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Changes in the activities of 5'-nucleotidase, gamma-gultamyl transpetidase, and alkaline
phosphatase in serum were studied with rats which had bile duct ligated totally and partially
over a period of 6 days after operation. The above enzymes were also observed in the activities
of both membrane bound and soluble of liver. Activities of alanine aminotransferase, asparate
aminotransferase, and lactate dehydrogenase in both serum and liver, and incorporation rates of
amino acid mixture-(U)~“C into both serum protein and liver protein were compared with the
changes observed above. And then the effects of actinomycin D adminstered to totally ligated
rats were also observed.

The levels of total bilirubin of serum increased sharply after the ligation of the common bile
duct. 5-Nucletidase, gamma-glutamyl transpeptidase and alkaline phosphatase showed increased
activities both in membrane bound and in soluble of liver, however, the increases of 5'-nucleotidase
and gamma-glutamyl transpeptidase were not detectable until second day, whereas the significant
increase of alkaline phosphatase was detectable within 12 hours after common bile duct ligation.

In the serum, however, the activities of these enzymes were significantly elevated in 12 hours
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after operation. Maximum levels were appeared on first day for 5-nucleotidase and on third day
for alkaline phophatase and gamma-glutamyl transpeptidase.

5'-Nucleotidase activities in the serum of both control rats and totally bile duct ligated ones
were found to be approximately increased by 1.7 fold 1 day after the administration of actino-
mycin D. The activities of hepatic membrane bound and serum hepatic alkaline phosphatase were
significantly diminished 1 day after the administration of actinomycin D. The activities of hepatic
membrane bound and soluble of both 5-nucleotidase and gamma-glutamyl transpeptidase, and
serum gamma-glutamyl transpeptidase did not change 1 day after the adminstration of actinomycin
D. But the activies of hepatic membrane bound of both 5'-nucleotidase and gamma-glutamyl
transpeptidase were significantly inhbited 1.5 day after the administration of actinomycin D.

Partia] ligation of bile duct which is the ligation of bile ducts of both median and left lateral
lobes, also induced a significant increase of 5 -nucleotidase, gamma-glutamyl transpeptidase, and
alkaline phosphatase in serum but serum bilirubin level remained within the normal range. Liver
membrane bound of 5-nucleotidase and gamma-glutamyl transpeptidase also showed a marked
increase but liver soluble of those did not change.

Alanine aminotransferase, aspartate aminotrans{erase and lactate dehydrogenase of serum were
strikingly increased after total ligation of bile duct, but they were increased moderately in
partially ligated rats. And the activities of the three enzymes were markedly decreased in the
liver of totally and partially bile ducts ligated rats.

Incorporation rates of amino acid mixture-(U)-*C into both serum protein and liver protein
showed a significant increase after the total bile duct ligation in rats and reverse effect was
observed after the administration of actinomycin D. In the case of partial ligation, the incorpo-
ration rate showed a slight increase in ligated lobe compared with patent lobe of liver.

The above results showed that bile duct ligation might cause an early increase in synthesis of
hepatic alkaline phosphatase, however, the increase in synthesis of 5-nucleotidase and gamma-
glutamyl transpeptidase is delayed until the phase of bile duct proliferation.

The early changes within 1 day in serum activities of 5-nucleotidase and gamma-glutamyl

transpeptidase seemed to be caused by alteration of membrane permeability of hepatic cell.
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5-Nucleotidase(5’-ribonucleotide phosphohy-
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Table 1. Composition of algal protein
hydrolysate-(U)~1C

Amino acid % of amino acid

L-Aanine 8
L-Arginine

L-Aspartic acid

L~Glutamic acid 1
I.-Glycine

L-Histidine

L-Isoleucine

- N
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(>N

L-Leucine 1
L-Lysine

L-Phenylalanine

L-Proline

L-Serine

L-Threonine

L-Tyrosine

L-Valine 8

New England Nuclear Catalog 76,549 Albany
Street Boston, Massachuseetts, 02118, USA.
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5 = 2 .

