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ABSTRACT

Three species Flammulina velutipes, Paxillus involutus and Tricholoma tigrinum (Basidiomycotina)
were investigated for pharmacological activities on mice. Especially, analgesic and spasmolytic
activities of fungal extracts and their effect on central nervous system were reported. Both
methanol-soluble and water-soluble residues separated from methanol extracts of fruit bodies of
mushrooms were used. The fungal extracts didn’t show particular analgesic effect. On the
contrary, they demonstrated algogen activity, especially the P. involutus. Significant spasmolytic
papaverine-like activity was also observed for P. inwolutus. This activity was revealed by decreasing
intestinal passability and diarrhea. Particularly within P. involutus and T. tigrinum effect on
central nervous system, with increase of dynamic activity and curiosity of mice, was observed.

INTRODUCTION

Pharmacological activity of macroscopic fungi(Basidiomycotina, Ascomycotina) is not sufficiently
investigated. In view of recent advancements in biotechnology as well as myco-pharmacological
studies, interest to fungal organisms as a natural source of valuable biological active metabolites
with large spectrum of pharmacological actions (antibacterial, antifungal, antitumoral,
hypoglycemic, fibrinolytic, neurotoxic, immunomodulating and others activities) has significantly
increased (FUJIMOTO ET AL., 1986; 1991; 1992; OBUCHI ET AL., 1990; BECKER ET AL., 1994). The fungal
polysaccharides [(1—3), (1—6)-a-D- or b-D-glucans] via the mechanism of cell recognition and
activation of macrophages, are able to reinforce the immune response of organism against the
antigens with a cytotoxic action (DE BERNARDI ET AL., 1983; KiHO ET AL.,1992; 1994; ZHANG ET AL.,
1994; ZHUANG ET AL., 1994; 1996; KOBAYASHI ET AL., 1994; WANG ET AL., 1996; L1U ET AL., 1996).
Immunomodulating and antiviral activities of lentinan (glucan from Lentinula edodes) against
virus HIV were recently reported (SUZUKI ET AL., 1989). Fungal glycosides and terpenoides possess
anti-inflammatory and vasodilatory effects (TAkAZAWA AND KasHINO, 1991; TAKAHASHI ET AL.,
1992). Some fungal triterpenes and sesquiterpenes (neurotoxins) also provoke the paralyses of
legs and nervous system and sometimes become lethal (FupMoTO ET AL., 1986; 1991; 1992;
BADALYAN ET AL., 1995).

Thus, macroscopic fungi are perspective objects for biotechnological and pharmacological
research. Many of them can be used for treatment of diseases, such as diabetes, cancer, as well
as bacterial and fungal infections.

This paper aims at presenting the pharmacological activities of F. velutipes, P. involutus and
T. tigrinum. It is well known, that the poisonous mushroom P, involutusprovokes gastro-intestinal
and cardio-vascular troubles, often with hemolytic effect (Paxillus Syndrome). T. tigrinum can
cause disturbance of nervous system and gastro-intestinal colic (BRESINSKY AND Besrs1990). Data
concerning pharmacological activities, such as antitumor and fibrinolytic activities of edible
mushroom F. velutipes can also be detected (WATANABE ET AL., 1964; HIRANO ET AL., 1987).
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MATERIAL AND METHODS

Fungal material. The fruit bodies of F. velutipes, P. involutus and T, tigrinum were collected in
Armenia, Germany and France, respectively. Freshly gathered mushrooms were identified by the
authors.

Preparation of extracts and their fractionation. Finally, powdered fruit bodies were extracted
by methanol (x5, 100ml) with magnetic agitation at room temperature as follows (Fig. 1).
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Fig. 1. Extraction and purification of fungal extracts.

After 2-3 weeks at 4°C, a crystalline precipitate of the concentrated extract was separated from
the supernatant. The precipitate was washed off by methanol and centrifuged. Supernatant was
added with methanol:water (1:1) and freeze-dried. WSR and MSR were added with 3%
carboximethylcellulose and used for pharmacological studies.

Experimental conditions. Adult EOPS Swiss mice, from 5 to 6 weeks old, weighing 20-26g
were used. The animals were housed 3 or 5 per cage (25%45%15cm). The adaptation of the animals
has taken place at room temperature (22°C) and relative humidity 60+10%. The mice were set
on a 12 hour light/dark cycle. They had free access to commercial pelleted diet (UAR AO4) and
tap water ad libidum.

