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The in vitro antibacterial activity of various solvents and water extracts of aloe vera, neem, bryophyllum, lemongrass, 
tulsi, oregano, rosemary and thyme was assessed on 10 multi‑drug resistant clinical isolates from both Gram‑positive 
and Gram‑negative bacteria and two standard strains including Staphylococcus aureus ATCC 25923 and Escherichia 
coli ATCC 25922. The zone of inhibition as determined by agar well diffusion method varied with the plant 
extract, the solvent used for extraction, and the organism tested. Klebsiella pneumoniae 2, Escherichia coli 3 
and Staphylococcus aureus 3 were resistant to the plant extracts tested. Moreover, water extracts did not restrain 
the growth of any tested bacteria. Ethanol and methanol extracts were found to be more potent being capable 
of exerting significant inhibitory activities against majority of the bacteria investigated. Staphylococcus aureus 1 
was the most inhibited bacterial isolate with 24 extracts (60%) inhibiting its growth whereas Escherichia coli 2 
exhibited strong resistance being inhibited by only 11 extracts (28%). The results obtained in the agar diffusion 
plates were in fair correlation with that obtained in the minimum inhibitory concentration tests. The minimum 
inhibitory concentration of tulsi, oregano, rosemary and aloe vera extracts was found in the range of 1.56-6.25 mg/
ml for the multi‑drug resistant Staphylococcus  aureus isolates tested whereas higher values  (6.25‑25  mg/ml) 
were obtained against the multi‑drug resistant isolates Klebsiella pneumoniae 1 and Escherichia coli 1 and 2. 
Qualitative phytochemical analysis demonstrated the presence of tannins and saponins in all plants tested. Thin 
layer chromatography and bioautography agar overlay assay of ethanol extracts of neem, tulsi and aloe vera indicated 
flavonoids and tannins as major active compounds against methicillin‑resistant Staphylococcus aureus.
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Antibiotics have saved the lives of millions of 
people and have contributed to the major gains 
in life expectancy over the last century. However, 
the clinical efficacy of many existing antibiotics is 
being threatened by the emergence of multi‑drug 
resistant  (MDR) pathogens[1] the recent appearance 
of strains with reduced susceptibility as well as, 
undesirable side effects of certain antibiotics[2]. 
Infectious diseases caused by resistant microorganisms 
are associated with prolonged hospitalizations, 
increased cost, and greater risk for morbidity and 
mortality. Resistance is an especially vexing problem 
for people with impaired immune systems, such 
as AIDS, cancer patients and recipients of organ 
transplants. The promiscuous use of antibiotics 

accounts for a major part of the community burden 
of antibiotic use and contributes dramatically to the 
rising prevalence of resistance among major human 
pathogens. Vancomycin‑resistant enterococci  (VRE), 
methicillin‑resistant Staphylococcus  aureus  (MRSA), 
MDR Mycobacterium tuberculosis and MDR 
Gram‑negative bacteria are recognised as the most 
difficult healthcare‑associated infections to control 
and treat. The development of extended‑spectrum 
β‑lactamases  (ESBLs) and carbapenemases that 
target Gram‑negative bacteria has resulted in 
infections that can be extremely difficult to treat 
leading to substantial increased illnesses and death 
rate. The effect is pronounced in third world as 
the costly replacement drugs for treating the highly 
resistant infectious diseases are unaffordable[3]. 
The resistance problem demands that a renewed 
effort be made to screen various medicinal plants 
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for their potential antimicrobial traits, which are 
due to compounds synthesized in the secondary 
metabolism of the plant. The most important of 
these bioactive compounds of plants are alkaloids, 
flavonoids, tannins, phenolic compounds, steroids, 
resins, fatty acids and gums which are capable of 
producing definite physiological action on body. 
Another driving factor that encouraged scientists to 
search for new antimicrobial substances from various 
sources including medicinal plants has been the rapid 
rate of plant species extinction. Medicinal plants are 
relied upon by 80% of the world’s population and in 
India there is a rich tradition of using herbal medicine 
for the treatment of various infectious diseases, 
inflammations, injuries and other diseases. Many 
of the plant materials used in traditional medicine 
are generally proved more effective and relatively 
cheaper than modern medicine[4] against certain 
ailments while simultaneously mitigating many of the 
side effects that are often associated with synthetic 
antimicrobials[5].

