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Gold nanoparticles (AuNPs) are a suitable choice in the biomedical field due to their 

physical properties. The presence of gold nanoparticles, acting alongside 

mesenchymal stem cells (MSCs) through paracrine interactions, accelerates wound 

closure, enhances angiogenesis, favorably regulates extracellular matrix remodeling, 

and encourages skin regeneration with typical construction and function. In this 

study, we hypothesized that AuNPs Nano scaffolds would enhance the proliferation 

and specialization potential of human adipose-derived mesenchymal stem cells 

(hADSC in the wound area during in vitro, In vivo studies. To evaluate the 

nanoparticles; transmission electron microscopy was used to detect AuNPs and 

dynamic light scattering assay was used to estimate their size. Immunofluorescence 

staining, MTT assay, and semi-quantitative histological analysis were performed. 

Our results show that AuNPs at non-toxic concentrations (6 ppm) improve collagen 

content deposition and micro vessels expression induces cell migration and 

therapeutic efficacy in wound healing by hADSC at 14 and 28 days after surgery. As 

a result, AuNPs promote differentiation through a paracrine signaling pathway. 

Therefore, hADSC cultured with AuNPs can be used as a reagent to enhance skin 

tissue formation. 

Keywords: Dynamic Light Scattering, Paracrine Communication, Metal 

Nanoparticles, Collagen, Fluorescent Transmission, Cell Proliferation, Angiogenesis 
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Introduction 

 

The utilization of nanoparticles can result in 

numerous applications, such as wound dressings, 

photodynamic therapy, delivery of therapeutic agents, 

sensors, probes, and diagnostics. Gold nanoparticles 

(AuNPs) are widely utilized in regenerative medicine 

research and have garnered significant interest in this 

field.(1, 2). Biological barriers can be crossed by 

nanoparticles, and their surface chemistry can be 

altered, which is linked to the enhanced safety of 

nanoparticles. In general, the reaction rate of 

nanoparticles exceeds that of macroparticles, with this 

property being dependent on factors such as a higher 

surface-to-volume ratio, chemical activity, and 

cellular uptake in nanoparticles. When nanoparticles 

interact with other compounds, biochemical reactions 

can lead to a reduction in cellular viability in their 

presence. The cytotoxicity of silver nanoparticles with 

a diameter of less than 20 nm surpasses that of larger 

nanoparticles.(3). 

 In the field of regenerative medicine, it is 

imperative to conduct thorough investigations into the 

toxicity of nanoparticles in order to ascertain their 

level of biocompatibility (4). Advanced therapeutic 

strategies utilize smart culture media to achieve 

biocompatibility of scaffolds capable of supporting 

transplanted cells. The smart culture media contains 

nanocomposites and nanomaterials, creating an 

environment similar to the body's natural tissue 

environment. In this environment, there is increased 

interaction with the cells of the damaged area, leading 

to accelerated regeneration (5). In the field of 

regenerative medicine, it is imperative to conduct 

thorough investigations into the toxicity of 

nanoparticles in order to ascertain their level of 

biocompatibility(6). Furthermore, it is anticipated that 

modern medicine will likely enhance the strength of 

scaffolds and improve the biological function of stem 

cells by utilizing the biomimetic properties of 

nanomaterials(7). 

 In modern treatments, the preferred action for 

burn wounds involves the use of human adipose-

derived mesenchymal stem cells (hADSC). These 

cells are capable of secreting paracrine Vascular 

Endothelial Growth Factor (VEGF) and Fibroblast 

Growth Factor 2 (FGF-2). Significant 

immunomodulatory and proliferative capabilities are 

exhibited by these cells in comparison to other stem 

cells (8). Stem cell transplantation is considered to 

hold great promise for the treatment of chronic 

diseases. However, its effectiveness is frequently 

hindered by challenges such as poor cell survival, 

incomplete differentiation, and insufficient cellular 

integration in vivo. To address these limitations, bio 

scaffolds that mimic the native tissue 

microenvironment have been developed by 

researchers. These scaffolds are designed to provide 

structural support and biochemical cues to guide cell 

behavior(9). Achieving this goal is currently not 

feasible due to several significant challenges. These 

challenges include burst drug release, insufficient 

cellular adhesion support, and a slow scaffold 

degradation rate (10).  

