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understanding of body iron metabolism at a molecular level 2
enables us to elucidate the mechanism of iron toxicity more

precisely. Improvement of patients’ outcomes is becoming 5,
promising if a correct early dingnosis is made, and suitable
management of these intructable conditions using iron

- %, & . . 2
chelation with high compliance 15 conducted. 2
23
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B, iR TR LR RE L Y iz
FEIbTBELYEL, FhEMS a2 0N
fLEPLBRL TV S, R0 EAY OKE
BRBLITERLAVLEBMICL Y0, FM
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heEBERRL TV, —BAFRCFRIALY, Bt YosnoEl
KEaTHRZATV S, SRR CMENCKACHHTIBMEHALTE
6F, MR ARG SALRLANMEERPEBBLTELT, ABGOR
BEMANBE@AARTHRNLTHARALTE2oTHE, 00, H#

MM LR BRL TSRS,

I 2. poOBH

BRBEE OO TFHHBCHS L THES O
TWBEILMREOHRTHLICE->TETL
3%, Zhi, EMNERNCHBEFIRTHE —
AT, BMCFETILOCLLHcEELYR
LT 5D THE, FSTRIC, B EMHIcH
LTEREZTHECODVLTRTWL,,

BEREEEMTHY, SRAMNRBIZET,
electron donor T4 2 2 {li#k & electron accep-
tor ChEIEROMTHERCRLT A48, %
HEHTORL ZERENRIGCHAZIHATVS,
LasLZdth, CHOLARERRCERLS YA
WEEETLEIMEMLD, ANKBTIIE
B L TR RT oL ELE, ChidF
Fenton RS2 & 5 60O T, BEMIZA—r—7%

FF (0:7) P@m{EAE (H:0) »56, EFo
¥ HN (OH ZZH0:0H') DEEE LS
(B2). 24 b5 ik HE 8 % Ml reactive oxygen
species (ROS) EMiXhsdt, OHS VAN E
ORTHLMO|M A LOT, SWE, HOW, &
B ERELZEENEL, WiRsobict-
THRCME LS I MREEZSI2EZLAY, &
HERBOBEPEMLE tMAT S LI HhTH
&Y,

3f, BAMEKMTIROH 2 ALDAHTIRA
¢, peroxyl (ROO"), alkoxyl (RO"), thiyl
(RS*), thiyl-peroxyl (RSO0") k¥ n&Mo>
THhNMMEEISHRE,

ROSK L DEBNOBRL LR TFHHEMSI LS
b, FO—WAMEAPLADT—A—LLTH
Hahtws, ECHERAR{EOBALE LTI

ROS (reactive oxygen species)
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Fe (1) + H:0:
(Renton B i)

— Fe (i) + OH "+ OH"

Fe(l) + 0, — Fell)+0s

(net reaction)

HiOs + O~ — OH™+ OH'+0
(Haber - Weiss ]

B2 Fenton R& 4T Harber-Weiss BiG
SN ANC LA, ChoDRBE

fILTZTALNEESH, ERCHLTRE

EolbT.

4-hydroxy-2-nonenal (HNE) #%, #/-, DNA &
FHOEWME L T2 8-hydroxy-2' -deoxyguano-
sine (8-OHdG) I 6T 3, 7o —LHEl
M0 S HFHRTO HNE L S0 REL—H
TELEOIHEY P, CRABKERTRICETEilL
EEEBEAICE D 8-OHAG DETFHEDHEI S
EVOHIEYER, L ICEAROS 21 L THME
bhLbTILETMTA60EELLAS,
29 L ROS B4R, Fic Mree (BH) ) &8
ST, SHEATHRERIEIALE (TS
O RIiA Yo g l) 7052 ~NEY
TN bFLAZN RELGSR, BES
HAOCHETERELY, free A RKEBTHET S
ZLE@sh T, LinLihsn, SikH
15 ORMEIIC L > THBRRBICL S L, B
GEACESLA L { ol free L#MHBL
TLBILick 3, Free a2l %
LoTuadl, ZORMEREVLOTHY, F5
- ROS EX L EMET LI LML, LWDWS
IFLEe) LWThs, Jhici, mRtmeEdc
B33 b727c) EEH (non-trans-
ferrin bound iron : NTBI) %, #IliH -7 2

HNE (4-hydroxy-2-nonenal) 8-OHdG (8-hydroxy-2° -deoxyguanosine)
NTBI (non-transferrin bound iron ; b+ 272 ) AHEH)

TIBC (total iron binding capacity)
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THL, FfhtlERFECTICHSLRE
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TMAFT2HTORERESTLHILNTE
2%, Tf ok a@ifkadmcmd, ER
LZRBCEOTRELEELLHALABCENE
hHEEBHMCES R TCCTICHET S
CLEHTE, TOe, BIZIMMHEHT free DKM
AELTICTL. BOPTEH, FHC free OHIE
TAF{ET 2 843, redox cycling 27T L#- ROS #
BEETARICEERCHME L TEBICBIER b A
EFMTIERETAIET, 25 LBl
HE@ESh TS, MEMICBOT, TIOBRAE
11 % capacity i, total iron binding capacity
(TIBC) v TckbEI LD, W@HWRAZS
THhuaTHhEHEHLTEN, ERLBETR
30%BED TI LB TREShTO R0, L
L, B@EiCH@ASh TR TOEBNSCHME
Wids, {oproREECLoTHATL 20N
PICBBICTEET A2 A mIcMd &, £V mpdho
TIHNBMABEZEE LTy (A, RIS T Ok
*HEETES capacity aMah T4 5. TiM
FIEEA 100% & L GEhicmnviRBicd s &

