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Abstract 

 

Urinary tract infections (UTI) caused by multi-drug resistant (MDR) bacterial pathogens have become a serious global 

health concern. Main etiological agents for UTI are Escherichia coli, Acinetobacter baumannii, and Pseudomonas 

aeruginosa. Recently, medicinal plants have found great popularity in medical treatment for different kinds of infections 

including urinary tract infections. The study has been planned to evaluate the efficacy of alkaloids, flavonoids, saponins and 

crude extracts of medicinal plants i.e. Syzygium aromaticum, Glycerrhiza glabra,Laurus nobilis and Brassica rapa against 

MDR urinary tract pathogens through agar well diffusion method. To investigate the Minimum Inhibitory Concentrations 

(MICs) and Minimum Bactericidal Concentration (MBCs), dilution method was used. Quantitative evaluations of 

phytochemicals indicated the presence of alkaloids in higher concentrations. Results obtained for the antibacterial activities, 

the crude extracts of the four plants showed significantly higher inhibition zones as compared to other phytochemicals. The 

MIC values obtained for different extracts varying  from 7.5-15 mg/ml. Comparig the activities of the extracts of the the four 

medicinal plants it was found that Syzygium aromaticum was the most potent plant against the tested bacterial pathogens 

indicating its strong candidateship for the drug development. 
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Introduction 

 

Medicinal plants have very strong relationship with the 

human society since the dawn of human civilization. 

According to the reports of world health organization 

(WHO), about 80% of the third world populations rely on 

traditional herbal therapies (Dubey et al., 2012). There are 

several studies that have analyzed the therapeutic potential of 

the plants (Djeussi et al., 2013; Habiba et al., 2016; Mustafa et 

al., 2016). Both phytochemical and photochemicals have 

significant therapeutic properties. Several study reports have 

been published to prove the efficacy of the antimicrobial 

potency of these plants (Prusti et al., 2008). Certain 

phytochemicals correspond to the medicinal effectiveness of 

these plants, which include alkaloids, flavoniods (secondary 

metabolites) showing significant inhibitory antimicrobial 

potential against microganisms (Iwu et al., 1999; Alanis, 

2005). These phytochemicals usually show greater 

antibacterial potential then the original individual 

components (Lai & Roy, 2004). Recently different studies 

have been published on the antimicrobial activities of 

different plants extracts (Almagboul et al., 1988; Tetyana et 

al., 2002; Bonjar, 2004; Islam et al., 2008). Due to easy 

access and less toxicity, great trend has been observed 

among the local inhibitants using medicinal plants in 

traditional therapies (Khan et al., 2009). 
With the emergence of multidrug resistant bacteria 

pathogens, a significant failure has been observed in the 

effectiveness of drugs in the current era (Noumedem et 

al., 2013). This resistance is mainly due to extraordinary 

usage of antimicrobial medicines resulting in 

accumulation inside the body (Hancock, 2005). Although 

there are several pharmaceutical companies which have 

developed several types of antibacterial drugs in the 

recent years but the resistance is still increasing and 

becoming a global problem (Middleton et al., 2005). Due 

to the emergence of MDR strains of pathogenic bacteria, 

efforts are going to check the potential of medicinal plants 

so as to combat with these pathogenic agents (Mahmood 

et al., 2008). The phytochemicals of these medicinal 

plants have the ability to stop the growth of multi drug 

resistant organism (Delaquis et al., 2002). 

