3.57) was significantly higher than that of

control group of animals. The mean epithelialization time was

also comparatively less in these groups compared to control
group of animal (Table 2 and figure 1).

Ethyl acetate
extract ointment

Control group Reference group

Figure 1. Wound contraction of different treatment groups: (a)
Control group; (b) Ethyl acetate extract ointment group; (c)
Reference group

The hydroxyproline content represents to the
formation of collagen fibers in to the tissues. The protein
content found as higher significantly in the group treated
with ethyl acetate extract ointment and reference ointment
groups. The hydroxyproline content of ethyl acetate extract
ointment group found as 54.1744.61 which is very close to
the reference group 55.624+4.32. It means the prepared
ointment was effective in wound healing. The protein
content of 5% w/w extract ointment treated groups was
showed higher than the control group. The results were
comparable to the reference ointment group (Table 3). The
higher protein content suggests that ethyl acetate extract
through an unknown mechanism, stimulate cellular

proliferation.

Table 2. Effect of prepared ointment and reference ointment on percentage of wound contraction area of excision wound in rats

Treatment Post wounding days (Percent wound contraction) Epithelializa
groups 2 4 6 8 10 14 16 18 20 -tion period
Control 8.05+ 1249+ 20.62+ 2637+ 34.52+ 4624+ 5538+ 69.82+ 7635+ 83.64+ 22

(Base) 0.67 1.87 0.83 2.46 1.47 1.39 2.32 2.57 348 0.87

Ethyl acetate 1249+ 1538+ 2530+ 37.94+ 4841+ 67.04+ 8129+ 92.39+ 100.00 18

extract 0.56 1.38 0.35 1.32 1.51 247 2.45 3.31

ointment

(5%w/w)

Reference 13.64+= 1993+ 3124+ 4047+ 5274+ 6993+ 8448+ 9540+ 100.00 18

ointment 0.87 2.57 2.87 1.74 1.63 225 2.87 3.57

n=06albino rats per group, value represents Mean S.D.; *P<0.01, when compared each treated group with control group
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Table 3. Effect of prepared formulations and reference ointment on different biochemical parameters of excision wound in rats

Treatment groups Hydroxyproline Protein content (mg/g
(mg/g tissue) tissue)

Control (Base) 37.26+2.63 46.24£3.25

Ethyl acetate extract ~ 54.17+4.61* 75.6245.17*

ointment (5%w/w)

Reference Ointment  55.6244.32* 81.20+7.45%*

Antioxidants level

SOD (ng/50 mg CAT (umol/50 mg GSH (pmol/50
tissue) tissue) mg tissue)
12.47+1.25 17.64+1.67 11.63+1.35
26.31+1.84% 41.82+3.56* 25.01+1.87*
28.5242.01* 45.10+4.26* 27.61+2.14%

n=6albino rats per group, value represents Mean S.D.; *P<0.01, when compared each treated group with control group

The antioxidant enzymes levels in the granuloma tissue
found significantly increased during wound healing process.
SOD and CAT activity in granulation tissue were resulted
significantly increased in case of rats treated with ethyl acetate
extract ointment when compared with control group. GSH level
in granulation tissue was also significantly increased in rats
treated with extract ointment.

Histological studies

Histological studies of the tissue obtained from the treated group
showed significant increase in collagen deposition, and more
fibroblasts. It was approximately equal to the animals treated
with reference ointment (Povidone-iodine Ointment USP). It
was observed that ethyl acetate extract of Calliandra
haematocephala ointment and reference ointment showed
significant moderate deposition of collagen and less

macrophages than control group of animals (Figure 2).

Ethyl acetate
extract group

Figure 2. Histological observations of different treatment groups: (a)
Control group; (b) Ethyl acetate extract ointment group; (c) Reference

group

Conclusion
The leaves of Calliandra haematocephala confirmed the
presence of glycosides, flavonoids and terpenoids in ethyl
acetate extract. This extract was significantly improving
healing effect with improvement of antioxidant levels in
wounded tissues. Possible healing mechanism can be
antioxidant mechanism of Calliandra haematocephala.
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