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ABSTRACT

The purpose of this experiment was to compare the effects of tryptophan administration on
nutritional status of female rats which consumed reserpine and 6% casein diet with different
carbohydrate contents(87%, 65%, 44% respectively). Final body weight, body weight gain, FER,
plasma amino acid concentration and microsomal cytochrome P 450 content in liver were
measured and microscopic structure of hepatocytes was observed.

In low-protein diet, the higher the carbohydrate content of diet was, the lower the damage
was in the rat's liver. Tryptophan administration after dose of reserpine induced more effective
recovery from liver damage of rats in high carbohydrate diet group than that in low
carbohydrate diet group.

In conclusion, the general nutritional assessments such as final body weight and body weight

gain provided better estimate of the degree of structural changes in hepatocytes than functional
assessment such as plasma amino acid concentration or liver microsomal cytochrome P 450.
(Korean J Nutrition 29(7) : 689~702, 1996)
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ot A H3%s @3 tryptophan/neutral
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Table 1. Composition of experimental diet (g/Kg diet)

Component\Group H M L
Starch 870 650 440
Casein 60 60 60
Corn oil 10 110 200
Cellulose 20 150 260
Salt mixture 1) 40 40 40

Vitamin mixture 2) * * *

1) 20g calcium phosphate(dibasic) ; 2.96g sodium cho-

ride ; 8.8g potassium citrate ; 2.08g potassium sulfate

; 0.96g magnesium oxide ; 0.14g manganous car-

bonate ; 0.24g ferric citrate 6 H,O ; 0.064g zinc car-

bonate ; 0.012g cupric carbonate ; 0.00004g po-

tassium iodate ; 0.00004g sodium selenate ; 0.0002g

chromium potassium sulfate ; sucrose(to make 40g to-

tally)

2) O 1ml of vitamin A & D mixture /Kg diet : 0.1mg re-

tinyl acetate and 0.01mg ergosterol / ml corn oil

® 2mi of vitamin E & K mixture/Kg diet ; 25mg a-
tocopherol acetate and 1mg menadione /ml cormn
oil

@ water soluble vitamin mixture ; 2000mg choline
chloride, 10mg thiamin hydrochloride, 20mg ri-
boflavin, 120mg nicotinic acid, 10mg pyridoxine,
100mg calcium pantothenate, 0.5mg biotin, 4mg
folic aicd, 500mg inositol, 100mg para-amino
benzoic acid

@ 1ml of vitamin B 12 solu./Kg diet ; 0.01mg Vit. B
12/ ml distilled water
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A8 7)7b0] Btk A8 552 12412 #7 F ethyl
etheri “P-’ﬂa 3 AolA Fg ARl &
A2 A3 H, 2 FAE SA8L 10T
2 W% 2assi}. 3, heparin A2 tubedl A
g AL 1A A & gAEEsEiet. 78 ol
wAbS B4y Y8 21" g3 0.3% salicylic
acid & 1: 29 H]&E Arlete] AR F 459
B3l 24 AA717] -70CE WE B3t 79
ottt BRE H4xl Hdgle] opu|xAl 71

(biochrome 20, Phamarcia) & ¥-A13l30}.

3. Z+ microsomal cytochrome P 450 &2t £
7} microsomal cytochrome P 450 %2 Omura
& Satod W¥e wyste EA&th 1 micro-
somal fraction® 0.1 M phosphate buffer §%(pH
7.0022 AMAAA D F27F Img/ml & 4 Al
g8 FnEvl. 4 B4 AlE A4S reference cell?}

Table 2. Experimental design

Administration period(wks)  Total experiment

Group Reserpine  Tryptophan periodsiwks)

Exp 1 H - - 5
M - - 5
L - - 5

Exp 2 Hr 2 - 9
Hr+t 2 2 9
Mr 2 - 9
Mr+t 2 2 9
Lr 2 - 9
Lr+t 2 2 9

H : 87 % starch & 6 % casein diet

M 165 % starch & 6 % casein diet

L 44 % starch & 6 % casein diet

r : reserpine administration

+t : tryptophan administation
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sample cellol ¥ base line 23t CO 7F2=E
bubbling® A 89 sample celldl Fo} 450~490
nm Abeloll A Ao FFEE SAHH LM NaS0&
Arksle] thal FHEE SABIET A F4%= 70 A
0]g+e cytochrome P 450 422 AXeIH 2™ molar
extinction coefficient 91 mM'em™2 dtich.

