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ABSTRACT

Objective: Sulfamethoxazole (SMX) is a sulfonamide derivative drug used in the treatment of
bacterial infections. The potential role of SMX not only in the treatment of infections but also in
tissue regeneration and wound healing has aroused interest in its potential therapeutic applications.
In this study, we aimed to determine the effects of SMX on fibroblast and endothelial cell viability,
migration and collagen gene expression.

Material and Method: In this study, HUVEC was used as endothelial cell line and L929 as
fibroblast cell line. Cell viability was evaluated by MTT assay, migration inhibition by wound
healing assay and COL1AL gene expression by gRT-PCR method.

Result and Discussion: SMX was found to show some positive effects on endothelial and fibroblast
cells to promote wound healing, but some concentrations may negatively affect cellular processes.
More detailed in vitro research is needed to expand the therapeutic areas in which SMX is used.
Keywords: Endothelial cell, fibroblast cell, sulfamethoxazole, wound healing

Oz

Amag: Silfametoksazol (SMX), bakteriyel enfeksiyonlarin tedavisinde kullamilan bir siilfonamid
tiirevi ilagtir. SMX sadece enfeksiyon tedavisinde degil, ayni zamanda doku rejenerasyonu ve yara
iyilesmesindeki olasi roliiyle de potansiyel terapotik uygulama alanlart ilgi uyandirmaktadir. Bu
¢alismada SMX'in fibroblast ve endotel hiicrelerinin canliligi, migrasyonu ve kollajen gen
ekspresyonu iizerindeki etkilerinin belirlenmesi amaglanmuigtir.

Gereg ve YOntem: Bu calismada, endotel hiicre hatti olarak HUVEC ve fibroblast hiicre hatti
olarak ise L929 kullanildi. Hiicre canliligit MTT testi ile, migrasyon inhibisyonu yara iyilesme testi
ile ve COL1A1 gen ekspresyonu ise QRT-PCR yontemi ile degerlendirildi.

Sonuc¢ ve Tartisma: SMX'in, endotel ve fibroblast hiicrelerinde yara iyilesmesini destekleyecek
bazi olumlu etkiler gosterdigi ancak bazi konsantrasyonlarin hiicresel siiregleri olumsuz
etkileyebilecegi bulundu. SMX’in kullamldigi terapétik alanlarmin genisletilebilmesi icin daha

ayrintili in vitro arastirmalara ihtiyag¢ duyulmaktadir.
Anahtar Kelimeler: Endotelyal hiicre, fibroblast hiicresi, siilfametoksazol, yara iyilesmesi
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INTRODUCTION

Sulfamethoxazole (SMX) is a sulfonamide-derived drug that acts as a structural analog of para-
aminobenzoic acid (PABA), competitively inhibiting PABA to block the synthesis of dihydrofolic acid,
a key step in tetrahydrofolate production, by targeting and inhibiting the enzyme dihydropteroate
synthase [1,2]. Folate metabolism consists of a series of interconnected reaction mechanisms in several
steps, with both the cytoplasm and mitochondria forming the common ground [3]. Tetrahydrofolate, an
intermediate formed during these steps, is the physiologically active form of folic acid. Intermediates
formed from tetrahydrofolate are important for anabolic pathways such as thymidine, purine synthesis,
conversion of the amino acid serine to the amino acid glycine and the methionine cycle [1,3].
Tetrahydrofolate is also an important cofactor in bacterial DNA synthesis [1]. The combination of
sulfamethoxazole with trimethoprim is used for many indications. It is used orally or intravenously for
the treatment of urinary tract infection, acute otitis media, treatment and prophylaxis of Pneumocystis
pneumonia, infectious diarrhea due to enterotoxin-producing E. coli, shigellosis caused by S. flexneri
or S. sonnei [4]. Trimethoprim inhibits the enzyme dihydrofolate reductase, which synthesizes
tetrahydrofolic acid from dihydrofolic acid in folic acid synthesis [1]. The trimethoprim-
sulfamethoxazole combination has been studied for many activities. A study by Hee-Yun et al.
significantly improved the survival rate in melanoma skin cancer in immunodeficient mouse models and
was shown to reduce tumor weight and growth and vascular endothelial growth factor levels. The same
study also showed that it increased the rate of caspase-3, 8 and 9 [5]. Ritu et al. observed that the
combination of sulfomethoxazole and selenium reduced elevated liver enzyme levels in rats with
diethylnitrosamine-induced hepatocellular carcinoma [6]. Mohamed et al. showed that newly
synthesized sulfamethoxazole derivatives have carbonic anhydrase inhibitor (1, I, IXXand XII) activities.
At the same time, one of these derivatives stops some cell cycle stages of MCF7 cancer cells and induces
apoptosis and also has a strong cytotoxic effect [7]. Another study demonstrated the efficacy of
sulfamethoxazole on skin and soft tissue infections [8].

