Studies on the Pathogenesis of Glucose
Intolerance in Acute Liver Injury-An Examination
on Glucose Transport and Insulin Binding to
Adipocytes or Soleus Muscle Isolated from
D-galactosamine-treated Rats
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7y MEBEARSICY DEREMC X 2 I NBRECT MBI ERINLLD, ThbyBENARLEERAEO 25
AL, 7 VoRARRBR COBABEINBECE LFAB THFAOEELICHEGERIETL, mE4 v A Y vER
ERLT. BEXEOWERT » F BIENAERIER L n 1B %I, So 8B e S22 ACTH-7. &
Bifila D 7 ¥ v EREE (glucose clearance rate, GCR: fl/cell-sec) 1%, £ v AV VIEFAET GERET) Lo 10ng/ml «
YAYVEET (RIMT) #BERAR CHBRI 0 EIMEAL R L. —F, EEFABEIBEFARCE LERART
GCR OFEOET (6.9+£5.1 vs 13.6+4.1, p<0.05) &3, T GCR D ETEE AR LE. ®RIZ, &5 AHE BT
BRI VA vERB TR IO v 2 ) ¥ (100ng/ml) FIBTFOWTHOREETD, WREE, BEFAR, BEEFARO 3
HHETEREZ2RD ko7, LHL, 1 VA) vEZROEECTHAHABTEN TARMT 7 FYERIAZOR
(stimulated glucose uptake/basal glucose uptake, S/B) I3, BEFEFFAR CREFAE L HAEE (1.43+0.48 vs 1.77+0.20 ;
p<0.05) WEERRLE. FLEBEFABICETMES VAY VEE S/B L3EELECHBEEGE r=0.77; p<0.01)
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&, 2) HRPEEL LSS, BFMRTOERY Py B 0AL L, HAREBTOY FOBERVARKERITEA v A Y v
BREMDOETE2RDAHZ L, 3) ZOB, METHIEA VA ) VIEMET LAHREKR COBERXY H»ABE: CEEL R
LEAREMSAD B L, 4) BHMREBAEK TIIENMEHEARL > TOAAEEADBZ EiE, BEIAKL. ZALOD
BRI, RUFEZ ST 5 EERY OBE IR TOBMEBEN—HEE LTU BN YRE LT 5.
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1. EREY

A5~ 6, FE 130~150g Dy 4 AX —~REEXT v
FRBWCAG . BAEPECAZ I THES » F HERERE
KEKEZBEBECSAHET L.

2. BRER L URER

FEMA AV VIRRTNTE/  avE—FV T EA VA
v (Novo #t, Copenhagen, Denmark) ¥ i\ 7z, @/ = —

Abbrevations : BG, blood glucose ; BSA, bovine serum albumin ; 2-DOG, 2-deoxy-D-glucose ; FFA, free fatty
acid; GCR, glucose clearance rate; GPT, glutamate pyruvate transaminase; IRI, immunoreactive insulin;
KRB, Krebs-Ringer bicarbonate ; T-Bi], total bilirubin; TCA, trichloroacetic acid
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A4t [UMCHD-7 v = — R (W& 4. 35mCi/mmol, New
England Nuclear #t, Boston, U.S. A %, EBRAVvAY v
3 v A Y v (iEHE 2052Ci/ug, New England Nuclear
#) kB, T AT S viRELET VT 3 v (bovine
serum albumin, BSA) (fraction V, Armour #, Kankakee,
U.S. A) %, FOMO{LERERT T TMEMELEL (X
B MobORERLE. BH#XS LUA VAV VSR
EROEEKE LT, Whitesell SYDREWE—THKEL
#- Krebs-Ringer bicarbonate (KRB)-HEPES # i1 % (NaCl
135mM, KCl 2.2mM, CaCl 2.5mM, MgSO: 1. 25mM,
NaH,PO,2.5mM, HEPES 10mM, 10mg/ml BSA, pH 7.4) % [
Wiz,

3. LB L URRE

1) #5793 vRER UTH&H: n=12) OfFf

RO RE, D-¥5 2 b4 v 1.5g/ke % 10ml/kg ©
5973 — A¥ (pHE.8) AR LA RIEEPIc i & L, D
B hEA T IR HME L.

2) WBE (n=12) OER

RSO A, 5% — AW 10ml/kg OAREBER
i E L, DS EmEA T EIZeRHAE L.

