
Advances in Environmental Biology, 10(3) March 2016, Pages: 75-80 

 

AENSI Journals 

 
Advances in Environmental Biology 

 
ISSN-1995-0756      EISSN-1998-1066 

 
Journal home page: http://www.aensiweb.com/AEB/ 

 
 

Copyright © 2016 by authors and American-Eurasian Network for Scientific Information (AENSI Publicatio n). 

Philippine Coprophilous Mushrooms (Panaeolus 

antillarium and Panaeolus cyanescens) Exhibit Toxic 

and Teratogenic Effects in Zebrafish (Danio rerio) 

Embryo Model 

 
1Reynante G. Bustillos, 1Zaira Kathrine G. Paguio, 1Danrel P. Hermosa, 2Rich Milton R. Dulay 

 
1Nueva Ecija University of Science and Technology, San Isidro, Nueva Ecija, Philippines  
2Center for Tropical Mushroom Research and Development, Department of Biological Sciences, College of Arts and Sciences, Central 
Luzon State University, Science City of Munoz, Nueva Ecija, Philippines     
 

Address For Correspondence:  

Rich Milton R. Dulay, Department of Biological Sciences, College of Arts and Science, Central Luzon State University, Science City 

of Munoz, Nueva Ecija 3120, Philippines.  

E-mail: richmiltondulay@yahoo.com 

 
This work is licensed under the Creative Commons Attribution International License (CC BY).   
http://creativecommons.org/licenses/by/4.0/ 
 
 
Received 12 February 2016; Accepted 28 March 2016; Available online 25 April 2016 
 

 
ABSTRACT  
Panaeolus species are psychoactive coprophilous mushroom that commonly found growing on the dung of ruminants. This paper 
highlighted the embryotoxic and teratogenic effects of extracts of P. antillarium and P. cyanescens in zebrafish embryo model. The 
bioactive components of their mycelia were obtained through hot water extraction. Embryos at segmentation phase were exposed to the 
different concentrations of the extract. Mortality, hatchability, and teratogenicity were determined after 12, 24, 36, and 48 hours of 
treatment application. Results revealed that exposure of embryos in prolong period at higher concentration (3%) of both extracts 
increased the mortality of zebrafish embryos. The lowest hatchability of 8.33% was noted to embryos at 1% and 3% extract of P. 
antillarium whereas 1% and 3% of P. cyanescens extract significantly registered percentage hatchabilities of 16.67% and 0%, 
respectively. Growth retardation or delayed was the most marked teratogenic effect of both extracts. Malformations such as bent tail 
and yolk deformity were only observed in P. antillarium–treated embryos. In conclusion, extracts of the two Panaeolus exhibit 
teratogenic and toxic effects in the developing embryos of zebrafish which suggests that this mushroom has a great potential in drug 
discovery. 
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INTRODUCTION 

 
Mushrooms represent one of the world’s greatest untapped resources of nutritious food and incredibly 

popular foods in most countries. Mushrooms are rich in protein, minerals and vitamins and they contain an 
abundance of essential amino acids. They are low in calories, carbohydrates, calcium and sodium. They contain 
high proportion of unsaturated fat but virtually no harmful lipid or cholesterol [1]. In addition to this, fruiting 
bodies can be produced in shorter period of time making it a possible source of optimal quantities of bioactive 
compounds that exhibit radical scavenging activity [2]. Mushrooms are gaining popularity among growers, 
farmers and even consumers owing to advantage in nutritional value, their simple cultivation technique, and 
sustainable yield [3]. Among the thousand known mushroom species, 700 of them are known to have significant 
medical advantage. According to Zahid et al., [4] edible and medicinal mushrooms are regarded as the ideal 
health foods.  
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Despite of the profound therapeutic advantages possess by some of the medicinal plants, some constituents 
of medicinal plants have been shown to be potentially toxic, mutagenic, carcinogenic and teratogenic [5]. A 
number of experiments on animals and human are required prior to the approval of new drugs. In order to ensure 
the safety of new compound, embryo-toxicity and teratogenicity test is being performed [6]. Teratogenicity 
assay using zebrafish embryos as animal model is a very reliable and important tool in establishing whether 
certain compounds or food materials could cause deformity to the new being. A teratogenic agent is responsible 
for producing anatomical abnormality or deformity in an embryo. On the other side, several teratogens are used 
as anti-cancer and anti-epileptic drug. For instance, lamotrigine, a teratogenic agent, is an anti-epileptic drug in 
animals [7]. Moreover, a teratogenic compound gabapentin is also an anti-epileptic drug in mice [8]. Arsenic is 
a teratogen that possesses inhibitory activity against promyelocytic leukemia [9].  

