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Abstract: The prophylactic potentials of five Nigerian higher fungi — Pleurotus tuber-regium, Pleurotus
pulmonarius, Termitomyces robustus, Fomes lignosus, Lentinus subnudus and their combination in equal proportion
(mixture extract) were investigated. The ethanolic fungi extracts were tested on sets of albino rats (Rattus
norvegicus) infected with selected bacteria (Escherichia coli, Staphylococcus aureus, Salmonela typhi,
Pseudomonas aeruginosa, Streptococcus feacalis and Bacillus subtilis. Extracts were orally administered at 1.0ml
concentration against 0.1ml/cfu microbial suspension intraperitoneally. Survival rates of the experimental rats were
monitored. Mixture of these extracts exhibited significant level of prophylactic effect against all the bacteria in the
host organisms.
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1. Introduction Termitomyces is a genus of basidiomycete fungi
Pleurotus tuber-regium is a tropical mushroom belonging to the family Lyophyllaceae (Kirk et al.,
and an edible higher fungus which produces a 2008). They usually grow in close association with
sclerotium or underground tuber. A sclerotium is a termite nests. Despite their spore, transfer is mainly by
dark brown, yam-like material specially produced by shedding from higher fungi which protrude from the
some specific higher fungi (Oso, 1977; Jonathan termite mounds (Mueller et al., 2005). Termitomyces
2002; Jonathan et al, 2008). It could be used in titanicus of West Africa is one of the largest higher
combinations with other plants parts to treat headache, fungi in the world.
stomach ailments, colds, fever, asthma, smallpox and Lentinus is a genus whose plants are tough and
high blood pressure (Oso, 1977). The fruitbodies and plaints, becoming hard when old unless very watery.
sclerotium of this basiomycete have been found to Lentinus subnudus belongs to the family polyporaceae
possess antimicrobial potential against some disease which is the largest and the most diverse group of
causing microorganisms (Jonathan and Fasidi, 2003). poroid aphyllophorales (Pegler, 1983). Though, grows
Also, Pleurotus pulmonarius (oyster mushroom) has naturally on dead woods, logs and trunks, they can
been produced using several agricultural residues also be cultivated in logs of Sporandias mombin and
(Bononi et al, 1995). Banana leaf, mixed with unfermented composts (Fasidi and Kadiri, 1993;
sugarcane bagasse or corn cob are examples of the Gbolagade et al., 20006).
substrates used for the production of P. pulmonarius Mushrooms are generally known for their
(Chang et al., 1981) while cassava residues with nutritional and medicinal properties. This study was
sugarcane bagasse are used for the production of P. aimed at examining the immunomodulatory and
oestreatus (Felinto, 1999). prophylactic potentials of these higher fungi found in
Fomes is a genus of polypore higher fungus Nigeria (Aina et al., 2012).
which belongs to the order Aphyllophorales, and
family polyporaceae (Alexopoulous et al., 1996). The 2. Materials and methods
basidiocarps of Fomes may generally be recognised 2.1 Higher fungi and extracts preparation
by conspicuous fruitbodies which are perennial with Fruit bodies of Pleurotus tuber-regium, P.
attractive yellow or brownish colouration. The pulmonarius, Fomes lignosus, Termitomyces robustus
sporocarp are fleshy when young and becomes woody and Lentinus subnudus were cut into bits, dried at
on aging (Jonathan, 2002). Fomes lignosus had also 40°C and milled into powder using grinding machine.
been reported to be utilized in Nigeria folk medicine Ethanol was used as solvent for the extraction of the
due to its inhibitory potentials against some microbes higher fungi using the methods described by Jonathan
implicated in the pathogenesis of skin infections, food and Fasidi (2003).
poisoning, gastro-intestinal tract and urino-genital 2.2 Experimental rats

tract infections (Olawuyi et al., 2010).
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Albino rats (Rattus norvegicus) were used for the
study and were about 12 weeks old with average
weight of 132 grammes.

