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Mode of Action of Centella asiatica in Wound
Healing Using Immunohistochemical Studies

Lobna RS Radwan*; Youssry M El-Hawary** and Farid A Badria***

ABSTRACT
Introduction: Centella asiatica (C A) used to support faster healing of small wounds, chaps
and scratches, surgical wounds, superfacial burns and varicose ulcers and as oral preparation for
atonic wounds. as It has been used for treatment of various diseases, the mechanism of action
remains markedly unknown.
Aim of the work: was to investigate the possible mode of action C A and / or dexamethasone
in induced wound on rats tongue by immunohistochemical detection of alpha smooth muscle
actin (α-SMA) and vimentin as markers for wound healing.
Materials and Methods: thirty two male rats were subjected to V-shaped surgical incision
on the dorsal surface of the tongue using scalpel No 11 then were divided into four equal groups.
Group A was left without treatment. Group B received C A extract (800 mg / kg) daily by oral
route. Group C was injected I M by dexamethasone (0.3 mg / kg) at the day of injury, then
half the dose day after day. Group D received C A and dexamethasone. Four rats from each
group were euthanized in the fourth day and the remaining in the seventh day. Specimens were
prepared for detection of α-SMA and vimentin.
Results: C A increased α-SMA and vimentin expresion in the wound region a head of the
other groups and improved the healing in dexamethasone group.
Conclusion: C A improved wound healing and can overcome the suppressing effect of
dexamethasone in wound healing.

* Lecturer, Oral Biology Department, Faculty of Dentistry, Mansoura University, Mansoura, Egypt.
** Ass. Prof, Oral Biology Department, Faculty of Dentistry, Mansoura University, Mansoura, Egypt.
*** Prof. of Pharmacognosy Department, Faculty of Pharmacy, Mansoura University, Mansoura 35516 Egypt.
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INTRODUCTION
Legend goes that the tigers used to rub
themselves with the Tiger’s herb (Centella plant),
in order to healtheir scars (1). Perhaps the legend is
not without truth, nowadays the selected triterpenes
of Centella asiatica is the principle active in a range
of specialties for the management of dermatological
conditions including post operative scarring. The
use of Centella asiatica in the management of
dermatological conditions has a long tradition in its
native areas, such as India and Sri Lanka, where it is
used to support faster healing of small wounds, chaps
and scratches, surgical wounds, superficial burns,
varicose ulcers and as an oral preparation for atonic
wounds and hypertrophic healing. Centella has
also been used traditionally as an antiinflammatory,
particularly for eczema, and also for minor itching
and insect bites (2-4).
In spite it has been used for treatment of various
diseases, the mode of action remains largely
unknown (5). Naturopathic physicians recommended
taking Centella as a tea and applying Centella
extracts externally for treatment of wounds as they
stimulate collagen synthesis a key element of skin
repair (6).
Animal studies have consistently shown topical
application of Centella asiatica to a sutured wound
significantly increased the breaking strength of
the wound. Asiaticoside, a saponin extracted from
Centella asiatica, is thought to be one of its active
constituents. It was showed that a 0.2% asiaticoside
solution applied topically twice daily for seven days
to punch wounds in guinea pigs resulted in 56%
increase in hydroxyproline, 57% increase in tensile
strength, increased collagen content, and better
epithelialization compared to control (3).
It is well known that Glucocorticoids markedly
alter most aspects of wound healing process when
administered directly after injury since they will
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delay the appearance of inflammatory cells and
fibroblasts, deposition of ground substance and
collagen, regenerating capillaries, contraction,
and epithelial migration (7,8). Dexamethasone is a
potent synthetic member of the glucocorticoid class
of steroid drugs. It acts as an anti-inflammatory
and immunosuppressant. Its potency is about 2030 times that of the naturally occurring hormone
hydrocortisone and 4-5 times of prednisone (9).
Wound Healing requires the collaborative
efforts of many different tissues and cell lineages. It
includes clotting, inflammation, granulation tissue
formation, epithelialization, neovascularization,
collagen synthesis and wound contraction (10). The
fibroblasts for wound repair are derived from two
sources, the division of undamaged fibroblasts at
the wound periphery and the differentiation and
proliferation of undifferentiated perivascular cells.
The resulting daughter cells from both sources
migrate into the wound defect to form collagen (11).
Cell possesses a cytoskeleton of microtubules
and filaments that provide support for the cell,
facilitates intracellular transport, supports cell
junctions and permits mobility. Filaments are of two
types: microfilaments and intermediate filaments.
Microfilaments are composed of the contractile
protein actin and are less than 8nm in diameter.
Intermediate filaments are so – called because
they are intermediate in size 8 – 10 nm between
microfilaments and the thick filament of muscle
cells. In the fibroblast, intermediate filament is
composed of the protein vimentin (11).
Vimentin is a widely expressed intermediate
filament protein thought to be involved mainly
in structural process, such as wound healing.
Activated human macrophages secret vimentin into
the extracellular space (12). It is generally assumed
that the vimentin intermediate filament network
in most mesenchymally part responsible for the
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strength and integrity of these cells and necessary
for any tissue movement that require the generation
of significant tractional forces. Fibroblastic and
myofibroblastic cells always expressed vimentin
and may also vimentin and alpha smooth muscle
actin (α – S M A) (13). An increased α – S M A
expression is sufficient to enhance fibroblast
contractile activity. A correlation between the level
of α–S M A expression and fibroblast contraction
(14)
. The actin isoform is typical of vascular smooth
muscle cell (15).

