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Abstract

This study was established to investigate the effect of germanium-fortified yeasts on the serum lipid
composition and immune system of human body. All 50 subjects with the age range of 50~75 were entered
in this clinical trial for 6 months. The effects were determined by the proliferative responses of immune-
mediated cells, T-cell, B-cell and NK-cell during daily supplementation with/without germanium-fortified
yeast. The results of hematology and blood chemistry didn’t show any significant differences during admini—
stration periods. Serum lipid compositions also didn’t show any significant differences during administration
periods except triglyceride (TG) and VLDL-cholesterol. TG and VLDL-cholesterol levels were increased
significantly by the consumption of germanium—fortified yeast (p<0.05). Immune mediated T-cell and NK-cell
didn’t increased in both control and test group supplemented with germanium fortified yeast, while B—cell
increased in the germanium fortified yeast group after 8 week (p<0.05). Also TNF-a increased in the group
of germanium fortified yeast after 8 week (p<0.05) but not in the control group. From the above results,
germanium fortified yeast is expected to be useful on the improvement of the cellular immune response and

protection of organs from various chronic diseases.
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Saccharomyces cerevisiae (KCTC-1199)
25~35°C / incubation (24~48 hr)
<Nutrient media composition>

Peptone (0.3~0.5%), yeast extract (0.1~0.3%),
glucose (3~5%), maltose extract (0.1~0.3%)

v

<Nutrient media composition>
pH 5~7, temp. 30~40°C / incubation (15~25 hr)
Germanium concentration: 1000~5000 ppm

v

Centrifuge

v

‘ Acquired germanium-fortified yeast body

v

Washing (3 times)

'

‘ Manufactured germanium-fortified yeast

Fig. 1. Scheme of the manufacturing process of the germa-
nium-~fortified yeast.

_,] .IEL‘Q_7]7 0

b e e sic

£ /&3 =E sl9la, "ﬂ%“(kg)/ %"(m)zfl *“/“ S5 7“-9-3]'
o A AR =(BML body mass index)ZE A48l oH22).

e o HEXE E4 .

12417} A2 FE-E §x|8}A] & F AAelA 10 mLE
Adstgdct ez A2 ALl d2F=E (hemoglobin,
Hb), 3=} % 3 8] (hematocrit, Het), 8 F(red blood cell,
RBC), 4%, mean cell volume(MCV), mean cell hemo-
globin(MCH), mean cell hemoglobin concentration(MCHC),
neutrophil, lymphocyte, monocyte, eosinophil, basophil, #j
¥ F(white blood cell, WBC)E A58 H#-4 7] (Sysmex
SE-9000, USA)E AHg-3te] #A4359leH, E3& 23t
o] ¥3 Z2] BST(blood sugar test), alanine amino-
transferase(ALT), aspartate aminotransferase(AST), al-
kaline phosphatase(ALP), blood urea nitrogen(BUN), cre-
atinine(Cr), total bilirubin(TB), total protein (TP), albu-
min(Alb), A/G ratio(albumin/globulin ratio), 7 —globulin
(g/dL) 5& E4slhc) & Fead S FAAYE 54
W (enzymatic procedure)el] £]3dte] E4]3}4 o (Hitachi



Azrhgzstaest A4 4 A 2astel] vAe 9% 685

7600-010), HDL E#A# -2 Mg-phosphotungstic acid
axol o) £4sl9ct. LDL Z# 28 52 Friedewald
A A4 [FZ ¥ 28 F - HDL-Z ¥ 28 & — (S 2il/5) ]l
28] 4F=3tg o, VLDL Z32HE-2(FAA9/5)9] Al
ARAloll )8 AFEs} gl TH(23).

FMZ 24

TAZ, BAZ 2 NKAZZ Z43}e] 413t Simultest™
IMK-Lymphocyte(Becton Dickinson, USA) kitE A}-43}
9.2, FACS tubesdl] @37 FITC labeled antibody& ~7}at
% gAste] slaeb vkSA Hh T49l T8A 2+ 42t
CD4 2 CD8 @2 &34 2 o883 3, BAlZE CDI9E,
NKAZE= CD16+56 a2 A 5 ol g3t fAZEH
(flow cytometry)-& stgrh. FITCPt #2% <} 943}
= AEE HA8 P (maximum emission, 515 nm)¢], PE
(maximum emission, 580 nm)7} &2 A<} uk-g-3}= A%
E FH23 3] 2xH e o] flow cytometry(BD FACS
Calibur, Becton Dickinson, USA)Z ¥4} - 243 & qla
o FHo WE WEES 3|k

