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Oral Single-dose Toxicity Studies on Germanium-fortified Lettuce, in Mouse
Jong-Jin Kim, Jina Choi, Ju-Sik Cho,l), Jong-Soo Heoz), and Sung-Tae Yee' (Dept. of Biological Science, ])Dept. of
Bio-Environmental Science, College of Life Science and Natural Resources, Sunchon National University,

Suncheon 540-742, Korea, *Division of Applied Life Science, Gyeongsang National University, Jinju 660-701,
Korea)

ABSTRACT: Single-dose toxicity test of germanium-fortified lettuce was investigated in mice. Both sexes
of C57BL/6 mice were orally administered once at a dose of 2,000 mg/kg. No death, clinical signs and
pathological findings related to the treatment were observed. In addition, no significant changes in feed
consumption and body weight gain were obtained during the treatment period, in spite of day-to-day
fluctuation of water consumption. There were no considerable changes in hematology and serum
biochemistry, except a significant decrease in GPT, GOT and LDH. Several alterations were observed in
organ weight and blood biochemistry, including thymus, ovaries, heart, kidney and platelet in male or
female mice. The ability of spleen cells proliferation was almost same level as shown in control group.
However the population of B cells, helper T cells and cytotoxic T cells was not comparably changed in all
groups. Taken together, it is suggested that single oral dose of germanium-fortified lettuce to C57BL/6 mice
did not cause apparent toxicological change at the dose of 2,000 mg/kg body weight.
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Aow oduelx gk olydt §rIAEES vheksl Aeg = 82 urea 5% F7} creatinine clearance 74 @Ako)
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Table 1. Changes in mean body weight(g) of female and male mice

Groups DW Lettuce Lettuce-GeO, Lettuce-Gei,
Oday 18.070+0.865 17.880+0.970 18.348+0.302 18.110+0.931
2day 18.634+1.207 18.078+0.523 18.721+0.572 18.516+1.009

z 4day 18.603+1.363 18.080+0.751 18.603+0.456 18.584+1.088
m 6day 18.835+1.445 18.140+0.756 18.596+0.339 18.655+0.902
a 8day 18.407+1.182 17.662+0.800 18.465+0.576 18.504+0.888
é 10day 18.129+0.981 17.556+0.821 18.290+0.540 18.453+0.878
12day 18.336+1.147 17.648+0.702 18.513+0.514 18.596+0.749
l4day 16.854+1.176 16.017+0.945 17.087+£0.471 17.250+0.781
Oday 20.832+0.466 20.686+0.818 20.562+0.386 20.566+0.959
2day 20.819+0.512 20.458+0.816 20.728+0.536 20.081+0.896
M 4day 21.441+0.561 20.791+0.718 20.572+0.356 20.839+0.685
a 6day 21.418+0.518 21.145+0.886 20.881+0.319 20.920+0.814
1 8day 21.722+0.745 21.122+0.837 20.898+0.491 20.651+0.927
€ 10day 21.710+0.648 21.350+0.948 21.147+0.562 20.786+0.978
12day 22.115+0.590 21.679+0.882 21.201+0.249 21.301£1.050
14day 20.310+0.596 19.997+0.711 19.321+0.389 19.858+1.101

Changes in mean body weights of female and male mice following single administration on Day 0 with 2,000 mg/kg
of lettuce, lettuce-GeO,, or lettuce-Ges, of organic-germanium lettuce powder, or its vehicle.

Table 2. Feed consumption by female and male mice(g)

Groups DW Lettuce Lettuce-GeO; Lettuce-Geis,
2day 31.351 24.917 32.071 28.799
le: 4day 28.645 26.450 29.835 29.348
m 6day 29.218 26.965 28.92 28.726
a 8day 25.622 24.587 25.2 25.251
i 10day 24.785 24.604 25.702 25.983
12day 30.519 27.199 27.044 28.123
2day 31.003 27.499 30.594 33.382
M 4day 33.124 28.293 30.323 35.199
a 6day 31.469 29.287 30323 30.849
1 8day 36.568 30.584 29.106 31.469
N 10day 33.088 28.710 28.838 33.631
12day 33.974 31.992 29.715 36.173