4. N7 ¥ UEATRER

FEAEES X OSRHBEE A SORERAMAT Lictk, ARG 81
HE L hEUHREL L, BENELT 7. TO% lg/kgHl
WTA0% 7 FoEEYEREABCCERRS L, BEW,
BEHI05, 604, 1205 DREFEICEIMIR & Rm L E5 M
@5 (DRI-CHEM 100®, B+7 4 v 2, #F) 2 HLT
MERE AT - 7. '

5. e 5B

ATRBETHE, RAECATRRICLDA M VAOHEYE
BtsEWTCR R 2BMOBRBATIE 2. TO®RE
BT, M RMEER LIISAEE X 0 EHERLRE, LED
ERRICHE LT, REICHRBO— R ERL, fr~ U vEE
BREAGEMRRICHE L, ARCRMBECE VROL,
Iz IvEE—-EAE VEEYS VAT I — £ (glutamate
pyruvate transaminase, GPT), Mi#& 1 » A ¥ ¥ (immuno-
reactive insulin, IRI) DREIE LT -7z, GPT 128 —{LBEEMHL
FR) BEy PEAWT, IRTESLA F8y MEER) #* o
MZ X D B REERE (radioimmunoassay) TRIE L7z,

6. MElsilaosRst

Rodbell® D EIC# LT 7. Tiabb, 2757 —+¥
3mg/ml (Z7F 2o, HH) DAsteK) =F L v BOAL T
(20ml, Wheaton #, Millville, U. S. A.) I#BE) L7z Bg i &%
Ah, ERERTITC, HoMiEEE, HLE&Y 250um 1
BV A, v B L, BERT 3mSR L. B hio ki
Vi Birker-Tirk mERGTEBT AW THRBRREEELL
®, DT oscg L.

7. EHEEOWE

X ERAIE L, (UNC)D-glucose % i \» 7z Kashiwagi
LY DHEICEE U TH o7z, MIAEBE LT, ERCTHRES A
TGRS MG (4 X 10° celi/tube) &4 v 2 U VIEHFET GER
W), 10ng/ml 4 v &) »EET (IBTF) ¢ KRB-HEPES ##
Bh n 2 BAEIS & 0.9ml & LCIEREMN TITC, 04HATH
BLi. 20, 0.14Ci[U-CI-D- 7' v = — 2 0. 1ml 2 & &
Tliml &L, Ew36C, 60FHRGE . RIGKT &, Ml

B 0.4ml BN LH VY 3 v A (ERIERIERL,
) 5004 AN TR WABAELEWCER L, Beckman
microfuge B (Beckman #t, Palo Alto, U. S. A) 12 T30¥ &
DLlfc. Zolfrict b LB, +HE, TR, ththiEl
Mg, vV aviAn, BEEISEEhDDTLEDEN
MR R BT - TRE L. MR AE LcRERY
TR INRERY FAFRFAIC Y v F L —v g VR
1 7ARBL, Why v+ L — % — (AQUASOL-2®,
Amersham #, Greenwhich,U.S.A.)Sml& Mz =%, ThbD
BEHER Ay v v — s vy v £ — (LSC-1000®, 7
matk, ®RR) WTHELRE. BHRBEEYE (cpm) KD
Rc & W EHBE—RH: ) —HED 7 Vv EREX (glucose
clearance rate, GCR) (fl/cell-sec) & LTR®» . T7ebb

7 ¥ o ER (fl/cell-sec)
= (REROEE X ISR D HEHEN )/ (BB D B E K
X FE R AR X RUSHRERE)

8. 1AV vERKEARDORE

Bl 2 Y URESROREL Olefsky'™ D HEICHEE L TIT»
fo. Tich bEEISIERER (4X 10%cell/tube) Il 4« DRE DI
E#s A ) v (BRRERE 0~10ng/ml) & 51 v A ¥ v (B
0. 2ng/ml) 2R U, BB CRKREE Iml L LTITT, 2
BRSE L. ok, MRMER 4004 v U3 vt 1A
0 )& I BB L, Beckman microfuge B i CEOSEEL
fo. FEORBEMERCKES Ll L1 v A Y v ORSEEE
F—- by (7TrA%)CTHELR. TOBE, ThEhoA
VAY VBETORKARL D 100ng/ml BEICKIT AR O
E#A v A ) VEEFTOREREHFBRIERL LTELS
WL DOREBRRESLE Lz, 1 v AU VEBREEE (%) il
REEE 4004 FITEERND B4 v A Y v ERENEY (com) I
WTBA AU VERES (cpm) DHEERE LTRD. T7cb
12

