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SUMMARY

Bacopa monnieri is being used in the traditional system of medicine for a variety of ailments. In the
present study, the ethanolic extract of Bacopa monnieri aerial parts has been studied for its wound

healing activity using various models in rats. Significant increase in wound contraction and skin
breaking strength were observed in the excision and incision wound models respectively. There
was also significant increase in hydroxyproline content, DNA content, superoxide dismutase
activity, catalase activity, glutathione level and decrease in the level of thiobarbituric acid reactive
substances in the 12 day post wounding tissue of experimental rats in the ethanol extract treated
groups with respect to the control group. The effect of the extract was found to be comparable
with the standard drug nitrofurazone. From the results it may be concluded that the plant Bacopa
monnieri is endowed with significant wound healing activity, thereby justifying its use in the
traditional medicine. Saponins may be responsible for the observed wound healing activity.
Bacopa monnieri; Wound healing activity; Antioxidant activity; Ethanolic extract
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INTRODUCTION

the release in extracellular space and causes tissue
damage (Foschi et al., 1988; Reiter, 1996). Thus,
wound healing might benefit from the drugs that
act by inhibiting ROS. Efforts are being made all
over the world to discover agents that can promote
healing and thereby reduce the cost of hospitalisation
and save the patient from amputation or other
severe complication.
Bacopa monnieri Linn. (Family-Scrophulariaceae)
is a creeping, glabrous, succulent herb, rooting at
nodes, distributed throughout India in all plain
districts, ascending to an altitude of 1,320 m
(Anonymous, 1998). In Ayurveda, the plant has
been used in the treatment of insanity, epilepsy
and hysteria. The other reported activities include
sedative, antiepileptic, vasoconstrictor and antiinflammatory respectively (Chopra et al., 1986).
The ethanolic extract of the aerial parts of the plant
has been reported to possess significant Anthelmintic

Wound healing is a complicated process which is
composed of a cascade of many cellular and
biochemical mechanisms involving phases of
hemostasis, inflammation, proliferation and remodeling.
During inflammation, neutrophils migrate into the
wound site and release several mediators followed
by cellular activation. Oxygen free radicals or
reactive oxygen species (ROS) are one of these
products, generated due to excessive delivery of
oxygen to tissues, and reported to be responsible
for the decrease in wound strength after incision
(Hogstrom et al., 1988; Witte et al., 1997). There is
evidence that overproduction of ROS, particularly
the most reactive radical hydroxyl, is followed by
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(Ghosh et al., 2005) and antimicrobial activity
(Ghosh et al., 2006). The plant is reported to contain
tetracyclic triterpenoid saponins, bacosides A and
B (Chatterjee et al., 1965; Basu et al., 1967), hersaponin,
alkaloids viz. herpestine and brahmine and
flavonoids (Anonymous, 1998). The various tribes
of Orissa, India use the juice of aerial parts of
Bacopa monnieri over the fresh cuts and wounds for
quick healing. The present paper deals with the
wound healing activity of ethanolic extract of the
aerial parts of Bacopa monnieri on experimental
animal wounds.

MATERIALS AND METHODS
Plant material
The plant was identified by the taxonomists of the
Botanical Survey of India, Govt. of India, Shibpur,
Howrah, India. After authentication, fresh aerial
parts of the young and matured plants were
collected in bulk from the rural belt of Salipur,
Orissa, India during early summer, washed, shade
dried and then milled in to coarse powder by a
mechanical grinder. The powdered plant material
(400 g) was defatted with petroleum ether (60 -80°C)
and then extracted with 1.5 l of ethanol (95%) in a
soxhlet apparatus. The solvent was removed under
reduced pressure, which obtained a greenish-black
sticky residue (yield: 11.6% w/w with respect to
dried plant material). The dried extract was mixed
with simple ointment i.p. (10% w/w) and was used
directly over the wounds during the study.
Preliminary phytochemical studies
The test samples were subjected to preliminary
phytochemical studies using standard procedures
(Trease and Evans, 1983; Harborne, 1984) to find
out the nature of the phytoconstituents present
with in them.
Animals
Studies were carried out using Wistar albino rats
(150 - 180 g) of male sex. The animals were grouped

and housed in polyacrylic cages (38 × 23 × 10 cm)
with not more than six animals per cage and
maintained under standard laboratory conditions.
They were allowed free access to standard dry
pellet diet (Hindustan Lever, Kolkata, India) and
water ad libitum. All procedures described were
reviewed and approved by the Institutional
Animal Ethical Committee.

