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Study on Activities of Antioxidant and Anticancer of
Germanium-fortified Tricholoma matsutake Myceliumm

Hae Ja Kim', Wan Gyeom Kim', Hwa Eun Cho', Yun Hee Choi’

, Ki Nam Lee"®, Myong Soo Chong®™

1: Professional Graduate School of Oriental Medicine, 2. College of Oriental Medicine,
3/ Research Center of Traditional Korean Medicine, Wontkwang University

The purpose of this study was evaluated physiological activity effect of organic germanium in culture broth of
germanium-fortified Tricholoma matsutake mycelium and germanium-fortitied yeast. Proliferation Tricholoma matsutake
mycelium and yeast was inhibited by addition of germanium. Contents of organic germanium in Tricholoma matsutake
mycelium and yeast was increased in dose-dependent manner. And low concentration{1,000 ppm) of germanium in
mycelium was almost changed organic germanium. In the result of antioxidant activity as SOD-like activity, contents
of total polyphenol compound and electron donating ability, activity of germanium-fortified Tricholoma matsutake
mycelium was higher than that of germanium-fortified yeast. To evaluate of antitumor effects in vitro, we examined
nitric oxide production of Raw 264.7 cell and cytotoxicity of HT1080 cell by MTT assay. Nitric oxide production of
germanium-fortified Tricholoma matsutake mycelium was shown low level in low concentration(1,000 ppm} than other
groups. The anticancer effect of germanium-fortified Tricholoma matsutake mycelium on HT 1080 cell was indicated
a strong inhibitory effect in low concentration(1,000 ppm). These results suggest that organic germanium in culture
broth of germanium-fortified Tricholoma matsutake mycelium has valuable physiological activities as antioxidant and
anticancer effect, and it was higher than that of germanium-fortified yeast.
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olo] B dToAE SolARIAS} 5L 552 A &0
TAKHIE Q1 wiksled Tr71 AZRHES 44 U old Fso]
B GO NRFECE FRE 0|88 SUIAErHE] 44 W
52 HYsl nlm L8tk &, AEnkE 28 WRdl &
OlFAM S EHANE LSl FTAUNE AZnHES RYUAIA
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ABIA.0m, FAK el AEt mhSe g8 87158 AZ
mheo] B3l A3 E 218453 HAIMEF Raw 26470141
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1. Y48 W AEAF

E HATFollAl= PDB(Potato Dextrose BrothjlX|E 712 o5
&t A EnrbE(germanium dioxide, GeOy)E HIO] 23 A(F)of| Al
Tk AZrkE M2 PDBUlXS YEZ AIE5190M, £0]
TEARRN(Tricholoma matsutake mycelium, 25 274N ZR4AR]
WEIANA, FRTFA (Saccharomyces cerevisiae 7268)= SH=4HZ
ST QollA] BaRdto At wieF & Ao AFSSIICL

2. Ui A E

SOITAANSE ZEAA MeAlE HAZErHRE(Ge0)E 0,
1,000, 2,000, 3,000, 4,000 & 5,000 ppm9] === PDBujX|o) Z}
2+ 83, 417171 1561 2450 Mi(1 kW) microwaveZ 102
7+ Relsle] AZvkeE 33 PDBIRAI(PDB+Ge medium)E A&
3 CIS 121ToA 2027 BFE 5 uix 2 ARSKICH
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&R AR AR
AErE &/ AIEE Eadh 0 ~ 5,000 ppm L9 AZ0}
er+ PDBHAI(PDB+Ge medium)ol] &S01FAIS} & 2 oA
YRS Zh2 5%(v/v)W BETI SoIFAAE 24 TollA
A ZIEH170 rpm) & BHY SIH O, SR IR 24TolA
48A17J RSl & SoldAlAE dddld, AR AAE A4
BEIE 449 #AE ol SRSE 38 AEsH 30 ~
-0, 1.0~0.1 mmHg AE5oA] B2 AX510] AJEE AIEs)
23t 0, 1,000, 2,000, 3,000, 4,000 L 5,000 ppmo] AZrlE 8
PDBEAIoNA] &O|THAAE siS BiYES 242t T-0, T-1000,
T-2000, T-3000, T-4000, T-5000C.2 YHFIHOM, 47 =L9)
AZnkg g PDBIAIOA] EEAAE oldst MIY=EE 217}
Y-0, Y-1000, Y-2000, Y-3000, Y-4000, Y-50009.F ZHaleich