0 1 2 3 6
Days following ligation

Fig.1. Change in serum bilirubin level after
bile duct ligation in rats. Vertical
brackets at point indicated mean+SE
with 5 animals in each group. ©— --0
~:sham operated animals; e—e

zcommon bile duct ligated animals;
® - - -@ ==median and left lateral bile
duct ligated animals. **~;p<0.001
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Table 2. Change of liver weight after ligation of bile duct in rats

Days following Sham MLBDL
ligation (Control) Whole liver  Patent lobe Ligated lobe
(gram of tissue wet weight)

0 7.6+0.3
0.5 8.0+0.4 8.340.8
1 8.1+0.5 8.44+0.7 8.1+0.5 2.4+0.5 5. 740.5
2 7.9+0.3 12, 841, 8*** 9, 2+0, 4*** 2.5+0.4 6.740.4
3 7.7-+0.4 17.342.6*%* 10, 440, 4*** 2,.8+0.4 7.6+0.4
6 7.6+0.5 20. 313, 3*** 12. 540, 6*** 3.2+0.5 9.3+0.5

All values are expressed as mean+SD with 5 animals in each group; Sham=sham
operated animals, CBDL =common bile duct ligated animals, MLBDL:=:median and left
lateral bile duct ligated animals.

Significant difference from controls(***; p<0.001)

Table 3. Change of total protein content of the liver after ligation of bile duct in rats

i

Days following Sham MLBDL
ligation (Control) CBDL Whole liver Patent lobe  Ligated lobe
(mg/0.1g of tissue wet weight)

0 16.0+1.3
0.5 15.3+1.2 15,9+1, 3
1 16.1-+1. 4 15, 1+1.5 16.2+1.3 16.0+1.2 16.3+1.3
2 16.2+1.5 14.5+1.6 16.2+1.5 '16,2+1.5 16.2+1.4
3 16.0+1.6 13.9+1.8 15.8:+1.5 16.3+1.4 15.6+1.5
6 15.9+1.3 13.4+1.9 15.3+1.4 16.1+1.2 14.9+1.6

All values are expressed as mean+SD with 5 animals in each group; Sham=sham
operated animals, CBDL =common bile duct ligated animals, MLBDL - median and left
lateral bile duct ligated animals.

Table 4. Change of soluble protein content of the liver after ligation of bile duct in rats

Days following Sham MLBDL

ligation (Control) CBDL Whole liver  Patent lobe  Ligated lobe
(mg/0.1g of tissue wet weight)

0 9.6+0. 8
0.5 9,.34+0.6 8.7+0.6
1 9.44-0.5 8.9-+0.5 9. 5:40.6 9.6+0.6 9.5+0.5
2 9.5+4-0.6 9.0%0.7 9.44+0.7 9.540.7 9.4-+0.7
3 9.6 +0.7 8.8+1.0 9.0+0.9 9.7+0.9 8.7+0.8
6 9.74+0.6 7.6:+1,2% 8.8+1.0 9.6-+1.0 8.4+0.8*

All values are expressed as mean+SD with 5 animals in each group; Sham -sham
operated animals, CBDL:=common bile duct ligated animals, MLBDL: :median and left
lateral bile duct ligated animals.

Significant difference from controls(*; p<(0.05)

el ok 22% (p<0.05)8] HAE ndvh(k 43 bilirubin o] fine B4 Xgon fFhke mR2
z). MEEES FRE D34 A BES A

M s BN BES KR F O RAREC(M 1 YWk 2¥z). zd3 AR
HARE RBERAAE M 2HME b A EEES 5 BES Mol dtos, Wk &



BHH® /w48 L 1985

100 hiokl T »un Serum 5 -NT
ﬁ\f\}\*; :
= xw
E 50+
~ e »x
E » e ’,’}' """""""""" ?
L F-- ¥
-
3 : r ¥ 3
0 L i L 3 t " " A ]
100 ,
[ Liver soluble 5'~-NT
50} I
P e T — e
& [enn S ek o —-—
4 o
<]
4
&
b=y 0|. — L ) . 1 3 L 1
?5‘ (%) % Increase of Ligated lobe
= Liver membrane s .
3 bound 5-NT .
= 100}
£
o
g
A -
s0b e R R :g
oL L 1 L : ) ) SR
(; ]l. é 3 6 0 1 2 6

