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Efficacy of Rhamnus frangula extract against
Acinetobacter baumannii biofilms: Histopathological
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Abstract. Acinetobacter baumannii (A. baumannii) is a
Gram-negative pathogen notorious for causing severe noso-
comial infections, largely due to its ability to form biofilms
that enhance antibiotic resistance and complicate treatment
strategies. The present study explored the therapeutic poten-
tial of Rhamnus frangula (R. frangula) extract in mitigating
A. baumannii-induced biofilm formation and related organ
damage in goat tissue samples. The efficacy of the extract was
assessed using minimum inhibitory concentration (MIC) tests,
histopathological evaluations of heart, lung, liver, kidney and
spleen tissues, biofilm inhibition assays, and growth curve
analysis. The MIC assay demonstrated that R. frangula extract
effectively inhibited A. baumannii growth at a concentration
of 5 mg/ml. Histopathological analysis revealed significant
reductions in bacterial load and inflammatory infiltrates
across all examined organs, with notable improvements, such
as decreased myofibril disintegration in cardiac tissue and
reduced alveolar damage in lung tissue. Furthermore, at a
sub-MIC of 2.5 mg/ml, R. frangula extract reduced biofilm
formation by 67.26%, while exhibiting no effect on planktonic
bacterial growth, highlighting its specific antibiofilm activity.
These findings underscore the potential of R. frangula extract
as a promising natural therapeutic agent for the treatment of
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biofilm-associated infections and mitigating tissue damage
caused by A. baumannii. However, further investigations into
its molecular mechanisms and potential clinical applications
are warranted to address the escalating challenge of antibiotic
resistance and improve infection management strategies.

Introduction

Acinetobacter baumannii (A. baumannii), is one of the most
potentially hazardous bacteria in the domain of infections
linked to healthcare. Once considered to be a generally benign
environmental microbe, this Gram-negative coccobacillus
has rapidly emerged as a major contributor to nosocomial
infections worldwide (1). A. baumannii poses significant
clinical challenges by driving persistent infections and organ
damage, such as endocarditis and pneumonia, particualrly in
immunocompromised individuals (2). Infections caused by
A. baumannii, are of significant concern due to their ability
to invade and damage vital organs, such as the lungs, liver,
kidneys and spleen (3). A baumannii is a pathogen of key
concern due to its ability to cause severe infections, particu-
larly in immunocompromised individuals (4).

Biofilm formation by A. baumannii poses significant chal-
lenges in clinical settings, as it facilitates bacterial adhesion
to surfaces, such as heart valves and lung tissue, resulting in
persistent and difficult-to-treat infections (5,6). The biofilm
matrix serves as a protective barrier, shielding bacteria from
the host immune response and antibiotic treatment. In the
heart, this can lead to endocarditis, marked by inflammation,
tissue necrosis and the development of lesions or abscesses
on the heart valves (7). The role of biofilm is pivotal in these
processes, as it fosters the chronicity of the infection and
complicates pathogen eradication. Similarly, in the lungs,
A. baumannii biofilms can aggravate pulmonary infections,
leading to conditions such as bronchitis, pneumonia and
pleuritis. The dense bacterial communities within biofilms are
linked to severe pathological changes, including lung tissue
consolidation and, in extreme cases, abscess formation (8).


https://www.spandidos-publications.com/10.3892/wasj.2025.324

2 RONY VARUGHESE et al: ANTI-BIOFILM EFFECTS OF R. frangula IN GOAT ORGAN MODELS

These biofilm-related infections often present with respira-
tory distress, coughing and fever, similar to other bacterial
infections, although with heightened resistance to treatment
due to the protective nature of the biofilm (9). The ability of
A. baumannii to form biofilms is closely linked to its viru-
lence factors, which enable it to evade the immune system and
persist within the host. The severity of infection, including the
extent of tissue damage and clinical outcomes, is influenced
by factors, such as the virulence of the strain, the bacte-
rial load and the immune status of the host. Understanding
the role of biofilm formation in A. baumannii infections is
essential for devising more effective treatment strategies,
particularly for overcoming the challenges posed by its anti-
biotic resistance (1). The interplay between biofilm formation
and antibiotic resistance is crucial for understanding the
pathogenesis of A. baumannii infections. Biofilms confer
increased resistance to conventional treatments, making it
difficult for antibiotics to penetrate and effectively kill the
bacterial cells (9). Consequently, there is an urgent need for
alternative therapeutic strategies that target both the bacterial
cells and their biofilm structures.

