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ABSTRACT 

Objective: The aim of this study was to evaluate in situ antibacterial activity of topical preparations (ointment and cream) of ethanolic extract of 
fingerroot (Kaempferia pandurata) rhizomes against skin infection caused by Staphylococcus aureus in rabbits and determine the safety of topical 
preparations. 

Methods: Skin infection in rabbits was induced by injecting the suspension of S. aureus bacteria intracutaneously on the back of rabbits. In situ 
antibacterial activity test was performed by giving the ointment and cream of 3% ethanolic extract of Kaempferia pandurata rhizomes, and 3% 
oxytetracycline hydrochloride ointment as standard antibiotic on the back of rabbits that had been injected by S. aureus. Furthermore, test 
preparations were given for 30 days. The observed parameters were diameter of erythema, edema thickness, and diameter of pus. Those 
parameters were calculated as the total score. Dermal and ocular irritation tests were carried out in order to assess the safety of topical 
preparations. 

Results: In situ antibacterial activity test showed a total score of ointment of oxytetracycline HCl 3%, cream and ointment of 3% ethanolic extract 
was lower and significantly different (P < 0.05) with positive control. Macroscopically, skin infection on rabbits that were topically treated with 
ointment of oxytetracycline HCl 3%, cream and ointment of 3% ethanolic extract significantly healed earlier than positive control. 

Conclusion: Cream and ointment of 3% ethanolic extract of Kaempferia pandurata rhizomes had in situ antibacterial activity against skin infection 
caused by S. aureus in rabbits. Cream of 3% ethanolic extract of fingerroot rhizomes had the strongest in situ antibacterial activity that was 
comparable with ointment of oxytetracycline HCl 3%. Ointment and cream of 3% ethanolic extract of fingerroot did not irritate the skin and eyes of 
rabbits. 
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INTRODUCTION 

Bacterial skin infections or pyoderma are common in most 
developing countries, including in Indonesia. The prevalence of 
skin diseases in developing countries is 10-70%. Low level of 
hygiene, including difficulties to get clean water, hot and humid 
climate, and overcrowding population are etiologic factors for 
bacterial skin infections [1]. One of the pathogenic bacteria that 
cause infections in humans, namely Staphylococcus aureus. S. 
aureus is one of the main causes of bacterial skin and soft tissue 
infections in the world. The prevalence of skin infections caused 
by S. aureus is high especially in nosocomial infections [2]. Skin 
infections caused by S. aureus are boils, impetigo, and wound 
infection that if left untreated can extend to other parts of the 
body and cause dangerous bacteremia

Skin infectious disease is still a health problem in Indonesia, 
particularly among the low income society. Price of antibiotics that 
is relatively expensive is an obstacle for them to treat skin infections. 
Therefore, some of them using traditional medicine from plants. 
High prevalence of bacterial skin infections in low income society, 
the development of strains of S. aureus that is resistant to antibiotics, 
and treatment of skin infections with topical antibiotics which are 
relatively expensive, encourages scientists to search for new 
antimicrobial agents that are cheaper and effective. One alternative 
approach is to develop traditional medicine from medicinal plants 
into phytopharmaceuticals for treating bacterial skin infections. Up 
to now, there has been no phytopharmaceutical preparation to cure 
skin infections in Indonesia. There are some plants which have 
traditionally been used to treat skin infectious disease. One of 
medicinal plants that have potent antibacterial activity is Kaempferia 
pandurata.  

.  

Kaempferia pandurata or fingerroot is a ginger species that grows in 
Southeast Asia, Sri Lanka, India, and Southern Cina [3]. This species 
belongs to the family Zingiberaceae. The fresh rhizomes are utilized 

to treat inflammatory disease, such as dermatitis, swelling, wounds, 
dry cough and cold, tooth and gum disease, dental caries, diarrhoea, 
dysentery, and as a diuretic [4,5]. Previous research reported that 
the rhizome ethanolic extract of fingerroot had in vitro antibacterial 
activity against Staphylococcus aureus with minimum inhibitory 
concentration (MIC) 4-16 μg/mL [6].  

