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Abstract 

Immunostimulatory agents are the one which stimulate the immune system and provides 

protection against various infectious diseases.Polysaccharides have proved to have beneficial 

role in the treatment of many pathological conditions.N-Acetyl D-glucosamine(NAG) is a 

monomer of polysaccharide,Chitin.The main aim of current work is to study 

immunostimultory effect of NAG on RAW264.7 macrophages,as the macrophages are the 

first cells which recognises the pathogen that cause infections.To this macrophages various 

test doses of NAG were administered during the study period and allowed to observe various 

parameters that support  immunostimulatory effects.Results were obtained from triplicates 

were  statistically analysed for  significance.  

Keywords: N-Acetyl D-glucosamine, immune system,immunostimulation,polysaccharides, 

RAW264.7 macrophages 
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Introduction 

 Immunity is a speific host response against human pathogens to protect the human body 

from diseases caused by the entry of foreign pathogens.Immune response of the body is very 

important to combat various infectious diseases through the release of immunomodulators
1
. 

Among these immune cells, macrophages play a major role in the innate immune system. 

Innate immune system known to protect the human body from invading foreign pathogens by 

phagocytosis
2
 . Moreover, macrophages activate the immune cells like T- lymphocytes and B 

–lymphocytes, which are responsible for the acquired immune response produced through the 

antigen –antobody reactions and the secretion of inflammatory mediators such as nitric oxide 

(NO), inducible Nitric oxide synthase (iNOS), interleukin-1β(IL1β), interleukin-6 (IL-6) and 

tumor necrosis factor-α (TNFα)
3
. Thus, macrophages play main role in both innate immunity 

response and acquired immunity.As the macrophages are involved  all the types of 

immunities, activation of macrophages is an important step that can eventually block the 

development of infectious diseases
4
. Macrophages consist of  a specific receptors  known as 

Toll like receptors(TLR),binding of molecules to which results in activation of macrophages 

and release of inflamtory mediators through mitogen activated protein kinase(MAPK),nucler 

factor kappa B(NF- κB) and PI3K/AKT signaling pathways
5
. 

                   Polysaccharides are one of the crucial class of polymers with high nutritional 

value and industrial utility.They are not only the building blocks of living organisms but also 

responsible for several biological signals  in cell-cell communication, immune recognition, 

and mitogenesis
6.

In addition, unique physicochemical properties and biological functions of 

polysaccharides render them used as antioxidant, antitumor, wound healing, and 

immunostimulatory activities
7.

According to the Food and Agriculture Organization 

(FAO),various indigestible plant polysaccharides such as cellulose, hemicelluloses, pectins, 

oligosaccharides, and gums are used as dietary fibers. Polysaccharides derived from plants  

and are  non-toxic to humans  when compared to the chemically synthesized 

polysaccharides
8
. Now a days,polysaccharides have been attracting the attention of human 

kind  as immunoboosters. 

                  Chitin is a polymer of N-acetylglucosamine, which is the most abundant 

polysaccharide in nature. The wide sources of Chitin are crustacean shells, insect cuticles, 

and fungal cell walls
9
. The low solubility of chitin limits its applications in various fields. 

Chitosan is the deacetylated  product of Chitin which upon further hydrolysis  produces 

chitosan oligosaccharides (COS) by chitosanases or non-specific glycosidases
10

. The COS are 

now commercialized based  on their utility as cosmetics, animal husbandry, medicine, and 

food industries
11

. They have many therapeutical applictions as immunoregulatory
12

, 

antioxidant 
13

, anti-tumor 
14

, anti-bacterial 
15

, antihypertensive 
16

, and anti-diabetes 
17

 

activities, among others.The aim of present study is to investigate the immunostimulatory 

effect of NAG on RAW264.7 macrophages and its role in activation of various signaling 

pathways through TLR receptors.Since the macrophages play  major role in immune response 

agianst to the entry of infectious agents,cell lines of macrophages were employed for the 

study. 
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Materials and Methods  

