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Bile formation is a complex process comprised of three separate physiologic mechanism
operating at two anatomical sites. At present time, it was known that at least two processes
are responsible for total canalicular secretion at the bile canaliculus. One of the processes
is bile salt-dependent secretion(BSDS) hypothesis that the active transport of bile salts
from plasma to bile provided a primary stimulus for bile formation: the osmotic effect of
actively transported bile acid was responsible for the movement of water and ions into bile,
The other process is bile salt-independent secretion(BSIS), which is unrelated to bile salt
secretion at the canaliculus and which may involve the active transport of sodium. The
third process for bile formation involves the biliary ductal epithelium. Secretin-stimulated
bile characteristically contained bicarbonate in high concentration. Therefor, .it was sugge-
sted that secretin stimulated water and bicarbonate secretion from the biliary ductules.

One the other hand, it was found that a large amounts of cAMP was present in canine
bile but no apparent relationship between bile salt secretion and cAMP content in dog bile.
However, bile flow studies in human have demonstrated that secretin and glucagon increase
bile cAMP secretion as does secretin in baboons. Secretin increases baboon bile duct mucosal
cAMP levels in addition to bile cAMP levels suggesting that in that species secretin-stimulated
bile flow may be cAMP mediated. It has been postulated that glucagon and theophylline which
increase the bile salt-independent secretion in dogs might act through an increase in liver
cAMP content. In a few studies, the possible role of cAMP on bile formation has been
tested by administration of an exogenous derivative of cAMP, dibutyryl cAMP. In the rat,
DB cAMP did not modify bile flow, but injection of DB cAMP in the dog promoted an
increase in the bile salt-independent secretion. Pecause of these contradictory results, this
study was carried out to e xamine the relationship between cyclic nuclectides and bile flow
due to various bile salts as well as secretin or theophylline.
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Experiments were parformed in rabbits with anesthesia produced by the injection of seco-
nal(30 mg/kg). Rabbits had the cystic duct ligated and the proximal end of the divided
common dgct cannulated with an appropriately sized polyethylene catheter.. A similar
catheter was placed into the inferior vena cava for 'adminiétration of drugs. Bile was
collected for determination of cyclic nucleotides and total cholate in 15 min. intervals for a
few hours.

The results are summerized as followings.

1) Administrations of taurocholic acid or chenodeoxycholic acid increased significantly
the concentrations of CAMP and ¢cGMP in bile of rabbits.

2) Concentration of cAMP in bile during the continuous infusion of ursodeoxycholic acid
was remarkedly increased in accordance with the increase of bile flow, while on the contr-
ary concentration of ¢cGMP in bile was decreased significantly.

3) Dzhydrocholic acid and deoxycholic acid significantly increased bile flow, total cholate
output and cyclic nucleotides in bile.

4) Only cAMP concentration in bile was significantly increaesd from control value by
secretin, while theophylline increased cAMP as well as ¢cGMP -in rabbit bile.

5) In addition, the administration of secretin to taurocholic acid-stimulated bile flow
increased cAMP while theophylline produced the increases of cAMP and ¢cGMP in bile.

6) The administration of insulin to taurocholic acid-stimulated bile flow decreased cAMP

X

concentration, while on the contrary ¢GMP was remarkedly increased in rabbit bile.
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Fig. 2. Effect of chenodeoxycholic acid on cyclic nucleotides content, total cholate and bile volume. _
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Fig. 4. Effect of dehydrocholic acid on cyclic nucleotides content, total cholate and bile volume.

Osoxycholic. ocid  -Decxycholic acld
. Tymole/kg 2pmole/Igy/min

‘°°l /‘J S8 Choinee
i Ak cAMP
209 : ‘ &0 caMP
- £
i E
s {% a0 \
312 5 |
f 2 15 15
2018 -
Y - E
—~— a. 3 €
% 2 1.0 5 bro ©
g K ~ }
3]z g2l 3
o - E
-] -o.s§ -o.s;
t| 2
g §
N Lo Lo

Ihe 2h 3w ahr

Fig. 5. Effect of deoxycholic acid on cyclic nucleotides content, total cholate and bile volume.

