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Abstract 

Background: People with sensitive skin often have compromised barrier function, 

hindering the wound healing process. Collagen and elastin are essential in all wound 

healing stages, from hemostasis to tissue remodeling. Salmon DNA polynucleotide 

(PN) is increasingly used in beauty clinics for sensitive skin indications due to its 

regenerative properties. This study aimed to explore the salmon-derived PN as anti-

aging agent and its impact on wound healing in scratch-induced fibroblast cell cultures 

by evaluating cell migration and the expression of type I collagen (COL1A1) and elastin 

(ELN) genes.  

Methods: This study used BJ cell cultures from human skin fibroblasts. The cell 

migration was analyzed microscopically using ImageJ software, while COL1A1 and 

ELN expression were measured by qRT-PCR.  

Results: The IC50 of PN was 3.214%. The 0.78% PN concentration showed the highest 

cell migration, increasing by 33.80% at 48 hr post-scratch. PN also enhanced COL1A1 

and ELN expression, with the most effective concentration among the tested 

concentrations observed at 0.78%.  

Conclusion: PN has been demonstrated to enhance fibroblast migration and increase 

COL1A1 and ELN gene expression in an in vitro scratch-injury model. Future studies to 

confirm these findings on experimental animals and human clinical trials are essential. 
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Introduction 
 

Sensitive skin can be described as a heightened 

sensory condition induced by contact-related or en-

vironmental stimuli, often occurring in the absence of 

clear clinical signs, yet characterized by exaggerated 

cutaneous responses such as erythema, pruritus, and 

irritation. This condition is commonly associated with 

compromised skin barrier integrity, which may ne-

gatively influence the physiological wound healing 

cascade 1. Wound healing itself represents an intrinsic 

biological mechanism through which damaged tissue 

undergoes repair and restoration, involving a tightly 

regulated sequence of cellular and molecular events. 

Under normal circumstances, this process progresses 

through three interconnected phases, namely inflam-

mation, re-epithelialization, and tissue remodeling 2. 

Disruptions in any of these phases may arise from  

 

 

 

 

 
intrinsic or extrinsic factors, including aging, phar-

macological treatment, obesity, alcohol intake, smok-

ing habits, and nutritional status, ultimately delaying 

skin regeneration 3. 

In individuals with sensitive skin, impaired barrier 

function may further compromise the wound healing 

response. Barrier dysfunction has been associated with 

delayed or suboptimal healing outcomes, as the skin’s 

protective capacity is reduced 4. Consequently, the key 

extracellular matrix components synthesis including 

collagen and elastin may be attenuated, increasing the 

likelihood of scar formation and diminished tissue 

elasticity 5. Moreover, sensitive skin is frequently 

linked to exaggerated inflammatory or reactive 

responses during tissue repair, potentially intensifying 

symptoms such as redness, itching, and irritation at the  
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wound site, which may further impede the healing 

trajectory 6. Therefore, strategies aimed at preserving 

or restoring skin barrier function are essential to 

support effective wound repair in individuals with 

sensitive skin. 

Collagen is the predominant structural protein in the 

skin and plays a fundamental role in maintaining tissue 

integrity and mechanical strength 7. During wound 

repair, collagen serves as a scaffold for newly formed 

tissue, facilitates fibroblast migration, supports scar 

tissue development, promotes wound closure, and en-

hances tensile strength 2. Its involvement spans all 

stages of wound healing, from hemostasis through to 

tissue remodeling 8. In parallel, elastin contributes to 

the elastic and flexible properties of the skin 9. Within 

the wound healing context, elastin not only provides 

mechanical resilience but also modulates cellular 

behaviour, gradually reducing wound contraction while 

supporting dermal regeneration. Adequate elastin 

synthesis during tissue regeneration is therefore critical 

for restoring elasticity and functional integrity of newly 

formed skin 10. 

