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Background: The rise of drug-resistant bacteria poses a significant challenge to global healthcare, underscoring the urgent need
for new therapeutic interventions. In this study, ethanolic extracts of Datura stramonium and Prosopis farcta, sourced from
Northern Iran, were examined for their antibacterial properties against Staphylococcus aureus, Escherichia coli, Acinetobacter
baumannii, Klebsiella pneumoniae, and Pseudomonas aeruginosa.

Methods: The antibacterial activities of the medicinal extracts were examined in this study using disc diffusion, microbroth
dilution, and agar well diffusion methods against both Gram-positive and Gram-negative microorganisms. In addition, the
extracts were assessed for toxicity using the MTT assay on HT29 cells. The biofilm-inhibitory effects of the extracts were also
investigated.

Results: The results showed that the ethanolic extracts from D. stramonium and P. farcta have strong antibacterial activity against
S. aureus. However, their activity against P. aeruginosa and A. baumannii is less pronounced. The extracts showed significant
antibiofilm capabilities against the tested bacteria at both MIC and 2x MIC concentrations (p < 0.05). The MTT test showed HT29
cells were more sensitive to P. farcta extract than D. stramonium, especially at 200 pug/mL concentration.

Conclusion: The findings demonstrate that ethanolic extracts of P. farcta and D. stramonium exhibit significant antibacterial
activity, particularly against S. aureus, while also effectively disrupting bacterial biofilms. These results suggest that these extracts
possess considerable potential as alternative therapeutic agents against drug-resistant bacterial infections. Further investigation is
warranted to elucidate the specific mechanisms of action and to explore their efficacy in clinical applications.
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1. Background

The misuse of antibiotics has precipitated the emergence of
antimicrobial resistance, significantly challenging human
civilization. The escalating issue of antibiotic resistance
among microbial pathogens is a global concern that affects
all nations and poses an imminent threat to public health [1].
Projections indicate that by 2050, infections attributed to

these resistant microbes could emerge as a leading cause of
mortality worldwide [2]. Increasingly, bacteria are dem-
onstrating resistance to existing antibiotics, largely attrib-
uted to their capacity to exchange antibiotic resistance genes
among themselves [3].

In addition, biofilm formation is a critical bacterial
strategy that contributes to drug resistance, as antimicrobials
struggle to penetrate biofilm-protected bacterial cells
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effectively [4]. This resistance encompasses a variety of
agents, including antibiotics and chemical disinfectants such
as chlorine bleach and glutaraldehyde [5]. Biofilms not only
diminish the effectiveness of antibiotics but also compro-
mise host immune responses, conferring a greater resistance
than that observed with singular antibiotic resistance
mechanisms [6].

The urgent challenge of antibiotic resistance has cap-
tured the attention of healthcare professionals and re-
searchers, particularly in the context of treating bacterial
infections that are resistant to multiple drugs. This pressing
issue has ignited a growing interest in innovative therapeutic
modalities, prominently featuring the exploration of herbal
extracts as potential adjuncts in combating bacterial in-
fections and the looming threat of antibiotic resistance [3].

Plant extracts and their secondary metabolites are in-
creasingly utilized in various drug combinations. Traditional
medicine, which incorporates the use of diverse medicinal
plants, animals, and fungi, has historically served as
a foundational approach to preventing and treating nu-
merous ailments. The rich bioactive compounds present in
plants make them particularly attractive as therapeutic
agents [7, 8]. A multitude of studies have substantiated the
antimicrobial and biological properties of numerous me-
dicinal plants [9-11], demonstrating the efficacy of these
compounds in inhibiting growth and promoting the death of
pathogenic microorganisms [12].

Among these plants, Prosopis has garnered significant
attention in recent years for its antibacterial properties
within traditional medicine [12, 13]. Various studies have
assessed the antibacterial efficacy of extracts from Prosopis
spp. against different bacterial strains [12, 14, 15], including
investigations into the effectiveness of methanolic extracts
from Prosopis juliflora leaves and ethanolic extracts of its
alkaloids against a range of human pathogenic bacteria
[16, 17]. These antibacterial activities have been associated
with the presence of phenolic acids, flavonoids, and alka-
loids, secondary metabolites found in these plants [18, 19].
P. farcta, specifically, boasts a rich history in traditional
medicine, where it has been employed to treat a variety of
diseases and disorders. Recent research has underscored its
significant proliferative and angiogenic properties, along
with its antioxidant capacity and reported antitumor effects
[20-22].

Furthermore, the pharmacological and phytochemical
attributes of the Datura genus, belonging to the family
Solanaceae, have been extensively researched [23, 24]. In-
vestigations have revealed that this genus possesses anti-
microbial, anti-inflammatory, and cytotoxic activities, in
addition to analgesic properties (such as narcotic effects).
The diverse metabolic effects observed in this genus result
from the presence of a wide array of secondary metabolites,
including steroids, phenolic compounds, fatty acids, ano-
lides, and lactones [25].

Given the medicinal significance of D. stramonium and
P. fracta, the present study investigated the antibacterial
effects of their ethanolic extracts on the growth and biofilm
formation of five species of pathogenic bacteria: Staphylo-
coccus aureus, Escherichia coli, Acinetobacter baumannii,

Journal of Clinical Pharmacy and Therapeutics

Klebsiella pneumonia, and Pseudomonas aeruginosa. In
addition, we investigated the toxicity of these extracts on
human colon cancer.

2. Methods

2.1. Ethics Statement. Iran University of Medical Sciences,
Tehran, Iran’s ethics committee confirmed this study
(IRIUMS.REC.1398.134).

