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Skin is the largest connective tissue in human body, 
which protects the body from external environment, 
maintains fluid homeostasis, responds to sensory stimuli 
and possesses self-healing ability. It is composed of 
highly cellular epidermis below which is the collagen 
rich extra cellular matrix known as dermis[1,2]. Wounds 
are injuries breaking the skin. Wound may cause loss 
of integrity as well as impair skin function to various 
extent ranging from severe disability to even death[3,4]. 
Conditions that may cause wounds include mechanical 
trauma, surgical procedure, decreased vascularization 
or aging. Wound healing is a cascade process, which 
involves many steps to repair the damaged tissue. It 
plays a vital role in preventing entry of foreign pathogen 
into the host and to restore the injured tissue to normal. 
Wound healing is classified into various phases; it 
begins with inflammation followed by tissue build up, 
granulation phase, scar remodeling and closure of the 
wound[5-7]. 

Since many decades mankind has been using plants to 
treat wounds, which accelerate wound healing through 
various mechanisms. The main advantage of the 
phytochemicals that are present in plants is that they are 
affordable. Wound healing property of phytochemicals 
has grabbed attention of many researchers[8]. Intense 
research is going on to identify the active constituents 
and mode of action of phytochemicals[9]. The medicinal 
value of plants can be attributed to the phytochemical 
constituents that affect physiology of human body[10]. 
Various plant constituents include phenolic compounds, 

saponins, steroids, terpenoids, alkaloids, essential oils, 
flavonoids and tannins[11].

Non-steroidal antiinflammatory drugs (NSAIDS), 
the most commonly used prescription drugs to treat 
inflammation exert their action by inhibiting both 
the enzymes, cyclooxygenase 1 and 2 (COX-1 and 
COX-2). Various NSAIDS inhibit COX enzymes 
to varying degrees[12]. Inhibition of COX enzymes 
results in decreased production of leukotrienes and 
prostaglandins. Decreased production of prostaglandins 
may affect the permeability of the endothelial cells 
whereas under production of hyaluronic acid results 
in decreased wound healing process[13,14]. NSAIDS 
also hinder the synthesis of thromboxane A2 resulting 
in decreased platelets aggregation thus increasing 
the chance of hematoma. Studies have shown that 
inhibition of thromboxane A2 delays the process of 
wound healing by interrupting angiogenesis[15,16]. 

In view of the above documented complications 
of NSAIDS, phytochemicals are regarded as better 
alternatives to treat inflammation. In this work, 
efforts were made to corroborate the efficacy of 
phytochemicals extracted from ginger (Zingeber 
officinale), turmeric (Curcuma longa), amla (Emblica 
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were prepared to determine antiinflammatory activity as 
shown in Table 1. Doses of poly-herbal formulations 
PHF-1, PHF-II and PHF-III were prepared in double-
distilled water containing 1 % w/v CMC as a solution and 
administered in respective doses. 

Excision wound[18] animals were secured to operation 
table and exposed to light ether anesthesia. A circular 
wound of about 314 mm2 was made on the sterilized 
dorsal thoracic region of each of the rat. The animals 
were divided into 5 groups of 6 rats each. The animals 
of group I and II served as control (untreated) and 
standard (treated with 1 % w/w framycetin sulphate), 
respectively. Animals of group III, IV and V were 
treated with 2, 4 and 6 %w/w poly herbal ointments 
respectively. The ointments are topically applied once a 
day, starting from the day of the operation till complete 
epithelialisation. The parameters studied were percent 
wound closure and epithelialisation time. The wounds 
were traced on mm2 graph paper on d 4, 8 and 12 
and thereafter on alternate days until healing was 
complete. The percent wound closure was calculated. 
The epithelialisation period was calculated based on 
the days required to shed the wound’s remnant dead 
tissue without any traces of raw wound. % closure = 
1–Ad/Ao×100, where, Ao is the wound area on day zero  
(314 mm2), Ad is the wound area on corresponding days.

