
Abstract. Background/Aim: Hypertrophic scars (HS) are an
abnormal cutaneous condition of wound healing characterized
by excessive fibrosis and disrupted collagen deposition. This
study assessed the potential of a silicone patch embedded with
chemically stable zirconium-based metal-organic frameworks
(MOF)-808 structures to mitigate HS formation using a rabbit
ear model. Materials and Methods: A silicone patch was
strategically engineered by incorporating Zr-MOF-808, a
composite structure comprising metal ions and organic
ligands. Structural integrity of the Zr-MOF-808 silicone patch
was validated using scanning electron microscopy and X-ray
diffraction analysis. The animals were divided into three
groups: a control, no treatment group (Group 1), a silicone

patch treatment group (Group 2), and a group treated with a
0.2% loaded Zr-MOF-808 silicone patch (Group 3). HS
suppression effects were quantified using scar elevation index
(SEI), dorsal skin thickness measurements, and myofibroblast
protein expression. Results: Histopathological examination of
post-treatment HS samples revealed substantial reductions in
SEI (34.6%) and epidermal thickness (49.5%) in Group 3.
Scar hyperplasia was significantly diminished by 53.5%
(p<0.05), while collagen density declined by 15.7% in Group
3 compared to Group 1. Western blot analysis of protein
markers, including TGF-β1, collagen-1, and α-SMA, exhibited
diminished levels by 8.8%, 12%, and 21.3%, respectively, in
Group 3, and substantially higher levels by 21.9%, 27%, and
39.9%, respectively, in Group 2. On the 35th day post-wound
generation, Zr-MOF-808-treated models exhibited smoother,
less conspicuous, and flatter scars. Conclusion: Zr-MOF-808-
loaded silicone patch reduced HS formation in rabbit ear
models by inducing the proliferation and remodeling of the
wound healing process.

The skin is a complex, multi-layered organ within the
integumentary system, which functions as a resilient outer
barrier safeguarding the underlying musculature, skeletal
structures, neural networks, and internal organs. It constitutes
the foremost line of defense against a myriad of external
adversities. Various injurious factors, such as trauma, thermal
burns, and surgical procedures, can precipitate the formation
of cutaneous skin wounds. The emergence of hypertrophic
scars (HS) may subsequently interfere with normal skin
functionality, potentially causing anxiety and various
associated psychological disorders (1, 2). The cause of HS
has been reported to be a consequence of several previously
reported incidences. These incidence rates range from 40%
to 94% after surgical operations and from 30% to 91% after
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burn injuries (3). HS is an anomalous cutaneous condition in
response to wound healing that is extremely thickened and
has abnormal collagen build-up and is distinguished by
thickened, elevated, and itchy rigid painful scars, which
significantly impact the quality of life (4, 5). HS are also
known to induce functional sequelae, accompanied by a
decrease in cosmetic appearance, diminished skin elasticity,
and restricted mobility of adjacent joints, thereby
significantly affecting patients afflicted with hypertrophic
scarring (6, 7). The skin is the main human-environment
interface and is therefore more likely to be harmed. Scar
formation is a natural, complex, and tightly-regulated process
involving cell migration, inflammation, innervation, and
angiogenesis (8). However, a pathological healing phase,
which is marked by excessive fibrosis, can lead to a
disorganized formation. The presence of real wounds results
in pathological fibrosis as long as the tissue has an
inflammatory response. This inflammatory response can help
proliferative conditions in fibroblasts that can be triggered
by continued extracellular matrix deposition created by
fibroblasts and myofibroblasts for long periods, and can
therefore be sustained (9).

Dysregulation of TGF-β/Smad signaling is a major factor
in scarring and fibrosis, leading to aberrant synthesis and
deposition of collagen (10-12). The myofibroblast phenotype
(especially TGF-β) is responsible for major collagen
deposition and wound contraction (13). Although treatment
techniques of scars are not well known, in the last decade,
drug therapy and silicone gel sheets have become the most
popular recovery therapies for HS (14). Although various
treatment options (such as corticosteroid injections, surgical
excision, laser/drug/radiation/compression/gene therapy,
silicone gel membrane, and interferon injection) are
available, it is very difficult to prevent HS tissue formation
and maintain safe tissue regeneration (15, 16). Silicone gel
sheeting is the most common first-line therapy that can
improve stratum corneum hydration, thereby helping to
regulate the production of fibroblasts and to reduce collagens
(17, 18). The silicone gel sheet treatment is expected to
commence approximately 2 weeks after complete healing.
The duration of the application of silicone gel sheets usually
varies from 12 to 24 h per day, after which they are washed
and reapplied (19).