Chemicals and reagents 

N-acetyl D-glucosamine (NAG),Dimethyl sulfoxide (DMSO), ),(3-(4,5-dimethylthiazol-2-

yl)-2,5-diphenyltetrazolium bromide (MTT), neutral red , Griess  reagent, TAK-242 (TLR4 

inhibitor), C29 (TLR2 inhibitor), PD98059 (ERK1/2 inhibitor), SB203580 (p38 inhibitor), 

and SP600125 (JNK inhibitor) , The primary antibody such as p-p38, LC3, p62/SQSTM1, 

and β-actin and the secondary antibody such as anti-rabbit IgG, HRP-linked antibody were 

purchased from Sigma-Aldrich ,Banglore. 

Cell culture 

RAW264.7 cells (mouse macrophages) were purchased from American Type Culture 

Collection. They were cultured using Dulbecco's Modified Eagle medium 

(DMEM)containing 10% fetal bovine serum, 100 U/ml penicillin  and 

100 μg/ml streptomycin at  a temperature of 37 °C under a humidified atmosphere of 5% 

CO2.  

 

Estimation of cell viability  and morphological analysis of RAW264.7 macrophages 

The effect of NAG on the viability of RAW264.7 macrophages were assessed by the MTT 

colorimetric assay. This assay is used to detect the mitochondrial activity in living cells,in 

which tetrazolium penetrates into the living cells and forms formazan,  purple in color 

crystals in the mitochondria. In this ,RAW264.7 macrophage cells were plated in 96-well 

culture plates at a concentration of 1 × 10
5
 cells/ well and cultured  for overnight. To this 100 

µg/mL of NAG was added to the culture and they were incubated  further  for 24 h. The 

supernatants were discarded from the culture ,5 mg/mL of Tetrazolium salt solution was 

added to each of the well and incubated for 4 h .After incubation, the culture  medium  from 

all the wells were aspirated carefully . Then 100 µL of DMSO was added to each well to 

dissolve the formazan crystals. By using a microplate reader (Varioskan Lux, Thermo 

Scientific, Waltham, MA, USA)absorbance of each well was measured at 570 nm. To assess 

the effect of NAG on  

morphology of mcrophages, the cells were photographed under an optical  microscope,
18,19

. 

Measurement of NO production  

Effet of NAG on NO production  from RAW264.7 cells was determined by Griess assay. 
RAW 264.7 cells at a density of 1 × 10

5
 cells/ml were incubated with various concentrations 

of NAG for 1 h and then exposed to LPS (1 μg/ml) for 24 h. After incubation, collected 

supernatants were reacted with Griess reagent (G4410, Sigma, St Louis, MO, USA)
20

. 100 μl 

of the supernatant and 100 μl of grease reagent were mixed and reacted at room temperature 

for 10 min, and absorbance was measured at 540 nm by using a microplate reader 

(Spectramax M2; Molecular Devices, CA, USA)
21

. 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/streptomycin
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Measurement of phagocytic activity 

The effect of test compound on phagocytosis of RAW264.7 macrophages were determined 

using Neutral red uptake assay. RAW264.7 cells were plated in a 6-well plate for 24 h and 

they were simultaneously treated with treated with different concentrations of NAG at 37 °C  

under a humidified atmosphere of 5% CO2 for 24 h. Then, the medium was removed from the 

wells and  cells were stained with  0.01%  of Neutral red solution  for 2 h. After 2 h, the 

RAW264.7 cells were washed thrice with phosphate buffer solution .Then the absorbed 

neutral red from RAW264.7 cells was eluted by treating them with a cell lysis buffer 

(ethanol:acetic acid = 1:1). The absorbance of eluted Neutral red was measured using 

UV/Visible spectrophotometer (Human Cop., Xma-3000PC, Seoul, Korea) at 540 nm 
22,23

.  

