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ABSTRACT

This research was conducted to assess various bioactive compounds in the meat of mudskippers found in the
Sungsang 2 Village, Banyuasin regency, South Sumatra. The research had been synthesized using n-hexane from
February to May 2018 at Agricultural Technology Production Laboratory, Sriwijaya University. Subsequently, the
mudskippers (Periopthalmus chrysospilos, Boleopthalmus boddarti, and Periophthalmodon schlosseri) extract was
synthesized and further investigate by conducting the GC-MS analysis. The study of bioactive compounds in mud-
skippers was carried out by evaporating in vacuum evaporation at 30°C. The results showed that Periopthalmus
chrysospilos has five classes of bioactive compounds such as steroids, terpenoids, carotenoids, canabinoids, and
alkaloids and Boleopthalmus boddarti has five classes of bioactive compounds including steroids, carotenoids,
terpenoids, bufadienolides, and carotatoxins. Furthermore, Boleopthalmus dussumieri has four classes of bioactive
compounds such as steroids, carotenoids, terpenoids, and carotatoxins and Periophthalmodon schlosseri has three
classes of bioactive compounds including steroids, carotenoids and terpenoids. This research discussed the potential
benefit of all bioactive compounds in mudskippers for alleviating and treating children with enuresis through the
review of literature on the most cited bioactive compounds.
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INTRODUCTION

Mudskipper is a genus from the family of
Gobiidae and subfamily Oxudercinae that is habit-
ually known as ikan gelodok at Musi river, South
Sumatera (Shukla et al., 2014; Polgar et al., 2017;
Lauriano et al., 2018; Ridho et al., 2019). Mud-
skippers are commonly found in brackish river
water and beaches with certain salinity concentra-
tion, as well as mangrove areas of the Indo-Pacific
region (Tytler and Vaughan, 1983). Mudskippers
are amphibious fish that are able to tolerate both
fresh and marine water on muddy and sandy bot-
tom habitat, spawning in estuarine areas (Hu et al.,
2016; Hong et al., 2017). Mudskippers are also ca-
pable of spending extended periods out of water
(Martin et al., 2013; Konstantinidis et al., 2016;
Martinez et al., 2018). They appear during low
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tide, foraging on tropical mudfiats, seeking mate
and preserving territories for some portion of their
daily cycle (Dabruzzi et al., 2019). According to
the classification of amphibious gobies, 40 spe-
cies of mudskippers have been currently identified
in the world, which are divided into four genera
of Oxudercinae, namely Boleophthalmus, Peri-
ophthalmus, Periophthalmodon and Scartelaos
(Clayton 1993; Graham 1997; Graham and Weg-
ner 2010; Ishimatsu and Gonzales 2011; Takeda et
al., 2012; Murdy 2011a, You et al., 2018).
Juveniles of this Gobiidae are herbivores
that eat more diatoms and filamentous algae,
while the major food of adult Gobiidae are crus-
taceans (95.5%), polichaetas (86.4%) and land
insects (85%) (Bob-Manuel, 2011). The burrows
of these habitats are categorically suitable for
the mudskippers for feeding grounds, spawning
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areas and nursery grounds (Masuda et al., 1984;
Bob-Manuel, 2011; Satapoomin and Poovachi-
ranon, 1997; Redjeki, 2013). Mudskippers are
commonly consumed and employed in tradition-
al medicine in many countries such as China,
Malaysia and Japan (Feulner 2013; Gadhavi et
al., 2017; Ikram et al., 2010; looi et al., 2016 and
Yang, X. X., 2017). The medicinal mudskippers
were often prepared from the natural products
which contain different bioactive compounds
(Mahadevan et al., 2019; Wu et al., 2009). On
the other hand, many fishermen and general pub-
lic around the Musi river ignore the existence
and benefits of mudskippers.

Corticosteroids, one of bioactive compounds
in mudskippers, are steroid hormone class for
overcoming inflammations (Panda and Mabali-
rajan, 2018; Heughten et al., 2018). These hor-
mones are a contributing factor to alleviating
enuresis (bedwetting) in child. Enuresis is most
common among children or young persons and
is denoted by repeated voiding of urine into the
bed or clothing (Apos etal., 2017 and Shafi et al.,
2019). The study area corresponded to bioactive
compounds like corticosteroid compounds in
mudskippers that can reduce the enuresis prob-
lem in children (Jain et al., 2016). The authors
intended to evaluate the bioactive compounds in
the four species mudskippers including Perioph-
thalmus chrysospilos, Boleopthalmus boddarti,
Boleopthalmus dussumieri and Periophthalmo-
don schlosseri.

MATERIALS AND METHODS

Fishes and experimental design

Mudskippers were obtained from an estua-
rine area around the Sungsang 2 village, Banyu-
asin regency, South Sumatera. Mudskippers,
apparently healthy, were randomly caught using
fishing equipment and transported to the Agri-
cultural Technology Production Laboratory, Sri-
wijaya University for cleaning and removing the
bones from the fish. After the filleting process,
the mudskippers were divided into four groups
with Periophthalmus chrysosphilos (8 grams),
Boleopthalmus boddarti (100 grams), Boleop-
thalmus dussumieri (13.8 grams) and Perioph-
thalmodon schlosseri (100 grams) which were
homogenized.

The crushed fish flesh dissolved in n-hexane
solvent with a sample ratio of 1: 4 and macerat-
ed for 24 hours. The next step involved filtering
with calico cloth and filter paper and evaporating
with vacuum evaporator at 30°C with a speed of
200 rpm. Each extract sample was reconstituted
using n-hexane solvent, then each 1 pL was taken
to be injected and analyzed in GC-MS alternately.

Analysis technique

The data in this research were expressed in
the form of chromatograms that contain graphs
and were equipped with a list of detected chemi-
cal compounds, along with the structure of com-
pounds, retention times, areas, and probability of
the compound types. The data analysis was per-
formed by identifying the chemical compounds
detected to find out the natural name (nature of
compound name), synonym, and the class of com-
pounds of these chemical compounds. Identifica-
tion was done by comparing the compound name
detected with a data base on the literature in the
form of books and journals. The studies reported
as full-text articles, those published as abstracts
only and unpublished data were included as well.

Gas chromatography and mass spectroscopy
(GC-MS) analysis

The qualitative analyses of the mudskipper
extract were expressed with a GCMS-QP 2010
Plus (Shimadzu, Japan) system equipped under
computer control at 70 eV (Mohammed and Imad,
2013). The methanol extract in the amount of 1 pl
was entered into the GC-MS with a micro injector
and followed by scanning for 45 min. The tem-
perature was maintained in the oven at 100°C and
Helium gas was utilized as a carrier as well as an
eluent. The helium flow was arranged to 1 ml per
min and electron energy was fired by a mass detec-
tor about 70 eV. The compound of elite 1 was used
as separation column (100% dimethyl poly silox-
ane) (Hameed et al., 2016; Kareem et al., 2015).
The identity of the compounds in the extracts was
assigned by the comparison of their retention in-
dices and mass spectra fragmentation patterns
with those stored on the computer library and also
with the data published in the literature. The com-
pounds were identified by comparing their spectra
to those of the Wiley and NIST/EPA/NIH mass
spectral libraries.
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RESULTS AND DISCUSSIONS

GC-MS results of the periopthalmus
chrysospilos extract

The gas chromatography and mass spectros-
copy analysis of bioactive compounds were car-
ried out in the Periopthalmus chrysospilos extract
that was presented in Figure 1. It can be seen that
the vertical lines in the chromatogram pattern
point out the short periods of time when the ion
beam is deflected-off the plate (and thus off the
beam monitor) which is necessary when changing
the position of the photographic plate, a process
that takes about 2—3 seconds with the present ar-
rangement. This pen deflection creates a useful
signal of the exact quantities of the chromatogram
being noted with the mass spectrometer and facili-
tates the reconnection of the spectra on the plate
with the chromatogram.

