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PROSOPIS JULIFLORA LEAF EXTRACT DISRUPTS CELL WALL AND CELL MEM-
BRANE INTEGRITY of E. COLI ISOLATED FROM BOVINE UTERINE INFECTIONS 

TO EXERT BACTERICIDAL EFFECTS 

INTRODUCTION
Uterine infections in large animals typically 

encountered following entry of the causative 
organisms in the uterus during coitus, insemination, 
parturition and/or after parturition [1]. Additionally, 
retention of foetal membrane, abortion, dystocia, 
mounting by infected bulls, unhygienic practices at 
insemination, hypocalcaemia, season and inadequate 
nutrition largely contribute to development of uterine 
infections and inflammation to the innermost lining 
of the uterus (endometrium) [2, 3]. Uterine infections 
and endometritis adversely affect the reproductive 
performances of livestock by altering the ovarian 
functions, prolongation of the luteal phase, delaying of 
postpartum estrus as well as reduction in conception 
rates [4, 5]. Bacterial strains like Escherichia coli and 
Trueperella pyogenes along with anaerobic bacteria 
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such as Fusobacterium necrophorum and Prevotella 
melaninogenica are commonly associated with clinical 
and subclinical endometritis in bovines [6, 7, 8]. The 
incidence rate of clinical endometritis in cattle varies 
between 18 to 37 % while subclinical endometritis 
affects 12 to 94 % cattle populations [9, 10].  

Uterine infections and clinical endometritis in 
livestock is frequently treated with intra-uterine and/
or systemic administration of synthetic antimicrobials. 
However, emergence of microbial resistance, lower 
recovery rates, high treatment costs, and residue levels 
in animal-derived foods raise a great public health 
concerns now-a-days [11]. Hence, use of natural 
drugs and phyto-therapy emerges as an effective 
alternative to synthetic antimicrobials in treatment of 
microbial infections due to the presence of diverse 
groups of active principles and secondary metabolites. 
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Thus, using these natural compounds to treat 
endometritis, either alone or in combination with other 
antimicrobials, always opens up an efficient alternative 
and complementary therapeutic approach to combat 
resistance and infections.

Prosopis juliflora is a member of the Mimosoideae 
subfamily of the Leguminosae (Fabaceae) family 
[12]. Several bioactive compounds and secondary 
metabolites belonging to tannins, phenolics, flavonoids, 
alkaloids, terpenes and steroids were isolated from 
different parts of this plants which are reported to 
have promising pharmacological activities including 
anticancer, antidiabetic, anti-inflammatory, antimicrobial, 
antioxidant effects etc. [13, 14, 15]. Moreover, its use 
in traditional medicine has also been reported widely 
[16, 17, 18]. most of the studies reported the efficacy 
of the several compounds extracted from this plant 
against food-borne pathogens with no such report against 
microbes of animal origins. However, recently, we have 
reported the antibiofilm property of Prosopis juliflora 
leaf extract against Escherichia coli isolated from clinical 
endometritis [19]. Here in the present study, we aimed 
to delineate the additional cellular mechanism of its 
antibacterial action against pathogenic E. coli isolated 
from clinical cases of uterine infections from large 
animals. 

MATERIALS AND METHODS 
Isolation of bacterial strain
Uterine discharges were collected from cows (23 nos.) 

and buffaloes (19 nos.) that were presented to Veterinary 
Clinical Complex, CoV.Sc. & A.H., DUVASU, Mathura, 
during Sept. 2021 - Dec. 2021, with the history of 
uterine infection and clinical endometritis. To avoid 
the vaginal contamination, the samples were collected 
by the double-guarded method and further incubated 
overnight in buffered peptone media. These pre-enriched 
samples were then 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 (colourless), 
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 ºC 
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]. Reference strain of E. coli (ATCC 25922; 
HiMedia, India) was also used. 

