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Table 1

Composition of the basal diet®

Component Amount
%
Casein 20.0
Corn starch 48.2
Sucrose 24.1
Corn oil 2.0
Salt rnixt\.u\f-:2 5.0
Vitamin mixture3 v 0.5
Choline chloride 0.2

1. Each supplement was added as the expense of carbohydrates.

Each carbohydrates were equally decreased. Dietary supplement

(percent); L-tyrosine 4,8,10,12,15; BHA 0.5; BHT 0.2,0.5;
chloretone(chlorobutanol) 0.3,0.5; DDT 0.05,0.1}‘ PCB 0.03,

2. The salt mixture in the diet provided the following percentage

composition: CaCO3, 29.29; CaHPO4'2H O, 0.43; KH P04,

34.31; NaCl, 25.06; MgSO

2 2

4 7H20, 9.98; Fe(C6H507)°6H20,0, 623;

20, 0.156; MnSO4'HZO, 0.121; ZnCl

(NH,) Mo.0,,*4H,0, 0.0025. (42).

3. The water—soluble vitamin mixture provided in milligrams per

CuSO4°5H 0.02;KI,0.0005;

2!

100 gm of diet: thiaminefHCI, 1.0, riboflavin, 1.0, nicotinic acid,
5.0; calcium pantothenate, 4.0; pyridoxine+HCI, 0.5; vitamin K
(menadione), 0.1;biotin, 0.02; folic acid, 0.04; vitamin B12,0.004;
inositol, 20.0. The vitamin mixture did not contain ascorbic acid.
The fat-soluble vitamin mixture provided per 100 gm of diet:
retinyl palmitate, 6OOIU;> ergocalciferol, 1.5 pii-¢

all-rac—~ & —tocopheryl acetate, 10 mg. (62).
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Table 2

3/

Effect of dietary addition of tyrosine on serum and liver

lipids in ratsl’z’3

Measurement Control Tyrosine
(20% Casein) (8 %)

Food intake, day 5 (g/day) 14.4%0.6 15.0%1.2
Body weight gains (g/14 days) 64.2£1.6 70.8%5.6
Liver weight (g/100 g B.W.) 4.53+0.06 5.4820.11°
Serum cholesteral' (mg/4dl) 104.21%6.2 131.7:‘:5.3Mk
Serum triglyceride (mg/dl) 162.4818.7  134.3:17.9
Serum phospholipid (mg/dl) 236.5%11.3 235,3%6.0
Liver total lipids (mg/g tissue) 62.28+1.74 51.54t1.16*f*
Liver cholesterol (mg/g tissue) 2.63+0.18 3.47%0, 18"”F
Liver triglyceride (mg/g tissue) 28.72%1.89 13.1010.86*”
Liver phospholipid (mg/g tissue) 30.93%0.77 34.9510‘48**

1. Feeding period was 14 days. 2. Means £ SE. of 6 rats per group.
3. Statistical significance compared with control group.
(*p<0.05, **p<g0.01, ¥ p £ 0.001)



Table 3

32

Effect of dietary level of tyrosine and protein on food intake,

body and liver weights in rats

1,2,3

Food intake

Group

Body weight

Liver weight

day 8 -gains
glday g/28 days g/100 g B.W.
Control(10% Casein) 15.7£0.4 91.3%4.5 3.83%0.16
Tyrosine(4%) 15.1%1.3 80.5%8.3 4.52#0.27
Control(10% Casein) 16.720.7 97.8%6.4 3.99%0.10
ok - Kok x
Tyrosine(8%) §.120.9 10.0%11.6 5.61%0.19
Control(20% Casein) 13.520.7 115.245.4 4.330.11
. *
Tyrosine(8%) 14.00.4 113,5£3.8 5.01%0.09
s
Tyrosine(12%) 13.8:20.6 113,523.7 5.03%0.11 )
%k
Tyrosine(15%) 15.820.5 108.8%3.7 5.19£0.11

1. Feeding period was 28 days. 2. Means * SE. of 6 rats per group.

3. Statistical significance compared with control group.

( *p<0.05, ** p< 0.01, *** p < 0.001)



Table 4

Effect of dictary level of tyrosine and protein on serum lipids in ratsl'2'3

Group Cholesterol HDL-Chol. LDL+VLDL-Chol., Triglyceride Phospholipid
mg/dl © mgldl mg/dl mg /dl mg/dl
Control (10% Cascin) 106.3%5.6 N.D.4 N.D. 255.8%44.9 211.0%11.3
Tyrosine (4%) 112.125.3 N.D. : N.D. 191.1439.1 187.1#5.3
Control (10% Casein)  87.4%1.9 = 55.5%2.4 ' 31.8%3.6 180.749.0 201.4%6.2
ok * ok
Tyrosine (8%) 111.845.4 74.4%5.4 37.421.0 82.8+18.0 223.1#9.1
Control (20% Casein)  95.3%5.0 66.7%3.1 28.5%2.4 175.9+21.8 | 241.829.6
: : * %%
Tyrosine (8%) 119.048.7 64.5%6.7 54.6%4.6 186.9%19.0 245.9+13.2
*% ok
Tyrosine (12%) 122.4%4.4 68,55, 1 53.9%5.3 194.1222.8 252.7%9.1
. K *%
Tyrosine (15%) 130.5%4.4 81.027.6 49.4%4.2 144.2%11.4 262.0%11.7

1. Feeding period' was 28 days. 2, Means *SE. of 6 rats per group.
3. Statistical significance compared with contro! group.
(¥ p<0.05, ¥ p 0.0, ** g 0.001)

4. not determined.

