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ABSTRACT
Introduction: In our study, we aimed to search and compare the effects of valsartan and enalapril on the
pathological scar formation on the basis of histomorphological parameters.
Materials and Methods: Nine New Zealand albino male rabbits, which were divided into three groups,
were included in the study. A previously described rabbit ear wound model was used. Enalapril was
administered 0.75mg/kg/day on the first group and valsartan was administered 10mg/kg/day on the
second group for 40 days. The third group was the control group. Results were evaluated on the 40th
day with scar elevation index calculation and histological studies. Histological studies were done by using
Hematoxylin-eosin, Masson trichrome and Sirius Red stains.
Results: Enalapril and valsartan groups were both significantly effective on the prevention of pathological
scar formation when compared to the control group in terms of fibroblast count, capillary count, type 1/
3 collagen ratio, collagen organization, and epithelial thickness. There was no significant difference
between the enalapril and control group on the scar elevation index. Valsartan group was more efficient
than the enalapril group on the reduction of fibroblast count and epithelial thickness.
Conclusion: Both Valsartan and Enalapril are found to be effective for the prevention of pathological
scar formation.
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Introduction

Pathological scars are characterized by proliferation of the dermal
tissue, with excessive deposition of fibroblast-derived extracellular
matrix proteins, chronic inflammation and fibrosis. Multiple meth-
ods have been used for the treatment of abnormal scars, but to
date, the optimal treatment method has not been established.

Despite decades of research regarding molecular and cellular
processes of pathological scar formation, its exact mechanisms
remain unclear [1]. Experimental and clinical studies in the recent
years revealed the presence of angiotensin II molecules in hyper-
trophic scar tissue samples and fibroblast cell cultures [2,3].
Angiotensin II receptor mRNA expression has been shown in
human keratinocytes cell cultures with RT-PCR techniques [4]. In
addition fibroblast cell cultures from human scar tissues have
been shown to contain angiotensin II receptors [5]. Experimental
studies in recent years have shown that angiotensin converting
enzyme (ACE) inhibitor enalapril leads to a decrease in patho-
logical scar formation. The cytokines which belong to the trans-
forming growth factor (TGF)-b family plays an important role in
the wound healing process and hypertrophic scarring. Dermal
fibroblasts, which are responsible for the synthesis of collagen
type I and extracellular matrix proteins, are stimulated by TGF-b.
Angiotensin II increases TGF-b expression so ACE inhibition also
inhibits TGF-b stimulation ACE inhibition causes a non-selective
decrease of TGF-b including b1, b2 and b3 [6].

The tissue renin angiotensin system (tRAS) is a locally active
system and acts as o modulator for tissue homeostasis and regen-
eration. Due these mechanisms, it has been suggested as a target

of the treatment for pathologies involving hemostasis and wound
healing. The tRAS can have both pro-inflammatory/pro-fibrotic as
wells as anti-inflammatory and anti-fibrotic effects. Since tRAS
shares receptors with systemic RAS, drugs designed to act on sys-
temic RAS, such as antihypertensives, can also be used to regulate
tRAS.

The aim of this study was to show the efficiency of Valsartan
in reducing the pathological scar formation in a previously
defined pathological scar formation model in rabbit ear [7].

Materials and methods

This study was approved by the Istanbul Bagcilar Training and
Research Hospital Ethical Comity (approval number: 2015/99).
Nine New Zealand White male rabbits (6–8months, 2500–3500 g)
were divided into three groups, with three rabbits in each group.
The rabbits were individually housed in 12–12 h night day cycle,
temperature regulated room (21 ± 2 C�), fed twice a day and had
access to water ad libitum.
Group 1: Enalapril: 0.75mg/kg/day
Group 2: Valsartan: 10/mg/kg/day
Group 3: Control

Surgical technique

A previously defined rabbit ear hypertrophic scar model was used
for the study [8,9]. Surgical anesthesia was performed with intra-
muscular injection of 10% Ketamine HCL (35mg/kg) (Ketalar,
Eczacıbasi, Turkey) and Xylazine HCL (5mg/kg) (Rompun, Bayer,
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Germany). Prior to the surgical procedure depth of anesthesia was
confirmed with the control of corneal and extremity reflexes. The
surgical procedures were performed by the same surgeon under
sterile conditions under operating microscope. After surgical
cleaning of the area four 5mm defects were created on the ven-
tral surface of the both ears. Under magnification, all of the epi-
dermis, dermis and perichondrium within the defect area was
removed. Wound closure of the defects was performed with
Tegaderm (3M Co., St. Paul, MN) dressing material following
hemostasis (Figure 1). Following the procedure, the animals were
monitored and kept in separate cages, the wounds were cleaned
daily with an antiseptic solution and the tegaderm dressings were
replaced daily (Figure 1).

