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Infections are the major problem in the healing of the wounds and uncontrolled 
infections lead to an increase in the morbidity and mortality. In the present study, 29 
clinical burn wound samples were assessed for burn wound sepsis-causing 
microorganisms. 51 microbial strains were isolated from the clinical samples of burn 
wounds and were subjected to antibiotic susceptibility testing. 28 isolates were 
identified as broad-spectrum antibiotic-resistant strains. The isolates were identified 
as belonging to Pseudomonas spp, Escherichia coli, Klebsiella spp, Enterobacter spp, 
Staphylococcus spp and Bacillus spp. 

The antimicrobial activity of the hot water extract and cold 50% alcoholic extract of 
Curcuma longa (Turmeric), Vitex negundo (nirgudi) and Allium sativum (Garlic) 
[TNG] were examined individually and the MIC against the isolates was determined. 

The extract was found to be inhibitory against Pseudomonas spp, Escherichia coli, 
Klebsiella spp and Enterobacter spp, Staphylococcus spp and Bacillus spp. The kill 
time study of the combination showed that it was bactericidal and effective in 4-6 hrs 
against the selected isolates. The cytotoxicity was examined. TNG combination 
exhibited 100.5 % control growth of Vero cell line at a concentration of 80 µg/ml, 
indicating it to be non cytotoxic and safe for topical application. 

KEYWORDS : Curcuma longa (Turmeric), Vitex negundo (nirgudi), Allium sativum 
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 Introduction  

Burn injuries are characterized by skin damage, consequently leading to dead skin 
cells. It affects severely or moderately all age group and gender (Akbari et al, 2015). 
Death too has been reported in first 48 hours of hospitalization but it depends upon 
the type of burn and total body surface area. Recovery of the burn wound depends 
upon the re-epithelisation of the cells, but the accumulation of the bacterial growth 
slows down the process of healing (Makoto et al, 2015). During the 48 hours, the 
nosocomial infection causes severe complication in the process of healing. 
Pseudomonas spp. and Klebsiella spp were most frequently identified in lesions 
(Nader, 2015). Many times the antibiotics administered for burn wounds are 
ineffective due to the bacterial acquisition of antibiotic resistance. 

A study reveals that in 2014, infectious diseases caused about 9 million deaths across 
the globe (Wang et al, 2016). Although over 50 years of extensive research have been 
published for achieving topical antimicrobial agents isolated from different sources 
(Zorofchian Kadir et al, 2014), have the capability to reduce the microbial load and 
henceforth reduce the risk of infections. But continuous administration of antibiotics 
leads to the development of antibiotic resistance in bacteria, and enhance the infection 
(Bell et al, 2014). One of the studies demonstrated the isolation of Pseudomonas 
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aeruginosa, Staphylococcus aureus, Acinetobacter spp and Klebsiella spp strain from 
nosocomial infection, developed resistance to gentamicin, piperacillin and 
ciprofloxacin antibiotics (Kulkarni, 2013). Medicinal plants have been used from 
ancient times to treat diseases in countries like India, Egypt, and China. Presently 
plant remedies are considered to be an effective way of infection control. 
Curcuma longa showed inhibitory activity against various skin infection (Vaughn 
A.R. et al, 2017) as well as other bacteria (Ilangovan Manikandan et al, 2018), 
(Chavan N.S. et al, 2017). Moreover oil and volatile organic content from the Allium 
sativum showed cidal effect to the bacterial pathogens (Morteza et al, 2014), (Cun, 
2018). And Vitex negundo also showed better epitheliazation in rat (Megendale and 
Mengi, 2012). Additionally, two pentacyclic tri-terpenoids present in this herb 
showed cidal activity. So we decided to explore the ability of all these three plants for 
the eradication of the microbial biofilm, and the bacterial accumulation in the burn 
wound, and also studied for its synergistic effect on the multi-drug resistant bacteria 
isolated from burn wound lesions. (Chandramu et al, 2003) 
In the current study, we have isolated and identified the broad spectrum antibiotic-
resistant strains from burn wound samples and studied the inhibitory effect of 
Curcuma longa (Turmeric), Vitex negundo (nirgudi), and Allium sativum extracts 
individually and in combination against the isolated strains. 
Material and Methods: 