At present, salmon DNA polynucleotides (PN) are 

widely utilized in aesthetic clinical practice, particu-

larly for managing sensitive skin conditions. Salmon-

derived DNA exhibits anti-inflammatory effects 

through its interaction with adenosine A2A receptors, 

leading to suppression of mitogen-activated protein 

kinase (MAPK) and nuclear factor κB (NF-κB) sig-

naling pathways, while simultaneously promoting Vas-

cular Endothelial Growth Factor (VEGF) activity 11. In 

addition, PN participates in the nucleotide salvage 

pathway by supplying nucleosides and nucleotides 

necessary for DNA synthesis, thereby reactivating 

cellular proliferation and growth associated with skin 

tissue regeneration 12. Collectively, the biological 

activities of PN include stimulation of angiogenesis, 

enhancement of cellular metabolism, activation of 

collagen synthesis, modulation of inflammatory re-

sponses, inhibition of melanin production, and pro-

motion of soft tissue regeneration, all of which con-

tribute to skin revitalization 13. Despite these reported 

benefits, scientific evidence specifically addressing the 

role of salmon DNA PN in accelerating wound healing 

in injured fibroblast cell cultures remains limited. 

Accordingly, the present study aims to analyze the 

potential of salmon DNA PN to enhance the wound 

repair-related process in injured fibroblast cell cultures, 

with a particular focus on cell migration as a key 

indicator of tissue repair. 
 

Materials and Methods 
 

Human fibroblast (BJ) cell culture  

The sample used in this study is a Human fibroblast 

cell line (BJ, ATCC® CRL-2522™) obtained from 

Aretha Medika Utama, Bandung, Indonesia, with 

normal cell morphology (normal viability) after being 

cultured in BJ cell culture medium (10% FBS, 1% 

ABAM, 1% MEM Vit, 1% Fungizone, 1% Nano-

mycin, 0.1% Gentamicin, and basal MEM medium up 

to 100%) in an incubator at 37°C with 5% CO₂. Cells 

were maintained under standard culture conditions in 

T25 culture flasks and routinely monitored using an 

inverted microscope until approximately 70–80% con-

fluence was achieved. Upon reaching the desired 

confluency, the spent medium was aspirated, and the 

cell layer was gently washed with 1× Phosphate-

Buffered Saline (PBS). The detachment of the cell was 

initiated by the addition of 2 ml Trypsin–EDTA, 

followed by incubation for 5 min at 37°C with 5% CO₂. 

Detached cells were subsequently collected into a 15 

ml centrifuge tube then centrifuged at 1600 rpm for 5 

min. After removal of the supernatant, the resulting cell 

pellet was reconstituted in 1 ml fresh culture medium. 

The cell suspension was then evenly distributed into 

two T25 flasks and cultured at incubator in 37°C with 

5% CO₂. For routine maintenance, the culture medium 

was refreshed or supplemented every 2-3 days 14.  
 

Cytotoxicity assay   

The cytotoxicity evaluation was performed follow-

ing previously established protocols to define the ap-

propriate concentration range for subsequent cell 

migration experiments 15. Briefly, cells were quantified 

using a haemocytometer and seeded into 96-well 

culture plates at a density of 1×10⁴ cells per well, then 

incubated at 37°C in a humidified atmosphere con-

taining 5% CO₂ for 24 hr. After the initial incubation 

period, cells were exposed to \PN at graded con-

centrations of 50, 25, 12.5, 6.25, 3.13, 1.63, and 0.82%, 

respectively. Prior to treatment, the culture medium in 

each well was replaced with 90 µl of fresh medium, 

after which 10 µl of the corresponding PN solution was 

added. The treated cells were then incubated for 24 hr 

at 37°C in a humidified atmosphere containing 5% 

CO₂. After the treatment period, 10 µl of WST-8 

reagent was added to each well, and the plates were 

further incubated for 3 hr at 37°C with 5% CO₂. Cell 

viability was subsequently assessed at 450 nm using a 

microplate spectrophotometer.  
 

