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Effects of Nutritional Supplementation on Nutirtional Status in
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ABSTRACT

Severe protein-calorie malnutrition, common in patients with advanced liver disease, can seriously undermine the
capacity for regeneration and functional restoration of liver. Nutritional supplementation for these patients can improve
biochemical and hormonal abnormalities. However, these effects were not identified in patient with nonalcoholic liver
cirrhosis. To determine effects of nutritional supplementation in patients with nonalcoholic liver cirrhosis, 77 subjects
aged 29 to 69 years participated in this study for 12 weeks and were subdivided into three groups; normal diet group
(Control group, n = 16), branched-chain amino acid supplementation group (BCAA group, n = 31), nutritional
supplementation group (NS group, n = 30). Anthropometric parameters, hemoglobin, hematocrit, blood cell counts,
serum levels of lipids, vitamins, minerals and fatty acid composition, and plasma amino acids were examined. The
mean values of age and height, and the initial values of weight and body mass index (BMI) were not different among
all groups. After 12 weeks, there were no significant changes in these values in Control group. Only NS group showed
significant increases in weight, lean body mass, midarm circumference, triceps skinfold thickness. Serum transferrins
were increased both in BCAA and NS groups. Plasma levels of branched-chain amino acids, urea amino acids and
glutamic acid were also significantly increased in these groups, but plasma levels of ammonia, serum LDL cholesterol
and atherogenic index were decreased. However, there were no significant changes in serum levels of vitamin and
mineral and composition of fatty acids in phospholipids in these groups. These results showed that the nutritional
supplementation for patients with nonalcoholic liver cirrhosis can more improve nutritional status in these people
together with increases of weight, body fat and lean body mass, compared to only BCAA supplementation. To ascertain
and investigate the appropriate nutritional supplementation for patients with nonalcoholic liver cirrhosis, further studies
are necessary. (Korean J Nutrition 36(6) : 577~588, 2003)

KEY WORDS : nonalcoholic liver cirrhosis, nutritional supplementation, lean body mass, branched-chain amino acids,
imporved nutritional status.
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Table 1. Nutrient composition of hepatic formula 72 g per day

Nutrients Amino acids
Protein 138¢g Leucine 2279
Fat 785¢g Isoleucine 192¢g
Carbohydrate 454 g Vadline 1579
Ash 288¢g Lysine 101 g
Energy 307.4kcal  Arginine 037g
Minerals Proline 0849
Ca 288 mg Glutamic acid 2229
P 288 mg Alanine 045¢g
Na 1728 mg  Threonine 0.55g
K 3744mg  Histidine 030g
Cl 446.4mg  Aspartic acid 106 ¢
Mg 116.2mg Glycine 0.23¢g
n 4.32mg Serine 0.62g
Mn 1.16 mg Methionine 0.29¢g
| 43.2 mg Phenylalanine 0.50 g'
Cu 0.57 mg Tyrosine 053¢g
Fe 5.18 mg Tryptophan 0.20g
Vitamins Cystine + cysteine 0.18¢g
Vit. A 1440 IV Taurine 36 mg
Vit. D 116.21U Fatty acids
Vit. E 8.641U Caprylic acid 151 g
Vit. K 36 mcg Capric acid 081g
Vit. B1 0.46 mg Palmitic acid 063 g
Vit. B2 0.46 mg Stearic acid 022g
Vit. B6 0.58 mg Oleic acid 122g
Vit. B12 1.73 mg Linoleic acid 2999
Vit. C 288 mg Linolenic acid 045¢g
Patothenic acid  2.88 mg
Nicotine amide  5.76 mg
Folic acid 115.2 mcg
Biotin 86.4 mcg
Choline 1156.2mg
L-carnitine 36 mg




Z3 02 Bxjon| AR leucine, isoleucine, valine &
3 B2a-g 3k 33 A7kl AHFEF d1%loH, o]59
19 ZF2& leucine 2.86 g, isoleucine 5.71 g, valine
3.43 g oItk 30%E QU BFT o2 FUI MIF
QF &1 23] U REFERS AFFEF FO=2A °lF
23 % 9% 300 kcal, @92 13.8 g, Ca, PE H|Zst
6% theF 77125 Zn, Fed HI%E 5F vjd5714, 15
zo) 284 © F8A4 vl 1952 oA, 759
Ak ZEUEE B9t (Table 1). Z28)1 YA
169 R 07 BN AHNES stk
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1) QI HIED} MA MFE A

AZAS} AFAZS o)gslo] A A S8k AT
(kg) S A (m) 2} AFo2 e #hoz AAHAITE (body
mass index: BMD & 731813, biomedical impedance]
A& o] &3 AR ZA47] (Body fat analyzer Model
TBF-105: Tanita Co., Tokyo, Japan)Z ©]&3l] A=
wk (body fat%) 7 A=A (lean body mass) & 4
sH5ict. w3 RS e vpeel] Al Al tapeZ 8l
s} ool S Ao st dol EdB) (waist
to hip circumference ratio: WHR)Z 73}3ith A=
(mid—arm circumference: MAC) & X2 33311,
Skyndex (Caldwell & Justiss Co.)E o] &3} A7
YBEATA (triceps skinfold thickness) & 33131t