Tz E L 2hisdh o zBd free DI TMLHE S
CHALT B EIChnD, Ch28KLT
NTBI L WES®, SRRk A0 o 8% 8 1= i
2WMAMAEL LTRENLLDE, 5137,

=7,

LIP (labile iron pool . $&##7— 1)

33 (195)



Ao

2o07 7 —SBE
ERFNHORE

HE - BICHE BBARIE
Wil BFES,

B L
S —— S, EmEEM

(ﬂmuﬁﬁréﬂia) SICMMARET

BEaEICEoH
MBS ONTBIOER
¥

L
NTBIOHIRA~OIRY A% (S SIBAmaL |

NTBIIFRRIICEBORMIBRA R YAEHS

H3 NTBIOHRIMEME

LR LIRS hize, w07 7—YickE s EMTNRORBEIC L
n@shtiz, mMERTR A7) (transferrin: T ERSLTHE
(F+a, ML 30%0 T LyEAShToaunh, W, Sy, K64
Yo BRENbHS L, KB TIOBROSSEN A TL 2, IiEd
I bF o272 YEHEE (non-transferrin bound iron @ NTBI) 7R L
T4 &, NTBI OB ~0 R 0 A0 (HBRMA L < SS0micERn
Wi nAzhTL 20, BEEMIC Fenton RIGHEEMTLTZ ¥ ANEESR
GleECL, #ia- WERYELLT.

PRI AR REE, FETREHM A ¥ Ol
FHEA 2T 5 MnxEs, fE=tt~esov -2
7., BRORSEZITOLBITRESL EHHS
NTVE 'Y, TLHCETIE, £H8RE CR
MYENF4, 7 aoa— PR Y, SO LR
ik ', cardiopulmonary bypass' % ¥ @ C
4, NTBIASHBIL TS 5 LdllpdhbioT
Vi, ERMICEES ATV 206 X 58
MPAET, LI CRBCEENCBREYR
fit 2 EBEDL S0, HETRENMIZH:S
WIS I RBBES 2T, N, TRCK
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BTV, BAETRLTLEZITEAL,

TIR1 (transferrin receptor 1)
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TIc#EL TS TIRSHE, T EIEWICR
VB AIE TS S T 2 # M & T o transferrin
receptor | (TfR1) /LT, MBTPOFFHRO
A ARCHE - T oM RIRAICHD
AzhHAARTLE", COESCTIHEE
ML TRfTREOHAEVHBETH S ML,
NTBliziR 23 LA LWL ELNTE
0, ForbRe L MRICRBERFICAY AL, B
Ec s EkEE & /26 L, ROS E
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A, WEZ AT Y VMG E WXL B E
BTR, mbho T BRyFERKCLEVWD Tl &

BT sEREEMDTOLRL, £FO—FHTNTBI
MNERCRAMLFREZ Y cHoBREG 2R
7.

NTBI (2T, 1978 #iZ Hershko 5 3%
BLTrLTTICI0FEIZERBTIA, LV
CERFRALCE{ broTEW, Thi
TOMWEY S5, NTBIRBE—DOEBTHEETS S
O T {, heterogeneous &t bDThHL L ¥
AbBRTVSE, 27, TILHECE Lol
X, M TReLOELBESTIRICRDH,
Pl Z i citrate % albumin MZORELLTEZ
Lbh T3, 2/, NTBIk#4&*1L— AT
FL—bLTHASCZET, heterogeneous % &
OTHS EVD T EHDH 5. Desferrioxamine
(DFOQ) TF L— b 2 h 3 7P, oxalate T mo-
bilize 3hi (il detect TR AL AE A EHD
N, ERELEFLATEDHLIE NTBI MR E-T
VWELEELLATWLE,

Jif, labile plasma iron (LPI) &5 FfEA(#
HAahad &5 h>TETVEH, THik NTBI
D9, #IC redox cycling - W% K& i2T ac-
tive A THEFL—PAlICE->THFL—F &
h, £BoMRCHLTESTHRREZ L7/:5
LPTuimsdnLTIS '™,

BEEMICIENTBIAEC2 2 L, Ficikls
R H 2 BREORE 2B TE L
MTEERDERCARLELLNEY, Zhdt
WHTHRLL, REZTRALEREZOSESERS
ST, FRAAEY - HEE - MESOYhE L
LT &I oAk vonEMTHE, BEET
KREINTVIHECRUTOL I b bondh
%, @ M¥)Ic NTBI % shuttle molecule (ethyl-
ene diamine tetraacetic acid (EDTAJ, nitrilo-