Most of the studies are directed to see the activity 
of plant extracts against a variety of test bacteria 
including both pathogenic and nonpathogenic strains. 
Several workers have made targeted screening against 
MDR bacteria such as MRSA, VRE, M.  tuberculosis, 
enteric bacteria and others[6‑9]. It was documented 
that acetone and ethanol extracts obtained from 
fifteen plants used in folk medicine by tribals of 
Mandla region exhibited significant activity against 
urinary tract infection  (UTI) causing pathogens[10]. 
Aqil et  al.[11] reported significant inhibitory effect of 
ethanol extracts of various Indian medicinal plants on 
both clinical isolates of β‑lactamase producing MRSA 
and methicillin‑sensitive S. aureus  (MSSA). In another 
study, oregano oil exhibited antibacterial activity 
against methicillin‑sensitive and methicillin‑resistant 
bacteria[12]. Ayachi et  al.[13] detected the antibacterial 
activity of methanol, dichloromethane and ether 
extracts of Thymus vulgaris against MDR Salmonella 
typhimurium.

Despite abundant literature on the antimicrobial 
properties of plant extracts, none of the plant 
derived chemicals have successfully been exploited 
for clinical use as antibiotics. A  significant part 
of the chemical diversity produced by plants is 
thought to protect plants against microbial 
pathogen. Hence, they have been proven to 
have antimicrobial importance both in  vivo and 

in  vitro[14]. This research was designed to study the 
antimicrobial potentiality of eight medicinal plants 
viz. Aloe barbadensis  (aloe vera), Azadirachta 
indica  (neem), Bryophyllum pinnatum  (bryophyllum), 
Cymbopogon citratus   (lemongrass), Ocimum 
sanctum  (tulsi), Origanum vulgare   (oregano), 
Rosmarinus officinalis  (rosemary) and Thymus 
vulgaris  (thyme) against a series of MDR bacteria 
of clinical relevance. Phytochemical screening was 
carried out to identify major biologically active 
phytoconstituents. Moreover, we investigated the 
biological activity of the potent crude extracts 
against S.  aureus  MRSA using agar overlay 
bioautography assay. It is hoped that these active 
constituents will provide useful information for 
discovering new compounds with better activity 
against MDR bacteria than agents currently 
available.

MATERIALS AND METHODS

Fresh leaves of lemongrass, oregano, rosemary 
and thyme were purchased from INA local market, 
New Delhi, India. Additionally, leaves of neem, tulsi, 
aloe vera and bryophyllum free from diseases were 
obtained from Noida localities, Uttar Pradesh, India. 
The collected plants were identified taxonomically and 
authenticated.

Preparation of plant extracts:
The leaf samples were washed thoroughly 2‑3  times 
with running tap water and once with sterile water, 
air‑dried, powdered and used for extraction. Fifty 
grams of each of the air‑dried and coarsely powdered 
plant material was extracted successively with 200 ml 
each of hexane, chloroform, methanol, ethanol and 
water in the increasing order of their polarity using a 
soxhlet evaporator for 48 h[15]. After complete solvent 
evaporation, extracts were dissolved in 10% dimethyl 
sulphoxide  (DMSO) (Merck (India) Ltd., Mumbai, 
India) to a final concentration of 50  mg/ml and 
stored at 5° in labelled sterile screw‑capped bottles 
for further use.

Bacterial cultures and growth conditions:
MDR clinical isolates of S.  aureus  (3 isolates), 
S.  aureus  (MRSA), Escherichia coli  (3 isolates), 
Klebsiella pneumoniae  (2 isolates) and Proteus 
mirabilis with their antibiotic resistance profiles 
were obtained from the Department of Microbiology, 
Rajiv Gandhi Cancer Research Institute, Delhi, 
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India  (Table  1). Standard strains S.  aureus ATCC 
25923 and E.  coli ATCC 25922 were used for 
quality control. All the test strains were maintained 
on nutrient agar slants  (Hi‑Media Laboratories Pvt. 
Limited, Mumbai, India) at 4° and subcultured on to 
nutrient broth for 24 h prior to testing. These bacteria 
served as test pathogens for antibacterial activity 
assay.

Antibacterial activity assay:
Antibacterial activity of aqueous and solvent extracts 
was determined by agar well diffusion method 
according to National Committee for Clinical 
Laboratory Standards  (NCCLS)[16]. Inoculum 
containing 106 cfu/ml of each bacterial culture 
to be tested was spread on nutrient agar plates 
with a sterile swab moistened with the bacterial 
suspension. Subsequently, wells of 8  mm diameter 
were punched into the agar medium and filled with 
100 µl  (25  mg/ml) of plant extract and allowed 
to diffuse at room temperature for 2  h. The plates 
were then incubated in the upright position at 37° 
for 24  h. Wells containing the same volume of 
DMSO  (10%), hexane, chloroform, methanol, ethanol 
and distilled water served as negative controls while 
standard antibiotic discs of imepenem  (10 µg) and 
vancomycin  (30  µg) were used as the positive 
controls. After incubation, the diameters of the 

growth inhibition zones were measured in mm. Three 
replicates were carried out for each extract against 
each of the test organism. Data were expressed as 
mean±standard deviation.

