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Abstract

Introduction: Wound healing is an integrated response to tissue
injury. A hyperglycemic state can lead to delayed wound healing
process. Snakehead fish (Channa striata) is native freshwater fish of
South East Asia that contains high protein, albumin, and several
micronutrients. The aim of this study is to evaluate the efficacy of
snakehead fish extract on acute wound healing process in
streptozotocin-induced hyperglycemic rats.

Methods: This study was an experimental trial on the hyperglycemic
animal model. Thirty male Wistar streptozotocin-induced rats were
divided into two groups which were then given snakehead fish extract
(Pujimin Plus®) 81mg a day for 10 days after wound infliction in
intervention group and carboxymethyl cellulose sodium (Na-CMC) in
control group. On day 0, day 3, and day 10 after wound infliction, the
histological changes (number of neutrophil and fibroblast, and
vascular changes of the wounded tissues) of each group were
analyzed. Assessments were also made on erythema and crust
formation by the visual scores.

Results: Our study showed a significant increase in the number of
fibroblasts on day 3 in the snakehead fish extract group compared to
control group (40.33 £ 10.13 vs. 24.60 = 10.25, p =0.04). There were no
significant differences in vasculature and neutrophil numbers. The
results also showed snakehead fish extract could decrease mean
erythema visual score on day 3 (3.24 + 0.25 vs. 3.64 + 0.35) and
decreased crust formation on day 5 (3.36 + 0.75 vs 3.44 + 0.83).
Conclusions: Snakehead fish extract has potential effect to accelerate
the wound healing process by increasing fibroblast, decreasing
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erythema, and decreasing crust formation in streptozotocin-induced
hyperglycemic rats.
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Introduction

Prolonged hyperglycemic conditions can cause various complications, both macrovascular and microvascular. Patients
tend to experience impaired wound healing processes, which can develop into chronically infected wounds. Chronically
infected wounds will increase the risk of systemic infection leading to increase in the morbidity and mortality of patients.
Therefore, it is necessary to have a good understanding of the wound healing process and appropriate interventions to
support a good wound healing process.'~ Physiologically, wound healing is achieved through four phases: hemostasis,
inflammation, proliferation, and remodeling. All these phases occur in an integrated way and require an optimal
environment and conditions. In hyperglycemia conditions, systemic inflammation leads to increase oxidative stress,
impairs migration of leukocytes to the wound area, and inhibit extracellular matrix synthesis.”

Protein plays an important role in regulating the body's homeostatic processes. They are the constituent components
of immune cells, cytokines, tissues, and enzymes that are involved in the physiological process of wound healing.
Neutrophils, monocytes, and macrophages release pro-inflammatory cytokines and growth factors such as platelet-
derived growth factor (PDGF), transforming growth factor-p (TGFp), and fibroblast growth factor (FGF), which are
involved in the activation of fibroblasts and epithelial cells. PDGF stimulates fibroblast functions and collagenase
expression. TGFp controls the regulation signal of extracellular matrix deposits, increasing the production of matrix
proteins and downregulation of protease enzymes. In the wound area, there is an increase in the level of hypoxia-inducible
factor (HIF) in cells. HIF will bind to specific DNA and stimulate specific transcription genes such as vascular endothelial
growth factor (VEGF). VEGF is the main vascular growth factor in the entire angiogenesis process.”

Snakehead fish (Channa striata), a native freshwater fish in South East Asia, contains high protein and albumin which act
as antioxidants and constitutive tissue components. Snakehead fish also contains micronutrients such as zinc, iron,
calcium, and magnesium which have role in the immune system and wound healing process. Administration of snakehead
fish significantly increased fibroblasts in oral mucosal wounds of Wistar rats.”*

Although there have been several studies regarding the benefits of snakehead fish extract on wound healing in diabetics,
the wounds in those studies have different sizes and conditions. The difference in type of wounds, wound size, food intake
factors, and metabolic condition can be confounding in assessing the effect of snakehead fish extract on wound
healing."™

We developed snakehead fish extract formula (Pujimin Plus®) as a protein and micronutrients source with an aim to
reduce hypoalbuminemia among patients and improve the wound healing process. However, the exact mechanism of
how this extract improves wound healing remains unclear.

