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ARTICLE INFO ABSTRACT

Multidrug-resistant (MDR) Klebsiella pneumoniaeis a critical pathogen causing
severe human diseases, including pneumonia. Combating the growing threat of
MDRK. pneumoniae requires innovative approaches, such as exploring plant-derived
antibacterial agents. Rhizophora stylosa Griff., a mangrove species with traditional
medicinal uses, is recognized for its bioactive compounds with potential antibacterial
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KEYWORDS: properties. However, research on its bioactive constituents remains limited. This
Red Mangrove, ) study investigated the antibacterial activity of R. stylosa leaf extracts prepared via
Rhizophor, a stylosa Griff., maceration and liquid-liquid fractionation against K. pneumoniae ATCC 700603.
water fraction of Rhizophora stylosa, Using agar-well diffusion and cell leakage assays, the water fraction demonstrated
Klebsiella pneumoniae,

moderate inhibition of K. pneumoniae, producing an average inhibition zone of
8.24 mm and a minimum inhibitory concentration (MIC) of 400 mg/ml. UV-Vis
spectrophotometry revealed that the water fraction disrupted protein and nucleic
acid synthesis, evidenced by leakage of cellular materials at 260 and 280 nm.
Additionally, scanning electron microscopy (SEM) images of K. pneumoniae cells
treated with the water fraction showed pore formation and structural damage. These
results emphasize the antibacterial potential of the water fraction of R. stylosa leaves
against MDRK. pneumoniae. Further investigations are necessary to isolate and
identify the specific bioactive compounds responsible for these effects. Moreover,
comprehensive assessments of activity and toxicity are crucial to advance R. stylosa-
based antibacterial agents as promising alternatives for addressing the challenge of
MDR bacterial infections.

antibacterial activity,
cell leakage
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1. Introduction

Klebsiella pneumoniae was initially reported in 1882
by Carl Friedlander as a bacterium isolated from the
lungs of patients who had died from pneumonia (Munoz-
Price et al. 2013; Dong et al. 2022). K. pneumoniae is
a Gram-negative, encapsulated, rod-shaped, facultative
anaerobic bacterium belonging to the Enterobacteriaceae
family which can colonize and cause a variety
of diseases in humans, notably hospital-acquired
infections (Nasresfahani et al. 2017). It can be carried
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asymptomatically infections in the gastrointestinal tract,
skin, nasal, and throat of healthy people. Still, it can also
cause a variety of infections in hospitalized patients,
most frequently pneumonia, wounds, soft tissue, and
urinary tract infections, when the host immunity fails to
control the pathogen growth (Holt et al. 2015; Nguyen
et al. 2015). Clinically, these infections are routinely
treated with P-lactams and other antibiotics that are
efficacious towards Enterobacteriaceae in hospitalized
or otherwise immunocompromised patients (Martin and
Bachman 2018).

The emergence of K. pneumoniae strains that have
acquired new genetic features and become either
hypervirulent (HvKp) or carbapenem-resistant (CR-
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Kp) has caused alarming circumstances (Paczosa and
Mecsas 2016; Chang et al. 2021). K. pneumoniae is often
characterized by two basic mechanisms of antibiotic
resistance: (1) The production of extended-spectrum
B-lactamases (ESBLs) confers resistance to all penicillin,
third-generation cephalosporins, and aztreonam, but
not to cephamycins on bacteria (Shaikh et al. 2015),
(2) The production of carbapenemases which renders
bacterial resistant to nearly all available B-lactams,
including carbapenems, is an even more worrisome
resistance mechanism (Gulumbe and Ajibola 2020). Due
to this challenging global threat, further studies on the
potential antibacterial agents and the implementation
of preventative measures are required to reduce the
incidence and spread of K. pneumoniae infections, as
well as the associated morbidity and mortality.

Medicinal plants are promising resources since it
is known that they contain bioactive compounds with
several pharmacological activities, including inhibiting
the growth of Enterobacteriaceae by interacting with
them through several mechanisms (Rai et al. 2010;
Castronovo et al. 2021). Medicinal plants, with their
various compounds, have been used to treat human
ailments for centuries with minimal adverse effects,
making medicinal plants a promising source for the
discovery of new antibacterial agents (Panda et al. 2009;
Sofowora et al. 2013; Vaou et al. 2021).