Sample collection and isolation:  
Clinical samples of burn wounds from burn patients were collected by using sterile 
swabs and transported in sterile Ringer's solution from the Central hospital, 
Ulhasnagar, Mumbai and Masina Hospital, Byculla. Samples streaked on sterile 
Nutrient agar, MacConkey agar Sabrouds agar, HiCrome Bacillus agar, and 
Pseudomonas agar plates. The plates were incubated at 37°C for 24 hours. And gram 
nature of all isolates was identified.  
Screening of the multidrug resistance strains: The Antibiotic Susceptibility Testing 
(AST) of the isolates was carried out by Kirby Bauer disc diffusion method. The test 
cultures were surface spread and the antibiotic discs were kept on the surface of the 
agar plates. The antibiotics of different groups were used for the study such as 
Amikacin, Chloramphenicol, Colistin, Ciprofloxacin, Imipenem Gentamicin, 
Kanamycin, Penicillin G, Polymyxin B, Tetracycline, Tobramycin, and Vancomycin. 
The plates were incubated at 37°C for 24 hours. After incubation, the diameter of the 
zone was studied using Kirby Bauer chart (Bauer et al, 1966). 
Identification of multidrug resistance strains: 
Colonies grown on agar were further selected for identification. On the basis of 
colony characters, Gram’s nature and further biochemical tests, the isolates were 
identified using Bergey’s manual of Determinative Bacteriology 9th edition (Holt, 
1993).  
 
Preparation of herbal extracts: 

The plant parts were obtained from local places, market and authenticated by a 
botanist. Powder of Curcuma longa (Turmeric), Vitex negundo (nirgudi)and Allium 
sativum (Garlic) were used for the preparation of hot water extract and cold 50% 
ethanolic extract by traditional methods as follows,  
Hot water extract of individual herbals: - 30 g of powder of respective herbs were 
mixed with 300ml of water, heated in boiling water bath till the volume got reduced 
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to one-fourth of its original volume. This was filtered and evaporated to dryness at 
50-55˚C. The dried extracts were stored in refrigerator till use (Davis et al, 1950). 
Cold 50% alcoholic extract of individual herbals: 30g of powder of respective 
herbs were mixed with 300 ml of 50% ethanol and kept on the shaker for 48 hours. 
This was filtered and evaporated to dryness at RT. The dried extracts were stored in 
refrigerator till use (Davis et al, 1950). 
Hot water extract of the combination of all herbals: Combination of herbal extract 
was prepared by mixing 10 g of each 3 powder of herbs were collectively mixed in 
300ml of water, heated in boiling water bath till the volume got reduced to one-
fourth of its original volume. The sample was filtered and evaporated to dryness at 
50-55˚C. The dried extracts were stored in refrigerator till use (Davis et al, 1950). 

Minimum inhibitory concentration of herbal extracts  against Multidrug-
resistant isolates (MDR) by plate method: 
The extracts were dissolved in water and 50% ethanol. The extracts were used for 
testing the antimicrobial activity of herbal extracts. The dissolved extracts were mixed 
in sterile molten agar butts in concentrations of 1% and 0.5 % of extract and then 
plates were poured. The test cultures were spot inoculated on the plates and plates 
were incubated at 37˚C for 24 hrs. After 24 hrs the inhibition of growth of the isolates 
was observed (Edberg and Berger, 1983). 
Screening for Biofilm formers by Crystal violet microtiter plate assay: 
The isolated organisms were screened for biofilm formation using crystal violet 
microtiter plate assay. 170µl of nutrient broth was added into each well of microtiter 
plate. In what, 30µl of culture was added and incubated at 37˚C for 24 hrs. The 
medium was removed, wells were washed five times and air dried. The plate was 
stained with 150 µl of 1% crystal violet in water for 45 mins. Plates then washed for 
five times. 200µl of 95% ethanol was added to each well as a destaining agent. 100µl 
from each plate were transferred to the new microtiter plate. The concentration of 
crystal violate in destaining solution was measured by determining absorbance at 595 
nm using Multiscan plus ELISA reader (Reisner et al, 2006). 

