
* Corresponding Author's email: rajeshkumars.sdc@saveetha.com	
Received: 14th August, 2026; Revised: 26th August, 2026; Accepted: 2nd September, 2026	
(DOI): 10.70102/AEJ.2026.18.4s.75	

	

Journal of Animal Environment	
(E-ISSN 2717-1396, ISSN 2717-1388)	

Journal homepage: http://www.aejournal.ir	
	

Original Research Paper	

Rutin Incorporated Chitosan Nanocomposite Preparation and 
Antibacterial Activity Against Wound Pathogens: Cytoplasmic and Protein 
Leakage Investigation	

Sharon J1, Steffy Dominic2, Banuppriya Palani3, Santhoshkumar Jayakodi3, Rajeshkumar Shanmugam1*, 
R. Kowsalya4, Alagendran Subbarayalu5, Arjun Pandian6	
1Nanobiomedicine Lab, Department of Anatomy, Saveetha Medical College and Hospital, Saveetha Institute of Medical 
and Technical Sciences, Chennai - 602105, Tamil Nadu, India.	
2Department of Physiology, Saveetha Medical College and Hospital, Saveetha Institute of Medical and Technical 
Sciences, Saveetha University, Chennai 602 105, Tamil Nadu, India.	
3Department of Biotechnology, Saveetha School of Engineering, Saveetha Institute of Medical and Technical Sciences, 
Chennai, Tamil Nadu 602105, India.	
4Centre for Applied Research, Saveetha School of Engineering (SSE), Saveetha Institute of Medical and Technical 
Sciences (SIMATS), Saveetha University, Thandalam, Chennai – 602105, Tamil Nadu, India.	
5Clinical Neuroscience and Phytomedicine Laboratory, Department of Research, Saveetha College of Nursing (SCON), 
Saveetha Institute of Medical and Technical Sciences (SIMATS), Saveetha University, Thandalam, Chennai – 602105, 
Tamil Nadu, India.	
6Tissue Culture, Natural Products & Microbial Biotechnology Research Laboratory, Saveetha Institute of Basic 
Medical Sciences (SIBMS), Saveetha Institute of Medical and Technical Sciences (SIMATS), Saveetha University, 
Thandalam, Chennai – 602105, Tamil Nadu, India.	

Key Words	 Abstract	

Antibacterial activity, 
Chitosan 
nanocomposite, Rutin 
incorporation, 
Protein leakage 
analysis, Wound 
pathogens	

The rutin found in photosynthetic cells and chitosan, a fungal biopolymer, form environmentally 
friendly nanocomposites. Rutin chitosan nanocomposite was synthesized, and its antimicrobial 
capability was tested through the agar well diffusion assay and time kill curve analysis with 
wound pathogens like E. faecalis, E. coli, Pseudomonas sp., and S. aureus. Cytoplasmic and 
protein leakage analyses were performed using the cytoplasmic assay and Bradford assay. 
Amoxyrite was used as a standard antibiotic for comparison. In results agar well diffusion method 
showed that the rutin chitosan nanocomposite had a greater zone of inhibition than the control in 
E. faecalis and E. coli and was more effective at higher concentrations against Pseudomonas sp. 
and S. aureus. Time-kill curve analysis confirmed a decrease in living wound pathogen cells over 
time. Protein leakage analysis by the Bradford test showed higher optical density than the control 
at 20 µg/ml, 50 µg/ml, and 100 µg/ml but lower than the standard, with an increase in optical 
density at higher concentrations. Cytoplasmic leakage analysis indicated the release of 
cytoplasmic components from bacterial cells. Although the nanocomposite showed lower 
antimicrobial activity than the standard antibiotic, it significantly promoted cytoplasmic and 
protein leakage, highlighting its potential therapeutic applications. Rutin-chitosan nanocomposite 
demonstrated considerable antibacterial efficacy against P. aeruginosa, E. coli, E. faecalis, and S. 
aureus, confirmed by agar-well diffusion, time-kill curve, cytoplasmic leakage, and protein 
leakage assays. While its effects varied by concentration, it showed potential as an 
environmentally safe alternative to conventional antibiotics for therapeutic applications.	
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Introduction	