All the suspected isolates were further tested for the 
presence of Pap, csgA and csgD genes for genotyping 
characterization of E. coli. For this, bacterial DNA 
was isolated by snap chill method. Briefly, a loopful of 
each isolate was mixed thoroughly with the nuclease-
free water in microcentrifuge tube and the suspended 
isolates were denatured at 100 °C in boiling water for 
10 minutes. After heat treatment the boiled cell lysate 
in microcentrifuge tubes were placed immediately on 
ice for 10 minutes followed by centrifugation at 12,000 
rpm for 2 min. The supernatant (2 µl) was used as DNA 
template. The primer sequences used in the present 
experiment are summarized in Table 1.

Preparation of extract
The leaves of Prosopis juliflora were collected from 

the Veterinary College campus during the month of 
June-July 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 ethanolic crude extract of the 
leaf was prepared with the help of soxhlet apparatus 
and the solvent was evaporated using rotatory vacuum 
evaporator (Cole-Parmer, USA) under reduced pressure 
and low temperature (<40°C). The yield of the extract 
was calculated to be 41.42% (w/w). The extract 
(thereafter mentioned as PJ extract) was stored in air-
tight containers at 4°C for further studies.

Estimation of total phenolic acid
Total phenolic content (TPC) in PJ extract was 

quantified by Folin–Ciocalteu colorimetric method as 
described earlier [22]. Different concentrations of the 
extracts (500, 1000 and 2000 μg/ml) were prepared in 
ethanol. To each concentration, 10% Folin–Ciocalteu 
reagent (5 ml) and 7% Na2CO3 (4 ml) were added, and 
the final volume was adjusted to 10 ml. The mixture (blue 
in colour) was then shaken well and incubated for 30 min 
at 40°C in water bath. The absorbance was measured 
at 760 nm against blank using multimode plate reader 
(Molecular Devices, USA). Gallic acid (25, 50, 75, 100, 
250 μg/ml) was used to prepare the standard curve and 
the intrapolated value for the extract was expressed as 
gallic acid equivalent (GAE) phenolic content. All the 
experiments were carried out in triplicates.

Estimation of total flavonoid 
Total flavonoid content in PJ extract were estimated 

by aluminium chloride colorimetric assay [23]. 
Quercetin was used as standard and to 1 ml of each 
concentration of quercetin (0.25, 0.5, 0.75, 1.0 and 1.5 
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mg/ml), 4 ml of distilled water was added. At the same 
time, 0.3 ml of 5% NaNO2 and 0.3 ml of 10% AlCl3 
after 5 min was added to the test tube.  After 6 min, 1 
M NaOH (2 ml) was added to the mixture and the final 
volume of the mixture was made to 10 ml with distilled 
water. The absorbance was measured at 510 nm using 
multimode plate reader (Molecular devices, USA). 
Similarly, different concentrations of the extracts (2500, 
3000 and 4000 μg/ml) were prepared in ethanol and 
the reaction was carried out as described for quercetin 
standard. The absorbance for each concentration of the 
extracts was recorded and quercetin equivalent (QE) 
flavonoid content was derived from the standard curve. 

Evaluation of in vitro antibacterial activity 
The in vitro antibacterial activity of PJ extract 

was evaluated by agar well diffusion method. Briefly, 
bacterial suspensions (equivalent to 0.5 McFarland 
standard) of clinical isolate (S4) and/or ATCC reference 
strain were inoculated on sterile Mueller-Hinton 
agar (MHA; HiMedia, India) plates and wells (9 mm 
diameter) were punched with the help of well puncture 
device. The freshly reconstituted (20 mg/ml and 25 mg/
ml) PJ extract (100 µl) was used to fill the well and the 
agar plates were incubated at 37ºC for 18 h. Ethanol 
was used as vehicle control. Further, broth microdilution 
method was used to determine the minimum inhibitory 
concentration (MIC) of PJ extract against clinical isolate 
(S4) and reference strain [19]. The lowest concentration 
of PJ extract failed to produce any visible bacterial 
growth was considered as MIC for the test extract. 
Cefotaxime was used as positive control.

