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Introduction

Malignant neoplasm is a major cause of
death that threatens the mankind. Genetic
alternation when induced actively but
without killing the cell can result in
neoplasia. In cancer or neoplasia the
normal cell proliferation controls are lost at
the level of cell signaling, cell cycle arrest or
differentiation. The uncontrolled proliferation
of cells within the tissues produces cell
masses known as tumors. Tumors may be
benign or malignant. Cancer is the common
term for all malignant tumors.

Several methods exist for the treatment of
cancer in modern medicine, which includes
chemotherapy, radiotherapy and surgery.
Immunomodulators are being used in
cancer therapy either in combination with
chemotherapy or after chemotherapy and
radiation therapy. All these forms of
treatments are found to effect the host
normal cells also (Pierce, 1998).

Radiotherapy is the most common modality
for treating human cancers. Radiations is
most toxic proliferating cells, higher doses
are required to kill cells that are capable of
proliferating, but are not actively dividing at
the time of exposure. Radiation therapy
evolved as a treatment of cancer because it
permitted tumor eradication with
preservation of normal tissue functions.
Mammalian cells are most sensitive to
radiation-induced damage in the late G2 and
M phase of the cell cycle (Parker, 1990).

The era of modern chemotherapy started in
1948 with the introduction of nitrogen
mustard. The purpose of treating cancer
with chemotheraputic agents is to prevent
cancer cells from multiplication, invasion
and metastasis in the host. Since cell
growth and multiplication is characteristics
of cancer chemotherapeutic agent must
possess marked growth-inhibiting or
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controlling effect on the cancer cells and
minimal or no toxic effect on the host in
most effective chemotherapeutic regimens,
the drugs are capable of not only inhibiting
but also completely eradicating neoplastic
(tumour) cells while sufficiently preserving
normal cells. There is clearly a need for the
discovery of new clinically efficacious
agents(Baserga, 1981).

Surgery is the oldest treatment for cancer
and until recently, was the only treatment
that could cure patients with cancer. The
major role of surgery in the diagonsis of
cancer lies in the acquisition of tissue for
exact histologic diagnosis.

Ionizing radiation causes damage to living
tissues through a series of molecular
events, such as photo electric, Compton
and Auger effects, depending on the
radiation energy. Human tissues contain
80% water, the major radiation damage is
due to the aqueous free radicals, generated
by the action of radiation on water. The free
radicals react with cellular macromolecules
such as DNA, RNA, protiens, membrane,
etc and cause dysnfunction and mortality
(Dische,1985).

The major drawback in cancer therapeutic
method is suppression of immune system.
Drugs that could alleviate these side effects
will be highly useful in cancer therapy. An
attractive way to achieve this would be to
induce an immune response.
Immunomodulators are materials which can
modify body’s defense mechanism. Use of
plants as a source of immunomodulators is
still in a primitive stage (Maunch et al,
1995).

Immunomodulators work mainly by
increasing macrophage activity. Currently it
is known that many mushroom like Grifola
frondosa, Ganoderma lucidun, Lentinus
edode have shown the ability to stimulate
and strengthen immune systems. Among
the mushroom immunomodulators
investigated, the most effective is lentinan,

which is  able to increase host resistence
against various kinds of cancer and
infectious diseases(Yoshinos et al, 1989).

Mushrooms are nutritionally functional food
and source of physiologically beneficial and
non-toxic medicines (Wasser and Weiss,
1999). Many of the medicinal mushrooms
have also been shown to modulate immune
system and to possess antitumor,
antimicrobial, anti inflammatory activities.
Attempts have been made in many parts of
the world to explore the use of mushrooms
and their metabolites for the treatment of a
variety of human ailments (Jong and
Birmingham,1992). Pleurotus species are
wide spread through out  the hardwood
forest of the world. A number of Pleurotus
species are well known for their medicinal
properties such as a antiviral, anti-
inflammatory, antibiotic and
hypocholesterolemic activities(Nina Gude
Cimerman).

Developments of effective radioprotective
agents with least side effects is a
compelling urgency because radiotherapy is
increasingly found useful for cancer
treatment. Although a large number of
biological properties and medicinal uses use
of Pleurotus species have been reported, no
attempt has been made to evaluate the
radio-protective effects of this medicinal
mushroom. In this dissertation, result of the
investigations carried out on the
radioprotective effect of the methanolic
extract of fruiting bodies of Pleurotus florida,
occurring in South India, are reported.

Materials and Methods

Preparation of the extract

Fruiting bodies of Pleurotus florida were
collected from the small scale cultivation
units. The sporocarps were cut into small
pieces, dried at 40-50° C for 48 hrs. and
powdered. Two hundred gram of the
powdered materials was extracted with
petroleum ether. The defatted material was
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extracted with 70% methanol for 8-10hrs.
using Soxhlet apparatus (Suffness and
Durous, 1979). The solvents were
completely evaporated at 40°C using rotary
vacuum evaporator. The residues thus
obtained was designated as methanol
extract. Methanol extracts was dissolved in
distilled water to form a uniform suspension,
and used in the experiments.

Animals

Female Swiss albino mice12 weeks old,
(weighing 25±2g) were maintained on
standard food pellets (Lipton India) and
water adlibtum.

Treatment

Desired doses of the extract (1000mg/kg or,
500mg/kg) were administered for 5 days
orally prior to whole body gamma radiation.

