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R B2 O FAERTIC B 1T 5 BT WkEE 7 & O8I
Indocyanine Green f&E#%BEN[N4E
WFE 2 B3 5 BRIV 5T

EIRKEFEEIMIFIEE /R (FE | 5ERERER)
X i i1 A
(REFI60%E 5 H 7 B

BRI, AFYIRBOEEITIC BT 2 I WEE% > UFIX indocyanine green (ICG)&EMEEED
EEAREEAL I L BN E L, A0%FIRAZER L, SEACIBHEROZEE & ICG BR DM
% o EMFREEOBEEEREL . ZOHER, UTOREL2EL, KEYL Y OFEHRFIRE LR
BiidEA L, 3 BECHEMECE LS, FEEY 2 oFEFEIZ 1 BB LV ERCHHME:2 LE 3
SFgrERLE., BHEEREZFYREZL1BEBLIDERCETL, BHpHERZ1BEHIVERCLEREL
fo. EWHBEEEDS b, Na* B 2R B2 B TEBHL 2o kds, HCOsfE & Cl-EIIHIR%& 1 HE
FOEBEICER L, BHERIC OV T, MpEBETIRE 1 BETERL 205, LIEEREL T 28
BECHEMEICE L. —7F, BitPEHEREHER, AES L UREEYTD L H CUBRERREH TR
HECHA Lz, 7TAECWEMECE LR, LaL, JEHEREAEE 7 B BT EH B 4 5 1Rt
FERODEMERLZ, ICC I & 2 BFRBREOMRE 24 2 &, ICC HAKERE 277 ICG Rmax 0D
EEEFEECEBICHREL GBEL:. ICCOBREEEXRLTIHED S b, MEHAELLRTKIE,
D SFAOBITERZRT a B L U2 SEH~OBTELRT hiEl, WTFhbFRE1BEX
DR EIC T IZEBI L TR L 228, T HE TRIERE L. LaL, HdsmEOBITEERT D
EOEMEIRBIEL 28 HE CHAAMES D EEE T L. —H, ICC FDRMY 2 D BHHR A HE S
FUEMRER, FYRE7EAETOMAMES D EEERLL. ML, FELHEEFUREERIDEEL
RS, ThigEL U THIEE L RVTOEFSWETECL 250 THY, £72I1CC ARBXEOED >
%3k, ICC AROERAIME TOBREES X UEMBE TS OFEE I b, Ffilarig
EEEDEIEI 0 DBET 2 Z EAURE N, Tabb, FFIRE T 200 LIRS WEESEEL TWw3
I HLTYH, BENEHSEEEIR-> T2 b0 LEREN:.

Key words hepatectomy, liver regeneration, bile excretion, bile acid,
indocyanine green transport

Friak & BREN FRaE L BB A HEELET2E
EWBRTHY, &+ CRIEEF THIE 70~80% D]
BOAEETH S b b TwaY, L L, bk
FHCFT 2R BT E 2ER b D h & THEER
T3, Tabb, FIRMICEL CIFOVIRER %
WD, BEROKE - £ - ABEEE+SRET
CEVBEETHS,

IDXIRBENS, IRETHUIRCET 2 ER
HH 2 DISERRITIRS 2 {AThNTE L B H T,
AYIRBOFELER2D < T, BERERTLHE -
EASROFES#HICET 2%, ssxBERTO
IRAF KRBT ZAENZ L, —F, FkE
DR E P EEER OBEAEREEOHEZ By
BWELLATL D ERT 5T VR Lal, Fo

Abbreviations : CA, cholic acid; CDCA, chenodeoxycholic acid; DCA, deoxycholic acid ;
ICG, indocyanine green ; ICG Rmax, maximal removal rate of ICG; LCA, lithocholic acid ;
Na*-K*-ATPase, Na*-K*-Adenosine triphosphatase, UDCA, ursodeoxycholic acid.
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EELEEED 1 D TH HEHFBEECEL T, £0E
AR £ IEH-OER - JHBEOE» SRU L KRER
W {90, L O EHAR OE 2 5 AR L
THREIREEE Vo THBEE TIE RV,

72T, FEIZ OB IBRR2ERL T, BEFKC
B2 BEHBOEHE, v AFo—L, EVLEY,
EBRERD T PORBIE DWW THRERTo . 851,
BEFCBF24 v Ry 7=>v7Y—r (indo-
cyanine green, ICG) GERBEDBIRE S EITL 72,

ZORR, FYREBOFERICE T 2 HH WL
5 ICG B EBREOHERBIC DL THKD 5
HAEXBLOTRET 3.

