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Abstract

The emergence of antimicrobial resistance is one of the burning issues mankind faces. The discovery of new antibiotics
has declined significantly, and existing antibiotics are often ineffective against many MDR bacterial strains. Aqueous
extracts of Caesalpinia decapetala and Parrotiopsis jacquemontiana were prepared in this study. Phytochemical analysis
and antibacterial activity of extracts at a concentration of 6000pg/ml were examined against two multi-drug-resistant
(MDR) bacterial species, Pseudomonas aeruginosa and Staphylococcus aureus. Spot assay was done to assess the lytic
activity of bacteriophages against the MDR strains. The synergistic effect of extracts and bacteriophages was examined
using a mixture of specific concentrations of extract and bacteriophages. Phytochemical screening revealed the
presence of different phytochemicals in the root and stem extract of the plants including phenols, phlobatanins,
coumarins, glycosides, and terpenoids. The well-diffusion assay revealed that the stem extract of C. decapetala
demonstrated the highest activity against P. aeruginosa (PA2) with a 13mm zone of inhibition (ZOI), followed by P.
jacquemontiana with an 11.5mm ZOI. In contrast, the lowest activity (9.7mm ZOI) was exhibited by the root extract of
C. decapetala against S. aureus. The synergistic study demonstrated that the stem extracts of both P. jacquemontiana and
C. decapetala exhibit inhibitory activity against the bacteriophages. The combined application of plant extract and
bacteriophage against selected MDR strains led to a 60-70% reduction in the zone of inhibition compared to their
individual effects, suggesting a strong antagonistic interaction.

Keywords: Antimicrobial activity, bacteriophage therapy, synergistic effect, phytochemicals, C. decapetala, P.
jacquemontiana.

1. Introduction
Antimicrobial resistance has become a

emergence of antimicrobial resistance to
chemically synthesized antimicrobial

significant concern in medical science, as
existing antibiotics are becoming increasingly
ineffective against many bacterial species, such
as multi-true resistant (MDR) strains of
Pseudomonas aeruginosa and  Staphylococcus
aureus. Plant-derived products have been used
for therapeutic purposes since ancient times. Its
use is increasing exponentially with the

agents(Parveen et al. 2014). Plants contain
secondary metabolites which can be used to
treat various kinds of infectious diseases (Fauci,
Touchette, and Folkers 2005; Rizwan et al.
2017). A study showed that C. decapetala has
antiviral activity, suppressing the replication of
a panel of influenza A and B viruses (Zhang et
al. 2020). P. jacquemontiana also showed a
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remarkable antibacterial and antifungal impact
on a panel of microorganisms in the
investigation. This might be owing to the high
concentrations of  phytochemicals like
flavonoids, saponins, alkaloids, phenols, and
tannins in plant extracts (Ali et al. 2018).

Phage therapy was used a decade before
penicillin's discovery by Alexander Fleming.
However, the discovery of penicillin shifted the
research focus to antibiotics, leaving phage
therapy largely unexplored in many countries
(Ackermann and Ackermann 2011). It is
interesting to know that bacteriophages are
more abundant with an estimate of 10% -10%
than other organisms including bacteria on
earth and every 24 hours bacteriophages kill
20% - 40% of bacteria on the surface of marine
water  (Suttle 2007, N. Ullah 2017).
Unfortunately, shortly after the discovery of
penicillin, resistant strains began to emerge,
highlighting the rapid adaptability of bacteria.
Today, antimicrobial resistance has escalated
into a critical global issue, threatening the
effectiveness of existing treatments and public
health (Bartlett, Gilbert, and Spellberg 2013).
Bacterial resistance to antibiotics arises mainly
from their misuse. Misuse occurs due to easy
access to antibiotics in  pharmacies,
indiscriminate use in livestock for growth
promotion, and prescriptions by physicians
without lab confirmation. A U.S. study found
that 30% of antibiotic prescriptions were
unnecessary, underscoring this issue (Fleming-
Dutra et al. 2016).