Urinary tract infections are the most ubiquitous 

extraintestinal diseases caused by pathogenic bacteria. All 

over the world, millions of people are diagnosed with 

urinary tract infections (UTI) every year (Shaikh et al., 

2005). Urinary tract infections caused by MDR strains of 

pathogens have become a severe health problem all over 

the world. The main infective driving force that causes such 

kind of infections are Escherichia coli, Candida albicans, 

Acinetobacter baumannii, Pseudomonas aeruginosa, 

Klebsiella pneumoniae and Enterococcus faecalis (Diab et 

al., 2002). Usually female are more affected by these kinds 

of infections but still the reason is not known. Particularly 

the elder women and postmenopausal women are 

frequently affected (Shaikh et al., 2005; Raz, 2001). The 

different phytochemicals of medicinal plants showed 

antibacterial activities against the pathogens causing 

urinary tract infections.  Since 1990s, plants extracts have 

found great popularity in medical treatment of different 
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infections including UTI (Rios et al., 1988). Several plants 

have been investigated to treat the UTI, and other types of 

infection caused due to the pathogenic organisms 

(Eisenberg et al., 1993). 
There are several medicinal plants used in traditional 

medication in district Dera Ismail Khan (D. I. Khan) 
northwest region of Pakistan for the treatment of UTI 
including Syzygium aromaticum, Glycyrrhiza glabra, Laurus 
nobilis and Brassica rapa. Hence the study has been planned 
to investigate the efficacy of diffent phytochemicals of the 
selected medicinal plants on the multidrug resistant 
pathogenic bacteria through their phytochemical 
investigation and in vitro antibacterial activity. The present 
research will provide baseline information to further 
investigate these plants both In vitro and In vivo in order to 
investigate new biologically active compounds for the 
production of novel drugs. This study will provide scientific 
validation to the traditional knowledge of using medicinal 
plants against infectious human diseases. 
 

Materials and Methods 

 
Medicinal plants collection, identification and samples 
preparation: Data collection was done using 
semistructured questionnaires. Regular field visits were 
arranged and conducted in various localities of the in 
order to record and document the medicinal plants are 
used for the treatment of Urinary tract infections in the 
study area, district D. I. Khan. Among all the documented 
plants only four highly prioritizing plants (B. rapa, G. 
glabra, L. nobilis and S. aromaticum) were selected for 
further In vitro screening. The respective plants’ parts 
were purchased in the local market of Dera Ismail Khan 
and were identified by the taxonomist at the department 
of Botany, Kohat University of science and Technology 
(KUST), Kohat, Pakistan. Ethnobotanical data was 
collected from the literature mainly on their botanical 
names, family names, habit, life form, used part, recipe 
making, methods of these medicines taken, and animal 
types treated (Table 1). Collected samples were washed 
(tape water), dried, and cut into little pieces. These sliced 
pieces were shade-dried and crushed into powder by using 
grinder. The powdered samples were preserved in dirt-free 
container (closed glass) and stored until the quantitative 
analysis of the plants phytochemicals (Alkaloids, 
Flavonoids and Saponins) and antibacterial activities. 

 

Crude extract determination: Ten grams of powdered 

sample was dissolved in 100 ml of methanol in a conical 

flask, plugged with cotton wool and then kept on a rotary 

shaker at 190–220 rpm for 24 h. The supernatant was 

collected slowly and evaporated in wide mouthed 

evaporating bowls at room temperature for 2–3 days till 

the final volume was reduced to one fourth of the original 

volume of the solvent used [that was 100 ml] giving the 

concentration of 400 mg/ml and stored at 4 ºC in airtight 

(Harborne, 1973). 

 

Phytochemical analysis: Phytochemical analysis of all 

the samples was determined as follows: (Lakshmi & 

Geetha, 2011) 

 

Alkaloids determination: A total of 200 ml of 20% 

acetic acid was added to 5 g of plant sample in a separate 

250 ml beaker and covered to stand for 4 hrs. This 

mixture containing solution was filtered and the volume 

was reduced to one quarter using water bath. To this 

sample concentrated ammonium hydroxide was added 

drop wise until the precipitate was complete. The whole 

solution was allowed to settle and the precipitate was 

collected by filtration and weighted. The percentage of 

total alkaloid content was calculated according to 

Obadoni and Ochuko (2001) as flow: 

 