Therefore, this study was conducted to see the effect of snakehead fish extract on healing acute wound tissue in
hyperglycemic rats by analyzing macroscopic and microscopic changes in wound tissue.

Methods

Study design

This study used an animal experimental model.”® It was approved by the Health Research Ethics Commission in Faculty
of Medicine, Hasanuddin University, Indonesia with number 209/UN4.6.4.5.31/PP36/2021 and registered in preclini-
caltrials.eu with ID PCTE0000240.

Animal model

Thirty healthy male Wistar rats (Rattus norvegicus) weighing 150-200 g and aged 8— 10 weeks were used in this study.
The rats were kept at Molecular Biology and Immunology Laboratory, Faculty of Medicine, Hasanuddin University and
housed in six plastic cages (five rats per cage) at room temperature (22 £ 2°C) for 1 week in a light-dark cycle of 12 hours
with free access to food and water. They were fed a conventional rat diet with Comfeed AD II and had an unlimited supply
of drinking water.

Hyperglycemia induction was performed by using intraperitoneal injection of Streptozotocin 8.5 mg. Blood glucose
levels were checked 24 hours after streptozotocin induction, a level > 200 mg/dL confirmed hyperglycemia. Blood
glucose level was re-checked prior to sample collection.”*

Wound infliction

Throughout the experimental study, every effort was made to minimize the pain and distress of the animals. Wound was
inflicted after confirmation of hyperglycemic status. Prior to the wound infliction, the dorsal hair was removed using hair
remover gel, the area was disinfected using a 70% alcohol swab and then allowed to dry. The rats were anaesthetized with
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ketamine (80-100 mg/kg) intraperitoneally. Wound was inflicted on the bare area of dorsal skin using a punch biopsy with
a diameter of 8 mm to the depth of deep fascia.”'’

Intervention of the rats

The rats were divided into 2 groups, intervention and control groups. After wound infliction, the rats in intervention group
were given snakehead fish extract (Pujimin Plus®) at a dose of 81 mg/day by oral gavage for the next 10 days (Table 1).
Those in control group were given carboxymethyl cellulose sodium (Na-CMC) solution as a placebo.' "' Pujimin Plus®
capsule is a patent trademark of snakehead fish extract with patent number IDM000301812.

Macroscopic observations

The wounds were observed daily and photo documentation was done on days 0, 3, 5, 7, and 10. The lesions on each rat
were rated by 3-blinded physicians as investigators. The observation was performed twice and assessed by a supervisor in
order to reduce the reliability problem. The lesion were rated using the following 5-point-erythema score'”: 0 = no red
color at all, 1 =light red just visible, 2 = clearly red, 3 = dark red, but not whole area, 4 = dark red widespread. Likewise,
6-point-crust formation score'* was also followed: 0 = 100% crust formation, 1= 76 — 99% crust formation, 2 = 51-75%
crust formation, 3 = 26-50% crust formation, 4 = 1-25% crust formation, 5 = 0% i.e. no crust formation.

Sample collection

Tissue samples were collected from 5 rats of each group on day 0, day 3, and day 10 after wound infliction. The rats were
sacrificed using isoflurane inhalation (0.05 pg/kg/day) by placing the rat in a box and waiting for 5-10 minutes. The
process of extracting wound tissue involved making an excision on the skin with a scalpel number 20 at a distance of
1.5 cm from all edges of the wound. Tissue samples were stored in a container containing neutral buffered formalin 10%

Table 1. The content of snakehead fish extract (Pujimin Plus®) per capsule (750 mg).