NRE L UFE

1. REREMS L UFE

1. R

1A% 10~13 kg DHEBRA RFER L 72, REREH,
AiniEEE L LT 1588, FFUR®1B8H, 3HE, 7
BESLU2BAEOERHICBLT, 1HICDES
~ THEEPER L,

2. A0%IFYIRR R D ERE: & B

#yEH 18 Bl M AR, MENCERY ¥ 2 12.5
mg/kg - M7 bo 0.025 mg/kg ZHEL TH
BAICEE LT, 20%, FARYI—NFTPYTLA
%50 mg BEL, BOMIKEEY =2 —VvEFBALT
B & 3470y 7 QU TREPRET .
SwT, FHEHMERTECTHEEL, BlerdLd
W BFAZE 2 K35 (left central and left lateral lobes)
YR L7z. R L, FFYREL T, EERI5H
DeFERCHT2FEE 2 KBOERI 36.5%
~42.5% (FH 38.6%) THorzizd, UTHAZE?2
R w20 0%FEHRE LTHZ- 72,

W - MR OB E LT, 5~10% 727 =AM
BREERE (TN 227 ’®, 74 VAV —I3IEF
®)% 1 H 1000~1500ml 5 BREERAL 2. &7, &F
HFHRIE T EER RN T - 7228, WHRBHRTHL L THE
YR (ceftizoxime, TR ) ®, HERIER TEKAS
#) % 1H250mg 5 BESEL. &b, Witk 128
FIEDEE Bl AkPREE B ¥,

3. [EMEES L G EREE R

Hyss4 1 HE, SAE, THEB LU 28 HEO&
B EESRT (MR, £5, Nok»r, 3470y
7 ®@ %) wCHEELR, BEEHERER, +0E8
BT TN £ 5TR L TIRHIERAD 7~ A8k
% F—5 ) (4 & French size) ¥ A L CHFIRH % £
WL, BRECHEL.

BERTE, b BRL, BEFEHLTK

m&oIFE&E #[EL 72,

1. REEBS L UFE

FE0RcET, AR L HE, 3HHE, THEBIU
28 HEOEBEHIC, UTOREET 7.

1. FEEEESE

L0%EIRAT X D #EE L - FFYIRAT O 2T E & % 100
L, FYRRBOEBBICHEL L BEFOESSS
AETH->CEERE LT,

2 . [MEOELENRE

REEsiR L oML, UTOHEEZBEEL 2.

1) MEHREEE, Biuret %

2) ME7L7 2 fE, BCG &Y

3) [n¥& glutamic oxaloacetic transaminase f# (i
& GOT), U-V &Y

4) ¥ glutamic pyruvic transaminase 8 (i
GPT), U.V &

5) IfiF alkaline phosphatase fE (M Al-p),
Kind-King &'

6) I y-glutamyl transpeptidase fE (Mi¥# y-
GTP), Orlowski Z#&"™

7) MELCY L fl, Jendrassik-Cleghorn i

8) MiEHEaL A7 o—VfE, BFREY

9) ANTFITARAFUTFAME (NSTTAFVTA
FRRER, ¥4 BRASEEER VL)

Fig.1. Canine liver.
RL, right lateral lobe; RC, right central lobe; Q.
quadrate lobe; LC, left central lobe; LL, left
lateral lobe ; P, papillary lobe; C, caudate lobe :
GB, gallbladder. The shaded area represents the
portion removed by the procedure of 40%
hepatectomy.
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10) [iEMRERITEEE, BEREe

11) Mgt 7 v ¥ {8, radicimmunoassay i%

3. FFEREOHE B & VIO 4 bF itk

Sk L 77 N ABIRA 7 —F 0 kD FFIRI £
<z, UFToBEEERHEEL 2.

1) FREHE

2) B pH & (Tokyo Toa HM-10B & pH x —
7 —%{ER)

3) EIrBEE, KEMTE (72 atkXsuld
Osmette A ZERAL72)

4) PBH-RiET RS

BEHBEECE, BREEY LA 20x 75
74 —EOMERHBLE, ¥R70v b5 7 4 —
E BIEAMHBEREICOVLTIE, KIEQFE MOz
CTH2 DL D FIETITY, ZhIZE->TESRE
757&0, TNEFLOKEEESETHEEB L,

kB, FAZOT ST 7 4 —DHEIT EEE GC-
7A (FID #MHER) 2FEB L. 47 41213 0.2%Poly
11110/7 oY L7 TW-HP80~100 X vy ¥ 2% F
L, HE2.6mm, B2 2.6mDYDEEREL:. B
BRI A T LERS 220°C, REHEAT S & U H S8
BUCGCEL, Fx VT —HALLTANYVLER
#60ml/min THW, F¥—PAE—=FiZ5mm &L
f. BHEOBRBEEEIZMUTOI L TH 5.

i) #AEEE (total bile acids) ; ii) a2—WEE

Bile

l

1. Ethanol Extraction

!

