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Background: One of the most frequent bacterial infections is urinary tract infections, both in public and in
medical settings. It is vital to employ new techniques to overcome drug resistant bacteria, which has
emerged as one of the major health issues facing the world. Medicinal plants (Medicago sativa) are
recognized as one of the most abundant sources of antibiotics in this regard.

Objective: To evaluate the antibacterial effect of the fraction of ethyl acetate of Medicago Sativa extract
against Escherichia coli isolated from urine samples of patients with urinary tract infections.

Methods: In the current study, 85 urine samples were taken from patients attending one of the teaching
hospitals in the Medical City complex in Baghdad. The study was conducted between December 2021 and
May 2022. The urine samples were cultured using semi-quantitative culture techniques, and conventional
microbiological methods were employed to identify the bacteria. The method of Kirby-Bauer Disk diffusion
was used to determine the susceptibility to antibiotics. The antibacterial effect of Medicago Sativa was
tested by preparing Medicago sativa crude extract in 85% ethanol in the Soxhlet apparatus. The extract is
then fractionated into ethyl acetate fraction, then the effectiveness against uropathogenic E. coli was tested
at different concentrations (25mg/ml, 50mg/ml and 75mg/ml).

Result: Of the 85 UTI patients from whom the urine samples were taken, 60% were females and 40% were
males. The majority of the cases were under 40 years old (56.7%). All isolates showed complete meropenem
sensitivity. The extracts from Medicago Sativa showed significant antibacterial activity against E. coli.
Conclusion: Medicago sativa extracts have an excellent opportunity as an antibacterial agent to
uropathogenic E. coli, according to the findings of the current investigation.
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Introduction:

Urinary tract infections (UTIs) are one of the most
frequent infections and a substantial reason for
mortality and morbidity (1). A UTI occurs in about
40% of women at some point in their life. (2). UTIs
affect all age groups, females get UTIs more
commonly and frequently than males (3).“The most
common cause of urinary tract infections is
uropathogenic E. coli (UPEC)”. The infection can
affect both the upper and lower urinary tract. Upper
urinary tract infections are referred to as
pyelonephritis while lower urinary tract infections are
called cystitis. (4). UPEC strains harbour many
virulence  characteristics  that  enable  the
establishment of an infection, including adherence,
toxins, and host defense avoidance mechanisms (5).
“Antibiotics such as trimethoprim,
sulphamethoxazole, and ciprofloxacin are among the
most commonly recommended therapeutics for UTIs.
However, the rise of antibiotic resistance and high
recurrence rates of such common infections greatly
impact society” (6). Today, finding new antimicrobial
agents to overcome infection is still the greatest
priority (7). In traditional medicine, herbs have been
employed for a long time and documented
phytochemical and pharmacological investigations
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confirm this use. In addition, they are effective for
clinical research and the creation of commercial
medications (8). Alfalfa, scientifically known as
Medicago sativa, is a perennial herb plant with
flowers that belongs to the Fabaceae family of peas.
One of the most well-known medical plants, alfalfa
may reach a height of three feet and has vibrant green
leaves and bluish-violet flowers (9). the Medicago
sativa extract exhibited significant antimicrobial
activity against microbial pathogens and can be
initiated as a choice to chemical antimicrobial drugs.
Since the problem of antimicrobial drug resistance is
expanding, our research aimed to evaluate the
antibacterial influence of Medicago sativa on
uropathogenic E. coli cultured from urine samples of
patients visiting the Medical City hospitals in
Baghdad.

Materials and methods

Plant materials: The whole Medicago sativa plant,
which belongs to the Fabaceae family, was gathered
in Kirkuk, and its identity was verified by the
pharmacognosy department at Baghdad College of
Pharmacy. The plant was harvested in November
(2021), during the flowering season, cleaned, dried at
room temperature in the shade, mechanically ground,
and weighed.
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Extraction and fractionation: Three hundred and
fifty grams of coarsely powdered plant materials that
had been shade-dried for 24 hours were defatted with
hexane and then left to dry at room temperature. In a
Soxhlet system, the defatted plant materials were
extracted using 1.5 liters of 85% ethanol until they
were completely depleted.