Wound healing evaluation
Screening for wound healing activity was performed
by excision wound model, incision wound model
and estimation of hydroxyproline and DNA
content in the wound tissues. Further estimation of
thiobarbituric acid reactive substances (TBARS),
glutathione (GSH), superoxide dismutase (SOD)
and catalase (CAT) of the wound tissues were
carried out in order to find out the level of ROS
inhibition in the wound tissues. The selected
animals ware divided into three groups of six
animals in each group. All the test samples were
applied topically.
Excision wound model (Shirwaikar
2003)
The hair on the skin of back surface of animals was
removed by using a suitable depilatory (Anne
French hair removing cream). The selected animals
were divided into three groups of six in each. All
the test samples were applied topically.
Circular wounds of approximately 10 mm
diameter were inflicted on the cleared skin by
cutting under mild ether anaesthesia. The areas of
the wounds were measured (sq. mm) immediately
by placing a transparent polythene graph paper
over the wound and then tracing the area of the
wound on it. This was taken as the initial wound
area reading. Group-I served as negative control,
which received simple ointment i.p. Group-II
animals were treated with the extract (10% w/w in
simple ointment i.p.) and Group-III served as
positive control to which nitrofurazone (0.2% w/v
in simple ointment i.p.) was applied topically. All
the test samples were applied once daily. The
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Table 1. Effect of topical application of ethanol extract of Bacopa monnieri on excision wounds

Percentage wound contraction on post wounding day
Group
Treatment
4
8
12
1
I
Vehicle
0
19.39 ± 4.33
27.96 ± 3.97
47.42 ± 2.76
II
Ethanol extract
0
19.77 ± 3.76
35.99 ± 3.18
167.08 ± 2.89
III
Nitrofurazone
0
21.63 ± 1.74
42.59 ± 3.6
180.99 ± 2.12
Results expressed as mean ± SEM, for n = 6 rats in each group. All P values are calculated with respect to vehicle
control. P < 0.05, P < 0.001.
st

th

th

th

**

*

*

Table 2.

**

Effect of topical application of the extracts of

Bacopa monnieri on tensile strength of incised wounds

strength in gm on
Group Treatment Tensile
12 post wounding day
I
Vehicle
140.0 ± 4.91
II Ethanol extract
248.50 ± 9.18
III Nitrofurazone
286.66 ± 6.63
Results expressed as mean ± SEM, for n = 6 rats in
each group. All P values are calculated with respect to
vehicle control, P < 0.05, P < 0.001.
th

**
**

*

**

wound area of each animal was measured on 1 ,
4 , 8 and 12 post wounding day. The percentage
of wound contraction was calculated on the basis
of the 1 day wound area (Table 1).
st

th

**

th

th

normal saline, followed by 0.15 M Tris-HCl (pH 7.4)
blotted dry and weighed. A 10% w/v of homogenate
was prepared in 0.15 M Tris-HCl buffer and
processed for the estimation of lipid peroxidation
(Fraga et al., 1981). A part of homogenate after
precipitating proteins with trichloroacetic acid
(TCA) was used for estimation of glutathione
(Ellman et al., 1959). The rest of the homogenate
was centrifuged at 15,000 rpm for 15 min at 4°C.
The supernatant thus obtained was used for the
estimation of SOD (Kakkar et al., 1984) and CAT
activity (Maehly et al., 1954). Protein was estimated
according to Lowry et al. (1951).

st

Incision wound model (Udupa
1994)
Light incisions were made on the cleared surface
by cutting the skin of the animals under mild ether
anaesthesia. The wounds were created at a length
of about 1.5 cm. After the incision, the parted skin
was kept together and stitched with black silk at
both the ends of the created wound. The test samples
were applied as above in a similar manner. The
tensile strength was measured by using tensiometer
on 12 post wounding day (Table 2).
et al.,

th

Hydroxyproline and DNA estimation
At the end of 12 post wounding day excision
wound tissues ware analysed for hydroxyproline
(Woessner, 1961) and DNA (Burton, 1956).
th

Determination of
antioxidant activity
At the end of 12 post wounding day excision
wound tissues were excised, rinsed in ice cold
in vivo

th

Statistical analysis
Values are mean ± SEM for n = 6 animals in each
group. Data were evaluated statistically using students
t-test. P values < 0.05 ware considered to be significant.

RESULTS
The studies on excision wound healing model
reveals that all the three groups showed decreased
wound area from day to day. On the 12 post
wounding day group I showed 47.42% healing
(which might be due to self immunity of the
animals), whereas the ethanol extract treated and
standard drug treated groups showed 67.08% and
80.99% healing respectively (Table 1). In the
incision model, the tensile strength of the resutured
wound was significantly (P < 0.001) increased in
both the ethanol extract treated and standard drug
treated group (Table 2). It has been found that
hydroxyproline and DNA content has increased
th

2007 Oriental Pharmacy and Experimental Medicine 7(2), 150-156

153

A study on wound healing activity of Bacopa monnieri Linn. aerial parts

Effect of ethanol extract of Bacopa monnieri treatment for 12 days on hydroxyproline and DNA content of
the wound in rat excision model
Group
Treatment
Hydroxyproline (mg/g of tissue)
DNA (mg/g of tissue)
I
Vehicle
71.11 ± 1.85
6.44 ± 0.31
II
Ethanol extract
112.80 ± 2.01
19.97 ± 0.40
III
Nitrofurazone
117.57 ± 1.41
11.21 ± 0.58
Results expressed as mean ± SEM, for n = 6 rats in each group. All P values are calculated with respect to vehicle
control, P < 0.05, P < 0.001.
Table 3.

