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Regulation of Sphincter of Oddi Motor Activity - what's new?
GTP Saccone

Recent advances in our knowledge of sphincter of Oddi (SO) function will be
reviewed. New information relating to function and innervation of the SO in
animals and human has come from the basic science and clinical areas.
Laboratory studies have utilised immunohistochemical, functional and
electrophysiological techniques.

A number of functional animal studies have addressed the question “is the sphincter
a singie functional unit or is it composed of a number of components? The current
data suggest that the sphincter is composed of three functional components; a
proximal component, a body component and a distal component, each of which can
be regarded as a mini-sphincter. A recent /in-vitro study has described how these
components act in a coordinated manner to regulate SO functions. This work
highlights the importance of investigating each SO region's response to bioactive
agents.

The SO is believed to function as a pump or as a resistor, depending on the species.
However a recent in-vitro possum study has challenged this view by showing that
the SO acts as a pump at low common bile duct pressures but changes to function
predominantly as a resistor at higher duct pressures. Similar behaviour occurs
in-vivo however some differences are apparent, possibly reflecting the influence of
extrinsic innervation.  Studies utilizing vagotomy have shown that the vagus nerve
influences SO function.

Studies localizing neuropeptides by immunohistochemistry, and imaging of
whole-mount preparations have revealed the general topography of an abundant
neural fibre network.

A major area of investigation has been the role of the duodenum in regulating
sphincter activity. New knowledge has come from a variety of animal studies and
the characterization of the ducdenal-SO reflex is well advanced. This reflex is
mainly cholinergic in nature and can be activated by duodenal motor activity and/or
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cholecystokinin octapeptide in the duodenal lumen. The neural reflex regulation of
sphincter function by the common bile duct has emerged as an area of further
investigation with significant clinical implications. At this stage our knowledge of
this particular reflex is fairly rudimentary. It is apparent, that at least in the possum,
the common bife duct has abundant nerve fibres, nerve cell bodies and nerve trunks
and electrical stimulation of these nerves induces complex SO motor responses.
Further studies are required to define the functions of this innervation.

Functional and electrophysiology studies have revealed how SO activity is regulated
by bioactive agents such as thyroxine, histamine, various neuropeptides,
endothelins and purines. The response of the sphincter to purines is complex and
indicates that more studies are required to fully describe the regulatory actions of
theses molecules. It is known that nitric oxide is a major non-cholinergic
non-adrenergic transmitter in the SO, however recent studies have revealed that
nitric oxide can mediate the relaxatory effects of other agents such as cerulein and
atso that the expression of nitric oxide can be modified by hypercholesterolemia
altering SO motor function.

Clinical evidence has long implicated SO dysfunction in the manifestation of some
forms of acute pancreatitis. Experimental data demonstrating that SO dysfunction
can lead to acute pancreatitis has now been obtained to demonstrate a causative
relationship. Other experimental data suggests that bacterial toxins associated
with inflammatory conditions can also profoundly influence sphincter function.

In the clinical arena, a manometric sleeve device for SO manometry is under
development. Other clinical investigations have‘explor'ed'the use of botulinum
toxin and various nitric oxide donors as either treatment for sphincter spasm or to
induce sphincter relaxation to aid cannulation. The actions of some Chinese herbs
and also electroacupuncture on SO activity have been reported. Despite these
recent advances, it is clear that there is still much to learn about this small but
complex sphincter.
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[§535) SSPPD if PpPD & FEIZHTI2 D & L ¥ Sl B DG FASIREE T, BELRAAD
BarobFRLZHNNEEZ LN,
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11. BAZEMSIERF AT &R OB F i resFMic BT 5
HIr b RABAMABRDOER

T B R R Bl il 1 At
R EZ. FE Bz FEE AN K
ERK EB, ZEr BEC AN BRL KR BFZ. g IR
HE FE. Zh B

(B8] OO T e E ICfEE & b 1C015 A M P4 (ICGRI5) A% —#k
BV SN T E72H%. ICCR1S D& THIIEHE % I T i g 2 Wik ZAE W A3 5 o
ZOHH E LT ICOR1S W IR i Ze s S . F7-Bgetiinn (%) < ICC
HEU AT ES N B EDEZOND, T4 13T cytosol AR EOIEL LTH S
7 b= 2AWmRBRE AT L. 5B ST T O Y] 2 BF i aE Rl 2 ARE L 7z,