2.2. Plant Collection and Extraction. Two plant species
exhibiting healthy leaves, roots, and stems were selected and
collected from the northern provinces of Iran [26]. P. fracta
and D. stramonium were identified and placed in the His-
togenotech Company in Tehran, Iran (Dr. S. Bolori) and
Mazandaran University of Medical Sciences Herbarium (Dr.
A. Mahmoudi Otaghvari). The voucher specimens for
P. fracta and D. stramonium were H9922 and 9124, re-
spectively. The plants were rinsed with distilled water to
eliminate pesticides, toxins, and other trash before making
the ethanolic extract. They were oven-dried at 80°C. Finally,
the dried plant material was crushed into smaller particles to
increase solvent interaction and extraction efficiency [26].
The Soxhlet extraction method was employed to prepare the
extracts, as Sales and Shariat described [27]. In a stock
solution of D. stramonium and P. fracta extracts, 20 mg of
each was dissolved in 500 uL of solvent (DMSO 5% for
D. stramonium and sterile distilled water for P. fracta).
Microbial assays were performed at 50, 25, 12.5, 6.25, and
3.1 mg/mL dilutions.

2.3. Determination of Antimicrobial Activity

2.3.1. Bacterial Strains. Five pathogenic bacterial strains,
S. aureus ATCC 6538, E. coli ATCC 35218, A. baumannii
ATCC 19606, K. pneumonia ATCC 13883, and P. aeruginosa
ATCC 27853, were included in this study. These strains were
sourced from the microbiology laboratory at the College of
Medicine, Iran University of Medical Sciences, Tehran, Iran.
Following overnight incubation at 37°C on Mueller-Hinton
broth (MHB) (Merck, Germany), the turbidity of the bac-
terial suspension was adjusted to 0.5 McFarland
(1.5x10® CFU/mL), measured at OD 625 nm using a spec-
trophotometer (Sigma 3-30K, USA) [26, 28].

2.3.2. Disc Diffusion and Agar Well Diffusion Methods.
The disk diffusion method was done as outlined by Aiyegoro
et al. [29]. In brief, after incubation for 24h at 37°C in
Nutrient broth medium, under sterile conditions, 100 pL of
the prepared bacterial suspension was spread across MHA
plates in three different directions. Sterilized paper discs of
Whatman No. 1 filter paper (6 mm in diameter) were placed
on the inoculated agar plates after being impregnated with
varying concentrations of the ethanolic extracts. The plates
were incubated for 18-24 hours at 37°C. The diameter of the
inhibition zones was measured in millimeters using calipers.
Tetracycline disks were utilized as positive controls, while
the solvent and DMSO served as negative controls [30-32].
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The agar well diffusion technique disseminated 500 pL of
microbial suspension at 1.5 x 10° CFU/mL per isolate across
two MHA plates for each bacterium. On the agar surface,
5mm wells were spaced 2 cm apart. For each well, 50 uL of
each ethanolic extract concentration was applied. The extract
solvent (sterile distilled water or 5% DMSQO) was a negative
control, while tetracycline was a positive control. After 24 h
of 37°C incubation, well inhibition zones were observed [27].

2.4. Determination of MIC and minimum bactericidal con-
centration (MBC). The MIC of each plant extract was de-
termined using microbroth dilution. Ten serial
concentrations (0.09, 0.19, 0.39, 0.78, 1.56, 3.1, 6.25, 12.5, 25,
and 50 mg/mL) were produced in MHB medium in a 96-well
plate for each extract. A 1:100 dilution of the bacterial
suspension was obtained by pipetting 150 pL of saline so-
lution with the inoculum into 15 mL of sterile broth, yielding
a final inoculum density of 1.5x10° CFU/mL. Inoculate
10 pL of suspension into wells and incubate for 24 h at 37°C.
The first well without turbidity was found by macroscopic
examination of the MIC. The lowest extract concentration
that totally suppressed observable growth was the minimal
inhibitory concentration. The negative control was MHB
medium alone, while the positive control was MHB medium
inoculated with the tested bacterium. All extract and bacteria
tests were done in triplicate [28, 33].

The MBC for each extract was determined following the
method described by Mishra [34]. Inoculum from the wells
exhibiting no growth in the MIC experiment was sub-
cultured onto freshly prepared Nutrient agar plates. The
highest extract concentration that yielded no bacterial col-
onies (i.e., without visible growth on the plate) was desig-
nated as the MBC [3].

2.5. Assessment of Established Biofilms. The modified
microtitre plate method was employed to assess the potential
effects of plant extracts on bacterial biofilm formation
[35, 36]. In brief, tryptic soy broth (TSB) supplemented with
1% glucose, 100uL of various concentrations of each
ethanolic extract (2 x MIC, MIC, and 1/2 x MIC), and 20 uL
of bacterial suspension equivalent to the 0.5 McFarland
turbidity standard were added to each well. Positive control
was well without extracts, and negative control was well
without extracts and bacteria. After 24 h of incubation, the
wells were rinsed thrice with phosphate-buffered saline
(PBS) to remove residual cells. Following this, 200 uL of
methanol was added to each well for 15 min to stabilize the
formed biofilm. After 200 pL of 1% crystal violet staining, the
microtitre plate was rinsed with PBS. Finally, 200 uL of acetic
acid was added to each well, and the absorbance was
measured at 630 nm using an ELISA reader (Bio-Rad, USA).
All tests were performed in triplicate. The following formula
was used to calculate the relative percentage of biofilm
formation [35]:

OD (control) — OD (test)

100. 1
OD (control) X 1)

2.6. Evaluation of the Cytotoxicity Effect of the Extract.
The effects of different concentrations of D. stramonium and
P. fracta extracts on HT29 cells were evaluated using a 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bro-
mide (MTT) reduction assay. Cells (1 x 10°/well) were plated
in 100 pL of medium per well in 96-well plates. The medium
was supplemented with 1% penicillin/streptomycin (Sigma-
Aldrich) and 10% fetal bovine serum (FBS). During the
experiment, cells were maintained at 37°C in an incubator
with 95% air and 5% CO,. The cell lines were exposed to 25,
50, 100, and 200 pg/mL concentrations for each extract for
24 h. Untreated cells served as controls. After incubation and
washing cells with PBS (pH 7.4), each well received 10 pL of
a 12mM MTT stock solution, and then following 4h of
incubation at 37°C, 0.1% DMSO was added to each well. The
absorbance at 570 nm was measured to assess cell viability,
with a reference wavelength at 655nm. A concentration of
plant extract resulting in a 50% reduction in cell viability was
designated ICso. Absorbance at 570 nm was recorded using
a microplate reader (Bio-Rad, Richmond, CA). Wells con-
taining cells without extracts served as negative controls. All
experiments were performed in triplicate. The percentage of
cell viability was calculated using the following formula:

A_sample — A_blank

2
A_control — A_blank x 100, @

Cell viability (%) =

where “A” refers to absorbance at 570 nm, with sample,
control, and blank denoting the treated sample, cells without
treatment, and extract alone, respectively [22, 37, 38].

