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Abstract

Background: Wound healing is a complex process, relates to woand methods, wound dressingterials, to wound
closure accordingotthe reconstruction ladder. Research on dressing mistéfafull-thickness wounds is increiagly
diverse, from herbs, medicinal active ingredientsissue engineering. Platelet-rich fibrin (PRF) as a secene ation

of platelet derivatives, plays an important role inanfmatory, proliferative, remodeling processes in wohealling.
Simvastatin, an anti-hyperlipidemic drug, in its developmbat a pleiotropieffect, can reduce inflammation, increase
proliferation, thereby accelerating wound Hesy by increasing angiogenesis. This study aims to coenghe
effectivenessof Simvastatin ge2.5% with Plateletich fibrin (PRF) against angiogenesis, fibroblast gegdition,
collagen fiber density, and epithelializaticxte Methods: Thirty six rats were randomly divided into three groupgx2

cm full-thickness wound was made on the back of the Winstarse. Group A was a control group, the woundsswer
applied wih Carboxymethylcellulos€CMC gel). In group B, the wound was treated with Plate@t-fibrin (PRF), and

in group C, the wound was given Simvastatin gel wiB%2concentrate. Bwounds in each group were dressed with a
dressing. Furthermore, the ratere sacrificed on the'3and 7 day after treatment, and the samples were tfkesult.
There was a significant difference (p <0.05), which shobetter effectiveness in angiegesis, fibroblast proliferation,
and epithelializéion rate of wounds treadavith Simvastatin gel 2,5%Conclusion: Simvastatin gel with a concentrate of
2.5% accelerates wound healing, but still requires durtlesearch, especially the right concemprato that it can be
applied properly in humans.

Keywords: Simvastatin; wound healing; full-thickness wound.

INTRODUCTION

Wounds are a problem that is often faced by a surgeon, both acute wounds caused by traumagrsurgery,
chronic wounds due to systemic disorders and other causes. Many factors care imghfethe healing
process and cause an increase in the length of healing time, an increase in maowbidiortality (Young &
McNaught, 2011).

Wound dressing modalities for wound healing are always developing. The use of Platelet-rich RBjin (P
which is the second generation of platelet-rich plasma (PRP), is obtained in a simplewdgsterd without
the need for additional materials such as anticoagulants. Platelet-rich fibrin (PRF) contaiety afsgrowth
factors that can be produced from -granule platelets includingfl 8BGF, VEGF, ECGF, -FGF, IGF-1, to
stimulate the wound healing process (Sclafani, 2011).
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Statins as a class of drugs known as anti-hyperlipidemia, were found to have a pleiffieopiSttins can

reduce inflammation and accelerate wound healing by increasing angiogenesis and lymphangiogenesis in
wounds. Topical administration of Simvastatin for wound healing can be used to avoid dreffesite

caused by systemic administration (Stojadinovic, 2010; Asai, 2012). This study compared tivemfecbf

giving Simvastatin gel 2.5% with the administration of Platelet-rich fibrin (PRF) on wound h&alinghe

aspect of angiogenesis, fibroblast proliferation, collagen density, and speed of epditielialia the
treatment of full-thickness wounds in Wistar rats.

SUBJECTS AND METHOD

This study used 36 white rats (Rattus norvegicus), male wistar strain of 40-60 days-oldveigtaof 200-
250 g. To fulfill internal validity, samples were selected and divided into 6 granpemly. All procedures
performed in this study were obtained by the Ethics Commission of the Faculty of Veterinariapfdar
University with the No. 2. KE. 206. 12. 2019.

Platelet-rich fibrin (PRF) that will be used is allogenic, obtained from the blood of a humigresimental
animals (out of the number of samples) that were sacrificed, for intra-cardiac bloatiaolté 4-5 cc, then
processed immediately after the blood is drawn into in a tube without anticoagulant. The tube imoaced
certrifuge machine at a speed of 3000 revolutions per minute (rpm) for 10 minutes. When firésieeal, s
layers will form. The red base layer contains red blood cells followed by the top layerutdrcglasma.
Between the two layers is the fibrin clot, which is the PRF.

