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Studies on Constituents of Higher Fungi of Korea(LVI)

General Constituents and Immunostimulation of Ganoderma lucidum
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Abstract: To determine contents of general constituents of Ganoderma lucidum in Korea, the
dried carpophores were analyzed. The contents of water, ash, crude lipid, crude protein and crude
cellulose were 14.6, 2.0, 3.3, 23.6, and 59.0 %, respectively. Among reducing sugars, maltose
was the most abundant. Seventeen free amino acids were detected, showing alanine the highest
value. The pH of hot water extract was 4.1-4.2. The spores of Ganoderma lucidum was flat and
ovoidal long. Their size was 6.3-7.1%3.5-4.3%2.0-2,5 um long. To examine effects of life span
against sarcoma-180 cells, Fractions A, B and C, were obtained from the extract of Ganoderma-
lucidum. The survival rates of Fractions A, B and C were 131.7, 162.5, and 141.7 %, respecti-
vely. In addition, to examine effects of Fraction B on cell-mediated immunity, delayed type
hypersensitivity(=DTH) test was conducted. It restored the suppressed DTH in the sarcoma-180
bearing group up to 66.7 %.

Keywords: Ganoderma lucidum, General constituents, Scanning electron microscopy, Spore shape,

Life span, Immunostimulating activity, Delayed type hypersensitivity.
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Eo] Aty e, €3 GOT, GPT, 7t $%°] 4%
B9 7 % Aol FREL FIHR e, 94 F
5o E Azd F9 AN A Fejdte, A WA
ZoA f2 A3 dae dANE dedt v=
g Zgo] des By

& Wl A EKang 5, 1981) 949 HF T4
Ad= F¢ 5347 9¢ 2aEgd AFAAE
T2 AAAd dHA ATE she] gAgh, AF FA
Ao AAAE AgeE F¢ 53dE 5o sar-
coma-180 §% Al Zo] w3l 64%9 JAFE vt
Wb =3 ool ¥ £ F& AAg @A A%
o hemolytic plaque assay & AAste] ¥ A5 ®W4q
AZES 248 Agon 538 Beelld $5 A3
ENAAG L “—‘Tﬁkﬁ"} AHQ8BDE 9A AAA
A 2YG AEE FEed 98 5 E YEIY
o ¥ 23¢ ARL 9A dF FEEEH EAF
109t o] 82 A fucose, fructose ¥ glucose & 7314
or 9y GFRAS.

qdA AAANA Hzx=2 93 & 4 £ Kubota
Z(1982)0] 93 BzE gl o] 5L lanostane® & =
u] J2.g B-g3le] ganoderic acid A E ganoderic
acid B# 53ty o] X-ray E4el o3 7 94A
Fz274A 3 sH e

Miyazaki 5(1982)2 9# AAAEF <= F&
el 444 hetero glycan ¢ £8 3] sacrcoma-180
o A8 ¢ 27 2 F2E A93Ah. Kubo &
(1983) & ‘Q%G‘l‘ °§7‘1 AAAE AAE 2 2559 F
Bt gy S ﬂhﬂ'q A9% #3949
A4 FE2EL a9 S ARG Ewl ok &
B gy §ad T’Hﬁﬂ q4A Age] &g Bad
At

GA AAAY 45 F5F0 Ty B4z &5
7 QLo AR 5(1983)¢] g A Loz Bus gt

24
284

— 150 —



Lee, Kim, Shim, Toh, Choi and Kim: Constituents of Higher Fungi of Korea(LVD)

AL & w13l A stress & 57 catecholamine©]
f‘é%ﬂ 24581 A EM, insulin £u]& 44"
4 2 fdte] glucose tolerance

