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ABSTRACT

Objective: The present study was conducted to evaluate the potential of some medicinal plants used in Ayurveda in treating multiple drug-resistant 
human pathogens causing urinary tract infections (UTIs).

Methods: Dried parts of six medicinal plants used in Ayurveda for treating UTI were Soxhlet extracted, and the extract was concentrated in vacuo. 
Various concentrations of the extract were tested for antimicrobial activity against three clinical isolates of multiple drug-resistant bacteria causing 
UTI.

Results: Preliminary results showed the promising antibacterial effect of plant extracts. Escherichia coli, the most common pathogen associated with 
UTI, was susceptible to aqueous extracts of all the six medicinal plants.

Conclusion: This study concluded that the medicinal plants used in Ayurveda to treat UTIs are effective against multiple drug-resistant uropathogens. 
Further study in this regard may lead to the identification of novel antimicrobial agent for treating multiple drug-resistant urinary tract pathogens.
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INTRODUCTION

Even though pharmaceutical industries have produced a number 
of new antibiotics, resistance to these drugs by microorganisms 
has increased. Each year, high mortality is caused in hospitals in 
developing countries due to antibiotic resistance [1]. Alarming multiple 
drug resistance has been reported among urinary tract infections 
(UTIs) [2]. Bacteria have the genetic ability to transmit and acquire 
resistance to therapeutic agents such as antibacterial drugs [3]. The 
most influential factor of antibiotic resistance is the inappropriate 
use of antibiotics [4]. The problem of microbial resistance is growing, 
and therefore, actions must be taken to reduce this problem. Certain 
such measures include controlling or restricting antibiotic usage; 
better understanding of the genetic mechanisms of resistance through 
advanced research, and developing new drugs, either synthetic or 
natural. To offer appropriate and efficient antimicrobial drugs to 
the patient should be the ultimate goal. Plants have been a valuable 
source of natural products for maintaining human health, especially 
in Ayurveda. More intensive studies for natural therapies have come 
up in the past decade [5-8]. The known antimicrobial properties of 
both plant extracts and phytochemicals can be of great significance in 
developing new therapeutic modalities in the fight against emerging 
multiple drug resistance among bacteria. The objective of this research 
was to evaluate the potential of plant extracts and phytochemicals on 
multidrug-resistant bacteria, which was isolated from patients having 
UTIs.

METHODS

Bacteria
Multiple drug-resistant microorganisms were isolated from urine 
samples of patients having UTI. Three most commonly found multiple 
drug-resistant bacteria, namely Escherichia coli, Staphylococcus aureus 
(coagulase-positive), and Pseudomonas aeruginosa were selected for 

the study. E. coli was resistant to ampicillin/sulbactam (10/10 µg), 
cefazolin (30 µg), ceftriaxone (30 µg), cefepime (30 µg), cefoxitin 
(30 µg), cefoperazone (75 µg), cefuroxime (30 µg), ciprofloxacin (5 µg), 
co-trimoxazole (25 µg), doxycycline (30 µg), and norfloxacin (10 µg). 
Staphylococcus was resistant to ampicillin/sulbactam (10/10 µg), 
cefazolin (30 µg), cefuroxime (30 µg), cefadroxil (30 µg), co-trimoxazole 
(25 µg), doxycycline (30 µg), ofloxacin (5 µg), and vancomycin (30 µg). 
Pseudomonas was resistant to cefazolin (30 µg), cefotaxime (30 µg), 
cefepime (30 µg), cefuroxime (30 µg), ciprofloxacin (5 µg), colistin 
(10 µg), gentamycin (10 µg), and imipenem (10 µg). The antibiotic 
sensitivity discs were purchased from Pathoteq Biological Laboratories 
Ltd., Umbergaon, Gujarat.

The antibacterial activity of the plant extracts was also compared to 
the antibiotic sensitive bacterial strains, namely E. coli (MTCC 1652), 
S. aureus (MTCC 9542), and P. aeruginosa (MTCC 8165).