To combat the increasing frequency of
antibiotic resistance we urgently need new
classes of antibiotics as well as researchers
should pay attention to generating suitable
alternatives to antibiotics. There are many
substitutes which include bacteriophage
therapy, herbal medicines, CRISPR-Cas9-based
therapy, and short antimicrobial peptides
(Merril, Scholl, and Adhya 2003; Smith and
Huggins 1983). Phage therapy has shown

promise in treating antibiotic-resistant
infections. However, the effectiveness of phage
therapy is often limited by the emergence of
phage-resistant bacteria. To overcome this
challenge, researchers are increasingly
investigating the potential of combining phage
therapy with phototherapy as a synergistic
approach. While phage-antibiotic synergism
has been studied in the literature(Tayyarcan et
al. 2019), there is currently limited research on
the possible synergistic effects of plant extracts
in combination with phage therapy.

To address this gap, our study aimed to
investigate the potential synergism of the
extract of C. decapetala and P. jacquemontiana
against two common bacterial pathogens, P.
aeruginosa and S. aureus. To evaluate the broad-
spectrum activity, both Gram-positive and
Gram-negative  species  were  selected.
Specifically, the study focused on extracting
phytochemicals from the roots and stems of
these plants using a cost-effective and eco-
friendly aqueous extraction method, selected
based on  ethnomedicinal = knowledge.
Furthermore, the research explored the
integration = of  phage therapy  with
phytotherapy as a novel approach to combating
antibiotic resistance in these bacteria.

2. Material & Methods

2.1 Chemicals and Growth Media

The study used the following chemicals:
methanol, chloroform, ethanol, Mayer reagent,
NH; solution, H,SO,, ferric chloride, NaOH,
and iodine, all sourced from Oxoid (UK).
Culture media included Luria-Bertani broth,
Muller Hinton agar, Luria-Bertani agar, and
MacConkey agar, also from Oxoid (UK), for
bacterial growth and antibacterial testing.

2.2 Multi-Drug Resistant (MDR) Bacterial
Species

The selected MDR strains used in this study
were acquired from the Department of
Microbiology, Hazara University, and were
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revived using a protocol reported in the
literature with slight modifications. Shortly, an
appropriate number of colonies were
transferred from the stock culture using a sterile
loop streaked onto Luria-Bertani plates and
then incubated at 37 °C for 24 h(Stachurska et
al. 2021).

2.3 Antibiotics Sensitivity Profile of MDR
Strands

The antibiotic sensitivity profile of selected
MDR strains was determined according to the
protocol provided by the American Society for
Microbiology(Hudzicki 2012). Commercially
available antibiotic discs, including Cefepime
(5pg), Cefixime (5 pg), Ertapenem (10 pg),
Streptomycin (10 pg), and Fusidic acid (10ug),
were used. Bacterial cultures from the
logarithmic  growth  phase  containing
approximately 1.5 x 108 CFU/ml were evenly
spread on Muller-Hinton (MH) agar plates. The
antibiotic discs were then placed on the
inoculated plates with a standard spacing of 24
mm between the discs and gently pressed onto
the agar using forceps. Subsequently, the plates
were incubated for 24 hours at 37°C.

2.4 Bacteriophage Isolation

Bacteriophages against MDR S. aureus (SA3320)
and P. aeruginosa (PA2) were obtained from the
Department of Microbiology and Molecular
Genetics, University of Punjab, Lahore,
Pakistan, where they were isolated and
preserved following standard protocols. To
ensure stability during transport and storage,
the bacteriophages were kept in sodium
magnesium (SM) buffer at near-freezing
temperature.

For the revival, phage stocks were
thawed at room temperature (Cotton and
Desiccant 2021). Then, 10 upL of each
bacteriophage and 10 pL of bacterial host
culture were mixed in sterile Eppendorf tubes,
left at room temperature for 10-15 minutes for
adsorption, and diluted to 1 mL with sterile LB
broth. The mixture was incubated at 37°C for 24

hours, then centrifuged at 12,000 rpm for 5
minutes to remove cell debris, and the
supernatants were collected. This process was
repeated three times to increase the dominant
phage titer (Tayyarcan et al. 2019).

