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Maitake extract with the addition
of maitake D-fraction shows definite

promise as an adjunct treatment for cancer.

Table 1. Lipid-Lowering Effects of Maitake: High-Cholesterol
Diet Versus Same Diet Consisting of 20 Percent Maitake

Body weight at day 25
Liver weight at day I I
Epididymal fat-pads
Liver triglycéride
Liver total cholesterol

Control group
> 179.0+ 10.2 g
13.01 ±0.55 g
2.72 ± 0.53 g
4I.I ± 2.3 mg/g
22.8 ± 0.5 mg/g

Maitake group
>I30.6± ll.4g
8.86 ± 0.51 g
I.7I ± 0.I7 g

19.0 ±0.8 mg/g
12.3 ±0.6 mg/g

Note: Adapted from Ref. 11. Control rats were fed a commercial diet containing I percent cholesterol and 0.3 percent
sodium cholate. The same diet was administered to the maitake group except that 20 percent of the diet was substituted
with powdered maitake mushrooms.

Maitake Versus Sarcoma 180
Maitake has shown antitumor activity

when the mushroom was orally
administered in tumor-bearing mice. The
major immunologically active constituents
consist of ß-(l,3)-D-glucans in branching
chains with a main core of ß-(l,6)-D-glucana
and 30 percent protein.b A polysaccharide
derived from cultivated maitake produced
100 percent tumor inhibition (sarcoma 180)
in mice from a single dose of 20 mg/kg (IP).
Complete tumor regression was found in
every mouse.c
In maitake, the water-soluble polysaccha

rides are more active than the insoluble
ones.c From the liquid-cultured mycelium,
grifolan (ß-( 1,3)-D-glucan) showed potent
activity against sarcoma 180 in mice (100
mg, IP/mouse/day for 5 days), producing an
inhibition ratio of >99 percent and complete

tumor regressions in 9 out of 20 mice.
However, no activity was found when
grifolan was administered by the oral route.d

aMori, K., Toyomasu. T.. Nanba, H.. Kuroda, H.
Antitumor activities of edible mushrooms by oral
administration. In: Wuest, P.J., Royse, D.J., Beelman,
R.B. (eds.), Deve/opments in Crop Science: 10. Cultivating
Edible Fungi. New York: Elsevier, 1986, pp. 1-6; bJong,
S.C., Birmingham, J.M. The medicinal value of the
mushroom Grifóla. World J Microbiol Biotechnol
6:227-235, 1990 [Proceedings of the International
Symposium on Scientific and Technical Aspects of
Cultivating Edible Fungi, The Pennsylvania State
University, Pennsylvania Park. July 1986]; cMizuno, T.,
Ohsawa, K., Hagiwara, N., Kuboyama, R. Fractionation
and characterization of antitumor polysaccharides
from maitake. Grifóla frondosa. Agrie Biol Chem 50(7):
1679-1688, 1986; dOhno, N„ Adachi, Y„ Suzuki, K., et
al. Antitumor activity of a ß-l,3-glucan obtained from
liquid cultured mycelium of Crifola frondosa.]
Pharmacobio-Dyn 9:861-864, 1986.

that maitake extract with the addition of
maitake D-fraction shows definite
promise as an adjunct treatment for can-
cer. The patients took maitake D-fraction
in capsules and maitake-extract tablets,
and some patients also received
chemotherapy. Dosages appear to have
varied from patient to patient with
maitake D-fraction doses ranging from
35 to 100 mg/day, and the crude mush-
room extract tablets ranging from 4 to 6
g/day.20'21
Especially promising results were noted

by Dr. Nanba for breast cancer and for lung
cancer; however, for leukemia and for can-
cers of the bone and stomach, the results
were not as impressive. He related that sig-
nificant symptomatic improvements or
regressions of tumors were seen in approx-
imately 73.3 percent of patients with breast
cancer, 46.6 percent of cases with liver can-
cer, and 66.6 percent of lung cancer cases.
When maitake D-fraction was administered
in conjunction with chemotherapy, the
responses improved by 12 percent to as

much as 28 percent. In 90 percent of the
patients, the addition of maitake D-fraction
to their regimen appeared to reduce the
side effects commonly associated with
chemotherapy, such as hair loss, leukope-
nia (decreased leukocytes), nausea, vomit-
ing, and loss of appetite. In reducing pain,
maitake D-fraction appeared to be effective
in 83 percent of patients.20'21 Some cor-
roberating evidence for this action was
seen in animals. In high dosage, both a

water and a methanol extract of maitake
given to mice produced significant pain-
inhibiting (antinociceptive) activity (see
Table 5).30
In the spring of 1998, an Investiga-

tional New Drug application was

obtained from the U.S. Food and Drug
Administration (FDA) for use of the

maitake D-fraction in a phase II pilot
study in patients with advanced stage
cancers of the prostate or breast.31

