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 With the teratogenic assay using D. rerio embryonic model, this present work established 

the toxic and teratogenic effects of extracts of the two C. papaya seed types, young and 

mature. Bioactive compositions were obtained through hot water extraction. Embryos at 
segmentation phase were exposed to the varying extract concentrations. Mortality, 

hatchability, and morphological malformations were determined. Based on the results, the 

incidences of mortality and most teratogenic effects were apparently concentration-
dependent. Embryos exposed at 10% of young seed extract and 3% of mature seed extract 

significantly recorded 100% mortality after 48 hours of treatment exposure. Coagulation of 

embryo was the most notable toxic effect of both extracts. Hatchability of 0.1% and 0.3% 
treated embryos was significantly lower than that of the control embryos. No hatched was 

recorded in 1% or higher concentrations. Embryos at 0.1% (young seed) and 0.03% 

(mature seed) or higher extract concentrations showed delayed development. Tail 
malformation (bent tail or hook-like tail) is a fingerprint morphological endpoint of both C. 

papaya seed extracts. At 72 hour post treatment application (hpta), tail malformation was 

observed in embryos at 0.03% (for mature seed) and 0.1% (for young seed) or higher 
concentrations. Altogether, the extracts of the two C. papaya seed types affect the survival 

and embryonic development of D. rerio, however, mature seed extract is found more toxic 

than the young seed extract. 
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INTRODUCTION 

 

Papaya (Carica papaya L.) is one of the widely cultivated edible fruit in the Philippines. It is a tree-like 

plant growing from 5 to 10 meters tall and the leaves are arranged spirally at the top of the trunk. The fruits turn 

yellow, soft, and sweet and the seeds turn black when ripen. The unripe papaya fruit is used as meat tenderizer, 

which usually combined in many native Filipino delicacies most notably tinola, a chicken soup. Traditionally, 

the papaya fruit latex is utilized in the treatment of several dermatological diseases such as acne, tinea, scabies, 

boils, rashes, insect bites and body odor. Extract of C. papaya fruit were found to contain caffeic acid, 

protocatechuic acid-hexoside, sinapic acid, quercetin-3-O-rutinoside, ferulic acid, myricetin, quercetin, 

isorhamnetin, kaempferol, caffeoylhexose-deoxyhexose, caffeoylhexoside and gallic acid-deoxyhexoside 

phenolics, and these phenolic and carotenoid compounds have potent antioxidant and preventative 

anticarcinogen agents in vitro and in vivo [1]. 

Teratogen is any substance that causes embryonic defects. However, many teratogens are considered 

anticancer drug and vice versa [2]. An in vitro assay using zebrafish (Danio rerio) embryo have been used in 

teratogenic screening and is considered as appropriate model of human cancers. Zebrafish embryo is transparent 

which enables to observe easily, has very rapid developmental processes and is very similar to the development 

of mammalian embryos. The teratogenic effects of some species of plants using other animal models have been 

studied and reported. Crude methanol  extract of Anona squamousa, Sarcandra glabra  and Hibiscus  

rosasinensis in higher concentration showed teratogenic effects in duck (Anas platyrhynchus L.) embryo [3] 
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while crude ethanol extracts of Goniothalamus amuyan and Alstonia macrophylla, exhibited teratogenic effects 

in mice fetus [4]. 

With the active chemical attributes and biopotential activities of C. papaya, it is necessary to assess its 

teratogenic effect in order to establish its potential as source of toxic compounds for drug discovery and 

development. In this present work, we demonstrated the toxic and teratogenic effect of the extracts of young and 

mature seed of C. papaya in the developing embryos of D. rerio as model. 

 

MATERIALS AND METHODS 

  

Source and Extraction of Sample: 

The seeds of unripe and ripe fruits of C. papaya from local market in Sta. Rosa, Laguna were air-dried, and 

milled. The bioactive chemical attributes of the milled seed sample (20g) were extracted in 600 ml distilled 

water at 80-90°C in a water bath for 2 hr. The extracts were filtered using Whatman filter paper No. 2, then 

sterilized through 0.45µ filters. The extracts were lyophilized to dryness and the yield was determined. Three ml 

of the different treatment concentrations of extracts were prepared by dilution in embryo water [5]. 