Research reveals a strong positive association between
biofilm formation and increased antibiotic resistance in
A. baumannii. Strains of A. baumannii exhibit high resistance
rates to ciprofloxacin, piperacillin and ceftazidime, with the
blaOX A-23-like gene detected in 93% of multidrug-resistant
(MDR) isolates (10). Additionally, 50 isolates have been identi-
fied as carbapenemase producers. Polymerase chain reaction
(PCR) analysis has further demonstrated the presence of key
virulence genes: traT (80%) associated with serum resistance,
cvaC (34%) linked to colicin V production, and iutA (16%)
involved in aerobactin synthesis (11). These findings under-
score the critical association between biofilm formation and
MDR in A. baumannii, highlighting the need for innovative
approaches to combat infections caused by this resilient
pathogen.

Natural medicine offers a promising and effective treat-
ment option, potentially overcoming these challenges, while
providing safer solutions for managing infections. Plants are
extensively utilized in traditional medicine across the globe,
as plant-derived treatments are considered relatively safe and
provide more dependable and effective results. Compared to
modern and conventional medicines, plant-based remedies
have been reported to have fewer side-effects due to their
natural origin (12). Plants produce secondary metabolites and
phyto-constituents, including alkaloids, flavonoids, phenols,
saponins, sterols, tannins and terpenoids, which can be used
therapeutically in plants, humans and animals (13). Rhamnus
frangula (R. frangula), frequently referred to as glossy buck-
thorn or alder buckthorn, is a small tree or deciduous shrub that
is a member of the Rhamnaceae family. It is currently found
in North America, where it is frequently regarded as an inva-
sive species, having previously been native to Europe, North
Africa, and Western Asia. The rich anthraquinone, flavonoid
and tannin content of R. frangula is primarily responsible for
its antimicrobial activity (14). Emodin and frangulin are two
examples of anthraquinones that are well-known for having
antimicrobial qualities. These substances have the ability to
damage microbial cell walls, prevent the synthesis of proteins
and obstruct the metabolism of nucleic acids, all of which can

result in cell death. Furthermore, as flavonoids can disrupt cell
membranes, chelate metal ions and inhibit bacterial enzymes,
they broaden the antimicrobial activity spectrum of the
plant (15).

Biofilm formation not only supports bacterial survival,
but also amplifies pathogenicity by enhancing resistance to
antimicrobial treatments (16). In vital organs such as the lungs,
heart, liver and kidneys, biofilms are often linked to chronic
infections and play a crucial role in disease progression. For
instance, in the lungs, biofilms formed by pathogens, such as
A. baumannii play a critical role in conditions such as cystic
fibrosis and chronic obstructive pulmonary disease (COPD),
driving persistent inflammation and causing tissue damage.
Similarly, biofilm-associated bacteria in the liver and kidneys
can induce chronic infections, resulting in marked organ
dysfunction and disease progression (17). The role of biofilms
in organ damage is largely due to the ability of the bacteria to
evade the immune response and persist over long periods of
time. This chronic inflammation and infection compromise the
integrity of the tissues, leading to scarring, necrosis and func-
tional impairment of the organs. The interplay between biofilm
formation and the immune system is crucial in understanding
the pathogenesis of these infections and developing more effec-
tive treatment strategies to prevent organ damage (18).

The present study aimed to evaluate the antimicrobial and
antibiofilm properties of R. frangula against A. baumannii.
Additionally, it sought to identify, characterize, and analyze
the subcellular pathological changes in goat organs—an aspect
that, to the best of our knowledge, has not been previously
explored. As a pioneering investigation, this research examines
both the antibiofilm effects of R. frangula on A. baumannii
and the pathological impact of A. baumannii infusion in goat
organs, utilizing an innovative approach to assess its potential
as a therapeutic agent.

