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ABSTRACT 

The nonhealing ulcer is a major health problem and the presence of microbes on the wound surface is one of the 

main factors that delay wound healing. The common bacteria present on the wound surface are Staphylococcus 

aureus, Pseudomonas aeruginosa, and Enterococcus faecalis. In Ayurveda, nonhealing ulcers can be correlated to 

duṣtavṟaṇa. Kṣāra karma (alkaline cauterisation) is one among ṣaṣṭi upakrama and is indicated in ulcers that are 

difficult to cure and that persist for a long time. Kṣāra also has the property kṛimighna. Vibhītakī and apāmārga 

are drugs mentioned by Ācārya Suśruta for the preparation of pṟatisāranīya kṣāra. This study aimed to explore 

the mode of action of the drug through antimicrobial properties. The study design was a comparative antibacterial 

in vitro study which consist of an antibacterial activity assay. Antibacterial assay was done using the good diffu-

sion method. The result was compared with a standard antibiotic. On evaluation, vibhītakī kṣāra showed signifi-

cant antibacterial activity when compared with the standard drug Mupirocin.  
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INTRODUCTION 

A nonhealing ulcer is a major health problem, and it 

affects nearly 6 million populations worldwide in 

India it is reported as 4.5 per 1000 population.1 The 

incidence of chronic ulcers is expected to increase as 

the population age increase. During the course of the 

disease, the patient can experience pain, emotional 

and physical distress, reduced mobility, and social 

isolation.2 There are several factors that affect wound 

healing which include infection, ischemia, metabolic 

diseases, and immunosuppression. The common bac-

teria present on the wound surface are Staphylococ-

cus aureus, Pseudomonas aeruginosa, and Entero-

coccus faecalis.3 Bacteria in an infected wound cause 

cell death which leads to an increase in local inflam-

mation. The presence of necrotic tissue will prevent 

the growth of new tissue and it serves as a culture 

medium for bacterial proliferation.4 The conventional 

management of non-healing ulcers includes debride-

ment of necrotic tissue, infection management using 

topical antimicrobial agents, and management of co-

morbidities.5 

In Ayurveda, nonhealing ulcers can be correlated to 

duṣtavṟaṇa.6 Āchārya Suśruta has mentioned ṣaṣṭi 

upakrama (sixty treatments) for the management of 

vṟaṇa.7 Kṣāra karma (chemical cauterisation) is one 

among ṣaṣṭi upakrama and is indicated in ulcers that 

are difficult to cure and those persist for a long time.8 

Kṣāra is considered the best among śastṟa and 

anuśastṟa by Suśruta since it does the functions like 

chedana (excision), bhedana (cutting) lekhana 

(scraping), and tṛidoṣagna (mitigates all the three 

doṣa). It is also having actions like śodhana (purifica-

tion) and kṛimighna (killing the worms & bacteria). 
9Vibhītakī is one among the drugs mentioned by 

Āchārya Suśruta for the preparation of pṟatisāranīya 

kṣāra (externally applied caustic alkali).10 It is having 

the pharmacological properties Kaṣāya rasa, laghu, 

rūkṣa guṇa, uṣṇa vīrya, madhura vipāka, karma like 

kaphahara and kṛimighna. Mupirocin is a widely 

used topical antibiotic in the management of chronic 

ulcers. It shows a broad spectrum of antibacterial ac-

tivity on Staphylococci, Streptococci, and several 

gram-negative bacteria. Conventionally antibiotics 

are being used for the management of chronic ulcers 

both internally and externally for a long time period. 

antibiotic-resistant bacteria are one of the biggest 

challenges that conventional medicine is facing,11 

studies regarding the antimicrobial activity of Ayur-

veda medicine are relevant in the current scenario. 

The study also aims to explore the mode of action of 

Ayurveda drugs through antimicrobial properties. 

Methodology  

The study design was a comparative in-vitro trial. 