Hepatitis B
Reports of clinical research with

maitake are, like those of most other

medicinal fungi, still largely confined to
China and Japan. In 1994, at an interna-
tional symposium on shiitake produc-
tion and products in China, researchers
summarized the results of a pilot study
on chronic hepatitis B. A polysaccharide
preparation from maitake fruit body
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The antimalarial effects of maitake
should be studied further, given the recent
spread of the disease into the continental United States.

Table 2. Antitumor Activity of D-Fraction From Maitake

Allogeneic Tumors3
Sarcoma 180

Syngeneic Tumors3
MM-46 carcinoma
IMC carcinoma
B-16 melanoma

Dosageb (per oral) Inhibition
ICR

C3H/HeN (C3H)
CDFI
C57BL/6

25 mg/kg 58%

Dosageb (per oral) Inhibition
25 mg/kg
25 mg/kg
25 mg/kg

64%
75%
27%

aD-fraction received same day as tumor implantation; tumor inhibition rates significantly different from control (see Ref.
18). The polysaccharide component of the D-fraction contains ß-(l,6)-D-glucans with ß-(l,3)-D-glucan branching side
chains {see Ref. 19), which appear to be characteristic of maitake {see * and ** below), if not the genus Grifóla (see Ref.
6). Adapted from Ref. 18.; Dosage calculated according to sugar content of D-fraction.; *Ohno, N., Adachi, Y., Suzuki, K.,
et al. Antitumor activity of a ß-l,3-glucan obtained from liquid cultured mycelium of Grifóla frondosa.] Pharmacobio-Dyn
9:861-864, 1986.; **Nanba, H., Hamaguchi, A., Kuroda, H. The chemical structure of an antitumor polysaccharide in fruit
bodies of Grifóla frondosa {maitake). Chem Pharm null 35(3): I 162-1 168, 1987.

Table 3. Anticarcinogenic Activity
of Maitake D-Fraction and Maitake Powder

Treatment
Controls (normal feed for 60a or 56b'c'd days)
Maitake D-fraction (1 mg/kg, po for 60 days)
20.0% maitake-feed (for 60 daysc)
5.0% maitake-feed (for 56 days)
5.0% shiitake-feed (for 56 days)
5.0% hiratake-feed (for 56 days)

Tumor inhibition (metastasis)
0

91.3
77.8
53.3
471
35.0C

Note: Table Is adapted from Refs. 19 and 28.; aMlce treated with N-nltrosodium-N'-butylamine (I mg x 3) plus respective
feed/extract for 60 days (see Ref. 19); bICR mice treated with N-butyl-N'-butanolnltrosamine plus respective feed for 56
days; cRef 28; "All other groups were treated with the same respective carcinogens in their identical respective periods.

was compared to routine treatment of
the disease. Researchers from Zhejiang
Medical University and colleagues from
the Edible Fungi Research Institute of
Qingyuan, Zhejiang Province, China,
collaborated with the nearby People's
Hospital of Qingyuan in conducting the
study. Thirty-two patients with chronic
hepatitis B were randomly assigned to a

routine treatment group or to a

maitake-polysaccharide capsule group.

