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ABSTRACT 

 

 
Background and Objectives: Staphylococcus aureus is an opportunistic pathogen that frequently leads to asymptomatic 

infections. Methicillin-resistant strains (MRSA) pose a significant threat as they are resistant to most commonly used antibi- 

otics, complicating treatment efforts. This study aimed to develop chitosan nanogels loaded with vancomycin and IFN-γ and 

to assess the expression of the TNF-α gene in a cell line infected with MRSA. 

Materials and Methods: Following the synthesis and confirmation of the chitosan nanogels, vancomycin and IFN-γ were 

incorporated into these nanogels. The synthesis was validated using DLS, FTIR, TEM, and SEM. Subsequently, the anti- 

bacterial efficacy of the nanogels was assessed. Finally, four groups of cell lines were designed: control, MRSA, chitosan 

nanogels and IFN-γ-vancomycin chitosan nanogels. After infection of the groups (except control) with MRSA, 5 μg/mL of 

nanogels, and nanogels (drug and IFN-γ) were added to groups 3 and 4, respectively. Then the expression of TNF-α gene in 

each group was analyzed by RT-PCR at 6 and 24 hours. 

Results: At pH 6.5 and 7.4, the MIC of 1 μg/mL was obtained for free vancomycin, whereas that of IFN-γ-vancomycin 

nanogels at both pHs was respectively 8 and 64 μg/mL. The IC50 of chitosan nanogels and nanogels loaded with vancomy- 

cin-IFN-γ on RAW264.7 cells were 2.37 and 4.15 μg/mL in 24 hours, respectively. In group 4 in comparison to the MRSA 

group, TNF-α expression decreased significantly following 24 hours. 

Conclusion: Loading of vancomycin and IFN-γ in the chitosan nanogel can reduce TNF-α gene expression on MRSA in- 

fected cell lines. 

 
Keywords:  Tumor   necrosis   factor   (TNF-α);   Methicillin-resistant  Staphylococcus   aureus   (MRSA);  Vancomycin; 

Interferon-gamma (IFN-γ) chitosan nanogels 

 
INTRODUCTION 

 
The resistance of bacteria against antibiotics is in- 

creasing, this issue has caused researchers to think of 

replacing effective antimicrobial agents with less side 

effects (1). The development of antibiotic resistance 

mechanisms by pathogenic microorganisms has be- 

come a serious concern (1). 

These resistance mechanisms are due to several 

factors,  including  enzymes  and  genetic  mutations 

in pathogenic factors that cause infectious diseases. 

These factors have encouraged researchers to design 
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new antimicrobial agents against pathogenic agents 

to control infections (1, 2). Staphylococcus aureus 

is a gram-positive pathogen that is commonly found 

in the respiratory tract, wounds, urinary tracts, and 

other sites. Among the many microorganisms that 

develop resistant strains, Staphylococcus aureus is a 

serious challenge (3). 

This bacterium is a dangerous pathogen due to the 

potential of resistance to antibiotics (4). For example, 

acquiring the mecA gene and producing a special 

protein called penicillin-binding protein (PBP2a), 

strengthens Staphylococcus aureus and makes it re- 

sistant to penicillinase-resistant beta-lactams (meth- 

icillin or oxacillin) (5). Methicillin-resistant Staphy- 

lococcus aureus (MRSA) is resistant against several 

beta-lactam antibiotics, like oxacillin and methicillin, 

and also other major antibiotic classes, like macrolides 

and some fluoroquinolones. MRSA leads to chronic 

wound infections and is the main cause of soft tissue 

and skin infections (6). Vancomycin is still widely 

used to combat the increasing number of MRSA in- 

fections (7). Although vancomycin has been used for 

more than 40 years, it is still the standard treatment 

for infections caused by MRSA. Reports indicate that 

clinical treatments involving vancomycin have been 

unsuccessful due to the emergence of S. aureus strains 

with decreased susceptibility to the drug (7). Current- 

ly, the use of cytokines has become a significant and 

effective therapeutic approach for stimulating the im- 

mune system and initiating protective responses that 

influence various aspects of immune function (8, 9). 

