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Page 41 Heading to Table 6 should read "Condition of · the 

Gall Bladder in Patients Operated upon for 
Obstructive Jaundice and in Whom Chronic Pancrea­ti tis was Found". 

Page 124, lines 23 and 24 "At the same time" should read 
"while the lumen of the bile ducts is being re­
established 11 • 

Eage 137 Fig.45 and Page 139 Fig. 46 "Gap" should read 
"Interval". 

Page 157 
<, 

et seq. "Supraduodenal" should read 11Extramural 11 

throughout the section on comparative anatomy. 
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A thorough search of the ngliah, American nd 

Continental literature showe th t there is no comprehen• 

eiYe tr atise on the torm and structure of' th main bile 

ducta. 

Numerous oontributiona on different as ecta of the 

subject re constantly being added to the literature . 

ading theae articles, which re widely-scattered through­

out the literature, indicates the neceasity tor integration 

and clarification of the v rioua taota reported. Import• 

ant anatomical tacta are not well•known; opinions on the 

musculature of the bile duota ditter; and the factora 

that have influenced and determined the torm and structure 

of the human bile duct• are but oorly underetood . 

Thia theaia eeeks to correlate, clarify and present 

in compact form the findinga of various 1nveat1sat1ons on 

the form and atruoture of the in bile ducts. Particular 

attention ia devoted to obeervationa on the musculature 

of the ducts. 

While the main du.:t:ta form the principal theme of 

thie study. thereat ot the extrahepatic biliary ayatem 

reoeivea such attention aa is thought neceaaary to pro­

du<Ma a logical and balanced understanding of the subject . 

The data tor thia work have been gathered trom 

/personal 
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personal observations and from the literature, and 

include the following : -

1. The result• of anatomical and histolcgical in• 

vestigationa of human bile ducta. These inYeati• 

gationa include : -

(a) Anatomical dissections; 

(b) Observation• on the musculature of the 
bile ducts; 

(c) Studies ot congenital abnormalities . 

2. Information obtained from studies of the proce•••• 

which have determined the form and structure of the human 

biliary system. These studies include : 

{a) bryological research; 

(b) Observations on the gross anatomy and 
musculature of the biliary systems in 
a large series of vertebrates. 

3. Experimental and clinical findings bearing on the 

controversial subject of the existence of contractile 

muscle in the bile ducts of man and other species. 



ANATOMY. 





ATOllY OF THE HUllAN IN BILE DUCTS -
THEIR FORK, DLATIONS, BLOOD-SUPPLY, LYMPHATIC 

DRAINAGE AND INBEBVATIO?l. 

Tha moat striking feature of the anatomy of the bile 

ducts ia the frequency of anomalies. A reTiew of the 

literature shows that the usual text-book descriptions of 

the ducts and their relations are inadequate. Minor Taria­

tions from the so-called normal can be expected in 30 - 50% 
of routine operations and autopsies (10, 118, 119, 134, 2?a). 

These Tariationa are of such importance to the surgeon 

that their inclusion in a description ot the normal is 

essential. Indeed, their great frequency precludes the use 

of the term •normal anatomy•, which, after all, refers only 
to the most usual Tariety found. 

In this chapter the usual anatomical features and minor 

Yariationa are dealt with. Personal observations are 

frequently referred to. They are based on studies of 25 
autopsy specimens, 25 dissected cadavers in the anatomical 

laboratory and at least 30 operations on the biliary tract. 

THE FORK AND RELATIONS OF THE DUCTS, 

The extrahepatic biliary system consists of four part• -
See Fig. 6, pg. 12. 

1. The hepatic ducts, 

2. The gall bladder, 

/3. 
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3. The cystic duct, 

4. The common bile duct. 

The hepatic and common bile duct• comprlae the main 

excretory channel of the liver. 

The hepatic ducts. 

The intrahepatic bile ducts unite to fonn two main 

channels - the left and right hepatic ducts - which drain 

the left and right lobes of the liver. The left hepatic duct 

receives a large branch from the caudate lobe (32, 142). 

The two ducts issue from the liver at the portal fissure. 

Bach is 1.2 • 2.5 om. long (77) and 1.5 - 3.5 mm. in dia­

meter (96). They unite at an obtuse angle within, or just 

beyond, the portal fissure, to form the common hepatic duct. 

The common hepatic duct passes downwards and alightl7 

to the right in the leaser omentum until it ie Joined by the 

cystic duct to form the common bile duct. 

The duct ia covered by a plexus of blood vessels and 

lymphatics, and its relations in the lesser anentua are 

similar to thoae of the common bile duct (vide infra). 

ear the portal fissure the right hepatic artery croaaea 
behind the duct to reach the right lobe of the liver, while 

the portal vein moves further away from the duct. 

Length and diameter. The average length of the common 
duct 

hepatic/is 3.0 aa. and the aTerage diameter 4.5 mm., but 

marked variation• are found (See Table 1). 
( Pg. 5 ) 

It may be 

/completely 
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T A B L 1. 

HEPATIC DUCT Q,UOTRD IN LITERATURE , 

Author. 

ett, 1919 (274) 
Piersol , 1920 (283) 
Flint, 1923 (134) 
Counaellar, 1928 (96) 
Graham, Cole &c. 1929 (142) 
Callander, 1934 (72) 
We is, 1935 (360) 
Gray , 19~ (144) 
alters & Snell, 1940 (355) 

Christopher, 1942 (77) 
Cunningham., 1943 (101) 
Backus , 1946 (32) 

Present Study1 1946 

Length 
( in ems). 
2. 5 - 5.0 

2.5 
2.5 • 3.3 

3.0 
4.0 

2 • 4 
3.0 

3.5 
2.5 - 3.0 

2.5 
4.0 
3.5 

Diameter 
( i n mm). 

4.0 
4 - 6 

2.1 - 4.8 

4 • 6 

4.0 
5 - 6 

4.0 
5.0 

Average : Approximatel7 3 Approx.4.5 

MEJ\SUREMENTS OF LENGTH AND DIAltiETER OF COMMON HEPATIC DUCT 

IN 25 DISSECTIONS. 

Fig. l. 
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completely abeent, in which case there 1• direot union 

between the right and left hepatic, oystie and common bile 
ducts (118, 119, 365, 360). The duct may extend all the 
way from the portal fissure (the right am left he]l&ti ca 

having no extrahepatic courae) to the duodenum, and eTen 
enter it separately from the cystic duct (134). In 20 

specimens measured for this study the aTerage length waa 

3.5cm. and t .be average diameter 6 mm., the variations 
being indicated in Figa. l and 2., pg. 5 

Arra!'!iements or cystic and hepatic ducts. The oyatic 
duct usually joins the hepatic at an acute angle to form 
the triangle of Callot (274), bounded by the cystic duct 

on the right, the hepatic duct on the left and the cystic 

artery above ( See Fig. 6., pg. 12.)The terminal cm. of the 
cystic duct is bound to the common hepatic duct by connect• 
iTe tissue. Thia Juncture, howeTer, does not occur at 
am.y fixed point nor in any definite manner, but Tarie• in 
different people (256). In addition to the normal angular 
mode of union, two variations are deacribed, viz: the 

parallel and the spiral (118, 119). ( ee Fig.3., pg. 7J. 
In the parallel tz;ee the cystic and conmon hepatic 

duct• run close together and are usually held together by 
a connective tissue septum for a Tari&ble distance before 
they unite. 

/ In 



Fig. -7-

- .\nomalies of the bile duct (~fter I> .• •. I:! en­drath) .. \, .\ntcrior spiral type of cystic cluct. _B. Short 
parallel type of union of the cystic and hepatic ducts. c, Long parallel type of union ?f cystic and hepatic cluct~. 
D, Posterior spiral type o{ cystic duel. 

TABLE 

ARRA Q.UOT.ED 

llo . Short Long lnter- Poster~ 
ot ang- Par-- Par- ior ior Author. Caaea ular allel allel 3niral S-oiral 

Rug 1908 (cited by 118. 
146). 43 14 13 16 Desc~mpe 1910 (cited by 
118, 146) · 50 40 6 4 Kunze 1911 (cited b) 
118, 146 39 20 19 -Eiaendrath 1918 (118) 100 75 11 6 5 3 

Flint 1923 (134) 200 69 92 28 8 3 
Beaver 1929 (10) 57 I 32 a,4 4 4 3 

Present study 1946 50 30 5 2 2 1 
Total: 539 280 .210 49 
Percentaie: 100 I 52 I 39 9 

I 
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In the short parallel type they join above the first 

part of the duodenum. 

In the long parallel tzP! the junction lies between the 

upper border of the first part of the duodenum and the 

inner border of the second part. 
duct 

In the spiral type the cystic/ winds round either in 
du ct 

front ofor behind the hepatic/before joining it. It may 

describe either a quarter, half, three-quarters or a com­

plete spiral around the hepatic (118, 119). 

Numerous wri tera have stressed the illportance of 

these anomalous Junctions in operations on the biliary 

system, particularly in relation to inJury of the common 

bile duct (10, 72, 85, 118, 119, 123, 124, 134, 146, 1?6, 

207, 230, 256, 257, 259, 268, 369). An analysis of the 

more detailed reports is given in Table 2., pg. 7. 

In 50 specimens personally examined the angular mode 

of union was found in 6()%,the parallel in 34% and the spiral 

in 6%. Among several additional autopsy specimens of infants 

and children the angular mode of union was found in less than 

half. 

The Common Bile Duct (Ductus Choledoohus). 

Tb.e . comnon hepatic and cystic ducts unite in the 

lesser omentwn, usually 2.5 cm. above the first part of the 

duodenum, to form the common bile duct. 

/The 
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The duct runa first dowmra.rcle, b&okwarcla and to the. left, 

cloae to the middle-line of the body, in the right free 

border of the leaser omentwn. It paasea behind the f i rst 

part of the duodenum and then usually runs i n the head of 

the pancreas. At about the middle or the second part 

of the duodenum, on its left side, the duct comes into 

contact with the main pancreatic duct (of Wiraung). 

The two duc~a pass obliquely through the duodenal wall 

and open i nto the duodenum on the summit of t he duodenal 

papilla . 

Length and Diameter. The average length or the 

common bile duct is ?.O cm. and the average diameter 6 mm., 

but marked variations are found. (See Table 3, pg. 10) 

The duet may be represented by no more than its intra­

mural portion (134) or i t may measure almost ll cm. in 

length. In 25 specimens measured for this study the 

average length wa.a 6.5 cm. and the average diameter 7 mm., 

the variations being indicated in Figs. 4 and 5, pg. 10. 

These measurements :refer to the duct hen it haa 

been diasected free and straightened out, and do not 

apply to the living body. 

For descriptive purpos a the common bile duct 

ia di Tided into four parts. Theae r-e :-

1. SupraduodenaJ. or pars superior, 

2. troduodenal, 

/3. 
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3. Pancreatic. 

4. Intramural or pars inteatina.lis. 

The aupraduodenal portion, {~ig. 6., pg.l2)haa an aver• 

age length of 2.5 cm. (72, 134, 150). It liea in the 

right free border of the leaser omentum between the two 

layers of peritoneum and anterior to the epiploio foramen. 

Oocaaionally t he lesser omentum is eontinueQ beyond the 

duct and receives attachment to the inferior surface of 

the gall bladder. Its free border then passes down to 

the duodenum (cholecyato-duodenal ligament) or even beyond 

it to the transverse colon (eholeoysto-colic ligament) 

(15). Often this ligament is not well-deTeloped, but 

tr~quently it 1• repreaent d by a a all peritoneal ~old 

connecting the fundus of the gall bladder with the lesser 

omentum, forming a suspen ory ligament which paasea over 

the common bile duct (256). Among the casea examined 

tor th.is study, a well•deTeloped cbolecyato-duodenal 

ligament wae frequently aeen in infant• and young children, 

•hi1e a auapenaory ligament paeaing oTer the common bile 

duct was noted in seTeral a6ulta. 

The common bile duct is cOYered by a plexus of 

arterioles and venules and is intimately related to the 

structures 1n the leaser omentum, viz: the hepatic artery 

and it·s branches, t h portal vein and lymphatics. 

/The 
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THE BILIARY SYSTEM AND ITS RELATED VESSELS. 

gall bladder_ -----l 

,.__ ____ conmen hepatic duct 
right hepatic a---4------- portal vein 
cystic duct--------:-r---\+--'t:11_ ,_._ __ ..,,___~~ c0111110n hepatic artery 

'.rig . 6. 

The upraduoden 1 and r troduodenal 
ortiona of the bil ducta. 

artery 

(cut) 



-13-

The artery liea on the same plane as th duct and 2 mm. 

to its left (32, 150). Usually it divides beyond the 

origin of the common bi le duct into the right and. left 

hepatic arteries. According to Flint (134), a fairly 

large tortuou branch of the hepatic artery often cours.ea 

along the anterior surface of the duct. 

The portal "Ntin lies on a plane posterior to the duct 

and artery. Its diameter is more than twioe that of the 

duct. As it approaches the port l fissure it beoomee 

turt' er removed from the duct. 

Ll!Phatics accompany the duct and drain i nto glands 

situated around it. One node is constantly found at the 

junction of the cystic and hepatic duct and lower down 

one or to regul rly separate the duct from the artery (150). 

en enlarged, these glands may be mistaken for gall stones. 

In the livipg body the normal duct is thin•~alled, of a 

bluish colour and eepresents on its surface characteristic 

fine vessels (10?, 176). It is visualieed by stretching 

the leaser o entum (81). cause of its thin collapsible 

wa1ls the duct is not sily felt. 

In perationa on the biliary system the duct ia aeldoin 

tound a• illuatrated in the ueu l diagrams. This first 

part of the duct is usually overlapped by the duodenum and 

frequently obscured. by pathological ch nges, (344). 

/On 



On account of its p:roximi t y to Hartmann' a pouch the 

duct and th gall bladder often beco e adherent, a factor 

which my have serious consequeno sin bili ry operations. 