Time kill assay 
Time kill assay was performed to assess the effect 

of PJ extract on bacterial growth curve [24]. Briefly, the 
freshly grown bacterial isolate was adjusted to visually 
equivalent turbidity of 0.5 McFarland standard and 
diluted with MHB to achieve 1:100 dilution. From this 
dilution, 1 ml each was transferred to two 50 ml sterile 
tubes containing 10 ml MHB. To one of the tubes, 
PJ extract (equivalent to 2 MIC) was added, and the 
other tube was taken as growth control. Immediately 
after mixing the bacterial suspension in both the tubes, 
200 µl was aliquoted from each tube and 100 µl was 
serially diluted (10-fold) for 6 dilutions. One hundred 
microliter from first three dilutions (10-2, 10-3, 10-4) from 
the treatment and control groups were then platted on 
sterile MHA plates and the process was repeated after 
2, 4, 6, 8, 12, 16, 18 and 24 h. For 12, 16, 18 and 24 
h lower dilutions (10-5, 10-6, 10-7) were taken for ease 

in colony counting. The plates were incubated for 18 
h and the colonies were counted using colony counter. 
The experiment was carried out in triplicate and in at 
least two independent experiments was averaged. The 
results were expressed as logarithms with corresponding 
standard errors (mean ± SEM).

Bacterial cell membrane integrity test 
The uptake of fluorescent dye by the bacterial cell 

was evaluated to test the bacterial cell membrane 
integrity in the absence and presence of PJ extract. 
Briefly, to 100 μl of bacterial suspension (equivalent 
to 0.5 McFarland) in Mueller-Hinton broth (MHB; 
HiMedia, India), PJ extract (equivalent to 2 MIC) was 
added and incubated at 37 °C for 12 h. The bacterial 
pellet was then washed twice in PBS by centrifuging 
at lower speed (3000 rpm for 5 min). The final pellet 
was dissolved in PBS and to this 1.5 µl CFDA-AM 
(1 µM) per 200 µl bacterial pellet was added and 
incubated at 37°C for 15 min. The bacterial suspension 
was further incubated with 3 µl PI (5 µM) per 200 µl 
of bacterial pellet and incubated at 37°C for 5 min. 
Following washing, the supernatant was discarded, and 
the pellet was resuspended in 200 µl PBS. From this 
suspension, a thin smear was prepared and visualised 
under fluorescent microscope. Cefotaxime was used as 
positive reference control.

Transmission electron microscopy 
To elucidate the target site and possible mechanism 

of action of the extract, transmission electron 
microscopy (TEM) was performed.  The bacterial 
suspension (equivalent to 0.5 McFarland standard) 
was exposed to either 2MIC or 4 MIC concentration 
of PJ extract for 12 h at 37ºC. Cefotaxime was used 
as positive reference control. The samples were then 
centrifuged at 3000 rpm for 10 min and the bacterial 
pellets were then further washed thrice with PBS (pH 
7.4) by centrifugation at lower speed. The washed pellet 
was further suspended in fixative (2.5% glutaraldehyde 
and 2% paraformaldehyde in 0.1 M PBS) and processed 
for electron microscopy from AIIMS, New Delhi, India.

Data analysis 
Results are expressed as mean ± SEM.  ‘n’ denotes 

the number of replicates in each experimental protocol. 
Mean values from two groups were analyzed by 
student’s t test using Graph Pad Prism V.4.00 (San 
Diego, California) and difference in values was 
considered statistically significant at p<0.05.
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RESULTS AND DISCUSSION
Isolation and identification of E. coli from clinical 

samples
Twenty-three isolates from 42 clinical samples were 

found to exhibit ‘metallic sheen’ on EMB agar and a 
characteristic pink coloured colony on MacConkey’s 
agar, thus indicative of lactose fermenter. Following 
microscopic examination, these organisms were found 
to be Gram-negative rod-shaped. Biochemically, these 
isolates (9 out of 23 isolates) showed negative for 
the VP and citrate utilization tests but positive for 
the indole, methyl red, catalase, ONPG, and sugar 
fermentation tests. Genotypic characterization of these 
nine isolates was carried out by amplifying the virulence 
genes (viz. Pap, csgA and csgD) from their genomic 
DNA. ATCC 25922 was used as reference strain for E. 
coli.  Pep1 (336 bp), csgA (408 bp), and csgD (601 bp) 
PCR products were amplified only from the genomic 
DNA of the clinical isolate of S4. Thus, subsequent 
study was carried out using S4 clinical isolates. 

