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Background: The use of herbal plant extracts in wound healing is known through decades, but it is
necessary to provide scientific data through reverse pharmacology.
Objective: The aim of the present study is to find the mechanism behind the healing of wounds using
in vitro and in vivo assays.
Material and methods: The study was designed to determine proliferation and mobilization of fibroblast
and keratinocytes at the site of injury, angiogenesis at the site of healing and reduction in oxidative stress
while healing. In our earlier studies it was observed that herbal extract of Vitex negundo L. (VN), Emblica
officinalis Gaertn (EO), and Tridax procumbens L. (TP) showed rapid regeneration of skin, wound
contraction and collagen synthesis at the site of injury in excision wound model. In the present study the
cell mobilization was monitored in the scratch assay on 1929 fibroblastic cell line and HaCaT keratino-
cytes cell line under the influence of aqueous plant extracts and its formulation. This formulation was
also assessed for its angiogenic potential using CAM assay. Study was carried out to probe synergistic
effect of polyherbal formulation using excision model in rat.
Results: The formulation was found to contain high amount of flavonoids, tannins and phenols which
facilitate wound healing. At 20 pg/ml concentration of formulation, significant increase in tertiary and
quaternary vessels were observed due to angiogenic potential of formulation. Formulation at the con-
centration of 3 pg/ml and 5 pg/ml showed significant mobilization of keratinocytes and fibroblasts
respectively at the site of injury. Polyherbal formulation showed rapid regeneration of skin and wound
contraction. Biochemical parameters like hydroxyproline, hexosamine and collagen turnover was
increased in test drug treated animals as compared to untreated, whereas antioxidants such as catalase
and GSH were increased significantly and decreased amount of tissue MDA was observed.
Conclusion: Polyherbal formulation prepared from the plant extracts accelerates wound healing process
by proliferation and mobilization of fibroblast and keratinocytes, and angiogenesis at the site of injury. It
also shows fast contraction of wound with its beneficial improvement in tissue biochemical and anti-
oxidant parameters.
© 2017 Transdisciplinary University, Bangalore and World Ayurveda Foundation. Publishing Services by
Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

1. Introduction

cells with cytokines, chemokines and growth factors [1]. Kerati-
nocyte growth factor (KGF) is a paracrine growth factor synthesized

Wound healing is a process of reconstruction of injured skin, by fibroblasts, endothelial cells, smooth muscle cells and dendritic
coordinated by interaction of various epithelial and mesenchymal epidermal T-cells [2]. KGF also known to induce mitogen activated
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protein activation and directly acts as angiogenic factor in vitro [3].
Natural plant products play major role in proliferation of fibroblasts
and Kkeratinocytes [4]. Plant products were reported to contain
growth factors, cell signaling molecules and cell adhesion mole-
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L. (VN), Emblica officinalis Gaertn (EO) and Tridax procumbens L. (TP)
showed rapid regeneration of skin along with collagen turnover
[7-9].

Leaves of VN are useful in toothache, inflammation, leucoderma,
skin-ulcers, rheumatoid arthritis, and the methanolic extract of
leaves was studied for wound healing activity [10]. Leaves of Tridax
have effect on blood pressure, heart rate, immunomodulation, anti-
microbial properties, and arrests bleeding from cuts and bruises
[11,12].

EO is reported to have antimicrobial, antioxidant, anti-
inflammatory, analgesic and antipyretic, adaptogenic, hep-
atoprotective, antitumor and antiulcerogenic activities [13]. The
properties found in VN, EO and TP may be supporting character-
istics as wound healing properties which were useful as selection
criteria of plants for wound healing activity.

In the present studies we have used in vitro assays to evaluate
efficacy of polyherbal formulation in terms of mobilization of fi-
broblasts and keratinocytes to the site of injury and their angio-
genic potential as well as its in vivo efficacy.

2. Material and methods
2.1. Cell lines, drugs and reagents

1929 mouse skin fibroblasts and HaCaT (Human Keratinocytes)
cell lines were kindly supplied by Cell Repository of National Centre
for Cell Science (NCCS) Pune, India. Cipladine, a standard used for
effective wound healing was obtained from Cipla Ltd, Mumbai,
India. Day zero fertilized chicken eggs were obtained from Ven-
kateshwara Hatcheries, Pune, India. Media and reagents used in
this study were of analytical grade and procured from Sigma-
Aldrich, St. Louis, USA.