Minimum inhibitory concentration:
Based on the preliminary screening, ethanol and 
methanol extracts that revealed potent antimicrobial 
activity were further tested to determine the minimum 
inhibitory concentration  (MIC) for each bacterial 
sample  (Table  2). The MIC of these extracts was 
determined by broth dilution technique where the 
stocks of 50  mg/ml of the extracts were resuspended 
in 10% DMSO to produce two‑fold dilutions in 
the range of 0.39‑25  mg/ml. Each dilution was 
seeded with bacterial suspension  (1×106 cfu/ml) 
and incubated for 24  h at 37°. After incubation the 
growth of the bacterial isolates in the test tubes were 
observed as turbidity using spectrophotometer at 
600  nm. The least concentration where no turbidity 
was observed was determined and noted as the MIC 
value. All samples were tested in triplicates.

Phytochemical analysis:
Hexane, chloroform, methanol, ethanol and water 
extracts were subjected to phytochemical analysis 
to ascertain the presence of metabolites such as 
reducing sugars, alkaloids, anthraquinones, glycosides, 
flavonoids, tannins, steroids, saponins, triterpenoids 
and phlobatanins[17].

Thin layer chromatography:
The phytocompounds of the ethanol extracts of neem, 
tulsi and aloe vera showing significant antimicrobial 
activity with MIC value of 1.6  mg/ml against 
S.  aureus MRSA  (Table  3) were analysed using thin 
layer chromatography  (TLC). About 10 μl of each 
extract was applied on precoated aluminium silica 
gel G 25 plates. Developing solvent system used 
was toluene and ethyl acetate  (93:7  v/v). The TLC 
plates were run in triplicate. Plate A, the reference 
chromatogram was used to determine the spots as 
visualised by UV light to see if the separated spots 
were UV active after which it was sprayed with 
vanillin sulphuric acid  (2%) spray reagent, plate B 
was used for bioautography and the TLC plates which 
were used to identify spots with the various TLC 
reagents to detect the presence of flavonoids, tannins 
and saponins as described by Johann et  al.[18] was 
denoted as plate C. Individual Rf for each spot was 
measured.

TABLE 1: ANTIBIOTIC RESISTANCE PROFILE OF 
BACTERIAL ISOLATES USED
Antibiotics Test bacteria

Kp1 Kp2 Ec1 Ec2 Ec3 Pm Sa1 Sa2 Sa MRSA Sa3
AK S R S S R S S S S R
AC R R R R R R S S R R
CFX R R R R R R R R R R
CS R R S R R S S S S R
CE R R R R R R R S R R
CI R R R S R S R R R R
CF R R R R R S S R R R
GF S R S R R S S S S R
G S R R S R R S S R R
I S S S S S S S S S R
LE S R R R R S S S S R
MR S R S S S S S S R R
OF R R R R R S S R R R
PT S R S S R R S S R R
VA ‑ ‑ ‑ ‑ ‑ ‑ S S S S
LZ ‑ ‑ ‑ ‑ ‑ ‑ S S S S
AK=Amikacin,  AC=Amoxyci l l in/Clavulanic acid,  CFX=Cefix ime, 
CS=Cefoperazone+Sulbactum, CE=Cefotaxime, CI=Ceftriaxone, CF=Ciprofloxacin, 
GF=Gatifloxacin, G=Gentamicin, I=Imipenem, LE=Levofloxacin, MR=Meropenem, 
OF=Ofloxacin, PT=Piperacillin/tazobactam, VA=Vancomycin, LZ=Linezolid, 
R=Resistant, S=Sensitive, Kp=Klebsiella pneumoniae, Ec=Escherichia coli, 
Sa=Staphylococcus aureus
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Bioautography agar overlay:
The developed TLC plates were thinly overlaid 
with molten nutrient agar inoculated with an 
overnight culture of S.  aureus MRSA. The plates 
were incubated in a dark and humid chamber at 
overnight at 37°. Subsequently, the bioautogram was 
sprayed with an aqueous solution of 2,3,5‑triphenyl 
tetrazolium chloride and further incubated for at 37° 
for 4 h. Microbial growth inhibition appeared as clear 
zones against a pink background. The Rf values of the 
spots showing inhibition were determined. The Rf of 
the inhibition zones on plate B was compared with 
the Rf of reference chromatogram  (plate A) as well 
as Rf of the spots on plate C. The experiment was 
repeated twice.

