Journal of Advanced Laboratory Research in Biology
E-ISSN: 0976-7614

Volume 7, Issue 1, 2016

PP 1-7

https://e-journal.sospublication.co.in

Research Article

The Effect of Sulfated Glycosaminoglycans Extracted from Acanthaster planci
on Full Thickness Excision Wound Healing in Animal Model

Nur Afigah Bahrom'", K.N.S. Sirajudeen?, George, W. Yip® and Farid C. Ghazali*

'Biomedical Sciences Department, School of Health Sciences, Universiti Sains Malaysia, 16150, Kubang Kerian,
Kelantan, Malaysia.

“Chemical Pathology Department, School of Medical Sciences, Universiti Sains Malaysia, 16150, Kubang Kerian,
Kelantan, Malaysia.

®Yong Loo Lin School of Medicine, National University of Singapore, MD10, 4 Medical Drive, 117597, Singapore.

Abstract: In this study, sulfated glycosaminoglycans (GAGs) was extracted from Acanthaster planci and its wound
healing effects was assessed. Macroscopic examination revealed significant (p<0.05) contraction percentage (%) of
wound on each observation (Day 1, Day 6 and Day 12) as compared to control group. Microscopic evaluations using
light microscope, scanning, and transmission electron microscope showed that sulfated GAGs from A. planci
enhanced epithelial cells migration and fibroblasts proliferation, and stimulate dense organisation of collagen fibers
on the 12th day of observation, significantly (p<0.05) compared to control group. The microscopic study concluded
that the second-intention excisional wound healing occurs faster in the GAGs treated group as compared to the
saline-treated control group, while microscopical study using light microscope, scanning and transmission electron
microscope revealed that the GAGs treated group have a significant effect in enhanced epithelization formation,
fibroblasts proliferation and collagen fibers organization parameters as compared to the control group.
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1. Introduction venom glands exhibits many diverse biological

activities, that includes edema-formation presentation,

Glycosaminoglycans  (GAGs), a  complex
polysaccharide  structure consists of repeating
disaccharide units that are inert and naturally located in
a chemical composition within the connective tissue
extracellular matrix and various soft basic tissues in
humans and animals [1]. These compounds are
imperially essential in the maintenance of proper elastic
integrity within tissues and have become therapeutically
beneficial in the acceleration of normal wound healing
[2]. The structural function of GAGs in the wound
healing cascade was also complemented by its
physiological functions such as the involvement of cell
proliferation (Hocking et al, 1998), cellular
differentiation, migration and adhesion [3] and
prevention of blood coagulation within the endothelial
vascular space [4]. Per se, the existence of GAGs thus
plays a significant contributing role in harnessing
wound healing pathophysiology.

Acanthaster planci is a starfish that belongs to the
phylum Echinoderm. The crude toxin extracted from its
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histamine-releasing activities from mast cells [5] and
cardiovascular vasodilating actions [6]. Homogenized
biomass of A. planci was also found to have the
properties to inhibit the growth of MCF-7 breast cancer
cells by inducing apoptosis activities [7]. Moreover,
despite various investigations conducted on A. planci,
none have been able to relate its actual wound healing
dynamic process, especially as revealed under various
microscopy  techniques.  Therefore, we have
investigated the dynamic effects of GAGs extracted
from the integument wall of A. planci on full thickness
dermal wound rat model by various microscopic
techniques.