[FEk] Galactose BIfiF7 A Mid, 25% D-galactose 100ml FiEf%Il+ galactose
B E L galactose MefE A (CaTT-T/2) % sK&> 72, 1990 4E X LU I HadT L 72
JFUOBRAE D] 492 B ch 47 HT 12 ICGR1S & GaTT-T/2 M3 % AEdT L 7= DL 420 B TaH 1 |
BB DO WTHRE L7,

[Beist] @i T-Bil Sng/dl L ED@mY ) VE VIEA S LA b DX 786160 . S
B ZEAT B 19%., B ER) 72% CRI AT Tid & D IERER I PR EE AL B L 22 &
N7zo ICCRI5 & GaTT-T/2 OAABIIE r=0.393 & AHBI DREIIME ¢ . BT ClasRIc
FOHBYIXEs D o 720 IEH - FEZRFCIE ICCR1S 38 & U GaTT-T/2 I EER I A7 H
S 7eH HEIF TR % SR 7o CaTT-T/2 ISR S N TICHFFimaE % X
M BEELLNE,

(i) HUBRERMATAY L D A 520%. BFFMeesrii. Feii . Hme. i
MR, BAESOABERAEICIE SN D, PEIFTRVDY 2 HAEEDHT
AT T RE DB C & R VRIS T 5, GaTT-T/2 12 & 0 BT COIFFisese
HCEFRTH Y FEBRFENEREEbbETHETAI T, &Y EHERITTM
RERFMIAS T RE &L ZE R H L b,
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12. BlEEEAEEZICB Y A HERFREDMNEN T

ILERFRER ST REGTENEE
NRE RS, B SR, BT R0, Mk R,
BA BEE. & HE. B9 ML, 8 K.
W E. BE %A, w5 &Rl Wi AE.
Il —

LB RFRHE #aBHMH
A BT KE FHag, H¥E &

[HFELEN] GBSy, EE0EERE, I IBIEIUERE - Bk
TEE)ZEHE L, EEEECST L EERTEEOMNES T2 EET A LE
dH b, AL S, EIMFRERAERESE ESWL) #oEEE 20REN T2
DWW L7,

[FeE] (1) ESWL fi. MEEREEE WIS TR Z MR L7z 123 JEP & B &8 (65 ik
LAk, 106 Bl) ZEHEE (B4 LT. 1760 ZICBR L, BRE, . Bh
FIZOWTHE L7z,

(2) REFERTERIL L 22 EZERB - D NG E AT 2 4TV, NS & RBoTiftdienE. NE-fiEmit
DT ME L7z,

(R (1) IBFEUUHRERE S I3 EEFITT 20.8% 12RO SN DK L, iSiHE
T, 47 1% EHEICERTH o 72, RUMHREFIL1ETI5.8%. 24F T 26.1%.
3ET30.7%TH o720 Cox DIBINF— FTF N L B LL TR TI2IRLEILH
BRI T HAEE L FRINTFTH o7 (v X 3.23, p=0.02), 65 &L ETIXIEEEIY
FRAEE T EAM L TV 72 AR EE O W AME 1) % 50 72,

(2) PEFEEH DN ORFBR, 65 MU ETIII VA 70— VEHIERAZETH
o7 h, BIEEBENRTEILATF O - ViiETEEROIEE % ZO 1,

[FL®) IEEAEDERIEERIRYT 5 LT, Fihs & ONRIERAE R MIZE
BERHNFTHH., FHIEHZ BT, BHEGEEETIERZIEHTL DL
Zzbni,
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13. ERCP #ELAOEIEAEF & 0ddi K

FEA IR L~ F —
Wh FEE. FHE R, 8RB

[B8) LMzt cHZUE CRCP 5 X UFEST 12185 L2 % b & 12, ERCP &4
DOEFEIEALIC DL B A DX LHPPET H0EET S,

[xt%)] ZWHERCP1 7,6 0 2@ & EST3, 0 0 3 BIAE%E L %,

(58] A 974048 45 7 o e s PE e B M 20T E HE O M I AR B R S5 W 2 HE 4 i
72O R BERABRA E L s, EEKE D FBOEERENELEEIC X - 72, EST 1dthy)
BALLE R MEAT L7z (D (L QIR HEEEEZ B 5304 F TIaIE),