Parameter Content Unit
Protein 78.99 %

Albumin 39.34 %

Water 3.00 %

Aspartate 62191 ppm
Glutamate 109447 ppm
Serin 35678 ppm
Glycine 51839 ppm
Histidine 23596 ppm
Arginine 59775 ppm
Threonine 43552 ppm
Alanine 43525 ppm
Proline 28364 ppm
Valine 39261 ppm
Tyrosine 36890 ppm
Isoleucine 35792 ppm
Leucine 64527 ppm
Phenylalanine 46993 ppm
Lysine 72948 ppm
Cysteine 2581 ppm
Methionine 29967 ppm
Zinc 29 ppm
Iron 43 ppm
Magnesium 1041 ppm
Calcium 4112 ppm
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and then transported to the Anatomical Pathology Laboratory of the Hasanuddin University Hospital for histological
examination with hematoxylin and eosin (H&E) staining. H&E stain is a type of histological stain that clearly stains cell
structures including the cytoplasm, nucleus, organelles, and extra-cellular components.” Histological analysis was
carried out by assessing the number of neutrophils, fibroblast, and vascular changes (arterioles and capillaries) in three
fields of view with 40x magnification.

Statistical analysis

Descriptive statistics and bivariate analysis were performed using independent samples t-test for parametric and Mann-
Whitney U test for nonparametric analysis. Descriptive statistics of rats were presented for body weight and blood glucose
level after 24 hours of streptozotocin induction. Bivariate analysis was performed to assess the difference of the mean of
wound healing level between groups (number of neutrophils and fibroblast, vascular changes, and macroscopical scores).
The data were entered into statistical package for social sciences (IBM SPSS Statistics, RRID:SCR_019096) version 23.0
database for Windows. The p-values < 0.05 were considered statistically significant in all analyses.

Results

Samples characteristics

A total of 30 male Wistar rats (R. norvegicus) were divided into 2 groups (snakehead fish extract group and control
group). No rats were dropped out, nor did any rat die during the research. All rats experienced hyperglycemia with a target
of blood glucose level >200 mg/dL after the first streptozotocin induction (Table 2). The body weight and blood glucose
level 24 hours after streptozotocin induction were measured for both groups.

Macroscopic assessment of wound tissue

Macroscopic analysis was done by assessing the presence of erythema and the formation of crusts in wounds on day 0, 3,
5, 7, and 10. The highest mean of erythema visual score was found on day 3, which decreased day by day until no
erythema was found (score 0) on day 10 in both the groups. The erythema scores of control group on day 3, 5, 7, and
10 were higher than the extract group, but there were no significant differences between the two groups (Table 3).

In general, the mean crust visual score of extract group was lesser than the control group. The increase of mean crust visual
score of extract group occurred on day 3 (1.84£0.22) and the highest score was noted on day 5 (3.364-0.75), which then
decreased on day 7 (1.0440.29) until there was no crust formation (score 0) on day 10. Similarly, in control group, the
highest mean crust visual score was noted on day 5 (3.444-0.83) which decreased on day 7 (1.18£0.27) until there was no
crust formation on day 10. There was no significant difference between the two groups (Table 4).

Histological analysis of wound tissue

Microscopic observations for counting the number of neutrophils, fibroblasts, and vascular changes [or angiogenesis
processes (the growth of new blood vessels from existing vessels)] were performed at 40 x magnification. As noted in
Table 5, the average number of neutrophils in extract group reached the highest value on day 3 (54.47+6.27) then
declined on day 10 (3.6£2.43). Similar to extract group, the highest mean of neutrophils in control group were observed

Table 2. Basic characteristics of rats.

Control Extract
(Mean + SD) (Mean + SD) p-value
Body Weight (grams) 173.20 + 7.47 171.60 + 6.85 0.786

Blood glucose level after 24 h streptozotocin induction (mg/dL)  251.00 +£22.14  238.20 +£27.16  0.439

Table 3. Mean erythema visual score.