The majority of wound repair materials 
available today are passive and unable to react to 
the wound-causing microorganisms, which leads to 
a very low therapeutic outcome. To achieve the 
release of medications for a wound, it is important 
to build a wound dressing in response to the 
microorganisms [1]. Wound healing is a vital 
biological process that occurs in both humans and 
animals after tissue damage, tissue engineering [2]. 
It helps in the regeneration and restoration of 
damaged tissue [2]. Antiinflammatory cytokines are 
released by the body in response to an injury, by 
migrating defense cells to the site of damage and 
removing damaged tissue. One of the main causes 
that delays the wound healing process is bacteria so 
effective antibacterial agents are necessary for 
wound dressing. By choosing the appropriate 
loading quantities, processing methods, and 
nanofillers, useful nanocomposites can be produced 
[3]. Rutin offers a wide range of potential 
therapeutic applications. It is also known as 
sophorin, quercetin-3-O-rutinoside, and Ruto side. 
It is a flavonoid glycoside made up of the flavonol 
quercetin and the disaccharide rutinose (α-L-
rhamnopyranosyl-(1→6)-β-D-glucopyranose). 
Rutin is a substance that is abundant in nature and 
may be found in plants, fruits, and vegetables. It is 
safe to eat on a daily basis [4]. But, because of their 
low bioavailability and poor solubility, they are not 
used more often even though they have a variety of 
biological functions [5]. 	

Rutin and chitosan nanocomposite possess 
many medical purposes. When treating stomach 
infections, chitosan nanoparticles are another 
efficient medication delivery method [6]. Chitosan 
and rutin-based wound dressings draw excess fluid 
out of the wound while maintaining the moist 
environment needed for wound healing [7]. 
Because of their ability to change to a variety of 
wound forms and sizes, nanocomposite wound 
dressings can be shaped into films, hydrogels, or 
nanofibers [8]. Urinary tract infections (UTIs) are 
one of the most common kinds of kidney infections. 
Chitosan prevents bacteria from growing in the 
urinary tract. In an attempt to stop the formation of 
microbial biofilm in catheter-associated urinary 
tract infections (CAUTI), fungal biomasses are 

created to deposit on the catheter surface with the 
help of chitosan [9]. It can also be used in 
respiratory tract infections by clearing the mucus 
and bacterial pathogens from the airways. Chitosan 
may function to prevent P. aeruginosa, a bacterium 
resistant to antibiotics, from producing pneumonia 
[10]. Chitosan interacts with collagen and 
extracellular matrix proteins, which helps in the 
formation of structured tissues. They promote 
factors necessary for wound healing and tissue 
regeneration. Angiogenesis and bone regeneration 
have been studied with chitosan hydrogels [11]. 	

Assays for protein leakage and cytoplasmic 
leakage offer important insights into the 
cytotoxicity of substances. New and better 
nanoparticle features were synthesized based on 
sizes and shapes with potential use in the medical 
field [12]. The cytoplasmic and protein leakage can 
be analyze using these environmentally benign 
techniques, which are also economical, non-toxic, 
and dependable [13]. It is crucial to assess the 
safety profile of materials used in biomedical 
applications. Pharmacies, chemicals, and 
environmental pollutants can be evaluated for 
toxicity via cytoplasmic and protein leakage 
studies. For example, in animal studies, Mn toxicity 
is decreased by Fpn expression, which can be 
examined [14]. Secondary metabolites of plants are 
unique and are produced naturally as byproducts of 
regular metabolism; they have little role in the life 
cycle of the plant. One such metabolite that works 
against bacteria that are drug-sensitive and resistant 
is flavonoids [15]. But in human beings, rutin helps 
in membrane stabilization by interacting with cell 
membranes and adjusting their fluidity. For 
example, Rutin supports cell membranes in human 
beings by verifying the protective effect of rutin 
against thiram-induced damage in human 
erythrocytes using cytoplasmic and protein leakage 
analysis [16]. 	