The retroduodenal portion - Fig. 7, -pg. IS - is usually 

2 cm. long (13, 72, 150). It pass s behind the first part 

of the duodenu just to the right of the peritoneal re-

flection (144). The upper pa.rt of the duct is. f're.e but 

lower down it adheres to the duodenal wall (72). 

The gastroduodenal artery lies immediately to the 

left of the duct and the portal vein lies further to the 

left and posteriorly. 

Posteriorly, the duct is se rated from the inferior 

vena cava and kidney by thin connective tissue. The upper 

pancreatico-duodenal vein usually passes upward• and to the 

left behi nd this portion at the oile duot. 

Anteriorly, branches of supply from the g stroduodenal 

artery ramify on .the duct. Q,uite frequently the sup~rior 

pancreatico-duodenal artery crosses the front of the due~ 

and the gastro-duodenal artery itaelf ay do so. (See 

arterial supply). 

The pancreatic portion has an average length of 

' 
', 

2.s ems. (13, ?2, 150). Anatomical teztbooks usua1ly state 

that the duet runs in a grooTe on the posterior surface of 

the head of the pancreas (13, 101, l.t4, 18~). 

/A 
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hepatic arterl:j-----+Pr\---r 
splenLc urter~ 
coeli..ac arter~ -Aft~="~~~ 
spleruc veLTl ~-----1--pancreas 

duodenum. 

-:.=---1--------1- pancreuttc dud 

~A~_:;c.....:.::~---+- supenor mesenter-Lc 

The ,elatLons of The common btk 
duct From behLnd 

]fig . ., • 

arter_tJ and vern. 

1'h retroduodenal and p ncreatic 
ortione of the c on bile duct . 



A review of the literature shows, however, that in 2/3 - t 
ot oases the duct is embedded in the substance of the gland 

(7, 150, 274, 307). Thia wa.a confirmed by personal dis­

sections of 50 apeci~ens among Wflich the duct wae com­

pletely surrounded by pancreat1c ·t11sue in a9, i.e., in 

?8%. This relation is import nt in the operation of 

retroduod nal choledochotoJq,y. 

In this art of its course the duct crossea the quad­

rilateral of ~uenu (150} • ae& Fig. 7., pg. 15. 

This quadrilateral is bounded bove by the first part ot 

the duoden , laterally by the s cond part, below by the 

third art nd medially by the superior mesenteric vein. 

The course of the duct is indicated by a line starting 

trom the inner third of the inferior border of the first 

part of the duodenum, and ending t the middl of the medial 

border of the secon part (150). 

Anterior to the duct there is pancreatic tiasue which 

diminish a in a ount fro above down. At the inferi~r 

border of the first part of the duodenum it is 14-15 mm. 

t hick; halfway down it is 10 mm. thick; and at the lower 

end of the duct only 5-6 • thick (150). 

Posterior to the duet ther is usually a thin layer 

ot ncreatic tissue which separates it from the i nferior 

ven ca.va. 

The gastro-duod.enal artery couraea along the lett 

/border 
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borer of the duct and, alter a aria.ble distance, gives 

otr the superior pancreatico-du enaJ. artery. This ve&oel 

crosses the duct either anteriorly or poa te ri orly ( 13, '12). 

The duat ha.a no direct relation •1th t e portal vein 

which pproachea it obliquely from elow and the left; but 

a tr1 bu·tary of the vein which iaaue fr the head of the 

pancreas rune up along the left ide of the duct (160) . 

Just b fore entering the duo enal w 11 the duct is 

closely related to the in pancrea.tio duct, hi ch lies 

on its left. The two ducta re bound togeth r by con­

nective tissue and appear to fuse,. but they do not u ually 

unite outside the duoden3l wall. 

The 1ntramur l ,J!ortion haa an vei-age length of 1.a cm. 

(Z2, 142, 267, 291}. ccompanied by the pancreatic duct 

it enters 'the pos.tero-medial aep ct of the intestinal wall 

t about th middle of the second part o! the duodenum. 

The two ducts ss obliquely through the duodenal wall , 

both t pering bruptly on entering it (6, 322). Thia 

reduction in size w s very noticeabl in 25 s~ecimens dis­

sect d tor thio study . 

Praoti cally all textbook of anato y (13. ).01,. 144, 

291, 305) st te that the bile and pancreatic ducts uflite 

to rorm a eo on channel at th 1r duodenal extre itiee. 

A review of the literature on the ubject sho.ws that 

conaiderabl variation xists. and this e contir)Tled by 

/~raonal 
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personal dissections of 25 autopay specimens. An 

analysis ot the aTailable data indicates that:-

1. The two ducts unite into a common channel, the 

Ampulla o'! Yater, in 65% of oases. (See :Jig • . 8A, 

.. 

pg. 19 and Table 4). In about half of these cases, 

however, the length of the ampulla ia 2 mm. or 

leas (6, ?, ?3, 246, 297). 

2. The two ducta open independently into the duoden\111 

tn 52% ot cases. (See Table 4, pg, 19 )~ Two Tar-

ietiea aro found:-

(a) The oucta are separated by a ·thin septum, 
both opening on the summit of the duodenal 
papi1la. ( See ig. 8B, pg. 19}. 

(b) The ducts are widely- separated, each ope~ing 
on the summit of a small p illa or in th 
4e-pth of a alight depression. {see Fig. ,e:a., pa.19). 
Thia arrangement baa been recorded leaa tnan 
20 times (6, 104). 

3. The duct of irau.ng is obliterated, so that the 

common bile duct alone enters the major duodenal 

papilla, and the duct of Santorini 09nveye all 

the pancreatic secretion. (See Fig. 8D, pg, 19 ). 

This arrangement occurs in less than 2% of cases 

( 7, 246, 297). 

4. he pancreatic duct unite• wi .h tne common bile 

duct outside the duodenal wall. (See Fig.SE, pg.19). 

Th~ Ampulla of Yater. T ampulla, when present, 

is subjeot to wide variation• in size. The average 

/diameter 
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Fig. 8. :RELATI Ol S :BETWKEN THE PANCRBATIC AND BIJ;S DUCTS. 

A. 

B Duds openmg separately 
at apex of map- pa.pLlla 

C Ducts entering entLnl~ 
sepcrrately 

D Rmcrea.ttc duct 
obLLterated 

E Pancreatte dud joinmg 
common bile due[ outsLde. 
duodenum. 

T ABL E 4. 

I NCIDBNCK OF SEPARATE AND COMM.O N11'BA CJCS. 
No. of Separate Common 

Author. 
Schirmer 189 3 ( c I ted by 6, 

8'7, 246, 297 

eases Bntrance Ampulla Other 

Letulle and ttan-Larrier 1898 
(cited by 73\ 89, 297) 

Opie 1903 ( 2'171 
Ruge 1908 (cited by 6, 73, 87, 

184, 297 ) 
.Baldwin 1911 (7) 
Belou. 1915 (• i ted by 246, 297) 

nn and Giordano 192:5 (246 ) 
Cameron and oble 1924 {73) 
Nagai and Sawada (cited by 6 ) 
Hol zaptel (cited by 6} 
.Baggenatoaa 1958 ( 6) 
Dardinaki 1935 (104) 
Reinhott and Pickrell 1945 (297) 

Present study 1946: 
Total : 
Percentage 

47 

21 
100 

43 
90 
50 

200 
100 

58 
50 
55 

100 
250 

25 
1189 

100 

22 

12 
11 

11 
20 
27 
62 
26 

5 
39 
21 

5.3 
'73 

' 

25 

8 
89 

32 
70 
1 5 

130 
74 
52 
11 
33 
45 

173 
18 

775 
65.2 

-
l -
-
8 
8 -
l 

1 
2 
4 
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di et r is 3 • (246, 297) . h l ngth varies troa 

l 8 t n l • to l • ( 73, 246. 2 ?) , t .,. rag 

b . ll 3 - 4 • (See abl 6, .22). 

r eti l Bi nifi nc of t es variati na is, 

t t llfh n the a pulla. is long nougn, a g llatone lodged 

in t y direct t , flow of bil into t e ncreatic 

bile duct . uct, or t e nor tic secreti n into t 

g ral belief i th tau retl xis oasib e only 

w en th le th of h pulla 
Pg22. 

T ble 5/ etl ct a th concluai on of 

ita 

iou 

i te • 

worker• 'baaed. 

n calcul tiona fro t i ure ent. In 18 a ci ena 

1 ct or this atudy th l ngt obvioual.7 greater 

than t in 5, 1 . • • • 

'.l': r oni hioh led at or th worker• to 

th ir con clusi ona is, h ver, () n t BeT l obj ectio 

Tiz : 

Yi tly, rror t only • in th sur nte 

aft ct t c loul tion oonside by. In t ie tudy, it 

• to d th t rror 1 t u nt r 0 ll a 

atructur a the am u 1 , w r s great , t t no ore t a.n 

co een the l ngth n wi th 

a tt pte. 

ti condly, mot of e uthors 

ob t cti c lculu i oh ric 

oat bili ry o la\.\li r irr ularly-

of e oh ease 

et t th 

int ct . 

• 

ron 

• 
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Cameron nd oble (73) conducted experi ente on ?4 

apecimens by obstructing the a.mpulla with ordinary gall 

eton s. They found that a considerable p rt of an 

irregularly-shaped stone may project through the papilla 

and that fluid injected into the bile duct flowed into 

the pancre tic duct, even when the length of the calculus 

ex ceeded that of the am ull • In 66 of th a eoin1ena 

examined, i.e., 66% of 100 duota diaaected by them, reflux 

occurred. Thia perc ntag contrasts markedly with those 

given by other authors. It illustrates the fallacy of 

baaing conclusions entirely on mathematical deductions. 

everth less, Rienl1off and Pickrell (279), who haTe re­

cently studi d th mull v ry carefully, state th tan 

i act d c lculua c n convert the ducts into a co nio -

ting syst m only wh nth length of the 

or more. 

ulla ie 4 Jlllll. 

Thirdly• erous workers h ve shown that a •co on channel" 

may be produced by infla tory o dema of the mucosa 

(so. 90, 184, 234), strioturea, (90, 184, 214, 214) 

parasites, (234) ands aa of the sphincter of Oddi 

(2. 88, 89, 90, 112. 184, 214, 234, 261, 356). 

From a correl tion of the work done on t spar­

ticul r subject it is concluded th ta co on ampulla large 

nough to permit reflux of the bile into the p ncreat i o 

duct is pre ent in bout one-third of the population. 

/Thia 
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0 PULJ'.A 
OF J'L O I l 

Cff!ftT C DUST ! A11PULJA p 

I I t 

by 8?. 4, 97) 

(cite b B?. 184) 

(2971 
• --------· c ntage: 

22) 

-
" raa• --1-10 

l 1 - · 3 
u 2•9 

1 -
100 1-1 

5 -25 1-1, 
8 

ioS 
l 

- - a, left The cholangiogram rcn•als a stone lodged at the Im, er end of the rnm ­

mon <iuct. Th t'rc isan associated pancrcalitis arnl the pancrl'atic duct is well \i::;uali,.rd. 

h. The stone has hccn dislodi:cd. Pancreatic duel still ,·isihl.-. 

, 1,. 9 . 

v-1.l·~-•uaio m abo in flux of dy 
ancr tic uot ( ft r at- 2) . 

st! 
21 
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Thi a concluaion 1 supported by the followi ng findings : -

l . roua 1nvest1gators have found nor atic ter-• 

ents in the biliary tract (76, 87, a , 90, lS4, 218, 

211 ) . A revie of the lit rature a owe t t theae 

f ents r 

bl dder at op 

resent in bile obtain d from the gall 

tion in 15% of c s a, nd in bil 

frcm choledocho tomy tub a in 30% ot cases . 

2. eans o! cllol ngi raphic etudi ~seT r l workers 

ve d onstrated t t 1n the res nc or obstruction 

or t ulla , the cont st teri 1 y from the 

co on bile duct into the ncreatio duct (22, 87, 90, 

112, 14, 218 , 281 , 202, 356) . ( e ig . 9 , · '0 . 22) . 

During o tine cholangi phy the ancreatic duct 

ti l ls in about 20% of cs• (87 , 9 , 184) , 

The Duod• nal Pa:eilla . The pull o na into t 

cuo en tlu·oug small tuberel, round or elliptical in 

aha • Fig . 10, pg. 24 . This is th m jor uoderial 

illa or Pa i l la or V ter. 

The pill is us lly situat d 7. 5 • 10 cm. from the 

~ lorua (104, 72, 77, 322, 144, 101) , on a poo inent, 

l ongitudinal ucosal told , the l ica lor.gitudinalis • . 

This fol runs caudally on the o t ro-medial aspect of 

t duodenum fro well• rked tranavers fold which 

O.verl pa the n ill • (See Fig . 10, • 24 .) . ocording 

He to ldwi n (7) , th a folds are very constant . 

/describes 



Fig, 101 The major duodenal papilla. 
(After Gray - 144) 

\ 

Probe in pancreatic due(/ 
' Probe in bile-duct 

Intramural 
port ion . 

Fig. 11. 

Extraduodenal 
portion. 

The inner surface of the common bile duct. 



deacribes another large transverse fold situated l cm. 
the 

proximally and containing/minor papilla • .Between the•• 

prominent primary folds there are numerous smaller 

aecondary folds. 

THK IKNER SURFACE OF THE BILE DUCTS, 

There is a distinct difference i n appearance be­

tween the mucosa of t he extraduodenal portion ot the duct• 

and that of the i ntramural portion of the common bile duct 

and ampulla. The traneitton 1• abrupt and correaponda 

to the diminution in diameter of the common bile duct. 

The extraduodenal portion: This is smooth but 

•lightly reticulated by shallow depreaaiona between small 

fol ds of mucous membrane. (See Fig. 11., pg.24). Accord­

ing to Burden (64), some of these depressions are deeper 

than the rest and represent the orifices of parietal 

aa.cculi which open on oppoaite side• of the duct. 