Cell treatment-cell migration assay 

BJ fibroblast cultures were allocated into five ex-

perimental groups, each comprising five independent 

samples. Five wells per group were used within each 

experiment, and the entire experiment was indepen-

dently repeated three times. The groups included: (I) 

non-wounded Negative Control (NC), consisting of BJ 

fibroblasts cultured in standard medium supplemented 

with DMSO without mechanical injury; (II) wounded 

Positive Control (PC), consisting of scratched BJ 

fibroblasts cultured in standard medium supplemented 

with DMSO; and three wounded treatment groups 

treated with salmon DNA PN: PN1 (12.5%), PN2 

(3.13%), and PN3 (0.78%). The non-wounded NC was 

used as the physiological baseline for the fibroblasts, 

while the wounded PC was employed as the reference 



Weni M, et al 

 Avicenna Journal of Medical Biotechnology, Vol. 18, No. 4, October-December 2026  327 

group for evaluating the effects of PN following 

scratch injury. Cells were quantified using a haemo-

cytometer and seeded into 24-well plates at a density of 

6.8×10³ cells per well, then incubated for 24 hr at 37°C 

in a humidified incubator containing 5% CO₂. Upon 

reaching approximately 70-80% confluence, as con-

firmed by inverted microscopic observation, a linear 

scratch was made across the center of each well using a 

sterile 1 ml blue pipette tip to simulate injury. The 

existing culture medium was subsequently aspirated 

and replaced with 500 µl of fresh medium containing 

the designated PN concentrations. The plates were then 

returned to the incubator under standard conditions. 

Wound closure was measured at 0, 24, and 48 hr 

following PN treatment, and the extent of BJ cell 

migration was quantitatively analyzed using ImageJ 

software 16.  
 

Analysis of COL1A1 and ELN gene expressions 

Cells were harvested and lysed using TRI reagent 

(300 µl), after which the lysates were subjected to 

centrifugation. The clarified lysate was mixed with an 

equal volume (300 µl) of absolute ethanol and gently 

inverted to ensure uniform dispersion. The resulting 

solution was transferred onto a Zymo-Spin IIICG 

column and centrifuged at 10,000×g for 30 s to allow 

RNA adsorption to the column matrix. For column 

purification, 400 µl of Direct-zol RNA PreWash was 

added and centrifuged at 10,000×g for 30 s, and the 

eluate was discarded. This washing procedure was 

performed twice. Subsequently, the column was rinsed 

with 700 µl of RNA Wash Buffer and centrifuged 

again at 10,000×g for 30 s. The column was then 

placed into a fresh RNase- and DNase-free collection 

tube. RNA was recovered by applying 100 µl of 

DNase/RNase-free water directly to the column 

membrane, followed by centrifugation at 10,000×g for 

180 s. The concentration and purity of the isolated 

RNA were determined spectrophotometrically by 

measuring absorbance at 260 and 280 nm. First-strand 

complementary DNA (cDNA) synthesis was perform- 

 

ed using the SensiFAST cDNA Synthesis Kit (Meridi-

an Bioscience, BIO-65054). Quantitative real-time 

PCR (RT-qPCR) was conducted using SsoFast™ Ever-

green Supermix (Bio-Rad, 1725200) following the 

manufacturers’ instructions 17. 
 

Data analysis 

Quantitative data are presented as the mean value 

with corresponding mean and standard deviation (SD) 

derived from three independent experimental repeats. 

Data visualization was performed using GraphPad 

Prism (version 8.0.244). Statistical comparisons be-

tween groups were carried out using one-way 

ANOVA, and significant differences were further 

examined using Tukey’s HSD post hoc analysis. A 

probability value below 0.05 (p<0.05) was considered 

indicative of statistical significance. All statistical 

analyses were executed using SPSS software (version 

23.0; SPSS Inc., USA).  

 

Results 
 

Cytotoxicity analysis and migration assay  

The cytotoxicity test was conducted on final con-

centrations of PN in BJ cell medium at 50, 25, 12.5, 

6.25, 3.13, 1.63, and 0.82%, respectively. The results 

of the cytotoxicity test are presented in figure 1. Based 

on the cytotoxicity test results, the IC₅₀ value of PN 

was evaluated in BJ cell cultures. We found that the 

IC₅₀ of PN obtained from this WST-8 assay is 3.214%. 

