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Effect of Geranti Bio-Ge Yeast, a Dried Yeast Containing
Biogermanium, on the Production of Antibodies by B Cells
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ABSTRACT

Background: Germanium compounds ate increased to use in nutrient foods and
medicines in terms of antibiotics to microbes, anticancer, modulation of immune system
and neutralizing heavy metal toxins. Gerand Bio-Ge Yeast, containing stable organic
germanium and bound to the yeast protein was developed by Geranti Pharm. LTD.
and the modulation effect in the immune system was examined in vivo and in vitro.
Methods: The compound, Gerand Bio-Ge Yeast, was fed to female Balb/c mice (each
group has 10 mice) for 4 weeks and the yeast powder and steamed red ginseng powder
were used as control during the same feeding time points. During 4 weeks thete was
no symptom to be considered, and after 4 weeks feeding all mice were sacrificed to
check the changes of related immune cells and subsidiary responses (i.e. cell counting,
FACS, MTT, LDH, PFC assay). Results: In pre-post comparison, B cell population
was increased in the group of Geranti Bio-Ge Yeast in a dose dependent manner (100
to 800 mg/kg). However, the population of T cell, dendritic cell and macrophage was
not compatably changed in all doses. The ability of cytokine production and proliferation
was almost same level as shown in control gtoup. In contrast, PFC assay informed that
the compound increase the antibody production ability when fed over 200 mg/kg
implying that the increase of PFC number might be due to the increase of B cells.
Conclusion: Over the entire study, we concluded that the compound, Geranti Bio-Ge
Yeast has better potential in immune tesponse in terms of B cell proliferation than that
of positive control, red ginseng, and the compound can be one of the future candidates
for a new supplementary soutce improving immune system activity. (Immune Network
20006;6(2):86-92)
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Aol et

AESH F84E 2+ AZnE SHEEE spiro-
germanium, germanium lactate citrate, carboxyethylger-
manium sesquioxide (Ge-132)%} Zto] §-7| Ak} Aghs &
Bl 71 Azvbgolch. o 59 FEUA HafolE ¥
Fehn AR B4, WY, R 59 2AEe o)z
AEES AEE AUNT Agste AL A=A 9l
<, ol FAEL FgE Foll FESt= germanium
dioxide (GeO;) X:+= germanium tetrachloride®} 738 7|
Aznbge] S40] o ez &eA AT%E). F71A
2obre P EnkEst §A e 2 ne Fol 488
3l At oz gAML, A4, dRo, vhg, 9A
o} o] mEe) Azrbre Edshs obg HEE
B FE3te] dolict aeut 3heHA gAd L kA o]
o4 F5A) ook, FEYL UT WS vl gl 27
55, ololl whehol W S8 2 Sl ek Aol Haksh
2 33 AR el

3. % (Saccharomyces cerevisiae)= Aol T3]3} u) A
EE 4HA $3 ZRAAY] FEES UG 52
AgHT W HRE FAOT HRE o] v AR
tE Qe AL A eA QA= $ar@), chakgt
Poel BAMEY, BARNLL VIR E2H AT
3 it Rl Axglogd FQo3 oS gt
(5.6). AR+ A wlebyl, v} FQ E4LES
ol gH o R Ff3ta Qo] AREZAE T &A=
AEE L QJek?). i AR oA, AL 24, vlEd
vl 9858 Agslo] o, A% FEEL ol &
Bo| A7hazstol] sl A=, v A E HhF x|, 20|
B, 7% AE 9 9524 A AAHLE & A4S
BABEL et ol AR E o] &3 V] TA AEY o

t ER WolRE ol felol WEFZEY W R4S
of tigt A+, ARFRE| BY 7ka] wiAl Ak gl g
FEES o] 23 Y7 A S 3 F(postmenstrual syndrome,
PMS) 72 Eakoll T3 AT 5 B Fopoll ] AT
atstA] AshEla Qhs-11).