RESULTS AND DISCUSSION

Out of 40 extracts  (hexane, chloroform, methanol, 
ethanol and aqueous) of eight plants, screened for 
potential antibacterial activity against MDR bacteria, 
ethanol and methanol provided more consistent 
and prominent antimicrobial activity as compared 
to hexane and chloroform extracts  (Table  2). The 
chloroform extracts exhibited the least antimicrobial 
activity as compared to other three solvent extracts. 
The reasons for minimal antibacterial activity in 
chloroform extracts could be a low concentration of 
antibacterial compounds in these extracts. None of 
the aqueous extracts were found effective against any 
of the assayed bacteria. Water extract may contain 

TABLE 2: ANTIBACTERIAL ACTIVITY OF MEDICINAL PLANTS DETERMINED BY AGAR WELL DIFFUSION METHOD
Plant Ex Test bacteria (zone of inhibition in mm)

Sa ATCC 25923 Sa 1 Sa 2 Sa MRSA Ec ATCC 25922 Pm Kp 1 Ec 1 Ec 2
Ne H 17.76±0.75 ‑ 7.93±0.05 ‑ 11.06±0.20 10.00±0.20 ‑ ‑ ‑

C 16.00±0.65 ‑ 6.90±0.05 ‑ 8.00±0.35 8.00±0.30 ‑ ‑ ‑
M 20.10±0.47 19.90±0.45 12.00±0.15 ‑ 15.00±0.98 11.00±0.11 11.00±0.10 8.00±0.11 ‑
E 25.00±0.88 16.40±0.79 14.00±0.20 16.96±0.10 16.00±0.02 15.00±0.15 6.00±0.10 8.00±0.10 ‑

Tu H 12.00±0.91 ‑ 10.06±0.15 12.06±0.05 10.00±0.90 6.00±0.15 ‑ ‑ ‑
C 11.93±0.90 ‑ ‑ ‑ ‑ 4.00±0.05 ‑ ‑ ‑
M 16.23±0.87 11.90±0.25 8.03±0.15 11.06±0.10 14.00±0.30 ‑ 6.00±0.10 7.00±0.15 5.00±0.30
E 20.03±0.90 19.00±0.75 12.06±0.15 18.10±0.10 17.00±0.80 12.00±0.17 9.00±0.15 9.00±0.15 8.00±0.30

Og H 10.00±0.04 9.90±0.55 14.00±0.17 ‑ ‑ 4.00±0.10 6.00±0.15 ‑ ‑
C 8.31±0.61 10.00±0.20 6.90±0.10 ‑ 13.00±0.98 ‑ ‑ 6.00±0.05 ‑
M 16.06±0.30 12.00±0.03 15.06±0.05 12.03±0.10 17.00±0.40 10.00±0.15 6.00±0.26 14.00±0.11 10.00±0.17
E 18.00±0.30 11.00±0.80 13.00±0.20 14.90±0.05 15.00±0.55 8.00±0.23 7.00±0.10 12.00±0.20 13.00±0.11

Rm H 12.10±0.26 ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑
C 11.00±0.03 ‑ 6.00±0.15 ‑ ‑ 4.00±0.43 ‑ ‑ ‑
M 16.10±0.36 15.00±0.30 12.03±0.05 14.00±0.70 14.00±0.30 5.00±0.05 6.00±0.11 10.00±0.05 11.00±0.15
E 18.03±0.15 14.00±0.80 14.93±0.05 14.00±0.90 10.00±0.10 12.00±0.11 10.00±0.11 9.00±0.05 10.00±0.10

Lg H ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑
C ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑
M 10.20±0.20 6.93±0.60 ‑ 10.96±0.20 5.00±0.70 ‑ 7.00±0.05 5.00±0.20 ‑
E 13.90±0.20 4.00±0.80 ‑ 13.00±0.60 10.00±0.70 ‑ 14.00±0.25 14.00±0.30 14.00±0.11

Av H 10.30±0.15 10.03±0.70 ‑ ‑ 4.00±0.20 ‑ ‑ ‑ ‑
C 8.00±0.10 5.60±0.35 14.90±0.10 ‑ ‑ 4.00±0.11 ‑ ‑ ‑
M 13.90±0.17 12.00±0.10 16.13±0.11 13.96±0.20 10.00±0.41 10.00±0.05 8.00±0.35 6.00±0.11 ‑
E 21.10±0.10 15.00±0.10 ‑ 17.90±0.35 17.00±0.52 12.00±0.17 14.00±0.10 7.00±0.05 ‑