7F ek
4) Taurocholic acid £ H= FASH Secretin
3) Theophylline o 2|8t fEH5iB PR 2 Theophylline 8 j3East mo) BF
Theophylline & 20 mg/kg & w5 #HEsIHE o Cholate &] enterohepatic circulation(EHC)el] )

#&1 2 total cholate 7} BHEUA F71st 2 cAMP o}s] i #@EEel taurocholic acid 0.5 pmole/kg/min &
¥ cGMP & dlul 3] F78te g4 2o 5 A% $A3Fd HASHAA secretin ¥ theophylline
4mg/kg/min B A% EAE A JBHL SUEA go & PrBisted F&yf, total cholate, cAMP 4 cGMP ¢
1} cAMP 8 cGMP & s slAl Frbstgoh(Fig. 7). P2t sl o (Fig. 8).



- —ZEW JSA 0 FE-Ee 9 Cyclic Nucleotideszhe] AT Ao W3 odF—

57

€
= E
£ 2 2004
2 12
glOi .\!
Qo
|k
s a 100
3713
2
[
L AN
0. o4

FU/ng 2wy
" ke
Ihr 2

¥ig. 6. Effect of secretin on cyclic nucleotides content, total cholate

5
8
2

cydle GMP { pmole/kg/I5 min}
/kg/15min)
n
g

cyclic AMP (pmole
5
[<]

83 Same
A4 came
Lo.4 3 : Lo.‘ -
£ §
A R
oz g foz g
Uy i g
j e -
S a

and bile volume.

Los __
04 od "c‘ k-]
£ £
E )
2 tosed
21 5
~
. . G E
> ‘e foO.2
{ 1 b 2
Theophyliine Theophyliine o = L2 *
20 mg/kg 40 mg/hg 4 mg/bg/min
thr. 2hr 3hr &hr

Fig. 7. Effect of theophylline on cyclic nucleotides content, total cholate and bile volume.

Secretin ¥ theophylline o] &5l JEH o total
cholate & ¥ W37l 992t MEHA cAMPgae
secretin 3 unit/kg & HE}G-T o I35 =184

i theophylline 40 mg/kg & #HHIFE #Hda=E o
Al Al Fobskgl ek, cGMP = secretinof] ] sled 4

=

$5¢ W3 sbA.2x @sker} theophylline o
gAAAL BH3 S

5) Taurocholic acid & H & FASIH Insulin
4 CCK-OP & #HEt njo] ZE

Taurocholic acid & 0.5 pmole/kg/min 8| JEWE
2 Al FASAA insulin 0.5 unit/kg & #Ee A
st BB AR A AAE Frbshg o) total cholate
= dehE gt fdgiel. 28 cAMP & #g) 3t



—H.W. Lee, et :al:, Study on the Relationship. between Eiliary Secretion and Cyclic Nucleotides—

k! 6004
s 1Z

6,015 1ol

204 T 400

gl
~ ~
] s
£t

1012 2001
1%
7 <
E- I K
Bl
o

o
o

ISlcl'e?‘in
3u/ag
Tourecholic  acid
Lo 2hr.

06 .. i
s [
£ 2z
g1 2

04
g1 3
. ~ €
1Thmhylm L=
<ome/e boa 2 | £

0.5 pmole/ny /min § g

[} £l
4hr o Biw :

Fig. 8. Effect of secretin and theophylline on taurocholic acid stimulated rabbit bile flow.

g

3

cyclic GMP (pmole/kg/ISmin)
$ ¥ 9
eyelic AMP {pmole/kg/ISmin)