Crude extract preparation of medicinal plants
The medicinal plant parts were purchased from the local Ayurvedic 
market; identified and authenticated in herbarium of Department 
of Botany, University of Rajasthan, Jaipur. The plants and plant parts 
used for this study were Coriandrum sativum L. - seeds, Rotula aquatica 
Lour. - roots, Santalum album L.- stem, Elettaria cardamomum (L.) 
Maton- seeds, Piper longum L. – fruits, and Vitex negundo L. - roots. 
The plant samples were washed and air-dried under shade at room 
temperature for 7–10 days. After drying, the samples were reduced 
to small pieces, and the plant materials were grounded into a fine 
powder using mixer grinder. Pulverized samples were stored in 
airtight containers until further use. The powdered plant material 
was exhaustively extracted with methanol in a Soxhlet apparatus for 
72 h. The extract was filtered, and the clear supernatant was collected, 
covered, and labeled and used for the qualitative phytochemical 
screening [9,10]. The extract was then concentrated in vacuum. Various 
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concentrations of the extract were tested for antimicrobial activity 
against three clinical isolates of multiple drug-resistant bacteria causing 
UTIs and three antibiotic sensitive strains obtained from IMTECH, 
Chandigarh. For aqueous extract preparation, the powdered plant parts 
were added to distilled water and boiled on slow heat for 2 h. It was 
then filtered through eight layers of muslin cloth and centrifuged at 
5000 rpm for 10 min. The supernatant was collected. This procedure 
was repeated twice. The supernatant collected at an interval of every 
2 h was pooled together after 6 h and concentrated to reduce the final 
volume to one-fourth of the original volume. It was then autoclaved at 
121°C and at 15lbs pressure and stored at 4°C until further use [11].

Antibacterial activity of plant extract against uropathogens
The methanolic extracts of medicinal plants were dried in vacuum using 
rotary vacuum evaporator. The dried plant extract was re-dissolved in 
dimethyl sulfoxide (DMSO) in the concentration 1 mg/ml and used 
for testing its potential antibacterial activity against uropathogens by 
agar well diffusion (agar cup) method on nutrient agar medium. The 
bacterial inoculum was spread uniformly on the medium using a sterile 
cotton swab. 5 mm diameter holes were cut in the agar gel, 20 mm apart 
from one another using sterile core borer. The media were incubated 
for 24 h at 36°C±1°C, under aerobic conditions after the addition of 
plant extracts into the wells. After incubation, confluent bacterial 
growth was observed. Inhibition of the bacterial growth was measured 
in mm [12,13].

The diameter of the zones of inhibition in the triplicate plates was 
measured and their mean designated as zone of inhibition. The activity 
indices were calculated as the division of zone of inhibition of the 
extract by that of the standard drug, that is, nitrofurantoin [14]. The 
activity index was calculated for the highest concentration of the plant 
extract tested as shown in Table 1 [15].

Minimum inhibitory concentration (MIC)
MIC was determined for extracts showing antimicrobial 
activity against test pathogens in well diffusion assay. For the 
determination of MIC values broth microdilution method was 
followed. Plant extracts were re-suspended in DMSO (which 
has no activity against test microorganisms) to make 15 mg/ml 
final concentration and then were added to broth media. 100 µl 
inoculums of standard size were added to each test tube. Broth 
containing standard drug was used as positive control, and 
bacterial suspensions were used as negative control. The tubes 
were incubated at 37±2°C for 24 h for bacterial growth to occur. 
The MIC values were interpreted as the lowest concentration 

of the plant extract that prevented the visible growth of 
microorganisms as given in Table 2 [16].

Phytochemical analysis of methanolic plant extracts
Test for alkaloids
About 5 ml of alcoholic extract was evaporated to dryness. The 
residues were taken in 5 ml of 2% hydrochloric acid, saturated with 
sodium chloride and filtered. The filtrate was tested with Dragendorff’s 
(potassium bismuth iodide) reagent (excess of KI + BiNO3 solutions). 
Presence of alkaloid produced brick red (reddish brown) colored 
precipitate.