Materials and methods

Study design and sample collection. The research study was
conducted between March and September, 2024, following
approval from the Scientific Review Board of Saveetha
Dental College and Hospitals, Chennai, Tamil Nadu, India
(SRB/SDC/UG-2276/24/GPATH/076). The approval was
granted for the use of goat samples in the present study.
R. frangula herbal powder was sourced from a botanical
garden in Chennai, Tamil Nadu, India. To validate the authen-
ticity, purity and quality of the herbal sample, a certified
botanist performed a comprehensive examination and verified
its identity. The Authentication and Identification Certificate
(SVMC/BOT/272/2023-24) issued by Sri Vidya Mandir
Arts & Science College (Autonomous), Katteri, Krishnagiri
District, Tamil Nadu, India. This certification confirms that
the sample was authenticated based on its morphological
characteristics. Following authentication, the powder was
stored under controlled conditions for subsequent analysis and
utilization in the study.

Sample extraction. To prepare the extract, 10 g powdered
herbal R. frangula were combined with 100 ml methanol
(Rankem Laboratories, LLC). Throughout the 48-h extraction
period, a shaker was used to periodically shake the mixture.
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Upon completing the extraction process, the suspension was
filtered, the temperature of the water bath was regulated to
50°C, and the methanol solvent was removed from the filtrate.
The material was weighed and stored at 4°C for later use after
drying.

Bacterial culture and conditions. The Malabar Cancer Center
in Kerala, India, provided the A. baumannii culture samples
used in the present study. Luria Bertani (LB) broth (HiMedia
Laboratories, LLC) was used to subculture the samples.
Subsequently, for 24 h, A. baumannii cultures were incubated
at 37°C in a shaking incubator with a speed setting of 100
revolutions per minute (rpm). Both LB agar and Nutrient agar
exhiibted distinctive growth patterns. The laboratory staff
at Saveetha Dental College and Hospital in Chennai, Tamil
Nadu, India, used the VITEK 2 automated system for prelimi-
nary identification to confirm the identity of A. baumannii,
following the methodology described by Bobenchik et al (19).

Antimicrobial efficacy of R. frangula. The antibacterial
activity of R. frangula extract was evaluated using the agar
well-diffusion method, according to previously established
protocols (20). A bacterial culture of A. baumannii was
uniformly spread onto Mueller Hinton Agar (MHA) plates
(HiMedia, Mumbai, India) using a sterile swab moistened with
the bacterial suspension. A well with an 8-mm diameter was
carefully punched into the MHA medium using a sterile cork
borer. Subsequently, 40 ul R. frangula extract (prepared in
DMSO at a concentration of 20 mg/ml) were added to the well.
DMSO alone was used as a negative control. The plates were
incubated at 37°C for 24 h. Following the incubation period,
the zones of inhibition around the wells were measured in
millimeters using a vernier caliper to evaluate the antibacterial
activity of the extract.

Drug susceptibility testing. The Kirby-Bauer disk diffusion
method was employed to evaluate the antimicrobial suscep-
tibility of A. baumannii, as previously described (21). A
standardized suspension of A. baumannii was evenly spread
onto MHA plates using a sterile swab. Disks impregnated with
a range of antibiotics commonly used against A. baumannii,
including tetracycline, piperacillin/tazobactam (PIT),
cefixime, imipenem, ceftriaxone, cefotaxime and meropenem
(all from HiMedia Laboratories, LLC), were placed on the
agar surface. The plates were then incubated at 37°C for 24 h.
Following incubation, the zones of inhibition around the disks
were measured in mm to determine bacterial susceptibility.

Minimum inhibitory concentration assay (MIC). A. baumannii
is a key nosocomial pathogen known for its ability to
develop MDR, rendering treatment options limited (22).
The present study investigated the antimicrobial activity
of R. frangula extract against A. baumannii using the broth
dilution method (20,23). The MIC of the R. frangula extract
was determined using a 2-fold broth dilution method, with
concentrations ranging from 10 to 0.019 mg/ml. Briefly, a stan-
dardized A. baumannii inoculum (1.5x10* CFU/ml) was added
to LB broth containing the various extract concentrations, and
the samples were incubated at 37°C for 24 h. To monitor color
changes and validate the findings, 2,3,5-triphenyl tetrazolium
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chloride (TTC) was transferred to each tube following incuba-
tion. A level of concentration at which no color change occurred
was considered to be the MIC. Further analysis was conducted
at the MIC endpoint for histopathological examination.