The intramural portion at the common bile duct 

and the ampulla: The mucosa is thrown into longitudinal 

folds, giving it a shaggy appearance. (See Fig.11., pg.24 ). 

According to Dardineki (104). the•• fold• are 2 • 4 mm. 

long and 2 • Z mm. wide. 

Between adjacent folds there are tiny pockets. 

Towards t he termination of the duct t he told• do not fuse 

but hang free, some times even extending through the. 

orifice of the papilla. 

/ THI 



-20~ 

' 
The rteri s of tbe e rahe tie biliary syat are de­

riTed fro branches of the C on Hepatic Trunk. 

The C on Hepatic Artery . 

Thia Teas l ari es fro th coeli c xia and run trans-

v rael7 to th right . It cro s a the right crua or t 

diaphragm nd the coeliac gangli n nd ssea bove the 

pancreae to reach the tront of th inferior v na cava (113) . 

8 1 rtr the 

edial end of the epiplolc t 

Yein (144). 

en and er a •• the portal 

It then aecenda in front ot th portal vein nd 2 • 

tote left of the co on bil d ct b tw n the two lay ra 

of th leas r entum. n 1t ch th portal fissure 

it diT1de into right an l ft h tic rt rie. which 

supply th orre ponding lobe or th liT r . 

Br, nchea of the Co e;eatic: Artery. 

Th branchee of th co on hepatic artery hieh supply 

the bil1 ry yet· r :-

1 . Th right hep tic rt ry and its cy tic branch. 

2. The g roduoden l art and its au rior 

3 . 

ncreatico-duodenal branch, 

l twiga whic pa a directl.y to tb co on 
duet • 

.Ul the nche are subJeot to n rou variations. 

/Thea 
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!heae have been carefully atudied by Deaoom.ps, 1910, (cited 

by 118), Bio Banco, 1912 (cited by 118). Eiaendratb, 1920 

(119), Flint, 1923 (13-') and Osler and Dow, 1945 (278). 

Their i mportance in operations on the biliary tract is 

stressed by many surgeons (176, 207, 230, 257, 268, 344, 

357, 359, 369). evertheless, they are usually omitted 

from the descriptions of the vessels given in the standard. 

textbooks, and many operators do not appreciate their 

frequency (134). 

The fi nding• in 25 diaaected cadaver• e:1amined for 

this study are illustrated in J'ig. 2 & 13, pg,28 :Jiga.15 

and 16, ~. 31. .I n the following deacriptiona the tinding1 

of the various studies are correlated. 

The Right Heetio Arterz. 

Usual course: The vessel arises tro the common 

hepatic artery and paasea behind the co on bepati c duct 

to reach the liver (101, 119, 134, 144). It runs upward• 

to the portal fissure and often resenta a characteristic 

kink directed towards the cystic duct (268} . This normal 

arr&JJgement waa found in 20 0£ the 25 bodiea examined.(Fig.12~ 
pg. 28 J. 

The artery gives off the cyatic artery and also 

amall branches Which supply the upper portion of the coJ111Bon 

bile duct and common hepat ic duct (305). 

Variations : l. In one-fifth ot peraona it originates 

from the superior meaenteric (118 ,119,134,278 ). 

See Fig. 14A, :pg. 28, 

/ a. 



fig,lz • THE NORMAL ARRANGEMENT OF THE ARTERIES SUPPLYING 

THE BILIARY SYSTE». 

C.(Cystic artery) 

Twigs supplying the ducts ~ -

S.P.D.(superior pancreati~c~o-=-~~----,-,, 
dlodenal artery) 

R.H.(right hepatic artery) 

C.H.(cornmon hepatic artery) 

G.D.(gastroduodenal artery) 

ns,13, ANCltALIES OF THE HEPATIC ARTERY ENCOONTERED 

AKCfiG 25 DISSECTICfiS. 

R.H. 

S.P.D. 

Pasainc in front. of 
the hepatic dUct.. 

(2 CUellJ) 

• H. 

• D. 

R.H. 

C.H • 

G.D • 

Running parallel to 
t.he cystic duct. 

(5 cases) 

Fig,l4, OTHER ANC'UALIES OF THE RIGHT HEPATIC ARTERY REPORTED 

IN THE LITERATURE. (After Flint) 

Arising from the superior 
mesenteric artery. 

Acce ssory right epatic 
artery arising from the 

superior mesenteric. 
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2. In one-eighth it pa•••• in front of 

the common hepatic duct. (119, 134, 278) • aee Fig.l3A, 

pg. 28. Two auch caaea were encountered among the 26 dia­

aecti ons. 

3. It may run iarallel to the cystic duct and 

close to the neck of the gall bladder, or loop around the 

edge of the main hepatic duct (118, 119, 134, 278). Thia 

anomaly waa noted in 6 of the diasectiona and in at leaat 

3 operations. (See Yig. 13B, pg. 28.) 

4. Barely there are two right hepatic arteries, 

either both arising from the common hepatic, or one from 

the common hepatic and the other from the superior 

aenteric, (134), - see Fig. 14B, Pg. 28. 

The Cyatic Arterz:. 

Uaual arrangement: The artery ariaea from the 

right hepatic artery just to the right of orb hind the 

common hepatic duct (119, 134). It paasea behind and 

parallel to the cyatic duct to supply the gall bladder 

and also to give off branchea to the common hepatic and 
upper part of the common bile ducts. Thia normal 

arrangement w.a found in a ~ the 25 oadaTera. ( • 

Yig.12, pg. 28.) 

Variation&: 1. In one-third of persona th 

Teasel ha• an anomalous origin. It may ar1•• from the 

right hepatic artery to the left of the common hepatic 

4uot or from tbl main hepatic artery, or the left 

he~tio, or the gaatroduodenal, or the superior 
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pancreatico-duodenal. In one of the dissected a&daTer• 

studied tor this work, the cystic artery aro trom the 
right hepatic artery to the left of the hepatic uct, 
(7ig.l5A, Pg.31), and in another it arose fr the main 
hepatic (Yig.15B, pg.31). Similar Td.riation• were ob­

aerved at 3 operations. 

2, In one-fifth of peraona it croaae• in front 

of the c on bile duct. (118, 119, lM, 278). 

In the three caaea of anomalous origin of the cystic 

artery encountered i n this atudy, the Teasel croase 

in front of the bile duct. 

3. Two cystic arteriea are found in one-eighteenth 
of persona. The acceesory artery may arise from the 
right hepatic, main hepatic , gaatro-duodenal, or 

superior pancreatico duodenal Teasels. It inTariabl7 

oroasea in front of the bile ducts . An aoceasor,y 

cystic artery arising from the gaatroduodenal artery 
waa found in one of the diasectiona. (See 71g. 15C, JlS.31). 

The Gaatroduodenal Artery. 

Ua ual arrangement : (fig. 12, pg • 28 }Thi a a o rt trunk 
is one of the l rgeat branchea ot the co on hepat ic 

artery. It runs downward• and backward• and paaaea 

behind the first part ot t he duod num. At t rat t 

liea to the left oft e common bile duct and in front 

ot the portal Te~n (72, 113, 119, 1"'6) but later 

/it 
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Fig, 15, ANCMALIES OF THE CYSTIC ARTERY ENCOONTERED 

AMCfiG 25 DISSECTIONS • 

• H. Accessory 
cystic----

.D. 

.H. 

Arising frlillll the right 
hepatic to the left of 

the hepatic duct. 
(l case) 

Ari sing frQIIJ the main 
hepatic artery. 

(1 case) 

Accessory cystic artery 
arising from the gastro 

duodenal artery. 
(1 case) 

Fig1 161 ANCMALIF.S OF THE GASTROOOODENAL AND SUPERIOR PANCREATICO­

:OOODENAL ARTERIES ENeOONTERED AMONG 25 DISSECTIONS. 

C.H. 

G.D. 

Gastroduodenal crossing the 
common bile duct. 

R.H. 

C.H. 

S.P.D. G.D. 

Abnormally high origin of the 
superior pancreatico-duodenal. 



-'32 -

it diverges from these structure, and grooTee the front 

ot the neck of the pancreas. 

It givea off several interlacing twiga to the 

common bile duct, and at the lower bo-rder ot the duodenum 

it dividea into its two terminal branches, the superior 

pancreati co-duodenal and right gastro-epiploi c arteries. 

Variations: The vessel may arch acroes the lett 

border of the common bile duct or cross th front of 

the supraduodenal portion o~ the duct (119, 134). This 

anomaly wa• noted in one of the 25 dissections (See .J'ig. 

164. pg. 31). 

!he uperior Pancreatico-duodenal Artery. 

Usual arrangement: (Fig.12, pg.28). The artery 

descends in the duodenal loop bet een the head of the 

pancreas and the duodenum and crosses either in front of 

or behind the aeoond and third parts of the common bile 

duct (13, 72, 119). 

It gives off i nte rla.c ing bran che • to the common 

bile duct and is acco panied by the upper and lower pan­

creatico-duodenal veins. 

·variations: ~uite trequently the vessel bas a.n 

abnormally high origin and then cro•••• the supra­

duodenal portion of the common bile duot (119, 134). 

Thia anomaly •• observed in two ot the 25 disseotions 

(See Fig. 16B, pg.3~. 
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Rarer anomaliea: The right hepatic artery may 

arise from the aorta, the right renal, the gastric or 

the inferior meaenteric arteries (134). Lahey (20'1) 

q~otea a caae where he found the portal vein in front of 

the common bile duct. Flint (134) cites 4 cases where 

the hepatic artery P!J.&Bed behind the portal Tein. 

THE ARTERIAL SUPPLY OF T:mt IU DUCTS I N PARTICULAR, 

The common hepatic and common bile duct• receive 

their arterial supply from 5 veaaele, viz:-

1. 
2. 
3. ,. 
5. 

Comnon hepatic. ) 
Right hepatic, )) 
Cyatio, See Fig.12, pg.28 
Gaatroduodenal, ) 
Superior pancreatico-duodenal ) 

The nrioua twig• form a characteristic interlacing 

network on the surface of the ducts. 

According to Fl int (13'), a large tortuous Teasel 

often courses along the anterior surface or the common 

bile duct. He •tate• that it arisea either from the 

common hepatic, gaatroduodenal or superior p,.ncreatioo­

duodenal arteries. Although aeveral fairly large vessels 

arose from the gaatroduodenal and superior panereatico­

duodenal 1n the diaseotiona exa ine, no veaael large 

enough to conform to Flint'• description waa obaerTed. 

The bl od auppl7 to the papilla, according to 

Dardinaki (104), i• ari-anied in 4 main Teaaela which run 

along 1.ta aides. They originate from the auperior 

/pancreatico-
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pancreati co-duodenal artery ( 321) and .supply the papilla 

a• well as the surrounding duodenal mucosa. 

THE VHL1'0US DRAI. GE OF THE BILlil:lY TRACT, 

!he Veina: 

/ 

It is generally agreed that the veins draining the 

extrahepatic biliary system consist of the following veaaela 

(144, 101, 13, 305, 202. 355, 32):-

1. ho group• of veins which drain the gall bladder, 
The venulea ot one group originate i n the 
peritoneal surface of the vesicle and uaually 
unite into two ' in trunks, the cystic veins, 
which, either aeparately or after uniting, paaa 
toward• the portal fi••~re. The venulea of the 
other group originate in the hepatic surface ot 
the gall bladder and unite into sever l small 
veins, which pass directly into the liver. 

2. Veins from the cyati c duct which Join the cystic 
veins from the gall bladder. 

3. Veins from the common hep tic and common bile 
ducts which acoom..,.ny the ducta to the portal 
fissure. There they either join the cystic 
vein• or pa•• directly into the liver substance. 

The Ultimate Drainage of Venous Blood. 

Review ot the Literature. 

There are conflicting opinions on the ultimate fate 

of the biliary veins. 

The deacriptiona given in most textbooks ot anatomy 

(l«, 101, 13, 305, 12) are baaed on the studies of Sappey 

1n 1879 (cited by 202). He round that all the veins 

drained into the portal system. The cystic veins and 

tboae from the bile duct drained i n to the portal vein 

I•* 



at the portal fissure, while the veins hiab pass dir­

ectly from the gall bladder into the liver drained 

into ramifications of the portal Tein. He regarded the 

latter as •representing so many small accessory portal 

veina.• 

Kreidler (202) recently confirmed Sappey's 

observations in general, if not in particular. He 

atudied the venous drainage of human biliary systems by 

inJecting coloured gelatin into the portal vein. He 

states that the dye did not pass into the hepatic veins which 

e n abled .him to distinguish between the portal and 

hepatic systema. He found that all the veins from the 

gall bladder and ducts drained either directly into the 

liver or Joined larger vessels which could be traced to 

the portal vein. 

Contradiotory evidence is submitted by Petren 

(cited by 32 and 355). He studied human and animal 

material and claimed that there were rarely direct venous 

channels connecting the extrahepatic biliary system with 

the portal vein, and that all the blood from the gall 

bladder, cystic duct and common bile duct drained dir­

ectly into tbe hepatic circulation. He states specifi­

cally that the cystic vein avoids the portal vein in its 

course directly into the liver. 

Personal Observations. In this work the venoua 

/drainage 
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rainag of the bili ry eyet w tudi d y i njecti ng 

ercury into the v ls of o ts and h to tu s . 

t chnique of the procedure, which waa su est d iY 

of. Go tz, wa-1 ietly a follow :-

abcl en and t orax wer 0 n d , but befor the 

Ti. ce we e r moved th vascul r syst wa flu bed . 

In cata thi w s done inj cting lin into the rt 

and T na Ta, the blood es ing thro the 111 C 1' aael, 

which w r div1d d . In h n to tua a (4 - 6 ont of 

) h line was inject d dir ctly into the he rt, t 

bloo so ping fro the umbilic l veea l, hicb h d not 

been ti d . Th bdominal vise r nd di wer th n 

c r fully removed nd the he tic n 1 vein ivided. 

