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Introduction 

It has been suggested that ethanol contributes to the development of acute pancreatitis in 

man. Although many experimental studies have been reported, the exact mechanism by which 

ethanol induces pancreatitis remains unknown. In vivo studies have suggested that intravenouぉ

injections of ethanol inhibit1,12,14,16,1ηwhile oral intake stimulates pancreatic enzyme secre-

tions,B,13>. In vitro studies have shown that ethanol stimulates pancreatic enzyme secretion and 

inhibits trypsin inhibitory capacity in the rabbit pancreas1s>. 

Although no investigator has succeeded in producing acute pancreatitis in experimental 

animals by ethanol, these reports suggest that the acute administration of ethanol may sensitize 

the pancreas to acute pancreatitiお

In this study the effects of in v1!rυand 111 vivoぞthanolon pancreatic secretion were evaluated 

by an incubation system 10> The effect of acetaldehydt> on pancreatic secretion w出 alsoinve＂→ 

tigated. 

Materials and Methods 

All studies were performed on CD-1 femaleηlice weighing 20-25 gm. Two series of t>xpcr-

iments the effect of in vitro administration and the effect of in vivo administration of ethanol or 

acetaldehyde on pancreatic enzyme secretion were studied by an incubation system. 

Effects of in旬itγoethanol and acetaldeh1・de 

Following an 18-hour fast, mice wt>re sacrificed by decapitation、thepancreas w出 removed

and in 11ltro secretory studies were performed in the presence of variouメdosesofぞthanol(n=48). 

ethanol plus sincalide、theC terminal octapeptide of CCK-PZ. (n=24) or acetaldehyde (n=32). 

Effects of in vivo et ha施。i側 dace/aldehyde 
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Present address: The 1st Department of Surgery. Faculty of Medicine, Kyoto Univef'itY. Sakyo-ku. Iふ川【人
606. Japan 
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¥lice wヒredivided into three groups: control (n=8）、 ethanol(n=8) and acetaldehyde (n=8) 

groups. The ethanol and acetaldehyde groups receiYed 0.01 g of ethanol/g of body weight in 

a 20% solution or 2 μ.g of acetaldehyde/g of body weight every seven hours for 42 hours, and the 

control animals received an identical volume of 0.9°0 saline. For the first 24 hours, normal 

τornmercial chm＼’ was given; then the animals were fasted for 18 hours. The animals were 

sa＜、rificedby decapitation、thepancreas was removed and secretory studies were performed by 

an incubation system. 

l1ffubation studies凶、

The pancreas was placed in Krebs Henseleit Bicarbonate buffer containing 5.6 m¥I glucose 

and gassed with 95% 02 5% C02 at 37°C The pancreas was cut into 5-6 fragments、washed
and placed in incubation vessels containing 3 ml of buffer. The vessels were gassed with 95% 

02 5°~ co人 andpre-incubated at 37°C for 30 minutes with shaking. The buffer was removed 
and replaced with fresh medium containing t出 tsubstances and incubated for 30 minutes. For 

the experiments on the in vivo effect of ethanol or acetaldehyde, sincalide was added at a concen 

tration of 3×10-4 μ.g/ml. This had previo山 lybeen shown to produce submaximal rates of protein 

and enzyme町 netion. After incubation, pancreatic fragments were removed, blotted‘weighed 

and homogenized in phosphate buffer司 pH6.9. The incubation media and homogenate samples 

were centrifuged. and the supernatants were assayed for digestive enzymes. Protein was meas-

ured by the method of Lowry et al9>. Amylase was assayed by the method of Bernfeld2>. Tryp-

sinogen and chymotrypsinogen were assayed by the method of （ ~lazer and Steer'> 

,..Jnalysis of data 

The、tati,ticalsignificance of differences was evaluated by Student's t-test. and a p value 
of< 0.05 was considered significant. 

Results 

Effects of zn viiγο eth品旬。landtHdaldchydど

The presence of 0.03~／。 to 1.0°/o of ethanol did not result in any significant change in the 

Table l. Effect of in vitro administration of ethanol on exocrine pancreatic secretion 
(n=8 in each group）ー

Ethanol QGら 0.03% 0.3勿 1. 0% 3.0ら 10.0% 
一一

Pro tern 2. 7±0. 1 2. 5±0. 2 2. 6cL 0. 1 2. 7 I 0. 2 3. 2士0.2 3.6土o.4 
mg/g '.'ls ¥"S 'JS pく0.05 pく0.05

λm、lase 1016士58 1021 +61 1027士59 1128="-74 1379±67 1522土167
l'/g X内 ¥"S ¥"S p<0.01 p<0.02 

Trypsinogen 17. 0土0.9 17. 2土1.2 17. 3土1.7 19. s + 2. 7 24.0土1.8 28.8土4.0
U/g NS NS "<S p<0.01 pく0.02

( 'hymotrypsinogen 31. 7士2.2 29. 5::::1. 2 32.3士1.7 37. 8±4. 5 42.9土3.3 44.4士5.5T、／g ？、JS ¥"S "<S p<0.02 PくO.Dl
一一一一一一 一一一一一一一一一

mean士汽R
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Table 2. E仔ectof in-vitro administration of ethanol plus 3×10-'1 μ，何ml
CCK OP, sincalide, on protein and amylase同口ction、
(n=6 in each group). 

