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ABSTRACT 
Lentinus strigosus is a nutritious and medicinal mushroom. This article highlights the effects of the fruiting body 
ethanolic extract of L. strigosus on the survival, food intake, and locomotion of N2 wild strain nematode, Caenorhabditis 
elegans, an animal model for obesity. Nematodes at L4 stage cultured on nematode growth medium (NGM) plates 
with Escherichia coli OP50 strain were treated with the different concentrations of mushroom extract (10, 100, 300, 
and 1,000 µg/ml) and dimethyl sulfoxide (DMSO) (1%) at varying times of exposure. Nematode lethality assay 
revealed that as the extract concentration increased and exposure prolonged, the percentage survival decreased. None 
of the extract concentrations showed 50% mortality; thus, it is considered safe to proceed to bioactivity assays. The 
increasing concentration of extract caused not only the decrease in the pharyngeal pumping rate (food intake) but also 
the increase in both reversal (dwelling) and body bend (roaming) movements of C. elegans. The dwelling and roaming 
locomotion of 300 µg/ml and 1,000 µg/ml extract-treated nematodes were significantly higher after 48 and 120 hours, 
respectively. It was also observed that nematodes treated with extract spent less time in the dwelling mode after 120 
hours of exposure. Therefore, the fruiting body ethanolic extract of L. strigosus has an appetite-suppressing effect, 
which suggests a promising potential of this mushroom as a natural and effective remedy to prevent obesity.

INTRODUCTION 
Obesity is one of the major health problems around the 

world (Antipatis and Gill, 2001). It is characterized by excessive 
fat accumulation and storage in the body (Mohamed et al., 2014) 
due to the lack of physical activity and excessive intake of food. 
This condition could trigger various health problems including 
diabetes mellitus, cardiovascular diseases, certain types of cancer, 
osteoarthritis, asthma, and obstructive sleep apnea (Haslam and 
James, 2005; Poulain et al., 2006; World Health Organization, 
2008). In the Philippines, a joint study by the United Nations 
International Children’s Emergency Fund, the World Health 
Organization, and Association of Southeast Asian Nations showed 
that obesity among children below 5 years jumped 400%, and from 

1% prevalence in 1992 to 5% in 2013 above 18 years (23.6%) 
were overweight. Some solutions and treatments have been 
developed by researchers and medical practitioners. For instance, 
Lau et al. (2007) stated that dieting and physical exercises are 
the main treatments for obesity. Moreover, medications, such as 
liraglutide, naltrexone-bupropion, and leptin supplements, are also 
being used in reducing fat gain (Tsai et al., 2013). In addition, 
bariatric surgery is considered to be the most effective treatment 
for obesity (Colquitt et al., 2014). However, these treatments are 
expensive and risky. Hence, continuous search for effective and 
natural alternatives for obesity is imperative.

Mushrooms have been of interest because of their 
nutritional and medicinal properties (De Silva et al., 2012). 
Lentinus strigosus is a wood-rotting edible Philippine mushroom 
that possesses nutritional and medicinal properties (Dulay and 
Pamiloza, 2018). The optimum culture condition for efficient 
mycelial growth and the enriched cultivation of fruiting bodies 
of L. strigosus using rice straw and sawdust-based substrate 
have been demonstrated (Dulay and Garcia, 2017; Dulay et al., 
2017). The fruiting bodies of L. strigosus contain crude protein, 
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crude fat, reducing sugar, fiber, soluble polysaccharides, dietary 
fiber, carbohydrates, minerals such as potassium, phosphorous, 
magnesium, iron, calcium, and zinc, and bioactive metabolites 
like saponins, alkaloids, flavonoids, anthraquinones, anthrones, 
phenols, steroids, and coumarins, and ethanol extract of this 
mushroom also exhibits antioxidant, antibacterial, and teratogenic 
activities (Dulay and Pamiloza, 2018). L. strigosus is a promising 
source of natural and functional food, which presumably possesses 
antiobesity activities.

In order to elucidate the antiobesity property of L. 
strigosus, it is vital to use an animal model that is relatively simple 
but with characteristics of human obesity. Caenorhabditis elegans, 
a nematode, is a pertinent model organism to study fat biology 
(Hashmi et al., 2013; McKay et al., 2003). They deposit fat for 
energy storage along their intestinal tract that can be distinctly 
visualized because of their transparent bodies (Ashrafi, 2007; 
Zheng et al., 2014). Previous works have successfully determined 
the genes responsible for the accumulation of fat with possible 
applications to human obesity (Mak et al., 2006; Srinivasan et al., 
2008; Yen et al., 2010). These properties make a C. elegans model 
a reliable and important tool in studies of antiobesity activities.

