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Effects of Ganoderma lucidum mycelium on gastrointestional
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Abstract

19-day old female C57BL/6J mice were
fed AIN-93G diet containing 0, 0.5, 1, 3 and
5% (wt/wt) mycelium of Ganoderma
fucidum for 4 weeks. Mice fed the AIN-93G
diet _containing different levels of
Ganoderma lucidum mycelium did not affect
the food intake and showed growth
comparable with that for the control mice fed
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AIN-93G diet only. The IgA level in luminal
washes of small intestine, serum and fecal
pellets as well as serum IgG were determined
by ELISA. The small intestine luminal IgA
level was significantly increased in mice fed
diet containing 3% mycelium of Ganoderma
{ucidum. However, the concentration of
serum IgA, serum [gG and fecal pellets [gA
were not different among groups. The
specific  antibody response was also
determined. Five-week-old female C57BL/6J
mice were orally immunized with 5 g
cholera toxin {CT) on day 7 and 21 of the 4
week feeding period. The  specfic
anti-CT-IgA  antibody responses were
decreased in luminal washes, serum and fecal
pellets of mice fed mycelium of Ganoderma
fucidum. In addition, the concentration of
total serum IgA was also decreased in all
group of mice fed the mycelium of
Ganoderma  lucidum. The anti-CT-IgG
response was only decreased in mice fed 3%
mycelium of Ganoderma lucidum. However,
the total serum IgG was not affected by the
Ganoderma lucidum mycelium. The results
indicate that the mycelium of Ganoderma
lucidum may elevate the IgA level in the
luminal washes of small intestine in
non-immunized mice, but reduce the specific
antibody response of mice orally immunized
with CT.

Keywords : Ganoderma lucidum » 1gA » Gut

immunity

—~d4dhfAe
BEXHEAARGAREITEARRT
M ERE() AR PHREKS



mitogenic effect (2) » 4 v KB K IT /) G2
M T cell subset fotmBl % 9% 3h £ 6h © 42
(3.4) > FedLEBHER (567)- P E
EERBEBLES HAULFL T SEH
MIREBIER - HEN L RUBHE L
TREBOG LD H TR WL FHEE
B HRXBATELIREBTHER LD
R ARUIGA BE SRR ST
Bt [gA ABEEOER AL HHES
B CHhiE L5 h L B
ABBRYA Q) MO BREBHEH
(9): RAFHRY [gA RREH LEFS
RMA B ERIM BT ALk
MR M(10)- B —F & > polymeric [gA T4t
4& lamina propria ®i7 B &4  EH B UL
polymeric immunoglobulin receptor-
mediated &) 7% X8 1B 830 & b & da R Tk
BABEID - BNELHB LA 2 ARSE
ZHEERATELSS: SN FZLHORY
FRiEEL AREXHHER LKL
BEFEARE -

ARG EZIAGRFIEFEZH DA
BERREERAELIHE R IEHEASY
ZIgA 2 EREETIGARERARED
& anti-CT B R BAE B3 4E4% - 3
AR £ LB PHHRE -

ZHEREH
Twm—  EXHSEH AR IgA 282
B

FExdsnegbiatsk Figh)
# #H & ® R EF (C=70.6x41g -
G0.5=70.1+6.3¢g G1=70.9+4.0g
G3=69.7+3.0g - G5=72.3+6.0g) it & ¥ -
Fig2. R EZ A4 NFREY - oFfo
BEFRRASENPE RAFFAUINEL
BHSERZ RADEREN gA SRR
ML A BAE M o - ki B8P IgA &
BENRSEE Fig2) 820k
IgG 89 ;R 4 i & f8 ¥ £ £ (data not shown).

