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ABSTRACT

Mangosteen (Garcinia mangostana L.) is a fruit originating from the
tropics which belongs to the Clusiaceae family and has become a commodity
with many enthusiasts from various countries. Previous research has shown
that mangosteen peel extract has tremendous potential to be developed as
an ingredient in herbal medicine. Mangosteen fruit contains anti-
inflammatory, antibacterial, antifungal, antihistamine, antidiabetic,
Email: anticancer, and so on. The results of the phytochemical screening test of 95%
bambang.retnoaji@ugm.ac.i €thanol extract on mangosteen rind showed that it contained flavonoid
d compounds, saponins, alkaloids, triterpenoids, tannins and polyphenols.
There is no data on the effect of exposure to mangosteen pericarp simplicia,
therefore the objective of the study was to examine the effect of exposure to
mangosteen peel decoction on animal models of Wader Pari Fish (Rasbora
lateristriata), with parameters such as morphology and bone structure in R.
lateristriata larvae. The whole mount embryonic preparation method with
Alcian Blue-Alizarin Red staining was used to study bone structure and
visual observation with video recorded movie was implemented to study the
behaviour of R. lateristriata. Data were analysis with SPSS ver. 25, followed
with one-way analysis of variance (ANOVA) for significancy. The results
showed that the embryo and larvae showed morphological abnormalities in
higher concentration treatment. The cranial cartilage examination also
revealed no abnormalities at the larvae, the length and the angle of the
cranial cartilage did not affected by mangosteen pericarp simplicia
treatment. It could be concluded that mangosteen pericarp simplicia
exposure caused abnormality on the wader pari fish embryo in dosage
dependent manner.
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INTRODUCTION

Mangosteen is a fruit originating from the

active  compounds including mangostenol,
mangostin, mangostino A, mangostino B, tvophylin

tropics with white flesh and thick purplish-
coloured outer skin (Suwignyo, 2014). Its tree
belongs to the Clusiaceae family (ITIS, 2022).
Mangosteen has become a commodity with many
enthusiasts from various countries (Uji, 2007)
because the fruit is sweet and delicious.
Previous research has shown that mangosteen peel
extract has tremendous potential to be developed
as an ingredient in herbal medicine. Mangosteen
fruit exhibits pharmaceutical activities such
as anti-inflammatory, antibacterial, antifungal,
antihistamine, antidiabetic, anticancer, and so on
(Nugroho, 2009; Pasaribu et al.,, 2012; Brito et al,
2017). The content can be in the form of xanthone
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B, trapezifolixanthone, alpha mangostin, beta
mangostin, garcinon B, mangostano, flavonoids
epicatechin and gartanin (Rohman et al,, 2019).
The results of the phytochemical screening
test of 95% ethanol extract of mangosteen
(Garcinia mangostana L.) rind showed that it
contained flavonoid compounds, saponins,
alkaloids, triterpenoids, tannins and polyphenols.
Moreover, mangostin compounds have anti-
inflammatory activity inhibiting the secretion of
nitric oxide, TNF-, and IL-8, which are known to
cause bone resorption and inhibit bone formation
(Gutierrez-Orozco et al, 2013). Aside from
demonstrating anti-inflammatory activities, those
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mangostin compounds also exhibit the effect of
stomach poison, which could interfere with the
digestive system function (Purnomo, 2015).

Mangostin has recently been considered as
one of ingredients of herbal medicines to treat
inflammation and also act as an antioxidant.
However, it application is usually without proper
efficacy and safety test following both WHO and the
Regulation of the Minister of Health of the Republic
of Indonesia. Thus, the use of mangosteen rind
requires a toxicity test (Mustapa et al., 2018).The
acute toxicity test of a-mangostin on rats with a
concentration of 2000 mg/kg body weight in a 48-
hour treatment did not show any toxic effects or
death (Nelli et al, 2013). A study on Wistar rats
with concentrations of more than 1250 mg/kg also
did not show any toxic effects, death, or changes in
behaviour within 48 hours (Kumar et al, 2016).
However, intraperitoneal injection in mice with a
concentration of 150 mg/kg for 72 hours led to
death (Choi et al., 2014). Research conducted by
Suwignyo A (2014) on zebrafish embryos showed
that mangosteen rind resulted in pericardial and
brain abnormalities, which lead to the fish's
lethality. Those aforementioned findings showed
species-specific responses to the treatment with
different animal models. Thus, further research on
the toxic effects and its physiological manifestation
of mangosteen peel extract using fish as different
species is needed. Rasbora lateristriata is a local
fish of the Cyprinidae family (ITIS, 2022) that has
the ability to adapt and resist changes in extreme
environmental conditions (Retnoaji et al, 2014).
This fish has a habitat in freshwater and is often
used as a bioindicator of environmental conditions
(Zakeyudin et al., 2012). Its wide distribution and
ability to produce many eggs make this fish very
promising to be used as animal models in research.
Each broodstock of R. lateristriata is known to
produce 1000 eggs (Raharjeng and Retnoaji, 2020).
This study aimed to determine the toxic effect and
physiological effect (on fish behaviour) of
mangosteen peel extract at various concentrations
in R. Lateristriata animal model.

