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Subacute Toxicity of G009, a Polysaccharide Isolated from
Ganoderma lucidum 1Y009

Kyung Won Seo’, Il Sang Cho*, Mi Hyunge Oh, Kyung Min Lee and Hyo Jung Kim
Department of Toxicology, Korea Food and Drug Administration,
5 Nokbundong, Eunpyungku, Seoul 122-020
*Center Research Laboratory, Il Yang Pharmaceutical Compony, Ltd., Yong-In 449-900, Korea

ABSTRACT —1It has been reported that G009, polysaccharide isolated from Ganoderma lu-
cidum IY009 has various pharmacological effects, such as antiinflamatory, antiviral, an-
ticarcinogenic and immunomodulation effects. The purpose of this study was to determine the
subacute toxicity of orally administered G009 in Sprague-Dawley rats. Groups of 40 male and 40
female rats were gavaged with 0, 500, 1,000 or 2,000 mg/kg/day for 30 days. No drug-related
deaths and clinical morbidities were resulted. There was no drug-related effect on the body
weight gain, food consumption and water consumption. Statistically significant changes were ob-
served in several hematological and biochemical parameters of G009-treated groups; however,
most of these changes were within normal range and had no relationship to dosage. Urinalysis
and bone marrow biopsy showed no remarkable changes in all treated groups. Gross necropsy
and histopathology revealed no evidence of specific toxicity related to G009. Our data indicate
that no-observed effect level of G009 is estimated to be above 2,000 mg/kg/day in rats.
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Table 1. Mortality of male and female rats administered with G009 for 30 days*®

S Dose 0 1 2 7 15
ex
(mg/kg) (Days)
0 0/12 0/12 0/12 0/12 0/12
Male 500 0/12 0/12 0/12 0/12 0/12
1,000 0/12 0/12 0/12 1/12 1/11
2,000 0/12 0/12 0/12 0/12 0/12
0 0/12 0/12 0/12 0/12 0/12
500 0/12 0/12 0/12 0/12 0/12
Female
1,000 0/12 0/12 0/12 0/12 0/12
2,000 0/12 0/12 0/12 0/12 0/12
Dose 22 24 26 27 e 30 end mortality
Sex
(mg/kg) (Days)
0 0/12 0/12 0/12 0/12 0/12 TS* 0/12
Male 500 0/12 0/12 0/12 1/12 0/11 TS 1/12
1,000 0/10 0/10 0/10 1/10 0/9 TS 3/12
2,000 0/12 0/12 0/12 1/12 0/11 TS 1/12
0 0/12 0/12 0/12 1/12 0/11 TS 1/12
500 1/12 0/11 0/11 0/11 0/11 TS 1/12
Female
1,000 0/12 0/12 0/12 1/12 0/11 TS 1712
2,000 1/12 1/11 1/10 0/9 0/9 TS 3/12

* Rats were administered orally with G009 once a day for 30 days.

* Values are expressed as the numbers of dead animals/total numbers of animals.

TS : terminal sacrifice
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Table 2. Clinical signs in male and female rats ad-
ministered with G009 for 30 days"

Sex Dose Clinical 0 1 2 3 - 30
(mg/kg) signs (Days)
0 NAD® - - - - -
Male 500 NAD - - - - -
1,000 NAD - - - - -
2,000 NAD - - - - -
0 NAD - - - - -
500 NAD - - - - -
Female
1,000 NAD - - - - -
2,000 NAD - - - - -
‘Rats were administered orally with G009 once a day for 30
days.
"NAD, - : no abnormality detected
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Table 7. Serum biochemical indices in male and female rats administered with G009 for 30 days™’