¢&



Table 5

- Effect of dictary level of tyrosine and protein on liver lipids in ratsl‘2'3

Group Total lipids Cholesterol Triglyceride Phospholipid

mg/g tissue mg/g tissuc mg/g tissue mg/g tissue

Control ( 10% Cascin ) - 55,332,062 » 2.79%0.17 24.81+2.45 27.70%0,55
. o *kE ook ok

Tyrosine ( 8% ) 42.02+0. 96 1.64%0.10 12.69%1.62 27.70+0,72

Control ( 20% Casein ) 54.200.60 2.12%0.11 23.31%0.96 28.76%0.73"

Tyrosine { 8% ) 51.41+1.37 2.05%0.09 20.77+£1.19 28.59+0.44
* %k * %

Tyrosine ( 12% ) 48,53%1.68 2.09%0.09 16.21#1.55 30.2220.75
*ER *EK

Tyrosine ( 15% ) 44.1720.39 2.10%0.14 12.27%0. 84 29,81%0.57

1. Feeding period was 28 days. 2. Means +SE. of 6 rats per group.
3. Statistical significance compared with control group.
( *p<0.05, ** p0.01, *** p< 0,001 )
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Table 6

Time course effect of excess tyrosine feeding on food intake, serum lipids and
" body and liver weights in rats (expt 1)'*?

Feeding
schedule Serum cholesterol
Tyr Basal Food intake ' Body wt HDL LDL + VLDL
Group diet diet dé gains Liver wt Total cholesterol cholesterol
d g/d g/7, 1d or  g/100 g BW mg/dl
21d .
A 0 0 —_ — 4.65 + 0.09° 1028 + L.7" 51.0 £ 0.5° 51,8 + 1.4*
B 0 7 145 + 0.5° 29.7 + 1.5* 5.23 + 0.07" 108.5 + 3.2 57.4 + 3.7 51.1 + 2.4*
o] 7 0 141 + 0.6° 28.7 + 3.7 5.93 £ 0.17 126.0 £+ 8.1 66.7 + 5.1 593 & 3.8°
D 0 14 149 % 0.4* 59.7 + 3.2° 5.21 + 0.12° 104.8 £ 1.5 54.5 + 1.6* 48.7 &+ 1.2
E 14 0 15405 57.2 + 3.8° 6.560 + 0.20° 1320 + 7.1° 76.7 + 5.9° 55.4 + 3.8°
F 0 21 155 + 0.5 97.8 + 1.4° 4.87 + 0.0T"" 100.0 + 4.6° 52.8 + 2.6* 473 x 2.5"
C 21 0 14.6 £ 0.7 91.8 + 6.9° 574 + 0.17 138.6 + 9.6 504 + 4.7 881 + 5.8°
H 14 7 154 % 0.3* 945 + 2.9° 502 + 0.06" 93.2 + 5.0° 48.2 + 2.8° 450 + 2.6"

'Initial average body weight was about 90 g. Group A was killed on the day that test diets were provided to
other groups, group B was fed basal diet for 7 d, group C was led tyrosine diet (20% casein + 10% tyrosine)
for 7 d, group D was fed basal diet for 14 d, group E was led tyrosine diet for 14 d, group F was fed basal diet
for 21 d, group G was fed tyrosine diet for 21 d, group H was fed tyrosine diet for 14 d and then basal diet for
7d. *Values are means + SEM of six rats per group.  ’Means within a column not followed by the same let-
ter are significantly different (P < 0.05).
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Table 7

Effect of excess tyrosine on body and liver weights, food intake, serum cholesterol,

liver ascorbic acid, aniline hydroxylase, aminopyrine N—demethylase and cytochrome ¢

reductase activities, cytochrome P-450 and cytochrome b5 in ratsi?s3

Diet

Measure Control (20% casein) 12% tyrosine
Body weight gains, g/l4days 59.7%3.5 ‘ 50.2%5.6
Food intake, dayé6,g/day 14.9#0.3 14.0%1.0
Liver weight, g/100gB.W. 4,9410.22 6.21t0.26**
Serum cholesterol, mg/dl 105.2+4.8 140.0:’:4.2***
Liver ascorbic acid |

pglg liver 173.545.7 204.445.5"

mg/100g B.W. 0.85%0.04 1.27¢0.08" "
Aniline hydroxylase _

activityélg liver 7.7%0.6 8.0+0.9

activity 2/100g B.W. 37.742.1 48.9%4.5"
Aminopyrine N—demethylase

activity /g liver 54.7¢3.5 56.0%2. 4

activity 1/100g B.W. 269.7£15.9 320.8£15.2"
Cytochrome c reductase

activityslg liver 1.41£0.02 1.40%0.07

activitys‘/l(}ogl B.wW. 6.98%0.34 8.72%0. 64*'
Cytochrome P-450

n moles/g liver 9.50.6 11.710.7*

n moles/100g B.W. 46.842.6 72.6%4, 9***
Cytochrome b5 .

n moles/g liver 5.320.5 7.0£0.5

nmoles/100g B.W.  23.622.1 42T

1. Feeding period was 14 days. 2. Values are means * SEM of six rats per group.
B.w. bc;dy weight. 3. Statistical significance compared with control group.
(*pC 0.05, **p <0.01, ** p <L 0.001)

4. n moles of product formed per minute.

5. F moles of cytochrome c reduced per minute.
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Table

8

Effect of excess amino acids other than tyrosine on food

intake, body and liver weights in rats

1,2

24

Food intake Body weight Liver weight

Group day 18 gains
g/day gl2ldays or g/28 days g/100 g B.W.
Control(20% Casein)> 16.020.5 115.225. 4 4.53:0.11
L X7 ek ok g
Histidine (5%) 13.0%0.6 74.5£3.1 6.5120.14
Control(20% Casein)®> 17.9%0.6 136.5%4 4.65+0.11
* ok w
Lysine(8%) 17.322.0 70.5%6. 4 4.8920.15
Control(20% Casein)? 16.5%0.8 102.744.2 4.21%0.07
ok ok g
Phenylalanine(8%) 9.3%1.0 16.0%4.8 5.15%0.22
Methionine (0.75%) 15.240.5 91.724.2 4.41%0.13
T Y
Methionine(1.5%)  °12.4%0.3 48.8:3.0 4.38%0.11
1. Means t SE. of & rats per group. 2. Statistical significance

3.

compared with control group.{(*p < 0.05,%¥p < 0.01,***p < 0.001)
Feeding period was 28 days.