With the aim to establish the health benefits of L. 
strigosus, our team has elucidated the effect of the ethanol extract 
of this mushroom on the pharyngeal behavior and locomotion of 
C. elegans as an animal model for human obesity.

MATERIALS AND METHODS

Source and cultivation of mushroom
Pure culture of L. strigosus was obtained from the culture 

collections of the Bioassay Laboratory, Department of Biological 
Sciences, Central Luzon State University, Science City of Muñoz, 
Nueva Ecija, Philippines. The fruiting bodies were mass produced 
similar to the process of cultivation described by Dulay and Garcia 
(2017).

Source of chemicals and reagents
DMSO, 95% ethanol, NaCl, peptone, powdered 

cholesterol, 1 M KPO4 buffer, pH 6.0, and 1 M MgSO4 were 
purchased from Puljed Trading, Bambang District, Sta. Cruz, 
Manila, Philippines. 

Extraction and treatment preparation
The fresh fruiting bodies of L. strigosus were air-dried 

and pulverized using a blender. Ten grams of the powdered sample 
was soaked in 1 l of 95% ethanol [a good solvent for polyphenol 
extraction (Do et al., 2014)] for 48 hours. The filtrate was obtained 
using Whatman filter paper No. 2 and subsequently concentrated 
to dryness in a rotary evaporator (IKATM RV10 Digital, USA). The 
extract yield was determined. 300 ml of each extract concentration 
at 10, 100, 300, and 1,000 µg/ml (diluted in 1.25% ethanol) and 
1% DMSO were prepared as treatments. 

Source and culture medium of nematodes
Culture of N2 wild strain of C. elegans was acquired 

from the College of Medicine, University of the Philippines-
Manila, Ermita, Manila, Philippines. An NGM was prepared 
following the ingredients and protocol described by Stiernagle 

(2006). The medium was pour-plated and allowed to solidify prior 
to the inoculation of Escherichia coli OP50 strain, which served as 
food for C. elegans. Cultures were incubated at 28°C for 18 hours 
allowing bacterial growth.

Nematode lethality assay
To determine the toxic concentration, a nematode lethality 

assay was carried out following the protocol of Qiao et al. (2014).  
C. elegans at L4 stage were individually picked using a worm 
picker and transferred into OP50-seeded NGM plates. Fifteen C. 
elegans were inoculated into each plate and subsequently treated 
with 300 µl of each treatment. Each treatment was replicated three 
times. Assay plates were incubated at 20°C. The acute and chronic 
lethal effects of the different treatments to C. elegans were observed 
every 24 hours up to 96 hours posttreatment application under 40× 
magnification using a stereomicroscope (Olympus, Japan). These 
lethal effects include being unresponsive to external stimuli, lack 
of muscle activity, and appearing as a straight rigid rod (Kong et 
al., 2014). The survival rate of C. elegans was determined.

Pharyngeal behavior assay
Food intake in C. elegans was accomplished by 

pharyngeal movements through pumping. The pharyngeal 
pumps of treated nematodes were counted per minute under 40× 
magnification using a stereomicroscope after 24 and 120 hours 
posttreatment application. 

Locomotion assay
C. elegans exhibits two modes of locomotion, dwelling 

and roaming. The forward and backward movements (for dwelling) 
and body bends (for roaming) of treated nematodes were counted 
per minute under 40 magnification using a stereomicroscope 
after 24 and 120 hours posttreatment application. All nematodes 
used in the assay were submerged in sodium hydroxide prior to 
disposal.    

Statistical analysis
Experimental units were laid out in a completely 

randomized design. Comparison between groups was done by 
means of one-way analysis of variance and Tukey’s post-hoc test 
with the help of Microsoft Excel QI Macros. Differences with p < 
0.05 between experimental and control groups were considered.

