Journal of Applied Biology & Biotechnology Vol. 9(1), pp. 41-46, Jan-Feb, 2021

Available online at http://www.jabonline.in
DOLI: 10.7324/JABB.2021.9106

CrossMark

< clickfor updates

In-vitro activity of ethanolic extract of Lentinus strigosus mycelia in

N2 wild strain Caenorhabditis elegans — An animal model for obesity

and its chemical composition

Benditha D. Babac!, Rich Milton R. Dulay®*, Reign Arwen S. Calpito', Maricris A. Domingo', Mary Grace M. Macamos',

Andrea R. Mangabat', Neil Zhyra L. Zoberiaga'

'Department of Science, Dr. Ramon de Santos National High School, San Antonio, Cuyapo, Nueva Ecija 3117, Philippines.
Bioassay Laboratory, Department of Biological Sciences, College of Science, Central Luzon State University, Science City of Munoz, Nueva Ecija 3120,

Philippines.

ARTICLE INFO

ABSTRACT

Article history:
Received on: November 09, 2020
Accepted on: December 25, 2020

Auvailable online: January 17, 2021

Key words:

Lentinus strigosus,
Nematodes,

Obesity,

Pharyngeal pumping,

Roaming and dwelling locomotion.

Lentinus strigosus is an edible and medicinal species of mushroom found in Central Luzon, Philippines. In the current
study, the effects of ethanolic extract of L. strigosus mycelia (grown on coconut water in submerged culture) on the
food intake and locomotion of Caenorhabditis elegans were investigated. Chemical compositions of the mushroom
mycelia were likewise analyzed. Results showed that mycelial extract significantly reduced the food intake and
increased the roaming and dwelling activities of extract-treated nematodes. The presently observed positive effects
could not be accounted to the toxicity of the mycelial extract since the extract was confirmed safe in the acute
lethality assay. In addition, mycelia of L. strigosus contained valuable mycochemicals such as flavonoids, alkaloids,
terpenoids, steroids, phenols, saponins, athrones, anthraquinones, and coumarins, which have been reported to play
important roles in the different mechanisms of anti-obesity activity. Accordingly, L. strigosus mycelium is a new
addition of functional food resources, which has promising potential for the prevention of obesity and associated

diseases.

1. INTRODUCTION

Mushrooms have been widely utilized as functional foods. They are an
excellent source of physiologically beneficial bioactive compounds,
including phenols, tocopherols, ascorbic acids, carotenoids, sugars,
fatty acids, acylglycerols, triterpenes, steroids, anthraquinones,
coumarins, anthrones, tannins, flavonoids, and alkaloids [1-6]. These
compounds have been linked to the hypoglycemic, antibacterial,
antifungal, antioxidant, antiviral, antitumor, and immunosuppressive
properties of several mushrooms [7-10]. As nutritious foods, they
contain valuable proteins, carbohydrates, crude fiber, vitamins,
minerals, and crude fat [7,11]. Indeed, mushrooms could be considered
as a high-value crop for nutritional and pharmacological purposes.

Lentinus strigosus, commonly known as kabuteng balbon among
Filipinos, is a wood-rotting edible and medicinal mushroom that
usually found growing on fallen logs, stumps, wood fence, and trunks
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of trees. The mycelial growth, fruiting body production, nutritional
and mycochemical compositions, and some biological activities
were studied and reported in our previous works [11-14]. With the
significant chemical compositions elucidated [11], it is hypothesized
that this mushroom could exhibit various biological activities
such as antioxidant, antibacterial, anticancer, anti-diabetic, anti-
cholesterolemic, anti-inflammatory, anti-obesity, and among others,
which are of our interest, to establish its role in the nutraceutical and
pharmaceutical industries. In this study, the effects of L. strigosus
extract on the survival and behavior of a nematode Caenorhabditis
elegans, an animal model for obesity, were investigated.