Formalin-induced rat paw edema[19,20] model was 
developed in 11 groups of rats with 5 rats in each group, 
which were treated with vehicle, standard (diclofenac 
20 mg/kg) PHF-I, PHF-II and PHF-III (100, 300 and 
500 mg/kg, po), 1 h prior to formalin injection. About 
0.05 ml of 1 %w/v solution of formalin was injected 
into the subplantar tissue of left hind paw of each rat. 
Inflammation of the injected foot injected was measured 
at hourly intervals from 0 to 4 h using a plethysmometer. 
About 0.1 ml of vehicle was injected into the right hind 
paw of each animal. The reduction in paw volume is 
calculated as: % inhibition = Vc-Vt×100/Vc, where, Vc 
is the paw volume of control, Vt is the paw volume of 

officinalis), bitter orange (Citrus aurantium), aloe vera 
(Aloe barbadensis) and castor oil (Ricinus communis) 
in treating wounds and inflammation. 

The plant materials, ginger and turmeric rhizomes, 
amla fruits, peels of bitter orange, leaves of aloe vera 
and castor oil were purchased from the local market and 
authenticated in the Department of Botany, Kakatiya 
University, Warangal, India. Extracts were prepared 
adopting the procedures mentioned in earlier reported 
work[17] to study the wound healing and antiinflammatory 
activities. Ethanol, Polyethylene glycol (PEG) 4000, 
PEG 600, diclofenac, carboxymethylcellulose (CMC), 
double distilled water, framycetin sulphate ointment 
were used in the present study.

After obtaining permission from the Institutional 
Animals Ethics Committee (Application no: 2012/11/1/
S-II/5), for the animal study protocols, Wistar rats 
were procured from Sainaath Laboratories, Uppal, 
Hyderabad. Rats of either sex weighing 150-200 g were 
selected, maintained at 24-28°, housed individually 
with free access to food and water. They were fed with 
standard diet and kept in a well-ventilated animal house 
with alternate dark-light cycle of 12 h throughout the 
studies.

The extracts were mixed with alcohol and water (1:1) 
and screened for the presence of phytoconstituents 
using various chemical tests. Curcuma longa contained 
terpenoids and phenols. Zingiber officinale contained 
alkaloids, carbohydrates, proteins, amino acids, 
steroids, terpenoids, glycosides, flavonoids and phenols. 
Aloe vera contained saponins, proteins, amino acids, 
steroids, terpenoids, flavonoids and phenols. Citrus 
aurantium contained alkaloids, carbohydrates, steroids, 
terpenoids, glycosides, flavonoids, tannins and phenols. 
Emblica officinalis contained alkaloids, carbohydrates, 
saponins, steroids, terpenoids, glycosides, flavonoids, 
tannins and phenols.

After screening for phytochemicals, the next step was to 
formulate the polyherbal preparations. Three formulations 
were prepared to determine wound healing and 
antiinflammatory potential. An ointment with water soluble 
base was the first choice due to the ease of preparation and 
also the ease of cleaning after application. PEG ointment 
base with a mixture of PEG 4000 and PEG 600 in ratio 
3:7 was found to have sufficient consistency, thus suitable 
for ointment preparation. Ointments were prepared with 
concentrations of 2 % (test-1), 4 % (test-2), 6 % (test-3) 
w/w of extracts. All the above formulations were prepared 
by fusion method. The prepared formulations were then 
evaluated for consistency and stability. Three formulations 

Extracts
% concentration of extract used in 

formulations
PHF-I PHF-II PHF-III

Aloe vera 1 % w/w 3 % w/w 3 % w/w
Citrus aurantium 3 % w/w 1 % w/w 3 % w/w
Curcuma longa 1 % w/w 3 % w/w 3 % w/w
Emblica officinalis 3 % w/w 1 % w/w 3 % w/w
Zingiber officinalis 1 % w/w 3 % w/w 3 % w/w
Castor oil 3 % w/w 1 % w/w 3 % w/w

TABLE 1: COMPOSITION OF POLYHERBAL 
FORMULATIONS I, II AND III
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test. Statistical analysis was performed using one way 
ANOVA followed by Dunnet’s comparision test. The 
values are expressed as mean±standard error mean.