FAAA) &4 AR otry) 8 ol ARSI,

24A17F 324 (24hour usual food intake) ol &J3te] 2]
E AH3e sty dii A4S 2ot dU%a
A dmgatloa gt gkt T
CAN-ProZ olg3le] BAaioltt. 7 chiate] 7lzdiAt
22 Harris—Benedict #2102 731, 49 He 4
o 2447 BERHE 7185 AAY 853 7z
aleRel] 21Fe] Bolsd 28-g MGt

2) GMIA B, Y A, RO 5 £

AT ZAF AL FEog Ao AEs T Auto-
matic blood cell counter (Horiba/LC—240A, Japan) &
AMgsle] AL FE9 HnfEARXE B B3
% 2o ~EE, LDL E84HE, HDL Z2HE, $49A
vle 2% BX7) (Autoanalyzer chiron express + 550,
MA, USA)E o]&slo] ar¥loz S33qch FHAst
2]4= (Athrogenic index: AD ¥ & Z#AHE4 HDL
ZYAHES W gkS thA] HDL SUAHE o2 Ur
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3) G AHI0| . ERAP) w0 WY Wi R 4T A
N B3
¥y gy dRu dg 21750 A8 3 GOT
gk GPT, 437159 ¥ BUN F#otede A&
£247) (Autoanalyzer chiron express + 550, MA, USA)
2 olgsl) gAlow &3 n, EWAFHL Behring
A} (Germany) 94 AZ3 kitE o]&3te] A3 ch

4) &% Tocopherols, retinol, carotenoids X ¥ as-
corbic acid 3= &8

AP 5 I3 L g2 FA] o] Add ez 70T
of Rosigion, AP 270E ool &elA Alliance
Waters 2690 separating module, Waters 996 Photodiode
array detector, WatersTM474 scanning fluorescence
detector©.2 TAE HPLC systeme o}&3lo] E435191
t}. Tocopherols, retinol ¥ carotenoids ¥4& 1% &
2L Yeum 59 %4'® e wle} C18 Symmetry 3.9 X 15
cm column (Waters, Milford, MA, USA) 22 tocopherols
& 294 nm, retinol& 340 nm, carotenoids¥ 450 nmel|
A} 48 ANEI%T, tocopherols ¥4 BE4E A3t
o] 474 fluorescence detector (FD)E d@sI3itt &
2 AJ29) HFHA| SAHE & YE BF §9 to-
copheryl acetate? 34-&2 BASITh A ascorbic
acid B4& 98 100 pie] 3l WREZAH 1% (Wh)
MPAZ X838 x7+8- 10% (v/v) PCA 100 plE Z7Hst
=) g e A skl 208 Bt AAEElE A4
sl AZde FHalo] 200 pl bufferE 7t g H,
12000 rpmellA 187 AEEs F 59 10 plE
HPLC systemell FAK51e] C18 Novapak 3.9 X 15 cm
column (Waters, Milford, MA, USA) 2.2 254 nmeilA|
A3k

5) g oM T &Y

Y3} F oju|xAr A4S Anderson®} Ueland 52 %
Hie0 e & 95 jon—exchange chromatography® post—
column ninhydrin reaction® ©]€3lith. 3 250 plel
20% sulfosalicylic acid (Sigma Chemical Co. St. Louis,
MO, USA)E H7iste] @S JuAzl § 4TolA 1
AZF ¥hx] 3 3300 rpmolA 1587 944 228t &
g5l 2.2 AF2HS 0.2 #m membrane filter (Waters
Millipore, MA, USA)E AE % 20 ylE amino acid
analyzer (Pharmacia Biotech, Cambridge, England)
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gAeA Folch 54 W%l wet Jd& F23 &
110CelM 8493170 20X 20 cm®) silicagel—60 plate
o] A3}, hexane—diethyl ether—acetic acid (80 :
20 :2) fuljol] A/AART A T TLC plateE N2 gas
2 AzAZ ¥ jodine vaporE ARESF TLC plate 2l
A9 282 AN H X BEE Fojulo] mR
81 methylation tube®l Eo} 2 ml¢] methanol— benzene
FAe FHrpAek Alg A owA 0.2 mle) acetyl chloride
£ AH3| H715 F teflon—lined capl® A EH-gE Tt
100CellA 6087t 7FE k™ AEAE HZA F 6%
KoCOyEY 5 mlE 713lod 3000 rpmoilA] 537 AAE
2jslo] Eejd 45Ae FAM 1 plE gas liquid chroma-
tography (Hewlett Packard GC 6890, Denver, USA) @il
Fsto] Aakg #A3s1edck. EEAWAE (NuCheck Prep,
Inc., Minnesota, USA) & AME8l] 7 AWk} BRATRE
ERIsI51 o, AL S F APPAREe] WiE-g (area %
of total fatty acids) 2 T3}tk

