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Abstract 
            Gold nanoparticles (AuNPs) were functionalized by coating with chitosan (CS) and utilized 
to manage the immune response of 84 rheumatoid arthritis patients and 20 healthy volunteers 
ranging in age from 18 to 80 years. The synthesized gold nanoparticles, before and after 
functionalization, were characterized by UV-Vis spectrophotometer, Fourier-transforms 
spectroscopy, X-ray diffraction, zeta potential, and FE-SEM. The results of the FE-SEM analysis 
revealed that the AuNPs, both before and after functionalization, with chitosan, were spherical in 
shape, while they had size range of 20–50 and 40- 117 nm, respectively.  Zeta potential analysis 
revealed that the NPs had a negative (-34 mV) and positive surface charge (+64 mV) before and 
after functionalization, respectively. The levels of 10 immune markers in the sera of RA patients 
(IgA, IgE, IgG, RF, ANA, anti-dsDNA, C3, C4, IL-6, and IL-33) were tested by ELISA kits to 
study the in vitro effects of treatment with functionalized and non-functionalized AuNPs on their 
immune response. The levels of all markers were decreased significantly in RA patients after 
exposure to AuNPs or AuNPs-CS. However, the levels of IgA, IgE, IgG, ANA, anti-dsDNA, C3, 
C4, and IL-6 showed significantly higher reduction in the presence of AuNPs as compared to 
AuNPs-CS, whereas the opposite was observed for the levels of RF and IL-33.  
Keyword: Nanotechnology, gold nanoparticles (AuNPs), chitosan (CS), Rheumatoid arthritis 
(RA), ELISA. 
Introduction 

 Rheumatoid arthritis (RA) is a chronic autoimmune systemic disease that primarily 
damages the lining of synovial joints. It causes progressive disability, premature death, and has a 
significant economic impact [1]. It is critical to understand how pathologic mechanisms lead to 
the deterioration of RA progression in individuals in order to design medicines that effectively 
treat patients at each stage of their disease [2]. Pharmacologic therapy (including conventional, 
biological, and innovative molecular disease-modifying anti-rheumatic medicines) has achieved 
remarkable progress toward disease recovery without joint deformity. Nonetheless, a considerable 
proportion of RA patients do not react successfully to existing medications [3]. The available 
medication specifically targets macrophage proliferation and the production of pro-inflammatory 
cytokines. The therapeutic effectiveness of current treatment options at the targeted site is limited. 
Therefore, there is a pressing need to develop a new therapeutic method that could give more 
targeted drug delivery and make it safer. 
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 Chitosan (CS) is a natural polysaccharide generated from biodegraded, bio compliant, non-
toxic chitin that has antifungal, anticancer, and antibacterial properties [4,5]. It can be employed 
as a stabilizer to alter nano composite properties and to provide nanoparticles with long-term 
stability by preventing particle aggregation [6]. The only natural cationic polysaccharide is 
chitosan. Finally, whether these pro-inflammatory or anti-inflammatory responses are beneficial 
or detrimental depends on the situation [7]. Nanotechnology is becoming increasingly essential in 
modern research. Nanotechnology is focused on the formation and implementation of 
nanomaterials, also defined as materials with dimensions less than 100 nm [8], which are referred 
to as nanomaterials. Nanomaterials perform well in a number of applications because they have a 
higher surface-to-volume ratio [9].  

 Gold compounds have been used to treat RA for more than 50 years, dating back to Jacques 
Forestier's [10] discoveries in the early 1930s. AuNPs have lately been employed as drug delivery 
vehicles for molecules such as DNA, peptides, anticancer medicines, and antibody products [11]. 
It is known that the properties vary according to the size, shape, medium, cell type, charge, and 
nanoparticle synthesis reduction agent [12]. It is important to study the effects of AuNPs on their 
own before putting them together with other drugs. This will help find the best way to use them in 
therapy. 
   Previously, some studies  used nanoparticles to control RA disease, such as that of Li et 
al. who used the nano-conjugates GNPs/MTX-Cys-FA to decrease the expression and secretion of 
inflammatory factors. They found that the GNPs/MTX-Cys-FA can drastically reduce rheumatoid 
synovitis and successfully protect articular cartilage [13]. Moreover, Cui et al. proposed treating 
RA using highly bioavailable embelin-loaded chitosan nanoparticles (CS-embelin NPs). Their 
findings revealed that the CS-embelin NPs had antioxidant and anti-inflammatory impacts which 
protected rats against adjuvant-induced arthritis [14]. 

