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ABSTRACT: Uterine infections in cattle and buffaloes cause severe economic loss to farmers and
phytoremediation emerges as a promising alternative to synthetic antimicrobials to combat this issue.
Herein, we investigated the precise mechanism of antibacterial action of Prosopis juliflora leaves (PJ)
extract against a clinical isolate of E. coli with special reference to its anti-biofilm activity. PJ extract
exhibited promising in vitro antibacterial action with 54.55% inhibition of bacterial biofilm production
and decreased the multilayer growth of biofilms and free-living cells by influencing the integrity of cell
walls as evidenced by scanning electron microscopy. Furthermore, it was observed that the damaged cell
wall of the bacteria prevented the formation of clusters and prevented it from maintaining its normal
morphology in the presence of the extract. Taken together, it may be inferred that PJ extract can be used
to treat uterine infections as an alternative to synthetic antimicrobials; nevertheless, further investigations
are warranted to ascertain its effectiveness in vivo.
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INTRODUCTION

Uterine infection is commonly seen in post-partum
dairy cows and is associated with impaired reproductive
performance due to a reduction in conception rate,
increased intervals from calving to first service or
conception, and increased risk of reproductive culling
[1, 2]. Uterine inflammation involving the endometrium
often results in abnormal fertilization, implantation,
and premature fetal death [3]. Moreover, uterine
infection is frequently linked to abnormal estrous
cycles, ovarian cyst formation, lengthening of the
luteal phase, and delayed postpartum estrus [4]. The
prevalence rate of uterine infection in buffaloes is
found to be much higher than in cows, and a 24.7%

prevalence rate was reported in India [5, 6]. Among
the frequent risk factors associated with uterine
infections in livestock are fetal membrane retention,
abortion, dystocia, mounting by infected bulls,
unhygienic insemination procedures, hypocalcemia, and
poor nutrition. A variety of anaerobic bacteria, including
Prevotella species, Fusobacterium necrophorum, and
Fusobacterium nucleatum, are the next most common
bacteria found in the uterine lumen of calves suffering
from uterine diseases, after Escherichia coli and
Arcanobacterium pyogenes [7, 8].

Bacterial biofilm is a complex three-dimensional
polymeric matrix composed of polysaccharides,
proteins, and other organic components that help the

'Department of Veterinary Pharmacology and Toxicology, *Department of Veterinary Microbiology, *Department
of Veterinary Gynecology and Obstetrics, College of Veterinary Science and Animal Husbandry, U.P. Pt. Deen
Dayal Upadhyaya Pashu Chikitsa Vigyan Vishwavidyalaya Evam Go-Anusandhan Sansthan (DUVASU), Mathura-
281001, India.

*Corresponding author. e-mail: chsoumenpharma@ gmail.com

50



Antibiofilm and antibacterial activity of Prosopis juliflora leaves...

pathogenic microbes adhere to the surface [9, 10, 11].
Several bacterial pathogens belonging to Escherichia
coli, Staphylococcus sp., Pseudomonas sp., Pasteurella
sp., Bacillus sp., Salmonella sp., etc., responsible for
causing infections in humans and animals are reported
to produce biofilm [12, 13]. Among the different
virulence factors in uropathogenic E.coli, the ability of
biofilm formation by the microbes is growing important
as this helps the pathogenic E.coli to persist for a long
time in the site of infection by escaping the host
immune system [14]. This biofilm further protects the
microbes from the action of antimicrobials thus
contributing to resistance [15], moreover, it also helps
in the transfer of resistance genes within the members
of biofilm-producing microorganisms [16].

Prosopis juliflora belongs to the family
Leguminosae (Fabaceae), sub-family Mimosoideae [17].
This plant has been used traditionally for the treatment
of catarrh, cold, diarrhea, dysentery, flu, hoarseness,
inflammation, measles, sore throat, and hepatic and
ophthalmic disorders [18, 19]. The decoction made
from leaf and seed extracts is reported to be effective
against wounds and stomach problems [19, 20]. Several
alkaloids that have been identified from this plant,
including 3'-oxojuliprosine, sceojuliprosopinol,
juliflorine, julifloricine, julifloridine, juliprosine,
juliprosinene, and juliflorinine [21, 22], have been
found to have several potential pharmacological actions
[23, 24, 25].

