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Abstract :  The present study assessed toxicologic and carcinogenic effects of a long-
term administration of semisynthetic, choline-deficient, L-amino acid-defined (CDAA) and
choline-supplemented, L-amino acid-defined (CSAA) diets in Fischer 344 (F 344) rats.
Male and female F 344 rats, 5 weeks old, were fed the CDAA or CSAA diet or a conven-
tional laboratory chow, and sacrificed at the end of week 52 and by the end of week 104.
All organs were excised on sacrifice and histologically examined. The following results
were obtained.

1. Hepatocellular carcinomas (HCCs) were induced with high incidence in male rats fed
the CDAA diet. HCC was induced in the background presence of fatty liver and cirrhosis,
through a progression sequence starting from eosinophilic altered hepatocellular focus, then
hepatocellular adenoma, and carcinoma-in-adenoma.

2. HCCs were also induced in female rats fed the CDAA diet with the lower incidence than
in male case.

3. The CDAA diet suppressed the induction of testicular interstitial cell tumors and
pituitary adenomas in males. Both of the CDAA and CSAA diets promoted the 1nduct10n
of mammary fibroadenomas in females.

4. The CDAA diet induced intestinal lacteal dilatations in both genders, and promoted the
induction of nephropathies in both genders and nephrocalcinoses in males. Both of the
CDAA and CSAA diets promoted the induction of pancreatic altered acinar cell foci plus
acinar cell hyperplasias, forestomach squamous cell hyperplasias and thyroidal C-cell
hyperplasias in both genders and nephrocalcinoses in females.

It is thus indicated that the CDAA diet is hepatocarcinogenic toward both of male and
female F 344 rats and modifies the induction of various spontaneous lesions. In addition, the
CSAA diet can also modify the induction of some spontaneous lesions. Assessments for the
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detailed machanisms underlying not only hepatocarcinogenesis but also modification of the

induction of various other lesions are warranted in rats fed the CDAA diet.

(REGE.

J. Nara Med. Ass.

51, 508~525, 2000)
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Table 1. Body and relative organ weights at the end of week 52 (experiment 1).

Body (g) or
relative organ (g/100g
body weight) weight

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
(male/CDAA) (male/CSAA) (male/CRF-1) (female/CDAA) (female/CSAA) (female/CRF-1)

Body 400+ 3420 498+35%¢ 442+22¢ 306+18%%¢ 269+29%¢ 227+14¢
Brain 0.56+0.05>¢  0.49-0.03¢ 0.51%0.03¢ 0.6740.05>%¢  0.87+0.08¢ 0.89£0.06¢
Pituitary gland ~ 0.003+0.001 0.002£0.002 0.00240.002 0.004+0.001 0.005%0.003 0.006+0.003
Salivary gland 0.15%0.05 0.13%+0.03 0.13+0.02 0.14%0.03 0.16+0.02 0.17+0.06
Heart 0.23%0.02¢ 0.23%0.01¢ 0.2540.01¢ 0.28+0.02¢ 0.27%0.02¢ 0.31+0.01¢
Lung 0.23+0.02%¢ 0.23+0.01%¢ 0.26%0.01¢ 0.28+0.02%¢ 0.2940.03%¢ 0.35=0.02¢
Liver 3.894+0.13>4  2.62+0.31 2.63+0.13 3.15£0.22¢  2.45+0.28 2.52£0.13
Spleen 0.35+0.03>¢¢  0.1540.01¢ 0.17+£0.01¢ 0.2040.02¢ 0.18+0.03¢ 0.20%0.01¢
Kidneys 0.67+0.04>>¢  0.500.02* 0.52%0.03¢ 0.59+0.03%¢ 0.6140.04%¢ 0.71+0.04¢
Adrenals 0.01040.001¢  0.010:0.001¢  0.011%0.001¢ 0.017%0.002¢ 0.018%0.002¢  0.020=+0.002¢
Testes 0.68+0.06 0.62+0.06 0.7140.04 — — —
Prostate 0.05%0.01 0.05%+0.01 0.06+0.01 — — —
Uterus — — — 0.22+0.07 0.2510.04 0.25%0.03
Ovaries — — — 0.01940.002 0.019+0.002 0.022£0.003

