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Abstract

Major problems of wound management and therapy are bacterial infection and wound sepsis, which in worst case may lead to
mortality. The status of infection determines the class of wound. Invasive infection is injurious to host cells. Wounis healing
becoming challenging due to the emergence of antibiotic resistant microbes. The present study evaluates the use of neem
turmeric, kuppaimeni, aleovera along with penicillin, ciprofloxacin, metrogel, cefadroxil, , gentamycin, and neomycin against
pathogens isolated from burn wound. Among the isolates the predominant pathogePseudsreonas aeruginosa, E.coli,

and Staphylococcus aureus. Sensitivity of the isolates to antibiotics and herbal formulations were performed by agar well
diffusion and disk diffusion method. A#l aeruginosaisolates were resistant to penicillin, metrogel, cefadroxil,, gentamycin,and
neomycin but sensitive to ciprofloxacin and bacitraEinoli isolates were resistant to vancomycin, penicillin, metrogel and
cefadroxil. S saureus was resistant to gentamycin, neomycin, ciprofloxacin, penicillin and silvergel. But use of herbal extracts
increased the sensitivity of organisms to antibiofcseruginosa showed an inhibition zone of 20mm to ciprofloxacin but
addition of turmeric, neem, kuppaimeni and aloevera shifts the inhibition zone from resistant to intermediate sensitarity wit
inhibition zone of 26mm, 29mm and 33mm respectively. Similarly addition of turmeric increased the zone of inhibiti@mfrom 1

which is intermediate to 15mm which is sensitive zoneHaerugenosa to cefadroxil. Thus the study reveals the prevalence of

multi drug resistant pathogens in burn wound. Use of herbs is an easy and efficient way of reducing the opportunities for
microbes to develop resistance to drugs by combination with antibiotics. Chitosan(0.5%) was used as an antimicrobial agent and
it showed 25 mm, 27mm and 20 mm agaitest uginosa, Saureusand E.coli. But when chitosan was used with 5mg of ethanolic

extract of neem, the respective inhibition zones increased to 29mm,32mm and 25mm. 5mg of ethanol extract of aloeveda gel showe
anincrease in zone to 28mm,30mm and 24mm respectively.

Keywords: Burn wound, Multi Drug ResistancBseudomonas, neem, turmeric,kuppaimeni and aleovera.

Introduction million people in United States require treatment for burns

Skin is a mechanical barrier between internal organs a§@ch year, and between 3,000 and 4,000 die of severe burns.
the external environment and a protective barrier againstvakasiis an active town and a municipality in Virudhunagar
disease-causing organisms. Wound damages the sigistrict in the Indian state of Tamil Nadu. It is the capital
integrity. Burn injuries are more common in the eIderI)Pf India’s firecracker industry with about 8,000 factories.
population and young children. Burns are injuries to skiff Produces 90 percent of the total fireworks output.
tissue caused by heat, electricity, radiation or chemicals@0king at the activeness of the people, Pandit Jawaharlal
According to the National Institute of Health, more than MNehru, the first Prime Minister of India nicknamed Sivakasi
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as “Kutti Japan” which means “Little Japan”. It contributéotanical wealth and a large number of diverse types of
80% of India’s total safety matches production, 90% gilants grow in different parts of India. Plants are the richest
India’s total fireworks production, and 60% of India’s totatesource of drugs of traditional systems of medicine,
offset printing solutions. It is one of the highest Saleshodern medicine, nutraceuticals, food supplements, folk
Excise/Customs Duty paying towns in India. Fire accidentaedicines, pharmaceutical intermediates and chemical
is becoming common occupational hazard in sivakasi.Hugaetities for synthetic drugs (Hammetral., 1999). Herbal
explosion in a fire cracker unit happened in September 20d®dicine is still the mainstay of about 75 - 80% of the
which costs a life of many individuals. Recovery from firavhole population, and the major part of traditional therapy
accidents is very hard as the internal system is completatyolves the use of plant extract and their active constituents
exposed to heat. Moreover infection of the tissues delaf/skerele, 1993).

wound healing. Hence the present study is aimed to assess the use of herbal

Exposure of sterile subcutaneous tissue to externeitracts in conjunction with antibiotics against drug resistant
environment provides a favourable route to the entry pathogens from burn wound.