[&5R) 2Wey ERCP1 7,6 0 2[@ENCHEL 1 5B (0. 09 %) *¥1B% L7, EST
3,003mICIEAR] 3B (0. 43%) #E\FEL71-, EHEEINIZA S L ERCP £
KCITBEOB. PFELIHF. EESHT, PEEULEOBESRIE ] 5SPIh 66 (4
0. 0%) THo7zo ESTHERIIEFBETDH -7,

[&5R) EST 42043 ERCP M 4c & W BIEL R T h-72% (P=0. 000 1), ERCP
%Sk L ) EREILL kb 57 (Fisher PE=0. 017 8), EST #ige% ERCP %
BEA L D RELLTWVWERE LT, EST Br@m&E I & 2 B AR~ flg A%
AbNb, %T&W%ﬁifﬂt*#of¥@thﬁ PYIRALLE® EST 42 & B
FEpEE Diyﬁ}%ﬁ‘ﬁmw O EERNEDO FAFNENMEL 2 /o2 0k B LR
Be LIztSo EMPﬁwﬁ lp—/a/Wﬁéﬁthfowiﬁﬁwﬁ@%
5mmxA1Aa;éW”DWﬁ%£EL ERAIEENEDO ER A &2k
A ERCP BERABEHALD AN ZZ LD 1 DELTERLLN D,
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14. Electrical activation of common bile duct (CBD) nerves
modulate sphincter of Oddi (SO) motility in the Australian possum

Sonoda Y, Takahata S, Jabar F, Grivell MA, Woods CM,
Schioithe AC, Toouli J, Saccone GTP.

Department of General & Digestive Surgery, Centre for
Neuroscience, Centre for Digestive Science, Flinders University,
Flinders Medical Centre

Background: SO motility is regulated by extrinsic and intrinsic nerves including
a SO-duodenal circuit. The existence of neural circuits between the SO and the
proximal extra-hepatic biliary tree have been proposed previously, but are poorly
understood.

Aim: Using electrical field stimulation (EFS), determine if a neural circuit exists
between the proximal extra-hepatic biliary tree and the SO.

Method: |n anaesthetised Brush-tailed possums (Trichosurus vuipecula; n=22),
several sites on the gallbladder, cystic duct, or CBD were subjected to EFS with
a bi-polar stimulating electrode (70V, 0.2ms, at 5, 20 and 40 Hz for 40 seconds).
Spontaneous SO phasic waves were measured with a multi-lumen side-hole
manometry catheter. To confirm the neural connection between the CBD and the
SO, EFS to CBD was repeated with local anaesthetic of the CBD or after
transection of distal CBD.

Results: EFS at sites on the galibladder body, neck, cystic duct did not
consistently evoke an SO response. EFS of the CBD evoked six types of SO
responses, which consisted of excitation and/or inhibition of phasic contractions.
The responses evoked by stimulation at 20Hz and above were comparable, and
EFS in the distal half of the CBD evoked the larger and more consistent
responses. Both local anaesthetic of the CBD and CBD transection blocked EFS
evoked response in the SO.

Conclusions: A neural circuit(s) between the SO and the distal CBD modulates
SO motility. Damage to this area of the CBD during bile duct exploration
surgery could adversely affect SO motility.
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HEER BRI B

i HE, Fib KE. B A V. DN EAL B 3
F 4R

BE BT, @A B

[BE®] LdaEoRS LPEIHEAMIMICE T 2 FLEEHHER OAEDS, HIEES
WCRITT IR R PR B R OB S 2 S HaT L7z,

[778:] ERCP3800 fl % #&5t L. @455 6mm A £ TEU I HEAI T VEH A K 54
THRESM AW e ZW Lz, BRIEEICIA T, &« OIERABEER IR DR A
B a2 4T 720

BRI 1. AW EF 7563, Bkl 1 3.4, ZWIMHER 53. 4 7%, TR 22.8
+7.9mm, PBrthod 7 I 5 — BAEFY 3102721071 T, JHESHE 6 B, JHEESE 35 B, &
MR 2 IO EH+ D7,