2.7. Statistical Analysis. Statistical data analysis was per-
formed using SPSS software (Version 22). Each test was
conducted in triplicate to minimize measurement errors in
assessing the antibacterial properties of the extracts. The
antibacterial assay values were expressed as the mean-
tstandard error (SE), with statistical significance de-
termined at P <0.05.

3. Results and Discussion

The global burden of infectious diseases, particularly in
developing nations, is a widely recognized concern. The rise
of antimicrobial resistance presents a pressing issue, at-
tributed not only to substandard drug manufacturing, pa-
tient nonadherence to treatment regimens, and
inappropriate use of antimicrobials but also to the emer-
gence of spontaneous mutations within microbial pop-
ulations. In response to this challenge, researchers are
investigating medicinal plants as potential sources of anti-
microbial compounds, aiming to meet the urgent need for
novel antimicrobial agents [39].

The results of this study on the antibacterial effects of
ethanolic extracts of D. stramonium and P. fracta against
pathogenic bacteria are presented in Tables 1 and 2 and
Figure 1. The study utilized the disc diffusion method, the
agar-well diffusion assay, and MIC determination. A direct
correlation was observed between the concentration of the
extract and the diameter of the inhibition zone. One-way
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FIGURE 1: (a-b) The difference between MIC and MBC of the D. stramonium and P. fracta extracts.

analysis of variance (ANOVA) revealed a significant dif-
ference in the mean diameter of the nongrowth zones among
the bacteria studied at concentrations of 50, 25, 12.5, 6.25,
and 3.1 mg/mL, with a significance level of 95% (P value
< 0.001). Pairwise comparisons were conducted using
Tukey’s multiple comparison test. In addition, the study
found significant differences in the ratios of S. aureus to
P. aeruginosa for the D. stramonium extract and S. aureus to
A. baumannii for the P. fracta extract (P value < 0.0001).
The findings from the MBC/MIC tests indicated that the
D. stramonium extract exhibited the most pronounced
antibacterial effect on S. aureus, with MIC and MBC values
of 12.5mg/mL while displaying the least effect on
P. aeruginosa (MIC: 25mg/mL and MBC: 50 mg/mL).
Conversely, the P. fracta extracts demonstrated the highest
efficacy against S. aureus (MIC and MBC: 6.25 mg/mL) and
the lowest efficacy against P. aeruginosa/A. baumannii (MIC:
25mg/mL and MBC: 50 mg/mL). The statistical analysis of
the mean MIC and MBC of both extracts among the tested
bacteria was significant at the 95% confidence level, with a P
value of less than 0.001 (Figure 1). To date, the antimicrobial
activity of P. fracta and D. stramonium against various
bacterial strains has been documented in several studies
[8, 33, 40, 41]. According to the study conducted by Saeedi,
the antimicrobial activity of D. stramonium and P. farcta
extracts was evaluated against S. aureus. [42]. They also
reported that the MIC of P. farcta extract was 25ppm.
However, our study found the MIC of P. farcta extract to be
6.25 ppm. This significant difference in results may be at-
tributed to variations in the origins and sources of both the
Prosopis species and the bacteria. Comparative analysis

indicated that the D. stramonium extract exhibited larger
inhibition zones than the P. farcta extract. Notably, across
various concentrations, D. stramonium demonstrated the
most significant effect against S. aureus (mean of 3.74 in the
disc diffusion method and 11.02 in the agar well diffusion
method) and the least effect on P. aeruginosa (mean of 0.26
in the disc diffusion method and 7.03 in the agar well dif-
fusion method) (Table 1). Conversely, the most pronounced
inhibitory effect of the P. farcta extract was observed against
S. aureus (mean of 3.61 in the disc diffusion method and 5.69
in the agar well diffusion method) (Table 2).

The varying composition and concentration of bioactive
secondary metabolites in the extracts may be the underlying
cause of the observed differences. A study conducted in
Ethiopia by Arage et al. [43] on methanol extracts of Ar-
temisia absinthium, D. stramonium, and Solanum anguivi
demonstrated varying degrees of antibacterial activity
among these species, which aligns with our findings. In the
research conducted by Mazandaran et al. [30], significant
antimicrobial activity was observed in P. juliflora (another
species of Prosopis) against various microorganisms. It was
speculated that flavonoids and other phenolic compounds
contributed to the observed bioactivity.

Both Gram-positive and Gram-negative bacteria were
susceptible to these ethanolic extracts; however, Gram-
positive cells exhibited greater susceptibility. The most
potent antibacterial activity of P. fracta and D. stramonium
was observed against S. aureus. Conversely, the extracts
demonstrated the lowest antibacterial activity against
A. baumannii and P. aeruginosa. These results align with
those reported by Yeganegi et al. [44], Yazdi and Behbhani
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FIGURE 2: Antibiofilm formation percent of (a) D. stramonium and (b) P. fracta extracts at different concentrations.