Simvastatin used in this study Simvastatin in the form of a gel preparation, which is produceédguthe
of Pharmacy, Universitas Airlangga with a concentration of 2.5%. Simvastatin 2.5% gel is naigkolwng
2.5 grams of Simvastatin (a generic brand of tablet preparation on the market); icta270% ethanol then
added to 2.5% Carboxymethylcellulose (CMC gel) to form a gel precipitate which is usesefarch.

All rats were anesthetized using injection of Ketamine 75-100 mg/kgBW + xylazine 10mg/kgBW intra
peritoneal. Each rat was shaved on the back, and made a square wound design measuriog 2x2 loatk

and disinfected with Betadine® 10%. Full-thickness wounds were made by excision using a number 15 knife.
The wounds in sample groups 1 and 2 were treated with Simvastatin 2.5% gel; wounds in sample groups 3
and 4 were treated with Platelet-rich fibrin (PRF); and wounds in sample groups 5 anel tBeated with

CMC gel. The wound was then treated in a closed manner using a transparent polyurethadeebsisgd

and wrapped with rolled gauze so that it would not come off. All rats were given intramusjadtion of

Penicillin Procaine 100 mg/kgBW.
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Figure 1. Wound measurement and treatment for each group

On the 3rd and 7th day after treatment, the mice were sacrificed by injecting pheabbarhD0 mg/kgBW.
Wounds on the backs of mice were evaluated for the rate of epithelialization on days 3 iagdvisiteax®

digital. Biopsy taken from a 2 x 2 cm wound and then put it in a vial containing 10% formalin louffer f
tissue fixation. All specimens were prepared by taking specimens from the wound edges, ffierbjomics

were made and stained with Hematoxyllin-Eosin and Mallory Trichome were examined under a light
microscope by Anatomical Pathology laboratory staff. Examination by Anatomical Pathobmyatday
officers was carried out using a light microscope (Olympus BX51) with a magnification of 400x.The
measurement results were then analyzed using a different test (average) witOX& Aariance test on the
SPSS software ver. 21.

This study is an experimental research. Randomized post-test only control group desigedveasrasearch
design since the initial measurements were not possible. The results of this studplotdated as a mea

and standard deviation. Kolmogorrov Smirnov normality test was carried out and continued with the Levene's
Test homogeneity test. Furthermore, to test the differences between groups, one way ANOVA tsstdwa

with a significance level of o of 0.05. If there is a difference, it was then proceeded with the Tukey HSD test

to determine the differences in each group.

RESULTS

Angiogenesis is the process of forming new blood vessels, in this study, the number of lumens of blood
vessels in the preparation was calculated, and erythrocyte cells were found in the lumen.
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Figure 2. Number f vessel lumens (indicaed by black arrows) at: (a) CMC (aly-3;
Simvastatin gel 2.5% day-3; (¢) PRF day-3; (d) CMC day-7; (e) Simvastathhjél
day-7; (f) PRF day-7.

Fibroblast proliferation was expressed in the number of fibroblast cells found in 5 visual fieldls#es.
preparations were stained with hematoxylin-eosin, and using a 400x magnification microscope, thehumber
fibroblasts on the right, middle and left edges of the wound was counted in each preparation..

(a)

(d)

Figure 3. Fibroblast proliferation (indicated by black arrows) at: (a) CMC day-3; (b)
Simvastatin gel 2.5% day-3; (¢) PRF day-3; (d) CMC day-7; (e) Simvastatth5jel
day-7; (f) PRF day-7.