B adqelAe AR 74 Hol| AlZnbwe] thiAz}
Attslol F2H 02 A 7] Azubpel ATAR

=
ZIAIEvlES S8t AR Z 4 gap junction 2P F 3},
Wl A A3S B3 o 27 w3}, n¥¢ AR AAS
E8 abot a7t 9 BAd X8 27 So] o=, Rat
B ul X 5l NS o) 83t Aol wha, HhE QA A
3 A=A A9 A o]t HALE §uks]R] okgk
th(12,13). wtehA], B QP A = Algte-AZntg g 2®

9] in vivo, in vitro ] EA 5 FAste] W FA
g g4 £A2AY 7HeAE Hrlsksdoh
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. 5~658 9] 27 Balbjc %] & Jackson Korea
TQlste] Aol Agalet. AEEES 24°C
 50-60%, 12/13k2] WHEA01A AEDe 2
15402 A%, B3 ARE A5 EA 4
st=5 doich AT 54 2T 27 (negative
control 1; H] 503, negative control 2; yeast 5], 400
mg/kg), %A o ZT+(Red-ginseng, R-Gin 400 mg/kg)T} A
2he]- Al 2ubE L E®, Ger-Y 100, 200, 400, 800 mg/kgE
RATE FANZE 19 13 F 437 7 FoJsislen,
% 10ut2] 9] AFHE AEeich
AE AlG. 7 Foll FEFo] F8 F control T3} B[ 3L
sto] FEAH 29 vl A WSS FAS R, v
AE F9) w3hE PEsle] FEol o3 M9 W
5 fastglch 2 Aol e T F 34 A7
AR NA vlAE HEste] HAE 9 AL S8
o} ofo] 2eldl HlAE ACKEtel Y1 F47] F2iA]
Z AA Hs Z meshE S-7HA]A single suspension B] A
ATE Y=ot AARAS 10 m2 DE HAE
Z 0.4% trypan blueol] 108} &]4slar BHA7] 3 he-
matocytometerol] o] &n]7 slollA] Alalglom gAY
B AEE €485 YL AR gtslo] AL oA A
Ssigic. A x 3] Auiae] ARl el 2% A
£ 4% Ay
WYAE BE. 7 FolA 229 ATES 7 bedt
1x 10°7) & 3}o] FACS tubesell 3. FITC labeled anti-
bodyZ 7Fetgleh. TAIE, BAE, AAE 8 $457]
AEE B2ty 98 27 Thyl 2.FITC, CDI9.FITC,
F4-80.FITC 3 CD11cE A-&3+31ch Al A5 4
3l 4°Col| A} 3057} stainings} il FACS buffer2 13] A%
3t & FACS bufferol] AEFAAL, 2+ AHEL flow
cytometry (FACS Caliber, BD, USA)ol|4] Z4 =3}
A ERS} AE) F3} #lg Y MTT assay & A&
ik g2 o] MITE Aolgle ALY nEZE
glojollA] dga HA 2Hgo) o3l Hepae Aead
Hej2 S22 o] ALY S Ldlldle] FAEE
A% o 24 target cell®] 83} A= F BAY gt
FEFo] 28 F 7 FollA FE3 AANA Feldh v
AEZ 1x10° 7N wello] E] X2 96 well platec]] B35}
Il ZF ¥ 2 lipopolysaccharide (LPS) 1 pg/ml, 10 xg/ml,
concanavalin A 0.2 zg/ml, 2 ug/ml®) FE7} HEF A
Sholeh. 48417F 3 74 wello] MTT A28 10 41S A7}
shar 37°Cell A 4417 & wieksl it HEH 22 10%
SDS (in 0.0IN HCHE 100 1% H7lsled & 4ol& &
570 nmol| A FFEE A3k
A XEEA). LDH (lactate dehydrogenase)= 4|3 $-3l7F &
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ol wl WEE]E obAE AEA Hholrh B A
A5 Cytotox 96% (Promega, W1, USA)-2 Hu|% LDH
£ coupled enzyme assayol] 2)3l tetrazolium saltE Z A
formazan HE 2 wHte] £, o] u] FAEE FFES
Sl AE9 o vlHlstEE oFFo 23t n| X
o] MEZA o7 Arto] rhg3slct. E3] o] AF
WAL EAE AgetA e A #3 WS o] &3
Hhe ¥ 4143 LDHE A o+ A= AHE 7
A2 A zA ol A AlFE ZEEZ| &3
33l 490 nmollA FFEE 81