*

**

**

**

**

**

Effect of treatment of ethanol extract of Bacopa
monnieri for 12 days on lipid peroxidation of excision
Fig. 1.

wound tissue. Results expressed as mean ± SEM, for
n = 6 rats in each group. All P values are calculated
with respect to vehicle control, P < 0.05, P < 0.001.
*

**

. Effect of treatment of ethanol extract of Bacopa
monnieri for 12 days on SOD activity of excision

Fig. 2

wound tissue. Results expressed as mean ± SEM, for
n = 6 rats in each group. All P values are calculated
with respect to vehicle control, P < 0.05.
*

significantly (P < 0.001) both in the extract treated
and standard drug treated groups when compared
with control (Group I) (Table 3). The extract and
standard drug was found to reduce the levels of
TBARS (Fig. 1), enhance the activities of SOD (Fig.
2) and CAT (Fig. 3) and increase the level of GSH
(Fig. 4) in the 12 day post wounding tissue of
excision model rats.
th

DISCUSSION
Cutaneous injury is characterized by fibroplasia,
angiogenesis, and re epithelization and involves
the migration and proliferation of cells such as
fibroblasts, endothelial cells and epithelial cells,
deposition of connective tissues and counteraction
of wound (Clark, 1991). These steps occur in a

. Effect of treatment of ethanol extract of Bacopa
monnieri for 12 days on CAT activity of excision

Fig. 3

wound tissue. Results expressed as mean ± SEM, for
n = 6 rats in each group. All p values are calculated
with respect to vehicle control, P < 0.05, P < 0.001.
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Effect of treatment of ethanol extract of Bacopa
monnieri for 12 days on GSH level of excision wound

Fig. 4.

tissue. Results expressed as mean ± SEM, for n = 6 rats
in each group. All P values are calculated with respect
to vehicle control, P < 0.05, P < 0.001.
*

**

controlled manner by a variety of bioactive molecules
like growth factors, cytokines, their receptors and
matrix molecules (Ingold, 1993).
There was significant increase in rate of wound
contraction in rats treated with ethanolic extract of
Bacopa monnieri, as evidenced by enhanced
epithelization of excision wound (Table 1). In
resutured incision wound, wound breaking strength
is determined, which indirectly represents collagenation
phase of healing (Mukherjee et al., 2000), and this
parameter is commonly used to assess healing,
perhaps because surgeons are specially interested
and concerned with the strength of healed incision
wounds (Patil and Kulkarni, 1985).
Again, hydroxyproline content estimation gives
the net rate of synthesis and deposition of collagen
in healing wounds (Madden et al., 1968) and
improved collagenation is often associated with
increased tensile strength of wounds (Manjunatha
et al., 2005). In this study the ethanolic extract of
Bacopa monnieri significantly increased breaking
strength of the resutured incision wound (Table 2)
and hydroxyproline content as compared to control
(Table 3). Lipid peroxidation is an important process
in several types of injuries. Drug that inhibits lipid
peroxidation is believed to increase the viability of

collagen fibrils, increasing the strength of collagen
fibers by increasing the circulation, preventing the
cell damage, promoting DNA synthesis (Shobha et
al., 1999). The ethanolic extract of Bacopa monnieri
significantly reduced lipid peroxidation of the
wound tissue. The result is further supported by
the increase in DNA content of wound tissues
(Table 3). DNA synthesis is reported to augment
granulation of tissue and mucopolysaccharide
synthesis (Joshi et al., 2003).
There is increasing evidence that lipid peroxides
are generated at the injury sites and impair wound
healing due to cytotoxic effects (Niwa, 1989; Elstner,
1991). The degree of oxidative injury depends on
the balance between oxidant/antioxidant system
(Davies, 1986). Studies showed that superoxide
anion inhibited the healing of the wound and this
damage could be prevented by oxygen free radical
scavengers (Hogstrom, 1987; Foschi et al., 1988).
Thus, superoxide dismutase (Foschi et al., 1988),
catalase (Cetinkale et al., 1999) and glutathione
levels have been studied in healing due to their
antioxidant effects. Further prohealing could be
attributed to the antimicrobial activity (Veerapur et
al., 2004). Antimicrobial activity of Bacopa monnieri
has been reported by the authors (Ghosh et al.,
2006), which might be responsible, at least partially
for its prohealing potential.
In conclusion, the study confirms the promising
wound healing activity of the ethanolic extract of
aerial parts of Bacopa monnieri. It also provides a
rationale for the use of Bacopa monnieri aerial parts
preparation by certain tribes of India to promote
wound healing. Saponins are natural products,
which have been shown to possess antioxidant
property (Yoshiki et al., 1995; Yoshiki et al., 1998;
Hu et al., 2002) and wound healing activity (Shukla
et al., 1999). Studies have confirmed that indeed
oxidative stress plays an important role in the
progression of wound (Foschi et al., 1988; Reiter,
1996). It has been reported that Bacopa monnieri
contains large amounts of saponins (Singh et al.,
1997). This fact was further supported by the
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preliminary phytochemical studies. Hence, the
observed wound healing activity might be due to
the saponins present within the extract. Further
studies regarding the isolation and characterization
of the active principle responsible for the wound
healing activity from the ethanolic extract is currently
under progress in our laboratory.
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