Day 3 Day 5 Day 7 Day 10
Group Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Control 3.64 (0.35) 2.66 (0.48) 1.10 (0.49) 0.00 (0.00)
Extract 3.24(0.25) 2.50(0.37) 0.96 (0.52) 0.00 (0.00)
p-value 0.292 0.283 0.787 0.000
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Table 4. Mean crust visual score.

Day 3 Day 5 Day 7 Day 10
Group Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Control 1.90 (0.30) 3.44(0.83) 1.18 (0.27) 0.00 (0.00)
Extract 1.84(0.22) 3.36 (0.75) 1.04 (0.29) 0.00 (0.00)
p-value 0.841 0.490 0.933 0.000

Table 5. Number of neutrophils, fibroblasts and vascular changes per field of view in experimental animals.

Histological view Control Extract P value
Mean (SD) Mean (SD)

Neutrophils Day 0 21.00 (5.48) 19.67 (3.57) 0.661
Day 3 59.00 (21.73) 54.47 (6.27) 0.666
Day 10 5.58 (2.63) 3.60(2.43) 0.279

Fibroblasts Day 0 1.33(0.71) 1.87(0.18) 0.141
Day 3 24.60 (10.25) 40.33(10.13) 0.040*
Day 10 44.83 (14.81) 42.07 (6.39) 0.715

Vascular changes Day 0 6.33 (2.26) 5.67 (2.50) 0.670
Day 3 13.53 (4.84) 14.80 (3.50) 0.648
Day 10 4.08 (2.52) 3.87(1.17) 0.868

#p<0.05.

onday 3 (59£21.27) then declined on day 10 (5.58+2.63). There were no significant differences in neutrophil numbers in
both the groups.

The angiogenesis processes on day 3 increased to 14.80+3.50 in extract group and 13.534-4.84 in control group then
decreased to 3.874 1.17 in extract group and 4.08+2.52 in control group on day 10. There were no significant differences
between both groups. Based on Table 5, the mean number of fibroblast cells in extract groups on day 0 and day 3 were
higher than the control group. In extract group, observations on day 0 showed the mean number of fibroblast cells were
1.87+0.18, which then increased to 40.33+10.13 on day 3, and the highest number 42.07-£6.39 was observed on day 10.
The mean number of fibroblasts in extract group on day 3 had a significant difference compared to the control group
(p=0.040). On day 0 and day 3, the mean number of fibroblasts in control group were lesser than the extract group with the
value 1.33£0.71 and 24.60+10.25 respectively. On day 10, the mean number of fibroblasts in control group were higher
than extract group but there was no significant differences (p=0.715).

Figure 1 shows the histological changes of the wound healing process over time. Histological images on day 0 were
collected from wounded skin tissue of the rats after 2 hours of wound infliction. The clot was formed as a result of
hemostasis process (Figures 1 A-1B). On day 3, infiltration of inflammatory cells in wound tissue was seen, particularly
neutrophils and several lymphocytes. More active fibroblasts migrated into the wound area of the extract group on day
3 compared to the control group (Figures 1C-1D). The proliferation phase represents a proliferation of both epithelial and
dermal elements which results in re-epithelialization of the wound and laying of the primary extracellular matrix. On day
10, the number of inflammatory cells were less and the layer of the epidermis was thicker. The granular tissue was full of
cells and arteries completely occupied the wound in both groups. The histological images showed a complete
re-epithelialization with dense collagenous matrix (Figures 1E-1F).