2.3 Prophylactic experiment

One millilitre (ImL) of the extract was
administered orally into each experimental animal for
7 consecutive days. The test bacteria (E. coli, S.
aureus, S. typhi, P. aeniginosa, S feacalis, and B.
subtilis) were homogenised in peptone water and
0.lml  of the microbial suspension were
intraperitoneally administered into each animal post-
higher fungi extract administration. This was done
thrice at intervals of 2 days. Infection was then
monitored for about 10 days. Survival rate of the
experimental rats was based on the number that
survived the infection. Dead animals were dissected
immediately to remove the livers and kidneys, while
the survived ones were later sacrificed. The excised

organs were weighted and kept in formalin (10%) for
histological studies.
2.4 Histological studies

The livers and kidneys kept in 10% formalin
were histologically examined for pathological changes
(Wiess et al., 2000, Mark Source, 2002).
2.5 Analysis of Data

The results of this study were subjected to the
analysis of variance (ANOVA) and Duncan’s
Multiple Range Tests (DMRT) (p<0.05).

3. Results and Discussion

The five higher fungi in this study were found to
exert prophylactic effects against the infected
organisms in the test animals, though at different
levels. The mixture extract and Pleurotus pulmonarius
were most effective against E. coli. Survival rates of
experimental rats were 100% after the bacterial
infection (Table 1).

Table 1: Survival rates of Rattus norvegicus used for prophylactic administration of the higher fungi against

E. coli.

Day FOM PT PS Term Lent Mixt Control A Control B
1 91.67° 75.00° 100.00° 100.00° 100.00° 100.00* 75.00° 100.00°

5 75.00° 25.00° 91.67° 75.00° 75.00° 100.00* 0.00 100.00°
10 75.00° 16.67° 91.67° 75.00° 75.00° 100.00° 0.00 100.00°

Values with the same letter(s) in each row are not significantly different by Duncan's multiple range test (P < 0.05).

Each is a mean of three replicates.
Key:

FOM = Fomes lignosus, PT = Pleurotus tuber-regium, PS = Pleurotus pulmonarius, Term = Termitomyces robustus,
Lent = Lentinus subnudus, Mix = Mixture extract, Control A = Infected rats without extract, Control B = Uninfected

rats.

Lentinus subnudus and Pleurotus tuber-regium
demonstrated the best prophylactic activity against S.
aureus with survival rates of 100% and 91%
respectively (Table 2). F. lignosus, T. robustus and the
mixture extracts were very effective against S. #yphi.
Virtually all the animals survived the infection. L
subnudus also had an appreciable effect against the
organism (Table 3). Both Pleurotus species (Pleurotus
tuber-regium and P. pulmonarius) had the same

effect. The prophylactic effects against P. aeruginosa
shown in Table 4 indicates P. tuber-regium as the best
extract with a 100% animal survival throughout the
experimental period. Table 5 shows that all the higher
fungi extracts were uniformly active against S
Feacalis, while the mixture extract and F. lignosus
were the most active extracts against B. subtilis (Table
6). Survival rates of the animals were 100% and 91%
respectively.

Table 2: Survival rates of Ratfus norvegicus used for prophylactic administration of the higher fungi against

S. aureus

Day |FOM PT PS Term Lent Mix Control A Control B
1 83.33%" 100.00* 75.00°  [75.00°  [100.00" 83.33" 50.00° 100.00°

5 66.67° 91.67° 50.00° [75.00°  [100.00" 75.00° 0.00 100.00°
10 66.67° 91.67° 25.00° [75.00°  [100.00° 75.00° 0.00 100.00°
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Table 3: Survival rates of Ratfus norvegicus used for prophylactic administration of the higher fungi against

S. typhi

Day FOM PT PS Term Lent Mix Control A Control B
1 100.00° 75.00° 75.00° 100.00° 100.00° 100.00° 75.00° 100.00°

5 91.67° 66.67° 66.67° 100.00° 75.00° 100.00° 0.00 100.00°
10 91.67° 66.67° 66.67° 100.00° 75.00° 100.00° 0.00 100.00°

Table 4: Survival rates of Rattus norvegicus used for prophylactic administration of the higher fungi against

P. aeruginosa

Day FOM PT PS Term Lent Mix Control A Control B

1 100.00° 100.00° 83.33" 83.33" 75.00° 83.33" 75.00° 100.00°

5 75.00° 100.00° 66.67° 50.00° 50.00° 75.00° 0.00 100.00°

10 66.67° 100.00° 66.67° 50.00° 50.00° 75.00° 0.00 100.00°

Table S: Survival rates of Rattus norvegicus used for prophylactic administration of the higher fungi against
S. feacalis