The GC-MS chromatogram showed that the
presence of five major peaks of bioactive com-
pounds was detected and the components corre-
sponding to the peaks were determined as follows.
The highest peak in chromatogram pattern could
be seen that the extract of Periopthalmus chryso-
spilos has retention time 14.44 minutes. On the
basis of the GC-MS signal, the sample has many
bioactive compounds which were indicated by the
signals detected. It shows that the GC-MS analysis
successfully proves that the Periopthalmus chrys-
ospilos extract is suitable for treating the people
with inflammatory diseases, especially enurosis.

Bioactive compounds in the Periopthalmus
chrysospilos extract

The results of Periopthalmus chrysospilos
extract revealed the amounts of bioactive com-
pounds such as terpenoids, alkaloids, steroids,
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carotenoids and canabinoids. As many as 4 types
of terpenoid compounds were detected, , with a to-
tal of 4 compounds. One type of carotenoid com-
pounds was detected with a total of 4 compounds.
Additionally, one type of canabinoid compounds
was detected with a total of 2 compounds; and 1
alkaloid compound was detected with a total of 1
compound. The cannabinoid bioactive compounds
were also detected in this sample with a total of
1 compound. Cannabinoid compounds include
secondary metabolites which are usually found
in cannabis plants. According to Maggyvin and
Sinuraya (2017), cannabinoids are classified by
source and origin. Phytocannabinoids are deriva-
tive compounds from cannabis and other plants,
including delta-9-tetrahydrocannabinol (THC),
cannabidiol (CBD), and cannabinol (CBN). The
details of Boleopthalmus boddarti extract were
elucidated in the Table 1.

The highest amount of bioactive com-
pounds in Periopthalmus chrysospilos extract
corresponded to the steroid compounds; as
many as 10 types of compounds were detected
with a total of 24 compounds. The total num-
ber of compounds detected are named Androst-
7-ene-6,17-dione, 2,3,14-trihydroxy-, where the
total amount of compounds is 10 compounds.
According to Moss (1989), androstane is an ana-
bolic steroid group that belongs to the basic car-
bon cycle, which is unsaturated and is an alkyl
substitute in the 17th carbon chain.

GC-MS Results of the Boleopthalmus boddarti
extract

The result of GC-MS analysis of Boleop-
thalmus boddarti extract was described as the
chromatogram form for all chemical compounds
that were read by the detector (Fig. 2). The ver-
tical lines were found in this chromatogram
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Figure 1. Chromatogram result of peak chemical compounds in Periopthalmus chrysospilos
(Source: LHP, 2018)
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Figure 2. Chromatogram result of peak chemical compounds in Boleopthalmus boddarti
(Source: LHP, 2018)

Table 1. The amount of bioactive compounds in the Periopthalmus chrysospilos extract

No. Compound names Compound classes nu-lr-roJ)a;rs
1. | D-Limonene Terponoids 1
2. Limonene Terponoids 1
3. | Aspidospermidin-17-ol, 1-acetyl-19,21-epoxy-15, 16-dimethoxy- ( Aspfc‘i'";;')o::;i din) 1
4. | Choltesan-3-ol, 2-methylene- Steroids 6
5. | Azulene, 1,4-dimethyl-7-(1-methylethyl)- Terpenoids 1
6. 17.alfa.,214-28, 30-Bisnorhopane Steroids 1
7. | 4-Androsten-6&-ol-3,17-dione Steroids 3
8. | 3,9-Epoxypregn-16-ene-14,20-diol, 7,11, 18-triacetoxy-3-methoxy- Steroids 1
9. | Cholestan-26-oic acid, 3,7,12-trihydroxy- Steroids 1
10. | Rhodopin Carotenoids 1
11. | Cannabinol, trifluoroacetate Cannabinoids 4
12. | Cholestan-3,5-diol, 5-acetate Steroids 2
13, IC\)/)Iiﬁieemycin B, 5-demethoxy-5-one-6,28-anhydro-25-ethyl-4-methyl-13-chloro- Steroids 1
14. |9,19-Cyclolanostan-3-ol, 24,24-epoxymethano-acetate Terpenoids 1
15, 2/ ;116—5’;0_0-3, 19-epoxyandrostane-8,14-dione, 17-acetoxy-3 a-methoxy-4,4- Steroids 1
16. | Androst-7-ene-6,17-dione, 2,3, 14-trihydroxy- Steroids 10
17, ZTPhenanthrenecarboxylic acid, 1-(1,3-dithian-2-ylmethyl)-7-hydroxy-2,4b- Steroids 1
dimethyl-1,2,3,4,4a,4b,5,6,7,8,10,10a-dodecahydro-, methyl ester

pattern. Those indicate more than one bioactive
compound in the Boleopthalmus boddarti ex-
tract. The presence of five major peaks of bio-
active compounds was detected and the most
compound are from steroids. The highest peak
in chromatogram pattern could be seen that the
Boleopthalmus boddarti extract has retention
time of 14.44. On the basis of the GC-MS sig-
nal, the sample has many bioactive compounds,
which was shown by some signals detected. It
shows that the Boleopthalmus boddarti extract
can be successfully used for treating people with
inflammatory diseases, especially enuresis, as
proven by the GC-MS analysis.

Bioactive compounds in the
Boleopthalmus boddarti extract

The results of Boleopthalmus boddarti extract
revealed the amounts of bioactive compounds
such as steroids, carotenoids, terpenoids, bufadi-
enolide, carotatoxin, cholesterol, and corticoste-
roid shown in Table 2. The compounds of steroid
groups were detected as many as 24 types of com-
pounds with a total of 44 compounds. Specific
steroid compounds, namely corticosteroids, were
detected with 2 types of compounds and a total of
3 compounds. The details of Boleopthalmus bod-
darti extract were elucidated in Table 2.
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Corticosteroids are drugs containing steroid
hormones that are useful in increasing the needed
steroid hormones in the body , relieving inflamma-
tion and helping in alleviate asthma, allergy and
multiple sclerosis (Cidlowski, 2013; Panda and
Mabalirajan, 2018; Rozaliyani, 2011). According
to the analysis of Prasad et al. (2018), corticoste-
roids also reduce the mortality risk from tubercu-
losis effect at least in the short term. A quite unique
compound, called Gamabufotalin, was detected in
the Boleopthalmus boddarti extract; it is a bioac-
tive compound of the bufadienolide type. Accord-
ing to Dmitrieva et al. (2000), Bufadienolides are
biosynthetic steroids that are independent of the
side chain of cholesterol division. Bufadienolides
(BDs) also include the corticic steroid groups,

which are usually obtained from amphibian poi-
son extracts, these compounds are often used as
traditional medicine in Asia.