2Means=+standard deviations of the data obtained from 10 (groups 1, 2, 4 and 5) or 20 (groups 3 and 6) rats.
*Significantly different from the group 2 (in male case) or 5 (in female case) value by Student-Newman-Keuls test.
¢Significantly different from the group 3 (in male case) or 6 (in female case) value by Student-Newman-Keuls test.
dSignificantly different from the value of the other gender by Student-Newman-Keuls test.
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Fig. 1. Changes of surviving rates for 104 weeks (experiment 2).
Solid lines are generated from the data groups 7 (male) and 10 (female) in which the CDAA
diet was administered. Broken lines are generated from the data of groups 8 (male) and 11
(female) in which the CSAA diet was administered. Dotted lines are generated from the data
of groups 9 (male) and 12 (female) in which the CRF-1 diet was administered. Circle
represents the significant difference from the values of groups 8 and 9 at each time-point.
Triangle represents the significant difference from the value of group 9 at each time-point.
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Table 2. Death and survival of rats by the end of week 104 (experiment 2).

Group 7 Group 8 Group 9 Group 10 Group 11 Group 12

ftem (male/CDAA)  (male/CSAA) (male/CRF-1) (female/CDAA) (female/CSAA) (female/CRF-1)

Initial number of rats 20 20 40 20 20 40
Numbers of deaths before the end of week 104

Found in death 8 1 4 0 0 3

Moribund 11 13 9 5 6 12

Total 19 14 13 5 6 15

Numbers of survivals at the end of week 104 1 6 27 15 14 25

Final survival rates (%) 5be 300 68 75 70 63

Average survival periods
(days, mean=*standard deviation) 567+1463>¢ 654114 681105 710£38 702+51 69477

Numbers of primary causes of deaths
Hepatocellular carcinoma

Liver histiocytic sarcoma

Tongue squamous cell carcinoma
Small intestine adenocarcinoma
Lung adenoma

Lung adenocarcinoma
Nephropathy

Uterus endometrial stromal polyp
Clitoral gland adnocarcinoma
Mammary gland fibroadenoma
Pituitary gland adenoma

Pituitary gland adenocarcinoma
Thyroid gland follicular cell adenocarcinoma
Adrenal gland malignant pheochromocytoma
Brain oligodendroglioma

Brain astrocytoma

Spinal cord astrocytoma

Chordoma

Radiculoneuropathy

Spleen histiocytic sarcoma

Large granular lymphocyte leukemia
Myelogenous leukemia

Bone marrow histiocytic sarcoma
Skin sebaceous gland adenocarcinoma
Subcutaneous fibroma
Subcutaneous hemangiosarcoma
Subcutaneous hemangiopericytoma
Zymbal’s gland adenocarcinoma
Osteosclerosis

Abdominal cavity mesothelioma
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2Significantly different from the group 8 value by Student-Newman-Keuls test.

Significantly different from the group 9 value by Student-Newman-Keuls test or Fisher’s exact test.
¢Significantly different from the group 10 value by Student-Newman-Keuls test or Fisher’s exact test.
dSignificantly different from the group 11 value by Fisher’s exact test.
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Fig. 2. Changes of body weights for 104 weeks (experiment 2).
Solid lines are generated from the data of groups 7 (male) and 10 (female) in which the
CDAA diet was adminstered. Broken lines are generated from the data of groups 8 (male)
and 11 (female) in which the CSAA diet administered. Dotted lines are generated from the
data of groups 9 (male) and 12 (female) in which the CRF-1 diet was administered. Circle
represents the significant difference from the values of groups 8 and 9 or 11 and 12 in the male
or female case, respectively, at each time-point. Square represents the significant difference
from the value of group 8 at each time-point. Triangle represents the significant difference
from the value of group 9 or 12 in the male or female case, respectively, at each time-point.
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Table 3. Alteration of hematogram and serum biochemistry by dietary regimen at the end of week 52

(experiment 1).

