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ARTICLE INFO ABSTRACT

Article History: The coelomic fluid (haemocoel) and coelomocytes of echinoderms were
Received: July 2, 2023 scarcely studied in Egypt. Remarkably, the most popular species is the five-
Accepted: Aug. 3, 2023 arms starfish. While, in this work, the microscopical and chemical
Online: Aug. 10, 2023 characteristics of the 7-arms giant starfish “Luidia maculata” were
addressed. The starfish were gathered at 7 meters’ depth in the seawater of

Ras Sedr, Gulf of Suez, Red Sea, Egypt. As far as we know, no other

;<_ gn\:\g[géish microscopical da’ga ha\{e been .publhished on this spt_ac_ies in Egypt. The
Luidia ' extracted coelomic fluid of this giant starfish “Luidia maculata” was
maculata, microscopically and chemically analyzed using TEM and GC/MS,
TEM, respectively. The exhibited data showed the presence of glycogen synthase
GC/MS, kinase3-B protein by protein docking, which is considered a promising
Coelomic fluid, constituent for wound healing. Finally, this work spotted the light on novel
GSK3-B Protein documented data on the microscopical and chemical characteristics of

barely studied species of starfish “Luidia maculata™, in which the studied
coelomocytes showed an amoeboid state resembling the human white blood
cells. The examined flagella displayed a typical microtubule arrangement
“9+2 array”. The coelomic fluid extracted from “Luidia maculata” exhibits
glycogen synthase kinase3-B (GSK3-8) protein, which could be considered
a promising biovital constituent for many medicinal applications including
wound healing in diabetics.

INTRODUCTION

The binomial nomenclature of the concerned animal in this search is Luidia maculata
(Muller & Troschel, 1842). Few articles were published on Luidia maculata, and none of
the published data from Egypt addressed the microscopical or chemical characteristics of this
animal. At the same time, the data published about Luidia maculata is promising and
concerned with the extraction of bioactive materials from the starfish’s whole body
(Kawatake et al., 1997, 1999, 2002, 2004; Inagaki et al., 2006; Higuchi et al., 2007). Other
publications were concerned with the population distribution of this starfish, its relation with
certain crabs, antioxidant properties from their dried bodies and the preliminary phylogenetic
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analysis in China with cytochrome oxidase subunit I (COI) sequences (Bos et al., 2008;
Rajan et al., 2012; Chamundeeswari et al., 2013; Ning et al., 2013; Suguna et al., 2014;
Yaghmour & Whittington-Jones, 2018). The officially-documented geographical
distribution of Luidia maculata is in parts of the Mediterranean Sea and the Atlantic Ocean,
these starfish can withstand both tropical and temperate or sub-boreal environments, the
coast of Europe (including the British Isles), the north of Shetlands and the south such as
Cape Verde (Cooke, 1971; Grzimek, 1972; Parker, 1982; Piction, 1996).

Phylum Echinodermata was found in the Red Sea, which makes it pharmacologically a
distinctive fortune due to its usage as a potent antioxidant, anticancer and antimicrobial
(Youssef et al., 2013; El-Hossary et al., 2020; Abuhijjleh et al., 2021; Khalil et al., 2022).
There is no doubt that echinoderms showed high regenerative properties of their amputated
parts. Most bioactive materials were extracted from the echinoderms’ dried bodies
(Kawatake et al., 1997, 1999, 2002, 2004; Inagaki et al., 2006; Higuchi et al., 2007; Dai et
al., 2016; Khalil et al., 2022), except few published articles that addressed the coelomic
extract (Soleimani et al., 2021; Abdel-Ghaffar & Youssef, 2022; Abdel-Ghaffar et al.,
2022). The bioactive materials of certain starfish were extracted, and the authors investigated
their effect on the wound healing of zebrafish; the end result of this trial was highly-
promising (Dai et al., 2016).

Based on the trial of Dai et al. (2016) who used starfish tissue extract for
regeneration/wound healing, together with Vaz and Anura (2016) who worked on the
crucial function of the human blood in delivering nutrients and oxygen to all cells in the
body, the current study was designed for working on the coelomic fluid. The idea of studying
the coelomic fluid stimulated the idea of studying the characteristics of Luidia maculata and
how to use it optimally for human benefit. In addition, and in order to be on the right track,
molecular docking was listed in our consideration and methodology due to its ability to
predict the binding-conformation of small molecule ligands to the appropriate target binding
site. Characterization of the binding behavior plays an important role in the rational design of
drugs as well as to elucidate fundamental biochemical processes (Kitchen et al., 2004;
Mostashari-Rad et al., 2019).

