[ Downloaded from ibbj.org on 2025-11-04 ]

I1BBJ .. .
Original Article
Spring 2023, Vol 9, No 2

The wound healing effect of fish scales isolated collagen
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(G-90) in foot ulcer of diabetic rat

Maryam M. Elmit, Fatemeh EImi?, Chiman Ghaderi®, Farideh Feizi*"

1. Cellular and Molecular Biology Research Center (CMBRC), Health Research Institute, Babol University of
Medical Sciences, Babol, Iran.

2. Department of Marine Chemistry, Faculty of Marine & oceanic sciences, University of Mazandaran, Babolsar,
Iran.

3. Department of Radiation Technology, Paramedical Faculty, Babol University of Medical Sciences, Babol, Iran.
4. Department of Anatomical Science, and Cellular and Molecular Biology Research Center (CMBRC), Health
Research Institute, Babol University of Medical Science, Babol, Iran.

Submitted 3 Jul 2022; Accepted 27 Jan 2023; Published 29 Feb 2024

Treatment of diabetic ulcers is associated with a failure in wound healing. While collagen dressing was applied
effectively in wound healing, today, advanced dressing designs that can accelerate healing has received attention.
Tissue homogenates glycolipoprotein (G-90) contains some growth factors that can participate in healing. The
present study examined the wound healing effects of fish scale collagen sponge along with G-90 on sutured
incisions in diabetic rats. G-90 was isolated from earthworm (Eisenia foetida). Type 1 collagen was purified from
fish scales and lyophilized in sponge form. The sponges were immersed in 10 ng of G- 90. The efficacy of collagen
sponge/G-90 was evaluated on sutured incisions in STZ-induced diabetic rats on days 4, 8, 14, and 18 through a
morphological and histological approach. The results demonstrated that collagen sponge/G-90 is effective
as a wound healing accelerator all days after wounding. Re-epithelialization and angiogenesis were
significantly better in the treated group with collagen sponge/G-90 (P<0.05). Experimental data
demonstrated that collagen sponge/G-90 increased fibroblast proliferation, vascularization, collagen
synthesis, and collagen fibril diameters. Considering the existence of many growth factors in G-90 and the
role of collagen in the extracellular matrix, we conclude that the collagen sponge/G-90 could be a natural mixture
for the management of wound healing. Additional studies are proposed to approve it as a wound-healing agent.
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Diabetes mellitus is a common chronic factors are involved in regulating these

metabolic disease, with high prevalence (1). steps(3)(4)(5). In diabetic patients, the wound

Previous studies predicted that the prevalence of
diabetes is increased to about 2 million in 2030(2).
Chronic foot ulcers affect the quality of life and lead
to amputation of approximately 15 to 20 % in
diabetic patients. The wound healing contains
cellular and molecular events that several growth

healing process is performed with delay and often
gets stuck in the inflammation step(6). Recent
research has developed our understanding of wound
healing(7). Many studies were performed to find
new materials to accelerate the process ofwound
healing (8)(9)(10).
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G-90 obtained from the tissue earthworms
possess many biological activities that exert anti-
coagulative,  bacteriostatic,  mitogenic, anti-
oxidative, fibrinolytic, and agglutinative
activities(11). Previous studies indicated that G-90
extracts participates in the wound-healing process
by influence tissue regeneration, wound closure, the
formation of the extracellular matrix, granulation,
enhanced re-epithelialization(11). Our previous
study on wound healing in a diabetic rat also
demonstrated that G-90 improved extracellular
matrix formation, increased collagen synthesis, and
induced fibroblast proliferation(12).

Collagen has very important role in wound
healing. They distribute in soft and hard connective
tissues and type | collagen includes about 70% of the
collagen in the skin(13). In the wound healing, the
type 111 collagen is first made, then gradually it is
replaced by type | collagen which increases the
tensile strength of the wound (14). Intrinsic
biocompatibility and biodegradability = make
exogenous collagen ideal for use in biomedical
applications. Collagen, mostly type I, acts as a
scaffold in connective tissue. Type | collagen is
utilized to wound healing and can affect tissue
granulation, wound  contraction, and re-
epithelialization (15). Additionally, collagen has
revealed low antigenicity, stimulate fibroblast
production, motivate wound healing, and delivery of
bioactive agents (such as growth
factors)(16)(17)(18). With this special efficacy, it
can be considered as an ideal biomaterial for wound
dressing applications and tissue engineering(19).

