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Abstract

Background and Objective: Hypertrophic scar (HTS) is a fibroproliferative disorder which develops from thermal or traumaticinjury. The
present experiment was intended to evaluate the beneficial effect (anti-scarring) of alpha-lipoic acid (ALA) against post burn
hyperscarring rabbit ear model. Materials and Methods: Rabbits were separated into four groups as negative control- HTS group rabbits
were induced with full thickness burn wound using a 7 mm red hot plate (100°C). While, the HTS induced rabbits were treated topically
with 5,10 and 20 % ALA, respectively from the 8th day until 28 days. Data were analyzed using one-way ANOVA (analysis of variance) with
a significance level of 5%. Results: The contents of collagen (type | and Ill), as well as glycosaminoglycans (hydroxyproline and
hexosamine),were significantly decreased upon treatment with a different dose of ALA. All the irregular/abnormal histological changes
were reverted to normal (regular collagen fibres and lesser fibroblast) on addition with ALA in dose concentration fashion. Topical
application of ALA for 21 days considerably lowered the scar elevation index (SEI). Moreover, treatment with ALA could markedly up
regulate ordown-regulate the protein expressions of matrix metalloproteinase-1(MMP-1) and transforming growth factor beta-1 (TGF-B1),
respectively. Conclusion: The topical application of ALA could drastically lower the scarring area after a thermal wound in a dose-
dependentmanner.Hence, ALA can be recommended for treating various injury scar especially post-burn hypertrophic scar with standard
anti-scarring agents.
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INTRODUCTION

Hypertrophic scar (HTS) may cause due to burn, skin
infection/injury, laceration, bites or by surgery owing to
uncontrolled synthesis (proliferation) and deposition of
fibroblast-derived extracellular matrix protein, especially
collagen for a long period with persistent inflammation and
fibrosis'. However, hypertrophic scar after burn injury is the
common type and its prevalence is higher in Chinese
population? Currently, no acceptable procedure/protocol for
treating post burn HTS, nevertheless few modalities are used
to manage HTS including laser surgery, radiotherapy, silicone
gel sheeting, corticosteroid injection and natural products or
combination therapy3“.

Alpha lipoic acid (ALA) and its
(dihydro-lipoicacid) are known for its antioxidant activity. ALA
is synthesized in mitochondria of liver and other tissues and
actasa cofactorforvarious enzymatic reaction®. ALA has afree
hydroxyl group with two sulfhydryl group (SH group), which
might aid in scavenging free radicals by donating electrons
and thus act as a potent antioxidant property®. In addition, it
spares the endogenous antioxidant like vitamin C and E is
owing to its free radical scavenging property. Also, its
amphipathic property makesitasa universal antioxidant’. ALA
display various pharmaceutical activities like anti-diabetic,
anti-inflammatory, antimicrobial and anticancer®'°. Moreover,
it exhibits neuroprotective, cardioprotective, renoprotective
and hepatoprotective properties'',

Several studies have reported that lipoic acid possesses
anti-wrinkle and anti-aging activities with enhanced wound
healing property''>. Moreover, lipoic acids are reported to
inhibit excessive deposition of collagen in UV-irradiated
human skin fibroblasts cells'. Taking those reports into
consideration, it was hypothesized that ALA might exert an
anti-scarring effect. Hence, this preclinical study was designed
to check the beneficial effect of ALA by checking the collagen
levels (deposition), glycosaminoglycans, scar elevation index
(SEl), protein expression of TGF-B1 and MMP-1 as well as
histological changes.

reduced form

MATERIALS AND METHODS

Chemicals and sample preparation (ALA): Alpha lipoic acid
(ALA), hematoxylin and eosin (H and E) stain, lysis buffer,
formaldehyde, xylene, toluene, glycerol were purchased
from Kangchen Biotech Inc,, Ltd., (Shanghai, China). All the

other chemicals utilized in  the present study were of
analytical grade. All the nano-sized lipoic acid samples (5/10
and 20%-tropical gels), were prepared as described by
Kulkamp-Guerreiro et a/'* for maximum absorption and
provided by Nanjing Zelang Medical Technological Co. Ltd.,

(Nanjing, China) as gel-based cream.