triacetic acid (NTA] % ¥) T mobilize 2#, #
O #ifMEB £ MW 30,000 Toutoff Sh 3
microfilter THEL, 5 FRO i % atomic
absorption 4 L { {X colorimetry, Z7zi2 color-
imetry %4 A& b4/: HPLC TR 2 17,
BHETRBRLESREIIz LA RTVE, —
Fi, S{RGMAERTLIEBITLALVHET
5", @ ERFFECH LT, NTBI® mobiliza-
tion & Wil X MWEAOTEL L TIT S HEkd'S
3, RLOBICHEMHETH S bleomycin OFF
V—hREZFIRA L T NTBl ###E L, Xi bleo-
mycin & &OWE K% ascorbate X ¥ O3 1
RADFETFTTIIANVELERA TS, 22
DNA Y Of{txZ0 5 298 EMA 2 LT,
M LM & bleomycin- WS L OMELHA
h, T4HbHE NTBI Y REIEELEVERT
2%, ZZTMMYT S ascorbate (2, #TALE L
TOfER & mobilizer & L TOFEMOT S >
Skichd, MR NETER®S S
LTHaH, MEMCHBENMEETHELDE
FHRECPPELLEFEILATVEY, @RI, H
KAMRI| L 72 DFO (fluorescein tagged DFO : Fl-
DFO) & L £ (3 Ti(fluorescein tagged Tf:FI-Tf)
TRHOAHE DT NE, 2T, miicatL o
hbekdirecticiAz LT, NTBIothTH
DFO-chelatable % NTBl 4 @26 & L, 0O
B, HENMETSOT, CoTLERINTEC
&£ T DFO-chelatable-NTBI % EZR¥2 Z k41
T&%, MA T, oxalate  NTA T mobilize &L
B4 2 Z & T non-DFO-chelatable % NTBI 4
b FI-DFO & T4 0, Chiekiitazk
VI EDOTHS, Fl-Tiitoxalate LS LAHLE
BREETHH, TIb0BEEDEVWEVI LD
LLTH#EINATED, $iC oxalate T mobilize
SHZNTBl HEiZERT2 Y, fAlELLTRE

DFO (Desferrioxamine) LPI (labile plasma iron) EDTA (ethylene diamine tetraacetic acid)
NTA (nitrilotriacetic acid) FI-DFO (flucrescein tagged DFO)  FI-Tf (fluorescein tagged Tf)
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M@ FETLEHE, ~EXOCFRP
DNA&SERLOE LAFHORMIZLATSH
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hip s, FEABCHAZAT, WRICLST
Fabh-olkil, LcHRENOZZVF L
HirhaEHCKMSHhE, 725 (3, H-
subunit & L-subunit £ 5 843 2MMO N T
HEM 24 RS LTMRShTEY, BoAao
EOAWRT, AEICBAT4.500 7 FOBY
BT aEnTEE®, CO72VF DB
T, HIlNTRE L 0K free DIBTRTFIEL
HWTTaH, AR HRCHEEE T T LMY
PHTLE, L, Mlapo—fMoikit LIP &
IPEh S free RTETHAETSLEALATLS,
LIP (&, #iflaf& 8t lREHToBOR T
MLEEHR, MA2OTEELEBTHEPIZT
TVWELEALATVLEERD -1 ThHE.
T FoiktahBrREN LTV S L,
Hilan L LR, TS E
HOE % il 4T & 6 I KBGED 2 09T &
JICHEL TV A L LEds, ShodHz
AZIFEHNCSROBVRALTLS LIS
L, 7oV FBHWL 2hi 0 adt LIP OM
M=% hE . LIP 2 free DB THLH-HERIC

DMT1 (divalent metal transporier 1)
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LIP OfFEEBCMLTREHRTHLES 6
o, Fe'' b Fe liAOBA 4 B THE
L, Bto@ftsrthidlm 2vEs 7R
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R7TUE, TAANLE R, )8, Y VR,
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Tuwvd, LIP RMRMEERO 3 ~5%EELE £
OWERBOTY AV EShDH, HMREIC M
FMCI DA EHAE, BT B LIP 2il:8
LTHME 2 28BEENCELCLERS,

LIP @M (a0~ o/ BE S L
TED?, EfABETO LIP Lubit, SN~
OBOUE, HWRRCETI2B0OBE, #HiEs~
Do AL LoTHEBESATL S, il
KdoT#oRARKE{ L3 b0, RN
HHHENA~OBEOM Y AHKICMLTIR, M
TIR1 Zfr LA TIR & O Y AHERP, Fe'*
D b7 AHR—2—TdH5 divalent metal trans-
porter | (DMT1) * = £ ZIP14™ L E % T LA
NTBI om D AAERVRALATVS (H4),
TIRI #frLABRDAATH-TH, #IANT
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Aim: Disorders of protein metabolism in liver cirrhosis can
affect prognosis or cause complications. Treatment with
branched-chain amino acid (BCAA) and zinc supplements has
been shown to be effective against abnormal nitrogen metab-
olism in liver cirrhosis. There are, however, few studies on the
effects of combining these supplements. In this study, the
effect of combining BCAA and zinc treatment in cirrhosis was
investigated.

Methods: Forty patients with liver cirrhosis who had blood
albumin levels of 3.5 g/dL or less and blood zinc levels of
70 pg/dL or less were randomized to receive either BCAA
alone or a combination of BCAA and zinc supplements. Blood
albumin, the Fischer ratio, and ammaonia levels were com-
pared over 5-6 months of treatment.

Results: In the combination group, the post/pre treatment
change ratio in blood ammonia levels decreased significantly

(0.87 +0.26 vs. 1.22 1 0.38, P =0.0033), and the change ratio
in the Fischer ratio increased significantly (1.22£0.29 vs.
1.08+0.16, P=0.0165) In comparison with the BCAA
monotherapy group. The change ratio in blood albumin levels
showed no significant difference between the groups
(1.01 £0.07 vs. 1,03 £ 0.08, P = 0.4646).

Conclusions: More improvement in disorders of nitrogen
metabolism in liver cirrhosis occurred after administration of
BCAA with zinc than after BCAA alone over 5-6 months of
treatment. Further investigation is necessary to determine
mechanisms of the action and longer-term clinical efficacy.