Panaeolus antillarium and Panaeolus cyanescens are coprophilous basidiomycetes that commonly found 
growing on decomposed dung of ruminants in the pasture land. They are considered as psychoactive 
mushrooms. The production technology of this coprophilous species has been successfully established by 
Bustillos et al. [10] using the different formulations of the dried dung of ruminants in an aseptic cultivation 
condition. The functional activities of these two coprophilous mushrooms have been elucidated. Extracts of P. 
antillarium contained appreciable amounts of alkaloids, saponins, and cardiac glycosides. Its mycelia have 
higher amounts of crude fiber, crude fat, and total carbohydrate than its corresponding fruiting bodies which 
contain high amounts of ash, crude protein, and energy value [11]. On the other hand, P cyanescens contain 
saponins, alkaloids, flavonoids, and tannins, and rich in crude fiber, carbohydrates, ash, crude protein, and 
energetic value [12]. Both species contain phenolic compounds and exhibit radical scavenging activity, thus, 
promising sources of antioxidants.  

With our intention to establish the biological safety in-vivo as well as the functional activity of these two 
coprophilous mushrooms, this study explored the embryo-toxic and teratogenic effect of P. antillarium and P. 
cyanescens extracts in developing embryos of zebrafish as animal model.   

 
MATERIALS AND METHODS 

  
Source of Mushroom Strains: 

The pure cultures of P. antillarium and P. cyanescens were obtained from the Center for Tropical 
Mushroom Research and Development (CTMRD), Department of Biological Sciences, College of Arts and 
Sciences, Central Luzon State University, Science City of Munoz, Nueva Ecija, Philippines. 

 
Preparation of Culture Inoculant: 

An agar block from the pure culture was aseptically inoculated into a prepared potato dextrose agar (PDA) 
plates. Culture plates were incubated at 30°C to allow mycelia growth. After 7 days of incubation, mycelia discs 
were prepared using a flame sterile 7mm-diameter cork borer. Mycelial discs served as culture inoculant of the 
liquid media for mycelial biomass production. 

 
Production of Mycelial Biomass: 

Two liters of fresh coconut water were filtered using cheesecloth. Coconut water (100 ml) was dispensed 
into each microwaveable container, sterilized in an autoclave at 121 ° C, 15 psi for 30 minutes. Mycelial discs of 
mushrooms were aseptically inoculated on the prepared liquid culture media and incubated at 30°C in an 
incubator to allow fungal growth. After 15 days of incubation, mycelia mats were harvested and air dried. The 
mycelia were extracted and evaluated. 

 
Extraction of Mushroom Mycelia: 

The functional components of the dried mushroom mycelia were obtained following the hot water 
extraction following the protocol of Eguchi et al., [13]. The milled mushroom sample (20g) was extracted in 600 
ml hot water at 80 - 90ºC in a water bath for 2 hours. The treatment solutions of extract for toxicity test were 
prepared by diluting the extract with embryo water medium [14].     

 
Spawning of Zebrafish: 

The protocol of this study was based on that of Nagel [15]. 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 
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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. [16] was 
followed with minor modifications. Ten ml of each treatment concentration of the mushroom extract was 
prepared using embryo water as diluent (3%, 1%, 0.5%, and 0.1%) 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 [15]: 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 and mortality were determined. A test was classified 
as valid, if 90% of the embryos in the control (embryo water) showed normal conditions. 

 
Statistical Analysis: 

Treatments were laid out in a Complete Randomized Design (CRD) with three replicates per treatment. 
Data were analyzed using Analysis of variance (ANOVA) in one way classification analysis. Least significant 
difference (LSD) was used to determine the significant treatment comparison at 5% level of significance. The 
SAS 9.1 program was used for analysis. 