RESULTS AND DISCUSSION
In the present work, we investigated the effects of ethanol 

extract of L. strigosus on the survival, food intake, and locomotion 
of C. elegans in our intention to establish the toxicological and 
pharmacological properties of this mushroom. To assess safety, 
nematode lethality assay of the varying concentrations of extract 
at different times of exposure was first tested. Notably, the survival 
of nematodes was affected by the varying concentrations of the 
extract of L. strigosus: as the extract concentration increased, 
the percentage survival decreased (Fig. 1). It can also be seen 
that prolonged exposure up to 96 hours showed a decrease in 
the percentage survival of nematodes, which clearly indicates 
a chronic lethal effect of the extract. Therefore, the survival 
of nematodes was affected by the extract of L. strigosus in a 
concentration- and time-dependent manner. However, none of the 
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tested extract concentrations showed 50% lethality; thus, the LC50 
value was no longer calculated. On the other hand, the control 
DMSO also demonstrated low toxicity on the nematode, but still 
had a high percentage survival. Hence, the varying concentrations 
of extract and controls used in this study are considered safe to 
proceed to bioactivity assays.

Similar to the obtained data, the water extract of 
fermented mycelia of Cordyceps sobolifera was also considered 
safe, as no abnormal behaviors were observed in C. elegans (Lin 
et al., 2018). Moreover, a polysaccharide from Dictyophora 
indusiata was not only regarded as safe but also increased the 
survival rate of C. elegans (Zhang et al., 2016). On the contrary, 
some edible mushrooms showed toxic effects or nematicidal 
properties. For instance, Stadler et al. (1994) reported that the 
fatty acids isolated from Pleurotus pulmonarius displayed toxic 
effects against C. elegans. In addition, a high nematicidal property 
(82%–99% mortality) against Haemonchus contortus nematode 
was exhibited by specific strains of edible mushrooms, including 
Pleurotus eryngii, Pleurotus cornucopiae, Pleurotus ostreatus, and 
Lentinula edodes (Comans-Pérez et al., 2014). Thus, the previous 
and present works suggest that the lethal effects of mushrooms 
against nematodes may vary depending on the species, strains, 
extraction methods, and the active compounds or metabolites they 
contain.

After establishing the safety, we next examined the 
effects of the varying concentrations of L. strigosus extract on 
the behavior of C. elegans, particularly the pharyngeal pumping 
rate and the dwelling and roaming activity. Pharyngeal pumping 
behavior correlates with the intake of food, OP50 bacteria, from 
the environment into the intestine of C. elegans. Figure 2 shows 
the pharyngeal pumping rate of C. elegans at 48 and 120 hours 
posttreatment exposure (hpte). In both observation periods, the 
pumping rate of C. elegans decreased as the concentration of 
extract increased. However, the pumping rate was markedly 
increased after 120 hours of exposure. The analysis revealed that 
pumping rates of all extract-treated nematodes were significantly 

lower compared to DMSO. The results of the present study 
strongly suggest the appetite-suppressing effect of the extract. On 
the contrary, serotonin increased the pharyngeal pumping rate of 
C. elegans (Srinivasan et al., 2008).

To determine how the extract affects the food-exploiting 
(dwelling) movement of the nematodes, the number of forward 
and backward movements (reversal locomotion) was counted. 
Notably, the reversal locomotion rate of C. elegans increased in the 
increasing concentration of the extract (Fig. 3). In both observation 
periods, the extract at 1,000 µg/ml recorded the highest reversal 
locomotion rate. The analysis revealed that 300 µg/ml and 1,000 
µg/ml were comparable after 48 hours of exposure. However, at 
120 hpte, there was an increase in reversal locomotion rates at 10 
µg/ml and 100 µg/ml. Fujiwara et al. (2002) reported that the adult 
wild-type (N2 strain) spent about 75% in the dwelling mode and 
25% in the roaming mode on OP50 E. coli. In this study, however, 
the nematodes spent less time in the dwelling mode particularly 
at the later period of exposure. These results confirmed the ability 
of the L. strigosus ethanol extract to suppress the appetite of the 
nematodes, which may suggests potential neurological effects that 
caused them to suppress their appetite.

On the other hand, the number of body bends (roaming) 
was also counted to determine the food-seeking behavior of 
C. elegans. Similar to reversal locomotion, the increasing 
concentration of the extract increased the bending locomotion 
rates of nematodes (Fig. 4). The analysis showed that the effect of 
the 1,000 µg/ml extract was significantly different from all other 
treatments, except 300 µg/ml at 48 hpte. The results of the present 
study can be compared to the study of Kim et al. (2010), who 
reported the effect of taurine as an antiobesity agent in nematodes. 
They found that the nematodes treated with taurine traveled longer 
distances than the untreated ones and this positive effect of taurine 
on mobility may contribute to the reduction of lipid accumulation 
and fat storage in C. elegans. According to Srinivasan et al. 
(2008), just like in mammals, the feeding behavior of C. elegans 
is regulated by extrinsic and intrinsic factors, and obesity is not 

