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Abstract: The current study was designed to evaluate the
antibacterial, antibiofilm, and biofilm inhibitory potential
of six medicinal plants, including Trachyspermum ammi,
Trigonella foenum-graecum, Nigella sativa, Thymus
vulgaris, Terminalia arjuna, and Ipomoea carneaid against
catheter-associated bacteria (CAB). Eighteen CAB were
identified up to species level using 16S rRNA gene
sequencing, viz., Klebsiella pneumoniae, Staphylococcus
aureus, and Pseudomonas aeruginosa. T. ammi essential
oil and 7. foenum-graecum methanolic extract combination exhibited the highest antibacterial activity (ZOI;
32.0) against S. aureus. N. sativa essential oil (EQ) showed highest ZOI (31.0; p < 0.05) against Proteus
mirabilis at 100 pgmL™". Among 18 CAB isolated, 13 showed mature biofilm formation on 5" day. All plant
extracts demonstrated more than 80% antibiofilm and biofilm inhibition activity. A concentration-
dependent increase was observed with plant extracts against CAB during antibacterial, antibiofilm, and
biofilm inhibition activities. The study suggests that EO and methanolic extract (ME) of tested plants
possess promising antibiofilm and biofilm inhibitory potential against CABs. To our knowledge, this is the
first study to report antibacterial, antibiofilm, and biofilm inhibitory potential of 7. ammi and N. sativa seed
EO, as well as T foenum-graecum, N. sativa, T. vulgaris, T. arjuna, and 1. carnea ME against CAB from
medical setting.
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1 Introduction

Catheter-associated urinary tract infections (CAUTIs) are
a major healthcare concern, accounting for nearly half of
all hospital-acquired infections. Indwelling urinary cathe-
ters, tubes placed in the bladder, are the primary cause of
catheter-associated UTIs". Urinary catheters are used daily
for treating patients with urological infections® . Each day
of catheterization increases the risk of infection by 3-7%7.
The duration of catheterization is directly linked to the
chances of CAUTI.

Most microbes colonizing urinary catheters are Pseudo-
monas aeruginosa, Enterococcus faecalis, Escherichia
coli, Proteus mirabilis, Staphylococcus epidermidis, K.
pneumoniae, Candida species, and other Gram-negative
organisms” .

Pathogenic microbial biofilms are a primary factor
causing catheter-associated infections” . Microbes in biofilm
mode can colonize the whole catheter and even move along
the lumen and then into the bladder, kidneys, and some-
times into bloodstreams” . Biofilm formation occurs along
the catheter surface and begins immediately after catheter
insertion” .

Predominantly the pathogens causing the infection are
multi-drug-resistant (MDR)”. The rise of antibiotic resis-
tance and side effects is making them less effective against
various infections, especially those involving biofilm'”’.

Novel biofilm management measures are needed since
biofilm-related infections have become harder to control
due to the inappropriate use of antibiotics'”. Due to the in-
creasing prevalence of catheter-associated infection, recent
methods that are used to prevent microbial contamination
often involve coating catheters with antibiotics'. Lately,
traditional herbs have become the source of novel antibiot-
ics'™.

Medicinal plants have a long history of use and contain
natural compounds (phytochemicals) that can offer benefits
with potentially fewer side effects'”. Unlike antibiotics,
plant extracts often target different bacterial mechanisms,
offering an alternative approach. Due to their potential to
complement antibiotics, particularly against biofilm infec-
tions that are becoming increasingly resistant to traditional
treatments'” .

A study reported by ', identified promising antibiofilm
properties in extracts from 7. arjuna and I carnea, sug-
gesting their potential as future UTI therapies, especially
against resistant strains. Likewise, studies have shown that
T. amms has antioxidant and antibacterial benefits, sug-
gesting potential as a natural supplement™* Y In addition,
T foenum-graecum seeds and green leaves have a variety
of chemical components, including amino acids, steroids,
alkaloids, and flavonoids'.

To date, no study has reported the use of 7. amms and N.
sativa seed EO, as well as T. foenum-graecum, N. sativa,
T vulgaris, T. arjuna, and I. carnea ME against CAB iso-
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lated from patients suffering from UTIs from hospitals in
Lahore Pakistan. Therefore, this study was designed to
evaluate the antibacterial, antibiofilm, biofilm inhibition ac-
tivity of 7. amms and N. sativa seed EO, as well as T foe-
num-graecum, N. sativa, T. vulgaris, T. arjuna, and I.
carnea ME.