Red mangrove (Rhizophora stylosa Griff.) belonging
to the family Rhizophoraceae contain numerous
phytochemical compounds with significant medicinal
potential, including diterpenoids, triterpenoids,
sesquiterpene, daucosterol, atranorin, palmitone,
polyphenols, polymeric tannins, and hydrolyzable
tannins (Wu et al. 2009; Kalasuba et al. 2023). R. stylosa
Griff. has been shown by conventional medicine to be
effective in the treatment of hematuria, wound healing,
rheumatism, and liver diseases (Abubakar et al. 2019).

Although many mangrove species have been used
for centuries to treat ailments in accordance with
local traditions in numerous countries, many of them
have not yet been subjected to extensive scientific
investigation, and their medicinal characteristics have
therefore not been fully verified, especially R. stylosa
(Gopal et al. 2019; Kalasuba et al. 2023). However,
some earlier studies, for example, Seepana et al.
(2016) had investigated the antibacterial activity of the
Rhizophoraceae family, particularly the leaves of R.
apiculata and Bruguiera gymnorrhiza, against Gram-
negative and Gram-positive microorganisms. The results
demonstrated that both species of mangroves inhibited

the growth of K. pneumoniae with a zone of inhibition
measuring 23 mm in diameter.

There is a significant lack of research on the chemical
compounds of R. stylosa. However, in a previous
study, an extract of R. stylosa was utilized to inhibit
the growth of Escherichia coli effectively. The leaves
of R. stylosa exhibited antibacterial activity against E.
coli, with inhibition zones spanning between 11 and 19
mm (Mouafi ef al. 2014), indicating their potential as a
broad-spectrum antibacterial agent against pathogenic
bacteria (Kainuma et al. 2015). In this study, R. stylosa
leaves were used to evaluate the antibacterial activity
against the K. pneumoniae bacterium. Moreover, a
scanning electron microscope (SEM) micrograph might
reveal structural damage caused by metabolites in the
leaf fraction of R. stylosa toward K. pneumoniae cells.
Therefore, the purpose of this study was to investigate the
potential secondary metabolites derived from the active
fraction of R. stylosa leaves to inhibit K. pneumoniae
ATCC 700603 and the effects of antibacterial exposure
on the morphological structure of the bacterium.

2. Materials and Methods

2.1. Materials

K. pneumoniae ATCC 700603 was obtained from
the Microbiology and Parasitology Laboratory, Faculty
of Medicine, Universitas Padjadjaran, Indonesia. The
experimental material consisted of fresh red mangrove
(R. stylosa Griff.) leaves collected from Mangrove
Forest, Karangsong Coast, Indramayu, West Java,
Indonesia, in March 2022.

2.2. Mangrove Samples Extraction

The fresh leaf samples were rinsed with water to
remove dirt and then dried for seven days in indirect
sunlight. The desiccated samples were then crushed
and powdered to increase the surface area, and then the
pulverized samples were extracted at room temperature
using modified maceration techniques (Joel and Bhimba
2010). Briefly, 900 g of powdered samples were soaked
in 1,000 ml of 96% ethanol and stirred to produce
ethanol extracts. Maceration was performed for three
days, with the solvent being replaced every twenty-
four hours. Afterward, the complete extracts were
filtered with Whatman No. 1 filter paper. Using a rotary
evaporator [BUCHI B-480, Switzerland] at 45°C, the
filtrate was concentrated to obtain crude ethanol extracts.
The ethanol extracts were then separated using a liquid-
liquid extraction method with three different solvents:



HAYATI J Biosci

Vol. 32 No. 3, May 2025

n-hexane, ethyl acetate, and water. Prior to in vitro
antibacterial screening, the extracts were stored at 4°C
in airtight glass vessels.