Research on fingerroot rhizome is still around to testing in vitro 
antimicrobial activity of extract and isolates. However, in situ 
antibacterial activity of fingerroot rhizomes against S. aureus skin 
infections in rabbits model has not been investigated. There were no 
data regarding the skin infections healing effect of fingerroot 
rhizomes, and to confirm their traditional uses as a remedy for skin 
disease. This research will evaluate in situ antibacterial activity of 
topical preparations of rhizome ethanolic extract of fingerroot 
against skin infection caused by S. aureus in rabbits model and 
determine the safety of topical preparations. The benefit expected 
from this study is to get the raw material for phytopharmaceuticals 
from plants in Indonesia and to encourage the development of 
phytopharmaceutical preparations of fingerroot rhizome, especially 
for treatment of minor skin infections caused by S. aureus that can 
be used as a cheaper alternative medicine which safe and effective. 

MATERIALS AND METHODS 

Materials 

Mueller Hinton Agar (MHA) and Mueller Hinton Broth (MHB) (Oxoid 
Ltd., Hampshire, England) were used as growth media for bacteria. 
Ointment of oxytetracycline HCl 3% as standard antibiotic was 
purchased from Kimia Farma, Indonesia. 

Plant collection and identification 

Fresh rhizomes of Kaempferia pandurata were collected from the 
garden in Tanjungkerta village, Sumedang, Indonesia. Determination 
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of plant was performed in Bandungense Herbarium [7-10], School of 
Life Sciences and Technology, Bandung Institute of Technology. 
Fresh rhizome was sorted, washed, chopped, and dried using oven 
(WTB binder) with temperature 40-45ºC for several days. Dried 
rhizome then be grounded into a fine powder. 

Chemicals 

All the chemicals used throughout this study were of technical grade. 
Ethanol 96%, yellow soft petrolatum, liquid paraffin, cetostearyl 
alcohol, and cetomacrogol 1000 were obtained from School of 
Pharmacy, Bandung Institute of Technology. 

Test microorganism and culture 

Test microorganism was Staphylococcus aureus that was obtained 
from the culture collection of School of Pharmacy, Bandung Institute 
of Technology. S. aureus was cultured aerobically in MHA and MHB 
medium. 

Preparation of extract 

The crude drug of fingerroot rhizomes extracted by reflux using 
ethanol 96% as solvent. The ethanol extract was filtered by filter 
paper (Whatman No. 1) and concentrated by rotary evaporator 
(Buchi R-125) to obtain viscous extract. The viscous extract was 
stored at room temperature protected from sunlight.  

Phytochemical screening of rhizome ethanolic extract 

The rhizome ethanolic extract of fingerroot were subjected to 
preliminary phytochemical screening for plant constituents, 
including examination of alkaloid, flavonoid, quinone, tannin, 
saponin, and steroid/triterpenoid [11]. 

Determination the susceptibility of bacteria 

In vitro susceptibility tests were performed in a 96-well microtiter 
plate to determine minimum inhibitory concentrations (MICs) of 
rhizome ethanolic extract of fingerroot and tetracycline HCl against 
S. aureus using standard Broth microdilution methods with an 
inoculum of 5 x 105

The melted base was poured into the ethanolic extract in the mortar, 
then stirred homogeneously until form semisolid mass. Oil/water 
cream preparations were made with the following formula: 3% 
ethanolic extract of fingerroot rhizome, 25% yellow soft petrolatum, 
10% liquid paraffin, 4% cetostearyl alcohol, 1% cetomacrogol 1000, 
and distilled water ad 100%. Oil phases that consisting of liquid 
paraffin, yellow soft petrolatum, and cetostearyl alcohol were heated 
to a temperature of 

 CFU/mL, according to the guidelines of CLSI 
standard M7-A8 [12]. The MIC was defined as the lowest 
concentration of antimicrobial agent that resulted in the complete 
inhibition of visible growth.  

Minimum bactericidal concentrations (MBCs) were established for each 
test sample. Briefly, medium (approximately 100 μL) from each well 
showing no visible growth was spread onto MHA plates. Plates were 
incubated at 37ºC for 24 hours or until growth was seen in the growth-
positive control plates. MBC was defined as the lowest concentration of 
antimicrobial agent at which all bacteria in the culture are killed or the 
lowest concentration of drug that kills 99.9% of the total initially viable 
cells [13]. 