Feed consumption by female and male mice following single administration on Day 0 with 2,000 mg/kg of lettuce,
lettuce-GeO,, or lettuce-Geiz of organic-germanium lettuce powder, or its vehicle.
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AAFE Sgesith & AFEE A% VI S & RlEt o] Epatriil bk
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(46~51 ml)= 32 o, 2] & A3 g Stk 22 U)ol ok ke A(EE Gz AT
Az R 2ol AW S A eakR olsfshs A g Aol obyl Ao vERton, 1A A7l
Table 3. Water consumption(m{) by female and male mice
Groups Dw Lettuce Lettuce-GeO, Lettuce-Ge1z

F 2day 42.5 40 41 43

e 4day 40 38 41 43

m 6day 46 40 425 44

a 8day 45 44 41 44

1 10day 40 40 405 44

¢ 12day 05 39 10 3

2day 49 415 4 51

M 4day 47 36 44 64

a 6day 49 41 44 46

1 8day 54 43 44 50

€ 10day 45.5 40 385 46

12day 49 46 38 48.5

Water consumption by female and male mice following single administration on Day 0 with 2,000 mg/kg of lettuce,
lettuce-GeO,, or lettuce-Gez of organic-germanium lettuce powder, or its vehicle.

Table 4. Absolute organ weights of mice(n=5) orally administered with organic-germanium lettuce powder or its vehicle

Sex Male Female
Groups DW Lettuce Lettuce-GeO; Lettuce-Geis DW Lettuce Lettuce-GeQ, Lettuce-Gein
Brain(g) 0.4391£0.0136 0.4383+0.0114 0.427320.0110 0.4424+0.0094 0.4437+0.0252 0.4523+0.0501 0.4388+0.0116 0.4485+0.0238

Thymus(g)  0.0409£0.0074 0.0379+0.0035 0.0378£0.0057 0.0403£0.0127 0.0486:0.0062 0.04730.0064 0.0480+0.0039 0.04670.0058
Heart(g) 0.1137£0.0079 0.1100=0.0112 0.1011£0.0094 0.1039+0.0086 0.099320.0168 0.08970.0055 0.1026+0.0087 0.0981:0.0075
Lung(g) 0.1098+0.0034 0.1080+0.0021 0.1135:0.0061 0.1180+0.0066 0.10740.0071 0.1149+0.0059 0.10240.0049 0.1086+0.0059
) 0.8036+0.0471 0.8096+0.0667 0.7957<0.0283 0.7702+0.0620 0.7137£0.0682 0.6860+0.0358 0.7096:0.0497 0.7306.£0.0312
Spleen(g) 0.0448+0.0045 0.0438+0.0066 0.0432x0.0031 0.0450+0.0045 0.0491£0.0029 0.04610.0027 0.0447£0.0025 0.05020.0017
Kidneys ~ left 0.1265:0.0062 0.1319£0.0061 0.1327:0.0094 0.1313+0.0181 0.1022:0.0107 0.0984x0.0038 0.1036+0.0082 0.1042+0.0121
(g) right 0.1369£0.0044 0.1278+0.0127 0.1349+0.0107 0.1358£0.0077 0.1063£0.0121 0.1024x0.0033 0.1092+0.0068 0.1118+0.0092
Adrenals  left 0.0025£0.0002 0.0020£0.0003 0.0033+0.0023 0.00240.0009 0.0029+0.0004 0.0029£0.0004 0.0028+0.0007 0.0032+0.0005
(8) right 0.0020£0.0007 0.0019£0.0001 0.0046+0.0069 0.0023+0.0005 0.0024£0.0003 0.0028x0.0003 0.0019£0.0005 0.0028+0.0003
Testes  left 0.0694£0.0099 0.0829:0.0056 0.0805+0.0070 0.0741+0.0030 - - - -
(8) right 0.06970.0100 0.0806+0.0029 0.0839£0.0022 0.0766+0.0044
Epididymides left 0.03280.0125 0.02620.0040 0.0313£0.0079 0.0250£0.0025 - - - -
(g) right 0.0257£0.0032 0.0279+0.0048 0.031120.0067 0.0246+0.0026
Prostate(g)  0.018040.0030 0.0179+0.0015 0.0245:0.0038 0.0187+0.0056 - -