A dark greenish-yellow residue known as the crude
fraction was produced after the alcoholic extract was
vaporized to dryness at a lower pressure and a
temperature below 40 °C. The crude fraction was
divided using solvents of varying polarities, such as
the petroleum ether F1 (boiling point from 40 - 60
°C), the Chloroform F2, the Ethyl acetate F3, and the
Ethanol F4 (2x100 ml) for each fraction. Anhydrous
sodium sulfate was used to dry the fractions (10, 11).
A preliminary qualitative examination of
phytochemicals

Plant crude and fractional extracts were subjected to
chemical assays to determine their active components
(steroids, terpenoids, flavonoids, and alkaloids)
among others using accepted practices (10).
Chemical tests

Alkaloid test: The test of Dragendorff's: 1 - 2 drops
of Dragendorff's reagent were applied to 2 ml of
alcoholic extract. The presence of precipitation in
orange colour suggests that alkaloids were
successfully detected.

Mayer's test: 1 - 2 droplets of Mayer's reagent were
applied to two ml of alcoholic extract. The formation
of a creamy white precipitate suggests that alkaloids
were successfully detected.

Flavonoid test: The test of lead acetate t: One ml of
10% lead acetate solution was applied to 2 ml of an
alcoholic extract to check for the presence of
flavonoids. The appearance of precipitation that is
yellow-white was interpreted positively.

Steroids test: Liebermann-Burchard:2 ml of the
extract were treated with 1-2 ml of acetic anhydride,
1 ml of chloroform, and two drops of concentrated
H2S04 (concentrated H2SO4 were slowly added
along the test tube's side). A dark green colour
indicates a positive outcome.

Terpenoids test: Salkowski test: 2 ml of the extract
was blended with 2 ml of chloroform followed by a
careful addition of 2 ml of concentrated H2SO4. The
existence of terpenoids was confirmed by the
formation of a red-brown layer at the surface
Condition of high-performance liquid
chromatography

The main component of fast liquid chromatography
(FLC) was isolated.

The column under the optimum condition column:
Nuclear C18-DB, 3 nm particle size (50 x 4.6 mm
1.D) column.

A linear gradient of the mobile phase and the solvent
A (0.05%) trifluoro acetic acid (TFA acid) in
deionized water: Solvent B (0.05%) TFA in
methanol, pH 2.5.

Program with a gradient from (0%) B to (100%) B for
15 minutes.

1.1 ml/min flow rate

Detecting UV at 355 nm

Urine sample collection: Patients visiting the
Medical City hospitals with clinical features of UTI
received sterile disposable containers and requested a
midstream specimen of urine. The container was
labelled properly with the name of the patient and the
date of collection and the specimens were instantly
examined.

Culturing the urine samples: The semiquantitative
culture techniques were employed for cultivating
urine samples to detect significant bacteriuria using a
traditional method. Before inoculating the agar plates,
the bacteria must be brought into a homogeneous
suspension, the urine sample was mixed rather than
centrifuged. After touching the loopful of samples to
the growth medium's (MacConkey agar, blood agar)
surface, the inoculum diffused throughout the entire
plate. After 24 hours of aerobic incubation at 37 °C,
the inoculation plates were checked for the isolates
using morphological, microscopic, and vitek2
techniques. E. coli isolates were the only isolates
included in the analysis.

Testing for antibiotic susceptibility: The modified
Kirby-Bauer discs diffusion method suggested by
CLSI 2014 (12) was used to evaluate the antibiotic
susceptibility of the bacterial isolates to six antibiotic
discs: Meropenem (MEM, 10mcg), ceftriaxone
(CRO, 10mcg), Amikacin (AK, 10mcg),
ciprofloxacin (CIP, 10mcg), nitrofurantoin (F,
100mcg), Trimethoprim (TMP,10mcg). It was
determined that E. coli isolates that displayed
resistance to more than two antibiotics was a
multidrug-resistant strain.