The porous sub-types of polymers are considered as
metal-organic frameworks (MOFs), which consist of
inorganic metal ions or clusters linked by polydentate
organic ligands, forming one, two, or three-dimensional
structures (20, 21). Since Hoskins and Robson discovered
MOFs in 1989, they have been used for gas adsorption and
separation, catalysis, luminescence, sensing, and proton
conductivity (22-27). Because of their versatile structure and
composition, various functions, strong biocompatibility, high
drug loads, and inherent biodegradability, such biomaterials

gained interest in the therapeutic field (28-32). Based on this
wide range of MOFs’ biological benefits and functions, in
the current study, we investigated the effectiveness of zr-
MOF-808 in HS treatment. The present study aimed to
assess the use of a silicone patch containing Zr-MOF-808 to
diminish HS after post-operative procedures in a rabbit
model, which can produce lesions similar to human HS.

Materials and Methods
Materials. Zirconium (Ⅳ) chloride oxide octahydrate
(ZrOCl2·8H2O, 99%) was purchased from Junsei Chemical Co., Ltd.
(Tokyo, Japan). Trimesic acid (95%), N, N-dimethylformamide
(DMF, 99.8%), and formic acid (96%) were purchased from Sigma-
Aldrich (St. Louis, MO, USA).

MOF-808 (Zr6O4(OH)4(BTC)2(HCOO)6) preparation. The modified
synthetic MOF-808 was synthesized as described previously by
Jiang et al. (33), with the solution for ligand and metal prepared
separately. For the metal solution, N, N-dimethylformamide (DMF,
112.5 ml), formic acid (225 ml), and ZrOCl2·8H2O (4.8 g, 15 mmol)
were mixed in a 500 ml glass jar. For the preparation of the ligand,
only trimesic acid was dissolved in DMF solution (112.5 ml). Each
solution was well dissolved by sonication and the ligand solution
was blended with a metal solution after checking its consistency.
The mixture was incubated at 130˚C for 48 h, cooled to room
temperature, and centrifuged at 5,200 × g for 10 min. The white
solid pellet was collected and washed thrice with DMF. The
obtained product was dissolved in DMF for three days and
subsequently soaked in a mixture of water and acetone for another
three days. The fresh solvent was replaced three times per day. The
final product was dried, washed, and placed in a desiccator. 

Silicone patch preparation using MOF-808. The MOF-808 tackiness
silicone patch preparation is subdivided into two parts: silicone
adhesive surface preparation and protective film preparation. To
prepare the silicone adhesive surface, the mixture of polysiloxane
with a vinyl group (10-100 wt.%), dimethyl silicone oil (5-40
wt.%), polysiloxane with Si-H bond (1-50 wt.%), silicone resin (0.5-
20 wt.%), platinum (Pt) catalyst (0.1-5 wt.%), and MOF-808 (0.2
wt.%) was blended by a mechanical stirrer at 1,000 to 3,000 rpm.
The MOF particles were spread under a decreased pressure (<0.1
MPa) for 1-2 h. The same method was applied in the preparation of
the control sample with the absence of MOF-808.

The protective film was prepared on the silicone adhesive side
using a polyurethane solution consisting of moisture-permeable
waterproof material and a solvent, which was formed on a release
paper. The silicone film was made with silicone resin and a solvent
on the release paper. Finally, the silicone patch containing MOF-
808 was prepared by uniformly adding a silicone formula to the
protective film.

Characterization of MOF-808 loaded silicone patch. The
characteristics of the MOF-808 contained silicone patch were
investigated using scanning electron microscopy (SEM) (JSM-
7600F, JEOL, Tokyo, Japan). In GB LOW mode, SEM imaging was
performed with a WD of 8.0 mm and scanned at 3 kV to observe
the surface morphologies of MOF-808 and the silicone sheet. Cross-
section SEM images were analyzed using focused ion beam/SEM
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(FIB/SEM, Quanta™ 3D FEG, FEI). A Bruker advanced
diffractometer D8 (Cu Kα Radiation α=1.54056 Å) was used to
track powder X-ray diffraction patterns (PXRD). The samples were
kept in a silicone holder and continuously scanned at a speed of
5˚/min (40 KV, 40 mA).