7) 9% 24 5t 5%

dH9 F714 FEE Perkin—ElmerAte] Atomic ab-
sorption spectrophotometer (AAS 4110ZL)E AMg-s}
o] 2435197, Pyrolytic coated THGA Tube (L’ vov
Platform3) &} Ar gas(99.99%)& AFgsladch FU9
AlE9 % 20 plolw, peak area® FFEE TFISITH
vl R AHL Zeeman background A& ARSI slit
widths 2.0 nmE A8 o electrodeless discharge
lampE AMESIGIon, A 3L 196.0 nmitk AF
AAE #H o= Se, Mn, Cu, Fe ¥4 dH9 H4&
el7] Asl, 4 0.1 miel AREEAR] 0.2% Triton
X—-100 0.9 miE 718k 10419 Mg wkE9la, Zn
42 ¥4 0.01 mlell 0.2% Triton X—100 0.99 ml& &
7Kkl 10081 BA RS wHEgith EFENE Perkin—
ElmerA}l (1000 mg/L) oA 74 28, matrix modifier
25 ug PA5 wpl& ARESISTE AAEY ZE 7SS
10% HNOs; gl 24 ARY, 32} S5/ (Millipore, Milli—Q
plus)oll 24A13F Hx] &, 3x} FHRFE W AT A
Aol A ehAdd] AzAIZE?

3. Mg 1 A
A7Aane) EAEMS 98] WindowE SPSS package

(Statistical Package for the Social Science, SPSS Ins.,
Chicago, IL, USA)E AME8KItE E& SAHAES Hd
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Table 2. Basal- characteristics such as age, anthropometric
parameters, hemoglobin, hematocrit, blood cell counts, serum
protein levels and liver function in patients with nonalcoholic
liver cirrhosis

Initial values
n=77)

Age (years) 505 *+1.78
Height (crm) 166.14 = 1.52
Weight (kg) 64.74 + 2.02
Body mass index (kg/m?) 23.67 + 0.74
Waist (cm) 85.65 = 1.53
Hip (cm) 96.34 £ 1.23
Waist/Hip ratio 0.89 = 0.01
Lean body mass (kg) 51.46 + 1.55
Fat (%) 20.18 + 1.48
Mid-arm circumference (cm) 27.66 £ 0.66
Triceps (mm) 13.02 + 1.46
WBC (X 10%/ L) 3.47 £ 0.28
RBC (X 10°/ L) 3.39 £ 013
Hemoglobin (g/dl) 11.79 £ 0.41
Hematocrit (%) 3193 £1.34
Platelet count (x 10% #L) 69.83 = 8.05
Albumin (g/dl} 3.27 £ 0.09
Transferin (mg/dl) 186.74 = 9.74
Creatinine (mg/d) 0.89 = 0.04
GOT (U/L) 44,73 £ 3.45
GPT (U/LD) 39.38 £ 3.14
Mean £ SEE.
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Table 3. Age. anthropometric parameters, hemoglobin, hematocrit and blood cell counts in patients with nonalcoholic liver cirrhosis

before and affer dietary intervention

Control (n = 16) BCAA (n = 31) NS (n = 30)
0 week 12 week 0 week 12 week 0 week 12 week

Age (years) 50.5 + 2.35 50.2 = 1.58 50.7 = 1.69
Height (cm) 165.7 £ 1.57 166.2 = 1.39 166.3 + 1.63
Weight (k@) 643 *+ 246 645 t 216 654 £169 660 180 643 +212 656 *£216*
Body mass index (kg/m?) 243 £ 120 237 £ 074 238 =058 239 +0.64 232 =067 235 =068
Waist (cm) 854 £ 208 860 x 199 867 =135 869 =132 847 *143 859 =14
Hip (cm) 959 + 148 964 £ 139 968 =114 953 =088 961 120 968 =*1.21
Waist/hip ratio 089+ 002 089+ 002 0.90 = 0.01 0.91 £ 0.01 0.88 + 0.01 0.89 = 0.01
Lean body mass (kg) 506 = 187 497 + 444 525 +£128 530 *£137 509 *£167 522 +177*
Fat (%) 207 £ 213 256 £ 463 195 £1317 195 £151 206 £131 198 £129
Mid-arm circumference (cm) 283 £ 089 283 £ 076 274 =050 276 051 276 +£0.71 283 = 0.69*
Triceps (mm) 1831 £ 212 131 £ 197 128 +£1.12 127 £108 132 +146 138 151
WBC (X 10% ¢£L) 333+ 028 341x 033 380027 356 £0.31 321 £0.29 3.11 £0.27
RBC (x10°/ #) 326+ 021 345* 023 3.38 £ 0.10 3.47 £ 0.10 3.48 £0.12 373 £0.14
Hemoglobin (g/dh) 118 = 0717 128 £ 078 11.3 £028 122 +081 123 =038 134 =044
Hematocrit (%) 303 = 191 332 £ 223 328 +133 322 +145 319 £105 349 £115
Platelet count (x 10%/ L) 777 =156 869 x£165 719 +541 660 =590 635 *676 703 =861

Mean * S.E.
= p<0.05, compared with initial value in each group

Control: normal diet group, BCAA: branched-chain amino acids supplementation group, NS: nutritional supplementation group

Weight change (kg)
2 2r

Lean body mass change (kg) —|

Fig. 1. The change of weight, lean
body mass in patients with nonal-

05 %

coholic liver cirrhosis before and
after dietary intervention. Mean =
S.E. *: p<0.05 compared with initial
value in each group. Control: nor-
mal diet group, BCAA: branched-
chain amino acids supplementa-

tion group, NS: nutritional supple-

mentation group.
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Table 4. Serum concentrations of lipids and vitamins in patients with nonalcoholic liver cirrhosis before and after dietary intervention