Testing the antibacterial effectiveness: At first
formation of Inoculum and Test Solutions: The
cultures  of  test organisms grown  on
sterile MacConkey agar surfaces were separated. By
employing the streak plate method, the MacConkey
agar plate was kept for 24 hours at 37 °C. The same
morphological type of well-isolated overnight
cultured colonies was then chosen from the cultured
media. A flamed wire loop was used to touch each
colony, and the bacterial colony was placed into test
tube that had been sterilized and contained five ml of
sterile 0.9%NaCl solution. bacterial suspension was
thoroughly and uniformly mixed in the test tubes
using a vortex mixer. The suspension of bacteria was
then modified using McFarland turbidity (0.5)
criteria. By using a (0.5) McFarland turbidity calibre,
background in white colour in the presence of
sufficient lighting, it was possible to adjust and
compare the turbidity of inoculum tubes (13).
Determination of inhibition zone (Zone of
inhibition test): Meropenem disc 10 mcg was used
as a standard antibiotic for the inhibition zone
determination to compare the results. The Medicago
sativa ethyl acetate fraction was investigated for its
antibacterial ~ properties against Gram-negative
bacteria E. coli by using the agar well diffusion
method, this method was described by (13, 14). The
plates were swabbed with small amounts of the
bacterial solutions. Each plate was equally seeded and
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streaked with sterile cotton swabs, to achieve a
uniform dispersion of inoculums. This was done four
times while streaking, spinning the plate by around 60
degrees each time. Finally, the agar's rim was
swabbed, then wells were created on an agar surface
by applying a 6 mm diameter (sterilized cork borer).
Three various concentrations (25mg/ml, 50mg/ml,
75mg/ml) of the extract were prepared by dissolving
the extract in DMSO. The plant extract solutions in 3
different concentrations were carefully applied to the
corresponding plate  media's wells using a
micropipette antibiotic disc (meropenem 10 g/disc)
was applied to the inoculated agar plate surface with
a supplying tool (sterilized forceps) and firmly
pressed to make full touch with the surface of the
agar. Before incubation, the tested extract and
antibiotic discs were given for around 20 minutes to
disperse. The plates were then incubated for around
24 hours at 37 °C. After an overnight incubation,
Caliber was used to measure the widths of the
inhibitory zones in millimeters, and the results were
recorded separately, Meropenem (10ug/ml) served as
positive control and dimethyl sulfoxide served as a
negative control.

Calculation of the minimal inhibitory
concentration (MIC): Using a 96-well microplate
and the described procedure (13), the minimum
inhibitory concentration was assessed. For each well
on every plate, 100ul of (MHB) was added, and (100
ul) of plant extract, containing (50mg of plant extract
per ml), was then put into the first column of the
microplates. Thus, total volume of (200ul) was
produced for each well in the first column. Serial
dilution was carried out with double folding from the
first column up to the sixth column. The last volume
(100 pl) of the broth and plant extract were collected
from the sixth column and discarded. Column 7
contains broth only. A suspension of bacteria (50 ul),
which was made up by mixing on milliliter of MHB
with (100 ul) of fresh inoculums, was aseptically
poured into each well up to the seventh column. then
kept the plates in an incubator for 24 hours at 37 °C,
and loss of turbidity was used to calculate the MIC.
Analysing the Data: The data was analyzed by
employing Statistical Package for Social Sciences
(SPSS) version 26. The data are presented as
concentration than in concentration (25 mg/ml), table

).

(meanzstandard deviation, ranges, frequencies and
percentages). Analysis of Variance (ANOVA) (two-
tailed) and post hoc test (LSD) least significant
difference compared the continuous variables based
on this method. P-values lower than 0.05 were
regarded as significant.

Results

Only 30 of the 85 urine samples taken from patients
tested positive for E. coli, the remaining samples were
E. coli negative and were excluded from the study.
Among those, the highest proportion was from the
age group of 20-39 years (56.7%), figure (1). The
male:female ratio was 1:1.5, with 60% females and
40% males.

Table (1) displays shows that sensitivity to
meropenem was found in 100% of the urine samples,
while it was 80% for nitrofurantoin and 83.3% for
amikacin.

Iragi Medicago sativa pre-eliminatory analysis of
phytochemicals demonstrated the existence of
flavonoids, alkaloids, terpenoids, and steroids in the
crude extract, but only flavonoids in the ethyl acetate
fraction, table (2). HPLC analysis indicates the
presence of gallic acid, salicylic acid, caffeic acid,
pyrogallol, quercetin, myricetin, and naringin, figure
(2) and table (3).by preparing different
concentrations of  ethyl acetate fraction, the
researchers were able to assess the antibacterial
activity of Medicago sativa extract against E. coli,as
showen in figure (3). Table (4) and figure (4) compare
the mean inhibition zone at various concentrations of
ethyl acetate fraction with meropenem. Meropenem
clearly had a larger mean inhibition zone than other
concentration (32.96 mm compared to 17.32 mm for
concentrations of 75 mg/ml, 15.39 mm for 50 mg/ml,
and 12.92 mm for 25 mg/ml, P=0.001).