2 Materials and Methods
2.1 Collection of samples

Catheter samples from suspected UTI patients from the
intensive care unit of Ghurki Trust Teaching Hospital and
the labor ward of Shalamar Hospital, Lahore were collected
and immediately transferred to Microbiology Lab Depart-
ment of Zoology, Government College University, Lahore.

2.2 Isolation of the bacteria

Catheter samples were rinsed with saline solution. The
solution was serially diluted and 100 uL was spread on nu-
trient agar petri dishes. After 24 h incubation at 37°C, mor-
phologically distinct colonies were selected and purified by
consecutive rounds of quadrant streaking.

2.3 Characterization and identification of the CAB

The isolated bacterial strains were characterized mor-
phologically and biochemically. Then molecular character-
ization was performed to identify the catheter associated
bacteria (CAB)up to species level using 16S rRNA gene se-
quencing as already reported by Liaqat et al.'”. Phylogeny
was determined using MEGA X software.

2.4 Determination of antibiotic susceptibility

Antibiotic susceptibility test was performed to check
sensitivity pattern of CAB against commercially available
antibiotics (lincomyecin, 100 ugmL™"; ciproflaxin, 40 pgmL "~ ";
erythromycin, 20 pgmLfl; rifampicin, 100 ugmLfl)using
Kerby-Bauer disc diffusion method as reported by Liaqgat
et al.”. The zone of inhibition (ZOI) was measured in mm.

2.5 Plant collection and extract preparation

Seeds of ! ammi, N. sativa, bark of T. arjuna, and
leaves of T! foenum-graecum, T. vulgaris, and I. carnea
were collected and identified by the Department of Botany,
Government College University, Lahore. Extracts of select-
ed plants were prepared using different methods.

2.6 Hydro-distillation of seeds of T.ammi and N. sativa
The principle of hydro-distillation was employed for the
extraction of essential oil using a Clevenger apparatus fol-
lowing Noori et al? . T ammi and N. sativa seeds were
grounded and soaked in distilled water(1:10)for essential
0il (EO) extraction. After 4 h consecutive extraction, the
EO was dried over anhydrous sodium sulphate and stored
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(4C).

2.7 Soxhlet extraction

Soxhlet extraction method was used to extract com-
pounds from T vulgaris, T. arjuna, T. foenum-graecum,
and I. carnea leaves following Saxena et al.”. 15 g of
powder underwent 16 h extraction with 70% methanol (65-
70C). Later, the solvent was evaporated and the extract
was concentrated and stored at 4C.

2.8 Preparation of the working concentrations of plant
extracts

Four different concentrations (40, 60, 80, and 100 pugmL ")
of methanolic extracts (ME)of T\ arjuna (TAME), I.
carnea (ICME), T foenum-graecum (TFME)and T
vulgaris (TVME) and essential 0il (EO)of T. arjuna
(TAEO)and N. sativa (NSEO)were prepared by dissolving
each concentration in 1 mL of 3% DMSO and methanol re-
spectively. Mixed concentrations were prepared by com-
bining the extracts of T arjuna and I. carnea, T. ammi
and T foenum-graecum, and N. sativa and T, vulgaris in
a 1:1 ratio.

2.9 Determination of the antibacterial activity

The antibacterial activity of plant extracts against CABs
was tested using the agar well diffusion method as reported
by Liagat et al?” In brief, fresh inoculums of each isolated
CAB, adjusted to the 0.5 McFarland standard, were spread
on Mueller-Hinton agar plates. Wells were made with the
help of a sterile cork borer and labeled for the respective
concentrations and controls. Rifampicin (100 pgmLfl)and
distilled water were used as positive and negative controls,
respectively. 100 pL of the plant extracts and their combi-
nations at the concentrations discussed above were poured
into the wells and incubated at 37C for 24 h. Zone of inhi-
bition were measured in mm.