Percentage of total alkaloid (%) = 
Weight of residue 

X 100 
Weight of sample taken 

 
Determination of flavonoids: The total flavonoids 
content was estimated using the procedure described by 
Zhishen et al. (1999). A total of 1 ml of plant extract was 
diluted with 2 µl of distilled water separately followed by 
the addition of 150 µl of sodium nitrate (5%) solution. 
This mixture was incubated for 5 minutes and then 150 µl 
aluminum chloride (10%) solution was added and allowed 
to stand for 6 min. the 2 ml of sodium hydroxide (4%) 
solution was added and made up to 5 ml with distilled 
water. The mixture was shaken well and left it for 15 
minutes at room temperature. The absorbance was 
measured at 510 nm. Appearance of pink color showed 
the presence of flavonoids content. The total flavonoid 
content was expressed as rutin equivalent mg RE / g 
extract on a dry weight basis using the slandered. 
 
Determination of saponins: Twenty grams of plant 
sample was mixed in 200 ml of 20% ethanol. The solution 
was heated on water bath for four hours at 55°C. This 
solution was then subjected to filtration, and the same 
procedure was repeated with 200 ml of 20% ethanol 
solution. The combined extracts were subjected to 
condensation at 40 ml using water bath at 90°C. The 
concentrate was then transferred into a funnel of 250 ml 
and added 20 ml of diethyl ether with constant shaking. 
Afterwards, removed the ether layer and collected the 
aqueous layer, in which 60 ml of n-butanol was added. 
Washed two times the collective n-butanol extract by 
using 10 ml of 5 % aqueous sodium chloride. The residual 
solution was then heated on water bath. Post evaporation, 
the sample remaining was electric oven dried. Later, 
measured the saponins concentration in percentage 
(Boham & Kocipai-Abyazam, 1994). 

 

Table 1. Ethnomedicinaluses of the investigated plants. 

Plant/ Family/ Local name Habit/ Life form Part used 

Brassica rapa L./Brassicaceae/ Mustard, Sarson Herb/ Annual, biennial Seeds 

Glycyrrhiza glabra L./ Leguminosae/ Mulethi Herb/ Annual Roots 

Laurus nobilis L./ Lauraceae / Taiz pat Shrub/ Perennial Leaves 

Syzygium aromaticum (L.) Merr. & L. M.Perry / Myrtaceae / Laung Tree/ Perennial Buds 
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Determination of antibacterial activity: Stock solution, 

each of 15 mg/ml of crude extract, alkaloids, flavonoids 

and saponins were dissolved in Dimethyl sulfoxide 

(DMSO). In order to carryout antibacterial activities three 

MDR strains of A. baumannii, E. coli, and P. aeruginosa 

were used and obtained from the Department of 

Microbiology, Kohat University of Science & 

Technology, Pakistan. To maintain the bacterial strains, 

Nutrient Broth was used at 36°C and then the selected 

strains were cultured on Mueller Hinton Agar (MHA) 

plates 24 h prior to any antimicrobial test. For all bacteria 

strains, overnight culture grown in broth (adjusted to 0.5 

turbidity i.e., McFarland standard) was adjusted to an 

inoculum’s density of 100 µl: 0.1 A600 culture containing 

3.2 x108 colony forming unit. Further, 20 µl was spread 

onto 20 ml of sterile agar plates by using a sterile cotton 

swab. Each inoculums was spread in the way that it 

covers the whole surface of the medium on the plate. For 

media well diffusion method, 5 wells were made with the 

help of cork-borer (6mm in diameter) in each petri plate 

for different extracts. Then the extracts were introduced in 

wells with the help of micro pipette. In each plate four 

extracts (alkaloid, flavonoids, saponins, crude extract) of 

each plant were poured in four wells and DMSO was 

incorporated as negative control into the fifth well. 

Ampicillin antibiotic disc was used as positive control and 

was placed in the center of the Petri plate. The measured 

amount of extract in each well was approximately 100 µl. 