Ttem Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
(male/CDAA)  (male/CSAA)  (male/CRF-1) (female/CDAA) (female/CSAA) (female/CRF-1)
Number of leucocytes (X102/ul) 5141124 47+9¢ 44494 369 29184 24474
Number of erythrocytes (X104/ml) 989+ 26¢ 953+244 982+ 364 936429¢ 918+26¢ 9194274
Hemoglobin concentration (mg/ml) 1454 3P 156+4 156+6 150 4P 159+3 160£5
Hematoclit value (%) 47.0+1.6  48.4+1.4 48.9+1.8 47.9%+1.3 49.0+1.1 49.5*1.6
Average erythrocyte volume (fI)  47.5+1.2>%¢ 50.8+(.8¢ 49.8+1.3¢ 51.240.8>%¢ 53.5+1.0¢ 53.9+1.4¢
Average hemoglobin amount per erythrocyte (pg)  14.6+0.3>¢  16.3+0.3¢ 15.940.4¢ 16.0£0.3>%¢ 17.340.4¢ 17.4=+0.4¢
Number of platelets (X10*/ml) 56+ 6> 70+4¢ 73+£5¢ 62+3¢ 64+34 6644
Protein concentration (mg/ml)  66.9+2.1>¢¢ 71 .2+2.8¢ 68.0+2.4¢ 76.2+3.4¢ 75.5+£2.5¢ 76.1+3.2¢
Albumin concentration (mg/ml)  34.9+0.1¢ 36.4+0.1¢ 34.3+0.2¢ 44.8+0.3¢ 45.440.3¢ 44.5+0.3¢
Aspartate aminotransferase activity (U/1) 154 4244 43+3 57+24 91£19>cd 53+19 50432
Alanine aminotransferase activity (U/1) 8617004 22+£5 20+16 41160 22+11 20+18
Alkaline phosphatase activity (U/1) 23 4bed 10+1 102 7+1¢ 6+1 8+1
y-Glutamyltransferase activity (U/1) 8.1+1.3»4  2.54+0.2 3.8+1.1 2.0+0.7¢ 2.5%+0.2 3.0+1.2
Billirubin concentration (xg/ml) 1.74£0.2>4  1.44+0.3 1.2+0.1 1.2+0.2¢ 1.2+0.1 1.4+0.2
Bile acid concentration (nmol/ml) 30+ 1554 11+2 12+10 14+3¢ 16+2 14+18
Cholesterol concentration (ug/ml)  453+127>  1196+175 1076 £78 678+61>¢ 1074£85 1084100
Phopholipid concentration (ug/ml) 1016+147>¢¢ 22554453 238714353 184342434 24104258 24431212
Triglyceride concentration (ug/ml) ~ 314+50>¢  28414876¢ 273615119 6561144  1119+408¢ 1182+415¢

*Means+tstandard deviations of the data obtained from 10 (groups 1, 2, 4 and 5) or 20 (groups 3 and 6) rats.
*Significantly different from the group 2 (in male case) or 5 (in female case) value by Student-Newman-Keuls test.
“Significantly different from the group 3 (in male case) or 6 (in female case) value by Student-Newman-Keuls test.
dSignificantly different from the value of the other gender by Student-Newman-Keuls test.
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Table 4. Alteration of histological findings by dietary regimen in male rats at the end of week 52 (experiment 1).
Group 1 (male/CDAA) Group 2 (male/CSAA) Group 3 (male/CRF-1)

Organ Lesion
—=a1* 2* 3* Grade orincidence® — 1% 2* 3* Grade or incidence — 1* 2* 3* Grade or incidence
Liver Fatty liver 0c°1 9 0 1.90%£0.32%¢ 2 8 0 0 0.80+0.42° 200 0 0 0
Fibrosis 0 0 1 9 2.90+0.32%7 10 0 0 0 0 200 0 0 0
Altered hepatocellular focus 0 0 1 9 2.90%+0.32%* 10 0 0 0 0 200 0 0 0
Hepatocellular adenoma 6 4 — — 40% et 10 0 — — 0% 200 — — 0%
Hepatocellular carcinoma 7 3 — — 3096%ef 100 —— 0% 2000 — — 0%
Pancreas Altered acinar cell focus 7 2 1 0 0.40%0.70 6 3 0 1 0.60+0.97 173 0 0 0.15%+0.37
Forestomach ~ Squamous cell hyperplasia 0 9 1 0 1.10+0.32¢ 0 9 1 0 1.10%0.32¢° 200 0 O 0
Small intestine  Lacteal dilatation 4 6 0 0 0.60+0.52*>* 9 0 0 0 0 200 0 O 0
Kidney Nephropathy 01 7 2 2.10+£0.57** 6 4 0 0 0.40%£0.52 12 6 2 0 0.50+0.69
Nephrocalcinosis 1 6 3 0 1.20+0.63*¢ 9 1 0 0 0.10%0.32f 200 0 0 0f
Testis Interstitial cell hyperplasia 10 0 0 0 Qde 0 5 2 3 1.80%+0.92 0 10 10 0 1.50%£0.51
Interstitial cell tumor 100 —— 0% 10 0 —— 0% 191 — — 5%
Pituitary gland Hyperplasia 100 0 0 0 100 0 0 0 191 0 0 0.05%0.22
Adenoma 9 1 — — 10% 100 —— 0% 2000 ——, 0%
Thyroid gland C-cell hyperplasia 0 2 8 0 1.80%0.42¢° 0 1 9 0 1.90+£0.32¢ 155 0 0 0.254+0.44
Body cavity ~ Mesothelioma 10 0 — — 0% 10 0 —— 0% 191 —— 5%