4 A VEREAR (%) =
(BRREIHEH - v AV VEET —100ng/ml IFEHA v 2 Y
VHAET) BRI & P11 v A )V ERGHEME/ ML A v A
Vv e REHEM x 100

0. BB S ABHERVICER

1. EBBY

6~ 7D, (FE 180~190g D7 4+ A2 —REWT 5 b
A RERIC T

2. REB L ORBEK

Ea#orsra-ALLT,H2-Fx+>Dsrra—-2A
(2-deoxy-D-glucose, 2-DOG) (ki ¥ 6. 3 mCi/ mmol, New
England Nuclear #), % X 08 [MCIL-7 b2 — 2 (MiEHA4T.0
mCi/mmol, New England Nuclear #) %, ##i( v 2V v &L
TS A v (beiEY 208¢Ci/ug, New England Nuclear
) RAG. BEEEAERORE R & LT Whitesell 5° 0
KRB-HEPES &% (20mg/ml BSA &&1:), 1 V2V VSR
Rl FO#EEIHE & LT HEPES-Tris #&#% (HEPES 50mM,
Tris 50mM, NaCl 50mM, MgS0, 10mM, KCl 5mM, CaCl, 10
mM, ethylenediaminetetraacetic acid 2mM, glucose 10mM,
10mg/ml BSA, pH8.0) & A\ 7. M, SRS ilE R Em R
wH T BSA T, ISR (free fatty acid, FFA) in k57
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FogEE 0 AnAEY BBy RAT A0, FFA FEH
BSA (fraction V, essentially fatty acid free, Sigma #t, St.
Louis, U. S. A.) # w7,

3. FFdes X USRI REE

R R B R L AROFEIC &Y, EHXNE
B8 (n=21) LB =23) %, 1 v A ) vEEERN
ERICANTARE (1=12) EXB#E (h=12) xXhEhF4K
ERLL, LAEEBIEAT TF| &5t BRRIMAE L7,

4. HEfte 7 2HOR

BEBEOBAREC CTHRENEHRNEERL, TRIHET
AGRSEL, MEORLBATHEY, & (0.28) T2mM €
v s in KRB-HEPES & (5ml) 25 L7z, F fo %
BOZFERO— BRI L, REEHRFCH L. R
Bifmw k bgMm L, GPT, # ¢ V4 E v (total bilirubin,
T-Bil), IRl % X O MBEEDRUE % 1T - 7=. T-Bil E—{LEER
HEEES, MCEBT VYY) A VET, My e -
AFFUE—FHEICIVAELE, S ABHORERILTLE
+1.1mg (mean+SEM; n=136) TH-7z. M, EVTFimii<5
B OREE 1 v 2 ) VEREAROWERI 4 OREL H
WTHBEREZ T 7.

5. iR ORE

I BY OFEICHE LT o7z, Tiebb, ¥THEe S #
ﬁ%ﬁﬁﬁ4vxuy%£®t&2m4e»gy@%m
KRB-HEPES &% (5ml) fCiERMPT25T, 30450, HE
L. F0HA v A Y vIERFAE GERIBET) b L < 100ng/
ml 4 VA Y VR (BIETF) ©25C, 1205HaTHE L. K
w, 1mM FEES 2-DOG, *H ## 2-DOG (1xCi/tube), [“C}-
L-Z & a—= (0.54Ci/tube), 8 X1 v AV vIEEH GERIE
T) 3 L <12 100ng/ml o4 v 2 ) v&HED FIBT) H LV
B GmD e 5 2 BB LEC0sBRIE S i, 4 CTER
ET2EEERBEEYNEL, 0% KELY Y Y AN
X n100C, 15 TaB b LicEREY v F L —F — (ACS
1®, 7=—v 4 &« Uy vik, €51) 20ml ML,
LSC-1000 (7 = 7 &) I THUHIBEE R JIE Lz, ¥, 2-DOG K
DAL 100me BEE M7 DICHIF LTk (nmoles/
100mg wet weight-30min). %74 R 2-DOG B A&, B
GiinE, MRRBE~OIR N AZRELTO LA 2 - ARD A
2% 2DOGC B WA L hERS ZEick bRl Tiebhb,