3. &8 N3, Tocopherols, retinol, carotenoids ¥ &%
ascorbic acid S
g3 AL F ZUAHE v5E 7 Fol A
Az A & "3 Qo Z o) Hsk g e vl
FAME FelH L zlol7} §igith. LDL ZUAHE 5%
T EAop|xAt BEF B g HEF CM F2F

2]
2 43851 (p < 0.01), HDL U2 HE 558 99

r_i

o
k

—

Control (n = 16) BCAA (n = 31) NS (n = 30)
0 week 12 week 0 week 12 week 0 week 12 week

Triglyceride (mg/dh 804 = 721 816 x 871 724 £ 450 709 *= 582 741 == 574 662 + 403
Total cholesterol (mg/dl) 1491 =116 1462 =105 1472 =+ 654 1413 = 578 161.8 + 886 1543 + 758
LDL cholesterol (mg/dl) 822 + 797 757 *+ 793 976 £ 508 854 *+ 398 935 *x 731 822 + 670"
HDL cholesteroi (mg/dl) 509 + 371 5641 = 371 350 = 264 392 * 243 535 = 3.02 588 + 2.34*
Atherogenic index 205+ 020 1.87 £ 024 3.71 £ 031 298+ 029 228+ 029 1.69 £ 0.14*
Ascorbic acid (zg/ml) 395+ 037 392+ 020 472+ 012 457+ 028 425+ 017 4583+ 026
Lipid-corrected level

e -Carotene (zg/mmol) 169 = 252 131 £ 288 126 = 19 104 = 289 1156 £ 205 161 = 232
B-Carotene ( ¢z g/mmol) 593 £ 641 580 = 930 664 * 753 643 =101 641 £ 769 619 x 792
Retinol (¢ g/dh 1712 =236 1602 +259 1745 *£167 1635 =180 1690 +204 1659 214
@ -Tocophero! (xg/ml) 027 = 0.05 022+ 002 029 0N 0.24 £ 0.0 022 002 024=x 002
y -Tocopherol (zg/mi) 0.01 = 0.00 001+ 0.00 004 000 004+ 000 001 000 0.01=% 000
Cryptoxanthin ( ¢ g/mmol) 99.0 +27.8 878 =183 1086 *18.1 989 = 911 1027 +188 958 *159
Lycopene (xg/mmol) 1192 £281 1119 £213 11756 +£186 1094 =223 1147 *£237 1066 *246

Mean = S.E.
*: p<0.01 compared with initial value in each group

Table 5. Serum concentrations of proteins and trace elements in patients with nonalcoholic liver cirthosis before and after dietary
intervention

Normal range*® Control (n = 16) BCAA (n = 31)
NS (n = 30) 0 week 12 week 0 week 12 week 0 week
Albumin (g/db 3.6-60 346 £ 0.13 351« 016 3.11 £ 008 3.00 £ 0.08 333008 338+ 0.08
Transferrin (mg/dl) 170—370 1790 = 11.2 1646 = 9.29* 2083 =109 2440 =+144 * 1686 *7.75191.7 = 9.26*

BUN (mg/dl) 45-235 844+ 096 907+ 090 140 = 061 146 + 078 103 =089 967+ 096
((:rfg"/gl‘)'”e 06-12 090% 005 088+ 005 087+ 003 087 004 090+ 004 092+ 004
Glucose (mg/d)  70-110 920 * 338 910 = 342 885 = 592 823 + 596 99.1 +405 97.0 = 3.64
GOT (UL <37 417 + 429 439 = 413 412 + 312 387 + 217 500 +£334 471 = 411
GTP (U/D <40 372 + 298 381 * 222 403 + 153 391 * 188 396 +489 359 + 511
BUN (mg/dl) 45-235 844+ 096 907= 090 140 + 061 146 + 078 103 =089 9.67+ 096
M‘z’;%clgﬁse 037+ 001 037+ 003 042+ 004 041+ 004 036001 036+ 001
Copper ( xg/d) 743 = 615 702 + 594 900 *+ 383 903 *+ 333 856 +t412 881 = 548
ron ( zg/d) 187.6 £149 1662 £121 1754 +11.4 1373 = 98] 159.1 +854 167.8 = 11.1
Zinc (zg/d) 535 + 392 557 = 354 561 + 241 512 + 167 533 252 529 + 158
Selenium (x g/dh) 776+ 043 771+ 041 747+ 029 744+ 023 676+ 031 663+ 031
Mean + S.E.

*: p<0.05, *+: p<0.001 compared with initial value in each group
§ : reference intervals - ref. Am Dietetic Assoc. Handbook of Clinical Dietetics, 2nd ed., pp.538-549, Yale Univ Press, 1992
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Table 6. Plasma concentrations of amino acids in patients with nonalcoholic liver cirrhosis before and after dietary intervention

Normal Control (n = 16) BCAA (n = 31) NS (n = 30)

range 0 week 12 week 0 week 12 week 0 week 12 week
Methionine 5- 40 812 +147 800 =096 848 +168 673 + 287 824 +134 739 = 121
(pzmole/L)
Threonine 75-210 1761 +868 1866 +4.44 1804 +108 1642 + 662 1781 + 919 1842 = 290
(g mole/L)
Tyrosine 20— 90 1715 +161 1703 +169 1762 +11.8 1687 + 831 1752 + 884 1706 * 861
(pzmole/L) .
Phenyldlanine a5 o0 1003 =113 1081 +224 1013 = 564 1079 + 346 1167 + 871 121.8 + 7.43
(zmole/L)
Isoleucine 40-100 624 186 592 =086 617 = 541 1224 + 677" 633 + 529 833 = 677
(zmole/L)
Arginine

30-145 1130 +1.33 1100 +1.55 1189 + 829 1087 + 871 1166 + 7.30 1303 + 7.73
(pmole/L)
Hisitidine .