[45], and Sureshjani [46], indicating that Gram-negative
bacteria are generally more resistant to antimicrobials.
Differences in cell structure likely explain the varying sus-
ceptibilities of microorganisms to different antimicrobial
agents. The absence of an outer membrane in Gram-positive
bacteria allows for a higher penetration rate of active
compounds. In contrast, the lipopolysaccharide layer
present in the outer membrane of Gram-negative bacteria
significantly increases their impermeability [47]. This
finding is supported by a study conducted by Jafari-Sales and
Pashazadeh [47], which investigated the antibacterial effects
of saffron petal methanolic extract on several standard
strains of pathogenic bacteria. Their results indicated that
the bacteria most susceptible to saffron petal extract were
S. aureus and Bacillus cereus, while P. aeruginosa and E. coli
exhibited the highest resistance. In contrast, our study found
that E. coli was highly sensitive to all solvent extracts of
D. stramonium, a finding previously reported by Idris and
Adam [32].

3.1. Investigating the Inhibitory Effect of Extracts on Biofilm
Formation. Figure 2 illustrates the impact of D. stramonium
and P. farcta extracts on inhibiting biofilm formation in five
tested bacteria. Both extracts, at MIC and 2 x MIC con-
centrations, exhibited significant biofilm inhibitory effects
against these strains (P <0.05). The inhibition percentages
ranged from 27% for D. stramonium (with the highest ef-
ficacy observed against S. aureus and E. coli) to 40% for
P. farcta (most effective against S. aureus).

In biofilms, the extracellular polymeric matrix of bacteria
facilitates their attachment to both living and inert surfaces
[48]. In addition to developing resistance to antibiotics,
microorganisms residing within biofilms often exhibit re-
sistance to the antiseptics and disinfectants commonly
employed [49]. Recent research has highlighted that natural
compounds rich in secondary plant metabolites demonstrate
inhibitory effects on biofilm growth, prompting scientists to
explore herbal treatments as a means to combat biofilms.
Plant extracts are favored due to their efficacy, natural origins,
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FIGURE 3: Screening of the cytotoxic effects of the D. stramonium and P. fracta extracts against HT29 cell line.

and nontoxic nature when targeting biofilms. Within these
extracts, bioactive compounds play a crucial role in exhibiting
antibiofilm activity [49]. The inhibitory effects of
D. stramonium on biofilm formation are likely attributed to its
bioactive metabolites. This hypothesis warrants further in-
vestigation through advanced quantitative and qualitative
analyses. It is important to note that there is limited literature
on the antibiofilm properties of D. stramonium and P. farcta
extracts. Mandal documented the antibiofilm effects of
D. stramonium against Candida albicans, identifying a novel
hydroxyproline-rich glycopeptide that effectively eradicated
biofilms of C. albicans, including those resistant to other
treatments [50]. Few studies on Prosopis suggest that certain
species within this genus (e.g., P. juliflora) possess antibiofilm
activity [51, 52]. Based on the current information, this ap-
pears to be the inaugural report on the antibiofilm properties
of ethanolic extracts derived from P. farcta and
D. stramonium. This underscores the novelty and significance
of the findings regarding the antibiofilm activity of these plant
extracts. Further research could provide valuable insights into
their potential applications in addressing biofilm-related
challenges.

4. MTT Assay

The graphical representation in Figure 3 illustrates the re-
sults of screening the cytotoxic effects of various concen-
trations (25, 50, 100, and 200 ug/mL) of the respective
extracts on the HT29 cell line. The results indicate that
higher extract concentrations correlate with increased tox-
icity towards cancer cells. Notably, the cells showed signs of
cell death, particularly at the highest concentration of
200 pg/mL. This observation aligns with the findings of
Pourali et al. [53], which demonstrated that the viability of
cancer cell lines decreased as the concentrations of the
extract were elevated. In addition, they reported that the
Tribulus terrestris L. fruit extract did not exhibit lethal effects
atlower concentrations. The results revealed that the extracts
exhibited low toxicity at lower concentrations, with cell

survival remaining above 90%. Research by Merza et al. [54]
indicated that the effect of D. stramonium extract was de-
pendent on the duration of exposure rather than the dosage.
At both low and medium concentrations, this extract
demonstrated high cell viability after 24 h. In this study, the
ICs, concentration of P. fracta extract was determined to be
200 pg/mL after 24 h, indicating a higher sensitivity of colon
cancer cells to this extract compared with D. stramonium.
Khodaei et al. found that P. farcta displayed greater cyto-
toxicity against HT-29 cells than Teucrium polium after 48
and 72 hours of treatment [55].

Although the anticancer properties of P. farcta and
D. stramonium [56-58] have been investigated on different
cells, the findings of this study did not bring statistically
significant results. This suggests that relying solely on this
method may overlook important factors and is insufficient
on its own. Therefore, it is advisable to conduct supple-
mentary tests in future research. These could include ex-
amining the inhibitory effects of extracts on DNA synthesis,
cell proliferation, and apoptosis, which should be employed
in conjunction with the current method. Furthermore, it is
recommended that the cytotoxic effects in cancerous mouse
models be explored.

5. Conclusion

This research underscores the remarkable inhibitory effects
of P. farcta and D. stramonium extracts on the growth and
biofilm formation of certain Gram-positive and Gram-
negative bacteria. However, it is noteworthy that different
parts of the plants may exhibit varying concentrations and
proportions of phytochemicals. Consequently, it is advisable
to conduct future phytochemical screenings of these
extracts.
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from the corresponding author upon reasonable request.



Journal of Clinical Pharmacy and Therapeutics

Disclosure

A preprint has previously been published [59], and this is an
updated version of the article.

Conflicts of Interest

The authors declare no conflicts of interest.

Author Contributions

S.S. and N.A. initiated the idea of this study. S.S. and M.M.
developed the first and final draft of the manuscript. S.S.
designed and checked all figures and tables. S.S., M.K., and
S.M. wrote the manuscript and carried out the data analysis.

All authors reviewed and contributed to the revisions and
finalized the drafts.

Funding

This work was supported by the Microbial Biotechnology
Research Center, Iran University of Medical Sciences,
Tehran, Iran (grant numbers 97-4-73-12910).