Test for flavonoids
Ammonia test
Filter paper strips dipped in the alcoholic solution of the extract were 
ammoniated. The presence of flavonoids was indicated by the change in 
color of the filter paper to yellow.

Test for coumarins
About 1 ml or 0.5 g of the plant extract was taken in a small test tube, and 
the mouth of the test tube was covered with filter paper moistened with 
1N NaOH. The test tube was placed in boiling water for a few minutes. 
Then, the filter paper was removed and examined in ultraviolet light for 
yellow fluorescence which indicated the presence of coumarins.

Test for cardiac glycosides
About 1 ml of the plant extract was mixed with 2 ml of glacial acetic acid, 
and few drops of 5% ferric chloride were added. 1 ml of concentrated 
sulfuric acid was layered on it. Formation of a brown ring at interface 
indicated the presence of cardiac glycosides.

Test for glycosides
About 2 ml of the plant extract was mixed with 3 ml of chloroform and 
1 ml of 10% ammonium solution. Formation of pink color indicated the 
presence of glycosides.

Test for phenolic compounds
Ferric chloride test
About 3 ml of alcoholic extract was evaporated to dryness and extracted 
with 5 ml of distilled water. Few drops of neutral ferric chloride solution 
(5%) were then added into the aqueous extract, dark green to blue 
color indicated the presence of phenolic compounds.

Table 2: Minimum inhibitory concentration of methanolic plant extracts (mg/ml) against uropathogens (clinical isolates)

S. No. Plant sample Pseudomonas aeruginosa Staphylococcus aureus Escherichia coli
1. Coriandrum sativum L. 1.875 3.75 1.875
2. Elettaria cardamomum (L.) Maton 0.9375 0.4687 3.75
3. Piper longum L. 1.875 3.75 0.9375
4. Rotula aquatica Lour. 1.875 - 0.4687
5. Santalum album L. 1.875 0.4687 1.875
6. Vitex negundo L. 0.9375 1.875 0.9375

Table 1: Activity Index of medicinal plant extracts

S. No. Plant sample/name of bacteria Pseudomonas aeruginosa Staphylococcus aureus Escherichia coli

Solvent used MeOH H2O MeOH H2O MeOH H2O
1 Coriandrum sativum L. 0.35 - 0.55 0.59 0.83 0.568
2 Elettaria cardamomum (L.) Maton 0.5 0.85 0.36 0.59 0.39 1.11
3 Piper longum L. - 0.69 0.63 0.82 - 1.22
4 Rotula aquatica Lour. 0.38 - 0.55 - - 0.83
5 Santalum album L. 0.35 - 0.63 - 0.44 1.0
6 Vitex negundo L. 0.54 0.42 - 0.68 0.67 1.05
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Test for saponins
A few ml of the alcoholic extract was evaporated to dryness. To the 
residue, 6 ml of distilled water was added, shaken well and observed 
for the presence of persistent foam indicating the presence of saponins.

Test for sterols
The alcoholic extract was tested for sterols by Salkowski reaction. In 
2 ml plant extract, 2 ml chloroform, and 2 ml of concentrated sulfuric 
acid were added and then shaken well. Chloroform layer appeared red 
and greenish yellow fluorescence developed in acid layer indicating the 
presence of sterols.

Test for anthraquinone
Borntrager’s reaction for free anthraquinones
About 5 ml of alcoholic extract was evaporated to dryness. To the 
residue 5 ml chloroform was added. This was heated in a steam bath 
for 5 min. The extract was filtered while hot and allowed to cool. To 
the filtrate, an equal volume of 10% ammonia solution was added. This 
was shaken, and the upper aqueous layer was observed for bright pink 
coloration indicating the presence of anthraquinones.