Collection of organ samples. The goat heart, lung, liver,
kidney and spleen were carefully sourced from a slaughter-
house in Saidapet, Chennai, Tamil Nadu, India, under the
guidance of Professor M. Raman, a veterinary expert from
Saveetha Dental College and Hospitals, Chennai, Tamil Nadu,
India. Upon procurement, the organs were promptly covered
with sterile polyethylene to ensure hygiene and prevent any
potential contamination. These samples were then stored at
a temperature of 4°C to preserve their integrity and prevent
bacterial growth. The samples were carefully transported to
the laboratory, ensuring that the organs remained undamaged
during transit. Upon arrival at the laboratory, the organs were
placed under refrigeration conditions at -15+4°C to maintain
their quality and suitability for further analysis. This careful
handling and storage process ensured that the samples were
in optimal condition for subsequent experimental procedures
and analysis.

Infusion of R. frangula extract and bacteria into goat organs.
At the end point of MIC of 5 mg/ml, R. frangula extract was
introduced into a sterile container with brain heart infusion
(BHI) (HiMedia Laboratories, LLC) medium. A 20-ul aliquot
of A. baumannii was added to freshly prepared BHI broth,
followed by incubation at 37°C for 18 h. Following this, a
wedge-shaped incision (3 mm) was made in the grossed piece
of the goat heart, lung, liver, kidney and spleen, which was
subsequently immersed in BHI broth. The previously incu-
bated 20 pl of the bacterial culture was inoculated into the
broth. The container was incubated at 37°C for 24 h, alongside
a control group consisting of untreated organs. After 24 h, the
organs were processed to assess histopathological changes.

Histopathology of bacterial infused organs. Hematoxylin and
eosin (H&E) staining is a widely utilized method in histopa-
thology to visualize cellular components of tissues. Herein,
to preserve tissue structure and to prevent degradation, tissue
samples were fixed in 10% formalin (HiMedia Laboratories,
LLC) for at least 24 h. The fixed tissues were then dehydrated
through a series of increasing ethanol concentrations (70, 80
and 100%) to remove water. Subsequently, the tissues were
treated with xylene to eliminate alcohol and prepare them for
paraffin infiltration. The tissues were then immersed in molten
paraffin wax, embedded in paraffin blocks and allowed to
solidify.

Thin tissue sections were obtained using a microtome,
cutting them to a thickness of 4-5 yum. These sections were
then floated on a water bath to flatten them before being
placed on glass slides. To remove the paraffin wax, the slides
were immersed in xylene, followed by rehydration through
decreasing concentrations of ethanol (100, 80 and 70%) and
a rinse in distilled water. The slides were then stained with
hematoxylin (Sigma-Aldrich, USA) at room temperature
(25+2°C) for 5-10 min, rinsed in tap water, and differentiated in
acid alcohol (1% HCl in 70% ethanol). Following another rinse
in tap water, the slides were ‘blued’ by immersion in a weak
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alkaline solution (e.g., 0.1% ammonia water) or tap water until
the nuclei appear blue. The slides were then stained with eosin
(MilliporeSigma) at room temperature (25+2°C) for 1-3 min
and briefly rinsed in tap water. Dehydration is performed
again by passing the slides through increasing concentrations
of ethanol (70, 80 and 100%) to remove water, followed by
immersion in xylene to eliminate ethanol and prepare for
mounting. A drop of mounting medium was applied to the
slide, and a coverslip was placed over the tissue sections. After
allowing the sections to dry, the stained sections were exam-
ined under a light microscope (CX23, Olympus Corporation)
to observe the cellular and tissue structures (24).

Further experimental analysis was conducted to evaluate
the antibiofilm activity and growth curve of R. frangula extract
at sub-MIC concentrations against A. baumannii.