2For the grading ; —, negative ; 1%, mild ; 2%, moderate ; 3*, severe : and for the incidence ; —, absence ; 1%, presence.
*Values are presented as means+standard deviations of points (—, 0; 1%, 1; 2%, 2; 3*, 3) for the grading or percentages
for the incidence of lesions. i

‘Number of rats.

dSignificantly different from the group 2 value by Student-Newman-Keuls test or Fisher’s exact test. !
eSignificantly different from the group 3 value by Student-Newman-Keuls test or Fisher’s exact test. ;
Significantly different from the female value by Student-Newman-Keuls test or Fisher’s exact test (g/efer Table 5).

i

/

Table 5. Alteration of histological findings by dietary regimen in female rats at the end of week 52 (experiment 1).
Group 4 (female/CDAA)  Group 5 (female/CSAA)  Group 6 (female/CRF-1)

Organ Lesion —
—=a1* 2* 3* Grade orincidence® — 1* 2* 3* Grade or incidence — 1* 2* 3* Grade or incidence
Liver Fatty liver 01 9 0 1.90+0.32%¢ 8 2 0 0 0.20%0.42 200 0 0 0
Fibrosis 0 9 1 0 1.10+0.32%f 10 0 0 0 0 200 0 0 0
Altered hepatocellular focus 0 1 9 0 1.90%0.32%f 10 0 0 0 0 /200 0 0 0
Hepatocellular adenoma 10 0 — — 0%* 10 0 — — 0% 2000 — — 0%
Hepatocellular carcinoma 10 0 — — 0%* 10 0 — — 0% 2000 — — 0%
Cholangiofibrosis 9 0 0 1 0.30%0.95 100 0 0 0o’ 200 0 0 0
Pancreas Altered acinar cell focus 9 1 0 0 0.10%£0.32 9 1 0 0 0.1040.32 200 0 0 0
Forestomach ~ Squamous cell hyperplasia 0 9 1 0 1.10%+0.32¢ 09 1 0 1.10%0.32¢° 200 0 0 0
Small intestine Lacteal dilatation 9 1 0 0 0.10£0.327 100 0 0 0 200 0 0 0
Kidney Nephropathy 2 2 6 0 1.40%0.84%¢ 10 0 0 0 0 182 0 0 0.10%0.31
Nephrocalcinosis 01 9 0 1.90+0.32%¢ 0 9 1 0 1,10%£0.32%" 13 7 0 0 0.35%0.49°
Uterus Endometrial stromal polyp 8 2 — — 20% 10 0 — — 0% 191 — — 5%
Clitoral gland Adenoarcinoma 10 0 —— 0% 10 0 — — 0% 191 — — 5%
Pituitary gland Hyperplasia 100 0 0 0 100 0 0 0 182 0 0 0.10%0.31
Adenoma 10 0 — — 0% 10 0 — — 0% 191 — — 5%
Thyroid gland C-cell hyperplasia 01 9 0 1.90%0.32¢ 0 5 5 0 1.50%+0.53° 200 0 0 0
“For the grading ; —, negative ; 1%, mild ; 2*, moderate ; 3*, severe : and for the incidence ; —, absence ; 1+, presence.

®Values are presented as means +standard deviations of points (—, 0; 1%, 1; 2%, 2; 3*, 3) for the grading or percentages
for the incidence of lesions.

¢Number of rats.

dSignificantly different from the group 5 value by Student-Newman-Keuls test or Fisher’s exact test.

eSignificantly different from the group 6 value by Student-Newman-Keuls test or Fisher’s exact test.