Test for triterpenoids
Salkowski test
About 2 ml of plant extract was shaken with 2 ml of chloroform, and 
5 drops of concentrated sulfuric acid were added along the sides of 
the test tube. The appearance of reddish brown color at the interface 
indicates the presence of triterpenoids.

Test for tannins
To 3 ml of plant extract, 3 ml lead acetate solution was added. The 
occurrence of white precipitate indicated the presence of tannins.

RESULTS

The well size was 5 mm and zone of inhibition >10 mm was considered 
to be significant. It was found that only E. coli were susceptible 
to methanolic extracts of V. negundo L. Methanolic extract of 
E. cardamomum (L.) Maton showed significant antibacterial activity 
against P. aeruginosa and some activity against S. aureus, but it was not 
effective against E. coli. Even though methanolic extract of P. longum L. 

was effective against Gram-negative bacteria P. aeruginosa and E. coli, 
it did not show any significant activity against Gram-positive bacteria 
S. aureus.

Methanolic extracts of R. aquatica Lour. were not effective against 
Pseudomonas but it was effective against both E. coli and S. aureus. 
S. album L. and C. sativum L. extracts showed significant antibacterial 
activity against all the test strains (Table 3).

When the same extracts were tested for its antibacterial activity against 
multiple drug-resistant clinical isolates causing UTIs, the results varied 
significantly. The multiple drug-resistant strains showed significantly 
lower susceptibility to plant extracts. It was found that E. coli were 
resistant to all the methanolic plant extracts except that of C. sativum L. 
when 25 µl of the plant extract were used. Pseudomonas was susceptible 
to three plant extracts only at the highest concentration tested. 
S. album L. and P. longum L. had antimicrobial activity only against Gram-
positive cocci (S. aureus) whereas V. negundo L. was effective against 
Gram-negative bacteria E. coli and Pseudomonas. Elettaria cardomomum 
showed antimicrobial activity only against Pseudomonas (Table 4).

In traditional medicine as in Ayurveda, most of the time, the 
medicinal plant extracts used for treatments are produced by aqueous 
decoctions or infusions. To validate the use of these medicinal plants 
in the treatment of UTIs in Ayurveda, aqueous extracts were tested 
for antibacterial activity against clinical isolates causing UTIs. The 
results were overwhelming in the case of E. coli the most common 
uropathogens, as most of the aqueous extracts were potent than its 
corresponding methanolic extracts. P. aeruginosa was resistant to 
the aqueous extract of C. sativum L., R. aquatica Lour., and S. album L. 
which explains why multiple drug-resistant Pseudomonas is extremely 
difficult to control even by strong antibiotics. P. aeruginosa is also one of 
the notorious agents for nosocomial infections. S. aureus was resistant 
to R. aquatica Lour. and S. album L. E. coli were found to be more 
susceptible to aqueous extracts of medicinal plants in comparison to 
methanolic extracts (Table 5). P. aeruginosa was found to be resistant 
to most medicinal plant extracts while E. coli was found to be the most 
susceptible organism, especially to the aqueous extracts.

The activity index of aqueous extracts (Table 1) of E. cardamomum (L.) 
Maton, P. longum L., S. album L., and V. negundo L. was one and above 

Table 3: Antimicrobial activity (ZI in mm) of methanolic plant extracts against standard microbial strains

S. No Plant sample/amount used Pseudomonas aeruginosa
(MTCC 8165)

Staphylococcus aureus
(MTCC 9542)

Escherichia coli
(MTCC 1652)