Day FOM PT PS Term Lent Mix Control A Control B

1 75.00° 75.00° 100.00° 75.00° 100.00° 83.33® 50.00° 100.00°

5 66.67° 75.00° 75.00° 75.00° 75.00° 75.00° 0.00 100.00°

10 66.67° 75.00° 75.00° 75.00° 75.00° 75.00° 0.00 100.00°

The histological findings on the tissues of rats
infected post-fungi extract administration are shown
in Tables 7 and 8. These further confirmed the
prophylactic effect of the higher fungi extracts. No
visible lesions were seen on both liver and kidney
tissues of rats administered with the extracts 7 days
before infection and also the control uninfected rats.
The control infected rats (without extracts) showed
some abnormalities in the kidney (marked portal

No visible lesions

congestion, diffuse tubular necrosis and numerous
tubules with protein casts in the tubular lumen) and
the liver (marked bile duct proliferation, mild cellular
infiltration). The pathological changes were prevented
in the experimental rats by the protective and
preventive potentials of the higher fungi extracts
(Plates 1 and 2).

oy s
B X400 There is marked portal congestion
(arrows) and mild portal fibrosis (stars).

Plate 1: Photomicrograph of the liver of rats infected with Escherichia coli with no visible lesions (A) and the

kidney with marked portal congestion (B)
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Table 6: Survival rates of Rattus norvegicus used for prophylactic administration of the higher fungi against

Bacillus subtilis

Day FOM PT PS Term Lent Mix Control A Control B
1 100.00° 75.00° | 100.00° 100.00? 100.00° 100.00° | 75.00° 100.007

5 91.67° 75.00° | 0.00 75.00° 75.00° 100.00° 0.00 100.00°
10 91.67° 75.00° | 0.00 75.00° 75.00° 100.00° 0.00 100.00°

There is Ver mil cellularﬁltration at the

portal area.

No visible lesions seen.

Plate 2: Photomicrograph of rats’ livers infected with Bacillus subtilis (A) Mild cellular infiltration (B) The

kidney of infected rates with no visible lesions.

Table 7: Histological findings on tissues of rats infected with E. coli, those treated with Fomes lignosus and

control
Group Organ Findings
Rats administered with F. lignosus extract 7 days before | Liver No visible lesions seen
infection Kidney No visible lesions seen

. Liver No visible lesions seen
Control (uninfected) Kidney No visible lesions seen.

. Liver No visible lesions

Control (infected) Kidney Marked portal congestion

Table 8: Histological findings on tissues of rats infected with Bacillus subtilis, those treated with Mixture

extract and control

Group Organ Findings
Rats administered with Mixture extract 7 days | Liver No visible lesions seen
before infection Kidney No lesions developed
. Liver No visible lesions seen
Control (uninfected) Kidney No visible lesions seen.
. Liver Mild cellular infiltration at the portal area.
Control (infected) Kidney No visible lesions.
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On the overall, the mixture extract was found to
have the best prophylactic effect against the bacterial
infections in the experimental rats. The survival rates
of the control (uninfected) rats remain the same
(100%) throughout the period of experiment. For the
control infected rates, no animal survived after the 4"
day of infection.