Significantly different from the male value by Student-Newman-Keuls test or Fisher’s exact test (refer Table 4).
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Table 6. Alteration of histological findings by dietary regimen in male rats by the end of week 104 (experiment 2).
Group 7 (male/CDAA) Group 8 (male/CSAA) Group 9 (male/CRF-1)

Organ Lesion
—=a 1% 2% 3*Gradeorincidence® — 1* 2* 3* Grade or incidence — 1% 2% 3* Grade or incidence
Liver Fatty liver 85 2 5 1.20%1.24° 59 4 2 1.15+0.93f 37 3 0 0 0.08%0.27
Fibrosis 7 0 0 13 1.95%1.47%%% 20 0 0 0 0 400 0 0 0
Hepatocellular carcinoma® 1 19 — — 95958 20 0 — — 0% 40 0 — — 0%
Pancreas Altered focus plus hyperplasia of acinarcell 10 3 6 1 0.60%1.02° 12 1 4 3 0.90+1.21f 37 0 2 1 0.18%0.64
Forestomach  Squamous cell hyperplasia 0 4 10 6 2.10£0.72f 0 6 12 2 1.80%0.62° 40 0 0 0 0
Kidney Nephropathy 2 0 6 12 2.40%0.94>* 10 2 4 4 1.10%£1.25 14 1 17 8 1.48+1.18
Nephrocalcinosis 12 8 0 0 0.40%£0.51%% 20 0 0 0 08 40 0 0 0 08
Testis Interstitial cell tumor 91— — 5%¢f 4 16 — — 80% 337 —— 92.5%
Mammary gland Fibroadenoma 20 0 — — 0%¢ 20 0 — — 0%¢ 37 3 — — 7.5%
Pituitary gland Adenoma 8 2 — — 10%°* 1 9 — — 45% 28 12 — — 30%
Thyroid gland C-cell hyperplasia 7 0 2 11 1.85+1.42f 3 2 4 11 2.15+1.14° 337 0 0 0.18+0.38
?For the grading ; —, negative ; 1%, mild ; 2*, moderate ; 3*, severe : and for the incidence ; —, absence ; 1*, presence.

*Values are presented as means=*standard deviations of points (—, 0; 1*, 1, 2%, 2, 3*, 3) for the grading or percentages
for the incidence of lesions.

“Metastases were found in the lung (68% incidence), peripheral lymph node (21% incidence), kidney (16% incidence),
pancreas (6% incidence), stomach (6% incidence), epididymis (5% incidence), eye (5% incidence) and peritoneal cavity
(5% incidence, dissemination) in group 7.

dNumber of rats.

eSignificantly different from the group 8 value by Student-Newman-Keuls test, Fisher’s exact test or Peto’s test.
Significantly different from the group 9 value by Student-Newman-Keuls test, Fisher’s exact test or Peto’s test.
ESignificantly different from the female value by Student-Newman-Keuls test or Fisher’s exact test (refer Table 7).

Table 7. Alteration of histological findings by dietary regimen in female rats by the end of week 104 (experiment 2).
Group 10 (female/CDAA) Group 11 (female/CSAA) Group 12 (female/CRF-1)

Organ Lesion
—=a 1+ 2+ 3*Gradeorincidence® — 1* 2+ 3* Grade or incidence — 1* 2+ 3* Grade or incidence

Liver Fatty liver 245 12 1 1.60%0.75¢ 3 7 8 2 1.45+0.89f 37 1 2 0 0.13+0.46

Fibrosis 180 2 0 0.20£0.61%% 10 0 0 0 0 40 0 0 0 0

Hepatocellular carcinoma® 14 6 — — 30%°e 20 0 — — 0% 40 0 — — 0%
Pancreas Altered focus plus hyperplasia of acinarcell 7 1 6 6 1.55%1.28° 7 4 6 3 1.25%1.12f 32 6 2 0 0.25%+0.54
Forestomach ~ Squamous cell hyperplasia 0 4 14 2 1.90+0.55° 0 6 14 0 1.70%0.47° 40 0 0 0 0
Kidney Nephropathy 0 1 2 17 2.80+0.52%* 7 2 3 8 1.60%£1.35 1811 6 5 0.95%+1.06

Nephrocalcinosis 9 56 0 0.85+0.88% 8 9 3 0 0.75%0.72%% 32 8 0 0 0.20%0.49¢
Mammary gland Fibroadenoma 9 11 — — 55%%¢ 14 6 — — 30%" 37 3 — — 7.5%
Pituitary gland Adenoma 14 6 — — 30% 14 6 — — 30% 24 16 — — 40%
Thyroid gland C-cell hyperplasia 0 1 1 18 2.85%0.49f 1 1 3 15 2.60+0.82° 17 11 10 2 0.7940.94
*For the grading ; —, negative ; 1%, mild ; 2*, moderate ; 3*, severe : and for the incidence ; —, absence ; 1*, presence.