Screening of antibacterial activity of plant extracts: The antibacterial activity of 
the plant extracts was checked against broad-spectrum antibiotic-resistant isolates by 
Agar ditch method. A ditch of 8.0cm X 1.5cm was made in the sterile nutrient agar 
plate (15ml). The extract was weighed according to the concentration required, then 
dissolved in the appropriate solvent and was added to molten agar and poured into the 
ditch. The cultures were streaked perpendicular to the ditch and parallel to each other. 
The plates were incubated at 37°C for 24 hours. Inhibition of the growth of organisms 
was observed after incubation. Solvent control plates were also maintained in the case 
of alcoholic extracts (Pawar and Nabar, 2010). 
 
Kill time studies of herbal extracts:  
Combination of herbal extracts was subjected to bactericidal time efficacy (contact 
time period). This study was performed to assess the activity of the antimicrobial 
agent in relation to time. The herbal ointment was formulated using 5 gm of 
petroleum jelly and incorporated with 50mg of herbal extract, which makes the final 
concentration 1% of the combination extract. Further, 2 ml of bacterial suspension 
was mixed with 5 gm of petroleum jelly based ointment  in a sterile plate. The 
mixture was then spot inoculated on a sterile nutrient agar plate at a time interval of 1 
hour in the range of 1 to 8 hours. The plates were incubated for 24 hours at 37°C. 
After incubation, the plates were screened for the growth. The hour at which the plate 
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showed no growth indicates the time taken for the extract to exert its bactericidal 
action (Pawar and Nabar, 2010). 
Cytotoxicity of extracts  

In vitro cytotoxicity of the combination extract against Monkey kidney (Vero) cell 
line (Vero) was determined by using sulforhodamine-B (SRB) assay. The cell line 
was harvested from exponential growth phase, grown on RPMI 1640 medium 
containing 10% fetal bovine serum and 2 mM L-glutamine. Cells were inoculated in 
96 wells microtiter plate.  After cell inoculation, the microtiter plates were incubated 
at 37°C, in 5% CO2, 95% air and 100 % relative humidity for 24 h prior to addition of 
experimental drugs. After 24 hours, 50% Tri chloro-acetic acid (50µl/well) was added 
at 40C for 1 hour, allowing cells to be fixed by Protein Precipitation. Aliquots of 10 µl 
of 100, 200, 400 and 800 µg/ml dilutions were added to the appropriate microtiter 
wells already containing 90 µl of cell suspension, resulting in the required final drug 
concentrations of 10, 20, 40 and 80 µg/ml. Fixed cells were stained for 15 min with 
0.4% SRB dissolved in 1% Acetic acid (50µl/well). Acetic acid was used to remove 
the unbound stain. Then plates were air dried. Bound protein stain was solubilised 
with 150µl 10Mmol/1 un-buffered Tris base and Optical Density was measured on the 
Elisa Plate reader at wavelength 540nm (Gaidhani et al, 2009). 
Result and discussion: 

Burn wound sample collection and Survey:  

Burn wound Samples were collected from Masina hospital, Byculla (Mumbai). The 
29 burn wound samples were collected from Masina Hospital, Byculla and The 
Central Hospital, Ulhasnagar. Among 29 patients 20 were males (74%) and 9 were 
females (26%) . Increased number of male indicated concurrence with the study 
obtained by Alaghehbandan R (2001), stated male is prone to burn injuries.  

The colonization of pathogenic organisms increases with the high percentage of the 
area and degree of burns. Komolafe O et al, (2003) and Oncul O et al, (2009) 
demonstrated a significant association between increasing burn size and increasing 
incidence of pathogenic organisms.     
Isolation and Identification of broad-spectrum antibiotics resistant strains from 
burn wound samples  

Total 51 organisms were isolated from the samples. Out of them, 44 were Gram 
negative and 17 were Gram positive organisms.  