4, Feeding period was 21 days.
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Table 9
‘Effect of excess amino acids other than tyrosine on serum
cholesterol levels in ratsl'2
Group Cholesterol HDL-Chol. LDL+VLDL-Chol.
mg/dl mg/dl mg/dl
Control(20% Casein)3 95.3%5.0 66.743.1 28.5%2.4
. "ok L2 20 ok e
Histidine(5%) 188.4#8.0 142.526.9 45.9+2.2
Control(20% Casein)3101.0i2.2 61.9%3.0 39.1%2.9
. ek e -k *
Lysine{8%) . 73.3%3.4 48.2%2.3 25.1%1.4
Control(20% Casein)® 04.3:2.7 55.7:2. 3 38.7£1.7
Phenylalanine(8%) 88.7¢5.5 56.922.2 31.8%3.6
*k
Methionine(0.758)  109.3t1.8 = 71.5:2.7 " 37.9:2.7
¥
Methionine(1.5%) ) 102.0£3.5 66.622.5 35,5+1.8

1. Means * SE. of 6 rats per group. 2. Statistical significance
compared with control group. (*p < 0.05,**p < 0.01,***p < 0.001)
3. Feeding period was 28 days. 4, Feeding period was 21 days.
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Thyroxine, Triiodothyronine

4-Hydroxyphenyl- Gentisate 5-Methoxy~
lactate aldehyde Gentisate salicylate
’»Fumarate
TYIOSine'dk———sgr —Hyg;izzztznyl-—-—-—e—Homogentisate > **4'“~—*-COZ + HZO
- (1) (2)

LAcetoace tate

4-Hydroxyphenyl- 4-Hydroxyphenyl-
acetoaldeéhyde acetate

Tyramine

4-Hydroxy-

Octopamine —» mandelaldehydé————rQ—Hydroxymandelate

Norepinephrine, } Normetanephrine,

Dopamine ————————[:Epinephrine Metanephrine
DOPA.—-—[:f
D

}-———+Vanilly1mandelate

3-Methoxytyramine ——— Homovanillate
opaquinone —————Melanine

Figure 3

Metabolic pathways of tyrosine (Resf. #/)
(1) Tyrosine aminotransferase (EC 2.6.1.5)

L¢

(2) 4-Hydroxyphenylpyruvate dioxygenase (EC 1.13.11.27)
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Table 10

Effect of BHA, cholorobutanol (Chloretone), DDT or tyrosine on body, liver and intestinal weights
and food intake, serum cholesterol and "I, O incorporation into hepatic, intestinal and

serum cholesterol in rats (expt 2)

123

Diet
Control BHA Chlorobutanol DDT Tyrosine
Measure (20% cascin) (0.5%) (0.3%) (0.1%) (12%)

Body wt gains, g/7 d 143 + 16" 9.0 + 0.6 13.0 + 1.8° 13.0 + 0.4" 14.3 + 1.0°
Food Intake, d 8, g/d 108 £ 0.3* . 8.9 & 0.6" 10.1 £ 1.2° 9.5 + 0.4 1.2 £ 0.6
Liver wt, g/100 g BW 4.00 £ 0.12" 4.83 £ 0.08°  4.83 £ 0.24*  6.07 + 0.06°  5.05 x 0.06"
Intestinal wt, g/100 g BW  1.58 £ 0.03" 1.56 + 0.05°  1.64 + 0.03*  1.58 + 0.02*  1.59 £ 0.09°
Serum cholesterol, mg/dl 88.7 + 3.2 106.8 + 2.6°  107.1 £ 4.5°  131.3 + 6.0° 106.0 + 2.2°
*H,O incorporation into
Hepatic cholesterol*
Specific activity® 89.5 + 11.8* 1155 ¢+ 127 107.7 + 9.9*  13L5 % 24.3* 1225 + 11.6°
Total dpm in liver

cholesterol® 353.9 £ 39.6* 570.3 + 40.3** 5254 + 58.5" B8I7.1 + 155.0° 619.4 % 61.7"
Intestinal cholesterol
Specific nctivity* 195.2 + 17.8* 183.7 £ 17.6° 1804 + 8.1 1753 + 0.0  178.1 % 185
Total dpm in intestinal

cholesterol® 209.3 + 95.8° 204.0 + 23.5° 306.4 + 10.3* 2830 + 14.6° 282.5 + 16.6°
Serum cholesterol,' dpm/ml  218.7 + 21.8* 234.3 + 39.8° 277.0 & 53.9° 248.1 + 34.3* 268.1 £ 61.9°

"Day feeding (1000-1800) for 7 d.

within a column not followed by the same letter are significantly different (F < 0.05).
sterols (DPS).  "Specific activity =~ (dpm in cholesterol/g tissue) x (BW/100).
100 g BW = Specific activity x tissue weight x (100/BW).

*Values are means + SEM of seven rats per group. BW, body weight.  *Means
“Measured as digjtonin-precipitable
“Total dpm in tissue cholesterol per

bl
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Table 11

Effect of BHA, cholerobutanol, DDT or tyrosine on body and liver weights, food intake, microsomal and

serum cholesterol, hepatic HMG-CoA reductase activities in rats (expt 3)"*

Diet
Control BHA Chlorobutanol DDT Tyrosine
Measure (20% casein) 0.5%) 0.3%) (0.1%) (12%)
Body wt gains, g/7 d 15.1 + 0.9° 9.1 + L1 14.4 + 1.6° 15.1 + 0.6° 16.4 + 1.2%
Food Intake, d 6, g/d 10.3 + 0.3® 85 + 0.6° 10.4 £ 0.7 8.8 + 0.7 9.9 = 0.6
Liver wt, g/100 g BW 4.07 + 0.06" 4.61 £ 0.06° 472 + 0.10 6.29 & 042 5.07 = 0.12°
Serum cholesterol, mg/dl 60.7 + 2.8*  84.8 ¢ 4.2 954 + 9.6° 117.2 £ 8.6 94.3 £ 5.0°
Liver microsomal cholesterol,
pg/mg protein . 36.2 £ 0.4* 370 £ LI 391 % 14* 405 £ 0.7 34.6 + 0.6
Hepatic HMG-CoA reductase
activity*
pmol/(min« mg protein) 41.0  4.3* 734 ¢ 7.9° 62.7 = 177"  78.2 £ 10.7° 83.6 + 8.2
" nmol/(min .« g tissue) 1.02 £ 0.14* L.87 + 0.17° 1.44 + 0.37 200 + 0.24* 1.96 + 0.20°
nmol/(min- 100 g BW)  3.73 + 0.3 889 &£ 1.87° 7.21 + L.71*® 1250 + 1.,70° 9.96 z 0.93"

'Day feeding (1000-1800) for 7d,  *Values are means  SEM of seven rats per group. BW, body weight.
within a column not followed by the same letter are significantly different (P < 0.05).

mevalonic acid produced.

