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Background: Azadirachta indica (leaves), Salvadora  persica (sticks) and Calendula officinalis 

(flowers) are being used in various ailments and skin infections individually. It has a range of 

pharmacological activities like antioxidant, antifungal, antibacterial and wound healing. There is 

a scarcity of scientific evidence on the formulation of polyherbal gel containing these plants. 

Objectives: The current study is aimed at formulating a poly herbal gel using plant extracts 

having superior antibacterial activity. The prepared formulation will be examined for its physical 

properties (pH, viscosity, and spreadability) antibacterial study and dermal irritation test. 

Methodology: Standard methods were used to conduct studies on ethanolic extracts of A. 

indica (leaves), S.  persica (sticks) and C. officinalis (flowers). Individual plant extract’s 

antimicrobial activity was studied against Escherichia coli (ATCC No. 8739), Staphylococcus 

aureus (ATCC No. 25923), Pseudomonas aeruginosa (ATCC No. 9027) and yeast Candida 

albicans.  Physicochemical properties of polyherbal gel and skin irritation test were performed 

according to standard guidelines.  

Results: The antimicrobial activity of ethanolic extracts was observed against gram positive, 

gram negative bacteria and yeast Candida albican. On the basis of their antimicrobial activity, 

5% w/w polyherbal antimicrobial gel was formulated by incorporating all three extracts in equal 

ratio, which are then evaluated for physical properties and antimicrobial assay. Acute dermal 

irritation test of polyherbal gel according to the OECD 404 guideline was conducted on the 

healthy skin of albino rabbits. The results revealed that animals not showed any signs of 

irritation, redness, inflammation and oedema. The physical parameters and stability study 

revealed that the formulated polyherbal gel was found stable at different temperature and 

compatible to skin. The microbiological studies exhibited significantly strong (p < 0.05) activity 

against S.  aureus, E. coli, Ps. aeruginosa and C. albicans.  

Conclusion: The present study concluded that prepared polyherbal gel is safe and can be 

used effectively as antimicrobial formulation against various skin infections. 

Keywords: A. indica, S. persica, C. officinalis, polyherbal gel, antimicrobial 

activity, dermal irritation test. 

I N T R O D U C T I O N  

Green medicines are considered as effective 

antimicrobial agents for treatment of multiple skin 

problems due to less side effects commonly 

associated with synthetic antimicrobials. Globally 88% 

population relies on natural medicines for their 

wellbeing [1]. To treat topical lesions plant derived 

formulation is gaining significant attention these days 

[2]. Numerous variety of medicinal plants are rich 

sources of secondary metabolites that contributes to 
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their wide use as an antibacterial agent to treat skin 

conditions [3]. 

 Azadirachta indica belongs to Meliaceae family, 

which is a native to many Asian countries including 

Pakistan. This plant species have potent 

phytochemical constituents (nimbin, nimbidin, 

nimbolide and limonoids) that play an important role 

in cure of diseases through multiple genetic ways. 

The earliest antifungal and antibacterial polyphenolic 

flavonoids compounds isolated from fresh neem 

leaves were Quercetin and ß-sitosterol [4]. Previous 

researchers have summarized various therapeutic 

roles of neem as it has been an excellent anti-

inflammatory, anti-arthritic, antipyretic, hypoglycemic, 

gastric ulcer, antimicrobial and antitumor activities [5]. 

Calendula Officinalis commonly known as Marigold 

(yellow to bright orange colored flowers) belongs to 

the family Asteraceae, the Sunflower Family. The 

plant is reported for anti-inflammatory, analgesic 

dermagenic, anti-oxidative and antimicrobial, 

anthelmintic, carminative, anti-spasmodic, anti-

pyretic, antiseptic, anti-emetic and anti-viral properties 

[6-8]. Salvadora persica L (miswak, toothbrush tree) 

belongs to Salvadoraceae family and is distributed in 

Africa, Iran, Pakistan, India, Sri Lanka and Middle 

Eastern countries [9]. Since long S. persica is used to 

maintain oral hygiene and treat gum infections [10]. 