3

&

»
o
in)

s [
o ) 7 0 5 e
0--Q 0 OO0 o [o 251 ~ ?
o0 o . g 2
o L L0

t RS <
insidin 0.8 U/xg ICCK-OP ttAg H g
Tarocholic ocid 0.8 pmoie/ky/min f g

0 0
inr 2w - B anr 1

Fig. 9. Effect of insulin and CCK-OP on taurocholic acid stimulated rabbit bile flow,

&5 = dhd cGMP & 2f5L1 | #mEel A2 HKY
@ 4AHE Jebglsl. CCK-OP 20 ng/kg & #HS gL
o] = insulin o] A2} zke] Eifo] AwlalA Fsbslge
= total cholate 3 cAMP & #HelE ¥ Eo] glge
Y4 cGMP & ¢f 3f&Ll L Sobekql o) (Fig. 9).

% g

Taurocholic acid 8] =5 Z2 A& HALE B
ke w)u] SA S ¢l.ou total cholate & Al
EAT o dAx3) Fsbstgdcoh. MRS cAMP g

— 50—



—FEN J5AN &

CGMP & o5 £5 BR ¥ A< HA 2B 9
o} A vtzto] @A sHAl Frtstg 2k cAMP 2t} cGMP
7b v el kA KEESHg e o] o2 Mo} cAMP g
¢GMP & ©} o] JEire] BMEH L hepatocyte &
Fel ol BB SWel #eShe] cGMP 7} o $ gz
A3 AL E AFEH,
lic acid ¥ cholic acid 512 KHE FF 74 41
o] Fol3hA WHFTE AP Hal chenodeo-
xycholic acid &+ ®354F¢] A7E314 cholesterol ¢
qAE S7HE A Pen 2asigch B AR
chenodeoxycholic acid & ¢]¢ gl wZHabal A
+ sPH%ow, cyclic nucleotideso] wjg Faxli=
chenodeoxycholic acid = taurocholic acid o} -4}
& HEE vebd ot cGMP 7} oS olm) Sl g g} 1977
W Ruwart 8 Kaminskit®Eo] 9] &) %59
CAMP 7L FfES Y IEiEES sl cAMP fT )
= FERT WS dedz Easgel. & s
A BIFES S cyclic nucleotides 7} wked 5] 3.
53 cAMP Ruli= cGMP o] BiBite] 928 Aa}ak

#t75-& chenodeoxycho-

o}, E3 chenodeoxycholic acid & ##slg-& ) j&
A total cholate &] iz E}E cGMP 9] =718 4+
o) o I55AE FAA Yol HOE Hol cGMP

7} cholate #-ulell second messenger 249 dghg
S & FlslE Aoz ARE,

Ursodeoxycholic acid &= RIS 2 BT s
Al RS HERE ALE 1 glonesh g
Has) LA A FEHHEE #5931 gk, Dumont
9 o EEFEEEDL e ursodeoxycholic acid
T RESISE A B SWTES FEIAVY B
HA HCO-:4 #Er= taurocholic acid = deoxye-
holic acid 5 =l-& S BilEES #BHANAL o
Hild 2.4~3153 5 $90n 23stgch. oald
ursodeoxycholic acid o] ¢]3F FIMEMEL canaliculi
o} 41 8] osmotic activity o &) &l zpH el 22 HCO-,
b el £ BRE AT BARE K
A7 e Adlebn 2Eage

& EE AL ursodeoxycholic acid & A< A
T = BHAwE & o5k Frhskg 2 total cho-
late B2 ¥ 2 HFo] dolrh. =S BiHHA cAMP -
KBTSl Stk vl Eel WAls] SrHeE wbde] cGMP &
£33 zFEFAHE. o] ot MEHY k5 Fwmi
CcAMP ¢] second messenger § = FHil o] Zelx
o JEHEY 5We cGMP st #frdttln 23w
o] A= Heo} cAMP &= AR#FIBEDE, cGMP L