2.10 Determination of minimum inhibitory concentration
(MIC)

MIC and MBC of plant extracts (alone and combined)
were determined using the methodology of Liagat et al?.
MIC was evaluated in the range of 1 ugmL ' to 80 pugmL '
for TAEO, 0.5 pgmL ™" to 64 pgmL™" for NSEO, 1 pgmL ™"
to 60 ugmL ' for TFME and TVME, 10 pgmL ' to 160
pgmL " for TAME, and 20 pgmL ™" to 160 ugmL ™" for ICME
against CAB strains. Combined form of extracts was evalu-
ated in the range of 1 pgmL ™' to 60 pgmL ™" for TAEO and
TFME, 0.5 pgmL ™" to 60 ugmL ™" for NSEO and TVME, and
10 pgmL " to 100 pgmL ' for TAEO and ICME in a 1:1
ratio. To determine MBC, 100 uL of the MICs were spread
on a nutrient agar plate and incubated at 37C for 24 h.

2.11 Determination of the time kinetics of biofilm
formation assay

The test tube method was used to determine the time
kinetics of biofilm formation with slight modifications of
Liagat et al.'”. Sterilized catheter segments coated with
human blood plasma were incubated at 37C for 3, 5, and 7
days in 3 mL of fresh broth inoculated with 30 uL of CABs.
After incubation, the culture was discarded, and the seg-
ments were washed with saline solution to remove plank-
tonic cells. The segments were then stained with 1%
crystal violet solution. After discarding the crystal violet,
the washing step was repeated, and the segments were air-
dried at room temperature. To dissolve the biofilm, 33 %
glacial acetic acid was added. The optical density (OD)was
measured at 580 nm using a visible spectrophotometer.
The process was repeated with the remaining two sets of
test tubes.

2.12 Determination of the anti-biofilm of plant extracts
alone and in combination

Following biofilm formation on catheters, various con-
centrations (20, 30, 40 and 50 pgmL ') of plant extracts
(alone and combined)were added to test tubes containing
mature biofilm of CABs. After 18 h of incubation, the
biofilm was quantified using a crystal violet assay as dis-
cussed above. The percentage of anti-biofilm activity was
calculated using the formula given below:

Percentage antibiofilm (Pre-formed biofilm disruption)

_ Absorbance of control — Absorbance of treated biofilm y

Absorbance of control 100

2.13 Determination of the biofilm inhibitory activity

Biofilm inhibitory activity was determined using a proto-
col similar to that used for biofilm time kinetics. Catheter
segments were added to test tubes containing fresh nutri-
ent broth and 30 pL of CAB inoculum. Different concentra-
tions of plant extracts (alone or combined)at 20, 30, 40 and
50 ugmL ' were added to the test tubes prior to incuba-
tion. The samples were incubated at 37C for the duration
required for CABs to form mature biofilms. After incuba-
tion, the amount of biofilm was quantified using a crystal
violet assay. Biofilm inhibitory activity was calculated using
the following formula:

Percent biofilm inhibition
_ Absorbance of control — Absorbance of treated biofilm
Absorbance of control

X100

2.14 Statistical analysis

Data were presented as mean and standard error of the
mean (SEM). One-way analysis of variance (ANOVA) fol-
lowed by a post hoc Tukey test was applied to establish the
level of significance (p < 0.05) using SPSS version 20.0.
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3 Results
3.1 Isolation and characterization of CAB

A total of 18 CAB strains were isolated and characterized
morphologically and biochemically to identify these strains
up to the species level. Out of these, 13 strains showed
negative results while 5 showed positive results for Gram
staining. Twelve strains were rod-shaped, while six were
spherical. Similarly, 11 were motile, while 7 were non-mo-
tile (Table S1). Morphologically, most of the colonies were
round-shaped, with entire margins, flat elevation, and
opaque opacity (Table S2) . Biochemically, most of the CAB
strains showed positive results for carbohydrate fermenta-
tion and the catalase test, while negative for the MRVP
test. The biochemical results are summarized in Table S3.

16S rRNA gene sequencing revealed that the isolated
CAB strain MT1 showed 100% homology with K. pneu-
moniae (0K669223), MT2 with Enterobacter cloacae
(0OK669224), MT3 with Achromobacter xylosoxidans
(0K669225), MT4 with Pseudomonas aeruginosa
(OK669226), MT5 with S. aureus (OK669227), MT6 with
Staphylococcus saprophyticus (0K669228), AA1 with
Klebsiella sp. (OK561619), AA2 with Enterobacter sp.
(OK561620), AA3 with Klebsiella sp. (OK561621), AA4
with Enterococcus sp. (0K561622), AA5 with Klebsiella
aerogenes (OK561623), AA6 with E. coli (0OK561624),
CABI1 with Enterococcus sp. (0K360623), CAB2 with
Proteus mirabilis (OK360619), CAB3 with Klebsiella sp.
(OK360618), CAB4 with S. aureus (0K360620), CAB5
with Pseudomonas aeruginosa(OK360621), and strain
CAB6 showed 100% homology with E. coli (OK360622). A
phylogenetic tree was constructed using MEGA software,
and genetic distance among species was measured (Fig. 1).

