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Pycnoporus sanguineus is a species of mushroom in the Philippines with promising nutritional and pharmacological
potentials. In this study, the optimum nutritional and physical growth preferences of P. sanguineus in submerged
conditions were established and the biological activities of ethanol extract of its mycelia were determined. The highest
yield (100.13 mg/30ml) was produced in rice bran broth with a wide range of pH concentration. Biomass production
was favored under 28°C, in lighted and agitated conditions with 147.20 mg/30 ml, 168.47 mg/30 ml, and 413.30
mg/30 ml, respectively. The extract inhibited the growth of Staphylococcus aureus while no antibacterial activity
was observed in Escherichia coli. It was found toxic to brine shrimp with an LC, value of 190.55 pg/ml. Exposure
of zebrafish embryos to the extract caused delayed growth resulting in a lower hatching rate. Growth retardation was
the most noticeable teratogenic effect of the extract after 48 hours and high mortality rates were observed in high
extract concentrations. This study suggests that the optimum biomass yield of P. sanguineus can be achieved when
incubated under the most favorable conditions. Mycelia of P. sanguineus could be a valuable resource of antibacterial
and cytotoxic compounds.

INTRODUCTION

Pycnoporus sanguineus, a species of mushroom under

protein produced by this mushroom, exhibited strong cytotoxic
activity against colon cancer (Piet ef al., 2021). Moreover, its

the order Polyporales is normally found on decaying hardwood
(Fig. 1). It is characterized by its bright red-orange basidiocarp
with no distinct stipe. P. sanguineus has various industrial and
medicinal uses;including pharmaceutical wastewater treatment
(Watanabe et al., 2012), detoxification of textile dye, and degrading
a wide variety of organic pollutants (Pointing and Vrijmoed,
2000). Cinnabarin and other compounds present in this mushroom
have antioxidant (Tuong et al., 2020), antibacterial (Jaszek et al.,
2015), and anticancer properties (Piet et al., 2021). Laccase, a
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heavy metal absorbance ability is currently being studied as a
potential absorber of heavy metals in the bloodstream (Yahaya
and Don, 2014). Accordingly, this mushroom contains beneficial
bioactive compounds that can be used in various fields. Therefore,
there is a need to establish efficient production technology for this
mushroom to continually harness its potential.

Various researchers have successfully grown this
mushroom in submerged fermentation using both commercial and
indigenous materials. Pointing et a/. (2000) enhanced its laccase
production by modification of the nutrient content of the broth
medium. Stirred tank bioreactor with optimized temperature and
pH concentrations is also applicable for the efficient production
of'its biomass (Souza et al., 2021). Mendoza et al. (2020) utilized
coconut water as a growth medium for the production of compounds
with strong antioxidant activity. However, carbon and nitrogen
sources are the major factors that directly influence the production
and bioactivity of this mushroom (Eugenio ef al., 2009). Aside
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Figure 1. Wild fruiting bodies of P. sanguineus growing on forest log.

from the nutrient source, temperature, light intensity, aeration,
and agitation influence the successful biomass production of
mushrooms in submerged culture (Dulay et al., 2015a). Thus,
submerged fermentation is an efficient production technique
that can be used to produce mycelial biomass with promising
functional activities.

Submerged cultivation can be used as an alternative
to the existing mushroom production technology wherein
mycelial biomass is produced in liquid media. Flasks, stirred
tanks, airlift bioreactors, and fed-batch fermentation are the most
common methods for submerged cultivation (Bakratsas et al.,
2021). Various species have already been successfully grown in
submerged cultures including Pleurotus ostreatus (Velioglu and
Uzek, 2015), Lentinula edodes (Garcia-Cruz et al., 2020), and
Cordyceps sinensis (Chen et al., 2016). In the Philippines, Dulay
et al. (2015a) and Dulay et al. (2015b) were able to optimize
liquid culture conditions of different Lentinus species, Pleurotus
cystidiosus, Ganoderma lucidum, Schizophyllum commune, and
Volvariella volvacea using the conventional shake flask culture.
Thus, this technique can be used to produce biomass as other
species of mushrooms are not capable of producing fruiting body
outside their natural habitat.