T3¢9 Cyclic Nucleotideszto] 2F3alAo] #at o F—

EEFIED R Fa3 Ao Rk, Dumont™%
2 ursodeoxycholic acid ¢f] 9] 3+ FlfEs B = osmotic
activity 2] o} electrolyte @ fluid ¢] transport sys-
tem & x}SFFle] o] FolR = Ao]w o] 9} 7+E system
2 (Na*,” Kt —ATPase)—mediated sodium ' tran-
sport Sl Bl gl& Aolstm Featgeh. & EE

A} ursodeoxycholic acid o 9] 3led cAMP 7} & A 3]

Z7FE AL oz gF(Nat,
sodium transport systemsﬂr BEEftEo]
2. -

Levine @ Hall'v%-2. 7§ Z-2 baboon ¢ 4] dehyd-
rocholic acid off ¢8| 8 FME%E = fEHEr7L canali-
culi 9} o = JEHFA cAMP st Ralscis Zaalg
t}. =3 Dumont®™®%-& dehydrocholic acid 3= urso-
deoxycholic acid ¢} el EHF HCO-¢ T=4
e ol IBHAWE FIEsIEE  fF AR
deoxycholic acid 9} Aro] & AHeolztzm A9l
Dehydrocholic acid = 4 BAN4 4LEHR G= &
g o) micelles & 413 Eslnz 2y 724t
osmotic activity o] o8t AL Yojdeiz F
RFhI 9l t5se,

#A EEro] A= dehydrocholic acid & =5 & 3
L A& HAZ W Bt 2 total cholate 7} Thitel
= om cAMP 3 ¢GMP X a3 =71stg
o}, o] 97e 348 deoxycholic acid B #HT ol ¢
= . o] cAMP o ¢GMP 7} JBH el =%
045] n% R T e A A

Secretin o} o] &t FllERRE LAY <8A &
2w F2 JEte H0, HCO- & Cl-9] &4 S7HA

71 ol v 2 BEHBES 24ty BaFa
9l tlss~s  Wheelsr B 7 JEFFREEIOS
< IErtEest el (EAESAST canaliculizl ohm
duct Y} ductule o) 2tz T3¢ v}, =3 Russell®™®F
% erythritol ¢ mannitol clearance 4 P A= 1.
of WEiifgel o€ FURMER-S MEE Swseh linear
o el = el relation & o] ¢7+& secretin el
59 BES T Z3ER fEAIM HET cle-
arance ductal o] gl B3t gcl, 28} 32 system
% secretin erythritole] 4oz FEL 7z}
£ 235 gl obd I (Rl dadAE o
FA o] wrl. =gk secretin o o i FMfEH-& cAMP
o) EEY WMEHEs doaA Ad dibutyryl cAMP %
?%’#HJR $xHslm BSICS 71 F7hs] 7~ ol A = JEH-

o B AWITES B glvkr Basl g ek,

— ATPase) —mediated
et F3

urso-

;
;’v:
oS

2. secretin



—H.W. Lezet al: Stuly oa the Relationship between Biliary. Secretion and Cyclic Nucleotides—

28} Levine % HallDE-& }ke]uh baboon o gl
o} A4 secretin o). 2] g FilhHE cAMP o BRife] 3l
ou} ofmk bile ductal: systemeoll4l: cAMPS} A
Bt fluid o) Hystisd BRI HRYE Addstzn F
FHA k. BE R ASF & BB A& secretin o) 9
sl Tk R Mm@ ice BB ¥ 5 9o
cAMP 2} gzk& 5 HFMRTlE Q48 FohEkd sec-
retin 9] BEY AAE FRBdHd Tz gk 3
cGMP-= H-& % HHslg-& 4 o€ AT 34
o BMEE bRl gel, secretind] Pl
cGMPE Rl cAMP 7 B ez drke 48
a3 9l vk, ‘

