PHZEME B ARERTR O I R g [ A R 12 B 5 5 5
BRI 5E

B&5:jpn

HhRE

~FHH: 2017-10-04
*F—7—NK (Ja):
F—7— K (En):
YRR

X—IJL7 FL R:
FiT/:

http://hdl.handle.net/2297/8988




SRKFTEEFEMEE BIE B35 429-451  (1982) 429

PAZEM: FUE IR B2 O B IR AE RIEBAR 12 B 5 & EBRIVITSE

SRARERFEIREE I (EAE | AR READ)
ANEY F O

(RBFI574- 1 H20H Z11)

M REMRIREORBEM I BN TERRMICS v M 2EAL, HEFE - FEER 2T, B
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$72, ECFNMBRE, EEETEMSEC L2BE (ZCEREY) 2 088RB L, & o JBEH
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TOHRE%2E, MELY VEV{E, M y-glutamyl transpeptidase (y - GTP)#, BHH alkaline
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OHFIC IR EHEL 1,

Key words Obstructive jaundice, Bile canaliculus, Microvillus,
Biliary Indocyanine Green, Scanning electron microscopy
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DAFI#E Al-p ELBET)

(3) IMi% y - glutamyl transpeptidase fE (Orlow-
ski &k, ATIME y - GTP &887)
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1. WHEEEFRRE

a., After bile duct obstruction
Birilubin
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obst. 0 1 3 7 14 21day
n O M O @O (5 5 rats

1. MY Y vE A

MER CIEOHER I BAZES 24 BE (T, AL LR
ERET2) T5.02+£1.61mg/dl (mean+S.E) &
BELFRL,MAZEIEC7.85+£1.50mg/dl LA LRL
7o, PAZE T HTIE 10.39+1.93mg/d] & peak i L
7o, AEMICHAREROEZR LI, *OBEBE 14 H

b, After release of obstruction
Birilubin
mg/dl
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8
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(@]

release O 3 7 21day
(g)] (y (5) (5) 4) rats

Fig. 1. Changes in serum bilirubin level after bile duct obstruction (a) and release of obs-

truction (b). Values are mean + S E.

* Significantly different (p<<0.001) from pre-obstruction (0 obst. day).
O Significantly different (p<<0.001) from pre- release (0 release day).
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Fig. 2. Changes in serum Al-P level after bile duct obstruction (a) and release of obstru-
ction (b) . Values are mean + S E. Numbers of the experimental animals are same as

Fig. 1.

* Significantly different (p<0.001) from pre-obstruction (0 obst. day).
OSignificantly different (p<0.001) from pre-release (0 release day).
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i3 8.64+1.46mg/dl, B 21 B TIX9.89+2.43
mg/dl £ ERFTER-7 (B1—2a),

BRZERER R IE, 3 BT 0.17+0.14 mg/dl L BHUIE
TL, MEMBRicEREECH T, THTO. 14t
0.04mg/dl &% Y, 21 BiTid 0.03+0.01 mg/dl L5
S EEEELE (1-b).

2. MiEAl-pfE

BAZE1 BT 27.03+10.33u L A LF L7228, FAZES
HT29.25+19.11u e E Y &<, ABETHKE
49.74+7.06 u & peak i L7z, *ORMEUBT
38.16+18.74 u, BI%E21 AT 24.77£11.08 L WA
BEFRLE (M2—a).

HEMREE, 3HT8.8414.81u L BIRIER L
D, TEB LU ATIEEAZN 12.13£8.T4uB X

a. After bile duct obstruction
u
30
T «
30
10
obst O 1t 3 7 14 21 day

H

release O 3 7

v}

1°5.76+2.93u Y EFEEICH -7 (H2—0D)

3. Im#¥Ey-GTP{E

RIS M v - GTPEIR 0 TH 5. A 1 H Tl
5.0+5.0u, 3HTIX16.6£12.3u, 7HTI12.3¢
10.0u, 14 HCIX 24.0+£11.1u, 21 HTIZ 10.5+3.8
koD iEeoEnbote LEERERL: (K3
—a).