Days following ligation

Fig. 2. 5-Nucleotidase(5 N'T) activity in serum and liver after bile duct ligation in rats.
Vertical brackets at point indicated mean-+SE with 5 animals in each group. 0——0
=sham operated animals; ® ——® =common bile duct ligated animals; e---e =
median and left lateral bile duct ligated animals; ©-—+ —0O = patent hepatic lobe
of median and left lateral bile duct ligated animals; @ — - —e:-ligated hepatic
lobe of median and left lateral bile duct ligated animals. *; p<{0.05, **; p<0.01,

*¥*%: p<0.001, (*); Campbell unit

re el el A izt Mgl Hel g =l =l
SER%o] Muikiz) PR NFHSS] T mprEel K
# o 12.5%(p<(0.05) w4k Beh(h 3 ¥ 4
#Fz).

BF oM REEE T HHOWMES BRYS o
o| mi% U Fr#AE 5-NT 2| $Bh: MgfHE ==
Moy BES MR % MErexn BRI Nyt
Frfstel 5-NT o B wwl 42 @t 3l

BRI TS RS & W el st
Rl ghel Aol e 5-NT o) g w4 #ik

# 12558 51.6(Compbell unit; m unit/#d of
serum)e 2 RFMH: 10,601 el o 4.945(p<
0.001)¢] imEr dor fkk 4EMA- ¢S
Hepnslel 87.28 TR 11400 ksl oF 7.64%
(p<0.001)9] ks mgevr, Dk 6H 1= R
e M MERpshgel. olol Hisl TRELRRS BEANG
5-NT 1= 12:fe] 41.9(Campbell unit: m unit/
mg of protein), 1Hd)+= 44.60 % T 2
2 ke fEFstvhsl 2H) 82,22 {BFEMR: 40.2
o kst oF 2f5(p<0.05)¢ AMmE Rgen 3Hd



W B s Fke 5-Nucleotidase 9 Gamma-Glutamyl Transpeptidase o] 356

-9 —

= v minsed BEGR s oF 23159 W

F HYx Pk 6HOl = W minel T #R
stgeh. E 3 BB Fad: 5-NT & Rk
B % % 2H 9 3HAOT mnE Aagd 2R
mel BEe BPEMH K &E o LBH(IC
0.05) % oF 245 (p<0.0)G vl BEksA 5-NT ol
ElAe = fimel BE/ 2 EEstgel. o9 d
WE Wk As KB 2PN S 3 a8
£ Bolx] grgket,

T IEEES Aed 049 My 5-NT

60

m Unit () /ml

= ARE % % 1HA 20.7, 3Hd] 31.0, 6H
o+ 29.72 sl gl ot MORME %R e
z EmEe B¥s 2dch zHz Bo0E &
®Beol A RS BRES 5-NTE 2+ ol
Pkl el = BT Hesl S Rk e
okzk s Aok, & Mt Bl AFEge] 20 H
3Hol HuHZl Me FFREd K&l &% F33% (<
0.001) 3 ok 26%(p<0.01)¢] #ing Eyorl M
RIEES #RYe o 2okl 2 wmEst wath

Serum  GGT

m Unit (+) /mg of protein

Days following ligation
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Fig.7. Lactate dehydrogenase(LDH) activity in serum and liver after bile duct ligation
in rats. Vertical brackets at peint indicated mean--SE with 5 animals in each group.