E oo

4R 5T AZSEZ(Dry Cell Weight, DCW)E 71&08
TAES SOTTFAR MAHES oeled, &

NED sl 27t #AE SRR 33 Al

Holol A o3t A AURDISH & 52 Hxsl EF3INCE

AV

5 #AS A28k g &

oA W AZnkE e éé% Lee B9 Wg HEs
70°C microwaveol| A 2~587F 74
ZAIZ1 E AIF 02~0.3 goll KNOs 5 mt& 7151 45CZE over
night A]71 thZ 95CollA] 5AIZE Eoisidict. Edde AE2E
10 M2 FET F NO. 6 oIAZ sl ICP-AES
(Inductively coupled plasma atomic emission spectrometer,
Optima 3300DV, Perkin-Elmer, USA)E 23T}
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7. SOD FAl 8=
SOD(Superoxide dismutase) FAIZHEH S SOD assay
kit(Dojindo Molecular Technologies, Inc, US.A)E 0|83}
superoxide anion radical(0;)9] ~H 5 && SFIULE &
XS 2T A|ISE DWW sEEHE -4
=1

45

oY

==
=
b

=le); 0 mollAl &
ZX6l kit Ao ulel 888 EE3IMET

8. [A} 25
TARFE S (Electron donating ability, EDA) £ Blois &}
W) F5lo] 2 8= 2] DPPH(a-a-diphenyl-B-picrylhydrazyl
radicals)ol] T3t Fade EHE EEICE 98 559 AR
oﬂ 4.0x10* M DPPH £M& 150 ¢ 7}15}1, S35k AL0)4]
SA1ZE} o] v S 525 molA] EBTE
K}%Oﬂ? k= AR J7E A - 29 EEE AIE HEE(R)E
LIERARACY.

9. NO %‘@%E aﬂr x@

383l EFHI¥t &, gt
HEd ditsla 4 8419 XLLE J ek A5
ABlE0] NO; & Griess HHS 22 EHBIACE &, 100 9] el
2 AJeH0.5%9] Mupdoln|E, 2.5%9) Q/ﬁ 2l 0.5%9) LI=ZEo
gom))g 7t sigEY] SN 22} 100 woll B7IskL, 1 &
=g 37TolA] 10237} ¥I2A17] & microplate reader® 540
mollA] EH3IR oM, YiFEAY BT oFkIES ZFEA
HEEE ABIACE ZF AR i N ETES 100 pg/
nQ LPSE Xelgkd gdsle REd MEZE AHESINIT
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AZrhs 48} S0lFA9)

10. MTT assayol 95} QHIZ ZAH 1 55

= ZAAH 5 SEHL Lee B9 w2 2935
SFSIRITE &, o UHSSYMEFE HT 10800 thst
HZ S48 318 BY) Yot WRMEY nERCE o} &

o

(r wo 4 1 2

4 344 98 A formazan WA ER WHaEl= MTTSR
BIEHCE MIT BEAEog ZEFrh HT 1080 A%

RPMI(rosewell park memorial institute)-1640 51X Z 012 1x107
cell/m9] WLE HEISIA 24 well plated] 500 w4 HZ=8)
3A1%t incubation 3131 0m o710l 24710 B R M3 HEA|
5w Eo] MEIEh = 24A17F el BISITE B S MTT 8
7} plateo]] 20 W 71SIAL THA] 2417F E0F wlekEk MTT7}
SAEEE S Y B8

DMSO(dimethyl sulfoxide)Z o]

BEE 23912

0

=4
=1
=
% MTT-formazan A2
ot E3sl5H 570 oA &
=5
]
11. EAAE]

IE ARY EArde
one-way ANOVA (analysis of variance) 2 Z & sl B
HAE VERRCH, S94 ZA S Duncan's multiple range
testol] W2} p<0.05 &0 2A B9