The main purpose of this work was to describe and identify the basic cellular structure of
the obtained coelomocytes of Luidia maculata microscopically.  In addition, this
investigation addressed the chemical composition of the coelomic fluid of the starfish
“Luidia maculata” using GC/MS analysis, analyzed the obtained data using protein docking
and evaluated the usage of such extract medically for human benefits.

MATERIALS AND METHODS

1- Materials
A-Chemicals

In the current study, all the used chemicals, solvents, and reagents were of analytical and
pure grade. Additionally, all chemicals, solvents, and reagents utilized in the TEM and
GC/MS methods were of analytical and pure quality.
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B-Animals: Luidia maculata (7-arms, starfish)

Starfish were collected from Ras Sedr, Red Sea, Egypt. This species was recorded from the
Red Sea more than 50 years ago in the studies of Clark and Rowe (1971) and Fouda and
Hellal (1987). Moreover, it could be the first time in Egypt to collect the animal for
microscopical and chemical studies on this species “Luidia maculata”.

This work started in August 2022. The starfish were collected from 7-meter depths from
the coast of Ras Sedr, Gulf of Suez, Red Sea, Egypt. The collected starfish specimens were
identified by Prof. Dr. Ahmed Mitwaly Hellal (Zoology Department, Faculty of Science,
Al-Azhar University “Boys-Branch’) and Prof. Dr. Magdy T. Khalil (Zoology Department,
Faculty of Science, Ain Shams University) according to World Asteroidea database
published by Mah (2009) as Luidia maculata Muller and Troschel (1842). Accordingly,
the classification of this starfish is as follows:

Kingdom: Animalia Family: Luidiidae
Phylum: Echinodermata Genus: Luidia

Class: Asteroidea Species: L. maculata
Order: Paxillosida Binomial name Luidia maculata

The starfish specimens were collected to extract their own coelomic fluid as described in
the methods used in this study.

2- Methodology

A. Samples collection and morphology of the starfish “Luidia maculata”

Specimens of the starfish were collected from the coast of Ras Sedr, Gulf of Suez, Red
Sea, Egypt. Attempts were previously made by the researchers of the present study to collect
specimens from Hurghada, Red Sea, Egypt, for two seasons; however, this effort was not
successfully accomplished.

B. Coelomic fluid extraction, procedure and experimental design

The preparation of the starfish coelomic fluid (CF) was performed by applying the same
procedure described in the study of Baveja et al. (2018, 2019); additional lengthy details
were published by Abdel-Ghaffar and Youssef (2022). After centrifugation of the coelomic
fluid, a pellet of cells was formed and prepared for microscopical examination.

Concomitantly, the supernatant (representing the acellular part) was prepared for GC/MS
application and protein docking.
1-The preparation of the separated cellular content of the coelomic fluids for
microscopical examination:

The isolated cellular part of the coelomic fluid of Luidia maculata was processed for
ultrastructure examination by applying the preparation procedures for transmission electron
microscope (TEM) according to Williams and Carter (2009). For lengthy details and steps,
kindly refer to Abdel-Ghaffar (2023).
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The semithin sections of starfish “Luidia maculata” coelomocytes stained with toluidine
blue were photographed using a Leica DM1000 LED research trinocular microscope. The
microscope is supported by Leica FlexaCam (Cl1 12M 4K/FHD) camera and image
Morphometry system (LASX software). Finally, the stained ultrathin grids were examined
and photographed using a JEOL 1200 EX Il Electron Microscope, E. M. Unit, at the Faculty
of Science, Ain Shams University.

2-Chemical compositions of n-hexane fraction obtained from starfish “Luidia
maculata” coelomic fluid using GC/MS

Gas Chromatography coupled with Mass Spectrometry (GC/MS) analysis was performed
on the coelomic fluid extracted from the 7-arms starfish “Luidia maculata”. After several
steps (Kindly, for lengthy steps, refer to Abdel-Ghaffar and Youssef (2022), the
identification of compounds was done depending on the retention indices of the detected
compounds with regard to a homologous series of n-alkanes (C8-C28) that were injected
under the same conditions and via comparison mass spectra of the detected compounds with
those recorded in Wiley library database as well as the National Institute of Standards and
Technology (NIST) and together with the literature (Youssef et al., 2014; Ayoub et al.,
2015; Mamadalieva et al., 2019; Youssef et al., 2021). The run of the specimens GC/MS
analysis was done in the Department of Pharmacognosy (GC/MS unit), Faculty of Pharmacy,
Ain Shams University.