First group received 0.75mg/kg/day of Enalapril following the
surgery for 40 days with oral gavage. Second group received
10mg/kg/day of Valsartan for 40 days with oral gavage. The tab-
lets were prepared into a solution in 2ml of distilled water. Third
group did not receive any treatment. Standardized digital photo-
graphs of the scars were taken at 20th and 40th postoperative
days. At the 40th day following the surgery the animals were sac-
rificed with high dose intracardiac Ketamine injection. Scar tissues
including complete thickness of dermis and epidermis were
excised along with 1mm of normal skin for histopatho-
logical analysis.

Histopathological analysis

All of the histopathological examinations were performed by the
same pathologist. The tissue samples were fixed in 10% formalde-
hyde solution. The samples were embedded in paraffin blocks.
4 lm thick slices were obtained. Staining with Hematoxylin and
Eosin, Mason Trichrome, Elastic Van Gieson and Sirius Red was
performed. Olympus BX51 light microscope was used for the
evaluation. The number of fibroblasts was counted with 400�
magnification in 3 randomized fields. The number of capillary for-
mations was counted under 40� magnification. Type 1 and 3 col-
lagen formations patterns were evaluated Sirius Red staining with
400� magnification. Type 1 mature collagen fibers were thicker
with orange-red staining while type 3 immature collagen fibers

were thinner with green staining. Collagen structure was eval-
uated with a scale from 0 to 3 in which ‘0’ being normal organ-
ized collagen structure and ‘3’ being the least organized collagen
structure (Figure 2).

Scar elevation index

Scar elevation index (SEI) is a previously defined measurement
method which correlates with wound healing and scar evaluation
methods. This method calculates the ratio of normal wound zone
inside the whole scar area. SEI measurement with occulometric
evaluation was performed. Epithelial thickness was measured in
millimeters. SEI takes into account the cellular proliferation, matrix
structure and epithelial thickness [6]. This index is defined as the
ratio of the total wound area and tissue height to the area of nor-
mal tissue under the hyper-trophic scar (Figure 3).

Statistical analysis

Statistical analysis was performed with Prism 7 software (Version
7.00 for Windows, GraphPad Software, La Jolla, CA, USA).
Statistical evaluation was performed to establish a descriptive and
comparative analysis of the results. The data was not in normal
distribution. A non-parametric Kruskal–Wallis test was used to
compare the groups. Multiple comparisons were performed using
Dunn’s test.

Results

The mean number fibroblasts were 432, 340 and 729 in the
Enalapril, Valsartan and Control groups, respectively. The differ-
ence between enalapril and control group was significant
(p< 0.001). The difference between valsartan and control group
was significant (p< 0.0001). The difference between enalapril and
valsartan group was significant (p< 0.001).

The mean number capillary formations were 6.33, 5.67 and
10.67 in the Enalapril, Valsartan and Control groups, respectively.
The difference between enalapril and control group was signifi-
cant (p< 0.001). The difference between valsartan and control

Figure 1. (a) Four points are marked on the ventral surface of both ears. (b–d) Four 5mm defects were created with a circular punch biopsy tool.
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group was significant (p< 0.001). The difference between enalapril
and valsartan group was insignificant.

The mean ratio of type 1/type 3 collagen was 1.13, 1.29 and
2.88 in the Enalapril, Valsartan and Control groups, respectively.

The difference between enalapril and control group was signifi-
cant (p< 0.001). The difference between valsartan and control
group was significant (p< 0.001). The difference between enalapril
and valsartan group was insignificant.