B 2-DOG B h A% (nmoles/100mg wet weight-30min)
=(2-DOG Ht h3A&R)—(L-7'/b 2 — RAELH A &)

6. 1vAY VEREEEONE
BN OFEICE T >, Tiebhh, FTEEe S 2
BERRERES A Y vBREDRD 2mM YL E VERENO
HEPES-Tris %% (5ml) =T25C, 304FME L. ®ice
5 A B4 v A Y v RIS 0.2ng/ml), SEEEEA v R Y
v (BHGBRE 0, 500ng/ml) % & A 75T 7B A (BmD) 2B L
F215C, N0MBIEE Bz, T 0K, A TERIC T T Af
¥ 2 EH L RBERYMEL, L1 v A ) v ORHIEYE
wA— (7RI CTHE L. TOBE, FEEH v
A ) VIERAETCOM L b 500ng/ml BB 313 2 B D IEE
Bl VR ) vEETTOREGLIFRRESL LTELIVRE
BAVAY VEBRESL L. 1 VAY VEREEE (%) 128
B Sml Fp D B v A Y v EBEHEYE (com) KT DA VA

E

Y vEREES (cpm) OEERE LTRD.
Tichb

1 vAY) VEBRERE %)=
(314 v A ) vEEEE GEERI v A2 ) VEEET
—500ng/ml JEEERA v A Y VEET)/RPL1 v 2 vk
HEMY x 100

Fig.1. Histology of the liver in D-galactosamine treated
rat. (A) control rat. (B) Focal necrosis of the liver. Note
parenchymal necrosis of uni-and multicellular involvement.
Severe inflammatory infiltration of the entire liver lobule
and periportal areas. (C) Submassive necrosis of the liver.
Note swollen liver cells, severe piecemeal necrosis and
infiltration of inflammatory cells to liver parenchyma.
Periportal fields are enlargedand shows proliferation of bile
ducts. HE stain. Bar indicates 100 gm.
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7T AVRY v BEORE (+) 7 e BB,
trichloroacetic acid (TCA) method 12 & 5}

B S ABIL B VAV VHBEOWER, v T AHL
OB EBBHRO A v A ) YERESRABCER Ui " HE
4R VEEBRERY BV T -1, Tichbh, BEREE
oW EaiEk R e, REHEKc TCA 2Rl TCA &
RPET.5%E LIST, 2T00FE L1z, ZOBRFICL DR
mEs v A VERBL, EECESBShREEA v A Y
EHOLNRED. FOBREFOIE 2y P THEEL L ORSH
EHRREL. 1 VYA vHBRILTORC L h R,

4 v A ) vHRE (%)
=( k0 Pl REHER/EERF O L P KEHEME) X100

0. #HEreeeonE

AEBRORGIL TN TEYELEERZE (meantSEM) TH
Lt 2BEOTEHEOEDHREIT Student D t REXH
W, p<0.05%HFEBEHD E L.

23 #

1. ERERERsIEREE AV T RBRRR

1. FoRBEERE

BB« DBEOHBEEHABD bR, ThbE
R DREIC X b AR HHT 5 L BURIESE 2 61,
BAREESE 4 ], WIRBIE 3B, HMAEREIHTH 7. T2
TL, B BB A8 (BER~BREIE n=6) LB

FERF S RE (B~ TN EEETE; n=6) D 2 BT THRIAXT-»
7o, M1 CRBE, BEFARN (BRI, BEEFAH (BLH
BIE) OREMFEBRGE LT L.

2. &, miE GPT, IRI f£ (R 1)

FERRE (7 F YA OGEI BRI VBIEF A,
EEFRARETEECEETH 7. FiomiE GPT EiXxRi
CHUBES L OEEFAHTERECEE TH 2. mF IR
B, BRI LBESIVEERARLATERE <
0.05) wEELRLI. & IBETIEDELDEAKE
R DEERCEESEL oo, FAOEEICHCEEY
RTEEIZH - 7.