2. Methodology

2.1 Extraction of GAGs

Fresh sample of A. planci were harvested from
Perhentian Island in the state of Terengganu under the
supervision of Marine Park Malaysia Department.
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Voucher specimen was prepared and registered as
PPSK / USM/ 6171139-0611-APLC. The invertebrates
were rinsed and their spines were dissected out using a
scalpel and forceps given the intention to highly
venomous potential. The integumental wall of the body
part was utilized as previous studies revealed that the
integument of A. planci is composed of collagen [8],
which are closely associated as fibrils contained GAGs
that are covalently associated with collagen constituents
[9]. GAGs were also successfully extracted from the
integument of other echinoderms, which are Stichopus
hermanni and Stichopus vastus [10]. GAGs extraction
from the A. planci was conducted via modification of
Ledin et al., method [11] adapted from Staatz et al.,
[12]. 20mg of freeze-dried integument was
homogenized in 0.1ml phosphate buffer saline (PBS).
0.5ml protease buffer containing 0.8mg/ml unspecific
protease was added to the homogenate. The sample was
incubated in a water bath at 55°C for 16 hours. After
that, the protease was inactivated by heating at 90°C for
5 minutes and continued with an addition of 0.5ml, 1M
MgClI; to each sample to achieve a final concentration
of 2mM. After that, 0.5ul of benzonase was added and
the sample was incubated again in a water bath at 37°C
for 2 hours. After 2 hours, the benzene was inactivated
via heating at 96°C for a 2 minute period. Then, 0.5ml
of 4M NaCl was added to the sample to achieve a final
concentration of 0.1M NaCl. Following this, the sample
was then centrifuged at 15,000 rpm for 10 minutes.
Finally, the supernatant which was the extracted GAGs
from the A. planci’s integument was collected into a
2.0ml microcentrifuge tube and stored at -20°C until
used. The quantification analysis was done using
Blyscan™ Sulfated Glycosaminoglycan Assay kit
(Biocolor, 7 U.K.) in accordance with the
manufacturer’s protocol.

2.2 Experimental study

Excisional wound was created at the dorsal part of
the Sprague-Dawley rats (n=6) [Animal Ethics No.
approval:  USM / Animal Ethics Approval
/2011/(71)(341)] using standard 6mm diameter biopsy
punch and 20pl of 1ug/mg [13] of the extracted
sulfated GAGs concentration was topically applied for
12 days daily to the wound for the treatment group
while the phosphate buffer solution (PBS) will be
topically applied on the wound for the control group.
Each rat was placed in individual cages with the base of
its floor was covered by wool wood bedding. The
animal was monitored and provided with food pellets
and tap water daily. The observation period for the
wound was observed on day 1, 6 and 12 and this was
followed by macroscopical analysis. The wound
contraction percentage (%) was calculated according to
below formulation [14]:

Percentage of wound contraction (%)
_ (A Day0 — A DayX)
A Day 0

x 100
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Where Day x = Day 1; Day 6; Day 12.

All the rats were sacrificed on day 12 for
microscopic analysis. The tissues biopsied on day 12
were processed and viewed under Olympus BX 41 with
EF-N Plan Objective attached with ColourView 12
camera and Analysis Imager software for light
microscope (LM) analysis. While for the scanning
electron microscope (SEM) and transmission electron
(TEM) observation, Leo Supra 50 VP Field Emission
equipped with Oxford INCA 400 energy dispersive
microanalysis system and Phillips CM12 with Docu
Version 3.2 image analysis were used, respectively.
Statistical analysis of one-way ANOVA (parametric
test) or Kruskal-Wallis (nonparametric test) with post-
hoc comparison were used to compare wound
contraction percentage (%) and score of wound
morphology parameters between treatment and control
groups. Statistical significance was accepted at a level
of P<0.05.

3. Results and discussion

The macroscopic study was conducted to
determine the wound contraction event that occurs
during the excision-open wound repair, influenced by
the sulfated GAGs from the integumental part of A.
planci. Macroscopic analysis is a useful combination to
microscopical study, which can evaluate the
pathognomonic quantitative progress of wound repair
[12]. On Day 12, the wound treated with the extracted
GAGs showed that it was completely close with almost
no sign of scar present in the treatment group. But the
control wound group topically applied with PBS
revealed that the wound was still not fully closed with
unequal recovery (Fig. 1). The median score of the
contraction data (Table 1) seems to indicate that,
sulfated GAGs from the A. planci triggers significant
(P<0.05) acceleration on wound contraction rate on the
three observation days (day 1, 6 and 12) as compared to
control group. These findings seem to suggest that
sulfated GAGs extracted from the echinoderm did take
part in escalating the early wound closure process. This
is confirmed by previous studies that show the presence
of GAGs aid in the acceleration of wound closure
[15][16].