C- In silico molecular docking studies

Molecular docking analysis was done on the major chemical constituents detected in the n-
hexane fraction obtained from starfish “Luidia maculata” coelomic fluid, using GC/MS on
glycogen synthase kinase3-S protein (PDB ID 5K5N; 2.20 A) that is considered among
enzymes incriminated in the process of wound healing. This protein was downloaded from
the protein data bank, and docking experiments were carried out using Discovery Studio 4.5
(Accelrys Inc., San Diego, CA, USA), using C-Docker protocol as previously reported
(Labib et al.,, 2017; Talaat et al., 2018; Thabet et al., 2018; Altyar et al., 2020),
where binding energies (A G) were calculated via the following equation:

AGbinding = Ecomplex - (Eprotein +E Iigand) Where;

AGrpinging: The ligand—protein interaction binding energy,

Ecomplex: The potential energy for the complex of protein bound with the ligand,
Eprotein: The potential energy of protein alone and

Eiigana: The potential energy for the ligand alone.

RESULTS

1. Samples collection and morphology of the starfish Luidia maculata (7-arms)

This 7-arms starfish was caught from a depth of 7 meters along the coast of Ras Sedr, Gulf
of Suez, the Red Sea, Egypt. The global positioning system (GPS-GP80) is 30°05'17.1"'N
and 31°20'13.6"E. Notably, the starfish morphology is formed of upper and lower surfaces,



635 Abdel-Ghaffar et al. (2023)

which are known as aboral and oral surfaces, respectively. The aboral part in this echinoderm
is totally dark olive and glossy-darkened in color. The huge caught animals weight was about
2.652, 2.705, 2.918, 3.000 and 3.032 kg. The length measurement of the arm is shown in Fig.
1 (B- D) is 29.1 cm. From the oral surface, the arm was observed to compose spicules and
tube feet (Figs. 1B & C).
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Fig. 1 (A-D). Photos representing the whole sample of a freshly-hunted 7-arms starfish “Luidia maculata”.
A) represents the whole animal. {Each ceramic block {the background of the photo) that forms the floor
measures 25*25cm}. (B, C) represent the oral surface, in which “B” shows the tube feet and spinules.
Moreover, (C) shows the length of the starfish (29 cm), starting from the mouth to the tip of the arm. D) shows
the aboral surface of this giant starfish with its dark olive and glossy-darkened color. The photos were captured
using the cam of a Samsung Galaxy A9 (2018) device.

This animal species is predatory. In addition, one of our critical documented observations
is that it owns the capability to fragment each part of its body once realized being hunted,
or the surrounding habitat is changed, or in case of getting out from the seawater for more
than one hour.

2. The microscopical study
A- The semithin sections of the coelomocytes of “Luidia maculata”
After centrifugation, the coelomic fluid was separated into cellular and acellular parts. The
cellular portion was processed for TEM. Semithin sections were prepared and stained with
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toluidine blue. The obtained semithin sections were examined and from which we observed
that the sections exhibited two main cells: small cells or progenitor cells and other large cells.
The small cells are found either solitary (Figs. 2D, F) or as syncytium (Fig. 2A, B). The
coelomocytes were recorded in two states either aggregated/assembled (Fig. 2F) or
separated/dissembled (Figs 2D, E). The large cells are differentiated into two subtypes,
which are the secretory granular cells (Fig. 2D, E) and the secretory mucous cells (Fig. 2C).
The latter size records ranged from 17- 27 um in diameter (Fig. 2C). As shown in Fig. (2F),
young coelomocytes of this species are aggregated/assembled with each other, which might
be done to prevent the leakage of the cytoplasmic fluid with its cells.