Irradiation

Whole body irradiation was given through
Cobalt 60 gamma cell (model 220-Atomic
Energy of Canada).

Experiment design

Experiment: I

Heamatological Studies

36 animals were divided into 4 groups of 6
animals.

Group I (Normal)- Distilled water was
given for 5 consecutive days orally.

Group II (Control)- Distilled water was
given for 5 consecutive days orally and
whole body irradiated with 9 Gy of gamma
rays.

Group III- 70% methanol extract of
P.florida (1000mg/kg) was given   orally for

5 consecutive days and then whole body
irradiated with 9Gy of gamma rays.

Group IV- 70% methanol extract of
P.florida (500mg/kg) was given orally for 5
consecutive days and then whole body
irradiate with 9Gy of gamma rays.
Hemoglobin, Total leukocyte count were
studied in blood samples drawn by tail
bleeding.

Blood was drawn by tail bleeding before and
after (24hrs, 3rd day, 5th day, 7th day, 9th day)
radiation.

Total count – WBC

380 μl of dilution fluid was mixed with 20 μl
blood, after 2-3 minute, mixed gently and
loaded on a heamocytometer.  Total no of
cells/mm3

= No. of cells counted x dilution factor x
depth factor

Area counted
= Nx20x10

4
=Nx50

Dilution factor = 1/20
Depth factor = 1/10
Cells/mm3 = Total cells x 50 x total no of
cells in 1ml blood
Area counted = 43 q mm.

Hemoglobin (Hb)

0.02 ml sample was added to 5ml of
cyanoment reagent. After mixing well, the
tubes were kept at room temperature for 5
minutes for incubation, optical density (O.D)
was measured using reagent as blank at
546 nm.

Calculation

Heamoglobin gm/dl  = O.D of sample x N x
.251

.OD standard
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where N = Conc. of standard = 60 mg/dl

Experiment II bone marrow
cellularity

72 animal were divide into 4 groups of 18
animals

Group I (Normal)

Distilled water was given for 5 consecutive
days orally.

Group II (Control)- Distilled water was
given for 5 consecutive days orally and
whole body irradiated with 9 Gy of  Gamma
rays.
Group GroupIII - 70% methanol
extracts of P.florida (1000 mg/kg was given
orally for 5 consecutive days and then
whole body irradiated with 9 Gy of gamma
rays.

Group IV 70% methanol
extracts of P.florida (500mg/kg) was given
orally for 5 consecutive days and then
whole body irradiation with 9 Gy of gamma
rays.

animals were sacrificed before and after
( 24 hrs, 3rd day, 5th day and 7th day)
radiation. Bone marrow cell were collected
from femur into Phosphate buffer saline
containing goats serum and was counted
using heamocytometer.

Experiment III   : survival  study

Group I (Normal)- Distilled water was
given for 5 consecutive days orally.

Group II (Control)- Distilled water was
given for 5 consecutive days orally and
whole body irradiated with 9 Gy of gamma
rays.
Group III - 70% methanol
extracts of P.florida (1000mg/kg) was given
orally for 5 consecutive days and then

whole body irradiated with 9 Gy of gamma
rays.

Group IV - 70% methanol
extracts of P.florida (500mg/kg) was given
orally for 5 consecutive days and then
whole body irradiate with 9 gy of gamma
rays.

Animals were observed for survival daily up
to 30 post-irradiation days. Data are
presented as % survival after the expiry of
30 post-irradiation days.

Experiment IV : Intestinal protection

Group I ( Normal)- Distilled water given
for 5 consecutive days orally.

Group II (Control)- Distilled water was
given for 5 consecutive days orally and
whole body irradiated with 9 Gy of gamma
rays.

Group III - 70% methanol
extracts of P.florida (1000mg/kg) was given
orally for 5 consecutive days and then
whole body irradiated with 9 Gy  of gamma
rays.

Group IV - 70 % methanol
extracts of P.florida (500mg/kg) was given
orally for 5 consecutive days and then
whole body irradiated with 9 Gy of gamma
rays.

Animals were sacrificed on 9th day after
irradiation and the intestinal mucosa was
collected and GSH was determined.

Determination of tissue reduced
glutathione (GSH)

Reduced glutathione in the tissue was
determined according to the method of
Moron et al, (1979)
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Table.1 Radioprotective effect of p. florida extract on gastrointestinal mucosal reduced

glutathione

Groups GSH
Nano mole/mg protien

Normal                                                31.57±1.95
Control 17.73±2.6
P. florida+Irradiation                           36±8.83

P.florida+Irradiation                           27.65±5.65
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Figure.1  Radioprotective effect of G.lucidum on whole body
radiation induced bonemarrow cellularity
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Fig.2 Radioprotective effect of P.florida extract on bonemarrow
cellularity
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FIG.3 Radioprotective effect of P.florida extract changes in total
leucocyte count
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Figure.4 Radioprotective effect of G.lucdum on whole
bodygamma irradiation induced changes in total leucocyte
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Procedure.