Topical preparation of ethanolic extract of fingerroot rhizome 

Topical preparations were ointment and cream of 3% ethanolic 
extract of fingerroot rhizome. Three grams of viscous ethanolic 
extract of fingerroot rhizome were dissolved in ethanol 96% and 
used as an active substance. Occlusive ointment preparations were 
made with the following formula: 3% ethanolic extract of fingerroot 
rhizome, 92% yellow soft petrolatum, and 5% liquid paraffin. Bases 
that containing yellow soft petrolatum and liquid paraffin both 
melted in a water bath.  

70°C, and the water phases consisting of 
cetomacrogol 1000 and distilled water were heated to a 
temperature of 70° C. At the same temperature, the both phases 
immediately poured into a mortar, then stirring to form semisolid 
mass. Once cool, the base added to the ethanolic extract, and mixed 
until homogeneous. 

Experimental animals 

Healthy young adult male New Zealand albino rabbits were obtained 
from rabbit husbandry in Lembang, Indonesia. The rabbits were 
divided randomly into 3 groups of 3 rabbits each. Each rabbit that 
weighted between 1.5-2.5 kg (8 weeks old) was housed individually 
(one rabbit per cage). The animals were fed with standard pellet 
diet, fresh vegetables (carrot, cabbage), and tap water. The study 
complied the rules of animal handling and experimentation of School 
of Pharmacy, Bandung Institute of Technology. Throughout the 
experiments, all animals received human care according to the 
criteria outlined in the “Institutional Animal Care and Use 
Committee Guidebook” [14]. 

Experimentally induced skin infection 

Prior to testing, acclimatization of rabbits was conducted in the 
laboratory for 1 week. Experimental rabbits were shaved at the back 
without abrading the skin. The hair over both side of back for each 
rabbit was clipped short with hair scissors, then completely 
removed with an electrical hair remover. This depilation was carried 
out several days before the rabbits were inoculated by the test 
bacteria. After the hair had been shaved, selection the site of 
infection was done in one region each in the right and left on the 
back of rabbits with the distance of each region was ± 5 cm. By using 
70% ethanol to disinfect the inoculation area (two regions), waiting 
five minutes until the evaporation of ethanol. A 0.1 mL suspension of 
S. aureus bacteria aged 18-24 hours with 25% transmittance at λ 
530 nm (containing 108 CFU/mL of bacteria) in MHB solution was 
injected intracutaneously into each region of rabbits by a tuberculin 
syringe and a 23.5 gauge needles. Rabbits that had been inoculated 
by bacteria were then left for 24 hours. Application of topical 
preparations were made after 24 hours infected.  

Topical application of skin infection 

In each rabbit, one region on the right back served as test 
(application of cream or ointment of 3% ethanolic extract of 
fingerroot rhizome, or ointment of oxytetracycline HCl 3%), while 
the other region on the left back served as positive control (without 
treatment). Skin infections in group 1 animal were topically treated 
once daily with 0.5 g ointment of 3% ethanolic extract of fingerroot 
rhizome. Skin infections in group 2 were topically treated once daily 
with 0.5 g cream of 3% ethanolic extract of fingerroot rhizome. Skin 
infections in group 3 were topically treated once daily with 0.5 g 
ointment of oxytetracycline HCl 3% as a reference standard. To 
avoid contamination and infection by other bacteria, the infection 
site was dressed with sterile gauze. Furthermore, observation and 
treatment with the test preparations were conducted daily until the 
skin infection healed (30 days long).  

Estimation of skin infection healing 

Rabbits were examined daily for the development of macroscopic 
skin lesions. The observed parameters were diameter of erythema, 
edema thickness, and diameter of pus. The parameters were 
measured manually by calipers and calculated in millimeters. 
Observations included healing skin infection characterized by 
reduced erythema, edema, and pus in the rabbits. Evaluation of 
parameters were graded into the score as following below. 

Erythema score: 0 = no erythema; 1 = very mild erythema (diameter 
≤ 10.00 mm); 2 = mild erythema (diameter between 10.01 to 20.00 
mm); 3 = moderate erythema (diameter between 20.01 to 30.00 
mm); 4 = severe erythema (diameter between 30.01 to 40.00 mm); 5 
= very severe erythema (diameter > 40.00 mm). 

