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Abstract: Massive nutritional and medicinal values of sea cucumbers have long been reported in the past that
may be due to sulfated Glycosaminoglycan (GAG). Thus, the effects of total sulfated GAG from local
Stichopus vastus coelomic fluid were analyzed for its potential mn full-thuckness excisional wound healing. The
20 ul of 1 pug mL™ total sulfated GAG was applied topically to 6 mm diameter of full thickness wound
from day 0-12 on the dorsal part of female sprague-dawley rats (n = 10). Whlst control group was treated
with 20 ul, of normal saline. Wound healing activities were assessed through wound contraction rate (%) and
semi-quantitative measurement on the histology analysis of epithelial migration, inflammatory responses,
fibroblasts proliferation, new vessels formation and collagen orgamization Results showed sigmificantly
improve wound contraction rate on each observation day in the treatment group compared to the control group.
Total sulfated GAG from S. vastus coelomic fluid showed sigmficantly acceleration on wound healing process
in epithelial migration, fibroblasts proliferation, new vessels formation and collagen organization. Data strongly
documented the wound healing effects of sulfated GAG from the local sea cucumber S. vastus coelomic fluid.
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INTRODUCTION chronic wounds have become actively growing over the
past decade (Bello and Phillips, 2000). Several natural
Wound healing 13 a complex event that mvolved  products from marine invertebrates (Pujol et al., 2007)
of cell
which can affect various hard, soft tissues and organ

systems (Cohen and Mast, 1990). Generally, wounds

the interactions and extracellular matrix have been reported to promote the process of wound
healing.

Sea cucumbers are marine invertebrates with a

progress through a four well-defined phases: hemostasis
(or coagulation), mnflammation, repair (cell migration,
proliferation, matrix repair and epithelialization) and
remodeling (or maturation) of the scar tissue (Lawrence,
1998). Both acute and chronic cutaneous wounds
occurred globally. Chrome wounds have become major
healthcare problems in the United States of America by
costing billions of dollars a year (Fonder et al., 2008) and
even the world facing wound care expenditures amount
about 13-15 billion annually (Walmsley, 2002). Thus,
massive numbers of new treatment for both acute and

tube-shaped structure. Sea cucumbers have long been
purported as a source of traditional medicines due to
their various essential nutrition and medicinal values
(Shimada, 1969; Sit, 1998, Masre et al., 2010). The
presence of Glycosaminoglycans (GAGs) in  sea

(Masre et al, 2012) that has
physiologically active fumctions made them as one of
poly-anion-rich food (Li et al, 1985). GAGs are long,
unbranched polysaccharides composed of repeating
disaccharide units that can be divided into sulfated GAGs

and non-sulfated GAGs (Yip ef al., 2006). Literature has

cucumbers many
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reported that sulfated GAGs improved skin appearance,
healed wounds and also essential for the healthy
functioned of joints. Studies have shown that chondroitin
sulfate and heparan sulfate (Zou et af., 2004; Stringer and
Gallagher, 1997) were actively involved in the wound
healing processes (Zou et al, 2004; Anmka et al,
2007) together with the formation of commective tissue
components (Bentley, 1967).

As part of efforts to elucidate the pharmaceutical
activities and medicinal potential, hence, evaluation on
wound healing properties of sulfated GAGs extracted
from the coelomic fluid of Malaysian sea cucumber
Stichopus vastus was performed m this study through
analysis of wound contraction rate and wound histology.