Degenerative conditions and injuries result in an 

increasingly complex cellular environment, posing a 

significant challenge in the field of tissue engineering. 

Stem cell transplantation holds promise as a method 

for restoring tissue function, however, the 

inflammatory and inhibitory conditions in damaged 

tissues frequently hinder cell survival and integration. 

The extracellular matrix (ECM) of injured tissues 

commonly lacks the necessary supportive architecture 

for successful stem cell engraftment and 

differentiation (11-13). 

 The cellular response to scaffolds is to activate 

pathways via a combination of biological, 

biochemical, and biomaterial factors. Cells sense their 

surrounding environment and adjust their gene 

expression and functional behavior accordingly 

through mechanotransduction pathways.(14). 

Nanoparticles have the ability to alter the properties of 

culture scaffolds, including stiffness, surface charge, 

and topography, which in turn affects cell adhesion, 

proliferation, and lineage commitment (15, 16).  

The physicochemical characteristics of the 

scaffold have been significantly modified by 

nanoparticles, which exhibit diverse sizes and shapes. 

Nanoparticles are particularly efficient in enhancing 

catalytic activity on surfaces, owing to their elevated 

surface-to-volume ratio, enhanced solubility, superior 

electrical and thermal conductivity, as well as 

improved catalytic performance.(17, 18). In the 

biomedical sector, AuNP can be applied across 

multiple areas. 

 Essential properties are required for effective drug 

delivery, cancer therapy, biomedical imaging, and 

diagnostic purposes. Additionally, there are unique 
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characteristics that set them apart from others, such as 

their remarkable compatibility with the human body, 

minimal toxicity, adjustable stability, small size, and 

capacity to engage with various substances(18, 19). 

The improvement of stem cell transplantation and the 

advancement of stem cell therapy could be achieved 

through the use of biodegradable gold nano scaffolds 

(19). Furthermore, the use of AuNPs in the culture 

medium resulted in highly reproducible outcomes, 

sustained multipotency, differentiation capabilities 

beyond passage 14, and therapeutic potential in 

Mesenchymal Stem Cells (MSCs) (20).  

Unlike chemically synthesized AuNPs used in 

prior studies, our work utilizes laser-ablated, ligand-

free AuNPs, providing a contamination-free 

nanosystem. This synthesis method produces highly 

pure nanoparticles without residual chemical 

stabilizers, allowing a clearer assessment of 

nanoparticle–cell interactions. Furthermore, our study 

uniquely examines long-term hADSC responses (up 

to 28 days) and identifies a reproducible, biologically 

safe concentration (6 ppm) for regenerative 

applications. 

Considering the above points, this research aimed 

to provide a suitable solution for regenerative 

medicine by isolating and proliferating stem cells 

from human adipose tissue, while investigating the 

behavior of the cells in a gold nanoparticle nutrient 

culture medium and the possibility of their controlled 

proliferation. In this context, our study aimed to 

investigate the impact of different concentrations 

AuNPs on hADSC. 

 

Methods  

 

Preparation of Gold Nanoparticle (AuNP) Solution  

The gold nanoparticle utilized in this study was 

prepared from a previous study, and its preparation is 

briefly outlined. The procedure involved performing 

laser ablation on a 99.99% pure gold disc. Prior to 

laser irradiation, the gold disc was immersed in a 

Branson high-frequency pressure (sound) waves 

cleaner for a duration of twenty minutes, followed by 

an additional cleaning after another 20 minutes. To 

avoid interactions with organic matter, the gold disc 

was rinsed with propanone. All AuNP preparations 

were filtered through 0.22-µm filters and confirmed 

sterile and endotoxin-free. 

For the synthesis of spherical gold nanoparticles, 

C12H25SO4Na was generated through the laser 

ablation of the gold disc in a dodecyl sulfate solution. 

In this research, the Quanta-Ray GCR170 Nd: YAG 

laser (wavelength 532 nm; pulse duration: 10 µs; 

repetition rate: 10 Hz) was employed. After 22 

minutes of photoablation, the color of the solution 

shifted to vermilion, signifying the formation of 

AuNPs. A 0.22 µm filter was employed to filter the 

AuNP stock solution, which had a concentration of 

100 ppm, from HISTOGENOTECH (LOT NO H990I, 

Tehran, Iran) (Description of materials in the 

supplementary file) (21).  