Each Petri plate was labeled with the code word of 

spreader bacteria and extract poured in wells. Then all 

plates were sealed with scotch tape and incubated at 37oC 

for 24 hours. After that results were obtained by 

measuring the zone of inhibition in millimeters around 

wells by using scale (Kirby et al., 1957). 
 

Determination of minimum inhibitory concentrations 

(MIC) and minimum bactericidal concentrations 

(MBC): To confirm the antibacterial potential, the 

quantitative measurement of plant extract was calculated 

so for this purpose MICs were evaluated. MICs were 

performed in sterilized 15 ml caped test tubes each having 

10 ml nutrient broth. The concentrated solution of plants 

extracts’ were diluted to different levels. Upper level was 

15 mg/ml with the subsequent levels of 7.5 mg/ml and 

3.25 mg/ml. Then 100 ul of overnight bacterial broth 

cultures were matched to 0.5 McFarland standards and 

inoculated in all the tubes. Two types of controls were 

also run with the experiment, positive control and 

negative control. As a positive control, nutrient broth and 

bacterial culture was fixed without plants’ extract while to 

maintain the correct MICs value, nutrient broth and plant 

extract was used without bacterial culture. Results were 

recorded after we incubate the tubes at 37 °C for 24 hours. 

MIC for a specific bacterium was considered as the 

lowest concentration, at which no growth visible 

(Gunasegaran et al., 2011; Tian et al., 2008). 

MBC is the minimum concentration of antibacterial 

agent which kills the bacteria. It was processed with 

subsequent steps of MIC. MIC results in which no 

bacterial growth was observed processed for MBC. Each 

selected MIC’s tubes content were inoculated on prepared 

nutrient agar plates. Results were recorded after we 

incubate the plates at 37°C for 24 hours. MBC of specific 

plant against bacteria was examined as the minimum 

concentration of an antibacterial agent required to kill 

bacteria (Sabbioni et al., 2005). 

 

Data analysis: The recorded data and observation were 

transferred to Microsoft and Microsoft Excel 2007 in 

order to tabulate and organize the results. Each 

experiment was replicated three times, and then the mean 

value of the recorded inhibition zone (mm) was taken 

after applying the standard deviations.  Data was analyzed 

by using ANOVA for the determination of statistical 

significance (P value) among the tested phytochemical 

classes of a single plant producing zones of inhibitions in 

a single bacterial strain. Univariate ANOVA was 

performed in SPSS (SPSS, 2007). 

 

Results 

 

Ethnomedicinal plants used to treat UTI: B. rapa,G. 

glabra, L. nobilis and S. aromaticum belong to four 

different families namely Brassicaceae, Leguminosae, 

Lauraceae and Myrtaceae. Different plant parts like seeds, 

roots, leaves and buds were used for traditional recipe 

formulation against urinary tract infections that mostly 

administered orally to patients. Additives like water, 

honey and sugar were used in ethnomedicinal recipe 

preparations for reducing astringent taste of the remedy 

while ensuring the intake of complete dosage of 

medication. All the four plants used to treat UTI were 

herbs, shrubs and tree with annual or perennial life form 

(Table 1).  

 

Quantitative evaluation of phytochemicals extracted 

from selected plants: Alkaloids are present in large 

quantity in S. aromaticum and G. glabra while saponins 

are present in large quantity in B. rapa and G. glabra. S. 

aromaticum contains higher concentration of alkaloids 

(26.24%) followed by G. glabra with 26.18%, B. rapa 

with 14.56% and L. nobilis with 11.24%. Saponins were 

observed second largest in quantity among the studied 

plant species after alkaloids. G. glabra was observed with 

the highest amount of flavonoids (45.2%) followed by B. 

rapa (26.55%). L. nobilis and S. aromaticum were 

observed with 4.12% and 3.39% saponins, respectively. 