2. WA SOWITIE, Fick 110,84, i 62.0 5. Ll 8.0+2. 9mm, BT
7 37— EEFEY 477741071 T, T-tube JEHIZ & 0 HEEH O FEEPIMTE F 14 B
2 BNCERD T, NBFESE 7 B AR 1 0. I0GAE 24 B, SMiER 17 BloEd %
R 1,

3. EFLAGIOIEMNBFEREIED Ki-67 LI 13 9. 6% T, FHEIEILRER &S0 D 7. 2%
EEAE . IBEIRFERBI 0.6%L VIS DS T o 72 (p<0.01) » S EHBID
FEFRREAERE I BT, p53 overexpression & K-ras mutation % 22.2%& 27. 8%
HDIz,

(8] el cid, SRICHIERRER L L. JRER oML EhE6E
BETEEREOSHIALNED., GHBRELIIVCOPRLELEDD 5,
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[t & ] MEHEDMERE LK & V7o, 38R ) :zﬁfﬁMTrlﬁﬂitfﬂﬂ%%m
e PRIEE A O IBEPERMERE F 2 — 7 EFA L, BT AREOBH5H 2 cn
DL & Lz, IBEDIEEERMNERICF2— 756 1.5ml/nin OEE CIEFLZIT>
TRELER*WET 52 &%, B, CCK 400 ng/kg + 800 ng/kg &HIZE T,
CCKFETTOEYEE (P82 1.5 co) %2, CCK FF1E F T+ IG5 (84
Flé&n 6 1.0cm) H&ICATo72, K2 1BMHRERLEHE LT, BPMITE Uk

(B-1) 7213 F A5 0B (PPC) %5647 4 BREZICE B KET TR OER
EfEBRIC, MRS E 7213 CCK 400 ng/kg & i FIZIHEMERE 217 - 72,

[ER] £ 1 T3, ERREE. ERROE LA, T CCKISILDET LR, B
U ENEIER L e o 7205, T 1emWEE . BEE, BN OE LA %
B oM TTE S E7z, B2 Tl CCK G HTDEEERE. CCK 581 DERFFOE L
F. CCK G HOEREOE EA. WEBH CEN 2L o720zt L, (CKIESHEORE

I B-1 CPPGICLERTHEEILLEA L Tz,

(% SHPCET RS TLENEICRIZTERIBWE L Y b K& L.

DR 4 BEETHFFRL T2 eI TR S L7z,
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17.  HNEEREE B BT 5 RSB FLEREE K 5 T w0 B4

BE B B R FE A R REED
I H—. Wit #
B % 2 A%
R BT, R, T EX

NEEREEZET A 1316 (BERH12HZET) 12 L, RRENILEENHA
FEMWE (Sphincter of Oddi Manometry ; SOM) %47, ZDFHMEZMRE Lz, #
7 — 7 JVi& Lehman sphincter of oddi manometry catheter (Wilson-Cook). EHE
12 Poiygraf ID and PVB perfusion kit (Medtronic) #{#/fl L 7z, Oddi &5 B
B EERCT A @;&@Eﬁﬂ%mﬂg_@iiﬂxo | UL EFERE S B 564 TR
i EHT B & O RE B MBS FLIE L i {EPE % (Sphincter of Odd+
Dysfunction; SOD) £V 17 #eh 10 B (59%) . NE#ERS 4T 33 Bk 20 Bl (61%).
TR A +RIEER R CoBld 4 B (67%). AIKILIBMENESE 8 Bk 4 ] (50%) &
MRTH o7, T, HAEIEOEMTORG Tk LB E S0E01E 29 Bk
1364 (45%). FEEBEBIIL 102 BIr 41 61 (40%) THIEZEERD R -7, SD %
5 TG BRI AN B 0 g <2 N A PR 0 4 L LB 22 SR - L T B TTREMEAUR
e, SOME SOD DBWHICHRZRAILETH B L BhbhT,
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T A PR RS AR 4 LA el i mT 25 4 BB P T I 5 % ATV RSB A Do 4 o0
Ikt BRIIFPRE 7+ 0— LT 72055, YUl R A58 S - RIEDEH Tid
EEIRE AR L T, L LRIEEE RIS AN D 13.9% 124 5 595,
ZORTHATREIT 16% NBEHAESETE 3.1%) I L2rAbNd . REZT
TIRILER TR OBLEHREEICA T TH o72, Zhid, IEELOREA TS
ot & ISR C Ao TH Y. R AHIZNEIT D oW i BIE § 5 SLEEHER o @8 K
xRy, FLIEOOEE) - SR IEERE R EERR L T hnin b1 5
N5D, FLEHMOBEIETHOMEIC X 270K, EFLEME, Wk A, ok
SllkoTERSN, TTOMREERES T ZHBBRMOBOIEIRDIZE D 1 #EB A
L L. S6IRHEDFRE SN FIEIL L 7235 5055 255 E A9 AT 8 89 72 4k
fbzide s LISl E SN D, 200138 ALDEA@IZIED > T
BY, FNEREEFHOPIEAHEGSHEETAONILDLEZ NS, 1
GBI OIS FLIAR A I E S N S - R RS T A L D F 2
Mo, FLEEHHONRY Y TAI VAT 2RI Bkt e b b
RIEOZELTE S 2. IEFFERL TWb,
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19, HOREUMREEABEZED AT O FIEGEFIHBIZBIT A
FER Y - b BE & TE AL IR

