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Effects of Camostat and Cholecystokinin on Oleic
Acid-Induced Pancreatic Insufficiency in Rats

Kyung Hwan Kim, M.D., Dong Goo Kim, M.D., Min Goo Lee, M.D.,
Chul Kim, M.D. and Jung Eun Lee, M.D.

Department of Pharmacology, Yonsei University College of Medicine, Seoul, Korea

Background/Aims: Supplement of exogenous pancreatic enzyme is the only available method for
the treatment of pancreatic insufficiency. Theoretically, it is rather a basic way to ameliorate
symptoms of pancreatic insufficiency, if hypertrophy andfor hyperplasia could be induced in
exocrine pancreas. Therefore, exogenous or endogenous cholecystokinin(CCK) which induces
hypertrophy and hyperplasia of the exocrine pancreas may increase pancreatic enzyme output in
patients with pancreatic insufficiency. This study aimed to determine the effects of CCK or
camostat, a protease inhibitor with endogenous CCK releasing effect, on pancreatic insufficiency
in rat pancreatic insufficiency model. Methods: Male Sprague-Dawley rats were devided into 4
groups; control, insufficiency, inscufficiency tteck and insufficiency tcamostat. Pancreatic
insufficiency was produced by instillating oleic acid(25 ;¢/100g body weight) into the pan-
creaticobiliary duct of rats. CCK(CCK-8, 10 pg/kg/day, s.c.) or camostat(200 mg/kg/day, i.g.) was
given after oleic acid instillation. Results: Severe pancreatic insufficiency was developed within 3
days and maintained up to 2 weeks observed. The acini of the pancreas were progressively
destroyed and showed fibrotic changes after oleic acid instillation, however, islet cells were intact.
The amylase as well as trypsin output was decreased more than 90% of control at 1 week after
induction of pancreatic insufficiency. The pancreatic enzyme secretion was minimally maintained
in the insufficiency rats treated with CCK or camostat. Further, the acinar destruction was
attenuated by CCK or camostat. Conclusions: These results strongly suggest that CCK or camostat
improves the function of exocrine pancreas in pancreatic insufficiency. (Korean J Gastroenterol
1995;27:96-109)

Key Words: Pancreatic insufficiency, Cholecystokinin, Camostat.
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Fig. 1. Effects of instillation of oleic acid into the pancreaticobiliary duct
on pancreatic weight in rats. Pancreatic tissucs were obtained 1

week after the instillation.

“Normal* represents the uninstilled

group and “Saline™ represents the group whose rats were instilled
with 25 ;¢/100g body weight of normal saline into the duct.



100 wiatssbr|sbs=] - A127 8 A1 5 1995

807 g
" ?
o
qg 40 ’
717

g

NOrmal Saline

Protein
P Trypsin
B Amylase

7
7
/

6.25 125 25 50

Oleic acid infused(/100g body weight)

Fig. 2. Effects of instillation of oleic acid into the pancreaticobiliary duct
on the tissue contents of protein, trypsin, or amylase in rats.
Values are expressed as mg(protein), TAME Ul(trypsin), and
10’ 1U(amylase) per 100 g body weight., Other legends are the same

as Fig. 1.

Amylase release(IU/hr/100g body weight)

NOrmal Saline

Basal
[ Secretin Stimulation
Il CCK and Secretin Stimulation

6.25 125 25 50

Oleic acid infused(4/100g body weight)

Fi

g. 3. Effects of instillation of oleic acid into the pancreaticobiliary duct

on amylase output in rats. Basal, secretin(0.5 CU/kg/hr) - sti-

ofl 7)5554 Sk 9.840.6 mg/100 g BWoll4] 16.9

mulated, and sccretin(0.5 CU/kg/hr) # cholecystokinin(1,200 ng/kg/
hr) - stimulated amylasc rclcase were measured | week after the
instillation. Other legends are the same as Fig. 1.
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Table 1. Effects of Camostat and CCK on the Pancreatic Contents of Protein and Enzymes in Experimental Pancreatic

Insufficiency of Rats

Protein Amylase Trypsin
(mg/100 g BW) (1U/100 g BW) (TAME U/100 g BW)
3day Control 56.0t4.0 388+1.7 649 t97
Insufficiency' 227+1.9 0.4 +0.1 12405
Insuff + Camostat® 243+1.0 0.7 +0.1 22411
Insuff +CCK” 25,7438 12103 36123
Iweek Control 39.6 5.2 246+53 29.6+8.2
Insufficiency 9.81+0.6 0.0+0.0 0.0+0.0
Insuff + Camostat 16.9143* 0.5+0.5 0.6:0.5
Insuff + CCK 13.5+1.0 0.1 £0.1 1.4+14
2week Control 457+3.2 29.0+25 39.7+2.8
Insufficiency 6.111.0 03103 0.0£0.0
Insuff + Camostat 11.9+1.9* 09%0.3 1.1£0.3
Insuff + CCK 103+26 1.1£0.6 23*+16

Values are means = SE. Enzyme protein contents were measured 3 days, 1 week, and 2 weeks after induction

of pancreatic insufficiency. 'Pancreatic insufficiency was induced by instillation of oleic acid(25 ul/100 g body

weight) into pancreaticobiliary duct. *Camostat(200 mg/kg/day, i.g.) was administered until the sampling day.
*CCK-8 (10 Wg/kg/day, s.c., b.id.) was administered until the sampling day.