Figure 1. Survival rate of C. elegans in varying concentrations of L. strigosus ethanol extract at 24, 48, 72, and 
96 hours posttreatment exposure.
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exclusively determined by feeding behavior. Feeding behavior 
and fat metabolism are coordinated but independent responses 
of the nervous system to the perception of nutrient availability 
(Srinivasan et al., 2008). However, the inconsistencies were 
reduced, if not eliminated, in the present study, by seeding the same 
amount of OP50 E. coli in every replicate of all treatments. The 
risk of starvation is therefore reduced, if not eliminated, because 
of the presence of equivalently plenty food for the nematodes in all 
replicates of all treatments.  	

Previous studies demonstrated the role of cyclic 
guanosine monophosphate (cGMP) pathway in appetite control 

and metabolism and the GUCY2C-hormone axis as the center of 
endocrine regulation of central appetite mechanisms and paracrine 
control of intestinal epithelial cell homeostasis (Davis et al., 2017; 
Valentino et al., 2011). Elimination of GUCY2C expression in mice 
would disrupt appetite regulation by impairing satiation, thereby 
producing hyperphagia related to comorbidities, such as obesity and 
metabolic syndrome (Valentino et al., 2011). In mice and humans, 
food consumption is the first physiological stimulus that induces the 
secretion of prouroguanylin into the circulation. Proteolysis liberates 
uroguanylin which binds to GUCY2C receptor in the hypothalamus 
and in turn produces cGMP upon its activation to suppress feeding. 

Figure 2. Pharyngeal pumping rate (% of control) of C. elegans in varying concentrations of L. strigosus 
ethanol extract at 48 and 120 hours posttreatment exposure. Each value represents means of triplicate tests (n = 
3). Means having the same superscript letters in each time of exposure are not significantly different from each 
other at 5% level of significance.

Figure 3. Dwelling locomotion (% of control) of C. elegans in varying concentrations of L. strigosus ethanol 
extract at 48 and 120 hours posttreatment exposure. Each value represents means of triplicate tests (n = 3). 
Means having the same superscript letters in each time of exposure are not significantly different from each 
other at 5% level of significance.
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In C. elegans, cGMP is a key mediator of quiescence (You et al., 
2008). Elimination of cGMP signaling in C. elegans causes loss of 
appetite regulation and quiescence, excess consumption of nutrients, 
and accumulation of fat. Because of its role in appetite control and 
other functions, cGMP has become a target for drug development. 
For example, sildenafil that inhibits degradation of cGMP to treat 
erectile dysfunction has protective effects in weight gain on a high-
fat diet (Ayala et al., 2007; Mitschke et al., 2013). 

In our previous work, we reported that flavonoids are 
one of the chemical constituents of the fruiting body extract of L. 
strigosus (Dulay and Pamiloza, 2018). Marranzano et al. (2018) 
reported that flavonoids from dietary and herbal plants showed 
beneficial effects on the prevention and treatment of obesity and 
related metabolic disorders. In addition, higher consumption of 
flavonoids and weight gain are inversely related (Cases et al., 2015). 
Flavonoids increase nitric oxide levels in mice aorta (Benito et al., 
2002), and nitric oxide activates soluble guanylyl cyclase, thereby 
increasing intracellular cGMP concentrations (Rizzo et al., 2010). 
On the other hand, inhibition of appetite which can lead to weight 
loss can be carried out by the proopiomelanocortin (POMC) neurons 
by secreting α-melanocyte-stimulating hormone and containing 
receptors for serotonin and leptin (Havel, 2001). Song et al. (2019) 
stated that flavonoids induce satiety by affecting the AgRP and 
POMC neurons. It was also mentioned that nutrient absorption is 
modulated by flavonoids by inhibiting the action of amylase.

CONCLUSION
Altogether, the effects of L. strigosus ethanol extract 

on the pharyngeal pumping rate and locomotion of C. elegans 
were studied. The increasing concentration of extract decreased 
the pharyngeal pumping rate and increased both the dwelling and 
roaming locomotion of C. elegans, which suggest the appetite-
suppressing effect of the extract. This effect of L. strigosus extract 
is one of the signature effects of antiobesity agents in C. elegans, 
indicating a promising potential of this mushroom as a natural and 

effective remedy to prevent obesity. Lipid-reducing effect of the 
mushroom extract and its mechanisms will be further investigated 
by our team in order to confirm the present claim.
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