Phytochemical analysis of the extract 
The average gallic acid equivalent (GAE) phenolic 

contents in PJ extract was calculated to be 120.68 ± 
1.36 mg/g extract while the average quercetin equivalent 
(QE) flavonoid contents in PJ extract was calculated to 
be 148.48 ± 3.27 mg/g extract. 

In vitro antibacterial activity of the extract 
Using agar well diffusion assay, the antibacterial 

activity of PJ extract was assessed against the reference 
strain (ATCC 25922) and clinical isolate (S4) of E. 
coli. In comparison to clinical isolate (S4), PJ extract 
at both the concentrations (20 mg/ml and 25 mg/ml) 
exhibited relatively larger zone of inhibition against the 
reference strain (Table 2). Nonetheless, a marked zone 
of inhibition was also noted against S4 clinical isolate. 
Interestingly, PJ extract did not show any concentration-
dependent increase in in vitro antibacterial activity 
against the tested organism. 

The broth microdilution assay was used to determine 
the MIC values of PJ extract against the reference 
strain and clinical isolate of E. coli. The MIC values 
against both S4 clinical isolate and reference strain were 
calculated to be 0.39 mg/ml. 

The growth kinetic of S4 isolate at different time 
intervals (viz. 0, 2, 4, 6, 8, 12, 16, 18 and 24 h) in the 
absence and presence of PJ extract and/or cefotaxime 
is illustrated in Fig. 1. The antimicrobial action of PJ 
extract was revealed from the notion that the growth of 
S4 isolate was significantly (p<0.05) attenuated from 
6h post-exposure onwards and complete bactericidal 
action was exhibited at 12 h post-exposure. Cefotaxime 
produced its bactericidal effect at 6 h post-exposure.

Effect on cell membrane integrity 
As depicted in Fig. 2, the highest level of green 

fluorescence was visible in negative control slides 
for both S4 isolate and reference strain indicating the 
presence of live bacteria with intact cell membrane. 

Table 1. Description of primers.

Table 2. Comparative zones of inhibition (mm) produced by PJ extract against clinical isolate of E. coli (S4) 
and ATCC reference strain. 

* Data are presented as Mean ± SEM. Data were analysed by student’s t-test. Mean values with different superscripts 
within a column are statistically significant (p<0.05).
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However, in the presence of PJ extract, greater number 
of cells emitted red fluorescence, thus indicating that PJ 
extract impaired the integrity of the cell membrane for 
both the strains. Exposure to cefotaxime also showed 
presence of greater number of PI-positive cells with 
compromised membrane integrity. Thus, PJ extract 
exhibited comparable effect on bacterial cells as that 

cefotaxime (Gr-II; positive control) resulted in aberrant 
bacterial morphology with ruptured cell wall and a loss 
of cell membrane integrity (Fig. 4a-d). Non-uniform 
distribution of cytoplasmic contents during binary 
fusion (Fig. 4b), vacuolation of the cells (Fig. 4c) and 
leakage of cytoplasmic contents resulting from loss of 
membrane integrity (Fig. 4a & d) were also observed 
in the S4 isolate following treatment with cefotaxime. 
Exposure to lower dose (Gr-III; 2 MIC) of PJ extract 
also resulted in aberrant bacterial morphology, including 
ruptured cell wall and lack of cell membrane integrity 
(Fig. 5a). There was shrinkage of cytoplasmic contents 
and translucent cytoplasm (Fig. 5b & c) along with 
detachment of cell membrane (Fig. 5c) and misshapen 
cells with cytoplasmic vacuolation (Fig. 5d) were 
noticeable. Exposure to relatively higher concentration of 
plant extract (Gr-IV; 4 MIC) produced more detrimental 
effect as evidenced by appearance of abnormal bacterial 
morphology with intensely disrupted cell wall and loss 
of integrity of cell membrane (Fig. 6a-d).