0.5ml of the tissue homogenate was mixed
with 0.1ml of 25% TCA and kept on ice for
few minutes. These were then subjected to
centrifugation at 3000g for few minutes to
settle the precipitate. 0.3ml of the
supernatant was mixed with 0.7 ml in 0.2m
sodium phospate buffer (PH8) and 2ml of
0.6mM DTNB (prepared in 0.2m buffer, PH

8). The yellow color obtained was measured
after 10 min at 412nm against a blank which
contained .0.1 ml of 5% TCA in place of the
supernatant. A standard graph was
prepared using different concentrations (10-
50 n moles) of GSH in 0.3 ml of 5% TCA.
The GSH content was calculated with the
help of this standard graph and expressed
as a nanomole/mg protein.

Determination of tissue protein

Protein content in the tissue was
determined according to the method of
Lowry et al.,(1951).

0.1ml of  the homogenate was mixed with
0.990 ml of distilled water, 5 ml of alkaline
CuSO4 (0.5 % CuSO4 in 1 % sodium
potassium tartrate and 2% Na2CO3 in 0.1 N
NaOH mixed in the ratio 1:50) kept for 10
min at room temperature. 0.5 ml of 1 N Folin
Ciocalteau reagent added and absorbance
was measured after 20 min at 660 nm
against the reagent blank. Protein content
was calculated from the standard graph
prepared using different concentrations
(0.1-0.5 mg/ ml) of bovine serum albumin
(BSA).

Results and Discussion

Experiment-I- Survival studies

Survival of animals up to 30 days of post
irradiation days is shown in FIG-1. 30 days
after irradiation survival of 50% animals was
achieved by the administration  of
1000mg/kg of P.florida extract.
Experiment-II bone marrow cellularity

Irradiation of animals  with 9Gy resulted in
decrease of bonemarrow cells from
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FIG.5  Radioprotective effect of P.florida extract changes in

heamoglobin
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18million cells to 2million cells in the
irradiated group. Treatment with P.florida
extract the bone marrow count was
maintained above 5million cells (FIG-II) nine
days after irradiation.

Experiment-III- Heamatological
parameters

rradiation of animals with 9Gy resulted in
decrease of total leucocyte count to
2000cells per millimeter cube, where as in
the P.florida extract treated group the total
leucocyte count remained above 4000
million cells per metre cube. (FIG-III)
Heamoglobin content was also reduced by
irradiation. However, treatment with
P.florida extract the heamoglobin was
maintained near normal on the 9th day after
irradiation (FIG-IV)

Experiment-IV – Effect on
gastrointestinal damage

Irradiation of animals resulted in decrease in
GSH levels. The level of GSH in irradiated
group was almost half of the normal level.
The GSH level was enhanced to normal
level in animals treated with P.florida
extract. (Table-1)

References

Anderson, RE1990. Anderson’s pathology,
CV mosby. 11, 232-249.
Aoki.T. 1984. Antibodies to HTLV I and
HTLV III in sera from two Japanese
patients, one with Possible Pre-AIDS.
Lancet, Oct 20, 936-937.
Aoki.T.1984. “Lentinan”- In: Immune
modulation agent and their mechanisms,
Fenichel.R.L and Chirgis.M.A eds. Immune
study,25, 62-77.
Aringa S.et al 1992. Enhanced induction of
lymphokine activated killer activity after
Lentinan administration in patients with
gastric carcinoma. Int. J. Immunopharmacol
,14,535-539.
Baserga, R.1981. N Eng J Med, 10,304-
453.

Breene.W.M, 1990. Nutritional and
Medicinal Value of specialty mushrooms. J.
Food Pot.53,883-884.
Chiara. G et al. 1987. Antitumor and
metastasis – inhibitory activities of Lentinan
as an immuno modulator : An Overview
Cancer Detect Prev (suppl) 1, 423-443.
Chiara. G, Maeda Y.Y and Hamuro I. 1982.
Current status and perspectives of
immunomodulators of microbial origin. Int. J.
Tissue React, 4, 207-225.
Coutard, H. 1932. Roentgenotherapy of
epitheliomas of the tonsillar region,
hypopharynx and larynx from 1920 to 1926.
Roentgenol Radium Thes 28, 313-331.
Dische, S.1985. Radiother Oncol, 3:97.
Eric J.  Hall, 1993., Steven A., Principles of
carcinogenesis : Fourth Ed. 11, 213-217.
Guzman, G. 1994.  The fungi in the
traditional medicine in meso Americans and
Mexico, Revis Lberoamericana micol, 11, 3,
81-85.
Goel, H. C., J. Prasad, S. Singh, R. K.
Sagar, I. Prem Kumar and A. K. Sinha
2002, Radioprotection by a herbal
preparation of Hippophae rhamoides, RH-3,
against whole body lethal irradiation in mice,
Phytomedicinea: 15-25.
Hamuro.J and Chihara.G. 1985. Lentinan, a
Tcell oriented immunopotentiator: Its
experimental and clinical application and
possible mechanism of immune modulation.
In immune modulation agents and their
mechanisms, Marcel Dekker, New York,
409-436.
Herberman.R.B and Nunn-H argrove
M.E.1981. Augmentation of natural
killer(NK) cell activity by Lentinan. In
manipulation of host defense mechanisms,
Aok  T. et al., ed, Excerpta medica
International congress series 576,
Amsterdam.
Ikekawa.T.Vehara, Maeda.Y, Nakanishi.M
and Fokuoka.F 1969. Antitumor activities of
aqueous extracts of edible mushrooms.
Cancer Res, 29, 734-735.
Janardhanan. K. K 1999. Medicinal
Mushrooms, Amala Research Bulletin, 19:
23-29.