Biofilm assay. To evaluate the effects of R. frangula
extract on A. baumannii biofilm formation, a crystal violet
staining assay was employed as previously described by
Venkatraman et al (25). A microtiter plate containing 180 ul
fresh LB medium was first filled with an overnight culture of
A. baumannii (20 pl). Subsequenlty, R. frangula extract was
added at concentrations ranging from 2.5 to 0.004 mg/ml,
which is after the MIC point. For 48 h, the mixture was incu-
bated at 37°C. Following incubation, the biofilm that stuck to
the surface was stained for 2 min at room temperature using a
0.1% crystal violet solution (HiMedia Laboratories, LLC), and
the planktonic cells were eliminated by rinsing with sterile
distilled water at room temperature. The crystal violet-bound
biofilm was then eluted with 200 ul 70% ethanol after a
10-min incubation. The absorbance of the eluted crystal violet
was measured at 520 nm using a UV-Vis spectrophotometer
(JASCO UV/Vis, India). Biofilm inhibition (%) was calculated
using the following formula:: (Control OD 520 nm - treated
OD 520 nm)/control OD 520 nm x100.

A. baumannii growth analysis. A. baumannii bacterial devel-
opment was examined using R. frangula extract at 1.25 mg/ml
doses or the extract. The culture was incubated at 37°C for
up to 24 h, and the cell density was measured at OD 600 nm
every hour.

Statistical analysis. All experiments were performed in trip-
licate, and the biofilm assay (crystal violet assay), and growth
curve demonstrated statistical significance. The data were
analyzed using one-way ANOVA followed by Tukey's Honest
Significant Difference (HSD) test, performed with GraphPad
Prism 10.1.0 software (Dotmatics). A P-value <0.05 was
considered to indicate a statistically significant difference.

Results

Antimicrobial activity of R. frangula. The antimicrobial
potential of R. frangula extract was evaluated using the agar
well diffusion method against A. baumannii. The results
revealed a distinct zone of inhibition measuring 16 mm (Fig. 1),
indicating a significant level of antimicrobial efficacy against
this pathogen. This suggests that R. frangula extract possesses
the capability to inhibit the growth of A. baumannii, which is
particularly relevant given the MDR nature of the pathogen.

Figure 1. Antimicrobial activity of R. frangula against A. baumannii. (A) The
antimicrobial activity of R. frangula extract is demonstrated by a zone of
inhibition measuring 16 mm in diameter against A. baumannii. (B) DMSO
serves as the control, showing no inhibition zone. A. baumannii, strain of
Acinetobacter baumanniiy R. frangula, Rhamnus frangula.

Antibiotic sensitivity patterns. The antibiotic resistance
patterns of A. baumannii were assessed using a panel of
different antibiotic discs. The findings indicated that the
majority of the antibiotics tested were ineffective against
A. baumannii, highlighting a notable level of MDR (Table I).
This extensive resistance complicates treatment options and
underscores the urgent need for new therapeutic strategies.

Bactericidal activity at the MIC level. The inhibitory
effect of R. frangula extract was assessed using a 2-fold
serial dilution method, with concentrations ranging from
10 to 0.019 mg/ml. The results revealed that the growth of
A. baumannii was effectively inhibited at a concentration
of 5 mg/ml (Table II). Subsequently, the potential antibio-
film properties of R. frangula at sub-MIC concentrations
were further investigated. This additional analyses aimed
to explore whether lower, non-lethal concentrations of the
extract could disrupt or prevent biofilm formation, which is a
key factor in the persistence and resistance of A. baumannii
in clinical settings.

Findings of the histopathological analysis. As evidenced
herein, the infiltration of the bacterium A. baumannii leads
to the marked disintegration of myofibrils. This bacterial
presence triggers the degeneration of myofibers, which is
accompanied by a dense inflammatory infiltrate. The exten-
sive inflammatory response exacerbates the damage to muscle
tissue, resulting in the breakdown of myofibril structure and
contributing to overall muscle degeneration. This complex
pathological process underscores the aggressive nature of
A. baumannii infection and its detrimental effects on muscle
integrity (Fig. 2). As illustrated in Fig. 2D, the cardiac tissue
treated with 5 mg/ml R. frangula extract exhibited a gradual
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Table I. Antibiogram of Acinetobacter baumannii against
several antibiotics.