2.2. Animals

Eighteen Wistar rats of either sex, weight range of 150—200 gms
were procured from National Toxicology Centre, Pune. All the ani-
mals were provided with water and food ad libitum. Rats were
housed in standard laboratory condition as per CPCSEA norms.
Animals were divided into three groups (control, standard, and
polyherbal formulation treated group) of 6 animals each.

2.3. Collection and authentication of plant materials

Leaves of V. negundo, bark of E. officinalis and whole plant of
T. procumbens were collected from Kem village, Maharashtra, India,
Pune. The herbarium was made and authentication was carried out
at Botanical Survey of India (BSI), Pune. No TAY3.BSI/WRC/Tech/
2011. One copy of the herbarium specimens were submitted to APT
Research Foundation, Pune, India.

2.4. Extraction of the plants

The leaves, stem and bark of respective plants were cleaned and
shade dried prior to extraction. The dried plant material was then
ground to powder using electric blender. The plant powders ob-
tained were extracted with water at 80° C to obtain aqueous ex-
tracts using Soxhlet apparatus. These extracts were then
concentrated in a Rota evaporator under reduced pressure and
constant temperature at 60° C. and dried to powder and their
extractive yields were measured [14].

2.5. Quantification of total flavonoids, phenols and tannins

Total flavonoids [15], phenols [16] and tannins [17] from
aqueous extracts were determined using standard protocols.

2.6. Determination of antioxidant potential

The antioxidant effect of the extracts were studied using ABTS
(2, 2-azino-bis-3 ethyl benzathiazoline-6-sulphonic acid) radical
cations (ABTS+) decolourisation assay according to protocol of
Shirwaikar et al., [ 18]. The concentration equivalent to ascorbic acid
was determined from the standard curve of ascorbic acid. The
percent inhibition was calculated.

2.7. Preparation of polyherbal formulation

The aqueous extracts of three plants were mixed in equal pro-
portion, to obtain the best formulation in order to increase the
acceptability and adoptability of herbal medicine for wound heal-
ing [19,20]. Liquid paraffin 20% was added in 30% emulsifying wax
and 50% white soft paraffin (oily phase) was kept warm. Warm
aqueous phase i.e 30% (emulsifying ointment) 1% chlorocrysol and
69.9% double distilled water were added in warm oily phase and
stirred gently until cooled [21,22]. The cream was homogenized
using mortar and pestle. It was stored in wide mouth glass bottle
and placed in cool place.

2.8. Quality control parameters of formulation

Quality control of the formulation at different concentrations
was carried out to evaluate the pH, spreadability, and extrudability.
Acute dermal toxicity for individual aqueous extracts of three
plants was carried out and was found safe at limit dose (2000 mg/
kg). The pH of various formulations was determined by using dig-
ital pH meter. One gram of cream was dissolved in 100 ml of
distilled water and stored for 2 h. The measurement of pH of each
formulation was done in triplicate. The cream was placed in be-
tween the slides under the direction of certain load. The spread-
ability was expressed in terms of time in seconds taken by two
slides to slip off from cream. The extrudability of cream formula-
tions was determined in terms of weight in grams required to
extrude a 0.5 cm ribbon of cream in 10 s. External characters of
developed cream formulation were also noted, such as color, odor,
smoothness and grittiness.

2.9. Angiogenesis activity

Angiogenetic potential of polyherbal formulation was deter-
mined using chick embryo chorioallantoic membrane assay (CAM)
described by Surekha et al. [23]. It is a unique assay to study the
blood vessels sprouting in response to angiogenic agent. The sur-
faces of freshly laid fertilized chicken eggs were wiped with 70%
ethanol. On 4th day a small window of one centimeter square was
made at the blunt end to puncture the air sac. Windows were
sealed with durapore sealing tape and kept horizontally in the
incubator till day nine. On 10th day Whatman filter paper rings
treated with various concentrations of drug formulations (5 ng,
10 ng, and 20 ng were placed in each embryo). Eggs treated with
equal volume of phosphate buffered saline (PBS) served as normal
control. After further incubation for 72 h, CAMs were excised from
the eggs and fixed in 4% ice cold paraformaldehyde/PBS for 30 min.
The membranes were placed on glass slides and image of control
and treated CAMs were captured for comparative analysis. Increase
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in number of primary, secondary and tertiary vessels shall be the
main criteria for analysis of angiogenesis effect [24].