International Journal of Current Research in Chemistry
and Pharmaceutical Sciences

www.ijcrcps.com Volume 1 Issue 1. 2014 Pages: 65-74
(pISSN: 2348 – 5213; eISSN: 2348 - 5221)

72

IJCRCPS

IJCRCPS
18million cells to 2million cells in the
irradiated group. Treatment with P.florida
extract the bone marrow count was
maintained above 5million cells (FIG-II) nine
days after irradiation.

Experiment-III- Heamatological
parameters

rradiation of animals with 9Gy resulted in
decrease of total leucocyte count to
2000cells per millimeter cube, where as in
the P.florida extract treated group the total
leucocyte count remained above 4000
million cells per metre cube. (FIG-III)
Heamoglobin content was also reduced by
irradiation. However, treatment with
P.florida extract the heamoglobin was
maintained near normal on the 9th day after
irradiation (FIG-IV)

Experiment-IV – Effect on
gastrointestinal damage

Irradiation of animals resulted in decrease in
GSH levels. The level of GSH in irradiated
group was almost half of the normal level.
The GSH level was enhanced to normal
level in animals treated with P.florida
extract. (Table-1)

References

Anderson, RE1990. Anderson’s pathology,
CV mosby. 11, 232-249.
Aoki.T. 1984. Antibodies to HTLV I and
HTLV III in sera from two Japanese
patients, one with Possible Pre-AIDS.
Lancet, Oct 20, 936-937.
Aoki.T.1984. “Lentinan”- In: Immune
modulation agent and their mechanisms,
Fenichel.R.L and Chirgis.M.A eds. Immune
study,25, 62-77.
Aringa S.et al 1992. Enhanced induction of
lymphokine activated killer activity after
Lentinan administration in patients with
gastric carcinoma. Int. J. Immunopharmacol
,14,535-539.
Baserga, R.1981. N Eng J Med, 10,304-
453.

Breene.W.M, 1990. Nutritional and
Medicinal Value of specialty mushrooms. J.
Food Pot.53,883-884.
Chiara. G et al. 1987. Antitumor and
metastasis – inhibitory activities of Lentinan
as an immuno modulator : An Overview
Cancer Detect Prev (suppl) 1, 423-443.
Chiara. G, Maeda Y.Y and Hamuro I. 1982.
Current status and perspectives of
immunomodulators of microbial origin. Int. J.
Tissue React, 4, 207-225.
Coutard, H. 1932. Roentgenotherapy of
epitheliomas of the tonsillar region,
hypopharynx and larynx from 1920 to 1926.
Roentgenol Radium Thes 28, 313-331.
Dische, S.1985. Radiother Oncol, 3:97.
Eric J.  Hall, 1993., Steven A., Principles of
carcinogenesis : Fourth Ed. 11, 213-217.
Guzman, G. 1994.  The fungi in the
traditional medicine in meso Americans and
Mexico, Revis Lberoamericana micol, 11, 3,
81-85.
Goel, H. C., J. Prasad, S. Singh, R. K.
Sagar, I. Prem Kumar and A. K. Sinha
2002, Radioprotection by a herbal
preparation of Hippophae rhamoides, RH-3,
against whole body lethal irradiation in mice,
Phytomedicinea: 15-25.
Hamuro.J and Chihara.G. 1985. Lentinan, a
Tcell oriented immunopotentiator: Its
experimental and clinical application and
possible mechanism of immune modulation.
In immune modulation agents and their
mechanisms, Marcel Dekker, New York,
409-436.
Herberman.R.B and Nunn-H argrove
M.E.1981. Augmentation of natural
killer(NK) cell activity by Lentinan. In
manipulation of host defense mechanisms,
Aok  T. et al., ed, Excerpta medica
International congress series 576,
Amsterdam.
Ikekawa.T.Vehara, Maeda.Y, Nakanishi.M
and Fokuoka.F 1969. Antitumor activities of
aqueous extracts of edible mushrooms.
Cancer Res, 29, 734-735.
Janardhanan. K. K 1999. Medicinal
Mushrooms, Amala Research Bulletin, 19:
23-29.

International Journal of Current Research in Chemistry
and Pharmaceutical Sciences

www.ijcrcps.com Volume 1 Issue 1. 2014 Pages: 65-74
(pISSN: 2348 – 5213; eISSN: 2348 - 5221)

72

IJCRCPS

IJCRCPS
18million cells to 2million cells in the
irradiated group. Treatment with P.florida
extract the bone marrow count was
maintained above 5million cells (FIG-II) nine
days after irradiation.

