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Table 1
gpt mutant and mutation frequencies in livers

. Mutation
Total 6TG" Average of gpt
Treatment Population Mutants Fr(equ%gé;cy Mutation Frgequeil():y +S.D.
DMBDD- 0 444,000 3 6.76
473,750 5 10.55
931,000 3 3.22
411,500 2 4.86
495,000 2 4.04
= 797,000 6 7.53 6.0+4.2

0.01% 1Q 521000 16 30.71
438000 12 27.40
830000 24 28.92
558000 26 46.59
283000 18 63.60

718000 35 48.75 41.0+ 14.4%
2% Kojic acid 49 g0 5 7.47
455,000 2 4.40
642,000 5 7.79
525,000 5 9.52
868,000 6 6.91

452,000 2 4.42 6.2+ 24

*:Significantly different from non-treatment group



Table2
gpt mutation spectra in livers

Type of mutation Treatment
Non-treatment 0.01% IQ 2% Kojic acid
DMBDD- Base substitution
Transition
G:Cto A:T 5 (279 )? 8 (73 )° 8 ( 40.0 )
25 £ 32 °° 20 £ 1 ° 24 £ 09"
A:Tto G:C 1 ( 6.6 ) 3 (27 ) 3 ( 10.0 )
04 £ 0S5 1.2 £ 04 0.6 + 0.8
Transversion
G:Cto T:A 8 ( 393) 62 ( 564 ) 10 ( 21.7 )
23 = 14 229 + 8.1 1.5 + 0.8
= G:C to C:G 1 ( 47 ) 3 ( 27 ) 1 ( 33 )
03 £ 07 1.1 £ 04 02 + 0.3
A:Tto T:A 2 ( 33 ) 25 (227 ) 1 ( 33 )
0.1 £ 03 93 + 33 02 =+ 0.3
A:Tto C:G 0 «C 0 ) 1 ( 09 ) 0 ( )
0 04 + 0.1 0 =
deletion
Single bp 2 ( 115 ) 4 ( 36 ) 4 ( 16.7 )
1.0 = 0.8 15 £ 05 1.1 + 1.3
Over 2bp 0 ¢« 0 ) 2 ( 1.8 ) 0 ¢ 0 )
0 % 0 07 £ 03 0
Insersion 2 ( 96 ) 2 ( 1.8 ) 1 ( 33 )
06 £ 05 07 £ 03 03 =+ 0.4
Total 21( 100 ) 110 ( 100 ) 25 ( 100 )
6.0 £ 42 41 = 144 62 + 24

Number of mutations (%)

® Mutation frequency (x10°)



Table 3

Spi- mutant frequencies in livers

Mutant

Treatment Pog(:fgltion Mslf‘;nts Fr(equlz)g(ir;cy MutantAgfs(?E(ear?é +S.D.

DMBDD- Non- treatment 304,000 3 9.87
384,000 2 5.21
245,000 2 8.16
381,000 1 2.62
286,000 3 10.49

395,000 2 5.06 6.9+ 2.6

-~
(g
0.01% IQ 281,000 8 28 47
481,000 21 47.82
501,500 14 27.92
661,000 18 37.82
590,500 26 49.11
877,000 17 21.66 35.5+ 11.3"

2% Kojic acid 433,000 2 4.62
425,000 4 9.41
434,000 6 13.82
413,000 1 2.42
677,000 4 5.91

533,000 1 1.88 6.3+3.5

*:Significantly different from control group.



Table 4

gpt mutation frequency in mouse livers

CmR colonies

Independent

gpt MF

Treatment Mouse number (x 105) gt mutation (x 10°6) Mean + SD
11 7.80 3 3.85
12 7.08 4 5.65
13 7.29 3 4.12

Control 54+£2.8
14 6.27 6 9.57
15 5.64 1 1.77
16 5.40 4 7.41
B 21 9.60 2 2.08

22 5.52 1 1.81

0

2% Dammar 23 7.48 ) 2.67 3.0+ 1.2
resin

24 5.10 2 3.92
26 10.96 5 4.56
31 6.51 14 21.51
32 5.13 19 37.04
33 6.99 22 31.47 )