25 µl 50 µl 75 µl 25 µl 50 µl 75 µl 25 µl 50 µl 75 µl
1. Coriandrum sativum L. 8±0.22 14±0.23 18±0.53 13±0.27 15±0.2 18±0.26 - 8±0.22 11±0.05
2. Elettaria cardamomum (L.) Maton 9±0.26 17±0.38 23±0.26 6±0.05 9±0.18 11±0.12 - - 7±0.05
3. Piper longum L. 12±0.18 15±0.07 19±0.46 6±0.05 7±0.1 9±0.18 8±0.18 9±0.05 15±0.17
4. Rotula aquatica Lour. - 6±0.18 8±0.04* 7±0.02* 13±0.2* 17±0.17 12±0.26 19±0.5 24±0.44
5. Santalum album L. 6±0.1 11±0.09 15±0.28 8±0.08 12±0.3* 14±0.28 9±0.1 13±0.28 18±0.1
6. Vitex negundo L. - - - - 7±0.07 9±0.1 14±0.46 20±0.36 22±0.27
Each value is expressed as mean±SD. (n=3) and statistically significant at *p<0.05. -: Means no zone of inhibition. ZI: Zone of inhibition, SD: Standard deviation

Table 4: Antimicrobial activity of methanolic plant extracts against clinically isolated multiple drug‑resistant uropathogens (ZI in mm)

S. No. Plant sample/amount used Pseudomonas aeruginosa Staphylococcus aureus Escherichia coli

25 µl 50 µl 75 µl 25 µl 50 µl 75 µl 25 µl 50 µl 75 µl
1. Coriandrum sativum L. 6±0.08 7±0.18 9±0.1 8±0.13 12±0.22 12±0.13 12±0.36 11±0.17 15±0.28
2. Elettaria cardamomum (L.) Maton 7±0.15 11±0.16 13±0.2 - - 8±0.05 - - 7±0.1
3. Piper longum L. - - - 8±0.15 10±0.13 14±0.18 - - -
4. Rotula aquatica Lour. - 8±0.16 10±0.15 - 9±0.1 12±0.18 - - -
5. Santalum album L. - - 9±0.05 9±0.1 12±0.15 14±0.13 - - 8±0.13
6. Vitex negundo L. - 8±0.06 14±0.22 - - - 7±0.1 10±0.15 12±0.17
Each value is expressed as mean±SD. (n=3) and statistically significant at *p<0.05. -: Means no zone of inhibition. SD: Standard deviation, ZI: Zone of inhibition
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against E. coli; which indicates the potential of these plants to control 
the growth of one of the most common uropathogens.

The zone of inhibition exhibited by nitrofurantoin against P. aeruginosa, 
S. aureus, and E. coli was 26 mm, 22 mm, and 18 mm, respectively.

The MIC required for no visible growth of the microorganisms was 
significantly higher (Table 2) compared to the agar well diffusion results. It 
may be noted that some methanolic plant extracts such as that of R. aquatica, 
P. longum L., E. cardamomum (L.) Maton, and S. album L. which did not 
show significant antibacterial activity against E. coli in the diffusion method 
(maximum concentration tested was 75 µg) also showed antibacterial 
activity in higher concentrations. This is an important observation which 
indicates that crude extracts may have to be used in higher concentrations 
for showing antimicrobial activity and to control uropathogens. This also 
signifies the need to isolate the active principle or the exact compound 
responsible for antibacterial activity from the crude extract to utilize it in 
lower concentrations and still show antibacterial activity.

Phytochemical analysis of plant extracts showed the presence of a 
variety of antimicrobial compounds such as alkaloids, flavonoids, 
triterpenes, polyphenols, and saponins (Table 6). The antimicrobial 
activity of the medicinal plant extracts needs to be investigated further 
to identify the compound/s responsible for bactericidal property and 
its mechanism of action.