3. o7 VUEAWRER (M2)

ATRIE I S D EE(IC L R BRE, SAEFRH, BERN
KBEOETEMELRL (ThEh 114.429.8mg/dl, 84.8%
23.1mg/dl, 63.24+11.3mg/dl), $ICHBE L EERAF LD
Mz EErBDbAN (P<0.01). AMKIZRERVELRE
FFoe Bt mPsE ISR LEMER 2 BD 2. £ I TR
I, FEICHIT AT VOBLEBELMET 5700, AMETEC
T 5 AT E0SED ERE (4 BGx) ¥ L CARRME 3
% AFSIMmE F AR DK (areas under the curve represent-
ing above-basal levels of blood glucose, AUCs) &R 7z (F
2). ZORR, 4BCoIWBEHCH LEFEHAFTER P
0.01) 7eiina 2B, AUCk (IxTfREE, BUERAH, EEHL
BOETWTALEEREMER L. UEX 0 BUFEED
BENEE(LTIC oA, MEXAMIETETL, AWEKT

Table 1. Characteristics of rats using isolated adipocytes

Group Body weight (g) s-GPT U/ IRI (U/ml)
Control (N=12) 156.6£5.9 5 27.6£4.6 7 16.2%£3.6
*k *
Mild hepatitis (N=6) 145.84+8.8 - #*x 130.7+ 44 - = 28.8+14.9 F
*
Severe hepatitis (N=6) 135.7+5.3 2 843.04+957 56.7£50.0

s-GPT, serum glutamate pyruvate transaminase; IRI, immunoreactive insulin. *, p<0.05;
#%, p<0.01; #*%, p<0.001 compared by Student’s t-test. Values are expressed as meant

SEM.

Glucose
(1g-kg!
2004 1

100+

Blood glucose (mg./dD

0

0 T T T T
0 30 60 120

Time (min) after injection

Fig.2. Oral glucose tolerance test. Open circle, control
group (n=12): closed circle, mild hepatitis group (n==6);
open triangle, severe hepatitis group (n=6). Results are
expressed as meantSEM. #*, p<<0.01.

Table 2. ABGw and above-basal blood glucose levels
during oral glucese tolerance test

4BGx AUC

Control (N=12) 66.6+10.2 121.7+£28.4 7
*k
Mild hepatitis (N="6) 121.0:35.8 %+ 281.3147.2 - wk*
*k
Severe hepatitis (N=6) 169.2%18.7 - 422,3%44.8 =

ABGy, increments of stimulated levels of blood glucose
at 30 min from basal blood glucose levels. AUGC, areas
under the curve for blood glucose. *%, p<0.01; #**x,
p<0.005 compared by Student’s t-test. Values are
expressed as mean+SEM.
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BFERSEMERYRL, 2ECEERELTS I LREA
7o,

4. BEM%HR (X3)

JEFB T GCR (fl/cell-sec) iX xR, BIEFF 488, BEREF£
HTEhFh.5+0.9, 13.6%+1.7, 6.9£2.1TH -1 (K
3A). RBECESEBEFABIIHIMER (p<0.1) %, BEN
ABRXETEELYRL, BEEFABIBREFARIVEE P
<0.05) WIE@BTH 7. RICFIT GCR it £ Fh56.3+
4.0, 79.0£12.2, 55.5+7. 3L BRECRELNh - b D
O, BEFARCHEMEAYRDL (p<0.2). F-H#ET
GCR/FFHIBMT GCR ik, »/BB¢, BIEN A8, BEEFATCE
NEN6.2+0.7, 5.4£0.8, 9.9+2.2L KHETHEEZRZED
e otz (M3B). UEL DIFEGEEENEEMNEEDOBE (B
FERF4E3E) 12, JERIM T ROHIBT GCR iz L LA ERER
BRTH, BREENEELTS & (BEFA), FHBT S
IUHIMT GCR ITHICETHRERTZ &2V L7,

5. AVAY vERELSR (K4)

HBE, BERAE, BEFARO IBEHcHETAE, 3
B v A ) VERKEE), 0.1, 0.5, 1.0, 10, 100ng/ml @
RBECETAFIRFIADS v A ) VERZKAEIL, WTho
BECREVTH IFMCEEEL RO, o7z (B 4A). K
FEC 3 OB % Scatchard BHT® L CA&7zA (K 4B), 3w
BT B2 VAY) vERBOEERMMEICE S ERTZ DR
¥, SHEEIRREE; (11.72£1.3) %10 @E/cell, BIEHSE;
(12.1£1.2)x 10* f@/cell, B3 (8.111.5)x10*{f/cell
CEEFABERBRIFICE LIETHER (p<0.2) #Fbd7:.