Fibroblast cells play a crucial role in the synthesis of the extracellular matrix (ECM) and
contribute to the structural integrity of connective tissue [9,10]. Fibroblasts produce essential substances
and proteins such as collagen, elastin, laminin, glycosaminoglycans and elastin, which are contained in
the ECM. Apart from these, they play a major role in physiological and pathological processes such as
tissue repair and wound healing [10,11]. During wound healing, granulation tissue is formed by
fibroblasts reaching the site and subsequent angiogenic sprouting of adjacent blood vessels [12].
Endothelial cells and fibroblasts work together so that blood vessels can grow efficiently [13]. They also
work together to ensure ECM synthesis and vascularization for the successful regeneration of tissues
[14]. In addition, it has been observed that there is a connection between fibroblast cells and endothelial
cells in the regulation of the inflammatory response [15]. In addition to the clinically approved
indications of the sulfamethoxazole-trimethoprim combination, there are some studies evaluating its
effectiveness in wound-related processes. In a study conducted by Bowen et al., the use of the
sulfamethoxazole-trimethoprim combination in the treatment of wound infections was supported [8].
The aim of this study is to investigate the clinical indications of SMX, a clinically approved drug, as
well as its effect on wound healing process on mouse fibroblast cell line (L929) and human endothelial
cell line (HUVEC). Explaining the beneficial effects of SMX, in addition to its positive effects on wound
healing, will help to revise its uses in order to expand its range of applications.

MATERIAL AND METHOD
Cell Culture

L929 cells (ATCC, Manassas, USA) were grown in DMEM containing 10% FBS, 1%
penicillin/streptomycin and 2 mM L-glutamine. HUVEC cells were grown in RPMI complete medium
containing 10% FBS, 1% penicillin/streptomycin and 2 mM L-glutamine. Cells were incubated at 37°C,
5% CO; and 100% humidity. The medium was changed regularly until the cells reached 80%
confluency.
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Cell Viability Analysis

The viability effects of SMX on HUVEC and L929 cell lines were evaluated by a
spectrophotometer using the MTT procedure. Both cells were seeded in 96-well plates at 5000 cells per
well. Six wells were used for all three drug doses. Cells were then incubated for 24 hours at 37°C in an
incubator containing 5% CO,. During the incubation period, SMX was dissolved in 100 ul DMSO and
doses were prepared using DMEM/RPMI medium. The doses used in the MTT assays were prepared
such that the maximum DMSO concentration did not exceed 1%. The DMSO concentration used as a
positive control was also 1%. At the end of the incubation period, 100 pl of the previously prepared
drug doses of 1, 10, 50, 100, 250, 500 uM and 1 mM for SMX were added to the wells. At the end of
the 24- and 48-hour exposure periods starting with the application of these doses, 10 ul each of MTT
solution (Biotium) was added to the volumes in all wells. The plates to which MTT solution was added
were incubated for 4 hours in the dark in an incubator at 37°C. At the end of this time, 200 pl Dimethyl
sulfoxide (DMSO) was added to each well to dissolve the purple-colored formazan crystals. Absorbance
values were then measured at 630 nm using a microplate reader (BioTek Synergy H1, USA). The cells
in the wells to which the drug dose was not added were considered as control group and the viability
values of these wells were evaluated as 100%.