0—~——0 =sham operated animals;

®——@ =common bile duct ligated animals;

®---o =median and left lateral bile duct ligated animals; 0— - —0O =patent
hepatic lobe of median and left lateral bile duct ligated animals; @— - —@=
ligated hepatic lobe of median and left lateral bile duct ligated animals. *;
p<0.05, **; p<0.01, ***; p<0.001, (*); Wroblewski unit
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Table 5. Incorporation of amino acid mixture-(U)-1*C into serum protein after bile duct
ligation in rats

MLBDL

Days following Sham(control) CBDL
ligation (%) (%) (%)
(DPM/mg of protein)

0 21.86+1.67

0.5 21.34+3.12 22.18-+2.16
(100) (104. 9

1 21.974+2. 38 26,2142, 12+ 25.78+2.66
(100) (119.3) (117.3)

2 22,87-+2.13 28, 12-+2, 26%* 25.91-+2, 96
(100) (123.0) (113.3)

3 22, 3742. 47 20, 6843, 58*+ 26.11+3.10
(100) (132.7) (116.7)

6 22.76-+2.08 27.35+2.81* 25.55+2. 86
(100) (120.2) (112.3)

All values are expressed as mean+SD with 5 animals in each group; Sham=:sham operation
animals, CBDL=common bile duct ligated animals, MLBDL:-~median and left lateral bile
duct ligated animals.

Amino acid mixture-(U)-*C 44ci/100g body weight, was given 3 hours prior to sacrifice.
Amino acid mixture-(U)~-C was described in table 1.

Significant difference from controls(*; p<0.05, **; p<l0.01)

Table 6. Incorporation of amino acid mixture-(1)-'C into liver protein after bile duct
ligation in rats

CBDL

Days following Sham(contirol) MLBDL
ligation (%) (%) Patent lobe(conirol){%)  Ligated lobe(%)
(DPM/mg of protein)

0 4,120 +186

0.5 3, 8104-150 3,686--243
(100) (96.7)

1 3, 9284205 4, 808 +376%* 3, 826--206 4. 477+ 306**
(100) (122, 4) (100) (117.0)

2 3, 800+ 226 4, 962+ 327*** 4,034:+165 4,526+ 188**
(100) (130.5) (100) (112.2)

3 3, 826+218 5, 374426 ** 3,983+274 4, 765--307**
100 (140.5) (100) (119. 6)

6 3, 870-+-237 4, 7254-292%* 4,210+198 4,694+ 204**
(100) (122. 1) (100) (111.5)

All values are expressed as mean=+SD with 5 animals in each group; Sham=sham operation
animals, CBDL=common bile duct ligated animals, MLBDL = median and left lateral bile duct
ligated animals.

Amino acid mixture-(U)--1C 4uci/100g body weight, was given 3 hours prior to sacrifice.
Amino acid mixture-(U)-C was described in table 1.

Significant difference {rom controls(**; p<0.01, **~; p-J0.001)

eh. & jui LDH = gty Stk 123 2167 (Wroblewski unit; unit/mg of protein)ej
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#el LDH = 21141 #Asel 6L BT ks A mehvt o RS whokele.
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Fig. 12. Effect of actinomycin D on serum and liver alkaline phosphatase(ALP) level in
bile duct ligated rats. The vertical bars are expressed as mean+SE with 5 animals
in each group:; S=sham operated, CBDL~=common bile duct ligated animals.
Actinomycin D(A), 50ug/100g of body weight were given 1 hour before and 18
hours after operation and were sacrified 24 hours after surgery. **; p<0.01, (*);
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Fig.13. Fffect of actinomycin D on the incorporation of amino acid mixture-(U)-C into
serum and liver protein after bile duct ligation in rats. The vertical bars are
expressed as mean+SE with 5 animals in each group; S=sham operated, CBDL -
common bile duct ligated animals.

Actinomycin-D (A), 50ug/100g of body weight were given 1 hour before and 18
hours after operation and were sacrified 24 hours after surgery. Amino acid
mixture-(U)-14C was given as described in table 1. ***; p<0.001
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Fig. 14. Effect of actinomycin D on the incorporation of amino acid mixture-(U)-*C into
serum and liver protein after bile duct ligation in rats. The vertical bars are
expressed as mean+SE with 5 animals in each group: S=sham operated, CBDL -
common bile duct ligated animals. Actinomycin-D (A), 50pg/100g of body weight
were given 1 hour before and 18 hours after oOperation and were sacrificed 36
hours after surgery. Amino acid mixture-(U)-“C was given as described in table
1. *; p<0.05, **; p<0.01
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