SRRHR S50 A 95 B R

M R, Hih HE B AV T BEA FIB 9
SARI KRR B IR A S R

T KE

[(B] BCREMHEGICB T 5. BEASNTUWERE L EILRINGED R T 04 Fib
FHIROEH = RE LT, _
[FEE)] Bo®EliEs 25 flexdsg s U, BEKERK. WHEeE, o773
Vi, BV AT -V Ek &FlTHRE L7z, BT-PABAME%: 12 5T, @ EH=
% TBITRHELIze AT 94 FGEHZIT->72 8PIT, EHEBERBOME LT 72
)1, 11 EWERR 2 14 BI T D B 10 BlATESR & FEFAE T & - 72 BT-PABA
HERTIZ, 11 BICTIERT (CFH50%) L7, HS»RIEHEIIRD SN D o7,
FARERINE 1,000, 12, M7 7 3 B 3.45+0.42g/d]. 2oL AF0—
MAEIE 174.5+44.5mg/d] Th o7e 2. AT O A NEEEHERSDE L2 46T
(X, R C-peptide 234N L. JESLolBaE BB L2, A7 04 Mgk, B
HEFHIT1.0520.12 (p<0.05), MF 77 I /i 3.84+0.31g/dl (p<0.05).
L A7 0=V fHIZ 209.8+43. Img/d] (p<0.01) EHEMiC EH L7,

EIE] £ COBECRERMEEEEICIBVT, FEANT WD T T 555, %
BTR7O04 MEFICEDIMEE SSFHE L7z, SHICAT A FIGHEE, SOER
SO, HILEANOMET OB B, BRSNS USRREOEE R S L | g
KA T L7,
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20. IPMT 349 2 )RR 1% O QOL DIR G}

T FH AR AR T B R TH AL 3R 48 2 SE%)
mE - MO . KE E. B E. #5E AL,
HR RE. EN F—

B/NR M LUT O BRI ER IPMT ORI O M1 QOL 42 DWW THRGET L 7c . SR ER st/ N
PELLF @ 1PMT22 B % x5 & L 72 WRTERE O 8. Ak &0FE 12D v C PD6 i, PpPD6 i,
DpPHRS 71, [0 T &5 L0k 47 (TPHR) 2- B C#r s AR ET L 72 QOL D 4EEE I WAl e D R
WEA AR RE D S I HbAlc., BN W FEDFEMIIE 13C-trioctanoin breath test |2
X ORRE U7cs FRMRE IPHR, DpPAR A% SPD. PpPD ¢t L CAEIZENIMTH » 720
RREPEAEDRE T IPHR > — B2 B % 228 72 DpPHR @ 2 Bz -+ 382 L % G2
Bz MEVERESS % DpPHR @ 2 BliZi2@ 7z, H %5 % PpPD @ —BlIZ588 72, AL
{3 SPD. PpPD {23885 7:4% DpPHR 13 &b e o 72, ARE AR IIAHE 1 4. 2 4T DpPHR
AYSPD. PpPD 2t L THEIZRIFTH o7, HbAlc DRI TId SPD. PpPD i firaiic it L
THBITEZTIC LR LT, IRIRIRAEE SPD. PpPD. DpPHR & $ifEE# & W 475
VA e o 7oA, DpPHR 63 Mz L THEIC R THh o 7o, mhEIECslid 7 41T,
ERREILRD e o720 FEEBOMZUIPD A4 B, PPPD A3 HITH Y. 55 S HI(71%)
IEERIRRAEC L AT, M. MAZETH > 72,