Migration Analysis

For migration analysis, cells were seeded to 24-well plates with a volume of 500 pl and 10°
cells/well in all wells. After the seeded cells covered 90% of the plate surface, the doses decided by
MTT assay (1 uM-50 pM-100 pM) were added and the bottom of the plates were scratched with a
pipette tip. Among the doses tested in the MTT assays, the three lowest concentrations that did not show
significant cytotoxicity and covered a relatively broad range were selected for migration and gene
expression analyses. For each cell (HUVEC and L929), three wells were used for all three drug doses.
At 0 and 24 hours, images of the wells were obtained using a Leica DM IL microscope (Leica, Wetzlar,
Germany). Cell-free areas in the images were calculated for each cell line and drug dose using ImageJ
program and expressed as percentage. After obtaining the images from the migration assay, crystal violet
staining was also performed. For this procedure, cells were seeded into 24-well plates. Once the cells
covered approximately 90% of the well surface, SMX was added at concentrations of 1 uM, 50 uM, and
100 pM. Subsequently, the bottoms of the wells were scratched using a pipette tip. After a 24-hour
incubation period, each well was washed with 1x PBS, and 100% methanol was added. Following the
evaporation of methanol, 0.5% crystal violet solution was added to each well. After staining, the cells
were examined and images of the wells were captured using a Leica DM IL microscope.

Gene Expression Analysis

In order to perform COL1AL gene expression analyses; L929 and HUVEC cells were seeded to
6-well plates with 10° cells in each well. Analyses were performed at 24 hours. SMX doses were 1, 50
and 100 pM, respectively. RNA from cells collected from 6 wells was combined. Total RNA was
isolated using Bluezol (SERVA, Germany). Timed PCR was performed using the Lightcycler® 96
system (Roche Diagnostic Systems, Indianapolis, IN) and A.B.T.TM 2X One-Step qRT-PCR Master
Mix (with SYBR) (ATLAS Biotechnology, Turkey). For each 20 pul of PCR reaction, 2 pul RNA (1 ul:
20 ng/ml), 10 pl of master mix, 0.5 pl of forward and reverse primer (10 uM each), and 7 pl H.O were
added. The final concentration for the primers was 10 uM. The L929 primer sequences were as follows:
COL1Al (F: TGACTGGAAGAGCGGAGAGAGT - R: GTTCGGGCTGATGTACCAGT) GAPDH
(F: CTGCCCAGAACATCATCCCT - R: GTCCTCAGTGTAGCCCAAGA). The HUVEC primer
sequences were as follows: COL1A1 (F: GCTACTACCGGGCTGATGAT - R:
ACCAGTCTCCATGTTGCAGA) GAPDH (F: GTCTCCTCTGACTTCAACAGCG - R:
ACCACCCTGTTGCTGTAGCCAA). The threshold cycle (Ct) value of the GAPDH gene was used to
standardize the data and samples were analyzed in triplicate [16].
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Statistical Analysis

The data in this study are presented as mean£SD. GraphPad Prism version 10 (GraphPad
Software, USA) was used for plotting the graphs and statistical analyses. Two-way ANOVA was used
for statistical analysis. The control group consisted of untreated cells. Bonferroni post-hoc test was
applied to compare the differences between the groups. P<0.05 significance level was considered
statistically significant which is indicated with an asterisk (*). The significance levels in the analyses
were defined as *p<0.05, **p<0.01, ***p<0.001, and ****p<0.0001.

RESULT AND DISCUSSION
Effect of SMX on Viability of HUVEC and L929 Cells

The effects of SMX on the viability of L929 and HUVEC cells were evaluated for 24 and 48
hours. After 24 hours of 1 uM SMX exposure, the HUVEC cell line showed 111.8% viability compared
to the control group. 10, 50, 100, 250, 500 uM and 1 mM exposure of SMX for 24 hours resulted in
105.34%, 109.41%, 106.77%, 103.37%, 105.84% and 106.67% viability rates respectively (Figure 1a).
48 hours of SMX exposure at doses of 1, 10, 50, 100, 250, 500 uM and 1 mM resulted in 89.45%,
86.89%, 86.29%, 84.49%, 89.40%, 91.82% and 85.93% viability respectively, compared to the control
group (Figure 1b). SMX caused an increase in the viability of endothelial cells at 24 hours. At 48 hours,
no significant decrease in viability levels was observed.