In vivo hypertrophic scar model. A hypertrophic scar model was
developed using five young adult New Zealand White female rabbits
weighing approximately 3 to 4 kg. All experiments were performed
in accordance with the approved procedures from the Bundang
Hospital Animal Experimental Center Animal Care and Use
Committee of the Seoul National University under the approval
number BA-1911-284-086-01. All the methodological procedures
were performed in accordance with the National Institutes of Health
(NIH) Animal Care and Use Guide. General anesthesia was
administered to the rabbit models before wound establishment surgery
(Figure 1A). Three circular full-thickness wounds of approximately
12 mm in diameter were created on the bare cartilage on the ventral
surface of the left ear of each rabbit (Figure 1B). Ketamine and
xylazine chemicals were used to anesthetize the rabbits. For each
wound, a dissecting microscope was used to remove the epidermis,
dermis, and perichondrium with intact ear cartilage, using a dermal
punch, surgical blade, and scissors. Group 1 was the control group,
where no treatment was provided, group 2 was the positive control
group that was treated with a silicone patch (Wonbiogene Co. Ltd.,
Gumi, Republic of Korea), and group 3 was the test group, which was
treated with 0.2% Zr-MOF-808 loaded silicone patch. After two
weeks of self-healing, the developed HS of each testing group was
treated with the indicated treatment, the silicone patches were applied
every day for three weeks continuously. 

At day 35th post-wound generation, the photographs of the HS
regions were obtained, and animals were anesthetized and sacrificed
for collection of the scar samples. All specimens were fixed and
preserved in 10% formalin immediately after collection for
subsequent analysis.

Quantification of HS by scar elevated index (SEI). The paraffin-
embedded samples (5 μm thickness) were stained with hematoxylin
and eosin (H&E) to assess the SEI and epidermal thickness.
Following the previously described procedure, the images were
photographed at 10× magnification to assess the SEI under a light
microscope (Carl Zeiss, Baden-Württemberg, Germany) for further
analysis of the scar elevation (34). The hypertrophy degree in each
scar was indicated as the SEI value calculated as the ratio between
the height of the tissue in the overall area of injury and the height
of the tissue text to the scar (35). A diagrammatic representation of
the SEI is shown in Figure 2. The epidermal thickness was analyzed
under 40× magnification. The scar hyperplasia rate was estimated
using ImageJ software (National Institutes of Health, Bethesda, MA,
USA). The experiment was performed in triplicate, and the results
are presented as the average mean value and standard deviation.

Quantification of collagen fibers. Tissue sections were stained with
Masson’s Trichrome to evaluate the arrangement of collagen fibers.
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Figure 1. Establishment of hypertrophic scar model. (A) The wound establishment surgery was performed under general anesthesia of the rabbits.
(B) Three circular (1.2 cm in diameter) lesions were made while the ear cartilage was preserved on the ventral surface of the left ear of each rabbit.
Group 1 is the control group, receiving no therapy; Group 2 is the positive control group, receiving a silicone patch treatment without MOF-808;
and Group 3 is the experimental group, receiving a silicone patch treatment with 0.2% MOF-808. 

Figure 2. An illustration of the scar elevation index (SEI) measurement.
(A) is the height from the peak of HS to the cartilage and (B) is the
distance from the surface of normal skin to the cartilage. 



Briefly, the slides were dehydrated twice in 100% ethanol for 3 min,
and then in 95% ethanol for 3 min. The sections were fixed
overnight in Bouin’s fixative solution at room temperature, rinsed
with tap water, and stained with Weigert’s iron hematoxylin working
solution for 10 min. After washing with water for 10 min, all the
slides were incubated in Biebrich scarlet-acid fuschin solution for
5 min followed by 10 min inoculation with the phosphomolybdic-
phosphotungstic acid solution. After inoculation, the samples were
stained with an aniline blue solution for 5 min and rinsed in 1%
acetic acid for 1 min. Finally, the sections were mounted using a
mounting solution. Masson’s trichrome staining showed that
collagen fibers were stained blue, whereas the cell cytoplasm was
stained red. Muscle fibers and cell nuclei were stained light pink
and dark brown, respectively. The pictures used for the analysis
were collected from randomly selected regions.