B2 B S5 24

TNF-a+ TiterZyme EIA human TNF-a Enzyme Im-
munometric assay Kkit(assay designs, USA)S A}-§-31]
ELISA reader(BIO-RAD Model 550, USA) 7|7} & #43}
o, 7 AEL 35Uy S BEERE Al A
4319}

EAEN

3 774 33 SAS(Statistical Analysis System) PC pack-
age program< o83} #Astict 7+ AdTe HAe=
FAHTH REAAS AESE R, A frequency
test® 53 W= S sH8lch Aelsd vlis ANOVA
%34 F 999 Aelsh Qi %) B2 Duncar's
multiple range testell 23] A& F7+e] o] & A spgir)

=)

Znp o F

Askafe
2R S] AL Table 19} ), AR o
272 A% 63484, LET A5 669545 00, A%

E 604 o]Akel 70.0%%2 71 Wk, vhe-2- 50~604)
7} 30.0% %= vhelytt) 7120 42918 1001H mlute] 80.0%
2 74 wekow ohg o 2 10074l o) A 2007 o] 20.0%
2 yelhgc Au# & vlgo 2 25ukel mluto] 60.0%5
74 wgkomy 25~50mkdo] 30.0% 12} 501 ~ 1007
o] 10.0%9] &0 2 by},
Fodzke] AL 8HF 12~ 1508 A85 A7 10.0%E
71wk o, 1/27}F |l whe] 20.0%, ¥4 re
7} 10.0%2] «2o velygon SFake] A9 dFdd

ol

fo o

Table 1. General characteristics of the subjects

Characteristics Subjects  (n=50)
Age
<50 yrs 0( 0.0%)"
50~60 yrs 15 (30.0%)
>60 yrs 35 (70.095)
Income
< 1,000,000 won 40 (80.0%)
1,000,000~2,000,000 won 10 (20.0%)
Food expense
< 250,000 won 30 (60.0%)
250,000 ~500,000 won 15 (30.0%6)
500,000~ 1,000,000 won 5(10.0%)
Smoking
<05 pack/day 10 (20.0%)
05~1 pack/day 35 (70.0%)
None 5 (10.0%)
Drinking
1~3/week 30 (60.0%)
4~6/week 5 (10.0%)
None 15 (30.0%)
Exercise
1~3/week 7 (14.0%)
4~6/week 3( 6.0%)
None 40 (80.0%)

UNlumber of subject (percentage of subjects).
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Table 2. Anthropometric indices of the subjects

_ Supplementation
Control (n=25) (n=25)
Age (yr) 63.48+11.54" £6.95+7.20
Body weights (kg) 60.05£9.35 64.03£10.30
Height (cm) 159.67£9.63 161.19+9.30
BMI (body mass 2378 +3.81 24.39%+3.00

index, kg/m")

UValues were expressed as meantSE of the subjects.
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Table 3. Hematology of subjects supplemented with/without germanium-fortified yeast

_ Supplementation
Control (Placebo) (n=25) (Germanium—fortified yeast) (n=25)
0 week 4 week 8 week 0 week 4 week 8 week

Hemoglobin (g/dL)
Hematocrit (%)
Red blood cell (RBC) indices
Mean cell volume (MCV, fL)
Mean cell hemoglobin (MCH, pg)
Mean cell hemoglobin concentration (MCHC g/dL)
White blood cell (WBC) differential counting (%)
Neutrophil (%)
Lymphocyte (%)

Monocyte (%) 6.54+0.58
Eosinophil (%) 1.62+0.27
Basophil (%) 0.41+0.06
White blood cell (WBC) (x10%/uL) 8.260.59
Platelet (x10%/41L) 2286+11.7

12.38+0.34V 12.22+0.36 12.19+0.37
36.43£0.88

91.34%+1.16
30.99+0.48
33.91+0.25

65.71£2.69
25.74+2.23

13.360.25 13.46+£0.21 13.24+0.18
36.33+0.96 36.36+1.03 39.63+0.66 39.82+0.55 39.22+£0.48
91.71+0.68 91.57+0.76 91.53+0.87
30.87+0.25 30.94%+0.23 30.88+0.23
3367+0.18 33.8+0.18 33.74£0.13