2.3. Partial Purification of Bioactive Compound
by Thin-layer Chromatography (TLC)

Further TLC was performed using silica gel 60
F254 [Merck, Germany] to characterize the bioactive
compounds. Each extract was eluted with various
selected eluent compositions according to the
method described by Harbone (1984) for optimizing
gradient polarities, i.e., n-hexane: ethylacetate (7:3),
ethylacetate: methanol (9:1), and ethylacetate:
methanol (1:1). The TLC results were observed after
heat treatment and under 254 nm and 365 nm UV light.
Afterward, individual fractions were collected and
screened for antibacterial activity using the method
described originally.

2.4. Antibacterial Activity Test

Antibacterial activity assay on each fraction adopted
the Well Diffusion Susceptibility method. Nutrient
Agar (NA) [HiMedia Laboratories LLC, Maharashtra,
India] inoculated with a suspension of K. preumoniae
ATCC 700603 was used as the medium for this test.
Then, a hole with a diameter of 6 to 8 mm is punctured
aseptically with a sterile cork borer or a tip. A volume
(50-100 pL) of the antimicrobial agent or fractions
solution at concentrations 600 mg/ml, 700 mg/ml, 800
mg/ml, 900 mg/ml, and 1,000 mg/ml were added to
the well and allowed to absorb. Antibiotic Ceftriaxone
[Interbat, East Java, Indonesia] 30 ug/ml was used as
the positive control, and distilled water was used as a
negative control. The test samples were then incubated
at 37°C for 18 to 24 hours under aerobic conditions. The
existence of a clear zone surrounding the well indicates
that this extract inhibits growth (Balouiri et al. 2016).

2.5. Determination of Minimum Inhibitory
Concentration (MICO) and Minimum
Bactericidal Concentration (MBC)

The determination of MIC values of each fraction
extract of R. stylosa leaf against K. pneumoniae
ATCC 700603 was evaluated qualitatively by the
microdilution method on a 96-well plate [Nest
Biotechnology Co., Ltd, China], which was modified
according to a previous method by Kang et al. (2019).
Concentrations of 400 to 700 mg/ml of each fraction
were used to determine the MIC, . The fractions were
put into a microtube with 3 ml of Mueller-Hinton

Broth (MHB) [Merck, New Jersey, USA] media and
were homogenized using a vortex. Then, 100 puL of the
fraction extract was added to each well. 10 pL of a K.
pneumoniae inoculum suspension adjusted to match the
turbidity of the McFarland 0.5 scale (1 x 10® cells/ml)
was added to each 96-well plate and incubated at 37°C
for 24 hours. After incubation, the presence (or lack)
of growth was visually determined. The MIC refers
to the lowest concentration at which visible growth is
completely inhibited.

The two lowest concentrations of inhibiting bacteria
were used to determine the MBC. A total of 50 puL of
the fraction extract with MIC value concentration was
sub-cultured on NA agar plates. The MBC was found
after 24 h of incubation at 37°C based on growth
control. Minimum bactericidal was defined as the
lowest fraction of extract concentration that limits the
bacterial population’s growth and viability.

2.6. Leakage Assay based on Protein and
Nucleic Acid Level

The microbial biomass was obtained by centrifuging
asuspension of test bacteria aged 18 to 24 hours at 3,500
rpm for 15 to 20 minutes. After discarding the filtrate,
the active fraction of R. stylosa leaf was added until the
final concentrations of 1 MIC and 2 MIC were reached.
The bacterial pellet was then suspended in a 7.4-pH
phosphate buffer solution to a final volume of 10 ml.
After exposing the active fraction to the test bacteria
for 24 hours at 37°C, the presence of protein and
nucleic acid content was determined. The suspension
was centrifuged for 15 minutes at 3,500 rpm. Then,
the supernatant was separated and analyzed using a
PerkinElmer UV-Vis Spectrophotometer Lambda 25
[PerkinElmer LLC, US] with two wavelengths, 260
and 280 nm, to determine the protein and nucleic acid
content (Jamal et al. 2013). Pure concentrations of 1
MIC and 2 MIC were used as a blank solution. For
the measurement of the exposure effect of the active
fraction, the increase of protein and nucleic acid on
the media was used as an indicator of membrane cell
leakage in the tested bacterial cell.