Dose(mg/kg) 0 500 1000 2000
Sex Male
ALT (U/) 440 +115 400+ 75 33.0+ 5.6 39.0+15.0
AST (U/) 119.0 £24.6 117.0+17.1 119.0+38.0 121.0+£55.7
ALP (U/)) 194.0 +40.8 240.0+96.4 217.0+42.7 201.0x£47.1
Cholesterol (mg/d/) 85.0 + 95 96.0+13.1* 86.0+10.4 71.0+ 8.4*
Triglyceride (mg/d/) 115.0 £36.2 67.1+21.6* 68.0+13.6* 81.0+25.5*
Glucose (mg/dl) 128.0 +£18.7 122.0+14.5 134.0+25.7 125.0+27.5
Creatinine (mg/d/) 0.8 £ 0.07 0.8+ 0.14 0.8+ 0.12 0.8+ 0.04
BUN (mg/d)) 160 £ 1.7 140+ 1.9 150+ 1.1 15.0+ 2.8
Albumine (g/d]) 38 + 022 4.0+ 0.14* 39+ 027 3.8+ 0.14
T. Protein (g/d/) 6.9 + 0.38 7.4+ 0.52* 7.4+ 0.35* 6.8+ 033
Sodium (mmol/l) 1635 £ 7.9 156.8+ 7.0* 150.3+ 4.4* 149.8+ 3.8*
Potassium (mmol//) 728+ 0.8 6.9+ 0.3 72+ 038 7.4+ 0.6
Calcium (mmol/l) 91 + 0.7 10.9+ 2.8* 11.6+ 2.4* 9.6+ 1.0
Chloride (mmol/) 1090 + 2.1 110.0+ 3.6 113.0+ 1.6* 112.0+ 2.4*
PT (sec) 143 + 09 145+ 0.3 145+ 03 15.0+ 0.9
APTT (sec) 235 + 39 244+ 15 219+ 3.1 215+ 43
Dose(mg/kg) 0 500 1000 2000
Sex Female
ALT (U/l) 340 + 6.1 29.0+ 43 290+ 6.0 33.0+ 59
AST (U/]) 125.0 £40.3 107.0+16.1 96.0+12.8* 103.0+10.4
ALP (U/l 130.0 +£43.6 129.0+29.2 139.0+49.4 126.0+23.7
Cholesterol (mg/d/) 100.0 £15.0 92.0+21.0 88.0+15.5 92.0+189
Triglyceride (mg/d/) 59.0 +14.1 59.0+20.2 60.0+20.5 68.0+18.6
Glucose (mg/d/) 109.0 £10.0 118.0+22.8 124.0+36.8 113.0+25.5
Creatinine (mg/d/) 09 + 0.08 0.9+ 0.10 0.9+ 0.08 0.8+ 0.05
BUN (mg/dl) 160 + 1.3 19.0+ 2.9 17.0+ 3.0 16.0+ 3.5
Albumine (g/dl) 43 + 034 42+ 0.36 45+ 025 44+ 025
T. Protein (g/d/) 7.7 + 043 7.2+ 0.44* 7.4+ 0.25 7.5+ 038
Sodium (mmol/}) 147.1 + 8.0 140.7+ 4.6 1439+ 59 146.8+ 5.6
Potassium (mmol/) 7.12+ 0.7 82+ 15 7.5+ 0.8 74+ 08
Calcium (mmol//) 93 + 0.6 8.4+ 0.7* 8.6+ 0.5* 8.1+ 0.4*
Chloride (mmol/l) 111.0 + 19 111.0£ 2.2 111.0+ 3.2 111.0x 24
PT (sec) 154 + 0.8 15.04+ 05 14.3+ 0.5* 14.6+ 0.3*
APTT (sec) 19.7 £ 22 19.1+2.9 204+ 21 21.0+ 19

* Rats were administered orally with GO09 once a day for 30 days.
® Values are expressed as means + S.D. for nine to twelve rats.
* Significantly different from the control at p < 0.05
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Table 8. Urinalysis in male and female rats administered with G009 for 30 days"’

Sex Male Female
Dose(mg/kg) 0 500 1,000 2,000 0 500 1,000 2,000
No. of animals 12 9 9 11 9 9 11 8
Specific gravity <1.005 0 0 0 0 0 1 0 0
1.010 0 0 2 1 0 1 2 2
1.015 1 0 0 2 1 2 0 0
1.020 2 1 2 1 2 4 3 2
1.025 4 4 4 2 3 1 6 4
>1.030 5 4 1 5 3 0 0 0
pH 6.0~7.0 0 1 0 1 3 3 3 2
~8.0 7 2 6 3 2 5 3 4
~9.0 5 6 3 7 4 1 5 2
Protein - 0 0 0 0 1 2 1 0
+/1 0 1 0 0 0 2 3 0
+ 0 0 0 0 0 0 0 0
30 mg/d! 0 0 2 3 4 1 4 4
100 mg/di 8 7 4 6 3 4 3 2
>300 mg/d! 4 1 3 2 1 0 0 2
Glucose - 12 9 8 11 9 9 11 8
0.1 g/dl 0 0 1 0 0 0 0 0
>0.25 g/di 0 0 0 0 0 0 0 0
Ketone 0 0 0 0 4 5 5 5
+/- S 5 3 5 5 4 6 3
+ 7 4 5 6 0 0 0 0
++ 0 0 1 0 0 0 0 0
Bilirubin - 3 5 3 6 6 6 7 4
+ 9 4 6 5 3 3 4 4
++ 0 0 0 0 0 0 0 0
Occult blood - 12 9 9 11 9 7 11 8
+/- 0 0 0 0 0 0 0 0
+ 0 0 0 0 0 2 0 0
++ 0 0 0 0 0 0 0 0
Nitrite - 12 7 8 11 7 9 10 9
+ 0 2 1 0 2 0 1 0
Urobilinogen 0.1 EU/! 12 3 3 3 1 6 4 6
1.0 EU/dI 0 6 6 8 8 3 7 3
>2.0 EU/d! 0 0 0 0 0 0 0 0
* Rats were administered orally with G009 once a day for 30 days.
® Values are expressed as the numbers of aninals under grade.
23 A HngFoA dde Fga ARG of AR, DA FSAH0F AFE LA0] 180N B
4R =& olulg g el e Astart ¢ 18elA B ZAE A Age AL, S w2 AA A%
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Table 9. Gross findings in male and female rats administered with G009 for 30 days*®