3.2 Antibiotic susceptibility test

The antibiotic susceptibility evaluation showed that K.
aerogenes was resistant to all antibiotics except ciprofloxa-
cin. Klebsiella sp., Enterococcus sp., and E. coli were re-
sistant to rifampicin. All strains, except P. aeruginosa,
were susceptible to ciprofloxacin, with zones of inhibition
ranging from 15 to 32.5 mm (Fig. 2).

3.3 Determination of antibacterial activity

The TFME and TAEO showed a concentration-depen-
dent increase in the zone of inhibition (ZOI) against isolated
CAB strains Enterococcus sp., Klebsiella sp., P aerugino-
sa, S. aureus, A. xylosoxidans, and S. saprophyticus.
Both TFME and TAEO demonstrated the highest antibac-
terial activity with ZOI of 30.0 =0.1 mm and 30.3=0.1 mm,
respectively, against S. aureus at 100 pgmL ', and in com-
bination, they achieved a ZOI of 32.0 0.2 mm (Fig. 3A).
The TAME and ICME exhibited promising antibacterial ac-
tivity against Klebsiella sp., Enterobacter sp., Enterococ-
cus sp., K. aerogenes, and E. coli. The TAME, alone and in
combination with the ICME, showed the highest antibacte-
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Fig. 1 A phylogenetic based on 16S rRNA gene sequence
was constructed to measure genetic variability
among CAB species using MEGA software and
neighbor joining tree method.
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Fig. 2 Antibiotic susceptibility test of four antibiotics (lincomycin, 100 ugmL~'; erythromycin 20 pgmL~"; rifampicin, 100
ugmLf1 and ciprofloxacin, 40 ugmLfl)against Catheter associated bacteria (CAB)strains. P aeruginosa was highly
resistant to all the tested antibiotics. Ciprofloxacin was most effective against all CAB. Results were expressed as
mean * standard error of mean (SEM) of triplicates. p < 0.05.

rial activity with ZOI of 23.0=0.1 mm and 24.0 = 0.2 mm,
respectively, against Klebsiella sp. The ICME alone showed
the highest activity with a ZOI of 23.3 0.2 mm against
Emterococcus sp. at 100 ngmL ™~ (Fig. 3B).

The NSEO and the TVME displayed strong concentra-
tion-dependent activity against Enterococcus sp., P mira-
bilis, Klebsiella sp., S. aureus, P aeruginosa, and E. coli.
The highest ZOI observed were 31.0 £0.5 mm against P.
miarabilis at 100 pgmL ™" by the NSEO and 28.6 + 0.8 mm
against E. coli by the mixture of both (Fig. 3C). Results are
expressed as mean = SEM. One-way ANOVA followed by
post hoc Tukey tests showed that the results were statisti-
cally highly significant within groups (p < 0.05).

3.4 Minimum inhibitory concentration (MIC)and minimum
bactericidal concentration (MBC)

The minimum inhibitory concentrations (MIC) of TAEO
and TFME were observed in the range of 2-15 ugmL ',
while the minimum bactericidal concentrations (MBC) were
between 2-45 pgmL ™" against CAB strains (Fig. 4A). The
MIC of TAME and ICME alone ranged between 15-135
pgmL ', while the MBC ranged from 25-145 pugmL ', as
shown in Fig. 4B. Similarly, the MIC and MBC of NSEO and
TVME ranged between 5-55 pgmL ™" and 5-65 pgmL ™", re-
spectively, as depicted in Fig. 4C. Results are expressed as
mean = SEM. The results were statistically significant (p <
0.05) as revealed by one-way ANOVA.

3.5 Time kinetics of biofilm formation assay

Out of 18 CAB strains, 13 strains showed mature biofilm
formation on the 5" day, 3 strains on the 3™ day, and 2
strains on the 7" day of incubation (Fig. 5). The biofilm
time kinetics results were statistically significant (p < 0.05).