GC-MS Results of Boleopthalmus dussumieri
extract

The result of the GC-MS analysis of Boleop-
thalmus dussumieri extract was described as the
chromatogram form for all chemical compounds
that were read by the detector (Fig. 3). The verti-
cal lines were found in this chromatogram pattern.
Those indicate more than one bioactive compound
in the Boleopthalmus dussumieri extract. The pres-
ence of four major peaks of bioactive compounds
was detected by GC-MS like steroids, terpenoids,

Table 2. The amount of bioactive compounds in the Boleopthalmus boddarti extract

No. Compound names Compound classes nu-lr-gLaeirs
1. Curan-17-oic acid, 19,20-dihydroxy-, methyl ester Steroids 2
2. Cholestan-3-ol, 2-methylene- Steroids 12
3. Citronellol epoxide Terpenoids 1
4. | Faloarino cancor ant metaboites)|
5. Cholestan-3-one, cyclic 1,2-ethanediyl aetal Steroids 1
6. ..psi.,.psi.-Carotene, 1,1°,2,2’-tetrahydro-1,1’-dimethoxy Carotenoids 8
7. | Androsten-4-en-11-ol-3,17-dione, 9-thiocyanato- Steroids 2
8. | Androsten-5-en-17-one-3,11-bis[(trimethylsilyl)oxy]-, O-(phenylmethyl)oxime Steroids 1
9. Prosta-5,13-dien-1-oic acid, 9,11, 15-tris[(trimethylsilyl)oxy]-, trimethylsilyl ester Steroids 6
10. | Rhodoxanthin Carotenoids 2
11. | Rhodopin Carotenoids 2
12, gf-lgggzﬁf:-zggggg acid, 5,6a-epoxy-4a, 18,22-trihydroxy-3-methoxy-1-ox Steroids 1
13. | Ethyl iso-allocholate Steroids 1
14. | Gamabufotalin B 12‘2 Icy{/fgr?(!: ?n( ?rtg;())' d 1
15. | Betamethasone acetate Corticosteroid 2
16. | Cholestan-26-oic acid, 3,7,12-trihydroxy- Steroids 2
17. | ..psi.,.psi.-Carotene, 3,4-didehydro-1,2,7’,8-tetrahydro-1- methoxy-2-ox o Carotenoids 1
18. | ..psi.,.psi.-Carotene, 3,3’,4,4’-tetrahydro-1’,2’-dihydro-1-hydroxy-1'methoxy Carotenoids 1
19. | Prosta-5,13-dien-1-oic acid, 9,11, 15-tris[(trimethylsilyl)oxy]-, trimethylsilyl ester Steroids 2
20. ;;?éié\oclr’leetoxy-1 ’, 1-dicarboethoxy-1a,2a-dihydrocy cloprop[1,2]-5a-androst-1- Steroids 2
21. | Cholesterol Cholesterol 1
22. | 26-Nor-5-cholesten-3a-ol-25-one Steroids 1
23 17-(1,5-Dimethylhexyl)-10,13-dimethyl-2,3,4,7,8,9,10,11,12,13,14,15,16,17- Steroids 1
tetradecahydro-1HcyclopentalaJphenanthren-3-ol

24. | Androst-4-en-9-thiocyanomethyl-11-ol-3,17-dione Steroids 1
25. | Androst-5-en-3-one, 19-acetoxy-4,4-dimethyl-,oxime Steroids 1
26, | Sl ol bt Zorosopnomiodeshy ool | copioseron |
27. | Androst-8-en-3-ol, 4,4,14a-trimethyl-17-(2-bromo-1-methylethyl) Steroids 1
8. (1) n ; -Dicarboethoxy-1a,2a-dihydro-3’H-cycloprop[ 1,2]cholesta-1,4,6-trien-3- Steroids 1
29 Zg;)esrta-& 13-dien-1-oic acid, 9,11,15,19-tetrakis[(trimethylsilyl)oxy]-, methyl Steroids 1
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Figure 3. Chromatogram result of peak chemical compounds in Boleopthalmus dussumieri
(Source: LHP, 2018)

carotenoids and carotatoxins. The highest peak
in the chromatogram pattern could be seen that
Boleopthalmus dussumieri extract has retention
time of 22.61. On the basis of the GC-MS signal,
the sample has significant bioactive compounds,
which was shown in Table 3.

Bioactive compounds in the Boleopthalmus
dussumieri extract

The bioactive compounds detected from the
Boleopthalmus dussumieri extract include ste-
roids, terpenoids, carotenoids and carotatoxins.
The compounds of steroid classes include as many
as 11 types of compounds, with a total of 26 com-
pounds. The group of carotenoid compounds was
detected in as many as 6 types of compounds, with
a total of 13 compounds. The group of terpenoid
compounds was detected by 2 types of compounds,
with a total of 2 compounds. The carotatoxin com-
pounds were also detected in the Boleopthalmus
dussumieri extract, with a total of 1 compound.
The details of Boleopthalmus dussumieri extract
were elucidated in Table 3.

The name of steroid compounds with the high-
est total number of compounds is Spirost-8-en-
11-one, 3-hydroxy. According to Rajendran et al.
(2017), Spirost-8-en-11-one, 3-hydroxy included
the steroid compounds which have an anti-cancer
bioactivity. Spirost-8-en-11-one, 3-hydroxy has
the chemical formula C27H4004. The group of
carotenoid compounds detected with the highest
amount is Rhodopin, where the total amount of
these compounds is 5 compounds. According to
Komori et al. (1998), Rhodopin is a carotenoid
compound which is usually produced by Rhodo-
siprillum rubrum bacteria with the chemical for-
mula C40H580.

Bioactive carotatoxin alkaloids were also de-
tected in the Boleopthalmus dussumieri extract.
The name of the carotatoxin group is falcarinol
and the total of compound is only 1 compound.
According to Zaini et al. (2012), falcarinol (FaOH)
is one of the compounds found in carrots; this
compound has shown bioactive action in several
types of cell cultures. Falcarinol has been shown
to be cytotoxic to the culture of acute lymphoblas-
tic leukemia cells.

GC-MS Results of the Periopthalmodon
schlosseri extract

The result of GC-MS analysis of Periopthal-
modon schlosseri extract was described as the
chromatogram form for all chemical compounds
that was read by the detector (Fig. 4). The verti-
cal lines were found in this chromatogram pattern.
Those indicate more than one bioactive compound
in Boleopthalmus boddarti extract. The presence
of five major peaks of bioactive compounds was
detected and the most compound are from ste-
roids. The highest peak in the chromatogram pat-
tern indicated that the Boleopthalmus boddarti
extract has retention time of 14.44. On the basis of
the GC-MS signal, the sample has many bioactive
compounds which was shown by some signals de-
tected. It shows that the GC-MS analysis proves
that the Boleopthalmus boddarti extract can be
successfully used for treating people with inflam-
matory diseases especially enurosis.

Bioactive compounds in the Periopthalmodon
Schlosseri extract

The bioactive compounds detected from
Periopthalmodon schlosseri extract including
steroids, carotenoids and terpenoids. As many as
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Table 3. The amount of bioactive compounds in the Boleopthalmus boddarti extract

No. Compound names Compound classes nu-lr-gselrs
1. Limonene Terpenoids 1
2. D-Limonene Terpenoids 1
3. Corynan-17-ol, 18,19-didehydro-10-methoxy-,acetate (ester) Steroids 2
4. Rhodopin Carotenoids 5
5. C-Sitosterol Steroids 1
6. Spirost-8-en-11-one, 3-hydroxy Steroids 13
7. Cholest-5-en-3-ol, 24-propylidene- Steroids 2
8. | Stigmasta-5,24(28)-dien-3-ol Steroids 1
9. |..psi.,.psi.-Carotene, 1,1°,2,2-tetrahydro-1,1’-dimethoxy Carotenoids 4
10. 2f-§fg;7;£z;:’7-jig-(gct:a?gd, 5,6a-epoxy-4a, 18,22-trihydroxy-3-methoxy-1- Steroids 1
11. | ..psi.,.psi.-Carotene, 3,4-didehydro-1,2,7’,8-tetrahydro-1-methoxy-2-ox o Carotenoids 1
12. | 5-Chloro-6beta-nitro-5alpha-cholestan-3-one Steroids 1
13, ePg?:rta-& 13-dien-1-oic acid, 9,11,15-tris[(trimethylsilyl)oxy]-, trimethylsilyl Steroids 1
14. | Cholest-4-ene, 3a-(methoxymethoxy)- Steroids 1
15. | Rhodoxanthin Carotenoids 1
16. | 4-Apo-a,.psi.—carotenoic acid Carotenoids 1
17. | Astaxanthin Carotenoids 1
18. | Androst-7-ene-6,17-dione, 2,3,14-trihydroxy Steroids 2
19. | Prosta-5-en-1-oic acid, 9,11,15-tris[(trimethylsilyl)oxy]-, methyisilyl ester Steroids 1
20. | Falcarinol Carotatoxin 1

11 bioactive steroid compounds were detected,
with a total of 21 compounds; 3 types of the ca-
rotenoid group compounds, with a total of 6 com-
pounds; while only 1 type of terpenoid group com-
pounds were detected with a total of 1 compound.
The details of the Periopthalmodon schlosseri ex-
tract were elucidated in Table 4.