A foot ulcer is the most frequent chronic
complication in diabetic patients. Treatment of
diabetic ulcers is prolonged, expensive, and
sometimes not effective(6). The poor response of
diabetic patients to existing therapeutic products has
led researchers to look for more effective drugs.
Today the use of combination drugs in wound
healing has attracted enormous interest(20)(21)(22).
As mention above, several studies have shown the
impact of the G-90 and also collagen dressing on
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wound healing. The most aim of this study was to
enhance wound healing. In this study collagen
extracted from white fish scales (a waste from
fishery) and G-90 extracted from the homogenate of
Eisenia foetida. Then, collagen sponge along with
G-90 prepared and used to survey wound healing.

Materials and Methods

The Caspian white fish (Rutilus Firisikutum)
scales were collected from the fishery and
transferred to the laboratory on ice. Earthworms,
Eisenia foetida (Annelida, Oligochaeta,
Lumbricidae), were taken care of in humid cow
compost at 20°C in darkness for 14days. The
bioactive mixture G-90 was extracted from
extraction tissue homogenate.

Collagen isolation and G-90 extraction

Collagen was purified and characterized from
fish scales as it was described later (23). Briefly, the
washed fish scales were soaked in 20 mM EDTA, 1
M NacCl, and 50 mM Tris- HCI solution at pH = 7.5
for 48 h. After that, collagen was isolated from
demineralized fish scales with 0.5 M acetic acid for
3 days at 4 °C and centrifuged at 3000 g for 15 min.
The supernatants were salting-out by adding NaCl
0.9 M at 4 °C. After centrifuging at 8000 g for 1 h,
the pellet was solubilized in 0.5 M acetic acid and
dialyzed through a dialysis membrane (cut-off range
3 kDa) toward 0.1 M acetic acid.

Earthworms G-90 extraction was started by
adding a 0.65% NaCl solution. After spotless the
digestive system, their body was cut into small
pieces and homogenized within the equal part
chloroform-methanol  solution (v/v) at 4°C
overnight. Next, distilled water was added, and it
was centrifuged at 2460 g for 10min. The methanol
was evaporated from the  water/methanol
solution(13).

Type 1 Collagen was lyophilized in sponge
form and the sponges were cut in 2 x 2 cm. Then,
they were immersed in a G-90 solution (10 ng/ml)
and gently squeeze out excess. The product was
sterilized by ultraviolet light.
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Skin samples

Forty adult albino Wistar female rats weighing
200-250 g were selected from the Animal House of
Babol University of Medical Sciences. The animals
were kept in steady-state in a clean cage under
controlled conditions (25 % 2°c, humidity 50%). The
animals were fed with standard laboratory food and
were exposed to 12 h light-darkness cycles.

Induction of diabetes in overnight fasted rats
was carried out using 50 mg/kg of STZ dissolved in
sodium citrate solution (0.01 M, pH 4.5) which was
prepared immediately before injection. The rats
were fed with an ordinary diet and 10% sucrose. The
rats with the blood glucose level of more than 250
mg/dl were suggested for the next study. After that,
they were established for anesthesia by
intraperitoneal injection of Ketamine- Xylazine
(2:1). The nap region skin became bald and circular
wounds (2 cm in diameter) were generated. Rats
were divided into 5 groups (n = 8) each in a separate
clean cage and treated for 18 days on site of the
wound. Group (A) diabetic rats that were left
without any treatment as a negative control, and
group (B) diabetic rats were cured with G-90 (10
ng/ml). Collagen sponge was used for group C and
group (D) were treated with collagen sponge/G-90.
The positive control was a group (E) that was cured
by using D-Panthenol. On days 0, 4, 8, 14 and 18 the
diameter of wounds was measured through the
photometric method with a digital camera (Nikon
Coolpix S 6300, Tokyo, Japan). They were Killed on
days 4, 8, 14, and 18 by ether inhalation. The entire
skin encircling healing wounds was removed and
placed in formalin 10% (v/v).
Wound contraction rate

The wound surface area was analyzed on days
0, 4, 8, 14 and 18 by the photometric method (Motic
images plus 2) in square micrometers. The wound
contraction rate was calculated through the
following equation:

Wound contraction rate = AO;OAd x 100

AQ is the wound area on days 0 and Ad is
the wound area on days after treatment.
Histological Analyses

Wound samples were embedded into the
paraffin and cut into 5 pm thickness. Tissue sections
were stained with hematoxylin/ Eosin or Trichrome.
Next, they were examined by an Olympus BX41
microscope. Tissue granulation, connective tissue,
collagen tissue, and fibroblast formation, and re-
epithelialization were investigated.