In oats roury w. first 1 ct 1 tote h t i c 

vein . Thie fill d ll the 11 r 1ntr e at1o t ibut ries , 

but ev n w1 t con id 'tile r seur , 1 ing tor t re f 

or th v aaels, no roury ent r d th ey tic T ins, 

nor did 1t C p fr th ortal v n • 

Inc t and h n to tus a th 

syat 

ort Yin w 

ai 11 rly 1 jected. The mercur flowed tr ely with the 

int h tic rami, and a lightly gr at r re sur :fore 

tb :flui into th cyat1c Tins, which bee cl rly 

visible . The pr esur w not a gr t t exerte 

when inJ cting the h ic in in C t nd nev r auf:fici 

to rupture the am ller V 8 ls . rcury did not 8 pe 

/tro 

nt 
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from the hepatic Teins. 

These experiments illustrate very clearly that no 

direct communication exists between the portal and hepatic 

venous systems in cats and human foetuses. In cats it is 

impossible to demonstrate continuity between the cystic and 

hepatic veins. In human foetuses and in cats a communica-

tion exists between the cystic veins and portal system. 

Concl11aions: 

It is concluded that the venous blood from the 

biliary tract drains into the portal venous system. 

Thie conclus ion agrees with the statements of Sappey 

and Kreidler and is opposed to the view that the blood 

drains into the hepatic veins . 

THE LYllPHATIC DRAINAGB OF THE BILIARY SYSTE 1 

The Lymph Glands . 

The lymphatics of the extrahepatic biliary tract 

ultimately drain into the coeliac group of pre-aortic 

lymph glands Tia the hepatic and pancreatico•splenic 

glands. 

The Hepatic Lymph Gland• are related to the common 

hepatic artery and are situated along the bile ducts be­

tween the layers of the lesser omentum. There are always 

thre~and often six, of these glands (274). One node, 

the cystic gland, is constantly placed near the neck of 

the gall bladder which it drain• (32, 72, 144, 274). 

/Lower 
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Lower down one or t wo glands regularly aeparate the 

common bile duct from the hepatic artery (150). 

These gland• receiTe afferents from tbe common 

bile duct . 

The Panoreatico- Splenic Glands accompany the 

splenio artery and are related to the posterior surface 

or the upper border of the· pancreas (144)~ The upper 

members of this group receiTe afferents from the common 

bile duct. 

Relation between the Ll!,Phatica of the Biliary System 
and thoae ot the LiTer and of the Pancreas. 

A great deal of work has been done ori the lymphatic 

connections between the bili ry system on the one hand, and 

the liver and the panoreae on the other. Ilost ot the . 

obaerTationa are 'tased on animal experiments .and 

pathol ogical data and can be applied to the normal lwman 

biliary system by analogy only. 

Relation t~ lymphatic• of the Liver: oat ot our 
-present knowledge of the lymphatics of t he liver is baaed 

on the works .of Sappey (cited by 202) and of udler 

( 334). Sappey tound that the lymph Teasels trom the gall 

bladder and adjacent parts of the liver converged towards, 

and opened into, the cystic lymph node. Sudler studied 

hUman material, as well as pig and dogs, and claimed that 

a l ymphatic connection between 11Ter and gall bladder 

u1ate-d. 

/In 
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In 1926 Kodama (198) c nt1 obaer-.: tiona 

b7 inj ecti11g trypan blue i .to t e subaero a l:,m h plexue 

f the gall bladder of dog . He found t t the lymph 

T asel of the liYer bee e distended with dy . 

Winkenwerder (375) in 1927 s umble to demonetrate 

auch a lymphatic connection in cats , nd t y nd Whitby 

(281) in 1933 tail to find it in rabbit& . 

Subsequently, howeTer, Bartl t , Cr1le nd raham (9} 

in 1935, and cCarrei, Thayer and Drinker (223) in 19•2 

d monatrated Tery clearly th t th lyru tics of the 

gall bl d er na to ose ith tho e of t1 liT r. 

Bartlett • Crile n Grah ( 9) carri out t i r x• 

rimen .a in a-ata by first li turing t e thcrac1 c duct 

to ro otc r trogra e f 1 o ., of lym h d th n inj cting 

Pruasi n Blue into the ubce ous lay r of the gall bladder. 

They round t t the aye invari bly p seed into the adjac•nt 

liver tissue. 

cCarrel , Th yer and Drinker ( .23) exper enteo on 

cat, rabbits. monk ye nd dogs by injecting Indian ink 

into the liver tt su adj -cent to the gall. bl dd r . In 

all the animals they found th t the ink s c rried to 

the g 11 bl dder. 

Clinical nd pt ological findings su port the ex• 

istence or a. lym. tio an stoma i • • • Jv.dd (186) 

etudied 1290 o~ees of biliary diee se nd found that 

/c olecyati tia 
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cholecystitis r rely existed ·tho t so d gree ot 

h titia . Thi baa been c rrobor t d by ev ral auth• 

ri tie ( 32, 1551 142, 198 , 355) . In several or the 

peci n e.1tamined for this study there was evidence of 

hepatitis in that part of the 11v r ediatel7 adjac nt 

to a chronicall7-infla.med gall bladder. 

Th night of evidence, therefor , au orta the 

Yiew of al phatie connection between the liV9r and the 

ext -h patio biliary syste . 

,elation to Jg:mphatica of Panore a . I ia g ner-

all r d that . lymphati ca fro the lower nd of the 

c on bile duct drain into glands ituat din the .neigh-

bourhoOd ot the head of the ncre s . An ana t omoais 

b t e n the biliar,y and pancreatic lymphatics in this 

region s been demonstrated by Yarious wor~er (143, 193). 

Thia view, ha been challenged by Archi ld (2), 

wh a-tat a that such an at <>&is doe not exist . 

a contention is supported by tb wok of ufm n (193) 

an ot od (198) . utman (1 3) '!i iled to produce 

pane tic inf ction in _ts by htjeoting the bili r7 

lymphatics with bacteria . od.ama •a (198) inve tigations 

in dogs indicated that the l p tica tr th g 11 bladd r 

'DalH;jed ov r th urf ee o the pancr aa and did not enter 

it aubst nee . He found . o v r, t t when t e gall 

acld r ns adh rent to the pancr aa a dir et 

existed tween their reap ctive l tics . 

/Clinical 
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CQHDITIOB OF T1lK GAJ·I: WADIIB IN 
PATIENTS OPEBATlU> uPON FOR CHRONIC 
PUCRUTITIS (PERSO TA,L STUDY). 

Initial•, 
B.E. 

B.K. 

11. R. 

J.A.B. 

S.P. 

I.P. 

s .)(. 

L.S. 

A.JI.B. 

1lTH. 

D.H.G. 

W.JlcK. 

I .R. 

• 

F. 

F. 

F. 

F. 

M. 

•• 
F. 

F. 

.., . 

F. 

JI • . 

T A B LB 6, 

Date of 
Ast, opeption 

42 4/8/39 

67 6/9/39 

56 27/9/39 

63 4/9/40 

44 8/l/41 

48 2/10/42 

6? ·4/11/42 

41 3 D/43 

43 1/3/44 

3~ 3/5/44 

28 10/6/44 

40 19/6/44 

28 15/12/44 

Total number of cases: 13. 

Condition ot 
oa11 Blagger, 

ormal. 

Chronically ·1nflamed. 

Chronically inflamed, 
and atones present. 

Chronically i nflamed 
and •~ones present. 

Chronically inflamed, 

ormal. 

Chronically inflamed, 

ormal. 

Chronically inflamed. 

Chronically inflamed 
and atone• present. 

Chronically inflamed. 

Chronically inflamed 
and stones present. 

Chronically inflamed 
and atone• preaent. 

Gall bladders normal in 3, i.e., 23%. 

Gall bladders inflamed in 5, 1. e. , 
Gall bladders inflamed and atones 

ireaent in 5, 1.e ., 38. 6% 
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Clinic land pathological Vid nee upporte the 

exi t ne~ of n s.tomot.ic connection. he co-existence 

nd nnerea 

u finding 

of chronic infection in the bili ry syst 

wa fir t atreesed by DeaYer {loo. 109). 

ha.T be confi ed bf n rous obe rv rs (32. 142, 186. 

193, 307, 355). Indeed, Bocku (32) stat that, accord• 

1 to ny ob erver • a uroxim tely t.o•third o;f atients 

with chronic pancre titis h ve infectio of th biliary 

t act. nd one-quarter or the atienta with g ll bladder 

.di as ' Vtl Ohroni C er ati ti • 

In the present tudy t e tindi 

t don for chronic pancreatitis d chronic eholecyatitia 

ere aly d. In 13 cases oper ted on for chronic 

ncr ti tis the gall bladd r showed 1 n of inn 

tion in 10, i . e ., in 11;, an in, lt of these calculi 

were pres nt . (See _T ble 6, • 41). 

t don for ronio eholecy titi 

int otion were found in 6, i . e •• 15%. 

Ducts in P icular. 
I I t I • • • 

Yr the description giT n bove, i is aeen 

th t th in ducto are drain d by two gr ups of 

1. Lymph from the common h p tic and upper part 
cf the c , on bile duct d ina into the 
hepatic gl nds £1tu t d ong th curse 
the duct • Th.es aend fferente to the 
glands . Th upper members of thi grou 

ot 
coelia.c 
lso drai n the 

/gall 
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and 
gall bladder and the liTer,/ the lymphatics of these 
.or ga·na intercommunicate. 

2. Lymph from the lower part of the common bile 
duct drains into the upper :m~mbera of the 
pancreatico-aplenic gt"_oup of glands. These 
send efferents to the coeiiac glands and also 
drain the pancreas. An anaatomoais exists 
between the pancreatic and choledochal 
lymphatics. around the lower end of the common 
bile duct. 

THE NERVE SUPPLY OF· THE BILIARY SYSTJUl, 

SeTeral accounts of the i ntrinsic nerTes of the 

human biliary system are available~ of which the more 

recent contributions are those of Harting, 1931 (cited by 

555), Reich, 1940, (29~). Alexander, 1940 (l), Schulze 

and Boyden, 1943 (321) and Kirk, 1944 (196). 

General Arrangement 1 

It is agreed that the nerves of the biliary 

system arise from three sources, viz: the coeliac plexus, 

the right vagus and the left Tagus. Some i nvestigators 

claim additional fibres from the right phrenic nerve 

( l , 13, 144 ) • 

The eoeliac plexus, which connects left and right 

coeliac ganglia, receiTea the greater splanchnic, deriTed 

trom T5 to 9 apinal aegments, and the leaser splancbnic 

derived from TlO and 11 segments. It receives additional 

filaments from the right vagus (144),which, however, 

traverse the plexus without relaying there (1). 

/ It 
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It givee oft several secondary plexuses, ot which the 

hepatic plexus is the largeet (144). The right coeliac 

ganglion is usually larger than the left, and although 
ganglia. 

nerve• from both/&naatomose around the hepatic arte17, 

the left contributes leas fibres to the biliary system 

than the right (1). 

The hepatic plexus accompanies the hepatic artery 

and aends ramifications along ali its branches. Accord• 

ing to most accounts the nerves of this plexus are arranged 

in two ms.in plexuses - anterior and posterior {l, Z2l), 

The anterior plexua receives branches from the 

left coeliac ganglion (1) and forma a dense network around 

the hepatic artery. It receives additional filaments 

from the left Tagus (1, 144). These leave the ain nerTe 

near . the tundua of the stomach and pass between the layers 

of the leaser omen tum. to join the plexus near the portal 

fissure ( l). 

The following branches are distributed from the 

anterior plexus (1):-

l. Bami which pass along the cystic artery to 
supply the gall bladder and cystic duct. 
Secondary branches are given off from these 
to supply the common hepatic duct. 

2. Nerves which course along the anterior sur­
face of and supply the common bile duct. 
Alexander {l) calls this bundle of nerTes the 
•nerTus pancreatico-choledochus~. 

The posterior plexus receives branches from the 

right coeliac ganglion (1 , 321) and also filaments from 

/the 
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the right vague which traTerse the ganglion ·(1) . The 

pl xus p sa e upwards osterior tot' e he tic artery , 

in relation to the portal vein. It consists of 3 or 4 

large trunks Which course a.long the posterolateral aspect 

of the vein (l). The extreme right lateral trunk reaches 

the posterior surface of th common bile duct hich it 

• 

auppli s. This nerve anastomoses with the anterior plexus 

at th junction of the cystic and eommon bile ducts and 

gives off a branch of distribution to the gall bladder (1 ). 

The up;elz of tne ain Ducts in Particular. 

rom the deecri~tion given above, it is seen that 

the main ducts are supplied by a plexus of nerv a whioh 

surrounds them. This plexus is made up of :-

l. An anterior network largely continuous with 
_ the anterior hepatic plexus, and so with the 
left coeliac ganglion and Tagus - the N'el"TUa 
Pancreatico-Choledochus (l). 

2. A posterior networx primarily connected with the 
posterior hepatic plexus and so with the right 
coeliac ganglion and vagus. 

The supply to the te inal portion of the common 

bile duct a.nd choledooho-duodena.l junction ha.s not been 

atudied in detail. Schulze and Doyden (321) who 

reviewed the literature very thoroughly conclude that the 

nerves to this area are d rived from the plexuses surrounding 

the common bile duct. Reich (295), ho ever, ho studied several. 

hum n cadaver escribea a fairly large ner?e which come• 

/troa 
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from the hepatic plexus and approaches the second part 

of the common bile duct. It rune horizontally behind 

the hepatic artery and directly above or embedded within 

th superior margin of the head of the pancreas. 

He believes that this nerve goes to supply the. sphincter 

of t he common bile duct. 