Sex Male Female

Dose(mg/kg) (No. animals)  0(12) 500(11) 1000(9)  2000(11) 0(11) 500(11) 1000(11)  2000(9)
Thyroid gland

NGF 12(100) 11(100) 9(100) 11(100) 11(100) 11(100) 11(100) 9(100)
Brain

NGF 12(100) 11(100) 9(100) 11(100) 11(100) 11(100) 11(100) 9(100)
Heart

NGF 12(100) 11(100) 9(100) 11(100) 11(100) 11(100) 11(100) 9(100)
Liver

NGF 12(100) 11(100) 9(100) 11(100) 11(100) 11(100) 11(100) 9(100)
Kidney

NGF 12(100) 11(100) 9(100) 11(100) 8(73) 11(100) 11(100) 9(100)

Hydronephrosis 2(18) 0 0 0

Dimpling of cortex 1(9) 0 0 0
Lung

NGF 12(100) 11(100) 9(100) 11(100) 11(100) 11(100) 11(100) 8(89)

Pneumonic consolidation 0 0 1(11)
Spleen

NGF 12(100) 11(100) 9(100) 11(100) 11(100) 11(100) 11(100) 9(100)
Adrenal gland

NGF 12(100) 11(100) 9(100) 11(100) 11(100) 11(100) 11(100) 9(100)
Testes (Ovary)

NGF 12(100) 11(100) 9(100) 10(91) 11(100) 11(100) 11(100) 9(100)

Atrophy 0 0 0 1(9)
Thymus

NGF 12(100) 11(100) 9(100) 11(100) 11(100) 11(100) 11(100) 9(100)

* Rats were administered orally with G009 once a day for 30 days.

b . .
Values are expressed as animal numbers (the percentage of animal numbers).

“ NGF : no gross findings
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Table 10. Absolute and relative organ weights in male and female rats administered with G009 for 30 days™

Dose(mg/kg) 0 500 1000 2000 0 500 1000 2000

Sex Male Female

Adrenal(L)  0.0314-0.007 0.030+0.006 00340007 0034000 00370009 0.041% 0.008 0.035+0.006 0.039+0.010