Bp H 10.96±0.05 8.96±0.15 7.06±0.05 ‑ 4.00±0.61 11.00±0.20 ‑ ‑ ‑
C ‑ 7.03±0.15 5.01±0.07 ‑ ‑ ‑ ‑ ‑ ‑
M 21.90±0.11 15.00±0.20 11.03±0.50 ‑ 11.00±0.30 14.00±0.11 10.00±0.05 8.00±0.11 8.00±0.20
E 15.16±0.15 11.10±0.20 9.77±0.58 ‑ 10.00±0.50 12.00±0.11 6.00±0.15 7.00±0.20 6.00±0.20

Th H 9.96±0.15 12.00±0.20 ‑ ‑ 8.00±0.30 6.00±0.11 7.00±0.10 5.00±0.40 ‑
C 7.03±0.15  8.20±0.40 ‑ ‑ 6.00±0.45 ‑ ‑ ‑ ‑
M 14.06±0.20 12.00±0.15 ‑ 11.83±0.10 10.00±0.60 7.00±0.15  7.00±0.05 ‑ 7.00±0.11
E 21.00±0.10 17.00±0.20 7.03±0.05 13.76±0.20 13.00±0.52 11.00±0.10  7.00±0.15 8.00±0.11 4.00±0.20

I NT NT NT NT 28.00±0.45  19.00±0.15  17.00±0.35  18.50±0.50  17.20±0.44
V 21.60±0.37 18.40±0.15  16.60±0.11 18.72±0.10 NT NT NT NT NT
Ne=neem, Tu=tulsi, Og=Oregano, Rm=Rosemary, Lg=Lemongrass, Av=Aloevera, Bp=Bryophyllum, Th=Thyme, Ex=Extract, M=methanol, E=ethanol, hexane, chloroform, 
Sa=Staphylococcus aureus, Ec=Escherichia coli, Pm=Proteus mirabilis, Kp=Klebsiella pneumoniae,‑=No inhibition, NT=Not tested, I=Imepenem, V=Vancomycin. 
Values expressed as mean±standard deviation of three replicates
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a low concentration of antibacterial compounds or 
may not extract antibacterial compound(s) or all 
of the identified components from plants active 
against microorganisms, aromatic or saturated organic 
compounds are most often obtained through initial 
ethanol or methanol extraction[19]. In addition, hexane 
and chloroform extracts of lemongrass showed 
inactivity against the tested bacteria.

Results  (Table  2) showed that the most susceptible 
organism was S.  aureus ATCC 25923 which was 
sensitive to 29 plant extracts in various solvents except 
for hexane extract of lemongrass and chloroform 
extracts of both lemongrass and bryophyllum. S. aureus 
1 was sensitive to 24 extracts while S.  aureus 2 
was sensitive to 21 extracts. The susceptibility of 
this bacterium to different plant extracts has been 
documented in literature[20,21]. It was interesting to 
note that the methanol and ethanol extracts from tulsi, 
oregano, rosemary, lemongrass, aloe vera and thyme 
presented antimicrobial activity to S.  aureus MRSA. 
Previous reports also revealed the antibacterial efficacy 
of the investigated plant extracts and essential oils 
against S.  aureus MRSA[11,22‑24]. Although the extracts 
from bryophyllum did not restrain the growth of 
S. aureus MRSA, the other standard and MDR bacterial 
isolates responded differently to the bryophyllum 

extracts. Methanol extracts of bryophyllum recorded 
pronounced antibacterial activity against the test 
pathogens with zones of inhibition varying between 
8  mm against MDR E.  coli isolates to 22  mm in 
S.  aureus ATCC 25923. This is in fair correlation 
with Aibinu et  al.[25] who reported good antibacterial 
activity in bryophyllum against some Gram‑positive and 
Gram‑negative bacteria using methanol, local gin and 
aqueous extracts. Maximum inhibition was observed 
with ethanol extract of neem against S. aureus ATCC 
25923  (25±0.88 mm) while minimum activity against 
K. pneumoniae 1  (6±0.10 mm). Present investigation, 
is in contrast to Chowdhury et  al.[26], who reported 
strong antibacterial potential against K. pneumoniae as 
compared to S. aureus.