2. Hydrolysis

!

3. Ether Extraction

l

4. Methyl Esterification

!

5. Trimethylsilylization

6. Gas chromatography

Fig.2. Diagram of procedure for bile acid analy-
sis.

(cholic acid, CA) ;iil) ¥/ FA4F¥ya—n

(chenodeoxycholic acid, CDCA) ; IV) 74 ¥+ a—
L (deoxycholic acid, DCA) ; V) Y ba—1E

(lithocholic acid, LCA) ; VI) vV F4Fva—
LE (ursodeoxycholic acid, UDCA).

5) BitPav A7 v—{HE, BRED

6) BB EY L E{E, Jendrassik-Cleghorn
b7l

7) MEih Na*{#, 4+ > BFE

8) BEH+ CI-fE, 44 EfEk

9) jE+ HCO3~fE, Natelson HB#E # 2 758
& B

4. ICC BRATHE

FUIRBOBERIC BT 2 ICG BRDIFMENE
HugE, MHREMRBREEER X UEHIEENAOHEEEDE
BAEEZAM2ENT, UTOEBIK DL IRE:2{T-
7.

1) IM4EH%E (plasma disappearance rate, K
&)

2) ICG plasma transfer rate (af#, mm#fs» &
~OBITE,; biE, FForomBF~OBITE,; hil, iF
25 EH~DOBITE)

3) ICG A= (maximal removal rate of
ICG, ICG Rmax &)

4) BBt ICG taRHRitt BRI

5) FEHI Y472 b DiRH-d ICG BFRHHERE S & UEIY
x

Z8, TNeOAEERZROTLLfTo7.

1) M & CREH-EEEGE

— DB EEIRIZ 21 ¥ — Y D Hakko = 5 R ¥ —&F
HE, MAORERKL D ICGEEL 1 mg/kg A
%, 3, 5, 7, 10, 15, 20, 30, 40, 50, 6043D&
BRERIC A~ %) LB L Ao S BRI TRy 2ml SR L,
ICGBE#HIE L 7.

HEH, AT U 72 AEHERERA T b LIRS 7 -7
FEEL, ICCBREABRIBMIzbLY 152481
PRl & I ICGIBEXREL. Zhdb, 3
BESO2ICCERE2HT L TICC BRIHLE -
L, ThE2R5ETHRLI-HD% ICCHBFEBINEL L
7o, e, ICC BB EEAR, TORABERSEHT
WCHIERT 2 E TORMEMNEL, IhraZihtbEs
BERT & L 7z,

i) 1CG #lzE %

BRIM U 72 B % 32k (2000 [=/10 43) LT &ML 0.5
ml ZEEL, HEEEREAK2.5ml TERLTELL
BT 2. FARORMMSE>FAECLEBLTT S
7 & L, Beckman 43363855 V> T 805 nm 2 B 17
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LELEERIET S, Hoh UHERLUIRERIC L
DM ICC EE LRk, 8512, A7 7%
TR 2 M4 ICG R R R FRIL 72, 2 &1,
Zo MEEICG HEMBREMTL T, MELFO two
compartment system ZREYT 2 Z & L O HHK Ct=
Ae-Kit+Be-Ke t o3z L, W

2= AK,+BK, - K, XK,

A+B a ’

b= (K,+K,)— (a+h)
X b, ICG plasma transfer rate (af{g, b{E, hf#)
PEH LU, L,

Ct, t B ICG MHEEs ;

K., K,,%& fraction 2 817 2 MARWEE,

A, K28 2 BRI ERTO ICG MAFMRE ;

B, K,\z 8} 3 BRI L BRTO ICG MITRE |

e, BRANHOE;

t, EEOBETH 3.

K, Fagorss 713, 5, 7, 10 5%0Mm
#HICGRES2 7ay b L, 25 4 50 1IREFER
IVERTOMBICGEE (C), BEDFEKMH

w2 2RHT, WAL DEHLZ.