Liver(g

Ovaries(g) left - - - - 0.0011£0.0005 0.0015+0.0007 0.0011+0.0004 0.0023+0.0007
varies
8 right - - - - 0.0023+0.0010 0.001520.0007 0.0021+0.0007 0.0023+0.0005
Uterus(g) - - - - 0.0462+0.0118 0.0609£0.0227 0.0448+0.0128 0.0580+0.0218

Values are presented as means + S.D. for 5 mice
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AQ A7V FA W &N f71AERES 1357 T4 UTable 7). 719 SA3PLT) A7} vzl vl
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Table 5. Relative organ weights of mice(n=5) orally administered with organic-germanium lettuce powder or its vehicle

Sex Male Female
Groups Dw Lettuce Lettuce-GeO, Lettuce-Gejs DW Lettuce Lettuce-GeQ; Lettuce-Gein
Brain(g) 2.164x0.098  2.194£0.090 2.21320.093 2.232+0.099 2.640£0.191 2.822+0.224 2.568+0.038 2.6050.201
Thymus(g) 0.201£0.037  0.189x0.011  0.196x0.030  0.202:0.061  0.289x0.038  0.295£0.027  0.281+£0.024  0.271+0.033
Heart{g) 0.561+£0.653  0.550+0.048  0.523+0.048  0.523+0.030  0.587:+0.067  0.560+0.021  0.601+0.058  0.568z0.020
Lung(g) 05410022 0.541:0.018  0.587+0.032  0.59520.030  0.638+0.025  0.719:0.051  0.600+0.031  0.630:0.024
Liver(g) 3.955+0.177  4.04410207  4.11920.148  3.874£0.102  4.235x0.280  4.286:0.124  4.153£0.227  4.238:0.141
Spleen{g) 0.221+0.026  0.219£0.027 0.224+0.013 0.227+0.023 0.293+0.028 0.288+0.012 0.262+£0.016 0.292+0.019
Kidneys left  0.623+0.029  0.661+0.044 0.68620.045 0.660+0.070 0.606+0.022 0.616:0.034 0.607+0.051 0.6050.069
(8) right 0.675£0.034  0.639+0.060 0.698+0.052 0.684+0.019 0.629+0.031 0.643+0.058 0.639+0.046 0.647+0.031
Adrenals  left  0.01220.001  0.010£0.001  0.017:0.012  0.014£0.005  0.017x0.002  0.018£0.003  0.016£0.004  0.018x0.003
() right  0.010£0.003  0.009+0.001 0.024£0.037 0.012+0.005 0.014+0.002 0.018+0.002 0.011+0.003 0.016+0.002
left  0.342:0.052  0.414x0.020 0.41620.030 0.375+0.035 - - - -
Testes(g) | _
right 0.344£0.053  0.40340.013 0.43420.011 0.387+0.040 - - i
Epididymides left  0.162+0.063  0.131£0.019  0.162:0.041  0.127+0.017 - -
() right 0.126:0.013  0.140£0.028  0.161£0.032  0.124+0.015 -
Prostate(g) 0.089+£0.015  0.090+0.009  0.127+0.021  0.094£0.027 - - -
) left - - - 0.006+0.002  0.009£0.004  0.006:+0.002  0.013+0.004
Ovaries(g) |
right - - - - 0.013£0.005  0.009£0.005  0.012+0.004  0.01320.003
Uterus{g) - - 0.277+0.079 0.380+0.140 0.263x0.079 0.335+0.120

Values are presented as means + S.D. for 5 mice
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Table 6. Blood biochemistry of mice(n=>5) orally administered with organic-germanium lettuce powder or its vehicle