IMeans
‘Pico- or nanomoles of
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Table 12

Effect of dietary PCB on body_ and liver weights, food intake, serum cholesterol

and cholesterol 7& ~hydroxylase activity in rats. 12,3
Diet
Measure " - '
- Control (20% casein) 0.03% PCB
Body weight gains, g/14 days 64.241.6 70.845.6
Liver weight, g/100g B.W. 5.1740.11 7.9430.13"
Food intake, day 6, g/day 14.4%0.6 15.041.2
Cholesterol 7 — hydroxylase ,,
activity*/g lver 35.2+1.7 22.6¢4.6
activity’/ 100g B.W.  1se.2:7.8 o 166.5526.6

pet

. Feeding period was 14 days. 2. Values are means* SEM of eight rats per group.

W

. Statistical significance compared with control group. (* p< 0.05, ** p { 0,01, *** p¢ 0.001)

4. n moles of 7a(—hydroxycholesterol produced per hour.
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Table 13

Effect of PCB or excess tyrosine on body and liver weights and food intake, serum cholesterol

and biliary steroids in rats. 1,2,3
Diet
Measure Control(20% casein) 0.03% PCB 12% Tyrosine
Body weight gains,g/14 day 17.3+1.1% 16.3+1,2% 13.5%1.7%
Food intake, day 6, g/day 15.7+0.4% 14.0+0. 4% 13.840.6%
Liver weight, g/100g B.W. 3.4620.06% 4.6720.09° 3.80%0.09°
Serum cholesterol, mg/dl 107.1+1.82 150.7+4. 4° 138. 4+4.3P
Bile flow, ml/hr 0.5740.03° 0.800.05° 0.830.04°
Biliary cholesterol |
concentration, mg/dl 10.94%0. 66° 4.65%0.59 7.18+0.722
output, pg/hr/100g B.W.  20.531.36P 11.6240.87% 19.6041.50°
Biliary bile acid
concentration. B moles /ml 20.8021. 07b 14.20+1.04% 21.90+1. 24b
output. p moles/hr/100g B.W.3.910.19% 3.65%0.12% 6.0620.29°

1. Feeding period was 14 days. 2. Values are means * SEM of eleven rats per group.

3.Means within a column not followed by the same letter are significantly different. (p < 0.05)
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Table 14

1,2,3

Effect of PCB or excess tyrosine on biliary bile acid composition in rats™’™’

Diet
Measure Control. (20% casein) 0.03% PCB - 12% Tyrosine
TUDCA
concentration, n moles /ml. - 251.2418,1% 240.6+22. 72 220.3422.7%
output, n moles/hr/100g B.W.  47.4#3.6% 61.7+4.1% 60. 44, 9%
GCA
b a ab
concentration, n moles/ml 193.3126.1 73.7+15.0 128.8%£17.1
output, n moles/hr/100g B.W.  36.325.2° 18.3+2. 6> 35.94.7°
TCA |
concentration, J moles/m) 7.00.5° $2.3%0.22 8.310.4°
~ output, B moles/hr/100g B.W,  j 344 oP 0.6+0.1% 2.340.2°
GCDCA .
concentration, n moles/ml 66.0%9, 4° 21.0#3.0° 47.0%6.3
output, n moles /hr/100g B.W.  12.9+2.0° 4.5%0.12 12.8+1. 4P
TCDCA
concentration, n moles/ml 420.5+29.12 329.0+24.3% 322.9435.32
output, n moles/hr/100g B.W.  79,9%6.6> 85.4*4.6% 88.628.0%

1. Feeding period was 14 days. 2. Values are means* SEM of eleven rats per group.

3. Means within the same horizontal column that do not share a common superscript letter were significantly different.

(p< 0.05)
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Table 15

Effect of PCB or excess tyrosine on biliary bile acid composition in ratsl’2’3

Diet

Measure Control (20% casein) 0.03% PCB 12% Tyrosine
GDCA | .

concentration, n moles/ml 50.6%6. 7b 16.2+2.8% 39. 96, 3b

output, n moles/hr/100g B.W. 9.9+1.4> 4.040. 6 10.941.6°
TDCA

concentration, n moles/ml 816.3%136. Ob 129.0%17.0% 803. 0+113. 7b

output, n moles/hr/100g B.W. 156.4%27.0° 32.4+3.1% 218.6£29.0°
TLCA

concentration, n moles /ml 28.9+7.2P 14.322.42P 12.9+2.5%

output, n moles/hr/100g B.W. 5.5+1.5% 3.740.7° 3.5%0.6%

1. Feeding period was 14 days. 2. Values are meanst SEM of eleven rats per group.

3. Means within the same horizontal column that do not share a common superscript letter were significantly different.

(p< 0.05)
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Table 16

Effect of dietary PCB on body and liver weights and food intake, serum cholesterol .

and biliary steroids in rats.