SPSS  program&

2

2 @
Al ol nxlE Fok

HAAI G4 SOITFAAI QL SRS B Qbskod
I SOITAN A R HA BT AZ0kEo]
BRRIIA A S SA]o] AAHR om, £0]
kg AR ol AEnks E5o)
AOE VEROL AR #A9 A2 AZrts
ol AEHOE @R S2]o] EIEUC) Wk Aok
2,000 ppm ~ 5000 ppm FEQ AFET Jlo= FREF SAlo)
& H3E 2OlR 9o} 1,000 ppm A=k 243} S0 FAME] A)
E(T-100002} 3,000 ppm HEuvRs Z3l Lo|FAM A&
(T-3000), 1,000 ppm AZrks 23 ZRFA A5 (Y-1000)2
3,000 ppm A Zrks 28t GRAA AE(Y-300008 HEEkd 7}
2} TL3} TH, YLY} YHE} BRslo) 0 ppm AZ2oks 243} o)
TAR A1ZE0Q] TC, 0 ppm Al Enkg 243 ER A A5l YC}
A F 6 AE AEE ALESIE 511K Table 1).

o
H1
N
£y
St

X

i
=)
o

w
o

Ho
I o
1o

X

i

02

[¢)

o i I

S
=

L

=

2 o

rio

52

N

TR W S71AE0kE B

H230) So|HAN L GHTFAE F4Ele) AlEnE sre
&gt 23, 1,000 ppm SE014 TLE 998.26 ng/100 g2 YLE]
827.44 ng/100 gHr} S9A0l Ao](p<0.05)F =QrOm, THYH
197327 ug/100 g2 YHS} 1,598.38 1g/100 gHr} $0)%0] o)
(p<0.05)Z R7IAErkE gio] &80Tt Erbet A=nke )
FIAENECE2S HEg2 TLS 09982 99.8% 71 97 H 20}
BOZ JEEE U 4 AL, YL 08278 UEhtom, TH:=
0.657, YH= 0532Z ThA Wi LR TxsT 9 AEnks A&

oA SOlTtAAl Bl ERTASY FIIAHErks
P rHTable 2).

Table 1. Effect of germanium dioxide(GeQ,) concentration on the
Tricholoma matsutake mycelium and yeast growth (DCW, g/500 mé)

Conc. of GeO:(ppm) T. Mycelium Yeast

0 089 £ 000° 060 + 001°

1000 073 + 004" 044 + 0038
2000 064 £ 004° 042  001°
3000 060 £ 001° 042 + 003
4000 064 = 001%™ 038 + 0.04*
5000 060 £ 002° 031 + 002°

Al varuss are mean + SE Aphabet Different superscripts in the able incicate

significart dfference by Duncan's multipe range test(p(0.05). Tricholoma matsutake
myoesdm © culture for 14 day et 24°C Yeast : culiure for 48 hr at 24C

cl

Table 2. Organic germanium contents of Tricholoma matsutake
mycelium and yeast cultured at difference of GeQ, concentration
Crganic germanium

Sarmples (mg/100 ) Convering ratio
TC 210 £ 0.03° 0002
TL 99826 * 6.69° 0993
T+ 107327 + 2444° 0657
YC 110 £ 002 C.001
VL 8274 + 995" 0827
Y 159838 + 5669° 0532
Al values are mean = SE Alphaber Ciferent superscripts i1 the table indicate

sigrifican: difference by Duican's mutipe rage test(pd008). TG T-0 ppm GeQ: culture
group, Tt T-200C pom Gel; cule group, Th: T-3000 ppm Gel: culiure group, YO
Y-0 pom GeQz yeast culture group, YL Y-1000 pom GeQ; culture group, MH: Y-3000
ppr Gey culture group

feln=A3

j=fr

& Zgds
TColA & E2]H) 96.99 pg/ml2 F2AH O
S, TL 83.79 pg/ml, TH 7051 ug/mi= VIERSTH
18.86 ug/mE LIERG 2 YLI} YH® 247} 1871, 16.94 pg/mi
9 #o8 HiriFig. 1).

elans}

3 =

120

100

80

(ug/mL)

TC L TH YC

YL YH
Fig.1. Contents of total polyphenol compounds in Tricholoma
matsutake mycelium and yeast fortified Germanium. Al values are
mean = SE Anphabet: Different superscripts in the tabie indicate significan:
difference by Duncan's multiple range test(p0.05). Abbreviations are same as
Tabie 2.