IFN-γ due to its vital functions and its multiple im- 

mune protection, is one of the powerful cytokines that 

can be administered systemically or locally (10). This 

cytokine is mainly produced by natural killer (NK) 

and T cells and regulates a wide range of pathological 

responses (11). IFN-γ is a potent proinflammatory cy- 

tokine during innate and acquired immune responses 

in microbial infections (12). This cytokine has be- 

come an attractive therapeutic alternative due to its 

immune modulating abilities (10). Currently, antibi- 

otic delivery systems using nanoparticles are one of 

the effective strategies to improve the antimicrobial 

potential of antibiotics (13, 14). Additionally, antibi- 

otic delivery systems that utilize nanoparticles offer 

numerous benefits, such as enhancing the solubility 

of poorly water-soluble drugs, prolonging the drug’s 

half-life and systemic circulation time, and reducing 

the required drug doses, which in turn minimizes side 

effects and improves patient outcomes (15). Chitosan 

is a widely available natural biopolymer sourced from 

the exoskeletons of crustaceans. It has been effective- 

ly utilized in nanomedicine as a delivery system for 

drugs and proteins due to its remarkable biocompat- 

ibility, biodegradability, non-toxicity, and inherent 

antimicrobial properties, as well as in gene therapy 

(16, 17). In sepsis, the activation of pro-inflammatory 

mechanisms is a common occurrence, often indicated 

by changes in the expression of specific biomarkers 

(18). Circulating cytokines, particularly TNF-α and 

certain interleukins, are closely linked to the onset of 

sepsis and septic shock (18, 19). Consequently, this 

study aims to examine the impact of chitosan nano- 

gels loaded with vancomycin and gamma interferon 

on the expression of the TNF-α gene in a macrophage 

cell line infected with MRSA. 
 

 
 
MATERIALS AND METHODS 

 
Synthesis of chitosan nanogels. First, chitosan 

(Fluka Biochimica Darmstadt, Germany) was pre- 

pared at a ratio of 0.3% (w/v) in an aqueous solution 

of 1% (v/v) acetic acid and stirred overnight, and its 

pH was adjusted to 4.6 using 10N NaOH. Then, trip- 

olyphosphate (TPP) (Merck Darmstadt, Germany) 

was also dissolved in distillated water (0.3% (w/v)) 

and then added to the chitosan solution with a ratio 

of 5:1. In order to separate the chitosan nanogels, the 

chitosan-TPP solution was centrifuged (12000 rpm / 

15 minutes) and the supernatant was discarded. The 

solution was again sonicated in the range of 35 KHZ 

for 2 minutes and the centrifugation step was repeat- 

ed. Finally, the sediment was frozen and dried at a 

temperature of -80 (14). 

 
Characterization of nanogels: Dynamic light 

scattering (DLS). DLS is a physical technique em- 

ployed to assess the distribution of particles within 

solutions and suspensions. This rapid and non-inva- 

sive method is utilized to measure particle sizes rang- 

ing from a few nanometers to microns. To measure 

the diameter of nanoparticles and their dispersion, 

after dissolving the nanogels in water, the resulting 

mixture was dispersed in a water bath by ultrason- 

ic waves and analyzed by DLS (Malvern instrument 

Ltd., UK). 

 
Fourier     transform     infrared     spectroscopy 

(FTIR). In FTIR, each functional group has one or 
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more specific peaks in different wave numbers. To 

prepare the samples for FTIR analysis, a very small 

amount of the nanogel (about 1 mg or less) was mixed 

with dry KBr at a ratio of 1:100 and finally analyzed 

by the JASCO FTIR-410 device in the mid-IR spec- 

trum region (400-4000 cm-1) (20). 

Macrophage cell line culture. The mouse mac- 

rophage cell line RAW264.7 was sourced from the 

Pasteur Institute of Iran. The cells were cultured in 

DMEM medium enriched with 10% fetal bovine se- 

rum (FBS; Gibco, USA), along with 100 U/mL peni- 

cillin (Sigma) and 100 μg/mL streptomycin (Sigma). 

They were incubated at 37°C in a humidified environ- 

Scanning electron microscopy (SEM) and trans- 

mission electron microscopy (TEM). Surface mor- 

ment containing 5% CO (21, 22). 

phology and structure of the IFN-γ-vancomycin nano- 

gels were analyzed by SEM (XL 30, Philips, USA) 

and TEM (Leo 906, Zeiss100KV model, Germany). 

SEM images of nanogels were obtained after coating 

with a thin film of gold (60 mA current, 25 kV; 40 s). 