_0.693
tllz

ICG Rmax filx, ICG 2% 1 mg/kg & 3 mg/kg ®
2 EERBEZ LY T KEEZRD, Thie&ICC
BB EEE2FE LT ICGHREEE2KD, Lineweaver-
Burk®) 2> THEH L 7.

JEH-R ICG BERIEE W, FFHEH0.1mlic9.9
ml OWERGAEMZ 100 FcHFRL T L BFOL
ok, 70 1ml EEABEAREK 2m]l 202 3ml D
WAEEER LT, 2L T ICG AREAF QRN+ Bk
WCAELTF I 7 &L, Beckman 566 ER %A
WT 805 nm KB BEHEEEREL:. 20T, 55
HUDEMLURESCLY ICGEBEEKRD:.

M. ESRELEOFESHFERRET

e RYRR ST IT Ik unpaired t-test ¥ V> TFEHE
DEBERTE RV, PEM0.05 UTOBRECHEESE
HHLUELE, %8, X MeantS. E. MTH
bli.

15 1

1. FEERERO#TE

WRFFTBREOBFINEZOEEEE A5 &, ]
B 1 HET66.14£0.9%, 3SHETT74.1+£2.1% 7H
BHT9.7+1.7% e R@ELEmMERL, 28HB I
99.1+3.4% LAMFATMEICE L (K3).

2. Mo E(CERRERE

FFEIRR 1% oD B BRI 3510 & M A AL EHIR B g &
£ 1LIIRT,

1) MEREAEDHER

MiFE L 5.8+0.1g/dl TH b, IFYREB 1 AT
4.940.1g/dl ¥ HE (p<0.01) AL, 3AE:
CTEMOz FHB L, LrL, OBRIEELIR
B I IR E g L 7.

2) ME7 LT 2 AAEOHR

MiEEIR 2.350.1g/dl TH Y, FYIBRZ 1A
1.920.1g/dl EBE (p<0.05) P L, THE:
TIEEOE $HBE L, L, Z0HRIEEEL 87
B i AEiEc E L,

3) 1My GOT {EDH#ER

WFETEI 24. 0= 1.8 B TH D, FFUKRE1IAET
360.0+105.7 AL HE (p<0.0D W EF L7248, %
DOBITER L 28 BB IEHTRTECE L 72,

4) I¥E GPT ED#HRE

SRR EE LT GOT L IZIZFBEOHEBE R
Y, B2 GPTE>GOTETH - 7.

5) M Al-p EOHR

MIHMER 4.220.6 A TH D, HUIBR%RLIHEBT
13.2 £0.6 #fi, SHET27.0+4.6 87, 7HET
15.4+1.THAEEE (p<0.01) i &Lz, 28H
Bz i@ gL e,

6) M y-GTP EDHRE

SRAEBLT, EEBRALNED -T2,

7) MERCY LVE AMAEOHR

SRBEEELUC, EBRAONLD o,

8) Mg L A7 o—L{EOHRE

#MiBiE Ik 131.717.4mg/dl TH D, FFUIERELH
BT 101.7+11.2mg/dl £ BE (p<0.05) K{EELT
L7z, 3 AEMUBTIIZIENET RETH -1,

40%hepatectomy

Recovery. rate of liver

o 1 3 7 28
Time after hepatectomy(day)

Fig.3. Change in recovery rate of liver weight
during liver regeneration after 40% hepatectomy
for dogs. Each value represents the meantS. E.
M. in six to seven dogs.




Q) ~"NTFTAF LT AMEOHER

HiEIMEIX 133.5+4.7%TH Y, HYIRE 1 HET
53.4 +5.0% £ HE (p<0.01) IT@A Lz, Lal,
FOBIAEL THEUR M IZIZRETH -
iz,

10) M¥EFAREITEEE O HERS

HiHifEI 2.520.4 M1 TH Y, FFYIRE 1 BET
91.745.8 uM/1 EEE (p<0.01) = EH LA, L
L, FO®BITERL 28 BEIZIZATAHMEIZE L 72,

11) miEe 7 v+ > EOHR

LRBEBUT, AN LEN -T2,

3. FRREH# 5 & AEH O S FERERE

1) FFRET#0#R

POkt o IE 43 Wi 529

min/kg TH D, FFUERE 1 HEICIZ5.4540.40 x1/
min/kg LA L 7zAs, 3 BB T TIATEMEICE
Ufz, —7, FFE N7 0 FFIEH-EoAaiEg 23,79+
0.96 «1/min/100 g liver Th %45, fFYIR#%E 1 EE &
) 27.87+1.95 £1/min/100 g liver £ HE (p<0.05)
IZHL, THE: CHEERMRLL. UL, 280
BNz fifRTE B L 72 (2, ®4).