2.5 Assessment of Lytic Activity of
Bacteriophages Using Spot Assay

To assess the lytic activity of bacteriophages
against MDR strains (S. aureus 3320 and P.
aeruginosa 2), bacterial cultures from the
logarithmic growth phase were evenly spread
on  Luria-Bertani  (LB) agar plates.
Subsequently, 10uL of the respective
bacteriophages 10° PFU/mL were inoculated
onto the prepared plates, allowing the phage
mixture to flow down by keeping the plates at
a slant position for a few seconds. The plates
were then incubated at 37°C for 24 hours
(Rahimzadeh et al. 2020).

2.6 Plant Extract Preparation

In this study, roots and stems of C. decapetala
and P. jacquemontiana, collected from Village
Chamla, District Buner, Khyber Pakhtunkhwa,
Pakistan, were used. Plant identification was
confirmed by experts at the Department of
Botany, Hazara  University, = Mansehra.
Following a protocol reported in a previous
study (Bhattacharjee et al. 2006), dried plant
powder was soaked in distilled water, agitated
for 72 hours at 40°C, filtered, and then
evaporated to obtain the extract, which was
stored for later use.

2.7 Phytochemical Analysis

For  phytochemical  analysis, different
colorimetric tests were conducted using the
protocol reported in the literature(Wadood
2013) with slight modifications. Tests were
performed to detect the presence or absence of
chemical compounds, such as phlobatannins,
phenol, terpenoids, glycoside, carbohydrates,
and anthraquinone based on characteristic
color changes.
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Table 1. Antibiotic Sensitivity Profile of Selected MDR Strains (R indicates resistant S indicates susceptible).

Antibiotic Used  Dose(ug) S. aureus (SA3320)

cefixime 5 R
ertapenem 10 R
streptomycin 10 S
cefixime 5 R
fusidic acid 10 R

2.8 Antibacterial Activity of Plant Extracts
The antibacterial activity of plant extracts was
evaluated using the Agar well-diffusion
method as described in the literature (Ramadan
et al. 2012). Bacterial suspensions of MDR S.
aureus (SA3320) and P. aeruginosa (PA2) with a
turbidity of 0.5 MacFarland (approximately) in
LB broth were used to inoculate 90-mm-
diameter Mueller-Hinton MH agar petri plates.
Wells were bored using a sterile Cork-borer
(6mm) and filled with 30 pl of a 6000 pg/ml
extract solution prepared by dissolving extract
powder in 1% DMSO. One well in each plate
was filled with DMSO as a control. The plates
were then incubated at 37°C for 24 hours in
ambient air. The inhibition zone diameters
were measured to evaluate the antibacterial
activities, and the experiments were conducted
in triplicate.

2.9 Synergistic Effect of Extract and
Bacteriophages

For the examination of the combined effect of
bacteriophages and plant extracts, we prepared
pure phages at a concentration of 106 PFU /mL
and stem extracts of both plants at a
concentration of 6000pg/ml in Eppendorf tubes,
root extracts were not used for synergistic effect
study because stem extracts showed better
antibacterial activity compared to root extracts.
We used bacterial suspensions of selected MDR
strains with a turbidity of 0.5 MacFarland
(approximately) in LB broth to inoculate 90-
mm-diameter MH agar petri plates. Three wells
were bored using a sterile Cork-borer (6mm) in

P. aeruginosa (PA2)
R

A" A W”

each plate. Well “A” was filled with 30 ul of
pure extract solution, well “B” with 30 ul of
phage, and well “C” with a mixture of 15 pl of
extract solution and 15 ul of phage suspension
(total 30 ul). The plates were then incubated for
24 hours at 37°C. The diameter of the zones of
inhibition was measured. This approach was
adapted from previous literature on similar
research work (Abdelsattar et al. 2021).

3. Results

3.1 Antibiotics Sensitivity Profile of MDR
Strains

The antibiotic susceptibility profile of P.
aeruginosa (PA2) and S. aureus (SA3320)
revealed alarming resistance patterns. As
shown in Figure 1, P. aeruginosa (PA2) is
susceptible only to ertapenem and S. aureus
(§A3320) only to streptomycin, with both
strains resistant to all other tested antibiotics.
Overall, the susceptibility profiles of P.
aeruginosa (PA2) and S. aureus (SA3320) are
listed in Table 1.