Sample no. Antibiotics Acinetobacter baumannii
1 Tetracycline 10£0.8

2 PIT 11+0.8

3 Cefixime R

4 Imipenem R

5 Ceftriaxone R

6 Cefotaxime R

7 Meropenem R

R, resistant.

reduction in bacterial load and a corresponding decrease in
inflammatory cell infiltration.

An H&E-stained section of the lung tissue revealed diffuse
alveolar damage accompanied by marked inflammatory infil-
trate. Following the infusion of the bacterium A. baumannii,
there was a marked increase in alveolar septal thickening.
This pathological alteration indicated severe lung tissue injury,
characterized by widespread damage to the alveolar structures
and intensified inflammatory response, leading to the thick-
ening of the alveolar walls. The histopathological findings
highlight the extensive impact of A. baumannii infection on
lung tissue architecture and function (Fig. 3). As illustrated
in Fig. 3D, the lung tissue treated with the endpoint MIC of
R. frangula extract at 5 mg/ml exhibited a reduction in bacte-
rial load, along with a noticeable decrease in inflammatory
cell infiltration.

The hepatocytes demonstrated vacuolar degeneration
accompanied by the infiltration of A. baumannii (Fig. 4A).
Following treatment with 5 mg/ml R. frangula extract, there
was a marked decrease in the bacterial load (Fig. 4B). The
spleen exhibited widespread degeneration of the germinal
centers, accompanied by infiltration of A. baumannii (Fig. 5A).
This was associated with a significant bacterial load and a
dense inflammatory infiltrate. However, following treatment
with 5 mg/ml R. frangula extract, there was a notable reduc-
tion in the bacterial load (Fig. 5B).

The spleen revealed generalized degeneration in the
kidney tubules, with certain regions of Bowman's capsule
showing infiltration by A. baumannii and a chronic inflamma-
tory response (Fig. 6A). Additionally, areas of the kidney and
Bowman's capsule exhibited vacuolar degeneration. Following
treatment with 5 mg/ml R. frangula extract, there was a notable
decrease in bacterial load, indicating a therapeutic effect on
the infected tissues (Fig. 6B).

Inhibition of biofilm formation in A. baumannii. The
inhibitory effect of R. frangula extract on the ability of
A. baumannii to form biofilms was investigated using the
static microtiter plate method, with 0.1% crystal violet
staining to quantify biofilm biomass. The results revealed
that R. frangula extract significantly inhibited biofilm forma-
tion (P<0.05, significant difference compared to the untreated
control) with spectrophotometric analysis revealing 67.26%
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Table II. Minimum inhibitory concentration of R. frangula
extract for the inhibition of A. baumannii growth (final
concentration of 5 mg/ml).

Two-fold dilution

Sample no. concentration (mg/ml) Growth measured?®
1 10 -
2 5 -
3 2.5 +
4 1.25 +
5 0.62 +
6 0.312 +
7 0.156 +
8 0.078 +
9 0.039 +

10 0.019 +

*The growth measured refers to the presence (+) or absence (-) of
visible growth in the microbial culture following exposure to the
respective 2-fold dilution concentrations (mg/ml). A. baumannii,
strain of Acinetobacter baumannii; R. frangula, Rhamnus frangula.

inhibition at 2.5 mg/ml and 58.22% inhibition at 1.25 mg/ml
(Fig. 7).

Analysis the growth of A. baumannii. The growth curve
analysis was applied both with and without the R. frangula
extract. Fig. 8 demonstrates that at a dose of 2.5 mg/ml,
R. frangula extract did not inhibit the growth of A. baumannii.
Spectrophotometric measurements showed no appreciable
difference between the treated and control bacterial cells
at 600 nm. These findings suggest that R. frangula extract does
not inhibit the planktonic growth of A. baumannii at 2.5 mg/ml
also effectively reduces its ability to form biofilms.

Discussion

A. baumannii is considered one of the most hazardous
bacteria associated with healthcare-related infections. Its
marked ability to acquire antibiotic resistance and persist in
diverse environments poses a significant challenge in clinical
settings. In the present study, a series of in vitro experiments
demonstrated that R. frangula extract effectively reduced
A. baumannii biofilm formation, highlighting its potential as
a therapeutic agent. Similarly, Zhou et al (26) demonstrated
that P. aeruginosa three quorum sensing (QS) systems were
inhibited by hordenine, an herbal extract made from sprouting
barley.