The steroid compounds in the Periopthal-
modon schlosseri extract are named Cholestan-
3-0l, 2-methylene-, Cholest-5-en-3-ol (34) -,
tetradecanoate, Cholesta-3,5-diene, Cholesteryl

RT: 0.00-36.12

100 14 44

a0

80

50

40

Relalive Abundance

30

20

18.79

benzoate, 17.alfa., 21a-28, 30-Bisnorhopane,
Cholesterol,  26-Nor-5-cholesten-3a-o0l-25-one,
Cholestane-3,5-diol, 5-acetate, Campesterol, Er-
gost-5-en-3-ol, and Androst- 7-ene-6,17-dione,
2,3,14-trihydroxy-. According to Salempa and
Muharram (2016), steroids are natural compounds
which consist of a carbon skeleton and comprise
three circles of six perdidro phenanthrene fused
into one circle of five. Saturated-click hydrocar-
bons have a circumference system consisting of
17 carbon atoms.
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Figure 4. Chromatogram result of peak chemical compounds in Periopthalmodon schlosseri
(Source: LHP, 2018)
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Table 4. The amount of bioactive compounds in the Periopthalmodon schlosseri extract

No. Compound names Compound classes Total numbers
1. D-Limonene Terpenoids 1
2. Cholestan-4-ol, 2-methylene- Steroids 4
3. Cholest-5-en-3-ol (3a)-, tetradecanoate Steroids 1
4. Cholesta-3,5-diene Steroids 1
5. Cholesteryl benzoate Steroids 1
6. | Rhodopin Carotenoids 3
7. | Azafrin Carotenoids 1
8. 17.alfa.,214-28,30-Bisnorhopane Steroids 2
9. Cholesterol Steroids 2
10. | 26-Nor-5-cholesten-3a-ol-25-one Steroids 1
11. | Cholestane-3,5-diol, 5-acetate Steroids 1
12. | Campesterol Steroids 1
13. | Ergost-5-en-3--ol Steroids 1
14. | Astaxanthin Carotenoids 2
15. | Androst-7-ene-6,17-dione, 2,3,14-trihydroxy- Steroids 6

D-Limonene is the only the group of terpe-
noid compounds which was detected in the Peri-
opthalmodon schlosseri extract. This compound
was also detected in samples of Periopthalmus
chrysospilos extract and Boleopthalmus dussumi-
eri extract. According to Sun (2007), D-Limonene
is a monocyclic terpenoid with a lemon-like odor
and is a major constituent of several essential oils
of Citrus sp. (orange, lemon, mandarin, lime and
grapefruit). D-Limonene is widely used as an ad-
ditive (additive) in perfumes, soap, food, gum and
drinks. This compound is also listed in the Code of
Federal Regulation as a material that is known to
be safe or generally recognized as safe (GRAS) as
a flavoring agent.

The group of carotenoid compounds detected
includes rhodopin, azafrin and astaxanthin. The
rhodopin compounds were detected in all samples
with a sufficient number of total compounds in
each sample. The astaxanthin compounds were
also detected in the flesh extracts of Boleopthal-
mus boddarti and Boleopthalmus dussumieri, with
a total of 1 compound each in each sample. In
turn, the azafrin compounds were only detected in
Periopthalmodon schlosseri extract. According to
Gopalakrishnan and Kalaiarasi (2012), azafrin is a
compound of the carotenoid ester group with the
molecular formula C28H4004. The azafrin com-
pounds include the bioactive compounds that have
the potential as antioxidants, anti-inflammatory,
anticancer, anti-criticism, natural dyes, eye pain
medications, and as compounds that can reduce
hypertension.

Physical and chemical properties
of the environment at sampling locations

The main point of mudskippers sampling
based on the GPS is in the coordinates S 02°
21°57.5 “E 104° 54°00.1”. The environment mea-
surements of the physical and chemical properties
were carried out at the main point of sampling and
obtained as presented in Table 5.

The measurement of the physical and chemical
properties of the environment was carried out at 3
different times. The first measurements were made
in late March, precisely in the afternoon, and ob-
tained soil moisture data of 100%, soil pH of 6.5,
water pH of 6.82, and water salinity of 0.1%o. The
second measurement was carried out in an April
morning and 100% of soil moisture was obtained,
soil pH was 6.5, water pH was 7.32, and water sa-
linity was 0%o. The third measurement was carried
out in the afternoon of April and obtained 100%
soil moisture data, a soil pH of 6.5, a water pH of
6.7, and water salinity of 0%eo.

Table 5. Physical and chemical properties of the
environment at the sampling location

Measurement Time

Parameter March Aoril Morni April
arcl pril Morning | et oon
Soil moisture
(%) 100 100 100
Soil pH 6.5 6.5 6.5
Water pH 6.82 7.32 6.7
Waters 0.1 0 0

salinity (%)
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On the basi of the data of the physical and chem-
ical properties of the environment, it can be seen
that the soil moisture at the main sampling point
shows 100% at 3 times measurements with different
times. This shows that the sampling location has a
substrate in the form of mud which is always wet.
According to Kurnia et al. (2006), the soil moisture
is one of the key variables in the hydrological pro-
cess that plays an important role in determining the
availability of water as a very fundamental element
in the life of living things. The 100% soil moisture
indicates that the soil is saturated with water.

The water salinities at 3 measurements with
different times showed the numbers 0.1%o, 0%o
and 0%o. This shows that the waters around the
sampling location tend to be tasteless. According
to Masuda et al. (1984) and Redjeki (2013), the
gudder is an amphidromous demersal fish that
tolerates freshwater and sea, lives on muddy and
sandy bottom and spawns in estuarine areas.