DISCUSSION

Methanolic extract of C. sativum L. was effective against E. coli and 
S. aureus in higher concentrations. Antibacterial activity of the 
methanolic extract of C. sativum L. seeds is in agreement with a 
previous study conducted by Thangavel et al. [17]. Antibacterial 
activity of coriander methanolic extract against E. coli is in accord with 
an earlier report by Bonjar [18,19]. Coriander oil has been described 
in the past to be effective against Gram-negative (E. coli, Salmonella 
typhi, Klebsiella pneumonia, and Proteus mirabilis) and Gram-positive 
bacteria (Bacillus megaterium, S. aureus, and Bacillus sp.) [20-24]. 
According to Kubo et al., [25] dodecenal, isolated from fresh leaves of 
coriander showed bactericidal activity against Salmonella choleraesuis, 
a foodborne pathogen. Dodecenol proved to be twice as effective 
as gentamicin, the commonly used antibiotic administered to kill 
Salmonella. Campylobacter jejuni in raw meat could also be controlled 
using coriander oil in a dose-dependent manner [26]. The methanolic 
and aqueous extract of coriander seeds did not show any significant 
activity against P. aeruginosa. P. aeruginosa was resistant to coriander oil 
as described previously [24]. The aqueous extract was also not effective 
against E. coli. The inefficiency of aqueous extracts of Coriander against 
uropathogens has also been reported earlier [27,28].

Both aqueous and methanolic extracts of E. cardamomum (L.) Maton 
showed significant antimicrobial activity against P. aeruginosa. 
E. cardamomum (L.) Maton aqueous extract was found to be the most 
effective against P. aeruginosa among all the medicinal plant extracts 
tested. Even though the methanolic extract did not show significant 
antibacterial effect on S. aureus and E. coli, the aqueous extract was 
effective against both the strains. The effectiveness of aqueous seed 
extract supports the use of E. cardamomum (L.) Maton decoctions in 

the treatment of UTIs in Ayurveda. The seed extract of cardamom in 
diethyl ether also showed antimicrobial activity against P. aeruginosa in 
an earlier study [29]. Antibacterial potential of E. cardomomum extracts 
against S. aureus has been demonstrated in earlier studies also [30].

P. aeruginosa and E. coli were resistant to methanolic extracts of 
P. longum L. However, the aqueous extract of P. longum L. showed 
significant antibacterial properties against P. aeruginosa, E. coli, and 
S. aureus. These results again support its use in Ayurveda to treat 
UTI. Both methanolic and aqueous extracts of P. longum L. showed 
significant antibacterial activity against S. aureus as reported by 
Sawhney et al. [31]. The antibacterial property of P. longum L. extracts 
has been established by many researchers before against Bacillus 
subtilis, S. aureus, Staphylococcus albus, S. typhi, P. aeruginosa, E. coli, and 
B. megaterium [32-34]. Piperine was more effective against S. aureus 
while piperlonguminine had activity against B. subtilis.

P. aeruginosa was resistant to both methanolic and aqueous extracts 
of R. aquatica Lour. This result is not in accord with the findings of 
a previous study by Prashanti et al. [35] where aqueous extract of 
R. aquatica Lour. roots was effective against P. aeruginosa. The aqueous 
extract of R. aquatica Lour. showed some activity against E. coli [36]. 
Another study reported that methanolic extract of R. aquatica Lour. 
showed antimicrobial activity against E. coli [37] which again was absent 
in the present study. Acetone extract of R. aquatica Lour. was found to 
be effective against uropathogens, namely E. coli, K. pneumoniae, and 
P. aeruginosa according to a recent study [38].

P. aeruginosa was resistant to both methanolic and aqueous extracts of 
S. album L. stem (heartwood). This finding was in accordance with the 
research reported by Parekh and Chanda [39]. Methanolic extract was 
effective against S. aureus whereas aqueous extract was effective against 
E. coli. The antimicrobial properties of S. album L. have been investigated 
by many researchers. Ethanolic extract was found to be effective against 
Bacillus cereus [40], and methanolic extract has been effective against 
B. subtilis [41,42], S. aureus, E. coli, K. pneumonia, P. aeruginosa [43] 
P. vulgaris, P. syryngea, and Xanthomonas malceverum [44]. The aqueous 
extract of S. album L. was found to be effective only against S. aureus [45].