Rel.wt’ 0.008+0.002 0.008+0.002 0.009+0.002 0.009+0.00 0.035+0.008 001710004 0014+0.003 0.016+0.004
Adrenal(R)  0.029+0.009 0.029+0.004 0.032+0.005 0.030+0.00 0.0160.004 0.033+0.007 0.035+0.006 0.034+0.010
Rel.wt 0.007-£0.002 0.008£0.001 0.008+0.001 0.008+£0.00 0.015+£0.004 0.014+0.003 0.014+0.003 0.014+0.004
Adrenal(T)  0.059+0.013 0.059%+0.007 0.065:0.010 0.064+001 0072+ 0.015 0074+0.014 0.070+0.010 0.074+0.018
Rel.wt 0.015+0.003 0.015+0.002 0.017+0.002 0.017+£0.00 0.031+0.007 0.031£0.006 0.028%0.005 0.030+0.006
Thyroid 0.036+0.017 0.028+0012 0.032+0.008 0.034:+0.02 00260009 0.021£0.007 0.024+0.007 0.025+0.009
Rel.wt 0.009+0.004 0.007+0.003 0.008+0.002 0.009+0.00 0.011+0.004 0.009+0.003 0010+0.002 0.011+0.004
Brain 222+0.10 2.17+0.06 2.14x0.14 2.20+0.13 2.00+0.08 2.06+0.08 2.09+0.10 2.06+0.07
Rel.wt 0.57+0.04 0.57+0.03 0.54+0.03 057+0.04  0.85+0.05 0.87+0.05 0.85+0.05 08 5+0.07
Heart 1.39+0.16 1.40+0.20 1.38+0.19 1.38+0.16 1.01+0.34 0.84+0.07 0.88+0.07 093+0.13
Rel.wt 0.36+0.04 0.36+0.04 0.35+0.03 0.35+0.03 0.43+0.15 0.35+0.03 0.36+0.02 0.38+0.03
Liver 11.46+1.08 11.04+1.14 1163+151 11.23+116 6.98+059 7.03+091 7.541+0.52 6.96+0.52
Rel.wt 295+0.17 2.87+0.20 2.94+0.27 2.87+0.20 295+0.21 295+0.22 3.05+0.20 2.87+0.16
Kidney(L) 1.59+0.22 1.54+0.15 1.58+0.17 1.59+0.20 0.89+0.08 0.95+0.10 0.98+0.11 0.96+0.09
Rel.wt 0.41+0.05 0.40+0.03 0.40+0.03 0.41+0.04 0.38+0.04 0.40+0.03 0.39+0.03 0.40+0.04
Kidney(R) 1.59+0.23 1.55+0.10 1.57+0.17 1.70+0.36 0.95+0.09 0.98+0.08 0.99+0.09 0.98+0.09
Rel.wt 0.41+0.05 0.40+0.02 0.401+0.03 0.44+0.10 0.40+0.04 0.41+0.03 (.40+0.03 0.40+0.03
Kidney(T) 3.18+045 3.08+0.25 3.15+033 3.29+0.47 1.84+0.16 193+0.17 1.96+0.20 1.93+0.18
Rel.wt 0.82+0.10 0.80+0.05 0.80+0.06 0.84+0.12  0.78+0.07 0.81+0.06 0.79+0.06 0.80+0.07
Lung 1.90+0.18 1.78+0.17 1.76+0.23 1.85+0.24 1.44+0.18 1.59+0.35 1.454:0.15 1.44+0.17
Rel.wt 0.49+0.05 0.461-0.04 0.45+0.05 0.47+0.05 0.61+0.06 0.67+0.16 0.58+0.06 0.60+0.07
Spleen 0.95+0.17 0.89+0.12 0.90+1.52 0.86+0.13 0.58+0.08 0.56+0.09 0.59+0.07 0.55+0.05
Rel.wt 0.24+0.04 0.23+0.03 0.231+0.03 0.22+0.04 0.25+0.03 0.24+0.03 0.24+0.02 0.23+0.02
Testis/Ov.(L) 1.68+0.13 1.62+0.10 1.65+0.11 155+033  006+0.012 0.053+0012 0.062+0.015 0.0551+0.007
Rel.wt 0.44-+0.04 0.42+0.03 0421+0.04 040+0.09 0.025+0.005 0.022+0.004 0.025+0.006 0.023+0.003
Testis/Ov.(R) 1.66+0.13 1.62+0.10 1.56+0.19 1534031 0.061+0.018 0.061+0.017 0.064+0.016 0.062+0.009
Rel.wt 0.43+0.04 0.42+0.03 0.40+0.05 0.40+0.09 0.026+0.007 0.026+0.007 0.026+0.006 0.026+0.004
Testis/Ov.(T) 3.34+0.25 3.23+0.20 3221025 3.07+0.64 0121003 0.11+0.03 0.13+0.03 0.12+0.01
Rel.wt 0.86+0.09 0.84+0.06 0.82+0.07 0.80+0.18 0.05+0.01 0.05+0.01 0.05+0.01 0.05+0.01
Thymus 0.73+0.12  0.72:0.11 0.79+0.17  0.63+0.15 0.58+0.12 0.58+0.13 0.52+0.09 0.50+0.09
Rel.wt 0.19+0.03 0.19+0.03 0.20+0.04 0.16+0.04  0.2410.05 0.24+0.06 0.21+0.04 0.21+0.04

* Rats were administered orally with G009 once a day for 30 days.
® Values(unit: g) are expressed as means = S.D. for nine to twelve rats.

‘Rel. wt : Relative organ weights were expressed as the percentage of organ weights to body weights.
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Table 11. Incidence of histopathological findings in male and female rats administered with G009 for 30 days*®

Sex Male Female
Dose(mg/kg) 0 2,000 0 2,000

Number of animals 12 11 11 9
Thyroid gland

Normal 12 1 11 9
Brain

Normal 12 11 11 9
Heart

Spontaneous myopathy 1(8) 0 1(9) 0

Mineralization 1(8) 1(9) 0 0
Liver

Microgranuloma 0 1(9) 2(18) 1(11)

Clear cell foci 0 0 0 2(22)
Kidney

Interstitial nephritis 2(17) 5(45) 4(36) 1(11)

Tubular mineralization 0 6(66) 0 0

Hydronephrosis 0 0 2(18) 0
Lung

Interstitial pneumonia 2(17) 0 4(36) 4(44)
Thymus

Normal 12 11 11 9
Spleen

Normal 12 11 11 9
Adrenal gland

Normal 12 11 11 9
Testis

Bilatral atrophy 0 1(9) 0 9

* Rats were administered orally with G009 once a day for 30 days.
® Values are expressed as animal numbers (the percentage of animal numbers).
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