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Abstract

Background: This particular study emphasis on the in vivo wound healing and in vitro antibacterial activity of
herbal lotions preparated from Ethanolic extract of Justicia tranquebariensis, Aloe vera and Curcuma longa.

Methods: Each plant powder (10 g) was soaked in 30 ml of ethanol in a sterile bottle for 48 h at 4 °C. Herbal lotion
formulation I (10%) and II (20%) was prepared. Antibacterial activity by Agar Well diffusion method for three medicinal
plant lotions was tested against skin and wound pathogens, like Staphylococcus aureus, Bacillus subtilis, Escherichia coli
and Klebsiella pneumoniae. The excision wound model was employed for wound healing activity in albino rats. Healthy
albino rats (150-200 g) of either sex were taken for excision wound model. Animals were divided into four groups of six
animals in each. The Group 1 is control. The Groups 2 and 3 animals were treated with 10% and 20% ointment of herbal
lotion and Group 4 animals were treated with Soframycin that served as standard. All animals had free access to pelleted
food and water. Temperature was maintained at 23 ± 1 °C. The results were expressed as mean ± SEM. Further sample
tissues were fixed in 10% buffered formalin, processed and blocked with paraffin at 40–60 °C, and then sectioned into
5 μm thick sections. The significance of differences between the means was analyzed by student’s t- test followed by
Turkey’s test.

Results: Complete wound healing was observed with lotion formulation I and II treated rats in 15 days as that of
Soframycin ointment. These findings were further confirmed by histological examination of granulation tissue with
a lesser amount of collagination and absence of inflammatory cells.

Conclusion: The findings from this research indicates that the ethanol extract of Justicia tranquebariensis, Aloe vera
and Curcuma longa are effective in inhibiting the growth of wound associated pathogen and faster the process of
wound healing.
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Background
Wound is the disruption of cellular and anatomic continuity
of living tissue produced by physical, chemical, electrical or
microbial insults to the tissue. Wound healing is the dy-
namic process of regeneration or repair of broken tissue [1].
Normal wound-healing response begins with injury and is a
concentrated sequence of events. The healing cascade is
activated when platelets aggregate and the release of clotting
factors resulting in the deposition of fibrin clot at the site of
injury [2]. The fibrin clot serves as a provisional matrix and
sets the stage for the subsequent events of healing.

Inflammatory cells also arrive along with the platelets at the
site of injury providing key signals known as cytokines or
growth factors. The fibroblast is the connective tissue
responsible for collagen deposition that is needed to repair
the tissue injury. In normal tissues, collagen provides
strength, integrity, and structure. When tissues are disrupted
following injury, collagen is needed to repair the defect and
restore anatomic structure and function [3].
Hence, there is a need for herbal based wound healing

agents. Curcuma longa has anti-inflammatory, anti-
microbial and wound healing property [4]. Aloe has anti-
inflammatory activity, increase degree of cross-linking [5]
and also used as moisturizing agent.* Correspondence: dona.thiraviadoss@gmail.com
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The rationale behind the selection of above microbial
stains is based on the literature survey as referred below.
Staphylococcus aureus and Escherichia coli were the
most common causative agent of wound infections [6, 7].
Klebsiella pneumoniae was associated with nosocomial
infections burn wound infection and sepsis in surgical
wounds [8]. Bacillus subtilis was associated with nosocomial
infection and could cause secondary diseases and infections
such as bacteremia, septicemia, and wound infection in
hospitalized patients, especially patients who had the im-
paired immune system [9].
In present study herbal lotion was prepared and its

feasibility was checked by wound healing activity in
albino rats as compared to Soframycin ointment.

Methods
Plant collection and processing
Stem of Justicia tranquebariensis, succulent leaves of Aloe
vera and rhizome of Curcuma longa were collected from
Semmalai hills. Their taxonomic identify was confirmed
using local flora [10]. The plants were washed three times
in running tap water to remove the soil particles and other
unwanted waste materials. Cleaned plants were chopped
into small pieces and shade dried at room temperature.
The dried plant samples were pulverized using a blender
and the powder were collected in a clean glass bottles and
stored until further use.