Experiment-III- Heamatological
parameters

rradiation of animals with 9Gy resulted in
decrease of total leucocyte count to
2000cells per millimeter cube, where as in
the P.florida extract treated group the total
leucocyte count remained above 4000
million cells per metre cube. (FIG-III)
Heamoglobin content was also reduced by
irradiation. However, treatment with
P.florida extract the heamoglobin was
maintained near normal on the 9th day after
irradiation (FIG-IV)

Experiment-IV – Effect on
gastrointestinal damage

Irradiation of animals resulted in decrease in
GSH levels. The level of GSH in irradiated
group was almost half of the normal level.
The GSH level was enhanced to normal
level in animals treated with P.florida
extract. (Table-1)

References

Anderson, RE1990. Anderson’s pathology,
CV mosby. 11, 232-249.
Aoki.T. 1984. Antibodies to HTLV I and
HTLV III in sera from two Japanese
patients, one with Possible Pre-AIDS.
Lancet, Oct 20, 936-937.
Aoki.T.1984. “Lentinan”- In: Immune
modulation agent and their mechanisms,
Fenichel.R.L and Chirgis.M.A eds. Immune
study,25, 62-77.
Aringa S.et al 1992. Enhanced induction of
lymphokine activated killer activity after
Lentinan administration in patients with
gastric carcinoma. Int. J. Immunopharmacol
,14,535-539.
Baserga, R.1981. N Eng J Med, 10,304-
453.

Breene.W.M, 1990. Nutritional and
Medicinal Value of specialty mushrooms. J.
Food Pot.53,883-884.
Chiara. G et al. 1987. Antitumor and
metastasis – inhibitory activities of Lentinan
as an immuno modulator : An Overview
Cancer Detect Prev (suppl) 1, 423-443.
Chiara. G, Maeda Y.Y and Hamuro I. 1982.
Current status and perspectives of
immunomodulators of microbial origin. Int. J.
Tissue React, 4, 207-225.
Coutard, H. 1932. Roentgenotherapy of
epitheliomas of the tonsillar region,
hypopharynx and larynx from 1920 to 1926.
Roentgenol Radium Thes 28, 313-331.
Dische, S.1985. Radiother Oncol, 3:97.
Eric J.  Hall, 1993., Steven A., Principles of
carcinogenesis : Fourth Ed. 11, 213-217.
Guzman, G. 1994.  The fungi in the
traditional medicine in meso Americans and
Mexico, Revis Lberoamericana micol, 11, 3,
81-85.
Goel, H. C., J. Prasad, S. Singh, R. K.
Sagar, I. Prem Kumar and A. K. Sinha
2002, Radioprotection by a herbal
preparation of Hippophae rhamoides, RH-3,
against whole body lethal irradiation in mice,
Phytomedicinea: 15-25.
Hamuro.J and Chihara.G. 1985. Lentinan, a
Tcell oriented immunopotentiator: Its
experimental and clinical application and
possible mechanism of immune modulation.
In immune modulation agents and their
mechanisms, Marcel Dekker, New York,
409-436.
Herberman.R.B and Nunn-H argrove
M.E.1981. Augmentation of natural
killer(NK) cell activity by Lentinan. In
manipulation of host defense mechanisms,
Aok  T. et al., ed, Excerpta medica
International congress series 576,
Amsterdam.
Ikekawa.T.Vehara, Maeda.Y, Nakanishi.M
and Fokuoka.F 1969. Antitumor activities of
aqueous extracts of edible mushrooms.
Cancer Res, 29, 734-735.
Janardhanan. K. K 1999. Medicinal
Mushrooms, Amala Research Bulletin, 19:
23-29.



International Journal of Current Research in Chemistry
and Pharmaceutical Sciences

www.ijcrcps.com Volume 1 Issue 1. 2014 Pages: 65-74
(pISSN: 2348 – 5213; eISSN: 2348 - 5221)

73

IJCRCPS

IJCRCPS
Jong. S. C and Birmingham. J. M. 1992.
Edible Mushrooms in Biotechnology.
Proceeding of Asian Mycology Symposium,
Seoul, 18-35.
Jong. S. C and Donovick.R. 1989. Antitumor
and antiviral substances from Fungi. Adv.
Appl. Microbial, 34, 183-261.
Jong. S. C, Brimingham. J. M and Pai. S. H.
1991. Immuno – modulatory substances of
fungal origin. J. Immunol
Immunopharmacol, 9, 3, 115-122.
Kadiri M. and Fasidi I.O. 1992 Secondary
plant products in some Nigerian Mushrooms
Niger I Bot 5, 187-192.
Liu Z et al. 1988. Effect of Lentinum on
lymphocyte transformation in mice, J
Lanzhou med coll. 15, 54-55
Lowry, H. D.; Rosenberg, N.J.; Farr,A.L.
and Randa, R.J. 1951. Protein
measurement with Folin phenol reagent, J.
Biol.Chem.,193:265-275.
Maeda Y.Y. 1974b. Unique increase of
serum proteins and action of antitumor
polysaccharides. Nature, 252, 250-252.

Maeda Y.Y. and Chihara G.1973. The effect
of neonatal thymectomy on the antitumor
activity of Lentinan, carboxymethly
pachymaran, and Zymosan and their effects
of various immune responses. Int J cancer,
11, 153-161.
Maeda Y.Y. et al. 1974. the nature of
immuno potentiation by the anti-tumor
polysaccharide Lentinan and the
significance of biogenic amines in its action.
Int J cancer, 12, 259-281.
Maeda Y.Y., Watanable S.T, Chihara G,
and Rokutanda M.1988. Denaturation and
renaturation of a B-1, 6, 1, 3 glucan,
Lentinan, associated with expression of T-
cell mediated responses cancer Res. 48,
671-675.
Maunch, P., Constine, L., Green berger, J.,
Knospe, W; Sullival,J and Deeg, H.J. 1995.
Hematopoietic stem cell compartment:
acute and late effects of radiation therapy
and chemotherapy,
Int.J.Rad.Oncol.Biol.Phy; 31; 1319-1339.