Experimental animals: Eight healthy male New Zealand white
rabbit weighing 23001500 g, were procured from the animal
center of Hubei University (Hubei, China). Animals were
housed in a steel cage and maintained at the standard
environment with 12 h light/dark cycle at 22-24°C with 60%
humidity. All the animals were free to access food and water
(ad libitum). This animal study was conducted between
February, 2016-May, 2016 and had been approved by the
Ethical Committee members of Yangtze University, Hubei,
China (2016YU132). All the protocol used in this study (animal
handling) were performed according to guidelines put forth
by NIH (MD, USA).

Induction of hypertrophic scar (HTS): HTS induction was
performed by the methods of Kryger et a7 with slight
modifications. Briefly, the rabbits were anesthetized with
sodium pentobarbital (50 mg kg~') and place at a dorsal
position under sterile condition. Followed by six full thickness
burn wounds were created by placing a 7 mm steel plate
(at 100°C) for 10 sec. Each ear received 6 random (7 mm) burn
wounds with complete removal of dermis, epidermis and
perichondrium. Each burn wound was covered with sterile
gauze for a day and returned to their respective cage.

Grouping: Animals were divided into four group (2 in each) as
control-HTS model rabbits were induced with full thickness
burn wound as mentioned above and were untreated. While,
the HTS induced rabbits were treated topically with 5, 10 and
20 % ALA, respectively from the 8th day until 28 days (21 days
of treatment).

Sample preparation: Overnight fasted animals were sacrificed
on the 29th day (after 21 days of treatment) by cervical
decapitation. The scar tissue in the ear region was separated
immediately by avoiding cartilage and were stored at -80°C
until use. A portion of scar tissue was fixed in 10%
formaldehyde for histopathological analysis. The remaining
portion of scar tissue was homogenised (10%) using a
tris-phosphate buffer (lysis buffer) and the resultant filtrate
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was centrifuged at 3000 rpm for 10 min at 4°C and the
resultant supernatant was used for biochemical and
molecular analysis. The proteins levels in the scar tissue
homogenate were estimated using a PierceBicinchoninic acid
assay kit (Thermo Fisher Scientific, Inc., MA, USA).

Determination of collagens and glycosaminoglycans: Both
collagen | and lll contents were measured using commercial
ELISA kit provided by R and D Systems (MN, USA) based on
manufacturers instruction. Both collagen | and Il were
expressed as mg g~ scar tissue. Hydroxyproline and
hexosamine contents in the scar tissue (homogenate) were
estimated by the methods of Woessner'® and Wagner'?,
respectively. Both Hydroxyproline and hexosamine were
expressed as mg/100 mg scar tissue.

Histopathological analysis: The scar tissue fixed in 10%
formaldehyde and were embedded in liquid paraffin wax and
sectioned at 4 um size using microtome and mounted onto a
microscope slide and stained with H and E stain for 10 h at
37°C.Finally, the scartissue mounted on the microscopic slide
was viewed under a light microscope (Olympus Co., Tokyo,
Japan) to assess any histopathological changes.

Determination of scar elevationindex (SEl): SEl corresponds
the ratio of total scar area to the area of underlying dermis
(based on surrounding unwounded dermis) was calculated by
capturing image via light microscope (Olympus Co., Tokyo,
Japan) and analyzed by ImageJ software (ver 5.1, NIH, MD,
USA) and graded by the method of Kloeters et a/%°.