The ethanolic PJ extract showed encouraging 
antibacterial activity against both reference strain 
and the clinical isolate of E. coli (S4) in the current 
investigation. However, when the extract concentration 
was raised from 20 mg/ml to 25 mg/ml, the zone of 
inhibition against these bacterial strains did not increase 
noticeably. The promising antibacterial activity was 
further substantiated by its relatively lower MIC value 
(0.39 mg/ml) against both the reference and clinical 
strains of E. coli. Additionally, the antibacterial effect 
of PJ extract against S4 isolate was observed to initiate 
six hours post-exposure, and the complete bactericidal 
action was achieved at twelve hours later. These 
findings clearly imply that the antibacterial activity 
of PJ extract increases with duration of exposure. In 
agreement to our observations, MIC values against most 
common Gram-positive and Gram-negative bacteria are 
reported to varies from 25 µg/ml to 100 µg/ml and the 
alkaloid fractions of P. juliflora leaf extract believed 
to have the most antibacterial activity when compared 
to other plant components [25]. The antibacterial 
efficacy of an ethanolic extract of P. julifora leaf, pods, 
and flowers against a variety of bacterial strains was 
also reported [26] which is in line with our findings. 
Recently, we have also reported the antibacterial 
efficacy of PJ extract against E.coli by reducing the 
biofilm producing ability of the pathogen [19]. The 
antibacterial effectiveness of P. juliflora leaf extract 
against food spoiling isolates of S. aureus and E. coli at 
a concentration of 50 mg/ml was recently reported [27]. 
Furthermore, according to a report [28], the aqueous 

Fig. 2. Effect of P. juliflora leave (PJ) extract on cell 
membrane integrity of clinical isolate (S4) as well as 
reference strain (ATCC 25922) of E. coli as detected 
by fluorescent microscopy.

observed with cefotaxime. 
Effect on bacterial cellular ultrastructure
Fig. 3-6 summarizes representative TEM slides 

from different groups. Gr-I showed normal bacterial 
structure with intact cell wall, cell membrane and 
cytopalsmic contents (Fig. 3a-d). During the binary 
division the bacteria cells from Gr-I exhibited intact 
cell membranes (Fig. 3a & b) and uniform distribution 
of cytoplasmic contents (Fig. 3c & d). Exposure to 
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Fig. 3. Representative electron microscopy (TEM) 
slides from Gr-I showing normal bacterial structure 
with intact cell wall, cell membrane and cytoplasmic 
contents (a,b,c,d). [The bacteria undergo normal binary 
fusion with intact cell membrane (a,b) and uniform 
distribution of cytoplasmic contents (c, d)].

Fig. 4. Representative electron microscopy (TEM) 
slides from Gr-II showing abnormal bacterial 
morphology with disrupted cell wall and loss of 
integrity of cell membrane (a,b,c,d). [Damage of 
the cell membrane integrity caused leakage of the 
cytoplasmic contents (a,d). The cell wall was also 
damaged during binary fusion with non-uniform 
distribution of cytoplasmic contents (b). Appearance of 
vacuolation along with detached cell membrane (c) was 
seen following cefotaxime treatment]. 

Fig. 5. Representative electron microscopy (TEM) 
slides from Gr-III showing abnormal bacterial 
morphology with disrupted cell wall and loss of 
integrity of cell membrane. [(a). There was shrinking 
of cytoplasmic contents and translucent cytoplasm 
(b,c) along with detachment of cell membrane (c). 
Appearance of misshapen cell (d) with cytoplasmic 
vacuoles was also prominent following exposure of 
bacterial cells to P. juliflora leave extract (2 MIC)].    

Fig. 6. Representative electron microscopy (TEM) 
slides from Gr-IV showing abnormal bacterial mor-
phology with intensely disrupted cell wall and loss 
of integrity of cell membrane (a,b,c,d). [There was 
clumping of cytoplasmic contents with vacuole forma-
tion (a,b) and loos of cell wall integrity (c). Detachment 
of cell membrane with misshapen cells (b,c) along 
with condensation and aggregation of chromatin (c,d). 
Improper distribution of cytoplasmic contents during 
binary fusion along with loss of cell wall structure (b,d) 
following exposure of bacterial cells to P. juliflora leave 
extract (4 MIC)].  

extract of P. julifora leaf exhibits antibacterial activity 
against Aggregatibacter actinomycetemcomitans, 
Porphyromonas gingivalis, Prevotella intermedia, 
Staphylococcus aureus, and Enterococcus faecalis.