Phosphodiestease. #fi#ial theophylline & glu-
cagon 5} f:Ak8kAl canalicular bile-$} ZW-§ Tt
AR 4uA Yoo, 3F Kaminski g 2 3%
FEFgneE S 31 Mol 4 theophylline o) ¢ ste
fertawE R glucagon 3k g7 cAMP 43
¥ #Z4Rctn Bastgo. o] As Rol B &
ol 2L Aol AT £ g2t A= A A
o} 4% theophylline % cAMP 819 AL == )zt
2z F3dgch. & ERAL theophyllineo] &z}
o ¥EH 2 total cholated) ZFrtxviE cAMP o
cGMP o Frlrt Faistdm §3 cAMP 9 S7k& o
& @ x)s}g s}, Taurocholate & A< #Asd EHC
£ #7144 Theophylline & st E cAMP
R cGMP 7} &dA Al Frtstgdel. ol& AR RE
o] A theophylline 3+ WEH P cAMP @ cGMP 7} B
Bhthko] 31-&& BFE ALo® 4Zsrt. Taurocho-
late & A% HAZHEA secretin g HHT wHd&
secretin nb-& wh% BHE @9} o] cGMP = 435}
¥ A%E b cAMP LR HAjs FrkEld,
secretin 3% cAMP 9= HE dd4e] & =Bt
ALER A&

Insulin o] &3k FEHRE K5, HCO- & Cl-¢
S TTEEs BHEEY SWe L9y Fiddx
Bar s g e}~ =3l 3Tl insulin & erythritol
clearance. & F7FA7® canalicular secretin ¢ 2] gk
BSICS = FRAlglel= |7 grlsseo. K HEl
A& taurocholate & A< H:AslH4 insulin-& #
B3t o @AW Sokeke BAd BrRe cGMP
= 843 Frstgd ey cAMPE 233 b o]
secretin 34 Al - d A& 24 F40). Secr-
etin-& ductal system o] {ER3l) insulin & canali-
cular system o] el 3 34T o ool

CAMP 8} cGMP:-¢}. Ao 3t g Fv] F4 4 4=t

CCK-OP &= secretin 3} -§-4ksled @l = 3%
Hag F2 ¥z k59 HCO & F7HA 71 erythr-
itgl clearance & F71A1 71 A %;}J—; 2.2 Mo} scr-
etin}. 2¢] ductal systemd] fERggEIz F5Ha
Eke0. & EEol A CCK-OPo] &5 cAMP:
walaA g2k cGMP & #As] Frbste] secretin
ol 93 HRs} WXL BRE 29 Ttk

= £ 3

1) Taurgcholic acid @ chendeoxycholic acid &
KR &5 Tw ASEAT R @R cAMP 3
cGMP-57kall olo} BEA B BFHuF $71E Vet
Yz —@E 2% HEE 9% cGMP 7 cAMP Bt} o
Zobshg

2) Ursodegxycholic acid & A4 A3 A3 B
Erlgel 2 @xe] Frhskn cAMP & RiIFESAH
o %&fTetd "As Foteld cGMP = divl 2 zhds)
-0

3) Dehydrocholic acid ¥ deaxycholic acid & #
®3 23 cAMP % ¢GMP ¢} it & 4 total cholate
9 F77t Al 8 H gl

4) Secretin & [EHA cAMPE dulsiAl 704
L |

5) Theophylline ## 2 BHA2] cAMP W cGMP
7t FAAsg e A% EAE A& oS AAs FUF
ahgieh

6) Taurocholate A4 IEATel secretin N
2 cAMP ¢ &A% E718 714 8kx theophylline ¥
mkEE cAMP 2 GMPE 2% FshAglex
CAMP &) F7te cGMP S7tRnl ff7ste] doiiytel,

7) Taurocholic acid A< HEAsI A insulin & &
Bl o cAMP = &5 3 cGMP & 435 Fr1sk
gt =3 CCK-OP & #H% w& cGMPrie] A
3 F7hekg ok '

2 £ XM

1) Porker FL.: J. Clin. Invest.
1967.