Kirk (196) has recently de onatr ted a large 

nerve trunk running in close apposition to the extra­

duodenal portion of the common bile duct as tr as the 

point wh re it penetrates the duodenal wall. He calls 

this nerve the "nervus choledochus• and suggests that 

it communicates with Auerbach's plexus, which is arkedly 

enlarged in the region of th duodenal papilla. 

The subject or tb.e nerve supply to the oholedocho• 

duodenal junction obviously requires further study and 

is at present being investigated by Boyden and hia co­

worker (52) and by rk (196). 
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GEDRAL SUlDlARY. 

1. The anatomy ~ the main bile duct• baa been studied 

in detail and described under the following head ings:-

(a) The form and relations or the ducts, 

(b) Arterial supply, 

(c) Venous drainage, 

(d) L.ym~hatic drai~e. 

(e) erve supply. 

2. Personal atudiea haTe confirmed the fact atreased 

in the literature, that variations trom the normal are 

extremely common. 

anatomical features: 

These Tariationa concern the following 

(a) The length and diameter of the bile ducts. 

(b) The method of union between the cystic and 
hepatic ducts. 

(c) The relation of the common bile duct to the 
pancreas. 

(d) The relation between the bile and pancreatic 
ducts. 

(e) The size of the ampulla. 

(t) The arterial supply of the biliary syatem. 

~. It baa been demonstrated that venous blood trom the 

biliary ayste drains into the portal vein and its branches. 

4. Clinical evidence has been submitt d to support the 

view that the lymphatics of the biliary system communicate 

. with those of the liver and with those of the pancreas. 
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THE MUSCULATURE OF THE HUMAN HAIN 
KILE DUCTS. 

In this chapter the histology of the bile ducts is 

ealt with under two separate headin0
s, viz:-

1. 

-· 
Review of literature, 

ersonal observations . 

In both sections the musculature of the ducts receives 

particular attention. 

REVIEW OF THE LITERATURE. 

General Structure: 

A review of the literature (13, 64, 101, 14~, 144, ~ao, 

255, ~91, 304, 317, 355, 360) indicates that the walls of 

the bile ucts are made. up of the following layers:-

1. A mucosa which consists of a single layer of 
column:-::r epithelium throrvn into numerous folds. 
Outpocketings of the mucous membrane proj'ect 
into the outer l ay rs of the ducts . These 
structures are variously referred to as parietal 
sacculi (96, 981 335, 336), biliary crypts (14~), 
diverticula (64lt mucous glands (64, 14 ) . and 
pseuao glanc.s (64, 14 .... ). 11ost authors (336, 
64, 96, 335, 98) regard them as simple diver­
ticula rather than mucous glands. 

2. A submucosa which is a dense connective tissue 
layer containing numero s elastic fibres. 

3. An adventitia which is made up of' a large amount 
of loose fibrous tissue, ves,;;)el•'"', nerves, 
lymphatics anu a number of' tubulaI' structures 
\hich are described us aberrant ducts by some, 
(96, 98, 142, 336), an::1 as glans by others 
(64, 144, 355). l~ost authors describe some muscle 
fibres in the outer tunic, butte ·e is much diff­
erence of opinion on their disposition, amount 
and na tu 1 .. e • 

/The 
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The uaculature: 

Studies on the musculature of the ducts 

have raised two problems; the first concerns the amount of 

muscle present in the extraduodenal portion of the main bile 

ducts. and the second the nature and origin of the muscle 

surrounding the intramural portion of the common bile duct. 

Portions: 

The uaculature of the xtraduodenal 

Th.ere are conflicting observations on the 

musculature of the duets themselves. 

Older Literature: Hendrickson (154) in 1698 reviewed the 

literature from 1761 to 1898. He found seven worker• 

reporting the presence of muscle, and five stati~ that 

there w~s none. At least two reports not included in 

his review can oe added to the latter, viz: tho,se of 

Beale in 1856 (cited by 64) and Van Braam Houckgeest in 

1882 (345). 

odern Literature: Fourteen different textbooks on 

anatomy and histology published between 1900 and 1946 

were consulted on the musculature of the ducts. The 

majority of accounts stress the paucity of muscle. 

One author (230) states emphatically that no muscle is 

found. Four (13, 95, 101, 317) fail to mention the 

disposition of the muscle fibres. Seven (113, 144, 267, 

2a4, 291, 292, 304) describe circular fibres only. 

Only to (255, 283) mention longitudinal, oblique and 

/circular 
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circular fibre•· 

The literature of the last tl> years contains con­

flicting Tiewa on the uacle content of. the ducts. 

Hendrickson (154) in 1898 studied human and animal 

ducts. He found that the common and hepatic ducts con-

aiated mainly of fibrous tissue, but described muscle 

fi brea in both. In the hepatic duct they were mainly 

longitudinal with small numbers ot transTerae and diagon-

al fibres. In the common bile duct the tranaTerae 

fibres equalled the longitudinal, whilst diagonal fibres 

remained scanty. 

Sudler (334) in 1901 noted unatriped muscle in the 

ducts of man and animals but tailed to mention its amount 

and pattern. 

Auster and Crohn (4) in 1922 found muscle fibres 

in the common bile duet. They were irregularly scattered 

and mostly transTerse. 

Katauno (cited by 64 and 286) in 1923 concluded 
bile 

from his studies that muscle occurred i n the,Aiucta but that it 

waa very irregular in di.stribution. 

aa connective-tissue tubes. 

He regarded the duct• 

Burden (64) in 1925 studied 100 human bile ducts. 

He found them constantly well supplied with muscle which 

was situated in the outer layers and made up of 

•good -sized, isolated , oval bundles" . Longitudinal and 

/ circular 



cir ular tibr s are described, th form r p edo in ting. 

He conolud d th t, !r nan t ical at n oi t , 

ri t lsis io poasibl in h n bile duct . 

(147) 1n 927, in hi stu 1 on th g 11 

bl er, not d that t e 1 uscul ture g du lly. di 

aa t oy tic uct a o ch a the co on ile uot . 

{cite by 55) in 1931 tr ss the ucity of 

u cl in the he ti<l a.n co on bil du ts . et iled. to 

ind cl in 67 of he tie nd '1 Of C on duct • 

bu co aid ra. l n b oflbngi in l fibres 

in 26 of on bil ducts. conolud d t t th duota 

1r inly fibrous tub • 

nn (27§1 i 1933 t t d t th h tic and 

co on bile ucta w re si ly tic cha.nn l with 

Try 11tt u cl . e eonst ntly ! il to k out 

ny 0 ta ringa of uscl . 

_ _ o_na_l.!_ (2211) in 19 5 tudi 74 ut y peci-

m n • H found onlf sm l iaol t d u cl fibr a in the 

duct, nd at ted tat in m ny ction roh of 

ve l high ower field ie n c a ry to demo atr t 

ev n iool t a. uscl c lle." 

of th bil .duots consi t d nti 

t t no cle fibre we res n • 

t th ut r co ta 

f fib U t1 SU nd 

in 1936 n ain in 1938 

/(27) 
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(2?) stated that their studies revealed practically no 

muscle in the hepatic and common bile ducts. 

Schwegler and Bolden (322) in 1937 published thei r 

findings of most intensive studies on the ducts. They 

noted only scattered bundles of 1111scle in the extra­

duodenal portion 0£ Ute common b~le duct • • 

g,ordon-Taylor (139) in 1942 stated that examina­

tion ot several sections of ducts showed but re muscular 

fibres. 

Kirk (196) in 194• concluded from his studies that 

"the extraduodenal portion of the common bile duct is 

devoid of muscle, exce tin close proximity to the point 

•here it penetrates the gut wall. 

1Aax1mow and Bloom (255) in 194• stated that bundles 

of smooth muscle first appeared in tlle common bile duct and 

they describe longitudinal and oblique fibres forming an 

incomplete layer around the wall of the duct. 

Summaft: An analysis of these reports indicates that the 

majority ot workers regard the musculature of the 'tucta 

of such paucity as to be negligible. At least thr\~ 

workers failed to find any muscle, while only 5 note~ 
i 

' 
sufficient fibre~ to describe their disposition. \ 

Burden (64) alone observed an ·amount of muscle l~rge 
I 

enough to suggest co,ntraoti bili ty of the ducts. 
\-, 

\ 
/The \ 
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;r: the %nt l lPort 
' 

on 
.a •• 

ot 

h tru ture oft e ,U 0 r ur ounding the 

int l ion f th C n bil d 0 1n n and 

ni n xteneively tu by ri 1 otions, 

tio n hr di l;ln i n l r onat uctiona . 

oy n ( a) r C nt nt rl 

iteral tr n 1 ti tins of. th original t tin V ions by 

v l of th old r ork a. Th e tx· nsl tion , which 

r ent 1th et no 

tu otll. e, ve en 

142, 154, 21 , 23 , a.46, 2 a, 

r lit -
us fo ti r vie . 

d by 1 104, 128, 138, 

?) s er dit wit bein 

th i t to · eacrib i ot r round th t !nation of 

on 1.l duct. In 1681 h tr o 

ion of th duct 1 to th duod n n 

th ob iq, e 

tat d that 
th 

in 

.t co on uct i obatru te lik fibr w'h.ich 

occ py n t only t e o~ening it lt but a o h hol 

o iqu t ct'. thought t pi inot r r vent d 

r u it ·ion of duod lo ntento. 

idloo in l 85 (cit y ,. 48, 1 , 337) , 

illua t d th C ·· on oham l fo bil p nc tic 

ducts, hioh h d ignated th ori ic rovid d itb 

tibrou ing ". 

y 48, 33'1) eugge t•cl 

I t 
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t t cont cti n ft e Gp ci l cl t th duod n l 

nd of the co on bile uct wa reepon 1ble tor the 

£1111 or tbe g ll bl· der. 

fu is d wit circl of fi 

p. int r. o to speak . 

H t t d t t th 

flesh tit op ni 

ct i 

• 

ltr, in 17 6, (cit d by 48) t 11 d to find n 

in p nd nt hincter tor th co on ile duo. I con• 

aid r d t. at oo pr ion of h'-' duct by t 1ode l uecle 

p nt r u itati n of int atin l cont nts. Thi vi• 

Tailed for over 100 year• nd T¥n a l t_ 1669 

rv tiona. (48). 

i 1879 (cit d by • 104. 128, 138, 

l 2, 219, 2"'8, 238, -.-. l, 24 , 2 8, :32 , 337, 35 ) eaorib d 

hinet nd th b1l due in h t, hil V rriot, 

in l 2, (oited by ~15) n n i r in l 86 (cit d by 315). 

rw 8 id to V d furth.r ob er tion on ni l 

t ri-1. It as.' ow var, not un il 1887 that int r st 

int phinoter r Tiv d. 

In thi ye r 

128, l"' t 142, lo4, 19, 

33?) "re i cover d tt a1 

i ol gy of nimal :n 

hi fin 1. e by al rge 

1 or' on the •a ihlnct 

it, 0 a1n t kifli 

c e g n lly kno n 

d (cit d , 64, 10,. 

234, 38, 2 l, 246~ 88, 315, 22. 

• incter • a · udie the 

h ri l uppl. ment 

0 t 0 X ri n al Ork. 

r du ch l d a he 11 d 

nd conTinoi t t th sphi.nct r 

th inoter of 0d 1•, a 
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term which haa persisted to the present day. He des­

cribed the sphincter as "a more or less pronounced bed 

of circular fibres encircling the choledochal canal -

which one is able to consider aa almost completely inde­

pandent, if one except• some slender loops which lose 

themselves between the fibre• proper of the intestine • . 

Unfortunately, he presented no illustrations, so that the 

interpretation of his account or the sphincter has given 

rise to confusion. As pointed out by Schwegler and 

Boyden (322), the moat reasonable interpretation is that 

he was referring to the whole of the musculature invest­

ing the intramural portion of the common bile duct. 

They state that Oddi actually knew very little about the 

anatoJD7 of the human sphincter and that hie observations 

were based mainly on animal material. 

Kodern Literature: Oddi's work stimulated new interest in 

the sphincter of the common bile duct, and.since his reports, 

numerous contributione have been added to the literature. 

These have been reviewed by lla.nn (240, 241), Halpert (148), 

Ivy (170), Boyden and his associates (203, 322), Thiessen 

(33?), Long (219) and other•, and most ot the original 

accounts haTe been available for the present review. 

The various investigations which have been mainly 

concerned with the relation between the choledochal and 

duodenal musculature , have given rise to two achool1 of 

/thought. 
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thought: the one maintain• that t he sphincter repreaenta 

merely the muscle tunic of the duodenum, while the other 

claims an independent choledochal sphincter. 

The findings of some of the more detailed studies 

on human material will be discussed., 

Znaniecld in 1895 ( cited by 148 and 322) wa• the 

first to make a special study ot ••• human material. 

He observed that the numbers of transTerae fibres of the 

common bile duct increased markedly at its lower end to 

form a sphincte r. He followed them to the duodenal 

papilla and noted that they were beat developed in the 

pre-ampullary region. He failed to find continuity be-

tween the muscle of the duct and the muscular coat of the 

duodenum. Soulie in 1901 (cited by 322) reconstructed 

a longitudinal section of the pars intea~inalie of the 

common bile duct on the basis of Znaniecld '• observations. 

This clearly shows t he pre-ampullary thickening of the 

aph1ncter (322). 

Letulle and Nattan-Larrier, in 1898, could not 

!ind a complete sphincter around the human common bile 

duct (cited by 148). They noted that the duct 

"borrowed• tibrea from the duodenal muscle (cited by 322). 

Hendrickson, i n 1898 (154) studied macerated 

epecimens of human and animal bile ducts. Yor oTer ~ 

year• no other deecription of the muscle of the duct• 

/approached 
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approached his in accuracy and completeness. His find~ 

inga are well illustrated (See Fig .• 17,) and have recently 
pg. 58. ) 

been confirmed by Boyden et alia (2 3 and 322), Thiessen 

(337) and others. Briefly they are as followa:• 

At the point where the pancreatic and bile ducts 

penetrate the intestinal muscle there is a distinct hiatus 

in both longitudinal and circular coats of the duodenum. 