Table 1. Comparison of median (IgR) scores for wound contraction
percentage (%) on Day 1, Day 6 and Day 12 between treatment
group and control group.

Day Groups Median (IgR)  P*
Treatment group .
Day1l (Sulfated GAGs from the A. planci) 8.33(042) Pi(z)%?)z

Control group (PBS)
Treatment group
(Sulfated GAGs from the A. planci)
Control group (PBS)
Treatment group

3417 (5.84) <0.05;
8.33(2.08) 0003

(Sulfated GAGs from the A. planci) 75.00(2.92) ;_%%‘34
Control group (PBS) 29.17 (1458) -

*Kruskal-Wallis test, p-value of <0.05 as significant at 95% Cl;
(IgR) = Interquartile range

Day 6

Day 12




Effect of Glycosaminoglycans on Wound Healing

Bahrom et al

T'reatment
[group

Control
[group

Fig. 1. Representative macroscopic images of the excision wound healing on Day 1, Day 6 and Day 12 for treatment group and control group
on Sprague-Dawley rat.

Majority of investigations using TEM and SEM
were performed on individual aspects of wound healing
[17]. Therefore, this study has put an effort to combine
the three elemental microscopic approaches, which
consists of LM, TEM, and SEM to study the wound
healing process as a whole. These three microscopic
techniques evidently are a more balanced approach and
demonstrated a more comparative, as well as these
techniques complemented each other [18]. For
microscopic study, the semi-quantitative analysis have
been applied on LM, where more direct comparison can
be made possible and the differences between sulfated
GAGs treatment groups and the control group were
easily highlighted [19]. The semi-quantitative scoring
system was based on the qualitative and quantitative
aspects where the quantitative score were evaluated by
the percentage (%) of parameters presenting the
specific qualitative features of wound healing [20]. LM
permits one to visualize cell outlines and large cell
surface structures but limited to a resolution of about
0.2um [21]. TEM, on the other hand, permits smaller
structures to be resolved and reveals many fine details
of the morphology of the cell surface, but only very
small portions of tissue can be examined at a time.
While SEM enables to visualize large portions of tissue
at sufficiently high resolution to see many details but
permits only the surfaces [21]. Therefore, it is critically
important to correlate the observations made with these
three techniques. For microscopic evaluations in this
wound healing study, histomorphological features
observation on 12th day have been explored and
analysed. The 12th day wound healing was chosen
because, on this day, the wound healing covered the
events of epithelization, proliferation of fibroblasts and
remodeling by collagen organisation [22].
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Figs. 2a-2d (Fig. 2: Representative microscopic
images of rat tissues from treatment and control group
for various histomorphological features on Day 12)
illustrated the LM and SEM microscopic images of
epithelial cells migration in the sulfated GAGs
treatment and control group. Both tissues treated with
sulfated GAGs from A. planci (Fig. 2a-2c) revealed
well-defined epithelization build up and the epithelial
cell migration is completely bridging the wound with
continuous keratinization formation with distinct and
continuous layers of epidermal and dermal. Meanwhile,
the control group (Fig. 2b-2d) demonstrated in distinct
layers between epidermal and dermal with intermittent
epidermal and keratin layer appearance found on Day
12. Biostatistical test revealed that the group treated
with sulfated GAGs from A. planci have significant
differences (P<0.05) of epithelial cells migration
medians compared to control group (Table 2). It is
suggested that sulfated GAGs triggered the migration of
the epidermal cells by well-structured build up of
keratinized epithelial layers [22]. Epithelization was
one of the main processes in wound healing to ensure
successful repair [23]. Since the formation of keratin
layers occurred in the sulfated GAGs treated wound,
but not in the control group, it is indicated that the
sulfated GAGs have stimulated highly mitotic activities
in the epithelial layers. Previous studies had approved
that topical application of sulfated GAGs to the wound
site induced changes in wound healing Kkinetics
(contraction and epithelialization) compared to
spontaneous healing in untreated wounds or control
group [24] and played a considerable role in epidermal
cells proliferation and migration [25]. Thus, this
strengthens the results of this study to confirm the
positive role of sulfated GAGs in epithelization process.
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Table 2. Comparison of median (IgR) scores for various histomorphological features between treatment group and control group on the 12th day.