 

Spawning of D. rerio: 

The acclimatized adult D. rerio at 1:2 ratio of female and male, confined in a plastic mesh were allowed to 

spawn and fertilize following the procedure of Dulay et al. [6]. After fertilization, embryos at segmentation 

phase (12 hour post fertilization) were collected, rinsed, and placed in a watch glass to observe the phase 

uniformity. Unfertilized egg and coagulated embryos were discarded. 

 

Embryo-toxicity and teratogenicity assay:  

Embryos were exposed to the different concentrations (10%, 3%, 1%, 0.3%, 0.1%) of the extracts, and 

embryo water served as the control in the 12-well ELISA plate. Four embryos per treatment were assayed and 

each treatment was replicated three times. The plates were incubated at 26°C ± 1°C. Toxic and the teratogenic 

effects were examined using a stereoscopic microscope every 12 hours in 72 hours of treatment exposure. 

Mortality, hatchability, malformation rates were recorded. Death was defined as coagulated embryos and as no 

visual heartbeat. Morphological endpoint evaluation of zebra fish was based on the parameters established by 

Nagel [7]: 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. The validity of the test 

was determined. Data were analyzed using analysis of variance (ANOVA) and compared using Duncan’s 

Multiple Range Test (DMRT) at 5% level of significance. The Sirichai Statistics 6.07 program was used for 

analysis. 

 

RESULTS AND DISCUSSION 

 

Embryo-toxic effect of C. papaya seed extracts: 

Embryo-toxicity using D. rerio as model is an important element of assessing the adverse effects of certain 

substance on cell structures and processes that are intrinsic to almost all cells. The toxic effect of the two C. 

papaya seed extracts on D. rerio embryos was recorded and the mean percentage mortality of embryos after 48 

hours of treatment exposure is shown in Fig. 1. It can be seen that the toxic effect of the extracts of C. papaya 

seed was concentration-dependent, as evident by the increased mortality of embryos with higher extract 

concentration. Between the two types of seed extracts, mature seed extract significantly showed higher mortality 

compared to the young seed extract from 0.1% to 3% concentrations, indicating that mature seed is more toxic. 

A 100% mortality of embryos was observed in 10% of young seed extract and 3% of mature seed extract. 

However, all embryos exposed to 0.03% of both extracts and control survived at 48 hpta. Coagulated embryo 

(Fig 5 A, E) was the most marked toxic effect of the two extracts. These results established that both extracts at 

0.1% or higher concentrations significantly affected the survivability of the embryos. The toxic effect obtained 

in the present study is in conformity with the acute and chronic toxic effects of C. papaya seeds extract in 

Clarias gariepinus juveniles [8] and Oreochromis niloticus fingerlings and adult [9, 10]. This bioactivity could 

be accounted to phytochemical substances of C. papaya seeds and leaves such as saponin, flavonoid and 

terpenoid which act as toxic compounds that cause damage of cell membrane, leading to the inhibition of 

macromolecular synthesis [11]. Papain is another predominant biologically active compound of C. papaya 

which commonly studied as insecticidal particularly against mosquitoes, Aedes aegypti [12]. Toxic compounds 

are also present in other species of plants. For instance, crude latex and compound apigenin from Jatropha 

gossypifolia are toxic against freshwater fish Channa punctatus and Swiss albino mice Mus musculus that 

clearly indicate piscicidal and muricidal activities [13]. 
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Fig. 1: Mortality of D. rerio embryos treated with C. papaya seed extracts at 48 hours post treatment   

application. The mortality of embryos treated with 0.1% or higher of extract was significantly higher 

than that of the control embryos.  

 

Hatchability of embryos: 

Hatching is an indicator of successful embryonic developmental processes. Embryos at embryo water (Fig 5 

H) and 0.03% of both extracts developed normally and completed hatching at 48 hpta. The percent hatchability 

of embryos treated with 0.1% and 0.3% of extracts were significantly lower than that of the control (Fig. 2). 

However, in these two concentrations, mature seed extract significantly had lower percent hatchability than the 

young seed extract. No hatched embryo was recorded in 1% or higher concentrations. These results suggest that 

the increasing extract concentrations of the two seed extracts affect the hatchability of embryos in decreasing 

manner. This failure of hatching could be attributed to the delayed growth that ultimately leads to malformations 

of embryos impeding them to break the chorion and hatch out. Moreover, the enzymatic activities responsible 

for the hatching process were possibly inhibited by the bioactive substance of both extracts.  