The anti-biofilm potential of medicinal plants is
attributed to the presence of different quorum-sensing
inhibitors such as flavonols, flavonoids, phenols, and
flavonones [26, 27, 28]. These phyto-biomolecules are
also suggested to inhibit bacterial adherence and
suppress the genes associated with biofilm production.
Though the promising antibacterial action of P. juliflora
leaves was reported in traditional medicine, the precise
mechanism of action of P. juliflora leaves at the
cellular and molecular level is yet to be explored.
Thus, in the present study, the antibacterial activity of
this plant was investigated with special reference to its
anti-biofilm potential against the pathogenic E. coli of
animal origin.

MATERIALS AND METHODS

Collection of samples and bacterial strain

A reference strain of E. coli (ATCC 25922) was
purchased from HiMedia. Clinical isolates were isolated
from uterine discharges of animals (23 cows and 19
buffaloes) presented to TVCC, College of Veterinary
Science & Animal Husbandry, DUVASU, Mathura,
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from September 2021-December 2021, with a history
of uterine infection and clinical endometritis.

Uterine discharges were collected by the double-
guarded method to prevent vaginal contamination and
incubated overnight in buffered peptone (pre-
enrichment) media. Pre-enriched samples were
inoculated in MacConkey agar (HiMedia, India) plates
in duplicate. For identification of E. coli, the lactose
fermenting pink colonies were differentiated from non-
lactose fermenter (colorless), and the pink colonies
were then sub-cultured on MacConkey agar (HiMedia,
India) and Eosin Methylene Blue (EMB) agar
(HiMedia, India) plates. The colonies were picked and
stored as glycerol stock at -20 °C for further use. All
the selected isolates were further characterized by a
panel of biochemical tests, viz, catalase, oxidase, ONPG,
indole, methyl red, Voges-Prausker, citrate test, and
triple sugar fermentation test [29].

Preparation of plant extract

The leaves of Prosopis juliflora, were collected
from the Veterinary College campus during the month
of June-July, 2021, and taxonomical identification of
the plant was confirmed from CSRI-Central Institute
of Medical and Aromatic Plants (CSRI-CIMAP),
Lucknow, with Accession No. 8360. The shade-dried
leaves were coarsely powdered and ethanoic extraction
was performed with the help of the soxhlet apparatus.
The extract (PJ extract) was then concentrated using a
rotatory vacuum evaporator (Cole-Parmer, USA) under
reduced pressure and low temperature (<40°C). The
yield of the extract was found to be 41.42% (w/w).
Thereafter, the extract was stored in air-tight containers
at 4°C for further studies.

Evaluation of in vitro antibacterial activity

The agar well diffusion method was used to assess
the in vitro antibacterial activity extract. Briefly,
Mueller-Hinton agar (MHA, HiMedia, India) petri
plates were sterilized and inoculated with bacterial
suspensions that had visually similar turbidity to 0.5
McFarland standards. With the help of a good puncture
device, wells (9 mm diameter) were punched on the
agar plate, and 100 pl of freshly reconstituted were
filled in the wells at two different concentrations (20
mg/ml and 25 mg/ml) before incubating the plates at
37°C for 18 h. Vehicle control (95% ethanol) was also
plated in a separate well.

The minimum inhibitory concentration (MIC) of PJ
extract was determined against both clinical isolate
and reference strain by broth microdilution method as
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described previously [30]. Briefly, bacterial inoculum
with equivalent turbidity of 0.5 McFarland standard
and serial two old dilutions of PJ extract was prepared.
The sterile microplates were then prepared by placing
95ul of MHA broth and 5ul of the respective bacterial
inoculum into each well. The aliquot of PJ extract
(100ul) from the stock solutions was then added into
the first well and subsequently 100ul from the serial
dilutions were transferred into 11 consecutive wells.
The last well served as the negative control. Cefotaxime
was used as a positive control. The plates were then
incubated at 37°C for 18h and the wells were examined
for the formation of bacterial pellets. The experiment
was performed in duplicate. The MIC was defined as
the lowest concentration of the compounds to inhibit
bacterial growth [30].