SeTeral sets of fibres belonging to the duets are deacrib• 

ed, Tia:-

1. Superficial bundles on either side of the extra~ 
duodenal portion of th duct derived from the 
longitudinal coat of the duodenum - F fibres, 
Fig. 1 7 , pg • 58 • 

2. Deeper longitudinal and oblique fibres covered 
by the 1' fibres. They run forward to penetrate 
the circular uscle of the duodenum, and then 
bend round the internal aspect of the common bile 
duct and ampulla, where, they decuaaate - K fibres, 
Fig. l 7. pg. 58. 

3. The deepest layer consisting of circular tibrea 
which commence close to the junction of bile and 
pancreatic ducts and inTeating the bile duct -
I.R. fibres, Fig. 17 He regards these aa an 
independent ring, but, as Schwegler and Boyden(322) 
point out, they are continuous with 

4. a layer of circular fibrea embracing the ampulla• 
s. fibres, Fig. 17, pg. 58. 

5. Bundles of fi.bree encircling the pancreatic 
duct just before its junction with the bile duct. 
They commence on the ampulla and further up the 
duct, and turn abruptly to run in a longitudinal 
direction • H. fibres, J'ig. · 17, pg. 58. 

6. Fibres lying superficial to the S fibres at the 
point where the duct penetrates the circular 
coat of the duodenum. They commence just above 
the hiatus and do not entirely encircle the duct, 
but turn forward on the a nterior aurtace ot the 

/ampulla 
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}'w. :!H.-:\lacerntcd d11ode11:1l porlio11 of the co m-
111011 bile-dud of 111:111. Th e rc l:1tio11 of the c/11111~1011 
bile-duct 1111d Mic dtl<'t of \\"irs u_11~ _to the. 1011;.pll~­
c\imtl 111 u~cular coat of the i11tcst111c IS sho1111. x ·'· 

- . ..... # ,., .., 

l ,V 

}'u:. 00.-:\fucerntcd duode;ial port!o11 of_ the com­
mou bile-duct of man. All of the 111tcst111al coats 
have been removed. x "· 

Fig. o, 17. 

The Kuaculature of the Intramural 
Portion of the Co on Bile Duct. 

(After Hendrickson - 154) • 
• 
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a pulla towarda th papilla• X fibres , 
ig .17. In :nany caaea thee fibre• wer con• 

tinuou with the circular coat of the duodenum. 

He concluded that the duode l ,ortion of the 

human bil duet poeaeesea an inde nd nt intrinsic 

phinct r . 

xc 11.nt diagram• of reconstruction of the ducts, 

aa well aa dilgrama or croas-aections are po uced, but 

no microphotographa of aerial sections. 

ell.Y. in 1899 (cited by 322) deacrib d lonal­

tudinal fibr a in th duct, and suggest d tl t their 

tunctio wa to hort n t oilla. He lso noted 

oblique nd circular ibre which fo ed a figure ot 

eight around t bile nd nor atic duct. suggesting 

a a hincter for each (cited by 234), but so int rmingled 

aa tor nder it unlik ly that one _could ct without th 

other ( cit d by l '10) . 

o , ~tra~k~r (cited by 148 n 322).in 1909, 

xamined macerated b n a.nc ani ,al bile uct • lie 

mouetrated in crosc pie a tion th t th muscle of 

the duct s ind .p n ant.of the duodenal muscle. 

Roat. in 1913, (c1 ted b7 148 and aa2) dur·1ng ob-

aerv tiona incidental to exp riments on dog, described 

a strong u cle l 7er rra.ng d oircul rly round th 

h n l)illa. 

Auater and Crohn, in 1922,(4) tound the ·uacle 
q I 

tibrea ot th sphincter sc nty and wid ly 

/and 



-60 -

and at no t1m oontinuoue . They considered th t there · 

was tueion of the intestinal and biliary musclee, and re­

garded the aphincter of Oddi ae form d largely by intestinal 

muaole . 

Giordano and Kann, in 1923, (246) demonatrat•d 

that th usual position for th sphincter ie roximal to 

the termination o! the common bile duet . Thy found 

other fibree enoirol1ng the pancreatic duct . In 192'1 

(138) they confirmed theae findings , stating that it is 

usually ooeible to find a definit bun l of smooth 

usol surrounding the common bil duct . but they add that 

th1• muaole i intimat ly inte ingled with th uodenal 

muscle . 

tsuno (oited y 42, 104 , 138 , 148 , 170, 322, 537), 
bile 

in 192!, obs rY d that the mu ole ot th /duct wae beet 

d veloped in the pr - pullary region. He found that the 

muscle con isted of a circular band 5 - 10 • in length. 

Th fibre were continuous with th duoden l muscle at many 

points , but we:re much i1maller in ai ze than those of the 

duodenum. He~ garded the mu cl sheath ae a true 

sphi ncter . 

as@i and 1w1da (cited by 148 . 522), in 1925. 

studied macerat d prepa.rationo of the oholedocho-duodenal 

Junction in apa.nese . They ooncluded that an anatomical 

eph1nct r of th eommon bil duct xiated. and etreaaed 

/the 
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t1:ie variability of the oblique, transverse and longi­

tudinal fibres entering into its formation. 

l2.2, (178), in 1926, examined 151 cadavers and 

found that Just inside the duodenal wall the common '14.le 

duct had a very definite sphincter. Both the bile and 

pancreatic ducts had. individual longitudinal and cir• 

cular layers, with a common circular andp-.Ongitudinal 

layer almost to the tip of the papilla. As the duct 

approached t he duodenal papilla its musculature grad• 

ally decreased in amount. The longitudinal fibres 

disappeared l - 2 mm. from the tip of the papilla; 
fibree 

only a few circularApersiated to the tip. He concluded 

that the duodenal muscle does not form an efficient 

sphincter. 

Porsio (cited by 322), in 1929, found a spb.1.ncter . 

but noticed that it was ciosely intermingled with the 

intestinal muscle. He inferred that it emanated from 

t he duodenal musol , arising at the ex~ense of the muacle 1 

as illustrated in his diagra of a l)ngitudinal section. 

The Dutch surgeon, !l ·u boer (cited by 148, 322, 

33?). in 1931, presented the first series of transverae 

aections of this region in the adult. Like the work of 

Hendrickson . his studies outstripped all other• in this 

fi ld (322). Longitudinal. oblique and circular fibrea 

surrounding both th bile and pancreatic ducts are 

/described. 
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described. Juat before the two ducts Join, the muscle is 

arranged in such a way that a figure of eight atructure is 

formed, and in thia area the sphincter around the bile duct 

is beat developed. The ·circular fibres predominate but 

are mostly incomplete, and are reinforced by oblique and 

longitudinal fibres, all three together forming a closed 

nantle around the duct. He considered that the muscle had 

an ejaculatory as well aa a sphincteric function, very much 

like the ejaculatory muscle around the urethra. 

In addition , he found scanty oblique and circular 

fibres around the papilla, which he thought waa capable of 

peristalsis. 

Although he describes the muscle of the ducts as­

if derived from the longitudinal coat of the duodenum, 

Schwegler and Boyden (322) point out that he confuses the 

X, Kand F fibres of Hendrickson with the intrinsic 

muscle of the ducts. They have accordingly appended 

their own nomenclature to his diagrams. These are illus­

trated in Fig•. lS,pg.62,,It ia seen that Scbwegler and 

Boyden (322) interpret most ot hia diagram• in terms of 

Hend ri ckaon' s fin di ~s. 

Ceatari and Tantin1 (cited by 522), in 1933, noted 

that the bile duct possessed an independent muscle which 

became sparse as it approached the papilla. 

Newmann . (215) in 1933, observed that there waa more 

muscle in the ampulla than anywhere else in the extrahepat i c 

/biliary 
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biliary tract. He concluded th t the sphincter of Oddi 

is separate from the duodenal muscle. 

Dardinski, (104) in 1935, reported his observations 

on 10 macerated specimens. He noted 4 - 5 circular and 

oblique bands surrounding the base of the papilla. Some 

of the fibres become continuous with the circular muscle 

of the intestine. This was the only evidence he could 

find o! an independent sphincter of Oddi. In addition, 

the duct behind the papilla was constricted by the circular 

coat of the duodenum, while fibres fro t he longitudinal 

coat ran fo rward on to the pa illa. 

Deep to the circular and oblique band• on the 

papilla he found a few longitudinal fibre• continuous with 

those on the bile and pancreatic ducts and extendirg into 

the mucous folda oft apilla. He thought their 

function was to erect these folds. 

He concluded t hat the duo enal uscle is mainl7 

responsible tor constriction of t he bile duct . The 

inter retation ot hie illuetrations, . however , is difficult. 

:Boyden and his co-workers have carried out most 

intensive studies of adult ~nd foetal terial by aerial 

sections and macerated pre rations. The following ie & 

brief resume' of the findings reported by them in 193'1 

(50, 322), 1940 (203) and 1941 (52 , 53). These find~ngs 

are in close agreement with those of Hendricksen and 

/ uboer 
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Huboer, whose investigations are constantly referred to .by the 
au tho rs. 
A. Yibrea derived from the intestinal muscle, 

The pancreatic and bile ducts pass through apertures in 

the longitudinal and circular muscles of the duodenum. 

The latter is called the choledochal windo . In adults 

the window is reduced to a mere slit by the post-natal 

gro •h of camouflaging bands of muscle from its margins. 

The hiatus i n t he longitudinal coat is less-markedly 

reduced. The bands are elassified as follows:-

1. Re&nforcing or R, Fibres - See Fig. 19 pg. 67-R. 
These are scattered bundles of muscle that 
reinforce the angles of the windo. They 
pass from both surfaces of the upper and 
lower margins of the window to fuse with the 
intestinal coats on the opposite side. They 
represent the fibres marked Xl, X2 and X3 
in Nuboer's diagrams and Schwegler and 
Boyden'• illustrations of foetal sections. 

2. Connecting or C. Fibres - See Fig. 19, pg.67-C. 
!iieee are closely associated with the B 
fibre• and are likewise fully identifiable 
only posteriorly. They attach the m-.jor 
papilla and ducts to the tunic& muacularis 
ot the gut and represent the tibrea which 
baTe been described as •borrowed• or 
ffemanating fromn the duodenal muscle. 
They pass from the superior and inferior 
margins and the angles of the window and 
hiatus in both directions , to pass longi­
tudinally and diagonally along the common 
bile duct and ampulla. They correspond to 
Hendrickson 's F, Kand X fibres. All are 
primarily criss-crossing fibres and it is 
auggested that they not only tie the papilla 
to the intestinal wall, but also erect the 
papilla and shorten the duct. 

B. Sphincters of the MaJor Papilla, 

Three different aets of fibres are described:• 
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l. The •usculus proprius choledochus:- (Sph.chol.Fig.l9D, 

pg.67). This is usually a well • deTeloped mass of eir• 

cular muscle 5-10 mm. long surrounding the lumen of 

the bile duct like a cohesive band. It consists of two 

p rts :,-

(a) 

(b) 

Te 1ars superior. ( ee Fig. 19A., Pg. 61 , ph.chol. 
sup . , begins just outside the duodenum as scattered 
bundles nich represent a condensation of the cir­
cular muscle found higher Up in the duct. In the 
window they form a complete sphincter. Hendricksen 
demonstrated them in Fig. 32 of his article but 
omitted to mention them in the text. Thia 
s hincter is shown in uboer's diagrams. (Fig•.18 , 
page 62). 

he p9.rs interior (See Fig.l9C & B. , Page 67-Sph. 
chol. llllllfl. ) is represented by a layer of circular 
uscle continuous with the pars superior and extend­

ing from the indow to the ·unction between the 
bile and pancreatic ducts. Its lo er end is best 
developec. It corresponds to Hendrickson ' s I.R. 
and upper$fibres, anrl Xuboer indicated it in his 
diagrams, although h~ fail d to recognise it as 
an independent sphincter - Fig•.18 , page 02). 

2. ~- uaculus proprius duotus Eancreaticua (See Figa.19, 

C & D. , age 67 , ph.panc.). -hi is represented by 

transverse arcs in relation to the pancr atic duct Just 

before it joins the bile duct . Usually they half encircle 

the duct and then pass in a longitudinal direction up the 

duct. In two of 12 adult specimens examined they encir-

cled the duct completely. They correspond to Hendrickson's 

H. fibres (Fig. 17, Pg.58) and are also shown by l uboer. 

Their main function is probably to shorten the pancreatic 

duct ra t her than to act a• a sphincter. 

/ 3. 
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Fi • o. 19 

The Choledocho-duodenal Junction (After Boyden• 52 & 203). 

A. Bxternal sur­
face ot a 
macerated 
preparation. 

B. Jlucosal sur­
face of a 
macerated 
preparation -
papilla in 
natural poai• 
tion. 

c. Same aa B. 
but papilla 
el Tated 
and distal 
half snipped 
ott. 

D. Diagram-
tic re­

construction 
showing the 
Tarioua 
sphincters. 

Plied ltrc.-

Sph. chc>l. 
''Hood." __ _ 

of papilla. 

-D. pdnC. 

Flex. chol. 

-l~n9.} T. muse . 
-cu·c. 

· -T. submucoso. 
--T. mucoSd 
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3. The Yuaculus propriu~ ~pullae (See Figs. 19~ B & D, Pg.67 

Sph.Amp.) Just before the pancreatic and bile ducts unite 

to form the ampulla there is . a peripheral s heath of 

muscle encircling both ducts. This is the beginning of 

the sphincter ampullae, which, in only 2 of 12 specimens, 

continued as a well-developed muscle nearly to the end 

of t he papilla. Its fibres merge with those of the 

longitudinal fasciculi. 

