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ABSTRACT  
The bioactive components of the leaves and stem-bark of G. mangostana were assessed using zebrafish embryos in order to establish 
the toxic and teratogenic activities of this plant. Embryos at 12 hour post fertilization (hpf) were exposed to the varying concentration 
of lyophilized water extracts (LWE). At 12 hours post treatment exposure (hpte), 100% mortality was observed in embryos at 0.05% or 
higher concentrations of leaves LWE. This 100% mortality was only noticed in stem-bark LWE at same concentrations after 48 hours 
of exposure. At 72 hpte, both embryos at 0.01% of leaves LWE and 0.01% and 0.05% of stem bark LWE recorded 25% hatchability. 
The 0.01% of leaves and stem-bark LWE respectively registered lower heartbeat rate of 46.44 per min and 139.11 per min when 
compared to the control embryos. Coagulation and no heartbeat were the most observed toxic effects. Growth retardation, limited 
movement, scoliosis, stunted tail, malformation of head and malformation of tail were the most observed teratogenic effects of leaves 
and stem-bark LWE in the developing embryos of zebrafish. It was found that leaves LWE was more toxic to embryos than the stem-
bark LWE of G. mangostana. 
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INTRODUCTION 

 
 Garcinia mangostana L., commonly called as mangosteen, is one of the popular fruit-bearing trees in the 
Philippines. Its leaves and stem-bark have been used as folk medicine for thousands of years. Filipinos utilize 
the leaves and stem-bark to treat diabetis, hypertension, diarrhea, dysentery, and urinary disorders. In the 
previous works, the leaf extract of mangosteen was found to stimulate melanin synthesis and enhance tyrosinase 
activity [1] while its stem-bark extract showedcytotoxic activity against colon cancer cells [2]. Its stem-bark 
chloroform extract inhibited the growth of B. subtilisand C. albicans [3]. These functionalities could be 
attributed to its bioactive components. In the study of Obolskiy et al. [4], at least 68 distinct xanthones have 
been identified in different parts of the G. mangostanaplant. Anew prenylatedxanthone (mangaxanthone B) and 
benzophenone (mangaphenone) were isolated from the stem-bark of mangosteenin addition to two known 
xanthones, mangostanin and mangostenol [5]. 
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Teratogen is an agent that has the capability to induce or cause morphological abnormalities. However, 
several teratogens, including arsenic, cyclopamine, and thalidomide are currently used as anticancer drugs. 
Arsenic is approved for therapy of promyelocytic leukemia [6] while thalidomide is effective in multiple 
myeloma [7]. Zebrafish (Daniorerio) embryos have been used as a vertebrate model to study the developmental 
toxicity and teratogenicity of certain of chemical compounds. It is now being use for drug discovery and can be 
a useful and cost-effective alternative to some mammalian models [8, 9]. D. rerio is a freshwater tropical 
species of fish and a member of the Cyprinidae family. 

With the important pharmaceutical properties of G. mangostana, its toxic and teratogenic activity has not 
yet been established. Herein, the effects of lyophilized water extract of leaves and stem-bark of G. mangostana 
were assessed using D. rerio embryo model in order to establish the biosafety and bio-potentialities of this plant.   
 

MATERIALS AND METHODS 
  
Collection of Plant Samples: 
 The leaves and stem-barks of G. mangostana were collected from Science City of Munoz, Nueva Ecija, 
Philippines. These were washed three times and air-dried in a shaded condition. Plant samples were pulverized 
and processed for extraction.  
 
Extraction of Functional Components: 
 The functional components of the air-dried samples were obtained following the hot water extraction 
following the protocol of Eguchi et al. [10]. The milled plant sample (10 g each part) was extracted individually 
in 300 ml hot water at 80 - 90ºC in a water bath for 2 hours. Extracts were filtered using Whatman filter paper 
No. 2 and the filtrates were lyophilized up to dryness for 2 days. The different treatment concentrations for 
toxicity assay were prepared by diluting the extract to embryo water medium [11]. 
 
Spawning of Zebrafish: 
 The protocol of this study was based on that of Nagel [12]. A non-treated stock of tap water in a glass 
aquarium with oxygen saturation was used for spawning of zebrafish where mature females and males were 
present at 1:2 ratio. The condition was 26 ± 1°C at a 12 hour day/night light regime. The fish were fed with dry 
flakes twice a day. To ensure optimum water quality excess food was removed daily. In order for the zebrafish 
to spawn, the aquarium was covered with black plastic for 12 hours. Adult zebrafish were localized in a plastic 
mesh to prevent the released eggs from cannibalism. After incubation in the dark, eggs were exposed to lighted 
condition for another 12 hours. Fertilization occurs within 30 minutes after light was turned on. Twelve hour 
after fertilization, the adult fish localized in the plastic mesh were transferred into another aquarium, and the 
embryos were siphoned out of the aquarium using a hose. They were placed in a watch glass and observed under 
the dissecting microscope to examine uniformity and normal condition of embryos. 
 