3.6 Antibiofilm activity

The TAEO showed the highest antibiofilm activity (78.0
+0.0% ) against Enterobacter sp. The TFME was most ef-
fective against Enterobacter sp. (85.0+0.0%). The com-
bination of TAEO and TFME was the most effective (87.7 =
0.0%)against S. aureus at 50 pgmL ™' (Fig. 6A). The
TAME showed the highest antibiofilm activity(91.0 +
1.4%)against Klebsiella sp., while ICME showed 69.0 =
1.5% activity against Enterococcus sp. The combination of
TAME and ICME demonstrated increased effectiveness,
with the highest antibiofilm activity being 90.1 £1.0%
against Klebsiella sp. at 50 pgmL ' (Fig. 6B) .

The NSEO showed the highest antibiofilm activity (90.0
+0.5%)against S. aureus, while the TVME showed the
highest activity (76.0 =0.9% ) against P mirabilis. The
combination of NSEO and TVME was also highly effective
(87.6+0.9%)against P marabilis at 50 ugmL ™' (Fig. 6C).
Results are expressed as mean =SEM. One-way ANOVA
revealed that these results were statistically significant (p <
0.05).
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Fig. 3 Antibacterial activity of methanolic extracts and essential oils of medicinal plants against CAB. (A)antibacterial
activity 7' arjuna essential oil(TAEO)and T foenum-graecum methanolic extract (TFME)against CAB strains
(Klebsiella sp., Enterobacter sp., Achromobacter sp., Pseudomonas aeruginosa, Staphylococcus aureus and
Staphylococcus saprophyticus). (B)antibacterial activity of 7 arjuna methanolic extract (TAME)and 1. carnea
methanolic extract (ICME)against CAB strains (Klebsiella sp., Enterobacter sp., Klebsiella sp, Enterococcus sp.,
Klebsiella aervogenes, Escherichia coli). (C)antibacterial activity of N. sativa essential oil (NSEO)and T vulgaris
methanolic extract (TVME)against CAB strains (Enterococcus sp., P mirabilis, Klebsiella. sp, S. aureus, P
aeruginosa and E. coli). Results were expressed as mean =SEM of triplicates. p < 0.05. NC =Negative control
(DMSO/Methanol) and PC = Positive control (rifampicin (100 ugmL ™ ")).

3.7 Biofilm inhibitory activity

The TAEO showed the highest biofilm inhibition (83.3 =
0.3% ) against Pseudomonas sp., while TFME showed the
highest inhibition (89.7 +0.0% ) against P aeruginosa.
Combination of TAEO and TFME was highly effective (93.4
+0.0%)against Klebsiella sp. at 50 pgmL~ "' (Fig. 7A). The
TAME showed the highest biofilm inhibitory activity (90.5
+0.7%)against K. aerogenes, while ICME showed 92.4 *
0.9% inhibition against Klebsiella sp. The combination of
TAME and ICME demonstrated the highest biofilm inhibito-
ry activity (93.1+0.0%)against K. aerogenes at 50 ugmL "
(Fig.7B).

The NSEO showed the highest biofilm inhibitory activity
(94.1%+1.0%)against S. aureus, while TVME showed 83.3
+1.7% inhibition against P mirabilis. The combination of
NSEO and TVME demonstrated the highest biofilm inhibi-
tory activity (84.3 = 0.5%)against S. aureus at 50 pgmL "

226

(Fig. 7C). Even lower concentrations showed promising
inhibition for most bacteria. Results are expressed as mean
+SEM. One-way ANOVA revealed that these results were
statistically significant (p < 0.05).

4 Discussions

Catheters are commonly used as medical devices in
urinary systems. Many types of bacteria grow on these
catheters and cause urinary tract infections (UTIs). These
bacteria produce biofilms on catheters that increase their
pathogenicity and protect them from antibiotics thus re-
sponsible for antibiotic resistance against commercial anti-
biotics. About 98% UTIs are caused by these catheters as-
sociated bacterial (CAB) strains®. Because of antibiotic
resistance, the cost to cure UTIs has increased up to 1.82