A N.S.
—
N.S. N.S.
i
80
Q 701
S |
g @ 60- T |l
£ |
5 5 501 |
KN ‘
(& — 40- !
2 |
(o] O ] 1
se 1 _ns
O
20+ N.S. r_’_k__l
10-
0 Basal Stimulated
Insulin (ng,/ml) a(?a m}ttl)g °

I. Bl 5 AHEBOC/ICRBRE

L. ERRNE R

1) FoREMA/KE

b 74 fiE BEET 5 O A Ao A B R  A BL ks
3B, BAREEIETHI, HRBF 76, BEEEELGTH
fo. & ZCREFMlE B - RERAR, BEFAE GEh~%
WREETE ; n=10) & EFEFFHH ER~FREEIE; n=11) 02
Brodtomid®fTo7.

2) tkE, mu# GPT, T-Bil, IR, miEE (3&3)

RBF WEHERI) OBBERINBELED - 3B THE
ERTDIEN 5T, M GPT EREEFSEANBRECE L
HE (p<0.01) CHETH 7. [#F T-Bil 3L IRl ELn
BECH LEEAB TERL (p<0.01) BEYTRLE. By
B BB LEERFABTEE (p<0.001) ERE
R LA, F72, M#E T-Bil, IRI Eid v h b BET AR
LEEFABETEE (p<0.05) &MY, OEEIZEE (p<
0.05) I{EMEAR R Liz.

3) EEXER (X5)

FERBTF 2-DOG B b 324 (nmols/100mg wet weight - 30min)
WEXTEREE20.121.7, BEFAR21.942.0, BEFEFAH5.9+
SOLBEMCERELXZD T, HIHT 2-DOG B H2AALHE
F431.61+2.6, EAERFLR¥38.443.2, EAEFFAB4.24+3.1L
ERMCEEEYRD R o (B 5A). ZhCHLEMT
2-DOG B b2 2/3ERIB T 2-DOG B b A& (stimulated 2-DOG
uptake/basal 2-DOG uptake, S/B) 13 +h F#.1.62+0.08,
1.77£0.06, 1.43+£0.15L EFEFARIABEFARCILLEE

B . N.S. ]

N.S. N.S.
T 11 1

10.04

Stimulated,/Basal GCR (S/B)
o
<

Control  Mild  Severe
hepatitis hepatitis

Fig.3. Glucose clearance rate of isolated adipocytes. (A) GCR of basal and stimulated. (B) The ratio of stimulated GCR and
basal GCR (S/B). Open bar, control group (n=12); hatched bar, mild hepatitis group (n==6); closed bar, severe hepatitis group
(n=6).; N. 8., not significant; *, p<0.05. Results are expressed as mean+SEM.
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Fig. 4. Specific binding of insulin in isolated adipocytes. (A)l-insulin specific binding curve of isolated adipocytes. Open
circle, control group (n=12); closed circle, mild hepatitis group (n=6); open triangle, severe hepatitis group (n=6). Specific
binding of insulin is expressed as percent of total Wlinsulin added. Results are expressed as mean+SEM. (B) Scatchard plot
of the insulin binding to isolated adipocytes. Open circle, control group; closed circle, mild hepatitis group; open triangle,
severe hepatitis group.

Table 3. Characteristics of rats using isolated soleus muscle on the experiment of glucose transport

Group B.W. (g s-GPT U/ T-Bil. (mg/dl) IRI (xU/ml) BG (mg/dl)
Control (N=23) 173.9+18 26.3x 6 0.08+0.06 19.6+10 177+39

Mild hepatitis (N=10) 179.3+19 307.3£502 *+  1.24:40.41 - #*  19.6+12 - #* 14837 - =+
Severe hepatitis N=11) 170.0+12 703.4£400 6.08+37.2 j 41.0+26 -T 9723 -T