Western blot analysis. The expression of α-SMA, collagen I, and
TGF-β in the HS regions was evaluated using western blot
analysis. The HS samples were lysed as previously described
(36). The standard bicinchoninic acid method was used to
evaluate and prepare the protein samples before immunoblotting.
Mouse anti-α-SMA (1:300; cat. no. ab7817; Abcam, Cambridge,
UK), anti-GADPH (1:1,000; cat. no. sc32233; Santa Cruz
Biotechnology, Dallas, TX, USA), mouse anti-collagen I (1:1,000;
cat. no. ab90395; Abcam), and mouse anti-TGF-β 1(1:1,000; cat.

no. ab190503; Abcam) were used as primary antibodies, and goat
anti-mouse IgG H&L (1:5,000; cat. no. ab6789; Abcam) was used
as secondary antibody. The images were acquired using
Amersham Imager 600 (GE Healthcare, Chicago, IL, USA).
Densitometric analysis was performed using Image Quant TL
software (Cytiva, Marlborough, MA, USA). The expression level
of each target protein was determined using ImageJ software
(National Institutes of Health, Bethesda, MD, USA) and
normalized to the expression of glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) protein. 

Statistical analysis. The experiments were performed three times and
the results are presented as the average mean values and standard
deviation (Mean±SD). One-way ANOVA test was used for statistical
analysis and p<0.05 was considered statistically significant.

Results
Synthesis and characterization of MOF-808 loaded silicone
patch. In this study, MOF-808, which were synthesized by
hydrothermal reaction, were selected due to their rigidity and
stability. Subsequently, a comprehensive examination of
MOF-808 was conducted to elucidate its morphology and
crystalline characteristics, using SEM and PXRD techniques.
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Figure 3. Characterization of MOF-808 particles and MOF-808 loaded silicone patch. (A) A digital image of the powdered MOF-808. (B) MOF-
808 particles are observed in a SEM image (scale bar: 1 μm). (C) Comparison of X-ray diffraction patterns of as-synthesized MOF-808 (The upper
black line) and simulated MOF-808 (The bottom gray line) (56). (D) Digital image of 0.2% MOF-loaded silicone patch. (E - F) top (E) and the
cross-section view (F) SEM images of 0.2% MOF loaded silicone patch.



As shown in Figure 3A, MOF-808, after subjected to a
freeze-drying process, had a fine white powder texture and
was highly amenable to dispersion within liquid solutions.
The MOF-808 has a uniform size of approximately 600 nm
and a morphology of octahedral geometry, as shown in
Figure 3B. The PXRD images showed sharp peaks of
diffraction, demonstrating the high crystalline quality of
MOF-808. Also, each diffraction peak correlated with the
simulated patterns, indicating that the fabricated product had
a structure similar to the predicted one (Figure 3C).

The silicone patch was designed with adhesive properties
to enhance its ability to adhere to wounds, thereby extending
the contact time and minimizing mobility. To mitigate
external influences, half of the adhesive surface was covered
with a transparent protective film. 

The MOF-808-loaded silicone sheet was fabricated as a
film through the uniform blending of polysiloxane, dimethyl
silicone oil, silicone resin, a platinum catalyst, and MOF-
808. In order to assess the presence and distribution of MOF-
808 both on the surface and within the patch, SEM and
FIB/SEM analyses were conducted. 

As shown in Figure 3D, the MOF-808 loaded silicone sheet
exhibits a single-sided adhesive film. Figure 3E and F present
SEM images of the 0.2% MOF-loaded silicone patch from
both top and side perspectives. SEM analysis revealed that
MOF-808 particles were dispersed evenly on the silicone patch,
as presented in Figure 3E. Moreover, the uniform distribution
of MOF particles was also observed within the silicone layer,
situated between the silicone matrix, as shown in Figure 3F.
This uniform dispersion both on the surface and within the
silicone matrix, contributed to the effective distribution of
MOF-808 particles throughout the entire silicone patch.

General features of HS in rabbit models. HS were generated
and groped according to different treatments: group 1, the
control group without any treatment; group 2, treated with a
plain silicone sheet, and group 3, treated with 0.2% MOF-
808 loaded silicone sheet. The complete healing duration
was set at 2 weeks after the wound generation day. On day
35, the rabbit models were anesthetized, and the macroscopic
features of the scar were monitored and photographed in
control, silicone patch-treated, and MOF-silicone patch-
treated groups. The control group, in which no treatment was
administered, showed an apparent red scar with a hard-
palpated, thick area at the center. Group 2, the plain silicone
patch-treated group, had a lighter color and softer scar,
whereas the MOF-silicone patch-applied group showed
diminished scar color and resembled normal skin color
(Figure 4A). Subsequently, scar hyperplasia was estimated,
and a significant reduction in the wound by 11.1 and 53.5%
was observed in groups 2 and 3, respectively (p<0.05)
(Figure 4B). 