Suspensions of residues (MSR, WSR) in 3% aqueous carboxymethylcellulose were administered
i.p. (10 ml/kg) and per os (20 ml/kg).

Pharmacological tests and doses. To estimate pharmacological activity and toxicoltgical
evaluations of fungal extracts various pharmacological tests, such as the platform, trattion,
dynamic activity, catalepsy tests, as well as flexion, posture, pineal, corneal and Haffner’ reflexes
were used. Tests were recorded twice in the first hour and every hour during the following 6 hours,
on day 5, 10 and 14. The animals were weighed at day 1, 5, 10 and 14.

Single i. p. and per os administration of both WSR and MSR were realized at different doses.
For WSR the following doses were used: 1000-1500 mg/kg (F. velutipes), 500-750-1000 mg/kg (P.
involutus) and 250-500-1000 mg/kg (7. tigrinum). For MSR the following doses were used: 1000-
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1500 mg/kg (E welutipes), 500-750-1200 meg/kg (P involutus) and 500-1000-2000 mg/kg (T
tigrinum). Each dose was tested on 3 mice. Calculations of the pharmacological results were done
by 4 possible ways: 0/=0%; 1/3=33%; 2/3=66% and 3/3=100%.

Analgesic activity of fungal extracts in vivo was detected on mice in the same experimental
condition using Coster’s method. According to this method, 1% acetic acid (0.2 ml/20g) was
injected i. p. as an algogen factor provoking pain and contractions of dorso-abdominal muscles.
Primarily, injected (i. p.) fungal extracts might have analgesic or algogen effects. The following
doses of MSR and WSR were used: F. velutipes and P. involutus - 1000 mg/kg each and T. tigrinum
- 800 mg/kg each. Analgesic or algogen activity was calculated by numbers of colic using
following formula: P%=100%(K-C)/K, where K- number of cramps within control animals; C -
number of cramps within animals after administration of fungal extracts.

Effect on central nervous systerm. The extracts from three species was investigated in the same
experimental condition using Buasie’s test. It permits to study dynamic activity and curiosity of
the animals during the 5 min following 45 min of per os administration of fungal extracts (20
ml/kg). In this experiment the following doses of residues were used: WSR from F. velutipes and
P. involutus - 1000 mg/kg each, from T. tigrinum - 1200 mg/kg; MSR from F. velutipes 900 mg/
kg, P. involutus - 1200 mg/kg and T. tigrinum - 350 mg/kg. Each dose was tested on 5 mice.

Spasmolytic activity. Fungal extracts was detected for spasmolytic activity after per os
administration of carbon suspension (10 ml/mg), that allows us to observe the movement of
intestinal content. In this experiment three doses of residues from two species were included: .
velutipes - 1000 mg/kg (WSR) and 1200 mg/kg (MSR) and P. inwolutus - 350 mg/kg (MSR). For
each doses 3 mice were used.

Alteration of intestinal passability (D%) was calculated by using the following formula:
D(%%) = o(k)-o/(k)x 100, where ¢ = a/b* 100; a - length of intestinal passability; & - total length of
intestine; q(k) - passability within control mice; k)< - diminution of passability; D - passability
in per cent.

All results were statistically processed using Student’s test (t) (OwiN, 1960).

RESULTS AND DISCUSSION

Estimation of pharmacological activity. No death or significant pathology was seen in the
animals after single i. p. or per os administration of fungal residues at doses ranging from 350-
2000 mg/kg. These results were confirmed by the animal weight at different doses for the same
period of time (unpublished data). Autopsy of animals sacrificed on day 14, doesn’t reveal
digestive, pulmonary or others significant changes. Also, no significant changes of Hafner’s
reflex were observed. However, extracts from P. involutus and T. tigrinum defined piloerection,
increasing or decreasing dynamic activity within 66% of mice, as well as diarrhea. These data were
confirmed by complementary pharmacological tests, such as curiosity and spasmolytic effect of
tested residue. It was reported, that pharmacological troubles provoked by per os administration
of mushroom’s extracts were more significant than troubles due to i. p. administration. At the
same time, it was mentioned that the WSR from fungal extracts of the tested mushrooms was
more active pharmacologically than MSR. Previous chemical analyses of these fungal extracts
have shown that the WSR contain more polysaccharides, sugars, polyols, terpenoides, while the
MSR contain alkaloids, amino acids, nynhidrine-positive, indolic compounds, as well as
phenolic acids (BapALYAN, 1998).