Preparation of NA broth
Staphylococcus aureus, Bacillus subtilis, Escherichia coli,
and Klebsiella pneumoniae were procured from Doctors
Diagnostic Centre, Tiruchirappalli and subculture in
nutrient broth with the help of sterile inoculation loop.
The pure cultured nutrient broth was kept overnight at
37 °C. After that, the culture was maintained in freezer
for further use [11].

Preparation of plant extract
Each plant powder (10 g) was soaked in 30 ml of ethanol
in a sterile bottle for 48 h at 4 °C. There after the extract
was filtered and allowed to evaporate and the residue
was weighed. The solvent free dried extract residues
were resuspended in ethanol and stored in refrigerator
for herbal lotion preparation [12].

Herbal lotion
Herbal lotion formulation I (10%) and II (20%) was
prepared by dissolving Justicia tranquebariensis, Aloe
vera and Curcuma longa extracts as given in (Table 1).
To this Petroleum Jelly and White soft paraffin was
added and the mixture was stirred. Petroleum jelly and
white soft paraffin, (British Pharmacopoeia, 1988) was
used as a hydrocarbon (oleaginous) base.

Antibacterial activity by agar well diffusion method
The prepared lotion was studied for its activity against
gram positive bacteria (Staphylococcus aureus, Bacillus
subtilis) and gram negative bacteria (Escherichia coli,
Klebsiella pneumoniae).
The antibacterial activity of the extracts was determined

by agar well diffusion technique. 20 ml of nutrient agar
media was transferred into petriplates and they were left
undisturbed for 1-2 h. Bacterial culture (0.5 μl) was trans-
ferred into petriplates using cotton stick and evenly spread
with the help of sterile bent glass rod. Cups was made in
Petri plates using sterile cork borer having diameter of
6 mm and each formulation was added into well. Then
bacterial plates were incubated at 37 °C 24 h [13]. Anti-
bacterial activity was determined by measuring the zone
of inhibition around each well using zone reader [14].
Measured inhibition zones were recorded as mean
diameter in mm.

Evaluation of in vivo wound healing activity
Study setting
Ethical approval to the study was obtained from the Srimad
Andavan Arts and Science College institutional animal
ethics committee (Vide No. SAC/IAEC/BC/2016/Ph.D-001)
(Appendix - I). Albino rats (150-200 g) were housed in
standard plastic rat cages with stainless steel coverlids and
wheat straw was used as bedding material. The animals were
kept at the animal house of Department of Biochemistry,
Srimad Andavan Arts and Science College, Tiruchirappalli.
All animals had free access to pelleted food and water.
Temperature was maintained at 23 ± 1 °C.
The animals were divided in to four groups as given

below. Each group consisted of six animals each.

� Group I – Normal Excision wounded animals
without treatment

� Group II – Normal Excision wounded animals with
Low dose (10%) treated for 15 days.

� Group III – Normal Excision wounded animals with
High dose (20%) treated for 15 days.

� Group IV - Normal Excision wounded animals with
Standard Drug Soframycin treated for 15 days.

Excision wound model The rats weighing (150 to 200 g)
were selected and their hairs from dorsal thoracic central

Table 1 Constituents of herbal lotion
Ingredients Formulation I (10%) (in g) Formulation II (20%) (in g)

Justicia tranquebariensis 1 2

Aloe vera 0.75 1.5

Curcuma longa 0.5 1

Petroleum Jelly 6.75 13.5

White soft paraffin 1 2
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region were shaved after anaesthetized to a diameter of
30 mm with the aid of rizor blades. The anticipated area
of the wound was marked on the shaved skin. Skin wound
were created with aid of toothed forceps, surgical blades
and pointed scissors. The wound was cleaned with cotton
swab soaked in alcohol.
The two herbal formulations and Soframycin ointment

were applied on wound once daily for 15 days starting
from the first day of wounding. Wound contraction was
measured for 15 days at interval of 2 days [15]. Contraction
which mainly contributes for wound closure was studied
by tracing the raw wound area on transparent paper every
alternate day till wounds were completely covered with
epithelium. These wound tracings were retraced on a milli-
meter scale graph paper, to determine the wound area.
Wound contraction (WC) was calculated as a percentage
change in the initial wound size i.e.

Percentage Wound Closure¼ Initial wound size–specific day wound sizeð Þ
Initial Wound size�100

Epithalization period was monitored by noting the
number of days required for Escher to fall away, leaving
no raw wound behind.