Group A: the rats were left without any
treatment, either with C A or Dexamethasone, for
seven days.

Centella asiatica was used in most clinical studies
either in an undefined alcohol or aqueous extracts.
The extracts TECA (titrated extract of Centella
asiatica) and TTFCA (total triterpenoid fraction
of Centella asiatica) are combinations comprised
of asiatic acid (30%), madecassic acid (30%), and
asiaticoside (40%). The Centella extract TTF (total
triterpenic fraction) is comprised of asiatic acid and
madecassic acid (60%) in a riot not clearly defined,
in combination with asiaticoside (40%) (2).

Group D: the rats received C A extract (800
mg / kg body weight) daily by oral route and
Dexamethasone injection as the same protocol of
the group C.

So this study was conducted in an attempt to
verify the possible mode of action of T E C A and
/ or Dexamethasone in induced wound healing of
rates tongue using immunohistochemical detection
of α – S M A and vimentin as markers.
Materials and Methods
Thirty two adult males Sprague-Dawley rats
(200 ±10 gm) were used in this study were allowed
commercial standard diet and water ad-libitum.
Rats were housed in the animal house of Faculty
of Pharmacy, Mansoura University under standard
laboratory conditions (room temperature 22 ± 2 oC,
humidity 55 ± 5L, 12 hours light/dark cycle).
All rats were subjected to standerdised V shaped
surgical incision in anterior two third of the dorsal
surface of the tongue using scalpel No 11; then they
were divided into four equal groups.

Group B: the rats received C A extract (800 mg /
kg body weight) daily by oral route using a syringe
without needle.
Group C: the rats were injected intramuscular
by Dexamethasone (0.3 mg / kg) at the day of
injury, then half the dose was injected day after day
until the end of the study.

Four rats from each group were euthanized at the
fourth day after surgery and the remaining four rats
at the seventh day. Tongue specimens were taken
from the rats, immersed in 10 % formal saline and
processed for immunohistochemical study for α
smooth muscle actin, and vimentin.
Immunolabeling of α-SMA was performed using

the Dako kit. Immunohistochemical procedures
were performed according to the manufacturer’s
recommendations.