Flavonoids were found in less concentration as compared 

to rest two of the other phytochemicals like alkaloids and 

saponins of the three selected plants. Highest flavonoids 

contents were found in S. aromaticum (10.5%) followed 

by G. glabra (8,9%), B. rapa (7.05%) and L. nobilis 

(1.85%) (Fig. 1) 
 

Antibacterial activities: Phytochemicals like alkaloids, 

flavonoids, saponins and crude methanolic extracts were 

evaluated In vitro against three MDR strains of A. 

baumannii, E. coli and P. aeruginosa. DMSO was used as 

negative control, which did not show any activity. On the 

other side, Ampicillin was a positive control showing 

activities against all bacterial strains. Various plants’ 

extracts have shown different inhibition values at 15 

mg/ml concentration (Table 2). Alkaloids and crude 

extract of studied plants showed strong bacterial 
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inhibition zones as compared to flavonoids and saponins 

against selected bacterial strains. Among the tested 

phytochemical classes, alkaloids of B. rapa produced 

significantly higher inhibition zones against E. coli (10 

mm) while the crude methanolic extract showed strong 

bacterial inhibition zones against A. baumannii (11 mm) 

(Table 2). Taking in account the effect of the different 

plant extracts, the crude extracts of G. glabrashowed more 

efficacy than other three extracts against tested bacterial 

strains. Crude extracts showed significant highest zone of 

inhibition of ranges from 14 mm to 14.75 mm against all 

bacterial strains examined. The crude extract of L. nobilis 

showed significant highest inhibition zone of (12.75 mm) 

against P. aeruginosa while significantly highest bacterial 

zone of inhibition for L. nobilis alkaloids was observed in 

E. coli (12.5 mm). Alkaloids of S. aromaticum showed 

significant zone of inhibition (16.5 mm) against A. 

baumannii and crude extract showed convincing zone of 

inhibition against P. auriginosa (15 mm). Across all the 

extracts of studied plant species, the values corresponding 

to bacterial inhibition zones produced by the alkaloids, 

flavonoids, saponins and crude extract of S. aromaticum 

were higher than other studied plants indicating the 

efficacy of natural products (Table 2). 
 

 
 

Fig. 1. Quantitative Phytochemical evaluation of the selected 

medicinal Plants (Concentration as %) represents the total 

amount of alkaloids, flavonoids and saponins in selected 

medicinal plants). 
 

The MIC values of phytochemicals and crude 

methanolic extracts against all tested MDR bacterial 

strains ranged between 7.5-15 mg/ml. Mostly the MICs 

values of all the plants were 7.5 mg/ml for two bacterial 

strains A. baumannii and E. coli while there were some 

phytochemicals which showed MICs values of 15 

mg/ml. The MBC values of phytochemicals and crude 

methanolic extracts against all tested MDR bacterial 

strains ranged between 15->15 mg/ml. The MIC and 

MBC values of plant’s extract against MDR isolates 

were shown in (Table 3). 

A literature survey was also conducted to confirm 

wether the investigated plants have been reported for the 

targeted strain of the bacterial pathogens. By reviewing 

the literature (Table), it was found that Brassica rapa has 

not been checked against the targeted pathogens in any 

previous studies. Similarly the other three plants have 

been checked partially against the three pathogens. 
 

Discussion 
 

Previous studies revealed that locals peoples of D. I. 
Khan region used various medicinal plants for the 
treatment of infectious diseases especially urinary tract 
infections. They have sound traditional knowledge 
regarding use of ethnomedicinal plants and preparation of 
recipes through their personal experience, ancestral 
recommendations and long effectiveness. Published 
literature shows that locals inhibitants of the studied 
region used several medicinal plants for the treatment of 
different ailments that indicates their higly dependency on 
natural products (Mussarat et al., 2014). 