7t microsome?] @¥4d &2 bovine albumin
& ¥F g0 3 Lowryd] WY 243519
o}, ‘
4. 2t =H9| g|lM =
b 2R 9] v tRE BFs] f8 248 FEY A
5 A7l T FFsto] 2 A1) 22E A
Imm 272 A48 22& 3% glyceraldehyde(4C,
pH 7.4, Millonig's Buffer) 2 2 A7t Augslar 5
3 buffer H22 A5 1.33% Osmium te-
troxide(4 ¢, pH 7.4, Millonig’s Buffer)2 $374%

& alcohol series(65~100%) 2 &4-31%i 0}, @3
Z3-& propyleneoxide® *%3+ %, Epon 812 %fa}
Aoz Tulste] FEAAL. lpm FAE Hekete] 0.
5% toluidine blue® @4gt t}& #stdv|4 st #
23t 2% RYS 60~90nm FAZ ZebdAg v
Zo] uranyl acetate®} lead citrateZ 015 @45t
E314 2807 (TEM, H-600, Hitachi) &2 w273
et

5. SA X2

A 1, 29 BA Ade 7t A7) P ]9} ¥
HAZ FASGoH ZF AT 7 HoAe 49 ¥
BAL dtod ¢=0.05 level dlA] scheffe’s testZ <
A AAE 39 ¢ AY 2 A AEFE TR &
g, aglzt (A Aol BrEE FF B tryp-
tophan 59 3, AB o] g3lg3 tryptophan
+E Z8)E d%ﬁ}ﬂ e ohd M 4 (two-way
factorial ANOVA)Z Yot wE BAXYE
SPSS/PC+ Z 3kyeH?.

r

0% HN

24 _T_ll.

1.4 1

Ay 12 g Ei}“ FEo] AR TE 6% casein
dietZ &S HPTEY Ao AHAF, A%, Aol E&
(FER : food efficiency ratio), @3 & ojn|=At 5
%, 7} microsomal cytochrome P 450 % 2 MM X

nlAEe) Apol & Hlmety] s Al BEAT

oo
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Table 3. Food consumption, final body weight, total body weight gain and FER of rats in Exp 1

Food consumption

Final body weight

Total weight gain

Group FER
(g/week) ® ®
H 120.4%+19.0"a 1317+ 9.6 a 626+ 7.4 a 0.103£0.011 ns”
M 108.3£14.5 ab 114.0£17.1 ab 4524128 ab 0.088+0.020
L 90.1+£152 b 103.0+102 b 3461101 b 0.07140.031
1) Mean + S.D.

2) Values with different alphabet within the same column were significantly different at a=0.05 level by Scheffe's test

3) Not significant at a=0.05 level by Scheffe's test

Table 4. Plasma free amino acid concentrations of rats in Exp 1 (EM/L)
Group Taurine Aspartate Threonine Serine

H 115.7+ 554" ns 50.3% 8.6 ns 288.0+100.3 a” 3574+ 85.1 ns”

M 964t 7.3 50.6t12.4 191.2+ 153 ab 309.7+ 54.8

L 56.2+ 21.5 375+ 84 1345+ 549 b 258.81+120.5
Group Asparagine Glutamine Proline Glycine

H 752.4+t4516 a 230.4£93.0 ns 984+ 453 ns 302.2+ 68.5 ns

M 709+ 112 b 180.2+64.6 551t 28.4 278.6+ 90.3

L 534.4%101.1 ab 158.41+66.6 425+ 248 206.7+ 64.9
Group Alanine Valine Cystine Methionine

H 229.8+ 66.5 ns 130.7£30.7 ns 7.3t 109 ns 0.0 0.0 ns

M 157.0%£ 237 124.9+253 115+ 109 46t 10.2

L 135.7% 46.7 110.6£36.9 79t 74 0.0+ 0.0
Group Isoleucine Leucine Tyrosine Phenylalanine

H 67.7t 255 ns 2459+56.6 a 80.4+ 9.9 ns 428+ 10.5 ns

M 511+ 6.7 111.24£203 b 79.8+ 19.8 314 6.6

L 39.7+ 109 188.0+48.5 ab 615+t 9.5 293+ 9.1
Group Lysine Histidine Arginine Glutamate

H 865.01+271.8 ns 73.8116.3 ns 329.0% 64.6 ns 34+ 1.1 ab

M 650.31+183.2 75.4+18.7 2733+ 496 10+ 05b

L 606.8+287.7 64.4+20.0 2273+ 79.2 70+ 50 a
1) Mean£S.D. .