Analgesic activity. Tested extracts from fruit bodies of F. velutipes, P. involutus and T. tigrinum
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did not show stable analgesic effect. However, during the first 5 minutes of the experiment,
reinforcement and augmentation in the number of cramps were observed, particularly after using
the residues (WSR, MSR) from P. involutus. The statistic data (p<0.05) show an average number
of colic during the 20 minutes of experiment compared to control data grown-up. After a few
minutes the situation was stabilized (table 1).

Table. 1. Statistic data of analgesic activity for mice after i. p. administration of fungal extracts
Control/specimen  5-10 min 10-15 min 15-20 min Total
Cch t=0.21 t=0.30 t=0.72 t=0.57
(o7]]] t=1.77 t=0.50 t=1.78 t=2.74

p<0.05
cn t=1.67 t=0.38 t=0.58 t=0.72
C/\V t=1.19 t=045 t=0.20 t=0.79
CN t=2.06 t=0.67 t=0.48 t=2.32
p<0.05
CVI t=1.80 t=0.34 t=123 t=1.32

C - control; WSR: 1 - F. velutipes, 11 - P. involutus, W - T. tigrinum;
MSR: 11l - F. velutipes; V - P. involutus; VI - T. tigrinum.

The data of total number of colic calculated by above mentioned formula in comparison
with control data for both WSR and MSR were: 4.13% and 6.61% (F. velutipes), 16.52 and 24.79%
(P. involutus), 0.20% and 10.74% (T. tigrinum), respectively. The results sown, that i. p.
administration of MSR provoked more augmentation of number of colic within animals by
comparison with control data, than i. p. administration of WSR.

Effect on central nervous system. Per os administration of all tested fungal specimen during 5
min of experiment increases dynamic activity and curiosity of animals. The WSR from T.
tigrinum and P. involutus increase the curiosity of mice more than other specimen (table 2).

Table 2. Statistic data concerning central nervous system (curiosity) effect for mice after per os
administration of fungal extracts
Control/specimen 1 min 2 min 3 min 4 min 5 min
ci t=0.51 t=0.41 t=1.12 t=0.82 t=0.39
(o7]]] t=3.14;
{ . p<0.05 t=222 t=227 t = 2.53; p<0.05 t=1.04
ci ‘ t=1.60 t=2.16 t=235 t=2.71; p<0.05 t=2.01
p<0.05
C/iv t=1.25 t=147 t=240
p<0.05 t=3.24; p<0.05 t=1.96
CN t=1.61 t=0.72 t=1.21 t=1.75 t=0.84
CNI t=1.65 t=1.52 t=2.48 t = 2.68; p<0.05 t=1.61

C - control; WSR: 1 - E. velutipes; 11 - P. involutus; W - T. tigrinum;
MSR: 111 - E. welutipes; V - P. involutus, VI-- T. tigrinum.
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After per os administration only both MSR and WSR from methanol extract of fruit bodies
of P. involutus increase dynamic activity in the mice (table 3).

Table 3. Statistic data conceming central nervous system (dynamic activity) effect for mice after per os
administration of fungal extracts

Control/specimen 1 min 2 min 3 min 4 min 5 min

Ci t=0.46 t=1.04 t=0.68 t=0.54 t=1.57

c t=0.36 t=2.02 t=1.88 t=1.99 t = 3.53;p<0.05

C/iv t=1.53 t=0.16 t=0.71 t=1.31 t=0.08

CN t=0.62 t=2.17 t=1.28 t=1.16 t=2.57; p<0.05

(e7]11] t=065 t=1.71 t=1.10 t=0.75 t=1.33

CVI t=0.95 t=2.16 t=0.07 t=1.30 t=0.08

C - control; WSR: 1 - F. welutipes; 1 - P. involutus; IV - T. tigrinum;
MSR: 1 - E welutipes; V - P. involutus, VI - T. tigrinum.

Spasmolytic activity. The results after 1. p. administration of fungal extracts revealed
papaverinelike spasmolytic effect for mice that is demonstrated by a decreasing intestinal
passability and diarrhea (table 4).