Discussions

Wound healing is the complex process that includes several phases such as hemostasis, inflammatory, proliferative, and
remodeling. This whole phase requires optimal environment and conditions to be able to take place properly. In
conditions of hyperglycemia, systemic inflammation occurs which increases the oxidative stress, impaired migration
of leukocytes to the wound area, endothelial cell dysfunction, and decreased synthesis of extracellular matrices. This
condition can interfere with the wound healing process.” Snakehead fish (C. striata) extract has high nutritional value and
has shown various benefits in increasing albumin levels, lowering inflammatory status, and aiding the wound healing

12,15-17

process.
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Figure 1. Histological view of wound tissue of hyperglycemic rat. (A) Control group on day 0; (B) Extract group on
day 0. Clotting blood (square) in wound area; (C) Neutrophil infiltration (star), lymphocyte infiltration, and fewer
active fibroblast (arrow) in control group on day 3, (D) More active fibroblasts (arrow) with neutrophil infiltration
(star), lymphocyte infiltration seen in intervention group on day 3; (E) In control group on day-10; (F) Fibroblast
(arrow) with dense extracellular matrix seen in intervention group on day-10. H&E stain, magnification 40x.
Fibroblast is spindle-shaped cells (flat and elongated) with oval-shape nucleus. The cytoplasm is basophilic and is
stained in purplish blue by H&E stain. During stress, fibroblasts adapt to their environment and have the ability to
respond and send local signals. On day 3 after wound creation (Figs. Cand D), fibroblasts transformed to active forms
with euchromatic nuclei and obvious cytoplasm. This form plays role in wound healing to sends local signal,
synthesizes the extracellular matrix, and produces the structural stroma for tissue. On day 10 (Figs. E and F), in
remodeling phase, fibroblasts became to inactive forms with small cytoplasm and reduced amount of rough
endoplasmic reticulum. The extracellular matrix and stroma became denser in this phase.

In the inflammatory phase of the wound healing process, there is an increase in the number of neutrophils in the tissue.
Neutrophils play a role in fighting infections through the phagocytosis of pathogens and foreign bodies as well as
secreting inflammatory mediators such as Tumor Necrosis Factor Alpha (TNF-a) and Interleukin-1 (IL-1) that can attract
and activate fibroblasts and epithelial cells. Neutrophils also produce high levels of protease (elastase and collagenase)
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that can clean up damaged extracellular matrix components.” Generally, the number of neutrophils in a tissue begins to
increase in the first 24-48 hours after injury, reaching a peak at 2-3 days and then decreasing thereafter through the
process of apoptosis. In inflammatory conditions with infection, the number of tissue neutrophils can last longer and lead
to an elongated wound healing process.'®

Various studies have shown that micronutrients such as zinc, calcium, magnesium, manganese, and iron are required
in the wound healing process. Micronutrient deficiency is associated with prolonged wound healing process and the
occurrence of chronic wounds. Zinc plays a role in various stages of wound healing including platelet activation,
polymorphonuclear influx, re-epithelial processes, angiogenesis, and extracellular matrix remodeling.'” Magnesium can
improve insulin sensitivity and blood sugar regulation that play a role in the healing process of diabetic wounds.””
Calcium is a micronutrient that plays a role in the homeostasis of skin tissue in mammals. Locally, calcium can modulate
proliferation, maturation, and cell motility through transduction signals and gene expression in the process of epidermal
regeneration and dermal reconstruction in wound healing.”' Tron plays a role in the process of angiogenesis in wound
healing.””

In this study, it was found that the number of tissue neutrophils in the control and groups increased on day 3 and decreased
on day 10, although there were no significant differences in both groups, the average number of neutrophils in the control
group on days 0, 3, and 10 were higher compared to the extract group.

In the proliferation phase, there are several processes that occur including matrix turnover to restore tissue structure and

function, angiogenesis processes, and granulation tissue formations that lead to re-epithelialization processes. Migration

and accumulation of fibroblasts in the wound area play a role in the movement from the extracellular matrix to the wound
3

area.”

This study showed that the number of tissue fibroblasts in the control and extract group increased on days 3 and 10 with
statistically significant differences on day 3 where the number of fibroblast cells of the extract group was higher than the
control group. Similar results were obtained in a previous study that showed the administration of snakehead fish extract
increased the number of fibroblasts and expression of fibroblast growth factor-2 (FGF-2) in the healing process of oral
mucosa of the Wistar rats. Fibroblasts regulate angiogenesis via secretion of FGF-2.'® Snakehead fish extract contains
zinc and calcium that can stimulate fibroblasts in tissue healing. Zinc plays an important role in the proliferation phase by
stimulating fibroblast infiltration and extracellular matrix deposit.'” Calcium modulates proliferation and maturation of
dermal structures in the wound area.”’