2) Wheeler H.O., and Mancusi-Ungaro P.L.: Am.
J. Physiol. 210:1153-59, 1966.

3) Schiff M.: Pflugers Arch. 3:598-618, 1870.

46:1189-95,

— 52—



—EEW J5A : 58 9 Cyclie Nucleotideszhe} ALZTalAlo] =8 o F—

4) Foster M.G., HooperC.W., and Whipple, G.H.: Ann, Surg. 180:856-363, 1974.

J. Biol. Chem. 88:879-392, 1919. 26) Lindblad L., and Schersten T.: Gastroenter-
5) Sperber 1.: In The Biliary System, ed. W. ology, 70:1121=1124, 1876.

Taylor. Oxfod: Blackwell, p.457, 1965. 27) Preisig R., Cooper H.L, and Wheeler H.O.: J.
6) Sperber I1.: Pharmacol. Rev. 11:109-184, Clin. Invest. 41:1152-1162, 1962.

1959. 28) Barnhart J.L., and Combes B.: Am. J. Physiol.
7) Preising R., Cooper H.L., and Wheeler HO.: J. 234:146-156, 1978.

Clin. Invest. 41:1152-1162, 1962. 29) Scratcherd T.: The biliary system. Edited by
8) Erlinger S., Dhumeaux D., Benhamou JP., et W. Taylor. Oxford. Blackwell. p.515-529,

al: Rev. Fr. Etud. Clin. Biol. 14:144-150, 1965.

1969. 30) Wheeler H.O., Ramos O.L.:and J. Clin. Invest.
9) Erlinger &., Dhumeaux D., Berthelot P., et al.: 89:161-170, 1960.

Am. J. Physiol. 219:416-422, 1970. 31) Jones R.S., and Grossman M.1.: Am. J. Physiol.
10) Boyer J.L.: Am. J. Physiol. 221:1156-1163, 217:582-585, 1969.

1971. 32) Jones R.S. Geist R.E., and Hall A.D.: Gastro-
11) Berthelot P., Erlinger S., Dhumeaux D., et al.: enterology 60:64-68, 1971.

Am. J. Physiol. 219:809-8183, 1970. 33) Forker E.L.: J. Clin. Invest. 46:1189-1195,
12) Boyer J.L., and Klatakin G.: Gastroenterology 1967.

59:853-859, 1970. 34) Maffly R.H., and Leaf A.: J. Gen. Physiol.
13) Doeling R.H., Mack E., Picott ]., et al: J. 42:1267-1275, 1959.

Lab. Clin. Med. 72:169-176, 1968. 35) Grossman M.I., Janowitz H.D., Relaton H. et

14) Preisig R., Bucher ¥., Stirnemann H., et al:
Rev. Fr. Etud. Clin. Biol. 14:151-158, 1969.

15) Schersten T., Nilsson S., Cahlin E., et al: M¢. Sinai. Hosp. NY. 82:42-50, 1965.

Eur. J. Clin. Invest. 1:242-247, 1971. 37) Moris T.Q.: Gastroenterology 62:187, 1872.

Wheeler H.O., Ross E.D., and  Pradley SE.: 38) Barnhart J.L., and Combes B.: Am. J. Physiol.

al: Gastroenterology 12:138-138, 1949.
36) Razin E., Feldman M.G., and Dreiling D.A.: J.

~

16

=

~

~

=

Am. J. Physiol. 214:866-874, 1968.
Dowling RH., Mack E., Picott J., et al: J.
Lab. Clin. Med. 72:169-176, 1968.

Irvin J.L., Johnson C.G. and Kopola L.: J.
Biol. Chem. 153:439, 1944.

Berthelot P., et al: Am. J. Physiol. 219:809-
813, 1970.

Boyer J.L., and Bloomer J.R.: J. Clin. Invest.
54:778-782, 1974.

Erlinger S., et al: Am. J. Physiol. 219:416-
422, 1970.