Figure 2. Sample images from histopathological evaluations of the scar tissues. (a) Group 1: Increased epithelial thickness and regular collagen fibers [Hematoxylin
and Eosin (H&E), �100]. (b) Group 1: Fibroblast cells and capillary formations (H&E, �400). (c) Group 1: Regular collagen fibers (Mason Trichrome, �100). (d) Group 1:
Type 1 collagen fibers (Sirius Red, �200). (e) Group 2: Epithelial layer can be seen (H&E, �100). (f) Group 2: capillary formations (H&E, �400). (g) Group 2: Regular col-
lagen fiber formations (Mason Trichrome, �100). (h) Group 2: Type 1 and 3 collagen fibers (Sirius Red, �200; Sirius Red, �200). (i) Group 3: Irregular collagen fibers
(H&E, �100). (j) Group 3: Fibroblast cells and capillary formations (H&E, �400). (k) Group 3: Irregular collagen fiber formations (Mason Trichrome, �100). (l) Group 3:
Type 1 and 3 collagen fibers (Sirius Red, �400).

Figure 3. Calculation of scar elevation index.
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The mean of collagen organization score was 1.125, 1.292 and
2.875 in the Enalapril, Valsartan and Control groups, respectively.
The difference between enalapril and control group was signifi-
cant (p< 0.001). The difference between valsartan and control
group was significant (p< 0.001). The difference between enalapril
and valsartan group was insignificant.

The mean epithelial thickness in millimeter was 0.0967, 0.06
and 0.1067 in the Enalapril, Valsartan and Control groups, respect-
ively. The difference between enalapril and control group was
insignificant. The difference between valsartan and control group
was significant (p< 0.001). The difference between enalapril and
valsartan group was significant (p< 0.001).

The mean value of SEI score was 1.867, 1.867 and 3.4 in the
Enalapril, Valsartan and Control groups, respectively. The differ-
ence between enalapril and control group was significant

(p< 0.001). The difference between valsartan and control group
was significant (p< 0.001). The difference between enalapril and
valsartan group was insignificant (Figure 4).

Discussion

Hypertrophic scar presents itself as an elevated scar with
increased collagen production. Dermal tissue proliferation result-
ing from increased extracellular matrix proteins from fibroblasts,
increase in inflammation and fibrosis have been previously
shown [10].

Various treatment modalities for the treatment of abnormal
pathological scars have been defined. Despite this, there are no
particular treatment algorithms for their treatment [11]. These
methods include surgical excision, pressure treatment [12],

Figure 4. Summary of histopathological results. (a) Mean number of fibroblasts in each group. (b) Mean number of capillary formations in each group. (c) Mean of
type 1/3 collagen ratio for each group. (d) Mean collagen organization score for each group. (e) Mean value of epithelial thickness for each group in millimeters. (f)
Mean value of SEI score.
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intradermal IFN treatment, topical and intradermal corticosteroid
treatment [13], intradermal bleomycin [14], laser therapy [15], sili-
cone gel dressings [16] and other topical agents [17].

Shin et al. [18] have compared intramarginal and extramarginal
excision with skin grafting techniques for the treatment of hyper-
trophic scars in a retrospective study. They have found that intra-
marginal excision has lower recurrence rate. In our study,
Valsartan has been given for 40 days and significant improvement
has been demonstrated when compared with the control group.
Despite this, we have no data regarding the possibility of recur-
rence in scar tissue following the cessation of the treatment.
Future studies could be planned to answer this question.

Huang et al. [19] have previously shown that pressure treat-
ment increases the metalloproteinase activity and reduces patho-
logical scar formation. We have found in our study that type 1
collagen, which is major component of a healthy scar tissue was
significantly higher in the enalapril group. The exact mechanism
of how valsartan or enalapril effects the remodeling phase of
wound healing remains unclear. Further studies with specific
immunohistochemical staining might shed a light on
these mechanisms.

Uzun et al. [6] have shown that intradermal corticosteroid
treatment was only superior to early enalapril treatment in terms
of number of fibroblasts and SEI score. In our study, Valsartan
treatment was also superior to Enalapril in terms of fibroblast
number. On the other hand, the difference between the Valsartan
and Enalapril in terms of SEI score was insignificant. Further stud-
ies are required to clarify these effects. In Uzun’s study Enalapril
treatment was found to be superior to corticosteroid injection. In
the light of this result and in order to avoid unnecessary sacrifice
of animals we have not included a corticosteroid group in
our study.