MATERIALS AND METHODS

Sample preparation: Sea cucumbers Stichopus vastus
(Sluiter, 1887) (n = 5) were freshly harvested from the
Perhentian Tsland coast of Malaysia. Extraction of GAG
from sea cucumbers was carried out by the method by
Ledin et ol (2004) adapted from Staatz et al. (2001).
The 2.0 mL of coelomic flud was collected using a
hypodermic needle from the S. vastus to extract the
Glycoaminoglycans (GAGs). Then, 0.5 ml protease
buffer containing 0.8 mg mL~" unspecific protease
(Protease Type XTIV, Sigma) was added to the coelomic
fluid. This step was followed by incubating the sample
at 55°C for 16 h using a water bath with constant rotation
to make sure the whole samples were suspended. Next,
the protease was inactivated by heating at 96°C for 5 min
and then added 0.5 mL of 1 M MgCl, to achieve a final
concentration of 2 mM. After that 0.5 pl. of benzonase
(=25 U ul.™") was added to the samples and incubated in
a water bath at 37°C for 2 h. Samples were mixed regularly
and followed by heat inactivation of the benzonase
for 2 min at 96°C. The samples then were mixed with
0.5 mL of 4 M NaCl (final concentration of 0.1 M NaCl)
before spinning in an Eppendorf centrifuge for 10 min at
15,000 rpm. The extracted GAGs in the supernatant was
collected in a 2.0 mL microcentrifuge tube (Axygen, Union
City, Califormia) and stored at -20°C until used. Total
sulfated GAG from sea cucumber S. vastus coelomic
fluid was measured from the total extracted GAGs
using Blyscan™ sulfated GAG assay according to the
manufacturer’s instructions. The concentration of total
sulfated GAG from the S. vastus coelomic fluid
(16.37£1 .86 ug ml.~") was diluted to 1 pg mL ™" and applied
topically on wound healing study. Dilutions were made
fresh on the day of an assay or stored at -20°C.
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Wound healing study: Sprague-Dawley rats weighing
160-180 g, aged nine to eleven weeks old were utilized in
thus study (n = 10 per group). All rats were healthy, fertile
and did net display any evidence of infection or disease.
Each rat was acclimatized for at least 5 days to reduce
stress and make them familiarized with human contacts.
Rats were housed in individual clean cages in the animal
house facility under 12 h light-dark cycle together with
free access to standard rat chow and water throughout
the study. The ammal house facilities were maintained
accordance with Laboratory Animal Research Unit,
Universiti Sains Malaysia Health Campus (LARU TISM)

guidelines and this study has received approval
from the Amimal Ethics Committee Universiti Sains
Malaysia.

Rats were grouped randomly with 10 rats per group
that consist of treatment group for the topical application
of S. vastus coelomic fluid and control group (20 uL of
normal buffered saline). Under anesthetic condition, the
dorsal area of each rat was shaved and wiped with 70%
alcohol swab followed by a povidone-iodine solution.
Then, 6 mm in diameter of a full-thickness excisional
wound was excised by using a standardized sterile biopsy
punch (Stiefel, USA) on the dorsal area. Topical treatment
of 20 L. of 1 ug mIL.™" concentration of total sulfated GAG
from the 8. vastus coelomic fluid was applied to each rat
daily from day 0-12.

Wound contraction rate: For macroscopic evaluation,
the progression of wound healing was recorded on
days 1, 6 and 12 for both treated and control groups
(McLennan et al., 2008) by measuring the wound diameter
(mm) using a standard caliper measurement. Then,
wound contraction percentage on each specified day was
calculated as mentioned previously (Sardari et al., 2006,
Masre et al., 2010).

Percentage of wound contraction (%) =
(A, g Apy. VAL, 1100
(Day x = Day 1; Day ¢; Day 12)

Day 0

Histological analysis of wound healing: Full-thickness of
skin biopsy was obtained on day 12 from the treatment
and control groups for histological study. The tissues
were fixed m 10% buffered formalin, dehydrated in
alcohol, cleared in xylene and paraffin-embedded.
The 5 wm tissue sections were cut and stained with
Hematoxylin and Eosin (H&E) and Masson’s Trichrome.
Histological analysis of the tissue was done by using
light microscopy to visualize and semi-quantitate the
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Table 1: Details of used scale in the semi-quantitative evaluation of histological morphology changes