In the 1929 cell line, after 24 hours of exposure to 1uM SMX, the viability rate was 103.06% at
1 uM compared to the control group, while with the other exposure doses of 10, 50, 100, 250, 500 uM
and 1 mM showed the viability rates were 95.45%, 89.46%, 99.97%, 99.73%, 102.94% and 101.70%,
respectively (Figure 1d). After 48 hours of exposure, 95.37%, 91.58%, 90.29%, 93.43%, 90.19%,
89.64% and 86.31% viability rates were observed at exposure doses of 1, 10, 50, 50, 100, 100, 250, 500
uM and 1 mM, respectively (Figure 1e). SMX did not significantly reduce the viability of fibroblast
cells at 24 and 48 hours; however, viability levels were lower at 48 hours.

In both cell lines, the highest viability rate at 24 hours was observed at 1uM concentration. At 48
hours, the highest viability percentage was observed at a 500 uM concentration in the HUVEC, whereas
in the 1.929, it was observed at a 1 uM concentration. Microscopic images of HUVEC and L929 cells
are presented in Figure 1c and Figure 1f, respectively.

SMX increased the viability of endothelial cells at the specified concentrations after 24 hours of
treatment. Following 48 hours of exposure, no significant reduction in viability was observed. Previous
studies have reported that TMP-SMX improves survival rate in melanoma skin cancer, improves
immunity, reduces tumor growth and reduces vascular endothelial growth factor (VEGF) levels in
immunodeficient mouse models [5]. Given this information, in addition to having a suppressive effect
on cancer cells, SMX also causes an increase in viability and migration abilities of healthy endothelial
cells, which may contribute to the treatment process with its positive effects on healthy cells besides
increasing immunity in cancer chemotherapy. In fibroblast cells, an increase in viability was observed
at 1 uM, 500 uM and 1 mM concentrations at 24 hours, while SMX did not significantly decrease the
viability at other concentrations and at 48 hours. The viability percentages observed across the wide
range of concentrations tested, along with the absence of solubility issues for SMX, suggest that this
drug may have a biphasic effect. However, further studies are needed to confirm this.

Effect of SMX on Migration of HUVEC and L929 Cells

The effects of SMX on the migration capacity of fibroblast and endothelial cells were investigated
using 1, 50 and 100 uM concentrations. After 24 hours of incubation, the HUVEC cell line showed a
21.9% closure percentage in the control group, whereas 38.1% at 1 uM concentration, 30.4% at 50 uM
concentration and 32.2% at 100 uM concentrations (Figure 2b). In L929 cell line, the closure percentage
was 8.5% in the control group, whereas it was 13.5% at a 1 uM concentration, 0.4% at a 50 uM
concentration, and 4.7% at a 100 uM concentration (Figure 2d). These percentages are consistent with
the data obtained from migration images (Figure 2b). Crystal violet staining data are presented in the
supplementary materials (Supplementary figure 1).
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Figure 1. Effect of SMX on the viability of HUVEC (a-b) and L929 (d-e) cells after 24 and 48 hours
of treatment at a dose range of 1uM-1 mM, (n=6). The image of HUVEC (c) and L929 (f) cells under
a light microscope (5X)

Accordingly, SMX increased the migration ability of HUVEC cells compared to the control
group, but the same increase was not observed in L929 cells. The increase in migration ability in L929
cells was observed only at 1uM concentration of SMX. Similar to cell viability, an increase in the
migration ability of endothelial cells was also observed at selected concentrations. In fibroblast cells,
migration ability increased at 1uM dose concentration, where an increase in cell viability was observed,
while a decrease in migration ability was observed at other doses. In a study, it was observed that co-
trimoxazole did not show a cytotoxic effect on the L929 cell line [17]. In a study by Dragostin et al.,
wound dressings combining chitosan and sulfamethoxazole-both exhibiting antimicrobial and
antioxidant effects and high biodegradability-were shown to possess the essential properties of good
wound dressing materials [18]. Another study involving sulfadiazine, a sulfonamide derivative active
ingredient like SMX, combined with chitosan demonstrated that the prepared polyelectrolyte complexes,
due to their strong bacteriostatic effects and prolonged drug release, could serve as suitable drug delivery
systems during wound healing [19]. Similarly, in a study conducted on non-infected animal models,
sulfonamide group antibiotics were observed to enhance re-epithelialization, fibroblast proliferation,
and extracellular matrix production during the wound healing process [20]. These studies provide
promising insights into the potential applications of sulfamethoxazole in the wound healing process.