The reported pharmacological activities of S. persica 

are anti-inflammatory, analgesic, antipyretic, anti-

rheumatic anti-microbial, anti-plaque, diuretic and 

bitter gastric effects. Scientifically reported 

phytochemical constituents are vitamin C, 

trimethylamine, salvadourea, salvadorine, tannins, 

saponins and cyanogenic glycosides [11]. On the 

basis of reported data, a polyherbal gel containing 

herbal extracts was formulated due to its proven 

antimicrobial activity.  

Although these plants acquire excellent antibacterial 

properties, they are not easy to use in their raw state 

and apply to the skin surface. Therefore, the present 

study used ethanolic extracts of Azadirachta indica 

(leaves), Calendula Officinalis (flowers) and 

Salvadora Persica (sticks) to prepare polyherbal gel 

to promote their effective use as antimicrobial agents. 

The formulation thereafter checked for pH, viscosity, 

spreadability, physical appearance, antibacterial 

activity, and dermal irritation test. 

 

 

M E T H O D O L O G Y  

Collection of plant material 

Three plants, A. indica leaves, S. persica sticks and 

C. officinalis flowers were purchased from 

marketplace of Karachi and identified by taxonomists. 

Herbarium identification numbers 134, 135 and 136 

respectively were issued and submitted to the 

PCSIR's Herbarium. After identification and 

authentication by taxonomists, the plant material was 

washed and air-dried for seven days then ground into 

powder. 

Extraction of herbal material 

Ethanol and distilled water (70:30 ratio) was used to 

soak the grounded plants material for 7 days. 

Afterwards, filtration was done by passing each plant 

material through muslin cloth and then passed 

through Whatman filter paper. Rotary evaporator 

(40°C) was used to take out excess solvent to get a 

solid yield. 

Herbal Gel Formulatiom 

The herbal gel based on extracts was prepared in two 

steps. In the 1st step, ethanol extracts of plants were 

weighed in equal amounts and dissolved in ethanol. 

In 2nd step, the carbomer 940 polymer was dispersed 

in an aqueous suspension, followed by the addition of 

DMDM as a preservative and propylene glycol as a 

skin moisturizer to prepare a gel. It is infused with 

polyherbal extracts to improve the spectrum of the 

gel. The mixture was made viscous and neutralized 

with triethanolamine [12] Table 1. 

Physical evaluation of the Polyherbal gel 

The polyherbal gel formulation was inspected for 

following physicochemical parameters [13]. 

pH measurement  

The pH meter was used to measure pH. Standard 

buffer solutions of pH 4, 7, 9 were used to   calibrate 

prior to each use.  Electrodes were dipped into the 

samples at room temperature 10 min prior to reading 

(Table 2). 

Viscosity 

Gel’s viscosity was studied using Brookfield 

Viscometer (DV - II ULTRA, USA) at 0.3, 0.6 and 1.5 

rpm, using spindle # 7 at 30C (Table 2). 

 



Development and Evaluation of Antimicrobial Poly-herbal Gel Formulation for the Treatment of Various Skin Infections 

ISSN (Print): 2521-8514  ISSN (Online): 2521-8484                         94  RADS J. Pharm. Pharm. Sci. 

 

94 

Table 1: Gel Composition  

S No. Ingredients Quantity (%) 

1.  Polyherbal Ethanolic extract 5 

2.  Ethanol 2.5 

3.  Carbomer - 940 1 

4.  Propylene glycol 2 

5.  Triethanolamine 0.5 

6.  Water q.s to 100 ml 

7.  DMDM 0.3 

8.  Phenoxyethanol 0.2 

Table 2. Physical Parameters of the Gel. 

 
pH 

 
Viscosity 

 

 
Spreadability 

(gcm/s) 

 
Extrudability 

 
Centrifugation 

Test 

0.3 rpm 0.6 rpm 1.5 rpm 

6.06±0.11 225x103 92500 36533 27.68 Good NSL 

NSL=No separation of layer 

Table 3. Stability Study. 