Therefore, research based on nanomaterial has a reflective impact within medical science. 
The development of therapeutic inorganic nanoparticles is a crucial aspect of nanomedicine. The 
importance of NPs in medicine and biology has risen dramatically in recent years. However, 
nothing is known regarding their impact on rheumatic diseases treatment [15].  
Materials and methods 
Materials 
 Chloroauric acid trihydrate (HAuCl4·3H2O), trisodium citrate dehydrate 
Na3C6H5O7·2H2O (99.0%), trypsin-EDTA, fetal bovine serum, 3-(4,5-dimethylthiazal-z-yl)- 
2,5-diphenylterazolium (MTT), and crystal violate stain were purchased from Sigma Chemical 
Co. (St. Louis, MO, USA). RPMI-1640 medium was purchased from Gibco (USA), chitosan from 
Bio-World US, and the kits from CUBSBIO. 

Patients and serum samples 

 This study included the collection of residual sera from 84 patients and 20 healthy 
volunteers from Baghdad's Dowaly Private Hospital and Medical City/Educational Laboratories 
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during the period from June to September 2021. Patients' blood samples were taken in tubes. Serum 
was taken out of blood by centrifuging and kept in small amounts at -18 °C until   time of test.   

Ethical Consideration  

The Baghdad University Ethics Board approved the study. The Declaration of Helsinki, the code 
of ethics of the World Medical Association, was followed when conducting this research on 
humans 

Preparation of gold nanoparticle  

 Synthesis of AuNPs was carried out using the following procedure of Turkevich et al. 
(1951); a volume of 100 mL of  1 mgml -1 trisodium citrate solution was heated to 100°C to make 
AuNPs with a nanoscale diameter of 20 nm [16]. Following that, 2 mL of 5mgml-1 HAuCl4.H2O 
solution was promptly added to the trisodium citrate solution while vigorously stirring at 100 °C. 
After 10 minutes, the solution's color changed to red wine, followed by the formation of AuNPs. 
The solution was then allowed to cool down to room temperature while being constantly stirred. 

Preparation of chitosan-capped gold nanoparticles  
 AuNPs-CS were prepared using 10 mL of AuNPs, which were initially stirred at room 
temperature. Then, 1.5 mL of 0.0025 mgml-1 chitosan solution (made by dissolving 0.25%  chitosan 
powder in 100 mL of D.W in 1% acetic acid) was added, then heated for 15 minutes and stirred 
for 15 minutes at room temperature to achieve chitosan capped AuNPs). 
Characterization of AuNPs and AuNPs-CS 
 The reduction of AuNPs and AuNPs-CS ions was analyzed by using U-2910 
spectrophotometer (Hitachi, Japan). Continuous scanning at a wavelength of 200–600 nm was 
used to perform UV–vis spectroscopic analysis. The AuNPs and AuNPs-CS solutions were next 
examined using an X-ray diffractometer (XRD-6000, Shimadzu, Japan). A Cu K incident beam (= 
1.542 A°) at 2θ = 20°–60° was used to generate the diffraction pattern. The X-ray tubes' voltage 
and current were 40 kV and 30 mA, respectively. The size was determined using the Debye-
Scherrer equation, D = 0.94 λ / β Cos θ. The FTIR study was performed using an FTIR 
spectrometer (8400S, Shimadzu, Japan) in attenuated total reflection mode with a spectrum range 
of 4000–400 cm-1 and a resolution of 4 cm-1. Finally, additional examinations were performed by 
employing an FE-SEM device (Shimadzu AA-7000, Japan). 
Serological parameters 

Indirect ELISA protocol 
 Standard serial diluted solutions were prepared for the immunoglobulins IgA (1000, 250, 
62.5, 15.6, 3.9, 0.89, 0.24, 0 ng/ml), IgE (0,50, 150, 373, and 1250 ng/ml), and IgG (100, 50, 25, 
12.5, 6.25, 3.13, 1.56, and 0 ng/ml). After dispensing 100 µl of samples and standards into pre-
assigned wells, the plate was incubated for 2 hours at 37°C, and each well was washed three times 



 

421  | ©2024 The Authors   
Romanian Journal of Diabetes, Nutrition and Metabolic Diseases  :: https://jrdiabet.ro/ 