MATERIALS AND METHODS

The materials of study were R. lateristriata
fish, mangosteen (G. mangostana) pericarp
simplicia, egg water media (1,000 mL water, 1.5 mL
salt water, and 1-2 drops methylene blue), alcohol
(Genera Labora), distilled water (Genera Labora),
H202 3% (Merck), KOH 2% (Merck), glycerine
100% (Merck), and Alizarin red and Alcian blue
(ARAB) stain solution.
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Fish Reproduction and egg collection

Female and male fish with mature gonads
were selected and maintained at the laboratory,
with adequate food and controlled environmental
conditions of 28-29°C of temperature, pH of
7.0-7.5, and 14L:10D photoperiodic cycle
mimicking daily light cycle (Matthews et al., 2000;
Harper and Lawrance, 2016). Wader pari embryos
were obtained from domesticated wild fish, with
female to male of 1:2. Eggs were carefully collected
using a pipette (Liu, 2014), and cleaned with water
3 times and placed in a petri dish.

Egg Treatment

Mangosteen peels at the decided
concentration were dissolved and heated at
90°C for 30 minutes in distilled water and boiled.
The fish eggs were selected for normal
development under a microscope. The healthy
egg was transferred to well plates containing
treatment media at concentrations of 0, 0.5, 1, 5, 5,
and 25 mg/mL, with three replications. Each
concentration consisted of 30 embryos and each
replication consisted of 10 embryos. The exposure
was given from the pre-gastrulation embryo stage
(3.5 - 4 hpf) to 72 hpf.

Observation of Morphologies Malformation

According to Hoyberghs et al. (2020), there
are several characteristics of malformation that can
occur during embryonic and larval development.
Those characteristics may include abnormal
head, ear, mouth or eye shape, absent or twisted
fin, yolk, head or pericardial edema, or yolk
extension, blood accumulation on tail, head, heart,
yolk, or yolk extension, coagulation,
indistinguishable or unrecognizable body parts, no
hatching, yolk malformation, deviating
pigmentation, swim bladder not inflated, non-
detachment of tail, twisted or curved tail, tissue
deviation on the tail, heart malformation, no blood
circulation in the tail, disturbed blood circulation in
the tail, and the absence of heartbeat.
Morphological changes were assessed on Rasbora
lateristriata age of 4 and 6 dpf.

Observation of Cranial Cartilage Structure

The cranial -cartilage’s structure were
observed in 6 dpf larvae to determine the
defect of the cranium. Bones and cartilages of the
cranium were stained with Alizarin red-Alcian
blue (Et-OH 100%, Alcian Blue, Alizarin Red,
Acetic Acid, Water), following Retnoaji et al,
(2014) with modification of KOH concentration.

183



Garcinia Mangostana L. Simplicia Effect on Bone Structure and Behaviour of Wader Fish

The fish embryos were fixed with 96%
alcohol for 3 days and then stained with Alizarin
red-Alcian blue for 3 days. Larvae were bleached
with 1 mL of bleach solution (H202 3% and KOH
2%) for 10 minutes, which was replaced with 1 mL
of 0.05% KOH for 5 minutes, and transferred to
85% of glycerin solution. Image data were taken
with a Leica ICC50 microscope and analyzed with
Image] program. The measurement parameters
were pq (palatoquadrate) length, m (Meckel’s
cartilage) length, ch (ceratohyal) angle, pg-m
(palatoquadrate-Meckel’s cartilage) angle, and pq-
ch (palatoquadrate-ceratohyal) angle.

Fish Behavior examination

Fish behaviour was observed based on
swimming behaviour and patterns activities. The
fish activities were recorded with an underwater
camera, and videos were analyzed for fish
behaviours, mainly based on the parameters of
swimming direction and acceleration and speed of
the movements of the fish.

Data analysis

Quantitative data, such as percent of eggs
hatchability, survival rates, and fish body
ratios, were obtained from this study. Data
obtained were analyzed with ANOVA statistical test
(P < 0.05) to determine the significance between
treatments.

RESULTS AND DISCUSSION
Effects of Mangosteen G. mangostana pericarp
simplicia on Larvae Morphology

This study provides an overview of the effect
of exposure to mangosteen pericarp simplicia on
the development of R. lateristriata. In this study,
treatment groups with mangosteen pericarp
simplicia concentrations of 0.5, 1, 5, 25 and a
control group were used. Several parameters
observed in this study were larval morphology,
cranial cartilage, and behaviour.