Histopathological analysis of dermal and epidermal regions
of HS. Based on the antifibrotic properties of silicone patches
and MOF-loaded silicone patches during HS treatment in
rabbit models, we conducted a comprehensive investigation
into the alterations and rearrangement of dermal and
epidermal thickness. 

In the 0.2% MOF-808 loaded sheet treatment group, we
observed that the scar was very pale and almost resembled
a normal skin, whereas the scar was visible with a hard
texture in the untreated control group. On day 35 post-
wound generation, the healing process was assessed by
measuring the scar widths in all three groups. The results
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Figure 4. The examination for the suppression effect of the MOF-808 loaded silicone patch on the hypertrophic scar on day 35 post-generation of
the wounds. (A) Observation of the scar texture, visual, and hardness; (B) The rate of scar hyperplasia in control and different MOF-loaded patches
groups. The values are presented as the mean±SD (n=3 replicates).



showed significant variation among the three groups. The
tissue sections collected on day 35 were analyzed using
H&E staining to estimate the SEI ratio (Figure 5A). The
calculated SEI value showed that group 3 had a reduced
index ratio of 34.6% compared to the control group. A
decline in SEI of the silicone patch-treated group 2 was also
observed in comparison to group 1, with a decrease by
25.6% (Figure 5B). 

Evaluation of epidermal thickness and collagen density. The
H&E and Trichrome staining showed that the collagen
fibers’ density was significantly reduced and fibers were
arranged in parallel in 0.2% MOF-loaded silicone patch-
treated group. In contrast, the collagen fibers in the control
group were dense and disarranged. Figure 6A shows the
difference in the epidermis thickness among the three
groups. Furthermore, the quantitative analysis results
indicated a 49.5% decline in thickness in group 3 compared
to group 1 (Figure 6B). Subsequently, Masson’s Trichrome
staining suggested very dense and disarranged collagen
fibers in the control group under the microscope (Figure
6C). Notably, a reduction of 15.7% in collagen density was
observed in the MOF-loaded silicone patch-treated group
and a 7.5% reduction was noticed in the positive control
(plain silicone sheet treatment) group when compared to the
control group (Figure 6D). Group 3 exhibited a distinct and
notably smoother collagen fiber texture compare to other
treatment groups.  

Expression of α-SMA, collagen I, and TGF-β in MOF treated
Rabbit HS model. To further understand the underlying
mechanism responsible for the effects of MOF treatment on
scar tissue which suppressed epidermal thickness and
collagen density in the rabbit model, we analyzed specific
myofibroblast biomarker proteins: α-SMA, collagen I, and
TGF-β1, using western blotting. The approximate molecular
weight of TGF-β1, col-I, and α-SMA were 25, 35, and 44
kDa, respectively. Western blot analysis was performed for
these three proteins and compared to the expression of the
GAPDH protein (approximately 36 kDa), which served as the
positive control protein across all experimental groups.

Our results showed that the expression levels of α-SMA,
collagen I, and TGF-β1 were notably higher in the control
group and gradually decreased in both the positive control
and MOF-treated groups (Figure 7A). 

A significant decrease in the expression of myofibroblast
marker proteins was observed in the MOF-loaded silicone
patch group, as shown in Figure 7B. To quantify this decline,
we calculated the percentage reduction in the expression of
α-SMA, collagen I, and TGF-β1 separately in comparison to
the control group as outlined in Table I. While there were no
statistically significant differences in the expression of
collagen I among the control no treatment group, we
observed a reduction of 28% and 12.5% in MOF-loaded
silicone and plain silicone patch-treated rabbit models,
respectively. A significant decline of 40% and 23.4% in α-
SMA expression was observed compared to that of the
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Figure 5. Histopathological analysis of hypertrophic scar suppression on rabbit ears by 0.2% MOF-loaded silicone patch treatment. (A) Distance
between the peak, cartilage area, and normal skin was determined on H&E staining (scale bar is 200 μm); (B) The SEI index was calculated, and
a decline of the index values was noticed in the 0.2% MOF-loaded silicone patch group. The statistical significance was set at p<0.05 and the
values are presented as the mean±SD (n=3 replicates), and the letters a, b and c indicate statistically significant differences. 



control group (p<0.05). Similarly, a decrease of 20% and
6.7% was observed in the case of TGF- β1 in groups 3 and
2, respectively, compared to group 1. Notably, all scars
treated with silicone patches demonstrated a decline in the
expression of biomarker proteins as compared to the control
group, where no treatment was provided.   