Briefly,

Paraffin

sections

were deparaffinised in xylene and rehydrated in

ethanol and water. The sections were incubated
for 30 minutes in 0.1 % H2O2 thus avoiding
endogenous peroxidase activity. After washing with

phosphate-buffered solution (PBS), the sections

were incubated (if necessary) in sodium citrate or
ethylenediaminetetraacetic acid (EDTA) buffer for

10 minutes at 95ºC and cooled to room temperature.
In order to avoid the background activity, sections
were incubated in 10 % normal goat serum for 20

minutes. The sections were incubated with primary
antibodies for (α – S M A) after applying the

primary antibodies, the sections were incubated
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with mouse or rabbit secondary antibody for 30
minutes at room temperature. The sections were

then washed in PBS, stained with diaminobenzidine
tetrahydrochloride solution (DAB), and counterstained with hematoxylin. Immunolabeling of

vimentin was performed using Doko kit with the

b) 7th day:
There were positive reactions to α-SMA

antibodies in the blood vessels walls in the four

groups A, B, C and, D with increased blood vessels
in the group C (Fig 2).

same procedure of α – S M A except using antivimentin primary antibodies (16,17).
Results
The

immunohistochemical

positive

results

were detected as brown deposits using α-SMA
and also vimentin intermediate filament stain. The

qualitative of the intensity of the staining were weak
(+), moderate (++) and strong (+++) (18).

The immunohistochemical sections of the

injured rat tongue revealed the followings:
I- α-SMA Detection:
a) 4th Day:

In the control group (group A); the expression of

α-SMA was confined only to the smooth muscles of

the blood vessel walls and there were scanty weak
staining reaction in the wound region (Fig 1 A).

Fig. (1) photomicrographs of sections in rats tongue in the
4th day after surgery showing: Positive reaction of
α-SMA in the blood vessel walls and scanty weak
reaction in granulation tissue (injured control group
A), strong reaction in wound region and blood vessel
walls (injured centella asiatica treated group B), weak
reaction in blood vessels wall in granulation tissue
(injured dexamethasone treated group C), strong
reaction in neovascularization and scanty weak in
wound region in dexamethasone and centella asiatica
treated group D).

Centella asiatica treated group (group B);

revealed strong reaction in the wound region and
the smooth muscles of the blood vessels walls (Fig
1B).

Dexamethasone treated group (group C);

revealed weak reaction to α-SMA antibodies in the
small blood vessel walls (Fig 1C).

Dexamethasone and Centella asiatica treated

group (group D); the reaction for α-SMA antibodies
was strong in the smooth muscle of the walls

of obvious neovascularization and scanty weak
reaction in granulation tissues (Fig. 1D).

Fig. (2) photomicrographs of sections in rats tongue in the
seventh day after surgery showing, positive reaction
to α-SMA antibodies in the blood vessels walls of the
wound A, B, C, D.
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II- vimentin detection:
a. 4th day:
In the control group (group A); revealed strong

reaction for vimentin antibodies in the wound region
(Fig 3 A).

Centella asiatica group (group B); there was

strong reaction in the periphery of the wound region
and decreased toward the center (Fig 3 B).

Dexamethasone group (group C); there was

moderate reaction in the granulation tissue of the
wound (Fig 3 C).

Dexamethasone and Centella asiatica group

(group D); there was strong reaction in granulation
tissue of the wound region (Fig. 3 D).
b. 7 day:
th

There were strong reaction to vimentin antibodies

in the wound region in group A, B, and, D but it
was less intensity reaction in group C in the wound
region (Fig 4).

Fig. (3) photomicrographs of sections in rats tongue in the
4th day after surgery showing A) strong reaction
to vimentin in control group. B) Strong reaction to
vimentin in wound region in centella asiatica treated
group. C) Moderate reaction to vimentin in the wound
in dexamethasone treated group. D) Strong reaction
to vimentin in injured dexamethasone and centella
asiatica treated group.

Fig. (4) photomicrographs of the sections in the rats tongue
after surgery showing strong reaction to vimentin
antibodies in groups A, B, and, D but Dexamethazone
group C the reaction was less intense than the other
groups.