Immunoblot: A protein extract of 50 pg (scar tissue
homogenate) was resolved onto 12% polyacrylamide gel,
separated by SDS-PAGE (apparatus) and electrotransferred
onto a polyvinylidene difluoride membrane (Sigma, MO,
USA). A mixture of 5% skimmed milk and Tween 20 in
tris-phosphate buffer solution (TPBS) was used to block the
membrane and followed by probing with the primary
antibodies like rabbit polyclonal anti-transforming growth
factor beta-1 (TGF-B1) and anti-matrix metalloproteinase-1
(MMP-1) with dilution of 1:800 and 1:1200, respectively

(abcam, Cambridge, UK) and housekeeping gene B-actin
(1:800, abcam, Cambridge, UK) for 10 h at 37°C. The secondary
antibody conjugated with anti-rabbit HRP (1:10,000, abcam,
Cambridge, UK) were incubated for 1 h at 37°C and followed
by washing with TPBS (remove unbound antibodies). The
protein band of specific proteins (band) were visualized and
quantified using enhanced chemiluminescentimage analyzer
(ChemiDoc-17001401, Bio-Rad Laboratories, Inc., Hercules, CA,
USA), coupled with ImageJ software (5.1 ver, NIH, MD, USA).

Statistical analysis: Data were expressed as the
meanzstandard deviation (SD). The significant differences
between HTS vs. ALA (5/10 or 20%) were analyzed using
one-way ANOVA (analysis of variance) followed by least
significant difference (LSD) post-hoc test for multiple
comparisons. SPSS software (version 23, IBM Co.,NY, USA) was
employed for the analysis. The p<0.05 was considered to
indicate a statistically significant difference.

RESULTS

Effect of ALA on collagen and glycosaminoglycans: Table 1
represented the efficacy of ALA on dermal collagens and
glycosaminoglycans (GAGs) in the experimental animal.
Topical application of a different dose of ALA (5, 10 and 20 %)
for21 days could significantly decrease (p<0.001) the contents
of collagen type I and Il as well as GAGs in a dose-dependent
manner (hydroxyproline and hexosamine) as compared to HTS
model.

Effect of ALA on histological changes: The effect of ALA
on the scar tissue section stained with H and E
(magnification100X) in experimental animals are presented
inFig.1.The HTS induced wound model rabbit section (Fig.1a)
showed prominent micro-vessels with elevated neutrophil
infiltration as well as showed the irregular arrangement of
collagenfibers (arrow mark) with higher numbers of scattered
fibroblast (spindle shape). Meanwhile, 5% ALA (Fig.1b)
treated scar section showed lesser micro-vessels and
neutrophil infiltrations with slightly irregular collagen
fibers with high numbers of fibroblast. Whereas, treatment

Table 1: Effect of ALA on dermal collagens and glycosaminoglycans in experimental animal

Collagen | Collagen Il Hydroxy-proline Hexosamine
Groups (Mg g~ tissue) (ug g~ tissue) (mg/100 mg tissue) (mg/100 mg tissue)
HST induced 2.2410.34 3.72£0.50 3.23%£042 5.89%0.77
HST+ALA 5% 2.01£0.20¢ 3.25+£0.56* 3.00£0.44% 5.761+0.82*
HST+ALA 10% 1.881+0.27% 2.93£0.44% 2.81%£0.35% 5.63+0.65*
HST+ALA 20% 1.651+0.19% 2.60£0.36% 2.59+0.33%# 549+0.57%

Data are expressed as the mean=standard deviation (SD). #p<0.001, #p<0.01, #p<0.05 show comparison between HST vs ALA group (5, 10 and 20%)
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Fig. 1(a-d): Effect of ALA on the scar tissue section stained with H and E (magnification 100 X) in experimental animals, (a) The
HTS induced wound rabbit section, showed elevated neutrophil infiltration with anirregular arrangement of collagen
fibers (arrow mark) and higher numbers of scattered fibroblasts (spindle shape), (b) 5% ALA, treated scar section
showed lesser neutrophil infiltrations with slightly irregular collagen fibers and higher numbers of fibroblasts,
(c) Treatment with 10% of ALA showed much lesser neutrophil infiltrations with few irregular collagen fibers and
moderate regular collagen fibers and moderate numbers of fibroblasts and (d) Topical application of 20% ALA
portrait minimal neutrophil infiltrations, with regularly arranged collagen fibers and minimum numbers of

fibroblast

with 10% of ALA (Fig.1c) showed much lesser micro-vessels
and neutrophil infiltrations with few irregular collagen
fibers and moderate regular collagen fibers pattern with
moderate numbers of fibroblasts. Topical application of
20% ALA (Fig.1d) portrait minimal micro-vessels and
neutrophil infiltrations, with regularly arranged collagenfibers
with minimal numbers of fibroblast and thus, illustrating its
anti-scarring effect with decreased length of the scar.