The process of angiogenesis is stimulated by local factors including low oxygen pressure low pH, and high lactate levels.
VEGEF is the primary vascular growth factor in the entire angiogenesis process.” Iron grade has a positive effect on
wound healing by increasing VEGF and HIF1-o and contains functional proteins that play a role in collagen metabolism
and extracellular matrix by procollagen-proline dioxygenase.””

Our study showed that the number of vascular tissues in the control and extract groups increased on day 3 and decreased
on day 10, despite no significant differences in both the groups. From this data, it can be concluded that snakehead fish
extract does not affect the vascular tissue significantly in the wound healing process. Dose adjustment and assessment of
anemia status in samples were required to assess iron requirements in rats, given the previous studies that assessed the
effect of iron on wound healing using different doses, methods of application, and anemia status.”>**

Macroscopically the extract group had a smaller erythema visual score than the control group, especially on day 3. Even
though not significant, the formation of crust in the extract group on day 3, 5, and 7 had smaller visual score compared to
control group. These macroscopic results showed that the extract group had lesser erythema on day 3 and fewer crust
formation compared to the control group.

The limitation of this study is lack of tissue examination days (Microscopic changes in skin tissue can occur rapidly,
especially during the inflammatory and proliferative phase, so histological examination should be done on a regular
basis). Therefore, more routine tissue examination is needed to better assess histological changes in the wound healing
process. The longer duration of snakehead fish extract intake can affect the result of the study.

Conclusion

In hyperglycemic rats, oral administration of snakehead fish extract significantly increased the number of fibroblasts in
the proliferation phase of the acute wound healing process. Although insignificant, snakehead fish extract can also
decrease the number of neutrophils of wound tissue in the inflammatory phase of acute wounds. Macroscopically,
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decreased erythema and fewer crust formation were seen in intervention group compared to control group. Therefore,
snakehead fish extract has potential benefits and can be used to support the healing process of acute wounds in
hyperglycemic conditions.

Data availability

Underlying data

Figshare: Underlying data for “The effect of snakehead fish extract on acute wound healing process in hyperglycemic
rats’. https://doi.org/10.6084/m9.figshare.19146155.v1.%°

The project contains the following underlying data:
* Raw data for “The effect of snakehead fish extract on acute wound healing process in hyperglycemic rats’.

Reporting guidelines
Figshare: ARRIVE checklist for ‘The effect of snakehead fish extract on acute wound healing process in hyperglycemic
rats’.

https://doi.org/10.6084/m9.figshare.19146260.v1 2

Data are available under the terms of the Creative Commons Zero “No rights reserved” data waiver (CCO 1.0 Public
domain dedication).
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Thanks for allowing us to review this manuscript. It is a widely researched topic in this part of the
world. We acknowledged that in vivo models remain the most predictive model; for studying
wound healing that allows for realistic representation of the wound environment. However, we
have several comments regarding the manuscript. Our main concern is with regard to the
methodology for assessing wound healing in animal subjects.

1. Despite the investigators' assessment of the wound macroscopically in terms of erythema,
there is no measurement of the most objective wound healing rate. This is basically the rate
of re-epithelialization since the endpoint of a successful treatment is complete and
permanent wound closure. This is basically calculated from the rate of change in the wound
surface area which is the best way to quantify the healing progress. We note that this is
missing from the methodology. The measurement of wound size is considered as the most
established marker during a wound follow-up. To assess the wound re-epithelialization or
wound healing rate, the equation used is [(A; - A/A;] where A, represents the initial stage of
the wound area and A represents the final area measured. The wound healing rate or WHR
is calculated by multiplying by 100 and would then range from 1-100% representing
complete epithelialization while 0% means no sign of re-epithelialization. We believe this is
the most objective way of assessing wound healing in animal subjects in such cases but this
was sorely missing.