Phytochemical studies indicated the presence of various 
constituents as shown in Table 2. In all polyhedral 
formulations there was no considerable change in 
characters like colour, odour and consistency and there 
was no phase separation observed during the course of 
study. Also, no patches on rat skin were observed during 
skin irritant test. The scar area in control rats on d 4, 8 
and 12 were found to be 247.83±4.79, 174.33±2.73 and 
73±6.26 mm2, respectively. Similarly, framycetin-treated 
rats have shown respective scar areas of 135.66±3.38, 
81±2.36 and 32.5±2.07 mm2 on d 4, 8 and 12. Scar 
areas after treatment of poly-herbal formulations (2, 4 
and 6 % w/w as ointment) on d 12 were 29±2, 25±2.36 
and 8±2.82 mm2, respectively. Percent closure of scar 
area in control rats and framycetin-treated rats on the 
last day of study (i.e. d 12) were found to be 76.75 and 
89.64 %, respectively (fig. 1). Epithelization times in 
control rats and framycetin-treated rats were found to 
be 20.33±0.74 and 15.16±0.37, respectively. The poly-
herbal formulations (2, 4 and 6 % w/w as ointment) have 
shown epithelization times of 14.66±0.47, 13.66±0.74 
and 10.83±0.68, respectively. 

Acute inflammation induced by formalin resulted 
from cell damage, which triggers the production of 
endogenous mediators like histamine and bradykinin. 
Edema produced by formalin was significantly 
p<0.01) inhibited by PHFs (100, 300 and 500 mg/kg, 
po, Table 3). Thus, it could be concluded that PHFs 
possessed antiinflammatory activity, which could be 
mediated via inhibition of prostaglandin synthesis 
might have a potential benefit for the management 
of inflammatory disorders. PHF-III has shown 
significant antiinflammatory activity than PHF-I and 
PHF-II in comparison to diclofenac. The order of 
antiinflammatory activity of formulations were PHF-

III>diclofenac>PHF-II>PHF-I.

The poly-herbal ointments (2, 4 and 6 % w/w) have 
exhibited significant wound healing activity on d 4, 8 
and 12. There is a substantial decrease in scare area 
in rats (percent closure of scar area 90.76, 92.03 and  
97.45 %) treated with 2, 4 and 6 % poly-herbal ointments 
when compared to rats treated with framycetin. 
Epithelization also improved considerably in poly-
herbal ointment treated rats than framycetin-treated 
rats. Wound healing and antiinflammatory activities 
could be due to the presence of flavonoids, phenols, 
amino acids, terpenoids and tannins in the formulations.

From these studies it was evidenced that poly-
herbal formulations have shown noticeable effect 
in accelerating wound healing in comparison to 
conventional allopathic treatment. Poly-herbal 
formulations containing extracts of rhizomes, 
curcuma, aloe vera have depicted improved wound 
healing in normal and diabetic rats[21]. Aloe vera was 

Chemical class Curcuma longa Zingiber officinale Aloe vera Citrus aurantium Emblica officinalis
Alkaloids - - - + +
Carbohydrates - + - + +
Saponins - - + - +
Proteins - + + - -
Amino acids - + + - -
Steroids - + + + +
Terpenoids + + + + +
Glycosides - + - + +
Flavonoids - + + + +
Tannins - + - + +
Phenols + + + + +

TABLE 2: PHYTOCHEMICAL STUDIES OF VARIOUS EXTRACTS

 The symbols (+) means present, (-) means absent

Fig. 1: % wound healing by the poly-herbal formulations at 3 
different doses on d 4, 8 and 12
Data represents % wound closure by the poly-herbal 
formulations at 3 different does on d 4, 8 and 12, ( ) control, 
( ) standard, ( ) formulation I, ( ) formulation II, ( ) 
formulation III
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reported to accelerate the process of wound healing by 
influencing various phases like inflammation, collagen 
synthesis and wound contraction[22]. Another study also 
corroborated that both oral and transdermal aloe vera 
was effective in wound healing[23]. Significant wound 
healing in rabbits was seen with curcuma longa and 
honey when compared to control[24]. 

This work as well as previous studies on poly-
herbal formulations gave evidence that the poly-
herbal formulations are safe and effective in treating 
inflammation and wounds. It is advisable to conduct 
clinical studies to prove that these have better clinical 
utility compared to NSAIDS. 
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