RS E, S H TR 5.740.3u, 7 BT 5.614.1
w 21 BT 4.2+2.0u 2RL, BEXOCHRESL
Mmoot (M3—Db).

II. REstrh4{bpRE

1. fEHPEE

EEQIEH T CER 0.34+£0.14 mg/dl THY,BA%
1 HiTi3 27.23+2.58 mg/dl LB EHAL, DMR3IBT

b.

After release of obstruction

u

30
20

10

21 day

Fig. 3. Changes in serum y-GTP level after bile duct obstruction (a) and release of obst-

ruction (b). Values are mean
as Fig. 1.

+ S E. Numbers of the experimental animals are same

* Significantly different (p<0.001) from pre-obstruction (0 obst. day).
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Fig. 4. Changes in biliary bilirubin level after bile duct obstruction

b. After release of obstruction
mg/dl
40
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10 o

21 day

(2) and release of obstru-

release 0 3 7

ction (b). Values are mean + S E. Numgers of the experimental animals are same as

Fig. 1.

# Significantly different (p<0.001) from pre-obstruction (0 obst. day).
o Significantly different (p<0.001) from pre-release (0 release day).
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1118.26+11.03mg/dl, 7 B T 31.28+10.50 mg/
dl, 14 ATk 35.63+5.44 mg/dl & LEHERTH -7
#, 2L E T2 19.79+4.55 mg/dl L{ETF L% (R4 —
a),

MIEAERRE 3 H T3 0.29+0.15mg/dl, 7 H TR
1.860.24 mg/dl, 21 H T 0.67+0.49 mg/dl L &
BRBETLCIEREE ko7 (M4—b),
9. BB Al-pfE
TEEIZ2.2£0.50THY, BAZEIEHTIZ9.4+1.8
w 3ATIR6.912.9u, 7HTIE 7.022.3u, UHT
137.042.9u,21 BT 7.7+4.8 u &iSIZFITIREET
Hol: (B5—a),

EMEE IE T 8.242.8u, 7TH T 8.0+2.0

a. After bile duct obstruction

u
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: *

10 l\i E E }
obst O 1 3 7 14 21 day

U, 21 BT 18,1434 u L ERBEE S FOPEES
HRoTwiz (B5—0b),

3. BB¥#tdy-GTP{E

EHER 7.822.0uTH D, A1 H TR 6.3+4.5
u, 3HTIE16.5212.0u L2 LE L, THTI
119.0+33.2u LB LR, 14 BTt 157.6+73.3 4,
2LHTIE 247.6493.3u L LR %72 (M6-2a),

FRZEMERRE 3 HCI3 10.05.0u X IEIRTEEE S &
D, THTIZ4.6£1.2u, 21 B TH 15.0£10.0u =4
WL (M6-b),

O BEAHEHENEE BT 5 %

1. BEERNE

EH{EIF 10.0+£3.0cm H,0 TH-7-, B 1 Hcid

b. After release of obstruction

u

30
20

of e

21 day

release O 3 7

Fig. 5. Changes in hiliary Al-P level after bile duct obstruction (a) and release of obstru-
ction (b). Values are mean + S E. Numbers of the experimental animals are same as

Fig. 1.

* Significantly different (p<<0.001) from pre-obstruction (0 obst. day).
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u
100
20| ™4
20] o

101
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Fig. 6. Changes of biliary y.:GTP level after bile duct obstruction (a) and release of obstru-

ction (b). Values are mean +
Fig. 1.