microbes. Progress in different stages of wound healing is

hampered by infection. Non healing wounds contribute fd aterials and M ethods

extended stay in health care centres and associated he@§fation and Identification of Pathogens from Burn
care expenses. Microorganisms can get access intgyaund.

wound either by direct contact of air borne dispersal or b

contamination (Rahman and Anson 2004).An ideal dressi major fire accident explored on Septemb@2612, at
should inhibit the colonization and proliferation ofovakasi, Virudhunagar district, Tamilnadu.Many were

pathogens. Hydrogels provide a moist wound healirl jured severely and admitted in Government Hospital, at

microenvironment with good fluid absorbance and a ru_ppukkqttai,yirudhunagar District, Ta_lmilnadu. From the
transparent to allow the monitoring of healing (Bijipatlents with third degree burn wound fifteen samples were

Balakrishnaret.al., 2012). coIIe_cted in the Presence of duty in charge I_Dhysician

Dr.Priya. Samples were taken by cotton swabbing at the
The knowledge of the infectious agents of wound is helpfound site. It was then suspended well in phosphate
in the treatment option to control infection.The widespreaslffered saline. Pathogens were isolated by serial dilution
use of antibiotics together with the duration of exposui@ blood agar medium by spread plate technique.

has led to the emergence of resistant pathogens contribuji@gntification of the isolates were executed as given in
to morb|d|ty and mortality. The control of wound infectionEBergeys Manual of Systemic Bacterio|ogy_

has become more challenging due to the emergence of
multi drug resistant pathogens. Significance of antibiotigerbal Extracts Antimicrobial Susceptibility Test

sensitivity pr_ofile in guiding the_ treatment strategy WaB)iad neem leaves, kuppaimeni leaves, turmeric powder ,
reported (Wrightet.al., 19_98; Sh'ttUEt"'?‘l"_ 2(;]02)' S_lnce algevera gel and chitosan were used to evaluate their
the presence of drug resistant bacteria in the environment;nicropial activity against burn wound isolates. 10g of

's a threat for public health _u_p_-to-date infqrmation on I_OC lant materials were extracted with 50 ml of ethanol. The
pathoge_ns and drug sensmwty patt_ern IS Very cruc_:lal tract was centrifuged and the supernatant was dried till
treat patients. Wound colonization with multidrug resistanf, . <o\vent evaporates leaving dried residue. The residue
organisms limit the choice of antibiotic for treatment an as resuspended in ethanol at concentration of 500mg/
complicate the healing process. Steroids used for woupg 500mg of chitosan was dissolved in 100ml of 1.5%
healing has side effects like Adverse Drug Reactiong..iic acid. 100yl of inoculum with 1x #8u/ml was
(ADR). But relatiV(_er lower incidence of adverse reaCﬁonéwabbed with cotton on Mueller and Hinton Agar medium.
to herbal preparations has been reported @alr, 2005). \Well of 8mm diameter was punctured at the centre of the

Natural products can be used in (_:onjunction with synthe %triplate.lOOuI of the experimental antimicrobial agent was
drugs to reduce their concentration and hence subseq ed to the well and incubated at 37°C for 24 hours

side effects. (Agarry et al.,2005). Diameter of Zone of inhibition was

Medicinal plants are a source of great economic value &icorded in mm. Interpretation of zone of inhibition as R

over the world. Nature has bestowed on us a very ri¢tesistant), | (intermediate) and S (susceptible) were done
as per CLSI (2007) guidelines.
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Minimum Inhibitory Concentration (MIC) identified ad.aeruginosa , E.coli andSaureusrespectively

Oéﬂy the predominant organisms were taken for the study.