30-110 954 =193 918 £085 994 + 422 1190 + 410" 1028 + 686 1183 + 551
(zmole/L)
Alanine 245-500 3197 +359 3149 +243 3205 +17.0 4094 +234™ 3269 +150 3402 + 181
(#mole/L)
Asparagine 35— 45 1220 +344 1200 +205 1248 * 603 1263 +£10.1 1266 + 3.84 1209 = 20
(xmole/L)
Aspartic acid 0- 20 288 +882 254 +076 216 + 102 221 + 178 219 + 112 216 +1.29
(zmole/L)
Glutamine 40-700 6637 117 6874 =161 6757 £269 5993 +266° 6059 +288 5705 =+ 253
(zmole/L)
Glycine

120-560 263.1 +451 2616 +154 2769 +12.8 2741 =107 3071 =111 2981 +112
(g mole/L)
Lysine 80— 240 1636 +1.83 1621 +1.33 1681 + 948 1878 + 862 2583 +189 2492 +142
(zmole/L)
serine 75-170 1819 +6.15 1808 +£349 1851 + 775 1720 + 548 1807 + 3.89 1782 + 407
(gmole/L)
Taurine

25-170 908 =474 896 577 934 + 308 1170 =132 906 + 377 898 + 247
(2 mole/L)
e-ominobutyrate oy oo 4 4183 216 +167 230 + 243 380 + 288 383 + 385 450 + 403
(zmole/L)
Cystine

10- 90 308 +221 302 t18 332 t 253 379 + 38 345 + 396 470 * 3.80
(z mole/L)
Proline 105-340 2059 +905 2141 +881 2259 + 935 2241 = 988 2359 + 9.15 2441 + 8.88
(xmole/L)
Aromatic 2717 +222 2784 +206 2774 £17.0 2666 +109° 2858 + 164 2804 + 147
amino acid
BCAA/AAA 1.18 + 0.02 107 £007 123+ 006 174+ 007 146+ 013 152+ 011
Urea amino acid 3141 +228 3095 +228 3211 149 3659 +151° 3916 +269 4189 + 180
Mean * S.E.

*: p<0.05, #x: p<0.01, **+*: p<0.001 compared with initial value in each group
BCAA: branched chain amino acid (leucine, Isoleucine, valine), AAA: aromatic amino acid (phenylalanine, tyrosine), Urea amino
acid: arginine, citrulline, ornithine
Reference intervals: ref. Am Dietetic Assoc. Handbook of Clinical Dietetics, 2nd ed., pp.538-549, Yale Univ Press, 1992
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Fig. 2. Plasma concentrations of isoleucine, valine and glutamic acid in patients with nonalcoholic liver cirrhosis before and after
dietary intervention. Mean + SE., *: p<0.01, *+: p<0.001 compared with initial value in each group.

Citrulline ( 2 mole/L) Omithine («mole/L) Ammonia (zmole/L) Branched chain amino acid («mole/L)
120 . -
( " . 200( 300 500 il .
_‘g il » T
90 L * 240 * A00}-
r _ 150 i .
180 300} T
60 1001
120 T 200+
30 - 50 sk 100|-
a Q 8] 0
Control BCAA NS
’ [] Oweek [] 12week J
I

Fig. 3. Plasma concentrations of citruline, ornithine, ammonia and branched chain amino acid in patients with nonalcoholic liver
cirrhosis before and after dietary intervention., Mean = S.E., *: p <0.05, **: p<0.01, **x: p < p<0.001 compared with initial value in

each group.
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Table 6olA B visl Zo], A8 Az A} vlarsle] 12
F Fo ‘R 9 BE olu:Ake ¥t Qlglod, F
2] opu| Al BEFF oA BA] ofu]:Al F isoleucine @}
valine®) FE+ F38A F718193 (p <0.001, Fig. 2),
leucined] FEt& FoF oz st (p <0.01). 9
& BHZFT oM E isoleucine® valine?] FEE F2FH o
2 Z7KI5oH (p <0.05), leucined FE+= H37F 9l3l
th 9 oluiAte] w5 WgE AHEE, Ex oluxAt
B3 oA 125 & histidine®} alanine, glutamic acid,
citrulline, ornithine & & £2] olu| Ak E5E {23 o
2 37FIa, glutamine® H3E opu)izAl ammonia®)
e foFe g 7k4sIgict (Fig. 3, Table 6). =3t
F5EE citrulline, ornithine?] =712

Urea amino acid®] ¥5+&
T = Qoh g BT

TEETER T

=

[e]
v

o ME glutamic acid¥ citrulline, ornithine, & 3] o}
oAt 57 AR bl eH, ammonias
oA o7 745} (Fig. 3, Table 5, 6).
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Table 7. Fatty acid composition of serum phospholipids in patients with nonalcoholic liver cihosis before ond after dietary
intervention