C. elegans, a free-living nematode, is an advantageous animal model
because of its extensively studied genome, ease of handling and
management, rapid life cycle, and a 3-week long lifespan [15]. Notably,
C. elegans has a high degree of similarity with human in terms cellular
processes such as cell signaling, metabolism, cell cycle, cell aging,
and cell death [16-18]. Although an animal, C. elegans is not legally
considered as an animal, which excludes it from other laboratory
animals that are strongly protected by animal right laws [19]. This
worm has been widely used in the evaluation of different parameters
such as development, immune response, aging, reproduction, stress,
and even neurological disorders such as dementia, Pankinson’s, and
Alzheimer’s diseases [20-26].
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This current study aimed to evaluate the effects of ethanolic extract
of L. strigosus mycelia on the survival, food intake, and locomotion
of C. elegans with an intention to establish the potential of the extract
in obesity management. The chemical compositions of the mycelial
extract were also analyzed.

2. MATERIALS AND METHODS

2.1. Source and Mycelial Production

The 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 Mufioz, Nueva
Ecija, Philippines. Coconut water was used as a medium for mycelial
biomass production under submerged culture conditions following the
process described by Dulay ef al. [27]. Mycelia were air-dried and
pulverized before extraction.

2.2. Extraction

Powdered mycelia (10 g) were soaked in 1 L of 95% ethanol for 48 h.
This was filtered using a Whatman filter paper No. 2 and the filtrate
was subsequently concentrated to dryness in a rotary evaporator and
yield of extract was recorded.

2.3. Source of Nematode and the Culture Medium

Culture of N2 wild strain of C. elegans was acquired from the College
of Medicine, University of the Philippines, Ermita, Manila, Philippines.
The ingredients of nematode growth medium (NGM) and its preparation
were followed after Stiernagle [28]. Medium was pour-plated, solidified,
and inoculated with Escherichia coli OP50 strain. The bacteria served as
food for C. elegans. Plates were incubated at 28°C for 18 h.

2.4. Nematode Lethality Assay

The nematode lethality assay protocol of Quiao er al. [29] was
followed with minor modifications. Fifteen L4-stage C. elegans
were individually picked using a worm picker and transferred into
each OP50-seeded NGM plate. A total of 18 plates were inoculated
and each plate was treated with 300 puL of each treatment (different
extract concentrations, 10 ug/mL L-carnitine tartrate, and 1% dimethyl
sulfoxide [DMSO]). Each treatment was replicated 3 times. Assay
plates were incubated at 20°C. The lethal effects of the different
treatments were observed after 48 h under x40 magnification using
a stereomicroscope. Being unresponsive to external stimuli, lack of
muscle activity, and appearing as a straight, rigid rod were observed
as lethal effects [30]. The survival rate of C. elegans was determined.

2.5. Pharyngeal Behavior and Locomotion Assays

Pharyngeal pumping rate was measured by counting the number of
contractions of the pharyngeal bulb within 1 min [31] under x40
magnification using a stereomicroscope after 24 and 120 h post-
treatment application. The nematode exhibits two modes of locomotion,
the dwelling and roaming. The forward and backward movements (for
dwelling) and body bends (for roaming) of the treated nematodes were
counted per minute under x40 magnification using a stereomicroscope
after 24 and 120 h post-treatment application. All nematodes used in
the assay were submerged in sodium hydroxide before disposal.

2.6. Chemical Composition Analysis

The screening of the different groups of compounds present in
the mushroom extracts was employed following the methods of

Guevara [32]. A thin-layer chromatography (TLC) was used to detect
the presence of the different secondary metabolites of the mushrooms.
TLC was performed in a vertical glass chamber with ethyl acetate.
The different chemicals were detected as spots in TLC through the
use of ultraviolet light, hot plate, and several reagents used for a
typical visualization of the secondary metabolites. Vanillin-sulfuric
acid was used to determine the presence of phenols, sterols, fatty
acids, triterpenes, and essential oil. Methanolic potassium hydroxide
was used to visualize anthraquinones, coumarins, and anthrones,
while potassium ferricyanide-ferric chloride was used to test phenolic
compounds and tannins. Alkaloids and flavonoids were detected using
Dragendorft’s reagent and antimony (III) chloride, respectively.

2.7. Statistical Analysis

Data were analyzed using analysis of variance and compared using
Tukey’s honestly significant difference at 5% level of significance.