Sex Male Female
Groups DW Lettuce Lettuce-GeQ; Lettuce-Geis DW Lettuce Lettuce-GeO, Lettuce-Ges
GPT(U/]) 64.6+29.4 70.4+21.6 35.6£2.3 29.6+3.0* 41.2£9.8 42.6+6.0 78.6+54.5 57.2+11.4
GOT(U/]) 192.6+60.0 203+63.2 117.8+35.7 91.8+8.8% 126.6x42.1 136.2£36.0 280.4+175.0 177.8+39.7
ALPU/]) 251.8+38.6 257.6+28.0 267.2£20.2 305.8+40.4 323.4+255 342.4%33.9 250£54.7 302.2+36.8
CKMB(U /1) 300.0+£0.0 300.0+£0.0 274.4+57.2 300.0+£0.0 269.0+69.3 278.4+48.3 300.0£0.0 300.0+0.0
GLU(mg/dl) 161.4+29.1 168+37.6 153.8+29.2 150.2+23.3 159.8+55.5 128.6£25.9 151+28.7 131+11.8
BUN(mg/dl) 29.78+6.5 30.7+6.4 24.76+2.7 24.68+2.4 28.14£11.8 26.42+3.3 26.92+2.9 24.6+8.8
CRE(mg/dl) 0.28+0.00 0.30+0.00 0.2620.06 0.24+0.06 0.22£0.05 0.24+0.06 0.2620.11 0.24+0.06
TBIL(mg/dl) 0.46+0.18 0.48+0.13 0.28£0.05 0.26+0.06 0.2620.06 0.30+0.00 0.74+0.48 0.44+0.09
TCHO(mg/dl) 83.6+15.6 84.8+7.7 84.4+5.60 92.8+6.8 81.2+16.2 78.4+9.7 77+6.1 82.8+6.0
TG(mg/dl) 63.8+10.2 59.2+15.4 66.6+13.7 52.2+6.4 59+13.0 73.69.7 82.4+12.8 81.2+7.8
TP(g/dl) 4.62+0.40 4.52+0.36 4.72+0.13 4.84+0.09 4.68+0.19 4.54+0.25 6.1242.73 4.72+0.16
ALB(g/dl) 250+0.29 2.30+0.16 2.46+0.15 2.50+0.07 2.50+0.16 2.54+0.13 2.68+0.13 2.62+0.13
GGT(U/}) 2.6£0.6 22+1.1 2.4+1.1 2.8+0.5 3.0+1.0 2.6+0.9 44445 2.2+0.8
LDH(U /1) 586.0£269.9 539.6+159.9 265.2+16.7* 246.2+36.3% 299.0+£96.1 294.0+66.4 626.8+219.7  483.0£148.2
[P(mg/dl} 9.84+1.10 8.88+0.67 7.88+1.34 7.54+0.65 7.62+0.82 6.62+1.60 10.10£2.94 6.5423.07
Ca(mg/dl) 9.98+0.29 9.22+1.13 9.6020.14 9.78+0.11 9.46+0.30 9.56+0.45 9.42+0.48 9.42+0.37
Na(mEq//) 150.0+3.1 146.0£0.7 149.8+1.6 146.2+1.3 149.421.5 145.4+1.3 149.0£1.2 146.6+1.1
K(mEq/!) 5.30+0.44 5.44+0.72 4262021 4.08+0.37 4.10+0.45 4.72+0.48 5.54+0.86 5.36+0.39
Cl(mEq/{) 112.622.1 111.6£1.8 113.422.1 109+1.6 112.2+1.9 110.2+15 113.8£1.3 110.4£2.0

Values are presented as means = S.D. for 5 mice
* Significant difference from male vehicle control group (P<0.05)

Table 7. Hematology of mice(n=5) orally administered with organic-germanium lettuce powder or its vehicle