Chitosan interacts with bacterial cell 
membranes through electrostatic interactions, 
hydrogen bonding, and hydrophobic interactions. 
This interaction can disrupt the permeability of the 
bacterial membrane, resulting in leakage of 
cytoplasmic contents. This is seen in h pylori by 
targeting its cell membrane, causing leakage of the 
contents and promoting a successful treatment by 
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its property of adhering to the mucus of the stomach 
[17]. According to previous studies, cytoplasmic 
leakage is indicated by elevated cytoplasmic 
enzyme levels in the supernatant. Protein leakage is 
indicated by elevated protein levels in the 
supernatant. The chitosan rutin nanocomposite has 
increased cytoplasmic and protein leakage [18]. For 
example, increased amounts of lactate 
dehydrogenase or certain proteins in the 
extracellular medium due to bacteria could 
sometimes indicate cell death. Chitosan is 
employed as a tumour marker for rectal and colon 
cancer [19]. It has been demonstrated that rutin 
shields DNA from oxidative stress and genotoxic 
substances from various microorganisms. Rutin 
lessens DNA damage by primarily protecting it 
from the mutations of bacteria and also by 
preventing the damage of DNA strands, by 
scavenging free radicals, and by promoting DNA 
repair mechanisms. Rutin and chitosan under 
normal conditions showed no discernible 
cytotoxicity, even at high dosages [20]. As a result, 

it can also be used in bone degeneration as it 
maintains cell integrity in human beings [21]. 
Enterococcus faecalis is one of the primary bacteria 
that cause recurrent infections in the urinary tract, 
surgical wounds, dental root canals, and heart 
valves [21]. DNA isomerase IV may be inhibited by 
rutin, which also exhibits strong antibacterial 
activity against E. coli [22]. Chitosan interacts with 
bacterial cell membranes through electrostatic 
interactions, hydrogen bonding, and hydrophobic 
interactions. This interaction can disrupt 
the permeability of the bacterial membrane, 
resulting in leakage of cytoplasmic contents in 
bacteria like S. aureus, pathogenicity [23].	

MATERIALS AND METHODS:	

Preparation of Rutin-Chitosan Nanoparticle	

The 100 mg of rutin was dissolved in 1 mL of 
distilled water, similarly, 500 mg of chitosan was 
dissolved with 49 mL of distilled water and 1 mL of 
glacial acetic acid. 1 mL of rutin was added to 4 mL 
of chitosan to create the nanocomposite (Fig 1).	

	

	
Fig. 1. Schematic representation of Rutin-Chitosan Nanoparticles preparation	

Antimicrobial activity:	

The antimicrobial activity of rutin-incorporated 
chitosan nanocomposite formulation against wound 
pathogens, including Enterococcus faecalis, E. coli, 
Pseudomonas sp, and Staphylococcus aureus. 
Mueller-Hinton Agar was utilized for this activity 
to determine the zone of inhibition. Muller-Hinton 
agar culture dishes are made and sterilized at 121 
degrees Celsius for 15 minutes. The medium was 
placed on sterilized plates and left unobstructed 
until it solidified. The test organisms were swabbed 
after the wells were cut with 9mm sanitized 
polystyrene tips. Gels were diluted to various 

quantities (25 μL, 50 μL, and 100 μL) before 
loading into wells. An identical method was used 
with conventional wound healing gel. The plates 
were incubated at 37 degrees Celsius for 24 hours. 
The zones of inhibition were determined following 
the incubation [24].	

Time-kill curve Assay:	