Ethanol 0°6 0.03% o. 3~ち 3. o＜：ら

Protem 6.0土0.2 6. 5±0. 6 6.4・ 0.3 5. 4チ0.4
mg/g "" ＼＇~ :'¥'-

AmJ);se、 1498土44 1601±98 1508±76 1469±91 
:'¥S '¥S メト、

mean士SE

Table 3. Effect of in-Yitro administration of acetaldehyde on protein 
and amylase secretions (n=8 in each group! 

Acetaldehyde 

Protein 
mg/g 

Amylase 
F/g 

0 m:¥l 0.1 m:¥l 1 rn :¥[ 10 m:¥I 

3.0士o.3 2. 8 ~ o. 2 3. 0 o. 1 2. 8二0.2
¥'S ¥'S 河川

897 ± 49 868 ± 113 923士85 819:L8J 
¥TS ¥'S ¥TS 

meanゴ～、E
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output of amylase、prote瓜 trypsinogenor chymotrypsinogen. The administration of 3.0% and 

10.0°10 ethanol significantly increased the output of amylase, protem, tryp,.,inogen and chyrno 

trypsinogen (Table 1). However‘the addition of 3×10 • μ,g/ml of sincalide abolished the 

stimulant effect of 3.0~0 ethanol on amylase and protein output (Table 2司 Fig.1). On the other 

hand‘the presence of 0.1 m'.¥[ to 10.0 m¥[ of acetaldehyde did not cau吋メignificantchanges in 

amylase or protein output (Table 3). 

Effects of zn匂ivoetlzaηo! a匁dacetaldeh,1・de 

Forty-two hours after the intra peritoneal injection of 0.01 g of ethanol/g body weight, various 

degrees of pancreatic edema and hemorrhage wぞreobserved. Inflammatory edema of the paren 

Protein Amylase 
。。 p 0.001 
140 140 

130 Pぜ 0.001 130 no eek-op 

120 
no eek-op 

120 

110 11 0 __ I“ 
100 100 y----1～～ 

、ハ ・1 
90 90 

eek-op eek-op 
80 80 

0.03 0.3 3.0 °ノb 0.03 0.3 3 0乱。
Ethanol Ethanol 

Fig. 1. Effect of 3×10 4 μ,g/ml CCK-OP, sincalide司onprotein and amylase secretion in the 
presence of ethanol. Results are expressed as percent of level in the no ethanol 
group目
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Fi~. 2. E百ectof intraperitoneal administration of ethanol on output and content of tηr 
psinogen and chymotrypsinogen. Results are expressed as percent of the l引でIin 
the no ethanol group. 

chyma with cong引 tionof zymogen granules was observed microscopically. A significant decrease 

of amylase and chymotrypsinogen output and a significant increase of trypsinogen and chymo-

trypsinogen content were noted in the ethanol group (Fig. 2). After acetaldehyde injection. 

there were no remarkable changes in the histology of the pancreas. In the secretion study, the 

doses used in this experiment did not significantly affect the protein output or the output or 

content of the enzymes (Table 4). 

Discussion 

These in vitro studies demonstrate that high concentrations of ethanol stimulate the secretion 

of pancreatic protein, amylase, trypsinogen and chymotrypsinogen. This result is in accord with 

those of our previous討tudyin rahbits15> and otherts> In the in vitro study using rabbit pancreas, 

Table 4. Effect of intraperitoneal administration of ethanol and acetaldehyde on output 
and content of amylase, trypsinogen and chymotrypsinogen. 

Amylase Trypsinogen Chymotrypsinogen 

oui/ut content u1i/_3t content oui/ut content 
Iソ 30’ U/g O' U/g Cf 30’ q豆一

Control 1737士108 11527土418 31土3.1 240土13 68土6.0 393士15
n=8 

Ethanol 1192± 101 10753士1146 33士3.5 519土14 43土4.5 563±27 
0.01 g/g Pく0.01 う；s ¥lS p<0.001 pく0.01 pく0.001
n=8 

Acetaldehyd" 1652± 136 9544士430 37士3.5 220士0.7 79士6.4 350土20
2 μ.g/g NS NS NS Nメ NS NS 
n=8 

mean SE 
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significant increases of volume and output of protein, amylase, trypsinogen and chymotryμ,mogen 

were observed with 3.0% ethanol, and the inhibitory capacity of trypsin was decreased 15). How-

ever, no effect on secretion was noted when pancreatic slices were incubated in 0.3 and 1.0% 

ethanol, concentrations which are similar to the blood levels found during moderate to severe 

ethanol intoxication. 