+ S E. Numbers of the experimental animals are same as

* Significantly different (p<0.001) from pre-obstruction (0 obst. day).
O Significantly different (p<0.001) from pre-release (0 release day).
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10.5+2.5cmH,0 EiF L A X R % B 5008, B2 S
BCAERL 22.0+2.0cm H,0 L% o7, Z0% T H
T20.5%+1.5cm H,0, 14 BT 21.0%2.5 cm H,0,
21 A 22.5+2.0 cm HLO EHGEVERM AR UL (”
7-a), ‘

PAZEMR% 3 HT,9.541.5cm H,0, 7HT10.0+
1.0cm H,0, 21 H7T9.0+2.5cm H,0 & BRI 1L
EIRIEEREETH - (H7-b),

2. B BRARER

EXETIZICG EAK 6.5+0.5 S TEIHEM 2477,
FAZ1IBTRII.0L3.0 2B LEEEEL 2, BE
3HT24.046.0%, 7B T21.5+2.54, 4HT
22,0110 3,21 HT 23.0%7.0 & 2 BB S
R, EPH L 2FEEE R o7 (G8-a),

FAZEMEREBE T 21 HTY 13.5+6.5 3+ 375BES
BTz (F8-b).

H

a. After bile duct obstruction
cmH:0
30
*
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10
obst O 1 3 7 14 2i1day

vl

3. FERM D AEEREE

EETHE 0.18+0.02 ml/hr/100 g & 1EIZ—% 9943
HEBERUH, AELE T 1 RHEE0.35+0.05
ml/hr/100g L& LR L, ZO% 4 KeREE0.42+0.02
ml/hr/100 g, 8 WEf{E 0.342:0.01 ml/hr/100 g &4
oL EThot, AEIHOFMEIIAEIALE
EAEEY ot FAZE T BT 1 BERIHE 0.55+0.19
ml/hr/100g &EAZE 1 H bibt&i?m@@ﬁﬁgﬁ?}}m
4 FFfE{E 0.35£0.10ml/hr/100 g, 8 RERE{E 0.27+
0.06 ml/hr/100 g & @HEMEE S S H2 CH T 248
MER LR, FAZE M BT 1 EEHIE 0.6520.15mY/
hr/100 g, 4 BERSE 0.45%0.20 ml/hr/100 g, 8 BSRSE
0.36+0.11 ml/hr/100 g, L BAZE 7 H & I1212E Cigms
RUT, BAZE 2L HCIRERIEE I S o wEginL, 1wy
& 1.50+0.50 ml/hr/100 g, 4 FERE 0.75+0,21 ml/
hr/100 g, 8 BFHEE 0.620.15 ml/hr/100 g &, %

b. After release of obstruction
cmH.-0
30
20
o)
10
release O 3 7 21 day

Fig. 7. Changes in intracholedochal pressure after bile duct obstruction (a) and release
of obstruction (b). Values are mean + S E. Numbers of the experimental animals are

same as Fig. 1.

* Significantly. different (p<0.001) from pre-obstruction (0 obst. day).
O Significantly different (p<0.001) from pre-release (0 release day).

a. After bile duct obstruction
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%
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obst O 1 3 7 14 21 day

Fig. 8. Changes in starting time of ICG excretion following intravenous

b. After release of obstruction

minit

30

20

10

release 0 3 7 21 day
ICG injection

after bile duct obstruction (a) and release of obstruction (b). Values are mean + S E.
Numbers of the experimental animals are same as Fig. 1.
% Significantly different (p<0.001) from pre-obstruction (0 obst. day).
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L, Thbb, FAEHARL &bt &igngs 5
grnaoh: (B9-a).,

BRI ORI 3 HC 1 FEEME 0.34+0.02 ml/
hr/100 g, 4 FEFEHE 0.36220.06 ml/hr/100 g, 8 BERIfE
0.30+£0.02ml/hr/100 g L FE LV BB THEEW %
FL7, ERETH, 21 BT HEEE IR 3 Hick
RTBY LI D0, EHEICIZEE -7 (& 9-b).