Effects of Mangosteen (G. mangostana)
Pericarp Simplicia on Larval Morphology
Observation of larval morphology was
conducted based on the parameters used to
determine the presence of malformations.
Morphological changes are important parameters
to be observed in the toxicity test. Morphological
changes are caused by intense metabolisms
defects, which are manifested in the form of tissue
or organ abnormality. In this study, the parameters
observed, included the presence of edema on the
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head, pericardium and yolk, blood coagulation, and
head-tail malformations (Figure 1 and Table I).

The results showed that embryos treated
with  mangosteen  pericarp simplicia at
concentrations of 0, 0.5, and 1 pg/mL exhibit
normal development of body, yolk sac, swim
bladder, pericardium and brain. However,
Embryos treated with mangosteen pericarp
simplicia at a concentration of 5 pg/mL showed
normal pericardium, brain and swim bladder, but
exhibit yolk sac edema. Moreover, embryos treated
with mangosteen pericarp simplicia at a
concentration of 25 pg/mL showed heart and yolk
sac edema, collapsed swim bladder,
undifferentiated pericardia, and abnormal head.
Interestingly, all treated fish did not exhibit any
blood coagulation at the head, tail, yolk, or heart,
respectively. The occurrence of edemas in the heart
and yolk sac of treated embryos, also collapsed
swim bladder, undifferentiated pericardia, and
abnormal head, especially at higher concentration
of treatment were evidence of abnormalities in the
development of R. lateristriata larvae caused by the
toxic effect mangosteen exposure. This result is in
line with the research conducted by Kitipaspallop
et al. (2021) using mangosteen on zebrafish
embryos. In their research, it was known that
exposure at concentrations of 3, 6,9, and 15 pm/L
caused pericardial edema, stasis of erythrocytes in
the ducts of cuvier, yolk edema, axis malformation,
and bent tail.

Head malformation was further assessed
based on some parameters, such as development of
cranial forebrain, midbrain, hindbrain and also
cartilage cranium morphology. The cranial
forebrain, midbrain, and hindbrain abnormality
were examined based on the measurement of some
components, such as forebrain length, midbrain
length, and hindbrain length (Figure 1). The result
showed that there was no significant difference
between control and treated embryos, either in the
measurement of the forebrain, midbrain, or
hindbrain (Figure 2, P < 0.05). Further analysis to
examine the possible tissues or organ
malformation of fish embryo in the control group
and treatment groups at concentrations of 0.5, 1, 5,
and 25 pg/mL were conducted for several
parameters such as the shape of the head, mouth
protrusion abnormality, mandibular structure and
eye development defect or deviation. The result
revealed that embryos treated with mangosteen
pericarp simplicia especially at a concentration
of 5 and 25 pg/mlL, exhibit head malformation
in the form of mandibular abnormality.
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Figure 1. Morphologies of 96 hpf R. lateristriata showing malformation assessment of all treated embryos.
(A-F) Control. (G-L) Embryos treated with mangosteen pericarp simplicia concentration 0.5 pg/mL. (M-R)
Embryos treated with mangosteen pericarp simplicia concentration 1 pg/mL. (S-X) Embryos treated with
mangosteen pericarp simplicia concentration 5 pg/MI. (Y-DD) Embryos treated with mangosteen pericarp
simplicia concentration 25 pg/mL. (Ch) Chondrocranium (Sb) swim bladder. (Vt) Ventricle. (At) Atrium.
(Pg) Pigmentation. (Br) Brain. (Em) Edema. (Y1) Yolk Pneumatocyst. (Blue arrow) normal swim bladder.
(Red arrow) Collapsed swim bladder. (Green arrow) Undifferentiated pericard. (Black dots) Hindbrain.

(Red dots) Midbrain. (Blue dots) Forebrain

However, no any other head abnormalities
parameters or abnormal phenotype were found
(Table I). The result suggest that mangosteen
treatment only took effect on specific tissues or
organ of fish embryos at certain level of
concentration. This finding is in line with the
research result conducted by Jose et al. (2016),
which reported the occurrence of Growth
retardation, movement abnormalities, and,
malformation of zebrafish embryos head after
exposure to mangosteen leaves and stem-bark
lyophilized water extract. In addition, research
conducted by Fazry et al. (2018) also showed the
presence of a bent tail in the zebrafish embryos
treated with a-mangostin. This indicates that some
of the components contained in mangosteen
pericarp or other parts of the plant could cause
different effects on the embryonic development of
different fish species.