 

Cell Culture, Proliferation 

Human Adipose fatty tissue was used as a source 

for the mesenchymal stem cells (MSCs), which was 

previously identified in our research (Code no. 

11347IBRC C, Iranian Biological Resources Center 

(IBRC), Iran.The MSC was incubated at 37ºC with a 

5% CO2 atmosphere in an DMEM culture medium 

that included 10% fetal bovine serum (FBS) and 1% 

penicillin/streptomycin antibiotics (100 U/mL (22, 

23). 

 

Viability Assays 

The AuNP solution was combined with a culture 

medium, which was determined to contain M1V1 + 

M2V2 (where M represents the concentration of the 

solution), V = the volume of solution) using the mass 

conservation equation: M1V1 = M2V2. The AuNP 

solution was prepared in different concentrations, 

including 1.5, 3, 6, and 9 ppm. Before adding AuNP 

solutions. Only the culture medium was used for 

treatment of the Control groups (0 ppm of AuNPs). 

MTT test, was done then reading the plate with an 

ELISA reader, and the average of the absorbance of 

the replicate wells for each dose was taken. Finally, 

the average absorbance of each dose was divided by 

the absorbance of the control and multiplied by 100 

OD. The resulting numbers indicate the percentage of 

viability. Then, the viability of each concentration was 

plotted in the form of a graph and the results were 

interpreted and analyzed based on the graph. These 

differences were further amplified with time(23).  

 

Investigation of Biological Functions 

One of the criteria for evaluating the biological 

activity of cells is their morphology or cell 
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morphology scoring. The following scoring was used 

to assess cell morphology: Score 1 is assigned to cells 

lacking branching and having a confluency of less 

than 30%. Score 2 belongs to cells that have little cell 

proliferation, and their confluency is between 30 and 

50%. Score 3 is assigned to cells that have cell 

branches and a confluency between 50 and 80%. 

Finally, score 4 is given to cells that have more than 2 

branches and their confluency is greater than 80%. 

Mesenchymal stem cells were stained with the 

fluorescent red dye 1-Carbocyanine, 1-Dioctadecyl 1-

conjugated to 3,3,3,3 Tetramethylliclocarboyanine 

Perchlorate (CM-Dil 1:100) and DM-5.5. Before 

transfection, cells were incubated with CM-Dil at 

37°C for 15 min. After ensuring a cell density of 80%, 

cells were resuspended with trypsin, 0.25% EDTA, 

and serum containing minimal essential nutrients and 

FBS. (Serum-free medium/MEM preferred) The 

culture medium was phenol-free and contained 1:1 

DMEM, 1% streptococcal penicillin, 2 mM L-

glutamine, and 0.1 g/L sodium pyruvate. 

 5 μl of 1 mM dye solution was added to 1 ml of 

cell suspension at a concentration of 1 × 10 6 cells/ml 

and incubated for 20 min in the dark at 37°C. The cell 

plate was observed after 5 min of centrifugation at 

room temperature. After repeated centrifugation 3 

times, unstained cells were separated. After labeling 

the cells with PBS, the cells were resuspended in fresh 

culture medium and incubated for 7, 14, and 28 days. 

After the incubation periods, the expression of each 

treatment was visualized by confocal microscopy 

(TCS SP5 Confocal, Jena, Germany). The expression 

of DPI in the cells was analyzed using Image J 5.0 

software, developed by the National Institutes of 

Health in Bethesda, MD, USA. 

 

Animal Model 

In our research, we prepared, 30 male Albino 

Wistar rats, old 2–3-month weighing 300–350 g for 

surgical procedures. The rats were housed in separate 

plastic enclosures and provided with a standard 12–12 

h light-dark cycle, normal humidity, and access to a 

special diet and water ad libitum. Each rat was 

intraperitoneally injected with Ketamine -Xylazine 

(frequently used for anesthesia in rats) dosage of 100 

mg/kg and 150 mg/kg. Prior to the surgical 

procedures, the back hair of the rats was shaved using 

a sterile blade. A 5cm incision was made on the back 

of each rat. All animal experiments were carried out 

in compliance with the ARRIVE guidelines and the 

regulations set forth by the Animal Care and Use 

Committee of Lorestan University of Medical 

Sciences (IR.LUMS.REC.1402.066), in addition to 

the National Institutes of Health Guide for the Care 

and Use of Laboratory Animals.  