In the present study, at a MIC of 5 mg/ml, the initial results
demonstrated that the bactericidal activity of A. baumannii
was inhibited by R. frangula extract. This observation is
consistent with the findings of a previous study demonstrating
that methanolic extracts of Cuminum cyminum can inhibit
Gram-negative bacteria at MIC levels (27). Additionally, it
has been noted that aloe vera gel extract is more effective
against Gram-positive than Gram-negative bacteria, with
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Figure 2. (A) Control sample. (B) Heart tissue sample with infiltration of A. baumannii (yellow arrow), exhibiting chronic inflammatory infiltrate (x40
total magnification). (C) Degeneration of cardiac muscles (yellow arrow) (x40 total magnification). (D) Cardiac tissue treated with 5 mg/ml R. frangula
extract exhibited a gradual decrease in bacterial load and inflammatory infiltrate (red arrow) (x40 total magnification). A. baumannii, strain of Acinetobacter
baumannii; R. frangula, Rhamnus frangula.

Figure 3. (A) Control sample. (B) Lung tissue with inflammatory infiltrate (yellow arrow). (C) Diffuse alveolar septal thickening post infiltration of
A. baumannii with degeneration of bronchial epithelium (green arrow) (x40 total magnification). (D) Lung tissue treated with 5 mg/ml R. frangula extract
exhibited a decreased bacterial load and inflammatory infiltrate (red arrow) (x40 total magnification). A. baumannii, strain of Acinetobacter baumannii;
R. frangula, Rhamnus frangula.

Figure 4. (A) Hepatocytes exhibiting vacuolar degeneration with infiltration of A. baumannii (yellow arrow) (x40 total magnification). (B) Liver tissue treated
with 5 mg/ml R. frangula extract exhibited a gradual decrease in bacterial load (indicated by red arrows) under x40 total magnification. A. baumannii, strain
of Acinetobacter baumannii; R. frangula, Rhamnus frangula.

ethanol and methanol extracts exhibiting the highest activity, = Furthermore, in the present study, R. frangula extract inhib-
while acetone extract exhibited the least inhibition (28). ited QS-regulated biofilm formation in A. baumannii in a
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Figure 5. (A) Spleen exhibiting a generalized area of degeneration of germinal center with infiltration of A. baumannii (yellow arrow) (x10 magnification).
(B) Bacterial load with dense inflammatory infiltrate (green arrow) (x40 total magnification). (C) Decreased bacterial load post-treatment with 5 mg/ml
R. frangula extract (red arrow) (x40 total magnification). A. baumannii, strain of Acinetobacter baumannii; R. frangula, Rhamnus frangula.

Figure 6. (A) Spleen exhibiting areas of degeneration of kidney tubules and areas of Bowman's capsule showing A. baumannii with chronic inflammatory
infiltrate (yellow arrow) (x10 total magnification). (B) Areas exhibiting vacuolar degeneration of kidney and Bowman's capsule along with decreased bacterial
load post-treatment with 5 mg/ml of R. frangula extract (red arrow) (x40 total magnification). A. baumannii, strain of Acinetobacter baumannii; R. frangula,

Rhamnus frangula.

- e
12+ @i = Biofilm production (%)

% of biofilm production

5 =
2 &
< [o)}
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© 9

N

1.25 mg/ml
0.625 mg/ml

Rhamnus frangula concentration

Figure 7. Crystal violet biofilm inhibition assay. Graphical representation:
67.26, 58.22 and 47.37% of biofilm inhibition in A. baumannii when treated
with 2.5, 1.25 and 0.625 mg/ml of R. frangula extract, respectively. Statistical
analysis was performed using one-way ANOVA followed by Tukey's
Honestly Significant Difference (HSD) test ("P<0.05, significant difference
compared to the untreated control). The x value refers to the concentration of
R. frangula extract in mg/ml (presented on the x-axis), and the y value refers
to the % of biofilm production (presented on the y-axis). A. baumannii, strain
of Acinetobacter baumannii; R. frangula, Rhamnus frangula.

concentration-dependent manner at sub-MIC concentrations.
Specifically, the crystal violet assay revealed that a concen-
tration of 2.5 mg/ml R. frangula extract markedly decreased
biofilm formation without influencing planktonic cell growth
(Figs. 7 and 8). Miyasaki et al (29) also reported that specific
compounds in herbal extracts, such as flavones, tannins,
and phenolic compounds, are generally known for their
anti-Acinetobacter activity.