1,2,3

Diet

Measure - Control (20% casein) 0.03% PCB
Body weight gains, g/14 days 8.9+2.2 9.5%1.2
Food intake, day 6, g/day 11.240.6 12.041.2
Liver weight, g/100g B.W. 3.11#0.07 4.65%0.06™**
Serum cholesterol, mg/dl 118.4+4.7 173.8%8. 6***
Bile flow, ml/hr 0.50+0.02 0. 'i’Zi(].OS’Dg
Biliary cholesterol

concentration, mg/dl 15.2740.35 9.7110.79***

output, pg/hr/100g B.W. 29.92+0.77 23.5842. 44"
Biliary bile acid .

concentration, p moles /ml 41.03+1.32 29.22+3, 11***

8.07%0.45 7.64%0.63

output, p moles/hr/100g B.W.

1. Day feeding (1000-1800) for 14 days.

2. Values are means* SEM of eight rats per group.

3. Statistical significance compared with control group. (* p< 0.05, ** p £ 0.01, *¥* p £ 0.001)
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Table 17

Effect of dietary PCB on biliary bile acid composition in ratsts2:3

Diet’

Measure Control(20% casein) 0.03% PCB
TUDCA

concentration, n moles/ml 558.2%25.5 _ : 863.0+84. 8,'”'“ie

output, n moles/hr/100g B.W. © 110.0%6.3 228.51‘21.5***
GCA

concentration, n moles/ml 549.0%26.0 314.3+64. 5**

output, n moles/hr/100g B.W. 108.1+6.3 88.4+23.7
TCA

* ok

concentration, p moles/ml 13.2%0.5 4.5%0. 6***

output, p moles/hr/100g B.W. 2.6%0.1 1.240.1
GCDCA

conicentration, nmoles/ml 98.1+4.8 : 67.357.7

output, n moles/hr/100g B.W. 19.4*1.3 35.8%17.4
TCDCA

concentration, p moles/ml 2.430.1 2.0+0,2

output, n moles/hr/100g B.W. 0.530.02 0.7%0.1

1. Day feeding (1000-1800) for 14 days. 2. Values are means* SEM of eight rats per group.
3. Statistical significance compared with control group. (* p< 0.05, ** p < 0.01, *** p< 0.001)
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Table 18

Effect of dietary PCB on biliary bile acid composition in rats

1,2,3

Diet
Measure Control(20% casein) 0.03% PCB
GDCA
*kok
concentration, n moles/ml 119.7£11.5° 30.9%3.2
* 4ok
output, n moles/hr/100g B.W. 23.4%1.2 8.9£1.4
TDCA
*kk
concentration, P moles /ml 2.1720.23 0.31+0.03
‘ ko
output, p moles /hr/100g B.W. 0.43+0.04 0.08%0.01
TLCA
*
concentration, n moles/ml 54.4%4.1 35.3%6.5
output, n moles/hr/100g B.W. 10.6%0.8 10.0£2.5

1. Day feeding (1000-1800) for 14 days. 2. Values are means* SEM of eight rats per group.
3. Statistical significance compared with control group. (* p< 0.05, ** p £ 0.01, *** p < 0.001)
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Table 19

Effect of PCB or excess tyrosine on glycine and taurine conjugation ratio of

biliary bile acids in rats. 1,2,3
Diet
Measure Control (20% casein) - 0.03% PCB 12% Tyrosine
GCA/TCA ratio
output  0.038%0.009° 0.0320.004° 0.016%0.002%
GDCA/TDCA ratio
output ~ 0.069%0.007*  0.127%0.015° 0.050%0. 004

1. Feeding period was 14 days. 2. Values are meanst SEM of eleven rats per group. 3. Means within the same

horizontal column that do not share a common superscript letter were significantly different. (p< 0.05)
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Figure 5

Chromatogram of biliary bile acid

composition
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Retention time

Abbreviations used as follows,

TUDCA: tauroursodeoxycholic acid
GCA: glycocholic acid

TCA: taurocholic acid

GCDCA: glycochenodeoxycholic acid
TCDCA: taurochenodeoxycholic acid
GDCA: glycodeoxycholic acid
TDCA: taurodeoxycholic acid
TLCA: taurolithocholic acid

TDCA  34.538

TTR 22.888
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Table 20

Effect of PCB or excess tyrosine on fecal steroid excretion in rats

1,2,3

Diet
Measure Control (20% casein) 0.03% PCB 12% Tyrosine
a a b
Feces, g/day 0.43%0.03 0.44%0.01 1.17+0.09
Neutral steroids, mg/day ,
Coprostanol 2.0640. 41 2.0640.15> 0.4920.112
Cholesterol 0.61%0.10% 1.53+0.23” 0.7020.25%P
Total 2.67+0. 49 3.59+0. 307 1.19+0, 36>
~ Acidic sterg)id$4, p moles/day  2.8320. 252 0.87+0.28% 5.24%1. 44b

1. Feeding period was 14 days.

2. Values are means* SEM of six rats per group.

3. Means within a column not followed by the same letter are significantly different. (p< 0.05)

4. 3« -hydroxy bile acids
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Table 21

Effect of PCB or excess tyrosine on serum insulin, glucagon, triiodothyronine ('I‘3) and

thyroxine (TQ) in ratsl’z' 3

Diet
Measure Control (20% casein) 0.03% PCB 128 Tyrosine
Serum insulin, pU/ml 80.2410.5% 51.045. 8% 61.5418.6%
glucagon, pg/ml 52.045, 2% 91.4410.7% 69.9410. 8%
T, , ng/dl 96.535,3% 100. 445, 6% 108.446.1%
T, ng/dl | C12:7#0.9% 0.760.10° 12.340.5°

1. Feeding period was 14 days. 2. Values are means* SEM of six rats per group.

3. Means within a column not followed by the same letter are significantly different.

(p < 0.05)
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Table 22

Effect of 2-thiouracil treatment on body and liver weights and serum

cholesterol in rats given diet
supplemented with PCBI'2 ,3

. Body weight gains Liver weight Serum cholesterol
Group (g/l4 days) .. .. .. . (g/l00g B.W.) (mg/dl)
Pair—fed control(20% casein) 21.5+3.1% 3.88+0.10% 88.4%5.7%
Pair-fed PCB (0.03%) 24.9£3.1% 6.000.09° 174.8%9.1°
Pair—fed control (20% casein)