J. Oleo Sci. 74, (2) 221-232 (2025)
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Minimum inhibitory concentration (MIC)and minimum bactericidal concentration (MBC) of plant extract against CAB
strains. (A)Combination of TAEO and TFME inhibited S. saprophyticus growth at 2.0 *0.05 pgmL "

and also

showed MBC at the same concentration. (B) TAME showed lowest MIC and MBC against Klebsiella sp. at 11.3%0.0

and 19.0*0.1 pgmL '
and 2.5%0.05 pgmL ™"
and 3.5*0.14 pgmL "

respectively. (C) TVME showed lowest MIC and MBC against Enterococcus sp. at 2.0 = 0.04
, respectively while combination of both was most effective against P merabilis at 2.0 =0.06
, respectively. Data was presented as mean = SEM of triplicates.
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Fig. 5 Biofilm time kinetics. Thirteen CAB strains showed mature biofilm formation on 5" day, two showed on 7" day while
three CAB strains showed mature biofilm formation on 3™ day. Optical density (OD)was measured at 580 nm while
data was presented as mean = SEM. The experiment was conducted in triplicates to get reliable results.
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Fig. 6 Percent antibiofilm activity. (A) TAEO and TFME showed up to 80% antibiofilm activity (alone)while in combine
form up to 88% antibiofilm activity was observed. (B) TAME and ICME showed up to 90% antibiofilm activity alone
as well as in combine form and a concentration dependent activity was observed. (C)NSEO showed up to 90%
antibiofilm activity against S. aureus and P. mirabilis at 50 ugmL ™' concentration. Data was presented as mean *

SEM of triplicate.
billion dollars annually%). Therefore, the present study was
designed to assess the antibacterial, antibiofilm, and
biofilm inhibitory activity of N. sativa, T. ammz, T. vul-
garis, T. arjuna, I. carnea, and T. foenum-graecum
against CAB strains. Different strains were isolated and
characterized on morphological, biochemical, and genetic
basis.

Genetic characterization by 16S rRNA gene sequencing
showed that the strains belong to Enterobacter sp.,
Achromobacter sp., S. aureus, S. saprophyticus, K.
aerogenes, K. pneumonia, K. coli, . cloacae, E. faecalis,
P marabilis, and P. aeruginosa. The results were sup-
ported by Gunardi et al.2'5>, who reported E. coli, P aeru-
gimosa, K. pneumoniae, E. faecalis, S. aureus, Entero-
bacter sp. and P. mirabilis as the main dwelling
microorganisms in catheters.

The plant extracts V. sativa EO, T ammi EO, T vul-
garis ME, T arjuna ME, T. foenum-graecum ME, and L.
carnea ME) effectively inhibited the growth of CAB strains
associated with catheter infections. In this study, TFME
showed up to 30.0 +0.0 zone of inhibition(ZOI)at 100 pgmL .
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These results can be compared with the study of Odelola
et al.*’in which they reported the antibacterial activity
(ZOI 24.4=2.51 mm)of corn plant extract at 100 mgmL ™.
In our case the ZOI was bigger at lower concentration
which indicate that TFME has more antibacterial potential
as compared to corn extract. Results of TAME and ICME
showed effective antibacterial activity against six CAB
strains. Maximum antibacterial activity in case of 7! arjuna
was measured as ZOI(23.0 = 1.7 mm) against Klebsiella sp.
at 100 ugmL ™" while in case of I. carnea the maximum ac-
tivity was observed as ZOI(23.3.+0.04 mm)against En-
terococcus sp. at 100 pgmL ™', These results were support-
ed by Premalatha et al.m, where the bark extract of T
arjuna showed highest antibacterial activity against four
isolated strains i.e., K. aervogenes, Enterococcus sp. and K.
prewmonia measured as ZOI(15.0 = 0.03 mm; 18.5+0.57;
21.0=0.01 mm) respectively.

The MIC and MBC for the plant extracts were consistent
with previous studies. The TFME's values were supported
by Hilles & Mahmood®* while TAEO's results were similar
to Zomorodian et al. with minor variations®. In a study by
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Fig. 7 Percent biofilm inhibition. (A) TAEO and TFME in combine form showed up to 90% activity against Klebsiella sp.,
Achromobacter sp. and S. saprophyticus while TFME alone showed 90% biofilm inhibition activity against
Pseudomonas sp. (B)TAME and ICME showed 80-90% biofilm inhibition activity against six CAB strains at 50 pgmL .
(C)NESO showed highest (90% ) activity against S. aureus, P mirabilis and Enterococcus sp. while NSEO and
TVME in combine form showed around 80% activity against six CAB strains at 50 ugmL~ L

Basri & Fan, MIC and MBC value of TAME against K.
prewmonia, and E. coli. were 5-15 pgmL " and 60-70
ugmLfl, respectively%), These values are close to our
TAME and ICME results (MIC and MBC of E. coli and K.
preuwmonia were 15-25 pgmL ™" and 120-130 pgmL ™", re-
spectively).