Key words: albumin, ammaonia, branched-chain amino
acid, Fischer ratio, urea-cycle

INTRODUCTION

IVER CIRRHOSIS IS associated with various meta-

olic disorders, among which protein and energy
malnutrition plays a role in the reduction of prognosis
and the occurrence of complications such as hepatic
encephalopathy.' Treatment using branched-chain
amino acid (BCAA) has been demonstrated to con-
tribute to improvement of the nitrogen metabolism,
decrease in the incidence of complications, and
improvement of prognosis.** In liver cirrhosis, BCAA is
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consumed in the skeletal muscle when ammonia that is
no longer processed by the liver is detoxified via gluta-
mine synthesis, resulting in BCAA deficiency.” Adminis-
tration of BCAA corrects the amino acid imbalance
and improves the protein metabolism, but BCAA
itself imposes a nitrogen load and does not alleviate
hyperammonemia.*

Liver cirrhosis is also associated with a high incidence
of zinc deficiency, which contributes to nitrogen metab-
olism disorder. In particular, the urea-cycle enzyme
omithine-transcarbamylase, which plays a major role in
ammonia metabolism in the liver, is a zinc enzyme. The
activity of the urea-cycle enzymes is reduced by zinc
deficiency. Several factors such as poor dietary intake,
impaired intestinal absorption, and excessive urinary
losses may be responsible for reduced whole-body zine
content.”""* Supplementation of zinc mainly improves
nitrogen and ammonia metabolism in the liver. "
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Because of their different mechanisms of action for
improving nitrogen metabolism, BCAA and zinc may
further enhance their therapeutic effects when adminis-
tered concomitantly. Our preliminary data showed
more improvement of the ammonia metabolism when
these two treatments were combined.' In this study, we
investigated the effect of combining these supplements
using more indices, in addition to serum ammonia
levels, and increased the number of patients examined.

METHODS

IS STUDY ENROLLED 40 cirrhotic patients with
the inclusion criteria of diagnosis of cirrhosis based
on clinical and laboratory data, serum albumin levels of
3.5 g/dL or less, and serum zinc levels of 70 pg/dL or
less. The patients were randomized into two groups to
receive either BCAA granules alone or BCAA granules
plus zinc sulfate. The BCAA was administered as Livact
Granules (Ajinomoto, Tokyo, Japan). One sachet con-
taining 4 g of BCAA, 952 mg L-isoleucine, 1904 mg L-
leucine, and 1144 mg L-valine was taken orally after each
meal. The zinc sulfate dose was 600 mg/day after each
meal for those with blood zinc levels of <50 pg/dL, and
200 mg/day after breakfast for those with blood zinc
levels of 50-70 pg/dL.

The patients were followed in the outpatient clinic
about every 10 weeks, and the data before the therapy
were compared with those of the subsequent visits.
During the follow-up period of 5-6 months, changes in
blood albumin, Fischer ratio, and ammonia levels were
compared between the groups. There were no significant
differences between the groups in age, sex, cause of liver

Hepatwlogy Research 2007; 37: 615-619

disease, liver function test, blood zinc, ammonia, and
Fischer ratio at baseline (Table 1).

This clinical investigation was approved by the insti-
tutional review board, and oral or written informed
consent was obtained from all patients.

Statistical analysis

Continuous variables for patient characteristics of the
groups were expressed as mean*SD and the groups
were compared using the Mann-Whitney U-test. Non-
continuous variables such as sex and cause of liver
disease were compared between the groups using the
chi-squared test. For therapeutic effects between the
groups, the difference between pre- and post-treatment
values for each variable (change ratio) was calculated,
and the mean +5D values of the change ratio were
compared using the Mann-Whitney U-test. Values
measured before and after treatment were compared
using the Wilcoxon signed rank sum test. The correla-
tions between variables were calculated using Spearman
rank correlations, A P-value of less than 0.05 was con-
sidered statistically significant,

RESULTS

E BLOOD AMMONIA levels (Fig. 1) increased sig-
nificantly in the BCAA group (P =0.016), whereas
the levels showed a tendency to decrease in the
BCAA +zinc group (P =0.0707), with a significant
difference in the post/pre treatment change ratio
(1.22 £0.38 vs. 0.87 £ 0.26, P=0.0033).
The Fischer ratio (Fig. 2) did not show significant dif-
ference in the BCAA group (P =0.1984), but increased

Table 1 Characteristics at baseline of cirrhotic patients treated with branched-chain amino acid (BCAA) alone or with

BCAA and zinc (BCAA+ Zn)

Variable BCAA (n=21) BCAA +Zn (n=19) Pvaluet
Age (years) 65.1+11.3 66099 0.745
Sex (male/female) 13/8 10/9 0.553
Etiology (HBV/HBC/other) 3/16/2 1/18/0 0.220
T.Bil (mg/dL) 1.3£04 1.240.7 0.233
Albumin (g/dL) 33402 33102 0.525
PT (%) 664126 69.1+£11.6 0.551
Fischer ratio 1.67 £0.48 1.45+0.50 0.093
Ammonia (pg/dL) 463 12_3.[] 60.1+36.5 0.194
Zn (pg/dL) 60.2+9.0 584192 0.616

tAnalysis of continuous vaniables performed using Mann-Whitney U-test; analysis of non-continuous variables performed using chi-

squared test. Values are expressed as n or as mean * SD.