B- The ultrathin sections of the coelomocytes of “Luidia maculata”

The examination of the individual coelomocytes of this giant starfish surprised us, in which
the examined progenitor cells were almost shown in the amoeboid state, as well as the two
subtypes of the secretory mucous and secretory granular coelomocytes (Figs. 3A-C, 5A).
Moreover, these coelomocytes exhibited typical arrangement of flagellum, i.e., microtubules
typical arrangement “9+2 array”, described as a ring of nine microtubule doublets,
surrounding a single microtubule doublet in the center (Figs. 3B, 4A-D). Coincidently, we
found different stages of spermatogenesis collected with the coelomocytes; and their flagella
showed typical microtubules arrangement of 9+2 array as in human spermatozoa”, i.e., a ring
of nine microtubule doublets, surrounding a single microtubule doublet in the center (Figs.
5A-D).

3. Chemical compositions of n-hexane fraction obtained from seven-arms starfish
“Luidia maculata” coelom using GC/MS

GC/MS analyses of the n-hexane fraction obtained from seven-arms starfish acellular
coelomic fluid extract using GC/MS led to the identification of only three compounds
namely n-Tridecane, 5-Butylhexadecane and (22E)-Ergosta-5,22-dien-3-yl acetate that
belong to fatty acid derivatives and steroidal compounds (Table 1). A scheme showing the
identified chemical constituents in the n-hexane fraction is illustrated in Fig. (6).
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Fig. 2. (A-F) Photomicrographs of semithin sections of the coelomocytes extracted from the coelomic
fluid of the 7-arms starfish “Luidia maculata”. The sections are stained with toluidine blue. The
coelomocytes of this starfish are large in size. (A & B) represent a syncytium of the small or the
progenitor cells; C) shows the secretory mucous cell. (D & E) represent various types and subtypes of
the coelomocytes in dissembled phase, i.e., the solitary form of the small cells is shown (black
arrows), and secretory granular cells (SGC, white arrow). F) represents the assembled phase of the
coelomocytes that measure about 99.1um; such aggregated form might prevent the leakage of the
cytoplasmic fluid with its cells. X 1000.
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Fig. 3(A-D). Electron micrographs of ultrathin sections of Luidia maculata
coelomocytes. (A&B) represent the small cells or the flagellar cells that exhibit flagellum
(arrow in B), Moreover, the coelomocyte amoeboid appearance is shown. A prominent
centrally-located nucleus (N) is shown with a well-recognized nuclear envelope (NE). PM:
plasma membrane. C) shows the secretory granular coelomocyte “SGC” discharging
apocrine secretion. D) shows the secretory mucous coelomocyte “SMC in addition to a stage
of spermatocyte (arrow).
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Fig. 4(A-D). Electron micrographs of T.s. and L.s. of Luidia maculata coelomocytes’
flagella are shown. (A-C) represent transverse sections showing the microtubules’ typical
arrangement “9+2 array”, i.e., a ring of nine microtubule doublets surrounds a single
microtubule doublet centrally. D) illustrates variable longitudinal and transverse sections of
flagella. As the flagellum tapers toward its end, the plasma membrane surrounds it become
thinner (arrow).
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Fig. 5 (A-D). Electron micrographs of cellular ultrastructure of Luidia maculata. A)
shows numerous coelomocytes, which agree in the amoeboid cell state to facilitate its
migration. (B-D) represent different stages of spermatogenesis, which indicates that the
examined species’ sex is male. The cells’ nuclei are directed towards the apex of each cell
during spermatogenesis (arrows). The cells exhibit flagella (Thick arrow) shown in (D)
consisting of microtubules with typical arrangement “9+2 array”, i.e., a ring of nine
microtubule doublets, surrounding a single microtubule doublet in the center.
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Table 1. Chemical compositions of n-hexane fraction obtained from seven-arms starfish
“Luidia maculata” coelomic fluid using GC/MS, supplied withRtx-5MS column

Compounds R, % Refere
Measured Reported  COMposition  nces

1. n-Tridecane 1300 1300 2.49 MS, RI

2. 5-Butylhexadecane 1924 1897 7.92 MS, RI

3. (22E)-Ergosta-5,22- 2748 2779 8.81 MS, RI

dien-3-yl acetate
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Fig. 6. Scheme showing the chemical compositions of n-hexane fraction obtained from
seven-arms starfish “Luidia maculata” coelomic fluid using GC/MS, supplied withRtx-5MS
column