Danio rerio Toxicity and Teratogenicity Assay: 
 The protocol on the toxicity and teratogenicity using zebrafish embryos established by Dulay et al. [13] was 
followed. Ten ml of each treatment concentration of the mushroom extract was prepared using embryo water as 
diluent (0.01%, 0.05%, 0.1%, 0.5%, 1.0%, 5.0%, and 10%) and control (embryo water) and placed into each 
well of the 12-well ELISA plate. Four embryos at segmentation phase were transferred into each well containing 
the different treatments. The plate was incubated at 26°C ± 1°C. Teratogenic activity was examined using a 
dissecting microscope after 12, 24, 36, and 48h of incubation. Morphological endpoint evaluation of zebra fish 
was based on the parameters established by Nagel [12]: Lethal (coagulation, tail not detached, no somites, and 
no heart-beat), Teratogenic (malformation of head, tail and heart, scoliosis, deformity of yolk, and growth 
retardation), and Normal.  Percentage hatchability, heartbeat rate, and mortality were determined. A test was 
classified as valid, if 100% of the embryos in the control (embryo water) show normal conditions. Data were 
analyzed using Analysis of Variance (ANOVA) and Least Significant Difference (LSD) was used to compare 
the means at 5% level of significance.  
 

RESULTS AND DISCUSSION 
 
 The toxicity and teratogenecity of G. mangostana leaves and stem-bark extracts were assessed in zebrafish 
embryo as animal model. The zebrafish embryos exposed in various treatment concentrations were observed at 
different developmental stages such as segmentation, pharyngula, and hatching.  
 
Toxic Effects of G. mangostana LWE: 
 Coagulation and the absence of heartbeat of zebrafish embryos are indicative of mortality. The percentage 
mortality of embryos after 12, 24, 36, and 48 hours of exposure in varying concentrations of G. mangostana 
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leaves and stem-bark LWE is presented in Table 1. A 100% mortality of embryos was observed at 0.05% and 
higher concentrations of leaves LWE as early as 12 hours of exposure. Embryos at 0.01% of leaves LWE 
significantly showed higher mortality than the control embryos in all observation periods. It was also observed 
that there was an increasing mortality in prolonged time of exposure. On the other hand, at 12 hpte, a 100% 
mortality of embryos was noticed at 0.50% and higher concentrations of stem-bark LWE. However, mortality of 
embryos exposed to 0.10% and lower concentrations were statistically comparable with control embryos. After 
prolong exposure, a 100% mortality was noted in embryos at 0.1% after 36 hours exposure and at 0.05% after 
48 hours of exposure. No mortality was recorded at 0.01% of stem-bark LWE in all observation periods. These 
results strongly indicate that G. mangostana is embryo-toxic. The toxic effects of G. mangostana extracts on 
developing embryos of zebrafish were found dependent on the time of exposure, concentrations, and parts of 
this plant. 
 
Table 1: Mortality of zebrafish embryos after 12, 24, 36, and 48 hours of exposure at the different concentrations of G. mangostana LWE. 

Extract Concentration (%) 
Mortality (%) 
12 hours 24 hours 36 hours 48 hours 

Control 0.00 0.00a 0.00a 0.00a 0.00a 
Leaves LWE 0.01 41.67b 50.00b 75.00b 91.67b 
 0.05 100.00c 100.00c 100.00c 100.00b 
 0.10 100.00c 100.00c 100.00c 100.00b 
 0.50 100.00c 100.00c 100.00c 100.00b 
 1.00 100.00c 100.00c 100.00c 100.00b 
 5.00 100.00c 100.00c 100.00c 100.00b 
 10.00 100.00c 100.00c 100.00c 100.00b 
Stem-Bark LWE 0.01 0.00a 0.00a 0.00a 0.00a 
 0.05 0.00a 8.33a 66.67b 100.00b 
 0.10 8.33a 58.33b 100.00c 100.00b 
 0.50 100.00b 100.00c 100.00c 100.00b 
 1.00 100.00b 100.00c 100.00c 100.00b 
 5.00 100.00b 100.00c 100.00c 100.00b 
 10.00 100.00b 100.00c 100.00c 100.00b 

Values are treatment means. The different concentrations of each extract were separately compared with the control. Means in each extract 
with the same letter of superscript are not significantly different from each other at 5% level of significance using LSD. 
 