The bactericidal characteristics and 
concentration-dependent relationship between rutin 
chitosan-based nanocomposite and the net 
development rate of Pseudomonas aeruginosa, 
Escherichia coli, Staphylococcus aureus, and E. 
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faecalis were evaluated using a time-kill curve 
assay at regular intervals. Time-kill curve study was 
done after the four-wound infection-causing agents 
were grown in Mueller-Hinton Broth augmented 
with varying concentrations of rutin chitosan 
nanocomposite (25, 50, and 100 µg/ml). As a 
standard, an antibiotic (such as Amoxyrite) was 
employed. To ensure that all infections had entered 
an ideal early-to-mid logarithmic phase, growth 
curves were constructed before the test after a four-
hour pre-incubation period in an antimicrobial-free 
medium. Each pathogen was produced as a 0.5 
McFarland of an inoculum in Sterile saline with 
phosphate buffer. These samples were obtained 
from cultures that were recently cultivated for 18-
20 hours at 37ºC on Mueller-Hinton agar 
plates.  Subsequently, 15 mL of antimicrobial-free 
Mueller-Hinton Broth medium, warmed up to 37°C, 
was used to dilute 30 µL of the inoculum. The 
resulting mixture was then equally distributed over 
each well of a 96-well ELISA plate, using 90 µL. 
Ten microliters of rutin-based chitosan 
nanocomposite, available in five different 
concentrations, were added to each well holding 90 
µL, and incubated beforehand with wound 
pathogens, along with the untreated control. A time-
kill curve experiment was used to assess the 
microbiological characteristics and influence of 
concentration connections between the facilitated 
rutin nanocomposite and eventual growth rate 
across scheduled periods. After cultivation of both 
oral pathogens in Muller-Hinton broth enhanced 
with varied quantities of rutin nanocomposites, a 
time-kill curve study was undertaken. Prior to the 
experiment, growth charts were done following a 
four-hour pre-incubation duration in a medium 
having no antimicrobial substances in order to 
ensure every infectious agent had attained a steady 
early-to-mid log phase. The quantity of dead cells 
was then determined at periodic times using a 600 
nm wavelength [24, 25].	

Cytoplasmic leakage analysis:	

Cytoplasmic components, including DNA and 
protein, are liberated from bacterial cells when they 
are treated with nanoparticles. Therefore, we have 
attempted to assess in this work the cytoplasmic 
leakage of bacterial cells following treatment with 
rutin chitosan nanocomposite. Microbial broth 

containing E. faecalis, E. coli, Pseudomonas, and S. 
aureus (10 mL) was cultivated in an incubator and 
left overnight.	

Protein leakage analysis:	

To estimate the amount of DNA. The culture 
was extracted the next day using centrifugation for 
10 minutes at 5000 rpm. After being cleaned, the 
pellet was again suspended in 1X PBS buffer (pH 
7.2). A bacterial cell density of 1 x 105 cells per 
millilitre was maintained. Following treatment with 
rutin chitosan nanocomposite, various aliquots of 
cell suspensions were incubated for three and five 
hours at room temperature. As a control, the 
bacterial culture without the rutin chitosan 
nanocomposite was used. As a standard, an 
antibiotic (such as Amoxyrite) was employed. 
Following a 10-minute centrifugation at 5000 rpm 
in an incubator, the luminescence of the supernatant 
was detected at 260 nm [26].	

The inquiry into protein leakage employed the 
Bradford test. For 24 to 48 hours, bacterial cells 
from S. aureus, P. aeruginosa, E. coli, and E. 
faecalis were exposed to different concentrations of 
rutin chitosan nanocomposite. The corresponding 
values were 25, 50, and 100 µg/mL. As a standard, 
an antibiotic (such as Amoxyrite) was employed. 
After treatment, the bacterial culture was 
centrifuged for 10 minutes at 3000 rpm to separate 
the uppermost phase, which was subsequently 
retrieved. Each sample required 200 µL of 
supernatant, which was then transferred to 96-well 
ELISA plates. These were incubated for 10 minutes 
in a dark setting with 50 µL of Bradford reagent 
added. At 595 nm, the optical density (OD) of the 
sample was determined [25, 27, 28].	

RESULTS  	

Antimicrobial activity: 	

The agar well diffusion method was used to 
assess the antibacterial capacity of the rutin-
incorporated chitosan nanocomposite formulation 
towards the subject wound pathogens (Fig. 2). The 
graph represents the developed formulation's 
antibacterial activity in opposition to the tested 
pathogens. At a dose of 100 µL, the formulation 
displayed the highest antibacterial efficacy against 
C. albicans (12 mm), S. aureus (32 mm), and S. 
mutans (22 mm), but no inhibition for E. faecalis. 
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However, in comparison to the normal amoxyrite, 
the produced formulation displayed somewhat less 

antibacterial efficacy, other than in S. aureus (Fig 
2). 	