Parameters 

Storage condition at 

7th  day 15th  day 30th  day 

8ºC 40ºC 8ºC 40ºC 8ºC 40ºC 

pH 6.0±0.11 6.13±0.057 6.11±0.11 6.21±0.01 6.15±0.05 6.20±0.04 

Colour 
Slightly  

brown 

Slightly 

brown 
Slightly 
brown 

Slightly 
brown 

Slightly brown Slightly brown 

Consistency Semisolid Semisolid Semisolid Semisolid Semisolid Slight liquid 

Centrifugation Test 
Not 

separated 

Not 

separated 

Not 

separated 

Not 

separated 
Not separated Not separated 

Extrudibility Good Good Good Good Good Good 

 

Spreadability 

For spreadability study, wooden block and glass slide 

apparatus was used. The spreadability was 

determined as the function of time in seconds. A rich 

sample was placed between two slides and unvarying 

thickness is achieved by putting certain amount of 

weight to compress it. A 70 g weight was kept and 

time required for two slides to separate was recorded. 

Spreadability was calculated by formula given below: 

S = M.L / T 

M = weight kept on upper slide, L = glass slides 

length, T = time taken to separate the slides. 

 

 

 

Extrudability  

The prepared gel was filled in a squeezable tube. The 

gel extrudability was determined in grams and 0.5 cm 

long strip of polyherbal gel was extruded in 10sec. 

Centrifugation Test 

For centrifugation test, 10g of gel was added in a 

tapered test tube. In centrifugation, formulation was 

circulated for 15 min at 3000 rpm at room 

temperature. 

Stability Study 

The short-term stability (30 days) of control (base) 

and polyherbal gel was checked at 4±0.1 and 

40±0.1°C temperature with 75% humidity to observe 

physical and chemical characteristics like pH, color, 

appearance, and centrifugation test [14]. Results are 

mentioned in Table 3. 
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Antimicrobial Evaluation 

Microbial Culture 

Primary cultures of each organism were purchased 

from reliable source. The bacterial culture used was 

Escherichia coli (ATCC No. 8739), Staphylococcus 

aureus (ATCC No. 25923) and Pseudomonas 

aeruginosa (ATCC No. 9027) and the yeast Candida 

albicans. 

Antimicrobial activity 

Agar well method was used for antimicrobial activity 

[15]. For bacterial strains E. coli, S. aureus and Ps. 

aeruginosa Tryptic Soya agar was used while 

Sabouraud Dextrose Agar was used as media for the 

yeast C. albican. 0.1ml inoculums (106 CFU/ ml) of 

gram positive and negative bacteria and C. albican 

was thoroughly mixed under sterile condition with 20 

ml molten sterile agar and poured into pre-sterilized 

petri plates. The petri plates left undisturbed for 30-40 

min at 4ºC. After settling of media, the holes were 

made by sterile borer. Holes were filled with 0.1ml of 

all extracts separately (1mg/ml was prepared by 

dissolving the extract in DMSO). Chloramphenicol 

disc was used as standard. Plates having Gram-

positive and negative bacteria incubated for 24 hours 

at 37°C. The plates containing C. albicans incubated 

for 48 hours at 28°C. The zones of inhibition were 

measured in millimeters and compared to standard. 

Acute Dermal Irritation study 

Dermal irritation study was performed according to 

OECD guideline 404 [16, 17]. White six healthy adult 

male rabbits with intact skin (1.5-2.0 kg) were 

carefully selected after a 7days   acclimatization 

period to ensure their suitability for test. The animal’s 

room temperature was 22±3°C with 30-70% relative 

humidity level followed by twelve hours light and dark 

cycle.  The conventional laboratory diet with an 

unlimited drinking water was supplied to all animals. 

The animal's fur on dorsal area of trunk was carefully 

clipped to expose approximately 6 cm² of skin on day 

before test. 0.5g prepared gel was placed to test area 

of skin and covered with a gauze patch, with the help 

of smooth tape while 0.5g gel base was applied as 

control in the same manner. 4 hours later all samples 

were removed and skin was examined for any 

redness and swelling immediately and after 1, 24, 48 

and 72 hours according to the skin reaction scoring 

system (Table 4). 

Table 4. Antimicrobial Activity of 5% herbal extracts and polyherbal gel (Zone in mm). 