Discussion

The hypertrophic scar (HS) is an irregular wound healing
process clinically defined by over-production of the collagen
and the excess of extracellular matrix (ECM) deposition due
to deep dermal injuries (37). Hemostasis, inflammation,
proliferation, and tissue remodeling are four stages of wound
healing (38). While several therapies for scars have been
proposed in the past, only a few of them were followed by
further trials with the required control group. In this study,
we performed a reproducible study to generate hypertrophic
scarring without disrupting the rabbit ear cartilage zone.
Furthermore, we investigated the dermal and epidermal
thickness, collagen density, SEI ratio, and expression of the
marker proteins related to fibrosis.

In recent years, the understanding and advancement of more
defined therapeutic options for such lesions have increased in

terms of the molecular and biological mechanisms of HS
formation (19). A wound with a diameter of 12 mm was found
to be the optimal configuration for the generation of HS,
which was subsequently utilized for the evaluation of the
efficacy of the MOF-silicone patch treatment. A previous
study conducted by Kloeters et al. (39) in a rabbit ear model
suggested that wound with a 7-mm diameter exhibited no
observable signs of contraction. Hence, a delay in
epithelialization may result in the formation of elevated scars.
Furthermore, the documented HS-reducing effects of the
MOF-silicone patch on the rabbit ear were replicated in our
study with a significant reduction in SEI in the treated
wounds. While achieving scarless healing remains the ultimate
objective in wound healing, our study acknowledges that the
optimal outcome typically involves the formation of a slightly
pigmented and flat scar (40). This outcome is associated with
a reduction in SEI and epidermal thickness, as well as in the
organized alignment of collagen fibers. Thus, our findings
support the use of MOF-loaded silicone patches as a
promising therapeutic approach for the treatment of HS.

In the context of wound healing, abnormal reactions
trigger the proliferation of fibroblasts, resulting in increased
collagen synthesis. This process plays a pivotal role in the
formation of HS (41). The wound healing process is
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Figure 6. Reduction of epidermal thickness and collagen fibers after Zr-MOF-808-loaded patches treatment. (A) H&E staining of tissue sections
and (B) the graph of the epidermal thickness revealing decreases of the epidermal thickness in positive (0% MOF), and 0.2% MOF -treated groups
in comparison with the control (scale bar: 200 μm); (C) Masson Trichrome staining of tissue sections revealed the texture of collagen in each
indicated group; (D) A suppression of HS collagen density was observed in the 0.2% MOF treated group. The values are resented as the mean±SD
(n=5 replicates), and the alphabet letters (a, b, and c) indicate statistically significant differences p<0.05.



characterized by intricate interactions between profibrotic
and antifibrotic molecules, involving a spectrum of
mediators, including proteolytic enzymes, growth factors,
and extracellular matrix (ECM) constituents (41, 42). Our
analytical investigation revealed a direct correlation between
enhanced HS treatment and reduced scar hyperplasia,
epidermal thickness, collagen density, and the expression of
specific marker proteins, ultimately contributing to the
restoration of a physiologically regular skin structure. 

The HS formation, which is also correlated with increased
or prolonged activity of TGF-β1, leads to excessive collagen
production and deposition (43), and an increase in expression
of α-smooth muscle actin (α-SMA) expression in fibroblasts
(44). The skilled phagocytes of apoptotic cells and pieces of
matrices are linked to the activation and repression of pro-
inflammatory cytokine synthesis by anti-inflammatory
mediators (such as TGF-β) (45). Furthermore, TGF-β is
released in conjunction with certain matrix proteins, which
trigger fibroblasts to become myofibroblasts (46). Although
α-SMA expression is a hallmark of mature myofibroblasts, its
precise role in wound healing, particularly in the regulation of
fibroblast activity, remains incompletely elucidated (47). Here,
we have shown conclusive proof of the impact of silicone
patches containing MOF-808 on rabbit ear wound healing and
HS formation, as well as the interaction of MOF-808 with
TGF-1, α-SMA, and collagen I in vivo. 