References

(1]

A. Kaushik, M. Kaushik, G. Kaur, and V. Gupta, “Perspective of
Secondary Metabolites in Respect of Multidrug Resistance
(MDR): A Review,” Infectious Disorders-Drug Targets (Formerly
Current Drug Targets-Infectious Disorders) 24, no. 4 (2024):
40-52, https://doi.org/10.2174/0118715265210606231113105225.
M. Bassetti, G. Poulakou, E. Ruppe, E. Bouza, S. J. Van Hal,
and A. Brink, “Antimicrobial Resistance in the Next 30 years,
Humankind, Bugs and Drugs: A Visionary Approach,” In-
tensive Care Medicine 43, no. 10 (2017): 1464-1475, https://
doi.org/10.1007/s00134-017-4878-x.

P. Singh and U. Srivastava, “Antibacterial Potential of Some
Plant Extracts Against Escherichia coli, Along With Its Phy-
tochemical Analysis, Total Phenolic Content, and Antioxidant
Properties,” International Journal of Plant and Environment 5,
no. 2 (2019): 96-102, https://doi.org/10.18811/ijpen.v5i02.5.
T. Bjarnsholt, “The Role of Bacterial Biofilms in Chronic
Infections,” Apmis 121, no. s136 (2013): 1-58, https://doi.org/
10.1111/apm.12099.

K. Lewis, “Riddle of Biofilm Resistance,” Antimicrobial Agents
and Chemotherapy 45, no. 4 (2001): 999-1007, https://doi.org/
10.1128/aac.45.4.999-1007.2001.

P. S. Stewart and J. William Costerton, “Antibiotic Resistance
of Bacteria in Biofilms,” The Lancet 358, no. 9276 (2001):
135-138, https://doi.org/10.1016/80140-6736(01)05321-1.

A. E. Al-Snafi, “Medical Importance of Datura fastuosa (Syn:
Datura Metel) and Datura stramonium-A Review,” IOSR
Journal of Pharmacy 7, no. 2 (2017): 43-58, https://doi.org/
10.9790/3013-0702014358.

F. S. Mohammed, E. Kina, M. Sevindik, M. Dogan, and
M. Pehlivan, “Datura stramonium (Solanaceae): Antioxidant
and Antimicrobial Potentials,” Turkish Journal of Agri-
culture-Food Science and Technology 9, no. 4 (2021): 818-821,
https://doi.org/10.24925/turjaf.v9i4.818-821.4264.

H. Gajera, S. Patel, and B. Golakiya, “Antioxidant Properties
of Some Therapeutically Active Medicinal Plants—An
Overview,” JMAPS 27 (2005): 91-100.

(10]

(11]

[12

(13]

(14]

(17]

[18

(19]

(20]

(21]

(22]

(23]

S. Burman, K. Bhattacharya, D. Mukherjee, and G. Chandra,
“Antibacterial Efficacy of Leaf Extracts of Combretum album
Pers. Against Some Pathogenic Bacteria,” BMC Comple-
mentary and Alternative Medicine 18, no. 1 (2018): 213-218,
https://doi.org/10.1186/s12906-018-2271-0.

J. Grover, S. Yadav, and V. Vats, “Medicinal Plants of India
With Anti-Diabetic Potential,” Journal of Ethnopharmacology
81, no. 1 (2002): 81-100, https://doi.org/10.1016/s0378-
8741(02)00059-4.

J. Sharifi-Rad, “Phytochemical Screening and Antibacterial
Activity of Different Parts of the Prosopis farcta Extracts
Against  Methicillin-Resistant  Staphylococcus ~ aureus
(MRSA),” Minerva Biotecnologica 26, no. 4 (2014): 287-293.
S. Henciya, P. Seturaman, A. R. James, et al, “Bio-
pharmaceutical Potentials of Prosopis spp. (Mimosaceae,
Leguminosa),” Journal of Food and Drug Analysis 25, no. 1
(2017): 187-196, https://doi.org/10.1016/j.jfda.2016.11.001.
M. Maoz and I. Neeman, “Antimicrobial Effects of Aqueous
Plant Extracts on the Fungi Microsporum canis and Tricho-
phyton rubrum and on Three Bacterial Species,” Letters in
Applied Microbiology 26, no. 1 (1998): 61-63, https://doi.org/
10.1046/j.1472-765x.1998.00277 x.

D.  Srinivasan, S. Nathan, T.  Suresh, and
P. Lakshmana Perumalsamy, “Antimicrobial Activity of
Certain Indian Medicinal Plants Used in Folkloric Medicine,”
Journal of Ethnopharmacology 74, no. 3 (2001): 217-220,
https://doi.org/10.1016/s0378-8741(00)00345-7.

E. T. Dos Santos, M. Pereira, C. Da Silva, et al., “Antibacterial
Activity of the Alkaloid-Enriched Extract From Prosopis
juliflora Pods and Its Influence on In Vitro Ruminal Di-
gestion,” International Journal of Molecular Sciences 14, no. 4
(2013): 8496-8516, https://doi.org/10.3390/ijms14048496.

A. Abdelmoteleb, B. Valdez-Salas, C. Cecefia-Duran, et al.,
“Silver Nanoparticles From Prosopis glandulosa and Their
Potential Application as Biocontrol of Acinetobacter calcoa-
ceticus and Bacillus cereus,” Chemical Speciation and Bio-
availability 29, no. 1 (2017): 1-5, https://doi.org/10.1080/
09542299.2016.1252693.

J. Sharifi-Rad, F. Kobarfard, A. Ata, et al., “Prosopis Plant
Chemical Composition and Pharmacological Attributes:
Targeting Clinical Studies From Preclinical Evidence,” Bio-
molecules 9, no. 12 (2019): 777, https://doi.org/10.3390/
biom9120777.

J. Zhong, P. Lu, H. Lu, et al., “Current Insights Into Phyto-
chemistry, Nutritional, and Pharmacological Properties of
Prosopis Plants,” Evidence-Based Complementary and Alter-
native Medicine 2022 (2022): 2218029-18, https://doi.org/
10.1155/2022/2218029.