Histopathology study of wounds The healing tissues
from all groups of animals were obtained on 15th day
and processed for histological study. Sample tissues were
fixed in 10% buffered formalin, processed and blocked
with paraffin at 40–60 °C, and then sectioned into 5 μm
thick sections with the help of microtome section and
stained with hematoxylin-eosin and observed under
microscope for any histological changes [16]. The differ-
ent animal groups were assessed and the results were
compared with control groups.

Statistical analysis The results were expressed as mean
± SEM. The significance of differences between the
means was analyzed by student’s t- test followed by
Turkey’s test. A P-value< 0.05 was considered significant.

Results and discussion
Antibacterial activity of plant lotion
The lotions I & II exhibited excellent antibacterial activity
against all the selected bacteria. Among the four test or-
ganisms E. coli, and Klebsiella pneumoniae were inhibited
by formulation I and II. Moderate inhibition was noticed
against Staphylococcus aureus and Bacillus subtilis. It was
observed that, inhibitory action was highest for gram nega-
tive bacteria, followed by gram positive bacteria Table 2.
J. tranquebariensis; A. vera and C. longa were part of the

traditional system of medicine for treating skin conditions
by topical applications onto the affected area [17–19]. All

chronic wounds were colonized by bacteria, with low
levels of bacteria being beneficial to the wound healing
process. Wound infection was detrimental to wound heal-
ing, but the diagnosis and management of wound infec-
tion was controversial, and varies between clinicians.
There was increasing recognition of the concept of critical
colonization or local infection, when wound healing may
be delayed in the absence of the typical clinical features of
infection. The progression from wound colonization to
infection depends not only on the bacterial count or the
species present, but also on the host immune response,
the number of different species present, the virulence of
the organisms and synergistic interactions between the
different species [20]. There was increasing evidence that
bacteria within chronic wounds lived within communities,
in which the bacteria were protected from host defences
and develop resistance to antibiotic treatment.
An appreciation of the factors affecting the progres-

sion from colonization to infection could help clinicians
with the interpretation of clinical findings and microbio-
logical investigations in patients with chronic wounds.
An understanding of the physiology and interactions
within multi-species wound may aid the development of
more effective methods of treating infected and poorly
healing wounds. The emergence of consensus guidelines
has helped to optimize clinical management [21].

Wound healing activity
In excision wound study, wound contraction rate was
identical to the ointment and the herbal formulations
(I and II). Complete healing was observed in 14th day
in all treated groups Table 3 while untreated group

Table 2 Results of antibacterial activity of herbal lotion by agar
well diffusion method

Test organism Zone of Inhibition in mm**

10% 20%

Staphylococcus aureus 10,11,13 12,13,15

Bacillus subtilis 10,12,13 11,13,15

E. coli 10,11,12 12,14,15

Klebsiella pneumoniae 11,12,13 12,13,14

**Zone measurement

Table 3 Rate of Wound Contraction and Epithelialization in
experimental animals

Groups Wound Contraction (cm) Rate of
Epithelialization (Days)0th Day 15th Day

Group I 2.08 ± 0.06 1.62 ± 0.05 15.50 ± 0.56

Group II 2.15 ± 0.02 1.23 ± 0.02 10.33 ± 0.42

Group III 2.13 ± 0.05 0.62 ± 0.04 6.83 ± 0.31

Group IV 2.17 ± 0.03 0.37 ± 0.04 4.50 ± 0.34
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(control) and group IV (cream base) animals took
more than 15 days for healing of wounds Fig. 1.
There was a significant increase in percentage of

contractibility from day five onwards in herbal lotion
treated rats when compared with control rats. The wound
contracting ability of animals treated with ointment
containing (20% w/w) herbal lotion was found to be signifi-
cantly higher (P < 0.001) on 15th day when compared to
the control group. A better healing pattern and reduction
in period of epithalization was observed in herbal lotion
20% w/w treated group.
Results obtained in the present study suggested that

treatment of excision wounds with herbal lotion of
J.tranquebariensis, A. vera and C. longa has accelerated
the wound healing process. The results showed that
Soframycin increased the collagen content of the skin
and contributed to wound strength. The wound healing
potential of the herbal lotion may be attributed to the
presence of a mixture of phytoconstituents including
flavonoids and tannins [22].
Therapeutic use of medicinal plants was an alternative