The extracts of aleovera, turmeric, neem, kuppaimeni a ; . .
chitosan which showed antibacterial activity in agar WeFrevaIence of these organisms was in accordance with
e reports of Churclet al., 2006.

assay were subjected to MIC assay (Jones and Barty,
1987).In order to determine MIC, two fold serial dilutionThe interpretation of antibiotic sensitivity of burn isolates
of the extracts and chitosan were prepared witlas based onthe CLSI, 2007 guidelines. The susceptibility
concentration ranging from 320 mg to 5mg /ml and 40mgf the isolates to antibiotics is given in Table 2. From the
to 0.625mg/ml for herbal extracts and chitosan respectivetgble it is clearly evident th&aeruginosa was resistant to
The MIC values were interpreted as the highest diluticail antibiotics E.coli was resistant to all except ciprofloxacin
(lowest concentration) of the sample, which waand cefadroxil. To these two antibioti&coli was

transparent. All tests were performed in triplicates. intermediately sensitiveSaureus is also resistant to all
antibiotics except Cefadroxil. These pictures well the
Statistical Analysis present scenario of wide distribution of Multi drug resistant

Experiments were conducted in triplicates and the valug&ganisms. Genes that confer resistance can be transferred
represented are a mean of all three rep”cates and mween bacteria in a horizontal fashion. Antibiotic

standard deviation is also represented. resistance evolves via natural selection. Continuous
exposure to antibiotics selects for the antibiotic resistance
Results and Discussion as a process of natural selection. Many antibiotic resistance

genes reside on plasmids, facilitating their transfer. So the
Isglates can be considered as multidrug resistant (MDR)
a superbugf lactamase activity is present in
hylococcus andPseudomonas. Resistance to antibiotics

fe also developed by alternative efflux pump.

Burn injuries are more common in the elderly populatio
and young children. Burns are injuries to skin tissue caus
by heat, electricity, radiation, or chemical. Burns caustl
aesthetic problems as well as acute physical problems

if not taken proper care of can cause serious complicati8
in the form of secondary bacterial infection, various degreexposure of bacteria to suboptimal doses of antibiotics
of contractures which restrict the daily activitiesdue to inappropriate dose or failure to take the prescribed
septicaemia, etc. The results of Biochemical testise for stipulated time contributes to the development of
performed to identify the isolates are represented in Tabissistance among microbes. (Robiceesl. 2006). Some

1. From the fifteen wound samples five different organismgpes of efflux pumps can act to decrease intracellular
were isolated. Two different Gram negative organism argliinolone concentration. Resistance to quinolones in Gram-
one Gram positive organism was predominant. They were

Table 1. Identification of the Burn Isolates

S.No. Burn lIsolate Grams Staining Pigmentation Indole Methyl Red VP Cirate Catalase xidase
1. P.aeruginosa - + - - - + + +

2. Saureus + - - + + - +

3. E.cali - - + + - - - +

Table 2. Antibiotic Sensitivity of the Burn Isolates to Antibiotics (diameter of inhibition zone in mm)

S.No. Burn Isolate  Metrogel  Ciprofloxacin Cefadroxi Penicillin Gentamycin Neomycin Silverge
5ug 5ug 130ug 10Units 10ug 30ug 130pug
1. P.aeruginosa 0 (R) 20+3 (R) 0(R) @RrR) 7 +1(R) 9+2 (R) 2+1(R)
2. S.aureus 0 (R) 13+2 (R) 12+1 (1) 0(R) 6x1(R) 10 +1(R) 3t1 (R)
3.  Ecdli 0(R) 17+1 (1) 141 (1) 0(R) 9 +1(R) 11+1(R) 2+1 (R)
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negative bacteria is mediated by plasmid coded proteiakso reported by Townsenet al. (1983). Bacterial
which binds to DNA gyrase. Mutations at key sites in DNAeomycin phosphotransferase gene confers resistance to
gyrase or topoisomerase IV can also decrease their bindmgomycin and related amino glycoside antibiotics.
affinity to quinolones and decrease the effectiveness Giprofloxacin belongs to fluoroquinolone class.
drug. Low antibiotic susceptibility of. aeruginosa is Ciprofloxacin inhibits bacterial DNA gyrase. Cefadroxil is
attributable to a concerted action of multidrug efflua first-generation cephalosporin antibiotic. It interferes with
pumps. They have mexABprM, mexXY etc responsible bacterial cell wall synthesis. The isolates in the present
for antibiotic resistance encoded in chromosomes. Hypstiudy showed only intermediate sensitivity to cefadroxil
mutation favours the selection of mutation-driven antibiotiand are in the border of developing resistance. So there is
resistance irP. aeruginosa strains producing chronic an urgent need to develop alternative drugs.