4. In silico molecular docking studies

Regarding metabolites identified in the seven-arms starfish Luidia maculata coelomic
fluid, results presented in Table (2) reveal that, 5-butylhexadecane showed the best fitting
within the active site of glycogen synthase kinase3-4 protein followed by n-tridecane with
free binding energies (A G) of -41.98 and -28.79 Kcal/mol, respectively, exceeding in this
approach the co-crystalised ligand (AG = -12.10 kcal/mol). In contrast, (22E)-Ergosta-5,22-
dien-3-yl acetate showed unfavorable interaction evidenced by the positive values of AG
(41.34 Kcal/mol). 5-butylhexadecane forms three alkyl and m-alkyl bonds with Argl41,
Tyr140, and 1le62 at the binding site in addition to many Van der Waals interactions (Fig.
7A); meanwhile, n-tridecane forms one n-alkyl bond with Phe67 together in addition to many
Van der Waals interactions (Fig. 7B).
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Table 2. Free binding energies (kcal/mol) of major compounds in the n-hexane fraction
obtained from seven-arm starfish “Luidia maculata” coelom in glycogen synthase kinase3-

/3 protein active site using in silico studies

Compound Glycogen synthase Number of formed Number of other formed
kinase3-# protein  hydrogen bonds bonds

n-Tridecane -28.79 1; Phe67

5-Butylhexadecane -41.98 - 3; Argl41, Tyr140, lle62

(22E)-Ergosta-5,22- 41.34 2; Argl4dl, Argld8  7; lle62m Argldl, Lys85,

dien-3-yl acetate

Co-crystalised -12.10
ligand (PF-367)

Leul32, Ala83, Val70,
Cys199
8; Val70, Lys85, Ala83,
Leul32, Leul88, Vall10,
Aspl33
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Figure 7 (A & B): 2D and 3D binding modes of 5-Butylhexadecane (A) and n-
Tridecane (B) within the active sites of glycogen synthase kinase3-4 protein.
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DISCUSSION

Starfish are considered the dominant, widespread and most known animal in phylum
Echinodermata, i. e., the king of this phylum. Nevertheless, no one could imagine that our
team, unfortunately, failed to hunt starfish from Sharm El-Sheik or even from Hurghada, the
Red Sea, Egypt at the start of these experiments in November 2021. We refer this failure to
many reasonable factors, such as the heavy presence of tourists snorkeling, winter season,
overfishing of starfish by fishermen to buy it as a gift for more luck with high prices in
addition to climate change. These reasons might lead to a change in the dominance of
starfish, and subsequently its disappearance in certain areas accompanied by heavy migration
to another calm area. Collectively, this made us decide to change the search place to Ras
Sedr, Gulf of Suez, the Red Sea, Egypt. The divers found this 7-arms starfish “Luidia
maculata” and hunted the specimens at 7 meters’ depth in the seawater. The presence of
these specimens till reaching giant masses may be referred to the tendency of the present
tourists to relax, enjoy the scenery of the virgin nature of this place rather than snorkeling,
adding to the security procedures that restrict any intended spoiling of any natural or
environmental item in this area.

To our knowledge, this is the first microscopical study on this darkened 7-arms starfish
“Luidia maculata”. Moreover, microscopically, one of our surprising results is that the
coelomocytes showed the amoeboid state of the progenitor cells and the two subtypes of the
secretory mucous and secretory granular coelomocytes (Figs. 3A- C, 5A). Besides, these
coelomocytes exhibited typical arrangement of flagellum, i.e., microtubules typical
arrangement “9+2 array”, described as a ring of nine microtubule doublets, surrounding a
single microtubule doublet in the center (Figs. 3B, 4A-D). In our viewpoint, this is not a
haphazard coincidence; if we collect it with the suffix “-dermata” from Echinodermata means
“skin” — to which the starfish L. maculata belongs — together with the typical microtubules
arrangement (9+2 arrays). The similarities of starfish coelomocytes in shape and function
make them generally the most suitable match to serve and cover human needs medically,
specifically the animal of choice in this work “Luidia maculata”. The human body soldiers
are white blood cells; they play a crucial role in the defence system. Their amoeboid form
allows them to squeeze through blood capillaries, while their pseudopodia aid in the
phagocytosis process, which kills pathogens, which is scientifically known as diapedesis
(Filippi, 2016).