HBV, hepatitis B virus carrier; HBC, hepatitis C virus carrier; PT, prothrombin time; T.8il, total bilirubin.

®© 2007 The Japan Society of Hepatology
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Figure 1 Changes and change ratio in blood ammonia levels
after treatment with (a) branched-chain amino acid (BCAA) or
(b) BCAA + zinc. Blood ammonia levels increased significantly
in the BCAA group (P =0.016), whereas the levels showed a
tendency to decrease in the BCAA + zinc group (P =0.0707)
There was a significant difference in the post/pre treatment
change ratio between the groups (BCAA 1.22 £0.38 vs. BCAA
+zinc 0.87 £ 0.26, P=0.0033)

significantly in the combined group (P =0.0007).
The change ratio also increased more significantly in
the combined group (1.08+0.16 vs. 1.22+0.29,
P=0.0165).

In contrast, the blood albumin levels (Fig. 3) showed
no significant difference between pre- and post-
treatment in both groups, and the change ratio also
showed no significant difference between the groups
(1.03 £0.08 vs. 1.01 £0.07, P=0.4646).
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Figure 2 Changes and change ratio in blood Fischer ratio after
treatment with (a) branched-chain amino acid (BCAA) or (b)
BCAA + zinc. The blood Fischer ratio did not show significant
difference in the BCAA group (P =0.1984), but increased sig-
nificantly in the BCAA + zinc group (P =0.0007). There was a
significant difference in the post/pre treatment change ratio
between the groups (BCAA 1.08+0.16 vs. BCAA +zinc
122+0.29, P=0.0165)
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Figure 3 Changes and change ratio in blood albumin levels
after treatment with (a) branched-chain amino acid (BCAA) or
(b) BCAA + zinc. No significamt change was observed before
and after wreatment both in the BCAA (P =0.2227) and the
BCAA + zinc groups (P=0.6701). There was no significant
difference in the post/pre treatment change ratio between
the groups (BCAA 1.03+ 0,08 vs. BCAA +zinc 1.01 0.07,
P=0.4646)

There was a significant change in the blood zinc levels
(Fig. 4) in the BCAA group (P =0.0352), and the levels
increased significantly (P=0.0005) in the combined
group. The change ratio was also significantly higher
in the combined group (1.08+0.15 vs. 1.33£0.27,
P=0.0018).

We examined the relationships among ammonia,
Fischer ratio, and zinc concentration. Before and after
the treatment, there were significant correlations
between the Fischer ratio and ammonia (before
treatment, r=-0.646, P=00061; after treatment,
r=-0.529, P=0.0248). However, there was no signifi-
cant correlation between zinc and ammonia (before

treatment, r=0.001, P=009970; after treatment,
(a) (b)
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Figure 4 Changes and change ratio in blood zinc levels after
treatment with (a) branched-chain amino acid (BCAA) or (b)
BCAA + zinc. The blood zinc levels increased significantly
in the BCAA group (P=0.0352) and in the BCAA +zinc
group (I =0.0005). There was a significant difference in the
post/pre treatment change ratio between the groups
(BCAA 1.08% 0,15 vs, BCAA +zinc 1.33£0.27, P=0.0018).

® 2007 The Japan Society of Hepatology
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r=-0.124, P=0.5985), and was no significant correla-
tion between zinc and the Fischer ratio (before treat-
ment, r=0.121, P=0.6062; after treatment, r=0.346,
P=0.1421). In this study, the albumin concentration
before the treatment did not correlate with the change
ratio of the Fischer ratio, albumin or ammonia in either
group (data not shown).

DISCUSSION

UPPLEMENTATION OF BCAA has been indicated to

improve prognosis and reduce the incidence of com-
plications.** This study demonstrated that combination
treatment with BCAA and zinc supplements in cirrhotic
liver patients with hypoalbuminemia or hypozincemia
showed significantly higher efficacy in correcting amino
acid imbalance and significantly greater ability to
metabolize ammonia than when BCAA was given alone
during the 6 months of the study period. Because zinc
deficiency is a common disorder in patients with liver
cirrhosis,” ' the addition of zinc supplementation to
conventional therapy can be important for treatment of
liver cirrhosis.

The amino acid imbalance (i.e. decreased BCAA
levels) in liver cirrhosis may be partly caused by the fact
that a decreased ability 1o process ammonia in the liver
increases the proportion of unprocessed ammonia, and
BCAA is consumed when the unprocessed ammonia
is processed via glutamine synthesis in the skeletal
muscle.” Supplementation of BCAA alone in this disease
state does not eliminate the cause, namely decreased
ability to process ammonia in the liver, although it con-
tributes to the correction of amino acid imbalance.
Therefore, its efficacy is limited in terms of ammonia
metabolism, In fact, Horst er al.* reported that when
proteins mainly composed of BCAA are administered to
patients with liver cirrhosis, the blood ammonia levels
increase to the same degree as when normal protein is
administered.

The correction of zinc deficiency in liver cirrhosis
leads to further improvement of the ability of the liver
to metabolize nitrogen (mainly ammonia).""* In addi-
tion, in the present study, the blood ammonia levels sig-
nificantly increased in the BCAA group but showed a
tendency to decrease in the combined group, with a
significant difference in the change ratio between
the groups. This is inferred to be due to an increased
ability to metabolize ammonia in the liver with zinc
administration as compared to the nitrogen load from
BCAA supplementation. The accelerated processing of
ammonia via glutamine synthetase in the skeletal

® 2007 The Japan Society of Hepatology
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muscle cannot, of course, be excluded. " Also in the
study of Marchesini er al,' zinc supplementation
greatly improved the nitrogen metabolism in the liver,
and the ammonia levels decreased more due to an
increase in metabolic function than to metabolism in
the skeletal muscle. Further investigation is necessary to
reach a definite conclusion.