TEM images were also taken by deposition of nano- 

Cytotoxicity assay. Initially, the nanogels were 

sterilized using UV irradiation for 30 minutes, then 

the in vitro toxicity was assessed against RAW264.7 

macrophages. In summary, cells were cultured at a 

density of 1.5 × 10^4 per well in a 96-well tissue cul- 

ture plate using DMEM supplemented with 10% FBS 

gels onto carbon film grid directly and observed. and incubated at 37°C in a 5% CO environment for 

 
Loading of vancomycin and interferon gamma 

on chitosan nanogel. A total of 100 mg of chitosan 

nanogel was mixed with 10 cc of deionized water 

that contained 1 cc of vancomycin (Sigma-Aldrich 

GmbH, Germany) at a concentration of 2 mg/mL. 

This mixture was then placed on a magnetic stirrer 

at room temperature for 24 hours. Then the solution 

was poured into a falcon and centrifuged twice at 

14000 RPM and 24oC. The supernatant solution was 

collected to measure the amount of drug loading and 

the resulting sediment containing nanodrug was also 

analyzed by fluorescence spectrophotometer. For in- 

terferon gamma loading, 100 microliters of interfer- 

on gamma (R&D System, USA) (200 μg/mL) were 

added to 10 cc of chitosan nanogel containing van- 

comycin, and after centrifugation (14,000 RPM), the 

precipitate and the supernatant were analyzed by by 

IFN-γ ELISA DuoSet kit (R&D System, USA) at 405 

nm and measured using an ELISA reader (TECAN, 

USA) (14, 21). 

 
In  vitro  evaluation  of  antimicrobial  effect of 

nanogels. The antimicrobial activity of nanogels was 

evaluated using the MIC through the microdilution 

method. To conduct this study, a suspension of MRSA 

(ATCC 33591) was prepared at a concentration of 5 × 

105  CFU/mL, sourced from the Pasteur Institute of 

Iran. This bacterial suspension was then treated with 

vancomycin and nanogels at varying concentrations 

(0.5 to 1024) and at two different pH levels, 6.5 and 

7.4. The MIC was defined as the lowest concentra- 

tion of the drug and nanogels that effectively inhibited 

bacterial growth (14, 16). 

24 hours. The cells were then treated with nanopar- 

ticles at various concentrations (0.1, 1, 5, 10, and 15 

µg/mL) for an additional 24 hours. Following this, 10 

µL of MTT (5 mg/mL) was added to each well and 

incubated for 4 hours. After incubation, the cells in 

each well were washed with PBS buffer, and 100 μL 

of DMSO was added to each well. The absorbance 

was subsequently measured at 490 nm using a micro- 

plate reader (21, 22). 

 
Activation of cell lines with MRSA. Four groups 

of cell lines were designed: control, MRSA, chi- 

tosan nanogel and IFN-γ-vancomycin chitosan 

nanogel groups. In each group 104  cells were seeded 

in the wells of a 96-well plate. Then groups 2 to 4 

were infected with MRSA at a ratio of 100:1 (bac- 

teria:cell) and were incubated for 1h at 37°C in 5% 

CO . Nanogels were diluted with DMEM contain- 

ing  10%  FBS  and  5  μg/mL  of  chitosan  nanogels 

and IFN-γ-vancomycin chitosan nanogels were add- 

ed to groups 3 and 4, respectively. After 24 hours 

of  incubation,  cells  were  harvested  for  real  time 

PCR (22). 

 
cDNA synthesis and RNA extraction. The RNA 

of the treated cells was extracted using RNSol solu- 

tion (Roge Technology Co., Iran) and according to 

the company's instructions. The optical absorbance of 

RNA at a wavelength of 260 to 280 nm was calculated 

between 1.2 and 1.9 μg/mL by the Nanoellsdrop de- 

vice (Thermo scientific - USA), which indicated the 

purity of the extracted RNA. Then, cDNA generation 

was performed by RT-ROSET kit (Roge Technology 

Co., Iran). 
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Evaluation  of  TNF-α  gene  expression  by  Re- 

al-time PCR approach. Real-Time PCR was done 

using Takara SYBR Premix Ex TaqTM II kit TNF-α 

and β-actin (reference gene) primers. The sequences 

of TNF-α and β-actin genes were obtained from the 

NCBI website and their forward and reverse primers 

were designed and synthesized (Table 1). Real Time 

PCR program was as follows: 95°C (1 min), 95°C (15 

s), 60°C (60 s) for 60 cycles. All reactions were con- 

ducted three times and gene expression alterations 

were determined by the 2-ΔΔCT  method (21). 

 
Statistical analysis. Statistical analysis was con- 

ducted using GraphPad Prism 9 software, employing 

one-way analysis of variance and T-tests, with a sig- 

nificance level set at P < 0.05, indicating a meaningful 

difference. 
 