2.7. Bacterial Morphological Structure
Analysis with Scanning Electron Microscope
(SEM)

K. pneumoniae suspension was incubated at 37°C
for 24 hours at concentrations of 0 MIC, 1 MIC, and
2 MIC. Bacterial cells were then rinsed three times
with phosphate-buffered saline (PBS) pH 7.0 [HiMedia
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Laboratories LLC, Maharashtra, India] after the cell
culture medium was removed. The cells were then
fixed in 2% glutaraldehyde, rinsed, and progressively
dehydrated with ethanol [Merck, New Jersey, USA].
The processed carbon tape containing bacterial cells
was then transferred to a metallic stub and left to air-
dry beneath a hood (Ali et al. 2021). The sample was
coated with sputter gold and observed using SEM
[JEOL JSM-IT300, USA] at Badan Riset dan Inovasi
Nasional, Cisitu, Bandung, Indonesia.

3. Results

3.1. Prediction of Bioactive Compounds by
Thin-Layer Chromatography Studies
Thin-layer chromatography (TLC) analysis of each
fraction revealed the presence of six predominant
compounds (Table 1). When an H,SO, solution was
sprayed on the chromatograms of both the hexane
and ethyl acetate fractions, a captivating spectrum of
colors was observed. Various colors of brownish-red,
green, and blue were observed, indicating the possible
presence of diverse bioactive compounds. These marks
indicate the presence of triterpenoid compounds,
derivatives of monoterpenes, lignans, and steroids.
Furthermore, we observed distinct yellow regions

in the chromatogram of the ethyl acetate fractions,
suggesting a flavonoid compound. Additionally,
when the Dragendorff reagent was sprayed on the
chromatogram of the water fraction, vibrant orange-
red regions appeared. This transformation strongly
implies the existence of alkaloid compounds in our
samples, broadening the scope of our studies.

3.2. Antibacterial Activities of R.
Leaves Fractions

The antibacterial activity of the fractions extract
of R. stylosa Griff. was evaluated at concentrations
of 1,000 mg/ml, 900 mg/ml, 800 mg/ml, 700 mg/ml,
and 600 mg/ml. The results of this assay are shown in
Table 2, indicating that all fractions of R. stylosa leaf
inhibited the growth of K. pneumoniae ATCC 700603.
The average zone of bacterial growth inhibition
ranged from 6.00+£0.00 mm to 9.63+0.67 mm, with an
average amount of the greatest inhibition occurring
in the water fraction at 8.24+0.83 mm and the least
occurring in the n-hexane fraction at 7.38+0.78.

stylosa

3.3. MIC and MBC of R. stylosa Leaves
Fractions against K. pneumoniae ATCC 700603

The results demonstrated that in each concentration
series, neither turbidity nor clarity could be directly

Table 1. Detailed information on the phytochemical contents of each fraction of R. stylosa Griff, including their respective Thin-Layer

Chromatography (TLC) Retention factor (R)) values

Observation test

Fractions R, values H,SO, AICI, Mayer’s dragendorft’s Constituents
n-Hexane 0.96 Reddish-brown - - Triterpenoid
0.89 Green - - Monoterpene derivates
0.82 Reddish-brown - - Triterpenoid
0.49 Blue - - Steroid/Terpenoid
Ethyl acetate 0.89 Green - - Lignan/Diterpenes
0.81 Green - - Monoterpene derivates
0.60 - Yellow - Flavonoid
Water 0.10 - Yellow - Flavonoid
0.54 - - Orange-red Alkaloid

Table 2. Zone of inhibition of R. stylosa extract fractions against K. pneumoniae ATCC 700603 using the agar well diffusion method

Inhibition zone diameter (mm) + SD

Samples

600 mg/ml 700 mg/ml 800 mg/ml 900 mg/ml 1,000 mg/ml
n-Hexane fraction? 7.89%+0.39 7.58%+1.32 7.73%+0.55 7.71%+0.39 6.00°+0.00
Ethylacetate fraction® 7.47%+0.84 7.79%+0.82 7.89%+0.49 7.86%+0.73 8.40*+0.95
Water fraction® 7.41%4+0.39 7.84%40.80 8.08%+0.19 8.24%+0.87 9.63+0.67
Ceftriaxone 30 pg/mld (+) 29.98%5.55
Distilled water (-) 0.00°+0.00