Abs % 2 A4 3 glucose & A F
Apekol obujel Wtz 2 A B o] fo] FA 5 o

==

insulin #u] &2 = &
TU98)E GA FAAAA 1 A Lo ut %015}711
Fg3tE A8s FEdy T2E 9. o 4
= zv AEF v A9 polyoxygenated
lanostane acid £24 w&to] = carboxyl 7| & 58}
Z A%t ganoderic acid U, V, W, X, Y, Z ¢ 6
& dade), FAAE g A5 4% AsFe
EAE E g g kR 51984 A A
B $ste] oA A4 -ir%% T TE4 Y9 of
AE 74 EE 1 mg/mle FEelA. ADP s} NA
DPH ¢ d7le] ¢& 7 microsome 011 A 9 -Jr/\l:@‘r
A A4L 100% o4 oA ske, 100 pg/mld =
A oA E EH L 75%9 dA §& e tocopherol
1X10™*Moll 93 A gRn 2L AR Lo & Faty
o wE3A 4R ol E 3L H48 AF A4
Z3t7h - 2 JEol FHEe] vtz ST 1984
W Kim5¢ 9A9 A4 2 F4 Aol mononu-
cleotide 8] -2 2 o317 ¢35t CE| x}/ﬂzq 1 24
A ¥ RNAE 5%, 459 25 424 ¥4 A
o} RNA & 7le24d et 74 mononucleotlde-— h
Aetgd vk XMP 9 GMP 7+ #el= 9z, CMP &3
A&l AEH94E vzstgdoh. &3 Nishitoba &
(198 & 4A AAAAGA Cxr ¥ Cop terpenoid o
o AEE FdAt. o] EL Cy Ad 24 lucidenic
acid A, B, C9 Fx& d=3lgon Cy Al =4
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ganoderic acid D, E, F & H ¢ lucidenic acid D, E,
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1.25 % H,SO.8+ 1.25 % NaOH £9 o2 =47 30%
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6) &4 7 E=
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o A4zt

7) #E olvlm4l EE

(1) A& =4 .
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A 15 A% B¢ 99 F&38. FE9¢ A% 4
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J Dried carpophore, 10 g

Extracted with H;O for
15hr. (twice)
Filtered

S 1
Residue r ‘ Filtrate 4

Concentrated
Added )cold acetone(—20°C),

’ Kept at cold room overnight
F1ltere

Precipitate t { Flltrate [

Concentrated and freeze-
dried
Dissolved with 100 ml
of 0.02N HCI sol'n

l Analyzer’s sol'n (10 ml) {

Diluted with 0. 02N HCl

and made 50 ml

’ Analysis (50 pl) [

e & AF AeelA F colloid 2 s 4& YT F
SEM o] A ste] monitor & -2 S8 9ot 48
& AR ¥ ‘é“%% W8-S AAste gt

R BEcio 2t =™ dat(life span)0ll T &
gk
DAY %

Agdetz 5% A%3o14 459 ICR mice S A
Fo] 2042 gol HTIE YA 40 HIE 4 o ¥
Fon 7 TY FABE oo ﬂﬂ FEo 2HEY

F A% FEE Aeged, 93U 29 A6 A%
& AR ¢22e AF 344 ,Aﬁ 1%+ 49
& AGegTh ARE 4G KA ARAY 4 4T
5% AR(RFARD F AN, 92T Aedan
23} ARE AREA WA Agen 454 exE
15°C~20°CE B4 R8s, 8o & H% 944
% BAe4 A9,

. . 2)F& 4 &9
Scheme I. Prf)cedure for the analysis of free amino AzAZ 9A 100 g& AA A WDBLE 5
acids of the extract of Ganoderma lucidum o = 244 22890
by automatic amino acid analyzer. AZ Fd FRAA FF IAANEA FE2 o
o 33 F Al A weg g2 5 A 5ok &5
3 ZA &Fo] AE3 771 scanning electron o A& FAHA FFHse Fraction AE Q9o+,
microscope (=SEM) (Model JSM-35 Jeol Co., Japan) AAE ERFE e 5 A4 3 3 FE23 HX
2 A a3ty Z A} 43t o Fstd of 42 rotary vacuum evaporator
3) AB =4 4 29 T Ao ARg Foz Fd F WUWE oME
SEM ¢l A& AAge] AzAR IA ZAZE =% (=20 °C)& 715t 59 o ALddA whist
Dried carpophore, 100 g l
Extracted with MeOH for 5 hr (x2)
Filtered
S N R
l Filtrate i ’ Residue |
. Extracted with H;O for 5 hr (x3)
\ Fraction A ‘ Filtered