In this study, the Fischer ratio improved more signif-
icantly in the combined group. In view of the fact that
in liver cirrhosis, BCAA is consumed mainly during
ammonia metabolism in the skeletal muscle,*'? the
improvement of ammonia detoxification in the liver by
zinc administration in the combined group may have
consequently decreased the amount of ammonia that
had to be processed in the skeletal muscle, resulting in
a decrease of BCAA consumption. In this case, the
administered BCAA that was not consumed in the skele-
tal muscle was likely to have contributed to an improve-
ment of the blood amino acid balance. The mechanism
remains to be elucidated in future work.

Despite the alleviation of the amino acid imbalance
in the combined group, the blood albumin levels were
similar between the two groups in this study. BCAA,
particularly leucine, has been shown to act as a signal
for stimulating protein synthesis via m-TOR,'* and
improvement of the Fischer ratio probably influences
protein synthesis, or albumin synthesis. The relatively
short period of the present investigation may have pre-
vented recognition of a difference in the ability to
synthesize albumin. To more accurately examine the
clinical efficacy with respect to prognosis and the inci-
dence of other complications, a longer-term study is
needed.

In this study, before and after the treatment, there
were significant correlations between the Fischer ratio
and ammonia. However, there was no significant corre-
lation between zinc and ammonia, and between zinc
and the Fischer ratio. In our previous study,'” we found
a significant correlation between zinc and ammonia,
and between zinc and the Fischer ratio. These differ-
ences may have arisen from a difference in the range
of liver diseases examined. In the present study, we
enrolled patients with liver cirrhosis only, while in our
previous study, subjects consisted of those with chronic
hepatitis and liver cirrhosis.

In conclusion, more improvement in disorders of
nitrogen metabolism in patients with liver cirrhosis was
observed when BCAA was administered together with
zinc than when given alone. Further investigation is nec-
essary to determine the detailed mechanisms of the
action and longer-term clinical efficacy.
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Effects of a late evening snack combined with
o-glucosidase inhibitor on liver cirrhosis
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Aim: A late evening snack (LES) is recommended for protein-
energy malnutrition in patients with liver cirrhosis. However,
many cases of liver cirrhosis have accompanying impaired
glucose tolerance and there are concerns that LESs might
aggravate glucose intolerance. In this study, we concomi-
tantly used an a-glucosidase inhibitor with a LES and exam-
Ined the effects on glucose tolerance. In addition, we
examined whether or not there was an improvement in
energy metabolism by slowing glucose absorption with the
concomitant use of the «-glucosidase inhibitor.

Methods: The subjects were 11 patients with liver cirrhosis.
From before the study, all the patients had been taking a LES
supplementation with a branched-chain amino acid (BCAA)-
enriched nutrient mixture. The patients were started on the
concomitant use of u-glucosidase inhibitor (0.2 mg) taken just
prior to the LES. The change of glucose tolerance and energy
metabolism were examined using a 75-g oral glucose toler-
ance test and indirect calorimetry.

Results: One week and three months after the start of the
concomitant use of the c-glucosidase Inhibitor, the area
under the concentration curve for plasma glucose was signifi-
cantly decreased. Three months after the concomitant use,
the non-protein respiratory gquotient was significantly
improved. There were no serious side effects during the
follow-ups.

Conclusion: The concomitant use of the w-glucosidase
inhibitor use with LES showed the paossibility of improving
glucose tolerance and energy metabolism. In patients with
impaired glucose tolerance, the concomitant use of an
u-glucosidase inhibitor with LES might be a useful measure
for nutritional management.

Key words: a-glucosidase inhibitor, branched-chain amino
acid, late evening snack, liver cirrhosis, nutritional therapy

INTRODUCTION

HE LIVER PLAYS a central role in the synthesis,

metabolism and storage of nutrients. Liver cirrhosis
is a condition in which there are impairments in these
functions and leads to a variety of nutritional and meta-
bolic disorders.

There is a high incidence of protein-energy malnutri-
tion (PEM) in patients with liver cirthosis.'* When
energy metabolism of liver cirrhosis patients is measured
using an indirect calorimetry, their resting energy expen-
diture (REE) is increased, indicating a hypermetabolic
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state.’ Meanwhile, the following also occur: a decrease in
glycogen storage due 1o liver atrophy, insulin resistance
(hyperinsulinemia), hyperglucagonemia and increases
in serum concentrations of insulin antagonistic hor-
mones such as catecholamines and corntisol. As a result,
there is a marked decrease in use efficiency of carbohy-
drate as a physiological energy substrate. Body protein
catabolism can accelerate and a liver cirrhosis patient can
become hypercatabolic.’ As shown by the decrease in the
respiratory quotient (RQ) calculated by an indirect calo-
rimetry, the efficiency of energy metabolism is markedly
decreased in whole body.’ In addition, the substrate
oxidation rate of endogenous fat is increased more than
that of carbohydrate.’ The metabolic pauerns of such
patients after an overnight fast are similar to healthy
individuals in a state of 2-3 days starvation ' This ten-
dency becomes more marked as the severity of liver
cirrhosis increases.” PEM is a factor that is significant
in establishing the vital prognosis of liver cirrthosis
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patients,'? and thus, appropriate nutritional interven-
tion is necessary.