3. RESULTS AND DISCUSSION

3.1. In-vitro Activity of L. strigosus Mycelial Extract in
C. elegans

Obesity is one of the major health problems worldwide, which is
caused by multiple factors such as heredity, environment, diet, lifestyle,
infectious agents, and societal determinants [33]. However, many
researchers assumed that this metabolic disorder is a result of excessive
caloric and fat intake and steady decline physical activity [34].
C. elegans is the commonly used relevant animal model because it
is comparable to a mammalian model that elucidates the mechanism
of obesity [35]. In this study, we used C. elegans to determine the
effects of L. strigosus mycelial extract on the survival, food intake, and
locomotion of this free-living nematode in our intention to establish
the potential of the extract for obesity prevention.

Nematode acute lethality assay was performed first to confirm
the safety of the extract. The nematodes treated with 1000 ug/mL
recorded the lowest percentage survival [Figure 1]. This effect was
found statistically comparable to the effect of the control L-carnitine.
However, those exposed at 300 pg/mL and lower concentrations
showed higher percentage survival and were found comparable to
the DMSO-treated nematodes. Furthermore, none of the extract
concentrations used showed a below 50% survival rate. Hence, the
mycelial extract of L. strigosus would be considered safe for further
assays.

Food intake in C. elegans is accomplished by pharyngeal movements
through pumping. Pharyngeal pumping is a cycle of contractions and
relaxations of the pharynx that joins the mouth to the intestines of
C. elegans, which corresponds to food intake [36]. The food intake
activity through the pharyngeal pumping rate of nematodes treated
with varying concentrations of ethanol extract of mycelia is shown
in Figure 2. The increase in the concentration of mycelial extract and
the prolong treatment exposure significantly reduced the food intake
of the nematodes, which suggest a loss of appetite and/or suppression
of overeating. This observation is consistent with the recent study of
Sheng et al. [37], who reported that water extract from mushroom
Pleurotus citrinopileatus significantly decreased the food intake
resulting to the reduction of weight gain and fat accumulation in high-
fat diet-fed C57BL/6J mice. In addition, Khatun et al. [38] reported
that feeding of edible mushroom Echigoshirayukidake supplemented
chow (5% w/w) significantly reduced the food intake and prevented
body weight gain, fat deposition in the viscera, and hyperlipidemia in
genetically defined obese model rat.
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Figure 1: Effect of varying concentrations of Lentinus strigosus mycelial
extract on the survival of Caenorhabditis elegans after 48 h of exposure.
Means having the same letter of superscript in each time of exposure are not
significantly different from each other at 5% level of significance.
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Figure 2: Effect of varying concentrations of Lentinus strigosus mycelial
extract on the pharyngeal pumping behavior of Caenorhabditis elegans after
48 and 120 h of exposure. Means having the same letter of superscript are not

significantly different from each other at 5% level of significance.

Several peptide hormones excreted from the gastrointestinal tract play
a crucial role in controlling and stimulating appetite, which causes the
feeling of satiety and hunger. Some of these include cholecystokinin,
glucagon-like peptide-1 (GLP-1), peptide YY3-36, and ghrelin [39].
High level of ghrelin induces appetite, which stimulates feeding and
increases weight gain and fat deposition [40]. On the other hand,
elevated GLP-1 induces satiety, reduces food intake, and decreases
weight gain and adiposity [41]. Wang et al. [42] reported that high-
fat diets supplemented with 10% of either sugarcane fiber or psyllium
significantly reduced stomach ghrelin mRNA levels in male mice
(C57BL/6). Aside from released stomach hormones, alteration of
neural signals in the brain may also cause loss of appetite [43]. In
contrast, Mazidi et al. [44] disclosed the appetite-stimulating effect
of hydroalcoholic extract of Cannabis sativa by increasing the total
ghrelin level in male Wistar rats. In addition, Zingiber officinale
improved food intake due to GLP-1 suppression [45,46]. Karri
et al. [39] enumerated in their review paper the most commonly studied
mechanisms of anti-obesity activity of natural agents and these include
regulation of plasma lipid, gene expression, mRNA mediated lipid
metabolism, and leptin levels, pancreatic lipase inhibition, adipose
accumulation reduction, balancing energy intake and expenditure, and
adipocyte differentiation suppression. The food intake reduction in

nematodes observed in the present study could probably be attributed
to any of the above-mentioned mechanisms, which warrants further
investigations. In addition, presently observed suppressive effect
of mycelial extract on the food intake of nematodes could not be
accounted to the possibility of having a toxic effect because the extract
was confirmed safe in nematode acute lethality assay.