0.03% IQ 325+ 11.1°
34 6.99 17 24.32
35 6.36 18 28.30
36 5.16 27 52.33

*p <0.01 versus the control group



44

Table 5
Classification of gpt mutations in gpt delta mouse livers

Control 2% Dammar resin 0.03% IQ
Type g
};su:a(;i’;pt Number (%) Mutant . Number (%) Mutant . Number (%) Mutant )
frequency (x 10°6) frequency (x 10°%) frequency (x 10°%)
Base
substitution
Transition
G:CtoA:T 3(14.3) 0.71 £0.79 5(41.7) 1.18+1.19 8 (6.8) 2.25+1.80
A:Tto G:C 2(9.5) 0.49 £0.77 1(8.3) 0.39+0.88 3(2.6) 0.76 £ 1.30
Transversion
G:Cto T:A 5(23.8) 1.25+1.07 3 (25) 0.68£0.97 81(69.2) 22.56 +7.17"
G:Cto C:G 1(4.8) 0.24 £ 0.58 0 0+£0 7(6) 1.92+£2.53
A:Tto T:A 0 0+0 0 0£0 2(1.7) 0.65+1.59
A:Tto C:G 2 (9.5) 0.57+0.89 0 0+0 1(0.9) 0.26 £ 0.64
Deletion
Single bp 2 (9.5) 0.45+0.70 0 0+£0 6(5.1) 1.65+1.83
Over 2bp 1(4.8) 0.31+0.76 0 0+0 2(1.7) 0.49+0.77
Insertion 5(23.8) 1.36 +£1.70 2(16.7) 0.57+0.87 6(5.1) 1.63+1.59
Others 0 0+0 1(8.3) 0.18+0.41 1(0.9) 032+0.79
Total 21 (100) 539+2.78 12 (100) 3.001+1.19 117 (100) 3249+ 11.14"

*p <0.01 versus the control group



Table 6

Spi~ mutant frequency in mouse livers

Mous Plaques within Plague withi Mutant
Treatment nur(iﬁ)eer XL-1 Blue MRA WC]{% SV& 2;11 frequency Mean + SD

(x 10%) (x 10%)
11 13.06 6 4.59
12 10.22 7 6.85
13 7 6.23

Control 1.24 62+1.1
14 10.58 8 7.56
15 10.92 6 5.49
W
o1 16 24.39 16 6.56
21 15.96 4 2.51
22 13.72 13 9.48
2% 23 6 4.16 59+3.0
Dammar resin 14.44 ‘ ' '

24 10.38 9 8.67
26 10.18 5 491

31 10.16 15 14.76

32 12.24 20 16.34

0 33 49 34.36

0.03% 14.26 017+ 10.4°

1Q 34 14.12 29 20.54
35 21.68 21 9.69

36 11.04 38 34.42

*p <0.01 versus the control group
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@ Animals : 6-week-old, 45 male gpt delta rats (F344 background)
@ Test chemical : Dammar in the diet

€ Basal diet : MF

@ Treatment

@ DEN: 100 mg/kg body weight, i.p., single dose, at day 0.

MNU: 20 mg/kg body weight, i.p., 4 times, during weeks 1 and 2.
{71 BBN: 0.05% in the drinking water, during weeks 1 and 2.

V DMH: 40 mg/kg body weight, s.c., 4 times, during weeks 3 and 4.
[ ] DHPN:0.1% in the drinking water, during weeks 3 and 4.
{J : Sacrifice

Fig.l Experimental Design
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Fig.2 ACF and MDF (Alcian blue stainin
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Table 1. ACF and MDF in the colon

Dammar

resin (%) No. of rats Total No. of ACF/colon No. of ACF containing of more than four Acs
0 14 171.07 =+ 48.70 69.36 =+ 20.60
0.03 15 18527 =+ 47.74 7473 £  24.79
2 15 187.07 =+ 67.06 7447 =+ 26.34
Zz?glr?;r) No. of rats Total No. of MDF/colon No. of MDF containing of more than four Acs
4]
0 14 33.00 *x 9.66 543 =+ 1.55
0.03 15 30.53 *x 9.68 587 £ 2.56
2 15 34.00 %= 6.80 567 =+ 1.88

ACEF: aberrant crypt foci
MDF: mucin-depleted foci

Acs: aberrant crypts
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Table 2. Summary of Preneoplastic or Neoplastic Lesions-1