Amongst the clinical isolates of Gram‑negative 
bacteria, P.  mirabilis was found to be the most 
sensitive, while E.  coli 2 was the most resistant. 
The inhibition zone against E.  coli 2 were produced 
by the methanol and ethanol extracts of five plants, 
i.e.,  oregano, rosemary, tulsi, bryophyllum and 
thyme in which the first and second ones  (with 
inhibition zone of 10‑13  mm) appeared to be highly 
active  (Table  2). There is also a significant zone of 
inhibition of 14  mm given by the ethanol extract of 
lemongrass against clinical isolates of E.  coli and 
K.  pneumoniae. Findings in this study supported 
the observations of some other researchers about 
lemongrass which exhibited antibacterial activity 
against E.  coli and K.  pneumoniae [27,28]. On the 
other hand, the extracts of lemongrass did not show 
any activity on P.  mirabilis. The remaining plant 
extracts  (in 3‑4 solvents) demonstrated considerable 
activity with inhibition zones  (4‑15  mm) against 
P.  mirabilis. This has clearly indicated that antibiotic 
resistance does not interfere with the antimicrobial 
action of plant extracts and these extracts might 
have different modes of action on test organisms. All 
extracts were virtually inactive against S.  aureus 3, 
E.  coli 3 and K.  pneumoniae 2 which were found to 
be resistant to majority of antibiotics  (Table  1). The 
control plate representing DMSO, hexane, chloroform, 
methanol, ethanol and distilled water did not exhibit 
inhibition on the tested bacteria. The zones of 
inhibition produced by one or the other plant extracts 
observed in the Gram‑positive organisms were almost 
the same with the control antibiotic vancomycin used.

In the present investigation the ethanol extracts of 
tulsi, thyme, oregano and rosemary showed the most 

TABLE 3: MINIMUM INHIBITORY CONCENTRATION 
(mg/ml) OF ETHANOL AND METHANOL EXTRACTS OF 
MEDICINAL PLANTS AGAINST TEST BACTERIA
Plant Extract Test bacteria

Sa 
ATCC 
25923

Sa 1 Sa 2 Sa 
MRSA

Ec 
ATCC 
25922

Ec 1 Ec 2 Pm Kp 1

Ne E 0.39 1.56 1.56 1.56 1.56 12.5 NT 6.25 12.5
M 0.78 1.56 3.12 NT 3.12 12.5 NT 6.25 25

Tu E 0.39 1.56 3.12 1.56 3.12 12.5 12.5 12.5 12.5
M 0.78 3.12 6.25 6.25 1.56 NT 12.5 NT 25

Og E 1.56 6.25 3.12 3.12 1.56 6.25 6.25 12.5 12.5
M 1.56 6.25 3.12 6.25 3.12 6.25 12.5 6.25 25

Rm E 1.56 6.25 3.12 3.12 1.56 12.5 12.5 12.5 12.5
M 1.56 3.12 3.12 3.12 1.56 12.5 12.5 25 25

Lg E 1.56 12.5 NT 6.25 6.25 6.25 6.25 NT 6.25
M 1.56 12.5 NT 12.5 12.5 12.5 NT NT 12.5

Av E 0.78 1.56 3.12 1.56 6.25 NT NT 6.25 6.25
M 1.56 3.12 3.12 3.12 12.5 NT NT 25 12.5

Bp E 0.78 1.56 3.12 NT 6.25 12.5 12.5 3.12 12.5
M 1.56 1.56 3.12 NT 3.12 12.5 25 3.12 12.5

Th E 0.78 1.56 6.25 3.12 6.25 12.5 12.5 6.25 12.5
M 1.56 3.12 NT 6.25 6.25 25 12.5 6.25 12.5

Ne=neem, Tu=tulsi, Og=Oregano, Rm=Rosemary, Lg=Lemongrass, Av=Aloevera, 
Bp=Bryophyllum, Th=Thyme, M‑Methanol, E=Ethanol, Sa=Staphylococcus aureus, 
Ec=Escherichia coli, Pm=Proteus mirabilis, Kp=Klebsiella pneumoniae, NT=Not 
tested
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promising broad spectrum antibacterial properties 
against the reference as well as MDR bacteria in 
which the diameter of zone of growth inhibition 
varied between 6 and 20  mm  (in tulsi), 4 and 
18  mm  (in oregano), 4 and 18  mm  (in rosemary) 
and 4 and 21 mm (in thyme). Our results substantiate 
the findings of Ghaly et  al.[27] who demonstrated the 
antibacterial activity of thyme and rosemary against 
highly resistant bacterial isolates E.  coli, P. mirabilis, 
K.  pneumoniae, P.  aeruginosa implicated in UTI. 
Baydar et  al.[29] revealed the inhibitory activity 
of oregano oil against a series of Gram‑positive 
and Gram‑negative bacteria including Bacillus 
amyloliquefaciens, B.  brevis, B.  subtilis, S.  aureus, 
Coryenebacterium xerosis, E.  coli, K.  pneumoniae, 
P.  vulgaris, Mycobacterium smegmatis. Investigators 
in the past had also clearly shown that ethanol 
extracts were more effective than water extracts[30,31]. 
From the present study, water could not have been the 
best plant solvent, since the entire test isolates were 
completely resistant to water extracts. Water extract 
may contain a low concentration of antibacterial 
compounds or may not extract antibacterial 
compound(s) or all of the identified components from 
plants active against microorganisms, aromatic or 
saturated organic compounds are most often obtained 
through initial ethanol or methanol extraction[19].