2) B0 pH E0HE

MIATME (X 8.194£0.03 TH Y, FyIkEg 1dE T
8.33+£0.05 L HE (p<0.05) iIC LHE L., 20Dk L 3
HET8.2840.05 7THHETS8.26+0.05 t HEE %
ROBRVLOOHEERR LI (R4, K5),

3) - OBBTEOHR

REY D IR & O M AT (8 12 6.8820.30 ul/ FRTAENE 296+ 4 mOsm/1 TH D, HIRE 1 HE

Table 1. Changes in serum hiochemical components during liver regeneration after 409% hepatectomy

in dogs
Time after hepatectomy
| | Pro-ope. (15)

1 day (6) 3 days (6) 7 davs (10) 28 days (8)
T. Protein  (g/dD 5.820.1 4.9+0.1* 4.8%0.3% 5.4%0.2 6.1%£0.1
Albumin (g/dD 2.310.1 1.9€0.1* 1.7£0,1* 1.8+0.1* 2.1%0.1
GOT (U 24.0%+1.8 360.0+105.7™ 90.3£13.6™  49.8%6.7™ 28.4£2.6
GPT 8)] 35.0£7.5 588.9L161.2*  364.8+60.2* 138.5+21.6™ 35.3%+12.3
Alp (1 4.2%0.6 13.2+0.6* 27.0%4.6™ 15.4+1.7" 5.8%t1.1
»GTP (1U) 1.7£0.2 3.8%0.3 2.0£0.3 2.4+0.6 2.5%0.5
T-Bilirubin  (mg/d)) 0.2%0.1 0.2%0.1 0.2%0.1 0.2£0.1 0.2%0.1
T-Cholesterol (mg/dl)  131.7+7.4 101.7+£11.2* 128.3+13.9  145.5£15.1  154.8%+23.9
HP.T. (%) 133.5t4.7 53.4E£5.0% 72.1%14.6™  126.6%5.4 141.2+13.3
TR.A. (uM/ml) 2.5%0.4 21.7+5.8% 18.8%+1.8* 8.5+1.2" 3.2£1.0
Secretin (pg/ml) 8910 81t 11 74+6 74+6 74+7

Each value represents the mean = S.EM. Figures in parenthesis indicate the number of dogs studied at
each interval. * significantly different from the value at pre-operation, p<0.05; ** significantly different
the value at value at pre-operation, p</0.01. Pre-ope, pre-operation: T. or T-, total: H.P.T., hepaplastin
test; T.B.A., total bile acids.

Table 2. Changes in liver weight, bile flow, hile acid concentration and excretin rate during liver
regeneration after 409 hepatectomy in dogs

. Recovery rate - . Bile acid Bile acid
Time after of liver weight Bile flow rate concentration excretion rate
hepatectomy o ul/min/kg ul/min/100g M/ml nM/min/kg nM/min/100g
il body weight liver H body weight liver
Pre-ope.(10) — 6.88+0.30 23.79£0.96 36.5%1.7 270.7%+43.5 930.3+109.8
lday (6) 66.1+0.9 5.45%0.40 27.87+1.95% 18.6%1.3* 99.3+14.5™ 489.6%73.8**
3days (7) 74.1%2 .1 6.9810.47 31.84+2.46™ 16.3%+0.3* 117.2+5.3™ 544 .5%+32.6*
Tdays (7) 90.7%+1.9 7.6210.44 29.67+2.15% 27.4%3.7* 234.2%36.9 922.91+152.5
28 days (7) 99.1+3.4 6.3410.20  22.08%€1.72  39.6%4.1 253.6126.5  854.8+118.6

Each value represents the mean+S.E.M. Figures in parenthesis indicate the number of dogs studied at
each interval. * & ** refter to Table 1.
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282+ 4 mOsm/}, 3 BET 280+ 1 mOsm/1, 7H
BT 281+ 4 mOsm/l L HE (p<0.01) @A L1
2%, 28 BEC IATAMERE L (F'4e, B5).

