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Catechin Hydrate Improves
Hypertrophic Scar in Rabbit Ear Model
via Reduction of Collagen Synthesis
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Abstract

Background: Hypertrophic scar (HS) is a cutaneous condition results from abnormal wound healing
following deep tissue injury. To date, there is no optimal treatment for this skin disorder. Catechins
possess anti-inflammatory, antioxidant and anti-fibrotic properties. In this study we investigated the
effects of catechin hydrate (CH) in rabbit ear model of HS.

Methods: A rabbit ear model of hypertrophic scar was set up. Ten New Zealand white rabbit were
divided into 5 equal groups: non-treatment group, vehicle control, treated with intralesional injection
of dimethyl sulfoxide (DMSO), and test groups, received intralesional injection of CH/DMSO
solution at concentration of 0.25, 1.25 and, 2.5 mg/ml, respectively. The treatments were initiated 35
days after wounding once a week for 4 weeks. The scar elevation index (SEI) and the epidermal
thickness index (ETI) were measured using Hematoxylin and Eosin (H&E) staining and the amount
of collagen deposition were determined after Masson' trichrome staining. In addition, the enzyme-
linked immunosorbent assay (ELISA) method was used to determine the levels of type I and III
collagen and matrix metalloproteinase 1 (MMP1) in scar tissues.

Results: CH improved abnormal scarring at concentrations of 1.25 and 2.5 mg/ml and significantly
(P<0.001) reduced the SEI and ETIL. The levels of collagen type I and type III, and total collagen
deposition were significantly (P<0.05) decreased in scar tissues of CH treated groups and no
significant effect on MMPL1 levels.

Conclusion: Our findings demonstrated that CH has the potential for the treatment of HSs.
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Introduction

Hypertrophic scars (HSs) are proliferative inflammation, notable angiogenesis and

skin disorders that occur after abnormal
wound healing in inclined individuals
following surgery, trauma, inflammation, and
especially burns. HSs are raised, itchy,
inflamed, red or purple in color, and may be
painful (1). HSs are recognized as difficult to
treat, and are at high risk of relapse (2).

In predisposed individuals, the most
important cause of hypertrophic scar is
damage to reticular dermis by trauma, burns
or surgery. The reticular dermis in
hypertrophic scar demonstrates chronic

copious amount of collagen (3). The total
collagen content is increased in HSs (4). It has
been shown that collagen type | and type Il
are both increased in hypertrophic scars
comparing to normal skin (5, 6).

The physical characteristics of
hypertrophic scars are the result of disordered
organization of narrow collagen fibers. In HS
collagen fibers are arranged in a more
disorganized manner, whereas in normal skin
and normotrophic scars, the collagen fibers
are bundled and are paralleled with the
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epithelial surface (7).

Inflammation is one of the most important
factors influencing wound healing process.
Persistent inflammation is one of the HS
characteristics (8). According to findings of
many studies, inflammation modulates
collagen synthesis, and the severity of
inflammation has a direct relationship with the
final size of the scar (9-11). Considering the
contribution of inflammation in the HS
formation, it seems logical to use agents that
target inflammation to treat and prevent
abnormal scar formation. The anti-scarring
effects of many anti-inflammatory compounds
such Pirfenidone, epigallocatechin-3-gallate
have been reported (12).

Although there are several clinical
treatment for HS such as intralesional and
topical steroid, radiation therapy, Silicone gel
sheet, topical and intralesional 5-fluorouracil
and surgery (13), all these treatments are
associated with possible side effects and they
have some limitation: medications are not
specific for HS, the rate of scar recurrence after
surgery is high, and a more severe scar may
occur after surgery, hyperpigmentation, skin
atrophy and telangiectasia  following
intralesional injection of steroids and 5-
fluorouracil and radiotherapy (14, 15). That
being so, finding new treatments for the rapid
and effective improvement of hypertrophic
scars is absolutely necessary.

Catechin is a flavan-3-ol occurs naturally in
many plants including green tea, persimmons,
apples, beans, peaches, berries, and black
grapes. The antioxidant activity, anticancer
and anti-inflammation effects of catechins
have been reported (16, 17). In addition, the
anti-fibrotic effects of catechins have been
shown in several studies (18-20).

This work aimed to investigate the effects
of intralesional injection of CH on
hypertrophic scar in rabbit ear model.