Reports regarding the optimum submerged culture
conditions of wild Philippine mushrooms are very limited.
However, with the aim of utilizing mycelia as a source of
functional food and bioactive compounds, the Center for Tropical
Mushroom Research and Development in Central Luzon State
University (CTMRD-CLSU) is continuously conducting studies
to establish biomass production technology of wild mushrooms
using indigenous materials. For example, Lentinus swartzii
mycelia grown in the optimized liquid culture conditions possess
strong antioxidant and antidiabetic activities (Austria er al.,
2021). In addition, the antioxidant potential of both Lentinus
sajor-caju and Lentinus tigrinus is reported to be influenced by
the culture medium (Dulay et al., 2015b). Mycelial biomass of
G. lucidum, V. volvacea, S. commune, and P. cystidiosus grown

in submerged conditions was found to contain amounts of polar
lipids, triglycerides, and free fatty acids (Dulay et al., 2015a).
Accordingly, mushroom mycelia demonstrated excellent potential
as a source of bioactive compounds that are beneficial to mankind.

This study was conducted in our interest to determine
the optimum submerged culture conditions for P. sanguineus
with reference to its nutritional and physical growth preferences.
The establishment of an efficient cultivation technique for this
mushroom allows effective utilization of its biomass. This was the
first report in the country regarding the optimum liquid culture
conditions for the mycelia biomass production of P. sanguineus.
The potential bioactivity of its mycelia biomass was also
determined.

MATERIALS AND METHODS

Optimization of submerged culture conditions

Source of culture

Pure culture of P sanguineus (CTMRD 7137) was
obtained from the culture collection of Bioassay Laboratory,
Department of Biological Science, College of Science, CLSU,
Science City of Mufoz, Nueva Ecija, Philippines.

Influence of nutritional factors

Prior to the evaluation of the nutritional and physical
factors, culture inoculants were prepared. Using an inoculating
needle, the agar block was transferred into plates containing
media. Then, the plates were incubated at room temperature. After
full ramification, mycelial discs were prepared using a cork borer.

The influence of four indigenous liquid culture media
(potato sucrose broth, corn grit broth, coconut water, and rice bran
broth) on the mycelial biomass production of P sanguineus was
determined. The culture broths were prepared following the method
of Dulay et al. (2015a). About 30 ml of each media was dispensed in
bottles and subjected to sterilization at 121°C, 15 psi for 30 minutes.
A 10 mm mycelial disc was aseptically inoculated into each bottle
containing a liquid culture medium. The culture bottles were incubated
for 7 days at room temperature, then, the mycelia were harvested
and the mycelial dry weight was recorded. This was followed by the
evaluation of pH. Using 1 M NaOH or 1 M HC], the pH concentration
of the most suitable liquid culture medium was adjusted to 4.0-8.0
with an interval of 1.0. This was followed by sterilization, inoculation
of mycelial discs, and incubation for 7 days.

Influence of physical factors

The most suitable liquid culture medium adjusted to
the best pH was used to determine the optimum physical factors
for the mycelial biomass production of P. sanguineus. These
include temperature, illumination, and agitation. To determine the
optimum temperature, the culture bottles inoculated with mycelial
discs were incubated at refrigerated (8°C), air-conditioned (21°C),
and room temperature (28°C). It was followed by the evaluation
of the influence of illumination wherein culture bottles with
the mycelial disc were incubated at two different illumination
conditions, namely, lighted and dark. Lastly, culture bottles
were incubated in static and agitated conditions to determine
the influence of agitation. The optimum nutritional and physical
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factors were determined in terms of mycelial dry weight after 7
days of incubation. Each setup was carried out in triplicate.

Determination of bioactivity of mycelial extract

Production of mycelial bBiomass

Using the optimum submerged culture conditions,
mycelial biomass was produced. This was done by aseptically
inoculating mycelial discs into sterile bottles containing media.
Mycelial biomasses were harvested after 7 days of incubation and
air-dried until constant weight is achieved.