 
 

RESULTS 

 
DLS results. As mentioned, this method determined 

the size of particles. In this research, (Fig. 1a) shows 

the DLS of chitosan nanogel, whose particle distribu- 

tion is estimated to be 67.75 nm. In the case of nanogel 

loaded with vancomycin and interferon gamma, the 

particle distribution was calculated to be 338.38 nm 

(Fig. 1b). 

 
FTIR analysis. The structural characteristics of 

chitosan nanogels and IFN-γ-vancomycin nanogels 

are shown in Fig. 2. Investigations showed that the 

presence of a peak at the wavelength of 3454 indicates 

the presence of the hydroxyl agent (OH) and also the 

presence of a peak at the wavelength of 2923 indicates 

the CH stretching vibration of methyl and methylene 

groups in chitosan nanogel (Fig. 2a). In the case of 

vancomycin, the presence of 1665 and 1226 peaks 

corresponding to C=O and phenolic hydroxyl groups, 

respectively, indicates the loading of this drug in chi- 

tosan nanogel. Also, the amide bonds (amides I- III) 

and carboxyl group in FTIR indicates the existence 

 
Table 1. Sequence of primers used in Real-time PCR 

of protein. Therefore, the presence of 1365 and 1779 

peaks related to the amide III group and the carboxyl 

group indicates the loading of interferon in the nano- 

gel (Fig. 2b). 

 
SEM and TEM analysis. The size and morphology 

of nanogels were determined using TEM and SEM, 

and the images showed that these nanogels are mostly 

spherical in shape, and in some places, the accumula- 

tion of particles and the agglomeration of nanoparti- 

cles were observed (Figs. 3a and 3b). 

 
Vancomycin and IFN-γ release results. The quan- 

tities of vancomycin and IFN-γ loaded into the sys- 

tem were measured using a fluorescence spectropho- 

tometer. The initial concentration of vancomycin for 

loading was set at 600 ppm, with the unloaded con- 

centration calculated to be 78.23 ppm. Consequently, 

the amount of vancomycin incorporated into the chi- 

tosan nanogel was 526.34 ppm, resulting in a loading 

efficiency of 87.66%. For IFN-γ, the initial and un- 

loaded concentrations were 350 ppm and 93.34 ppm, 

respectively, leading to a loading of 236.44 ppm and 

a loading efficiency of 67.42%. The release of van- 

comycin and IFN-γ from the chitosan nanogels at a 

pH of 7.4 was assessed over 24 hours using a fluores- 

cence spectrophotometer and the IFN-γ ELISA Du- 

oSet kit, respectively. The findings indicated that as 

the nanogel remained in the environment for a longer 

duration, the release of both vancomycin and IFN-γ 

increased (Fig. 4). 

 
MIC test result. The MIC of vancomycin against 

MRSA strain was 1 μg/mL, which indicates that these 

strains are sensitive to vancomycin. Antibacterial 

activity of chitosan nanogel and IFN-γ-vancomycin 

chitosan nanogels against MRSA strain was tested 

using microdilution method. In the case of chitosan 

nanogel, MIC was 1024 μg/mL at both pH 6.5 and 7.4. 

In the case of IFN-γ-vancomycin chitosan nanogels 

at pH 6.5 and 7.4, the MIC was respectively 8 and 64 

μg/mL (Table 2). 

 
Gene 

TNF-α 
 

 
B-actin 

(Reference gene) 

Primer sequence 

Forward: 5'- CCAGGAGAAAGTCAGCCTCCT -3' 

Revers: 5'- TCATACCAGGGCTTGAGCTCA -3' 

Forward: 5’- AGAGCTATGAGCTGCCTGACG -3’ 

Revers: 5’- CTGCATCCGGTCAGCGATAC -3’ 
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Fig. 1. DLS results of nanoparticles (a) chitosan nanogel (b) IFN-γ-vancomycin nanogels 
 

 
 

 
 

Fig. 2. FTIR of (a) chitosan nanogel (b) IFN-γ-vancomycin nanogels 
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Fig. 3. SEM (a) and TEM (b) analysis of IFN-γ-vancomycin nanogels 
 

 

 

Fig. 4. Release of vancomycin and IFN-γ from nanogel in 

24 hours 
 

 
Table 2. Minimum inhibitory concentration (MIC) of nano- 

gels against MRSA 

                                                                                                       Fig.  5.  The  viability  of  RAW264.7  cells  with  chitosan 

MIC (µg/mL) 

Vancomycin 

Chitosan nanogel 

IFN-γ-vancomycin chitosan nanogel 

pH= 6.5 

1 

1024 

8 

pH= 7.4 

1 

1024 

64 

nanogels and IFN-γ-vancomycin nanogels. *p < 0.05, **p 

< 0.01. 