Aside from suppressing appetite and reducing food intake, increasing
calorie expenditure through physical activity is also one of the
potential strategies in obesity management [47]. Physical activity
helps to combat the occurrence of obesity by balancing energy intake
and expenditure and by preventing adipocyte accumulation. In the
present study, we found that both reversal and bending locomotions
were significantly increased as the concentration of the mycelial
extract increases [Figures 3 and 4]. Apparently, prolonged exposure
of nematodes in the extract increased physical activity. Moreover,
the effect of 1000 pug/mL extract was insignificantly different to
L-carnitine in both locomotion assays. Our results suggest the positive
effect of the mycelial extract on the roaming and dwelling activities
of nematodes. This is in agreement with the observation of Kim
et al. [48], who reported that increasing amount of taurine for the
high-fat-diet N2 strain C. elegans significantly increased mobility and
decreased deposition of fat.

3.2. Chemical Compositions of Mycelia

L. strigosus is a highly nutritive species of edible and medicinal
mushrooms. Our results in chemical analysis showed that L. strigosus
mycelia contain valuable mycochemicals, including flavonoids,
alkaloids, terpenoids, steroids, phenols, saponins, athrones,
anthraquinones, and coumarins, which have been reported to exhibit
numerous biological properties. In the recent review of Karri et al.
[39], the different natural compounds from various plants that
have been linked to anti-obesity were listed and the most common
phytochemical constituents responsible for the said activity were
identified. These include flavonoids, phenols, terpenoids, alkaloids,
saponins, carboxylic acids, other acids, glycosides, and tannins.
However, in edible and medicinal mushrooms, polysaccharides,
polyphenols, alkaloids, flavonoids, terpenes, sterols, and fibers were
the identified bioactive compounds with anti-obesity potentials [33].
Interestingly, some of the above-mentioned chemicals were also
detected in this study.

Previous works reported the significant physiological roles of these
natural anti-obesity compounds. Phenolic compounds induced lipid
metabolism by mRNA expression of mitochondrial uncoupling
proteins 3 and inhibited alpha-amylase and pancreatic lipase [49,50].
Flavonoids decreased the mRNA levels of lipogenesis-related genes
and exhibited pancreatic lipase inhibition activity and anti-adipogenic
effect [51,52]. Saponins and terpenes prevented obesity by inhibiting
pancreatic lipase activity [53,54]. Alkaloids suppressed the mRNA
expression of neuropeptide Y and agouti-related peptide in the
hypothalamus and decreased the food intake in rats [55].

According to literature, polysaccharides are the most common
chemical constituents of mushroom with anti-obesity properties. For
instance, polysaccharides extracted from edible mushroom Tremella

fuciformis inhibited the differentiation of 3T3-L1 adipocytes by

reducing mRNA expression of peroxisome proliferator-activated
receptor-alpha, C/EBPa, and leptin, which suggests anti-obesity
property [56]. Lentinan from Lentinus edodes reduced lipid
accumulation and suppressed the formation of atherosclerotic
plaques in mice, indicating that this polysaccharide helps in
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Figure 3: Effect of varying concentrations of Lentinus strigosus mycelial
extract on the dwelling behavior of Caenorhabditis elegans after 48 and
120 h of exposure. Means having the same letter of superscript in each time
of exposure are not significantly different from each other at 5% level of

significance.
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Figure 4: Effect of varying concentrations of Lentinus strigosus mycelial
extract on the roaming behavior of Caenorhabditis elegans after 48 and
120 h of exposure. Means having the same letter of superscript in each time
of exposure are not significantly different from each other at 5% level of

significance.

preventing hypercholesterolemia [57]. Extract rich in p-glucan
from Pleurotus sajor-caju prevented obesity by inducing lipolysis
in high-fat diet-fed mice [S58]. Moreover, residue polysaccharide
of Cordyceps militaris SU-12 demonstrated the reduction of blood
and liver lipid levels and the improvement of glutamate pyruvate
transaminase and antioxidant activity in mice [59]. In addition,
Huang et al. [60] reported the antihyperlipidemic and anti-
hyperglycemic potential of Pleurotus tuber-regium polysaccharides
in obese-diabetic rats. Aside from polysaccharides, fibers obtained
from Grifola frondosa, L. edodes, and Flammulina velutipes showed
cholesterol-lowering effects in rats [61]. Peptides derived from
edible mushrooms, Hypsizygus marmoreus, Pleurotus cystidiosus,
and Tricholoma matsutake exhibited inhibitory activities against
angiotensin [-converting enzyme [62-64]. Our results and the results
of earlier studies suggest that mushrooms are rich in nutritional
value with numerous biologically active chemicals, which have
significant impacts in controlling obesity and associated diseases
such as diabetes, hypercholesterolemia, hypertension, and other
cardiovascular diseases.