Traditional antibiotics were evaluated for the resistance. Selected Antibiotics are as 
follow like Amikacin, Chloramphenicol, Ciprofloxacin, Gentamycin, Kanamycin, 
Penicillin, Polymyxin B, Tetracycline, Tobramycin, and Vancomycin. Pathogenic 
bacteria are efficiently inhibited by Amikacin, Colistin, Erythromycin and 
Doripenem. Further resistant strains were preceded for identifications by biochemical 
tests and microscopic techniques. All of the isolates were identified using Bergey’s 
manual of Determinative Bacteriology 9th edition. 
Significantly 28 isolates out of 51 isolates showed resistance to more than two 
antibiotics and are found to be resistant strains. 28 Broad-spectrum Antibiotic 
Resistance Strains were obtained, of which five isolates were of Escherichia coli i.e. 
36%, three isolates were of Klebsiella pneumonia, and Proteus spp (21%), four 
isolates of Staphylococcus spp (29%), two isolates were of Bacillus spp and 
Pseudomonas spp (14%). The graphical representation is presented in figure 1. 
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Figure 1: Comparative study of the resistant and sensitive strains isolated 
from clinical samples. 

However, a large number of organisms present in burn wound samples showed 
resistance against topical as well as systemic antibiotics such as Gentamycin, 
Ampicillin and Norfloxacin. This makes the treatment of the burn patients more 
complex and consequently chronic. 
Pseudomonas was the most prevalent organism isolated from the wound samples 
followed by Staphylococcus spp, Klebsiella spp and Proteus spp. The Pseudomonas 
spp can be considered to be the most prevalent organism which is in concurrence with 
the study conducted by Magnet M. et al, (2013). 

Minimum Inhibitory concentration: Individual plant extracts were evaluated for its 
minimum inhibition concentration against the test isolates. The study showed that 1% 
hot water extract of Curcuma longa extract was very effective against Pseudomonas 
spp as it has inhibited five resistant Pseudomonas spp strains. While 0.5 % of cold 
alcoholic extract of Curcuma longa was effective against resistant Pseudomonas 
strains .0.5 % of alcoholic extract of Allium sativum extract inhibited two strains of 
Pseudomonas spp and 1% of hot water extract of Vitex negundo inhibited four strains 
of resistant Pseudomonas while 0.5% inhibited one strain of Pseudomonas spp. It was 
observed that 1 % hot water extract of Curcuma longa and hot water extract of Vitex 
negundo inhibited two strains of Klebsiella spp and 1 % of cold alcoholic extract of 
Curcuma longa and Hot water extract of Vitex negundo was effective against one 
Proteus spp strain. The results are presented in figure 2. The test showed that water 
hot water extract of all three plants possess potent antimicrobial potential. 

       Figure 2: Determination of Minimum inhibition concentration of the extracts 
against the isolates 

Screening of biofilm formers:  
All isolates were screened for biofilm formation using microtiter plate assay. 96 wells 
plate was used for performing the qualitative assay. 11 isolates showed biofilm 
formation. Both Gram positive and Gram negative organisms were found to be the 
Biofilm formers. Three types of isolates of genus Staphylococcus, Klebsiella and 
Proteus showed biofilm formation.  One resistant isolate of each of them was selected 
for the further study. 

Figure 3: The antibiofilm activity of extract by Cr ystal violet microtiter 
plate assay. 