Glass coverslips were coated with 6ppm of AuNP 

(1ml volume implanted surgery site) on both sides and 

implanted in 6-well culture plates for 30 minutes. The 

implanted AuNP cells were then treated after applying 

local anesthesia and making a 10 mm cut in the dorsal 

skin of the rats. After one week of subcutaneous 

implantation, the surrounding wound tissues 

containing the implanted AuNP cells were extracted 

for histological measurements. All the rats were 

euthanized with intraperitoneal injection of sodium 

pentobarbital (150 mg/kg, i.p.).  

Tissue samples were extracted, fixed with 10% 

neutral buffered formalin, and embedded in paraffin 

seven days after implantation. The specimens were 

processed for multiple evaluSEXations, including 

capsule formation assessment using hematoxylin and 

eosin (H&E) staining, as well as collagen deposition 

measurement using Masson's trichrome staining. The 

intensity of the LM was quantified using Image J 5.0 

software after observation through a Nikon e100 

microscope in Tokyo, Japan. (22).  

 

Experimental design and controls 

In vitro: Each treatment group included at least 

three independent biological replicates (cells from 

separate culture preparations) and three technical 

replicates per biological replicate. Treatment groups 

were: 0 ppm (culture medium only, negative control), 

vehicle control (equivalent concentration of SDS used 

during AuNP preparation without AuNPs), and AuNP 

treatments at 1.5, 3, 6, and 9 ppm. A positive control 

for cytotoxicity (0.1% Triton X-100) was included in 

pilot assays to validate the MTT procedure. Where 

relevant, an ionic gold control (Au³⁺  salt) was used to 

distinguish particle-specific effects from ionic 

species.Sample sizes, chosen based on common 

practice in similar preclinical studies, were N = 3 

biological replicates with 3 technical replicates per 

group provide sufficient power to detect large effects 

typical for cytotoxicity assays. 

In vivo: animals were randomized into the 

following groups: surgery only, Cell-only (hADSCs 

without AuNPs), AuNP-only (1ml), and AuNP (1ml) 
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+ hADSC (1× 106). Group sizes are reported for each 

experiment (n = 10 per group); animals were allocated 

randomly and outcome assessments were performed 

blinded to group assignment. For in vivo histology and 

semi-quantitative analyses, n ≥ 5 animals per group 

was employed to allow detection of tissue-level 

differences. 

 

Statistical Analysis 

After collecting the data, the central and 

dispersion indices were calculated specific test: The 

experimental data were represented as mean ± 

standard deviation (SD) with sample size(n=30). The 

number of biological and technical replicates for each 

experiment was stated in the corresponding 

subsections. All histological quantifications and 

image-based assessments were performed by an 

investigator blinded to treatment groups. Animals and 

cell culture samples were randomized to treatment 

groups to minimize bias in allocation. One-way 

analysis of variance and LSD test were used to 

compare the mean differences between multiple 

groups, and t-test was used to compare the mean 

differences between two groups. A p < 0.05 indicated 

that a difference was statistically significant. 

 

Results  

 

Characterization of AuNP 

The preparation of AuNP solutions can be 

characterized by examining Figure 1A, which shows 

the brief procedure. Four groups were responsible for 

preparing the concentrations of AuNPs. 5, 3, 6 and 9 

ppm. 0 ppm of AuNPs was found in the control group. 

Afterwards, different characterizations were applied 

to every AuNP solution prepared. The AuNPs in this 

research were observed using a transmission electron 

microscope, (Figure 1B). ImageJ software was used to 

quantify the AuNP diameter, which was determined to 

be 18.59 nm (Figure 1C). In Figure 1D, the particle 

size distribution is shown as a histogram, and the 

AuNP diameter was measured accurately at 45 <µm > 

3.2 nm (Figure 1E). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. AuNP characterization. (A)  Schematic of different AuNP concentrations of 1.5, 3, 6, and 9 ppm 

used in this study. (B) TEM(Transmission electron microscopy)of AuNP, from left to right. (C) The size of 

AuNPs (18.59 nm) was evaluated using ImageJ software. (D) DLS provided a measure of the hydrodynamic 

diameter of the AuNPs: Mean Number 1.93 nm, Mean Intensity 166.34 nm, Mean Volume 3.86 nm. (E) 

Table for Distribution statistics. 
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Cell viability, Safety and compatibility 

Cell viability 

The Safety and compatibility estimate of the 

AuNPs was accomplished. The cell viability 

percentage of the MSCs was activates pathway by the 

many AuNP treatments at 24h, 7,14, and 28 days were 

explored and is proven in Figure 2A, with the 

formulation prearranged as Table S1 and Figure S1. 