Rom J Diabetes Nutr Metab Dis. 2024; Volume 31, Issue 1 

with 200 µl of wash buffer per well. After washing, 100 µl of AuNPs and AuNPs-CS were 
dispensed in each well, and the plate was incubated for 120 minutes at 37 °C before being washed 
twice. After washing, in each well, 100 µl of HRP-conjugate was added, and the plate was 
incubated at 37 °C for 60 minutes. After washing, TMB substrate (90 µl) was spread in each well, 
and blue colors of varying densities developed in the wells within 15–30 minutes. A volume of 50 
µl of stop solution was then added to stop the reaction., causing the wells to turn yellow. Finally, 
the absorbance was read at 405 nm. 
Sandwich ELISA protocol 
 Standard serial diluted solutions were made for the  complement compounds C3 (300, 150, 
75, 37.5, 18.75, 9.4, 4.7, and 0 ng/ml) and 4 (300, 100, 33.3, 11.1, 3.7, 1.23, 0.41, and 0 ng/ml), as 
well as the   interleukins IL-6 (500, 250, 125, 62.5, 31.2, 15.6, 7.8, and 0 ng/ml) and IL-33 (1000, 
500, 250, 125, 62.5, 31.2, 15.6, and 0 ng/ml). A volume of 100 µl of samples and standards was 
transferred into pre-assigned wells and the plate was incubated for 2 hours at 37°C. After 
incubation, the contents of the wells were removed, and each well was washed twice with 200 µl 
of wash buffer per well. Following washing, 100 µl of AuNPs and AuNPs-CS were dispensed into 
each well, and the plate was incubated at 37 °C for 120 minutes before being washed twice. After 
washing, in each well, 100 µl of HRP-conjugate was added, and the plate was incubated at 37 °C 
for 60 minutes. After washing, TMB substrate (90 µl) was spread in each well, and blue colors of 
varying densities developed in the wells within 15–30 minutes. A volume of 50 µl of stop solution 
was then added to stop the reaction., causing the wells to turn yellow. Finally, the absorbance was 
read at 405 nm.  
Statistical analysis 
The data was coded, processed, and analyzed using the Statistical Package for Social Sciences 
(SPSS) version 22 for Windows (IBM SPSS Inc, Chicago, IL, USA). Quantitative information was 
presented as mean SD (Standard deviation), independent groups of normally distributed variables 
were compared using the one-way ANOVA. P value < 0.05 was regarded as significant. 

Results and discussion  
Preparation of gold nanoparticles: Turkevich proposed in 1951 that tetrachloroauric acid may 
be reduced by trisodium citrate at high temperatures to produce gold nanoparticles with a size of 
roughly 20 nm (Turkevich et al., 1951). The process resulted in a progressive shift in coloring that 
progressed from pale yellow to bluish grey, purple, and finally red, indicating the creation of 
AuNPs [16]. A model of the citrate method has been designed for producing for producing gold 
nanoparticles. It suggests that the oxidation of trisodium citrate to dicarboxy acetone converts Au3+ 
to Au+. At the experiment-related temperatures, dicarboxy acetone decomposes. The 
disproportionation of Au+, which is also accelerated by the gold surface, produces gold atoms, and 
it is this reaction that results in the development of nuclei as well as growth.The development of a 
multimolecular complex between dicarboxy acetone and AuCl is necessary for nucleation; as a 
result, the rate of nucleation is significantly impacted by dicarboxy acetone degradation.        

  The second step involved the fabrication and functionalization of the prepared AuNPs 
with chitosan. Chitosan can operate as an electrostatic stabilizer, offering a twofold benefit by 
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delivering an appropriate charge through the amino groups, which will aid in the following 
attachment of biomolecules. When used in conjunction with AuNPs, chitosan acts as a stabilizing 
agent. It prevents particle aggregation [17]. 

 
Figure 1- Gold nanoparticles (AuNPs) preparation. (A) Suspensions of gold salt solution 
(HAuCl4.3H2O). (B) Gold nanoparticles (AuNPs). (C) Functionalization of AuNPs with chitosan 
(AuNPs-CS). 
Characterization of AuNPs and AuNPs–CS  
UV-Vis Spectrophotometry  

The UV–vis absorption spectra of gold nanoparticles are depicted in Figure 2. The higher 
absorption at 528 nm revealed that AuNPs were successfully synthesized, which is consistent with 
the findings of Al-Dulimi et al., 2020 who reported that the absorbance peak of gold nanoparticles 
was at 522 nm [18]. At regular intervals, the synthesis of CS-AuNPs was monitored using a UV 
spectrophotometer. Figure 2 (red line) shows a shift in the surface Plasmon resonance band (SPRB) 
in the UV spectrum from 528 nm to 535.5 nm, which indicated the formation of AuNPs-CS. In a 
similar way, Saravanakumar et al.,2020 found the SPRB in the range of 520 nm to 560 nm, which 
showed that AuNPs-CS were probably made [19]. 