Effect of ALA on scar elevation index: The effect of ALA on
the levels of scar elevation index (SEl) in experimental animals
were illustrated in Fig. 2. The levels of SEIl in HTS induced
rabbit (3.10X£0.5) were higher than other experimental
groups. Administration of ALA 5% (2.60%+0.3, p<0.05),
10% (2.20%+0.4, p<0.01) and 20% (2.00£0.3, p<0.001) could
substantially decrease the levels of SEI than HTS induced
rabbit.
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Fig.2: Effect of ALA on the levels of scar
elevation index (SEl) in experimental animals.
Data are expressed as the meanZxstandard

deviation (SD). *#p<0.001, #p<0.01, #p<0.05 show
comparison between HST vs ALA group (5, 10
and 20%)
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Fig. 3: Effect of ALA on the protein expression of MMP-1 and TGF-B in the scar tissue homogenate of experimental animals. Data
are expressed as the mean =standard deviation (SD). ##p<0.001, #p<0.01, #p<0.05 show comparison between HST vs ALA
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Effect of ALA on the protein expressions of MMP-1 and
TGF-B: Figure 3 represents the effect of ALA on the protein
expression of MMP-1and TGF-Bin the scar tissue homogenate
of experimental animals. The protein expressions of MMP-1
and TGF-B were markedly up regulated or down regulated,
respectively upon treatment with ALA in a dose-dependent
manner in comparison with HTS induced group. Overall, ALA
20% treatment could show better anti-scarring effect by
lowering collagen, GAGs contents, SEl and protein expression
of TGF-B with increased expression of MMP-1 than other
groups of ALA (5 or 10%).

DISCUSSION

Hypertrophic scar (HTS) is a fibroproliferative disorder
which develops due to burn, skin infection/injury, laceration,
bites or by surgery owing to uncontrolled synthesis
(proliferation) and deposition of fibroblast-derived
extracellular matrix protein, especially collagen and GAGs'.
HTS is a displeasing as it causes patients with both physical
and physiological distress and hence must be treated as quick
as possible. Therefore, the present study was undertaken to
assess the effect of ALA on hypertrophic scarring rabbit
ear model by checking the collagen levels (deposition),

glycosaminoglycans, scar elevation index (SEl), protein
expression of TGF-B and MMP-1 as well as histological
changes. The outcome of this study showed that 20% ALA
treatment could exhibit better anti-scarring effect by lowering
collagen, GAGs contents, SEl and protein expression of TGF-B
with increased expression of MMP-1 than other groups of ALA
doses.

Collagen and glycosaminoglycans (GAGs) are the crucial
component of extracellular matrix (ECM), which is secreted by
fibroblasts and play a pivotal role in wound healing?.
However, dysfunction or alteration in the contents of collagen
or GAGs for a long period with persistence inflammation may
contribute to hypertrophic scarring'?. During, late phase of
wound healing the production of collagen type lllismore than
collagen type 12, even researchers study showed similar
results that type lll was higher than collagen type | in all
groups. Topical application of ALA for 21 days significantly
reduced the contents of both type of collagens (I and Ill) as
well as GAGs (hydroxyproline and hexosamine) in dose
concentration fashion. Thus, indicating that 20% of ALA has a
high potential for anti-scarring activity than other doses of
ALA.