Statistical analyses

Statistical analyses were carried out through
IBM SPSS Statistics 24. The post hoc test (Tukey’s
method) for one-way analysis of variance
(ANOVA) was used for comparing data. ‘p
values’<0.05 were considered significant.

General characteristic of animals

The mean + SD of rats’ weight was illustrated
in Table 1. A slight difference in the weight of rats
was observed before and after treatment.
Wound Contraction Rate

We observed that the best wound healing
process was obtained in the animals treated with
collagen sponge/G-90. The wound contraction rate
(WCR) was evaluated by the percentage of wound
area at a different time compared to that of the 0
days. Figure 1 shows the progression of wound
contraction at given times in diabetic rats. The
wound contraction was remarkable in the treated
group compared to the control. As illustrated in
Figure. 2, the process of wound contraction among
the treated groups B, C, and D was similar. The
percentage of wound contraction among the treated
groups was similar on the 18th day, (in groups B
(97.58%), C (96.59%), D (99.06%), and E (96.78%).
However, it was 57.03 % in diabetic rats without
treatment.  Statistical analysis  demonstrated
significantly higher wound contraction rates from
the treated groups compared that from the control
(A) all over the morphometric assessment time (4 to
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Table 1. The average weight of rats is shown on the first day and the day before slaughter. Group (A) diabetic rats were left without any
treatment, group (B) diabetic rats were cured with G-90 (10 ng/ml), group C were treated with Collagen sponge, and group (D) were

treated with collagen sponge + G-90, and group (E) were treated with D-Panthenol

Average of Weight

Time

Group A Group B Group C Group D Group E
Before Treatment ~ 185.43 + 6.42 189.65 + 5.50 180.43 £ 7.35 183.57 £ 7.19 192.12 + 3.26
After Treatment 18322 £7.23 189.29 + 2.87 184.25+8.1 185.60 £ 5.34 189.43+4.71

Day18

Figure 1. Photographs of excision wounds of rats from group
(A) diabetic rats were left without any treatment, group (B)
diabetic rats were cured with G-90 (10 ng/ml), group (C) were
treated with Collagen sponge, group (D) were treated with
collagen sponge + G-90, and group (E) were treated with D-
Panthenol. In group treated with collagen sponge + G-90,
wound contraction was noticeable.

‘Wound Contraction %

Group 1 Group 2

Figure 2. Wound contraction percent from group (A) diabetic rats were left without any treatment, group (B) diabetic rats were cured with
G-90 (10 ng/ml), group (C) were treated with Collagen sponge, group (D) were treated with collagen sponge + G-90, and group (E) were

18), while a difference was not significant between
the treated groups.
Histological Study

The tissue sections obtained from all groups
were used for histological studying on 4, 8, 14, and
18- day post- wounding. The tissue sections were
stained by Hematoxylin/eosin or Trichrome. All
groups are similar in terms of appearance on the
fourth- day post- wounding. Despite the apparent
similarity, the histological examination displayed
that the tissue sections in the B, C, D and E group
show that the epidermis is formed with scab at the
wound edges. Initial granulation tissue, newly
formed blood vessels, many inflammatory cells
(mainly neutrophils and macrophages) are detected
in the bed of wounds. Also, Keratinocytes transfer
under the scab from the thickened edges of the
epidermis to the middle of the wound. In the deep
parts, abundant fat cells and some collagen strands

Group 3 Group 4 Group 5

treated with D-Panthenol. Means + SD Values were obtained from 3 independent experiments. P* < 0.05 vs. group (A) diabetic rats.
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are formed in both groups treated by G-90, while the
surface is still granulated. However, in group A,
scab was found at the wound surface, and below it,
fibrinoid tissue, and blood vessels. In the deeper
parts of the wound, cell density was very low, in
some cases, fibroblasts were found, and
inflammatory cells were seen even in the muscular
part. Also, a large number of polymorphonuclear
cells and macrophages were observed. The edges of
the wound are formed by some epidermis with a
rudimentary surface layer.

On 8- day post-wounding, in groups B and D,
at the edges of the wound, the epidermis is formed.
On the surface, fat tissue, and inflammatory cells are
not much. A small amount of fat is seen in depth. In
deeper parts, the thick collagen strands were also
formed. In group A, the sections show that the
epidermis was thick and it was regionally formed.
Connective tissue was granulated. The number of
polymorphonuclear leukocytes displayed
noticeable. In the other groups, a noticeable
reduction is observed in the number of
polymorphonuclear  cells. Also, unorganized
collagen was also formed.