+2-thiouracil (0.3%) 29.043.2° 4.60%0.16° 139. 63.1°

Ad Lib. PCB(0.03%) |

+2-thiouracil (0.3%) 28.512,5% 6.3120.18° 214.7%6. 69

1. Feeding period was 14 days. 2. Values are means+* SEM of eight rats per group.

3.'Mean values within  the same vertical column with unlike superscript letters were significantly different. (p< 0.05)



Table 23

Effect of thyroxine treatment on body and liver weights, food intake and serum cholesterol in rats given diet

supplemented with PCB. 17273
Group Body weight gains ' Liver weight Food intalke Serum cholesterol
(g/14 days) (g/100g B.W.) (day 6, g/day) (mg/dl)

. a a a b
Control (20% casein) 13.0+0.9 3.78+0.05 15.9+0.6 99.8+4.8
PCB (0, 03%) 12.3+0.9% 5.27+0.08° 14.6+0. 6% 158. 1+4. 4

*
Control + T, ©12.1#0.8% 3,4340.07% 16.1#0.8% 79. 843,72
* ) .

PCB + T 14.5+0.5% 5.26+0.12° 15.9+40. 62 173.1+3. 9°

4

1. Feeding period was 14 days. 2. Values are means* SEM of eight rats per group.
3. Means within the same vertical column with unlike superscript letters were significantly different. (p<. 0.05)

* T4 (4 Pg/lOOg B.W./day) was intraperitoneally injected.
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Table 24

Effect of dietary addition of tyrosine or PCB on epididymal adipose

weight, serum free fatty acids, liver and muscle glycogen in rats. 1,2,3.

Control

Measurement Tyrosine PCB
(20% casein) (10%) (300 ppm)

Epididymal adipose tissue
weight (g/100 g B.W.) 1.43+0.14 ° 1.2840.09 " 1.210.08"
Serum free fatty acids

(xEq/1) 490.8+95.2 ° 579.14124.5 667.5¢138,4
Liver glycogen .

(mg/g tissue) 39.7+4.3 ° 31.623.6 2P 26.82.9 °

(mg/100 g B.W.) 197.9+24.2 ° 182.0%24.5 199.7+22.3°
Muscle glycogen

(mg/g tissue) 4.66%0.14 4.4840.50 5.0320.11°
1. Feeding period was 21 days. 2. Means * SE. of 6 rats per group.

3. Means within a column not followed by the same letter are significantly different (p < 0-05);

07T



Table 25

24/

Effect of dietary addition of tyrosine or polychlorinated biphenyls (PCB)
on serum and liver lipids, urinary ascorbic acid, histamine, norepinephrine, epinephrine and

dopamine in rats

(Mean values with their standard errors for six rats per group)

Dietary treatment... Control Tyrosine PCB
(200 g casein/kg) . (120 g/kg) (03 g/kg)
Mean SE Mean SE Mean SE
Food intake, day 8 (g/d) 13-5* 07 13.8¢ 06 137 07
Body-wt gain (g/28 d) 1152+ 5.4 113-5 37 109-30 60
Liver wt (g/kg body-wt) 43-38 11 50-3® 141 66-7¢ 11
Serum:
Cholesterol (mg/1) 9530 50 12240 44 2028¢ 55
Triglyceride (mg/1) 1759 218 1941+ 228 1701* 270
Phospholipid (mg/1) © 2418 96 2527 91 3808® 80
Corticosterone (ug/1) 452 45 409 28 337 43
Liver (mg/g liver): .
Total lipid 54.2% 06 48-5* 1-7 71-8¢ 16
Cholesterol 2:1¢ 01 218 01 340 0-2
Triglyceride 2330 10 16-2¢ 16 29-9¢ 16
Phospholipid 28-8* 07 30-2¢ 08 3850 05
Urina kg body-wt per d):
Ascgyr"tsi/c fcid (gﬁ.g} P 1-38 0-1 380 08 100-7¢ 85
Histamine (ug) 119-3* 46 268-3¢ 215 173-1® 152
Norepinephrine (ug) 3402 0-69 5-62° 058 6-63¢ 0-67
Epinephrine (ug) 1-16* 016 1-86° 0-21 1-96° 0-21
Dopamine (zg) 12:0¢ 53 82-7¢ 153 38.40 62

3. b, ¢ Mean values within the same horizontal row with unlike superscript letters were significantly different:

P < 0-05.
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Table 26
Effect of dietary addition of some xenobiotics on food intake.
body and liver weights in ratsl'2‘3
Group Foogai;tsake Bo;!;ri:’seight Liver weight
gl/day g/28 days g/l00 g B.W.
Control (20% Casein) 14.2#0.5 125.3%5.3 4.38x0.10
BHT (0.2%) 15.1%0.3 120.723.8 6»18i0.19*w
Chloretone (0.3%)  15.240.3 132.843.2 4.9520.09 "
DDT (0.05%) 14.2#0.3 124.7+4.0 6.1410.09***

1. Feeding period was 28 days. 2. Means % SE. of 6 rats per group.
3. Statistical significance compared with control group.
( *p<0.05, **p<0.01, ¥#* p < 0.001)



Table 27

Effect of dietary addition of some xenohiotics on serum lipids in rat51’2'3

Group Cholesterol HDL—Chol. LDL+VLDL-Chol. Triglyceride Phospholipid
mg/dl mg/dl mp fdl mg/d} mg/dl

Control ( 20% Casein ) 96.3%6.7 57.8%4.0 38.5%2.7 184.3438.1 224.2#8.6
* £ 3 *

BHT ( 0.2% ) 114.5*2.5 67.6%1.5 46.9£1.0 89.0+10.5 230.6#10.8

. sk L *

Chloretone ( 0.3%) 124.0%6.4 76.8+4.0 47.1%2.4 148.8+24.9 256.1#%15.9
ok *kx *% %

DDT ( 0.05%) 131.4%2.1 84.1*1.4 47.3*0.8 95.0%10.0 269.0t2.9***

1. Feeding period was 28 days. 2. Means *SE. of b rats per group.
3. Statistical significance compared with control group.