infection. Clustering of several different antibiotic resistancF

genes in integrons favour the concerted acquisition Q © mf_lu_(_ence of d'fferem herba}l extracts on the
antibiotic resistance. (McCollister, 2011), susceptibility of pathogens is given in Table 3. From the

table it is inferred that chitosan is more potent than herbs
Peptidoglycan layer of bacterial cell wall continuouslyn controlling the growth of pathogens. The inhibition zone
undergoes remodeling by transpeptidase. Penicillins inhilbidr P.aeruginosa was 25mm, 27 mm fo&.aureus and 20
transpeptidase and prevent the reformation of the peptisen forE.coli. Chitosan is a natural polysaccharide derived
bonds. This leads to the loss of cell wall integrity. Death dfy N-deactivation of chitin, from the shells of crab, shrimp,
bacteria is caused by the leakage of cellular contents (Paihd crawfish (Orgazt al., 2011). Our results corroborate
and Righelato, 1987). Resistance to penicillin arises duewell with the reports of Liet al., (2010a; 2010b). It is
mutations in the active site of the transpeptidasative against botR.aeruginosa and S.aureus indicating
enzyme(Yocunet al.,1980). that it has higher and broad spectrum of antimicrobial
activity. Positively charged chitosan can interact with the

Micr hav vel resistan ntamycine Vi , .
crobes have developed resistance to gentamycine n%gaﬂvely charged bacterial membrane and cause the

decreased cell permeability, alterations at the ribosorr]aélachin of low molecular weight materials. nuclei id
binding sites or by the production of amino glycoside g 9 erais, nucleic ac

modifying enzymesThis mechanism is chromosomallyand proteins. (Rafat al.,2008). It alters pgcteriql surface
mediated and results in cross-reactivity to all aminrgorpholo.gy and membrane .permeablllty, (Didento,
glycosides. Mutations at the site of amino glycosid"éll".zc.).05 ; Eatoret al., 2008 ; Tanget "’?'-’2010)_- Th?
attachment may interfere with ribosomal binding. Enzymatfnhlbltlon zone showe_d by neem, turmeric kuppaimeni and

alovera againg®.aeruginosa was 10mm, 7mm ,8mm and

modification is the most common type of amino glycosidg : o
) . . . .. .6 mm respectiveliyrhe above extracts exhibited 12mm,
resistance. Genes encoding for amino glycoside modifyi % mm 8mpm and gmm were the zone of inhibition against

enzymes are usually found on plasmids and transposans . . .
y y P POSSureus. P.aeruginosa and E.coli were comparatively

Mingeot-Leclerccet al., 1999). The three types of amin . o .
(Ming CFt ) yp 0susceptlble to neer®.aureus was sensitive tturmeric as

glycoside modifying enzymes are N-Acetyltransferasetﬁey have a highest inhibition zone of 16mm. Antimicrobial

which catalyzes acetyl CoA-dependent acetylation of amino;” . ) . :
y v P y activity of herbs is due to variety of secondary metabolites.

group of antibiotic, O-Adenyltransferases (ANT) which]_ . )

) . his is supported by the observations of Parekhl.,
g?tzx?;so,?g znd deFg_”gﬁggpidoi?g:ﬂgrnag;:{%gﬁ;l V%LoizﬁOOS. Presence of phytochemicals like phenols, unsaturated
catalyzes ATP-dependent phosphorylation of hydrc))qa:erols, triterpenes and saponine phenolic diterpenoids

group of antibiotic. Gentamycine resistanceSiaureus is ujiwaraet al., 1984;Joshet al.,20011 ).