Table 4. Decreasing of intestinal passability (in %) for mice after i. p. administration of fungal extracts
Species Doses a b ¢ A(k)-7i D
E. velutipes (MSF) 1200 16.9 53.2 32.0 23.8 425
E. velutipes (WSF) 1000 10.6 45.1 23.8 321 -57.5
P. involutus (MSF) 350 12.2 51.1 238 32.1 -57.4
Control data carbon 27 48.3 55.9 - -
suspension

a - length of intestinal passability (in mm); 6 - total length of intestine (in mm); ¢ = 4/bx100 (in
%), c(k) - passability within control mice; ¢(k)-c - diminution of passability (in %); D -
diminution of passability (in %%)

Especially MSR from P. involutus, compared to control data, was active. It decreased
intestinal passability by 57.39% at doses 350 mg/kg. Extract from F. velutipes showed no
significant spasmolytic activity. WSR at dose 1000mg/kg was more active (57.46%), than MSR
(42.68%) at dose 1200mg/kg.

CONCLUSION

For the first time, extracts from fruit bodies of three species E wvelutipes, P. involutus and T.
tigrinum were investigated for pharmacological, particularly analgesic, algogen and spasmolytic
activities using different tests. Effect of fungal extracts on central nervous system was observed
as well. All tested doses of water-soluble and methanol-soluble residues from fungal extracts
provoked moderate changes in pharmacological tests, especially platform, traction, dynamic
activity, catalepsy, piloerection, as well as Haffner’s tests. In our experiments the extracts didn’t
show stable analgesic activity. On the other hand, algogen activity of mushroom’s extracts,
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particularly P. involutus was reported. WSR from fruit bodies’ extracts, particularly P. involutus
showed an effect on central nervous system, which was observed by augmentation of curiosity
and dynamic activity of animals. Significant papaverine-like spasmolytic activity with decreasing
intestinal passability and diarrhea was only found for P involutus. This was not described in other
tested mushroom F. velutipes.

Further pharmacological studies of extracts from fruit bodies of F. velutipes, P. involutus and
T. tigrinum should be carried to check other characteristics of the above discussed activities by
using more purified substances.

REFERENCES

BADALYAN S.M. - 1998: “Biological Properties (Morphology, Ecology and Physiological Activity) of Certain Macroscopic
Fungi (Basidiomycotina)”. These Doctor of Biol. Science. Yerevan, 490p.

BADALYAN S.M., RaPIOR S., LE QUANG J., Doko L., JacoB M., ANDARY C. & SERRANO J.J. - 1995: Investigation of

fungal metabolites and acute loxicity studies from fruit bodies of Hypholoma species (Strophariaceae).
Cryptogamie, Mycol. 16(2): 79-84.

Becker U., ANKE T. & STERNER O. - 1994: A novel bioactive illudalane sesquiterpene from the fungus Pholiota destruens.
Nat. Prod. Lett. 5(3): 171-174.

Dkt Bernarpi M.G., FRonza M.P., GianotTi G., MELLERIO G., Vipar! G. & Vita-Finzi P. - 1983: New cytotoxic
triterpene from Hebeloma species (Basidiomycetes). Tetrahedron Lett. 24: 1635-1638.

BRESINSKY A. & BesL H. - 1990: “A colour atlas of poisonous fungi”. London: Wolfe Publish. Ltd, 295p.

Fupmoto H., MaeDa K. & Yamazaki M. - 1991: New toxic metabolites from a mushroom Hebeloma vinosophyllum.
111, Isolation and structures of three new glycosides, hebevinosides, XII, X1II and XIV, and productivity of the
bebevinosides at three growth stages of the mushroom. Chem. Pharm. Bull. 39: 1958-1961.

Fupimoto H., TAKANO Y. & YAMAZAKI M. - 1992: [solation, identtfication and pharmacological studies on the three
toxic metabolites from a mushroom, Hebeloma sporaliatum. Chem. Pharm. Bull. 40(4): 869-872.
Fuymoto H., Suzuki K., Haciwara H. & Yamazaxi M. - 1986: New toxic metabolites from a mushroom Hebeloma

vinosophyllum. 1. Structures of Hebevinosides I, I, 111, IV and V. Chem. Pharm. Bull. 34(1): 88-89.

HIRANO S., MATsURA Y., Kusunoki M., Kitacawa Y. & Katsust Y. - 1987: Two crystalline forms of a lectin from
Flammulina velutipes. J. Biochem. 102: 445-446.