( *p<0.05, ** pC0.01, *** p<0.001)

7



Table 28

Effect of dietary addition of some xenobiotics on food intake, body and liver weights,

serum lipids in ratsl'2'3

Group Food intake Body weight Liver weight Cholesterol Triglyceride
day 10 gains
g/day g/14 days g/100 g B.W. mg/dl mg/dl
Control ( 20% Casein ) 14, 9%0. '53 67.3#2,51 4.45%0.08 140.0%3.3 168.4%22.8
BHT (0.5% ) 14.3£0.72 41.3£2.26°  6.2220.08 122.3:4.3" 55.144,9"
Chloretone ( 0.5% ) 15,240.50 71.5%3.49 ) 4.7810.10* 128.714.2** 131.8%17.8
DDT (0.18 ) 15.210. 40 62.810.87 6.3820.16° ©  154.5%6.0 80.743.5

1. Feeding period was 14 days. 2. Mecans *SE, of 6 rats per group.
3. Statistical significance compared with control group.

( *p<0.05, #*p<0.01, ***p<0.001)

AHT



245

Serum ™ Urinary
Corticosterone f,: Ascorbic acid
o~ ETRY
3 80¢ D
d s
g | .|
\U\ 0(5 b ere
) ﬂ
Fig.B 024 03% 005% Fig.] Cont 02% 03% 005%
Cont LT CHL DDT g BHT CHL DDT
— Urinary - Urinary
= Histamine P Norepinephrine
3 I :
Z250 20t I
_g‘ e n .gl Y
=) . &
) E ﬂ 1
. 0.05% d.3‘l. Q2% : Q.5% 0. 0.5%
Fig.8 Cont 55t chl Bhr Fig.9 Cont ¢} Dot BT
-~ | Urinary - Urinary
£ Epinephrine £ Dopamine
& &
Z % sof
220¢ g
g .' ﬂ g "t
. 0.5 05% 0.1'% : 0.5'% 05% 04'%
Fig.10 Cont a8t chl' por Fig-11 Cont Gar' ChL oot

Effect of dietary addition of some xenobiotics on serum corticosterone
(Fig.B), urinary excretion of ascorbic acid (Fig.7), histamine (Fig.8),
norepinephrine (Fig.9), epinephrine (Fig{0) and dopamine (Figll)

in rats. Cont: Control group, BHT: BHT group, CHL: chloretone
group, DDT: DDT group. Statistical significance compared with
control group. {* p < 0.05, ¢+ p <0.01, s« p < 0,001)



Tablezg

Effect of chronic a-blocker treatment on growth, liver wezght and adrenal

we:ght in rats given diets supplemented with polychlorinated biphenyls (PCB) or tyrosine
(Mean values with their standard errors for six rats per group)

Body-wt gain Liver wt Adrenal wt
(g/144d) (2/kg body-wt)  (mg/kg body-wt)
Group ‘ Mean Mean SE Mean SE
Pair-fed control (200 g casein/kg) 382 427+ 03 193+ 56
- Pair-fed PCB (0-3 g/kg) 38-2¢ 68-2° 14 190% 63
Ad lib. PCB (0-3 g/kg) +a-blocker 372 68-9° 1-5 189 80
Pair-fed control (200 g casein/kg) 410* 42:6* Il 187¢ 77
Pair-fed tyrosine (100 g/kg) 40-2* 51-1® 27 190* 85
Ad lib. tyrosine (100 g/kg) +a-blocker 40-82 50-0® 11 181 57

*.For each dietary supplement, mean values within the same vertical column with unlike superscript letters were

significantly different: £ < 0-05.



Table 30

Effect of chronic a-blocker treatment on serum cholesterol levels in rats given diets supplemented with
polychlorinated biphenyls (PCB) or tyrosine

(Mecan values with their standard errors for six rats per group)

Total cholesterol HDL-cholesterol LDL 4 VLDL~cholesterol
(mg/1) (me/) (me/D)
Group Mean SE Mean SE Mean SE
Pair-fed control (200 g casein/kg) 943 56 588 53 355+ 28
Pair-fed PCB (0-3 g/kg) 2216° 84 1267¢ 89 949¢ 65
Ad lib. PCB (0-3 g/kg)+a-blocker 1563" 20 10520 39 5500 36
Pair-fed control (200 g casein/kg) . n2» 61 666* 38 446 35
Pair-fed tyrosine (100 g/kg) {4830 131 9110 126 5720 32
Ad lib, tyrosine (100 g/kg)+a-blocker 1106* 16 624 37 482 34

& b, ¢ For each dietary supplement, mean values within the same vertical column with untike superseript letters were significantly different: P < 0-05.
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Table 31

Effect of &-blocker treatment on growth, liver weight and

urinary excretion of ascorbic acid in rats fed DDT~containing

dietl’2’3

Group Body weight Liver weight Urinary

gains ascorbic acid
g/14 days g/100 g B.W. mg/l00 g B.W.

Pair-fed control

(20% Casein) 38.3+2.43° 4.1920.08° 0.1310.02%

Pair-fed DDT

(0.1%) 35.741.50% 6.63£0.14° 4.3240.47°

Ad libitum DDT c

(O.l%)+a<-—b]ocker4 36.3+3.98% 7.3140.10° 6.21%0,91

1. Feeding period was 14 days. 2. Means * SE. of 6 rats per group.
3. Means within a column not followed by the same letter are significantly

different ( p<0.05). 4. phenoxybenzamine hydrochloride
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Table 32

Effect of K-blocker treatment on serum cholestero! levels in

‘rats fed DDT—containing -::liet‘."['z'3
Group Cholesterol HDL-~Chol. LDL+VLDL-Chol.
mg/dl mg/dl mg/dl
Pair—-fed control )
(20% Casein) 100.2#3.5°% 52.431.9° 47.7:1.8°
Pair-fed DDT
(0.1%) 185.7#7.5° 114.545.0° 71.242.9°
Ad libitum DDT
b 74.8¢2.1° 62.321.5°