Numbers that are followed by the same letter do not differ significantly (c..05); Data are the mean values of quadruplicate and expressed as
mean + standard deviation (SD)
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observed in each well. This is because the color
intensity of the R. stylosa leaf extract fractions is
excessively concentrated. The MIC and MBC values
were determined by total plate count (TPC) with
concentrations ranging from 400-700 mg/ml that
suppressed the growth of K. prneumoniae compared
to the number of colonies on the inoculum control. As
shown in Figure 1, the MIC concentration in the hexane
fraction is 600 mg/ml, while the MBC concentration is
700 mg/ml. The MIC concentration for the ethyl acetate
fraction is 400 mg/ml, and the MBC concentration is

Ethyl acetate fraction Hexane fraction Control inoculum

Water fraction

600 mg/ml. In contrast, the MIC concentration and
MBC concentration for the water fraction are 400 mg/
ml and 500 mg/ml, respectively.

3.4. Leakage of Proteins and Nucleic Acids
The treatment of K. pneumoniae with the active
fraction of R. stylosa leaf extract, namely the water
fraction, resulted in a significant discharge of protein
and nucleic acid from the cell into the medium
(phosphate buffer). Measurement of media absorption
at 260 nm (for nucleic acid) for tested bacteria with

Figure 1. The results of the minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) assays on the
n-hexane, ethyl acetate, and water fractions of R. stylosa leaves against K. pneumoniae ATCC 700603 were diverse: (A) 400 mg/

ml, (B) 500 mg/ml, (C) 600 mg/ml, and (D) 700 mg/ml
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water fraction at concentration 1 MIC revealed an
increase in absorbance from 0.381 (control) to 3.514,
which increased to 4.441 at concentration 2 MIC. The
same thing occurred with protein content measured
at wavelength 280 nm, which increased from 1.311
(control) to 3.350 and then 4.307 at a concentration of
2 MIC, as shown in Figure 2.

3.5. Changes in the Cell Morphological
Structure of K. pneumoniae ATCC 700603

Electron micrographs of K. pneumoniae ATCC
700603 cells treated with the water fraction of R.
stylosa leaves at the 1 MIC (400 mg/ml) and 2 MIC
(800 mg/ml) levels (Figure 3). Untreated cells (Figure
3A) exhibited the typical appearance of short, smooth
rods. Nonetheless, compared to the control cells, the
treated cells exhibited substantial alterations and
damage. The bacterial cells show surface irregularities,
in which the rod-shaped cells have rough or wrinkly
surfaces and fissures, and some of them are cavitated
(Figure 3B). Damaged or leaking portions of K.
pneumoniae cells were more visible when treated at a
higher concentration, 2 MIC (Figure 3C). A closer look
at Figure 3C reveals that the K. pneumoniae cells have
completely disintegrated, with cells that are twisted,
shrunken, deformed, and even fractured. The cell
surface was observed to have more protrusions, leading
to the formation of distinct holes, and there was a lysis
of cellular debris surrounding the cells (Figure 3D).

(o))
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4. Discussion

The emergence of multidrug-resistant strains and dose-
limiting toxic effects has impeded antibacterial treatment
(Breijyeh et al. 2020; Saha and Sarkar 2021). Moreover,
immune-compromised and hospitalized patients are more
susceptible to severe Klebsiella infections, which can
exacerbate the patient's condition due to its ability to
disseminate rapidly (Qolbi and Yuliani 2018; Arcari et
al. 2021). Numerous researchers have scoured natural
products for compounds with antibacterial properties.
The utilization of mangrove plant-based ingredients as an
alternative treatment for K. pneumoniae-related diseases
has been reported previously (Rossiana et al. 2017).