4) fEH-pREHEEE O

GIRMERBEO MM £ A % &, MiFIEX36.521.7
uM/mlTHb, FFER%E 1 HE I 18.621.3 M/
ml L BE (p<0.01) E@EERLI. LHL, TO
WL 28 BEwMAMECE L (T2, B6),

HEY D EHEEMEOHER 2 A5 &, MRER
270.7+43.5nM/min/kg TH Y, FF¥IBR&E 1 BB
IX 99.3+14.5nM/min/kg X EE (p<0.01) 2L L
7o, UL, 2oL 7 BB CRIZMEECE
Liz (&R2).

[>-}

T
(4]
o

Bile flow rate
Mi/min/kgb.w.
5 ©°
*
N
4]
Bile flow rate

b
)
o

Mi/min/100 g liver

{

o 4 i 5. 1 L To
Pre-ope. 1 3 7 28
Time after hepatectomy(day)

Fig.4. Change in hepatic bile flow rate during
liver regeneration after 40% hepatectomy for
dogs. Hepatic bile flow rate: ®@—@, xl/min/
kg body weight; 0—0O, x1/min/100g liver.
Each value represents the mean=+S. E. M. in four
to ten dogs. *, significantly different from the
value at pre-operation, p<0.05; *%, significantly
different from the value at pre-operation, p<0.01.

o 300 . 8.4

3

[

& _290;

EE 8.3

=5280 T

EE *k *K g =

14

O 2701 8.2
—~~ —~
67— A . ) - To

Pre-ope. 1 3 7 28

Time after hepatectomy(day)

Fig.5. Changes in osmotic pressure and pH of
hepatic bile during liver regeneration after 40%
hepatectomy for dog. ®—®, Osmotic pressure ;
0—o0, pH. Each value represents the mean+S.
E. M. in six to fifteen dogs. *&%**, refer to Fig.
4.

FrESY - D EHBIEEOHRE 222 &, kEy
7o 0 BEVTES PRI B DT L FOEMER L, Fok
%7 EETHEMECE L (R2, B6),

B OB E &5 &, #ETD CA 1X56.4+
3.5%TH0, FIRE 1HET8T.02.5% L HEz
L, 28 BEMEECEL 2. JhiostL T,
DCA OFIFHE 30.5+2.7% TH v, FFYIkRE& 1AL
T2.7£1.7% L BECEA L, 28 BRI MRIE g
L7:. —7, CDCA & UDCA BFFYIRAEI®R CEEDE
Bizaond, £/ LCARSEA*EU THREsA
otz (R3).

5) BEFEa L AT o—L{EOHR
WiRHE L 27.6+2.8mg/dl TH D, FIBRE1AE
7 39.8+3.3mg/dl Lt HE (p<0.05) i EHEERL:
%, 3EHELBRWNE L IIZRETH > (F4),
6) BEMHRE Y L EOHER
SRAEEBLT, EERAONE» o7z (F4),
7) fBitth Na+ED#E
2FEEBELT, FHRAONZL o (R, B
7).

8) BByt Cl-fEO#R

MEIEIX 79.1£3.1mEq/l TH Y, FIBR%E1EE
1% 93.0+4.7mEq/1 L HE (p<0.05) i EEERL
7z. #0#%b, 3HETI.424.2mEq/l, THET
87.3+2.5mEq/l Lt EEERRHLV L ODHMEEH
Bl (4, 7).

9) ME¥tth HCO; D H#R

WIETMEIZ 27.5+1.1mEq/1 TH Y, FFIRE1RAE
W24 37.6+1.5mEp/l L EE (p<0.01) iICHEERL
7z, #0%d, 3HET38.3+£2.5mEq/1(p<0.01),

g 1 [} e
= 40 HOO0 % ¢
o L -2
;é = { 800 '5 5
§ E%) €3
] 1 *k 9
o 53\20 g * 1600 & 2
T | | TE
g * g ~
S 10; o 400 | =
= 4 Ao = £
o

(T o

Pre-ope. 1 3 7 28

Time after hepatectomy(day)

Fig.6. Changes in bile acid concentration and
excretion rate of hepatic bile during liver
regeneration after 40% hepatectomy for dogs.
® —o, bile acid concentration; ©—O0, bile acid
excretion rate. Each value represents the mean
+S. E. M. in six to fifteen dogs. *&%*x, refer to
Fig. 4.
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THET 30.9+0.7mEq/l (p<0.05) L H I HE#
w7273, 28 HEICIETRIEICE L 72 (R4, B 7).

1. 1CG taF & HBARE

1) KfEo#®

FRTEZ 0.072£0.003 min™' TH D, AFYIkRE1H
BT 0.034+0.003 min~! & #iAIME DK 50% 1= & T
pLEz. Lol, ZORITEEIEIOL 7 8 E Tl
gL (K8).