3 YA AYPFC). 2 AFL2 T-9E&E4 99 o
A % 7 (Sheep Red Blood Cells, SRBC)ol] th3t &-4]4Y
AR Z ] A(IgM) BA 52 d3e GotEe Aol
th(14). &, A AIAFEA A Fu]E A= EA(com-
plement)¢} ZAgslo] HEFE S¥3lnE FHUY &
g2 g FAsed o3t EFeta & A3 §4
46 gk Woduk-d A E Hrbskaa ek GE
Fol 5 3 7 FollA F-29] 53 /iAol SRBCE
447y A7) F viAS FEleqich EelE nds
ACK&Hol| Y31 A7) EHA R AA| F5 F meshE
SHAA BAAEZE Sk F55 uAAZE
1,350 rpmoilA] 108-7F AR g = HEZH o Z Non-
HEPES EBSS 3 m ANELE sekslo] PFCAE )
A&stct. o] uff 7|V BAIE d5ste] dgol Bt
3k % 350 pl agar |[§-N-2 &2 7)ol Q1+ glass tubeol|
Y2 b3 SRBC (25 plE F-Holl 71gich ofo] uAA X
100 13- SRBC®H agar7} EolQhe FHoll 713 3 244
3| EFEEF AslA Egol F o] &AL HERY]
Floll B2 ¥ 71371 A7|A =5 FsHA AvF
ez ol et §do) A £ ¥ 37°C CO,
5% wjek7)oll Al 3AZE Fot wiedsl ¥ s P o R
2opm 2 Asisler of ul A4E Zeka 94 AZ
o] 3= 0.1 mlg) |ul A Eol| A dojH o B2 PRCY| &
x 3 4] Aol sla) ootk
LA ZAELISA). 7o 85 F 7 Tl F
A9 FE5 AAY vAE Felaldh 2= &
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ACK gld] Y31 FA7] FHUAE AA B ¥ meshE
ERAA HAAEE HERT UEH vAAEES
10%7W/wello] 5] E& 24 well plateol] B-F3l3 HE B %
7} 5 ug/ml7} B =F concanavalin AE X]2]slo] 184|7F
54t wakshaleh. 2 FolAl A 40,18 Hekod cyto-
kine- 91418l A7} ZEIE 96 well plate 2 %7 &
37°Col| A 417} ek & ™ sleict. ZF wellel] biotino]
A% cytokine 14 4] 47 41% A7belel 30 ek
A 2o]| A wljek & A)X 3 t}-2- avidin-alkaline phosphatase
5018 H7Fsho] 308 Bk Aol wlokela A3
1k, 7+ wellol] 717 50 41% H7ksho] 302 Bk WA
71 3 IM NaOH 50 1& Hrtsle] vb-&-& BAAA7 2
405 i SPgel Al FHES SR, 2

7k cytokine 5
We Azsto] e AP0 E FAEE FAY TE T
Ag AAste] Zb cytokine?] FEE AT

Y

i

AZ3 2UE . AEE A egshi A A S5l I
A = Qe 7 A wiste) o] W3y} B Agol |
A e TAEE H43sl] fallA AP A 2F
AR A 98 AR 27k AETH AT Hel
A EFA H3LE BUE S 33ich Table Il 1}
ehd uho} o] A Aoy F Foldt Wiz}, & 3hatad
* AF Zad ZU) EERA GR A, B FEAE
wst olao] BRHA shob Akl AZekrEE®
£ A5 W A48 MAHRE et ge
Ak 242 A= 9

H| A F AE G w3} o] Ade] 7 A uAe] &
AE F5 ujslnz o] 9] nlaZHE uae =27
Hgloto] AFA-E 2H91E & g19ich Control 73 H|5L
A] Yeast, R-Gin & Ger-YToA BF & A|xg7) &
olsjo] WAy W37l glga ¢ 7 AR, 5%
SANZTH Ger-YTollA FAEE AL FollA W3t
7b FEE G I Ger-Y4007ol| A Bl AA| Z57F A A 3] F
7hebe A& eyt (Table T0). B3t v]7He] 7ol &
223 73} Ger-Y100, Ger-Y200, Ger-Y400 7ol A &%