On 14- day post- wounding, in all treated
groups, a thick epidermis was observed on the edges
of the wound, adipose tissue cells were much less
visible, and granular tissue is still seen. In addition,
epithelialization and fibroplasia were more frequent
in the treated groups than in the control group. Also,
inflammatory cells and newly created blood vessels
presented a significant decrease in treatment groups.
In the deep parts, abundant fibroblasts are observed.
In addition, in group D, treated with collagen
sponge/G90, the thick and mature collagen strands
are notable (Figure. 3b). In group A, a wide area of
the wound was still open. The edges of the wound
were thick with the irregular epidermis, and
underneath, it was still immature. Blood capillaries
were very large at the wound's surface. The tissue
was granular. Collagen fibers were seen as thin and
immature (Figure 3b).

On 18- day post- wounding, in all treated
groups, all layers of the epidermis were well
developed and stratum basalis, spinosum,
granulosum were formed. The sides of tissue have
perfectly normal skin with hair follicles and
sebaceous glands. In group D, the dermis is quite
collagenous and mature. In the deeper parts of the
wound, macrophages, inflammatory cells, and
single-core myoblast were observed. In group E (D-
Panthenol), in the middle of the wound, skin
appendages were low. There are plenty of elastic
strings, but collagen strands are very delicate. The
epidermis was formed, but in the dermis, collagen
fibers were not completely mature. In deep areas,
large capillaries were seen, but inflammatory cells
were not seen.

In group A, the wound surface was still open
and was covered by a scab. At the edges of the
wound, there was a large epidermis. Also, collagen
strings have not matured yet. Furthermore,
inflammatory cells were seen that explained the
failure of the wound healing process.

Figure 3. Skin wound section stained on 4-, 8-, 14-, 18-day
post wounding, a) H & E and b) trichrome (x10). Group (A)
diabetic rats were left without any treatment, group (B)
diabetic rats were cured with G-90 (10 ng/ml), group (C) were
treated with Collagen sponge, group (D) were treated with
collagen sponge + G-90, and group (E) were treated with D-
Panthenol. Treatment on rats revealed (Ep) Epidermis, (Sb)
scab, (D) dermis, (Bv) blood vessel, (C) collagen fibril, (HF)
hair follicle, (Sg) sebaceous gland. Collagen fibril was stained
blue in trichrome staining.
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Discussion

Experimental data indicate that chronic
wounds, especially diabetic ulcers do not follow an
orderly reliable progression of healing. In this
process, several synchronized events promote
healing; inflammation,  proliferation,  and
maturation. Unfortunately, diabetic foot ulcers often
stroke in inflammatory(24). Collagen products, as a
scaffold in connective tissue, have the ability to
combine with growth factors, cytokines, and
antimicrobials to accelerate granule tissue, re-
epithelialization and wound contraction. G-90 is a
glycolipoprotein complex that takes parts on the
wound-healing process by influence tissue
regeneration, wound closure, and the formation of
the extracellular matrix. In this study, we used
collagen sponge along with G-90 for accelerating
wound healing in diabetic rats. The results
demonstrated that collagen sponge/G-90 is effective
as a wound healing accelerator in diabetic rats all
days after post wounding. Morphometric results
showed that the wounds from the treated with
collagen sponge/G-90 have higher contraction rates
than other groups throughout the entire assessment
days. The first stage in wound healing is
homeostasis, which is associated with contracting
blood vessels and reducing bleeding during the
vasoconstriction process. G-90 have blood clotting
activity, fibrinolysis and anticoagulation properties.
Also, G-90 contains epithelial growth factors (EGF)
that can be reflected in the key regulators of
keratinocyte proliferation and fibroblast growth
factors (FGF),(12)(25). Fibroblasts and
keratinocytes, by producing many cytokines and
growth factors, stimulate the proliferation and
differentiation of cells in the wound bed (26). The
results of this finding are consistent with the results
of previous studies. In a study, the wound healing
process on rats demonstrated that the percentage of
wound closure in rats receiving topical G-90 extract
daily was 71% and the group receiving panthenol
ointment was 61%. The rate of re-epithelization in
the group receiving G-90 was 1.2- 1.75 times faster
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than other groups(12).