 

 
Figure 2- UV–vis absorption spectra of AuNPs and AuNPs-CS. Experiments performed at room 
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temperature. 
Fourier transform infrared spectroscopy analysis 

The chemical surfaces and functional group endpoints of AuNPs and AuNPs-CS were 
characterized using FT-IR spectroscopy (Figure 3). The spectra showed an average of 20 scans 
that were seen between 4000 and 500 cm-1. The peak at 3255cm-1 reflected an OH functional group 
as well as a medium-strength H-bounded vibration. Furthermore, a detected peak at 2117.84cm-1 
and 1631.78 cm-1 was belonged to the symmetric and anti-symmetric stretching of C=O and the 
1531 cm-1 signal was attributed to gem-dimethyl, "iso" phenol, or a tertiary O-H group. It was 
found that many aromatic (C=C) bonds have medium stretch vibrations at peaks between 1400 
and 1200 cm-1. In the current investigation, the FTIR spectra of chitosan capped gold nanoparticles 
showed essentially identical peaks to those of pure chitosan, demonstrating homogeneous chitosan 
deposition over gold nanoparticles. The sole difference between AuNPs and AuNPs-CS in the 
FTIR is the shift of a broad band between 3255.84 cm-1 to 3259.70 and 1631.78 to 1641.23 cm-1 
and the removal of a peak at 2850 cm-1. 

 
Figure 3- FT-IR analysis of AuNPs and AuNPs-CS 

X‐Ray diffraction analysis  

The crystalline phase of AuNPs, CS, and AuNPs-CS was investigated using XRDThe 
results of the XRD structural examination of AuNPs, CS, and AuNPs-CS are shown in Figure4. 
The Bragg's reflections of (111), (200), (220), and (311) planes, associated to the face-centered 
cubic (FCC) of AuNPs, are correlated with the strong diffraction peaks with 2θ values at 38.2º, 
44.4º, 64.7º, and 77.7º. The diffraction peaks found were identical to those published for standard 
gold metal (Au0) (Joint Committee on Powder Diffraction Standards JCPDS no. 04-0784, USA). 
The XRD pattern revealed that AuNPs and AuNPs-CS were significantly crystalline. Also, it was 
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found that the AuNPs had all of the AuNPs-CS diffraction peaks. This shows that the structure of 
the AuNPs is stable in the presence of CS. Scherrer's formula was used to calculate the crystalline 
size of Au nanoparticles, as follows: 

D = 0.89λ/β cos θ 

 

 
Figure 4- The XRD patterns of AuNPs, Chitosan, and AuNPs-CS. 

Field Emission Scanning Electron Microscopy  

The FE-SEM image revealed more about the morphology and size of the nanoparticles. 
The AuNPs showed smooth, well-separated structures, spherical form, and a size range of 20–50 
nm nm, as illustrated in Figure 5, with appropriate size distribution. Almost all of the particles had 
a single distribution with clear homogeneity and no aggregations (Figure 5: right lane). This might 
be the result of AuNP's citrate reduction in a polar solvent. Citrate ions can give the surface of 
AuNPs a negative charge, which makes it easy for them to spread out [19]. The surface 
morphology of the AuNPs-CS was studied using FE-SEM device, as shown in Figure 5: left lane. 
The crystals have a spherical shape with a size range of 40 to 117 nm. 

The Zeta Potential Analysis 
Analysis of particle size and zeta potential were carried out to better characterize AuNPs 

and AuNPs-CS, using a zeta size machine. AuNPs have an average size of 40 nm (Figure 6: upper 
side). The zeta potential of NPs varies depending on their surface chemistry. Due to the presence 
of citrate molecules at their surface, which were used as a reducing agent during the production 
process, uncoated AuNPs possessed a negative surface charge (-34 mV). The charge on AuNPs-
CS was positive (+64) (Figure 6: lower side). 
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Figure 5- FE- SEM image of AuNPs (right lane) and FE- SEM image of AuNPs-CS (left lane ) 
showing spherical and uniformly distributed nanoparticles. 

 
Figure 6- Zeta potential analysis for AuNPs and AuNPs-CS. 