This current study demonstrates that the fractions
extract of R. stylosa leaf possesses promising antibacterial
activity, which is likely the reason for its extensive use
in traditional medicine. This is in agreement with the
previous study done by Ontengco et al. (2003), which
reported that the average growth inhibition produced
by the n-hexane, ethyl acetate, and water fraction of R.
stylosa leaves with mild to moderate category inhibition.
In addition, compared to the n-hexane fraction, the ethyl
acetate and water fraction has significant antibacterial
activity against K. pneumoniae. This may be due to the
presence of antibacterial compounds such as triterpenoids,
monoterpene derivatives, steroids, lignans, flavonoids, and
alkaloids in the R. stylosa fractions. Moderate inhibition
might describe that K. pneumoniae ATCC 700603 was

4407 4441

1 MIC 2 MIC

Wavelength 280 nm

Figure 2. Appearance of 260 and 280 nm absorbing protein and nucleic acid material in the filtrate K. pneumoniae ATCC 700603 control
suspension and after treatment with the serial concentrations of water fraction of R. stylosa Griff.
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Figure 3. Electron micrographs of K. pneumoniae ATCC 70063 exposed to R. stylosa Grift’s water fraction. The visual observations are
as follows: (A) Untreated cells retained their integrity with a smooth surface, (B) following exposure to 1 MIC, cells displayed a
crinkled appearance indicative of leakage, (C, D) At a higher concentration (2 MIC), cell rupture occurred, leading to the release

of their cytoplasmic contents

moderately tolerant to the antibacterial agents of the
fractions, and this strain could become resistant to the
antibacterial agents.

Further tests were conducted to decipher the MIC
value from R. stylosa fraction extract. Our study revealed
that the MIC value for K. pneumoniae in the n-hexane
fraction was approximately 600 mg/ml, while it was 400
mg/ml in the ethyl acetate and water fractions. Based on
the confirmed test using the TPC method, fractions of
extract of R. stylosa leaf showed bactericidal activity
on K. pneumoniae cells at 2 MIC values. As Baquero
and Levin (2021) observed, higher drug concentrations
killed more microbial cells.

Several factors, including chemical composition, likely
influenced the antibacterial mechanisms of R. stylosa

water fraction, which contained secondary metabolites
with antibacterial properties, such as flavonoids and
alkaloids. The disruption of the cytoplasmic membrane
by flavonoids will affect the loss of vital metabolites and
the inactivation of the bacterial enzyme system. This
damage allows nucleotides and amino acids to escape
and prevents the entry of active ingredients into bacteria
cells, resulting in their mortality (Sulistyani and Utami
2012; Rossiana et al. 2017). The antibacterial effects of
alkaloid compounds disrupt the peptidoglycan component
of the embryonic bacterial cell wall lining and inhibit
its synthesis, thereby inhibiting cell development. This
condition results in the physical and osmotic lysis of
bacterial cells, leading to their death (Permatasari et al.
2013).
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The inhibition mechanisms of R. stylosa fractions
extracted at concentrations of 1 MIC and 2 MIC are
inhibiting protein and nucleic acid synthesis and pore
formation. The results demonstrated that the higher
MIC value of the water fraction of R. stylosa leaves was
proportional to the increase in the absorbance of nucleic
acids at 260 nm and proteins at 280 nm. Increased protein
and nucleic acid levels in bacterial cells indicate that the
water fraction inhibits protein and nucleic acid synthesis
(Amajida et al. 2019). In addition, SEM micrographs
illustrated the mechanisms of the water fraction of R.
stylosa leaf that caused pore formations in K. pneumoniae
ATCC 700603 cells. With a higher MIC value, it was
observed that the cell was injured more severely, as
evidenced by the formation of shape cavities on its surface.
Ibrahim et al. (2013) hypothesized that the formation of
holes was caused by the disruption of the cell membrane
and change in cell permeability, which ultimately led to
the discharge of cell material.

In conclusion, this study demonstrates the antibacterial
potential of the water fraction of R. stylosa leaves as
an alternative treatment for K. pneumoniae-related
diseases. The water fraction of R. stylosa leaves extract
has bacteriostatic activity at low concentrations (400
mg/ml) and bactericidal activity at higher concentrations
(500 mg/ml). This results in the release of cell material,
which is predominantly attributable to the disruption of
the cytoplasmic membrane, as well as observable changes
in cell morphology. In addition, further phytochemical
studies are required to isolate the pure constituents and
assess their antibacterial activity against a wide range
of infectious disease-causing bacteria.
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