¢

Ay

Table I. Comparis?n of body weight changing in each group during the feeding

Group (no=10) Week 0 Week 1 Week 2 Week 3 Week 4
Control 20.0£0.84 21.9£0.58 22.5+0.74 22.7+1.01 21.8+1.57
Yeast 19.8£0.70 20.210.64 21.5%+0.75 21.3£0.90 21.5+0.99
R-Gin 19.7£1.05 20.01£1.04 21.24+1.29 212+1.21 21.5+1.28
Ger-Y100 20.2£0.71 20.4+0.67 220+0.79 21.9+0.76 222+0.73
Ger-Y200 19.5+0.48 20.1+0.45 21.1+0.93 21.0+0.63 20.8+0.75
Ger-Y400 20.0£0.72 20.610.80 21.2+0.62 21.6+0.68 21.3+1.06
Ger-Y800 19.5£0.88 20.0+0.97 20.8£1.30 20.4+1.09 20.5£1.16
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Table II. The effect of Gerant Bio-Ge Yeast feeding on spleen's length, weight, and cell number

Groucp Spleen Dunnet’s compatable
. )

Cells Weight Length tests (vs. control
Control 7.79% 10’ 0.1840.06 17.90+0.99
Yeast 8.49 X 10/ 0.1840.06 1870+ 1.33 . .
R-Gin 828 10' 0.13+0.07 18.11+1.26 No sigaificant in cells (p 20.05) and
Ger-Y100 8.86 X 107 0.17+0.06 17.784+0.83 :‘i na I Wn PR ht/gl’; o
Ger-Y200 1.01 % 10° 0.14%0.05 18.11 +1.36 cen ol andwelght/eng
Ger-Y400 1.05x 10° 0.1840.07 18.40+0.96
Ger-Y800 9.68 % 107 0.15+0.05 17.90+1.59

Table III. The effect of Geranti Bio-Ge Yeast feeding on the immune cell subset composition on each group

Group Total cells T cells B cells (%) Dendritic cells Macrophages
Control 7.79 %107 3.34 X107 272X107 (35) 2,05 10° 1.08% 10°
Yeast 8.49 % 10’ 3.65X 107 326%10° (38) 2.19%x10° 1.23%10°
R-Gin 8.28 10’ 3.56 X 107 4.27x10" (52) 1.56 % 10° 8% 10°
Ger-Y100 8.86 X 10’ 3.80x 10’ 43310 (49) 1.67 X 10° 5.93x10°
Ger-Y200 1.01x 10° 43410’ 506 %107 (50) 2.09x10° 1.3x10°
Ger-Y400 1.05% 10° 4.51x107 559107 (53) 2.59%10° 1.01x 10°
Ger Y800 9,68 107 416%107 538% 10" (56) 2.04x10° 1.01 % 10°

Mo teeding Yeast A~Gin
] &
*k 34.931% 38.3% 51.8%
™
i ¥ [ [ vy "B
= =] ']
0@ 1@t 102 10° w0t 1o° 101 102 100 10t 109 w0t 10?10 et
Ger-¥100 Ger-v200 Ger-¥400 Ger-YBOQ
g & & 8
48, 9% 50, 1% 5475 % 6175 %
CH My Mz
=4 < ¢ >3
569 10t 10? w0 0t 109 10T 107 10® 10t xo” 107 107 108 104 160 10! 102 160 10t
Cont Yeast RGin  Ger-YI00 Ger-Y200 Ger-Y400 Ger-Y800
(*p<0.01 vs. Cont.) CD19.Fitc

Figure 1. The increase of B cell composition in spleen in Geranti Bio-Ge Yeast dose dependent manner. The spleen cells of each
group were counted and 1% 10° spleen cell wete stained by CD19.FITC to measure B cell composition by flow cytometer. (A) Among
spleen cells, B cell number was calculated by CD19 positive cell percentage and total spleen cells. (B) B cell composition was measured
by flow cytometer after CD19.FITC staining.