®Values are presented as means+standard deviations of points (—, 0; 1*, 1; 2%, 2, 3*, 3) for the grading or percentages
for the incidence of lesions.

“Metastases were not found.

dNumber of rats.

eSignificantly different from the group 11 value by Student-Newman-Keuls test, Fisher’s exact test or Peto’s test.
Significantly different from the group 12 value by Student-Newman-Keuls test, Fisher’s exact test or Peto’s test.
&Significantly different from the male value by Student-Newman-Keuls test or Fisher’s exact test (refer Table 6).
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Table 8. Other lesions histologically observed but not affected by dietary regimen in rats by the end of week
104 (experiment 2).

Organ Lesion (melelDAA) (e} COAA) (mele]CRED) (meelCDAA) (emalelCSAA) (emmefeRE D
Liver Histiocytic sarcoma 0//20 1 0%:? 0;20 1 0% 1/;0 12.5% 0/20:0%  0/20:0%  0/40:0%
Cholangioma 0/20:0%  0/20:0%  0/40:0%  0/20:0%  1/20:5%  0/40:0%
Pancreas Acinar cell adenoma 1/20:5%  2/20:10%  0/40:0%  0/20:0%  0/20:0%  0/40:0%
IA(:in’dr cell carcinoma ' 0;20 . Ozf) 1;20 : 5({) 0//40 . 0‘{; 0;20 : OZO l;ZO : 5zo 0;40 : 0?
slet cell adenoma 0/20 : 0% 1/20 5%  4/40 1 10%  1/20 - 5% 0/20 - 0% 0/40 - 0%
Islet cell carcinoma 0/20:0%  1/20:5% 1/40:2.5% 0/20:0%  0/20:0%  0/40:0%
Tongue Squamous cell papilloma 0/20:0%  0/20:0%  0/40:0%  1/20:5%  0/20:0%  0/40:0%
Squamous cell carcinoma 0;20 0% 0;20 1 0% 9/40 10%  0/20:0%  1/20:5%  0/40:0%
Small intestine ~ Adenocarcinoma 0/20:0%  1/20:5% 1/40:2.5% 0/20:0%  0/20:0% - 0/40:0%
Heart Cardiomyopathy 15/20 1 75% 18/20:90% 30/40: 75% 15/20 : 75% 15/20 : 75% 29/40 : 72.5%
Intramural schwannoma 0/20:0%  1/20:5%  0/40:0%  0/20:0%  0/20:0%  0/40:0%
Paraganglioma 0;20 0% 0;20 0% 1/4/10 12.5% 0//20 10% 0/20 : 0% 0/40 1 0%
Lung Adenoma 0/20 : 0% 1/20 1 5% 2/40 : 5% 3/20 :15% 1/20 : 5% 0/40 : 0%
Adenocarcinoma 0/20:0%  3/20:15% 1/40:2.5%  0/20:0% 0/20:0%  1/40:2.5%
Urinary bladder Ganglioneuroma 0/20:0%  0/20:0% 1/40:2.5% 0/20:0%  0/20:0%  0/40:0%
Prostate Hyperplasia 1/20:5%  1/20:5% 9/40:22.5% — — —
ﬁgenoma 1;20 : 52‘; 1;20 : 520 8//40 : 20;% - - -
Preputial gland lenoma 0/20 - 0% 0/20: 0% 2/40 2 5% — — —
Adenocarcinoma 1/20:5%  0/20:0%  0/40:0% — - —
Ovary Granulosa cell tumor — — — 1/20:5%  0/20:0%  0/40:0%
Uterus Endometrial carcinoma - — - 0/20:0%  0/20:0% 1/40:2.5%
Endometrial stromal polyp - — - 8/20 1 40%  4/20:20% 14/40: 35%
Leiomyoma — - — 0/20:0%  0/20:0% 1/40:2.5%
Clitoral gland ~ Adenoma - — — 0;20 : OZo 1//20 : 5% 1;40 : 2.5%
Adenocarcinoma - — - 0/20:0%  2/20:10% 1/40:2.5%
Mammary gland Acinar hyperplasia 6//20 1 30% 5//20 1 25% 7/4/0 117.5% 15;20 175% 15/20 1 75% 28/40:70%
Adenoma 0/20 : 0% 0/20: 0% 0/40 1 0% 0/20 : 0% 0/20 : 0% 2/40 : 5%
Adenocarcinoma ()//20 0% 0//20 0% /0/40 : 0%/ 1//20 : 57; 1//20 15% 2//40 15%
Pituitary gland ~ Hyperplasia 4/20:209%  3/20:15% 5/40:12.5% 4/20:20%  2/20:10%  4/40:10%
Adenocarcinoma 0;20 10%  1/20:5% 1/40:2.5% 2/20:10%  2/20:10% 3/40:7.5%