Collagen density was expressed in terms of the number of collagen fibers found in 5 visudidibkelsble

to calculate this, the preparations were stained with Mallory Trichrome, and examined 48xg a
magnification microscope. Collagen density in this study, was given a score of 1, if thercbbageare

loose where the diameter of the collagen fibers is smaller than the width of the distance betweeag#re coll
fibers; score 2, if the collagen fibers are moderate where the diameter of the collages fiteesame as the
width of the distance between the collagen fibers; and a score of 3, if the collagearébdesse where the
diameter of the collagen fibers is greater than the width of the distance between the collagen fibers..
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Figure 4. Collagen density (indicated by black arrows) at: (a) CMC day-3; (b)
Simvastatin gel 2.5% day-3; (c) PRF day-3; @MC day-7; (e) Simvastatin gel 2.5%
day-7; (f) PRF day-7.

The speed of epitiialization is the surface area where the wound closure process occurs coim plaeeiime
required for the process, with units of mm/day. Measurements using Visitrax® digitgiredlice units of
area, then converted to millimeters per day.

Figure 5. Epithelialization in digital Visitrak® measurements

DISCUSSION
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This study aimed to assess the effect of giving Simvastatin gel 2.5% compared with platéletniRRF)

in the treatment of full-thickness wounds by assessing angiogenesis,dmbliferation, collagen density,
speed of epithelialization, which occurred on day 3 and day 3. 7 which reptésewtsund healing phase.

The research subjects were full-thickness wounds on the back of the skin of micsinétiofa2 x 2 cm, the

study population was grouped by: carboxymethylcellulose (CMC) gel group (control group); Simvastatin gel
2.5%; and the platelet-rich fibrin (PRF) group, with randomization.

In this study, angiogenesis that occurred after treatment with Simvastatin gel 2.5% was saspbeteffect

of increasing angiogenesis by increasing progenitor cell activity in endothelial cells. Thisderidaace

with the statement by Stojadinovic et al. (2010). This result is also in accordance withdhehresaducted

by Asai et al. (2012) that topical Simvastatin can increase angiogenesis and even lymphangiogenesis in
healing rat back skin on days 7 and 14 after treatment. Increased vasculaompednsnake Simvastatin a
good agent to inhibit wound pathogenesis. Simvastatin can also stimulate angiogenesis by modulating the
saine/threonine protein kinase Akt pathway that stimulates nitric oxide.

Khoshneviszadeh et al. (2014) in their study found that there was an increase in fibroblasitnlds
much as 95% higher in full-thickness wounds after being given Simvastatin gel 2.5%, compar&Mg the
gel treatment. Meanwhile, the pleitropic effect of NO (Nitric oxide) produced by statins can be teltte
stimulatory effect on fibroblast activity or indirect effects such as vasodilatidrcytokine expression
(Schwentker & Billiar, 2003; Laufs, 2003).

Collagen is the most abundant protein in body tissues, including skin. Collagen is what allows the formation
of tensile strength in the skin. Collagen synthesis occurs in the remodeling phase. After the woumelds cove
with granulation and after the migration of keratinocytes leads to the re-epithelializatiors ptioees

remodeling phase begins. Collagen synthesis phase is a phase that does not stand alone but overlaps with
other phases (Gurtner, 2014). The results of this study are not in accordance wihlth®feesearch

conducted by Khoshneviszadeh et al. (2014), that there is a significant increase in collageaftans
administration of topical Simvastatin at a level of 2%, where observations were magdel®,) dad it is

possible that in the proliferative phase there are more collagen fibers. Whilestuthjisobservations were

made on the 3rd and 7th day. It is possible that differences in the concentration oSiopieatatin used

may also have an effect.

The wound healing process begins with an inflammatory phase which is influenced by the activation of
platelets, neutrophils and macrophages whose levels increase up to 5 or 7 days after the timgury. |
proliferative phase, this factor will be replaced by wound healing cell growth fati@increase in
epithelialization that occurred after treatment with Simvastatin gel 2.5% was thought ta®ecueffect of

the statin content which inhibits HMG-CoA reductase, thereby reducing mevalonate formation. Simvastatin
can reduce endogenous FPP levels so that it can increase keratinocyte migratioy) @ndvithe

epithelialization process (ex vivo) (Stojadinovic, et al. 2010).
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