Volume 34 Issue 2 (2023)

Effects of Mangosteen (G. mangostana)
pericarp simplicia on Fish Pigmentation

Fish, amphibians, and reptiles exhibit
colouration through a combination of pigment-
based and structural colours, which are highly
adaptable and  sensitively affected by
environmental factors. Therefore, it is important
to implement the pigmentation intensity and
pattern as a toxicity test parameter. The result
showed the embryo treated with mangosteen
pericarp simplicia at concentrations of 0.5, 1, 5
pg/mL, and that in the control group exhibited
mild pigmentation intensity. On the other
hand, embryos treated with mangosteen
pericarp simplicia at a concentration of 25 pg/mL
showed considerably increased melanocyte
around the body, or body hyperpigmentation
compared to those with other treatments
(Table I).
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Figure 2. Assessment of the cranial forebrain, midbrain, and hindbrain by measuring the length

Table I. Malformation assessment in R. lateristriata morphology

Malformation Treatment
Parameter Control Mangosteen Mangosteen = Mangosteen Mangosteen
0.5 pg/mL 1 pg/mL 5 pg/mL 25 pg/mL
Head Malformation x x x v v
Edema x x x v v
Tail Malformation x x x x
Blood Coagulation x x x x
Yolk Malformation x x v v
Pigmentation +++ +++ ++++ ++++ +++++

x : showing no abnormalities; v': showing abnormalities; + : showing pigmentation

Fish pigment usually contained of Pteridine-
and carotenoid-based yellow and red pigments
of xanthophores and erythrophores, as well
as the melanin-based pigment of melanophores.
Carotenoid vesicles and melanosomes, two
membrane-bound organelles, are responsible for
pigment production and storage, respectively.
A diversity of colour patterns, particularly
abundant in fish, results from variations in the
basic colour-forming unit. The ability of pigment
cells to change colour physiologically, which results
in an adjustable body appearance, is one of the
most important aspects and the melanophores
change is a result of respond to neurological and
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hormonal stimuli (Singh and Nusslein-Volhard,
2015).

The hyperpigmentation occurrence at the
concentration of 25 pg/mL suggests the effect of
mangosteen treatment on pigment regulation and
melatonin distribution. Since hyperpigmentation
may be caused by an increase in the number and
size of melanocytes (Hultman et al, 2007).
Therefore, it is possible that mangosteen pericarp
simplicia affect to the neurological and hormonal
system of the fish in a dose-dependent manner,
which stimulate and promotes melanin synthesis
and tyrosinase activity, leading to the of embryonic
hyperpigmentation (Hamid, et al., 2012).
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Effects of Mangosteen (G. mangostana)
pericarp simplicia on Bone Structure

In this study, R. lateristriata embryos aged 6
dpf were prepared for bone staining and stained
with Alizarin red-Alcian blue staining (Figure 3).
The results showed the whole structural
composition and part of bones in the cranium. The
staining uncover that all cranial bone components
were consisted of cartilage, which is stained as blue
in colour. Detail observation showed that there
were several cranial structures, including
palatoquadrate (pq), Meckel's cartilage (m),
ceratohyal (ch), and (cb) ceratobranchial cartilage,
respectively.

The cranial bone structural observations,
and the identification of cranial bone components,
showed that the mangosteen treatment did not
affect the cranial bone component and
arrangement. Moreover, there were no defects on
the bone shape and number missing at various
treatment concentrations.

Cartilage Cranium Examination

Observation of cranial cartilage is an
important parameter in the study of teratological
effects on the development of R. lateristriata. It is
known that skeleton formation in fish begins to
appear at the age of 48-52 hpf (Gavaia et al., 2006).
This stage is a crucial time window for the
development of R. lateristriata embryos. Observing
cranial cartilage of R. lateristriata embryos at the
age of skeleton development, reflecting the
possible abnormalities caused by mangosteen
pericarp simplicia. There are several parameters
used in observing cranial cartilage, such as the
length of the cranium, the length and angle of the
cartilage in the cranium, and the completeness of
the cartilage within the cranium (Sandi et al,
2022). The results of this examination showed no
difference in the cartilage cranium (Figure 3-4)
between the control and the mangosteen pericarp
simplicial treatment groups.

Further analysis to examine the possible
cranial structural defect was measurements of the
cartilage component size and orientation. Some of
these components were head length, pq length, m
angle, ch angle, pq-m angle, and pqg-ch angle.
Several measurement parameters for cartilage
bone were head length, PQ length, M angle, CH
angle, PQ-M angle, and PQ-CL angle, which could be
assessed at 6 dpf embryos stage.

The result showed that embryos treated
with 0.5, 1, and 5 pg/mL mangosteen pericarp
simplicia all survive up to 6 hpf stage. However,
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there was massive mortality in the mangosteen
treated group at a concentration of 25 pg/mlL,
which occur before the embryo reached 6 dpfstage.
Indicates that mangosteen pericarp simplicia at
higher concentration can cause adverse toxic
effects or lethal to embryo before the bone
formation to complete. This finding is in line with
the principle of toxicity, where any organic
substance has a toxic potential and can cause a
toxic effect at a certain dose (George, 2011). Due to
the massive deaths in R. lateristriata before 6 dpf,
the effect of mangosteen pericarp simplicia
treatment at a concentration of 25 pg/mL on their
larval morphology and cranial cartilage could not
be proceed. Exposure to mangosteen pericarp
simplicia in lower to medium concentration caused
no changes in the cranium of R. lateristriata larvae.
Moreover, the treatment of mangosteen pericarp
simplicia caused no significant difference (P < 0.05)
in the length and size of the cranial cartilage angle
in R. lateristriata.