Biofilm inhibition assay

The potential of test extract to prevent cell
attachment and biofilm production was assessed by
biofilm inhibition assay [31]. Briefly, a bacterial aliquot
was added to the U bottom 96 well microtiter plate
and incubated at 37°C for 48 h without shaking for
the establishment of bacterial biofilm. The isolate
showing more than 0.16 absorbance in crystal violet
staining is graded as a strong biofilm producer while
0.12 - 0.16 absorbance is categorized as a moderate
biofilm producer [32]. For evaluation of the anti-
biofilm activity of PJ extract, the bacterial aliquots
were added along with the plant extract (equivalent to
MIC) and incubated at 37°C for 48 h. Chloramphenicol
and gentamicin were used as external positive control
while ethanol served as negative control. The final
volume of each well was adjusted to 200 ul and the
assay was conducted in triplicate. After incubation, all
the liquid media was poured off by turning the plate
upside down. The plate was submerged in a tiny water
tub. After shaking out the water and repeating the
procedure once again, 200 ul of 0.1% crystal violet
solution was added to each microtiter plate well. After
being left undisturbed at room temperature for twenty
minutes, the plate was quickly dried by shaking off
the water and blotting on a stack of paper towels. It
was then rinsed four times with sterile distilled water.
The microtiter plate was turned upside down and
allowed to dry overnight. To each well of the microtitre
plate, 200 ul of 30% acetic acid was added to solubilize
the crystal violet followed by incubation at room
temperature for 20 min. The solubilized crystal violet
was transferred to a fresh flat bottom microtiter plate
and absorbance was recorded at 600 nm in a multimode
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microplate reader (Molecular Devices, USA). A
background control with 30% acetic acid in water was
also recorded. Absorbance values were compared with
the standard OD readings. The inhibition of biofilm
was quantified using the following formula [31].

Percentage inhibition of biofilm = [(OD (control) -
OD(test)/OD(control)] x 100.

In situ visualization of biofilm

Scanning electron microscopy (SEM) was performed
for in situ visualization of the biofilm. Clinical isolate
of E. coli (S21) showed the highest biofilm production
based on the culture characteristic and microtiter plate
assay. Thus, the efficacy of the test extract to inhibit
biofilm production was further assessed using an S21
isolate. Briefly, a loopful colony was inoculated to Sml
broth and incubated overnight at 37°C without shaking.
The bacterial culture was then adjusted to the equivalent
turbidity to 0.5 McFarland standard. The sterile
coverslip (12 mm diameter) was placed in the bottom
of each well of 6 well plates before filling the well with
7.5 ml of biofilm assay media and 1 ml of broth of
bacterial culture and incubated at 37°C for 48 h without
shaking. The biofilm assay media was prepared by
supplementing Luria-Bertani broth (12.5 g/l) with M63
minimal media (KH,PO,: 12.0 g/l, K,HPO,: 28.0 g/,
(NH,),SO,: 8.0 g/1, MgSO,.7H,0: 0.25 g/, d-glucose:
2.0 g/l, Casamino acid: 5.0 g/l) to promote robust
biofilm production [33]. For evaluation of the anti-
biofilm activity of plant extract, bacterial aliquots were
added along with the plant extract (equivalent to 2 MIC
or 4 MIC) and incubated at 37°C for 48 h.
Chloramphenicol (equivalent to MIC) was used as an
external positive control. Once the culture media had
been exposed to the test extract and/or chloramphenicol,
they were pipetted out of the wells and gently washed
three times with phosphate buffer solution (pH 7.4).
Subsequently, the coverslips in the wells were left
overnight in the fixative (2.5% glutaraldehyde + 2.5%
paraformaldehyde in 0.1 M PBS). Further processing
and imaging was done from AIIMS, New Delhi.

Statistical analysis

The data is presented as mean + SEM, with 'n'
denoting the number of replicates in each experimental
protocol. Graph Pad Prism V.4.00 (San Diego,
California) was used to analyze the mean values of the
two groups separately using the student's t-test, and a
difference in values was deemed statistically significant
at p< 0.05.
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RESULTS AND DISCUSSION

Isolation and Identification of E.coli from clinical
samples

Out of 42 clinical samples, 23 isolates were found
to show a typical pink color colony (indicative of
lactose fermenter) on Mac Conkey's agar and a 'metallic
sheen' on EMB agar. Morphological examinations
revealed the presence of Gram-negative rod-shaped
organisms which took pink color after Gram's staining.
The E. coli isolates (9 out of 23 isolates) showed
typical results during their biochemical characterization,
i.e. positive to indole, methyl red catalase, ONPG, and
sugar fermentation tests whereas negative for VP and
citrate utilization. Among the 9 isolates, one isolate
(S21) showed relatively higher MIC against cefotaxime
and biofilm-producing ability. Thus, further experiments
were carried out using the S21 isolate.