2) Values with different alphabet within the same column were significantly different at a=0.05 level by Scheffe's test

3) Not significant at a=0.05 level by Scheffe's test



Table 5. Plasma essential, nonessential and total amino acid concentrations of rats in Exp 1
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Ratio®

Group Essential amino acid  Nonessential amino acid Total amino acid
H 2043.0+443.6"ns” 2112.1£773.5 ns 4155.1+1199.2 ns 23402 a’
M 1513.4+262.0 1194.4+240.2 2707.8% 491.8 3.0+04 b
L 1400.5+503.4 1450.3+415.8 2850.8+ 908.2 20+04 a
1) Mean+£5.D.

2) Not significant at a=0.05 level by Scheffe's test

3) Values with different alphabet within the same column were significantly ifferent at a=0.05 level by Scheffe's test

4) Whitehead & Dean ratio(13)
ratio = gly+ser+glm+tau
val+leu+lleu+met
Table 6. Liver weight and microsomal cytochrome P
450 contents of rats

Group Liver weight Cytochrome P450
® (nM / protein)
H 4.57+0.17"" 1.3240.53 ns”
M 3.40+046 b 0.7241.23
L 3.19+040 b 0.86+0.58
1) Mean £ S.D.

2) Values with different alphabet within the same co-
lumn were significantly different at @=0.05 level by
Scheffe's test

3) Not significant at a=0.05 level by Scheffe's test
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Fig. 1. The electron micrograph of hepatocyte of normal
rat. Well-developed rough endoplasmic reticulum
(RER) and mitochondria(M), and scattered glycogen
particles(GLY) in cytoplasm were observed.

Fig. 2. The électron micrograph of H group in Exp 1. Disr-
uption of mitochondria, loss of mitochondrial cris-
tae and RER with dissociation of membrane bound
ribosome were observed.

Table 7. Food consumption, final body weight and total body weight gain of rats in Exp 2.

Group Food consumption Final body weight Total weight gain FER
(g/ week) ®
Hr 121.1+13.3"ab” 144.4+18.0 ab 76.3+19.6 abc 0.087 £0.024 abc
Hr+t 1283+ 79 a 170.7£17.4 a 102.9+18.0 a 0.111+0.016 a
Mr 102.4% 7.5 bc 133.5+£11.0 be 65.8+ 8.8 bed 0.09240.008 abc
Mr+t 119.1+£10.6 ab 155.2+153 a 87.6+17.0 ab 0.09940.016 ab
Lr 887+ 6.0 ¢ 106.1£11.2 ¢ 38.6+11.7 d 0.054+0.025 ¢
Lr+t 967+ 6.4 b 117.5%+ 6.6 ¢ 502+ 6.1 cd 0.065+0.011 bc
Significant factor” A A, B A B
1) Mean£S.D.

2) Values with different alphabet within the same column were significantly different at a=0.05 level by Scheffe's test
3) A : Effect of dietary carbohydrate level was significant at a=0.05 level by F-test
B : Effect of dietary tryptophan administration significant at a=0.05 level by F-test
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Fig. 3. The electron micrograph of M group in Exp 1. Disr-
uption of mitochondria, RER with slight dissociation