 
RESULTS AND DISCUSSION 

 
Zebrafish embryo, a new vertebrate model, was used as experimental animal model in the toxicity and 

teratogenicity assay. In this study, the toxic and teratogenic effects of extracts of the two mushrooms were 
assessed using zebrafish embryos. Extract was diluted into varying concentrations prior to the exposure of the 
embryos at segmentation phase. The mortality, hatchability, malformations and mortality were recorded. 

 
Toxic Effect of Mushrooms: 

Coagulated embryos and embryos with no visual heartbeat are considered toxic effects of certain 
compounds being tested. The percentage mortality of embryos after 12, 24, 36, and 48 hours of exposure in 
different extract concentrations of mushrooms are shown in Table 1. In all periods of observation, lethal effect 
of extract of P. antillarium was dependent on dose and time of exposure. At 12 and 24 hours of exposure, no 
mortality was observed to those embryos at 0.5% or lower concentrations while both 1% and 3% showed a 
mortality of 16.67%. However, after a prolonged exposure to the extract the developmental processes of 
embryos were affected. Some embryos exposed to 0.5% extract showed 16.67% mortality after 36 hours and 
33.33% mortality after 48 hours of exposure. On the other hand, in all periods of observation, no mortality was 
observed in embryos treated with 1% or lower concentrations of P. cyanescens extract and in control embryos. 
However, at 12 and 24 hours of exposure, embryos exposed to 3% extract concentration showed 25.0% 
mortality. After 36 and 48 hours of exposure, 50% mortality was noted in embryos at 3% of extract. These 
results showed that exposure of embryos in prolong period at higher concentration (3%) of extract increased the 
mortality of zebrafish embryos. 

 
Table 1: Mortality of zebrafish embryos after 12, 24, 36, and 48 hours of exposure in the different concentrations of extracts of the two 

mushrooms. 

Extract Concentration (%) 
Mortality (%) 

12 hours 24 hours 36 hours 48 hours 
Embryo water 0.0 0.00b 0.00b 0.00c 0.00b 
P. antillarium 0.1 0.00b 0.00b 0.00c 0.00b 
 0.5 0.00b 0.00b 16.67b 33.33a 
 1.0 16.67a 16.67a 25.00a 25.00a 
 3.0 16.67a 16.67a 25.00a 33.33a 
P. cyanescens 0.1 0.00b 0.00b 0.00b 0.00b 
 0.5 0.00b 0.00b 0.00b 0.00b 
 1.0 0.00b 0.00b 0.00b 0.00b 
 3.0 25.00a 25.00a 50.00a 50.00a 

Values are the mean, and means with the same letter of superscript are not significantly different from each other at 5% level of significance 
using LSD.  

 
Hatchability of Embryos: 

Hatching takes place between 48-72 hours depending on the thickness of the chorion and the muscular 
activity of the embryos. Table 2 shows the percentage hatchability of embryos after 48 hours of treatment 
exposure to the different concentrations of the extract of the two mushrooms. In both mushrooms, the percent 
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hatchability of treated embryos was significantly lower than that of the control embryos. A 100% hatchability 
was recorded only in the control embryos. For P. antillarium, embryos at 0.1% extract showed 33.33% 
hatchability while those exposed to 0.5% had 16.67% hatchability. The lowest hatchability of 8.33% was noted 
to embryos at 1.0% and 3.0% extract concentrations. However, embryos treated with P. cyanescens extract at 
0.1% had 58.33% hatchability, while 0.5% and 1.0% extract significantly registered percentage hatchability of 
25.0% and 16.67%, respectively. No hatchability was observed to those embryos exposed to 3.0% extract 
concentration. Accordingly, hatching of embryos was affected by the varying concentrations of P. antillarium 
extract: as the extract concentration increased the percent hatchability decreased. The present results clearly 
indicate that exposure of embryos to both mushroom extracts could induce the decreased on the hatching rate of 
embryos. The mechanism of action of extract on the inhibition of hatching process is necessary to establish in 
the future study. 

 
Table 2: Hatchability of embryos treated with the different extract concentrations of two mushrooms at 48 hours post treatment application. 

Extract Concentration (%) 
Hatchability (%) 

P. antillarium P. cyanescens 
0.0 100.00a 100.00a 
0.1 33.33b 58.33b 
0.5 16.67c 25.00c 
1.0 8.33c 16.67d 
3.0 8.33c 0.00e 

Values are the mean, and means with the same letter of superscript are not significantly different from each other at 5% level of significance 
using LSD. 