Single bone angel or articulation
measurement showed the result that the head
length of embryos treated with 0.5, 1, and 5 pg/mL
mangosteen pericarp simplicia showed no
significant difference compared to the control
group (Figure 4A). Moreover, PQ length (Figure
4B). M angle (Figure 4C). CH angle (Figure 4D). PQ-
M angle (Figure 4E). PQ-CH angle of the embryos
treated with 1.5, 1, and 5 pg/mL simplicia showed
no significant difference compared to the control
group (Figure 4F, P < 0.05), respectively.

Interestingly  embryos  treated  with
mangosteen pericarp simplicia at concentrations of
25 pg/mL had reduced pharyngeal arches and also
shown mandibles defect (Table I). Pharyngeal
arches in teleost’'s are the developmental
precursors of the mouth, gills, cranial muscles, and
cranial nerve, which are anatomical structures for
feeding and breathing. All three germ layers form
pharyngeal arches, and subsequent pharyngeal
cartilage development depends on precisely
controlled interactions between the various tissue
types (Knight & Schilling, 2006). The cranial neural
crest cells independently generate dorsal and
ventral condensations around the mesoderm core
in each pharyngeal arch, which results in the
production of corresponding cartilage parts. The
recurrent development of pharyngeal endodermal
pouches also serves to isolate the segmented
pharyngeal arches from one another. Studies on
several mutations have shown that the
pharyngeal endoderm is crucial for regulating
cartilage development (Yelick & Schilling, 2002).
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Figure 3. The bone structure of 6 dpf Rasbora lateristriata can be seen ventrally and laterally. (A) Control.
(B) Mangosteen pericarp simplicia concentration 0.5 pg/mL. (C) Mangosteen pericarp simplicia
concentration 1 pg/mL. (D) Mangosteen pericarp simplicia concentration 5 pg/mL. (E-G) Lateral view. (Pq)
Palatoquadrate. (Mc) Meckel’s cartilage. (Ch) Ceratohyal. 10x magnification.

Interruption of the nodal signalling system
prevents endoderm growth, which in turn
prevents pharyngeal cartilage from developing in
zebrafish (David et al, 2002). The Ilow
concentration of mangosteen pericarp simplicia
caused neither pharyngeal arch nor mandibular

abnormalities. These results suggest that
mangosteen pericarp simplicia may affect
pharyngeal arches and mandible formation

and development of the structures, only at a
higher concentration of simplicia at or above of 25
ug/mL.
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Effects of Mangosteen G. mangostana pericarp
simplicia on Fish Behaviour

Fish embryonic behaviour analysis usually
were examined through assessment of parameters
such as swimming activity or rheotactic behaviour.
Therefore, we conducted observations on the
swimming behaviour and pattern on the 96 hpf of
R. lateristriata embryos treated with 0.5, 1, 5
pg/mL mangosteen pericarp simplicia and those in
the control group. Result showed that fish embryos
from all treatment exhibit very active swimming
movement.
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Figure 4. Assessment of the structure of the cranium cartilage by measuring the angles and lengths of each
cranium cartilage

Table II. Effects of Mangosteen G. mangostana pericarp simplicia on Fish Behaviour

Treatment
Control Mangosteen 0.5 Mangosteen 1 Mangosteen 5 Mangosteen 25
pg/mL pg/mL pg/mL pg/mL

swimming forward, swimming forward, swimming forward, swimming forward, swimming slowly

to the right and left, to the right and left, to the right and left, to the right and left, with some fish

alsoup and down  alsoupand down alsoupand down alsoupanddown showingswimming
sideways
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The embryos showed agility in swimming
forward, to the right and left, and also up and down
(Zigzag pattern), exploring the entire container
area. On the other hand, 96 hpf R. lateristriata
embryos treated with 25 pg/mL mangosteen
pericarp simplicia exhibit different swimming
activity and pattern. Fish larvae were swam very
slowly, less reactive, had no zigzag pattern and
some fish were seen swimming sideways.
Moreover, the swimming pattern were very
sluggish and coverage area were very limited.

The swimming abnormality shown by 96 hpf
R. lateristriata embryos, is possibly related with the
finding on the morphological defect on fish swim
bladder at a treatment concentration of 25 ug/mL
of mangosteen pericarp simplicia. One of possibly
caused of abnormal swimming behaviour and
pattern exhibit by the embryo was the occurrence
of swim bladder defect.