CONCLUSIONS

The bioactive compound analysis of the Peri-
opthalmus chrysospilos extract showed that it con-
sists of steroids, terpenoids, carotenoids, canabi-
noids, and alkaloids. As many as 10 types of hor-
mones were found in the Periopthalmus chryso-
spilos extract, with a total of 24 compounds. The
Boleopthalmus boddarti extract comprised ste-
roids, carotenoids, terpenoids, bufadilenoid, and
carotatoksin. There were 24 types of compounds
detectedwith a total of 44 compounds in the Bo-
leopthalmus boddarti extract. The Boleopthalmus
dussumieri extract has bioactive compounds from
the groups of steroids, carotenoids, terpenoids,
and carotatoksin. The Boleopthalmus dussumieri
extract has as many as 11 types of compounds
with a total of 26 compounds. The Periopthal-
modon schlosseri extract contained the bioactive
compounds including steroids, carotenoids and
terpenoids. As many as 11 types of compounds
were detected with a total of 21 compounds. The
higher concentrations of bioactive compounds
were found in the mudskippers that are possibly
consumed for treating inflammatory diseases, en-
uresis in children and allergy.
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ABSTRACT

This research was conducted to assess various bioactive compounds in the meat of mudskippers found in the
Sungsang 2 Village, Banyuasin regency, South Sumatra. The research had been synthesized using n-hexane from
February to May 2018 at Agricultural Technology Production Laboratory, Sriwijaya University. Subsequently, the
mudskippers (Periopthalmus chrysospilos, Boleopthalmus boddarti, and Periophthalmodon schlosseri) extract was
synthesized and further investigate by conducting the GC-MS analysis. The study of bioactive compounds in mud-
skippers was carried out by evaporating in vacuum evaporation at 30°C. The results showed that Periopthalmus
chrysaspilos has five classes of bioactive compounds such as steroids, terpenoids, carotenoids, canabinoids, and
alkaloids and Boleopthalmus boddare has five classes of bivactive compounds including steroids, carotenoids,
terpenoids, bufadienolides, and carotatoxins. Furthermore, Boleopthalmus dussumieri has four classes of bioactive
compounds such as steroids, carotenoids, terpenoids, and carotatoxins and Periophthalmodon schlosseri has three
classes of bioactive compounds including steroids, carotenoids and terpenoids. This research discussed the potential
benefit of all bicactive compounds in mudskippers for alleviating and treating children with enuresis through the
review of literature on the most cited bioactive compounds.

Keywords: mudskippers. Musi river, bioactive compounds

INTRODUCTION

Mudskipper is a genus from the family of
Gobiidae and subfamily Oxudercinae that is habit-
ually known as ikan gelodok at Musi river, South
Sumatera (Shukla et al., 2014; Polgar et al., 2017;
Lauriano et al,, 2018; Ridho et al., 2019). Mud-
skippers are commonly found in brackish river
water and beaches with certain salinity concentra-
tion, as well as mangrove areas of the Indo-Pacific
region (Tytler and Vaughan, 1983). Mudskippers
are amphibious fish that are able to tolerate both
fresh and marine water on muddy and sandy bot-
tom habitat, spawning in estuarine areas (Huet al.,
2016; Hong et al., 2017). Mudskippers are also ca-
pable of spending extended periods out of water
(Martin et al., 2013; Konstantinidis et al., 2016;
Martinez et al., 2018), They appear during low

70

tide, foraging on tropical mudflats, seeking mate
and preserving territories for some portion of their
daily cyele (Dabruizzi et al, 2019). According to
the classification of amphibious gobies, 40 spe-
cies of mudskippers have been currently identified
in the world. which are divided into four genera
of Oxudercinae, namely Boleophthalmus, Peri-
ophthalmus, Periophthalmodon and Scartelaos
(Clayton 1993; Graham 1997; Graham and Weg-
ner 2010; Ishimatsu and Gonzales 2011; Takeda et
al., 2012; Murdy 2011a, You et al., 2018).
Juveniles of this Gobiidae are herbivores
that eat more diatoms and filamentous algae,
while the major food of adult Gobiidae are crus-
taceans (95.5%). polichaetas (86.4%) and land
inscets (85%) (Bob-Manuel, 2011). The burrows
of these habitats are categorically suitable for
the mudskippers for feeding grounds, spawning
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arcas and nursery grounds (Masuda et al., 1984;
Bob-Manuel, 2011: Satapoomin and Poovachi-
ranon, 1997; Redjeki, 2013). Mudskippers are
commonly consumed and employed in tradition-
al medicine in many countries such as China,
Malaysia and Japan (Feulner 2013; Gadhavi et
al.,2017; Ikram etal., 2010; looi etal., 2016 and
Yang, X. X, 2017). The medicinal mudskippers
were often prepared from the natural products
which contain different bioactive compounds
(Mahadevan et al., 2019; Wu et al.,, 2009). On
the other hand, many fishermen and general pub-
lic around the Musi river ignore the existence
and benefits of mudskippers.

Corticosteroids, one of bioactive compounds
in mudskippers, are steroid hormone class for
overcoming inflammations (Panda and Mabali-
rajan, 2018; Heughten et al., 2018). These hor-
mones are a contributing factor to alleviating
enuresis (bedwetting) in child. Enuresis is most
common among children or young persons and
is denoted by repeated voiding of urine into the
bed or clothing (Apos etal., 2017 and Shafi et al.,
2019). The study area corresponded to bioactive
compounds like corticosteroid compounds in
mudskippers that can reduce the enuresis prob-
lem in children (Jain et al., 2016). The authors
intended to evaluate the bioactive compounds in
the four species mudskippers including Perioph-
thalmus chrysospilos, Boleopthalmus boddarti,
Boleapthalmus dussumieri and Periophthalmo-
don schlosseri.

MATERIALS AND METHODS

Fishes and experimental design

Mudskippers were obtained from an estua-
rine area around the Sungsang 2 village, Banyu-
asin regency, South Sumatera. Mudskippers,
apparently healthy, were randomly caught using
fishing equipment and transported to the Agri-
cultural Technology Production Laboratory, Sri-
wijaya University for cleaning and removing the
bones from the fish. After the filleting process,
the mudskippers were divided into four groups
with Periophthalmus chrysosphilos (8 grams),
Boleopthalmus baddarti (100 grams). Boleop-
thalmus dussumieri (13.8 grams) and Perioph-
thalmodon schlosseri (100 grams) which were
homogenized.

The crushed fish flesh dissolved in n-hexane
solvent with a sample ratio of 1: 4 and macerat-
ed for 24 hours. The next step involved filtering
with calico cloth and filter paper and evaporating
with vacuum evaporator at 30°C with a speed of
200 rpm. Each extract sample was reconstituted
using n-hexane solvent, then each 1 pL. was taken
to be injected and analyzed in GC-MS alternately.

Analysis technique

The data in this research were expressed in
the form of chromatograms that contain graphs
and were equipped with a list of detected chemi-
cal compounds, along with the structure of com-
pounds, retention times, areas, and probability of
the compound types. The data analysis was per-
formed by identifying the chemical compounds
detected to find out the natural name (nature of
compound name), synonym, and the class of com-
pounds of these chemical compounds. Identifica-
tion was done by comparing the compound name
detected with a data base on the literature in the
form of books and journals. The studies reported
as full-text articles, those published as abstracts
only and unpublished data were included as well.

Gas chromatography and mass spectroscopy
(GC-MS) analysis

The qualitative analyses of the mudskipper
extract were expressed with a GCMS-QP 2010
Plus (Shimadzu, Japan) system equipped under
computer control at 70 eV (Mohammed and lmad,
2013). The methanol extract in the amount of 1 ul
was entered into the GC-MS with a micro injector
and followed by scanning for 45 min. The tem-
perature was maintained in the oven at 100°C and
Helium gas was utilized as a carrier as well as an
eluent. The helium flow was arranged to | ml per
min and electron energy was fired by a mass detec-
tor about 70 eV. The compound ofelite | was used
as separation column (100% dimethyl poly silox-
ane) (Hameed et al., 2016; Kareem et al., 2015).
The identity of the compounds in the extracts was
assigned by the comparison of their retention in-
dices and mass spectra fragmentation patterns
with those stored on the computer library and also
with the data published in the literature. The com-
pounds were identified by comparing their spectra
to those of the Wiley and NIST/EPA/NIH mass
spectral libraries.
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RESULTS AND DISCUSSIONS

GC-MS results of the periopthalmus
chrysospilos extract

The gas chromatography and mass spectros-
copy analysis of bioactive compounds were car-
ried out in the Periopthalmus chrysospilos extract
that was presented in Figure 1. It can be seen that
the wvertical lines in the chromatogram pattern
point out the short periods of time when the ion
beam is deflected-off the plate (and thus off the
beam monitor) which is necessary when changing
the position of the photographic plate, a process
that takes about 2-3 seconds with the present ar-
rangement. This pen deflection creates a useful
signal of the exact quantities of the chromatogram
being noted with the mass spectrometer and facili-
tates the reconnection of the spectra on the plate
with the chromatogram.