health care option for those living in rural areas.
Dependence on medicinal plants by the rural people was
governed by economic factors, ease of availability and

the strong belief in the plant remedies. The use of
medicinal plants for treating various ailments ranging
from acute to chronic conditions has become a way of
life for many indigenous people in rural communities.
Based on regular usage, many indigenous people were
familiar with the different uses, preparations and identi-
fication of medicinal plants. Traditional herbalists and
herb-sellers were the main sources of distributing infor-
mation and prescriptions on medicinal plant remedies in
rural communities [23].
The histopathological studies revealed Fig. 2 that the

wounds treated with herbal lotion (20%) showed a dis-
continuous epidermis, with mild vacuolization and less
amount of collagination and absence of in inflammatory
cells. The rats treated with (10%) herbal lotion showed
extensive necrosis and collagination with disturbed epi-
dermis. The Soframycin treated animals showed hyper
granulation and evidences of inflammatory cells. Restoration
of adnexa, and extensive fibrosis and collagen tissue within
the dermis observed. The control group of rats showed
normal histopathological architecture.
The maturation and remodeling phase of wound heal-

ing has cell population decreased and collagen depos-
ition will be increased in granulation tissues which form

Fig. 1 Photographical representation of wound treatment
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the scar. The Fig. 2 shows the histopathological studies
of granulated tissue from control to treated group
(GROUP-I, GROUP-II GROUP-III GROUP-IV). The
hematoxylin and eosin staining were used for the
complete loss of collagen and the same was observed in
group-1 and group-3. The Group-3 (20%) dose resulted
with significant wound-healing activity by decreasing
period of vacuolization formation of granulation tissue.
The synthesis of collagen by increased rate of wound
contraction was compared to the control animals. Accu-
mulation of inflammatory cells was observed in group-4,
compared to treated groups of 2 and 3where the inflam-
matory cells were absent.
Wounds were physical injuries that resulted in an

opening or break of the skin. The most common symp-
toms of wounds were bleeding, loss of feeling or func-
tion below the wound site, heat and redness around the
wound, painful or throbbing sensation, swelling of tissue
in the area and pus like drainage [24]. Proper healing of
wounds was essential for the restoration of disrupted
anatomical continuity and disturbed functional status of
the skin. It was a product of the integrated response of
several cell types to injury.

This process was a complex phenomenon and it
mainly comprises of 3 phases: inflammatory phase,
proliferative phase and maturational or remodeling
phase. The inflammatory phase was characterized by
haemostasis and inflammation. Proliferative phase was
followed by epithelialization, angiogenesis and collagen
deposition. In the maturation phase, the wound under-
went contraction resulting in a smaller amount of
apparent scar tissue [25–27]. Granulation tissue formed
in the final part of the proliferative phase after the
topical application of herbal lotion at both low (10%)
and high (20%) was composed of collagen and epider-
mis. The high dose 20% herbal lotion treated animals
showed better results than the reference drug Soframycin
treated group though both the dose of herbal lotion
treated group showed a significant increase in hydroxy-
proline content. Collagen was composed of hydroxypro-
line and amino acids. Hydroxyproline has been used as a
biomarker for tissue collagen and the collagen was the
major components which supports and strengthen the
extracellular tissue [28].
The enhanced capacity of wound healing with the plant

was on the basis of anti-inflammatory effects of the plant

Fig. 2 The Histopathological studies of granulated tissue
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that were well documented in the literature [29]. Study on
animal models showed enhanced rate of wound contrac-
tion and drastic reduction in healing time than control,
which might be due to enhanced epitheliasation. Many
studies indicated that plant products were potential agents
for wound healing and were largely preferred because of
the absence of unwanted side effects and their effective-
ness [30]. Any agent who accelerates the above processes
was a promoter of wound healing. The application of
medicinal concoctions from plants to treat skin lesions, in
particular wounds had a long tradition. Plants with wound
healing activity have been reported and experimentally
studied on various animal models to reveal the most active
promising compounds [31].

Conclusion
All the above results indicate the effectiveness of herbal
lotions in enhancing wound healing activities. The herbal
lotion prepared from extract of Justicia tranquebariensis,
Curcuma longa, and Aloe vera showed marked reduction
in wound area in comparison to control group when
examined for wound healing activity by topical application
in albino rat.
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