B.W., body weight; s-GPT, serum glutamate pyruvate transaminase ; T-Bil, total bilirubin; IRI,
immunoreactive insulin ; BG, blood glucose. *, p<0.05; **, p<0.01; %x*, p<0.001 compared by Student's
t-test. Values are sxpressed as mean=SEM.
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Fig-~5‘ Specific 2-DOG uptake of isolated soleus muscles. (A) 2-DOG uptake of basal and stimulated. (B) The ratio of
stimulated and basal 2-DOG uptake (S/B). Open bar, control group (n=23); hatched bar, mild hepatitis group (n=10); closed
bar, severe hapatitis group (n=11); N.S., not significant ; %, p<0.05. Results are expressed as mean+SEM.
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Correlation between IRI and stimulated 2-DOG uptake/basal 2-DOG uptake (S/B) in severe hepatitis group.
value of normoinsulinemic group and hyperinsulinemic group.
normoinsulinemic group (n=6); closed bar, hyperinsulinemic group (n=5) {A).
Hyperinsulinemia means that serum IRI is more than 40 xU/ml.

r=0.77
° n=11
y =0.87+0.014x
p < 0.01
50 100

IRI (pU,/ml)

(A) S/B

(B) Corrrelation coefficent between IRI and S/B. Open bar,

Normoinsulinemia means that serum IRI is less
*, p<0.05. Results are expressed as

Table 4. Characteristics of rats using isolated soleus muscle on the experiment of insulin

binding
Group Body weight (g) s-GPT (IU/1) IRI (#U/ml)
Control (N=12) 200.0=%10.2 24.3£7.9 17.6%11.2
Mild hepatitis (N=6) 193.0+28.4 * 402.54+323 = 21.5% 8.6
Severe hepatitis (N=6) 187.5+ 8.8 690.3+525 26.8%11.2

s-GPT, serum glutamate pyruvate transaminase; IR, immunoreactive insulin.

¥, p<0.05;

*¥, p<0.0! compared by Student’s t-test. Values are expressed as mean+SEM.
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Studies on the Pathogenesis of Glucose Intolerance in Acute Liver Injury-An Examination on Glucose Transport
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Abstract

To clarify the pathogenesis of glucose intolerance in acute liver injury, model rats with acute hepatitis were developed by
intraperitoneal injection of D-galactosamine, and glucose transport and insulin binding to isolated adipocytes and soleus
muscles were investigated. As various degrees of hepatic necrosis were observed by histological examination, the galac-
tosamine-treated rats were divided into two subgroups, those with mild hepatitis (mild hepatitis group) and those with severe
hepatitis (severe hepatitis group). The glucose-disposal capacity to orally administered glucose was significantly decreased
in hepatitis groups compared with the control group. Serum insulin levels in hepatitis groups were higher than those in the
control group. Basal and insulin-stimulated glucose transports were estimated in adipocytes isolated from the epididymal fat
pads or in isolated soleus muscles. Glucose clearance rates (GCR; fl/cell - sec) of adipocytes at both basal and insulin (10
ng/ml)-stimulated states were slightly elevated in the mild hepatitis group compared with the control group. On the other
hand, basal GCR was significantly decreased in the severe hepatitis group compared with that in the mild hepatitis
group (6.9+5.1 vs 16.6+4.1; p<0.05), and stimulated GCR showed a slight decrease in the severe hepatitis group. Glucose
transport in soleus muscles, both in basal and insulin (100 ng/ml)-stimulated states, was the same in galactosamine-treated
rats and control rats. However, the ratio of insulin-stimulated glucose uptake to basal glucose uptake (S/B), an index of
insulin sensitivity, was significantly decreased in the severe hepatitis group compared with that in the mild hepatitis
group (1.4320.48 vs 1.77+0.20; p<0.05). In the severe hepatitis group, there was a significant positive correlation between
basal serum IRI and S/B (r=0.77; p<0.01). Specific binding of '*I-labelled insulin to adipocytes or soleus muscles showed no
difference among the three groups. These results indicate that 1) In mild hepatitis rats which have a mild deterioration of
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glucose tolerance, glucose transport in both adipocytes and soleus muscles are not necessarily decreased. 2) In severe hepati-
fis rats which have a severe deterioration of glucose tolerance, basal GCR at adipocytes and insulin sensitivity of glucose
transport at the muscles are significantly decreased compared with the mild hepatitis group. 3) Hyperinsulinemia may par-
tially restore the decreased glucose transport in the severe hepatitis group. 4) The regulatory mechanism of glucose transport
may be somewhat different between adipocytes and muscle tissues. In conclusion, decreased insulin sensitivity at peripheral
fissues may be partially responsible for glucose intolerance in acute liver injury.