For the mature coelomocytes, Xing et al. (2008) reported that the small cells are called
lymphocytes, and progenitor cells; they are called here the small coelomocytes. At the same
time, he called the mature coelomocytes “amoebocytes”. It appears with different shapes and
variable materials inside its own cytoplasm, depending on the heterogeneous materials of
variable sizes they engulfed via amoeboid phagocytosis. Meanwhile, according to Gorshkov
et al. (2009), the mature secretory coelomocytes differentiating into secretory granular and
mucous cells represent two types of cells. In this work, as well as in our previous work
Abdel-Ghaffar and Youssef (2022) and Abdel-Ghaffar et al. (2022); we did not agree with



644 Seven-Arms Starfish “Luidia maculata” Characteristics of Coelomocytes and Promising GSK3-f Protein

the two opinions. In addition, it is suggested that, these small cells (progenitor cells) bearing
clotting granular/mucus materials formed at the site of the animal injury (Xing et al., 2008),
harbor such secretory granules whether granular or mucous secretion to the site of injury and
then they are transformed to mature or large coelomocytes variable in their size, based on the
type of secretory material it bears and the quantity. Surprisingly, Guatelli et al. (2022) had
the same opinion as ours, in which they stated that coelomocytes are scarcely studied. In
addition, the coelomocytes are detached from the coelomic epithelium (CE). Moreover, the
CE cells share the same ultrastructure and proteomic features as the detached circulating
coelomocytes. Furthermore, they own the privilege in their results and conclusion to our
previous work (Abdel-Ghaffar & Youssef, 2022) in clarifying that the CE and
coelomocytes are actively involved in protein synthesis processing and massive secretion
phenomena. The latter might explain the apocrine secretion of the secretory granular cells, as
shown in Fig. (3C). The ultrastructure findings in this work on the starfish “Luidia maculata”
agrees with similar previous results of Mufioz-Chépuli et al. (2005), Holm et al. (2008),
Gorshkov et al. (2009), Sharlaimova et al. (2010), Franco etal. (2011), Andrade et al.
(2021), Sharlaimova et al. (2021) and Guatelli et al. (2022).

Focusing on the proteins resulting from the GC/MS obtained data from the extracted
coelomic fluid of “Luidia maculata” in this work led to the identification of only three
compounds; namely, n-Tridecane, 5-Butylhexadecane and (22E)-Ergosta-5,22-dien-3-yl
acetate that belong to fatty acid derivatives and steroidal compounds (Table 1). The
metabolites identified in the seven-arms starfish coelom (results presented in Table (2))
revealed that 5-butylhexadecane showed the best fitting within the active site of glycogen
synthase kinase3-/ protein; these protein factors obtained from the protein docking analyses.
Additionally, it might be considered as a promising constituent for many medicinal
applications including wound healing (Abdel-Ghaffar & Youssef, 2022; Abdel-Ghaffar et
al., 2022), especially in diabetic patients. With respect to this finding, the coelomic fluid of
the starfish L. maculata could be used as an effective or potent agent for wound healing
(Harish et al., 2008; Naika et al., 2015; Aksoy et al., 2021; Abdel-Ghaffar & Youssef,
2022; Abdel-Ghaffar et al., 2022) due to its characteristic glycogen synthase kinase3-$
protein, which is identified by the protein docking (Table 2, 3 & Fig. 7A, B) of this work. In
2021, Soleimani et al. worked on the coelomic fluid of a certain type of sea urchin and listed
it as a new perspective for medicinal antioxidants. Franco et al. (2011) and Guatelli et al.
(2022) postulated that rearrangement of the cytoskeleton (herein, the microtubules’
arrangement is “9+2”, as shown in Figs. (3B, 4A- D, 5B- D); the same as in human),
membrane trafficking, and cell motility in coelomocytes of starfish together with the cellular
morphological similarities and the several proteinsocytes and the CE suggest the origin of the
coelomocytes from the CE.
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CONCLUSION

Finally, this work spotted the light on novel documented data on the microscopical and
chemical characteristics of scarcely studied species of starfish “Luidia maculata”, in which
the studied coelomocytes showed an amoeboid state resembling the human white blood cells.
The examined flagella exhibited a typical microtubule arrangement “9+2 array”. The
coelomic fluid extracted from “Luidia maculata exhibits glycogen synthase kinase3-3
protein, which could be considered a promising biovital constituent for many medicinal
applications including wound healing in diabetics.

ABBREVIATIONS
GSK3- g: glycogen synthase kinase3-4 protein. SC: small Coelomocytes/Cells. SGC:

secretory granular cells. SMC: secretory mucous cells. TEM: transmission electron
microscope. CE: Coelomocytes epithelium.
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