The swim bladder is a fish-specific organ,
which has a vital role in fish air-breathing, and for
the regulation of buoyancy. Therefore, the defect or
absence of a swim bladder caused by mangosteen
exposure affects the fish’s swim and buoyancy
ability, resulting in behavioural abnormalities of R.
lateristriata. Moreover, It is reported that the fish
exhibited swimming sideways typically caused by
swim bladder abnormality of malformations (Good
etal, 2014; Pelster, 2021).

CONCLUSION

The study result showed the toxicity effect of
mangosteen pericarp simplicia on wader pari fish.
The exposure of 5 pg/mL and higher concentration
were caused yolk sac, pericardium and eyes
edemas, reduced pharyngeal arches and mandible,
collapsed swim bladder, abnormal pigmentation,
and behavioural change in R. Iateristriata
larvae. Therefore, the use of mangosteen for
ingredients in herbal medicine should be very
carefully implemented considering its toxicity
potential.

AUTHOR CONTRIBUTION

Bambang Retnoaji designing experiments,
assisting in experiment, visualizing data, compiling,
editing and finishing paper. Pradnya Paramita and
Luthfia Uswatun Khasanah designed and
conducted experiments, conducted statistical
analysis, visualized data, and compiled papers. All
authors have read and approved the final
manuscript.

190

ACKNOWLEDGMENTS

The author wishes to extend profound and
sincere appreciation to Faculty of Biologi
Unversitas Gadjah Mada and Gamawader member
for the facilities and all assistant during the
experiment and writing of the manuscript.

REFERENCES
Brito, L.C., Berenger, A.LR., & Figueiredo, M.R.
(2017). An overview of anticancer activity of
Garcinia and Hypericum. Food Chem Toxicol,
109(Pt 2), 847-862.
https://doi.org/10.1016/j.fct.2017.03.053.
Choi, Y.H,, Han, S.Y,, Kim,Y ], Kim, Y.M., & Chin, Y.W.
(2014). Absroption, tissue distribution,
tissue metabolism and safety of a-
mangostinin mangosteen extract using
mouse models. Food Chem Toxicol, 66, 140-
146.
https://doi.org/10.1016/j.fct.2014.01.028.
David, N.B., Saint-Etienne, L., Tsang, M., Schilling,
T.F., & Rosa, F.M. (2002). Requirement for
endoderm and FGF3 in ventral head
skeleton formation. Development, 129,
4457-4468.
https://doi.org/10.1242 /dev.129.19.4457.
Do, H.T.T., & Cho, ]. (2020). Mangosteen pericarp
and its bioactive xanthones: potential
therapeutic value in Alzheimer’s disease,
Parkinson’s disease, and depression with
pharmacokinetic and safety profiles.
International Journal of Molecular Sciences,
21(6211), 1-24.
https://doi.org/10.3390/ijms21176211.
Fazry, S., Noordin, M.A.M,, Sanusi, S., Noor, M.M,,
Aizat, W.M,, Lazim, AM. Dyari, HRW,
Jamar, N.H., Remali, ]., Othman, B. A,, Law, D.,
Sidik, N.M., Cheah, Y.H., & Lim, Y.C. (2018).
Cytotoxicity and toxicity evaluation of
xanthone crude extract on hypoxic human
hepatocellular carcinoma and zebrafish
(Danio rario) embryos. Toxics, 6(60), 1-10.
https://doi.org/10.3390/toxics6040060.
Gavaia, P.J.,, Simes, D.C., Ortiz-Delgado, ].B., Viegas,
C.S.B,, Pinto, ].P., Kelsh, R.N. Sarasquete,
M.C., & Cancela, M.L. (2006). Osteocalcin and
matrix Gla protein in zebrafish (Danio rerio)
and Senegal sole (Solea senegalensis):
comparative gene and protein expression

during larval developmen through
adulthood. Gene Expression Patterns, 6(6),
637-652.

Volume 34 Issue 2 (2023)


https://doi.org/10.1016/j.fct.2017.03.053.Epub

Bambang Retnoaji

George, P. (2011). Concerns regarding the safety
and toxicity of medical plants — An overview.
Journal of Applied Pharmaceutical Science,
01(06): 40-44.
https://japsonline.com/abstract.php?articl
e_id=121&sts=2.

Good, C., Davidson, ], Kinman, C., Kenney, P.B,
Baevaerfjord, G., & Summerfelt, S. (2014).
Observations on side-swimming rainbow
trout in water recirculation aquaculture
system. Journal of Aquatic Animal Health,
26(4), 219-224.
https://doi.org/10.1080/08997659.2014.9
38870.

Gutierrez-Orozco, F., Chitchumroonchokchai, C.,
Lesinski, G.B., Suksamrarn, S., & Failla, M.L.
(2013). a-Mangostin: anti-inflammatory
activity and metabolism by human cells.
Journal of Agricultural and Food Chemistry,
61(16),3891-3900.
https://doi.org/10.1021/jf4004434.