Scale Epithelization Inflamnmatory response Fibroblasts New vessels Collagen

0 Absent Absent Absent Absent Absent

1 Migration of cells (<309¢) Mild 8T Mild-ST Mild-8CT Minimal-GT
2 Migration of cells (= 5096) Mild GT Mild-GT Mild-GT Mild-GT

3 Bridging the excision Moaderate GT Moderate-GT Moderate-GT Moderate-GT
4 Keratinization Marked GT Marked-GT Marked-GT Marked-GT

ST: Surrounding Tissue, i.e., tissue out of GT; GT: Granulation Tissue; SCT: Subcutaneous Tissue) (Gal ef al., 2008)

histomorphological changes parameters of wound
healing (epithelization, inflammatory cells, fibroblasts
proliferation, new vessels formation and collagen
organization) (Table 1). This semi-quantitative method
was adapted from previous research by Gal et al
(2008). Three shdes (e.g., a, b, ¢) were randomly
selected from each ammal per group and the score
scale of histomorphological changes was evaluated in
ten different spots for each slide under same scale
magnification power (x40 objective) usmg light

microscope. The results expressed as meantSEM.

Statistical analysis: Statistical analysis was performed
using a standard software package (Statistical Package for
Social Sciences (SPSS) Version 12.0.1). The statistical
difference between the treated group and control
group of wound healing was calculated by using
independent t-test with p<0.05 was considered as
significantly different.

RESULTS AND DISCUSSION

Effects of total sulfated GAG from S. vastus coelomic
The
full-thickness excisional wound was created on the

fluid on wound contraction: 6 mm circular
dorsum of rats for each treatment and control group. The
wound diameter was recorded on 1, 6 and day 12 for the
measurement of wound contraction rate (%) on the
specified day as the percentage of wound area that healed
(Table 2). Data showed that the total sulfated GAGs
from S. vastus coelomic fluid accelerated the wound
contraction to heal sigmficantly in each interval day as
compared to control group.

Effects of total sulfated GAG from S. vastus coelomic
fluid on wound histology: Table 3 showed the score of
wound healing parameters in both treated and control
groups through histological analysis based on the
method as mentioned above. Wounds treated with total
sulfated GAG of S. vastus coelomic fluid showed rapid
and sigmficant signs of healing as compared to control
group in each histomorphological parameters of wound
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Table 2: Wound contraction rate (%) in mean=SEM on day 1, 6 and 12
between the treated and control groups

No. of
Groups animals  Day 1 Day 6 Day 12
Sulfated GAGs of 10 1042+2.08*% 34.72+3.35% 73.61+1.39*
S vastuy coelomic thiid
Control by PBS 10 0.00+£0.00 104242.08  55.56+4.12

*+p<0.05 significantly different as compared to control group (by PBS)

Table 3: Histomorphological parameters of wound healing between treated
and control groups
Histomorphological Sulfated GAGs of S. vastus

Control by

parameters coelomic fluid (mean+SEM) PBS (meantSEM)
Epithelization 3.83+0.17* 2.3040.60
Inflammatory resp onses 1.49+0.15 0.77+0.19
Fibroblasts 3.29+0.20% 2.394+0.23
New vessels 2.47£0.18* 2.01+0.70
Collagen fibers 3.55+0.19% 2.30+0.33

*p<0.05 significantly different as compared to control group

healing (Table 3). The
epithelization, together with the sigmficance mcreased
i fibroblasts, blood vessels and higher density of

significance formation of

collagen fibers in the treated group as compared to the
control group indicated the positive effect of total
sulfated GAG from S. vastus coelomic fluid on wound
healing.

Marine invertebrates have been and continue to be
examined as a source of biologically active compounds
with various biomedical applications (Kelly, 2005). Tt is
reported that marine invertebrates which comprises over
150,000 species are the major producers of biologically
active compounds (Venugopal, 2008). Furthermore, there
are still many questions whether the active compound,
sulfated GAGs particularly from the local sea cucumber
S. vastus coelomic fluid has any healing potential since
many studies in the past have reported on the roles of
sulfated GAGs in human (Toshihiko er ai., 2003).