A late evening snack (LES) is a superior nutritional
therapy which improves the catabolic state during star-
vation in early moming fasting.*'" A late evening snack
is recommended in the present guidelines of the Ameri-
can Society for Parenteral and Enteral Nutrition'
and the European Society for Clinical Nutrition and
Metabolism."?

Approximately 70% of the liver cirrthosis cases have
concurrent glucose intolerance, and 40% have concur-
rent diabetes.'* We previously reported the effect of the
long-term use of LES (3 months) on glucose toler-
ance."* When patients had 2-hr glucose levels of
<200 mg/dL in a 75-g oral glucose tolerance test
(OCGTT) before they were started on LES, a nutritional
improvement was observed without a significant effect
of LES on glucose tolerance. In patients who had 2-hr
OCGIT glucose levels of =200 mg/dL, their diabetic
pathology became aggravated. There has been only a
small number of reporis on efficiency of long-term
LES, but a new approach might be necessary, including
the control of glucose tolerance for continuous long-
term efficiency of LES."

An o-glucosidase inhibitor suppresses the final stage
of glucose absorption, the hydrolysis of disaccharides to
monosaccharides. Thus, it slows glucose absorption into
the blood and ameliorates postprandial hyperglyce-
mia.'" The characteristic feature of diabetes which
accompanies liver cirrhosis is postprandial hyperglyce-
mia, and o-glucosidase inhibitor treatment is a sound
pharmacotherapy for hepatic diabetes. The objective of
our present study was to examine whether or not a
combination of LES and o-glucosidase inhibitor could
be a new adjuvant therapy. The examination was con-
ducted by investigation of the effect of this nutritional
therapy on glucose tolerance.

Liver cirrhosis patients in a state of starvation at
fasting were reported to have accelerated postprandial
glucose oxidation in the peripheral tissues.'” Therefore,
liver cirthosis patients can properly oxidize the glucose
load accompanying each meal intake, if the glucose
load per meal is decreased by fractionating meals (fre-
quent meals and LES). It is speculated that this process
will improve not only postprandial hyperglycemia but
also energy metabolism. Catabolism was reported to
have improved by frequent meals in liver cirrhosis
patients.'”® Therefore, our second objective was to
examine whether or not energy metabolism efficiency
would be improved by a combination of LES and
a-glucosidase inhibitor.

© 2008 The Japan Society of Hepatology
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MATERIALS AND METHODS

Patients

LR STUDY WAS conducted on 11 subjects with

liver cirrhosis. All patients were receiving LES
therapy involving the inake of 1 pack/day of a
branched-chain amino acid (BCAA)-enriched nutrient
mixture (Aminoleban EN; Otsuka, lapan). The period
from the start of LES therapy to the concomitant use of
voglibose, a o-glucosidase inhibitor, ranged from 4
weeks 10 156 weeks.

Table 1 shows the subject profiles. There were 4 males
and 7 females and their ages ranged from 44 to 78 years.
The causes or types of liver cirthosis were hepatitis C
virus (HCV) in 7 patients, alcoholic cirrhosis in 1
patient, primary biliary cirthosis (PBC) in 1 patient, and
non-alcoholic steatohepatitis (NASH) in 2 patients. The
severity of liver damage was grade A in 3 patients, grade
B in 7 patients, and grade Cin 1 patient according to the
Child-Pugh classification. One patient (case 6) also had
hepatocellular carcinoma (HCC). This patient had two
lesions which were both < 3 em. Two other patients had
a history of HCC treatment, but they were confirmed to
be relapse free in the 2-year period after therapy. From
the results of the 75-g OGIT performed immediately
before the start of concomitant voglibose use, 9 of 11
patients were determined to have diabetes mellitus
(DM) and 2 patients were determined to have impaired
glucose tolerance (IGT) according to the World Health
Organization criteria.'” Among the 9 patients who
showed a diabetic pattern in the 75-g OGTT, 5 patients
had fasting glucose levels of < 110 mg/dL and 6 patients
had HbAlc¢ levels of < 5.8%, indicating levels within
normal limits. Only 1 patient (case 6) of 9 patients with
a diabetic type OGTT result was receiving insulin admin-
istration as a treatment for diabetes. However, the
dosage of insulin was not changed during this study.
Other patients were not receiving any drugs for diabetes
until the start of concomitant voglibose use.

Study protocol

Figure 1 shows the protocol used in our study. The sub-
jects received nutritional guidance from dieticians prior
to the start of the study. The daily nutritional imake for
each subject was calculated to be 25-30 kcal with 1.2-
1.3 g of protein per kilogram of ideal body weight per
day.” The patients were instructed that the actual daily
nutritional intake from meals was found by subtracting
the calories of LES (210 kcal) and protein (13.5 g) from
the aforementioned calculated nutritional intake. One
pack of the BCAA-enriched mixture used as LES food has
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Table 1 Characteristics of patients before voglibose administration

HbAlc (%)

PG
(mg/dL)

758 OGIT

Period from the start of
LES to concomitant use

Child-Pugh dassification

(score)

Body mass index
(kg/m?)