Additionally, the ethanol extract of aloe vera showed 
maximum inhibitory zone against standard S.  aureus 
isolate but could not suppress the growth of S. aureus 
2 and E. coli 2. On the other hand, the extract indicted 
pronounced antibacterial activity against S.  aureus 
MRSA and K.  pneumonia  (Table  2). Earlier studies 
have reported antibacterial properties of ethanol 
extracts of aloe vera against the pathogens selected in 
the current study[20,23,32]. According to the antibacterial 
assay done for screening purpose all extracts in 
general are more effective on Gram‑positive bacteria 
than on Gram‑negative bacteria. The results agree 
with observations of previous researchers and could be 
explained by the different cell wall structures of these 
bacteria. Gram‑negative outer membrane comprising of 
phospholipids and lipopolysaccharides act as a barrier 
to the entrance and reaction of most antibiotics and/or 
antimicrobial agents through cell envelope[33,34].

The data obtained through MIC revealed variability in 
the inhibitory concentrations of each extract for given 
bacteria. The MIC values of different plant extract 
against the standard and MDR S. aureus isolates were 
found in the range of 0.39‑12.5  mg/ml  (Table  3). 

The most active plant extract against S.  aureus 
ATCC 25923, S.  aureus 1 and S.  aureus 2 was 
neem ethanol extract  (MIC values 0.39‑1.56  mg/ml) 
followed by methanol extract of bryophyllum  (MIC 
values 0.39‑3.12  mg/ml). However, lemongrass 
extracts demonstrated the highest MIC value of 
12.5  mg/ml against S. aureus 1  (Table  3). Ethanol 
extracts of neem, tulsi and aloe vera were most 
effective with MIC values ≤3.12 mg/ml for S.  aureus 
MRSA. Mahfuzul Hoque et al.[35] documented similar 
MIC values when testing different concentrations 
of neem extracts on S.  aureus isolates. For MDR 
E.  coli and K.  pneumoniae isolates, most of the 
extracts could inhibit the growth only at 12.5 mg/ml, 
however, the tested extracts could effectively inhibit 
E.  coli ATCC 25923 even at concentrations as 
low as 1.56‑6.25 mg/ml. It was interesting to note 
that P.  mirabilis was the most sensitive species to 
bryophyllum extracts with MIC of 3.12  mg/ml. 
However, the MIC of lemongrass  (ethanol extract) 
showed that MDR K. pneumoniae and E.  coli isolates 
was inhibited at 6.25  mg/ml while MIC value of 
12.5  mg/ml was found against S.  aureus 1. Such 
results were different from the data reported by 
Fagbemi et  al.[36] who concluded that S.  aureus and 
E.  coli were sensitive to ethanol extract of lemongrass 
at 512  mg/ml while Kleibsiella appeared to be 
resistant even at MIC value of 512  mg/ml  (highest 
MIC). Variations in the sensitivity of the bacterial 
species tested on the extracts might be because of 
differences in the strains employed for the research 
and perhaps local environmental factors that affect 
the potency of medicinal plants, such as temperature, 
rainfall, day length and soil characteristics may have 
differed between the plant samples used for each 
study.

Results of phytochemical analysis  (Table  4) revealed 
the presence of saponins and tannins either in both 
methanol and ethanol extracts or in any of them. 
Reducing sugars and terpenoids were detected in both 
methanol and ethanol extracts of six plants. It was 
observed that flavonoids was positive in both extracts 
of four plants while found to occur in only methanol 
extracts of aloe vera and tulsi. It is well known 
that these phytoconstituents have already exhibited 
antimicrobial activity[19]. None of the plant extracts 
tested had shown the presence of phlobatannins. 
Anthraquinone is observed only in aloe vera extracts.