In vitro antibacterial activity of the extract

The antibacterial activity of PJ extract was evaluated
against the clinical isolate (S21) along with the
reference strain (ATCC 25922) of E. coli using an
agar well diffusion assay. The respective antibacterial
effect of PJ extract in terms of zone of inhibition is
summarized in Table 1. PJ extract at both the
concentrations (20 mg/ml and 25 mg/ml) showed a
comparatively higher zone of inhibition against ATCC
reference strain as compared to clinical isolate (S21).
The results of broth microdilution revealed that the
MIC values of PJ extracts against the reference strain
(ATCC 25922) as well as the clinical isolate (S21)
were 0.39 mg/ml and 1.56 mg/ml, respectively.

Effect on bacterial biofilm production

To evaluate the efficacy of the PJ extract against
bacterial biofilm production, initially, the ability of
biofilm production by S21 clinical isolates of E. coli
was assessed by both congo red agar and microtitre
plate assays. S21 isolate was found to produce black
color colonies on congo red agar and quantitative
measurement of biofilm production revealed that S21
isolate produced strong biofilm with higher intensity
of crystal violet stain (OD600: 0.22 + 0.01). Thus, in
further experiments, the ability to inhibit biofilm
production by PJ extract was assessed using the S21
isolate. The quantitative measurement of anti-biofilm
activity by crystal violet microtitre method revealed
that PJ extract (@ MIC) produced 54.55% inhibition
of biofilm production by S21 isolate in comparison to
90.91% and 31.82% inhibition by chloramphenicol
and gentamicin respectively.
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In situ visualization of biofilm production by bacteria
and anti-biofilm activity of PJ extract was examined by
scanning electron microscope (SEM). Representative
SEM images from different groups are summarized in
Fig. 1 and Fig. 2. The untreated bacterial culture under
SEM microscopy appeared as clusters of cells indicating
their ability to form a biofilm (Fig. 1a, 1b and 1c). The
surface morphology of these bacteria appeared smooth
with a regular shape (Fig. 1c). Exposure to
chloramphenicol distorted the cluster (Fig. 1d and le)
along with the appearance of the rough and wrinkled
surface of the exposed bacterial cells (Fig. 1f). Treatment
with PJ extract at lower concentration (MIC) reduced
the cell density and clumping (Fig. 2a and b). Moreover,
changes in the surface morphology of the exposed cells
characterized by twisted, rough, and wrinkled cell
surfaces along with invagination and protrusion on the
surface were also observed (Fig. 2c). Exposure to
higher concentration of PJ extract (2 MIC) also exhibited
anti-biofilm activity characterized by loosening of the
cell density and clumping (Fig. 2d and 2e) along with
change in surface morphology (Fig. 2f).

Numerous aerobic and anaerobic bacteria might
thrive in the uterine lumen during the postpartum
period. Escherichia coli and Arcanobacterium pyogenes
are the most commonly detected bacteria in the uterine
lumen of cows suffering from uterine illnesses. A
range of anaerobic bacteria, including Prevotella
species, Fusobacterium necrophorum, and
Fusobacterium nucleatum, are also frequently
encountered in the uterine lumen [7, 8]. We previously
observed that the most common bacterial pathogens
causing uterine infections in cattle and buffaloes are
E. coli and Staphylococcus aureus (unpublished data).
Out of 42 clinical samples included in the current
study, 22 samples were determined to be positive for
E. coli based on cultural, morphological, and
biochemical traits.

In the present study, we found that the ethanolic
extract of P. juliflora leaves (PJ) extract exhibited
promising antibacterial activity against the clinical
isolate of E. coli (S21). However, the zone of inhibition
against these isolates did not significantly increase
when the extract concentration was increased from 20
mg/ml to 25 mg/ml. Consistent with our observation,
the antibacterial activity of ethanolic extract of leaves,
pods, and flowers of P. julifora was also reported
against different bacterial strains [19]. Recently, the
antibacterial efficacy of P. juliflora leaf extract against
food-spoiling isolates of E. coli and S. aureus was
also reported [34]. Moreover, the combined effect of
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Table 1. Comparative zones of inhibition (mm) produced Table 2. Effect of P. juliflora leaves (PJ) extract on biofilm
by P. juliflora leaves extract (PJ) against clinical isolate (S21) production by clinical isolate (S21).
and ATCC reference strain of E. coli.