Effect of SMX on COL1A1 Expression

Collagen is the most abundant protein in the body, a component of the extracellular matrix, which
acts as a regulator in the wound healing process [21]. Collagen type 1 alpha 1 (COL1Al) is a gene
involved in many cellular processes such as cell proliferation, metastasis and apoptosis and encodes the
al chain of type I collagen [22,23]. The effects of SMX on COL1A1 gene expression in HUVEC and
L929 cell lines were analyzed at concentrations of 1 pM, 50 uM, and 100 uM. After 24 hours of
treatment in the HUVEC cell line, COL1AL1 expression levels were measured as 1.052, 0.420, and 0.290,
respectively (Figure 3a).

In the L929 cell line, COL1A1 expression levels at 1 uM, 50 uM, and 100 uM concentrations
were measured as 0.410, 0.391, and 0.194, respectively. The results indicate that SMX increased
COL1A1 gene expression only at a 1 uM concentration in the HUVEC cell line, whereas it inhibited
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COL1AL1 expression at all tested concentrations in the 1929 cell line and at 50 uM and 100 uM
concentrations in the HUVEC cell line (Figure 3b).
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Figure 2. Data and graphs (b-d) for microscope images (a-c) showing the effects of SMX on
migration in HUVEC and L929 cells at doses of 1, 50 and 100 uM at 0 and 24 hours, respectively
(n=3)

Wound healing is a process consisting of many steps including hemostasis, inflammation, growth,
re-epithelialization and remodeling. In this process, endothelial cells, especially in the formation of new
blood vessels, and fibroblast cells that provide connective tissue formation in the remodeling phase work
together in the wound cavity and contribute to wound healing [24,25]. SMX increased COL1A1l
expression in endothelial cells only at a concentration of 1 uM, but a decrease in the expression of this
gene was observed at other doses and in fibroblast cells. Hypotheses regarding the role of SMX in
enhancing endothelial function independent of COL1A1 expression can be tested by examining other
genes and pathways known to contribute to vascular repair and tissue remodeling. For example, matrix
metalloproteinases (MMPSs) are enzymes involved in ECM degradation and are essential in angiogenesis
and endothelial cell migration [26]. Similarly, integrins, transmembrane receptors that mediate cell-
ECM interactions, play a crucial role in endothelial cell adhesion, survival and migration during vascular
remodeling [27]. TGF-B family members are also essential regulators of endothelial function as they
modulate processes such as cell proliferation, differentiation and ECM production and have been shown
to interact with both MMPs and integrins in a context-dependent manner [28]. Future studies could
investigate the expression levels and activities of these gene families following SMX treatment to
determine whether SMX promotes endothelial repair through these alternative pathways.

In conclusion, this study demonstrated that SMX enhances the viability and migration ability of
HUVEC cells at specific concentrations, particularly after 24 hours of exposure. In fibroblast cells, these
effects were more limited and observed only at the 1 uM concentration. SMX increased COL1A1
expression exclusively in endothelial cells at 1 pM, whereas decreased expression was noted at other
doses and in fibroblast cells. These findings suggest that SMX may have a concentration- and cell-type-
specific role in promoting wound healing by supporting endothelial cell function. However, the observed
effects appear to be independent of COL1A1 expression, indicating the involvement of alternative
molecular pathways. Future studies should explore the specific molecular mechanisms underlying
SMX's effects, particularly focusing on angiogenesis-related pathways, ECM remodeling, and immune



112 M. Beyza Sen et al., Evaluation of The Effects of Sulfamethoxazole

modulation. Moreover, in vivo studies using wound healing models are needed to validate these in vitro
findings and assess the therapeutic potential of SMX in tissue regeneration. Further studies are needed
to elucidate pathways to better understand the mechanisms underlying the action of SMX and its
potential application in regenerative medicine.
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Figure 3. Effects of SMX on COL1A1 gene expression in HUVEC and L929 cell line. Data are
presented as mean+SD, and fold changes were normalized using GAPDH (n=3)

AUTHOR CONTRIBUTIONS

Concept: M.B.S., D.K., A.E.; Design: M.B.S., D.K., A.E.; Control: M.B.S., D.K., A.E.; Sources:
M.B.S., D.K., A.E.; Materials: D.K., A.E.; Data Collection and/or Processing: M.B.S., D.K.; Analysis
and/or Interpretation: M.B.S., D.K., A.E.; Literature Review: M.B.S., D.K., A.E.; Manuscript Writing:
M.B.S., D.K,, A.E.; Critical Review: M.B.S., D.K., A.E.; Other: -

CONFLICT OF INTEREST
The authors declare that there is no real, potential, or perceived conflict of interest for this article.