Prandi D., et al: Eur. J. Clin. Invest. 5:1-6,
1975.

Schersten T., et al: Eur. H. Clin. Invest. 1:
242-247, 1971.

Strasbeg SM., et al: Am. J. Physiol. 228:
115-121, 1975.

Strasberg S.M., Siminovitch K.A., Ilson RG.:

=

P

Py

227:194-192, 1974.

Erlinger S., and Dumont M.: Biomedicine 15—
:2782, 19738.

Khedis A., et al.: Biomedicine 21:176-181,
1674.

Levine R.A., and Hall C.: Gastroenterology,
70:587-544, 1976.

Baker AL., Tse-Tu D., and Kaplan M.M.: Gas-
troenterology 67:779, 1576.

Grindly J.H., Eberb J., and Walter W.: AMA
Arch. Surg. 67:289, 1953.

Erlings S., and Dhumeaux D.: Gastroexrter,
ology 66:281, 1974.

Jones R.S., and Meyers W.C.: Awun. Reuw.
Physiol. 41:67, 1979.

Ruwart M.]., and Kamnski D.L.: Axnal. Bio-
chem. 81:180, 1977.

47) Kaminski D.L., and Ruwort M.].: Surg. For-



—H.W. Lee,et aly Study on the Relationship between Biliary- Sec¢réetion and Cyclic Nucleotides—

um 28:409, 1977 - A

48) Kaminski D.L., Brown W.H., .and :Deshpande
Y.G.: Am. J. bhysiol..288:G 119 1980.

49) Makino E, Shinozaki K.; Yoshino K.; ‘et al.:
Jap. J. Gastroenterol. 72:690, 1975.

50) Nakagawa S., Makino ., Ishizaki T., et al:
Lancet 2:867, 1977.

51) Maton P.N., Murphy G.M., and Dowling PH.:
Lancet 2:1297, 1977.

52) Dumont M., Erlinger S., and Uchman S.: Ga-
stroenterol. 79:82, 1980. :

53) Paumgartner G.: Edited by L. Bianchi, W.
Gerok, K. Sickinger, Lancaster. MTP Press
49, 1977.

54) O’Maille E.R.L., and Richards T.G.: J. physiol.
(Lond) 261:8387, 1976. E

55) Jones R.S., and Grossman M.IL.: Am. J. Physiol.
217:582, 1970.

56) Soloway R.D., et al: Am. J. Physiol. 222:
681, 1972.

57) Wheeler H.O.: In hend book of Physiology,
Sect. 6, ed. C, Code, 5:2409, Baltimore: Am.
Physiol. Soc. 1968.

58) Russell T.R., Searle G.L., and Jones R.S.:

o Surg. 77:498, 1975.

59) Barnhart J.L., and Combeés B.: Proc. Soc. Exp.

" Biol. Med. 150:591, 1975.

60) Barnhart J.L.,and Combes B Am. J. Physiol.
227:194, 1975.

61) Baldwin J., et al: Am. J. Physiol. 111:66,

- 1969.

62) Geist R.E., and Jones R.S.: Surgery 69:563,
1971. :

63) Kaminski D.L., and Rose R.C.: Surgery 742
758, 1973.

64) Jones R.S.:Am. J. Physiol, 281:40, 1976.

65) Snow J.R., and Jones R.S.: Surgery 83:458,
1978.

66) Shaw R.A., and Jones R.S.: In. Press, 1978.

67) Gardner B.N., and Small D.M:. Gastroenterol,
70:408-7, 1976.

68) Jones R.S., and Grossman M.1.: Am. J. Physiol.
216:335, 1969.

69) Thulin L.: Acta Chir. Scadn. 189:635, 1973.

70) Pak B.H.,, Hong S.S.,, Pak H.K., and Hong
S.K.: Am. J. Physiol. 210.:624, 1966.

71) Hong S.S., Kim K.H., and Kim W.]J.:
Medical J. 14:109, 1973.

Yonsei

— 54—