Materials and Methods

Animals and reagents

Ten New Zealand white rabbits including male
and female animals with weight of 2.5 to 3 kg
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were used in this experimental research. The
rabbits were housed individually in standard
cages, a week before and during experiment.
Standard conditions of temperature (22+2),
relative humidity (55% +2%) and 12:12 h dark/
light cycle was provided, and animals accessed
to standard food and water ad libitum. The
experimental protocol was approved by the
research ethics committee of Hamadan
University of Medical Sciences
(IR.UMSHA.REC.1399.944).

Catechin hydrate (=96% pure, CAS
Number:  225937-10-0) and  Dimethyl
Sulfoxide (DMSO) (CAS number 68-67-5)
were purchased from Sigma-Aldrich, USA.

Hypertrophic scarring in rabbit ear

The hypertropohic scars were induced in
rabbits' ears by biopsy punch (10 mm
diameter) (21). Before wound creation,
ketamine (80 mg/ml) and xylazine (10 mg/kg)
were injected intraperitoneally to anesthetize
the rabbits, the hairs in the wound area were
shaved and the wounds sites were disinfected
by ethanol 70%. Four wounds were created in
each rabbit ear (8 wounds in each rabbit)

Animal groups and treatments

Animals randomly, divided into five equal
groups as follow: non-treatment group, vehicle
control group, received weekly intralesional
injection of DMSO (50 pl) for four weeks and
test groups, received weekly intralesional
injection of 0.25, 1.25 and 2.5 mg/ml (50 pl)
solutions of CH/DMSO, respectively, for four
weeks (22, 23). The treatments were initiated
35 days after wound creation and when
hypertrophic scar formation was confirmed
through  macroscopic and  histological
evaluation. The CH doses were selected on the
basis of a pilot study. There were 1 male and
1female rabbit in each group.

The scar tissue samples were taken from
each group one week after last injection.
Samples obtained from all wounds. A half of
samples were maintained in formalin 10% and
the remaining samples were kept at -80 °C
after being frozen in liquid nitrogen until use.
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Measurement of epidermal thickness index
(ETI) and Scar elevation index (SEI)

For measurement of ETI and SEI the samples
were stained using hematoxylin-eosin (H&E)
method (24) and were studied using a light
microscope to ensure that each sample have
some unwounded tissue adjacent to scar tissue.
Micrographs (400X) were taken from samples
by using a digital camera. The epidermal
thickness was calculated as micrometer using
ImageJ® software. ETI was the ratio of
epidermal thickness of scar tissue to that of
adjacent unwounded tissue. The ETI>1
indicated the epidermal hypertrophy (25). Scar
elevation index (SEI) was measured as the
ratio of wound tissue height to adjacent
unwounded tissue height in each sample.
SEI>1 showed the hypertrophic scar formation
(26). The tissue height was measured using
ImageJ® software.

Collagen type I and type 111 and MMP1 assay
The collagen type I and type III and MMP1
concentrations in tissue samples obtained from
experimental groups were measured by ELISA
method using rabbit collagen type I and type
IIT and MMP1 ELISA kits (Shanghai Crystal
day Biotech Co. China) using manufacturer's
instructions.

Estimation of collagen deposition
Masson's trichrome staining method was
performed to evaluate collagen deposition in

Non-treatment DMSO

Day 63

CH 0.25 mg/ml

scar tissues obtained from experimental
groups. In this staining method, the collagen
fibers turn in blue color. ImageJ® software was
use to quantification of collagen fibers in scar
tissue samples as described previously (27).
Briefly, microphotographs of scar tissue were
converted to RGB (red, green, blue) layers by
ImageJR program and the average percentage
of collagen deposition was calculated for each
group. The percentage of collagen deposition
is defined as the ratio of blue area pixels to
total area pixels.

Statistical analysis

The results were shown as Meant Standard
Error of mean. Statistical data analysis was
conducted using one- way Analysis of variance
(ANOVA) following multiple comparisons test
with GraphPad Prism 8. P values less than 0.05
were deemed to be statistically significant.

Results

Macroscopic evaluation of hypertrophic
scars

On day 63 (7 days after last injection), the scar
tissues of non-treatment and DMSO treated
groups were raised, showing red-brown color
and a tensile texture, while in CH 1.25 and 2.5
mg/ml treated groups the scars were almost the
same level as normal skin, their color was
similar to normal skin and they had a softer
texture. CH 0.25 mg/ml was not so effective to
change the scar tissue appearance (Fig. 1).