At AuNP 1.25 and 2.5 ppm, the proliferation volume 

of MSCs was significantly supported. Cell 

morphology; the MSCs’ morphology characteristic 

was improved to be more extended while existence 

was preserved per 6 ppm AuNPs, suggesting, both cell 

adhesion and migration capacity were found to be 

significantly supported. 

 The overhead sign also illuminate, AuNPs at a 

concentration of 6 ppm are a better biocompatibility 

nanomaterial. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Cell viability of hADSC was preserved at many concentrations of AuNPs. (A) The cell viability of 

MSCs preserved with AuNPs was explored. The outcomes specify that the AuNP 6ppm treatment enhanced 

MSCs proliferation at 14 and 28, while the AuNP 9ppm treatments had significantly less cell viability at 

separate time points. The test results showed that on days 7, 14, and 28, there was no significant difference 

between the distribution of cell survival in the group exposed to gold nanoparticles (AuNP) (p value; 0.075, 

0.06 and 0.148 where for day 7, day 14 and day 21 respectively) compared to the Control group.  

 

To examine cell morphology and scoring, cells 

were first plated in 6-well plates and then exposed to 

gold nanoparticles (AuNP) and a control group. Cell 

morphology was examined on days 7, 14, and 28 after 

exposure. As shown in Figure 3A, on day 7, the 

control group scored 3, which meant more than 2 

branches and a surface coverage of more than 70%. 

The group exposed to gold nanoparticles had similar 

morphology and scores. On day 14, the control group 

scored 1, which meant no cell branches and a surface 

coverage of less than 30%. In contrast, cells exposed 

to gold nanoparticles scored 4 because of their 

branches and surface coverage. On day 28, the score 

of the control group without exposure to gold 

nanoparticles decreased to 2, indicating the presence 

of little cell proliferation, no branches, and 30–50% 

surface coverage. On the same day, cells exposed to 

gold nanoparticles received a score of 4 due to 

branches and the amount of surface coverage. Overall, 

exposure to gold nanoparticles increased cell growth 

on days 14 and 28 compared to the control group. 

MSCs were observed by confocal microscopy, the 

adjacent of light of AuNPs was analyzed using 

ImageJ, demonstrating the higher countenance in both 

14 and 28 days, 6 ppm AuNP treatments. However, 

statistical analysis showed that there was no 

significant difference in the morphological 

distribution of cells between the two groups on these 

days. Morphological changes on days 14 and 28 are 

shown in Figure3 (Table S1-S4). 
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Figure 3. Biocompatibility of MSCs cells subsequently AuNP treatments. (A) MSCs morphology next 7, 14, 

and 28 days of AuNP (6 ppm) treatments was explored via LM. (B)The morphology characteristic scores of 

MSCs were quantified intended each day of handlings. The results elucidate that the 6 ppm AuNP group in 

14 and 28 days had a higher MSCs amount score but no significant (p value 0.2,0.1 and 0.1 day7, day14 and 

day21 respectively). (C) A DiI expressed in MSCs is demonstrated using the IF staining method after days of 

handlings. By confocal microscope, DiI solution, orange-red-fluorescent dye fluorescence shows the 

countenance of hADSC. Scale bar = 100 μm (D) MSCs higher countenance in 14 and 28 days, 6 ppm AuNP 

treatments (p value 0.05,0.03 and 0.03 day7, day14 and day21 respectively).  The above consequences are 

represented as mean ± SD. * p < 0.05, # p>0.05. 