 
Results of TNF-α gene expression by real-time 

PCR.  TNF-α  expression  in  healthy  and  infect- 

ed cell lines with MRSA was evaluated at 6 and 

Cytotoxicity of nanogels to RAW264.7 cells. 

Treatment of RAW264.7 cells with chitosan nanogels 

and  IFN-γ-vancomycin  chitosan  nanogels  showed 

that with increasing concentration of both nanogels, 

their cytotoxicity on cells also increases. According 

to (Fig. 5), the results showed that at concentrations of 

10 and 15 μg/mL, IFN-γ-vancomycin nanogels have 

more toxicity on cells in comparison to the untreat- 

ed group (p<0.05). The IC50 of chitosan nanogels 

and IFN-γ-vancomycin chitosan nanogels against 

RAW264.7 cells were 2.37 and 4.15 μg/mL in 24 

hours, respectively. 

24 hours using real-time PCR analysis. Six hours 

after infecting the cells with MRSA, the level of 

TNF-α gene expression increased significantly 

(p<0.01) compared to the controls (Fig. 6a). Fig. 6b 

shows a significant reduction (p<0.001) of TNF-α 

gene   expression   in   the   chitosan   nanogels   and 

IFN-γ-vancomycin  nanogels  groups  compared  to 

the MRSA group after 24 hours. In the same group 

that received chitosan nanogel (empty nanogel), a 

decrease in gene expression was observed compared 

to the MRSA group, but this decrease was not signif- 

icant. 
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Fig. 6. TNF-α gene expression at different times. (a) 6 hours, (b) 24 hours after infection of cells with MRSA. **p < 0.01, 

***p < 0.001 

 
DISCUSSION 

 
Utilizing cytokines represents a significant and ef- 

fective approach for enhancing the immune system 

and triggering protective responses. While the ap- 

plication of cytokines in cancer immunotherapy has 

significantly increased, their use is often restricted 

due to potential side effects, as systemic delivery 

can result in negative outcomes. However, in some 

patients, cytokine therapy has had many advantages 

and has obtained a better prognosis (9). On the other 

hand, the widespread and uncontrollable use of anti- 

biotics causes resistance to many pathogens and is a 

serious threat to health. For example, in some coun- 

tries, 25% of dangerous staphylococcal isolates are 

MRSA (23, 24). Vancomycin is widely used against 

MRSA infections (7), But now vancomycin doses are 

increasing for the treatment of MRSA. Furthermore, 

the use of a high-dose vancomycin regimen against 

severe infections has little effect on MRSA eradi- 

cation (25, 26). On the other hand, treatment-relat- 

ed side effects (especially nephrotoxicity) should be 

considered (25, 26). However, encapsulating drugs 

and cytokines in nanoparticles can reduce their side 

effects and also improve their therapeutic effects. 

Consequently, chitosan, a biodegradable nanopoly- 

mer, which plays a crucial role in this area because 

of its superior encapsulation capabilities, controlled 

release properties, and low toxicity (20). It seems that 

chitosan with a positive charge can interact with the 

cell membrane with a negative charge and open tight 

junctions between epithelial cells and cause the trans- 

fer of macromolecules in the epithelial tissue and 

the absorption of hydrophilic macromolecule drugs 

(27). In this research, the therapeutic combination of 

vancomycin and gamma interferon was used in the 

chitosan nanogel structure and the release of vanco- 

mycin and interferon gamma was investigated. Our 

results showed that the release rate of this drug from 

nanoparticles increases with time. In the study of 

Lee et al. they also showed that the release of vanco- 

mycin from Silica xerogel-chitosan hybrids increases 

with time, so that after 31 days, they observed the 

highest release rate of this drug from these hybrids 

(28). Also, in another study, Faraji et al showed that 

the release of interferon gamma from hyaluronic acid 

nanogel increases with time in 24 hours (21). 