2. While the macroscopic assessment of erythema is acceptable, we find that there is nowhere
in the literature that talks about crust formation or lesser crust formation to indicate a
better healing process. This is dissimilar to granulation tissue which has been established as
a signifier for wound healing.
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3. The histological analysis only centred on the most common H&E. While we understand that
none of the co-investigators are histopathologists, we feel this was grossly inadequate.
Masson's trichrome which would normally stain muscles and intercellular fibres, cytoplasm,
and keratin in red; collagen in blue; and nuclei in black in our opinion should also be used.

4. Similarly, we believe that there must be an immunochemistry analysis. Assessment of
angiogenesis for the wound healing process for example would be made possible by using
CD31 & CD 34. After immunostaining, the quantification of new blood vessel density can be
determined by counting the stained endothelial cell or calculating the percentage of the
total vessel stained area. The average number of blood vessels counted n all fields would
provide a microvascular density. Well, we won't go into detail in the process but we believe
that an addition of a histopathologist as a co-researcher would have been very helpful.

5. The dose of steptozotocin should be in mg/kg, 8.5mg for all rats seems a little unfair to the
differently sized rats.

6. The authors deduced that the increased number of fibroblast could be due to the calcium
and zinc content in the extract. However, according to table 1, the content of zinc and
calcium is relatively low compared to other components of CS extract. Could there be other
contributing factors besides zinc and calcium?

7."Iron grade has a positive effect on wound healing by increasing VEGF and HIF1-a and
contains functional proteins that play a role in collagen metabolism and extracellular matrix
by procollagen-proline dioxygenase.” This sentence is confusing, what does iron grade refer
to?

8. There are lacking of discussion about the results of the erythema visual score and crust
formation. Authors can discuss why these results are observed and relate it to CS extract
and other studies with similar results.
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Are sufficient details of methods and analysis provided to allow replication by others?
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If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Partly
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Manuscript by Taslim et al. this paper presents the results of the intervention of snakehead fish
extract or Pujimin Plus® on acute wound healing process in hyperglycemic rats. This is an in vivo
study on experimental animals.

This manuscript seems to need some improvements before the indexation process continues, as
follows:

1. Abstract, in the introduction section, the extract obtained already has the market brand
"(Pujimin Plus®)". This should be mentioned in the objective section of this abstract.

2. In the introduction, please:
> Add the appropriate reference citation in the sentence, "Snakehead fish (Channa striata), a
native freshwater fish in South East Asia, contains high protein and albumin which act as
antioxidants and constitutive tissue components." and "Snakehead fish also contains
micronutrients such as zing, iron, calcium, and magnesium which have role in the immune
system and wound healing process."

Because researchers have developed a snakehead fish extract formula with the brand
"Pujimin Plus®". Please be consistent in quoting brands. Each word snakehead fish extract
is followed by the brand word "(Pujimin Plus®)" and this applies throughout the main
manuscript.

3. Method:
Please provide a description of the nutrition facts of the given diet/pellet.

Need a description of how the Pujimin Plus® formula is?

o What is the reason why researchers use a dose of 81 mg/day?
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How many doses of Na-CMC were given to the control group? Please state clearly.

> Who is the holder of this patent or trademark of Pujimin Plus®? This needs to be in state to
identify conflicts of interest.

o Where did the data in table 1 come from? If referring to other research, please state the
citation. If you do it by authors, please provide details of the test method. Please clarify.
4. In the Introduction section there is a statement "However, the exact mechanism of how this
extract improves wound healing remains unclear." I hope the author can provide pictures that
support the explanation of how the exact mechanism of snakehead fish extract or (Pujimin Plus®)
in the wound healing process. This will make it easier for readers to understand.
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Are the conclusions drawn adequately supported by the results?
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