Effects of AuNPs and AuNPs-CS on serological parameters 
 Table 1 displays the ELISA kit results for immune markers (immunoglobulins (IgA, IgE, 
IgG), autoantibodies (rheumatoid factor (RF), antinuclear antibodies (ANA), anti-double stranded 
DNA (Anti-dsDNA)), complement compounds (C3, C4), and interleukins (IL-6, and IL-33)). 
There was a significant reduction in the values of all these parameters in the serum samples of RA 
patients (P< 0.001) when compared to the values of the healthy individuals group.  

Immune 
markers 

Healthy 
people 
(n=20) 

rheumatoid 
arthritis 
(n=20) 

Control 
(before 
exposing NPs) 

Exposing 
AuNPs 
(n=28) 

exposing 
AuNPs-CS 
(28) 
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P <0.001 (n=28) P <0.001 P <0.001 
 Immunoglobulin  

IgA 89.44± 
52.17 

277.97± 89.54  207.74±58.696 52.73±44.178,  54.45±31.856  

IgE 15.39± 
13.46 

64.25 ± 42.81  76.45±36.401 3.77±0.943,   5.06±2.720 

IgG 9.57± 2.64 189.65±101.74  153.12±57.24 16.94±23.25 23.50±23.91 
Autoantibodies 

RF 114.11± 
13.57 

160.40± 29.87  166.12±22.88 91.64±14.14 92.49±14.31 

ANA 0.20±0.05 0.68±0.20 0.65±0.17 0.13±0.1 0.15±0.0 
Anti-
dsDNA 

0.20±0.02 0.54±0.22 0.58±0.15 0.16±0.08 0.16±0.1 

Complement compounds 
C3 71.96±32.76 122.84 ±48.66 156.09±0.15 32.53±9.06 49.66±25.46 
C4 35.80±16.20 58.03±23.35 71.19±22.79 16.43±5.28 28.76±12.26 