C. The Longitudinal Fascicles. {See Fige.~9 A & B, pg.67 , 

Fas c. long. ) • These are two bundles running lengthwise on 

to the papilla in the interval betv,een the t wo duct s . They 

consist of C fi brea (Hendri ckaon' s K and X fi brea) a.nd also 

intrinsic fibres connecting different transverse levels of 

the ducts and ampulla. (Lower parts of Hendrickson ' s H 

and S ti bres). Note:- The authors have produced excellent 

diagrams of foetal a nd adult reconstructions (Figs.19 A, B & C, 

Pg.67) and numerous microphotographs of foetal sections , but , 

unfortunately , not of adult serial sections. 

Gordon-Taylor ( 139), in 1942, studied spe.cimens pre-

pared by Professor Kirk . In no case could he find a 

circular arrangement of fibres at or near the papilla . 

He found that the more basal part of the duct contains 

oblique and longitudinal fibrea which "can b~ definitely 

and indubitably traced in continuity with the circular 
If 

muscle coat of the duodenum. Many of the longitudinal 

/fibre• 
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fibre• paaa into the connective tissue core ot the 

villoue processes of the papilla. He concludes that 

the muscle sheath of the duct is derived from the cir• 

eular muscle coat of the duodenum. o microphotographs 

or illustrations are produeed. 

Kirk (196), in 1944, reported on sections of foetal -
and adult material. Be found longitudinal fibre• on the 

duct commencing Just outside the gap in thelongitudinal 

coat of the duodenum. The7 paaaed with the duct through 

the gap. 

Thickening of the duodenal coat at the point of 

penetration of the duct was very noticeable, while the 

aubmucoeal portions ot the ducts were_ surrounded by oir­

cular muscle continuous with the circular coat of the 

duodenum. Ae these fibres passed towards the papilla 

they became oblique and entered the valvular fringe• of 

mucous membrane. He agree.a with Dardinsk1 that the 

function of these f'ibree is to erect the fringes. 

o circular muscle waa found at the ostium. 

Re conclu4ea that the duodenal wall ie mai y reaponaible 

tor the sphincterie action around the ducts. 

His descriptions are illustrated by icro­

photographs (See Fig. 2? p~&'3) 

Summary: 

An an lysia of the numerous anato ical investigations 

/on 



on thie important re.gion allowa one general conclusion, 

rtz: the greater weight of eTidence supports the existence 

ot T&riable amounta of smooth muscle which a:nq po••••• 

apbincteric actiTity at the outlet of the common bile duct. 

Thia muscle 18 10 oomplex and so intimately aaaociated with 

the duoderal muecle that opinions on it• origin differ. 

Dara.inaki (104), Gordon-Taylor (139 ), Kirk (196), Atster and 

Crohn (4). Giordano and m (246), etc. conclude that the 

muscle is derived trom the duodenwa. Rendrickaon (154), 

Boyd net alia (50, 52, 53, 203, 322). Thieaaen (31V), 

J'ob (1'18), 1le1f1Daltn (2'15), etc. claim tbat they ha•• demon­

atnted independent muscle belonging to the ducts, which 

ia reinforced b1 f'i brea fram the duodenum. 

flRSONAL OBSBB!ATIONS ON THE WSQPMTURI 

07 THE BIIB DUQTS, 

terial used: 

The bile duct.a or 20 caaea Tary1ng in age :f'rom 9 days 

to 89 years were atudied. The specimens wel"e obtained. 

tr• autopsies performed at the Department ot Pathology 

at the UniTeraity ot Cape fown and at the Go•ernnent 

Laboratory, Capetown. Bone of the caeee had eTidenee 

ot diaeaae of the b111ar7 tract and the epecimena were 

procured as eoon al poaaible atter death. 

Kethocl of atudy: 

Tb.e bUe dacta wel"e fixed. in formalin and embecldecl 

tn arattin wax. Se~ial aeotiona of moat ot the specimen• 

/were 



~11-

were out and mounted . 

The• ction• were atained by llory's method tor 

macle and connective tiaaue. 1th this m thocl muacle 

atains red and oonnectiTe tieaue stains blue. 

Jilorophotographa or •elected sections were taken. 

In theae the muscular tiaeue appears much darker than 

the oonneotiTe tiaeue. 

Description of findil§•: 

The wall• of the bile ducts consiat of three layera, 

vis:• 

1. An inner mucous membr11ne which disintegrates 
within a tew boure after death. 

2. A aubmucoaa of thick and compact connectiTe 
tieaue. 

a. An outer coat (adYentitia) c.c:npoaed of loose 
connective tiaaue. 

'1'h muscle ia situated in the outer layer. It will 

be deaori bed under the following headings: .... 

1. The hepatic cha.ct. 

2. The extramural portion of the common bile duct. 

S. flle intramural portions of the bile and pancreatic 
,uot• and the ampulla. 

1. The Be~tic duot. 

acle fibres are present in the adTentitia ot all 

the apecimena, but they are alwaya ext.remely scanty. 

Koat ~t the tibrea are longitudinal. They are 

uaually scattered but, in some se~tiona, they are arranged 

into bundle• (See J-1.g. 20B, Pg .72). 

o •phtnoter is preaent in any part ot the duot, but 

/occaaional 
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occaaional circular and oblique fibre• occur at Yarioua 

leYel11 ( e J'ig. 20A, Pg . 72). 

The :lxtramural PoJ'tion of the comnon bil duct, 

acle tiaaue ia preeent in every apeci en. It ia aituate4 

in the outer l&Ter ot the duct wall and la beat deYeloped 

ln the lower third of the duct, gradually di iniabing to­

ward• the hepatic duct. 

Longitudinal fibre• lie in the inner zone and circular 

and oblique fibre• ln the outer zone. 

U:eper Third.: Longitudinal t1brea predominate and are usually 

arranged in aeYeral Bll'Bll bundlea (Fig. 21A & B, Pg.72). 

Clz-oular and diagonal fibre• are scanty and not as well• 

4eveloped aa the longitudinal fibre• (Yig.2lB, Pg.72). 

)fiddle Third: T.ne longitudinal fibre• are more numeroua and 

are gathered into good-aiaed oval bundle• acattered around the 

duct. In croaa-aectiona there ar uaually aeveral of the•• 

bund.le• ••pa.rated by connective tiaeue cont . ining smaller 

bundl • and iaolated fibre• (J'ig. 22A, Pg.74). 

Circular and diagonal fibre• are better-developed than 

1n the upper third and, in aome ca•••, they are arranged 

into •mall circular bundle• (1'1g.22B, Pg.74). 

Lower Third: !he muacle 1• conetantl7 well-developed. -

eee Yig•. 23 A & B, Pg.74. 

LongitUdinal tibr • arranged into large and •mall 

bandles are fairly num-eroue but do not tom a oontin\loua 

•h•th around the duct. 

Circular and diagonal fibre• are much more 

nwner • and better-developed than in t he upper region• 

ot the duct. !hey lncreaee progreea1Ye17 a• the 

/4u denUII 
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duodena 1a approached. In all eectiona there are cir• 

cul.ar bundle• {:rig. 23A, Pg.74). and in some they tol'II al­

aoet a continuoua layer around the duct (i'ig. 23B, Pg. 74 ~. 

The intramural portione of bile and pangreat&c duota and 
£iii ampuiia.: 

Although there ie much intermingling ot tibrea, two 

layera of uscle tiesue oan be identified, Tia:-

1. An inner la.y-er co posed of circular and longi• 
tudinal fibre• aurrounding the duct• and ampulla. 
The individual fibre• are smaller and atain leaa 
deeply- than the duodenal muscle tibrea, and, on 
tJ'acing them l1verwards, they are continuous with 
the lonsitudinal and circular bundle• of the 
extramural portion ot the bile duct. • 

An outer layer of circular, oblique and longi• 
tudinal fibrea continuous with and obTiousl7 de­
ri't'ed from the duodenal aueole. 

The . inner lazer: 

(a) Bile duct. At the point where the duct penetrate• 

the intestinal mueole the circular fibre• found higher up 

ln the duct increase considerably and form a conplete 

circular layer around the duct (Figs. 24A & B, Pg. 7 6), 

Thie oorrespond• to the ~sphincter choledochus superior• 

of Boyden et alia (See Fig. 19, Pg. 67). 

J'rcm this point to the junction between the bile 

and. pancreatic duot• the circular •heath ot JnUacle sur­

rounding the bile duct becomes more pronounced, being 

'beat-deTeloped J uat before the duct a join (.J'igs. 24C, Pg. 76 & 
{25A, Pg. 77.) 

Thia well-deTeloped portion corresponding to the "•phinoter 

ch l•dochua inferior" of Boycien et alia ( e ftg.19, Pg.67) 

and to the •I.R.fibre•" ot .HeDdrickaon (See Y ig.17, Pg.58). 

;Deep 
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Deep to the circular layer there are scattered 

longitudinal tibrea and bundles (l'ig • . 24 B Pg. 76) 

The•• correspond to some ot Hendrickeon'• •x f"ibrea• , 

(See i'ig. 17 Pg. 58). 

(b) Pancreatic duct. Similar fibre• aurround the 

pancreatic duct. They are not as well•deTeloped aa 

those of the bile duct and usually do not extend to the 

part of the duct adjacent to the bile duct (i'ig. ,25 A Pg 77) 

They oorreepond to the •muaculua propriua panoreaticua• 

ot Boyden et alia (i'ig.19 Pg 67)and to some ot the •H 

tibrea• ot Hendrickson (See •1g.17 Pg. 58) 

( c) Ampulla. An incomplete sheath enclose• the bile 

and pancreatic ducta Just bet ore they join to tom a 

COJfllllOn ampulla (Yig.25 B Pg. 77) 

This sheath continue• on to the ampulla, gradually fading 

a y to arda the pa ill& (J'ig.26. Pg. 77). 

Ac ,pl e circular band surrounding the apilla ia 

seldom present • Thia a pulla.ry muscle hoath corre•-

ponds to the ·~usculua propriua ampullae• o! Boyden et. 

ali (See Yig.19 Pg.67). 

The outer layer. In all specimens fibre• frCIII the in­

t atinal muscle run in both directions on to the duata. 

'l'heae are the •c and R fibres" and •longitudinal 

ta_a.ei oles" of' Kreilkamp and :Boyden and the wy•, •JC• and 

•X tibrea• ot Jlendriclcaon, e.g ., 

l. In aectiona of the bile duct Just &11 it 
pasaea into the duodenal wall, fibre• pass 

/troa 
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from the inteetinal wall on to the extramural 
portion ot the duot. Theae correspond to the 
nc fibres• of Kreilkamp and Boyden, and tG the 
ttJ' fibre•" of Hendrickson (See Fig. 24 A Pg.76) 

a. In seotion1 of the duct where 1 t lie• in the 
duodenal aa•cle, longitudinal and CJ.iroular 
bundle• extend tre11 the inteatinal mu•clea onto 
the ;int ral portion of the aet. TheH 
correspond to the •a• and •c fibrea• of Kre11kaap 
and Boyden and to the·~· and •X•tibrea• ot 
Henclrickaon (:ri~ 2A B&C lg. 76)and compare with 
:rig. 18 Pg.62) 

3. In aections taken nearer the duo enal mucosa, 
bundle• of longitudinal fibre• run outside the 
eirelllar •heatha ot the ducts. These are mainly 
aggregated into two groupa of ueo e buudlea 
situated in the interral between the bi e and 
pancreatic duct a ( J'ige. 25 A & B ·pg. 77) 
These fibres correspond to the anterior and 

foaterior fa8ciolea of Kreilkamp and Boyden 
See Jig. 18 Pg.62) The7 merge with the 

longitudinal bundle• of the inner layer, and run 
into the papillary proceaaea of the ampu.lla. 
thua correaponding to the tibrea deacribed by 
Dardinaki and. Kirk. 

Slalmag ot raonal ObaerTations. 

A atudy of the mttaculature of the bile duota ot 10 

autopay apecimen• hal reTealed the following findinga:-

1. ~~raduodenal portion• ot the bile ducta: 
Tnnirlongiiu<1in l and uter olroiiiar and 
oblique fibre• are present in all parta of 
the d ate. These fibre , particularl.7 the 
circular and oblique ones, are very scanty in 
the hepatic duct and upper third of the common 
bile duct. . 
In the lower part of the oomm. n bile duct the 
longitudinal fibres are arranged in definite 
bundles, but oanplete l ngitudin l sheath 
is not tol'Jlled. The oi~cular and oblique 
tibrea increae considerably in the lut i -
1 inch of the duct, Where they form lmoat & 
complete layer. 

~. The intramural portion of the ~91>mon bile duct. 

/lh• 
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The musculature is extremely complex and closely 
related to the duodenal muscle, but o ter nd 
inner layers can be distinguished. The outer 
layer eonaiate of tibrea obviously derived trGD. 
the duodenal muecle. Some of these fibre• en­
circl the ducts. while other• pass in all>ngitudinal 
direotion towards the duodenal pilla. They are 

-reg rded a• the nc• and 1R fibre•• and "longitudinal 
faaoicles.'' ot Kreilkamp and Boyden (322) and 
Thieesen (337). and aa the "Y" •IC.• and •x tibrea• 
ot Hendrickson 154). The inner lazer oonsiata of 
circular and longitudinal bundle• surrounding the 
bile and pancreatic ducta and the ampulla. The 
fibres are continuous with the muscle of the extra­
duodenal portions of the bile duct•, and they are 
smaller and stain leas deeply than the duodenal 
muscle fibres. In aevera1 sections they are 
c0tnpletely separated f om tne duodenal uscle, 

D 

1. The extra.duodenal portions of the bile ducts . 

In thia study sufficient evidence h I been pro­

duo d to dieprove the atatement of some authorities 

that th bile ducts oases• no muscle. The present 

finding• au~est thnt muscular tissue is constantly 

present in the bil du eta of the hum· n being,and that 

this muscle is well•develo ed in th lower third of 

t e oo on bile duct . nu~ f'inoings agree with those 

of .Burden { 64 ), and su ort his view that the muscle 

is sutfici ntly well-developed tor nder the bil e 

ducts contractile. The contractibility of the bile 

ducts, ho ever, haa to be detP- ined by other method• 

of. investigation. 