Activated myofibroblasts participate in repair by
producing significant amounts of ECM proteins, and they
may be responsible for the contraction of a healed wound

(45). The myofibroblasts modulate collagen fibrillogenesis
during the remodeling phase and promote collagen
breakdown, which reduces myofibroblast adhesion through
an apoptotic mechanism (48). Additionally, the HS
fibroblasts produce more collagen I, which promotes
proliferation (49). In the current study, a decrease in the
expression and generation of myofibroblast marker proteins
by silicone patches loaded with MOF-808 that were applied
to rabbit ears for HS therapy raises the possibility that anti-
inflammatory cytokines are involved in controlling and
inhibiting scarring. The proteins produced by myofibroblasts
play a crucial role in the maintenance of tissue shape and
function and are engaged in both intracellular and
extracellular processes that result in HS. Although these
findings demonstrate the efficiency of MOF in preventing
HS, more research is necessary to fully comprehend the
MOF mechanism.
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Figure 7. Suppression of myofibroblast biomarker proteins in MOF treated HS on rabbit ear. (A) TGF-β1, Collagen-I, and α-SMA protein expression
levels were analyzed by western blot using anti-TGF-β1, anti-collagen-1, anti-α-SMA, and anti-GAPDH antibodies, respectively, in all groups.
GAPDH: Glyceraldehyde 3-phosphate dehydrogenase; TGF: transforming growth factor; Col: collagen; SMA: smooth muscle actin. (B) The bar
graph illustrates the expression levels of each myofibroblasts marker protein. The data are presented as the mean±SD of three replicates, statistical
significance was set at p<0.05, and the alphabet letters a-h indicate a statistically significant difference.

Table I. The relative expression level of myofibroblast biomarker protein
of each experimental group to the control during HS treatment. 

Marker proteins                        Group 2                             Group 3

TGF-β1                                          6.7                                     20
Col-I                                            12.5                                     28
α-SMA                                        25.4                                     40

Group 2 is the 0% MOF silicone patch-treated group and Group 3 is the
0.2% MOF-loaded silicone patch-treated group.



Silicone gels have been shown to improve hydration of the
stratum corneum and facilitate the regulation of fibroblast
proliferation and decreasing collagen synthesis (18). Several
studies have demonstrated the role of MOFs in biology and
medicine. In drug delivery, MOFs are essential, because they
can change functional groups and bio-material pores (50). In
addition, MOF products have been successfully used in the
adsorption of organic compounds. Therefore, more studies
are necessary to assess the efficiency and nano-safety of
these material types due to their versatility (51). A study
conducted on the nanocarrier system had effectively
delivered antitumor and retroviral anti-cancer and AIDS
medication by non-toxic, porous iron (III) based MOFs (such
as MIL-53, MIL-88, MIL-88Bt, MIL-89, MIL-100, and
MIL-101 NH2) (52). Subsequently, Zr-MOF is one of the
most promising MOF materials for practical applications due
to its rich variety of structures, excellent stability, and
intriguing features and functions (53). Incorporating niacin
MOFs-encapsulated microcapsules as a therapeutic agent has
the potential to significantly enhance the healing of chronic
wounds in a model featuring an infected full-thickness skin
defect (53). Also, following the rapid and effective
endocytosis process, the Zr-MOF remained structurally intact
(54). Due to their easy preparation, tunable pores, and the
ability to exploit their internal surfaces, MOFs have received
considerable attention over the last decade, but prototype
frames have exceptional characteristics for use in drug
discovery, cancer treatment, gas storage, and many more
(55). Hence, in the current study, a silicone and MOF-808
combination was investigated for HS suppression effects in
a rabbit ear HS model.

Conclusion

The application of MOFs in practical manufacturing is still
challenging because of issues relate to medication quality
and metabolism. However, we discovered that our efforts to
create a rabbit ear model to suppress the HS production
using a silicone patch loaded with MOF-808 were
successful. Research on silicone patches containing MOF has
revealed anti-HS outcomes by changing the proliferation and
remodeling processes involved in wound healing via
lowering the expression of the epidermal thickness, marker
proteins, and SEI, and as well as significant improvement in
the organization of collagen. For these reasons, a silicone
patch containing MOF-808 can be an effective preventative
treatment for HS. Although our findings have a fascinating
biological potential, more research is still required.
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