290z Zrlele AYe Hgou dzxgd vz ¢ At EAQ markero] 1 $AE

A EAA §94G<005E AFHA eskek flow cytometer® o] §oto] AL LEEZ 3]
Adel-AzvtEEe®s) Wl AE 288524 4 T AL QAT 22 FHE7) AT Fol4 B
2713 %9 S BlAelE ofe) 2R WZTSe] o EH oy Zvleli Ao] AFG O BANH &
Ealbo] uipol e 94 W olAlol HebA 1 4 g QAsA Shsteh B B AZT T4 Wk
Hlg % 7k W ofRoll O W YA W oAl BE JEHoz Frlel: A%E BYow, vz
g el o2 Aol A& A5Aoldh. 2 LS w4l AelAlZelEEE® Ger-Y100~Ger-Y800 mgrkg
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A LPS (10pg/ml)

Abs.

Yeast R-Gin Ger-Y100 Ger-Y200 Ger-Y400 Ger-Y800

B ConA (2ug/mil)

Ger-Y100 Ger-Y200 Ger-Y400 Ger-Y800

Yeast R-Gin

Figure 2. Proliferation of splenocyte by MTT assay. Splenocytes were activated by LPS (for B cells) and concanavalin A (for T cells).
Ge-YB00 group has more proliferated in both LPS and concanavalin A treatment, however there is no significant increased proliferation
in each activation method on each group. p values were not indicated due to the large range of S.D. in each groups.

LPS (10 ug/ml)
2.50 1
-
T T —=
S 1.25 -
<
0.00

Cont Yeast R-Gin Ger-Y100 Ger-Y200 Ger-Y400 Ger-Y800

Figure 3. LDH (lactate dehydrogenase) activity was measured
after activation of splenocyte by LPS and concanavalin A. In LPS
treatment, LDH activity in Ge-Y800 group was almost same as
control group even though B cell proliferation in Ge-Y800 was
highly increased and in concanavlin A treatment, Ge-Y800 groups
shows that there is cell lysis protection effect on compound of
yeast control group. p values were not recognizable between the
control and active groups.

FolF BF p<00l FFllA §22 Q) Zpol7l veh}
BE JEHO R Frlhe A ¢ F dgon, B Y=
T F4e ARE A2 EER® 200 mgkgs Fof
AL, F4F 400 mgfkg g Fol e WSk fAY B AT
Z4& B2Qrh 3] Ael-AzuELR® 400 mgkg
o4& Fol Aolle Hu} £ Z71E B3} (Table ).
B ALT & $49 $EAE Fig 1A ol tehigls 2
3} 5& FACS #4 F histogram$ AH-g30] VERA
lcHFig. 1B). o

7t 3 749 B cells %5 Bl =7, Al 2n5S H7}
314 gke AR 400 mg/kg, 34t 400 mg/kg, AlTHE]-A 2
nbEEE® 100 mgkg FoIF, 200 mgkg FoIF, 400
mg/kg oI 2 800 mg/kg FoIF9] A 7+t 34.9%,
38.3%, 51.8%, 48.9%, 50.1%, 53.2% 9 55.6% % e}
BE gEHo A% A ¢ & dddek
AR - A=k g E 2% AEZA a3} A4 =

PFC Assay
*¥

w 700 =
% *k *x
o T T
c
[
2
& 350 {1 _—
o
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Cont Yeast R-Gin  Ger-Y100 Ger-Y200 Ger-Y400 Ger-Y800

Figure 4. The significant increasing of PFC form by dose de-
pendent manner of Geranti Bio-Ge Yeast. *p <0.05, **p <0.01.