Different research studies have been conducted on 
antibacterial, antifungal, anti-inflammatory activities of 
medicinal flora (Samy & Ignacimuthu, 2000; Palombo & 
Semple, 2001; Kumaraswamy et al., 2002). Plant 
phytochemicals have the capacity to combine with the 
extracellular and soluble proteins in order to break the 
membranes of microbes (Ali, 1999). Numerous studies 
from Pakistan and other countries have reported several 
phytochemicals, which were scientifically validated against 
a particular disease. Most of these phytochemicals have 
been identified from the traditional uses of medicinal plants 
against a particular disease (Coolborn & Bolatito, 2010). 

Accessing the antibacterial potential of the plants 
extracts such as alkaloids, flavonoids, saponins and crude 
extracts of S. aromaticum showed convincing zone of 
inhibition against the three tested MDR strains of 
bacterial pathogens. P. aeruginosa appeared to be 
relatively more susceptible as compared to the other two 
bacteria. These results can be satisfied by the findings of 
previous research reports in which the ethanolic extracts 
of S. aromaticum showed the strongest inhibition 
potential towards multidrug resistant bacteria (Khan et al., 
2009). The inhibitory action of S. aromaticum is referred 
to the presence of several compounds, mainly eugenol, 
eugenyl acetate, betacaryophyllene, 2-heptanone (Chaieb 
et al., 2007) Reports have also proved that ethanolic 
extract of S. aromaticum extracts have very strong 
inhibitory potential against the gramnegative bacteria 
(Masoud & Gouda, 2012).  

Investigating the antibacterial potential of different 
extracts of G. glabra, it was found that the crude extracts 
of the plant showed significant higher zone of inhibition 
against the three tested pathogens followed by alkaloids. 
E. coli showed relatively more sensitivity towards the 
different plants extracts. The other two bacterial strains 
showed various growth patterns against the plant 
phytochemicals. These findings may be in comparison 
with the study conducted by Chopra et al. (2013), who 
observed that the methanolic extract of root of G. glabra 
contain some special compounds having high 
antimicrobial activity. Our study can be supported by the 
work of Varsha et al. (2013) who suggested that the 
presence of secondary metabolites in hydro-methanolic 
extracts of root of G. glabra, the extract exhibits potent 
antibacterial activity. The observed antibacterial potential 
of the selected may be refer to the various plant secondary 
metabolites such alkaloids, tannins, saponins, terpens, and 
glycosides present in the G. glabra. The high medicinal 
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potency of the plant against the tested pathogens could 
provide the evidence of new biologically active 
components (Syed et al., 2013). Our results correspond 
with the work of Murray (1995), who suggested that the 
antibacterial activity of the G. glabra plant is due to the 
presence of isoflavonoid-hispaglabridin and B, 4’-O-
methylglabridin, glabridin, glabriol and 3-hydroxyglabrol. 
It has been also reported that it is the secondary 
metabolites such as; saponins, alkaloids, flavonoids in 
hydro-methanolic root extract of G. glabra, the extract 
exhibits potent antibacterial activity (Varsha et al., 2013). 

The different extracts of the L. nobilis were 

investigated against the tested MDR pathogens. It was 
found that the crude extract of the plant was so much 
effective in comparison to the secondary metabolites 
against all the tested organisms. This potent activity of the 
plant crude extract may be due to the secondary 
metabolites including tannins, phenols and flavonoids as 
major ingrediants because plant secondary metabolites 
(PSMs) are particularly interesting in this sense (Croteau 
et al., 2000).  In a study conducted by Santoyo et al. 
(2006) it was found that essential oil content of L. nobilis 
were active against S. aureus, B. subtilis, E. coli and C. 
albicans showing different credible zones of inhibition.  

 

Table 2. Bacterial zone of inhibition (mm) by phytochemicals of selected medicinal plants at 15 mg/ml concentration. 