Etiology of cirthasis

Age  Sex

Case #

of volibose (weeks)

129

DM

30
24

233

HCV

Female
Male

73
44
72

5.3

924

IGT

5.2

96

DM

8.6
6.4
5.7
5.1
7

DM
DM
DM
DM
DM

135
44

4.8

87
109

IGT

DM
DM

156

106

84

221

alcohol

iy

230

Female

Laa )

26.8
28.7
234
30.5
26.1

icv
ASH
1CV
cv
1CV

64  Female
2 Male
64 Male

69

L RTINS ]

PBC 19.0
HCV

Female

68

240

78 Female

10

33.0

Female  NASH

62

DM. diabetes mellitus; FPG, fasting plasma glucose; HbAle, hemoglobin Alc: HCV, hepatitis C virus; IGT, impaired glucose tolerance; LES, late evening snack; NASH, non

alcoholic steatohepatitis; OGIT, oml glucose tolerance test; PBC, primary biliary cirrhosis
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210 kcal of energy. 31.05 g of carbohydrate, 13.5 g of
protein, 3.5 g of fat, and trace amounts of minerals and
vitamins.” During our study, the patients received nutri-
tional guidance once a month from nutritional consult-
ants, and considerations were given (o prevent excessive
intake of calories.

We examined the effectiveness of a combination of
LES and a-glucosidase inhibitor. One 0.2-mg tablet of
u-glucosidase inhibitor voglibose (Takeda, Japan) was
orally administered immediately before LES supple-
mentation. This voglibose dose was less than that used
for non-insulin-dependent diabetes mellitus (NIDDM)
(3 x 0.2 mg tabs/day, 0.6 mg). A 75-g oral glucose tol-
erance test (OGTT) was performed before the start of a
combination treatment with voglibose, 1 week after
the start, and 3 months after the start. A standard 75-g
OGTT (TrelanG; Shimizu, Japan) was performed after
LES intake the night before but after at least 10 hours
of resting fasting state. The plasma glucose levels and
insulin levels were measured before glucose load and
30, 60, 90. 120 min after glucose load. The area under
the concentration curve for glucose (AUIC glucose) and
the area under the concentration curve for insulin
(AUC insulin) were calculated, and these values were
compared before and after the concomitant voglibose
use.

Energy metabolism was analyzed with indirect calo-
rimetry (Deltatrac 11; Detex Ohmeda, Finland). Indirect
calorimetry was performed on the same day and before
75-g OGTT. Indirect calorimetry was performed for
30 min on patients who were in a state of avernight
bed rest and fasting after LES intake. We also measured
oxygen consumption per minute (VO;) and carbon
dioxide production per minute (VCO;) during early-
moming fasting. The total urine nitrogen (TUN) levels
were measured previously. These values were used to
calculate the non-protein respiratory quotient (npRQ):
(i) oxidation ratio of nutrients; (i1) substrate oxidation
of carbohydrate (% CHO); (iii) fat (% FAT); (iv)
protein (% PRO); and (v) resting energy expenditure
(REE),

A physician provided a medical examination once a
month to each patient. In the examination, the physi-
cian assessed physical and physiological findings and
subjective symptoms and confirmed patient compli-
ance. A multi frequency-bioelectrical impedance analy-
sis method (InBody 3.2; Biospace, Japan) was used for
the anthropometric measurements, The creatinine
height index (CHI) was calculated by the following
formula: CHI = (urinary creatinine excretion per day
(mg))/(ideal body weight x A), where A is 23 for males

© 2008 The Japan Society of Hepatology
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Figure 1 Study protocol to determine effects of a late evening snack combined with a-glucosidase inhibitor on liver cirthosis. All
patients, who had been taking late evening snack (LES) supplementation of a branched-chain amino acid-enriched nutrient
mixture, were started on a concomitant dose of a-glucosidase inhibitor (voglibose, 1 tab, 0.2 mg) at baseline. OGTT, oral glucose

tolerance test.

and 18 for females. Blood biochemical tests were per-
formed following standard methods. The content of the
study was approved by the Clinical Trial Review Com-
mittee, School of Medicine, Yamaguchi University,
lapan, prior to the start of the study. The subjects par-
ticipated in this study after being thoroughly informed
on the content of the study and voluntarily providing
consent.

Statistical analysis

Data were expressed as the mean = SD. Comparisons
between data were evaluated by two-tailed paired Sw-
dent's t-test. The Pearson’s coefficient of correlation
was used. P-values of less than 0.05 were considered
significant.

RESULTS

Anthropometry

NALYSIS OF THE results of the 11 subjects indi-

cated no significant changes in weight from the
baseline immediately before voglibose was added to LES
therapy and 3 months after this combination therapy
started (61.9+13.6 kg vs 62.1£13.1 kg). There were
also no significant differences before and after the start
of the combination therapy in skeletal muscle mass,
body fat mass, and percent body fat (data not shown).

Glucose tolerance

The AUC glucose values were significantly decreased in
75-g OGTT 1 week and 3 months after concomitant
voglibose use compared with the values before its use

Table 2 Effects of ce-glucosidase inhibitor administration combined with a late evening snack on the area under the concentration
curve for 2-hour glucose (AUC ghicose) and insulin (AUC insulin) during the 75-g oral glucose tolerance test in cirrthosis

Baseline

1 week 3 months

622,70 £ 166.65
206.30 £ 105,72

ALIC glucose (mg/dL x h)
AUC insulin (mg/dL x h)

557.32% 141.53*
18873 £ B3.14

536.86 £ 140.42*
213.20 £ 69.56

Data expressed as mean £ 5D, *P < 0.05 compared with baseline.
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