4. ICGEE '

BHHICGEES A2 &, E¥ T 1 BEIE 3.05+
0.73mg/dl L BERRL, Z0O% 4 BERIE 1.10+0.26
mg/dl, 8 HFREE 0.27£0.10 mg/dl &, BERI L L ¥
sFICEA U7, B2 1 BT, 1HFRIE 1.00+0.42
mg/dl, 4 BERAE 0.3840.14 mg/dl, 8 FEREHE 0.17+
0.04mg/dl TH Y, FAEI BT, 1REEHE0.76
0.09mg/dl, 4 KFRE{E 0.66+0.24 mg/dl, 8 F§ME{H
0.31+0.15mg/dl THo7z, BT H TR, 18HEE
0.64+0.12 mg/dl, 4 FERHE 0.42+0.22 mg/dl, 8 BF
FifE0.16+0.08 mg/dl &, B L1, BESHEOLE
EoN 1 EEOBEMET L, £0%BEMERASA
Shas00, FRLABRCHRLEZ, LrL, ME
14 AT, 3EFEIEI peak i s, BAZE 14 H

a. After bile duct obstruction

Normal mt

o1 0.1

T, 1 ESRE 0.50+0.21 mg/dl, 3 BEMEIE0.69+
0.07mg/dl, 8 BFR{E 0.2940.02 mg/dl TH -7, B
#E21 AT, 1RERME 0.24:20.09 mg/d], 3 FERE
0.38+0.06 mg/dl, 8R#RT0.100.04mg/dl X% D,
3D 1RERAED ICG BREEEIEMM L L bicEP L
7z (M10-a),

HRBOF L A5 L, 3SETIR, 1EEMEL 1L+
0.51mg/dl, 4 BFREME 0.59+0.20 mg/dl,. 8 RFEI{E
0.08+0.02 mg/dl, 7 BTit, 2h2h 2.2740.80 mg/
dl, 0.86+0.51 mg/dl, 0.33+0.13 mg/dl Th -7z,
2B T, #A ¥ 1.48+£0.57mg/dl, 0.86+0.30
mg/dl, 0.260.05 mg/d! ¥ 7Y, AW IZEHE L 7228,
2L HETHERREIIE L2 » -7 (”10-b),

5. ICG #EttE K U'mEINE

BB L7z & 5z, BRI D IEH R & 1CG B X
DEH L SEEO£ICC B ICGHME LT, =
NEFEEI0g BV IOV TOBETHET2 L, FET
13 1.85+0.15mg/100 g 2R/ L7z, Thbb, BHIEA
HEARD 2 mg/l00g B THBZ b, EETIEE
592 %D 1CG fEHcERE Nz bk s, LT
ERRD i CHKT 5 &, B 1 AT, 1.2940.31

b. After release of obstruction

Ist day - 3rd day

- n=7 0.4 M7 0.4 n=7
03 0.3 0.3
oz ]—?‘L{-{.H_I oz 02

[eA]

1 2 3 4 5 6 7 8hr

1 2 3 4 5 6 7 8hr

1.2 3 45 6 7 8hn

ml mi

06 3rd day 0.6
05 n=7 0.5
0.4 04
0.3 %{ 0.3
0.2 0.2
01 0.1

7th day ! 7th doy
n=7 Q.4

n=5
0.3
0.2
o1

1 2 3 4 58 6 7 8hr

1 2 3 45 6 7 8hr

1 2 3 4 5 6 7 8hr

ml
1.1

1.0

14th day 09

il n=5 08
07 0.7
06 06
05 [oX.1
o4 0.4
03 0.3
02 0.2
o1 o.1

mi

2lst day
n=4

0.4
0.3

2lst day 0.2 E ‘W
n=5 o1

t 2 3 4 5 6 7 8hr

1 2 3 4 5 68 7 8

1 2 3 4 8 6 7 8¢h

Fig. 9. Changes in bile excretion rate per hour (ml/100g body weight/hr.) .
after bile duct obstruction (a) and release of obstruction (b). Bile excre-
tion rate per hour is indicated with m!l'/100g body weight/hr. Values are

mean + S E.
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mg/l00g T, ¥4 BDOEWNETHY, 3 AT
1.4240.08 mg/100 g TEIUNE 71 % TH -7, THT
t1.10+0.11 mg/100 g TEMNE 55 ¥ Ch -7, 14 B
Ti41.26+0.12mg/100 g TEINEK 63 %, 21 HTWX
1.2240.09 mg/100 g TEIUNE 61 % ThH -7 (F11-

a),

PASERERRTRIE, 3 EH T3 1.3620.14 mg/100 ¢ THE
IR 68 %, 7 HCIE 1.510.18 mg/100 g CHEIUNE 75
%521 BT 1.72+0.18 mg/100 g TEIYE 86 % Th
otz Tabb, BREOBINEIZRL ML 7255,
% 21 iz THRR L LTIEEOBEIRE E T2
Elidot: (F11-b).,