 

Safety and compatibility in vivo study 

Safety and compatibility calculations of 

nanomaterials with lasting inflammation have been an 

alarm for tissue renewal efficiency. Figures 4 

demonstrate the serial histology examinations. The 

tissue images investigated in Figure 4A are shown 

using Masson's trichrome staining assay, and the blue 

color represents collagen deposition. After 6ppm 

AuNPs implantation, collagen deposition quantitative 

results show a significant decrease, as depicted by 

Figure 4B. In Figure 4C, the formation of capsules 

was shown using histological images and H&E 

staining. Each treatment has white arrows that 

pinpoint the thickness of the capsule in the tissue. 

Figure 4D shows a trend similar to collagen 

deposition, which was partially quantified and shown. 

In the following step, LM images and semi-quantified 

data, as well as the expression of an endothelialization 

 [
 D

O
I:

 1
0.

22
08

8/
IJ

M
C

M
.B

U
M

S.
15

.1
.1

17
1 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
m

cm
ed

.o
rg

 o
n 

20
26

-0
5-

27
 ]

 

                             7 / 12

http://dx.doi.org/10.22088/IJMCM.BUMS.15.1.1171
http://ijmcmed.org/article-1-2669-fa.html


AuNP in tissue regenerative/ Salehi Nasab F, et al                                                                                             1178 

International Journal of Molecular and Cellular Medicine. 2026; 15(1): 1171-1182 

marker, were evaluated. The research suggests that 

6ppm AuNPs cause a significant increase in 

endothelialization in tissue, as shown in Figure 4. 

During 28 days of AuNPs treatments, safety and 

compatibility investigations were performed in the rat 

model. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Masson's trichrome staining assay was employed to measure collagen deposition (blue color). By 

performing an H&E staining assay, the white double arrow shows the formation of the capsule. After 

histological staining, it was observed that the endothelial tube appeared. The formation of tubes was present 

below the skin. The scale bars of images were equal to 200 μm. AuNP treatments had an impact on the semi-

quantitative results of collagen deposition. A semi-quantitative measurement was done to determine the 

thickness of the tissue capsules in each treatment. Quantifying the intensity of endothelial tube formation 

was done too. Using AuNPs at 6 ppm could result in the most severe foreign body response and a significant 

boost in endothelialization for tissue regeneration, according to the evidence mentioned above. A, B: collagen 

formation, in control and concentrations of AuNP groups.  

Collagen formation p value: 0.044, capsule thickness pvalue: 0.0001 and microvascular density pvalue:0.0001 

C, D: capsule sickness, In control and concentrations of AuNP groups, E, F: micro vascular density, In 

control and concentrations of AUNP groups. Values are presented as the mean± SD (p < 0.05: *P, p < 0.01: 

**P, p < 0.001: ***P) and (n = 3). 

 

Discussion 

The constancy of gold nano particles (AuNPs) and 

their changeability make them an attractive choice for 

drug delivery with the addition of biological factors, 

AuNPs can be further steadied .Use of AuNPs for live 

tissue in human body applications has previously been 

described (18, 24). Nanotechnology has developed a 

new approach to regenerative medicine by using 

metallic nanoparticles (MNPs). Various 

biocompatible NPs have been suggested in recent 

times to enhance wound healing. Previous literature 

has shown that collagen that has been modified with 

silver nanoparticles has the potential to differentiate 

MSC endothelial during vascular regeneration. Good 
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biological performance was observed in the 

combination of fibronectin and silver nanoparticles. 

Although AuNPs were incorporated into the culture 

system, we carefully evaluated their potential 

interference with hADSC behavior using multiple 

independent assays. First, a full dose–response 

viability analysis (1.5, 3, 6, and 9 ppm) was 

performed, and 6 ppm was identified as a non-toxic 

and non-inhibitory concentration, showing no 

significant reduction in hADSC viability compared 

with the control group at 7,14, and 28 days 

(Figure2;Tables S3–S4).Second, cell morphology 

scoring, proliferation behavior, and DiI-based 

expression analyses demonstrated that cells cultured 

with 6 ppm AuNPs maintained typical MSC 

characteristics and did not exhibit abnormal 

differentiation or stress-related morphology(Figure3). 

Additionally, in vivo biocompatibility was confirmed 

by the absence of adverse foreign-body responses and 

normal collagen deposition patterns, indicating that 

AuNPs at the selected concentration did not 

negatively affect cellular or tissue-level pathways 

(Figure 4). Therefore, our data collectively support 

that 6 ppm AuNPs act as a biocompatible and non-

interfering nanomaterial, and a separate control 

scaffold was not required beyond the pure culture 

medium (0 ppm) used as the negative control. 