of membrane bound ribosome and glycogen par-
ticles aggregated around RER were observed.
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Fig. 4. The electron micrograph of L group in Exp 1. Sev-
erely swallen mitochondria, smooth endoplasmic
reticulum(SER, arrow) near the nucleus were ob-
served. G : Golgi's complex.
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o|7} BF fodo)gitt. wEtA trytophangs Foigh
Lr+t#ME tryptophand Foi3tx] &L #HT} &
9oz FUlEIgen Mr+rtaoldes 942 AL
oot thi Frlete A3E B W Hr+t &
A e #eletA gsitt 3 AU /2 threonine,
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Table 8. Plasma free amino acid concentrations of rats in Exp 2 (UM / L)
Group Taurine Aspartate Threonine Serine
Hr 119.9+17.8"” 541+ 53 a 218.2+ 58.3 ns” 3894+ 418 b
Hr+t 75.1+43.0 ab 374£15.6 ab 2917+ 37.2 3340+ 833 b
Mr 97.0+22.8 ab 513% 3.8 ab 274.0x 619 676.0+£229.8 a
Mr+t 66.0+13.7 ab 337+ 40 b 3335+ 773 3099+ 537 b
Lr 86.5+29.0 ab 49.1+11.5 ab 343.9+284.2 446.1£171.1 b
Lr+t 58.3+18.7 b 369+ 6.1 ab 377.0+115.7 359.2+ 456 b
Signific ant factor” B B B, AB
Group Asparagine Glutamine Proline Glycine
Hr 359+ 7.1 ns 483.7£189.1 ns 338+ 228 b 382.4+ 46.6 ns
Hr+t 599+ 13.1 327.3x 90.5 246+ 199 b 2956+ 67.3
Mr 285+ 56 2492+ 89.4 341+ 315 b 587.3+2519
Mr+t 55.2+ 164 402.8+t 87.2 61.8+ 36.0 ab 3429+ 57.4
Lr 448+ 40.5 340.81+233.5 205+ 255 b 456.7 £258.0
Lr+t 48.0+ 6.2 5153+ 66.4 98.7t 226 a 3625+ 50.2
Significant factor B AB A, B, AB B
Group Alanine Valine Cystine Methionine
Hr 2467+ 77.6"ns” 176.0+ 16.3 ns 17.94 10.3 ns 127+ 189 ns
Hr+t 317.8+£108.6 1933+ 43.7 206+ 23 8.0+ 11.1
Mr 199.9+ 393 215.6x 35.7 19.8+ 1.8 107+ 104
Mr+t 2298+ 32.7 - 139.8+ 16.0 215x 10.6 0.0x 0.0
Lr 239.5+ 50.0 205.6+ 73.2 19.8+ 14.0 333+ 159
Lr+t 273.0+ 47.0 167.2t 235 18.6+ 3.1 7.3+ 16.2
Significant factor AB AB B
Group Isoleucine Leucine Tyrosine Phenylalanine
Hr 324+ 69b 292.8+ 33.0 ab 117.4% 143 ns 625+ 13.1 ab
Hr+t 737+ 93 ab 2839+ 58.5 ab 929+ 185 56.5+ 19.8 ab
Mr . 36.1£ 90b 3449+ 495 a 1140+ 96 68.5+ 8.0 a
Mr+t 747+ 23.1 ab 2093+ 144 b 82.0+ 9.2 316 79b
Lr 526+ 375 ab 3185+ 94.7 ab 109.2% 26.6 740+ 293 a
Lr+t 95.0+ 28.6 a 242.5+ 333 ab 92.3+£ 10.8 475+ 82b
Significant factor B B B B
Group Lysine Histidine Arginine Glutamate
Hr 1149.1+215.6 ns 924+ 93 ns 439.91+126.8 ns 13+ 0.2 ns
Hr+t 912.11+436.8 87.4% 243 377.9+125.4 08x 05
Mr 1219.6+278.7 116.2t 25.8 492.4+143.4 1.5+ 03
Mr+t 701.8+168.4 671+ 10.7 300.8+ 21.9 1.1+ 04
Lr 975.4+2443 119.0+ 56.7 452.0+ 87.7 8.5+ 96
Lr+t 828.7+t217.0 916+ 17.8 316.3+ 38.8 13 04
Significant factor B B B

Yy Mean + S.D.