4. CONCLUSION

Overall, L. strigosus mycelial extract effectively reduced the food
intake and significantly increased the dwelling and roaming activities
of C. elegans in vitro. Chemical analysis revealed valuable bioactive
compounds which have been reported to show significant impact in
various mechanisms of anti-obesity activity. It is therefore concluded
that mycelium of L. strigosus is a new resource of natural agents
that could be used as a potential strategy for obesity management.
However, comprehensive investigations are obviously required to
understand fully the underlying mechanisms of anti-obesity activity of
this medicinal mushroom.

5. CONFLICTS OF INTEREST

No conflicts of interest among authors.

6. FINANCIAL SUPPORT AND SPONSORSHIP

None.

REFERENCES

1. Vaz JA, Barros L, Martins A, Santos-Buelga C, Vasconcelos MH,
Ferreira IC. Chemical composition of wild edible mushrooms and
antioxidant properties of their water soluble polysaccharidic and
ethanolic fractions. Food Chem 2011;126:610-6.

2. Reis F, Baros L, Martins A, Ferreira I. Chemical composition
and nutritional value of the most widely appreciated cultivated
mushrooms: An inter-species comparative study. Food Chem
2011;128:674-78.

3. Dulay RM, Ray K, Hou CT. Optimization of liquid culture conditions
of Philippine wild edible mushrooms as potential source of bioactive
lipids. Biocatal Agric Biotechnol 2015;4:409-15.

4. Hou CT, Lin JT, Dulay RM, Ray K. Identification of molecular
species of acylglycerols of Philippine wild edible mushroom,
Ganoderma lucidum. Biocatal Agric Biotechnol 2017;9:19-27.
Nanglihan KE, Dulay RM, Kalaw SP. Myko-actives and functional
activities of Philippine wild mushroom 7rametes elegans. Int J Biosci
2018;13:402-8.

6.  Aquino YK, Vega LD, Medrano NR, Dulay RM. Mycochemicals,
antioxidant and cytotoxic activities of Polyporus grammocephalus
Berk (BIL7749). Int J Biol Pharm Allied Sci 2018;7:966-75.

7. Dulay RM, Arenas MC, Kalaw SP, Reyes RG, Cabrera EC. Proximate
composition and functionality of the culinary-medicinal tiger sawgill
mushroom, Lentinus tigrinus (higher basidiomycetes), from the
Philippines. Int ] Med Mushrooms 2014;16:85-94.

8. Dulay RM, Miranda LA, Malasaga JS, Kalaw SP, Reyes RG,
Hou CT. Antioxidant and antibacterial activities of acetonitrile and
hexane extracts of Lentinus tigrinus and Pleurotus djamour. Biocatal
Agric Biotechnol 2017;9:141-4.

9.  WuX, Zheng S, Cui L, Wang H, Ng TB. Isolation and characterization
of a novel ribonuclease from the pink oyster mushroom Pleurotus
djamor. J Gen Appl Microbiol 2010;56:231-9.

10. Dharmaraj K, Kuberan T, Mahalakshmi R. Comparison of nutrient
contents and antimicrobial properties of Pleurotus djamor, Agaricus
bisporus and Ganoderma tsugae. Int J Curr Microbiol Appl Sci
2014;3:518-26.

11. Dulay RM, Pamiloza DG. Proximate composition and bioactivities
of hairy sawgill mushroom, Lentinus strigosus (BIL 1324) from the
Philippines. Int J Biol Pharm Allied Sci 2018;7:361-9.

12. Dulay RM, Garcia EJ. Optimization and enriched cultivation of
Philippine (CLSU) strain of Lentinus strigosus (BIL1324). Biocatal
Agric Biotechnol 2017;12:323-8.



15.