4. SOD FA}
o] Uk 7 YRS SOD R4} BH5E
7 WFBES BE BEojA SOD SARMS0] UK OH
(=)
7

HlElstd =4 VERITH &, 5 ng/mlel sTolA TLE

REEE
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JVA =2 g4 9o, TH 74.86%, TC 71.99%, YC 33. 91%,
2506% 3 TH 23.46%9) 08 VERITE 10 mg/mS 5

oA} TLO] 87.56% %2 7}& &< g4 Hol uiH, TH 87. 16%,

TC 84.15%, YL 4351%, YH 43.04% 2! YC 4231%% VERICE

20 mg/mQ) ETollxl TH7} 95.25% % RE Asla Solil 7va

=9ron], TLO] 94.78%, TC 92.37%, YH 72.79%, YL 67.51% 2!

YC 5227%2 SO1H9] 10| (p<0.05)2 7}& LQITHFig. 2).

W Smgfml
. 1 10mgfml.
b [ 20mgfmL.

<
b
b
a
a
a a
b
ab) a
c L TH YC YL YH

Fig. 2. SOD like activity of Tricholoma matsutake mycelium and
yeast fortified Germanium. All values are mean + SE. Alphabet Difierent
superscripts in the table indicate significant difference by Duncan’s multiple range
test(p{0.05). Abbreviations are same as Table 2.

5. MA Sos

Sol WE Z} silUE9) FAEdss &8 23 1 g/
w8 oA TCE 753% 2 71 =2 AXAEdsE H30H,
YL 6.87%, YC 6.47%, TH 6.26%, TL 6.18%, YH 5.83%9] <=0 &
VERITE 5 mg/meo] BTolA TH7} 9.69%% 718 =941, TC
9.32%, TL 7.40%, YL 7.13%, YC 6.79% B! YH 620%% 7}5 2
AT 10 mg/mS BEOIA TC7} 1294%F SO0l o]
(p<0.05)Z =7 LIEktOm, TH 1052%, TL 9.93%, YL 7.44%,
YC 7.00% % YH 647%2] &0 VERGTHFig. 3).

Bl gl
05 mgml
010 menl
ba
b i3 a?d
TC TL TH YC YL YH

Fig. 3. Electron donating ability in Tricholoma matsutake mycelium
and yeast fortified Germanium. Al values are mean * SE. Alphabet
Different superscripts in the table indicate significant difference by Duncan’s
multiple range test(p<0.06). Abbreviations are same as Table 2.

6. NO B4 &% a3
Z} BFES NO AN RE g3 nAls s RABP)
A510] HAIM E(Raw 264.7 cell)oA] LPSoll 9)8 NO

sle - 2123 - o7l - HES

0.05, 0.1, 05, 1, 2 mg/msEANA S48 A3, FX2] thET
A1 NOQJ 440l 227 uME AQ| A EA
B BF 55 QEMOZ NO 48R/E
Z HE7} EEEE O EHN thATOA = 18.78 1M

™, LPS &z
B5LE 647%1 57}'&91% LPSZ A}=538t th & o]l
£ NO 442 #Aasite, YC YL

2 TH 25

P

(Table 3).

Tt B84S

| YH= %E IEHOE 52 NO Y87

grow FAT

FI7} LiEhdTt

Al
=

]:]‘_}

vlsf TC, TL

T St ARt

Table 3. Induction of NO production by Tricholoma matsutake
mycelium and yeast fortified Germanium in Raw 264.7 cells (M)