Control (n = 9) BCAA (n = 10) NS (n = 10)
0 week 12 week 0 week 12 week 0 week 12 week
SFA 409 +095 380 *+1.58 411 =090 383 +1.40 392 057 409 *+1.38
Cl4:0 0.43 = 0.02 0.40 = 0.03 0.52 = 0.06 0.49 £ 0.07 0.49 + 0.09 0.60 = 0.11
Cl6:0 257 +0.84 258 =+ 1.57 279 +£1.27 269 +1.14 255 +1.38 266 * 1.69
cl18:0 11.9 £1.32 109 £084 121 =1.01 11.3 +0.88 106 =071 1.1 £1.00
C20:0 0.45 + 0.10 0.46 £ 0.19 042 £0.13 0.38 + 0.05 050 = 0.1 0.55 = 0.20
C22:0 0.26 £0.08 021 £0.12 0.28 = 0.11 0.27 £ 0.04 0.27 = 0.09 0.23 = 0.07
C24:0 0.19 £ 0.09 0.10 £ 0.06 0.23 = 0.08 0.08 + 0.03 0.13 = 0.08 0.13 £ 0.02
MUFA 19.0 = 1.43 17.8 +1.31 210 =074 21.3 +080 176 +£1.99 20.7 +1.87
Cl6:1 3.84 +£0.35 421 +£0.33 414 £0.36 424 £ 046 4.20 = 0.50 416 = 0.53
Ci18:1 130 £1.34 12.7 +1.50 128 *£0.82 11.5 +059 121 £ 1.49 154 +£1.72
C20:1 0.34 = 0.07 0.35 = 0.05 0.24 = 0.04 0.24 £ 0.06 031 £ 006 0.33 = 0.08
C22:1 0.38 = 0.07 0.36 = 0.09 033 £0.10 0.29 = 0.07 0.34 = 0.25 0.31 = 0.06
C24:1 022 £0.08 0.20 = 0.02 0.18 £ 0.09 0.18 = 0.05 0.16 £ 0.10 0.19 + 0.08
PUFA 27.9 +0.99 252 *+1.89 257 +239 23.7 216 258 +1.10 266 £ 281
C18:2wb 19.2 +1.46 172 +1.38 183 +1.98 188 +1.32 19.6 =129 153 *1.31
Cl18:3wb 0.87 £ 0.1 0783 =0.13 082 026 0.75 £ 022 0.69 = 0.15 074 £ 0.16
C20:3wb 050 £ 0.10 054 +0.13 0.59 = 0.06 051 £0.12 0.53 =£0.10 0.65 = 0.07
C20: 406 256 = 0.39 226 = 0.25 231 £ 0.44 2.06 = 0.41 2.45 + 0.69 275 = 0.45
C22: 4wb 0.19 = 0.11 0.17 £ 0.18 0.20 + 0.08 0.15 £ 0.06 023 £0.13 0.21 + 0.06
C22:5w6 070 =025 0.39 £ 0.21 0.19 = 0.07 0.12 £ 0.05 010+ 0.44 0.09 = 0.03
Ci8:3w3 1.73 £ 026 1.69 £ 0.28 1.81 £0.13 1.65 +1.04 1.74 £ 1.26 1.76 £ 0.25
C20:3w3 0.43 £ 0.09 0.37 = 0.08 0.40 = 0.09 0.38 = 0.07 0.45 £ 0.09 0.40 £ 0.04
C20:5w3 0.58 £ 0.16 0.52 +£0.21 057 £0.156 0.52 +024 0.50 £ 0.19 0.53 = 0.19
C22:5w3 0.25 + 0.06 020+0.13 0.19 £0.08 0.13 £ 0.06 0.17 £0.10 0.20 + 0.09
C22:6w3 0.19 = 0.08 017 £0.07 0.17 £ 0.04 0.15 £ 0.10 0.16 = 0.09 0.18 = 0.04

Values show relative percentages of each fatty acid in total fatty acids.
Mean = S.E., SFA: saturated fatty acids, MUFA: monounsaturated fafty acids, PUFA: polyunsaturated fatty acids

Table 8. Derived fatty acid indices of serum phospholipids, and desaturase and chain elongation product/precursor ratios in
patients with nonalcoholic liver cirthosis before and after dietary intervention