Moron, M.A., Depierre, J.W and Mannervik
B. 1979. Levels of glutathione reductase
and glutathione s-transferase activities in rat
lung and Lever, Brochemica at Biophysica
Acta, 582:67-78.
Nair K.K. 2001, Radioprotectors in
Radiotherapy RES, 4, 2, 21-37.
Nair,C.K.K., Parida, D.K. and Taisei
Nomura. 2001. Radioprotectors in
Radiotherapy, J Radiat. Res, 42: 21-37.
Nayana Jose, Current Science, General
Article, 2002, 41-48.
Nina Gunde- Cimerman, Medicinal Value of
the Genus Pleurotus; International Journal
of Medicinal Mushrooms Vol.1: PP 69-80.
Noda Shokukin 1989c. Preparation of
antiviral agent by deep culture of
Basidiomycetes. Patent, JP 60054324,
JP83162084.
Noda-Shokkin. 1998a. A preparation for
kidney treatment possessing anti
inflammatory activity, obtained from
Basidiomycetes. Eg. Lentinus, Pleurotus,
patent JPJ 61171428 (1986), JP 8511888
(1985).
Parker. R.G.1990. In: Haskell, C .M (Ed.),
Principles of Radiation oncology, cancer
Treatment, Philadelphia, Wb Saunders, 15.
Pierce, B.G. 1998. The pathology of cancer,
the Biological basis  of cancer, 14.
Regaud, C. 1930, Sur les principle
radiophysiologiques de la radiotherapic des
cancer. Acta Radiol 11:456-486.
Robert G.Mckinnell., Ralph E., Parchment.,
Alan O.Perantoni., G.Barry Peirce 1982.,
The biological basis of cancer, cambeididge
university press, 57-87.
Rodney Withers2, 1990. Department of
Radiation oncology, university of California,
Los Angeles, California 11, 113-117.
Sakami H and Takeda M. 1993. Diverse
biological activity of PSIC (Krestin), a
protein bound polysaccharide from Coriolus
versicolar [Fr.] Quel. In Mushroom biology
and mushroom products, chang S.T.,
Buswell J.A, and chiu S.W., eds., chiese
University Press. Hong Kong. 237-245.
Samuel Hellman, Vincent T.Devita 1993,
Cancer: Principle & Pratice of Oncology,
Fourth edition, Philadelphia,.

International Journal of Current Research in Chemistry
and Pharmaceutical Sciences

www.ijcrcps.com Volume 1 Issue 1. 2014 Pages: 65-74
(pISSN: 2348 – 5213; eISSN: 2348 - 5221)

73

IJCRCPS

IJCRCPS
Jong. S. C and Birmingham. J. M. 1992.
Edible Mushrooms in Biotechnology.
Proceeding of Asian Mycology Symposium,
Seoul, 18-35.
Jong. S. C and Donovick.R. 1989. Antitumor
and antiviral substances from Fungi. Adv.
Appl. Microbial, 34, 183-261.
Jong. S. C, Brimingham. J. M and Pai. S. H.
1991. Immuno – modulatory substances of
fungal origin. J. Immunol
Immunopharmacol, 9, 3, 115-122.
Kadiri M. and Fasidi I.O. 1992 Secondary
plant products in some Nigerian Mushrooms
Niger I Bot 5, 187-192.
Liu Z et al. 1988. Effect of Lentinum on
lymphocyte transformation in mice, J
Lanzhou med coll. 15, 54-55
Lowry, H. D.; Rosenberg, N.J.; Farr,A.L.
and Randa, R.J. 1951. Protein
measurement with Folin phenol reagent, J.
Biol.Chem.,193:265-275.
Maeda Y.Y. 1974b. Unique increase of
serum proteins and action of antitumor
polysaccharides. Nature, 252, 250-252.

Maeda Y.Y. and Chihara G.1973. The effect
of neonatal thymectomy on the antitumor
activity of Lentinan, carboxymethly
pachymaran, and Zymosan and their effects
of various immune responses. Int J cancer,
11, 153-161.
Maeda Y.Y. et al. 1974. the nature of
immuno potentiation by the anti-tumor
polysaccharide Lentinan and the
significance of biogenic amines in its action.
Int J cancer, 12, 259-281.
Maeda Y.Y., Watanable S.T, Chihara G,
and Rokutanda M.1988. Denaturation and
renaturation of a B-1, 6, 1, 3 glucan,
Lentinan, associated with expression of T-
cell mediated responses cancer Res. 48,
671-675.
Maunch, P., Constine, L., Green berger, J.,
Knospe, W; Sullival,J and Deeg, H.J. 1995.
Hematopoietic stem cell compartment:
acute and late effects of radiation therapy
and chemotherapy,
Int.J.Rad.Oncol.Biol.Phy; 31; 1319-1339.