Numerous bioactive compounds including terpenes, 
phenolics, alkaloids, tannins, and flavonoids are reported 



284

Exploratory Animal and Medical Research, Volume 15, Issue 2, December, 2025

ACKNOWLEDGEMENT
We gratefully acknowledge the financial support 

from the Indian Council of Agricultural Research 
(ICAR), New Delhi, through “All India Network 
Programme on Ethno-Veterinary Medicine” (Grant 
No. 1-72/EVM-Outreach Programme/2009/Med; dated 
05.02.2010) to Department of Pharmacology and 
Toxicology, CoV.Sc. & A.H., DUVASU, Mathura.

REFERENCES
1. Alexandersen S, Zhang Z, Donaldson AI, Garland  AJ. 

The pathogenesis and diagnosis of foot-and-mouth disease. 
J Comp Pathol. 2003; 129(1): 1-36, DOI: 10.1016/s0021- 
9975(03)00041-0.

2. Arzt J, Juleff N, Zhang Z, Rodriguez, LL. 
The pathogenesis of foot-and-mouth disease I: viral pathways 
in cattle. Trans bound Emerg Dis. 2011; 58(4): 291-304, 
DOI: 10.1111/j.1865-1682.2011. 01204.x.

3. Ranjan R, Biswal JK, Sharma AK, Kumar M, Pattnaik 
B. Management of foot and mouth disease in a dairy farm: 
By ethnoveterinary practice. Indian J Anim Sci. 2016a; 86(3): 
256-259, DOI: 10.56093/ijans.v86i3.56577.

4. Alexandersen S, Mowat N. Foot-and-mouth disease: 
host range and pathogenesis. In: B.W.J. MAHY, ed. Foot-
and- mouth disease virus. Berlin: Springer. 2005: 9-42, DOI: 
10.1007/3-540-27109-0_2.

5. Bray M, Davis K, Geisbert T, Schmaljohn C, Huggins 
J. A mouse model for evaluation of prophylaxis and therapy 
of Ebola hemorrhagic fever. J Infect Dis. 1998; 178(3): 651- 
661, DOI: 10.1086/515386.

6. Wichmann D, Gröne HJ, Frese M, Pavlovic J, Anheier 
B et al. Hantan virus infection causes an acute neurological 
disease that is fatal in adult laboratory mice. J Virol. 2002; 
76(17): 8890-8899.

7. Mellor DJ, Stafford KJ. Animal welfare implications of 
neonatal mortality and morbidity in 458 farm animals. Vet J. 
2004; 168:118-133, doi: 10.1016/j.tvjl.2003.08.004.

8. Kalter H. Sporadic malformations in prenatal A/J mice 
17 to 20 days old. Teratol Philadelphia. 1970; 3:203, DOI: 
10.1002/tera.1420010208

9. Weber EM, Algers B, Hultgren J, OlssonI AS. 
Pup mortality in laboratory mice – infanticide or not ? 
Acta Veterinaria Scandinavica. 2013; 55: 83. doi: 
10.1186/1751-0147-55-83.

10. Stahl W, Kaneda Y. Cerebral anomalies in congenital 
murine toxoplasmosis: a preliminary report. Tokai J Exp Clin 
Med. 1999; 23: 261–265.

11. Shieh KR, Lee HJ, Yang SC. Different patterns of 
food consumption and locomotor activity among Taiwanese 

to be present in P. juliflora that are responsible for its 
antibacterial activity [14, 15]. In the present study we 
also observed a substantially higher level of flavonoids 
(148.48 ± 3.27 mg QE/g extract) and total phenolic 
acid (120.68 ± 1.36 mg GAE/g extract) in PJ extract 
which are in agreement with the previous findings 
[29]. Furthermore, this plant contains a number of 
chemical components that belong to the phytosterol 
(β-sitosterol), terpenoid diketone (prosopidione), and 
alkaloid bioactive molecules (secojuliprosopinal, 
3’oxojuliprosopine, and juliprosopine) [30].