KiHo T., Stiose Y., Nacai K. & Uxkai S. - 1992: Polysaccharides in fungi. XXX. Antitumor and immunomodulating
activities of two polysaccharides from the fruiting bodies of Armillaria tabescence. Chem. Pharm. Bull. 40(8):
2110-2114.

Ko T., SOBUE S. & UKAI S. - 1994: Structural features and hypoglycemic activities of two polysaccharides from a hot-
water extract of Agrogybe gylindracea. Carbohydrate Res. 251(1): 81-87.

Kosavast1 Y., Kariva K., SAIGEN) K. & NAKAMURA K. - 1994: Suppression of cancer cell growth in vitro by the protein-
bound polysaccharide of Coriolus versicolor Quél. with SOD mimicking activity. Cancer Biother. 9(1): 63-
69.

Lw E.,, Ooi V.E., Liu W.K. & CHANG S.T. - 1996: Immunomodulation and antitumor activity of polysaccharide-
protein complex from the culture filtrates of a local edible mushroom, Tricholoma lobayense. Gen. Pharmacol.
27(4): 621-624.

OsucHi T., Konoon H., Watanase N., Tamat H., Omura S., YANG J.S. & LianG X.T. - 1990: Armillaric acid,
a new antibiotic produced by Armillaria mellea. Planta Med. 56(2): 198-201.

OWIN LA. - 1960. Statiscic processing of experimental data. Pathol. Physiol. And Exper. Therapy. Moscow: Medgiz,
(4): 76-:85.

Suzuki H., OxkuBo A., Yamazaki M., Suzuki K., Mrrsuva H. & Topa S. - 1989: Inhibition of the infectivity and
oytopathic effect of human immunodeficiency virus by watersoluble lignin in an extract of the culture medium
of Lentinus edodes mycelia (LEM). Biochem. Biophys. Res. Commun. 160(1): 367-373.

Takazawa H. & KASHINO S. - 1991: Incarnal. A new antibacterial sesquiterpene from Basidiomycetes. Chem. Pharm.
Bull. 39(3): 555-557.



PAGINE DI MICOLOGIA

Taxatasti A., Nunozawa T., Enpo T. & Nozok S. - 1992: Isolation of 1-b-D-Arabinofuranosyloytosine from the
mushroom Xerocomus nigromaculatus Hongo. Chem. Pharm. Bull. 40(5): 1313-1314.

Wang HX, NG T.B, Oot V.E.C., Liu W K. & CHANG S.T.- 1996: A polysaccharide-peptide complex from cultured
mycelia of the mushroom Tricholoma mongolicum with immunoenhancing and antitumor activities.
Biochem. & Cell Biol. 74(1): 95-100.

Watanage S., Nakanisti K., Komatsu N., Sacase T. & Terakawa H. - 1964: Flammulin, an antitumor substance.
Bull. Chem. Soc. Jap. 37(5): 747-750.

ZHANG]., WanG G., L H., ZHuanG C., Mizono T, Ito H,, Mavuzumi H., Okamoto H. & LiJ. - 1994: Antitumor
active protein-containing glycans from the chinese mushroom Songshan lingzhi, Ganoderma tsugae mycelium.
Biosci. Biotechnol. Biochem. 58(7): 1202-1205.

Z1uanG C., Mizuno T., Ito H., SHIMURA K., Suma T. & KawaDE M. - 1994 : Fractionation and antitumor activity
of polysaccharides from Grifola frondosa mycelium. Biosci. Biotechnol. Biochem. 58(1): 185-188.

ZHUANG C., MuraTa T, Usut T. & Kawacistt H. - 1996: Purification and characterization of lectin from the toxic
mushroom Amanita pantherina. Biochem. Biophys. Acta 129(1): 40-44.

Visitate il nostro sito completamente rinnovato

61



	Badalyan2000_PagineDiMicologia001.jpg
	Badalyan2000_PagineDiMicologia003.jpg
	Badalyan2000_PagineDiMicologia004.jpg
	Badalyan2000_PagineDiMicologia005.jpg
	Badalyan2000_PagineDiMicologia006.jpg
	Badalyan2000_PagineDiMicologia007.jpg
	Badalyan2000_PagineDiMicologia008.jpg
	Badalyan2000_PagineDiMicologia009.jpg