Ethanolic extraction

Dried mycelia were powdered using a blender. Powdered
mycelia were soaked in 95% ethanol with a ratio of 1g:10 ml
ethanol for 48 hours prior to filtration. The solvent was removed
using a rotary evaporator. The crude extract was placed in a sterile
vial with a cover and stored in the refrigerator prior to use.

Source of bacterial cultures

Bacterial cultures of Staphylococcus aureus (UPLB
BIOTECH 1582) and Escherichia coli (UPLB BIOTECH 1634)
were obtained from the culture collection of Philippine National
Collection of Microorganisms, BIOTECH, University of the
Philippines, Los Banos, Laguna.

Antibacterial assay

The antibacterial potential of the ethanol mycelial extract
was tested against S. aureus and E. coli using the disc diffusion
method. Microbial cultures were prepared in a test tube containing
nutrient broth and were incubated for 12 to 24 hours. Prior to use,
the turbidity of the broth medium was compared to 0.5 McFarland
standard. Using a cotton swab, each bacterial culture was swabbed
into sterile plates containing media. Then, 6-mm sterile paper
discs soaked in the mycelial extract were placed on the surface of
the medium. The zone of inhibition formed around the disc was
measured after 24 hours of incubation. The test was carried out
in triplicate.

Brine shrimp lethality assay

The cytotoxic activity of the extract was assessed using
a brine shrimp lethality assay. The eggs were hatched in artificial
seawater (25 g rock salt in 11 dH20) for 2448 hours. Varying
concentrations of P. sanguineus extract were prepared (1, 10, 100,
1,000, and 10,000 pg/ml). Five ml of each extract concentration
was placed in vials and ten brine shrimp larvae were exposed into
each vial. Artificial seawater served as the control and the test was
performed in triplicate. The number of dead larvae was recorded
24 hours after treatment application (hpta). Percentage mortality
was computed and the LC50 value was determined using probit
analysis. The computed LC, value was interpreted based on the
interpretation established by Bastos et al. (2009), wherein LC,;
values greater than one thousand (>1,000 pg/ml) were considered
nontoxic, and greater than 500 but less than 1,000 (=500 <1,000
ug/ml) were weakly toxic, while LC,; values less than 500 (<500
pg/ml) were regarded as toxic.

Toxicity and teratogenicity assay

The toxic and teratogenic properties of the extract
were determined using zebrafish embryo following the method

of Dulay et al. (2012b). Five concentrations of the extract were
prepared (1 pg/ml, 10 pg/ml, 100 pg/ml, 1,000 pg/ml, and 10,000
pg/ml) in vials and embryo water was used as the control. Each
vial containing different extract concentrations was replicated
three times. Three embryos at the segmentation phase were
introduced into each vial and incubated at room temperature. The
observation was done using a microscope 12, 24, and 48 hours
after treatment application and the number of dead embryos was
recorded. Teratogenic effects and percentage hatchability were
determined after 48 hours of exposure. Coagulation, absence
of heartbeat, tail not detached, and no somite were considered
toxic effects of the extract, while malformation of the head, heart
and tail, scoliosis, growth retardation, and yolk deformity were
regarded as teratogenic effects (Nagel, 2002).

Statistical analysis

All treatments were laid out in a complete randomized
design. ANOVA was used to analyze the data and Tukey’s Honestly
Significant Difference was used to compare treatment means at a
5% level of significance. Paired ¢-test was used to compare the
treatment means of illumination and agitation conditions.