16.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Babac, et al.: In-vitro activity of Lentinus strigosus mycelial extract on C. elegans 2021;9(1):41-46 45

Dulay RM, Rivera AG, Garcia EJ. Mycelial growth and basidiocarp
production of wild hairy sawgill Lentinus strigosus, a new record
of naturally occurring mushroom in the Philippines. Biocatal Agric
Biotechnol 2017;10:242-6.

Dulay RM, Pamiloza DG, Ramirez RL. Toxic and teratogenic effects
of mycelia and fruiting body extracts of Lentinus strigosus (BIL1324)
in zebrafish (Danio rerio) embryo. Int J Biosci 2018;13:205-11.
Ergen N, Hosbas S, Orhan DD, Aslan M, Sezik E, Atalay A. Evaluation
of the lifespan extension effects of several Turkish medicinal plants in
Caenorhabditis elegans. Turk J Biol 2018;42:1-11.

Guarente L, Kenyon C. Genetic pathways that regulate ageing in
model organisms. Nature 2000;408:255-62.

Tissenbaum HA. Using C. elegans for aging research. Invertebr
Reprod Dev 2015;59:59-63.

Kyriakakis E, Markaki M, Tavernarakis N. Caenorhabditis elegans
as a model for cancer research. Mol Cell Oncol 2015;2:€975027.
Calvo DR, Martorell P, Genovés S, Gosalbez L. Development of novel
functional ingredients: Need for testing systems and solutions with
Caenorhabditis elegans. Trends Food Sci Technol 2016;54:197-203.
Prasanth MI, Santoshram GS, Bhaskar JP, Balamurugan K.
Ultraviolet-a triggers photoaging in model nematode Caenorhabditis
elegans in a DAF-16 dependent pathway. Age 2016;38:27.

Prasanth MI, Brimson JM, Chuchawankul S, Sukprasansap M,
Tencomnao T. Antiaging, stress resistance, and neuroprotective
efficacies of Cleistocalyx nervosum var. paniala fruit extracts
using Caenorhabditis elegans model. Oxid Med Cell Longev
2019;2019:7024785.

Yunger E, Safra M, Levi-Ferber M, Haviv-Chesner A, Henis-
Korenblit S. Innate immunity mediated longevity and longevity
induced by germ cell removal converge on the C-type lectin domain
protein IRG-7. PLoS Genet 2017;13:¢1006577.

Sharika R, Subbaiah P, Balamurugan K. Studies on reproductive stress
caused by candidate Gram positive and Gram negative bacteria using
model organism, Caenorhabditis elegans. Gene 2018;649:113-26.
Yang J, Huang XB, Wan QL, Ding AJ, Yang ZL, Qiu MH, et al.
Otophylloside B protects against AP toxicity in Caenorhabditis
elegans models of Alzheimer’s disease. Nat Prod Bioprospect
2017;7:207-14.

Martinez BA, Caldwell KA, Caldwell GA. C. elegans as a model
system to accelerate discovery for Parkinson disease. Curr Opin
Genet Dev 2017;44:102-9.

Akinola OB. Sweet old memories: A review of the experimental
models of the association between diabetes, senility and dementia.
Metab Brain Dis 2016;31:1003-10.

Dulay RM, Flores KS, Tiniola RC, Marquez DH, Dela Cruz AG,
Kalaw SP, er al. Mycelial biomass production and antioxidant
activity of Lentinus tigrinus and Lentinus sajor-caju in indigenous
liquid culture. Mycosphere 2015;6:659-66.

Stiernagle T. Maintenance of C. elegans. In: The C. elegans Research
Community. Pasadena, CA: WormBook; 2006.

Qiao Y, Zhao Y, Wu Q, Sun L, Ruan Q, Chen Y, et al. Full toxicity
assessment of genkwa flos and the underlying mechanism in
nematode Caenorhabditis elegans. PLoS One 2014;9:¢91825.

Kong C, Yehye WA, Rahman NA, Tan MW, Nathan S. Discovery
of potential anti-infectives against Staphylococcus aureus using a
Caenorhabditis elegans infection model. BMC Complement Altern
Med 2014;14:4.