On the other hand, our studies also showed that 

the MIC of nanogels loaded with vancomycin and 

interferon gamma is lower at pH 6.5 in comparison 

to pH 7.4. Karakeçili et al. also loaded vancomycin 

as an antibiotic into ZIF8 nanocrystals (ZIF8/VAN) 

for pH-sensitive controlled release. Their results 

showed that vancomycin loaded in ZIF8 nanocrys- 

tals are released from chitosan scaffolds by pH-con- 

trolled method. They also showed that about 70% 

of vancomycin was released over 8 hours at pH 5.4, 

whereas it was about 55% at pH 7.4, which indicates 

that the release of vancomycin increases in acidic 

conditions (29). Therefore, pH appears to be an at- 

tractive stimulus for targeted antibiotic delivery, as 

some bacteria, such as S. aureus, MRSA, and bac- 

teria causing dental decay produce acid (14). In this 

study, the effects of chitosan nanoparticles were also 

investigated. Different studies have shown that chi- 

tosan nanoparticles alone have a microbicidal effect 

on many microorganisms (30). Also, studies have 

shown that these nanoparticles can have antibacte- 
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rial activity as an anti-staphylococcal compound, 

especially against MRSA (31, 32). The group that 

received only chitosan nanogel showed a decrease 

in TNF-α gene expression compared to the MRSA 

group. On the other hand, it has been shown in a 

research  that  peritoneal  macrophages  stimulated 

with Staphylococcus aureus can produce reactive 

oxygen species (nitric oxide, superoxide, and hydro- 

gen peroxide) and cytokines like TNF-α and IL-1β 

(33). The binding of these cytokines to their recep- 

tors induces the expression of some cytokines and 

inflammatory genes  (34).  Therefore,  the  decrease 

or increase in TNF-α gene expression is somehow 

directly  associated  with  staphylococcal  infection. 

In this study, IFN-γ was also used to increase the ef- 

ficiency of cell lines infected with MRSA, and the 

results of the groups that received IFN-γ-vancomy- 

cin nanogels showed that this cytokine together with 

vancomycin can significantly decrease TNF-α gene 

expression. The reduction of TNF-α gene expression 

can be related to the function of macrophages as one 

of the important sources of TNF-α production (35). 

In our study, the effectiveness of IFN-γ in the group 

receiving IFN-γ-vancomycin nanogel increased sig- 

nificantly over time compared to the MRSA group. 

The pharmacological effect of vancomycin is due to 

its ability to inhibit bacterial cell wall biosynthesis. 

Vancomycin is non-covalently attached to a precur- 

sor in bacterial cell wall biosynthesis and inhibits 

peptidoglycan synthesis. In addition, vancomycin 

increases the permeability of the bacterial cell wall 

and inhibits RNA synthesis (36). On the other hand, 

IFN-γ is a major activator of macrophages and in- 

creases their ability to kill microorganisms by pro- 

ducing mediators such as nitric oxide and superox- 

ide production (37, 38). IFN-γ also activates various 

efflux systems that remove essential cations from 

pathogens,  thereby  inhibiting  their  growth  within 

the host (39). Conversely, research indicates that chi- 

tosan nanoparticles exhibit greater antibacterial ac- 

tivity compared to chitosan itself, attributed to the 

unique properties of nanoparticles. Polycationic chi- 

tosan nanoparticles, which possess a higher surface 

charge density than chitosan, can adhere to the sur- 

faces of bacteria and diminish the thickness of their 

cell walls. Reduction in the thickness of the cell wall 

leads to the release of intracellular potassium and the 

leakage of intracellular components and causes the 

destruction of bacteria (16). Therefore, it has been 

stated that loading vancomycin in the nanostructure 

is an effective drug delivery system for drug-resistant 

Staphylococcus aureus, which can have high antimi- 

crobial activity (16). Finally, according to the prop- 

erties of nanoparticles, the antimicrobial activity of 

vancomycin and the effect of interferon gamma on 

increasing the activity of macrophages, the results of 

this research also indicated that the groups which re- 

ceived IFN-γ-vancomycin nanogels compared to oth- 

er groups showed a marked decrease in TNF-α gene 

expression, which indicates the synergistic effect of 

these two compounds on MRSA infected cells. 
 

 
 
CONCLUSION 

 
Nowadays, due to the increase in drug resistance, 

the use of combined therapy methods is very useful. 

On the other hand, high doses of drugs and cytokines 

lead to side effects in humans. Therefore, the use of 

nanoparticles as a carrier is rapidly expanding. The 

results of this research showed that loading of vanco- 

mycin and gamma interferon in the chitosan struc- 

ture and its effect on MRSA infected cell lines can 

reduce TNF-α gene expression. 
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