Wang and Wang (1997) obtained similar results
when glucans extracted from different
polysaccharides were wused against Aeromonas
hydrophila and Edwardsiella tarda infections in
tilapia. The survival rates of the fish increased
significantly. Typically for fungi, the most active
components of their immunomodulators are the
glucan structures. The immunomodulatory properties
of these mushrooms are due to the presence of
glucans in thier cell wall (Benedict 1972; Kupra et
al., 1979; Suzuki et al., 19990, Brandt et al., 2000).
According to Medzhitove et al. (1997), the glucan
structures are generally indicated as pathogen
associated molecular patterns. Betaglucan is one of
the most effective immunomodulators and are
recommended by Claypton (2004), because of its
ability to activate macrophage. An example of
betaglucan is lentinan obtained from Lentinus edodes
which stimulates natural killer cell, T-cell and
macrophage dependent responses (Nanba et al,
1987). A mushroom compound (active hexose) which
is a product of the enzymatic modification of several
types of medicinal higher fungi has the ability to
increase natural killer cell and macrophage activity.
Moreover, several clinical tested health supplements
from Fomes lignosus have been considered as best
natural products that can be consumed to regulate
healthy diet and also boost the immune system.
Grifola frondosa (maitake) enhance the activities of
natural killer cells, T-cells and macrophages. In Asia,
Trametes verscolor is a popular higher fungi that has
been wused traditionally because it stimulates
macrophages. Agaricus blazei also has the ability of
increasing T-cell activity thereby stimulating the
immune system. The beta glucans associated with
this mushroom are the active polysaccharides (having
1, 6-betaglucan as the most potent
immunomodulator). In one animal study, Cordyceps
sinensis was discovered to increase antibody thereby
enhancing immunity. Also, in an in-vitro study, a
cordyceps polysaccharide was found to increase
cytokines (Wang et., al, 1994; Kurashige et al., 1977;
Wassei and Weis, 1999).

Stamets (2001), also reported that compounds
with antibacterial properties are prepared from
mushroom such as  Fomitopsis, Piptoporus,
Ganoderma, Inonotus and Trametes species. They
are also useful in preventing and treating viruses such
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as poxyiridae and orthopox viruses, flu viruses
including bird flu, SARS and hepatitis as well as
infections from Mycobacterium tuberculosis, S.
aureus and E. coli.

Generally, mushrooms have been suggested to
have immunological properties, giving protection
against a number of infectious diseases (Hobbs,
1986; Chilara, 1992; Mizuno et. al.; Jonathan and
Awotona, 2010).

The findings of Medzhitov et al. (1997)
confirmed that the mixture of mushroom
polysaccharides gives the maximum response in the
immune system by increasing the number and
enhancing the activity of killer, T and NK (natural
killer) lymphocytes.

4.0 Conclusion

It is clear from the study that preventive abilities
were exhibited against the test pathogenic bacteria.
This could be attributed to the prophylactic effects of
the higher fungi extracts. The strength for the
prophylactic activity was obtained within the seven
days pre-infection fungi-extract administration. This
was evidenced in the survival rates (100%) of the
experimental rats used for the study. The ability of
the extracts to exert prophylactic effect within a week
at low concentration has to do with the immune-
enhancing properties of the higher fungi. Therefore,
they are recommended as good prophylaxis for
prevention and protection against infections,
especially the blend or mixture of the higher fungi.

Correspondence to:

Dr. Segun. Gbolagade Jonathan
Department of Botany and Microbiology,
University of Ibadan

E-mail: sg.jonathan@mail.ui.edu.ng

Tel: +2348164746758

References

1. Aina DA, Oloke JK, Jonathan SG and Olawuyi
0J(2012). Comparative assessment of mycelial
biomass and exo-polysaccharide production of
wild type and mutant strains of Schizophyllum
commune grown in submerged liquid medium
Nature and Science 10(10):82-89.

2. Alexopoulous, C.J., Mims, and Blackwell M.
1996. Introductory Mycology. 3™ Edition. John
Wiley and Sons, New York..

3. Benedict, R.G and Braddy L.R. 1972.
Antimicrobiology activities of higher fungi
metabolites. J4 Pharm. Sci. 61pp 1820-1822.

4. Bononi, V.L., Capatari, M; Maziero, R, Trifem,
S.F.B. 1995. Cultivo de cogumelos comstivels
Sao Paulo ; Icon, 206p.



Stem Cell 2017;8(1)

http://www.sciencepub.net/stem

10.

11.

12.

13.

14.

15.

Brandt, C.R., Piriano F. 2000. Higher fungi
antivirals. Recent Res. Dev. for Antimicrob.
Agents and Chemoth. 4: 11 — 26.

Chang, S.T. Lau O.W., Cho, K.Y. 1981. The
cultivation and nutritional value of P. sajorcaju.
European J.I of Appl. Microb. and Biotechn.,
12: 58 — 62.

Chilara G. 1992. Immunopharmacology of
lentinan, a polysaccharide isolated from
Lentinus edodes: its application as a host
defense potentiator. Intl. J. of Oriental Med. 17:
55-1717.