3.2 Spot Assay

The images of petri plates shown in Figure 2
demonstrated the clear plagues indicating
successful lytic activity of the isolated
bacteriophages  against MDR  strains
of P.aeruginosa PA2 and S. aureus SA3320. Both
the bacterial strains exhibited susceptibility to
their respective phages. Three different strains
of bacteriophage were tested against S. aureus
SA3320. Among them, only one exhibited
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Figure 1 Antibiotic Susceptibility Test of MDR Strains (A) P. aeruginosa (PA2) (B) S. aureus (SA3320).

substantial lytic activity resulting in large clear
plaque as shown in Figure 2 (A).

3.3 Phytochemical Analysis

Table 2 summarizes the result of phytochemical
screening. From the findings, it can be observed
that P. jacquemontiana extract contains
phlobatannin,  phenol, terpenoids, and
anthraquinones. Similarly, the phytochemical
screening of C. decapetala revealed the presence
of fewer compounds including coumarins,
phenols, glycosides, and terpenoids.

3.4 Antibacterial Assay of Plants Extracts
Figure 3 depicts the antibacterial activity of
extracts. The findings indicated that stem
extracts of both species exhibited notably
stronger antibacterial activity compared to root
extracts. Specifically, the stem extract of C.
decapetala showed the highest antibacterial
activity against P. aeruginosa PA2 achieving a
zone of inhibition of 13mm followed by the
stem extract of P. jacquemontiana.

3.5 Combined Antibacterial Activity of
Bacteriophages and Plant Extracts

Contrary to our initial hypothesis, our study
revealed thatthe stem extracts of both P.
jacquemontiana C. decapetala exhibit inhibitory
activity against the bacteriophages of MDR 6.
aureus(SA3320) and P. aeruginosa(PA2) and the
combine effect of phages and extracts against
the bacteria was less than that of their
individual activities. In Figure 4 it can be
observed that the zone of inhibition is almost

60-70 percent less than the zone of inhibition
shown by extracts and phages individually.

4. Discussion

Our findings shown in Figure 1 depict an
alarming situation of antibiotic resistance in P.
aeruginosa (PA2) and S. aureus (SA3320) which
is consistent with previous literature (Van
Nieuwenhuyse et al. 2022). These results
highlight the importance of continuous
monitoring of antibiotic susceptibility trends to
guide empirical therapy and inform treatment
procedures. The selected MDR strains were
susceptible to tested phages highlighting the
potential of phage therapy as a viable
alternative to traditional antibiotics (Chan et al.
2016). The size of clear plaque observed in this
study on the S. aureus (SA3320) plate was
significantly larger compared to those
previously — reported in the literature
(Rahimzadeh, Gill, and Rezai 2017). Similarly,
the results indicated that among the three
tested strains of bacteriophage, only one
demonstrated significant lytic activity against
S. aureus SA3320, as evidenced by the formation
of large clear plaques Figure 2 (A). This finding
suggests a selective interaction between the
bacteriophage and the bacterial strain,
highlighting the importance of phage
specificity in therapeutic applications(Fujiki et
al. 2023). Phage therapy has gained the
attention of the scientific community as a
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Figure 2. Bacteriophage Lytic Activity Against MDR Strains of (A) Pseudomonas aeruginosa PA2 and (B)
Staphylococcus aureus SA3320.

Table 2. Phytochemical Analysis of P. jacquemontiana and C. decapetala. (+ indicates presence - indicates

absence)

Phytochemicals

Phlobatannins +
Coumarins -
Phenols +
Terpenoids +
Glycosides -
Carbohydrates -
Anthraquinones +

promising alternative to combat MDR bacterial
strains. And researchers are exploring various
strategies to enhance the effectiveness of phage
therapy,  synergism  of phage and
phytochemicals is one of them (Gibbons,
Moser, and Kaatz 2004).