Group No. 1 2 3
Dammar resin (%) 0 0.03 2

Organs and Findings No. of rats 14 15 15
Pituitary

Adenoma, pars distalis 0 1 0
Thyroid

Hyperplasia, C-cell 1 0 0

Hyperplasia, follicular cell 12 15 14

Adenoma, follicular cell 12 13 10

Carcinoma, follicular cell 8 8
Nasal cavity

Hyperplasia, olfactory epithelium 6 9 10

Hyperplasia, respiratory epithelium 1 0 0

Adenoma, septal gland 1 0 0

Adnoma, respiratory epithelium 1 0 2

Olfactory neuroblastoma 3 7 2
Lung/bronchial

Hyperplasia, bronchiolo-alveolar 14 15 15

Adenoma, bronchiolo-alveolar 8 9 6

Adenocarcinoma, bronchiolo-alveolar 2 1 0

Carcinoma, adenosquamous 0 1 0

Carcinoma, squamous cell 1 0 0
Tongue

Hyperplasia, squamous cell I 0 0
Esophagus

Hyperplasia, squamous cell 9 4 * 3*
Jejunum

Adenoma 0 1 0

* : Significantly different from control group at P<0.05.
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Table 2. Summary of Preneoplastic or Neoplastic Lesions-2

Group No. 1 2 3
Dammar resin (%) 0 0.03 2

Organs and Findings No. of rats 14 15 15
Colon

Focal atypical hyperplasia 2 1 1

Hyperplasia 0 1 0

Reactive hyperplasia 1 0 0

Adenocarcinoma 2 1 0

Mucinous adnocarcinoma 2 1 1
Liver

Foci (area) of cellular alteration 13 15 14

Carcinoma, hepatocellular 0 0 1
Kidney

Atypical hyperplasa, tubule cell 12 15 11

Hyperplasia, transitional cell 0 0 1

Adenoma, tubule cell 8 7 4

Carcinoma, transitional cell 1 1 1

Carcinoma, tubule cell 2 3 1

Nephroblastoma 5 5 0
Urinary bladder

P/N hyerplasia,transitonal cell 5 7

Simple hyperplasia, transitional cell 13 14 13

Papilloma, transitional cell 7 7

Carcinoma, transitional cell 2 0 0
Prostate

Fibrosarcoma 0 1 0
Prep./ Clit. gland [l]a

Adenoma 1
Mammary gland

Adenoma 0 1 0

a : Numbers in square bracket are for animals examined microscopically.

* . Significantly different from control group at P<0.05.
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Table 3. Summary of Congenital or Non-neoplastic Lesions

Group No. 1 2 3
Dammar resin (%) 0 0.03 2
Organ and Findings No. of rats 14 15 15
Parathyroid
Multinucleated syncytial giant cells/(2)a 1 0 0
Adrenal
Cyst/(1)a 0 0 1
Nasal cavity
Inflammation/(2)a 0 1 0
Inflammation/(3)a 3 0 0
Colon
Cellular infiltration, inflammatory cell/(2)a 1 0 0
Pancreas
Atrophy, acinar cell/(1)a 2 1 1
Liver

Cellular infiltration, lymphocyte/(1)a 0 3 1

Cyst, biliary/(2)a 0 0 1

Cystic degeneration/(2)a 0 0 1

Fatty change/(2)a 0 2 0
Kidney

Atypical tubules/(1)a 14 15 13
Urinary bladder

Cellular infiltration, lymphocyte/(1)a 3 0 1

Necrotizing inflammation/(2)a 0 1 0

a : Numbers in parenthesis indicate the grades of lesion : (1) Minimal (2) Slight (3) Moderate (4) Marked (5) Severe
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Table 4. Total Number and Multiplicity of Hyperplastic or Neoplastic Lesions in the Thyroid

Hyperplasia, Adenoma, Carcinoma, Adenoma or carcinoma

Dammar .o - et follicular cell follicular cell follicular cell follicular cell
resin (%)

Total No. Multiplicity? ~ Total No. Multiplicity Total No. Multiplicity = Total No. Multiplicity

0 14 41 29417 53 3.8+34 10 0.7%£0.7 63 4.5+3.6
0.03 15 58 39+2.6 54 3.6x2.4 15 1.0x1.3 69 4.6+2.8
2 15 91 6.1%+5.1 39 2626 14 09+123 53 3.5%33

a: Average number of lesions == S.D.
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