- Finhibiti Extract/ Drugs OD600 Biofilm
Organism tested Zone of inhibition (mm) inhibition (%)
C"“ce“tfat"’“ of PJ e"t“‘“l PJ extract 0.10 = 0.01 5455
e fg me/m f; mg/m e Chloramphenicol 0.02 + 0.01 90.91
= 2 4 a 4
521 isolate (n=9) S0 £0.50 3£ 0. Gentamicin 0.15 % 0.01 31.82
ATCC 25922 (n=5) 20.00° + 1.54 17.5" +0.93

[Data arc presented as Mcan = SEM. Student's { tests was [Data are presented as mean + SEM of three observations].

used to analyze the data. Within a column, mean values with
distinct superscripts indicate statistical significance (p< 0.05)].

Negative control Chloramphenicol treated
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Fig. 1. Representative scanning electron microscopy (SEM). [Images of untreated bacterial cells (S21 isolates) showing clusters
of cells indicating the biofilm production (a-c). The surface of the bacteria appeared smooth (c). Treatment with chloramphenicol
reduced the cell density or clusters (d-f) with rough and wrinkled surface (e, f)].
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PJ extract treated (MIC)
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Fig. 2. Representative scanning electron microscopy (SEM). Images showing the antibiofilm activity of P. juliflora leaves (PJ)
extract. Bacterial cells (S21 isolates) treated with lower concentration (MIC) of extract showed reduced clumping of bacterial cells (a-c)
with rough surface (c). Higher concentration (2 MIC) also inhibited bacterial cluster formation (d, e) with invagination and protrusion

on cell surface (f).

the aqueous extract of P. juliflora leaves with silver
nano-particles encapsulated in chitosan showed greater
antibacterial activity against E. coli [33, 35]. It is
interesting to note that the MIC values of the PJ
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extract and cefotaxime against the S21 isolate were
found to be relatively higher (1.56 mg/ml and 32 pg/
ml, respectively). The higher virulence of the S21
isolates was attributed to its capacity to form a potent
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biofilm. Many phytoconstituents, including alkaloids,
tannins, phenolics, steroids, terpenes, flavonoids,
proteins, sugars, and fatty acids, have been shown to
have antibacterial action. These compounds were
possibly playing the vital role in imparting the
antibacterial activity of the PJ extract [36, 37].

Biofilm-producing ability is considered to be a
pathogenic virulence factor that helps the microbes to
adhere to the site of infection and protect from the
host immune system and antibiotic treatment [38, 39].
Currently, natural products and plant-derived secondary
metabolites are emerged as therapeutic agents against
bacterial biofilms [40]. Therefore, we evaluated the
anti-biofilm activity of P. juliflora leaf extract against
a clinical isolate of E. coli. P. juliflora leaf extract
exhibited promising anti-biofilm action (54.55 %
inhibition) against a clinical isolate of E. coli. This
notion was corroborated by SEM analysis, which
revealed that PJ extract changed the integrity of cell
walls, thereby reducing the multilayer formation of
biofilms and free-living cells. It was also noted that
the bacterium's disrupted cell wall caused failure in
cluster emergence and the inability to retain their
characteristic morphology in the presence of the extract.
As quercetin has been shown to have strong antibiofilm
properties against bacteria including E. coli, S. aureus,
S. Typhimurium, and others, the anti-biofilm action of
PJ extract was ascribed to the flavonoid and phenolic
acid content of the extract [41]. In a similar study,
natural compounds like eugenol, thymol, and carvacol
were reported to inhibit biofilm formation by
S. Typhimurium by more than 50% [42]. Nevertheless,
our findings provide substantial evidences of the anti-
biofilm activity of PJ extract which have the promising
potential for the development of innovative therapeutic
approaches to treat uterine infection.

CONCLUSION

In conclusion, P. juliflora leaves extract exhibited
promising in vitro antibacterial activity against the
clinical isolate of E. coli, and its antibacterial action is
mediated by its promising anti-biofilm activity by
altering the bacterial surface morphology characterized
by the presence of rough, wrinkled, and invaginated
surface and thereby reducing bacterial nidus or
clumping. Thus, P. juliflora leaf extract has the potential
to be used as an alternative to conventional antibiotics
for the treatment of uterine infections in farm animals.
Thus, PJ leaves extract-based formulation thus may be
useful to combat synthetic drug-related resistance
against microbes in field conditions. However, the safety
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study of the extract is to be performed in the future.
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