In this study, data mdicate that the sulfated GAGs
from S. vastus coelomic fluid showed significant effects in
wound healing progression via rapid wound contraction
rate (%) and histomorphological parameters. Smce, wound
contraction 1s one of key contributor events in wound
healing (Gupta and Lawrence, 2008), thus, data in this
study showed that sulfated GAGs from the S. vastus
coelomic fluid can play as a promoter by rapid closure of
the wound as shown on the three observation days
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(day 1, 6 and 12) compared to the control group. This
process might be due to the influence of sulfated GAGs
mto the Extracellular Matrix (ECM) of the wound which
can have important consequences on cell proliferation
mcluding fibroblasts and subsequently enhanced the
wound contraction rate (Nikitovic et al., 2005).

For histological analysis, data showed that total
sulfated GAGs from S. vastus coelomic fluid sigmificantly
improved the wound healing event assessed through the
score of histomorphological parameters on day 12th. The
wound healed successfully by the influence of sulfated
GAGs as complete epithelial layers with keratin formation
appeared n the treated group. Data also revealed
significant fibroblasts proliferation into the wound matrix,
mcreased 1in new vessels formation together with dense
collagen fibers organization appeared in the treated group.
The sigmficance mfluence of sulfated GAGs to fibroblasts
proliferation in this study appeared to support the
findings from Clark er al. (2004) where they have
shown through i vitro study that unglycanated CD44H

could transform into glycanated CD44H which is
necessarily important for fibroblast invasion into fibrin gel
with the occurance of sulfated GAGs. This may suggests
that sulfated GAGs from S. vastus coelomic fluid showed
a big influence to stimulate fibroblast proliferation during

wound healing.
Through, lustological analysis, the sulfated
GAGs from S. vastus coelomic flud showed to

significantly involved in the intense formation of
new vessels. This finding is congruent with research by
Tapon-Bretaudiere et al. (2002) where they revealed that
intense angilogenic activity with marked formation of
capillary-like network was formed after Human Umbilical
Vein Endothelial Cells (HUVEC) treated with fucosylated
chondroitin sulfate which is part of sulfated GAGs from
sea cucumber Ludwigothurea grisea. The increased new
vessels formation delivers more oxygen and nutrients
to wound bed, leading to the deposition of newly
vascularized connective tissue and subsequently may

account for the improved wound (Tong et af, 2008)
(Fig. 1-4).

Fig. 1: Complete epithelization formation shown by light
microscope with H&E staining in the treated group
(sulfated GAG of S. vastus coelomic fluid): a) as
compared to the control group and b) on the
12th day (x10)
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Fig. 2: Increased fibroblasts proliferation shown under
light microscope with H&E staimng in the treated
group (sulfated GAG of S. vastus coelomic fluid):
a) as compared to the control group and b) on the
12th day (x40)
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Fig. 3: Increased new vessels formation shown under
light microscope with H&E staining in the treated
group (sulfated GAG of S. vastus coelomic flud):
a) as compared to the control group and b) on the
12th day (x40)
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Fig. 4 Increased and organized collagen fibers shown
by light microscope with Masson’s Trichrome
staining the treated group (sulfated GAG of
S. vastus coelomic flud): a) as compared to the
control group and b) on the 12th day (x40)

CONCLUSION

In conclusion, this study showed that total sulfated
GAG from S. vastus coelomic fluid can strongly augment
the natural wound healing by accelerating the wound
contraction rate, enhancing epithelization formation,
fibroblasts proliferation, improving vascular capacity and
collagen fibers organization. Further studies are warranted
on the molecular mechanisms underlying the miraculous
effects of total sulfated GAG from S. vasfus coelomic fluid
in wound healing activities.
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