Microorganisms Ethanolic extract Polyherbal 
gel 

Standard 

Chloramphenicol S. persica C. officinalis A. indica 

E. coli 25.16±0.28 28.16±0.28 28.83±0.28 30.4±0.52 31.83±0.28 

S. aureus 28.83±0.28 28.33±0.57 29.33±0.57 30.20±0.20 32.06±0.11 

Ps. auroginosa 25.13±0.23 27.66±0.50 27.33±0.57 28.40±0.52 30.83±0.76 

C. albican 28.73±0.25 27.70±0.26 29.50±0.50 30.23±0.25 31.16±0.76 

 

 

Figure 1. Antimicrobial Activity of 5% herbal extracts and polyherbal gel compare to standard. 
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R E S U L T S  

Physical evaluations of formulation 

The results of pH, spreadability, viscosity and other 

parameters of polyherbal gel containing A. indica, S. 

persica and C. officinalis extracts are shown in Table 

2. It was found that the developed formula has a pH 

of 6.0± that is compatible with skin. In centrifugation 

test, the phase separation was not observed. The gel 

viscosities were 225x103, 92500 and 36533 at 0.3, 0.6 

and 1.5 rpm respectively while the formulation’s 

spreadability was also good and acceptable.  

The prepared polyherbal gel and control base was 

investigated under different storage conditions to 

check its stability at 4°C and 40°C. The physical 

parameters such as color, appearance and odor 

investigated for the period of 1 month. The pH of 

formulated gel was found between 6.62- 7.08 (Table 

3). The prepared gel did not show any remarkable 

change in appearance, odor or color after 30 days. 

No phase separation was noticed in centrifugation 

test of base and prepared gel. There was no change 

in consistency, spreadability and extrudability in 

formulation and its base at 4°C and 40±1°C during 30 

days study. 

Antimicrobial Activity  

The antimicrobial activity of the individual herbal 

extract and polyherbal gel formulation were 

performed against E. coli, S. aureus, Ps. aeruginosa 

and yeast C. albican  (Table 4, Fig 1). The ethanolic 

extracts of A. indica (leaves) S. persica (sticks) and 

C. officinalis (flowers) exhibited excellent antimicrobial 

activity at 5% concentration. Maximum antimicrobial 

zone of inhibition 29.50±0.50 and 29.33±0.57 were 

observed by A. indica at 5% concentration against C. 

albican and S. aureus respectively. Significant 

antimicrobial activity was also exhibited by C. 

officinalis against all microorganisms in the range of 

27.66±0.50 to 28.33±0.57 and maximum activity was 

achieved against S. aureus. S. persica also revealed 

excellent antimicrobial activity against E. coli, S. 

aureus, Ps. auruginosa and yeast C. albican in the 

range of 25.13±0.23 to 28.83±0.28 at 5% 

concentration. Maximum antibacterial activity 

exhibited by S. persica against S. aureus. Ethanolic 

extract of A. indica showed maximum activity against 

C. albican (yeast) while S. persica and C. officinalis 

extract showed maximum antibacterial activity against 

S. aureus.  On the basis of these results a polyherbal 

gel is formulated by combining these extracts in equal 

ratio and then antimicrobial activity of formulated gel 

is again evaluated against microorganisms. As 

compared to antimicrobial activity exhibited by 

individual ethanolic extracts, poly herbal gel has 

greater antimicrobial activity against both gram-

negative and gram-positive bacteria and C. albican 

(yeast). Polyherbal gel showed largest zone of 

inhibition 30.23±0.25 against C. albican and also 

showed significant antibacterial activity in the range of 

28.40±0.52 to 30.20±0.20 against all other bacteria. 

This is may be due to synergistic effect of chemical 

constituents of herbal extracts. Chloramphenicol 

10mg was used as a standard broad spectrum 

antibiotic. Antimicrobial zones exhibited by polyherbal 

gel were close to the standard zone of inhibition 

ranges from 30.83±0.76 to 32.06±0.11mm against all 

microorganisms. 

Table 5. Standard skin reactions scoring system. 