Aitlhadj L, Stiirzenbaum SR. The toxicological assessment of two
anti-obesity drugs in C. elegans. Toxicol Res 2013;2:145-50.
Guevarra B. A Guidebook to Phytochemical Screening:
Phytochemical and Biological. Manila, Philippines: UST Publishing
House; 2005.

Ganesan K, Xu B. Anti-obesity effects of medicinal and edible
mushrooms. Molecules 2018;23:2880.

34.

35.

36.

37.

38.

39.

40.

41.
42.

43.

44.

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

Sahoo K, Sahoo B, Choudhury AK, Sofi NY, Kumar R, Bhadoria AS.
Childhood obesity: Causes and consequences. J Family Med Prim
Care 2015;4:187-92.

Zhang F, Berg M, Dierking K, Felix MA, Shapira M, Samuel B, ez al.
Caenorhabditis elegans as a model for microbiome research. Front
Microbiol 2017;8:485.

Avery L, You YJ. C. elegans feeding. In: The C. elegans Research
Community. Pasadena, CA: WormBook; 2012.

Sheng Y, Zhao C, Zheng S, Mei X, Huang K, Wang G, ef al. Anti-
obesity and hypolipidemic effect of water extract from Pleurotus
citrinopileatus in C57BL/6J mice. Food Sci Nutr 2019;7:1295-301.
Khatun MA, Sato S, Konishi T. Obesity preventive function of
novel edible mushroom, Basidiomyces-X (Echigoshirayukidake):
Manipulations of insulin resistance and lipid metabolism. J Trad
Complement Med 2020;10:245-51.

Karri S, Sharma S, Hatware K, Patil K. Natural anti-obesity agents
and their therapeutic role in management obesity: A future trend
perspective. Biomed Pharmacother 2019;110:224-38.

Yoshihara F, Kojima M, Hosoda H, Nakazato M, Kangawa K.
Ghrelin: A novel peptide frogrowth hormone release and feeding
regulation. Curr Opin Clin Nutr Metab Care 2002;5:391-5.

Druker DJ. Glucagon-like peptide (review). Diabetes 1998;47:159-69.
Wang ZQ, Zuberi A, Zhang XH, Macgowan J, Qin J, Ye X, ef al.
Effects of dietary fibers on weight gain, carbogydrate metabolism
and gastric ghrelin expression in high fat diet fed mice. Metabolism
2007;56:1635-42.

Pilch PF, Bergenhem N. Pharmacological targeting of adipocytes/fat
metabolism for treatment of obesity and diabetes. Mol Pharmacol
2006;70:779-85.

Mazidi M, Taraghdari SB, Rezace P, Kamgar M, Jomezadeh MR,
Hasani OA, et al. The effect of hydroalcoholic extract of Cannabis
sativa on appetite hormone in rat. J Complement Integr Med
2014;11:253-7.

Tack J, Depoortere I, Bisschops R, Delporte C, Coulie B,
Meulemans A, et al. Influence of ghrelin on interdigestive
gastrointestinal motility in humans. Gut 2006;55:327-33.

Luiking YC, Akkermans LM, Van Der Reijden AC, Peeters TL,
Van Berge-Henegouwen GP. Differential effects of motilin on
interdigestive motility of human gastric antrum, pylorus, small
intestine and gallbladder. Neurogastroenterol Motil 2003;15:103-11.
Redinger RN. The pathophysiology of obesity and its clinical
manifestation. Gastroenterol Hapatol 2007;3:856.

Kim HM, Do CH, Lee DH. Characterization of taurine as anti-obesity
agent in C. elegans. J Biomed Sci 2010;17:S33.

Ono Y, Hattori E, Fukaya Y, Imai S, Ohizumi Y. Anti-obesity effect of
Nelumbo nucifera leaves extract in mice and rats. J Ethnopharmacol
2016;106:238-44.

Sergent T, Vanderstraeten J, Winand J, Beguin P, Schneider Y.
Phenolic compounds and plant extracts as potential natural anti-
obesity substances. Food Chem 2012;135:68-73.

Lee YS, Cha BY, Saito K, Choi SS, Wang XX, Choi BK, et al. Effects
of a Citrus depressa Hayata (shiikuwasa) extract on obesity in high-
fat diet-induced obese mice. Phytomedicine 2011;18:648-54.
Mangal P, Khare P, Jagtap S, Bishnoi M, Kondepudi KK, Bhutani KK.
Screening of six ayurvedic medicinal plants for anti-obesity potential:
An investigation on bioactive constituents from Oroxylum indicum
(L.) Kurz bark. J Ethnopharmacol 2017;197:138-46.