Therefore, in subsequent pharmacological testing, three 

concentrations above IC₅₀, at IC₅₀, and below IC₅₀ were 

used, namely, 12.5, 3.13, and 0.78%, respectively.  

Cell migration in this study was tested using the 

scratch method, which involves creating an artificial 

wound or scratch on a confluent layer of cells in 

culture. Cell migration assays were performed on 

groups with final concentrations of 12.5, 3.13, and 

0.78% in BJ cell medium, respectively. The results 

showed that the best migration potential was demons-

trated by the 0.78% concentration of PN, which in-

creased cell migration to 33.80% at 48 hr post-scratch  

 

Figure 1. Viability (A) and inhibition (B) of BJ cells after PN treatment. 

I: Negative Control (NC: BJ cells no treatment), II: PN 50 (BJ cells+PN 50%), III: PN 25 (BJ cells+PN 25%), IV: PN 12.5 (BJ cells+ PN 12.5%), V: 
PN 6.25 (BJ cells+PN 6.25%), VI: PN 3.13 (BJ cells+PN 3.13%), VII: PN 1.63 (BJ cells+PN 1.63%), VIII: PN 0.82 (BJ cells+PN 0.82%). The data is 

presented as mean±SD. According to Tukey HSD post hoc test, same superscripts indicate that treatments are not significantly different, various 

superscript marks (a, b, c, d, e, f, g) revealed significant differences between concentrations (p<0.05). 
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(Figures 2 and 3). The migration percentages observed 

in the groups subjected to PN treatment were primarily 

compared to the wounded vehicle control group (PC). 
 

The expression of COL1A1 and ELN  

The expression of collagen type 1 (COL1A1) and 

elastin (ELN) genes in injured fibroblast cells was 

tested using qRT-PCR. The results showed that the 

scarring method can reduce the expression of the 

COL1A1 and ELN genes, and administration of PN 

reversed these effects. The greatest increase in 

COL1A1 and ELN gene expression resulted from 

administration of PN at a concentration of 0.78% 

(Figure 4). 

 

Discussion 
 

Based on the cell viability assessment, salmon DNA 

PN serum demonstrated a favorable safety profile, 

particularly at lower concentrations, indicating minimal 

cytotoxic effects on BJ fibroblast cells. Evaluation  

 

using the WST-8 assay revealed that the IC₅₀ value of 

PN in BJ cells was 3.214%. This finding aligns with 

previous studies conducted on human dermal fibro-

blasts (CCD-25SK) and murine fibroblast cell lines 

(L929), which reported that PN exposure at low con-

centrations (0.1–1 µg/ml) did not adversely affect cell 

viability 18. Similarly, investigations involving primary 

gingival fibroblasts derived from mice showed that PN 

concentrations up to 100 µg/ml supported cell survival 

and proliferation, as assessed by MTT and CellTiter-

Glo® assays 19. Comparable observations were re-

ported in studies using human articular chondrocyte 

cell lines (HC-a), where PN treatment at concentrations 

up to 1000 µg/ml did not reduce viability, and lower 

doses were even associated with enhanced cellular 

viability 20. 

Notably, the determination of an IC₅₀ value of 

3.214% for PN in BJ fibroblast cultures represents a 

novel contribution to the current literature. These find-

ings are further supported by studies employing poly-

deoxyribonucleotide (PDRN), in which no cytotoxic 

effects were observed in human chondrocyte cultures  

 

Figure 3. Effects of PN on the migration of BJ cell. 

I: Negative Control (NC: BJ cells no treatment), II: PN 12.5 (BJ 

cells+PN 12.5%), III: PN 3.13 (BJ cells+PN 3.13%), IV: PN 0.78 (BJ 
cells+PN 0.78%). The data is presented as mean±SD. According to 

Tukey HSD post hoc test, same superscripts indicate that treatments 

are not significantly different, various superscript marks (a, b, c, d) 

revealed significant differences between concentrations (p<0.05). 