AuNPs and their nanocomposites for intra 

systemic uses. To use biomaterials in clinical settings, 

they must undergo thorough examination in 

regenerative medicine and tissue engineering. We aim 

to produce biomedical nanomaterials that are less 

immunogenic and offer better bio-efficient 

capacities(25). The transformation of young cells at 

early passages into immortalized cells is a challenge 

for standard h-ADSC culture protocols. Furthermore, 

the exclusion of senescent cells led to h-ADSC 

cultures with a large proportion of cells that were 

uniform in size, with 86% of them belonging to the 

restricted group. Using our strategy of removing cells 

that had an increase in granularity, size, or both in 

hADSC cultures reduced cell size variability in 3 out 

of 4 culture groups. By removing senescent cells, 

hADSC cultures showed increased cell consistency 

(86.8% within the expected gated population) and 

better purity. Additionally, the combinatorial 

approach of using AuNPs with concentration and size 

(6ppm and 18.9nm respectively) and increased time 

takes to generate a large number of h-ADSCs (p0 to 

p1) from a traditional 5-6-weeks period until one to 

two weeks increased cell number and density, and 

minimized the presence of senescent cells(26). 

The study examined the ratios of cell activation 

and proliferation conversion in 6ppm AuNP 

treatments. According to the previous study, the 

survival of flaps in rats significantly increased by 

AuNPs and CEET treatment. Activation, 

proliferation, and survival of human ADSCs were 

induced by 6 ppm of AuNPs on days 14 and 28, as 

demonstrated by our results, suggesting that the 

immune system could handle treatments the 

concentration. Furthermore, the apoptosis ratio of 

AuNP was investigated. Our analysis shows that at a 

6ppm AuNPs concentration, MSCs exhibited a 

significantly lower apoptotic or molecular control 

point sensitivity compared to 9ppm.  

It was proven that the proliferation of hADSC was 

caused by the right amount of AuNPs. Gold 

nanoparticles can affect the regulation of apoptotic-

related proteins, which is also a concern. Ant 

apoptotic proteins would be induced by the 

biocompatible nanomaterials. Days 14 and 28 saw 

better biocompatibility for further applications with 

AuNPs at concentrations of 6 ppm, as confirmed by 

the evidence. MSCs have been demonstrated as 

therapeutic agents in numerous environments, and a 

range of research suggests that they have therapeutic 

applications in cardiovascular disease pathologies. By 

enhancing our understanding of MSC biology, we 

may be able to refine MSC culture practices to 

enhance therapeutic applicability, which is an 

important point. 

AuNPs  by themselves lack antibacterial activity 

and, are combined with various bio macromolecules 

including chitosan, gelatin, dextran/polyvinyl alcohol, 

poly(lactic-co-glycolic acid)/poly(caprolactone), and 

cotton fabric to enhance the effectiveness of the 

wound healing process(27) .Our histological finding 

showed interacting effect of  AuNPs and hADSCs  in 

Wound healing process(Fig4 A, B), For example, 

collagen has been used as a cross-linking agent to help 

gold nanoparticles combine with other bio 

macromolecules including polysaccharides, peptides 

and growth factors, making them biocompatible and 

biodegradable for use as wound dressings. In addition, 

gold nanoparticles (AuNPs) have been conjugated to 

other nanoparticles, biomolecules, stem cells, and 

specific antibodies to enhance their antimicrobial 
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activity. The synergistic effect of gold nanoparticles 

with stem cells increased the paracrine properties of 

stem cells, which can be seen in the graphs of Figure 

4 with changes in the rate of angiogenesis (Figure 4E 

and F) and increased epidermis thickness (Figure 4C 

and D). This synergy was also due to the size of the 

gold nanoparticles, which was less than 20 nm, which 

enhanced the paracrine effect of stem cells. In addition 

to biocompatibility, the toxicity level was also lowest 

at a concentration of 6 ppm (Figure 1E and D).  