Control (n=9) BCAA (n =10) NS (n = 10)
0 week 12 week 0 week 12 week 0 week 12 week
P/S 0.65 + 0.05 0.66 £ 0.05 0.67 £ 0.07 0.57 £ 0.06 0.68 £ 0.07 0.64 + 0.03
M/S 0.52 = 0.06 0.46 £ 0.04 0.55 + 0.03 052 £0.02 0.48 + 0.04 0.47 = 0.03
w6 Product/LA 0.24 = 0.04 0.25 = 0.06 0.27 +0.03 0.20 = 0.03 0.28 = 0.04 0.22 +0.03
w 3 Product/ @ -LNA 1.80 £ 0.57 1.32 £ 042 1.70 £ 0.38 1.55 £ 0.44 1.63 £0.50 281 +1.14
Cl6:1yC16: @' 017 £ 0.0 0.16 £ 001 0.17 £0.02 0.156 £ 0.02 0.16 = 0.0V 0.15 £ 0.02
C18:1/C18: 0 1.28 £ 0.25 1.26 £ 0.21 1.50 £ 0.16 1.45 £0.13 1.27 £0.19 1.38 £ 0.17
C18:3/C18:2° 0.03 + 0.01 0.02 = 0.01 0.05 + 0.02 0.04 = 0.00 0.03 + 0.01 0.05 = 0.01
C20:3/C18:2° 0.03 = 0.01 003 £ 001 0.05 = 0.01 0.02 = 0.01 0.04 + 0.01 003 =00
C20:4/C18 : 2* 0.15 = 0.03 0.14 + 0.01 0.18 £ 0.02 012 £0.02 0.13 + 0.03 0.14 = 0.03
C20:3/C18:3 0.93 = 0.23 08 £0.18 0.75 +0.23 0.69 + 0.21 087 +£0.29 0.90 £ 0.26

Values show relative percentages of each fatty acid in total fatty acids., Mean =+ S.E.

P/S: polyunsaturated fatty acids/saturated fatty acids, M/S: monosaturated fatty acids/saturated fatty acid, LA: linoleic acid, a-
LNA: e4inolenic acid, w6 products: sum of C18:2,18:3,20:3,20: 4, 22 : 4, 225, 3 products:sumof C18:3,20:3,20:5,22:5,
22 : 6, Ratio representing: ' 49-desaturase, *Jé-desaturase, °Jé-desaturase+chain elongation, * 46-desaturase+¥A5-desaturase,
Schain elongation
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B718k O'Keefe 59 A8 BH, o)
A (triceps skinfold thickness) & AF¢+=#] (midarm
circumference) 2 3% AW A3y} 2530 4%
3 AEET vt ZaEY] e BT A
ARyl 2880 aE ) &40 % vy
A9 B8R diAtel ot Aor AP dFFa

=5t 32 YA A3l AR A ZHo] ¥
5, THelA olulate] BalHE Aotk & AT
Az}, ‘gok REF M FARFHFA (triceps skinfold
thickness) & A2 (midarm circumference) 7} <
How ZF7HEGSo] BRAEEH, ole FUHREFE T
A4% = FFo] AFE AALY Z52 e A
317 gEog Algdn. T3 F9FA F£EL2 ohl g
ARt G BET oA AR Z5FE Weshe A9
oleld %7} SVshe AR Rojzich

oA difE BAEE Al dEnl, ERAR,
#els 23 @A (retinol binding protein) & 7+ &4
o] AEE JEpE JUAREE AMEETE” E ATelA

BA oAt BEE B P BET Y 4RY TR
v ARl F7HE HolAw FRAR EWXIY 5=
FoHow Frkeiith olejdt A JURFT Ve

o AR 79 ANHAQl gl fode]e) ANAE 7

& Zojn], 7 BxfEelAl FutEls 552 A Wl
TE @y BREoR 7)o 3107 AlgHrh

e vloAEH 28 APARe RelA ol SRS
FAste] ThAEe] AAsa, 7rel ARE FAAS 2

LY o

ez Fujgok T2 2ho] S SARWE 9
2HES Stehe AduAe] gHdo] ZraEe] Ao] 7t
of A T FAALH ZU2HE dAte] oS
ZHsHA Db & AFolA 125 F 12X ofrlxAt B
7% gk BEF M LDL FdUAHE 27 44
H97, 58] QY HEFF ME HDL ZHAHE 5%
7} T Ao R, ol 9% 23S Bl 1 7]

50 M2k 5] vet B3 FAAE Ael} pE 2
ofzfal Agdrt Z12v 7] HDL FAHE s5s &
5

AouleAl BEd o] ‘iERF, I BET I vy
o] @3] HWoka, F FHAHE ol oM E o
HZEF o] & T #3 v|wsje] dA8] =3kt o= HDL
ZYiaHEY T FeAEHE drAel Befdke lipoprotein
lipase (LPL)©]|\} hepatic lipase (HL), chelsteryl ester
trasfer protein (CETP) & Z2 §4:9 7Y 3
2] WolZ Qg a4 A A3l s EAE 4 Aok
VLDL Tt IDLZ%E Z#H2HE2S HDLE Heshy,
HDL®] TGE vl VLDLelY} IDL2 dg¥sh= CETP &
Ao BA71 @Ag A4, VLDLoW} IDLZ4E HDLZ
ZFHAHE HEsHA] X3l wFol| HDLS Exljste et
HDL ZF#AEE2] o] Az oz Hojz] & gighs
w3 HDL Fd2eHEo] 7teg Hgse] FaliHEo]
TFHoR IES B3 & greE wurR=d], ojw 7H
02 FRYHEE Foshs 4% HLO A7 2A8E )
% 1o ® HDL FHAHES FYAE & 7] gl 4
Aoz A=A 13 HDL FHAHE0| d32of mr}
Y 8% F5EE Ford F Aok o]d ¢ HDL Ed
AHES & FEt1 s Ao R E FeHA
M AE2A AR S o Yok B AFME
olggh A9 Aot FHA WHolg FAsHA] Yot A
g3l 714 Bl Eakelovt Haleke] vwA F F
HAHES] 2718k ‘YU HFT o] oL} Heleke
Al 7kl Zpol7t giglen, HDL ZdAHIES] #HEeke]
A5 BRI A BEF I JY BET elle F

o2

ZrelAq ojihs

A3 AX7} £ ook

& Zlojtk
2 Aol Al T BF vk skl ®3E HolA
W3k, 53] HERIE FURAR Y BRI oA E A
A& HolX ottt 3 AEA] oM HEls A o

o] go] 4
A =84 vlet
e FF 9 FFo] A4aEn? F 7 284 BleRl
o} A ARGHE Eol7kn e §olie] A
= AL HAE T3 BlER AR duglel W
T ASolA W2 dA e 58 dehlis 9do)
Hrke d7ARg vised Ao Algdnk® 84 1)