The GC-MS chromatogram showed that the
presence of five major peaks of binactive com-
pounds was detected and the components corre-
sponding to the peaks were determined as follows.
The highest peak in chromatogram pattern could
be seen that the extract of Periopthalmus chryso-
spilos has retention time 14.44 minutes. On the
basis of the GC-MS signal, the sample has many
bioactive compounds which were indicated by the
signals detected. It shows that the GC-MS analysis
successtully proves that the Periopthalmus chrys-
ospilos extract is suitable for treating the people
with inflammatory diseases, especially enurosis.

Bioactive compoundsin the Periopthalmus
chrysospilos extract

The results of Periopthalmus chrysospilos
extract revealed the amounts of binactive com-
pounds such as terpenoids, alkaloids, steroids,

RT: 000 -3610

A 14,44

Felive Aburderce

18,51

carotenoids and canabinoids. As many as 4 types
of terpenoid compounds were detected. , with a to-
tal of 4 compounds. One type of carotenoid com-
pounds was detected with a total of 4 compounds.
Additionally, one type of canabinoid compounds
was detected with a total of 2 compounds; and |
alkaloid compound was detected with a total of 1
compound. The cannabinoid bioactive compounds
were also detected in this sample with a total of
I compound. Cannabinoid compounds include
secondary metabolites which are usually found
in cannabis plants. According to Maggyvin and
Sinuraya (2017), cannabinoids are classified by
source and origin. Phytocannabinoids are deriva-
tive compounds from cannabis and other plants,
including delta-9-tetrahydrocannabinol (THC),
cannabidiol (CBD), and cannabinol (CBN). The
details of Boleopthalmus boddarti extract were
elucidated in the Table 1.

The highest amount of bioactive com-
pounds in Periopthalmus chrysospilos extract
corresponded to the steroid compounds; as
many as 10 types of compounds were detected
with a total of 24 compounds. The total num-
ber of compounds detected are named Androst-
7-ene-6,17-dione, 2,3,14-trihydroxy-, where the
total amount of compounds is 10 compounds.
According to Moss (1989), androstane is an ana-
bolic steroid group that belongs to the basic car-
bon cycle, which is unsaturated and is an alkyl
substitute in the | 7th carbon chain.

GC-MS Results of the Boleopthalmus boddarti
extract

The result of GC-MS analysis of Boleop-
thalmus boddarti extract was described as the
chromatogram form for all chemical compounds
that were read by the detector (Fig. 2). The ver-
tical lines were found in this chromatogram
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Figure 1. Chromatogram result of peak chemical compounds in Periopthalmus chrysospilos
(Source: LHP, 2018)
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Figure 2. Chromatogram result of peak chemical compounds in Boleopthalmus boddarti
(Source; LHP, 2018)

Table 1. The amount of bioactive compounds in the Periopthalmus chrysospilos extract

Mo. Compound names Compound classes nu‘:::ael-rs
1. | D-Limonene Terponoids 1
2. | Limonene Termponoids 1
3. | Aspidospermidin-17-ol, 1-acetyl-19,21-epoxy-15, 16-dimethoxy- i Aspg(f:"fﬁ;ﬁ i 1
4 Choltesan-3-ol, 2-methylene- Steroids i
5. | Azulene, 1,4-dimethyl-7-(1-methylathyl)- Terpenoids 1
6. | 17.alfa., 274-28, 30-Bisnorhopane Steroids 1
7 4-Androsten-64-0f-3, 17 -dione Steroids 3
8. | 3,9-Epoxypregn-16-ene-14,20-diol, 7,11, 18-triacetoxy-3-methoxy- Steroids 1
9 Cholestan-26-oic acid, 3,7,12-trihydroxy- Steroids 1
10. | Rhodopin Carotenoids 1
11. | Cannabinol, trfluoroacetate Cannabincids 4
12. | Cholestan-3,5-diol, 5-acetate Steroids 2
13, g;;eemycm B, 8-tlemethoxy-5-one-6, 28-anhydro-25-ethyl-4-methyl-13-chloro- Steroids 4
14. | 8,19-Cyclolanostan-3-ol, 24, 24-epoxymethanoc-acetate Terpenoids 1
15, g} ;];ﬁ;ﬁoe, 19-epoxyandrostane-8,14-dione, 17 -acetoxy-3 a-methoxy-4,4- Staroids 1
16. | Androst-7-ene-6,17-dione, 2,3,14-tnhydroxy- Steroids 10
17, | 2-Phenanthrenecarboxylic acid, 1~(1,3-dithian-2-yimethyl)-7-hydroxy-2,4b- —_— 4
dimethyl-1,2,3.4,4a,4b,5,6,7,8,10, 10a-dodecahydro-methyl ester

pattem. Those indicate more than one bioactive
compound in the Boleopthalmus boddarti ex-
tract. The presence of five major peaks of bio-
active compounds was detected and the most
compound are from steroids. The highest peak
in chromatogram pattern could be seen that the
Boleopthalmus boddarti extract has retention
time of 14.44. On the basis of the GC-MS sig-
nal, the sample has many bioactive compounds,
which was shown by some signals detected. It
shows that the Boleopthalmus boddarti extract
can be successfully used for treating people with
inflammatory diseases, especlally enuresis, as
proven by the GC-MS analysis.

Bioactive compounds inthe
Boleopthalmus boddarti extract

The results of Boleopthalnus boddarti extract
revealed the amounts of bioactive compounds
such as steroids, carotenoids, terpenoids, bufadi-
enolide, carotatoxin, cholesterol, and corticoste-
roid shown in Table 2. The compounds of steroid
groups were detected as many as 24 types of com-
pounds with a total of 44 compounds. Specific
steroid compounds, namely corticosteroids, were
detected with 2 types of compounds and a total of
3 compounds. The details of Boleopthalmus bod-
darti extract were elucidated in Table 2.
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Corticosteroids are drugs containing steroid
hormones that are useful in increasing the needed
steroid hormones in the body , relieving inflamma-
tion and helping in alleviate asthma, allergy and
multiple sclerosis (Cidlowski, 2013; Panda and
Mabalirajan, 2018; Rozaliyani, 2011). According
to the analysis of Prasad et a/l. (2018), corticoste-
roids also reduce the mortality risk from tubercu-
losis effect at least in the short term. A quite unique
compound, called Gamabufotalin, was detected in
the Boleopthalmus boddarti exiract; it is a bioac-
tive compound of the bufadienolide type. Accord-
ing to Dmitrieva et al. (2000), Bufadienolides are
biosynthetic steroids that are independent of the
side chain of cholesterol division. Bufadienolides
(BDs) also include the corticic steroid groups,

which are usually obtained from amphibian poi-
son extracts, these compounds are often used as
traditional medicine in Asia.