* p<0.05, difference from Insufficiency.
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Fig. 4. Effects of camostat and CCK on the pancreatic
weights in experimental pancreatic insufficiency
of rats induced by oleic acid instillation(25 s/
100 g BW) into the pancreaticobiliary duct. Two
weeks of camostat or CCK treatment caused
significant increase of pancreas weight.
* p< 0.05, difference from Insufficiency.
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Table 2. Effects of Camostat and CCK on Amylase Output in Experimental Pancreatic Insufficiency of Rats

Stimulation
Basal
Secretin Secretin +CCK

3day Contro} 21731419 38721438 6154 1+754

Insufficiency 611 6+1 183

Insuff +Camostat g+2 911 28%7

Insuff +CCK 102 11+£3 2915
Iweek Control 2069 +773 2985t 874 61801943

Insufficiency 6t1 9+2 15+4

Insuff +Camostat 137 20+9 267

Insuff +CCK 20110 27+12 2919
2week Control 1954 +-520 3971 + 758 61431734

Insufficiency 210 210 310

Insuff +Camostat 8+2 14 L 5% 20 1 6%

Insuff + CCK 14 =4* 13 +4* 26+ 6*

Values are means * S.E. in IU/hr/100g BW. Amylase contents in pancreaticobiliary secretion were measured 3
days, | week, and 2 weeks after induction of pancreatic insufficiency. Pancreatic secretion was stimulated by
intravenous infusion of secretin (0.5 CU/kg/hr) or secretin (0.5 CU/kg/hr) with CCK-8 (1200 ng/kg/hr). Other

legends are same as Table 1.
* p<0.05, difference from Insufficiency.
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Table 3. Effects of Camostat and CCK on Trypsin Output in Experimental Pancreatic Insufficiency of Rats

Stimulation
Basal
Secretin Secretin +CCK
3day Control 5.72+1.03 13.07 £4.49 46.09 = 8.46
Insufficiency 0.41+0.16 0.1040.03 0.44+t0.16
Insuff +Camostat 0.13 £0.08 0.19.:0.12 0.58+0.23
Insuff + CCK 0.3910.19 0.2310.09 0.41+0.09
fweek Control 9.95+3.68 15.27+3.72 57.07+£5.09
Insufficiency 0.54+0.16 0.30+0.12 0.46%0.13
Insuff +Camostat 0.56£0.19 0.41 £0.16 0.85+0.38
Insuff +CCK 0.48 +0.13 0.66 1:0.20 0.6310.13
2week Control 5.27 £0.80 16.37 13.72 35.78 +6.28
Insufficiency 0.1910.05 0.35+0.17 0.47+0.26
Insuff + Camostat 0.38+0.12 0.59+0.21 1.24%0.36
Insuff + CCK 0.58 £0.12* 047+0.10 0.77 +0.05

Values are means + S.E. in TAME Ufhr/100g BW. Trypsin contents in pancreaticobiliary secretion were

measured 3 days, 1 week, and 2 weeks after induction of pancreatic insufficiency. Pancreatic secretion was
stimulated by intravenous infusion of secretin (0.5 CU/kg/hr) or secretin (0.5 CUj/kg/hr) with CCK- 8(1200

ng/kg/hr). Other legends are same as Table 1.
*p<0.05, difference from insufficiency.

Fig. 5. Photomicrograph of normal rat pancreas. Normal
lobular architectures and zymogen granules of
acinar cells are observed(H&E stain; < 100).
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Fig. 6. Photomicrograph of rat pancreas 3 days after oleic
acid instillation(25.0/100g body weight). Inters-
titial fibrosis, moderately destructed lobular archi-
tecture, and little zymogen granules are demon-
strated(H&E stain; X 100).
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Fig. 7. Photomicrograph of rtat pancreas treated with
CCK(10 pg/kg/day, s.c., bid) for 3 days after
oleic acid instillation. Less destructed lobular
architecture, less interstitial fibrosis, and more
zymogen granules are observed than Fig. 6 (H&E
stain; X 100).

Fig. 8. Photomicrograph of rat pancreas treated with
camostat(200 mg/kg/day, i.g.) for 3 days after oleic
acid instillation. Less destructed lobular archi-
tecture and more zymogen granules are observed
than Fig 6(H&E stain; < 100).
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Fig. 9. Photomicrograph of rat pancreas 2 weeks after
oleic acid instillation(25 1¢/100g body weight).
Exocrine pancreatic lobules are severely destroyed
by fibrosis. Relatively well preserved pancreatic
islet is seen(H&E stain; X 100).

Fig. 10. Photomicrograph of rat pancreas treated with
camostat(200 mg/kgfday, i.g.) for 2 weeks after
oleic acid instillation. More acinar cells are
observed than Fig.9, but more than 90% of
exocrine tissues are lost(H&E stain; < 100).
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