90.02£1.55 89.40+2.21
30.91+0.44 30.86+0.45
3233054 312515

58641192 56.35+1.60 57.48+2.44
31.16+1.97 32.97+1.53 31.76+2.47
6.92£0.38 65+0.68 6971042
2.85+043 3771005 34£072
0.41+0.07 042%+0.16 0.39=0.06
6.58+0.30 6.55+0.29 6.77£045
209.7+10.7 2352+155 243.6*144

62.11+£2.97 61.77+3.68
2399x212 23.89+2.18
6.02£0.55 545+0.35
1.87+£0.35 2251052
0.49+0.07 0.58+0.08
7991036 6.78+£0.35
230.2+125 237.8+144

Yvalues were expressed as mean*=SE of the subjects.
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Table 4. Blood biochemistry of subjects supplemented with/without germanium-fortified yeast

Supplementation

Control (Placebo) (n=25) (Gennaniuml—)?ortiﬁed yeast) (n=25)

0 week 4 week 8 week 0 week 4 week 8 week
Blood sugar test (BST, mg/dL) 1085+865" 1093651 108.8%551 110571474 11471688 120.81+8.64
Alanine aminotransferase (ALT, U/L) 2667+454 2572+551 2661+521 25.29+2.6 2411178 32,24+526
Aspartate aminotransferase (AST, U/L) 46.29t126  46.33+103 46.21+10.1 24.29*+15 2648+195 27.86+1.74
Alkaline phosphatase(ALP, U/L) 65.72+353 63.24+423 66.33+:4.36 73621361  73.38+358 80.57+6.18
Blood urea nitrogen (BUN, mg/dL) 1771309 1726+221 17.09*+3.31 15.38+0.68 1581%+096 15.75+0.74
Creatinine (Cr, mg/dL) 1.83£0.72 1.42+0.75 1.55+0.69 1.03£0.02 1.05£0.03 1.05+0.03
Total bilirubin (TB, mg/dL) 1342102 12.14%+9.08 11.26%+9.75 0.73+0.07 0.7+0.06 0.65+0.06
Total protein (TP, g/dL) 6.43+0.13 6.57+0.23 6.65+0.31 7.12+0.09 6.98+0.07 70+0.08
Albumin (Alb, g/dL) 3.89+0.09 3.89+0.09 3.89+0.09 4.3710.04 43+0.04 4.36+0.03
A/G ratio® 1.53£0.03 1.51£0.02 1.43£0.05 159+0.13 1.6x£0.12 1.65+0.14
7 —globulin (g/dL) 0.96+0.04 095+0.03  0.97%0.05 0.96+0.04 091003  098+0.04

Yalues were expressed as mean*SE of the subjects.
?A/G ratio: albumin/globulin ratio.
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Table 5. Serum lipid composition of subjects supplemented with/without germanium-fortified yeast

_ Supplementation
Control (Placebo) (n=25) (Germanium-~fortified yeast) (n=25)
0 week 4 week 8 week 0 week 4 week 8 week
Total cholesterol (TC, mg/dL) 163.2+11.84Y 165211052 160.2+10.12 1551+505  149.24+432 1529+5.14

Triglyceride (TG, mg/dL)

172.86+3359 170.53+21.14 169.08+23.08 161.5+1617% 162.05+15.15" 149.38+£13.29

HDL-cholesterol (HDL—chol.,, mg/dL)  62.48+13.01 5548+1098 60.82+12.92 4465+19 40.17£147 43.89£1.69
LDL-cholesterol (LDL-chol, mg/dl)  9356+7.77  9243%811 90.82£543 7947£52 75761391  78.29+447
VLDL-cholesterol (VLDL-chol., mg/dL) 34574672 34111423 3382+462 32304323  3241+303" 29.88+266"

Yvalues were expressed as meantSE of the subjects.

PValues with different superscripts were significantly different at p<0.05.
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Fig. 2. Changes in mean immune-mediated cells, CD4, CDS,

-CD19 and CD16+56 during daily supplementation with/

without 400 mg (3 times/day) of germanium-fortified yeast.
0 week of control group (1), 4 week of control group (2), 8 week
of control group (&), 0 week of supplement group ([), 4 week
of supplement group (N), 8 week of supplement group (B8).
*Significantly different between control and supplementation group
at 8 week.
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TNF-a

Fig. 3. Changes in mean cytokine-mediated cells, TNF-a
during daily supplementation with/without 400 mg (3 times/
day) of germanium-fortified yeast.

0 week of control group (F3), 4 week of control group (), 8 week
of control group (B), 0 week of supplement group ([]), 4 week
of supplement group (N), 8 week of supplement group (E).
*Significantly different between control and supplementation group
at 8 week.
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