Hhe-7t 2% B-celld] £3} Q1%Q] LPS 10 pg/mlE B
AN Eol| A3t AT Fig. 249 Zho] et 84T
o] Ger-Y1007-ol| A& Yeasti# -§-AFk MTT assay 73}
= el 32, Ger-Y200, Ger-Y400, Ger-Y800+7-01 4] =
& oEAY Z7F A¥e EYon) Yeast 7} H] slo]
TATA LR Fo% Ae JEEA gk g A
EA WAAuk33 AHE T cell®] £3} Q1A conca-
navalin A 2 pg/mlS B3R Eoll %2le AHFig. 2B),
B-cell -3} Z 29} §-A3}A| Ger-Y8007ol| A HIaLA =
& BAo| & Aoz AE ). 912] Aol A9} 2
o] &4 B4 AgelAznts AEE Wl AT
of &% qEH o AL F AoE A4 Y =
ol vlslo] BAEA [F9A4L AREA ot

ARe-AsnmEE2%) ALRF 33} LDHE AZ
lysis7} Qoiid wl Vo= 3t Al EA G 4o w] FH|H
o] 1}2 LDH+ coupled enzyme assayol] €]l tetrazolium
salt (INT)E A 4] formazan AHe & v}7A| 23 $4 =&
2] o4 ZHL lysed A S5} ook 2 ool
o AERFEHNE HHA LR FAE 5 ok B A
GollA] LPS 10 ug/mlE B]A-A| Eol| X 2l8l9l& wf Fig.
33 72 Avlyl 3EE 9k =, Ger-Y1003} Ger-Y200
Tl Yeastyoll v]s] 25 LDH $71E KB,
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B. IFN-y

ng/ml

0.30 1

0.15 <

0.00

Cont Yeast R-Gin Ger-Y100 Ger—YfOQ Ger-Y400Ger-Y800

Figure 5. Intetleukin-2 and interferon- 7 levels (mean+SD) in the supernatants of stimulated splenocytes cultures (ConA 5 pg/ml)
obtained from all study groups after 18 hout incubation as indicated in the study methods.

Ger-Y100, Ger-Y200, Ger-Y400 oAl &= 5 oJ&F o
2 Zaste AL 2ok
Algtel -ﬂliﬂ}vi—?—@«l g2 A4 =24 a3 257
A8t Al Ger-Y100, Ger-Y200, Ger-Y400 2! Ger-Y800
TollA F5 9JEAQl PFC AAdo] I =]l chFig. 4).
o] & control 3} H] 2 A] Ger-Y200:7ol| 4] §-2)&}k X)o)7}
Upeh} eFEFof ol A4l o) W e wko] viebyt
2 QAIBHE Ao BFeh wa F4D|Z 7Y RGin
T4 controlzt 28t 739 p<0.05 FEollA WY F
A a3 AFE Ho oFE 9] Go] PHE o, &4
91 Ger-Y2007 9 Ger-Y4007-9] 735 p<0.01 50
A A ZTT §AAL Bt 2 Tl U4
23 Ger-Y8000l|4] Hr} &2 H5(p<00l)o] &S <&
% Sgieh olsh 2o Ash slrzyee] A Al
olgls, BT FERE Wolsle Al HAo| Yol
& Slulsiul, weha) ARbe) Al ZobE R E e 200 mgke
ol doll W FA A} gl Zo g st

i =t

SAEAQ Atel-AzvtELR® 200 mgkgs AT
o3l ?:°1 Ger-Y2007-0l 4] #1 @ 7&3%]& G T4
400 m -r°4 TR-Gin)I} AR Hel 2 Z3E
Aoz Holw &% F71 A Algkel-A2nw A
Hag £2 34 B4 583 7HAE 2l g
L PB%P%”‘*J 14 A3} A Fo] 5
Z71ele AekS Hol, 2T vl 2 A A
war® 100 200, 400, 800 mg/kg F-oJ 3t T
© 222 Uetytt o9t 22 Ai= B ¥
Zela A o] 713t 742_; dehy]
Zhe]- A 2oE 2R 200 mg/kg 0|4 EE A
e S 237t Y-S dAlekE Aol &, &
A= = plasma cell, B §] Zol| 4] KAl o] =] 7] ] Fol|
4% B g Z Al oA Feka FA ol FUHE AL
2 Bolnh w3 ol Age Algte-A2urae®
Fol Al A48 Weonhgo] dojuia YEE didsle
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