Edema score: 0 = no edema; 1 = very mild edema (thickness ≤ 0.10 
mm); 2 = mild edema (thickness between 0.11 to 0.20 mm); 3 = 
moderate edema (thickness between 0.21 to 0.30 mm); 4 = severe 
edema (thickness between 0.31 to 0.40 mm); 5 = very severe edema 
(thickness > 0.40 mm). 

Pus score: 0 = no pus; 1 = very mild pus (diameter ≤ 10.00 mm); 2 = mild 
pus (diameter between 10.01 to 20.00 mm); 3 = moderate pus (diameter 
between 20.01 to 30.00 mm); 4 = severe pus (diameter between 30.01 to 
40.00 mm); 5 = very severe pus (diameter > 40.00 mm). 
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Evaluation the safety of topical preparations 

The safety of topical preparations was examined by determining the 
primary irritation index on the back’s skin and ocular irritation 
index on the eyes of rabbits.  

Acute dermal irritation test / primary irritation test 

In this test, at least three healthy albino rabbits were used. Before 
the test, hair should be removed by closely clipping the dorsal area 
of the trunk of the rabbits without abrading the skin. Rabbits were 
allowed to stand for 24 hours before used. A total of 0.5 g of 
ointment and cream preparations that containing of 3% ethanolic 
extract of fingerroot rhizome were applied to a small area 
(approximately 6 cm2) of skin on the back and covered with a gauze 
patch, which is held in place with non-irritating tape (micropore). In 
each rabbit, one region on the right back used as control (not given 
the test preparations), while the other region on the left back served 
as test. Skin exposed for 4 hours of test preparations. After 4 hours 
of exposure, the test preparations were removed from the skin using 
water. All animals were examined for signs of erythema and edema, 
and the response scored at 1, 24, 48, and 72 hours after patch 
removal. Dermal reactions were graded and recorded according to 
the grades in OECD [15].  

Ocular irritation test 

Animals at least three albino rabbits were used. Ointment and cream 
preparations of not more than 100 mg were respectively placed in 
the conjunctival sac of one eye of each animal. The lids are then 
gently held together for about one second in order to prevent loss of 
the material. The other eye, which remains untreated, serves as 
control. At 24 hours, a washout may be used if considered 
appropriate. Observations were done after 1, 24, 48, and 72 hours 
after application of the material. Furthermore, assessment of the 
response occurs by calculating the score of the cornea, iris, 
conjunctiva, and chemosis 

The data obtained were analyzed using the Statistical package for 
the Social Sciences (SPSS) version 18. All values are reported as 

mean ± SEM (Standard Error Mean) and the statistical significance of 
differences among groups were assessed using one-way ANOVA 
with post-hoc Tukey LSD (Least Significance Difference). Value of P < 
0.05 was considered significantly different. 

[16]. 

Statistical analysis 

RESULTS  

Phytochemical screening of rhizome ethanolic extract 

Preliminary phytochemical screening of rhizome ethanolic extract of 
fingerroot showed the presence of flavonoids and 
steroid/triterpenoids.  

Determination the susceptibility of bacteria 

In vitro antibacterial activity of rhizome ethanolic extract of 
fingerroot was investigated in terms of minimum inhibitory 
concentration (MIC) and minimum bactericidal concentration (MBC) 
compared with commercially available standard antibiotic 
(Tetracycline HCl). MIC and MBC of rhizome ethanolic extract 
against S. aureus were 64 and 256 μg/mL, respectively. The MIC and 
MBC for tetracycline HCl against S. aureus were 0.5 and 16 μg/mL, 
respectively. 

In situ antibacterial activity of topical preparations 

In situ antibacterial activity test of topical preparations of rhizome 
ethanolic extract of fingerroot had been done on rabbits to complete 
in vitro antibacterial activity test against S. aureus. Skin infection in 
rabbits induced by injecting S. aureus intracutaneously (local) as 
much as 0.1 mL to the back’s skin of rabbits that have been sheared. 
In this study, each topical preparations using three rabbits.  