RESULTS AND DISCUSSION

Influence of liquid culture media

Liquid culture media is one of the important factors to be
considered for the luxurious and rapid growth of mushroom mycelia.
Mycelial biomass production of P. sanguineus as influenced by
the different liquid culture media after 7 days of incubation was
investigated. Among the four media tested, rice bran broth produced
the highest mycelial biomass of P. sanguineus with a 100.13 mg/30
ml yield (Table 1). This could be explained by the nutritional
composition of rice bran that favors the efficient mycelial growth of
this mushroom. According to Kalpanadevi ef al. (2018), it contains
protein, fat, carbohydrates, fibers, ash, amino acids, minerals, and
lipids. Some micronutrients essential for the mycelial growth of
fungi like oryzanol, tocopherols, tocotrienols, and phytosterol are
also present in rice bran (Nagendra et al., 2011). Therefore, these
nutritional components of rice bran make it more favorable for
the efficient biomass production of P. sanguineus than the other
media used. A similar result was obtained by Quiroz-Castaneda
et al. (2011) for this mushroom which showed excellent mycelial
growth in a rice husk medium. Marim et al. (2016) concluded that
the laccase production of P. sanguineus is greatly influenced by
nitrogen concentration in the culture media. According to Narh et al.
(2018), rice bran can be used as an efficient alternative source of
nitrogen for growing most mushrooms. In this study, rice bran was
used as a source of nitrogen and sucrose as a source of carbon. The

Table 1. Mycelial biomass yield of P. sanguineus grown in
liquid culture media after seven days of incubation.

Liquid culture media Biomass yield (mg/30 ml)

PSB 39.65 + 8.19°
CGB 20.02 £ 6.19¢
CW 35.83 £ 7.47%
RBB 100.13 £ 10.88*

Means with the same superscript are not significantly different from
each other at 5% level of significance.
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presence of these two primary nutrient requirements of fungi in the
substrate favored the efficient biomass production of this mushroom.
The same result was observed by Eugenio et al. (2009) wherein a
high amount of laccase was produced in media with sucrose than in
other sources of carbon used. Other species of mushrooms which
produced optimum mycelial growth in rice bran include Trametes
elegans (Dulay et al., 2021b) and L. tigrinus (Dulay et al., 2015b).
Pleurotus eryngii also showed excellent mycelial growth in media
supplemented with rice bran (Peng et al., 2000). Contrastingly,
other mushrooms such as various species of Lentinus, G. lucidum,
and A. polytricha showed excellent mycelial growth in coconut
water gulaman (Dulay et al., 2021a; Kalaw et al., 2016). Among the
four media used, corn grit broth has the lowest biomass yield with
20.02 mg/30ml. Dulay et al. (2012a) gathered similar results for this
media which produced the lowest germination of basidiospores of
L. tigrinus. On the other hand, corn grit produced very thick mycelia
and showed the shortest incubation period of L. strigosus (Dulay
etal.,2017).

Influence of pH

The pH of the media affects the growth and metabolism
of most mushrooms. In this study, it was observed that a wide range
of pH supports the mycelial biomass production of P. sanguineus
(Table 2). Biomass production peaked at pH 7 with 162.77 mg/30
ml. However, the statistical analysis showed that there is no
significant difference between the mean biomass yields. According
to Shu and Lung (2004), the pH of the medium directly affects
cell growth, which could possibly be due to the nutrient intake of
the cell membrane. This result is congruent with the findings of
Quiroz-Castaneda et al. (2009) for P. sanguineus which showed
maximum enzyme activity production at pH 5. Moreover, it was
found that these enzymes exhibit strong activity and stability in
pH 2 to 8. On the other hand, in the study conducted by Teoh ef al.
(2011), the highest biomass yield of this mushroom is obtained at
pH 4.7. Falkoski et al. (2012) observed that the enzyme activities
of this mushroom peaked at 3.5-4.5. Interestingly, this finding
is comparable to the results obtained by Dong ez al. (2017) for
Irpex lacteus which produced optimum biomass at pH 3 to 9. On
the other hand, some mushrooms like Cordyceps militaris have
a specific pH preference wherein biomass and exobiopolymer
production were favored at pH 6 (Park et al., 2001). P. sanguineus
is not pH sensitive wherein optimum mycelial biomass can be
produced from pH 4-8. These results imply that the pH preferences
of mushrooms vary depending on the species wherein beyond

Table 2. Mycelial biomass yield of P. sanguineus grown
in liquid culture media at varying pH levels after seven
days of incubation.