In order to check the antibiofilm activity of plant ex-
tracts, crystal violet assay was performed as per instruc-
tions of Liagat et al.'”. Khan et al. reported that the antib-
iofilm potential of 7. amms and other plant extracts is
mainly due to the presence of naphthalene derivate com-
poundsn. In another research conducted by Kryvtsova et
al. highest antibiofilm activity of plant extract was observed
against Staphylococcus sp. which is similar to our
results’™ . Similarly, Singh et al. reported the antibiofilm
potential of T ammi and the results were similar to our
findingsém. Likewise, Romero et al. reported the percent
antibiofilm activity of 7. arjuna against E. coli and K.
prneumonia and Staphylococcus sp. in between 50 to
65%"". Another study by Schito et al. confirmed 7! arjuna
methanolic extract as an antibiofilm candidate against £.

faecalis was measured in percent biofilm disruption as
70% and supported our results in which the antibiofilm ac-
tivity was observed as 75% against E. faecalis%), Similarly,
Elkhouly et al. reported the antibiofilm activity of I. carnea
against Klebsiella sp. and E. coli ranged from 60 to 80 %,
quite close to our findings which showed up to 70% biofilm
disruption against Klebsiella sp. and E. coli®”. Another
study by Sharma & Bachheti reported the antibiofilm activ-
ity of I. carnea methanolic extract as 80% and 70%
against F. colt and K. pneumonia, respectively37>. Similar
results were obtained from our findings which showed
biofilm disruption as 79.5% and 756% against E. coli and K.
pnewmoniae.

Followed by antibiofilm activity, biofilm inhibitory activi-
ty of TAME and ICME were also checked. According to our
study, TAME was able to inhibit biofilm ranged from 70-90
% against K. aerogenes, E. coli and K. pneumonia and
similar to data presented by TA & Arnason where TAME
inhibited biofilm up to 80% against K. aerogenes, E. coli,
K. pneumoniae and P, aerugmosa%). Similarly, Khan et
al. studied the biofilm inhibitory potential of T amm?i
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extract against Streptococcus sp. and identified active
components like alkanoids, flavonoids and phytochemicals
responsible for the biofilm inhibitory activity of 7! ammi™ .
In a most recent study (Perveen et al. nanoparticles of 7'
ammi seed extracts were used to check the biofilm inhibi-
tory and anti-cancerous activity of the aforementioned
plant. According to the study, 7. amms inhibited the
biofilm formation up to 73 %" . The least activity observed
was against Listeria monocytogenes(up to 58 %) . Like-
wise, Khan et al.*”’studied the biofilm inhibitory activity of
silver nanoparticles in combination with 7. foenum-grae-
cum extract and significant results were obtained for
Pseudomonas sp.*".

5 Conclusion

The antibacterial and antibiofilm activity of six different
plants extracts was evaluated against eighteen strains of
CAB isolates. The combination of antibacterial and antibio-
film activity of six different plants extracts was evaluated
against eighteen strains of Catheter associated bacteria
(CAB)isolates. The combination of 7! arjuna essential oil
(TAEO)with T! foenum-graecum methanolic extract
(TFME) exhibited the highest ZOI(32.0 +0.2 mm)at a con-
centration of 100 ugmLfl against S. aureus. N. sativa es-
sential oil and 7' vulgaris methanolic extract exhibited the
most promising results, achieving up to 88% biofilm inhibi-
tion against CAB strains. Concentration-dependent inhibi-
tion was observed against most CAB strains including P,
mirabilis, Klebsiella sp., and P aeruginosa. Our study
suggests that the tested extracts, alone or combined, can
be effective against bacterial and biofilm-associated cathe-
ter-caused infections. Based on results, it is suggested that
TAEO and TFME serve as the best possible natural remedy
against infectious CAB.

Overall, this study presents compelling evidence for the
potential of plant extracts as promising agents for prevent-
ing and treating catheter-associated bacterial infections.
Their dual action of directly targeting bacteria and hinder-
ing biofilm formation makes them potential candidates for
future advancements in healthcare. However, further re-
search regarding extraction of bioactive components is
needed and in progress in our lab to pinpoint the specific
effects.
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