Each rabbit was injected on the right (positive control, no treatment) 
and left (treated with topical preparation) back. In this test, only 
used two test sites of infection of each rabbit. Test preparations 
were given 24 hours after injection. Parameters observed were 
diameter of erythema (reddening), edema thickness, and diameter of 
pus. The observation of these parameters had been conducted for 30 
days. The results obtained were made in the form of score of total 
parameters, then processed by one way analysis of variance 
(ANOVA) followed by LSD. 

 

 

Fig. 1: It shows effect of topical application on decrease the total score of skin infection in rabbits for 30 days 

 

Table 1: It shows total score of topical preparations on skin infection in rabbits that significantly differen

Day 

t 

Total Score (Score of diameter erythema + edema thickness + diameter of pus) 
Positive control Oxytetracycline HCl ointment 3% Ointment extract 3% Cream extract 3% 

0 2.41 ± 1.12 2.22 ± 1.30 2.33 ± 1.22 2.22 ± 1.20 
4 2.81 ± 1.04  2.00 ± 0.50* 2.56 ± 1.01 2.22 ± 0.83 
6  2.74 ± 1.02 2.22 ± 0.83 2.44 ± 1.01  1.89 ± 1.05* 
23 1.85 ± 1.03 1.11 ± 0.93 1.33 ± 1.00  0.22 ± 0.44** 
25 1.63 ± 1.04 1.00 ± 0.87  0.89 ± 0.78*  0.00 ± 0.00* 

Note: Values expressed as means ± SEM of 3 experimental animals in each group, Day 0 = observation after 24 hours of infection, before the 
treatment with topical preparations, * = Significantly different (P < 0.05) with positive control, ** = Significantly different (P < 0.05) with 
oxytetracycline HCl ointment 3%. 
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Fig. 1 demonstrated that oxytetracycline HCl ointment 3

They could decrease the total score of skin infection. Low total score 
means that they had the low score of erythema, edema, and pus. 
table 1 

%, cream 
and ointment of 3% ethanolic extract of Kaempferia pandurata 
rhizomes had lower total score than positive control.  

showed that on day 4 of treatment, the total score of 
oxytetracycline HCl ointment 3% was lower and significantly 
different (P < 0.05) with positive control. Total score of cream 
extract 3% was lower and significantly different (P < 0.05) with 
positive control on day 6 of treatment, and significantly different (P 
< 0.05) with 3% oxytetracycline HCl ointment on day 23 of 
treatment. Ointment of extract 3% had significantly different (P < 
0.05) with positive control on day 25 of treatment. Based on analysis 
of the total score of the parameters, oxytetracycline HCl ointment 

3% had the most rapid decrease in total parameters in the first 4 
days of treatment

However, after 4 days of treatment with 

 which indicated by significantly decrease of 
diameter of erythema, edema thickness, and diameter of pus. 

oxytetracycline HCl 
ointment 3%, the decrease of the total score was relatively 
constant and slower than cream extract 3%. Cream extract 3% 
decreased the total parameters quickly. On day 23 of treatment, 
the total score of cream extract 3% was lower and significantly 
different (P < 0.05) with oxytetracycline HCl ointment 3%. 
Meanwhile, ointment of extract 3% lessened the total score of 
skin infection slowly. This suggested that cream of extract 3% 
has more effective antibacterial activity than ointment of 
oxytetracycline HCl 3% in overcoming skin infections caused by 
S. aureus

Average Healing Time (Days) 

 in rabbits. 
 

Table 2: It shows effect of topical application on healing time of skin infection in rabbits 

Positive control Oxytetracycline HCl ointment 3% Ointment extract 3% Cream extract 3% 
33.11 ± 7.54 18.00 ± 0.00 26.00 ± 2.65 17.00 ± 1.73 

Note: Values expressed as means ± SEM

Day 

 of 3 experimental animals in each group 

 

Table 3: It shows healing pattern of skin infection by topical preparations in rabbits 

Positive control Oxytetracycline HCl ointment 3% Ointment extract 3% Cream extract 3% 
0 

 
6 

    
25 

    

Furthermore, table 3 exhibited that the pattern of skin infections healing by topical preparations include reduction in the intensity and diameter of 
erythema, thickening and drying of pus accompanied by edema, pus diameter shrinkage, peeling of dried pus, and reduction in the thickness of 
edema, and eventually erythema, edema, and the pus were gone, and the area around the skin infection fledged that indicating the infection has 
been cured. 