Methanolic extract of V. negundo L. roots was not effective against S. aureus. 
The aqueous and methanolic extracts of V. negundo L. were moderately 
effective against the uropathogens in the highest concentration 
tested. The available literature supports the antimicrobial potential of 
V. negundo L. The essential oil of V. negundo L. showed antimicrobial 
activity against S. aureus and E. coli [46]. Water-ethanol (50:50) extract 
of V. negundo L. also found to be active against E. coli, P. aeruginosa, and 
S. aureus [47]. Menghani et al. [48] and Ahmad et al. [49] also reported 
the antimicrobial activity of ethanolic extract of V. negundo L. against 
E. coli, P. aeruginosa, and S. aureus. Methanolic leaf extract of V. negundo L. 
also showed antibacterial activity against B. cereus, E. coli, Klebsiella, 
P. aeruginosa, V. cholerae, S. pyogenes, B. subtilis, and S. aureus [50,51]. 
Chrysoplenol-(D), a phenolic isolated from V. negundo L., exhibited 
antibacterial activities against E. coli, B. subtilis, Micrococcus tetragenus, 
and Pseudomonas fluorescens [52].

The specific antimicrobial activity of various plant extracts against 
certain microorganisms is an interesting lead to explore the 

Table 5: Antimicrobial activity (ZI in mm) of aqueous plant extracts against clinically isolated multiple drug‑resistant uropathogens

S. 
No.

Plant sample/amount used Pseudomonas aeruginosa Staphylococcus aureus Escherichia coli

25 µl 50 µl 75 µl 25 µl 50 µl 75 µl 25 µl 50 µl 75 µl
1. Coriandrum sativum L. - - - 8±0.05 11±0.1 13±0.23 - - 10±0.05
2. Elettaria cardamomum (L.) Maton 18±0.13 19±0.1 22±0.22 - 11±0.16 13±0.1 10±0.13 17±0.22 20±0.27
3. Piper longum L. 12±0.07 16±0.13 18±0.1 10±0.09 12±0.18 18±0.22 13±0.22 16±0.13 22±0.27
4. Rotula aquatica Lour. - - - - - - 9±0.05 12±0.1 15±0.13
5. Santalum album L. - - - - - - 11±0.15 14±0.2 18±0.15
6. Vitex negundo L. - 9±0.05 11±0.09 - 11±0.22 15±0.1 11±0.1 13±0.17 19±0.1
Each value is expressed as mean±SD. (n=3) and statistically significant at *p<0.05. -: Means no zone of inhibition. SD: Standard deviation, ZI: Zone of inhibition
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potential of these plants for developing alternative therapies for 
multiple drug resistance among bacteria. Dodecenol isolated from 
C. sativum L., piperine and piperlonguminine isolated from P. longum L., 
and chrysoplenol (D) isolated from V. negundo L. showed antibacterial 
properties. Although antimicrobial properties of E. cardamomum (L.) 
Maton, S. album L., and R. aquatica Lour. have been reported, we could 
not find any research data suggesting the compound responsible for the 
bioactivity in the plant extract. Furthermore, the mechanism of action 
of the plant extracts showing antimicrobial activity was not explored 
in any of the articles, to the best of our knowledge, except in the case 
of C. sativum L. oil. The primary mechanism of antimicrobial action of 
coriander oil was membrane damage leading to cell death as suggested 
by flow cytometry studies [53].

CONCLUSION

The data suggest that plant extracts have great potential as 
antimicrobial compounds against microorganisms. The study also 
throws some light into the traditional use of these medicinal plants in 
Ayurveda for the treatment of UTI seeing that the aqueous extracts of 
all six medicinal plants were effective against E. coli which are the most 
common causative agent of UTI. In the treatment of infectious diseases 
caused by antibiotic-resistant microbes, new molecules may be isolated 
from medicinal plants, as microbial resistance to the currently available 
drugs has become a global problem. The synergistic effect of various 
effective plant extracts is another area to be explored for potent drugs 
against multiple drug-resistant pathogens.
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