To better understand the mechanism of antibacterial 
action of PJ extract, the cellular morphology of 
bacterial cells treated with the extract was examined. 
As demonstrated by transmission electron microscopy 
and fluorescence microscopy, PJ extract mainly 
destroyed the bacterial cell wall and/or cell membrane 
in order to produce its bactericidal effect. During 
bacterial division, it also altered the distribution of 
the cytoplasmic components. Therefore, by changing 
the membrane permeability of exposed bacterial 
populations, PJ extract may facilitate the entry of 
other conventional antimicrobials inside the bacterial 
cells and thereby may enhance their effectiveness. 
Additionally, changes in the cytoskeletal matrix in the 
E.coli were possibly responsible for the appearance of 
intracytoplasmic vacuole formation after exposure to 
PJ extract in the current investigation. Furthermore, 
PJ extract altered the size and form of the exposed 
bacterial population. The bioactive compounds in the 
crude extract may alter the protein structure and thereby 
the fluidity of cell membranes, resulting in membrane 
permeabilizing actions as reported in other instances 
[31, 32]. Thus, isolation and identification of the 
major bioactive phytoconstitutents responsible for this 
promising antibacterial action may aid to discover novel 
therapeutic strategy against the most common pathogens 
of uterine infections in livestock.

 CONCLUSION
Taken together, the promising antibacterial action 

of P. Juliflora leaf extract against clinical isolate of E. 
coli from uterine infections in bovines is mediated by 
disruption of the cell membrane and cell wall integrity 
resulting in formation of intra-cytoplasmic vacuole 
and release of cytoplasmic contents. Thus, bioactive 
compounds in P. juliflora leaf extract may be a potential 
source of antibacterial agent to treat uterine infections in 
livestock. However, further investigation regarding the 
in vivo validation and safety profiling of the bioactive 
compounds are warranted.



285

Prosopis juliflora leaf extract disrupts cell wall and cell membrane integrity of E. coli isolated...

native rodents, Formosan wood mice (Apodemus semotus), 
and common laboratory mice, C57BL/6 (Mus musculus). 
Chinese J Physiol. 2008; 51: 129-135.

12. Weber EM, Algers B, Würbel H, Hultgren J, Olsson 
IA. Influence of strain and parity on the risk of litter loss in 
laboratory mice. Reprod Domest Anim. 2013; 48(2): 292-296, 
DOI: 10.1111/j.1439-0531.2012.02147.x.

13. Inglis CA, Campbell ER, Auciello SL et al. Effects 
of enrichment devices on stress-related problems in mouse 
Breeding. Animal Welfare Enhancement reports John hopkins 
center for alternatives to animal testing.2004: 1-9.

14. Carter DB, Kennett MJ, Franklin CL. Use of 
perphenazine to control cannibalism in DBA/1 mice. Comp 
Med 2002; 52(5): 452-455. Erratum in: Comp Med. 
2003; 53(2): 218.

15. Whittow GC, Hull D. Thermoregulation in Young 
Mammals. In: Whittow GC (ed) Special Aspects of 
Thermoregulation. New York, NY: Academic Press Inc. 1973; 
167–200.

16. Cannon B, Nedergaard J. Brown adipose tissue: 
function and physiological significance. Physiol Rev. 2004; 
84: 277-359, DOI: 10.1152/physrev.00015.2003.

17. Schardein JL, Petrere JA, Hentz DL, Camp RD, 
Kurtz SM. Cannibalistic traits observed in rats treated 
with a teratogen. Lab Anim. 1978; 12(2): 81-83, DOI: 
10.1258/002367778780953080.

18. Ranjan R, Biswal JK, Singh KP, Pattnaik B. 
Optimization of fluorescent antibody techniques for 
demonstration of foot-and mouth disease virus in bovine 
tongue epithelium and dorsal soft palate. Indian J 
Vet Pathol. 2016; 40(4): 297-304, DOI: 10.5958/0973- 
970X.2016.00071.7.