PH concentration Biomass yield (mg/30 ml)

4 135.30 £ 11.30*
5 149.30 + 7.25¢
6 13520 £7.26*
7 162.77 £ 16.57*
8 153.30 £ 5.12*

Maens with the same supre script are not significantly different
from each othre at 5 % level of significance.

optimum pH, the growth rate of some mushrooms is decreased
(Basu et al., 2015).

Influence of temperature

One of the most critical factors to be considered
in mushroom cultivation is temperature since growth rate of
organism decreases beyond the optimum level (Wang and Zong,
2007). In this study, the influence of temperature on mycelial
biomass production of P. sanguineus was determined using the
most suitable liquid culture media adjusted to the best pH. Table
3 presents the mean biomass yield after 7 days of incubation.
Culture bottles incubated at 28°C recorded the highest biomass
yield of 147.20 mg/30 ml. Biomass yield was significantly reduced
at lower temperatures (21°C) whereas no biomass was produced
at 8°C. A similar result was obtained by Quiroz-Castafieda et al.
(2009) wherein 28°C favored laccase production of P. sanguineus
in liquid media. These results are comparable with the temperature
requirements of Chlorophyllum molybdites (Garcia et al., 2020),
P. sanguineus and Pycnoporus cinnabarinus (Sharma and Jaitly,
2017), G. lucidum, P. cystidiosus, V. volvacea, S. commune, L.
tigrinus, and L. swartzii (Dulay et al., 2015a; Dulay et al., 2015b).
Moreover, Dulay et al. (2021a) found out that room temperature
favors luxuriant mycelial growth of various Lentinus species.
Contrastingly, Smania et al. (1997), Alberti et al. (2021), and
Lee et al. (2004) observed that the optimum mycelial growth and
antibiotic production of P. sanguineus, Oudemansiella canarii,
and Grifola frondosa were favored under 25°C. According to
Lin (2004), the temperature preferences of fungi can be used to
classify them into three groups; these are temperate, tropical,
or semitemperate. Results gathered in this study suggest that P
sanguineus is a tropical fungus.

Influence of illumination

Illumination or the intensity of light is one of the
environmental factors that affect the growth and development of
some fungi. Table 3 shows the mean biomass yield of P. sanguineus
incubated under lighted and dark conditions. A significantly higher
yield was produced in lighted condition with 168.47 mg/30 ml
compared to dark (87.6 mg/30 ml). This result is in congruence with

Table 3. Mycelial biomass yield of P. sanguineus grown in liquid
culture media as affected by temperature, illumination and agitation
after seven days of incubation.

Physical factors Biomass yield (mg/30 ml)
Temperature
8°C 0.00 + 0.00°
21°C 56.30 + 6.30°
28°C 147.20 £ 11.75°
Illumination [168.47 +1.75°
Lighted 87.6 £5.52°
Dark
Agitation |413.3 +50.4
Agitated 134.50 = 41.00°
Static

Zone of inhibition (mm)

Means with the same superscript are not significantly different from each other
at 5% level of significance.
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the findings of Smania ez al. (1997) wherein P. sanguineus showed
higher biomass yield under lighted condition. It was reported that
light has a positive impact on the fruiting body development of king
oysters (Zadrazil, 1978). Poyedinok et al. (2008) conveyed that a
certain range of light wavelength causes alteration of the essential
composition of mushroom spore, aside from this, disturbances
on the important enzymes responsible for the growth processes
during the vegetative stage occur. Since P. sanguineus produced
a higher yield in lighted conditions, it indicates that the presence
of light has a positive impact on the biomass production of this
mushroom. However, other mushrooms like Coprinus comatus,
L. tigrinus, L. strigosus, and L. swartzii exhibited better mycelial
growth in dark conditions (Duarte et al., 2012; Dulay et al., 2020;
Mendoza et al., 2020). Meanwhile, Landingin et al. (2020) and
Jacob et al. (2015) reported that mycelial growth performances
of Cyclocybe cylindracea, Pleurotus citrinolipeatus, Pleurotus
djamor, and Pleurotus salmoneostramineus were not directly
affected by light. These results indicate that different species of
mushrooms have different light preferences.