The antibiofilm activities of all the individual extracts were tested against the biofilm 
formers. The cold 50% alcoholic extracts of all three plants were found to be effective 
in case of Gram negative organisms. Among them, cold 50% alcoholic extract of 
Allium sativum and Vitex negundo showed maximum inhibition against Klebsiella 
spp up to about 64.528% and 62.642% of biofilm inhibition respectively. Cold 50% 
alcoholic extract of Curcuma longa also showed inhibition up to 58.113%. Results 
indicated that extracts prepared in 50% cold alcohol were effective against the biofilm 
of Klebsiella spp.  
Cold 50% alcoholic extract of Curcuma longa and Vitex negundo inhibited the 
biofilm of Proteus spp up to 47.436% and 49.145% biofilm inhibition respectively. 
Hot water extract of Curcuma longa (12.821%) and Vitex negundo (22.23%) as well 
as cold 50% alcoholic extract of Allium sativum (21.368%) showed the moderate 
inhibition of the biofilm of Proteus spp. In case of Staphylococcus spp, cold 50% 
alcoholic extract and Hot water extract of Vitex negundo showed inhibition 30.508% 
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and 25.847% biofilm inhibition respectively but in the range of 30% to 50% biofilm 
inhibition, which is not considered significant. 
 As results presented in figure no 3, hot water extracts of Curcuma long, Vitex 
negundo Allium sativum inhibited the biofilm of Klebsiella spp, Proteus spp and 
Staphylococcus spp. showed inhibition in the range of 30% to 50%. Moreover, water 
extract of all three plants inhibited less than 30 % of the biofilm of Proteus spp.  
MIC result of three extracts in the concentration of 1% showed inhibitory activity 
against MDR strains. Hot water extract of all three plants showed antimicrobial 
activity against broad-spectrum antibiotic resistant strains but apparently not effective 
against biofilm activity of the strains. 

Antimicrobial activity of the combination of extract: 

Since the MIC study showed the inhibitory activity of water extracts of Curcuma 
longa rhizome, Vitex negundo leaves, and Allium sativum against MDR strains. 
Inhibitory activity of the combinations of all three extract was studied against the 
strains by agar ditch method.  

Combination extract showed cidal effect against 7 MDR isolates out of 10 isolates 
including one Pseudomonas spp and three Klebsiella spp and three Enterobacter sp. 
By the study of combination extract, it has proven that the synergistic antimicrobial 
activities of hot water extract of the all three plants at up to 1 % exhibited the potent 
inhibitory activity against the most of the multidrug-resistant strain. 

Kill time study of the combination of extracts:  

Kill time study showed that the combination extract possesses antibacterial activity 
against Enterobacter spp. in 2 hours of contact time. While Klebsiella spp was 
inhibited in 4 hours and Pseudomonas spp was inhibited within 6 hours of contact 
time. 

Table 1:  Kill time efficacy of the combination of extracts. 

Table 1 indicates that the combination of the herbal ointment exhibited efficient kill 
time efficacy against Enterobacter spp. in comparison with Pseudomonas spp and 
Klebsiella sp. 
Cytotoxicity of extracts to monkey kidney cell line and human melanoma cell 
line:  
SRB assay was performed with Vero (Monkey kidney) cell line to investigate that the 
TNG extract is non cytotoxic. The combination of Curcuma longa (turmeric), Allium 
sativum (garlic), and Vitex negundo(nirgudi) (TNG) extract at concentration 80 µg/ml 
exhibited 100.5% control growth of Vero (Monkey kidney) cell lines. Here the 
percentage control growth was calculated as the ratio of average absorbance of the 
test well to the average absorbance of the control wells X 100. 
As compared with standard drug Adriamycin (ADR), which is known to be a strong 
cytotoxic drug, used in the treatment of cancer (Sadeghi-Aliabadi et al, 2010). 
Cytotoxicity of Range from 10 µg/ml to 80 µg/ml of TNG extract appeared to be non 
cytotoxic against Vero cell line. 

Figure 4: Growth Curve: Vero (Monkey Kidney) Cell L ine. 
The LC50 (Concentration of drug causing 50% cell kill), GI50 (Concentration of drug 
causing 50% inhibition of cell growth) and TGI (Concentration of drug causing total 
inhibition of cell growth values of extracts) were also evaluated which appeared more 
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than given range hence it is considered as non toxic to humans and can be used for 
topical application. 