 The toxic effect of G. mangostana can be attributed to its bioactive components. Ee et al. [14] isolated 
xanthonemangosharin, chemically 2,6-dihydroxy-8-methoxy-5-(3-methylbut-2-enyl)-xanthone, from the stem-
bark of G. mangostana showed toxicity against the larvae of Aedes aegypti. Moreover, α-mangostin, garcinone 
D, and 9-hydroxycalabaxanthone isolated from stem-bark exhibited cytotoxicity against the HT-29 colon cancer 
cell line while in enzyme-based ELISA NF-κB assay, α-mangostin, garcinone D, and gartanin inhibited p65 
activation [2]. Likewise, the xanthonegartanin was also isolated previously from G. mangostana leaves [15]. 
Some plants also showed toxic effect to zebrafish embryos. In particular, 5% or higher concentrations of 
Tinospora cordifolia leaves extract increased the mortality of zebrafish embryos [16].  
 
Heartbeat Rate of Embryos: 
 The heartbeat rate was monitored at pharyngula phase of treated embryos where pigmentation is distinctly 
noted. According to Mably and Childs [17], the normal heartbeat rate of zebrafish embryos ranges from 120-180 
per min. The mean heartbeat rates of zebrafish embryos exposed in varying concentrations of G. mangostana 
leaves and stem-bark LWE at 36 hpte are presented in Table 1. Control embryos had the highest heartbeat rate 
of 145.22 per min, followed by 0.01% of stem-bark LWE having 139.11 per min, which statistically comparable 
with control embryos. No heartbeat was observed in embryos treated with 0.05% (for leaves extract) and 0.10% 
(for stem-bark extract) or higher concentrations of LWE due to the early arrested growth and development. 
Embryos at 0.01% leaves LWE and 0.05% stem-bark LWE significantly showed lower heartbeat rate when 
compared to the control embryos. It was observed that G. mangostana leaves LWE is more cardiotoxic than 
stem-bark. Cardiac glycosides are specific type of toxic glycosides in plants that affect the cardiac muscle that 
sometimes causing fatal toxicosis [18]. This cardiotoxic substance can also be found in the roots of Garcinia 
kola [19], a relative family of G. mangostana. According to Poindexter et al. [20], cardiac glycosides increase 
the contraction force of the heart by inhibiting the myocardial Na-K ATP-ase, which can lead to cardiac arrest.  
 
Hatchability of D. rerio: 
 The successful embryonic development of zebrafish embryo is indicated by hatching. The mean percentage 
hatchability of zebrafish embryos exposed in various treatment concentrations of lyophilized water extracts of 
G. mangostana is also shown in Table 2. Hatching was completed from 48 to 72 hpte. No hatchability was noted 
in embryos at 0.05% and higher concentrations of leaves LWE due to coagulation as early as 12 hpte. Embryos 
at 0.01% showed percentage hatchability of 25.00%, which is significantly lower than that of the control 
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embryos. On the other hand, 0.5% or higher concentrations of stem-bark LWE treated embryos did not proceed 
to hatching process. Treated embryos with 0.1% concentration had 16.67% hatchability while both 0.05% and 
0.01% registered 25.00% hatchability. Based on the results, the varying concentrations of G. mangostana 
extracts affect the hatchability of zebrafish embryos. The hatchability decreased in increasing concentrations of 
the extract. The low hatchability and delayed hatching process dictate growth retardation. According to Weigt et 
al. [21], a reason for delayed hatching could be due to the developmental abnormalities in the growth of 
zebrafish embryos resulting to the unable breaking of the chorion.  
 
 
Table 2: Hatchability at 48 hpte and heartbeat rate of embryos treated with the different extract concentrations of G. mangostana LWE. 

Extract Concentration (%) Hatchability (%) Heartbeat rate (per min) 
Control 0.00 100.00a 145.22a 
Leaves 0.01 25.00b 46.44b 
 0.05 0.00b NH 
 0.10 0.00b NH 
 0.50 0.00b NH 
 1.00 0.00b NH 
 5.00 0.00b NH 
 10.00 0.00b NH 
Stem-Bark 0.01 25.00b 139.11a 
 0.05 25.00b 88.89b 
 0.10 16.67b NH 
 0.50  0.00b NH 
 1.00  0.00b NH 
 5.00  0.00b NH 
 10.00  0.00b NH 

Values are treatment means. The different concentrations of each extract were separately compared with the control. Means in each extract 
with the same letter of superscript are not significantly different from each other at 5% level of significance using LSD. NH; no heartbeat. 
 