Table 3. Antibiotic Sensitivity of Burn Isolates to Herbal extract and Chitosan (diameter of inhibition zone in mm)

S.No. Burnisolates NeeniQOmg/ml) Turmeric (100mg/ml) kKippaimeni (100mg/ih Aloevera(100mg/ml) Chitosan(5mg/ml)

1 P.aeruginosa 101 8+1 71 6+1 25+3
2 Saureus 12+1 12+1 8+1 9+1 2712
3 E.coli 161 14+1 10+1 10+1 20+1
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The influence of the combination of herbal extract an8imilarly addition of turmeric to cefadroxil increased the
antibiotics on antimicrobial activity is shown in Table 4. Azone of inhibition from 10mm which is intermediately
evident from the table, combination of herbal extract argensitive to 15mm which is sensitive zone for
antibiotics were found to be significantly effective againd®.aerugenosa. Wound care using herbal remedies can be
the burn wound isolates. Herbal extracts increased ttraced back to early civilization (Mantkt al., 2001).
sensitivity of organisms to antibiotics. CiprofloxacinApproximately one third of all traditional medicines are used
showed an inhibition zone of 20 mm agaisteruginosa.  for treating wounds and skin disorders. These plant based
But addition of turmeric, neem , kuppaimeni and aleovemoducts are could influence specific phases of wound
to ciproflaxacin shifts the inhibition zone from resistant thiealing such as inflammation, collagenation, epithelialisation
intermediate sensitivity with an inhibition zone of 26 mmand contraction (Khaligt al., 2006).

29 mm and 33 mm and 33mm respectively. Intensive use

I . . itosan showed 25 mm, 27mm and 20 mm against
of antibiotics often resulted in the development of res'StaBtaerugi nosa. Saureus and E.coli. But when chitosan was

strains (Cunha, 2001) Medicinal plants have many . L
. . ) . dsed with neem extract, the respective inhibition zones were
advantages including less side effects, better patien o
. . . increased to 29 mm,32 mm and 25 mm. Addition of
tolerance, relatively less expensive, and renewable in nature . N
. aloevera gel extract increased the inhibition zone to 28
(Vermani and Garg, 2002).

Table 4. Antibiotic Sensitivity of the Burn Isolates to combination of plant extract and antibiotics (diameter of inhibition zone in mm)
The potency of antibiotics and herbal extract is 50 pl of herbal extract + 50 pl of antibiotic.

Stock herbal extract : 5mg/gl; Metrogel -2.519/50ul ; Ciproflaxacin- 2.5g/50pl;

Cefadroxil-15ug/50ul; penicillin- 5Units; Gentamycin - Bg/50ul; Neomycin -5g/50ul

S.No. Plant Extract+Antibiotics P.aeruginosa Saureus E.coli

1 Neem-+pencillin 15+1 19+1 45+3

2 Neem-+metrogel 13+1 12+1 30£3

3 Neem-+ciprofloxacin 2912 2211 35+2

4 Neem-+cefadroxil 24+1 25+2 35+3

5 Neem-+gentamycin 21+1 2612 2142

6 Neem-+neomycin 2542 23+1 2813

7 Neem+chitosan 33+2 35+4 44+4
8 Turmeric+pencillin 1943 21+1 4214
9 Turmeric+metrogel 11+1 10+1 25x1
10 Turmeric+ciprofloxacin 2612 20£1 39+2
11 Turmeric+cefadroxil 2711 20£1 35+3
12 Turmeric+gentamycin 211 17+1 3243
13 Turmeric+neomycin 222 20+1 25+1
14 Turmeric+chitosan 28+2 30+2 35+3
15 Kuppaimeni+pencillin 141 10+1 22+1
16 Kuppaimeni+metrogel 10+£1 15+1 21+1
17 Kuppaimeni+ciprofloxacin 253 30«1 36+3
18 Kuppaimeni+cefadroxil 22+1 25+1 30+3
19 Kuppaimeni+gentamycin 18+1 13+1 2211
20 Kuppaimeni+neomycin 11+1 13+£2 2512
21 Kuppaimeni+chitosan 2811 332 37+2
22 Aloevera+pencillin 20+2 13+1 30+1
23 Aloevera+metrogel 21+1 19+1 231
24 Aloevera+ciprofloxacin 2912 27+1 371
25 Aloevera+cefadroxil 30+1 24+1 3512
26 Aloevera+gentamycin 20+1 2612 27+2
27 Aloevera+neomycin 21+1 2242 301
28 Aloevera+chitosan 35+1 38+3 45+4
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mm,30 mm and 24 mm @aeruginosa, SaureusandE.coli  Cunha, B. A. 2000. Antibiotics side effects. Medi€inicsof North

respectively. Addition of herbal extract to antibiotics America. 85: 149-185.