Gutzman, J.H., Graeden, E.G., Lowery, L.A., Holley,
H.S., & Sive, H. (2008). Formation of the
zebrafish midbrain-hindbrain boundary
constriction requires laminin-dependent
basal constriction. Mechanism of
Develelopment, 125(11-12), 974-983.
https://doi.org/10.1016/j.mod.2008.07.00
4

Hamid, M.A. Sarmidi, M.R,, & Park, C.S. (2012).
Mangosteen  leaf  extract  increases
melanogenesis in B16F1 melanoma cells by
stimulating tyrosinase activity in vitro and
by  up-regulating  tyrosinase  gene
expression.  International  Journal of
Molecular Medicine, 29(2), 209-217.
https://doi.org/10.3892/ijmm.2011.840.

Harper, C. & Lawrance, C. 2016. The Laboratory
Zebrafish. CRC Press, Boca Raton.

Hoyberghs, ], Bars, C, Pype, C., Foubert, K,
Hernando, M.A., Ginneke, C.V, Ball, |, &
Cruchten, S. V. (2020). Refinement of the
zebrafish embryo developmental toxicity
assay. MethodsX, 7: 1-14.

https://doi.org/10.1016/j.mex.2020.101087.

Hultman, K.A,, Bahary, N., Zon, L.I,, & Johnson, S.L.
(2007). Gene duplication of the zebrafish kit
ligand and partitioning of melanocyte
development functions to kit ligand a. PLOS
Genetics, 3(1): 89-102.
https://doi.org/10.1371/journal.pgen.0030
017.

ITIS. (2022, March 13). Rasbora lateristriata
(Blekeer, 1854).

Volume 34 Issue 2 (2023)

https://www.itis.gov/servlet/SingleRpt/SingleRpt
?search_topic=TSN&search_value=689914#
null.

Jose, B. V., Dulay, RM.R,, and David E.S. (2016).
Toxic and teratogenic assessment of
mangosteen (Garcinia mangostana L.) leaves
and stem-bark lyophilized water extracts in
zebrafish (Danio rerio) embryos. Advances
in Environmental Biology, vol. 10, no. 5

Kitipaspallop, w, Sillapaprayoon, S,
Taepavarapruk, P., Chanchao, C., & Pimtong,
W. (2021). Evaluation of developmental and
transcriptional effects of a-mangostin on
zebrafish embryos. Toxicological
Environmental Chemistry, 103(3), 254-268.
https://doi.org/10.1080/02772248.2021.1
960349.

Knight, R.D., & Schilling, T.F. (2006). Cranial neural
crest and development of the head skeleton.
Advance in Experimental Medicine and
Biology, 589, 120-133.
https://doi.org/10.1007/978-0-387-
46954-6_7.

Kumar, V., Bhatt, P.C., Kaithwas, G., Rashid, M., Al-
Abbasi, F.A., Khan, J.A.J., Anwar, F., & Verma,

A.  (2016). «a-Mangosteen mediated
pharmacological modulation of hepatic
carbohydrate metabolism in diabetes

induced wistar rat. Beni-Suef University
Journal of Basic and Applied Sciences, 5(3),
255-276.
https://doi.org/10.1016/j.bjbas.2016.07.00
1

Liu, X.T., Mu, X.N,, Wu, X.L., Meng, L.X., Guan, W.B,,
Ma, Y.Q.,, Sun, H,, Wang, CJ., & Li, X.F. 2014.
Toxicity of multi-walled carbon nanotubes,
graphene oxide, and reduced graphene
oxide to zebrafish embryos. Biomedical and
Environmental Sciences, 27(9), 676-683.
https://doi.org/10.3967 /bes2014.103.

Matthews, M., Trevarrow, B., & Mattews, ]. 2000. A
virtual tour of the guide for zebrafish users.
Lab Anim, 31, 34-40.

https://doi.10.1038/5000140.

Mustapa, M.A., Tulolj, T.S., & Mooduto, A. (2018). Uji
toksisitas akut yang diukur dengan
penentuan Ld50 ekstrak etanol bunga
cengkeh (Syzygium aromaticum L.) terhadap
mencit (Mus musculus) menggunakan
metode Thompson-Weil. Frontiers: jurnal
Sains dan Teknologi, 1(1): 105-117.
http://ejournal.unima.ac.id/index.php/efro
ntiers/article/view/221/190.

191


https://doi.org/10.5066/F7KH0KBK

Garcinia Mangostana L. Simplicia Effect on Bone Structure and Behaviour of Wader Fish

Nelli, G.B., K, A.S., & Kilari, E.K. (2013). Antidiabetic
effect of a-mangostin and its protective role
in sexual dysfunction of streptozotocin
induced diabetic male rats. Systems Biology
Reproductive Medicine, 59(6), 319-328.
https://doi.org/10.3109/19396368.2013.8
20369.