2) 1CG plasma transfer rate (a{#, bf{#, h{#)
DHR

MR a {8k 0.065+0.003 mg. transfered/mg.
content/min (BAF, BL(I&HE), hi{EiX 0.059+0.003
=hh, FUIEE 1 BECO IR L ITRIED R 50% 1
TCHEA L. Lo l, ZokEAFCHEmML 7HE
THREHECELZ(E8), IhizxL T, bEOAME
B10.0017£0.003 T H b, FHK#E 1 HEET
0.0005+0.0001 L ATETEDH 30% 412  THRA L7z, L
wl, FORIZEET 2L Z0EEIEREL, 28HE
THfEERES A o7, (K9).

3) ICG Rmax {EDOHEE

TATME I 0.415+0.016 mg/kg/min TH b, FFYIE
% 1 HHET0.104+0.078 mg/kg/min & M ATE O ¥
0%z E TEA L. Lol, ORI TZLD
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Fig.7. Changes in bicarbonate (HCOj3), chloride
(CI") and sodium (Na*) concentration of hepatic
bile during liver regeneration after 409 hepatec-
tomy for dogs. ®—®, HCO3; 0—0, Cl-; A
—a, Na*. Each value represents the mean=S.
E. M. io six to fifteen dogs. *&**, refer to Fig.
4.

Table 3. Changes in bile acid composition of hepatic bile during liver regeneration after 4094

hepatectomy in dogs

Time after cogcﬂe?q?rgtc}on Bile acid composition (%)

hepatectomy (uM/ml) DCA CDCA LCA UDCA
Pre-ope. (10) 36.5+t1.7 56.6+3.5 30.5%2.7 13.0+3.8 0 trace
1 day (6) 18.6%1.3 87.0£2.5™ 2.7+1.7 9.8%1.1 0 trace
3days (D) 16.3%0.3 76.3%14.6™  16.2%3.6™  7.4%2.3 0 trace
Tdays  (7) 27.4%3.7 81.14+5.3* 9.4%5.3"  9.6%3.7 0 trace
28 days  (7) 39.6+4.1 61.0+4.3 30.5%5.5 8.4%3.6 0 trace

Each value represents the mean+S.E.M. Figures in parenthesis indicate the number of dogs studied at
each interval. CA, cholic acid; DCA, deoxycholic acid; CDCA, chenodeoxycholic acid; LCA, lithocholic

acid. * & * refer to Table 1.

Table 4. Changes in hehatic bile composition during liver regeneration after 40% hepatectomy in dogs

Time after Bile acid Cholesterol Bilirubin Na* Ci- HCO35 H Osm. Press
hepatectomy («M/ml)  (mg/dl) (mg/dl) (mEq/l) (mEg/1) (mEq/1) p (mOsm/1)
Pre-ope. (15) 36.5+1.7 27.6%£2.8 56.2%8.0 172.2£3.5 79.1£3.1  27.5%1.1 8.19%0.03 296%4

1 day (6)

3days  (6) 16.3+0.3* 36.0T4.0 58.4%9.3
Tdays (7) 27.4%£3.7* 33.3%3.1 71.1%14.7
Bdays (7) 39.6%4.1 25.5%3.3 54.0%2.7

18.6£1.3™ 39.8%3.3* 59.0£18.3 171.8 +4.9 93.014.7% 37.6%1.5" 8.33+0.05* 28244
161,8£3.4 91.4+4.2
161.3%+3.5 87.3£2.5
167.9£3.2 88.0+2.3

38.3£2.5™ 8.28£0.05 280+1*
30.9%0.7% 8.26%0.05 281%4™
25.6£1.1 8.17£0.04 287%5

Eac;h value represents the mean+S.E.M. Figures in parenthesis indicate the number of dogs studied at
each interval. Osm. Press., osmotic pressure. * & ** refer to Table 1.
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Fig.8. Changes in plasma disappearance rate (K)
and plasma transfer rate (a & h) of ICG during
liver regeneration after hepatectomy for dogs.
Dose of ICG injected intrvenously : lmg/kg body
weight. ®—e, K; 0—0, a; a—a, h. Each
value represents the meantS. E. M. in five to

eight dogs. **, refer to Fig. 4.
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Fig.9. Changes in plasma transfer rate (b) and
maximal removal rate (Rmax) of ICG during
liver regeneration after 40% hepatectomy for
dogs. Dose of ICG injected intravenously: b,
1mg/kg body weight ; Rmax, 1 and 3mg/kg body
weight. ®—@, Rmax; 0—0O, b. Each value
represents the mean+S. E. M. in five to eight
dogs. *& **, refer to Fig. 4.