19. Giridharan P, Hemadri D, Tosh C, Sanyal A, 
Bandyopadhyay SK. Development and evaluation of a 
multiplex PCR for differentiation of foot-and-mouth disease 
virus strains native to India. J Virol Method. 2005; 126(1-2): 
1-11, DOI: 10.1016/j.jviromet.2005.01.015.

20. Callahan JD, Brown F, Osorio FA, Sur JH, Kramer 
Eet al. Use of a portable real-time reverse transcriptase- 
polymerase chain reaction assay for rapid detection of 
foot-and-mouth disease virus. J Am Vet Med Assoc. 2002; 
220(11): 1636–1642, DOI: 10.2460/javma.2002.220.1636.

21. Bisht P, Mohapatra JK, Subramaniam S, Das B, Pande 
V et al. Efficient rescue of foot-and-mouth disease virus in 

cultured cells transfected with RNA extracted from clinical 
samples. J Virol Method. 2014; 196: 65-70, DOI: 10.1016/j.
jviromet.2013.10.041.

22. Lee SY, KO MK, Lee KN, Choi JH, You SH et al. 
Application of mouse model for effective evaluation of foot- 
and-mouth disease vaccine. Vaccine. 2016; 34(33): 3731-3737, 
DOI: 10.1016/j.vaccine.2016.06.008.

23. Office International Des Epizooties (OIE). Foot and 
Mouth Disease (infection with Foot and Mouth Disease 
Virus. In: S. EDWARDS, ed. Manual of diagnostic tests and 
vaccines for terrestrial animal. Paris: World Organization for 
Animal Health. 2018; 433-464.

24. Mubarak A, Tipu MY, Aslam A, Yaqub T, Ali M. 
Molecular characterization and pathology of field isolates of 
foot-and-mouth virus in Swiss albino mice. Braz J Biol. 2022; 
84: 2024- e263385, DOI: 10.1590/1519-6984.263385.

25. Weber EM, Olsson IAS. Maternal behaviour in Mus 
musculus sp.: an ethological review. Appl Anim Behav Sci. 
2008; 114:1–22, DOI:10.1016/j. applanim.2008.06.006

26. Getto P, Diekman O, de Roos AM. On the (dis) 
advantages of cannibalism. J Math Biol. 2005; 51:695-712, 
DOI: 10.1007/s00285-005-0342-6

27. Duarte C, Jaramillo E, Contreras H, Acuna K. 
Cannibalism and food availability in the talitrid amphipod 
Orchestoidea tuberculata. J Sea Res. 2010; 64: 417-421, DOI: 
10.1016/j.seares.2010.02.009.

28. Malmkvist J, Gade M, Damm BI. Parturient behaviour 
in farmed mink (Mustela vison) in relation to early kit 
mortality. Appl Anim Behav Sci. 2007; 107: 120-132, DOI: 
10.1016/j.applanim.2006.09.018.

29. Fedurek P, Tkaczynski P, Asiimwe C, Hobaiter C, 
Samuni L et al. Maternal cannibalism in two populations of 
wild chimpanzees. Primates. 2020; 61:181-187, DOI: 10.1007/ 
s10329-019-00765-6

30. Schmidt J, Kosztolányi A, Tökölyi J, Hugyecz B, Illés 
I et al. Reproductive asynchrony and infanticide inhouse mice 
breeding communally. Anim Behav. 2015; 101: 201-211, DOI: 
10.1016/j.anbehav.2014.12.015.

31. Brajon S, Morello GM, Capas-Peneda S, Hultgren 
J, Gilbert C et al. All the pups we cannot see: cannibalism 
masks perinatal death in laboratory mouse breeding but 
infanticide is rare. Animals. 2021; 11: 2327, DOI: 10.3390/ 
ani11082327.

Cite this article as: Singh R, Saikia R, Rout A, Singh AP, Shukal A, Choudhury S, Agarwal J. Prosopis juliflora 
leaf extract disrupts cell wall and cell membrane integrity of E. coli isolated from bovine uterine infections to exert 
bactericidal effects. Explor Anim Med Res. 2025; 15(1), DOI: 10.52635/eamr/15.2.278-285.