TLC analysis revealed the presence of flavonoids, 
saponins and tannins in all the three extracts 
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tested  (data not shown). The assay for bioautography 
demonstrated strong inhibition zones of tulsi, neem 
and aloe vera ethanol extracts against the growth of 
S. aureus MRSA (fig. 1). The clear zones were located 
in separate places on the TLC plate, suggesting that 
more than one compound possessed  antimicrobial 
effect. The Rf values of the inhibiting components 
were 0.13 and 0.63 for tulsi extract, 0.10, 0.36 and 
0.65 for neem extract on plate B. Spots with Rf values 
of 0.10‑0.13 and 0.63‑0.65 corresponds to the spots 
representing flavonoids on spraying with on plate C. 
Furthermore, the ethanol extract from aloe vera showed 
one large inhibition zone with Rf value ranging from 
0.28 to 0.40 which was also positive with 10% FeCl3 
spray reagent. This result suggests that the antiMRSA 
activity present in aloe vera extracts may be due to 
the presence of tannins. These findings corroborated 
with the observations of Mattana et  al.[37] and Hatano 
et  al.[38] who reported the antibacterial efficacy of 
flavonoids and tannins against S.  aureus MRSA. It is 
possible that the observed inhibition was likely due to 
one or more active compounds which overlap possibly 
due to the solvent system used for screening. In 
addition to the components with antimicrobial activity 
several compounds on the reference chromatogram 
were visible in UV light at 235 nm  (data not shown) 
and others that were visible by using vanillin/sulphuric 
acid reagent, many of these compounds did not 
coincide with the antimicrobial components. No 
inhibition zone was observed corresponding to the 
spots with the Rf value of 0.54 and 0.05 in tulsi 
and aloe vera extracts respectively on reference 
chromatogram (plate A). Likewise, antibacterial activity 
was not found in the assayed extracts for the spots 
with Rf values above 0.73  (fig.  1). This could be 
attributed to evaporation of the active components, 
photooxidation or insufficient amount of the active 
component[39]. Synergism might play a major role in 

extracts that were active when the MIC of the mixture 
was determined, while the separated components 
showed no antimicrobial activity. Further investigation 
need to focus on the isolation and elucidation of 
active compounds detected by TLC bioautography by 
employing various developing solvent systems and 
using different MRSA isolates.

From the above study, it can be concluded that the 
selected medicinal plants have great potential as 
antimicrobial agents against MDR clinical isolates. 
Furthermore, in a few cases these plant extracts 
were active against MDR bacteria under very 
low concentrations thus minimizing the possible 
toxic effects. Hence, this study would lead to the 
development of some stable, biologically active 
compounds which can be employed in the formulation 
of antimicrobial agents.

TABLE 4: PHYTOCHEMICAL SCREENING OF ETHANOL AND METHANOL EXTRACTS OF MEDICINAL PLANTS
Phytochemicals Plant extracts

Bp Lg Av Tu Th Og Ne Rm
(E) (M) (E) (M) (E) (M) (E) (M) (E) (M) (E) (M) (E) (M) (E) (M)

Reducing sugar + + − − + + − − + + + + ++ + + +
Tannins + + + − + − + + + + + + + + − +
Anthraquinone − − − − + + − − − − − − − − − −
Glycoside + − − + + + + − + + ++ + + + − −
Saponins + + + − + + + + + + + + + + + ++
Flavonoids + + + +  + − + − − − − − + + + +
Phlobatanins − − − − − − − − − − − − − − − −
Steroids + − − − − − + + − − − − + + + −
Terpenoids + + + + − − + + + + − − + + + +
Ne=neem, Tu=tulsi, Og=Oregano, Rm=Rosemary, Lg=Lemongrass, Av=Aloevera, Bp=Bryophyllum, Th=Thyme, E=Ethanol, M=Methanol, +=Positive, −=Negative

Fig 1: Chromatogram and Bioautogram of ethanol extracts of tulsi, 
neem and aloe vera against Staphylococcus aureus MRSA.
Chromatogram (Plate A) and Bioautogram (Plate B) for ethanol 
extracts of (a) tulsi, (b) neem and (c) aloe vera against Staphylococcus 
aureus methicillin‑resistant Staphylococcus aureus. Arrow (Plate A) 
indicates spots visualized when sprayed with vanillin/sulfuric acid 
reagent. Zones of inhibition (Plate B) are encircled and observed as 
clear spots against pink background. Mobile phase: Toluene/ethyl 
acetate (93:7 v/v)
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