2.10. Scratch assay with fibroblast and keratinocytes cell line

The fibroblast 1929 (1 x 10* cells) and keratinocytes HaCaT
(2 x 10* cells) were seeded in 24-well cell culture plate. Linear
scratch was made in confluent cell monolayer using 200 pl pipette
tip. Cell debris were washed out with plain DME medium [25].
Formulation made of three plant extracts was diluted to 5 pg/ml.
The standard drug Cipladine at 5 pg/ml used as positive control.
After addition of formulations and standard drug, images of cellular
gap were captured periodically on Nikon Eclipse TS100 inverted
microscope. The cellular gap in the cell monolayer was measured at
different times.

2.11. Excision wound model

The animals were anaesthetized by injecting intramuscularly
ketamine hydrochloride and xylazine in 1:1 concentration. The dor-
sal fur of the animals was shaved with trimmer and impression was
made on dorsal region with circular stainless stencil using picric acid.

Using toothed forceps and pointed scissors circular excision wound
of 300—400 mm? and 2 mm depth were made by cutting out layer of
skin from the shaven area. In the control group, the wound was left
open [26], whereas, the standard drug Cipladine [27] and test drug
(polyherbal formulation) applied topically on excised wound.

Wound areas were measured by tracing the wound on trans-
parency sheet with permanent marker and by using millimeter based
graph paper on days 0, 3, 6, 9, 12 and 15 for all groups. Percentage
reduction in wound area with respect to initial wound area [28].

Formulae = (Initial — Final)/Initial x 100

At the end of the study the skin was divided into three parts. One
part was used for histopathology, the second part was used for
biochemical parameters and third part was used for evaluation of
antioxidant enzymes.

2.11.1. Biochemical parameters

2.11.1.1. Estimation of Hydroxyproline. Healed tissue was excised
and dried in glass vials in a 110 °C oven for 48 h. 5 mg of
lyophilized sample was hydrolyzed with 5 ml of 6 N HCI at 110 °C
for 18—20 h in a sealed tube for estimation of hydroxyproline as per
method described by Agarwal [29].

2.11.1.2. Estimation of collagen. The hydroxyproline content may be
converted to its equivalent collagen through multiplication by the
factor 7.46 [30].

2.11.1.3. Estimation of hexosamine. It was carried out as per Nithya
et al. [31]. Briefly, 5 mg of lyophilized tissue sample was hydrolyzed
with 5 ml of 2 N HCl at 110 °C for 6—7 h., evaporated to dryness and
the residue was dissolved in known amount of water. The solution
was treated with 1 ml of freshly prepared 2% acetyl acetone in 0.5 M
sodium carbonate and boiled for 15 min. After cooling 5 ml of 95%
ethanol, 1 ml of Ehrlich's reagent was added and mixed thoroughly.
The purple red color developed was read after 30 min at 530 nm
spectrophotometrically.

2.11.2. Antioxidant enzymes

2.11.2.1. Catalase. To the 10% tissue homogenate in pH 7, a deter-
gent e.g. (1% Triton X-100) was added and it was further diluted
with phosphate buffer pH-7 (1:100). Estimation of catalase was
carried out as described by Aebi et al. [32]; Ramazan et al. [33].

2.11.2.2. Reduced glutathione assay. A tissue homogenate was pre-
pared with 0.5 g of the skin tissue with 2.5 ml of 5% TCA. The
precipitated protein was centrifuged at 1000 rpm for 10 min. The
supernatant (0.1 ml) was used for the estimation of GSH [34].

2.11.2.3. Lipid peroxidation assay. After addition of 1 ml tissue ho-
mogenate to TCA—TBA H(l, all tubes were vortexed for few seconds
in boiling water bath, cooled to room temperature and centrifuged
for 15 min. Supernatants were pipetted out in cuvette and OD was
measured at 535 nm against blank [35].

2.11.3. Histopathology

The skin tissues were then processed by undergoing a series of
steps that include fixation, dehydration, clearing, wax impregna-
tion, embedding & subsequent sectioning on the microtome
[36,37], with slight modifications. Five micrometer thick sections
were stained with haematoxylin and eosin. All slides were observed
under microscope.

2.12. Statistical methods

Results obtained in vivo excision model expressed as Mean + SD
and were compared with the corresponding control group by one
way ANOVA test for assessing statistical significance.