T EZxR4BEBESEAMRABR
Rz 3%

b Rer A K (Fig 3) fof)itieiEm g
(C=92.6+16.6 T=89.1+8.8g¢ -
G0.5=90.2+17.3g - G1=84.8+.12.0g

G3=86.414.3g ~ GS=92.8+8.9g) & % ta 1
HEER - FABHEARNTELH 4B LTS
E B I BT L1800 P
anti-CT-IgA M8 B A e #l w915 A (Fig.
D RAFEARINELEL4B2Z [ B boFF
anti-CT-1gG R R EEF RN Y B e
(Fig. 5) s 5 IgA fo G iREF & F
ZH SRR ke [gA i E(Fig. 6) {=
o 758 1gG R A (Fig. N A2 EL A 44
Z R -

HULSERET FXE4Bs B
BREZARBNHEAR EXRH4BYS
EEGZHBLIHETRAEGEITmBRLE
{cytokine)g it i ik - wBR CT £ XS
A5 Th RAE (12) - EX B4#E T
Fp %) Th2 ez & (L4~ [L-5 + IL-6 ~ [L-10
B 55 ik ™ R B anti-CT-IgA & -

W RARAH

PR LA R RSB BT BT
S BRSO NEFHS ORAXNAEER
A BI9RANEEFTCT R #EFAT
RE - TRERRBRATRAMAEBEAZR -
EXHA4HERALER A AEZER -
BRI o N B B IgA A F 0 Srde s
BHAMAREAR - EXH4BAEHE
R Z M h A A — R

% $ER

1.Won, §.-]., Lin, M.-T. and Wu, W.-L.
(1992) Ganoderma Tsugae mycelium
enhances splenic natural killer cell activity
and serum interferon production in mice.
Japan. J. Pharmacol. 59:171-176.

2.Haak-Frendscho, M., Kino, K., Sone, t. and
Jardieu, P. (1993) Ling Zhi-8 : Anovel T
cell mitogen induces cytokine production
and upregulation of ICAM-1 expression.
Cellular Immunol. 150:101-113.

3.Chen, W.-C,, Hau, D.-M., Wang, C.-C.,
Lin, I.-H. and Lee, S.-S. (1995a) Effects of
Ganoderma lucidum and Krestin on subset
T-Cell in spleen of y-irradiated mice. Am. J.
Chinese. Med. 23:289-298

4.Chen, W.-C., Hau, D.-M. and Lee, S.-S.
(1995b) Effects of Ganoderma lucidum and
Krestin on cellular immunocompetence in
of y-irradiated mice, Am. J. Chinese. Med.



23:71-80.

5.Song, Y., Okuda, R., Wada, N., Kishida, E.
and Misaki, A. (1985) Structures and
antitumor activities of the polysaccharides
isolated from fruiting body and the growing
culture of mycelium of Ganoderma
lucidum. Agric. Biol. Chem. 49:2641-2653.

6.Wang, S., Zhang, J., Mizuno, T., Zhang, C.,
Ito, H., Mayuzumi, H. and Li, J. (1993}
Antitumor active polysaccharides from the
Chinese mushroom Songshan Lingshi, the
truiting body of Garoderma tsugae. Biosci.
Biotech. Biochem. 57:894-900.

7.Wang, S.-Y., Hsu, M.-L., Hsu, H.-C.,
Tzeng, C.-H., Lee, S.-S., Shiao, M.-S. and
Ho, C.-K. (1997) the anti-tumor effect of
Ganoderma fucidum is mediated by
cytokines released form activated
macrophages and T lymphocytes. Int. J.
Cancer 70:699-705

8. Wiedermann, U., Hanson, L.A., Holmgren,
., Kahu, H. and Dahlgren, U.L (1993}
Impaired mucosal antibody response to
cholera toxin in vitamin A-deficient rats
immunized with oral cholera vaccine.
Infect. Immun. 61:3952-3957.

9. Walker, W. A, Isselbacher, K.J. and Bloch,
K.J. (1972} Intestinal uptake of
macromolecules: effect of oral
immunization. Science 177:608-610.

10.Mazanec, M.B., Nedrud, ].G., Kaetzel,
C.S. and Lamm, MLE. (1993) A
three-tiered view of the role of IgA in
mucosal surface defense. Immunol. Today

14:430-435.
11.Kaetzel, C.S., Robinson, LK.,
Chintalacharuvu, K.R., Vaerman, J.-P. and
Lamm, L.E. (1991) The polymeric
immunoglobulin receptor (secretory
component} mediates transport of immune
complexs across epithelial cells: A local
defense function for IgA. Proc. Natl. Acad.
Sci. USA 88:8796-8800.
12.Xu-Amano, J., Kiyono, H., Jackson, R.J.,
Staats, H.F., Fujihashi., Burrows, P.D.,
Elson, C.O., Pillai, S. and McGhee, J.R.
(1993) Helper T cell subsets for
immunoglobulin A responses: oral
immunization with tetanus toxoid and
cholera toxin as adjuvant selectivity
induces Th2 cells in mucosa associated

tissues. J. Exp. Med. 178:1309-1320.