) Values with different alphabet within the same column significantly different at a=0.05 level by Scheffe's test
) Not significant at a=0.05 level by Scheffe's test

4) A : Effect of dietary carbohydrate level was significant at a=0.05 level by F-test

B : Effect of dietary tryptophan administration was significant at a=0.05 level by F-test

AB : Interaction between A & B factor was significant at a=0.05 leve! by F-test

1
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3
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Table 9. Plasma essential, nonessential and total amino acid concentrations of rats in Exp 2 (M /D)
Group Essential amino acid Nonessential amino acid ~ Total amino acid Ratio”
Hr 2475.14:393.9"ns” 1762.3+773.5 ns 4237.4% 565.4 ns 27404 a”
Hr+t 2284.6+621.5 1510.9£350.1 3795.5+ 946.3 1.8+03 b
Mr 2778.0+£419.6 1961.51+346.1 47395+ 709.3 27+£04 a
Mr+t 1858.7+239.3 1540.3+239.3 3399.6+ 397.0 26104 a
Lr 2574.3£857.1 1734.9£760.1 4309.2+1613.6 2.14+0.3 ab
Lr+t 2173.1£411.5 1805.81+:202.8 3978.8+ 608.5 25+03 ab
Significant factor” B B A
1) Mean + S.D.

2) Not significant at a=0.05 level by Scheffe's test

3) Values with different alphabet within the same column were significantly different at a=0.05 level by Scheffe's test
4) A : Effect of dietary carbohydrate level was significant at a=0.05 level by F-test

B : Effect of dietary tryptophan administration was significant at a=0.05 level by F-test

AB : Interaction between A & B factor was significant at a=0.05 level by F-test

5) Whitehead & Dean ratio
gly+ser+glm+tau

ratio =
val+leu+lleu+met

Table 10. Liver weight and microsomal cytochrome P
450 contents of rats in Exp 2.
Liver weight  Microsomal cytochrome P 450

Group (8 (nM / mg liver protein)
Hr 4.85+0.93"b” 0.80£0.74 ns”
Hr+t 4974035 b 0.79£0.34
Mr 4.38+1.01 ab 1.04+0.71
Mr+t 5.01+0.85 b 0.94+0.59
Lr 3.14+0.22 a 1.17+0.38
Lr+t 3424031 a 0.88£0.58
Significant factor™ A

1) Mean£S.D.

2) Values with different alphabet within the same
column were significantly different at a=0.05 level by
Scheffe's test

3) Not significant at a=0.05 level by Scheffe's test

4) A : Effect of dietary carbohydrate level was significant
at a=0.05 level by F-test )
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Fig. 5. The electron micrograph of Hr group in Exp 2. Sev-
ere disruption of mitochondrial cristae, glycogen
particles aggrgated near RER, and RER with dis-
sociation of membrane bound ribosome were ob-
served.

IE Y AEE
gt o2 Aule] fedE FEL 7F 29 AXY
endoplasmic reticulumell A At3lg¢l 2 289 o}
AlZZdE AgEAY Te oE 243 A3
2A3EE gAY EH*WV*% AXH ghgolit A%
3 sid gt ojafo] A T} o ojr)AbS
238 24 9 nijacin, Vit B2, Cu, Fe 59 9%AE
ol g3} B3] %2 thAIHA AN E glucuronic ac-
id®} glycine, glutamine, methionine 9] o}u| =4k
3} microsomal cytochrome P 4509] o]&o] Zdj®l
‘3}. w5 gldoe] AP Hol& AT FEANA 4E
S ¢S ) 7+ microsomal cytochrome P 450 &
Zdo] 50% o) sty 7 vl ghake 7k EtT A

= tlo mr

|

Ho}- @-%}:_‘% 26(_7]_@_1:]_1 6—}_(}5\\:}_15)16)
2 AgelHe 48 FEY 7 serotonin FHFS 7

217171 918) 6% casein 4] ¢]9} &7 reserpine® %
oatlen serotonindFE 717171 A tryp-
tophan® Fosiglonz Ay FE& dhwld AYy

Fig. 6. The electron micrograph of Hr+t group in Exp 2.
Normal mitochondria and RER, and glycogen ag-
gregated near RER were observed.
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Fig. 7. The electron micrograph of Mr group in Exp 2. Sev-
ere disruption of mitochondria and RER, and
lipofuscin(Lf) were observed.
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Fig. 8. The electron micrograph of Mr+t group in Exp 2.
Dilatation of cristae of RER accompanied with dis-
sociation of membrane bound ribosome was ob-
served.
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Fig. 9. The electron micrograph of Lr group in Exp 2. Ir-
regular cristae of mitochondria and some lipo-
fuscins were observed. RER and glycogen particles
were not observed.
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Fig. 10. The electron micrograph of Lr+t group in Exp 2.
Severely disrupted and aggregated mitochonderia,
and dilatation of cristae of RER were observed.
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