 
Growth Retardation as Teratogenic Effect: 

The different embryos exposed to the varying concentrations of the two mushroom extracts were evaluated 
based on the morphological endpoints established by Nagel [15]. The morphological endpoints of zebrafish 
embryos observed after exposure in the different treatments are presented in Figure 1 and 2. Growth retardation 
is the most teratogenic effect of both mushroom extracts. This is obvious to all extract-treated embryos as 
showed by non-hatched embryos at 0.1% and 0.5% (B and C) and under-developed embryos at 1% and 3% (D 
and E) in both species. This observed teratogenic effect could be the cause of low hatchability rates and high 
mortality at higher concentrations used in this study. However, retarded growth could be explained by the 
hindered a wide variety of enzymatic activities which play significant roles in the developmental processes and 
physiology of embryos. Growth retardation is also one of the most common teratogenic effect of other 
Philippine mushrooms including Ganoderma lucidum, Lentinus tigrinus, Lentinus sajor-caju and Pleurotus 
ostreatus [16-18]. 

 

 
 

Fig. 1: Embryos at control (A) and treated with 0.1% (B), 0.5% (C), 1.0% (D) and 3.0% (E) showing growth 
retardation or delayed growth as the most distinct teratogenic effect of P. antillarium extract. 

 

 
 

Fig. 2: Embryos at control (A) and treated with 0.1% (B), 0.5% (C), 1.0% (D) and 3.0% (E) showing growth 
retardation or delayed growth as the most distinct teratogenic effect of P. cyanescens extract. 

 
Morphological Abnormalities of Embryos: 

The morphological abnormalities of embryos exposed in the different extract concentrations were observed 
at 60 hpta which are considered as the teratogenic morphological endpoints are depicted in Figure 3. 

A B C E D 

A B C E D 
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Morphological abnormalities were frequently recorded in the embryos treated with 0.5% and 1% of extract of P. 
antillarium. Bent tail (Figure 2A) and yolk deformity (Figure 2B) were the most common abnormalities 
observed in the present study. This result suggests that morphological abnormalities observed in the treated 
embryos were attributed to extract concentration and time of exposure. On the other hand, no abnormality was 
noted in embryos treated with P. cyanescens. This result suggests that P. cyanescens extract is moderately 
teratogenic when compared to the strong teratogenic effect of P. antillarium. Some toxic chemicals such as 
difenoconazole, a widely used fungicide, were also investigated using embryo, larvae, and adult stages of 
zebrafish. It was found that this fungicide showed abnormal movement, hatching inhibition, growth regression, 
slow heart rate, and morphological deformities in zebrafish stages [19]. 

These significant effects of the two Panaeolus mushrooms in the developing D. rerio embryos could be 
accounted to their bioactive compositions. Panaeolus species are psychoactive mushrooms that contain psilocin 
(0.48%) and psilocybin (0.11%), as well as serotonin (0.072%), urea (1.8%), and baeocystin (0.02%) [20]. 
These compounds could possibly involve to the toxic and teratogenic activity against embryos. Toxic substances 
are also contained by other toxic mushrooms belonging to basidiomycetes. Most of them belongs to Genus 
Amanita (Amanitaceae), Inocybe (Cortinariaceae) Panaeolus (Coprinaceae) and Russulaceae. At present, there 
are more than 190 species of toxic mushrooms. About 179 species are Basidiomycota belonging to 50 Genera 
and 20 Families. More than 40 species have extreme and serious toxicity but can be eaten after treatment, so be 
called conditional edible mushrooms [21]. 

 

 
 

Fig. 3: Morphological abnormalities of embryos treated with P. antillarium extract. A) bent tail embryo and B) 
embryo with yolk deformity. 

 
 Conclusion: 

Altogether, Panaeolus species at high concentration exhibit teratogenic and toxic effect in the developing 
embryos of zebrafish which suggests that these mushrooms contain teratogens that could possibly develop to 
anticancer drug. The mortality and hatchability were affected by the varying concentrations of the extract. 
Growth retardation was the only teratogenic effect of the P. cyanescens extract to embryos. 
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