OFOQEEIZREL, 8B8 THMAME I Es .
Mmootz (E9).
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FOBEEFESBHTICHERLZY, FUKL3RE
TI1X12.620.2453 L BEEP<OODICER L, $7:,
TEHETIHISLI4 R LBEERZEDLZLLOND
PEELTHD,28 BE TIEIFMHEICE LR (#)),
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Fig.10. Changes in ICG volume recovered in

hepatic bile after ICG injection. Dose of ICG

injected intravenously: lmg/kg body weight.
®—®, preoperation; o—o, 3 days after
hepatectomy ; m—m, 7 days after hepatectomy;

O—0 28 days after hepatectomy. Each value

represents the mean+S. E. M. in three to five
dogs.

Table 5. Changes in starting time and recoverd voluffie (%) of biliary ICG excretion after ICG injection

Time after starting time Recovered volume (%) of ICG
hepatectomy (minute) 1 hr 9 hrs 3 hrs
Pre-ope. (4) 8.5%0.6 34.7x2.5 69.6+4.4 82.6%7.4
3days (3 12.6%£0.2* 20.2£1.5™ 48.9+1.3* 66.7%=0.6™
7days (5 9.8%0.4 29.2%1.3 56.9+1.3" 72.7+1.3°
28 days  (5) 9.2+0.6 32.6%t2.4 68.0%2.8 80.9%1.8

Dose of ICG injected intravenously: 1mg/kg body weight. Hepatic bile samples were collected at 15-
minute intervals for 3 hours after ICG injection. Each value represents the mean+ SEM. Figuresin
parenthesis indicate the number of dogs studied at each interval. * & ** refer to Table 1.
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Experimental Study on the Recovery Process of Bile Excretion and Indocyanine Green
Transport during Liver Regeneration after Partial Hepatectomy Tetsuo Ohta, Department of
Surgery (I}, School of Medicine, Kanazawa University, Kanazawa, 920 — J. Juzen Med. Soc., 94,
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Abstract

The present study was pursued to examine the recovery process of bile excretion and indo-
cyanine green (ICG) transport during liver regeneration after partial hepatectomy. Forty per
cent hepatectomy was carried out on mongrel dogs weighting 10 to 13 kg. On the Ist, 3rd, 7th,
and 28th days after hepatectomy, the bile flow and chemical composition of hepatic bile were
examined. Furthermore, ICG test was done at each interval. The bile flow rate per unit body
weight slightly decreased on the st day and rapidly returned to preoperative level on the 3rd
day, while the bile flow rate per unit liver weight increased significantly on the 1st day and
remained high till the 7th day. The osmotic pressure of bile decreased and the pH of bile tended
to be alkaline for the first 7 days after hepatectomy. Among the changes in electrolytes of bile
the sodium ion concentration showed no appreciable changes at each interval, while the bicar-
bonate and chloride ion concentration showed a moderate increment for the first 7 days after
hepatectomy. The total bile acid concentration in serum increased significantly on the Ist day
and returned to preoperative level on the 28th day.In contrast, the biliary acid excretion rate
decreased significantly on the Ist day but rapidly returned to preoperative level on the 7th day.
The bile acid concentration in bile on the 7th day, however, showed a lower level than that at
preoperation due to relative dilution of the increased bile flow. The K-value representing the
plasme disappearnce rate of ICG, the a-value representing the transfer rate of ICG from plasma to
liver and the h-value repersenting the transfer of ICG from liver to bile decreased nearly in
proportion to loss of liver mass on the Ist day and returned to preoperative level on the 7th day.
The b-value representing the rate of ICG from liver to plasma and the Rmax-value representing
the maximal removal rate of ICG also decreased on the lst day and thereafter gradually in-
creased, but did not return to preoperative level even on the 28th day. The maximal excretion
rate and recovery volume of ICG in bile on the 7th day showed a lower level than those at
preoperation. These results indicate that the bile flow rate is recovered in the early period
mainly due to the increment of ductular bile fraction, and that the recovery of intracellular
transport of ICG after hepatectomy is fairly delayed compaired with that of hepatic uptake and
biliary excretion of ICG. From the above, it is suggested that a latent disturbance of bile
excretion still remains even at the period of apparent recovery of the bile flow rate after

heatectomy.