EFIQ ascorbic acide A& #Aiks) W29} 7 ol
A2 RE YA HE 27 B @440 S48 02 A}
£57] Wil gA nZ4=E 1, @7 BE3A] @ 55
7t §738] AestA] etk aeiv Fo AV [
B3 7 7159 /MRS 7S Zoln, vl Jdd
o= ML TS o2 AlEETh

1A T2 AA Al F B NS HolA] gsieh v
ez vt g §712 5 2F Yol AgElEd S
B Aok Tl okt el Bt} 1A &
T 9 5E It e AF evdid, Aady
of FAZF BAE7] WEeln,”? 1273 4% BRFL
ZE 83 U 149 FEE 0 wdEA Xk
Hoz wordch

Agrzioz 7AW Alofli= EA] o)Al leucine,
isoleucine, valineg] FE7} SobA glor HISES: o}y
Akl phenylalanine, tyrosine?] 8% & F71Ho Q)
t}. oo} 2 Wighs WEE opv|Ate] "olv|iy) 34
o] Mg} ox] FFLOEN ZHoA A o] Al
ARgo] F7¥sl7] wiEo]th®” Methionine¥} ammonia &
$9] &7} cysteine® taurine F59 A LI 7AW
A JERdT . B g AFES SItE £ dAFeME 12
F 5 BA oA BE I GY HET oA A
So} ol ExJojum]) Akl isoleucine¥} valine, F #X]
olu|Ate] T2t SUFETE 2Evt o] F Felr £
olu| Akl leucine FEE 238 FASAY WEE B
o}z] ¢kotrt. ol leucine©] AN F opu]ike
ok 8%E XS] wiEel] 7HHE dE Fxo Wil
% leucine 8% w57t 9GS Bt Rof 7)1g A
2 AlgHY, 73S Al valined 8% W)
A 2 Y leucine A& A5 Tol YUoR A
o} S 207H4] ohu| AE FollA leucine2 HA O
ACAE AR olu|Ato|EE ofu|y7] Ho|ghs
23 o —AEAR] a—ketoisocaproate® ¥ F, acetyl—
CoA$} acetoacetateZ E3l|H=d|, & F AEAY 57}
7} @A Balg A7) wiEel 25 JdudS dek
317] $15}4 leucineo] ARBtEo} AEAE Fdsket] o]
537 giolet AP 5 ok HESE o] F FolA
4 ammonia®] FE7t ZAHUE ol A ofv|x
b 23] e mE AR AlsErh

RS Rl E A F571 AsiE o] A - iAtelx
B 437 PSSk 9l AP O E desaturase
o] gAido] sl XHat AgAo] FAaNER tHExd
Aikato] Aoy gk 217W #RjelA F2 ouiA]
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3902 =4 E4AW (medium—chain triglycerides,
MCT) & ol&3l=t] o] C8—C10 APAHs Xt F
Ao 2 FAEo] glon, BE ok 8 kcal/ge F5E
o} MCT+= @/98tel 223t 53 acyl-CoA synthetase
7b Q71 W olxe|E3lEA] & APAke] HEjE 2
3 EHoz FFHy, gEitelyt A% lipase §lolk vt
2 7R gt 18y MCTE A3k 21 QA
%47] wjiol A7|7t o] 88 Aol linoleic acidE B5
ok gt} ol RS A RotA e AW FEI
e Rz Mg Awyt AHH oz Ausef gl
$E BT Yol 53] Fh™ & ATl A
Are] B BN, BEAF FHQ Aol7t (I,
MCT$} C18—-C20 AWAto] e PEL2 ol 2
2 99l #ae] thet FHAQ ke Qv ZoE HoA
o, At BEREe 2 A F4 A9 9Rd e
ZHshs &4 WSS MM FE e LR A}

Nzt
I'

Ao FoFEE Aol i BRI HERFE &
A AAs FUdaao] Wl viAE aHE B
A5 B Ao A olu| kel BES opu]xAl of
AFE JNAAZ L, AA Ak S e AeE U
ERton, 53] thokst goka BEL A5 AAY &
5% 2D AR T PSS EA ol diat
L AL S BeE B ofet IR ow FU
AEE sk A EEY A sl 7]odslq 3=
Aoz Azt gl skn, &4 7 7% 3
£ o]8 4 3l 7FedE ANE Aoz Jigigith

metd,  A7E EUR 0|EEY EW 8459 2
3 1Y Ao mE JUYRF-g AABP] At AT
Zl8jo] o]Fojzjo} & Zlojr}.
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