 

Measurement of prostaglandin E2 production in RAW 264.7 macrophages 

To measure the production of PGE2 ,RAW 264.7 cells at a density of 1 × 10
5
 cells/ml were 

incubated with various concentrations of NAG for 1 h and then exposed to LPS (1 μg/ml) for 

24 h. After incubation, collected supernatants were used to determine the levels of PGE2 by 

selective ELISA kits according to the manufacturer’s instructions
24,25

. 

Measurement of ROS Production  

Nitro blue tetrazolium (NBT) reduction test was used to measure ROS production of 

RAW264.7 macrophages
26

. In this test, the RAW264.7 macrophages were plated on 96-well 

plates at a density 2 × 105 cells/mL and cultured for 24 h. Then the wells were incubated for 

4 h with different cincentrations of NAG, or 1 µg/mL LPS to  RAW264.7 cells,which were 

pretreated with 1 × PBS, or 100 µg/mL of NAG for 24 h. The cells were further incubated at 

37 ◦C for 0.5 h with 200 µL of 1 × PBS, containing 0.1% of NBT (Sigma, USA) and 2 

µg/mL phorbol 12-myristate 13-acetate (PMA).  The reaction was terminated by adding 80 

µL of 70% methanol.  The cells were air-dried, and the blue formazan  was dissolved in 120 

µL of 2M KOH and 140 µL of DMSO. The absorbance was measured by spectrophotometer 

at 620 nm, using KOH/DMSO as the blank
27

. 

Reverse transcription polymerase chain reaction (RT-PCR) 

The mRNA from RAW264.7 mcrophages was isolated using a RNeasy Mini Kit,as well as 

the synthesis of cDNA from the isolated mRNA was carried out by Verso cDNA Kit
28

. By 

using a PCR Master Mix Kit and the primers, amplification of the target gene was performed. 

The sequences of the primers used in this study were as follows: iNOS: forward 5′-

ttgtgcatcgacctaggctggaa-3′and reverse 5′-gacctttcgcattagcatggaagc-3′, IL-1β: forward 5′-

ggcaggcagtatcactcatt-3′ and reverse 5′-cccaaggccacaggtattt-3′, IL-6: forward 5′-

gaggataccactcccaacagacc-3′ and reverse 5′-aagtgcatcatcgttgttcataca-3′, TNF-α: forward 5ʹ-

tggaactggcagaagaggca-3ʹ and reverse 5ʹ-tgctcctccacttggtggtt-3ʹ, GAPDH: forward 5′-

ggactgtggtcatgagcccttcca-3′ and reverse 5′-actcacggcaaattcaacggcac-3′. The PCR results were 

obtained using agarose gel electrophoresis technique. The density of mRNA bands was 

calculated using the software UN-SCAN-IT gel version 5.1.
29

  

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/cytolysis
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/agarose-gel-electrophoresis
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Determination of Inflammatory Cytokine Production  

RAW264.7 Macrophages were seeded in 96-well plates at  a concentration of 5 × 105 

cells/well. Then each well was treated with different concentration of  NAG (0.1–25 µg/mL) 

for 24 h. The supernatant was measured using an ELISA kit(30) in accordance with the 

manufacturer’s instructions . The level of each cytokine was determined using a standard 

curve obtained from the reaction of a standard substance
31

. 

Immunoblotting Assay  

In this assay procedure,RAW 264.7 macrophages were cultured in 60-well  cell culture plates 

at a density of 2 × 10
6 

cells/well. Then they were treated with different concentrations of 

NAG. After treatment, the cultured cells were washed with phosphate buffer solution (PBS) 

and they suspended in a homogenizer containing lysis buffer. After centrifugation at 15,000 

rpm and 4 ◦C  for 15 min, the supernatant was collected. The concentration of protein was 

determined using DC protein assay kit . Proteins were separated by 6–15% polyacrylamide 

gel and transferred to the nitrocellulose (NC) membrane
32

. The protein-transferred membrane 

was blocked in 0.05%/Tris-buffered saline containing 5% skim milk powder for 1 h and then 

reacted with primary and secondary antibodies. The blots were developed using an enhanced 

chemiluminescence kit. The expression of each protein was quantified using image J 

software. After three repeated experiments, the average was taken and expressed
33

. 