6. EEETEMEC L 28%

1) EESv L

a EHEE (BXE1, 2)

EMREE B FFMfa oMM : L CEEL,
EOFAELVEF & & bz, FFfahRe 1 A0
ELTHDLNS, ZOETIIRET, BT
HEGE L TRIRBICE T 2. BMEEORBENL »
T, % OREHIEEND %5 D microvilli TH®
DL EANTW3, O microvilli (04 T gy
2<,0.1u~0.3 4 THBH,EEDZE 0.3 u~0.5

a. After bile duct obstruction

H

]

u EXHBR 20T 5, BREERLOM ik
HEH I TH B 2%, B2 INEEDI B 5N B, Digge
fegiz T U 72 AFRRAGIC 13 S 30D microvilli d5% s h, &
AP EARRIC A/ ND L 2 5850 5. BEEY 3 ity
RERZ <, ZOERRY ST I OMMER LBk
BLTW,

b FFHEE (BEE3, 4)

Forvou— o hYBNash, MivznLr
w3, EHrxoBEEMRERIIS A, £OXRERT-L
D & microvilli TEDD L AN TW3B, #0033 0.14
~0.3 u EEBMPEE D Z NITEEREG 0,

2) MEERAEZ v -

a EipEgE

HZE1RHE (BEE5, 6) ORMBETRIFMEoH
LEEITL, ERRCEL LTEELLZELDERL
BETH 3 28, tight junction D FENIZ BRI AL
Tol:, BEADHEZ D IR, DL3—FBEL:L
DA Z B microvilli BEEFEL, THRAIKADE,
NAREEED T3, —#D microvilli i 0.5 y~1 u
EERL T, FFRERE I BMIBE I - TR
DIRHHHEL, —HICEIRROERER A 50T,
Bz, BRRLDBERECBAON, KEEIBAR

b. After release of obstruction

;: Ist doy w,l 3rd d

B n=7 Ly n=7
mg/dl 0.8}
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Fig. 10. Changes in biliary ICG concentration after bile duct obstruction
(a) and release of obstruction (b). Values are + S E.
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Fig. 11. Changes in biliary ICG volume and its
collection rate following intravenous ICG injec-
tion after bile duct obstruction (a) and release
of obstruction (b). Values are mean + S E. Nu-
mbers of the experimental animals are same as
Fig. 1.

*Significantly different (p<0.001) from pre-
obstruction (0 obst. day).

OSignificantly different (p<0.001) from pre-
release (0 release day).
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Photo.1. Normal hepatocyte (x1,000). Bile

canaliculi have abundant microilli in thd lumen and
run through the center of hepatocyte.

Photo.2. The magnification of Photo.1l. (x50,
000). Numerous microvilli are visible on the basal
surface and margin. The length of microvillus is 0.
5to 0.3 gm at the basal surface and 0.3 to 0.1 ym at
the margin.

Photo.3. Normal extrahepatic bile duct (X200).
It exhibits velvet-like tortuosity.

Photo.4. The magnification of Photo. 3. (X10,
000). Individual cells are distinguishable and the
surface of cells is densely covered by microvilli.
Photo.5. Bile canaliculi on the first day of
obstruction (x10,000).
irregular transverse dilatation, with some exten-

Bile canaliculus exhibit

sion of microvilli filling the lumen. The sureface of
adjacent hepatocytes shows various recesses and
elevation.

Photo. 6. Another canaliculus on the first day of
obstrution (10,000).
towards large recesses and change to diverticulum

The side branches extend

in some parts,

Photo. 7. Bile canaliculus on thd third day of
obstruction (X10,000). The bile canaliculus in the
portal area shows marked dilatation, branching
and diverticulation with disappearance of micro-
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villi on the basal surface.