The methodology includes the preparation of 

vibhītakī kṣāra and antibacterial assay.  The raw drug 

vibhītakī phala for the kṣāra was purchased from a 

GMP-certified company and kṣāra was prepared as 

per Śusruta samhita. The drugs were dried and burnt 

to ashes. The whole ashes were collected on the next 

day and mixed with 6 times of water and were al-

lowed to settle down. A supernatant portion of kṣāra-

jala was collected the next day and filtered using 

double-layered cloth. The obtained kṣārajala was 

taken in a big vessel and kept for boiling on mild fire 

and continuously stirred well. After the complete 

evaporation of kṣārajala, powdered vibhītakī kṣāra 

was obtained. The obtained kṣāra were collected and 

stored in an airtight glass container. On pH analysis, 

vibhītakī kṣāra had a pH of 11.3 ± 0.2 at 32º±0.2 Cel-

sius. 

Agar well diffusion method was used to evaluate the 

antimicrobial activity of vibhītakī kṣāra. Muller Hin-

ton agar was used to prepare the sterile agar 

petriplates. For the preparation of inoculum, test or-

ganisms (Staphylococcus aureus, Pseudomonas ae-

ruginosa, and Enterococcus faecalis) were inoculated 

into the broth medium and incubated at 37 ºc until 

turbidity of the culture matches with recommended 

turbidity standard (0.5 McFarland opacity standard 

tube).10 µl of inoculum was inoculated into the agar 

plate using a micropipette. Then uniformly spread 

with the help of a sterile cell spreader on the surface 

of the agar plate and it was allowed to dry for 3-5 

minutes. A hole with a diameter of 3 mm has been 

punched aseptically with a sterile corn borer.6 well 

were prepared in this manner .20 µl of 6 concentra-
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tions of extract solution (480 mg/ml, 240 mg/ml, 120 

mg/ml, 60 mg/ml, 30 mg/ml and 15 mg/ml) were in-

troduced in to the well.Agar plates were incubated at 

37 ºc for 24 hours. Standard drug – Mupirocin 200µg 

disc was placed over a separate agar plate. The diam-

eter of the zone of inhibition around each well was 

measured using Verniercalliper. The inhibition zone 

of different concentrations of vibhītakī kṣāra was 

compared with mupirocin. 

Observations and analysis 

Zone of inhibition (ZOI) of different concentrations 

of vibhītakī kṣāra on three bacterial strains was com-

pared with the standard drug Mupirocin 200µg. 

Hence it was multiple comparisons between groups 

Dunnett's multiple comparison test was used for the 

statistical evaluation. 

 

Table 01: Dunnett's multiple comparison tests in the mean zone of inhibition of vibhītakī kṣāra with Mupirocin 

on Staphylococcus aureus  

(I)group ZOI(I) in mm (J)group ZOI(J) in mm Mean differ-

ence (i-j) 

Standard error  Sig. 

480 mg 24.33  

 

Mupirocin 200 

µg 

 

 

33.66 

-9.33 0.84 0.00 

240 mg 18.33 -15.33 0.84 0.00 

120 mg 10.33 -23.33 0.84 0.00 

60 mg 3.00 -30.66 0.84 0.00 

30 mg 3.00 -30.66 0.84 0.00 

15 mg 3.00 -30.66 0.84 0.00 

 

Dunnett's multiple comparison tests were used to 

identify the pairs with significant differences. As per 

table, no 1, the mean zone of inhibition of mupirocin 

showed the highest value than vibhītakī kṣāra’s 6 

concentrations against Staphylococcus aureus and all 

the pair showed a significant 

mean difference. All the concentrations showed sta-

tistically significant but inferior results in comparison 

with Mupirocin at p<0.001 level of significance. 