Influence of agitation

Agitation provides better gas supply, mass, and heat
transfer to the growing mycelia (Cui et al., 1997). In this study,
the culture bottles were incubated under two agitation conditions:
agitated (100 rpm) and static. The biomass yield of P. sanguineus
was improved under agitated conditions compared to cultures
incubated in static conditions (Table 3). A relative increase in
biomass yield of this mushroom (413.3 mg/30 ml) can be explained
by the shaking condition of the medium. It allows the mycelia to
efficiently utilize the nutrients present in the media as there is
enough supply of oxygen (Peng ez al., 2000). This is also proved by
Pointing and Vrijmoed (2000) for the P. sanguineus Thailand strain
wherein biomass production increased when incubated in agitated
conditions compared to static. Aside from biomass production,
the enzymatic activity of this mushroom improved as a result of
agitated conditions (Marim et a/., 2016). Other mushrooms with
the same agitation preference include G. lucidum (Dulay et al.,
2015a), Polyporus tricholoma (Vieira et al., 2008), and Pleurotus
pulmonarius (Abdullah et al., 2013). However, some species of
mushroom such as S. commune, P. cystidiosus, and V. volvacea
did not show sensitivity to agitation (Dulay et al., 2015a). In some
cases, higher intensity of agitation produced higher yield, so it is
also important to evaluate the influence of varying speed of the
agitator since only 100 rpm was used in this study. For instance,
Aspergillus niger produced higher biomass and glucose oxidase
at 700 rpm than at lower rpm (460) (Zetelaki and Vas, 1968). The
mycelial biomass production of P. sanguineus in its optimized
submerged culture conditions is shown in Figure 1.

Antibacterial activity of mycelial extracts

Mushrooms naturally produce bioactive compounds as
part of their defense mechanism in order to survive. In this study,
the antibacterial potential of P. sanguineus ethanolic extract was
evaluated against E. coli and S. aureus. The mean diameter zone
of inhibitions after 24 hours of incubation is presented in Table 4.
P, sanguineus ethanol extract showed a 7.47 mm diameter zone of
inhibitionagainstS. aureus while no zone of inhibition was observed
in E. coli (Fig. 2). This confirms the findings of Rosa ez a/. (2003)
wherein most gram-positive bacteria show more sensitivity to

Cinnabarin from P. sanguineus than gram-negative bacteria. Other
related studies confirmed that ethanolic, acetonitrile, and hexane
extracts of L. tigrinus were found to be active against S. aureus
but inactive against E. coli (Dulay et al.,2014; Dulay et al., 2017).
Similarly, ethyl acetate extracts of P. sanguineus showed inhibitory
activity against Candida krusei, Listeria monocytogenes, and S.
aureus, but no zone of inhibition was observed in E. coli (Rosa
et al., 2003). However, the ethanolic mycelial extract of this
mushroom grown in coconut water demonstrated promising
antibacterial potential against both S. aureus and E. coli (Mendoza
et al., 2020). The observed differences in the response of bacterial
pathogens to the extract can be explained by the findings of
Tamboli and Lee (2013) who disclosed that gram-positive and
gram-negative bacteria have different cell wall structures. E. coli
can resist various foreign materials from entering the cell due
to the high level of lipid material present in its cell wall which
serves as a barrier (Agatemor, 2009). It is also possible that the
amount of the compound responsible for its antibacterial activity
is not enough since it is crude. Meanwhile, Mendoza et al. (2020)
reported that P. sanguineus mycelia contain novel secondary
metabolites including triterpenes, anthrones, tannins, flavonoids,
phenols, steroids, alkaloids, anthraquinones, and fatty acids.
Among the above-mentioned compounds, triterpenes, anthrones,
and alkaloids act as the most effective antimicrobial agents

Table 4. Antibacterial activity of P. sanguineus extract against E. coli
and S. aureus.