	

Fig. 2. Antimicrobial activity of rutin-incorporated chitosan nanocomposite formulation against 
wound pathogens; E. faecalis, E. coli, Pseudomonas sp, and S. aureus.	

Time Kill Curve analysis:	

The decreased optical density, the stronger the 
antibacterial activity. The results revealed that the 
studied microorganisms were totally suppressed by 

Rutin + Chitosan NPs. At 5 hours, E. coli showed 
maximum growth inhibition with 0.2 optical density 
at a concentration of 100 μL. S. aureus exhibited 
0.1 optical density at 100 μL concentration, as 
shown in (Fig. 3).	

	

Fig. 3. A time-kill curve assay was performed in MHB media, and Optical density values were used to 
assess the antibacterial activity of Rutin + Chitosan NPs against E. faecalis, E. coli, Pseudomonas sp., and S. 
aureus.	

Protein leakage analysis	

The E. faecalis at 25, 50 and 100 µg/mL 
showed optical densities of 0.354, 0.371, 0.397, 
respectively, while the standard showed the optical 
density of 0.412. And the control showed an optical 
density of 0.325. E. coli at 25, 50 and 100 µg/mL 

shows optical density of 0.368,0.389,0.406, 
respectively, while the standard showed optical 
density of 0.425 and the control showed optical 
density of 0.341. Pseudomonas sp at 25, 50 and 100 
µg/mL shows optical density of 0.425, 0.456, 
0.487, respectively. The standard had an optical 
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density of 0.49. And the control revealed an optical 
density of 0.411. S. aureus at 25, 50 and 100 mL 
showed optical density of 0.388, 0.4160.432 
respectively. In contrast, the standard had an optical 
density of 0.456. And the control revealed an 
optical density of 0.371 (Fig 4). It shows that the 
optical density of the protein leaked is more than 

the control at all concentrations and less than the 
standard at all concentrations. However, the 
difference in leakage between the composite and 
standard is less at higher concentrations, indicating 
that the protein leakage increases with 
concentration.	

	

	
Fig. 4. Protein leakage analysis with rutin and chitosan at different concentrations was taken 

against pathogens; E. faecalis, E. coli, Pseudomonas sp and S. aureus.	

Cytoplasmic leakage analysis	

The E. faecalis at 25µg/ml,50µg/ml,100µg/ml 
shows optical density of 0.324, 0.348, 0.367, 
respectively, while the standard showed optical 
density of 0.389, and the control showed an optical 
density of 0.311. E. coli at 25 µg/mL, 50 µg/mL, 
and 100 µg/mL shows optical density of 0.351, 
0.369, and 0.381, respectively, while the standard 
showed optical density of 0.394, and the control 
showed optical density of 0.326. Pseudomonas sp at 
25µg/mL, 50µg/mL and 100µg/ml shows optical 
densities of 0.418, 0.435, and 0.466, respectively, 

whereas the standard had an optical density of 
0.478. And the control revealed an optical density 
of 0.401. S. aureus at 25 µg/mL, 50 µg/mL and 100 
µg/mL shows optical densities of 0.406, 0.427, and 
0.454, respectively, while the standard showed the 
optical density of 0.468. The control showed an 
optical density of 0.387. It shows that the optical 
density of the cytoplasmic content leaked is more 
than the control at all concentrations and less than 
the standard at all concentrations. It shows that the 
rutin chitosan nanocomposite shows better 
cytoplasmic leakage than the control, but not the 
standard (Fig 5).	
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Fig. 5. Cytoplasmic leakage analysis with rutin and chitosan at different concentrations was taken 
against pathogens; E. faecalis, E. coli, Pseudomonas sp, and S. aureus.	