3. Results
3.1. Quantification of flavonoids, phenols and tannins

The total flavonoid content in the aqueous formulation was
found to be 76.80 + 0.4 mg/gm when compared with standard
flavonoid i.e. quercetin. The phenol content in the formulation was
154.3 + 3.2 mg/gm equivalent to standard gallic acid whereas;
tannins were 366.9 + 1.4 mg/gm equivalent to standard catechin.

3.2. ABTS radical scavenging assay

The aqueous extract was found to scavenge the superoxides
generated by photoreduction of riboflavin in dose-dependent
manner. The extracts were investigated in comparison with the
known antioxidant such as ascorbic acid. The formulation made by
combining three plant extracts showed 69.9% inhibition at 250 ug/
ml. Increasing concentrations of formulation showed increasing
order of ABTS radical scavenging activity.

3.3. Quality control of formulation

The polyherbal formulation passed all the quality control pa-
rameters such as pH, spreadability-time in seconds, extrudability,
color, odour, smoothness, and grittiness. Cream formed was
consistent and nicely applicable to skin.

3.3.1. HPTLC analysis of catechin

Catechin was used as standard tannin and observed at 455 nm.
Concentration used for HPTLC was 50 pg/ml. Linearity was showed
by catechin using volume 2 pl, 4 pl, 6 pl, 8 pl, 10 ul. Tannins present
in polyherbal formulation were analyzed by comparing to catechin,
and observations were carried out in duplicate. Area observed for
formulation showed 1441.6.

3.3.2. HPTLC analysis of flavonoids

Quercetin was used as standard flavonoid and observed at
254 nm. Concentration used for HPTLC was 50 pg/ml. Linearity was
showed by quercetin using volume 2 pl, 4 pl, 6 pl, 8 ul, 10 pl. Flavo-
noids present in polyherbal formulation were analyzed by
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Fig. 1. Quantification of blood vessels.

comparing to quercetin. Observations were carried out in duplicate.
Area observed for formulation showed 21817.2.

3.4. Angiogenesis activity

The angiogenesis activity of polyherbal formulation was evalu-
ated by CAM assay. The quantification was carried out in chick
embryo by counting the primary vessels and vessels sprouted from
primary branches e.g. secondary, tertiary and quaternary branches
manually in selected areas (N = 5). Comparison for quantification of
blood vessels in control-treated, test-treated embryos was carried
out (Fig. 1). At 20 pg/ml concentration of formulation, significant
increase in tertiary and quaternary vessels angiogenesis was
observed as compared to control group p < 0.01. Fig. 2 indicates
pattern for normal angiogenesis as well as pattern for treated
embryos with control, 5 pg/ml, 10 pg/ml, 20 pg/ml.

5 pg/ml

10 pg/ml

3.5. Scratch assay to determine mobilization of fibroblast and
keratinocytes

In the present study, L929 (fibroblast) and HaCaT (keratinocytes)
cells were used in scratch assay. Using image analyzer, the time
required to close the gap in the confluent cell monolayer in pres-
ence of different concentrations of formulation were studied. The
time taken to close the gap was plotted and compared with un-
treated cell culture. The experimental results showed that formu-
lation at 5 pg/ml of concentration closed the gap in the scratch of
fibroblasts more efficiently as compared to control group p < 0.05.
Fig. 3A showed % fibroblast cell migration at specific time interval
and comparison of control with 3 pg/ml and 5 pg/ml of formulation.
However keratinocytes are fastidious cells and normally take 48 h
to close the gap in cell monolayer. In the present study, formulation
at the concentration of 3 pg/ml showed significant mobilization of

Control

20 pg/ml

Fig. 2. Blood vessels in egg embryo in control group and formulation treated embryos at 5 pg, 10 ug and 20 pg.
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Fig. 3. A: Cell migration using scratch assay in L929 cell line. B: Cell migration using scratch assay in HaCaT cell line

keratinocytes and closed the gap as compared to the control
without addition of formulation. Fig. 3B indicates % keratinocyte
cell migration at specific time interval and comparison between
control, 3 ug/ml and 5 pg/ml of formulation.

Photographs indicating comparative cell migration in non-
treated, standard drug-treated and formulation-treated is showed
in Fig. 4 for L929 (fibroblast) cells at 0 h and 8 h time interval and

Fig. 5 for HaCaT (keratinocyte) cells at O h and 44 h time interval to
heal gap completely.