| |

Residue A’ [ Filtrate

Concentrated

Added 3 volume of cold
acetone (—20°C)

Stood overnight

| Filtered

] Precipitate '

’ Filtrate l

Concentrated
Freeze-dried

Freeze-dried

‘ Fraction B ( \ Fraction C (

Scheme IL. Procedure of the extraction and fractionation of Ganoderma lucidum.
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At 74 d& JAAES 5 A2dY 92 9
2 ZEA EFF22A Fraction B2 g on, o+
ZEAE AASGE & 4 FF3e Fraction C#
Bty en 47 ojgE ¢ A Agsst o4
8 342 Scheme el £ %3ty et

3) T AE o]4

ICR mouse(Z¢#)e EA3HNA AdFY 4oz 4
o ol48te] HE F9] sarcoma-180 §F A ELE 2F
4 F4 Azz ALAs. A9 FEY FA4A 7
47 @ 4= sarcoma-180 A X E HF A #Ho
YWz gy 2F HAEFE 7HE 00xg2 2 7
1283t Az JAAEg s g9 A=

£+ oA W "HE A FHA4 448
o Ay AFdE FHE A =58 TAEE
Rk 27 A g4z 3 43t hemacytometer
AZ5E AR FFH7 13107 cells/ml 7F =
=% FY4dd. o dAE 0.1 ml(Ix10° cells/
mouse) & mouse & B FA3tg vH(Scheme 1).

4) %E F

Het g 35 FEH o2 gE Fraction A & o5&
Aoz 48]3le] Tween 800 & & ¥ ok &
A HAZ S ASE 50 mg/kg o2 2A 3l B
7 B3yt 224 EF o2 3 Fraction B4 A
£A #3) 9l Fraction Cx 50 mg/kg § =& 444
ol st B3 FAsGG. AxFEe 4F 49
ADdT4E 57 5489, o4a e BE J5E
Ad FEd FAEZE oA%A 3 Y FHE 1047
&7 Fodstg o} (Scheme M).

5) A4 54

ARE AYsAA g & T A ARE #F
o YEE(%)L e FAd g8 AAsgh

XKy Dol et ek g8

DAY &

Add =9l 4k delayed-type hypersensitivity(=
DTH)Y AdodlE ARGz FEF AFAdA4 T4
g ICR mice(dz)F 6 8 Ho=2HA A Fo] 20+3
g AP3e Ag ASsgen, 7 ¥ 5wz
ARz AHg 248 AT upek Fo

2) &4 =A4

SRRALAA A4 HAFez FH AP
Alsever’s solution o] 2 33 %4 ¥ T sheep red blood
cell (=SRBC)& ¥ ¥tol AF g A 25U oo A

r_-‘(g

5}
=i
4%

"_

B

[

ft e

An ICR mouse with sarcoma 180 cells
(ascitic form)

Sacrificed with CHCls vapor

Collected sarcoma 180 cells with ice
cold saline

l Centrifugated (400xg, 5 min)

’ Cytocentrifugate

Washed with ice cold saline (x3)
Diluted to 1x107 cell/ml
Inoculated with 0.1 ml of sarcoma (i.p.)

| ICR mice implanted with sarcoma 180 cell

Inoculated sarcoma 180 cells
(1x10° cell/mouse)

Administered sample (i.p.) after 3 days
for 10 consecutive days

Observed survival days for 30 days

t Life span }

Scheme III. Procedure for the effect of life span by
the extract of Ganoderma lucidum.