Plant name Bacteria 
Alkaloids 

(mm) 

Flavonoids 

(mm) 

Saponins 

(mm) 

Crude 

(mm) 
ANOVA 

Ampicillin 

(mm) 

DMSO 

(mm) 

B
ra

ss
ic

a
 r

a
p

a
 

Acinetobacterbaumannii 9.75±0.96 8.25±0.50 9.0±0.82 11±0.82 NS 25 0 

Escherichia coli 10±0.82 9±0.82 9.5±0.58 9.75±0.50 p<0.05 25 0 

Pseudomonas aeruginosa 9±0.82 9.5±0.58 11±0.82 9±0.82 p<0.05 25 0 

G
ly

cy
rr

h
iz

a
g

l

a
b

ra
 

Acinetobacterbaumannii 9.75±0.50 7.5±0.58 6.75±0.50 14±0.82 p<0.01 25 0 

Escherichia coli 9±0.82 9.75±0.50 8.75±0.50 14.75±0.50 p<0.01 25 0 

Pseudomonas aeruginosa 9±0.82 7.25±0.50 6.25±0.50 14.25±0.96 p<0.01 25 0 

L
a

u
ru

sn
o
b

il
is

 

Acinetobacterbaumannii 10.75±0.5 9.25±0.50 9.75±0.50 12.25±0.50 p<0.01 25 0 

Escherichia coli 12.5±1.29 5.75±0.50 9.25±0.50 12±0.82 p<0.01 23 0 

Pseudomonas aeruginosa 10.25±0.9 6±0.82 10±0.82 12.75±0.96 p<0.01 25 0 

S
yz

yg
iu

m
a

ro
m

a
ti

cu
m

 

Acinetobacterbaumannii 16.5±0.58 12.75±0.50 15±0.82 13.75±0.50 p<0.01 25 0 

Escherichia coli 14.5±0.58 12.75±0.96 13.75±0.50 14.5±0.58 NS 23 0 

Pseudomonas aeruginosa 14.5±0.58 16.25±0.96 13±0.82 15±0.82 p<0.05 23 0 

 

Table 3. Minimum inhibitory concentration (MIC) and minimal bactericidal concentrations (MBC)  

of plant’s phytochemicals against MDR isolates. 

Bacteria Phytochemicals 

Brassica rapa Glycyrrhizaglabra Laurusnobilis Syzygium aromaticum 

MIC 

(mg/ml) 

MBC 

(mg/ml) 

MIC 

(mg/ml) 

MBC 

(mg/ml) 

MIC 

(mg/ml) 

MBC 

(mg/ml) 

MIC 

(mg/ml) 

MBC 

(mg/ml) 

A
ci

n
et

o
b
a

ct
er

b
a

u
m

a
n
n

ii
 

Alkaloids 7.5 15 15 >15 7.5 15 7.5 15 

Flavonoids 15 >15 15 >15 7.5 15 15 >15 

Saponins 7.5 15 15 >15 7.5 15 7.5 15 

Crude 15 >15 15 >15 7.5 15 15 >15 

E
sc

h
er

ic
h

ia
 c

o
li

 

Alkaloids 7.5 15 7.5 15 7.5 15 7.5 15 

Flavonoids 7.5 15 7.5 15 15 >15 7.5 15 

Saponins 7.5 15 7.5 15 7.5 15 7.5 15 

Crude 7.5 15 7.5 15 15 >15 7.5 15 

P
se

u
d

o
m

o
n
a

s 

a
er

u
g

in
o

sa
 Alkaloids 15 >15 15 >15 15 >15 15 >15 

Flavonoids 15 >15 15 >15 15 >15 15 >15 

Saponins 15 >15 15 >15 15 >15 15 >15 

Crude 7.5 15 15 >15 7.5 15 7.5 15 

http://cid.oxfordjournals.org/content/46/8/1254.full
http://cid.oxfordjournals.org/content/46/8/1254.full
http://cid.oxfordjournals.org/content/46/8/1254.full
http://cid.oxfordjournals.org/content/46/8/1254.full
http://cid.oxfordjournals.org/content/46/8/1254.full
http://cid.oxfordjournals.org/content/46/8/1254.full
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Investigating the effects of different extracts of B. rapa 