N. Sharma, V. Garg, and A. Paul, “Antihyperglycemic,
Antihyperlipidemic and Antioxidative Potential of Prosopis
cineraria Bark,” Indian Journal of Clinical Biochemistry 25,
no. 2 (2010): 193-200, https://doi.org/10.1007/s12291-010-
0035-9.

S. Robertson, N. Narayanan, and B. Raj Kapoor, “Anti-
tumour Activity of Prosopis cineraria (L.) Druce Against
Ehrlich Ascites Carcinoma-Induced Mice,” Natural Product
Research 25, no. 8 (2011): 857-862, https://doi.org/10.1080/
14786419.2010.536159.

R. Noroozi, “Wound Healing Features of Prosopis Farcta: In
Vitro Evaluation of Antibacterial, Antioxidant, Proliferative
and Angiogenic Properties,” Gene Reports 17 (2019): article
100482.

M. Ibrahim, S. Siddique, K. Rehman, et al, “Comprehensive
Analysis of Phytochemical Constituents and


http://doi.org/10.2174/0118715265210606231113105225
http://doi.org/10.1007/s00134-017-4878-x
http://doi.org/10.1007/s00134-017-4878-x
http://doi.org/10.18811/ijpen.v5i02.5
http://doi.org/10.1111/apm.12099
http://doi.org/10.1111/apm.12099
http://doi.org/10.1128/aac.45.4.999-1007.2001
http://doi.org/10.1128/aac.45.4.999-1007.2001
http://doi.org/10.1016/s0140-6736(01)05321-1
http://doi.org/10.9790/3013-0702014358
http://doi.org/10.9790/3013-0702014358
http://doi.org/10.24925/turjaf.v9i4.818-821.4264
http://doi.org/10.1186/s12906-018-2271-0
http://doi.org/10.1016/s0378-8741(02)00059-4
http://doi.org/10.1016/s0378-8741(02)00059-4
http://doi.org/10.1016/j.jfda.2016.11.001
http://doi.org/10.1046/j.1472-765x.1998.00277.x
http://doi.org/10.1046/j.1472-765x.1998.00277.x
http://doi.org/10.1016/s0378-8741(00)00345-7
http://doi.org/10.3390/ijms14048496
http://doi.org/10.1080/09542299.2016.1252693
http://doi.org/10.1080/09542299.2016.1252693
http://doi.org/10.3390/biom9120777
http://doi.org/10.3390/biom9120777
http://doi.org/10.1155/2022/2218029
http://doi.org/10.1155/2022/2218029
http://doi.org/10.1007/s12291-010-0035-9
http://doi.org/10.1007/s12291-010-0035-9
http://doi.org/10.1080/14786419.2010.536159
http://doi.org/10.1080/14786419.2010.536159

10

Ethnopharmacological Investigation of Genus Datura,” Critical
Reviews™ in Eukaryotic Gene Expression 28, no. 3 (2018): 223-283,
https://doi.org/10.1615/critreveukaryotgeneexpr.2018022531.

[24] J. Palazén, “Tropane Alkaloids in Plants and Genetic Engi-
neering of Their Biosynthesis,” Floriculture, Ornamental and
Plant Biotechnology 2 (2006): 219.

[25] C.  Céspedes-Méndez, P. Iturriaga-Vasquez, and

E. Hormazébal, “Secondary Metabolites and Biological Pro-

files of Datura Genus,” Journal of the Chilean Chemical Society

66, no. 2 (2021): 5183-5189, https://doi.org/10.4067/s0717-

97072021000205183.

I. Abuga, S. F. Sulaiman, R. Abdul Wahab, K. L. Ooi, and

M. S. B. Abdull Rasad, “In Vitro Antibacterial Effect of the

Leaf Extract of Murraya koenigii on Cell Membrane De-

struction against Pathogenic Bacteria and Phenolic Com-

pounds Identification,” European Journal of Integrative

Medicine 33 (2020): 101010, https://doi.org/10.1016/

j.€ujim.2019.101010.

[27] A. J. Sales and A. Shariat, “Synergistic Effects of Silver

Nanoparticles With Ethanolic Extract of Eucalyptus Globules

on Standard Pathogenic Bacteria In Vitro,” Tabari Biomedical

Student Research Journal 2, no. 3 (2020): https://doi.org/

10.18502/tbsrj.v2i3.4528.

B. Alizadeh Behbahani, F. Tabatabaei Yazdi, F. Shahidi,

H. Noorbakhsh, A. Vasiee, and A. Alghooneh, “Phyto-

chemical Analysis and Antibacterial Activities Extracts of

Mangrove Leaf Against the Growth of Some Pathogenic

Bacteria,” Microbial Pathogenesis 114 (2018): 225-232, https://

doi.org/10.1016/j.micpath.2017.12.004.

O. Aiyegoro, D. Akinpelu, and A. Okoh, “In Vitro Antibacterial

Potentials of the Stem Bark of Red Water Tree (Erythrophleum

suaveolens),” Journal of Biological Sciences 7, no. 7 (2007):

1233-1238, https://doi.org/10.3923/jbs.2007.1233.1238.

[30] M. Mazandaran, S. Yassaghi, M. Rezaei, A. Mansourian, and
E. Ghaemi, “Ethnobotany and Antibacterial Activities of Two
Endemic Species of Hypericum in North-East of Iran,” Asian
Journal of Plant Sciences 6, no. 2 (2007): 354-358, https://
doi.org/10.3923/ajps.2007.354.358.

[31] S. M. Mirtaghi, P. Torbati Nejad, M. Mazandarani, F. Livani,
and H. Bagheri, “Evaluation of Antibacterial Activity of Urtica
dioica L. Leaf Ethanolic Extract Using Agar Well Diffusion and
Disc Diftfusion Methods,” Medical Laboratory Journal 10, no. 5
(2016): 15-21, https://doi.org/10.18869/acadpub.mlj.10.5.15.