3.6. Excision wound model

Control rats showed delayed contraction rate of the circular
excised wound when compared with the standard drug Cipladine-

Fig. 4. Scratch assay on L929 cells (Fibroblast cell line).



78 Y.P. Talekar et al. / Journal of Ayurveda and Integrative Medicine 8 (2017) 73—81

n Normal control at 0 hr

g rary

b
o :.!.A._____‘vﬁ e

o

Normal control at 44 hrs

Cipladine (10pg/ml) at 44 hrs &
(o o | s

217 0o X
it ST
y

ohe
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treated animal as well as test formulation-treated animals
(p < 0.001) (Table 1).

The aqueous extract formulation showed 99.2% wound
contraction which was greater than standard drug which showed
98.2% contraction of wound at the end of 15 days.

Both the test and standard drug treated animals showed sig-
nificant reduction in wound size as compared with control group
animals which showed 88.3% reduction (Fig. 6).

3.6.1. Biochemistry of wound healing

The aqueous extract formulation showed an increase in hy-
droxyproline, collagen and hexosamine levels per gram of dried
regenerated tissue compared to control group indicating efficient

wound healing. Hydroxyproline values of control animals were
32.3 + 3.5 ug/g, standard drug treated animals showed 48.9 + 3.9 ug/
g and test drug treated animals showed 63.6 + 5.6 ug/g of tissue.

Tissue hexosamine was observed 6.5 + 2.6 mg/gm in control
group, 21.40 + 1.30 mg/gm in standard drug-treated group and
28.4 + 2.2 mg/gm in test drug-treated animals, Collagen synthesis is
always directly proportional to hexosamine; control group showed
240.7 + 26.1 pg/gm of tissue, standard drug-treated animals
showed 365.0 + 29.3 pg/gm whereas 474.5 + 42.2 ug/g of tissue
collagen in test drug-treated group was observed (Table 2). Our
observations suggest that the polyherbal formulation showed
better and efficient wound healing properties than individual plant
extracts as evident.

Table 1

Effect of the polyherbal formulation on excision wound contraction in mm?
Groups 0 day 3rd day 6th day 9th day 12th day 15th day
Control 388.50 + 7.06 325.00 + 5.83 292.67 + 5.54 141.33 + 8.09 60.50 + 6.16 4533 £ 7.92
Std. 405.33 + 7.92 226.67 + 625" 149.83 + 9.83"" 61.83 + 643" 2333 +3.67"" 6.50 +2.43""
Polyherbal formulation 389.17 + 7.39 298.50 + 497" 204.67 + 446" 115.00 + 632" 43.17 £ 553" 3.00 + 179"

Values are expressed as Mean + SD (N = 6). Statistical analysis was done by one way ANOVA.

wkk

p < 0.05 when compared with control.
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CONTROL

STANDARD

Fig. 6. Healing pattern in excision wound at day 0 and day 15

3.6.2. Antioxidant activity in wound healing

The polyherbal formulation showed significant increase in
catalase, and GSH levels as compared to the control group. Control
group showed 1.82 + 0.6 U/gm, standard drug-treated animals
showed 3.88 + 0.6 U/gm and aqueous formulation-treated animals
showed 5.44 + 0.8 U/gm of catalase in dry tissue. GSH values
observed in control group, standard drug group and test drug
groups were found to be 173.3 + 37.3 mol/gm, 331.7 + 42.5 mol/gm
and 564.6 + 46.4 mol/gm respectively. Whereas the tissue MDA
values were higher in the control group 256.6 + 24.5 U/gm, but
standard drug-treated group showed 109.9 + 9.6 U/gm as well as
the formulation- treated group showed 83.8 + 5.6 U/gm i. e. the
significant reduction in levels of MDA noted using polyherbal
formulation (p < 0.001) (Table 3).

Table 2
Effect of polyherbal formulation biochemistry of wound healing

3.6.3. Histopathology using regenerated skin tissue

Neovascularisation, re-epithelialisation of epidermis and sub-
epidermal cells were seen in regenerated tissue of polyherbal
formulation treated animal. Also fibroblastic proliferation was
observed at the site of wound healing. Adjoining skin in standard
and test drug treated animals showed normal epidermis with
presence of increased amount of collagen. When wound was
completely healed, fibroblastic proliferation and vascular prolifer-
ation covered with granulation tissue was also observed in test and
standard drug treated animals.