 
Teratogenic Effect of G. mangostana LWE: 
 Growth retardation and limited movement were the most remarkable teratogenic effects of LWE of G. 
mangostana leaves (Table 3 and Figure 1). These morphological endpoints were evident in treated embryos at 
0.01% concentration of leaves LWE after 12, 24, 36, and 48 hours of exposure. Malformed head, malformed tail 
and stunted tail were also observed in some embryos at 0.01% concentration. Scoliosis was observed at 48 hpte. 
Pigmentation in the head, abdominal, and tail regions were inhibited while the retina of the eyes was affected by 
LWE of G. mangostana leaves. On the other hand, growth retardation was obvious in 0.01%, 0.05%, and 0.1% 
concentrations of stem-bark LWE after 12, 24, 36, and 48 hours of exposure (Table 3 and Figure 2. 
Malformation of head and tail were seen at 0.05% concentration started at 24 hpte. Tail malformation was also 
observed in embryos treated with 0.01% at 12 hpte and 0.1% at 48 hpte. Stunted tail was seen in embryos 
treated with 0.05% at 24 hpte while scoliosis was obvious in embryos treated with 0.05% at 48 hpte. With 
regards to the number of morphological abnormalities in 0.01%, 0.05% and 0.1% of stem-bark LWE, the 
developing embryos treated with 0.05% concentration had the most teratogenic effect.   
 
 
Table 3.Teratogenic effects of varying concentrations of G. mangostana leaves and stem-bark LWE in D. rerio embryos. 

Extract Concentration Teratogenic Effect 
 (%) Head 

malformation 
Tail 
malformation 

Delayed 
Growth 

Scoliosis / 
Flexure 

Limited 
movement 

Stunted tail 

Control   0.00 - - - - - - 
Leaves 10.00 - - - - - - 
   5.00 - - - - - - 
   1.00 - - - - - - 
   0.50 - - - - - - 
   0.10 - - - - - - 
   0.05 - - - - - - 
   0.01 ● ● ● ● ● ● 
Stem-Bark 10.00 - - - - - - 
   5.00 - - - - - - 
   1.00 - - - - - - 
   0.50 - - - - - - 
   0.10 - ● ● - - - 
   0.05 ● ● ● ● ● ● 
   0.01 - ● ● - - - 

● indicate the presence of teratogenic effect; - indicate that teratogenic effect was not observed due to the early arrested growth. 
 



100                                                                  Benjamin V. Jose et al, 2016 
Advances in Environmental Biology, 10(5) May 2016, Pages: 96-101 

 

 

 
 
Fig. 1: Toxic and teratogenic effects of various concentrations of LWE of G. mangostana leaves: A) 

coagulation at 0.05% at 12 hpte, B) growth retardation, limited movement, malformation of head and 
malformed tail of embryos exposed at 0.01% at 24 hpte, C) growth retardation, unpigmented retina, 
skeletal abnormality-small flat vertebrae, malformation of head and stunted tail at 0.01% at 48 hpte, D) 
limited movement, growth retardation, unpigmented retina, and scoliosis at 0.01% at 48 hpte. 

 

 

 
 
Fig. 2: Toxic and teratogenic effects of various concentrations of LWE of G. mangostana stem-bark: A) 

coagulation at 0.5% at 12 hpte, B) malformation of head, stunted tail, and growth retardation at 0.05% 
at 24 hpte, C) growth retardation and yolk deformity at 0.1% at 12 hpte, D) limited movement, growth 
retardation and malformation of tail-hook tail at 0.05% at 48 hpte, E) growth retardation and 
malformation of tail-coiled tail at 0.1% at 48 hpte, F) growth retardation and malformation of tail-bent 
tail at 0.01%  at 72 hpte, G) growth retardation, malformation of head and scoliosis at 0.01% at 48 
hpte, H) growth retardation and malformation of tail at 0.01% at 12 hpte. 

 
Growth retardation is one of the important parameters of teratogenicity assay. In the present study, growth 

retardation was the most remarkable teratogenic effect of G. mangostana LWE. In the study conducted by 
Akpantah et al., (2005), G. kola inhibited the ovulation and produced duration-dependent teratogenicity in 
female Sprague-Dawley rats. The chemical constituents that could be involved in the teratogenicity of G. kola 
seed extract were apigenin, a type of flavonoid, and kolaviron, a type of biflavonoid (Seukep et al., 2014). 
Accordingly, G. mangostana showed teratogenic effects to the developing embryos of zebrafish. Thus, G. 
mangostana leaves and stem-bark LWE contains teratogenic compounds which may be of the same bioactive 
components of G. kola.  

In conclusion, G. mangostana leaves and stem-bark LWE are toxic and possess teratogenic activities 
against zebrafish embryos. The leaves LWE is more toxic than the stem-bark LWE. Growth retardation, limited 
movement, scoliosis, stunted tail, malformation of head and malformation of tail were the observed teratogenic 
effects of G. mangostana leaves and stem-bark LWE in developing embryos of zebrafish. Therefore, G. 
mangostana leaves and stem-bark can be valuable sources of teratogenic compounds, which are in turn 
considered potential anticancer agents. 
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