 

 
 

Fig. 2: Hatchability of D. rerio embryos at different extract concentrations of two C. papaya seed types at 48 

hours post treatment application. The hatchability of embryos treated with 0.1% or higher concentrations 

was significantly lower than that of the control.  

 

Teratogenic effect of C. papaya seed extracts: 

The assessment of teratogenic effects of toxic chemicals present in the seeds of S. papaya is based on the 

different parameters such as growth retardation, malformation of the head and tail, and deformity in the yolk and 

heart. Growth retardation or delayed growth (Fig 5 B, F) is one of the important teratogenic effects found in the 

present work. The percent growth retardation of embryos treated with the varying concentrations of the two C. 

papaya seed extracts is presented in Fig. 3. Embryos at mature seed extract significantly recorded higher percent 

growth retardation than that of the young seed extract. Apparently, embryos at 0.1% (young seed) and 0.03% 

(mature seed) or higher extract concentrations showed delayed development which is concentration-dependent. 

Previous study reported that some constituents of C. papaya seed extract such as saponin increased the rate of 

disturbed and retarded growth development and reduced weight of A. aegypti larvae. Moreover, organic fatty 

acids inhibit the process of metamorphosis and formation of the larval skin that eventually leading to the high 
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mortality of the A. aegypti larvae [14]. These results suggest that C. papaya extracts at certain concentration 

could induce growth retardation that ultimately resulted to the different morphological abnormalities.  

 

 
 

Fig. 3: Growth retardation of D. rerio embryos treated with C. papaya seed extracts at 48 hours post treatment 

application. Treated embryos at 0.1% (young seed) and 0.03% (mature seed) or higher extract 

concentrations showed delayed development. 

 

 
 

Fig. 4: Tail malformation of D. rerio embryos treated with C. papaya seed extracts at 72 hours post treatment 

application. Treated embryos at 0.1% (young seed) and 0.03% (mature seed) or higher extract 

concentrations showed tail malformation. 

 

Tail malformation is a fingerprint morphological endpoint in D. rerio embryos when exposed to teratogens. 

Similarly, in the present study, tail malformation such as bent tail, hook-like, and twisted tail (Fig 5 C, D, G) 

was the most marked morphological endpoint of embryos when exposed to the extracts of both C. papaya seed 

types. Fig 4 shows the percentage tail malformation of embryos treated with C. papaya seed extracts at 72 hpta. 

Apparently, tail malformation was observed in embryos at 0.03% (for mature seed) and 0.1% (for young seed) 

or higher concentrations which indicate concentration dependent. No tail malformation was observed at 1% or 

higher concentrations of both extracts due to the high mortality rates of embryos. It can also be noticed that the 

morphological endpoints of hatched embryos are growth-delay related malformations. These malformations 

were also observed in the toxicity tests performed with two human proteratogens, the ethanol and 

cyclophosphamide [15]. Thus, the activity of C. papaya seed extracts is equivalent to the activity of these two 

proteratogens. However, aside from tail malformation, the other teratogenic endpoints of ethanol and 

cyclophosphamide include  malformations on the head, the sacculi/otoliths and the spinal cord structure, which 

were not observed in this study. Moreover, bent and hook-like tails were also observed in 72-hpf embryos 

treated with 5.0μM of curcumin [16] and 1.0μM of celastrol [17]. 
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Fig. 5: Coagulated embryos (A, E), growth retarded embryos at 48 hpta (B, F), unhatched embryo with twisted 

tail tip (C), hatched embryos with severe tail malformations (D, G) exposed at the different 

concentrations of extracts of young seed (A, B, C, D) and mature seed (E, F, G) of C. papaya and a 

normal hatched embryo (H) of D. rerio.  

 

Conclusion 

In conclusion, extracts of both C. papaya seed types revealed significant embryo-toxic and teratogenic 

effects such as growth retardation and tail malformations in D. rerio embryos, which strongly suggest the 

presence of compounds that opens future studies towards their mode of action in other biological systems and 

their possible characterization and elucidation. Furthermore, the bioactive teratogenic compounds present can 

also be develop into an anticancer drugs since almost anticancer drugs are teratogens in nature.  
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