Liu R, Zhang J, Liu W, Kimura Y, Zheng Y. Anti-obesity effects of
protopanaxdiol types of ginsenosides isolated from the leaves of
American ginseng (Panax quinquefolius L.) in mice fed with a high-
fat diet. Fitoterapia 2010;81:1079-87.

Morikawa T, Xie Y, Asao Y, Okamoto M, Yamashita C, Muraoka O,
et al. Oleanane-type triterpene oligoglycosides with pancreatic
lipase inhibitory activity from the pericarps of Sapindus rarak.



46

55.

56.

57.

8.

59.

60.

Babac, et al. Journal of Applied Biology & Biotechnology 2021;9(1):41-46

Phytochemistry 2009;70:1166-72.

Shi J, Yan J, Lei Q, Zhao J, Chen K, Yang D, et al. Intragastric
administration of evodiamine suppresses NPY and AgRP gene
expression in the hypothalamus and decreases food intake in rats.
Brain Res 2009;1247:71-8.

Jeong HJ, Yoon SJ, Pyun YR. Polysaccharides from edible mushroom
Hinmogi (Tremella fuciformis) inhibit differentiation of 3T3-L1
adipocytes by reducing mRNA expression of PPARy, C/EBPa, and
leptin. Food Sci Biotechnol 2008;17:267-73.

Yang H, Hwang I, Kim S, Hong EJ, Jeung EB. Lentinus edodes
promotes fat removal in hypercholesterolemic mice. Exp Ther Med
2013;6:1409-13.

Kanagasabapathy G, Malek SN, Mahmood AA, Chua KH,
Vikineswary S, Kuppusamy UR. Beta-glucan-rich extract from
Pleurotussajor-caju (Fr.) Singer prevents obesity and oxidative stress
in C57BL/6J mice fed on a high-fat diet. Evid Based Complement
Alternat Med 2013;2013:185259.

Wang L, XuN, Zhang J, Zhao H, Lin L, Jia S, et al. Antihyperlipidemic
and hepatoprotective activities of residue polysaccharide from
Cordyceps militaris SU-12. Carbohydr Polym 2015;131:355-62.
Huang HY, Korivi M, Yang HT, Huang CC, Chaing YY, Tsai YC.
Effect of Pleurotus tuber-regium polysaccharides supplementation
on the progression of diabetes complications in obese-diabetic rats.
Chin J Physiol 2014;57:198-208.

61.

62.

63.

64.

Fukushima M, Ohashi T, Fujiwara Y, Sonoyama K, Nakano M.
Cholesterol-lowering effects of maitake (Grifola frondosa) fiber,
shiitake (Lentinus edodes) fiber, and enokitake (Flammulina
velutipes) fiber in rats. Exp Biol Med 2001;226:758-65.

Kang MG, Kim YH, Bolormaa Z, Kim MK, Seo GS, Lee JS.
Characterization of an antihypertensive angiotensin I-converting
enzyme inhibitory peptide from the edible mushroom Hypsizygus
marmoreus. BioMed Res Int 2013;2013:283964.

Lau CC, Abdullah N, Shuib AS. Novel angiotensin I-converting
enzyme inhibitory peptides derived from an edible mushroom,
Pleurotus cystidiosus O.K. Miller identified by LC-MS/MS. BMC
Complement Altern Med 2013;13:313.

Geng X, Tian G, Zhang W, Zhao Y, Zhao L, Wang H, et al. A
Tricholoma matsutake peptide with angiotensin converting enzyme
inhibitory and antioxidative activities and antihypertensive effects in
spontaneously hypertensive rats. Sci Rep 2016;6:24130.

How to cite this article:

Babac BD, Dulay RMR, Calpito RAS, Domingo MA, Macamos MGM,
Mangabat AR, Zoberiaga NZL. In-vitro activity of ethanolic extract of
Lentinus strigosus mycelia in N2 wild strain Caenorhabditis elegans — An
animal model for obesity and its chemical composition. J App Biol Biotech.
2021;9(1):41-46. DOI: 10.7324/JABB.2021.9106