Thyroid gland ~ C-cell adenoma 1/20:5%  6/20:30% 10/40:25% 6/20:30%  3/20:15%  4/40:10%
C-cell adenocarcinoma 1;20 : SEA 0?20 : 00/0 1//40 : 2.57; 0;20 : 020 1;20 : 55 1//40 12.5%
Follicular cell hyperplasia 0/20 - 0% 1/20 5% 5/40:12.5% 0/20: 0% 0/20:0%  8/40:20%
Follicular cell adenoma 0;20 0% 1;20 15% 1/4/10 12.5% 0/20:0% 0/20:0% 1/40:2.5%
Follicular cell adenocarcinoma 1/20:5%  1/20:5%  0/40:0%  0/20:0%  0/20:0%  0/40:0%
Parathyroid gland Adenoma 0;20 10% 0;20 0% 2;40 15%  0/20:0%  0/20:0%  0/40:0%
Adrenal gland ~ Cortical adenoma 0/20:0%  0/20:0%  2/40:5%  1/20:5%  0/20:0% 3/40:7.5%
Pheochromocytoma 3//20 115% 2//20 110% 11/40:27.5% 2/20:10%  1/20:5%  0/40:0%
Malignant pheochromocytoma 1/20:5%  0/20:0%  0/40:0%  0/20:0%  0/20:0%  0/40:0%
Neuroblastoma 1/20:5%  0/20:0%  0/40:0% 0?20 0% 0;20 0% 0/40:0%
Brain/spinal cord Oligodendroglioma 0/20:0%  0/20:0% 1/40:2.5% 0/20:0%  0/20:0%  0/40:0%
Astrocytoma 0;20 1 0% 2//20 110% 0;40 0% 1;20 15% 0/20 1 0% 2/40 : 5%
Granular cell toumor 0/20:0%  1/20:5%  0/40:0%  0/20:0%  1/20:5%  0/40:0%
Chordoma 0/20 : 0% 1/20 : 5% 0/40 : 0% 0/20: 0% 0/20 : 0% 0/40 : 0%
Malignant reticulosis 0/20 : 0% 1/20 : 5% 0/40 : 0% 0/20 : 0% 1/20 : 5% 0/40 : 0%
Radiculoneuropathy 0/20:0%  1/20:5%  0/40:0%  0/20:0%  0/20:0% 1/40:2.5%
Spleen Fibroma 1/20:5%  0/20:0%  0/40:0%  0/20:0%  0/20:0%  0/40:0%
Lipoma o//20 10% 0//20 : 0°: 0//40 10% 1//20 15% 0//20 10% /0/40 10%
Large granular lymphocyte leukemia 4/20 : 20%  4/20:20%  8/40:20%  4/20:20%  3/20 :15% 9/40:22.5%
Histiocytic sarcoma 0/20 : 0% 0/20:0% 1/40:2.5%  0/20:0% 0/20 : 0% 0/40 : 0%
Bone marrow  Myelogenous leukemia 1/20:5%  0/20:0%  0/40:0%  0/20:0%  0/20:0%  0/40:0%
Histiocytic sarcoma 0/20:0%  1/20:5%  0/40:0%  0/20:0%  0/20:0%  0/40:0%
Skin Basal cell adenoma 0/20 : 0% 0/20 : 0% 2/40 : 5% 0/20: 0% 0/20 : 0% 0/40 : 0%
Squamous cell papilloma 0/20:0%  1/20:5%  0/40:0%  1/20:5%  0/20:0% 1/40:2.5%
Keratoacanthoma 0/20:0%  1/20:5%  0/40:0%  1/20:5%  0/20:0%  0/40:0%
Sebaceous gland adenoma 0/20 1 0% 0/20 : 0% 0/40 : 0% 0/20: 0% 1/20 : 5% 0/40 : 0%
Sebaceous gland adenocarcinoma 0/20:0%  0/20:0%  0/40:0%  1/20:5%  0/20:0%  0/40:0%
Subcutaneous tissue Fibroma 0/20:0%  3/20:15% 3/40:7.5% 0/20:0%  0/20:0%  0/40:0%
Hemangiopericytoma 0;20 : OZé 0;20 : 02/0 0;40 : 0://0 0?20 : OZo 0;20 : 05 3/40 : 5‘70/
Hemangiosarcoma 0/20 : 0% 0/20 : 0% 0/40 - 0% 0/20 - 0% 0/20 1 0%  1/40:2.5%
Histiocytic sarcoma 0/20:0%  0/20:0% 1/40:2.5% 0/20:0%  0/20:0%  0/40:0%
Zymbal’s gland  Adenoma 0/20 : 0% 1/20 : 5% 0/40 : 0% 0/20 : 0% 0/20 : 0% 0/40 : 0%
Adenocarcinoma 0/20:0%  0/20:0% 1/40:2.5% 0/20:0%  0/20:0%  0/40:0%
Harderian gland Adenoma 0/20: 0% 0/20 : 0% 0/40 1 0% 1/20 : 5% 0/20 : 0% 0/40 : 0%
Bone Osteosarcoma 0/20:0%  0/20:0% 1/40:2.5% 0/20:0%  0/20:0%  0/40:0%
Osteosclerosis 0/20:0%  0/20:0%  0/40:0%  0/20:0%  0/20:0% 1/40:2.5%
Body cavity Malignant mesothelioma 0/20:0%  1/20:5%  4/40:10%  0/20:0%  0/20:0%  0/40:0%
Liposarcoma 0/20:0%  0/20:0% 1/40:2.5% 0/20:0%  0/20:0% 1/40:2.5%