Also, previous studies indicated that collagen
have a hemostatic and thermostatic function, and
support the vasoconstriction process  (27).
Moreover, collagen plays an important role in the
growth of new capillaries and increased fibroblastic
activity, which leads to a reduction in contraction in
a wound (27). In this stage, cytokines and growth
factors such as platelet-derived growth factor
(PDGF), FGF, and EGF released in the wound area
and following that macrophage cells immigrate into
the wound(28)(4). Our histological data show that
extensive macrophages are seen in the treated group
with collagen sponge/G-90 in 4 days after
wounding. The previous study indicated that
macrophages are important for activating
keratinocytes, fibroblasts and endothelial cells (28).
The macrophage-derived cytokines are involved in
angiogenesis, fibroblast migration and proliferation,
collagen  production and possibly  wound
contraction(3)(28). Mitogen activity and FGF
activity of G-90 could be handling the proliferation
of fibroblasts(12). Fibroblasts play an important role
in wound healing treatment. They involve in the
synthesis of small amounts of extracellular matrix
and collagen, especially in the deeper wound areas.
In the current study, the histological analysis from
different groups on the 4th day after wounding
showed many inflammatory cells, such as
neutrophils and macrophages in group D (collagen
sponge/G-90). In group E, many
polymorphonuclear cells are also found in the deep
part but less than group D. On the 8th day after the
wound, the inflammatory cells are significantly
reduced in the treated groups that may be recognized
to the capacity of anti-inflammatory and antioxidant
activities of G-90 (29) and collagen(17)(21). The
prevalence and frequency of polymorphonuclear
cells are seen in group A even in the next stages of
healing, proposes an elongated inflammatory
process. It has been recognized that prolonged
inflammation is associated with edema and loss of
function, resulting ina failure in wound healing
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(24).

In other words, it can be claimed that the effect
of collagen/G-90 on the progression of diabetic
wound healing in the treatment group was initially
triggered by a quicker inflammation and was
terminated more quickly. Therefore, they may be
effective in increasing the transition of the
inflammatory phase, entering the phase of
fibroplasia and ultimately increasing the wound
healing process. Also, exogenous application of
collagen at the site of the wound helps to the
fibroblast production and support to keep
macrophages, leukocytes, fibroblasts(30)(18). On
the other hand, the fibroblasts synthesized collagens
(28) that protected the healing process via the
healthy collagen from a matrix metalloproteinases
break down(18).

An important part of wound healing is due to
angiogenesis. Our study was also showed higher
neovascularization in the treated group with
collagen sponge/G-90 in 4 days after wounding.
Angiogenesis improves oxygen supply and nutrients
for wound healing(30).

In 8 days after wounding, granular connective
tissue supports cell migration, stimulates and moves
fibroblasts faster to the wound site and stimulates
the synthesis of collagen. At the stage of granulation
and the beginning of the epithelial tissue formation,
it continuously contributes to the supply of collagen
needed to regenerate the wound and supports the
formation of new fibers of collagen. It was explained
that collagen scaffolds have a high level of adhesion
to the cell and can support the vascularization
process.

Considering the role of fibroblasts, which
synthesize some components of the extracellular
matrix such as fibronectin and proteoglycans, they
provide a suitable substrate for cell migration and
proliferation.

Regarding the importance of hair growth after
repair of lesions resulting from the experimental
wound, histological findings of this study were
observed in treated groups with collagen sponge/G-

90, the formation of hair follicles was more than
others.

The last step of wound healing is controlled by
improvement of the new epithelium and the
structure of the scar tissue, which is important in the
repair process (27). Replacing the old matrix with
the new matrix is initially performed quickly and
then more smoothly. When this primary matrix is
replaced by more regular, stronger, and more
durable fibers, wound fracture is lost. In the treated
group (collagen sponge/G-90), collagen renewal is
faster than in other groups, thicker collagen bundles
are formed, and collagen bands are arranged
regularly. It seems that G-90 along with collagen not
only increases the amount of collagen in the wound
but also modifies collagen structure, increasing
cross-linking between these strands and thus
accelerates wound healing.

Overall, the morphometric data and
histological findings reveal that wound in diabetic
rats treated with collagen sponge/G-90 was healed
better and faster when compared to untreated
diabetic rats. The presence of a type | collagen in the
compound of G-90 facilitates the deposition of
large-diameter the collagen fibers in the lower
dermis.

Conclusion

The potential advantages of using collagen
along with G-90 dressings can deliver a wide range
of benefits to the wound healing process. They
improve the healing rate, helps to stimulate the
growth factors in the wound bed. The results
indicated that collagen sponge/G-90 had
outstanding wound healing effects on sutured
incisions leading to rapid wound closure, anti-
inflammatory properties, fibroblast proliferation,
angiogenesis, and re-epithelialization.
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