ol Agstgdch. ALE #HE 2F F4712 SRBC
E sl AR A¥A F& F EF SHRFE
A 4ete] 4AEHAA = A F AP A&
4 ot

3) Fof wy

AP F ¢ Fig. 1o =43 a8} o] A2TM), A
2 Ko F(B), sarcoma-180 7 3} o] 4] F(T), sarcoma-
180 & ©]4 8 moused] A& FAF F(TBFY 4%
o2 Wt TEH TBEY A% sarcoma-180 Al
X (1x10° cells/mouse) & ICR mouse o] £ E% A3
o) #3F 4FsgF. AR FoE BFY A$ sar-
coma-180 Al Z AF F 3 44 ¢ zZ&A £34
Fraction B 40mg/kg€¢ 19 1 3 9A A7kl 59
7t B3 B89 A5 Fo wpR gl 108 SRBC
24 \19A4c. TBEY A9 BE9 A9 5Y
g A7 AEE FUior F3tgd. NE} T
% BE3 TB T3 #o] 54d Aol 44 5 4zt
2 48 AdFE 5 FA59

4) A5 #AA

AdY Ful g wuigd] " FF3 FAE
ZAste Aoltt. 99 4 F BF 5 d4 mAHR A=
£ FAE ¥ 1x10° SRBC/0.05 ml& ¢ &% wuld
o FAste] HAA F 44A HE F A Tl FA
7] Ao A% wultd F4 & Vernier micrometer
(Mitutoyo Co., 0.05 mm)E A&l &A% & J4Z=
whalebe]  1x10° SRBC/0.05 ml saline & FAbeto
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[ 7 1t i2
Normal mice (N) 1 l | i days
L a~ A
SRBC SRBC DTH

0

Fraction B treated ]

1 | l

_5— w

7
f 1 x
group(8) ’y ‘ /‘

Fraction B SRBC

Tumor bearing

o
|

group(T) E T T
"os.

. 180 SRBC SRBC DTH

0 3 7 11 12
Tumor bearing ! Y N |
+ T T T T
Fraction B treated
5. 180
-group(TB) Fraction B gppc SRBC DTH

Fig. 1. Test schedule for effects of Fraction B on
DTH response.

oA 7w 24 A Fo FwA FARD
% wrulete] F4 S7HE A

4 7] ] Vernier micrometer
% A3t 3395 Fig. 1.
g R
- B SR
GFA AME 4R AAAE dAder AWFE
o A8 2 A 3N 45% 13 £39 @
ke 14.6 %ol on, 600 °ClA 5 AZFet 3 A

A ol ol2gh L u AF B AFd FALEE
Ze 3 Ho] 2.0 %otk  ether FEHo] 3o
soxhlet %o 93 AFete] & A5 47 Fde

3.3 %9 zAwe] FH=Heo] Ak =3I semimicro-
Kijeldahl Wo] o8] z2d =8 Agstd £ A
Table 1. Contents of various constituents on

Ganoderma lucidum.
Constituent Content*(%)
Water 14.67:0.05
Ash 2.0£0.01
Lipid 3.3=%0.02
Protein 23.6%+1.25
Cellulose 59.042.77

93.6 %0]¢l o, Henneberg-Stohmann 7} Z4d o o
ZA R ¥2e 59.0 %24 A wel FfEd A
9tk o] 48 A& Table 1o o F3tdih

Table Io] ZAH upsh o] 4R A8F FLTE
Al 2 A maltosert §A A4AA gB 9.23

Table . Contents of reducing sugars in the extract
of Ganoderma lucidum.

Reducing sugars Content(mg/g) Rf*
Arabinose 5.08 0.31
Xylose 4.51 0.33
Mannose 4.79 0.30
Maltose 9.23 0.15
Glucose 5.74 0.25
Fructose 5.74 0.29
Galactose 0.44 0.21

*Avicell cellulose plate
n-butanol:acetic acid:water=6:20:20

Table Il Contents of free amino acids of the hot
water extract of the carpophores of Gano-
derma lucidum.