ETHICS COMMITTEE APPROVAL
The authors declare that the ethics committee approval is not required for this study.

REFERENCES

1. Masters, P.A., O’Bryan, T.A., Zurlo, J., et al. (2003). Trimethoprim-sulfamethoxazole revisited. Archives
of Internal Medicine, 163(4), 402-410. [Crossref]

2. Hong, Y.L., Hossler, P.A., Calhoun, D.H., et al. (1995). Inhibition of recombinant Pneumocystis carinii
dihydropteroate synthetase by sulfa drugs. Antimicrobial Agents and Chemotherapy, 39(8), 1756-1763.
[Crossref]

3. Zarou, M.M., Vazquez, A., Vignir Helgason, G. (2021). Folate metabolism: A re-emerging therapeutic
target in haematological cancers. Leukemia, 35(6), 1539-1551. [Crossref]

4, UpToDate Web Site. https://www.uptodate.com. Accessed date: 19.12.2024.

5. Kim, H.Y., Kang, H.G., Kim, H.M., et al. (2023). Anti-tumor activity of trimethoprim-sulfamethoxazole
against melanoma skin cancer through triggering allergic reaction and promoting immunity. International
Immunopharmacology, 123, 110742. [Crossref]

6. Gupta, R., Kazmi, |., Afzal, M., et al. (2013). Combination of sulfamethoxazole and selenium in anticancer
therapy: A novel approach. Molecular and Cellular Biochemistry, 384(1-2), 279-285. [Crossref]

7. Abdelgawad, M.A., Bukhari, S.N.A., Musa, A., et al. (2022). New sulfamethoxazole derivatives as
selective carbonic anhydrase IX and XII inhibitors: Design, synthesis, cytotoxic activity and molecular
modeling. Pharmaceuticals, 15(9), 1134. [Crossref]


https://doi.org/10.1001/archinte.163.4.402
https://doi.org/10.1128/AAC.39.8.1756
https://doi.org/10.1038/s41375-021-01189-2
https://doi.org/10.1016/j.intimp.2023.110742
https://doi.org/10.1007/s11010-013-1811-7
https://doi.org/10.3390/ph15091134

J. Fac. Pharm. Ankara, 2026: 50(1): 106-113 113

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Bowen, A.C., Carapetis, J.R., Currie, B.J., et al. (2017). Sulfamethoxazole-Trimethoprim (Cotrimoxazole)
for skin and soft tissue infections including impetigo, cellulitis, and abscess. Open Forum Infectious
Diseases, 4(4), 0fx232. [Crossref]

Van Hove, L., Hoste, E. (2022). Activation of fibroblasts in skin cancer. The Journal of Investigative
Dermatology, 142(4), 1026-1031. [Crossref]

Mascharak, S., desJardins-Park, H.E., Longaker, M.T. (2020). Fibroblast heterogeneity in wound Healing:
Hurdles to clinical translation. Trends in Molecular Medicine, 26(12), 1101-1106. [Crossref]

Kendall, R.T., Feghali-Bostwick, C.A. (2014). Fibroblasts in fibrosis: Novel roles and mediators. Frontiers
in Pharmacology, 27, 5. [Crossref]

Laberge, A., Arif, S., Moulin, V.J. (2018). Microvesicles: Intercellular messengers in cutaneous wound
healing. Journal of Cellular Physiology, 233(8), 5550-5563. [Crossref]

Eming, S.A., Brachvogel, B., Odorisio, T., et al. (2007). Regulation of angiogenesis: Wound healing as a
model. Progress in Histochemistry and Cytochemistry, 42(3), 115-170. [Crossref]

Fujita, T., Yuki, T., Honda, M. (2024). The construction of a microenvironment with the vascular network
by co-culturing fibroblasts and endothelial cells. Regenerative Therapy, 25, 138-146. [Crossref]