[F &) B, BRI PRIEZROMRIFED & % 5 IPHR, DpPHR (L1447 # QOL > [ L X9 %,
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48 1%

BETR+ 1SN D BT B M D AR & RS BE X B & LT B 0. iR 10
FE L% 35 Bl 5 4E. 10 4EIED TP, Alb, T.Chol. TG, fAE#dERE & U
BEREIZ DWW T BRI O BED R RIS & 0 IEH I & A LBV RRET L 7z,

[%%) ;d-gzli PD21 {5}, PPPDI14 #. P39 56.6 . Yickbid 23112, FRHEIIILH
A 10 B, MRS 11 B, Al 14 B, FBREE }U]ﬁflz;tTI*mfﬁs r Ao TPIXIES -
ﬁI‘fEHfF—?: I PD. PPPD FEIZAIE R o 72, Wi 5. 10 4D Alb IEHETIZA PD I
TH&44.1g/dl. 4.2, PPPDBE4.1, 4.2 & %13 % < . TELIET PD B 3.9, 3.8, PPPD
B4.3, 4.3 L PPPDECTHIEIZE o 72, T.chol. TCIZIEH - A LIEE b 12513 7%
Mot Witk 5. 10 EDMKRE L IEH MET PD BEAHTHTO 95%, 94%. PPPD #Eid 106%.
102% & 713 7% < . W{LHET PD # 92%. 90%. PPPD & 106%. 104%% PPPD #¢ T RIFT
H otz WO PFDIXIEN - TALIE L 12 PD. PPPD BET 23 %D o 7o, MiHHEAENE
flidEw BT PD B 1 B0 (7%) (PPPD B 1 51 (14%) . if{L T IX PD 4 1 (57%) . PPPD

BES B (71%) LWL TS Do 7,
[#GEE) Wi 39E, IEERIZIE M ECIZ PD & PPPD (04> %A > 7225, Alb, 1k
FIZIZTEALRET PPPD DA RIFTH o 72,
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A HEAR. J5EF MG, & FOER. BB —X. =1 R6

(B8] ERES PR G COMBIEDHER t Bo 2107 5,

(58] B M EEANBEEa 15§ (REH) Tdh. HRELOTEE
{2 ERP 42 & » TR FEREIE LI X » Tl s g, (BOmE2H <203
AE5mm LLEZILIE LT VB L D& L7 BN 2 k& LB & i3 » AL
AT ONEM 75 wibkhe (PED BBRME. n-15). MoinE (RECTHE AT 0B 2 R E.
n=10) DB E T L. JEREEA 24 B GEHEEEE) oL oLl .

[R%t] PFD fiff 3 i EEE ASIEHERT 50. 1219, 0% AT 60.9115.4%. FEHRIEEEAS
TEHENT 61.1:£14.8%., WEH#F: 59.2416.9% TH b, HHEMEIIHEE (p<0.05) 2tk
HLZGEHRMEE 1 & LABRGROEOH & REEE 1.6+ 1. 7. FFRERH G 1.0
+0.2 LHREERICBIY AUBRELED - B ERERALNE P o 120 P WME
RE TR IR ZIG AT 328+ 177ng/dl . {6 TR 262::135mg/dl, FEIEENE I GHEHT
246+ 129mg/dl, R 218+ 11Img/dl TH Y, REBIXA (p<0.05) ek L
2o TEDEIEILIREEE 0.8£0. 3. JEHERE 0.9+£0.3 TH D . MR %: ?E;:%
ANl olz,

[&53E) MEAEA TRIERGRIZE » TR O S SLEFETE 5,
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