Regarding the antibacterial activity towards Pseudo-

monas aeruginosa, as per table no.2, the mean zone 

of inhibition of vibhītakī kṣāra at a concentration of 

480 mg showed the highest zone of inhibition when 

compared with other 5 concentrations of vibhītakī 

kṣāra and mupirocin. 480 mg showed statistically 

insignificant and equal results at P>0.05. All the other 

concentrations showed significant and inferior results 

at p<0.001.  

 

Table 02: Dunnett's multiple comparison tests in the mean zone of inhibition of vibhītakī kṣāra with Mupirocin 

on Pseudomonas aeruginosa. 

(I)group ZOI(I) in mm (J)group ZOI(J) in mm Mean differ-

ence (i-j) 

Standard error  Sig. 

480 mg 24.33  

 

Mupirocin 200 

µg 

23.33 1.00 0.92 0.76 

240 mg 11.33 -12.00 0.92 0.00 

120 mg 3.00 -20.33 0.92 0.00 

60 mg 3.00 -20.33 0.92 0.00 

30 mg 3.00 -20.33 0.92 0.00 

15 mg 3.00 -20.33 0.92 0.00 
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Table 03: Dunnett's multiple comparison tests in the mean zone of inhibition of vibhītakī kṣāra with Mupirocin 

on Enterococcus faecalis. 

(I)group ZOI(I) in mm (J)group ZOI(J) in mm Mean differ-

ence (i-j) 

Standard error  Sig. 

480 mg 24.66  

 

Mupirocin 200 

µg 

 

 

23.33 

2.66 0.87 0.038 

240 mg 13.66 -8.33 0.87 0.00 

120 mg 13.33 -8.67 0.87 0.00 

60 mg 3.00 -19.00 0.87 0.00 

30 mg 3.00 -19.00 0.87 0.00 

15 mg 3.00 -19.00 0.87 0.00 

 

On comparing the antibacterial activity of Vibhītakī 

kṣāra with Mupirocin on Enterococcus faecalis as 

per table no.3, the mean zone of inhibition of 

vibhītakī kṣāra at a concentration of 480 mg showed 

the highest zone of inhibition when compared with 

other 5 concentrations of vibhītakī kṣāra and mupiro-

cin. All the pairs showed a statistically significant 

mean difference. Among this, 480 mg of vibhītakī 

kṣāra showed significant and better results at P<0.05. 

240 mg, 120 mg, 60 mg, and 30 mg showed signifi-

cant but inferior results in comparison with Mupiro-

cin with 0.001 level significance.  

 

DISCUSSION 

Even though the drugs used for the preparation of 

kṣāra contain a lot of phytochemicals like tannin, 

saponin, etc., the prepared kṣāra only possess the 

thermostable inorganic metals and minerals like Zn, 

Cu, Ca, Fe, etc. which contribute the different ac-

tions.12 In kṣāra, these minerals are present in their 

oxide form. Since the method of preparation of kṣāra 

is combustion, the final products will be in form of 

the nanoparticle. An article published by Sarala et. al 

explained the mineral composition of Terminalia bel-

lerica, in which the presence of a higher concentra-

tion of minerals like zinc, copper, iron, and manga-

nese was observed.13  Ācārya Suśruta explained dif-

ferent guna and karma of kṣāra such as kṣāraṇa, 

chēdana, lēkhana, vilayana, śodhana, kṛimigna etc11 

by these properties, kṣāra acts in duṣtavṟana to make 

a healthy environment and augment the wound heal-

ing. By using the term kṣāra, Āchārya tries to explain 

the corrosive and alkaline nature of the drug. The 

alkaline nature of kṣāra has a positive impact on 

wound healing action. New researchers found that a 

slightly alkaline pH (8-8.5) is better for promoting 

the growth of fibroblasts and keratinocytes.14 This 

alkaline nature also has a role in antimicrobial activi-

ty. It reduces the growth of bacteria over the wound. 

Debridement is recognized as a major component of 

wound management to prepare the wound bed for 

reepithelialisation. kṣāraṇa, chēdana, and lēkhana 

can be considered as chemical debridement which 

prepares a healthy environment for wound healing. 