CH 1.25 mg/ml

CH 2.5 mg/ml

Fig. 1. Images of hypertrophic scars on day 35 bost wounding (before treatment initiation), and on day 63 (one week after last injection).
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Microscopic evaluation of scar tissue

Histopatholgical study of the scar tissue
samples obtained from non-treatment, DMSO
and CH 0.25 mg/ml treated groups indicated
the thicker epidermis and dermis layers, more
edema, presence of inflammatory cells and
vertical oriented blood vessels comparing with
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those of CH 1.25 and 2.5 mg/ml treated groups
which had significant reduced edema and
inflammation. In addition, the arrangement of
collagen fibers in the samples obtained from
CH 1.25 and 2.5 mg/ml groups was more
regular compared with non-treatment and
vehicle control groups (Fig. 2).
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control, DMSO, CH 0.25 mg/ml, 1.25 mg/ml and 2.5 mg/ml treated groups, respectively. A'-E' represent Massons'
trichrome staining images of control, DMSO, CH 0.25 mg/ml, 1.25 mg/ml and 2.5 mg/ml treated groups, respectively.
Magnification: 100X, Scale bar: 200 um, Asterisk: granulation tissue, Arrow tip: collagen, Arrow: epidermis.

Effects of CH on ETI and SEI

Evaluation of the effect of CH on ETI and SEI
showed that intralesional injection of CH 1.25
and 2.5 mg/ml significantly (P<0.001) reduced
the ETI comparing to non- treatment and
vehicle control groups (Fig. 3A). The results of
the SEI measurement showed that averages
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SEI of CH 1.25 and 2.5 mg/ml treated groups
were significantly (P<0.001) lower than those
of non- treatment and vehicle control groups
(Fig. 3B). There were no significant
differences in the averages of ETI and SEI
among non-treatment, vehicle control and CH
0.25 mg/ml treated groups.
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Fig. 3. A. Epidermal thickness index and B. Scar elevation index in studied groups. Data are shown as Mean+SEM, ***
(P<0.001) indicates the statistically significant difference (n=4).
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Effect of CH on collagen type I and type 111 levels
The collagen type I (Fig. 4) and type III (Fig.
5) concentrations in scar tissue samples
obtained from CH 1.25 and 2.5 mg/ml treated
scars were significantly (P<0.05) lower than

Rabbit Ear Scar Collagen

those of non-treatment and vehicle control
groups. No significant differences were
observed in collagen type I and type III
concentrations among CH .0.25 mg/ml, non-

treatment and vehicle control groups.
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Fig. 4. The average levels of collagen type I in experimental groups. Data are shown as Mean+SEM, *** (P<0.001) and
** (P<0.01) indicates statistically significant difference (n=4).
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Fig. 5. The average levels of collagen type III in experimental groups. Data are shown as Mean+SEM, * (P<0.01), **

(P<0.01) indicates statistically significant difference (n=4).
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Effect of CH on collagen deposition

The results of collagen deposition evaluation
using Masson's trichrome staining revealed
that CH 1.25 and 2.5 mg/ml, significantly
(P<0.01) reduced the amount of collagen
deposition comparing to non- treatment and

vehicle control group. No statistically
significant differences were observed in the
amount of collagen deposition among CH.
0.25 mg/ml, non-treatment, and vehicle control
groups (Fig. 6).
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Effect of CH on MMP1 levels
Evaluation of the effect of intralesional
injection of CH on MMP1 levels in scar tissues

Groups
Fig. 6. Collagen deposition quantification. Data are shown as Mean=SEM, ** (P<0.01) indicates statistically significant

revealed that CH had no significant effect on
MMP1 levels (Fig. 7).

5=
- I
4
z —— o=
<
\D(J 3+ y
-]
- o
— -
-9 2~
—
- ::: ;
[
l-‘ -
I . .
0~ T = T
> O & & @
& N o\ <\ &
& > & SRR
N \ g.\ 9-\ a\
| ~ \'.\,' "
» 5 D
D O C
.
Groups

Fig. 7. The average levels of MMP1 in experimental groups. Data are shown as MeantSEM, (n=3).
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Discussion

In this study we examined the therapeutic
potential of intralesional injection of CH on
hypertrophic scar in rabbit ear model and we
found that CH improved the pathological
scars.

Our finding revealed that the scar tissue
treated with CH had almost normal
appearance. Epidermal hypertrophy was
evaluated by ETI measurement. The epidermis
thickness of scar tissue reduced in CH (1.25
and 2.5 mg/ml) treated groups. The degree of
scar formation quantification was performed
by measurement of SEI, and our findings
indicated that CH injection is capable to reduce
the hypertrophic scar formation.