Table 2: Cytotoxicity of Curcuma longa (Turmeric), Allium sativum 
(Garlic)  and Vitex negundo (Nirgudi) combination (TNG) extract on Vero Cell 

Line. 
Since, 10 µg/ml to 80 µg/ml of Curcuma longa rhizome, Vitex negundo leaves, and 
Allium sativum cloves showed no effect on a non-cancerous cell line i.e. Monkey 
kidney cell line (Vero). As Table 4 showed LC50, TGI and GI50 values of extracts 
appeared beyond 80 µg/ml concentration, indicated up to 80 µg/ml of extract can be 
safe to employ on the burn wounds.  

Conclusion 

Accumulation of the bacteria doesn’t only slow down the burn wound healing process 
but also can initiate secondary infection. As this study confirmed that the bacterial 
existence in burn wound lesion, which comprises of Pseudomonas spp, Klebsiella spp, 
Proteus spp, Staphylococcus spp. Escherichia coli, Bacillus spp, and Enterobacter spp.  
Pseudomonas spp genus were predominant among them. Risk can be further 
intensified by the acquisition of antibiotic resistance by a considerable number of 
bacteria. In order to minimize their potential risk, Curcuma longa rhizome, Vitex 
negundo leaves, and Allium sativum cloves examined for their antimicrobial activity 
against the burn wound isolates. The aqueous extract of all three plants individually as 
well as in combination exhibited antimicrobial activity against Enterobacter spp, 
Klebsiella spp, and Pseudomonas spp. While cold 50% alcoholic extracts showed 
significant antibiofilm activity. Combination of extracts inhibited Enterobacter spp 
within 2 hours of contact time. Additionally, the combination extract showed no 
cytotoxicity against Vero (Monkey kidney) cell line indicating it to be safe for topical 
application. 
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Tables: 

• Table 1:  Kill time efficacy of the combination of extracts. 

Bacterial genus Kill time  (In hours) 
Pseudomonas spp 6 

Klebsiella spp 4 
Enterobacter spp 2 

 
 

• Table 2: Cytotoxicity of Curcuma longa (Turmeric), Allium sativum 
(Garlic)  and Vitex negundo (Nirgudi) combination (TNG) extract on Vero 
Cell Line. 

 
 
 
 

 
 

Keys:  ADR- Adriamycin, LC50- Concentration of drug resulting in a 50% 
reduction in the measured protein at the end, TGI-, Total Growth Inhibition, 
GI50- Growth inhibition of 50%, NE-Non Evaluable Data 

 
 
 
 
 
 
 
 
 
 
 

Combination Extract LC50 
(in µg/ml) 

TGI 
(in µg/ml) 

GI50 
(in µg/ml) 

Vero cell line >80 >80 >80 

Adriamycin NE >10 >10 



Online International Interdisciplinary Research Journal, {Bi-Monthly}, ISSN 2249-9598, Volume-09, Issue-01, Jan-Feb 2019 Issue 

 

 
w w w . o i i r j . o r g                      I S S N  2 2 4 9 - 9 5 9 8 

 
Page 37 

Figures: 
• Figure 1: Comparative study of the resistant and sensitive strains isolated 

from Clinical samples 

 
 
 

• Figure 2: Determination of Minimum inhibition concentration of the 
extracts against the isolates. 

Keys: HWE- Hot water extract, CAE- Cold 50% alcoholic extract 
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• Figure 3: The antibiofilm activity of extract 

Keys:  HWE- Hot water extract, CAE

• Figure 4: 

Keys:  TNG
Vitex negundo (nirgudi) 
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Figure 3: The antibiofilm activity of extract by Crystal violet 
plate assay. 

Hot water extract, CAE- Cold 50 % ethanolic extract

Figure 4: Growth Curve: Vero (Monkey Kidney) Cell Line.

Keys:  TNG- Curcuma longa (turmeric), Allium sativum (garlic)
Vitex negundo (nirgudi) combination extract, ADR- Adriamycin
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by Crystal violet microtiter 

 

Cold 50 % ethanolic extract 

Growth Curve: Vero (Monkey Kidney) Cell Line. 
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