Tan, Y., Zhang, M., Kong, Y., et al. (2024). Fibroblasts and endothelial cells interplay drives hypertrophic
scar formation: Insights from in vitro and in vivo models. Bioengineering & Translational Medicine, 9(2),
20. [Crossref]

Kagaroglu, D. (2024). Assessing the effects of lornoxicam and dexketoprofen on mouse fibroblast cells.
Lokman Hekim Health Sciences, 181-187. [Crossref]

Abbaszadegan, A., Gholami, A., Ghahramani, Y., et al. (2015). Antimicrobial and cytotoxic activity of
Cuminum cyminum as an intracanal medicament compared to chlorhexidine gel. Iranian Endodontic
Journal, 11(1), 44.

Dragostin, O.M., Sama, S.K., Lupascu, F., et al. (2015). Development and characterization of novel films
based on sulfonamide-chitosan derivatives for potential wound dressing. International Journal of Molecular
Sciences, 16(12), 29843-29855. [Crossref]

Dumitriu, R.P., Profire, L., Nita, L.E., et al. (2015). Sulfadiazine-chitosan conjugates and their
polyelectrolyte complexes with hyaluronate destined to the management of burn wounds. Materials, 8(1),
317-338. [Crossref]

Altoé, L.S., Alves, R.S., Sarandy, M.M., et al. (2019). Does antibiotic use accelerate or retard cutaneous
repair? A systematic review in animal models. PLoS One, 14(10), e0223511. [Crossref]

Mathew-Steiner, S.S., Roy, S., Sen, C.K. (2021). Collagen in wound healing. Bioengineering. 8(5), 63.
[Crossref]

Hayashi, M., Nomoto, S., Hishida, M., et al. (2014). Identification of the collagen type 1 alpha 1 gene
(COL1A1) as a candidate survival-related factor associated with hepatocellular carcinoma. BMC Cancer.
14(1),108. [Crossref]

Li, X,, Sun, X., Kan, C.,, et al. (2022). COL1A1: A novel oncogenic gene and therapeutic target in
malignancies. Pathology, Research and Practice. 236, 154013. [Crossref]

Rodrigues, M., Kosaric, N., Bonham, C.A., et al. (2019). Wound healing: A cellular perspective.
Physiological Reviews, 99(1), 665-706. [Crossref]

Tonnesen, M.G., Feng, X., Clark, R.A. (2000). Angiogenesis in wound healing. Journal of Investigative
Dermatology Symposium Proceedings, 5(1), 40-46. [Crossref]

Page-McCaw, A., Ewald, A.J., Werb, Z. (2007). Matrix metalloproteinases and the regulation of tissue
remodelling. Nature Reviews Molecular Cell Biology, 8(3), 221-233. [Crossref]

Hynes, R.O. (2002). Integrins: Bidirectional, Allosteric Signaling Machines. Cell, 110(6), 673-687.
[Crossref]

Massagué, J. (2012). TGFp signalling in context. Nature Reviews Molecular Cell Biology, 13(10), 616-
630. [Crossref]


https://doi.org/10.1093/ofid/ofx232
https://doi.org/10.1016/j.jid.2021.09.010
https://doi.org/10.1016/j.molmed.2020.07.008
https://doi.org/10.3389/fphar.2014.00123
https://doi.org/10.1002/jcp.26426
https://doi.org/10.1016/j.proghi.2007.06.001
https://doi.org/10.1016/j.reth.2023.12.004
https://doi.org/10.1002/btm2.10630
https://doi.org/10.14744/lhhs.2024.53439
https://doi.org/10.3390/ijms161226204
https://doi.org/10.3390/ma8010317
https://doi.org/10.1371/journal.pone.0223511
https://doi.org/10.3390/bioengineering8050063
https://doi.org/10.1186/1471-2407-14-108
https://doi.org/10.1016/j.prp.2022.154013
https://doi.org/10.1152/physrev.00067.2017
https://doi.org/10.1046/j.1087-0024.2000.00014.x
https://doi.org/10.1038/nrm2125
https://doi.org/10.1016/s0092-8674(02)00971-6
https://doi.org/10.1038/nrm3434