Histomorphological features Groups Median (IgR) p*
Epithelization Treatment group of sulfated GAGs 4.00(0.01) <0.05;
Control group (PBS) 3.35(0.09) P =0.003
. . . Treatment group of sulfated GAGs 3.02(0.42) <0.05;
Fibroblasts proliferation Control group (PBS) 1.85(0.15) P=0.004
Collagen fibers organisation Treatment group of sulfated GAGs 3.35(0.09) <0.05;
Control group (PBS) 2.07(0.18) P =0.004

*Kruskal-Wallis test, P value of <0.05 as significant at 95% Cl; (IgR)=Interquartile range; NS = not significant

Figs. 2a & 2b. Light microscope (LM) image of epithelization Figs. 2g & 2h. TEM image of a fibroblast for the treatment group of
formation in the treatment group of sulfated GAGs (Fig. 2a) and sulfated GAGs (Fig. 2g) and control group (Fig. 2h) (1562x, 1000nm
control group (Fig. 2b) on the 12th day (H&E stain, 10x). scale bar). *RER = reticuloendothelial ribosomes.

Figs. 2c & 2d: SEM image of epithelization formation in the Figs. 2i & 2j. TEM image of collagen fibers organisation for the
treatment group of sulfated GAGs (Fig. 2c) and control group (Fig. treatment group of sulfated GAGs (Fig. 2i) and control group (Fig.
2d) on the 12th day (350x, 7mm WD). *D = dermis; E = epidermis; 2j) (500nm scale bar).

K=keratin.

Figs. 2k & 2I. SEM image of collagen fibers organisation in the
Figs. 2e & 2f: LM image of fibroblasts proliferation (arrows) in the treatment group of sulfated GAGs (Fig. 2k) and control group (Fig.
treatment group of sulfated GAGs (Fig. 2e) and control group (Fig. 21) (500x, 8mm WD).
2f) on the 12th day (H&E stain, 40x).

J. Adv. Lab. Res. Biol. 4
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Table 3. TEM evaluations of various histomorphological features of
treatment and control group on the 12th day.

Histomorphological Group .

features Treatment group Control group n
(sulfated GAGs from A. planci) (PBS)

Fibroblasts ot P 5

Collagen +H+ + 6

Noted: + slight; ++ moderate; +++ intense;
®Evaluation of 6 samples together for each group