Reaction: Erythema Score Reaction: Edema Score 

No erythema 0 No edema 0 

Very slight erythema 1 Very slight edema 1 

Well defined erythema 2 
Well defined edema (edges of the area well defined 

by defined raising) 
2 

Moderate to severe erythema 3 Moderate edema (raising approximately 1 mm 3 

Severe erythema (beet redness) to 

eschar formation 
4 

Severe edema (raising more than 1 mm and 

extended beyond the area of exposure 
4 
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Table 6. Dermal irritation reaction after removing patch. 

Rabbit 

NO. 

Polyherbal gel Gel Base 

60 min 24 hours 48hours 72hours 60 min 24 hours 48hours 72hours 

E O E O E O E O E O E O E O E O 

1 Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil 

2 Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil 

3 Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil 

4 Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil 

5 Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil 

6 Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil Nil 

Erythema= E, Oedema=O,PDII=0.00 

 

Acute Dermal Irritation Test 

At 72 hours, no sign of erythema, edema or ulceration 

were observed in test and control sites of all animals 

(Table 6). The primary irritation index score of poly-

herbal gel and gel base were calculated using the 

formula given below. It was found to be 0.00 that is 

non irritant. 

Primary Dermal Irritation Index (PDII)  

=  sum of erythema / oedema                 

    No. of test sites x grading interval 

After PDII, scoring was classified according to Draize 

method of classification (Table 5). 

D I S C U S S I O N  
To develop new therapeutic agents, plants are 

recognized as an essential source of potentially 

beneficial constituents with little or negligible after 

effects. In comparison to creams and ointment, 

topical application of gel enables the rapid absorption 

of drug directly at the site of action [18, 19]. These 

days gels are broadly acceptable as choice of 

vehicles for drug application topically. Herbal extracts 

with specific medicinal properties are incorporated 

into dosage forms as an active ingredient to gain 

extra benefits [20]. 

S. aureus, E. coli, Ps. auruginosa, B. subtilis A. niger 

and candida albican are reported for skin lesions [21, 

22]. The antimicrobial properties and wound healing 

potential of A. indica [23, 24], S. persica [25, 26] and 

C. oficinale [27] have been investigated earlier on 

some pathogens separately. However, it is not easy 

to utilize it on skin surface in raw form. Therefore a 

poly herbal gel is formulated containing extracts of 

these plants.  

Chemical constituents of A. indica, S. persica and C. 

oficinale are considered to be having antioxidant, anti-

inflammatory, analgesic and antiseptic and wound 

healing properties [28]. Although herbal products 

contain natural preservatives but their quality must be 

maintained for ensuring the efficacy and safety of the 

gel. The Physico-chemical testing and stability studies 

are well-known methods for proving the efficacy of 

herbal products [13]. According to ICH guidelines 

short-term stability studies demonstrated that the 

polyherbal gel were stable at 8°C and 40°C with no 

change in pH, color, viscosity or spreadability. On the 

basis viscosity and spreadability results it can be 

conclude that polyherbal gel had good applicability. A 

literature search revealed that all extracts were 

individually known to have potential antimicrobial 

effects but no literature is available on antimicrobial 

activity of herbal based gel containing A. indica, S. 

persica and C. oficinale.  

During skin irritation study, no signs of irritation, 

redness, and inflammation were observed. The gel 

prepared was smoothly spreadable and readily 

absorbed on the skin and was homogeneous without 

any lumps observed. This study clearly indicated that 

polyherbal gel formulation was very potent against 

pathogenic bacteria and safe for skin. The likely 

reason for its effectiveness is presence of active 

photochemical constituents that demonstrate 

antimicrobial activity and showed synergistic effect in 

this formulation.  

C O N C L U S I O N  
Studies have shown that polyherbal gels prepared 

with ethanolic extracts of Azadirachta indica, 

Salvodora persica, and Calendula officinal at a 

concentration of 5% did not cause skin irritation after 

performing a patch test. Physical analysis, stability 

studies and antimicrobial activity of formulated 

polyherbal gel confirms its potency and effectiveness. 
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Therefore, this formulation is safe for use on human 

skin. Antimicrobial activity of polyherbal gel was found 

to be significant as broad spectrum antibiotic standard 

chloramphenicol. The effect of polyherbal gel is 

considered to be synergistic effect of all the plant 

constituents. Plant extract at a concentration of 5% 

showed significant antimicrobial activity of the 

formulation. 
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