(ggo/”nfl') 005 01 05 w 2
Confrol  227+003° 227+003° 2272008% 227+003° 227+008°
TC 253008 266:005° 298:008° 2812004 286£003°
T 330004° 336003 352+004° 371£005° 441+008°
Lf)s TH  344#006° 340£000° 394:002° 390:005° 474x014°
YO 206£000° 205+003° 2190017 2042001° 232¢001°
YL 223+001%  237£000° 217+000° 226+001° 253+008°
YH  423£013 4562017 4672018 491:015% 508017
Control  1878=0.45° 18.782046° 18.78+046 1878+046° 1832+0.06°
TC  13.48t000F 82820077 276+002° 242t000° 262+004°
TU 1804+000° 748£001° 376:000° 380£000° 406:003°
S TH 2130000° 17.166018° 4632008 431014 431008
YO 1825+008° 1727004 17.98£002° 1834003 21.19£0.11°
YL 1600£000° 1440£035° 16.74+0.13° 17.24£0.19° 1809+001°
YH  3369:050° 30.08028f 32.70+0.10° 33.11*050° 3466+085°

Al values are mean+SE. Alphabet: Different superscripts in the table indicate significant
ditference by Duncan's multiple range test(p(0.05). Abbreviations are same as Table 2.

7. MTT assayoll 28t QA
[EESE=F

7t wierzol ¢17)
Sl 2 @3, 2REIRY A
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g2 sk

L —
e A

l)l

JflOo

78

oH22 0.05, 0.1, 0.5, 1, 2 mg/me<
St A Al

3, 0.05 ~ 0.1 mg/mé2]
A a7t
= TLo] z+2Z} 15. 73%, 16.04% 2 TIE A8
} 1(p<0.05)F LM Z 4

| B O O
SLoAME ©
O Z UERGSH, 05 mg/me, 1 mg/ mY

A
=1
2=
S

A

S 12

=1
7=
E£5
=
[«

10
EEA

20| H3%2

A g3
A Z(HT 1080 cell)ol] 9JSH
%a JNESE 7} i

ZTEMNS

SNE

A To] eHlE

o] FUTHFig. 4).

=1} 89

™, 2 mg/mLY] &

ol 1_ TC 15.52%, TL 17. 03%, TH 36.31% = VER} G RA
E—Ol YC 72.94%, YL 72.36%, YH 68.86% KU} FO&
005)2 QHE HES

o=



TH YC 9 =Foj4l AZoHE2 microwaved IFTl] Q3] 25 83l
ey B AT BUEDL 7 AIRY) ASoks BUg 248 2 @
1 . o U} &0l ARG M=ok BRES 210 ng/100 g2 LEREOL}
L : 1,000 ppm A E0kE 23 SolTtA AR TLIA = AZrRE
ga ol 99832 /100 g, 3,000 ppm A 20k 248} SOIFAR
9 ABE(TH)oI A= 1,973.27 ng/100 gF LIERG O™, Lt G A
2 o) A Euks 8RS 110 ng/100 g 1,000 ppm A Zvks 243 &
) B A Z(YL)AE AZ0Hs $Eo] 827.44 ng/100 g, 3,000
vowsowounor 2 U ppm AZrkE #3 Z2TA AENYH)OIA S 1,598.38 ng/100
(g foga) gE UIERATE ol &0l AV st e] AE
YL tHeS E431 A ol F718 o824 F7TAERREC]
ar YEHE ROE BUECh B8 A4S B fr1AErEd 8
E i e SolFAM 7Y ERTAHECH H BA LERECH, §71AE
0 : nHe Q529 MBEE 1,000 ppm& Aol 3,000 ppme} I
go =T MR QOO Eokch olo] S0 AN Y] 871
9 Zobs 4 B Ug /1HE EF HE dEelor & A

2 LB Q7
0 £ Zgiols g TLolA] 8379 we/mE =4 VERID
L U=t ol& E0lAR gHgRo] TLollA] 718 A viEhd A
(el () AAH 2 u Sl BRE StEE gl 71sh
Fig. 4. Cytotoxity of Tricholoma matsutake mycelium and yeast Ao Fetglgiot 2ie] YL YHY & Eglds gere 7}
Aot Dot ool 1 s i, mice oot e &y ) 1871 1694 us/n2 T}, SOD GAGSE Eelss w
Dfman‘é multple ramgpe test(pp«“:«OS) Rbbreviations are same & Tab‘gz I} BT ooy, 811 AR ko YEXHCE TLoA]