against the tested bacterial strains, it was shown that all the 

extract showed sufficient. It means that the plant contain 

certain phytochemicals with efficient antibacterial 

potential. Polyphenolic compounds found in the different 

extracts of Brassica species have strong inhibitory potential 

against many pathogenic organisms (Shadomy et al., 

1985). Research has proven that phenolic acids are present 

in ionized form having polarity which facilitating them to 

inter through semi permeable bacterial membrane resulting 

in the reaction with the cytoplasm or cellular proteins 

(Tenore et al., 2012). Study has proved that the seeds of B. 

rapacan exert high inhibitory pressure affecting the growth 

of almost all the human pathogenic organisms tested 

excluding S. aureus 3160, which was found to be resistant 

for all the three extracts of B. rapa. Overall, of considerable 

interest is that B. rapa seed demonstrated an appreciable 

antibacterial activity (Bai et al., 2014). 

Investigating the Minimum Inhibitory Concentration 

(MBC) and Minimum Bactericidal Concentration (MIC) 

of the two medicinal plants i.e., G. glabra and S. 

aromaticum it was found that most of the plants’ extracts 

showed minimum inhibition concentration at 15 mg/ml 

indicating that the MBCs will be greater then 15 mg/ml. 

There were very few extracts which showed the minimum 

inhibition effect at 7.5 mg/ml. In a study done by 

Ababutain (Ababutain, 2011), it was found that extracts of 

clove showed notable inhibitory effect on B. subtilis and 

C. albicans and their inhibition zones ranges 3.125 μg/ml-

6.25 μg/ml. It was also reported that ethanolic extract of 

S. aromaticum against E. coli isolates showed lower MIC 

values ranged from 0.5 to 5.5 mg /l (Al-Jiffri et al., 2011). 

The MIC results for G. glabra were also the same as that 

of S. aromaticum i.e., mostly the MICs values were 

recorded at 15 mg/ml. In a study it was found that the 

MIC of G. glabra roots extracts were 3 μg/ml and 1 μg/ml 

for E. coli and P. aeruginosa, respectively (Aggarwal et 

al., 2015). From the literature survey it was found that the 

it was the Brassiarapawhih has been not checked in any 

previous studies against the tested pathogens. 

Furthermore, the Glycyrrhizaglabra has been not checked 

against the Acinetobacterbaumannii. With respect to its 

novelty the current study is of great importance. 

Traditional herbal medicinal products used against 

Urinary tract infectious pathogens are therapeutically 

active. The crude extracts of the investigated four 

medicinal plants are more active against the tested urinary 

tract infecting MDR isolates. Higher concentration of 

secondary metabolites was found in S. aromaticum then 

other three medicinal plants. S. aromaticum is the most 

potent plant against the tested pathogens as compared to 

the other medicinal plants. The use of a particular 

medicinal plant to treat a particular disease in the 

traditional system is justified. There are certain 

recommendations listed below: 
 

 Traditional knowledge on the studied medicinal 

plants should be documented from other regions of 

world in order to draw a broader conclusion on its 

efficacy and safety 

 The studied medicinal plants should be tested against 

other microorganisms 

 All these medicinal plants should be subjected to 

toxicological studies 

 It is equally important to check and investigate the 

biological potential of the respective extracts against 

the mechanism of action of a particular bacterial 

stain. 

 Scarce studies can be found on Brassica rapa, 

therefore, this species has the potential to be tested 

against a wide range of microorganisms and 

phytochemical studies. 

 S. aromaticum contain antimicrobial agents, and 

therefore should further be evaluated trough other 

biological activities.  

 Spectroscopic studies of the isolated compounds 

including column chromatography, crystallography, 

hetronuclear multiple bond correlation, hetronuclear 

single quantum coherence, and x-ray should be 

carried out for the compounds’ isolation and 

structures’ confirmation.  
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