(0.1%)+&-blocker? 137.123.1

1. Feeding period was 14 days. 2. Means + SE. of 6 rats per group.
3. Means within a column not followed by the same letter are significantly

different ( p<¢ 0.05). 4. phenoxybenzamine hydrochloride
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Table 33

Effect of chronic f-blocker treatment on food intake, body-weight, liver
weights and serum cholesterol in rats given diets supplemented with polychlorinated biphenyls
(PCB) or tyrosine

(Mean values with their standard errors for six rats per group)

Food intake,  Body-wt gain Liver wi Cholesterol

day 12 (g/d) (/14 d) (g/kg body-w1) (mg/)
Group Mean  sE Mean SE Mean S Mean s
Control (200 g casein/kg) 154+ 03 600 13 44-6 09 1013* 38
PCB (0-3 g/kg) . 141+ 06 567 25 67-8¢ 1.6 2102¢ 53
PCB (0-3 g/kg)+ g-blocker 149+ 04 583 19 70-3¢ 1-4 2186 84
Tyrosine (100 g/kg) 15-4*+ 05 60-3* 1-6 5382 14 1258% 45
Tyrosine (100 g/kg) + 8-blocker 165+ 05 625 18 50-4® 10 1308® &8

% b. ¢ For each dietary supplement; mean values within the same vertical column with unlike superscript letters
were significantly different: P < 0-05.



Table 34

Effect of @ -blocker treatment on growth, food intake, liver

weight and urinary excretion of ascorbic acid in rats fed DDT-

containing diet 1.2,3

25/

Body weight food intake, Liver weight Urinary

Group gains day 10 ascorbic acid
g/14 days g/day g/100 g B.W. mg/100 g B.W.

Control

(20% Casein) 63.0£1.98°  15.420.3% 4.54+0.11° 0.15%0.01%

DDT

(0.1%) 57.3+2.97°  14.1%0.6° 6.74+0.09° 5.2640.49°

DDT '

(0.1%) + 59.3+3.79°  14.9:0.4° 6.880.22° 3.4240.36°

ﬁ—-’c:lo«ckm-4 .

1. Feeding period was 14 days. 2. Means * SE, of 6 rats per group.
3. Means within a column not followed by the same letter are significantly

different ( p < 0.05). 4. dl-propranolol hydrochloride
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Table 35

Effect of @ -blocker treatment on serum cholesterol levels in

rats fed DDT—ontaining dieti'z'3 '
Group Cholesterol HDL-Chol. LDL+VLDL-Chol.

mg/dl mg/dl mg/dl

Control
(20% Casein) 112.3¢2.9% 56.3+2.4° 56.0+1.9%
DDT
(0.1%) . 155.7+2.8° 92.5¢3.2° 63.2¢1.4°
DDT
(0.1%) + 178.624.2° 109.1#4.2° 73.041.9°
G—blocker4 )

1. Feeding period was 14 days. 2. Means * SE. of 6 rats per group.
3. Means within a column not followed by the same letter are significantly

diffetent ( p <0.05). 4. dl-propranolol hydrochloride



Table 36

Effect of chronic o -blocker (tolazoline) treatment on body and liver weights, serum cholesterol

in rats given diet supplemented with PCB. 1.2,3

Body weight gains Liver weight Serum cholesterol

"~ Group (g/10 days) (g/100g B.W.) (mg/dl)

. Pair— fed control (20% casein)  34.8+1.3% 4.32+0.06> 115.5+4. 4°
Pair-fed PCB (0.03%) 35.8+2.2° 6.74+0.16° 208. 3+7. 09
Pair-fed control (20% casein) 33.9+2.1% _ 4.3240.09% 90. 65,22
-{- O(-blocker4
Ad Iib. PCB (0.03%) 38.9+1. 9> 6.75+0.04° 154. 143, 4

+ & --1:>l<'>c1:<:er4

1. Feeding period was 10 days. 2. Values are meanst SEM of eight rats per group.

3.Mean values'within the same vertical column with unlike superscript letters were significantly different. (p< 0.05)

4. (X -blocker (tolazoline hydrochloride) was subcutaneously injected.



Table 37

Effect of chronic 0f-blocker (prazosin) treatment on body and liver weights, serum cholesterol levels

in rats given diet supplemented with PCBl’Z.’,3 :

Body weight gains Liver weight Serum total cholesterol HDL—cholesterol LDL+VLDL—cholesterol

Group ~ (g/10 days) (g/100g B.W.) (mg/dl) (mg/dl) (mg/dl)
Pair—fed control  23.4#2,0° 3.8240.122 111.847.1P 70.9%3. 9P 45. 445, 72P
(20% casein)

Pair—fed PCB 24.6+2.7° 5.97+0.14° 187.9+7.3° 129. 46, 0° 64. 425, 8¢
(0.03%)

Pair—fed control  15.7+1.7% 4.45+0.10° 90.0+1.5% 49,63, 7% 40.4+4,3
(20% casein)+ '

oq—-blocker4

Ad lib. PCB+ 26.3+2.1° 6.57+0.15% 112.5+2.1° 59.242. 22 53.312.5°C
d;—blocker4

1. Feeding period was 10 days. 2. Values are means* SEM of seven rats per group.

3.Mean values within the same vertical column with unlike superscript letters were sigriificanﬂy different. (p € 0.05)
4. o-blocker (prazosin hydrochloride) was subcutaneously injected.

U
RS



Tahle 38

’

Effect of norepinephrine or éepinephrine on serum cholesterol in rats

Serum cholesterol

Group S - (mg/dl)
Control - 76.4%3.5
*ok
Norepinephrine3 (2.0 mg/kg B.W.) 95.7+2.8
Control 79.0%2.7
. .3 ‘ *okk
Epinephrine” (3.0 mg/kg B.W.) 108.8+4.0

1. Values are means* SEM of eight rats per group. 2. Statistical significance compared with
control group. (* p£ 0.05, ** p <0.01, *** p <0.001) 3. Norepinephrine or epinephrine
in sesame oil was administered subcutaneously at 2100 hr. Animals were killed after being
lightly anethetized with ether 12 hr later.
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