The phytochemical analysis of the extract of P.
jacquemontiana and C. decapetala revealed the
presence of different chemical constituents
which are considered medicinally important. It
is observed that P. jacquemontiana extract

P. jacquemontiana

C. decapetala

+ o+ o+ o+

contains phlorotannin, phenol, terpenoids, and
anthraquinones were present. While coumarin,
carbohydrates, and glycosides were not found
these findings are consistent with previous
studies conducted on phytochemical analysis of
this plant However, unlike our study,
coumarins were reported by (Ali et al
2018).This variation highlights differences in
environmental factors or extraction methods.
Similarly, in C. decapetala fewer compounds
coumarins, phenols, glycosides, and terpenoids
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Figure 3. Antibacterial activity of Plant Extracts against selected MDR strains (A) P. jacquemontiana (B) C.

decapetala
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Figure 4. (A)Combined activity of phage and plant extracts against P. aeruginosa (B) Combined activity of phage

and plant extracts against S. aureus.

were found. In contrast, a study on
phytochemical analysis of C. decapetala by (Wei
et al. 2013) identified a broader range of
phytochemicals, including flavonoids such as
quercetin and baicalein, as well as
anthraquinones like emodin, utilizing gel
column chromatography. The reduced number
of chemical constituents in the case of our
extract can be attributed to its aqueous nature
as previous studies have reported aqueous
extract exhibit a lower range of phytochemicals

compared to other extracts (Parthasarathy et al.
2009).

As illustrated in Figure 3 stem extracts of both
plants showed comparatively highest activity
against the MDR strains compared to root
extracts. This finding highlights the potential of
stem extracts as a more effective source of
bioactive compounds for combating MDR
bacteria. Overall, S. aureus (3320) was found to
be more susceptible to the plant extracts
compared to P. aeruginosa (PA2). The varying
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susceptibility of different bacterial strains to
plant extracts can be attributed to factors such
as cell wall structure, resistance mechanisms,
and the presence of specific phytochemicals in
the extracts (Manilal et al. 2023). In contrast to
previous studies where methanolic extracts
demonstrated higher antibacterial activity, our
study showed that aqueous extracts of C.
decapetala and P. jacquemontiana exhibited
potent activity against MDR bacterial strains
(Ali et al. 2018; A. Ullah et al. 2023).

Bacteriophages and phytochemicals have been
extensively studied as antibacterial agents. On
the other hand, there are limited numbers of
research on the interaction between these
phytochemicals and bacteriophages when used
in combination with bacteria. There are a
number of explanations for synergism between
phages and phytochemicals one of them is that
the phytochemicals disturb the integrity and
morphology of bacterial cells leading to
enhanced rupturing of bacterial cells by phages
and bursting out (Comeau et al. 2007).
Although several studies reported in the
literature have shown synergism between
bacteriophages and other antimicrobial agents
(Comeau et al. 2007; Ryan et al. 2012; Amal et
al. 2016). However, our findings are surprising,
as we anticipated that the plant extracts would
enhance phage efficacy against the MDR
strains. Instead, the presence of the stem
extracts appears to interfere with the activity of
the phages, potentially by binding to them or
altering their ability to infect bacterial cells. This
interaction raises important questions about the
compatibility of phytochemicals and phage
therapy, suggesting that phytochemicals
present in these extracts inactivated the plague-
forming activities of bacteriophages, and
certain extracts may not only lack synergistic
effects but could actively inhibit phage
function. In literature, several studies have
reported that these phytochemicals from
natural sources have antiviral effects. In one of

these studies, pomegranate peel extract and S.
aureus phage showed antagonism (Tayyarcan
et al. 2019). Similarly, in another study,
cranberry juice showed inhibitory activity
against phages (Su, Howell, and D’Souza 2010;
Lipson et al. 2007). Further researches are
needed to explore the interaction between these
phytochemicals and phages.

5. Conclusions

In contrast to our initial hypothesis, the plant
extracts showed inhibitory activity against
bacteriophages, indicating a significant
antagonistic interaction between these two
agents. The combined application of plant
extract and bacteriophage against MDR strains
resulted in a 60-70% reduction in the zone of
inhibition compared to their individual
activities. These findings suggest that the
concurrent use of plant extracts and
bacteriophages may not be synergistic and need
to explore their interaction in the future. The
study has several limitations, including the lack
of statistical analysis to validate antibacterial
activity and the absence of advanced
phytochemical techniques like HPLC or GC-MS
for identifying active compounds.
Additionally, molecular interactions between
phytochemicals and bacteriophages were not
explored. In the future, it is recommended to
focus on advanced analysis, and molecular-
level exploration of bacteriophage-
phytochemical interactions to understand their
synergy better and explore applications against
multidrug-resistant bacteria.
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