Discussion
Healing is a physiological process. Efforts are
being made all over the world to discover agents that
can promote healing and thereby reduce discomfort
and other complications (19).
In the present study; the expression of α-SMA
and vimentin in granulation tissue during induced
wound healing of rats tongue was evaluated using
specific antibodies directed against these proteins at
the light microscope level.
Myofibroblasts develop gradually from granulation tissue fibroblasts and temporary express a
marker of smooth muscle differentiation, these cells
may be relevant for the understanding of the mechanisms of normal and pathologic wound healing (20).
α-SMA is a well accepted marker of myofibroblast
differentiation and it has been suggested to play a
role in the production of contractile force during
wound healing (21).
In this study, there was strong reaction to α-SMA
antibodies in the 4th day after surgery in group B
(CA treated group) and weak in other groups; this
coula be attributed to the promoting effect of CA
in fibroblastic proliferation, collagen formation,
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neovascularization
levels (22,23).

and

increasing
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antioxidant

The weak reaction to α-SMA in group C
(dexamethasone group) could be attributed to
dexamethasone effect which decrease the mRNA
and protein expression in both the amount
and assembly of α-SMA in cells (24). This is in
compliance with Gold Smith et. al (25)., who found
that dexamethasone reduce human airway smooth
muscle α-SMA expression and its incorporation into
contractile filaments as well as contractile function.
Important amount of α-SMA were always
expressed in pericytic and / or smooth muscle cell
of neoformed small vessels. In fibroblastic cells,
microfilaments were absent 4 days after wounds but
accumulated gradually (20).
In group D (dexamethasone and C A group) the
reaction of α-SMA antibodies was strong in the
walls of blood vessels in obvious neovascularization
and in the granulation tissue of the wound. Faster
healing was noted in comparison to dexamethasone
injected group, this could clarify that C A is able to
overcome the suppressing action of dexamethasone
in wound healing (26).
In the 7th day after surgery, the reaction of α-SMA
antibodies was confined to the walls of blood
vessels and apparent blood vessels were seen in the
dexamethasone group indicating delayed healing
because, as healing progresses, vascularization
diminishes and granulation tissue is replaced by
newly formed connective tissue components which
is more cellular and has many immature collagen
fibers. Many of blood vessels disappear as a result
of apoptosis (27)
Vimentin is necessary for any tissue movement
that require the generation of significant tractional
forces (28). In this study, in the 4th day after surgery,
the reaction to vimentin was strong in group A

(control group) which is most probably resulted
from inflammatory cells as normal expression of
vimentin on the surface of activated macrophages,
platelets, apoptotic T-lymphocytes and aged
neutrophilis (29).
In C A group there was strong reaction to
vimentin at the periphery of the wound. This
could indicate the proliferation of fibroblasts at
the periphery of the wound thus CA promote and
increase the proliferation of fibroblasts (6, 30, 31). This
aids in accelerating the healing this is in agreement
with the results of Eckes et, al (28) who revealed
that; wounds in vimentin deficient animals showed
delayed migration of fibroblasts into the wound site
and subsequently retarded contraction that correlated
with a delayed appearance of myofibroblasts in the
wound site.
In group D (C A and dexamethasone group) the
reaction of vimentin is marked with strong reaction
than in dexamethasone alone with faster healing
indicating that administration of C A diminished the
suppressing effects of dexamethasone.
In the 7th day after surgery, in this study;
reaction of vimentin was strong in groups A, B,
and, D indicating progression of the inflammatory
phases. This might be because vimentin is required
for many vital cell functions like cell motility,
chemotactic migration and wound healing (28, 32). But
in group C, the reaction was less intense than other
groups, this may be attributed to the dexamethasone
had no effect on redistribution of vimentin this is
in agreement with Lieber and Evans (33); who
concluded that dexamethasone had no discernible
effect on vimentin organization in undifferentiated
cells or during adipose conversion with absence of
vimentin filament network with impairment of all
functions depending upon mechanical stability (28).
In this study, as C A accelerates the wound
healing and counteracts the suppressing effect

(7)
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of dexamethazone, this proved by increasing the
expression of α-SMA and vimentin which stimulate
wound closure. This could be one of the possible
explanations of the mode of action of C A in soft
tissue healing

6.

Centella asiatica extract on dermal wound healing in rats.
Indian J Exp Biol. 1996 Dec;34(12):1208-11.
7.

Centella asiatica C A increases the formation
of α-SMA and vimentin and this may be one of
the possible explanation of the faster healing of
soft tissue wound upon administration of C A
systemically.
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