Photo.8. Bile canaliculus on the 7th day of
obstrucsion (%2,000). Bile canaliculi run irregulary
with marked dilatation and complete disappea-
rance of microvilli.

Photo.9. The magnification of Photo.8, (x2,
000). Microvilli disappear completely. The basa}
surface is markdly uneven with bridge-like change
in some parts and the tip of bridge-like portion
ballooning.

Photo. 10. Extrahepatic bile duct on the 7th day of
obstruction (X5,000).
roundness with decrease of microvilli.

Photo. 11. Extrahepatic bile duct on the 14th day
of obstrution(x500). Extrahepatic duct is flat with
mosaic marking.

Photo.12. The magnification of Photo. 11. (x5,
000). Microvilli disappear at the center of the cell
except for at the cell junction.

Photo. 13. Bile canaliculi on the 7th day after
release of obstruction (X2,000). Bile canaliculi run

Individual cells lose their

straight with disappearance of diverticulum and
side branch.

Photo. 14. The magnification of Photo.13. (x10.
000) Microvilli reappear markedly at the margin
but rarely on the basal surface.

Photo. 15. Bile canaliculi on the 2lst day after
release of obstuction (X2,000). The course of bile
canaliculi has been normalized.

Photo. 16. The magnification of Photo.15. (X10.
000).
distribution is not yet compleated.

Though microvilli has reappeared, their
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Experimental Study of the Recovery Process of Bile Excretion after Release from Obstructive
Jaundice ~ Shunyo Otagiri, Department of Surgery (II) (Director: Prof. . Miyazaki) School of
medicine, Kanazawa University, Kanazawa, 920 — J. Juzen Med. Soc., 91, 429—451 (1982)

Key words: Obstructive jaundice, Bile canaliculus, Microvillus, Biliary indocyanine green,
Scanning electron microscopy
Abstract
To clarify the pathologic state following relief from obstructive jaundice, experiments were
performed on rats, in which the biliary duct was artificially obstructed and opened on the Ist,
3rd, 7th, 14th and 2Ist days after the obstruction. The following parameters were examined
when the obstruction was released: the intracholedochal pressure, the bile excretion rate, and the
biliary indocyanine green after intravenous injection of indocyanine green (ICG) (2mg/100g
body weight). Routine biochemical blood tests and scanning electron-microscopic observation
(mainly of bile canaliculus) also were carried out. Similar assessments were made on the 3rd,
7th, and 21st days after release of a 7-day obstruction of the biliary duct. The results obtained
were summarized as follows: The serum bilirubin and y-glutamyl transpeptidase (y-GTP), and
the biliary alkline phosphatase (Al-p) and bilirubin, all reached their peak levels on the 7th day
after obstruction and remained there for the ensuing period. The biliary ¥-GTP concentration
additionally increased markedly, while the serum Al-p restored to the normal value on the 3rd
day after release of obstruction, whereas the biliary Al-p remained unimproved. Concerning the
bile excretory function just after obstruction release, the intracholedochal pressure reached a
peak on the 3rd day and continued to be high thereafter, while the bile excretion rate was
inversely correlated with the ICG concentration in the bile. In other words, the bile excretion
rate showed a tendency to increase progressively with increasing period of obstruction, whereas
the biliary ICG concentration tended to decline with prolongation of the obstruction. The ICG
collection rate fell to 64% of the normal level on the first day of obstruction and had on relation
to the duration of obstruction, the rate being still 61% on the 21st day of obstruction. However,
it showed a gradual recovery after obstruction release, viz. 68, 75, and 86% on the 3rd, 7th, and
21st days respectively. Morphologically, the bile canaliculi obstructed showed tortuosity,
branching, diverticulation, and dilatation with disappearance of microvilli, which became in-
creasingly pronounced as the obstruction period was longer. Release of obstruction was followed
by a rapid recovery from these morphologic changes, though reappearance of microvilli was
delayed.
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