For the verification of the mean differences of the
inhibition zone among groups, post hoc tests (LSD)
were conducted. The results showed that the mean of
the inhibition zone was significantly higher in
meropenem than in ethyl acetate fraction
concentrations of (75mg/ml, 50mg/ml and 25 mg/ml)
(P< 0.05), higher in (75 mg/ml) concentration than in
concentrations of (50 mg/ml and 25mg/ml), and
higher in (50 mg/ml)

Age (Year)
60.0% 17 (56.7%)
40.0% e
7(23.3%) 6 (20%) 40 - 59
20.0% ' o o> 60
0.0%

Figure (1): Age distribution of the cases with a positive E. coli urine sample
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Table (1): Susceptibility to antibiotics in the E. coli positive urine samples
No. of bacterial isolates and their percentages

Drug Symbol

Sensitive (%) n=30 Intermediate (%) n= 30 Resistant (%) n= 30
Meropenem MEM 30 (100.0) 0 (0) 0(0)
Ceftriaxone CRO 10 (33.3) 1(3.3) 19 (63.4)
ciprofloxacin CIp 14 (43.3) 0 (0) 16 (56.7)
Trimethoprim TMP 16 (56.7) 0 (0) 14 (43.4)
Nitrofurantoin F 24 (80.0) 3(10.0) 3 (10)
Amikacin AK 25(83.3) 3(10.0) 2(6.7)

Table (2): Phytochemical screening of crude extract and different fraction

Crude and fractions Alkaloids flavonoids Steroids Terpenoids
Crude Extract + + + +
F1 + - + +
F2 + - + +
F3 - + - -
F4 - + -

+ and - represent the presence and absence of phytoconstituents respectively.

Table (3): HPLC of ethyl acetate fraction

Sequence Subject Retention time Area under UV
1 Gallic acid 2.007 33379
2 Pyrogallol 4.09 46455
3 Caffeic acid 5.163 25141
4 Salicylic acid 6.252 23256
5 Naringin 6.992 16266
6 Myricetin 7.902 43078
7 Quercetin 8.828 25338

Figure (2): HPLC analysis of extract A. Standard, B. Ethyl acetate fraction

Figure (3): Sensitivity of E. coli to different concentrations of ethyl acetate fraction of Medicago Sativa
1- meropenem. 2-dimethyl sulfoxide. 3-25mg/ml, 4-50 mg/ml, 5-75mg/ml

J Fac Med Baghdad 48 Vol.65 No. 1, 2023
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Mean of Inhibition Zone (mm)

'S
o

w
o

17.32 15.39

12.92

Inhibition Zone (mm)
= N
o o

o

32.96

B Ethyl Acetate 75 mg/ml
i Ethyl Acetate 50 mg/ml
m Ethyl Acetate 25 mg/ml

Meropenem

Figure (4): Inhibition zone between different concentrations of ethyl acetate fraction and meropenem

Table (4): Comparison in a mean of inhibition zone between different concentrations of ethyl acetate fraction

and meropenem

Ethyl acetate Fraction Concentration (mg/m Mean of inhibition zone (mm)

Mean + SD
75 173215
50 15.39+13
25 1292+1.6
Meropenem 32.96 £ 2.6

Table (5): Post hoc tests (LSD) to confirm the differences that occurred between groups in the mean of the

inhibition zone
The mean

inhibition zone (M 75 mg/m| 50 mg/ml
17.32+15 1539+1.3
17.32+15 -
17.32+15 -
- 1539+13

153913

Table (6): Bacterial growth in different ethyl acetate
fraction concentrations

The concentration of ethal

fraction(mg/ml)

60

30

15

75

375

1.875

Growth = +, no Growth = -

Bacterial growthn= 30

+ 0+ + 4+

Discussion:

One of the most frequent bacterial infection around
the world is urinary tract infection. As a result of the
improper or excessive use of antibiotics for treating
infectious disorders, several bacterial pathogens are
currently developing resistance to the available
antibiotics. Scientists are advancing their studies of
potential bacterial targets to combat the mutated
bacterium and turning their focus on widely used
plant extracts and bioactive plant components (13).
Medicago sativa (lucerne), which has been used for
centuries as a diuretic, antibacterial, anti-
inflammatory, antifungal, and anti-asthmatic
medicine, has long been regarded as a medicinal plant
(15-17). In numerous regions of the world, including
China, India, Mexico, Irag, Turkey, and America, this
herb has been used in traditional medicine for a very

Ethyl Acetate Fraction Concentration (Mean + SD)

F - test P - Value

670.87 0.001

P-Value

25 mg/ml Meropenem

- - 0.001
12.92+1.6 - 0.001
- 32.96+26 0.001
1292+1.6 - 0.001
- 32.96£2.6 0.001
1292+1.6 3296+ 2.6 0.001

long time. The most common use is in the treatment
of gastrointestinal, vascular, reproductive, and
urinary tract complaints (18).

Differences in the physiology and anatomy between
the two genders have been linked to females having a
higher prevalence of UTIs. Women have UTIs more
commonly than males do because the female urethra
is short and wide towards the anus allowing bacteria
to access the bladder more easily (20). The highest
prevalence of UTI is seen within reproductive-age
females and the highest frequency of symptomatic
(UTI) in sexually active young women may account
for the age-related findings (21). The patterns of
bacterial sensitivity to antibiotics in the current study
is in agreement with those reported by other studies
(19). Polse et al reported that all of the isolates in their
study were meropenem-sensitive (22). the
appearance of growth inhibition zones in the agar
well  diffusion method serves as a visual
representation of this activity. The findings of the
current study were in accordance with those of Khan
et al (23). Other earlier research that stated a strong
correlation between antibacterial activities and
extracts concentration supported this finding that the
antimicrobial activity of the extracts rose as the
concentration of extract increased (24), as higher
concentrations of the extarcts contain more dissolved
active ingredients (25). The ability of Medicago

J Fac Med Baghdad 49

Vol.65 No. 1, 2023



Antibacterial Effect of Ethyl Acetate Fraction of Medicago Sativa on Escherichia

Coli in Urinary Tract Infections

Alaa G. Ahmed et al

sativa extract to combat a variety of bacteria,
including Bacillus licheniformis, Pseudomonas
aeruginosa, Lactococcus lactis, Klebsiella
pneumonia, and Bacillus cereus, was investigated by
Joy and George (26) in India. The findings of this
investigation demonstrate the potency of Medicago
sativa extract's anti-bacterial effect on the bacteria
mentioned. In the ethyl acetate fraction, flavonoids
were found via phytochemical analysis and HPLC
analysis. Flavonoids are a class of heterocyclic
chemical molecules found in plants. According to
early studies, up to three different mechanisms may
be responsible for flavonoids' direct antibacterial
activity. These included the inhibition of energy
metabolism (caused by NADH-cytochrome ¢
reductase inhibition), inhibition of nucleic acid
synthesis (induced by topoisomerase inhibition), and
damage to the cytoplasmic membrane (caused by
perforation and/or a reduction in membrane fluidity)
(27). The results obtained from HPLC analysis of the
ethyl acetate fraction identified the presence of
Myristicin which is a naturally occurring compound
found in common herbs and spices. Myristicin is a
documented component of nutmeg herb and it is
responsible for its antimicrobial properties. It has
excellent antibacterial properties by attacking the cell
wall of bacteria (28). The MIC of an ethyl acetate
fraction of Medicago sativa that inhibits E. coli
growth was 30 mg\ml concentration. In contrast to
our findings, it was discovered that the root extract
has an MIC of 125 mg/ml against Haemophilus
influenza, Moraxella catarrhalis, and Streptococcus
pneumonia. The diverse bacterial strain sources or the
usage of a different part of the plant could be the
cause of the variations in MIC values (29).

Conclusion

The recent study demonstrated the value of using
Medicago sativa extract as a replacement for antibacterial
medication to fight bacteria that are becoming antibiotic-
resistant and beginning to impair human health.
According to the findings, Medicago sativa extract is
pharmacologically useful for treating uropathogenic E.
coli-related illnesses.
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