The term ‘vilayana' has several meanings like remov-

ing, liquefying or destroying, etc. The membrane 

leaking action, protein coagulation, cell lysis, etc. 

action of kṣāra can be considered as vilayana. The 

wound healing action of kṣāra can be considered as 

ropaṇa. The inorganic metal ions present in the kṣāra 

may be the factor that contributes to this action. Zinc 

oxide has a positive impact on wound healing. The 

ultimate effect of zinc oxide seems to be the accelera-

tion of re-epithelialization within the wound.15Copper 

is a trace mineral essential for many wound healing-

related processes. It is associated with vascular endo-

thelial growth factor expression, causing angiogene-

sis and remodelling of the extracellular ma-

trix.16Calcium ions present in kṣāra have been shown 

to modulate the proliferation, differentiation, and 

maturation of keratinocytes and fibroblasts.17 These 

ions also regulate angiogenesis.  kṛimighna is a spe-

cial property of kṣāra explained in our textbooks. The 

antimicrobial activity can be correlated as kṛimighna.  

The Zinc oxide showed the greatest antimicrobial 

activity against both Gram-positive and Gram-

negative bacteria. The reactive oxygen species pro-

duced by the zinc oxides help to reduce bacterial cell 
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viability. Copper oxide nanoparticles have the poten-

tial for external uses as antibacterial agents in surface 

coatings on various substrates to prevent microorgan-

isms from attaching, colonizing, spreading, and form-

ing biofilms.18 Iron oxides show antimicrobial activi-

ty against Gram-negative bacteria than the Gram-

positive variety. Calcium hydroxide has antimicrobial 

activity.19 Calcium oxide has the ability to combine 

with other oxide forms like zinc, copper, or magnesi-

um oxide and to increase its antibacterial properties. 
20The metal oxide nanoparticles present in kṣāra may 

be able to produce oxidative stress in bacterial cells 

thus resulting in an antibacterial action. Nanoparticles 

are able to cross the cellular membrane of bacteria, 

interfere with metabolic pathways, and induce chang-

es in membrane shape and function. Inside the cells, 

these particles interact with the microbial cellular 

machinery, inhibit the enzymes present inside, deac-

tivate the proteins, induce oxidative stress and elec-

trolyte imbalance, and modify gene expression levels. 

Oxidative stress will also alter the bacterial mem-

brane permeability which may lead to cell wall dam-

age.21 

On analysing the antimicrobial action of minerals in 

kṣāra it is understood that kṣāra may produce its an-

timicrobial action by different means at the same 

time. Hence, there may be less chance to develop an-

timicrobial drug resistance. 

Here in this study, On Staphylococcus aureus, even 

though the zone of inhibition was high in mupirocin 

than Vibhītakī kṣāra, the ksara showed a good anti-

bacterial activity towards the bacterial strain. In 

Pseudomonas aeruginosa, both kṣāra showed better 

results at higher concentrations. 480 mg of vibhītakī 

kṣāra showed equal antibacterial activity that of 200 

µg of mupirocin. On Enterococcus faecalis, Vibhītakī 

kṣāra 480 mg concentration showed significant and 

better results than the standard drug.  

 

CONCLUSION 

In all three strains, Vibhītakī kṣāra showed significant 

antibacterial activity when compared with the stand-

ard drug.480 mg of vibhītakī kṣāra showed equal an-

tibacterial activity to that of 200 µg of mupirocin in 

Pseudomonas aeruginosa.480 mg of vibhītakī kṣāra 

showed better results in antibacterial activity than 

200 µg mupirocin in Enterococcus faecalis. Based on 

these data, the study concluded that vibhītakī kṣāra 

possesses significant antibacterial activity when 

compared with Mupirocin. The kṣāra can be used as 

a good alternative to modern antimicrobial agents in 

the management of wound infection. 
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