Histomorphological  feature of fibroblasts
proliferation can be seen in Figs. 2e-2h (Fig. 2). Fig. 2e
demonstrated tissue that was treated with sulfated
GAGs from the A. planci, revealed a high proliferation
number of fibroblasts that appeared as spindle-shaped
of a flat cell with intense distribution in the granulation
tissue. This fibroblast cell could be the one that is
actively secreting protein or collagen due to its large
nuclei and relatively palely stained. This appearance is
a result of the activity of the DNA in the synthetic
process which produces new molecules for the
extracellular matrix [26]. Meanwhile, in control tissue
(Fig. 2f), it is clearly shown that the low number of
fibroblast moderately diffused with large gaps between
each fibroblast, within the granulation tissue. TEM
images of sulfated GAGs treatment group (Fig. 29)
revealed the presence of these two elements; rER
organelles and collagen fibers which showed that high
production of collagen fibers by numerous number of
RER had occurred in the cytoplasm of these cells. This
is a characteristic of an active fibroblast cell [27].
However, in the control group (Fig. 2h), the fibroblast
was shown to have less-differentiated cytoplasm that
lacks distinct presence of collagen fibers instead of
having numerous amounts of rER organelles reside
inside the cell. Result in Table 2 showed significant
(P<0.05) median score of fibroblasts proliferation of
sulfated GAGs treatment group as compared to control
group, while Table 3, data showed that fibroblasts
distributed intensely in the treatment group and
moderately distributed in control group. Therefore, the
fibroblasts proliferation findings from semi-quantitative
data and TEM evaluations were complemented well, as
revealed that sulfated GAGs treatment group from A.
planci showed an increase in fibroblasts proliferation
on the 12th day of healing as compared to the control
group treated with PBS. Fibroblast plays an important
role in the synthesis of collagen, where the rER in the
fibroblast is the vital site for collagen synthesis [27].
This study has confirmed that the sulfated GAGs of A.
planci influence the invasive migration of fibroblasts
during wound repair. Previous research has correlated
well with this study, through the in-vitro of
transmigration of normal adult human dermal
fibroblasts from a collagen matrix into a fibrin gel,
which required a cell surface of chondroitin sulfate
(CS) and dermatan sulfate (DS) [29]. It has been shown
that these sulfated GAGs (CS/DS) side chains are
critical for adherence of fibroblasts to fibronectin [29],
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as fibronectin provides a conduit for fibroblast
migration [30].

The last histomorphological feature of wound
healing in this study is collagen fibers organisation.
Statistical results (Table 2) showed significant
differences (P<0.05) occurred in the collagen fibers
organisation medians score between treatment groups
of sulfated GAGs from A. planci as compared to control
group. TEM micrograph showed a dense composition
and well-organized arrangement of collagen fibrils in
the treatment group of sulfated GAGs from the A.
planci (Fig. 2i). Meanwhile, in the control group (Fig.
2j), the collagen fibrils were loosely arranged in an
irregular manner and presented with large gaps between
each fibril unit. TEM evaluation from Table 3 showed
an intense distribution of collagen fibers in the sulfated
GAGs treatment group from the A. planci, while
moderate organisations discovered in control group.
The SEM study of collagen fibers organization has also
been assessed to compliment the ultrastructural findings
from TEM and the light microscopic study. The
collagen fibers in the SEM photomicrograph (Fig. 2k)
appeared dense, compact and in well-organized
manners in a sulfated GAGs treatment group with no
interstitial space between each fibril unit. In the
remodeling phase of wound healing, collagen is
remodeled and realigned along tension lines. This
process is often disrupted, leading to delayed wound
healing [31] as seen in control tissue. Fibroblasts were
said to be responsible for an assemblage of collagen
fibers into sheets like formation as seen in the SEM
photomicrograph of sulfated GAGs treated tissue [32].
Meanwhile, the collagen fibers in Fig. 2| appeared
loosed with large interstitial space between each fibril
unit in the control group. These results suggest that by
the end of 12th day observation, sulfated GAGs treated
on treatment group enhanced the remodelling phase of
collagen fibrils. The positive promotion of sulfated
GAGs from the A. planci treatment group in collagen
fibers organisation during wound healing in this study
was well-correlated with the finding from [33], which
topically applied CS-GAGs on wound bed and showed
positive wound healing contraction by the end of the
observations day. Therefore, it was proven that sulfated
GAGs from the A. planci have a positive influence on
the collagenisation process and are imperially essential
in the maintenance of proper elastic integrity within
tissues, thus have become therapeutically beneficial in
the acceleration of normal wound healing.

4. Conclusions

The presence of A, planci  sulfated
glycosaminoglycans in improving wound healing in
terms of time management is beneficial. Being a
biowastage source itself, this crown-of-thorns
invertebrate biomass is indeed an entity that is worth
further investigated for tangible health-related bio-
product significant for wound management.
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