Nugroho, A.E. (2009). Manggis (Garcinia
mangostana L.): dari Kulit Buah yang
Terbuang hingga Menjadi Kandidat Suatu

Obat. Laboratorium Farmakologi dan
Toksikologi, Bagian Farmakologi dan
Farmasi Klinik, Fakultas Farmasi,

Universitas Gadjah Mada, Yogyakarta.

Pasaribu, F. Sitorus, P, & Bahri, S. (2012). Uji
ekstrak etanol kulit buah manggis (Garcinia
mangostana L.) terhadap penurunan kadar
glukosa darah. Journal of Pharmaceutics and
Pharmacology, 1(1): 1-8.
https://repository.usu.ac.id/handle/12345
6789/69239.

Pelster, B, 2021, Using the swimbladder as a
respiratory organ and/or a buoyancy
structure—Benefits and consequences,
Journal of Experimental Zoology Part A:
Ecological and Integrative Physiology,
2021;335:831-842
https://doi.org/10.1002 /jez.2460

Purnomo, A.F. (2015). Pengaruh ekstrak kulit
manggis terhadap daya tahan tubuh, laju
penetasan dan kecacatan embrio ikan zebra
(Danio rerio). [Undergraduate Thesis,
Universitas Brawijaya]. Repository BKG
(Brawijaya Knowledge Garden).
http://repository.ub.ac.id/id/eprint/12490
6/.

Raharjeng, A., & Retnoaji, B. (2020, November 14-
15). The effect of dioscorea alata extract on
the early development of zebrafish embryo
(Danio rerio) and Rasbora lateristriata.
International Conference on Science,
Technology, Engineering and Industrial

Revolutions (ICSTEIR 2020), Bandung,
Indonesia.

https://doi.org/10.2991 /assehr.k.210312.0
96.

Retnoaji, B., Akiyama, R, Matta, T., Bessho, Y, &
Matsui, T. (2014). Retinoic acid controls
proper head-to-trunk linkage in zebrafish by
regulating and anteroposterior
somitogenetic rate difference. Development,
141(1), 158-165.

192

https://doi.org/10.1242/dev.097568.

Rohman, A., Rafi, M., Alam, G., Muchtaridi, M., &
Windarsih, A. (2019). Chemical composition
and antioxidant studies of underulized part
of mangosteen (Garcinia mangostana L.)
fruit. Journal of Applied Pharmaceutical
Science, 9(08), 047-052.
https://doi.org/10.7324 /JAPS.2019.90807.

Sandj, F.P., Retnoaji, B., & Ana, I.D. (2022). Effects of
carbonate hydroxyapatite (CHA) on the
development of heart and cranium cartilage
of zebrafish (Danio rerio Hamilton, 1882)
larvae. Chiang Mai University Journal of
Natural Sciences, 21(3), 1-16.
https://doi.org/10.12982/CMUJNS.2022.04
1.

Singh, AP, & Nusslein-Volhard, C. (2015).
Zebrafish stripes as a model for vertebrate
colour pattern formation. Current Biology,
25,R81-R92.
https://doi.org/10.1016/j.cub.2014.11.013.

Suwignyo, A. (2014). Uji toksisitas ekstrak etanol
kulit manggis (Garcinia mangostana) pada
embrio zebrafish (Danio
rerio). [Undergraduate Thesis, Universitas
Brawijaya]. Repository BKG (Brawijaya
Knowledge Garden).
http://repository.ub.ac.id/id/eprint/12477
9/.

Vandamme, T.F. 2014. Use of rodents as models of
human diseases. J. Pharm. Bioallied. Sci.,
6(1), 2-9.
https://doi.10.4103/0975-7406.124301.

Yelick, P.C., & Schilling, T.F. (2002). Molecular
dissection of craniofacial development using
zebrafish. Critical Reviews in Oral Biology
and Medicine, 13(4), 308-322.
https://doi.org/10.1177/15441113020130
042.

Zakeyudin, M-S., Isa, M.M., Rawi, C-S.M., Shah, A-
S.M., & Ahmad, A-H. (2012). Assessment of
suitability of Kerian River tributaries using
length-weight relationship and relative
condition factor of six freshwater fish
species. Journal of Environmental and Earth
Science, 2(3): 52-60.
https://www.iiste.org/Journals/index.php/
JEES/article/view/1629.

Volume 34 Issue 2 (2023)


https://doi.org/10.1002/jez.2460
https://dx.doi.org/10.2991/assehr.k.210312.096
https://dx.doi.org/10.2991/assehr.k.210312.096

Indonesian Journal of Pharmacy

VOL 34 (2) 2023: 182-192 | RESEARCH ARTICLE

193 Indonesian J Pharm 34(2), 2023, 182-192 | journal.ugm.ac.id/v3/1JP
Copyright © 2023 by Indonesian Journal of Pharmacy (1JP). The open access articles are distributed under the terms and
conditions of Creative Commons Attribution 2.0 Generic License (https://creativecommons.org/licenses/by/2.0/).