Zone of inhibition (mm)

E. coli S. aureus
P. sanguineus 6.00 = 0.00° 7.47 £0.20°
Streptomycin 32.33 +£0.45° 33.13+0.15°
Ethanol 6.00 + 0.00° 6.00 + 0.00¢

Means with the same superscript are not significantly different from each other
at 5% level of significance.

Figure 2. Mycelial biomass of P. sanguineus in its optimized submerged culture
conditions after seven days of incubation.
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(Asamenew et al., 2011; Chudzik et al., 2015; Saxena et al.,
2013). These compounds need to be isolated and purified in order
to determine the exact concentration needed to inhibit the growth
of bacteria. Thus, based on the results gathered in this study, the
ethanolic extract of P. sanguineus is a good source of compounds
with antibacterial potential against S. aureus.

Cytotoxic activity of mycelial extract

Mushrooms contain agents with anticancer activity.
It was reported that P. sanguineus contains a high amount
of phenols, carbohydrates, and protein compounds such as
laccase that oxidize and degrade cancer-inducing compounds
(Piet et al., 2021). In this study, the cytotoxic activity of P.
sanguineus mycelia ethanol extract was assessed using a brine
shrimp lethality assay. The computed LC,  value is equal to
190.55 pg/ml which indicates that the extract is toxic. Results
showed that the mortality rate of brine shrimp larvae is
dose-dependent; it can be observed that as the concentration
increases, the mortality rate also increases. Similarly, Mendoza
et al. (2020) gathered similar results for mycelial extracts of
P. sanguineus grown on coconut water wherein an LC, value
of 16.02—-154.83 pg/ml was obtained. It produces a valuable
amount of triterpene, a secondary compound that is known
for its anticancer activity (Chudzik et al., 2015). Moreover,
Piet et al. (2021) found that P. sanguineus demonstrated high
cytotoxicity toward colon cancer cells which is correlated with
the presence of phenolic compounds. The findings of this study
clearly suggest that P. sanguineus contain bioactive compounds
with the cytotoxic property.

Teratogenic effects of P. sanguineus extract

Teratogenicity is defined as the ability of a certain extract or
drug to cause morphological malformations in a developing organism
(Elefant et al., 2020). This work demonstrated the teratogenicity
of P. sanguineus extracts in zebrafish embryos. Table 5 shows the
mean percentage hatchability of embryos exposed to the different
concentrations of the extract at 48 hours after treatment application.
Figure 4A shows the normal hatched embryo in the control group
after 48 hours. A significantly lower hatching rate was observed in
embryos exposed to 1 pg/ml, 10 pg/ml, and 100 pg/ml compared to
the control group. Accordingly, these results clearly indicate that the
hatchability of embryos is influenced by varying concentrations of P
sanguineus extract. It was observed that the hatching rate decreases
as the extract concentration increases. Exposure of the embryo to
certain chemicals during the early stages of development can cause
morphological abnormalities that affect the developmental processes,
which further leads to delayed hatching (Dulay er al., 2012b).
Growth retardation was found to be the most noticeable teratogenic
effect (Figure 4C and G) of the extract after 48 hours. Miao et al.
(2022) claimed that the compound responsible for the teratogenicity
of mushrooms works by interrupting some biochemical processes,
resulting in reduced blood flow and locomotor activity of the
embryo. Insufficient amount of glucose, triglyceride, and cholesterol
in the bloodstream was also observed since the mushroom extract
disrupts the genes responsible for lipid and cholesterol metabolism.
Observations in this study indicate that exposure of zebrafish embryos
to P. sanguineus extract can cause growth retardation suggesting that
it contains substances with teratogenic properties.