: T - -1~ Ridenko, L.V, D.V.Gerasimenko, N.D. Konstantinova, T.A. Silkina,
increased the susceptibility of the organism to antibiotics! D, Avdienko, G.E.Bannikova, and V.P.B.varlam@0os.

Aloe gel is used to relieve thermal burn, sunburn and jagiuctural study of chitosan effects Kiebsiella and

promote wound healing. Mucilage of it consists of 99.5% Saphylococci. Bulletin of Experimental Biology and Medicine.
water (Eshun and He,2004). The remaining 0.5-1% solid  140:356-360.
material consists of a range of compounds including watégaton, P., J.C. Fernandes, E.Pereira, M.E.Pintado, F.X.M&108t.
soluble and fat-soluble vitamins, minerals, enzymes, Atomic force microscopic study of the antibacterial effects of
polysaccharides, phenolic compounds and organic acids ~CMitosan onkscherichia coli and Staphylococcus aureus.

. Ultramicroscopy. 108: 1128-1134.
(Boudreau and Beland, 2006). Heterogenous compositiggy, ,,

) . K., Q. He.2004Aloevera: A valuable ingredient for the food,
of the Aloe pulp may contribute to the diverse pharmaceutical and cosmetic industries — A review. Critical

pharmacological and therapeutic activities (Talmadge etal.,  Reviews in Food Science and Nutrition. 44: 91-96.
2004).MIC of all plant extracts were 80mg/ml for allFujiwara, T., E.Y. Sugishita, Y.Takeda, M.Shimizu T.Nomura, and Y.
organisms. Chitosan showed minimum inhibitory Tromita 1984. Further studies on the structures of

concentration at 10mg/ml. Remarkable increase in  Polysachharides from the barkid8lia azadirachta. Chemical
L . . e and Pharmacology Bulletin. 32: 1385-1391.
antimicrobial activity observed when herbs and antibiotiG, ,mer K. A. C.E Carson and T. V. Riley .1999. Antimicrobial

were used together might be due to the synergistic activity  activity of essential oils and other plant extrad@irnal of
between them. Combination of herbal extract with antibiotics Applied Microbiology. 86(6): 985.
could have increased the permeability of bacterial cells dones, R.N., A.L. Barry, 1987. Susceptibility testing of carumonam.

antibiotics (Sikkemat al., 1994). Interpretive criteria for 30microgram disc tests and quality
control guidelines for disc diffusion and broth micro dilution

methodsJournal of Clinical Microbiology. 25(11):2243-246.

Joshi,B, G.Prasad Sah, B.B. Basnet, M. Raj Bhatt, D.Sharma, Krishna

Thus the present study clearly demonstrates that the  gypedi, Janardhan Pandey and Rajani Malla. 2011.

sensitivity of multi drug resistant organisms to antibiotics Phytochemical extraction and antimicrobial properties of

can be improved by their combination with herbal extracts. different medicinal plantOcimum sanctum (Tulsi), Eugenia

This paves a way for limiting the microbes to develop  caryophyllata (Clove),Achyranthesbidentata (Datiwan) and

resistance against antibiotics. Azadirachta indica (Neem).Journal of Microbiology and

Antimicrobials. 3(1): 1-7.

Khalil E.A., FU.Afif., M.Al-Hussainin 2006. Evaluation of the wound
healing effect of some Jordanian traditional medicinal plants
formulated in pluronic F127 using mic&l¢s musculus).
Journal of Ethnopharmacology. 109: 104-112.

Li, B., B.P Liu,.T.Su, F.Wang, Q. M.Tang, Y.Fang, G.L.Xie, and G.

Akerele, 0.1993. Summary of World Health Organization guidelines C.Sun, 2010a. Effect of chitosan solution on the inhibition of
for the assessment of herbal Mediciriéerbal Gram 22:13- Pseudomonasfluorescens causing bacterial head rot of broccoli.
28. Journal of Plant Pathology. 26:189-193.

Bergey’s Manual of Systematic Bacteriology. Williams and WilkinsLi, B., T.Su, T. X.L. Chen, B. P.Liu, B.Zhu, Y.Fang, W.Qiu, and GLXie,

Conclusion
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