Amino Acids Content(ug/g of dried sample)

Aspartic acid 14.65
Threonine 28.52
Serine 2932
Glutamic acid 13.56
Proline 8.44
Glycine 13.71
Alanine 40.28
Cystine 1.98
Valine 29, 85
Methionine 2.09
Isoleucine 12.90
Leucine 28.28
Tyrosine 17.91
Phenylalanine 34.54
Lysine 38.76
Histidine 2.70
Arginine 7.42
Total 324.91 pug

*mean value + standard deviation (p<{0.01).

*Unknown peaks were omitted.
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Fig. 2. Chromatogram of free amino acids of Ganoderma lucidum.

mgoe &R 7474 &ol FHslo] 9o glucose, fru-
ctose, invertose 5-& 5.74 mgo B4 FwlA 2 wekel,
71 BYE olg v ad A=z FHHo YLes
& 4 PR Table ol 2%k ulel o] 944 =
AF A5 F2E F9 f3 oM 4e FFsd £

lysine @ phenylalanine o] 7473 o)
valine,

A7}, alanine,
Fsel gtk =& threonine,
leucine 5-& $3 =9 o] o] AR ew, cystine,
methionine, histidine $& 4% % 944 =
Aste] 9L chart & Fig. 29 Jehdigsh. = 4=

serine,

1)

(B)
Fig. 3. Scanning electron micrographs of the spores of two cultivated forms of Ganoderma lucidum.

(A) : The spores of Kwang Nam cultivated forms (magnification : X2, 000).
(B) : The spores of Cheon Yeon cultivated forms (magnification : x2, 400).
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8 (B)

Fig. 4. Surface ultrastructure of the spores of Ganoderma lucidum by scanning electron microscope after gold
coating. Some of the broken spores can be seen.
(A) : The spores of Kwang Nam cultivated forms (magnification : 10, 00).
(B) : The spores of Cheon Yeon cultivated forms (magnification : x12, 000).

»)

(B)
Fig. 5. Surface ultrastructures of the spores of Ganoderma lucidum by scanning electron microscope after gold
coating.
(A) : The spores of Kwang Nam cultivated forms (magnification : x9, 400).
(B) : The spores of Cheon Yeon cultivated forms (magnification : x 12, 000).
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(4) (B)

Fig. 6. Ulirastructures of the spore surface of Ganoderma lucidum by scanning electron microscope after gold
coating.
(A) : The spores of Kwang Nam cultivated forms (magnification : X2, 000).
(B) : The spores of Cheon Yeon cultivated forms (mangification : x 20, 000).
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Fig. 7. Effects of the antitumor components of Ganoderma lucidum on the life span after !intraperitoneal
implantation of sarcoma-180in mice.
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Table V. Effects of Ganoderma lucidum on life span

of mice.

. No. of Mean survival Survival
Fractions mice days rate(%)
Control 10 12.0 —
Fraction A 10 15.8 131.7
Fraction B 10 19.5 162.5
Fraction C 10 17.0 141.7

Table V. Effects of Fraction B on DTH response
to SRBC.

Increase in

Groups No. of footpad thickness DTH response
mice (X 0. lmm=+ (%)
S.D.)

Normal mice 5 8.44+0.2 100
group(N)
Fraction B 5 8.31%0.2 98.8
treated
group(B)
Tumor bearing 5 2.4+0.1 28.6
group(T) :
Tumor bearing

+ 5 5.6+0.2 66.7
Fraction B
treated
group(TB)

* Each group consisted of five mice.
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Fig. 8. Simplified shape and size of the spore of the
spore of Ganoderma lucidum.
(A) : Upper view
(B) : Side view
(C) : Lower view
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