GC-MS Results of Boleopthalmus dussumieri
extract

The result of the GC-MS analysis of Boleop-
thalmus dussumieri extract was described as the
chromatogram form for all chemical compounds
that were read by the detector (Fig. 3). The verti-
cal lines were found in this chromatogram pattern.
Those indicate more than one bioactive compound
in the Boleopthalmus dussumieri extract. The pres-
ence of four major peaks of bioactive compounds
was detected by GC-MS like steroids, terpenoids,

Table 2. The amount of bioactive compounds in the Boleopthalmus boddarti extract

Total
No. Compound names Compound classes Hiiheie
1. | Curan-17-oic acid, 19,20-dihydroxy-, methyl ester Steroids 2
2. Cholestan-3-al, 2-methylene- Steroids 12
3. | Citronellol epoxide Terpenoids 1
b | Fasiol Gncacant atbotes] 1
5. | Cholestan-3-one, cyclic 1,2-ethanediyl aetal Steroids 1
6. ..jpsi., . psi.-Carotene, 1,172 2-tetraliydro-1, 1-dimethoxy Carotenoids &
7. | Androsten-4-en-11-0l-3, 17-dione, 9thiocyanato- Steroids 2
8. .ndrosren~5-en~1 7-one-3,11-bis[{trimethylsityl)oxy]-, O-(phenylmethylloxime Steroids i
9. Prosta-5, 13-dien-1-oic acid, 9,11, 15-tris[{timethylsilyl)oxy]-, trimethy!silyl ester Steroids 6
10. | Rhodoxanthin Carotenoids 2
11. | Rhodopin Carotenoids 2
1o | 9a-Ergost-24-2n-26-oic acid, 5,64-epoxy-4a, 18, 22-rihydroxy-3-methoxy-1-0x Steroids 5
o0-, 8-laclone, diacetate,
13. | Ethyl isc-allocholate Steroids 1
14. | Gamabufotalin B”;;E‘;;:gg?ﬂ‘f:;;?‘d 1
15. | Betamethasone acelate Corticosteroid 2
16. | Cholestan-26-oic acid, 3,7,12-trihydroxy- Steroids 2
17. | ..psi.,.psi.-Carotene, 3,4-didehydro-1, 2,7’ 8 -telrahydro-1- methoxy-2-ox o Carotenoids 1
18. .Jsfps.l -Carolene, 3,3 4,4 -tetrahydro-1", 2"-dihydro-1-hydroxy-1'methoxy Carotenolds 1
19. | Prosta-5, 13-dien-1-oic acid, 8,11, 15tris{{timethyisilyl)oxyl-, trimethylsilyl ester Steroids 2
50, ; f;qocnieom " 1°dicarboethoxy-14, 2a-dihydrocy cloprop[1,2]-5a-androst-1- o 5
21. | Cholesterol Cholesterol 1
22. | 26-Nor-5-cholesten-34-ol-25-one Steroids 1
o3 | 171 5-Dimethylhexyl)-10,13-dimethyl-2,3,4,7,8,9,10,11,12,13,14,15,16,17- Steroids i
tetradecahydo-1Hcyclopentafalphenanthren-3-of

24. | Androst-4-en-9-thiocyanomethyl-11-0l-3,17-dione Steroids 1
25. | Androst-5-en-3-one, 19-acetoxy-4,4-dimethyl- oxime Steroids 1
2 | Sl Ot aoee Zphorpo A o] | Goarad | 1
27. | Androst-8-en-3-ol, 4,4, 14atrimethyl-17-{2-bromo-1-methylethyl) Steroids 1
28, 1 ; *-Dicarboethoxy-1a, 28-dihydro-3H-cyclopropf 1,2]cholesta-1,4,6-tien-3- Steroids 5
29, Z;?::a‘& 13-dien- 1-oic acid, 9,11,15, 19-tetrakis((trimethylsilyl)Joxy]-, methyl Steroids 1
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Figure 3. Chromatogram result of peak chemical compounds in Boleopthalmus dussumieri
(Source; LHP, 201R)

carotenoids and carotatoxins. The highest peak
in the chromatogram pattern could be seen that
Boleopthalmus dussumieri extract has retention
time of 22.61. On the basis of the GC-MS signal,
the sample has significant bioactive compounds,
which was shown in Table 3.

Bioactive compounds in the Boleopthalmus
dussumieri extract

The bivactive compounds detected from the
Boleopthalmus dussumieri extract include ste-
roids, terpenoids, carotenoids and carotatoxins.
The compounds of steroid classes include as many
as 11 types of compounds, with a total of 26 com-
pounds. The group of carotenoid compounds was
detected in as many as 6 types of compounds, with
a total of 13 compounds. The group of terpenoid
compounds was detected by 2 types of compounds,
with a total of 2 compounds. The carotatoxin com-
pounds were zalso detected in the Boleopthalmus
dussumieri extract, with a total of 1 compound.
The details of Boleopthalmus dussumieri extract
were elucidated in Table 3.

The name of steroid compounds with the high-
est total number of compounds is Spirost-8-en-
11-one, 3-hydroxy. According to Rajendran et al.
(2017), Spirost-8-en-11-one, 3-hydroxy included
the steroid compounds which have an anti-cancer
bioactivity. Spirost-B-en-11-one, 3-hydroxy has
the chemical formula C27H4004. The group of
carotenoid compounds detected with the highest
amount is Rhodopin, where the total amount of
these compounds is 5 compounds. According to
Komori et al. (1998), Rhodopin is a carotenoid
compound which is usually produced by Rhodo-
siprillum rubrum bacteria with the chemical for-

mula C40H580.

Bioactive carotatoxin alkaloids were also de-
tected in the Boleopthalmus dussumieri extract.
The name of the carotatoxin group is falcarinol
and the total of compound is only 1 compound.
According to Zaini etal. (2012), falcarinol (FaOH)
is one of the compounds found in carrots; this
compound has shown bioactive action in several
types of cell cultures. Falcarinol has been shown
to be cytotoxic to the culture of acute lymphoblas-
tic leukemia cells.

GC-MS Results of the Periopthalmodon
schlosseri extract

The result of GC-MS analysis of Periopthal-
modon schlosseri exiract was described as the
chromatogram form for all chemical compounds
that was read by the detector (Fig. 4). The verti-
cal lines were found in this chromatogram pattern.
Those indicate more than one bioactive compound
in Boleopthalmus boddarti extract. The presence
of five major peaks of bioactive compounds was
detected and the most compound are from ste-
roids. The highest peak in the chromatogram pat-
tern indicated that the Boleopthalmus boddarti
extract has retention time of 14.44. On the basis of
the GC-MS signal, the sample has many bioactive
compounds which was shown by some signals de-
tected. It shows that the GC-MS analysis proves
that the Boleopthalmus boddarti extract can be
successtully used for treating people with inflam-
matory diseases especially enurosis.

Bioactive compounds in the Periopthalmodon
Schlosseri extract

The bioactive compounds detected from
Periopthalmodon schlosseri extract including
steroids, carotenoids and terpenoids. As many as
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Table 3. The amount of bioactive compounds in the Boleopthalmus boddarti extract

No. Compound names Compound classes nu-::na;rs
1. Limoneng Terpenoids 1

2. | Ddimonene Terpenoids 1

3. | Corynan-17-ol, 18,19-didehydro-10-methoxy- acetate (ester) Steroids 2

4. Rhodopin Carotenoids 5

5. | C-Sitosterol Steroids 1

6. | Spirost-8-en-171-one, 3-hydoxy Steroids 13

7. | Cholest-5-en-3-ol, 24-propylidene- Steroids 2

8. Stigmasta-5. 24(28)-dien-3-ol Steroids 1

9. | ..psi.,.ps.-Carotene, 1,12 2 tetrahydro-1, 1" -dimethoxy Carotenoids 4
10. gi-ig;.gjzn-e:‘jg—;;fagid. 5 6a-epoxy-4a, 18 224rihydroxy-3-methoxy-1- Steroids 1

1. | ..psi.,.psi-Carotene, 3,4-didehydro-1, 2,78 -telrahydro-1-methoxy-2-0x o Carotenoids 1

