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Expression of Inducible Nitric Oxide Synthase
(INOS) in the Epithelial Cells of the Distended
Bile Duct by the Bile Ductal Ligation

Sang-Su Park, M.D., Guang-Bi Jin, M.D., Jin-Woo Park,
M.D., Lee-Chan Jang, M.D., Ro-Hyen Sung, M.D." and
Jae-Woon Choi, M.D.

Purpose: Recent studies in an obstructive jaundice rat
model showed that the bile duct epithelium is also very
important in the bile duct dilatation besides the increased
luminal pressure. This study evaluated the role of iNOS in
the bile duct epithelium in a rat obstructive jaundice model.
Methods: Bile duct ligations were performed in male
Sprague-Dawley rats. The bile ducts were harvested on
seven consecutive days. Immunohistochemical staining in
the bile duct was performed using anti-INOS polyclonal
antibodies. Aminoguanidine (an iNOS antagonist) was
injected intraperitoneally after bile duct ligation (0, 100, and
200 mg/kg/day, n=6 in each group). One week after surgery,
the diameter of bile duct was measured and bile was
collected for NO analysis by 280NOA (Silvers).

Results: The INOS expression level was increased in the
dilated ductal epithelium after the bile duct ligation but not
in the normal epithelium. Aminoguanidine decreased the
mean diameter of the bile duct after the bile duct ligation:
11£2.3 mm in the duct ligation only group; 7.5+£0.75 mm
in the 100 mg/kg/day aminoguanidine; 6+0.82 mm in the
200 mgl/kg/day of aminoguanidine group (meantSE, P <
0.05). The NO concentration in the bile was decreased by
aminoguanidine: 16+4.2 mM in the sham operation group;
404£4.5 mM in duct ligation only group; 34+6.4 mM in the
100 mgl/kg/day of aminoguanidine group; 11+£1.2 mM in the
200 mgl/kg/day of aminoguanidine group (meanzSE).
Conclusion: Bile duct ligation induced iNOS expression in
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the dilated bile duct epithelium and the INOS antagonist
partially inhibited bile duct dilatation. iINOS induction in the
epithelium is partly responsible for the dilatation of the bile
duct after duct ligation. (J Korean Surg Soc 2003;64:
365-371)
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Fig. 1. Operative findings of the bile duct one week after bile duct ligation. Marked dilatation of the bile duct (8 ~15 mm) was observed
in the rat without ethanol infusion into the bile duct before bile duct ligation (A). No dilatation of the bile duct was observed
in the rat with 100 ul of 60% ethanol infusion into the bile duct before bile duct ligation (B).

Fig. 2. Microscopic findings of the extrahepatic bile duct one week after bile duct ligation. Flattened and destructed bile duct epithelium were
observed in the bile duct with 100 ul of 60% ethanol infusion into the bile duct before bile duct ligationb (A). Well preserved tall
columnar epithelium was observed in the dilated bile duct with the simple ligation of the bile duct (B).

9] gkt A =o)X P 43| H|Eol| EAstE eNOS7E
Ag wWAEdew, ARATEAZA NOE WA=
bNOS, interferon-¥, TNF-n, endotoxin ol 2|&l W=
iNOS7} 9)t}.(5,6) INOSTE macrophage,(7) A5 AlZE,(8) &
3] A|E,(9) chondrocyte,(10) Kuppfer cell,(11) &% 3
+,(12) SollA W=, NOS isoenzyme Zoll4 NOZ 717
Hol A, 1 I % WY 7)Fol e HIZ o]k
oA|74A] vhekslct.(2,3)

223}7| 3ol A NOO| &2 wll-f- vhefalA]l K],
Z3p7|1e] HEE 5,13 A AL i 2,09 S A
B3 15 1% 2 :Lo 5 o] %ke] 3] w7, (16) B +5U17) T

BT &3]3l Bo] 9lo] HQltk NO #H]9] Aot
THe] HH)E ofE] 71A] Aslel|A] Euly]o] Izt

A Aotol| 2] &3] &  Jv Ao A AHA i &
22 (hypertrophic pyloric stenosis) fi-§-ol Adog &
A= NOS7F EAfslA] gkol fT5-9] o] gko] doji}A]
ookl HAbo] o= Zlow AWE (18 Ak FoliF
(esophageal achalasia) 9} A] 2] =&}3ol] NOSS] ZAH o2 o]
Sto] dofufA] ¢rob Ax #Hafjzb vebdrh(19) =E3E
Hirschsprung®| Aol A= A7 Ao gl kel NOS7k
A o] A= At.20) 2 floll e AA e
Eoﬂ NO7]' 31,].;:10] oll——. 7-]05 E_LEJ o]ou:]’ 4}];01-

od,2) 945 "é 73 (inflammatory bowel disease) 5-ollA=
NOS7} F2.3F o3& 3hrh(22)
iNOS+ 3%31.9. e w2 ko) Ao BE AE
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Fig. 3. Immunofluorescence image of iNOS expression in the bile duct epithelium in control and bile duct ligation. No immunofluorescence
activity was observed in normal bile duct (A). Increased immunofluorescence activity was observed in the bile duct epithelium

one week after bile duct ligation (B).
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Fig. 4. Diameter of bile duct treated with aminoguanidine after
ligation. Intraperitoneal administration of aminoguanidine
inhibited dilatation of bile duct after the bile duct ligation.
Inhibition of bile duct dilatation by aminouanidine was
dose dependent (n=6 in each group).
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Fig. 5. Diagram of NO analysis by 280NOA (Silvers). Prior to
analysis, NO metabolites such as nitrite and nitrate, which
were dissolved in the bile sample, were reduced to NO.

Wiell £ ghEs Frizks 43 93] a5
s}7] ol gk whebA] Gt Hld & Aske gk &
S5 5o FH o Frbell wE g 2H oA o]
HhE, oIS B B8 252 o|SHYIE 4] BHlE
Ith= A& 73 vk @3t o Sutel] dAH o s
EEE e Axe g3 4] Aol upebA gakel 4
A Zel A S FELS o] E FE 9 S 7HA
e = vk AA|E Fig. 1, 20014 HZol, g3t 3] A|Z7}
st g2 Adsiv ks gake] ghato] dojubA] ke
ot olE et & @ el SlojA] 3t 3] A7t
T8 &S skal ke A AR
&317] FEE oSkl 7 F ot wifAE &

A& Noolw, No¢l 23 9 Fvhe AHA & 3
(18 A& Folg,(19) 7+ 9]'*] HAsh=

01- juin}
J
2 oon e
£ rlo m

go



50
45+

40
35
30 A
25 1
20 1
154
10 4
5_
0 T T

Noraml Control 100 mg/kg

Mean+SE

NO (uM)

200 mg/kg

Fig. 6. The amount of NO metabolite in the bile. One week after
Sham operation or dile duct ligation, NO concentration of
bile in the group of Sham operation, duct ligation only,
duct ligation with 100 mg/kg/day of aminoguanidine, and
duct ligation with 200 mg/kg/day of aminoguanidine were
measured. NO concentration was the highest in the duct
ligation only group and it was decreased by amino-
guanidine administration.
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