To assess the scarring pattern, it was checked the
histological alterationsin rabbit scar tissue of HTS induced and
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ALA-treated experimental rabbits using a light microscope.
The HTS induced wound model rabbit section showed
prominent micro-vessels with elevated neutrophil infiltration
as well as showed an irregular arrangement of collagen fibers
with higher numbers of scattered fibroblasts and
myoblasts. Similar kind of histological changes was shown
by Huang et a/?*, who also highlighted that HTS induced
rabbit showed irregular collagen fibers with rich micro-vessel
and infiltration in hyper scarring rabbit ear model. Meanwhile,
5% ALA-treated scar section showed lesser micro-vessels and
neutrophil infiltrations with slightly irregular collagen fibers
with high numbers of fibroblast. Whereas, treatment with
10% ALA showed much lesser micro-vessels and neutrophil
infiltrations with few irregular collagen fibers and moderate
regular collagen fibers pattern with moderate numbers of
fibroblasts. Topical application of 20% ALA portrait minimal
micro-vessels and neutrophil infiltrations, with regularly
arranged collagen fibers with minimal numbers of fibroblast.
Thus, illustrating its anti-scarring effect owing to antioxidant
and anti-inflammatory properties'.

The levels of scar elevation index (SEI) in HTS induced
animals were greater than the other experimental animals.
Present study results are incongruent with the results of
Ju-Lin et a/®. However, topical application of ALA for 21 days
has considerably attenuated the levels of SEI than HTS
induced rabbit. Similar, to other parameters, ALA 20% showed
least SEl value and thus endorsing its anti-scarring activity.

Matix metalloproteinases (MMPs) are zinc-dependent
proteinases, which plays a crucial role in the tissue
remodeling process. MMP-1 (collagenase) is one of the major
proteolytic enzyme involved in breakdown or degradation
of various collagen types especially type | and Il in HTS
condition®. Numerous studies have demonstrated that
MMP-1 activity was markedly reduced during HTS condition
and hence any pharmaceutical agent with MMP-1
upregulating activity might exert anti-scarring activity?®%.
Hence, to explore the involvement of MMP-1 protein
expressions are evaluated by immunoblot technique. The
protein expressions of MMP-1 was notably upregulated upon
treatment with ALA (5, 10 or 20%) in a dose-dependent
manner. Also, oleanolic acid treatment could markedly
upregulate the expression of MMP-1 in hypertrophic scarring
rabbit ear model®.

Transforming growth factor beta (TGF-B), is a secreted
protein which exists in three isoforms as TGF-B1, TGF-B2 and
TGF-B3 and plays a different role in different pathological
conditions?®. However, TGF-B1 plays a central role in the
initiation of burn-induced HTS via up regulating Smad

signaling pathway® and hence for the current study the
protein expression of TGF-B1 were quantified to assess the
anti-scaring activity of ALA. The protein expressions of
TGF-B1were significantly down regulated after 21 days of
topical application of a different dose of ALA. Likewise,
Zhang et a/*°, demonstrated that treatment with oleanolic
acid could effectively down regulate the protein expression of
TGF-B1 and thus showcase its anti-scarring effect. This study
has few limitation such as avoidance of apoptotic markers,
inflammatory markers and Smad signaling pathway to reveal
the in-depth mechanism for the anti-scarring effect.

CONCLUSION

It is concluded that the topical application of ALA could
drastically lower the scarring area after a thermal wound in a
dose-dependent manner by suppressing collagen and
GAGs contents, SEI and protein expression of TGF-B1 with
increased protein expression of MMP-1. Therefore, ALA can be
recommended for treating various injury scar especially
post-burn hypertrophic scar with standard anti-scarring
agents. However, further studies are required to confirm the
in-depth mechanism behind the anti-scarring activity.

SIGNIFICANCE STATEMENT

This animal study reveals the uncovered anti-scarring
effect of lipoic acid by abolishing collagen and GAGs
contents. Therefore, it contributes to the discovery of novel
anti-scarring agent (ALA) with a combination of other
standard anti-scarring drug which can improve the quality of
life in thermal injured patients by lowering the scar marks.
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