Sex Male Female
Groups DW Lettuce Lettuce-GeO; Lettuce-Geysn DW Lettuce Lettuce-GeQ, Lettuce-Gein
RBC(M/ 1)) 9337+1.093  10.3012£1.313  8.725+3.854 10.043+1.483 10.110+0.760 9.700+0.903  8214+3.07C  8.990+2.642
Hb(g/dI) 13.780+1.786  14.290+1.059 12.500+3.375 15.460+0.470 13.760+0.688 14.120+1.375 11.080+4.600 13.320+4.282
HCT(%) 39.460+4.684 43.570+5326 40.230+11.801 41.940+6.338 43.520+3.176 41.440+4.110 39.560+13.936 38.920+10.833
MCV({f) 422600350 42.320+0.957 42.610+1.574 39.150+8.608 43.080+1.033 42.72020.798 49.000+3.062 43.460+0.789
irﬁfi‘cces H(pg) 14.760£1.492 13.970£0.980 13.140+1.444 15.690+2.243 16.660+1.218 14.580+0.766 13.040+1.511  14.720+2.452
MCHC(g/dl) 34.960£3.508 33.010+2.190 30.890+3.771 37.570+5.378 31.780+2.893 34.120£2.090 26.860+4.361 33.900£5.863
PLT(K/ 1f) 1300.0£204.9 1436.1121.7 1421.2+449.8 1778.0+220.1 923.4+398.6  829.6+181.7  969.0+233.1  749.0£290.9
WBC(K/ 1)) 11532+4.276  7.804+2.768  8.700+3.698 10.394+2.055 10.228+4.555 11.936+2.217 14.368+6.751 7.488+2.339
NE(%) 15.076£3.532  16.042+4.494 12.338+3.681 12.179+2.728 16.192+3.909 15.832+4.512 11.526+4.750 13.11422.848
WBC LY(%) 81.591£3.833 79.7556.318 82.328+4.290 84.251+3.152 77.756+6.055 80.56415.222 81.578+7.266 81.518+4.576
differential  MO(%) 2.648+0715  2.719£0.728  2.817x0.801  2.861+0.576  4.556+2.129  2.680£0.725  3.546+1.189  3.99421.234
count(®)  porr) 05190561  1.108:1.459 11191514  0553:0532  1.270s0.615 070420479  2.404x1.460  1.002£1.613
BA(%) 0.165£0.194  0.380£0.477  0.498+0.631  0.152+0.208  0.232:0.201  0.220£0.174  0.946+0.600  0.372£0.662
Values are presented as means = S.D. for 5 mice
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Table 8. The effects of LPS and Con A on the proliferation of female and male mice spleen cells

Groups DW LPS{10ug /ml) Con A(1pg/ml)
F DW 10 3.145:0.598 2.693+0.326
e
m Lettuce 1.0 3.310z0.675 2.468+0.273
el‘ Lettuce-GeO, 1.0 2.688+0.396 2.338+0.284
e Lettuce-Geis 1.0 2.764+0.426 2.501+0.336
M DwW 1.0 2.597£0.517 2.659+0.264
é Lettuce 1.0 2.392+0.633 2.428+0.257
1 Lettuce-GeO; 1.0 2.874+0.391 2.964+0.245
¢ Lettuce-Geys; 1.0 2.081+0.231 2.345+0.111

The spleen cells(5x10” cells/well) of female and male mice following single administration on Day 0 with 2,000 mg/kg
lettuce(2), lettuce-GeO,(3), lettuce-Gen(4) of organic-germanium lettuce powder, or its vehicle(l) were stimulated LPS(10

ug/ml) or Con A(1ug/mi) for 48 hours.

Table 9. Expression of various suface marker on the spleen cells

Male Female
Groups -
CD19(%) CD4(%) CD8(%}) CD19(%) CD4(%) CD8(%}
DW 51.0+2.1 23.9+1.1 14.7+2.0 49.9+1.6 25.7+0.7 14.5+1.2
Lettuce 50.7+4.0 25.1+1.7 15.8+1.8 54.3+3.8 232+14 13.2+1.0
Lettuce-GeO: 50.8+1.1 244+14 15.5+0.4 55.7+2.6 23.0+2.1 14.8+0.8
Lettuce-Geiz 51.7+1.8 23.3x2.0 14.2+1.3 50.9+2.6 23.3+1.1 14.8+1.6

Surface expression of CDD19, CD4, CD8 of spleen cells were analyzed by one colour flow cytometry. Numbers represent

the percentage of single positive cells.
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