The use of metallic nanoparticles (MNPs) and 

macromolecules of interest such as Metal-organic 

frameworks (MOFs) is a novel approach to 

regenerative medicine that can be obtained through 

nanotechnology. A number of biocompatible NPs 

have been proposed for the improvement of wound 

healing (28). The use of MNPs like silver, gold, and 

zinc oxide has been shown to have beneficial qualities, 

including low in vivo in biotoxicity and bacteriostatic 

and bactericidal activity. The physicochemical 

properties of NPs are better due to their smaller mean 

size, increased surface area, and aspect ratio. 

Stimulating different cellular and molecular processes 

can alter the wound microenvironment's antibacterial, 

anti-inflammatory, and angiogenic activity, 

transforming it from a non-healing to a healing 

environment (24).  

The free radical scavenging activity of AuNPs 

accelerates in vitro ,wound healing (29). Gold 

nanoparticles with chitosan bound demonstrated a 

substantial increase in free radical scavenging activity 

and improved biocompatibility compared to the pure 

nanoparticles(30). 

Incorporating gold nanoparticles into co-cultured 

media-based and ADSCs wound treatments was a 

factor in the increase in hemostasis, epithelial tissue 

formation with a high healing rate, and rapid wound 

closure, which we found in our study. Moreover, 

utilizing hADSCs bound to AuNPs on the surface of 

incisional skin contributed to increased wound healing 

rates, reduced inflammation, and improved collagen 

deposition. 

 In addition, the results of in vivo experiments 

demonstrated that 6 ppm AuNPs decreased foreign 

body responses and had a superior retention efficacy 

with tissue integrity in an animal model. In closing, 

the evidence suggests that AuNP could be viewed as 

a promising system for delivering Nano drugs in a 

biosafety fashion in the process of developing 

regenerative medicine with hADSCs mesenchymal 

stem cells.  

The biomedical applications were promising 

because the physically synthesized AuNPs at the right 

concentration were a promising candidate. 

Biopolymers like collagen or polyethylene glycol can 

functionalize the particle surface, leading to its 

application as a safe-compatible nano-drug delivery 

structure with more permanency. 

 This research suggests that polymeric 

biomaterials-fabricated AuNPs with minimal toxicity 

effects without using reducing agents are more 

potential for clinical applications and have good 

biosafety. Also, AuNPs that can carry different 

biomolecules can be created to facilitate specific 

differentiation pathways in MSCs and improve tissue 

repair for investigations. Confocal microscopy 

findings confirm the biocompatibility and viability of 

stem cells co-cultured with AuNPs on day 28, which 

emphasizes the suitability of the gold nanoparticle 

fabrication method in this study (Figure3 C&D). It 

also shows that AuNP as Extra cellular matrix (ECM) 

regulate microvessels density through various signals, 

it is still unclear whether other pathways are involved. 

Further investigation of the mechanism of MSC 

proliferation with AuNP in promoting angiogenesis is 

necessary. 

 When co-cultured with AuNPs and MSCs, they 

can be utilized as a vehicle for delivering drugs to the 

site of inflammation or disease.  In this study, it was 

demonstrated that 6 ppm AuNPs can promote 

proliferation and migration by activating molecular 

pathways. The stability of AuNPs was shown to 

suggest it could be a promising nanoparticle for future 

therapies. In general, the combination of gold 

nanoparticles and adipose-derived mesenchymal stem 

cells is an innovative drug delivery method with 

numerous advantages.  

We believe that increasing the AuNPs 

concentration (6 ppm) can induce morphological 

changes during biomaterial modification, which can 

affect the binding potential of hADSCs. To enhance 

biocompatibility and organic targets in living tissues, 

such as attachment, proliferation, and anti-

inflammation, it has been suggested that AuNPs at 6 

ppm is the most effective concentration for 

biomaterial modification in hADSC culture media. 

The results of this study suggest that hADSC 

therapeutic strategies can be combined with AuNPs 
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physically synthesized at 6 ppm as a promising Nano 

platform for tissue regeneration. Recent research has 

shown that AuNPs incorporated into culture systems 

can help maintain the properties of MSCs, including 

pluripotency and viability over multiple passages. 

 

Limitations  

The identification of 6 ppm as a favorable 

concentration is based on viability, morphology, 

and tissue response rather than molecular 

signaling. Mechanistic events such as ROS 

modulation or activation of AKT/ERK pathways 

were not evaluated in the present study and will 

require future mechanistic work. 
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