The researchers reported several
promising outcomes: a comparatively
higher recovery rate in alanine trans-
ferase levels in the maitake-polysaccha-
ride group (72.7 percent) than in the
control group (56.6 percent); a

significantly higher rate of HBeAg sero-
conversion from positive to negative
compared to the control group; and no
side effects in the polysaccharide
group.32

Malaria Research

With a Howard Hughes research grant
and one from the U.S. Army Medical
Command, Alenka Lovy and Barbara
Knowles, Institute of Biological Chem-
istry, Washington State University, Pull-
man, and Ronald "Labbe and colleagues at
the University of Massachusetts,
Amherst, ran tests-with 10 edible mush-
room species for antimalarial activity. The
majority of the mushrooms were gathered
in July and August 1996, northeast of
Holyoke, Massachusetts, and prepared as
extracts. Tests were performed using a

pyrimethamine-resistant strain of Plas-
modium falciparum from South America
and, although not native to the United
States, the shiitake mushroom. Of all the
species tested, maitake rated the highest
(see Table 6), followed by shiitake, chul-
ing, and reishi. The protein fractions of
the fungi were also tested. Lovy et al. con-
cluded that these mushrooms and others
should be subjected to further studies for
activity against the parasite.17 Given the
recent spread of malaria into the conti-
nental United States,33-38 the researchers'
advice is timely.

A Source of Vitamin D

Maitake, shiitake, and other medicinal
food mushrooms are noted sources of
dietary vitamin D. Mushrooms contain
the provitamin form of vitamin D known
as ergosterol, which is not found in veg-
etables and which is readily converted to
vitamin D upon exposure to ultraviolet
light.39'40 Maitake contains various
sterols,41 but the major one is ergosterol,
which provides the fresh mushroom with
a content of 50-150 international units
(IU) of vitamin D per 100 g.42 Amounts in
the dried mushroom, if grown outdoors
or under ultraviolet (UV) lamps, will be
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Maitake research has raised the levels that
other species must meet to become preferred for

use as dietary supplements and clinically useful products.

Table 4. Antitumor Activity of
Medicinal and Culinary Mushrooms

(Sarcoma 180 Tumor in ICR Mice)
Common name3

Control
Maitake
White fungus
Shiitake
Table mushroom
Wood ear
Straw mushroom
Hiratake
Nameko
Enokitke

Latin name

Grifóla frondosa
Tremella fuciformis
Lentinula edodes
Agaricus bisporus
Auricularia minor
Volvariella volvacea
Pleurotus ostreatus
Pholiota glutinosa
Flammulina velutipes

Tumor inhibition rate
(31 days after tumor implantation)

0%
86.3b (NS)C
81.0(0)
77.9d (NS)
71.3(53.2)
68.4 (0)
67.6 (0)
62.7 (79.4)
62.7(74.9)
61.7 (NS)

Notes: Mushrooms were given as 20 percent of the diet the same day as tumor implantation. Table adapted from Mori,
K., Toyomasu, T., Nanba, H., Kuroda, H. Antitumor activities of edible mushrooms by oral administration. In: Wuest, P.J.,
Royse, D.J.. Beelman, R.B. (eds.), Developments in Crop Science: 10. Cultivating Edible Fungi. New York: Elsevier, pp.
1—6, 1986 [Proceedings of the International Symposium on Scientific and Technical Aspects of Cultivating Edible Fungi,
The Pennsylvania State University, Pennsylvania Park, July 1986].; aCommon names from Ref. 2.; "Two of eight mice
showed complete regression of tumors, but this percent was not significant (NS). In contrast, the hiratake or "oyster
mushroom" caused 79.4 percent of tumors to regress completely.; cTumor inhibition rate 42 days after oral
administration of maitake.; dShiitake administered orally for 7 days following tumor implantation; the tumor inhibition
rate was 53.9 percent; data for the other species not stated.

greater. In shiitake, for instance, the con-
centration of vitamin D reached 4381
IU/100 g and a low of 873 IU/100 g out-
doors in the shade of a forest,40 whereas
indoor-grown, non-UV-lamp-irradiated
shiitake contained 73 IU/100 g.39 Bear in
mind, however, that concentrations of the
vitamin vary according to year of growth,
quality, and brand of product.40 Unless
mushroom products are standardized for
vitamin D, the amount is not predictable.
Because recent findings suggest that

current recommended levels of vitamin
D are insufficient,43-45 these mushrooms
could certainly help to alleviate deficien-
cies. An editorial in the New England
Journal of Medicine in March 1998 not
only cited a high frequency of low vita-
min D in older people, but also cited
data strongly suggesting that illness
seems to be robbing patients of the vita-
min. The editorial also suggested that
the current FDA recommendation of 400
IU/day may be "too low" and that evi-
dence has mounted to suggest that
800-1000 IU/day be recommended. The
editorial went on to say that increasing
intake of vitamin D is likely to have
more impact on prevention of osteo-
porosis and bone fractures than various
other dietary interventions, and that
more of the vitamin should be added to
foods and multivitamins. Indeed,
research has shown that even in patients
taking a multivitamin supplement con-
taining 400 IU of the vitamin, 46 percent
showed low values.45 Another reason to
increase vitamin D intake may be under-
stood from long-term studies in the
United States and Russia correlating low
levels of the vitamin with an increased
incidence of breast cancer. In the United
States, colon cancer also shows a correla-
tion to vitamin D intake and incidences
of both kinds were found to be higher in
regions receiving less sunlight.46-50 For

rates of breast cancer, the only exception
found in northern countries was
Japan.47