Fibrous proliferation seen under normal epidermis dipper down
showed collagen fibers. Large area of scab formation with entrap-
ped polymorphs beneath the scab. Fibroblastic and vascular pro-
liferation with scanty mononuclear cell infiltrate was observed in
disease control (non-treated) animals (Fig. 7).

Table 3
Effect of polyherbal formulation on tissue antioxidant parameters

Groups Hydroxyproline Collagen Hexosamine
(ng/gm) (ng/gm) (mg/gm) Groups Catalase (U/gm) MDA (U/gm) GSH (moles/gm)
Control 323 +35 240.7 + 26.1 6.5+ 2.6 Control 1.82 + 0.6 256.6 + 24.5 1733 £ 373
Std. drug 48.9 + 3.9 365.0 + 29.3*** 214 + 1.3* Std. drug 3.88 +0.6™" 109.9 + 9.6 331.7 + 42.5™
Polyherbal 63.6 + 5.6°** 4745 + 42.2%** 284 + 2.2%** Polyherbal 544 + 0.8™" 83.8 £5.6™ 564.6 + 46.4™""
formulation formulation

Values are expressed as Mean + SD (N = 6). Statistical analysis was done by one way
ANOVA.
“*p < 0.001 when compared with Control.

Values are expressed as Mean + SD (N = 6). Statistical analysis was done by one way
ANOVA.

Hok

p < 0.001 when compared with Control.
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Fig. 7. Histopathology using regenerated skin tissue.

4. Discussion

A process of wound healing comprises of three phases i.e.
inflammation, angiogenesis and collagen deposition. An angiogen-
esis refers to the formation of new capillaries formed as band like
structures from pre-existing vessels adjacent to the wound. Dose-
dependant increase in blood vessels was evident by CAM assay
indicating active and effective angiogenesis activity in chick embryos
treated with the polyherbal formulation. Epidermal keratinocytes
undergo differentiation in response to several stimuli to form the
confined envelope that contributes the barrier function of the skin.
The predominant cell populations in mammalian skin are fibroblasts
and keratinocytes. Several in vitro studies utilize either or both of
these cell types as effective tools to directly visualize cellular inter-
action [38,39]. In this study, it was observed that 1929 fibroblasts and
HaCaT cells mobilize towards the artificially created cell injury under
the influence of plant extract formulation at different speed. Kera-
tinocytes were found to be fastidious as compared to L929 fibroblasts
according to their inherent characteristics.

Phytochemical analysis showed presence of flavonoids, phenols
and tannins in the formulation. Tannins are phenolic compounds
that typically act as astringent and are found in a variety of plant
products used in wound healing. The astringent property is
responsible for wound contraction and accelerates rate of epithe-
lialization at the granulation formation and scar remodeling phases
[40]. Therapeutic potential of a tannic acid cross-linked collagen
scaffolds is reported earlier and demonstrated significant effect in
wound closure and wound healing rate [41].

The present formulation showed significant wound contraction
as compared to control untreated group at the end of 15 days. For
healing of wounds, collagen is an important constituent of extra
cellular matrix. Collagen synthesis is always directly proportional
to hydroxyproline.

In the present study, hydroxyproline levels in newly formed
tissue were found to be significantly increased in polyherbal
formulation treated animals as compared to control group. Syn-
thesis of collagen formation accelerated in newly formed tissue
indicating increased collagen turnover after treatment with
formulation i.e. 200% over control and 130% over standard drug.

The conventional assays to determine efficacy of plant products
for wound healing comprises of painful invasive procedures in
animal models. In vitro assays described in this study enable us to
screen large number of plant products having antioxidant, cell
mobilization and angiogenic properties essential for wound heal-
ing. It was reported earlier that wound healing and antioxidant
properties co-exist in plant products [42]. Most often wound
healing processes can be aided by the presence of antioxidants.

Thus minimum essential parameters of wound healing proper-
ties of any herbal preparation could be screened using in vitro as-
says described in the present study, and unnecessary usage of
experimental animals could be avoided.

5. Conclusion

Polyherbal formulation prepared from the plant extracts (V.
negundo, E. officinalis and T. procumbens) accelerates wound healing
process by proliferation and mobilization of fibroblast and kerati-
nocytes, and promotes angiogenesis at the site of injury.
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