 

As shown in table 2, the most rapid healing time of skin infection 
caused by S. aureus in rabbits occured in the region that was given 
by cream extract 3% compared with oxytetracycline HCl ointment 
and ointment of extract. Cream of extract 3% significantly enhanced 
the acceleration of skin infections healing in rabbits. 

Acute dermal/primary irritation and ocular irritation test 

Acute dermal irritation test on the skin and ocular irritation test on 
the eyes of rabbits are very important to ensure the safety of topical 
preparations. This is to establish whether such preparations are 
irritating or not. Test method refers to the OECD [15,16]. Result of 
primary irritation test showed that score of Index Irritation Primer 
(IIP) = 0. This indicated that both the ointment and cream of 
rhizome ethanolic extract 3% were not irritating the skin of rabbits. 
Result of ocular irritation test performed that score of Index 
Irritation Ocular (IIO) = 0. This indicated that both the ointment and 
cream of rhizome ethanolic extract 3% were not irritating the eyes 
of rabbits. Ointment and cream extract 3% did not show any 
irritation on the skin and eyes compared with the control group

The skin serves a first line of defense against a wide range of 
bacterial invaders. When the integrity of the skin is compromised, its 
natural defenses weaken and a role for antibacterial agents emerges. 
The presence of moisture and skin trauma are mostly important 
factors in the pathophysiology of cutaneous infections [17]. 
Staphylococcus aureus is the main cause of skin and soft tissue 
infection, including folliculitis, furuncles, carbuncles, impetigo, and 
skin abscesses. Topical antibiotics can be used to treat localised skin 
bacterial infections such as impetigo, folliculitis, furunculosis (boils), 
carbuncles, and other minor skin infections. Topical antibiotic agents 
are available in a variety of dosage forms mainly as creams, 
ointments, powders, and dressings. The topical route offers several 
advantages, including the avoidance of systemic toxicity and side 
effects, the decreased induction of bacterial resistance, and the high 
concentration of antibacterial agent at the site of infection [18]. In 
this study, topical antibacterial preparations were made from 
ethanolic extract of fingerroot rhizome.  . 

DISCUSSION 
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Fingerroot rhizome contain many compounds, ranging from the 
flavonoid derivatives, chalcone derivatives, esters, terpenes, and 
terpenoids [3]. These compounds have shown to exhibit great 
medicinal potential. One of compounds that had been isolated and 
showed a potent in vitro antimicrobial activity against many bacteria 
was panduratin A [19-23]. Panduratin A, a natural chalcone 
compound isolated from the rhizomes of fingerroot has been 
reported to possess in vitro antibacterial activity against many 
bacteria. Panduratin A has also been reported to have strong in vitro 
antimicrobial activity against clinical Staphylococcus strains [20]. 

In this study, topical preparations (ointment and cream) were made 
with extract concentration of 3%. This concentration was chose 
based on the dose of commercially available tetracycline HCl 
ointment in the market that is 3%. At a dose of 3%, rhizome 
ethanolic extract of fingerroot had bactericidal activity against S. 
aureus (MBC 256 μg/mL). This is important due to the use of topical 
antibiotics, the active substance must be bactericidal to avoid 
development of bacterial resistance. Ointment of oxytetracycline HCl 
was used as standard topical antibiotic against skin infection. 
Topical use in the form of ointment 3% (application 1 or 2 times a 
day) is utilized to treat mild to moderate acne that characterized by 
inflammatory lesions such as papules and pustules. Tetracycline HCl 
topical (ointment) is designed to treat minor skin infections caused 
by Staphylococcus and Streptococcus [24]

Cream and ointment of 3% ethanolic extract of Kaempferia 
pandurata rhizome had in situ antibacterial activity against skin 
infection caused by S. aureus. Skin infection treated with cream of 

3% ethanolic extract of fingerroot significantly healed earlier than 
those treated with ointment of oxytetracycline HCl 3% and ointment 
of extract 3%. Ointment and cream of 3% fingerroot extract did not 
irritate the skin and eyes of rabbits. Our present documented 
findings may suggest the development of rhizome ethanolic extract 
of fingerroot as phytopharmaceuticals to treat minor bacterial skin 
infection caused by S. aureus. 
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