The discussion on biofilm formation and its pathological
implications in vital organs highlights the crucial role of
biofilms in chronic infections. Biofilm formation is a key
survival mechanism for bacteria, enhancing their resistance
to antimicrobial treatments and the immune system (30). The
ability of bacteria to form biofilms, particularly in organs
such as the lungs, liver and kidneys, contributes to persistent
infections that are challenging to eradicate, often leading to
prolonged inflammation and organ damage (31). Infections
caused by A. baumannii, a notorious biofilm producer,
exemplify this phenomenon, particularly in the lungs where
biofilms are involved in severe respiratory diseases such as
cystic fibrosis and COPD (32).
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Figure 8. Analysis of the growth curve. A. baumannii grown both in the absence (control) and with 2.5 mg/ml R. frangula extract. A. baumannii, strain of

Acinetobacter baumanniiy R. frangula, Rhamnus frangula.

In the present study, A. baumannii infiltrations induced
notable pathological changes, including disintegration
of myofibrils in cardiac muscle and extensive damage to
alveolar structures in the lungs, which were effectively miti-
gated with 5 mg/ml R. frangula extract. These findings are
consistent with those of previous research, demonstrating
that biofilm-producing bacteria exacerbate tissue damage by
triggering chronic inflammatory responses, which further
deteriorate tissue architecture (33). The persistent presence
of bacterial biofilms hinders the effectiveness of immune
clearance, allowing the bacteria to persist and cause scarring,
necrosis and the functional impairment of vital organs over
time (34).

An innovative feature of the present study lies in its use
of ex vivo goat models to evaluate the effects of R. frangula
extract on A. baumannii biofilms, an approach that has not
been extensively explored in previous research to date, at
least to the best of our knowledge. This biologically relevant
platform bridges the gap between in vitro findings and poten-
tial in vivo applications, providing a more comprehensive
assessment of the extract's efficacy. Furthermore, the holistic
evaluation of antimicrobial and antibiofilm activity, along with
its impact on histopathological changes across multiple organ
systems (heart, lungs, liver, kidney and spleen), underscores the
therapeutic potential of the extract and its ability to preserve
tissue integrity.

The present study opens several promising avenues for
future research. The ex vivo goat organ model provides
valuable insight into the potential of R. frangula extract for
the management of A. baumannii-associated infections.
Expanding this research to include human clinical settings
will enable a more comprehensive evaluation of the extract's

efficacy and safety. Rigorous clinical trials could further
establish its therapeutic potential and bridge the gap to clinical
applications. Additionally, the present study investigated only
a single isolate of A. baumannii, which may limit the broader
applicability of the findings. Future studies are thus required
to involve a diverse range of clinical isolates to ensure the
consistency and generalizability of the results. Moreover, the
findings of the present study on biofilm inhibition create oppor-
tunities to delve deeper into the molecular mechanisms behind
this activity. A more detailed exploration could illuminate the
mode of action of the extract, paving the way for innovative
strategies, such as combining R. frangula with conventional
antibiotics to enhance therapeutic outcomes.

Taken together, the findings of the present study provide
compelling evidence of the therapeutic potential of R. frangula
extract against A. baumannii biofilms, while also recog-
nizing its inherent strengths and limitations. These findings
contribute to the ongoing efforts to combat antibiotic-resistant
infections and underscore the importance of further studies
to fully explore and realize the clinical applicability of this
natural remedy.

In conclusion, the results of the present study demon-
strate the potential of R. frangula extract as a beneficial
treatment choice for A. baumannii infections. The present
study demonstrates the complex role of biofilms in
promoting bacterial persistence and tissue damage, while
also shedding light on the potential of natural compounds
to mitigate these effects. Further investigations are required
however, to on the molecular mechanisms underlying the
biofilm-inhibitory properties of R. frangula, contributing
to the development of novel therapeutic strategies for
biofilm-associated infections.
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