Figure 4. Effects of PN on the expression of COL1A1 and ELN. 
I: Negative Control (NC: BJ cells no treatment), II: PN 12.5 (BJ cells+PN 12.5%), III: PN 3.13 (BJ cells+PN 3.13%), IV: PN 0.78 (BJ cells+PN 

0.78%). The data is presented as mean±SD. According to Tukey HSD post hoc test, same superscripts indicate that treatments are not significantly 
different, various superscript marks (a, b, ab) revealed significant differences between concentrations (p<0.05).  

Figure 2. BJ cell migration (40x magnification). 
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(CHON-001) treated with PDRN at concentrations 

ranging from 6.3 to 100 µg/ml 21. Although organism-

level toxicity data specific to PN remain limited, the 

safety of PDRN has been well established. Two 

independent studies confirmed that both acute and 

chronic PDRN administration did not induce mortality 

or toxicity in vital organs, such as the liver, lungs, 

brain, heart, and skeletal muscle 22,23. 

The IC₅₀ value of 3.214% suggests that salmon 

DNA PN serum can be considered relatively safe for 

therapeutic or regenerative applications. This observa-

tion is consistent with previous reports highlighting the 

capacity of polynucleotides to enhance cellular func-

tions essential for tissue repair 24. Polynucleotides 

derived from salmon DNA have been shown to exert 

anti-inflammatory effects while promoting tissue re-

generation. In the present study, PN administration at a 

concentration of 0.78% significantly enhanced the 

migratory capacity of injured fibroblasts, resulting in 

an increase in cell migration of up to 33.80%. This 

enhancement corroborates existing evidence empha-

sizing the stimulatory effects of polynucleotides on 

fibroblast proliferation and migration, which are 

critical steps in tissue repair 25. Mechanistically, these 

effects are thought to be mediated through the 

activation of adenosine receptors, which contribute to 

regulating cellular responses during wound healing 26. 

This interaction highlights the potential of poly-

nucleotides as key components in advanced therapeutic 

strategies aimed at optimizing wound repair and tissue 

regeneration, particularly when combined with other 

bioactive molecules 27. 

Further evaluation of migration and regenerative 

capacity using a scratch assay demonstrated that 

salmon DNA PN serum at a concentration of 0.78% 

exhibited the highest migratory potential, increasing 

wound closure by 33.80% at 48 hr post-scratch. These 

results suggest a strong potential role for PN in 

accelerating the in vitro wound healing process. 

Comparable outcomes have been reported in primary 

gingival fibroblast cultures derived from scratch-in-

duced murine models, where PN treatment at 100 µg/ 

ml promoted wound closure after 96 hr 19. In vivo 

studies have also demonstrated that intraperitoneal 

administration of PDRN accelerates wound healing in 

ischemic skin models by upregulating VEGF and Hy-

poxia-Inducible Factor-1α (HIF-1α) 28. Similar thera-

peutic benefits were observed in diabetic mouse 

models, where PDRN treatment enhanced angiogenesis 

and expedited wound repair 29. Additionally, improved 

healing outcomes following intraperitoneal PDRN ad-

ministration have been reported in murine models of 

deep second-degree dermal burns 22. Clinical evidence 

further supports these findings, as PDRN injections ad-

ministered to muscles and tissues surrounding wound 

sites in humans have been shown to improve healing at 

skin graft donor sites 30 and accelerate recovery in pa-

tients with pressure ulcers while reducing hospitalize-

tion duration and additional care requirements 23. 

Wound healing is known as a complex physiolo-

gical process involving molecular components and 

coordinated cellular events aimed at restoring damaged 

tissue. This process typically progresses through three 

overlapping phases, including inflammation, re-

epithelialization, and tissue remodeling 2. Aging has 

been shown to significantly impair wound healing by 

prolonging the inflammatory phase and increasing 

oxidative stress, thereby shifting the balance toward 

protein degradation and increasing the risk of chronic, 

non-healing wounds 31. Within this context, PN appears 

to facilitate the migration and regeneration of injured 

BJ fibroblasts, largely due to its anti-inflammatory pro-

perties. Previous studies demonstrated that PDRN 

demonstrates anti-inflammatory effects in models of 

CCl₄-induced acute liver injury by binding to aden-

osine A2A receptors, subsequently inhibiting MAPK 

and NF-κB signaling pathways while activating VEGF 

expression 11. Moreover, PN supports the nucleotide 

salvage pathway by supplying nucleotides and nucleo-

sides necessary for DNA synthesis, thereby reacti-

vating cell proliferation and promoting tissue re-

generation 12. Collectively, the biological activities of 

PN include stimulation of angiogenesis, enhancement 

of cellular metabolism, activation of collagen sy-

nthesis, modulation of inflammatory responses, inhibi-

tion of melanin synthesis, and regeneration of soft 

tissue, contributing to overall skin revitalization 13. 