12. Chloro-6beta-nitro-5alpha-cholestan-3-one Steroids 1

5 s;!o::a-& 13-dien-1-oic acid, 9,71, 151risf(timethylsifffoxy]-, trimethylsily Sieicids 1

14. | Cholest-4-ene, 3a-(methoxyrmethoxy)- Steroids 1

15. | Rhodoxanthin Carotenoids 1

16. | 4-Apo-a,.psi—carolenoic acid Carotenoids 1

17. | Astaxanthin Carotenoids 1

18. | Androst-T-ene-6, 17-dions, 2,3 14-tihydroxy Steroids 2
19. | Prosta-5-en-1-oic acid, 9.11,15-tris{{trimethyisilyl)oxy]-, methylsilyl ester Steroids 1

20. | Falcarinol Caratatoxin 1

11 bioactive steroid compounds were detected, benzoate, 17.alfa., 21a-28, 30-Bisnorhopane,
with a total of 21 compounds; 3 types of the ca-  Cholesterol,  26-Nor-5-cholesten-3a-ol-25-one,

rotenoid group compounds, with a total of 6 com-
pounds: while only | type of terpenoid group com-
pounds were detected with a total of I compound.
The details of the Periopthalmodon schlosseri ex-
tract were elucidated in Table 4.

The steroid compounds in the Periopthal-
modon schlosseri extract are named Cholestan-
3-ol, 2-methylene-, Cholest-5-en-3-0l (3a) -,
tetradecanoate, Cholesta-3,5-diene, Cholesteryl

Cholestane-3,5-diol, 5-acetate, Campesterol, Er-
gost-5-en-3-0l, and Androst- 7-ene-6.17-dione,
2.3,14-trihydroxy-. According to Salempa and
Mubharram (2016), steroids are natural compounds
which consist of a carbon skeleton and comprise
three circles of six perdidro phenanthrene fused
into one circle of five. Saturated-click hydrocar-
bons have a circumference system consisting of
17 carbon atoms.
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Figure 4. Chromatogram result of peak chemical compounds in Periopthalmodon schlosseri
(Source; LHP, 2018)
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Table 4. The amount of bioactive compounds in the Periopthalmodon schlosseri extract

MNo. Compound names Compound classes Total numbers
1. | D-Limonene Terpencids 1
2. | Cholestan-4-al, 2-methylane- Steroids 4
3. Cholest-5-en-3-ol (34)-, tetradecancate Steroids 1
4. | Cholesta-3,5-diene Steroids 1
5. | Cholesteryl benzoale Steroids 1
&. Rhodopin Carotenoids 3
7. | Azafrin Carotenoids 1
8. 17.alfa., 214-28,30-Bisnorhopane Steroids 2
9. Cholesterol Steroids 2
10. | 26-Nor-5-cholesten-3&-ol-25-one Steroids 1
11. | Cholestane-3,5-diol, 5-acetate Steroids 1
12. | Campesierol Sterolds 1
13. | Ergost-5en-3--of Steroids 1
14. | Astaxanthin Carotenoids 2
15. | Androst-7-ene-6, 17-dione, 2,3 14-trhydroxy- Sterolds 6

D-Limonene is the only the group of terpe-
noid compounds which was detected in the Peri-
opthalmodon schlosseri extract. This compound
was also detected in samples of Periopthalmus
chrvsospilos extract and Boleopthalmus dussumi-
erl extract. According to Sun (2007), D-Limonene
is a monocyclic terpenoid with a lemon-like odor
and is a major constituent of scveral essential oils
of Citrus sp. (orange, lemon, mandarin, lime and
grapefruit). D-Limonene is widely used as an ad-
ditive (additive) in perfumes, soap, food, gum and
drinks. This compound is also listed in the Code of
Federal Regulation as a material that is known to
be safe or generally recognized as safe (GRAS) as
a flavoring agent.

The group of carotenoid compounds detected
includes rthodopin, azafrin and astaxanthin. The
rhodopin compounds were detected in all samples
with a sufficient number of total compounds in
each sample. The astaxanthin compounds were
also detected in the flesh extracts of Boleopthal-
mus boddarti and Boleapthalmus dussumieri, with
a total of 1 compound each in each sample. In
turn, the azafrin compounds were only detected in
Periopthalmodon schlosseri extract. According to
Gopalakrishnan and Kalaiarasi (2012), azafrinis a
compound of the carotenoid ester group with the
molecular formula C28H4004. The azafrin com-
pounds include the bioactive compounds that have
the potential as antioxidants, anti-inflammatory,
anticancer, anti-criticism, natural dyes, eye pain
medications, and as compounds that can reduce
hypertension.

Physical and chemical properties
of the environment at sampling locations

The main point of mudskippers sampling
based on the GPS is in the coordinates S 02°
21°57.5 “E 104° 54°00.1". The environment mea-
surements of the physical and chemical propertics
were carried out at the main point of sampling and
obtained as presented in Table 5.

The measurement of the physical and chemical
properties of the environment was carried out at 3
different times. The first measurements were made
in late March, precisely in the atternoon, and ob-
tained soil moisture data of 100%, soil pH of 6.5,
water pH of 6.82, and water salinity of 0.1%». The
second measurement was carried out in an April
morning and 100% of soil moisture was obtained,
soil pH was 6.5, water pH was 7.32, and water sa-
linity was 0%o. The third measurement was carried
out in the afterncon of April and obtained 100%
soil moisture data, a soil pH of 6.5, a water pH of

6.7, and water salinity of 0%o.

Table 5. Physical and chemical properties of the
environment at the sampling location

Measurement Time
Parameter ) . April
March April Morning AfamasH
Soil moisture
(%) 100 100 100
Soil pH 6.5 6.5 6.5
Water pH 6.82 7.32 6.7
Waters
salinity (%) 01 i o
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On the basi of the data of the physical and chem-
ical properties of the environment, it can be seen
that the soil moisture at the main sampling point
shows 100% at 3 times measurements with different
times. This shows that the sampling location has a
substrate in the form of mud which is always wet.
According to Kurnia et al. (2006}, the soil moisture
is one of the key variables in the hydrological pro-
cess that plays an important role in determining the
availability of water as a very fundamental element
in the life of living things. The 100% soil moisture
indicates that the soil is saturated with water.

The water salinities at 3 measurements with
different times showed the numbers 0.1%o, 0%
and 0%o. This shows that the waters around the
sampling location tend to be tasteless. According
to Masuda et al. (1984) and Redjeki (2013), the
gudder is an amphidromous demersal fish that
tolerates freshwater and sea, lives on muddy and
sandy bottom and spawns in estuarine areas.

CONCLUSIONS

The bioactive compound analysis of the Peri-
opthalmus chrysospilos extract showed that it con-
sists of steroids, terpenoids, carotenoids, canabi-
noids, and alkaloids. As many as 10 types of hor-
mones were found in the Periapthalmus chrvso-
spilos extract, with a total of 24 compounds. The
Boleopthalmus boddarti extract comprised ste-
roids, carotenoids, terpenoids, bufadilenoid, and
carotatoksin. There were 24 types of compounds
detectedwith a total of 44 compounds in the Bo-
leopthalmus boddarti extract. The Boleopthalmus
dussumieri extract has bioactive compounds from
the groups of steroids, carotenoids, terpenoids,
and carotatoksin. The Boleopthalnus dussumieri
extract has as many as 11 types of compounds
with a total of 26 compounds. The Periopthal-
modon schlosseri extract contained the bioactive
compounds including steroids, carotenoids and
terpenoids. As many as 11 types of compounds
were detected with a total of 21 compounds. The
higher concentrations of bioactive compounds
were found in the mudskippers that are possibly
consumed for treating inflammatory diseases, en-
uresis in children and allergy.
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