Moron, M.A., Depierre, J.W and Mannervik
B. 1979. Levels of glutathione reductase
and glutathione s-transferase activities in rat
lung and Lever, Brochemica at Biophysica
Acta, 582:67-78.
Nair K.K. 2001, Radioprotectors in
Radiotherapy RES, 4, 2, 21-37.
Nair,C.K.K., Parida, D.K. and Taisei
Nomura. 2001. Radioprotectors in
Radiotherapy, J Radiat. Res, 42: 21-37.
Nayana Jose, Current Science, General
Article, 2002, 41-48.
Nina Gunde- Cimerman, Medicinal Value of
the Genus Pleurotus; International Journal
of Medicinal Mushrooms Vol.1: PP 69-80.
Noda Shokukin 1989c. Preparation of
antiviral agent by deep culture of
Basidiomycetes. Patent, JP 60054324,
JP83162084.
Noda-Shokkin. 1998a. A preparation for
kidney treatment possessing anti
inflammatory activity, obtained from
Basidiomycetes. Eg. Lentinus, Pleurotus,
patent JPJ 61171428 (1986), JP 8511888
(1985).
Parker. R.G.1990. In: Haskell, C .M (Ed.),
Principles of Radiation oncology, cancer
Treatment, Philadelphia, Wb Saunders, 15.
Pierce, B.G. 1998. The pathology of cancer,
the Biological basis  of cancer, 14.
Regaud, C. 1930, Sur les principle
radiophysiologiques de la radiotherapic des
cancer. Acta Radiol 11:456-486.
Robert G.Mckinnell., Ralph E., Parchment.,
Alan O.Perantoni., G.Barry Peirce 1982.,
The biological basis of cancer, cambeididge
university press, 57-87.
Rodney Withers2, 1990. Department of
Radiation oncology, university of California,
Los Angeles, California 11, 113-117.
Sakami H and Takeda M. 1993. Diverse
biological activity of PSIC (Krestin), a
protein bound polysaccharide from Coriolus
versicolar [Fr.] Quel. In Mushroom biology
and mushroom products, chang S.T.,
Buswell J.A, and chiu S.W., eds., chiese
University Press. Hong Kong. 237-245.
Samuel Hellman, Vincent T.Devita 1993,
Cancer: Principle & Pratice of Oncology,
Fourth edition, Philadelphia,.

International Journal of Current Research in Chemistry
and Pharmaceutical Sciences

www.ijcrcps.com Volume 1 Issue 1. 2014 Pages: 65-74
(pISSN: 2348 – 5213; eISSN: 2348 - 5221)

73

IJCRCPS

IJCRCPS
Jong. S. C and Birmingham. J. M. 1992.
Edible Mushrooms in Biotechnology.
Proceeding of Asian Mycology Symposium,
Seoul, 18-35.
Jong. S. C and Donovick.R. 1989. Antitumor
and antiviral substances from Fungi. Adv.
Appl. Microbial, 34, 183-261.
Jong. S. C, Brimingham. J. M and Pai. S. H.
1991. Immuno – modulatory substances of
fungal origin. J. Immunol
Immunopharmacol, 9, 3, 115-122.
Kadiri M. and Fasidi I.O. 1992 Secondary
plant products in some Nigerian Mushrooms
Niger I Bot 5, 187-192.
Liu Z et al. 1988. Effect of Lentinum on
lymphocyte transformation in mice, J
Lanzhou med coll. 15, 54-55
Lowry, H. D.; Rosenberg, N.J.; Farr,A.L.
and Randa, R.J. 1951. Protein
measurement with Folin phenol reagent, J.
Biol.Chem.,193:265-275.
Maeda Y.Y. 1974b. Unique increase of
serum proteins and action of antitumor
polysaccharides. Nature, 252, 250-252.

Maeda Y.Y. and Chihara G.1973. The effect
of neonatal thymectomy on the antitumor
activity of Lentinan, carboxymethly
pachymaran, and Zymosan and their effects
of various immune responses. Int J cancer,
11, 153-161.
Maeda Y.Y. et al. 1974. the nature of
immuno potentiation by the anti-tumor
polysaccharide Lentinan and the
significance of biogenic amines in its action.
Int J cancer, 12, 259-281.
Maeda Y.Y., Watanable S.T, Chihara G,
and Rokutanda M.1988. Denaturation and
renaturation of a B-1, 6, 1, 3 glucan,
Lentinan, associated with expression of T-
cell mediated responses cancer Res. 48,
671-675.
Maunch, P., Constine, L., Green berger, J.,
Knospe, W; Sullival,J and Deeg, H.J. 1995.
Hematopoietic stem cell compartment:
acute and late effects of radiation therapy
and chemotherapy,
Int.J.Rad.Oncol.Biol.Phy; 31; 1319-1339.