In the present in vivo study, mice receiving intraperitoneal injections of 0.01 g of ethanol/g 

body weight, showed no increase in the output of amylase, trypsinogen and chymotrypsinogen司

although the content of trypsinogen and chymotrypsinogen w出 increasedsigni五cantly.

These in vitro and in vivo experiments suggest that ethanol has no direct stimulant effect on 

pancreatic enz戸nesecretion under physiological conditions. In animal and man司theintravenous 

administration of ethanol inhibits secretin-. secretin plusぐ（‘K-PZ or secretin plus gastrin-

induced pancreatic secretion3•4•11•16•17l. In this experiment, the increment of enz戸neoutput in 

reaction to 3.0 to 10.0% ethanol in the incubation media was abolished by sincalide. In studies 

utilizing isolated guine且 pigpancreas. Uhlemann et al18l also observed that ethanol has an 

inhibitory effect on acinar cells that had been stimulated with various secretagogues. These 

results indicate that ethanol inhibits the pancreatic receptor response to secretagogues. 

In contrast to the inhibitory effect of ethanol on pancreatic secretion, the content of pancreatic 

enzyme was markedly increased in the in vivo study. In other words, congestion of pancreatic 

enzyme caused by blockage of the secretory tract by ethanol was considered to be responsible for 

the development of ethanol-induced pancreatitis. 

The metabolite of ethanol, acetaldehyde, did not have any e百ecton pancreatic enzyme 

secretion in the present in vitro and in viz1u studies. Although a high concentration of acetalde-

hyde was found to prevent the free flow of exocrine secretion by constricting the outflow tract6lう

no effect on the pancreatic acinar cells was seen in this experiment. 

This experimental study suggests that congestion of proteolytic enzymes in ethanol intoxi 

cation plays an important role in the development of acute pancreatitis. 

Summary 

Effects of in vitro and in vivo ethanol and acetaldehyde on exocrine pancreatic function were 

studied in mice. 

Significant increases in protein and enzyme output were noted with 3.0 and 10.0% ethanol, 

but not with 0 to 1.0% ethanol. In the in vivo study with intraperitoneal injections of 0.01 g of 

ethanol/g body weight, the content of trypsinogen and chymotrypsinogen was increased signifi-

cantly, although the output of the enzymes was not increased. Acetaldehyde had no effect on 

pancreatic enzyme secretion in either in vitro or in Z叩ostudies. Congestion of proteolytic 

enzyme may play an important role in the development of acute pancreatitis. 
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和文抄録

ETHANOL A><D ACETALDEHYDEりNE:¥( H 'RI:--:E PA:\CREA~ 

In vitro, in vivoエタノール， アセトアルデヒド

投与の棒外分泌に対する影響

京都大学医学部外科学教室第l講座（主任：戸部隆吉教授）

真辺忠夫

アルコーノレによる急性勝炎発症機序を解明する目的 自，アミラーゼ分泌反応は有意に抑制された．

9 

で7 ウスを用いエタノーノレ．アセトアルデヒド投与時 2) In vivo実験： 20匂エタノーノレ腹腔内投与では

の勝酵素分泌動態を incubationS＼＇弓ternを用いて観察 トリプシノーゲン，キモトリプシノーゲン含有量の著

し以下の結果を得た． 明な増加を示した．

1) In Vitro実験・勝細胞を KHB緩衝液で incu 3) アセトアルデヒドは invitro, in-vivo実験とも

bateし，種々の濃度のエタノールを投与すると， O～1 有意な勝酵素分i泌反応をもたらさなかった．

第エタノール濃度では勝蛋白，酵素放出量lこ有意な変 以上よりアルコーノレは薬理学的濃度では勝に対し強

化がみられなかったが，エタノーノレ濃度3～10%では 力な酵素分i泌刺激作用を有するが，生理学的濃度では

謄蛋白，アミラーゼ， トリプシノーゲン，キモトリプ acinar細胞のレベルで豚酵素分泌を抑制し， zymogen

シノーゲンの著明な上昇がみられた．しかし， CCK- 川村の修滞をもたらし，その結果豚炎が発症する機序

OP (sincalide）を加えると37ぢエタノーノレによる豚蛋 が想定された．