Lethal effects of P. sanguineus extract

The toxic or lethal effect of P. sanguineus extract was
assessed using zebrafish embryo. Table 6 presents the mean
percentage mortality observed after 12, 24, and 48 hours of exposure
to different concentrations of the extract. It was found that the lethal
effects of P sanguineus extract were dose and time of exposure
dependent. In all observation periods, embryos exposed to lower
concentrations of the extract survived whereas high mortality rates
were observed in embryos exposed to higher concentrations (10,000
png/mland 1,000 pg/ml). Coagulation (Fig. 4H) was the most obvious
lethal effect of P. sanguineus extract. Embryos with observed growth
retardation caused by 1,000 pg/ml extract showed a complete
absence of heartbeat which confirmed their mortality after 48 hours.
Aside from P sanguineus, other species of mushrooms such as
P. ostreatus, L. sajor-caju, L. tigrinus, Trichaleurina celebica, and
G. lucidum (De Castro and Dulay 2015; Dulay et al., 2012b; Dulay
et al., 2014; Sogan et al., 2018) exhibited toxicity to zebrafish
embryo. Mendoza et al. (2020) revealed that the mycelia of this
mushroom produce triterpenes, phenols, and anthraquinones all of
which possess anticancer activity. The presence of these secondary
metabolites, therefore, act together causing adverse effects that
lead to the death of the embryo. Lima et al. (2012) disclosed that
mushrooms contain aromatic hydrazines which are considered
carcinogenic. They also observed that patients diagnosed with
failures in the renal system can develop cryptogenic encephalopathy
when exposed to mushroom compounds with similar characteristics

Table S. Hatchability rate embryos at different concentrations of
P, sanguineus extract after 48 hours.

Concentration (ng/ml) % Hatchability

0 100 + 0.00*

1 55.6+£19.2°
10 55.6+19.2°
100 33.33 +0.00°
1,000 0.00 + 0.00¢
10,000 0.00 + 0.00°

Means with the same superscript are not significantly different from each other
at 5% level of significance.

i
2" Pyt

-, SN, w e
Trmal -

E. coli

S. aureus

Figure 3. Antibacterial assay plates showing the zones of inhibition exhibited by
the mycelial extract of P. sanguineus against S. aureus and E. coli. (E) mycelial
extract, (+) streptomycin and (-) ethanol.



102 Aguilar et al. / Journal of Applied Pharmaceutical Science 13 (04); 2023: 096-104

Table 6. Mortality rate at 12, 24, 48 hpta of embryos at different concentrations of P. sanguineus extract.

Concentration (ng/ml) % Mortality

12
0 0.00 £ 0.00°
1 0.00 + 0.00°
10 0.00 £ 0.00°
100 0.00 + 0.00°
1,000 11.1£19.20
10,000 100 £ 0.00°

24 48

0.00 £ 0.00¢ 0.00 = 0.00°
0.00 = 0.00¢ 0.00 = 0.00°
0.00 £ 0.00¢ 0.00 = 0.00°
0.00 = 0.00¢ 0.00 = 0.00°
77.78 £ 19.2° 100 + 0.00°
100 = 0.00° 100 £ 0.00°

Means with the same superscript are not significantly different from each other at 5% level of significance.

Figure 4. Teratogenic and toxic effects of P. sanguineus extract on zebrafish embryos at 48 hpta. (A) normal hatched embryo (embryo
water). (B-G) Growth retardation at 1 pg/ml to 1,000 pg/ml extract concentration (H) Coagulated embryo incubated at 10,000 pg/ml and

1,000 pg/ml extract concentration.

as vitamin D. These results suggest that high concentrations of P.
sanguineus can cause lethal effects to zebrafish embryos. Thus, it
could be a remarkable resource of toxic substances that can be used
for the formulation of effective anticancer drugs.

CONCLUSION

Results gathered in this study suggest that a high
biomass yield of P. sanguineus in liquid culture can be obtained
when provided with the most suitable growth medium and pH.
Light, temperature, and agitation are important physical factors
that directly improve the mycelia growth of this mushroom
during incubation. The observed antibacterial and cytotoxicity of
P. sanguineus extract imply that it could be used as a valuable
resource of antibacterial and cytotoxic compounds.
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