[32] S. K. Idris and S. I. Adam, “Proximate Composition, Pre-
liminary Phytochemical Screening and Antibacterial Activity
of Datura stramonium L. Leaves Extract,” European Journal of
Pharmaceutical and Medical Research 4, no. 2 (2017): 32-40.

[33] M. A. F. Jahromi, H. Etemadfard, and Z. Zebarjad, “Anti-

microbial and Antioxidant Characteristics of Volatile Com-

ponents and Ethanolic Fruit Extract of Prosopis farcta (Bank &

Soland.),” Trends in Pharmaceutical Sciences 4, no. 3 (2018):

177-186.

A. Mishra, “Susceptibility of Enterococcus faecalis to the Plant

Volatile Oils,” Journal of Microbial World 10 (2008): 108-112.

S. Santhakumari, A. Kannappan, S. K. Pandian, N. Thajuddin,

R. B. Rajendran, and A. V. Ravi, “Inhibitory Effect of Marine

Cyanobacterial Extract on Biofilm Formation and Virulence

Factor Production of Bacterial Pathogens Causing Vibriosis in

Aquaculture,” Journal of Applied Phycology 28, no. 1 (2016):

313-324, https://doi.org/10.1007/s10811-015-0554-0.

Z. Mohsenipour and M. Hassanshahian, “The Effects of Al-

lium sativum Extracts on Biofilm Formation and Activities of

Six Pathogenic Bacteria,” Jundishapur Journal of Microbiology

8, no. 8 (2015): 18971, https://doi.org/10.5812/jjm.18971v2.

[26

(28

[29

(34

(35

[36

(37]

(38]

(39]

(40]

(41]

(42]

(43]

(44]

(45]

(46]

(47]

(48]

(49]

(50]

Journal of Clinical Pharmacy and Therapeutics

S. Igbal, C. Sivaraj, and K. Gunasekaran, “Antioxidant and
Anticancer Activities of Methanol Extract of Seeds of Datura
stramonium L,” Free Radicals and Antioxidants 7, no. 2
(2017): 184-189, https://doi.org/10.5530/fra.2017.2.28.

M. Al-Zharani, F. A. Nasr, A. S. Alqahtani, et al.,, “In Vitro
Cytotoxic Evaluation and Apoptotic Effects of Datura innoxia
Grown in Saudi Arabia and Phytochemical Analysis,” Applied
Sciences 11, no. 6 (2021): 2864, https://doi.org/10.3390/
app11062864.

J. H. Doughari and M. Saa-Aondo, “Phytochemical Analysis
of Crude Methanol Extracts and Antimicrobial Activity of N-
Hexane Fractions of Methanol Seed and Pod Extracts of
Prosopis africana on Some Selected Microorganisms,” Phy-
tochemical Analysis 2 (2021): 121-137.

A. Deshmukh, “Antimicrobial Investigation of Datura stra-
monium Leaf Extract against Different Microorganisms,”
IOSR Journal of Environmental Science, Toxicology and Food
Technology 9, no. 9 (2015): 17-19.

H. Aziznia, J. Keramat, and S. Soleimanian Zad, “Antioxidant
Properties and Antimicrobial Activity of Prosopis farcta Root
Extract on Foodborne Bacteria,” Journal of Food Hygiene 9,
no. 34 (2019).

S. Saeidi, “Antimicrobial Activity of Prosopis farcta L. and
Datura stramonium L. Extracts Against Staphylococcus au-
reus,” Journal of Medicinal Herbs 9, no. 1 (2018): 29-32.

M. Arage, T. Eguale, and M. Giday, “Evaluation of Anti-
bacterial Activity and Acute Toxicity of Methanol Extracts of
Artemisia absinthium, Datura Stramonium, and Solanum
Anguivi,” Infection and Drug Resistance 15 (2022): 1267-1276,
https://doi.org/10.2147/idr.s359280.

M. Yeganegi, F. Tabatabaei Yazdi, S. A. Mortazavi, J. Asili,
B. Alizadeh Behbahani, and A. Beigbabaei, “Equisetum tel-
mateia Extracts: Chemical Compositions, Antioxidant Ac-
tivity and Antimicrobial Effect on the Growth of Some
Pathogenic Strain Causing Poisoning and Infection,” Mi-
crobial Pathogenesis 116 (2018): 62-67, https://doi.org/
10.1016/j.micpath.2018.01.014.

F. T. Yazdi and B. A. Behbahani, “Antimicrobial Effect of the
Aqueous and Ethanolic Teucrium polium L. Extracts on Gram
Positive and Gram Negative Bacteria “In Vitro”,” Archives of
Advances in Biosciences 4, no. 4 (2013).

M. H. Sureshjani, “Antimicrobial Effects of Kelussia odor-
atissima Extracts Against Food Borne and Food Spoilage
Bacteria In Vitro,” Journal of Paramedical Sciences 5, no. 2
(2014): 115-120.

A. Jafari-Sales and M. Pashazadeh, “Antibacterial Effect of
Methanolic Extract of Saffron Petal (Crocus sativus L.) on
Some Standard Gram Positive and Gram Negative Pathogenic
Bacteria In Vitro,” Current Perspectives on Medicinal and
Aromatic Plants (CUPMAP) 3, no. 1 (2020): 1-7, https://
doi.org/10.38093/cupmap.692879.

B.]. Baker and J. F. Banfield, “Microbial Communities in Acid
Mine Drainage,” FEMS Microbiology Ecology 44, no. 2 (2003):
139-152, https://doi.org/10.1016/s0168-6496(03)00028-x.

D. Lahiri, S. Dash, R. Dutta, and M. Nag, “Elucidating the
Effect of Anti-Biofilm Activity of Bioactive Compounds
Extracted from Plants,” Journal of Biosciences 44, no. 2 (2019):
52-19, https://doi.org/10.1007/s12038-019-9868-4.