Interleukins 
IL-6 22.89± 

12.59 
41.15± 8.28 39.60±8.07 12.33±3.57 14.51±6.09 

IL-33 77.96± 
52.31 

252.69±120.54,  271.76±62.97 70.20±78.08 34.23±50.42 

Table 1- The serum levels of immune markers (IgA, IgE, IgG, RF, ANA, Anti-dsDNA, C3, C4, 
IL-6 and IL-33) in rheumatoid arthritis (RA) patients and healthy people. These immune markers 
were measured by ELISA kit in sera of RA patients before and after exposing the samples to 
AuNPs and AuNPs-CS.  
 Next, all the 10 immune markers were evaluated to compare their levels in the serum 
samples of RA patients before and after AuNPs and AuNPs-CS exposure. The levels of all markers 
dropped rapidly in RA patients following exposure to AuNPs and AuNPs-CS, as compared to the 
control group (before exposure). The reduction was highly significant (P<0.001) and serum levels 
of these markers were recovered to normality in the groups exposed to both types of nanoparticles 
(AuNPs and AuNPs-CS).  
 The levels of 8 markers, namely IgA, IgE, IgG, ANA, Anti-dsDNA, C3, C4, and IL-6, 
were lower after AuNPs exposure than after AuNPs-CS exposure. Gold compounds have been 
characterized as having an immunosuppressive impact by decreasing the production of pro-
inflammatory cytokines such as TNF-, IL-6, and IL-1 [21]. Poly lactic-co-glycolic acid ( PLGA 
)nanoparticles actively transport therapeutic payloads to RA joints while blocking inflammatory 
cytokines. The high accumulation and lengthy retention of biomimetic nanocarriers in inflamed 
joints after intravenous injection resulted in good therapeutic effects [22]. The lower levels of these 
8 immune markers after AuNPs exposure as compared to those after AuNPs-CS exposure can be 
also explained by particle size, which is known as an important factor. It was shown that cells are 
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more likely to import smaller NPs by endocytosis or diffusion, while bigger NPs were found to be 
more likely to be imported into cells via phagocytosis [23]. The amount of free energy generated 
by ligand–receptor interactions and the kinetics of receptor diffusion onto the wrapping sites on 
the cellular membrane are two parameters that determine how quickly and how many nanoparticles 
enter the cellular compartment via wrapping [24]. Huang et al.,   2013 recently demonstrated that 
smaller NPs exhibit unique advantages over those larger than 10 nm in terms of their ability to 
interact with cells, which is most likely to blame for this result. The surface characteristics of 
smaller AuNPs were discovered to be different from those of the larger nanomaterials, and this is 
often reflected in changes in the frequency and intensity of the corresponding surface plasmon 
resonance peaks. [25] 
 However, the levels of the 2 other studied markers, namely RF and IL-33, were lower after 
AuNPs-CS exposure than after AuNPs exposure. Chitosan is polycationic, biodegradable, 
biocompatible, and mucoadhesive by nature, making it ideal for drug delivery [26]. Chitosan's 
biological applications are also enhanced by its ease of physical and chemical changes [27]. By 
varying the molecular weight and degree of deacetylation of chitosan, different physicomechanical 
characteristics can be achieved. Chitosan is a natural substance that is utilized extensively in 
pharmaceutical and biological applications. Researchers have explored chitosan nanoparticles 
extensively for their controlled drug release capabilities, and they have been used in both in vitro 
and in vivo applications [28]. Similar findings were also reported by Jhaveri et al. who revealed 
that chitosan nanoparticles can be actively used in the treatment of rheumatoid arthritis [29]. 
 After being exposed to AuNPs and AuNPs-CS, IgA, IgE, IgG, RF, ANA, and dsDNA 
levels were reduced rapidly in RA patients. The exposure to these materials may be responsible 
for antibody destruction in different regions of their structure; one part of the antibody, the antigen-
binding fragment (Fab), recognizes the antigen, whereas the other part, the crystallizable fragment 
(Fc), interacts with other immune system elements, such as phagocytes or complement pathway 
components, to promote antigen removal. There has been no prior research to our knowledge that 
has investigated the roles of nanoparticle in RA management. Oriented covalent binding may boost 
antibody stability and control the accessible protein binding sites by binding to the Fc region while 
leaving the antigen-binding site Fab region oriented to the medium in a ratio of one to one [30]. It 
is advantageous if the attachment of the antibody to the nanoparticle via its Fc region is relatively 
simple, without affecting antibody activity. This interaction is stable in high ionic concentration 
solutions and allows for a high antibody load per nanoparticle [30]. The direct attachment of the 
Fab to the surface of the nanoparticles is another option where a precise orientation of the antibody 
is not required [31]. Complement proteins and nanoparticles interact in a complex manner that 
is controlled by a variety of factors of interfacial dynamic forces and physicochemical variables 
[32]. Surface curvature and flaws are examples, as are functional groups and their surface density, 
as well as polymeric decorating and architectural displays. Some pathogens have developed and 
implemented complex surface and interfacial methods to avoid complement activation and death, 
as well as to disrupt complement-mediated opsonization processes [33]. It is important to 
understand these events for designing and making nanomedicines that are safe for the immune 
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system and can be used in the clinic. The study of Chen et al. found that when nanoparticles are 
intravenously injected into the mice body, complement proteins deposit on the surface of 
nanoparticles in a process called opsonization [34]. Kondo and Mihara (1995) focused less on the 
biological implications and more on the physical features of protein binding and their impacts on 
protein function. They established that high NP-protein affinities result in larger protein 
conformational alterations and, as a result, more irreversibility in adsorption and conformational 
states. This raises the question of whether a change in conformation can render a protein inactive 
or at the very least impede its function if it adsorbs to a nanoparticle. Finally, the interaction of 
proteins with nanoparticles may suppress or enhance protein function [35]. 
 Reducing the generation of pro-inflammatory cytokines is the main goal of current RA 
treatment plans. Additional in vivo experiments on therapeutic effects revealed that the inhibition 
of pro-inflammatory cytokine release by the manufactured nanosystems has positive therapeutic 
effects on rats with AIA. Moredata points to the possibility that NPs can attach proteins to their 
surfaces [36,37]. These interactions have a variety of effects. It is possible that neither the protein 
function nor the particle characteristics and subsequent toxicity are impacted by the 
protein/particle interaction. Alternately, the particles' surface reactivity may cause them to alter or 
disrupt the protein's structure, which would reduce its functionality [38]. A different hypothesis is 
that protein binding changes the particle surface, lowering or changing its activity and the 
biological activity that results. Finally, the particles' large surface areas allowed them to bind a 
quantity of a particular protein. 
Conclusions 

 Our study found that IgA, IgE, IgG, RF, ANA, Anti-dsDNA, C3, C4, IL-6, and IL-33 levels 
decreased rapidly in RA patients' sera after AuNPs and AuNPs-CS exposure and that the reduction 
was highly significant (P <0.001) in comparison with the control.  
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