Effect of NAG on the production of inflammatory molecules in RAW264.7 cells through 

TLR2 and TLR4 

This experiment was performed to determine the role of toll like receptor 2 (TLR2) and toll 

like receptor 4 in the production of inflammatory molecules from NAG treated RAW264.7 

macrophages.In this, RAW264.7 macrophages were pretreated with with C29 (TLR2 

inhibitor) and TAK-242 (TLR4 inhibitor)and co-treated with NAG. Then the level of 

inflammatory molecules were measured
34

. 

Effect of NAG on Inhibition of NF-κB or MAPKs using specific inhibitors 

The RAW264.7 cells were loaded into 96-well plates (1 × 10
4
 cells/well) and incubated 

overnight. Then RAW264.7 cells were treated with PD98059, SP600125, SB203580, BAY 

11-7082 for 2 h, respectively. Then cells with specific inhibitors were treated with NAG 

(100 μg/mL) for 8 h, the other two groups were treated with complete medium or 

NAG(100 μg/mL). the IL-1β, IL-6, TNF-α and NO content in the culture supernatant were 

determined according operation guide of ELISA kit
35,36

. 

 

Statistical Analysis  

All data were expressed as the mean ± SD. All the experiments were conducted in triplicates 

and were representative of at least three separate experiments. Statistical analysis was  made 
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by one-way AVOVA using the Student’s t-test. p-values< 0.05 were considered to represent 

statistically significance. 

Results 

1. Estimation  of effect of  NAG on viability and morphological analysis of RAW 

264.7cells 

The effect of NAG on the viability of RAW 264.7 mcrophages was assessed by MTT assay. 

The 3-(4,5-dimethyltiazol-2 yl)-2,5-diphenyl-tetrazolium bromide (MTT) assay showed that 

there was no obvious cytotoxic effects of NAG on RAW264.7 macrophages. Moreover, the 

administration of NAG at  different doses(50,75,100µg/ml) has increased the size of RAW 

264.7 cells  and their surfaces became thick and rough. This  indicated that NAG has 

activated RAW 264.7 cells (Fig. 1).  

  

           Control                NAG(50µg/ml)             NAG(75µg/ml)           NAG(100 µg/ml) 

Figure 1. Effect of different doses of NAG on morphology of RAW 264.7 macrophages 

 Figure 2. Effect of different doses of NAG on viability of RAW 264.7 macrophages 
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Effect of NAG on Production of NO from RAW 264.7 Macrophages  

The effect of NAG on NO production from  RAW 264.7 Macrophages was determined by 

Griess assay.NO is one of the inflammatory meditor produced from activated 

mcrophages.Administration of NAG has promoted production of NO from the activated 

RAW 264.7 Macrophages.It was also obsereved tht there ws a rise in expression of 

inflamatory molecules.  

  

Figure 3. Effect of different doses of NAG on production of NO from RAW 264.7 

macrophages 

Effect  of NAG on phagocytosis of RAW 264.7 Macrophages 

Phagocytosis is the main function of macrophages in innate immune response. This is  a 

crucial defense mechanism, which provides protection against invading pathogens an 

scavenging of necrotic cell debris in the immune system. Administrtion of NAG has 

improved the phgocytotic action of RAW 264.7 Macrophages. 