S. M. Mandal, “A Novel Hydroxyproline Rich Glycopeptide
From Pericarp of Datura stramonium: Proficiently Eradicate
the Biofilm of Antifungals Resistant Candida albicans,”
Peptide Science 98, no. 4 (2012): 332-337, https://doi.org/
10.1002/bip.22083.


http://doi.org/10.1615/critreveukaryotgeneexpr.2018022531
http://doi.org/10.4067/s0717-97072021000205183
http://doi.org/10.4067/s0717-97072021000205183
http://doi.org/10.1016/j.eujim.2019.101010
http://doi.org/10.1016/j.eujim.2019.101010
http://doi.org/10.18502/tbsrj.v2i3.4528
http://doi.org/10.18502/tbsrj.v2i3.4528
http://doi.org/10.1016/j.micpath.2017.12.004
http://doi.org/10.1016/j.micpath.2017.12.004
http://doi.org/10.3923/jbs.2007.1233.1238
http://doi.org/10.3923/ajps.2007.354.358
http://doi.org/10.3923/ajps.2007.354.358
http://doi.org/10.18869/acadpub.mlj.10.5.15
http://doi.org/10.1007/s10811-015-0554-0
http://doi.org/10.5812/jjm.18971v2
http://doi.org/10.5530/fra.2017.2.28
http://doi.org/10.3390/app11062864
http://doi.org/10.3390/app11062864
http://doi.org/10.2147/idr.s359280
http://doi.org/10.1016/j.micpath.2018.01.014
http://doi.org/10.1016/j.micpath.2018.01.014
http://doi.org/10.38093/cupmap.692879
http://doi.org/10.38093/cupmap.692879
http://doi.org/10.1016/s0168-6496(03)00028-x
http://doi.org/10.1007/s12038-019-9868-4
http://doi.org/10.1002/bip.22083
http://doi.org/10.1002/bip.22083

Journal of Clinical Pharmacy and Therapeutics

[51] A. Bance, “Therapeutic Properties of Aqueous Extracts of
Leaves and Stems Bark of Prosopis africana (Guill. & Perr.)
Taub. (Fabaceae) Used in the Management of Dental Caries,”

Journal of Drug Delivery and Therapeutics 11, no. 6 (2021):

108-114.

M. Sathyabhama, “Inhibition of Pseudomonas aeruginosa and

Staphylococcus aureus Biofilm by Prosopis juliflora (Sw.) DC.

Leaf Extract,” International Journal of Innovative Science and

Research Technology 5, no. 5 (2020): 1569-1573.

[53] M. Pourali, M. M. Yaghoobi, and M. H. S. Sormaghi, “Cy-
totoxic, Anti-Proliferative and Apoptotic Effects of Tribulus
terrestris L. Fruit Extract on Human Prostate Cancer Lncap
and Colon Cancer HT-29 Cell Lines,” Jundishapur Journal of
Natural Pharmaceutical Products 12, no. 2 (2017).

[54] A.H. Merza, “Cytotoxic Effect of Datura Stramonium Extract
on Cancer Cell Lines,” The Iraqi Journal of Veterinary
Medicine 34, no. 1 (2010): 131-138, https://doi.org/10.30539/
iraqijvm.v34il.669.

[55] F. Khodaei, K. Ahmadi, H. Kiyani, M. Hashemitabar, and

M. Rezaei, “Mitochondrial Effects of Teucrium polium and

Prosopis farcta Extracts in Colorectal Cancer Cells,” Asian

Pacific Journal of Cancer Prevention 19, no. 1 (2018): 103-109,

https://doi.org/10.22034/APJCP.2018.19.1.103.

F. Direkvand-Moghadam, “Extraction and Measurement of

the Quercetin Flavonoid of Prosopis farcta in Khouzestan

Climatic Condition,” Future Natural Products 1, no. 1 (2015):

29-35.

A. Gupta, S. Kumar, N. Mahindroo, and R. V. Saini, “Bioactive

Fraction from Datura stramonium Linn. Promotes Human

Immune Cells Mediated Cytotoxicity Towards Lung and

Breast Cancer Cells,” Pharmacognosy Journal 8, no. 5 (2016):

435-439, https://doi.org/10.5530/pj.2016.5.4.

S. El-Naggar, A. El-Bossery, A. Al-gyar, and S. Nassar,

“Phytochemical Screening and In Vitro Antitumor Effect of

Datura stramonium Seed and Leave Extracts,” The Egyptian

Journal of Experimental Biology (Zoology) 18, no. 1 (2022): 13,

https://doi.org/10.5455/egysebz.20220106090421.

S. Shahroodian, “Antibacterial Effect of Datura stramonium

and Prosopis farcta Extracts and Effect on the Cell Viability,”

Authorea  Preprints  (2023):  https://doi.org/10.22541/

au.168405123.34540987/v1.

[52

(56

(57

(58

(59

11


http://doi.org/10.30539/iraqijvm.v34i1.669
http://doi.org/10.30539/iraqijvm.v34i1.669
http://doi.org/10.22034/APJCP.2018.19.1.103
http://doi.org/10.5530/pj.2016.5.4
http://doi.org/10.5455/egysebz.20220106090421
http://doi.org/10.22541/au.168405123.34540987/v1
http://doi.org/10.22541/au.168405123.34540987/v1

	Exploring the Antibiofilm and Antibacterial Potential of Datura stramonium and Prosopis farcta Against Gram-Positive and Gram-Negative Bacteria
	1. Background
	2. Methods
	2.1. Ethics Statement
	2.2. Plant Collection and Extraction
	2.3. Determination of Antimicrobial Activity
	2.3.1. Bacterial Strains
	2.3.2. Disc Diffusion and Agar Well Diffusion Methods

	2.4. Determination of MIC and minimum bactericidal concentration (MBC)
	2.5. Assessment of Established Biofilms
	2.6. Evaluation of the Cytotoxicity Effect of the Extract
	2.7. Statistical Analysis

	3. Results and Discussion
	3.1. Investigating the Inhibitory Effect of Extracts on Biofilm Formation

	4. MTT Assay
	5. Conclusion
	Data Availability Statement
	Disclosure
	Conflicts of Interest
	Author Contributions
	Funding
	References