aValues are presented as numbers of rats bearing the lesions/ numbers of rats in the group : % incidences of the lesions
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Fig. 3. Representative histology of the lesions affected by the feeding of the CDAA diet at the end
of week 52 (experiment 1).

3A

3B:

3C:

3aD:

3E:

Eosinophilic altered hepatocellular focus stained with GST-P. Group 1 (male), GST-P.
Original magnification, X10

Hepatocellular adenoma. Group 1 (male), Hematoxylin and eosin. Squared area
indicates a part of carcinoma-in-adenoma. Original magnification, X10
Hepatocellular carcinoma-in-adenoma. Group 1 (male), High magnification view of the
squared area in Fig. 3B, Hematoxylin and eosin. Original magnification, X50

Lacteal dilatation of small intestine, Group 1 (male), Hematoxylin and eosin. Original
magnification, X12.5

Nephropathy/nephrocalcinosis. Group 4 (female), Hematoxylin and eosin. Original
magnification, X25
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Fig. 5. Cumultative number of male rats fed the CDAA diet bearing
hepatocellular carcinomas for 104 weeks (experiment 2, group

0

In female rats fed the CDAA diet (group 10), hepatocellular
carcinomas were all observed at the end of week 104.
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Fig. 4. Representative histology of the lesions affected by the feeding of the CDAA and/or CSAA
diets by the end of week 104 (experiment 2).
4A : Hepatocellular carcinoma. Group 7 (male/CDAA), Hematoxylin and eosin. Original

magnification, X10
4B  Pancreatic acinar cell hyperplasia.
Original magnification, X12.5

4C : Forestomach squamous cell hyperplasia.

eosin. Original magnification, X25
4D : Testicular interstitial cell tumor.
Original magnification, X10

Group 8 (male/CSAA), Hematoxylin and eosin.

Group 7 (male/CDAA), Hematoxylin and

Group 9 (male/CRF-1), Hematoxylin and eosin.

4E : Mammary fibroadenoma. Group 10 (female/CDAA), Hematoxylin and eosin. Original

magnification, X10

4F : Pituitary adenoma. Group 8 (male/CSAA), Hematoxylin and eosin. Original magnifica-

tion, X10

4G : Thyroidal C-cell hyperplasia. Group 7 (male/CDAA), Hematoxylin and eosin. Original

magnification, X25
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