2N E

Body weight (g}

] 2% 33 @ A7
Age of mice {days)

Figure 1. The weight gain for mice fad cantrot or cantrol diat
conlaining 0.5 {(G0.5), 1 (G1), 3 {G3) and 5% (G5) mycslium
of Gartederna lucidum for 4 weeks. Data represent
maanzSD, n=8 except 10 for G0.5, G5 and 11 for control.
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Figure 2. Immunoglobulin Ain luminal conterts of small intestine,
senum and fecal pellsts in mice feeding control (C) o control diet
containing 0.5 (G0.5), 1(G1), 3 (G3} or 5% (G 5) myoelium of
Ganoderma lucicum for 4 weeks, Bars nepresent meanz S0,

n=9 exoept 10 for G0.5 and 11 for C. Within each graph, bars
nat sharing a letter are different (P<(1,05) acconding to Duncan's
Multiple Range test.
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Figure 3. Tha growth curve for mice fed control (C and T} or
control digt containing 0.5 (G0.5), 1 (G1), 3 {G3) and 5% (G5}
mycelium of Ganoderma lucidum for 4 wesks. Mice were orally
immunized with 0.1mi of 0.2M NaHC Q1 containing 5 ug cholera
toxin on day T and 21. Cantral mice (C) were only recaived
0.1mi NaHC Oa buffer twice. Data represant mean+50, n=10
except & for T and G1.
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Figure 4. The anti-cholera toxin {CT) immunoglobulin A in luminal
contents of small intestine, serum and fecal pallats in mice feeding
control {C and T) or contral diet containing 0.5 (G0.5), 1 (G1), 3 {G3)
or 5% (G5) mycalium of Ganoderma lucidum for 4 weeks. Mice were
orally immunized with 0.1mi of 0.2M NaHCOs containing 5 ug CT

on day 7 and 21 of feeding period. Control mice were only received
0.1m! of 0.2M NaHCOs twice. Bars represant meanzSD; n=10
except 2 for T and G1. Within each group, bars not sharing a letter
are different (P<0.05) according lo Duncan's Multiple Range test.
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Figure 5. The anti-cholera toxin (CT) immunoglobulin G in serum in
mice feeding control (C) or contrel diet containing 0.5 (G0.5), 1 (G1,

3 {G3} or 5% (G5) myselium of Ganodernma fucidum for 4 weeka, Mice
were oratly immunized with 0. 1mil of 0.2M NaHCOs corgaming & ug CT
on day 7 and 21, Bar represent meanSD; n=10 except @ for C and
G1. Within each group, bars not sharing a latter are different (P<0.05)
according to Duncan's Multiple Range test
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Frgure 6. The serum total Ig4 in mice feeding contol (C and T) or
contrel diet cantairing 0.5 (GJ.5), 1{G1). 3{G3) or 5% (55) mycelium
of Ganoderma lucidum far 4 weeks. Mice wera orally immunized with
0.1ml of 3.2M NaHCOacontaining 5ug CT on day 7 and 21. Bar
represent meantSC; n=10 axcept 9 for C and G1. Within each group,
bars not sharing a letter are different {P>0.05) according to Duncan's
Muttiple Range test.
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Figure 7. The serum total lgG in mice feeding control (C and T) or
controt diet containing 4.5 (G0.5), 1 (G1}, 3 (G3} or 5% (G5} mycelium
of Ganoderma lucidum for 4 weeks, Mice were orally immunized with
0.1mi of 0.2M NaHCOa containing 5ug CT on day T and 21. Bar
represent mean+SD; n=10 except 9 far C and G1. Within gach

group, bars not sharing a latter are different (P>0.05) accarding to
Duncan's Multiple Range test.