Clayton, P. (2004). Bird ‘Flu’ and Glucan. The
Nutrit. Pract. (6) 3. 01189798686.

Fasidi, 1.0., and Kadiri, M. 1993. Effect of
sporophone maturity on chemical composition
of Volvariella esculenta (Mass) Singer, a
Nigerian edible higher fungi. Die Nahrung.
37(3) 269 — 273.

Felinto, A.S. 1999. Cultivo de cogumelos
comestiveis do genero Pleurotus spp em
residues agroindustriais. Picaciraba:
USP/ESALQ, 123p. (Dissertacao-Mestrado).
Gbolagade J.S, Fasidi,.O, Ajayi E.J and
Sobowale A.A (2006). Effect of physico-
chemical factors and semi-synthetic media on
vegetative growth of Lentinus subnudus (Berk.),
an edible mushroom from Nigeria. Food
Chemistry. 99:742-747.

Hobbs C. 1986. Medicinal higher fungi.
Loveland (C.O); Interweave Press. Jenkins,
D.T. 1986. Amanita of N. America Mad River.
Eureka, CA.

Jonathan S.G. 2002. Vegetative
requirements and antimicrobial
some higher fungi in Nigeria.
University of Ibadan.

Jonathan, S.G. and Fasidi 1.0O. 2003.
Requirements for vegetative growth of
Tricholoma lobayensis (Heim) A. Nigerian
Edible Fungus, Advances in Food Sc. 25(3) 91 —
95.

Jonathan, S.G. Kigigha, L.T. and Ohimain E.
2008. Evaluation of the inhibitory potentials of
eight edible higher Nigerian fungi against
pathogenic microorganisms. Afr. Journal of
Biomed Sc. 11: 195 —200.

growth
activities of
Ph.D thesis,

3/25/2017

99

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Jonathan, S.G and Awotona F.E 2010. Studies
on antimicrobial potentials of three Ganoderma
species. African J. of Biomed. Res. 13(2) 119-
125.

Kirk, P.M., Cannon, P.F.,, Minter, D.W.,
Stalpers, J.A. 2008. Dictionary of Fungi (10™
ed). Wallingford UK: CABI p. 682. ISBN 0 — 8.
5199-826-7.

Kupra J., Anke T., Oberwinkler G., Schramn G.,
Steglich, W. 1979.  Antibiotics from
Basidiomycetes vii. Crinipellis stipitaria (Fr)
Pat. J. of Antibiotics. 32: 130-5.

Medzhitov R., Janeway Ch. A. 1997. Innate
immunity: Impact on the adaptive immune
response. Curr. Opinion in Immunology. 9, 4-9.
Mizuno, T., Saito H., Nishitoba, T., Kawagishi
H. 1995. Antitumor active substances from
higher fungi. Food Reviews Int. 111: 23-61.
Mizuno, T., Zhuang C. 2000. Houbitake,
Pleurotus pulmonarius antitumor activity and
Utilization. Food Reviews Int. 11:185-187.
Mueller, U.G., Gerardo, N.M., Aaran, D.K., Six
D.L., Schultz, T.R. 2005. “The evolution of
Agriculture in insects.” Ann. Rev. of Ecol., Evol.
and Systematics 36: 563.

Nanba N., Mori K., Toyomasu T, Kuroda H,
1987. Antitumor action of shiitake (Lentinus
edodes) fruit bodies administered to mice.
Chem. Pharm. Bull. 35: 2453-2458.

Olawuyi O.J. Jonathan S.G., Aina D.A, and
Baysah G.I. 2010. Studies on antibacterial
activity of Fomes lignosus — a Nigerian
mushroom. Nig J. of Microb. 24(1): 2153 —
2159.

Oso, B.A. 1977. Pleurotus tuber-regium from
Nigeria. Mycologia. 67(2): 271-277.

Pegler, D.N. 1983. The Genus Lentinus. Kew.
Bull. Add. Series 10.

Stamets, P. (2001). Novel Anti-virals from
Higher fungi Herbal Gram 51: 24, 27.

Sturion, G.L., Oettener M. 1996. Composicao
quimica de cogumelos comestiveis (Pleurotus
spp) orginado de cultivos em differences
substrates. Ciencia e Tecnologia de Alimentos.
15:189-193.