Valsartan is an angiotensin (AT) receptor blocker which select-
ively blocks AT1 receptors. It has previously been shown that AT
II increases the pathological scar formation by binding to AT1
receptor [5]. Enalapril has previously been shown to have positive
effect scar maturation by regulating the synthesis of various cyto-
kines and the number of fibroblast [20]. In our study, we have
shown that the number of fibroblasts was significantly lower in
the enalapril and Valsartan groups. These effects might be related
to the regulation of migration and proliferation of keratinocytes
and fibroblasts.

Rodgers et al. [21], have demonstrated that angiotensin II can
increase neovascularization and endothelial proliferation by
increasing VEGF and PDGF. Uzun et al. have shown that enalapril
and corticosteroids have similar effects on the reduction number
of capillaries in hypertrophic scars. In our study the number of
capillaries in Enalapril and Valsartan contained significantly lower
number capillaries.

In previous studies it has been shown that number of type 3
collagen increases in pathological scars [22,23]. We have found a
significant increase in the ratio of type 1/type 3 collagen in the
enalapril and valsartan groups. In the remodeling phase of wound
healing collagen fibers are organized by the actions of metallo-
proteinases [24]. On the contrary in pathological wound healing
the collagen fibers are less organized and are formed into nodules
surrounded by myofibroblasts. In our study the collagen fibers in
enalapril and valsartan groups were significantly more organized.
These results suggest an effect on the remodeling phase of the
wound healing process. SEI is a scar evaluation measurement
which can give high predictive values regarding clinical correl-
ation. In our study we have found both enalapril and valsartan

SEI values were significantly improved when compared to the
control group.

Uzun et al. compared the efficacy of early stage enalapril, late
stage enalapril and corticosteroid treatments on scar maturation.
They have found that early enalapril treatment was more efficient
in preventing pathological scar formation. In our study we found
that early stage enalapril treatment was effective when compared
to the control group. Valsartan group revealed better results
when compared to enalapril in terms of epithelial thickness and
number of fibroblasts. These results might indicate the longer effi-
ciency of ACE inhibitor treatment when compared with
ARB treatment.

In previous studies, nanofat grafting techniques have been
proposed as method for treatment of scars. Gentile et al. [25]
have shown that supercharged-modified nanofat grafts give the
best results and the most stromal vascular fraction yield. Gentile
et al. [26] has also shown that autologous fat grafting can be
effectively used for the correction of scars on the face. In another
study Cervelli et al. [27,28] have shown that platelet rich fat trans-
fer can promote natural healing in soft tissue defect caused by
various disorders. Stromal vascular fraction which is rich with adi-
pose-derived stem cells (ADSCs), mesenchymal and endothelial
progenitor cells play a critical role in the effectiveness of fat graft-
ing. Platelet-derived growth factors, cytokines, chemokines and
adipokines secreted from these cells seem to be playing an
important role in the mechanism of action of both fat grafting
and Valsartan.

There are number of shortcomings related to the study.
Further investigation of the effects of Valsartan on scar formation
using polymerase chain reaction, immunohistochemical staining
and western blots techniques are essential to shed light on the
subject. In addition, we have several concerns regarding the clin-
ical translation of these results. Valsartan is a very well-known and
is a relatively safe drug for the treatment of high blood pressure.
But despite this there are various side effects of this drug includ-
ing dizziness, lightheadedness, and headache caused by hypoten-
sion and hyperkalemia. Another matter in terms of clinical
translation is the dosage of the drug to be used for human sub-
jects. In current clinical practice, 80–320mg/day of Valsartan are
used for the treatment of high blood pressure. Further studies are
required to determine the required doses of valsartan for the pre-
vention of pathological scars.

In conclusion, both Valsartan and Enalapril can be effectively
used to prevent pathological scar formation. Valsartan might be
preferred in patients in whom enalapril might cause intolerance
due to its effects on kinin-kallikrein metabolism. Further clinical
and experimental studies are required to shade a light on
unanswered questions.
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