Conclusion
The research on maitake is representa-

tive of mushroom products in the Orient
for enhancing the immune system, lower-
ing cholesterol, and developing refined
natural product derivatives for clinical
uses. While it could be argued that, given
sufficient resources, other species of fungi
could meet or exceed the apparently potent
effects of maitake, the research has, in
effect, raised the levels of activity that other
species will now have to meet in order to
become preferred in the crude extract
forms for use as dietary supplements and

for clinically useful products. Among the
more popular medicinal food mushrooms
available in the West, maitake appears to
be superior to the shiitake mushroom in
lowering cholesterol, although that still
remains to be seen in future clinical trials.
As for immunopotentiating activity, clini-

cal research is again required to show dif-
ferences in potency of the various medicinal
and food mushrooms, now scarcely evident
from in vitro and in vivo animal studies.
Finally, different mushrooms may turn out
to be more effective against certain kinds of
cancers and other health conditions than
other species, in the same manner that
occurs in the higher herbaceous plants.
Much of the research on maitake has been

carried out by Dr. Nanba, who, besides this
ongoing work, is also noted for his antitu-
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Maitake appears to be superior to the
shiitake mushroom in lowering cholesterol,
although that remains to be seen in future clinical trials.

Table 5. Pain-Inhibiting (Antinociceptive)
Activity of Maitake and Other Medicinal and Food Fungi

Mushroom
Maitake (Grifóla frondosa)
Cordyceps (Cordyceps sinensis)
Reishi (Ganoderma lucidum)
Fuling (Wolfiporia cocos)
Honey fungus (Armillaha melted)
Hiratake (Pleurotus ostreatus)
Shiitake (Lentinula edodes)
Table mushroom (Agaricus bisporus)
ASAa (30 mg/kg, s.c.)
ASA (50 mg/kg, s.c.)
ASA (100 mg/kg, s.c.)

Water extract
45.2%*
59.2%**
37.9%
47.3%
22.0%
0%
13.2%
0%

Methanol extract
53.0%*
30.6%
33.9%
0%
32.0%
26.5%*
0%
0%

26.4
46.2**
65.1**

Note: Table adapted from Ref. 30.; *P <0.05.; **P <0.0I; extracts prepared from air-dried mushrooms administered to
mice (300 mg/kg, s.c.) prior to acetic acid solution (IP).; aASA (acetylsalicylic acid) was given to the positive controls.

Table 6. Antimalarial Activity of Mushroom Extracts
In Vitro Against Plasmodium falciparum (Pyrimethamine-

Resistant)-lnfected Red Blood Cells
Mushroom/extract

Extract
Maitake (Grifóla frondosa)/water 98%
Shiitake (Lentinula edodes)/water 95
Chuling (Grifóla umbe//oío)/water 68
Reishi (Ganoderma /uc/dum)/water 40
Reishi fruit body/DMSOa 35
Reishi mycelium/water 29
Reishi fruit body/ethanol 6

Inhibition
Protein fraction

0.68%
0.62
100
3.50
0.62
1.71
0.78

Note: Table adapted from Ref. 17.; aDMSO, dimethylsulfoxide.

mor studies with many other more widely
consumed edible mushrooms. His work
with the common table or white mushroom,
(Agaricus bisporus) is especially noteworthy
because this is the most cultivated mush-
room in the world.51 Although earlier
research led other researchers to find that a
diet supplemented with the uncooked
mushroom over 60 to 70 weeks induced
tumors in mice,52 using the same mush-
room species in dried form in the feed of

mice over 52 weeks, led him to find the
opposite: Mushrooms produced antitumor
activity with a decreased incidence of
tumors and increased immunologie
activity. si Z
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