In vivo wound environments are characterized by 

the release of multiple mediators from damaged tissue, 

including ATP and DNA fragments derived from 

necrotic or apoptotic cells, which contribute as 

Damage-Associated Molecular Patterns (DAMPs) and 

play critical roles in initiating repair responses 32. PN 

may partially mimic these endogenous signals while 

simultaneously providing essential substrates for cell 

replication and tissue reconstruction 19. 

The present study also demonstrated that scratch-

induced injury in BJ fibroblast cultures resulted in 

reduced expression of COL1A1 and ELN genes, 

whereas PN treatment significantly upregulated the 

expression of both genes. The most pronounced in-

creases in COL1A1 and ELN expression were observed 

following treatment with PN at a concentration of 

0.78%. These findings are consistent with reports by 

Colangelo et al, who observed increased expression of 

collagen-related genes, including COL1A1 and 

COL3A1, in primary rat gingival fibroblasts treated 

with PN 96 hr post-injury 19. Similarly, Kim et al 

reported that PN treatment at 0.5 µg/ml significantly 

enhanced gene expression in human dermal fibroblast 

cultures (CCD-25SK), with up to a threefold increase 

observed 18. The anti-inflammatory and regenerative 

effects of PN are believed to be mediated through 

modulation of multiple signaling pathways, including  
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adenosine receptor activation, which may influence the 

expression of Extracellular Matrix (ECM)-related 

genes such as COL1A1 and ELN 33. Upregulation of 

COL1A1 is essential for collagen deposition and ECM 

integrity, both of which are fundamental for effective 

wound healing and tissue regeneration 34. Concurrent 

modulation of ELN expression may further enhance the 

elastic properties of repaired tissue, thereby supporting 

functional recovery following injury. 

The present study has several limitations that should 

be considered when interpreting the findings. First, this 

study was conducted using an in vitro scratch-injury 

model with a monoculture of BJ fibroblasts, which 

does not fully represent the complexity of wound 

healing in vivo. Second, the molecular evaluation was 

limited to the expression of COL1A1 and ELN without 

protein-level validation or mechanistic investigations. 

Third, although the scratch assay is widely used to 

assess wound closure, the observed effects may reflect 

both cell migration and proliferation. In addition, only 

a limited range of PN concentrations was evaluated. 

Therefore, further dose-response studies are required to 

determine the optimal concentration range. Further-

more, the availability of archived experimental records 

was restricted, which limited the extent of methodo-

logical details and material characterization that could 

be further presented in this revised manuscript. There-

fore, the present findings should be regarded as pre-

liminary and interpreted with caution. Further studies 

involving standardized experimental documentation, 

comprehensive PN characterization, protein expression 

analyses, animal models, and clinical investigations are 

required to confirm the biological effects and trans-

lational relevance of PN. 

 

Conclusion 
 

Salmon DNA PN serum IC₅₀ is 3.214%. The ad-

ministration of polynucleotides can enhance the migra-

tion of injured fibroblast cells, with the most effective 

concentration being 0.78%, which can increase cell 

migration by up to 33.80%. PN also upregulated 

COL1A1 and ELN gene expression in a BJ fibroblast 

scratch-injury model. These findings suggest a 

potential role of PN in supporting cellular processes 

associated with wound repair. Further research on 

animal models (including rats, mice, guinea pigs, or 

rabbits) with injuries is necessary to validate the PN 

effectiveness in an in vivo experimental setting. 

Additionally, clinical trials are needed to monitor the 

effectiveness of PN in the wound healing process in 

humans.  
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