7606 ~ 94.78 pg/mlE VI TA =A VeI $lon], HAEas

A 2t (EDA)2 TC 753 ~ 1294% 2 55 QEF ST A Ueki2H,
TL %3} 618 ~ 9.93% 2 H] Zi g | ERY dhE o iol

HEPHE(Germanium dioxide, GeO,, HBE)S 1 EQ19 AL HReERe] RS i B8 ACHE VERGQH, ol
AEHET A} cish Aoy W RE T S01E 3 Qo 7)1 Enkgol] o8 22 A H i & =i e q—o]»r%
E35] §/1AErE(Organic germanium)2 HAEZ, Atadd A A 2ol S sl Gl 7)018E Ao T I
4 EAE, 844040 JAA B G371 e A8 E Goodman At JHL AEDHE sy AARECES S0IdA RS 22
BO| BIASHL 12m 1 HolAile QIEHE Y RE, A RS} A MR BROA BT Aole AX @ERT
A @A3L NK AZEY BE 015y Uop. s %7174@} B, /1A EkE] Ue 4o Bel anet Buislel B
w9 &1 48l oA 5kE $Hd F7IAIEDEQ] Gel329)] Aol tHAMES Raw26d 72 SOlFARIS FHEg
BoEy B ME BEE B 1HT 9lom”, Gelnd Ug g BET GEY S71AE0HE] 83 K1Y 4 UEAE
EZ0] GeOoll g wigfe] 318t e Eal) ¢t AAEY, NO M=8 Ele] in vitrodtol A A&k
ABEEY 5 o4 oA B85 2asa oy A EE AUE U YHE S olBEES ] BEojE2

B dquie 2E A48 g okl YEHE L e RIIAE Z BRI, A5l5kd NO(nitric oxide), HzOz(hydrogen peroxide)
theel EEe a7 B3 B EuREGeO) ] Ei B MEEM BAE B8 GME B Sehs HEME
B9 2AEE AATE sl SolFAAY migy GRS olct ESH M EE MR B %‘*Jo = golA L,
HEE 0185 FIIAErEE SO1ARISE SR AA] oA IL-6, TNF-a 5] cytokineZ} phosphatase £9] G408 Bl
ATHE AI7IAL A B g AE EeElel RUIAEukE B A HARAE BEeh 2 & gEsolL ZEaEd: @
& Se)9s S6lE 8, SOD SAlEH 1 ARkgels B9 8 oizhe 2 Mo POITYY. S thAK 0] 519 N FE
A¥3l 243 Raw 264.7 celld} HT 1080 cellE ¢]85kd NO 4 01 NO AA ST (A glAA 1o Sds W we g4 1)
g5 3 s s 2Hsien op7} Blekgy So Beld B Hi7t Hol k.

F7IAZnkEe 4Ed g 218 PDBHHXW o] AEnkgE 0, Z} pieEES] NO 84§ o) olXls G8E RABII
1,000, 2,000, 3,000, 4,000 % 5000 ppm&] = H7rk & 10 o1zt thAl A ZE(Raw 264.7 cel)oll A LPSoll &3k NO 44 &
0TColiA] microwave A& 5} 102 o4 Q*H al —E—/"\_}/\]Zig 0.05, 01, 05, 1, 2 ng/mii=5olA ER3 2, £HZ) tlETol

o, o] o wiAIZAE tof AlEnks HAg0] whEE

>
0 r‘
O
=
&
H

A NO9] 430} 2.27 pME A9 WM ER] Qiorom BRE] 4
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Balnt - B - x5 - 29

BT BT sk 9EHCE NO Y8 RE aat Vekdch gt
W, LPS A2] & AZ7} S5 OZH tETolME 1878 1
M % Z A5 £7161990) LPSE A3 th & o) H15H TC,
TH 2% 57t 855 NO 442 243l
! YHe= 5% JEFOE =2 NO YHRE _§J/}7} %9\5\
13, MTT assayE& O|8da1A] Q17198 HSHSISQNES
| HT 10800)) TSt S01ZFAMI S GRUE W3 7
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