Moron, M.A., Depierre, J.W and Mannervik
B. 1979. Levels of glutathione reductase
and glutathione s-transferase activities in rat
lung and Lever, Brochemica at Biophysica
Acta, 582:67-78.
Nair K.K. 2001, Radioprotectors in
Radiotherapy RES, 4, 2, 21-37.
Nair,C.K.K., Parida, D.K. and Taisei
Nomura. 2001. Radioprotectors in
Radiotherapy, J Radiat. Res, 42: 21-37.
Nayana Jose, Current Science, General
Article, 2002, 41-48.
Nina Gunde- Cimerman, Medicinal Value of
the Genus Pleurotus; International Journal
of Medicinal Mushrooms Vol.1: PP 69-80.
Noda Shokukin 1989c. Preparation of
antiviral agent by deep culture of
Basidiomycetes. Patent, JP 60054324,
JP83162084.
Noda-Shokkin. 1998a. A preparation for
kidney treatment possessing anti
inflammatory activity, obtained from
Basidiomycetes. Eg. Lentinus, Pleurotus,
patent JPJ 61171428 (1986), JP 8511888
(1985).
Parker. R.G.1990. In: Haskell, C .M (Ed.),
Principles of Radiation oncology, cancer
Treatment, Philadelphia, Wb Saunders, 15.
Pierce, B.G. 1998. The pathology of cancer,
the Biological basis  of cancer, 14.
Regaud, C. 1930, Sur les principle
radiophysiologiques de la radiotherapic des
cancer. Acta Radiol 11:456-486.
Robert G.Mckinnell., Ralph E., Parchment.,
Alan O.Perantoni., G.Barry Peirce 1982.,
The biological basis of cancer, cambeididge
university press, 57-87.
Rodney Withers2, 1990. Department of
Radiation oncology, university of California,
Los Angeles, California 11, 113-117.
Sakami H and Takeda M. 1993. Diverse
biological activity of PSIC (Krestin), a
protein bound polysaccharide from Coriolus
versicolar [Fr.] Quel. In Mushroom biology
and mushroom products, chang S.T.,
Buswell J.A, and chiu S.W., eds., chiese
University Press. Hong Kong. 237-245.
Samuel Hellman, Vincent T.Devita 1993,
Cancer: Principle & Pratice of Oncology,
Fourth edition, Philadelphia,.



International Journal of Current Research in Chemistry
and Pharmaceutical Sciences

www.ijcrcps.com Volume 1 Issue 1. 2014 Pages: 65-74
(pISSN: 2348 – 5213; eISSN: 2348 - 5221)

74

IJCRCPS

IJCRCPS
Sendo F. et al 1981. Augmentation of
natural cell-mediated cytotoxicity by
administration of Lentinan in mice. In
manipulation of host defence mechanism,
Aoki, T. et al, eds, Excerpta Medica
(International Congress service 570).
Takahashi M. et al. 1992. Two-colar flow
cytoetric analysis of splenic lymphocyte
subpopulation in patients with gastric cancer
Surg Today 22, 35-39.
Tani et al, 1993. Augementation of
lymphokine activated killer cell activity by
Lentinan Anti Cancer Res, 13, 1773-1776.
Wasser, S.P. and Weiss, A.L1999.
Medicinal properties of substances
occurring in higher Basdiomycetes
mushrooms. Current perspective, Int.J.Med.
mushrooms, 31, 89-996.
Yoshinos. etal 1989. Effect of Intrapleural
and / or intra peritoneal Lentinan therapy on
carcinomatous Pleuritis with special
reference to immunological evaluation,
Nippon Geka Hokan, 58, 310-318.

International Journal of Current Research in Chemistry
and Pharmaceutical Sciences

www.ijcrcps.com Volume 1 Issue 1. 2014 Pages: 65-74
(pISSN: 2348 – 5213; eISSN: 2348 - 5221)

74

IJCRCPS

IJCRCPS
Sendo F. et al 1981. Augmentation of
natural cell-mediated cytotoxicity by
administration of Lentinan in mice. In
manipulation of host defence mechanism,
Aoki, T. et al, eds, Excerpta Medica
(International Congress service 570).
Takahashi M. et al. 1992. Two-colar flow
cytoetric analysis of splenic lymphocyte
subpopulation in patients with gastric cancer
Surg Today 22, 35-39.
Tani et al, 1993. Augementation of
lymphokine activated killer cell activity by
Lentinan Anti Cancer Res, 13, 1773-1776.
Wasser, S.P. and Weiss, A.L1999.
Medicinal properties of substances
occurring in higher Basdiomycetes
mushrooms. Current perspective, Int.J.Med.
mushrooms, 31, 89-996.
Yoshinos. etal 1989. Effect of Intrapleural
and / or intra peritoneal Lentinan therapy on
carcinomatous Pleuritis with special
reference to immunological evaluation,
Nippon Geka Hokan, 58, 310-318.

International Journal of Current Research in Chemistry
and Pharmaceutical Sciences

www.ijcrcps.com Volume 1 Issue 1. 2014 Pages: 65-74
(pISSN: 2348 – 5213; eISSN: 2348 - 5221)

74

IJCRCPS

IJCRCPS
Sendo F. et al 1981. Augmentation of
natural cell-mediated cytotoxicity by
administration of Lentinan in mice. In
manipulation of host defence mechanism,
Aoki, T. et al, eds, Excerpta Medica
(International Congress service 570).
Takahashi M. et al. 1992. Two-colar flow
cytoetric analysis of splenic lymphocyte
subpopulation in patients with gastric cancer
Surg Today 22, 35-39.
Tani et al, 1993. Augementation of
lymphokine activated killer cell activity by
Lentinan Anti Cancer Res, 13, 1773-1776.
Wasser, S.P. and Weiss, A.L1999.
Medicinal properties of substances
occurring in higher Basdiomycetes
mushrooms. Current perspective, Int.J.Med.
mushrooms, 31, 89-996.
Yoshinos. etal 1989. Effect of Intrapleural
and / or intra peritoneal Lentinan therapy on
carcinomatous Pleuritis with special
reference to immunological evaluation,
Nippon Geka Hokan, 58, 310-318.