The anti-inflammatory, antioxidant and
anti-fibrotic effects of CH were the reasons for
choosing CH to be evaluated for its anti-
scarring properties. In addition, the safety of
catechins have been studied and confirmed in
several studies (28-30). This study did not
include investigating the mechanism of the
anti-scaring effect of CH, however, the results
of studies, that have previously examined the
anti-fibrotic effects of catechins, suggest the
possible mechanisms of catechins in
hypertrophic scars, and the results of these
studies were consistent with our study. For
example, Abe et al. studied the anti-fibrotic
effects of green tea (a rich source of catechins)
in hepatitis and their findings indicated that
green tea suppressed the gene expression of
alpha 1 chain of collagen type I and TGF-$1
that had been increased in injured liver
following galactosamine injection (18).
Moreover, Wang et al. investigated the anti-
fibrogenic potential of three catechins in rat
model of liver fibrosis induced by CCL4, and
their results revealed that catechins reduced
liver fibrosis as demonstrated by suppression
of TGF-B, a- smooth muscle actin and desmin
expression and by  inhibition  of
phosphorylation of ERK1/2 and Smad1/2 (20).
In addition, Song et al. (2023) studied the anti-
scarring effect of epigallocatechin gallate
(EGCG) in rabbit ear model of hypertrophic
scar and they found that EGCG inhibited

fibrotic gene expression and suppressed
angiogenesis (22).

One of the most important results of this
study was the reduction of collagen production
in scar tissue treated with CH, as abnormal
extracellular matrix (ECM) remodeling is
another feature of hypertrophic scar which is
displayed by collagen overproduction. The
findings of our study indicated that CH
decreased the amount of collagen deposition,
and the collagen fibers were thinner and well
organized in scar tissue samples obtained from
CH treated groups compared with those of
non-treatment and DMSO treated groups. The
measurement of collagen type I and type III
revealed that CH reduced their concentrations
in scar tissue. Collagen production is vital for
wound healing but overabundance deposition
of collagen can lead to abnormal scarring.
Thereby, the appropriate production of
collagen is needed for normal wound healing.

In this experimental study the effect of CH
on MMP1 levels in scar tissue was also
evaluated and our findings indicated that CH
had no significant effect on MMP1 levels.
Matrix metalloproteinases (MMPs) are zinc-
containing proteases, which are responsible for
ECM degradation (31). MMPs play a crucial
role during wound healing process by
degradation of collagen, regulation of cell to
cell and cell to matrix communication and
tissue remodeling. It has been found that
MMPL1 (collagenase) activity and mRNA are
decreased in hypertrophic scars. MMP1
degrades collagen type I and approach of many
new therapeutics aim to increase MMPs
activity and concentrations, in an effort to
decrease excessive deposited collagen (32).
The MMP1 expression occurs rapidly in
response to loss of ECM during wound
healing. Binding of type I collagen to integrin
controls the expression of MMP1 (33). The
maximum MMP1 expression occurs on 1 day
after wounding and its expression gradually
decreased until  completion  of  re-
epithelialization. MMP1downregulation
appears to be necessary for normal remodeling
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of tissue and high levels of MMP1 has been
found in chronic no-healing wounds (34).
However, the role of MPP1 in wound healing
process is complex and it seems that induction of
this enzyme after scar formation is difficult and
our results indicated that increasing the level of
this enzyme is not one of the underlying
mechanisms of CH anti-scarring effects.

Sicard et al. evaluated the effects of
catechins on cell migration mediated by TGF-
Bl and epithelial-mesenchymal transitions
(EMT) biomarkers induction and they
concluded that diet-derived catechins can
circumventing TGF-B1 mediated signaling
that is a contributor of metastatic ovarian
cancer (35). TGF-Bl1 mediated signaling
involved in wound healing by regulation of
cell differentiation, collagen synthesis and
ECM degradation. It has been accepted that
continuous expression of TGF-f1 contributes
in hypertrophic scar formation and TGF-B1
signaling pathway inhibition is a strategy for
prevention of abnormal scaring (36).
Therefore, it is possible that the inhibition of
this signaling pathway plays a role in the anti-
scarring effect of CH. However, further studies
are required to confirm this hypothesis.

Catechins  possess  anti-inflammatory
properties (37) and it has been known that
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