In our study, rutin was incorporated with 
chitosan to check their antibacterial activities 
compared to the control.  Rutin and chitosan both 
possess a lot of unique characteristics, and their 
combination gives significantly higher antibacterial 
activities. They have different mechanisms against 
gram-positive and gram-negative bacteria. At 100 
ug/ml concentration, they showed the maximum 
antibacterial activity compared to 25µg ml and 50 
µg/ml.  Rutin and chitosan in combination with 
other components showed great antimicrobial 
activities, which are already quoted in lots of 
previous studies. Rutin was incorporated with 
chitosan to analyze the cytoplasmic and protein 
leakage of E. faecalis, E. coli, Pseudomonas, and S. 
aureus. compared to the control and 
standard.  Protein leakage analysis is used to 
determine the denaturation of proteins present in the 
cytoplasm of bacteria that showed a significant 
optical density than the control. Similarly, 
cytoplasmic leakage analysis is used to determine 
the cytoplasmic contents that come out of the cell. 
The optical density showed promising results. This 
analysis is helpful in determining the antimicrobial 
activity. There are lots of previous studies that can 
justify our results.	

Protein leakage in bacterial infections may be 
caused by disruptions or damage to the bacterial 
cell membrane. This leakage may cause the bacteria 
to perform less well, which may result in cell death. 
Because of its antioxidant qualities, rutin may have 
an impact on the integrity of the bacterial 
membrane or the bacterial cell wall, which could 
indirectly cause protein leakage. In a previous 
research study, it was seen that the incorporation of 
chitosan with amino acids by cross-linking, 
blending, and grafting showed potential wound-
healing processes. Chitosan incorporated with ficin 
shows increased efficacy against Staphylococci 
[28]. In another study, rutin hydrate and rutin with 
amikacin combination showed antibacterial 
activities against strains of S.aureus, Klebsiella 
Pneumonia, and Acinetobacter Baumannii [29]. 
The uses of rutin and chitosan very similar to our 
study have been quoted by other studies as well. A 
flavonoid-rich extract of Glycyrrhiza glabra can be 

used in gastrointestinal, metabolic, and 
psychological disorders involving bacteria [30]. In 
another research, Rutin ant virulence mechanisms 
included downregulating certain genes as well as 
having an effect on the synthesis of P. aeruginosa 
and disrupting the permeability of membranes [31-
36]. There are other research studies similar to our 
study that have successfully shown the cytoplasmic 
and protein leakage analysis of chitosan rutin 
nanocomposite. The nanoparticles-laden contact 
lens has enhanced antibiotic efficacy against 
vancomycin, which is used in the treatment of 
bacterial keratitis. It is generally inactive against 
gram-negative bacteria, but with nanoparticles, it 
act against Proteus mirabilis and Pseudomonas 
aeruginosa [32,37-40]. In another study, because of 
their effective cytotoxic effects, biogenic routes, 
particularly the plant-based manufacture of 
selenium nanoparticles (SeNPs), are safe, 
environmentally benign, and thought to be among 
the finest methods for treating cancer [33,41-42]. 
Right now, the blueprint for nanoengineering 
focuses on customizing the surface structure of 
nanoparticles in combination with biopolymers 
derived from secondary metabolites of plants. By 
improving their surface properties at the nanoscale, 
the' area of applicability is expanded [43].	

CONCLUSION	

In summary, the synthesized rutin chitosan 
nanocomposite demonstrated significant 
antibacterial activity against the investigated wound 
pathogens P. aeruginosa, E. coli, E. faecalis, and S. 
aureus. This is confirmed by the results of both 
agar-well diffusion and time-kill curve 
investigations. According to this study, 
environmentally safe rutin chitosan nanoparticles 
may offer a possible substitute for conventional 
synthetic medications that may have negative side 
effects in a variety of therapeutic applications. The 
cytoplasmic and protein leakage analysis was done 
with the help of rutin chitosan nanocomposite for E. 
faecalis, E. coli, Pseudomonas, and S. aureus. This 
was confirmed with the cytoplasmic assay and 
Bradford assay. At different concentrations, the 
gram-positive and gram-negative bacteria showed 
significant cytoplasmic and protein leakage, but less 
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than the standard antibiotic in some cases. The 
results confirmed that rutin chitosan nanocomposite 
can be used in further studies of microbial activities 
in the field of medicine in the future.	
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