 

  

Figure 4. Effect  of NAG on phagocytotic activity in RAW 264.7 macrophages 

considering 100%phgocytosis in control 
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Effect of NAG on  the production of  prostaglandin E2 in RAW 264.7 macrophages 

In order to assess the effect of NAG on the release of  PGE2, RAW 264.7 cells were treated 

with different concentrations of NAG for 24 hours. Following stimulation with NAG, the 

levels of PGE2 in the culture supernatants were determined by  ELISA. It was observed that  

treatment  of RAW 264.7 macrophages withdifferent concentrations of  NAG has 

significantly increased PGE2 production compared to the control cells(unstimulted). LPS, 

which is a positive control, also induced the secretion of PGE2 from RAW 264.7 

macrophages. 

 
Figure 5. Effect of NAG on  Induction of  prostaglandin E2 production in RAW 264.7 

macrophages.  

Effect  of NAG  on Inflammatory Cytokine Production in RAW 264.7 macrophages 

Activation of macrophages by different doses of NAG and LPS treatment has  resulted in 

dose dependent increase in the levels of inflamatory cytokines TNF-α and ILs (IL-1β, IL-6, 

and IL-10) were significantly increased. 
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              (a) TNF-α                                                                            (b) ) IL-6 

Figure 6. Effect of NAG on production of inflammatory cytokines in RAW 264.7 

macrophages such as (a) ) TNF- α (b) ) IL-6 

Figure 7. Effect of NAG on production of inflammatory cytokines in RAW 264.7 

macrophages 

Effect of NAG on the production of inflammatory molecules in RAW264.7 cells through 

TLR2 and TLR4 

It has shown that production of NO was suppressed remarkably in TAK-242 inhibitor and 

NAG appliedmacrophages.But C29 treatment had no effect on HML-mediated NO 
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production. In addition, TAK-242 treatment inhibited the expression of various 

inflamatorymediaters such as iNOS, IL-1β, IL-6 and TNF-α in RAW264.7 cells treated with 

NAG. In addition, treatment of macrohages with C29 did not show any effect  on NO 

production induced by NAG, it was shown that the expression of IL-1β, IL-6 and TNF-α 

were inhibited. 

 Figure 8:Effect of NAG on the production of inflammatory molecules in RAW264.7 

cells through TLR2 and TLR4 

Effect of MAPK signaling pathway on the production of inflammatory molecules in 

NAG-treated RAW264.7 cells  

To know the effect of NAG on the production of inflammatory mediators in RAW264.7 cells 

through mitogen-activated protein kinase (MAPK) signaling pathway,macrophages were 

treated with MAPK signaling inhibitors and NAG.After treatment,the levels of inflammatory 

molecules produced by macrophages were measured.It was observed that ,first there was 

inhibition of NO production in presence of p38 inhibitor (SB203580) and JNK 

inhibitor(SP600125), but no effect  on ERK1/2 inhibitor (PD98059). 

It was also observed that, there was attenuation of iNOS expression by NAG in presence of 

SB230580 and SP600125 and IL-1β expression by was blocked by NAG with the treatment 

of 203580. Moreover IL-6 expression by NAG was inhibited in presence of SB203580 and 

TNF-α expression was slightly inhibited by NAG in presence of PD98059, SB203580 and 

SP600125 . 
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Figure 9: Effect of  NAG on the production of inflammatory molecules through MAPK 

signaling pathway  

Discussion  

The prevalence of  COVID-19 pandemic has rised the researcher’s interest towards the 

immunostimulatory agents,which protect the body from various infections through the 

activation of immune system.In this present study we evaluated immunostimulatory activity 

of  NAG on RAW264.7 macrophages.Treatment of NAG has increased the levels of various 

inflammatory cytokines  such as TNF-α, IL-1β, NO and phgocytosis by  interacting with the 

TOLL like receptors. Thus treatment of NAG proved immunostimulatory ctivity by 

activating macrophges.  
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Conclusions  

In summary, the collective results of present study demonstrated that  N-Acetyl D-

glucosamine  has shown immunostimulatory activity in RAW264.7 through activation of 

various signling pathways like MAPK and NF-κB. 
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