2. The intr mural portion of the common bile duot. 

/It 
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It is agreed that a sphiriater mechanimu surround• 

the intramur l portion of the common bile duet.. The origin 

ot this sphincter. however , ie the eubJe~t of controversy. 

(a) J'i bre• derived tx-cm the duodenum. 
ili workera a.g"nie that the duodenal 1'iU8cl• 
~ontribute1 fibres to the sphincter ot the 
common bile duct.. The•• fibres are elea~l7 
demonstrated in the aectiona pre ared for 
this study. Some authorities believe that 
they do not oonetitute the true sphincter. 
e.g. , Hendrickson (154) regard• them aa 
supporting fibrea (F, K and X fibres) , hile 
Boyden et alia (52, 53, 203) and Thiessen 
(-337) call them connecting (C) and reinforc- .1 

ing ( ) fibres . Other authorities (104, 139, 
196) believe that the ephincter is der!ved 
entir ly from the duodenum. but this view de-

(b) 

ends on their interpretatio~ o! the inner 
layer or the sphincter. 

'!'he inner l fer : It is difficult to alla.lyae 
the origin o the inner layer of the sphinete~ 
with ut methods of visualising all three di• 
mentiona . 
JI.oat of the inve.etigat ore who h ve studied 
three-dimensional reconstructions, claim that 
thi e layer is &.n independent , intr1nBic · 
aphincter. '!'his is illustrated in the di a­
grams of macerated preparations and recon­
etructions studied by Hendrickson (154) by 

oyden et alia ( 50, 52. 53, 203 , 322) and by1 

Thiessen (33'7). 

The tinding• of the present at~dy of serial aeoti~na , 

eupport tj.e view that t h is inner 1 yer is an independent 

sphincter, e.g •• 

/ l. It is continuous with the musculature of the 
extraduodenal portions of the bile ducts . 

2. The fibres are umaller and stain leas deeply 
than those of the duodenu • 

3. In many seot·ons the layer is clearly separ­
a-ted from the duodenal muscle. 
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4. The layer corree onds to th phincter 
chole ochue" of 07den (203). is waa 
stablished by com aring t e present eeotiona 

with uboer'• diagrams (as annotated by 
ch egler and Boyden (322)} and with :Boyden•a 

(53, 322) micr0photographa of toet l eeotions . 

On the other hand, other orker• ha.Te tailed to 

demonstrate an intrinsic useulature, an cl im that 

the sphincter ie derived nti rely from t duodenal 

muscle. Unfortunately, ost of these authora do not 

illustrate t heir findings , and it is thus 1mpoas1ble to 

criticise th~ir ooncluaiono. However, illustrations 

of the material used by .1:uboer (reproduced by 322) , 

Dardinski (104) , Kirk (196) and Gordon- Taylor (139) 

are availnbl for comparison. 

uo e:r•a diagrams , which have been aareful.17 

etudi ed by .;.i chwegler and Doy en (322) , have been 

ment1o:ne4 efore . The e worker& poir,t out that hia 

dra ing• demonstrate an inde end nt m~sculature in 

&dditi n to the :tibres deri·ved from t e duodenum. 

In his illustrations of aoerated specimens , 

Dardinski (l04) demonstrates " uecle bands situ ted on 

th· a.u ulla, tmt he d.ces not illustrate the uscle of 

th duota them~elves , nor the fibree deriTed trcm the 

duode1JW11. His d scriptiona are e11uall:, contusing. 

oreover, ore recent cet·ation atudiea by Kreilkamp 

and )ldct1 (2oi) a.nd by Thiessen (53?) show that hi• 

work is inco plete. 

/Kirk 
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Kirk (196) preuents only two mi crophotogra.:Ji'ia 

of eections of the adult apill , and in neither are 

the v rious ueole fibres label ed . Fig. 27 pg. 83, 

whie.h he uses to illustrate his conelueione, 1• a r,hoto­

gra~b of section of a fo~t l uot. This ahowra the 

outer layer or musele bTioualy c ntin ous with the 

duod nal muscle, but, in addition, an inner layer, 

composed of a ller fibr s, is clearly seen. (Fig.27 pg.83) 

He fail to describ tis layer. which correspoDil• to 

the inner layer described in tni atudy, and to the 

•usculus 1>ro-orius am ullae of Kreilkamp and yden (203 ). 

Gordon-Taylor'• (1~9) Tiews are similarly oriti­

cised bee use hie deacri tiona are based on the section• 

repared by Kirk (196). 

C CLUS.[0.NS : 

l. All parta 01 the a.in bile ducts posses an intrinsic 

muaoulature. Thiti muscle is very scanty in t e hepatic 

.duot, but increases a~ tn~ ducdenum is p roached . 

It is well-deT lope in the lo~er t~trd ot t e common 

bile duct. 

2. ~ fficient muecle ia reeent in the extraduodenal 

portion of the common bile duct to au ort the Tiew that 

the uet is capa le of contracti11g independently. 

3. lthough the intramural portion of the common bile 

d.uct is reinforced by :wu&cl fibres :Cran the duodenwn, 

it poaseaaea its own intrinsic sphincter. This is·the 

epb1ncter deacribed by Oddi. 
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BILE DUCTS . 

nor variations of the extrahepatic ducts and their 

blood supply have already been discussed and their fre• 

quency bas been stressed. 

.. 

Grosser departures from the normal are much rarer but 

they are of great clinical signifi cance. They are often 

the cause ot ill-health and a small number are incQ'Jlpatible 

with life. (32 , 316). 

It is not always clear exactly how the abnormalities 

have or.~ted, but authorities agree that they are due t·o 

errors of deTelopment . Several workers (259 , 336, 316) 

point out that anomalous biliary structures in man repre ­

sent normal arrangement• in lower animals. 

In this chapter the data on the most important 

abnormalities affecting the main ducts directly or in-

directly are reviewed . Information obtained from the 

literature 1• supplemented by data personally collected 

on the following anomalies : -

1. Congenital absence ot the gall bladder -
3 cases. 

2. Congenital cystic dilatation ot the common. 
bile duct - 1 caae. 
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~. Congenital obliteration of the bile ducts -
'1 caaes. 

4. cceasory hepatic ducta - 4 cases . 

Total : 15 caaee . 

THE GALL BLADDER. 

This is a very rare and intere1ting anomaly 

which merits special consideration in a study of the 

bile duct • 

In bout lf of the record d cases the abnormal-

ity is a•aociated with atresia or the bile duct (145). 

net of these cases re incompatible with lite . 

In the rest the absence of the gall bladder is the 

only abnorm lity noted . Only this Tariety, which repre­

aenta true congenital absence of the g 11 bladder, is 

dealt with in thia section. 

The lit rature contain aev ral contributions op 

the aubJeot (111 , 131, 133, 145, 254, 259, 311, 314, 316), 

the oat recent available article being t t of Dixon and 

Lichtman (111) in 1945. 

These authors collected 30 cases from the older 

literature and 50 re orts since 1900, to which they added 

10 cases 0£ their own, i . e ., a total ot 90 cases. 

!hr e additional caaea are reported in this theai a . 

Beport of Caaea : 

/Caae l . 
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Case 1 • an autopsy specimen. oee Figs. 28A 

and B, page 88. 

Thia specimen was disooTered during routine die­
section ot a cadaver in the anatomical laboratory and 
ia now kept in the aurgicaltathology museum. It waa 
removed from an adult and carefully diasected by r. 
~. Jordaan. 

As illustrated in Yiga. 28A and 28E,page 88, 
there is no vestige ot a gall bladder and the liver 
lll'e•enta no distinct gall bladder tossa. 

A single duct paaeea from the portal fissure to 
the duodenum. It ia 8 cm. 1·ong, and the average width 
of the flattened structure ia 7 mm. About 1 cm. from 
th duodenum it is joined by the pancreatic duct and the 
two ducts enter the duodenum at the usual site. 

The walls of the duct are perfectly smooth wit~ no 
localised dilatations or knobs to suggest a rudimentary 
cyati c duct. 

Its relations to the structures in the leaser 
omentum are wit n normal limits. The right hepatic 
artery passes behind its upper end. 

o calculi could be felt in any part of the duct. 

The single duct passes into the hepatic tissue for 
a distance of 1.a cm. and then divides into right and 
left branches. There is no aign ot an intrahepatic 
gall bladder. 

The musculature of a longitudinal strip removed 
from the lower third of the bile duct waa studied. 
The muscle is more scanty than that of normal ducts, 
but definite longitudinal bundles are present, 

{See Fig~. 29A, -pa.ge B9, )and occasional circUl.ar tibrea 
can be seen. 

Caae 2 - D ,c .JI. an European male aged 39 years. 

This atient waa operated on by j or Lennox Gordon 
at the ynberg 1lilitary Hospital on 6th September, 1945. 
He had symptoms suggestive of biliary disease and a 
cholecyatogram failed to reveal a gall bladder shadow. 

/At 
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At the operation the liver was seen to consist 
of several lobes, and there was no evidence of hepatitis 
or cirrhosis. At the usual site of the gall bladder 
tosea there was a deep fissure between adjacent lobes. 

The.re was no sign of a gall bladder. The common 
bile duct , which was some•'hat dilated, waa traced to the 
portal fissure , where it passed into the liver without 
branching. The walla were perfectly smooth with no 
evidence of a. cyati c duct. ·The re la.ti one to the 
structures in the leaser omentwn were normal. No 
atones could be palpated. 

Although the presence of an intrahepatic gall 
bladder in this ·case cannot be disproved without a dis~ 
section of the liver, the completely negative ohole-· 
cystogram in conjunction with the operative findings 
which are identical to the find1nga deacribe<i in Case 1, 
auggeat that it is a genui ne case of congenital absence 
or the gall bladder. 

Caae 3 - P.K.1?9/46. - An autopsy specimen. 

This specimen was obtained from a coloured female aged 
18 hours. The child had multiple congenital abnormal­
! tiea and had died from inhalation pneumonia. The body 
waa not jaundice.d and bile-stained meconium waa present 
i n the intestines. 

As illustrated in Fig. 30 page 90 the liver is 
normal in size (a· portion of the left lobe wa.a removed 
tor section) w1th no evidence ot biliary cirrhosis. 

~ere ie no sign of a gall bladder and the liver 
presents no gall bladder fossa (which is usually well ­
arked in newborn ini'ants). 

A single duct passes from the liver to the duo­
denum, where it opens into the l umen of the gut through 
a prominent papilla. (Indicated by the probe i n 
Fig. 30 page 90 ) • The bile duct is about one and a 
halt times as wide as the ducts of normal infants. 
Its walls a.re perfectly smooth with no localised 
dilate.ti ons. 

The liver waa carefully dissected to follow the 
intrahepatic course of the duct. It divides at some 
distance from the portal fissure into right and left 

/branches. 



branches. There was no sign of an intrahepati c 
g ll bladder. 

The musculature of the bile duct was st udi,ed and 
the findings are illustrated in ~igs. 29 B & c, page 89. 
Briefly they are aa follows:-

xtraduodenal fortion: Scanty muscle bundles 
consisting mainly o~ longitudinal ti bres are present 
in all parts of the 'common bile duct, but do not appear 
in th« hepatic duct . They are well-developed in the 
lower part of the duct only. The musculature is 
definitely less well-developed than that of other 
infants of the same age. 

Intramural portion: Circular fibres surround this 
portion of the duct almost to the tip of the duodenal 
papilla. They are scanty and do not form a homogeneous 
layer as in other infants of the same age. 

DISCUSSIO : 

These three cases illustrate several points mention~ 

ed in the literature. 

Anatomz. Am.Ong the 60 cases reported since 1900 

the cystic duct was absent in 42. present in 4 and not 

mentioned in 14. The gall bladder toesa was absent 

in 25. ~r sent in 7 and not mentioned in 2a. In the 

thr&e case• described the cystic duct is absent from all, 

while the gall bladder fossa is absent from two and 

present in one. 

The siz- ot the common duct varies. It was noted 

in 39 of the 60 cases reported on by Dixon and Lichtman 

(111 ). Among these it was dilated in 19 and normal in 

20, but 9 ot the dilated ducts contained stones. 

/In 
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In the three caaea deacribed,the duct waa dilated in 

two and normal in one and no atonea were found . 

u.aculature of the duct: The histology of the 

· bile duets in congenital abaence of the gall bladder haa 

not be-en studied in detail. u.ro (254) mentions that 

hypertrophy of the sphincter of Oddi may be found, while 

ETerett and acCumber (131) state that the histology 

resembles that of normal duets. 

The present findings suggest that the muscle 

ia not aa well -developed as that of normal bile ducts. 

Thia finding is supported by comparative studies on the 

musculature of the bile ducts (See section on Comparative 

Anatuny). 

}!atho1enesis: Two theories have been advanced 

to explain congenital absence of the gall bladder (145, 

254). he first postulates that the anomaly ia due to 

failure of the gall bladder to develop from the hepatic 

di verti culum (aee section on mbryology). This would 

also result in absence of the cystic duct, and possibly 

in absence of the ga.ll bladder fossa, a condition of 

affairs found in the majority of cases. 

The second theory maintain~ that the anomaly 

ie due to failure of the gall bladder bud to resolve 

fram the solid stage (aee section on Embryology). 

/The 
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The presence of a solid cord residue or a cystic duct 

and associated obliteration of the ducts would faTbur 

this theory - see Fig. 31A, page 102. 

It is obvious , however, that studies of human 

anatomy and embryology a.lone cannot atf ord an adequate 

explanation for the condition. It is well-kno i, how-
a 

ever, that many species of ani mals normall y lacll/gall 

bladders, and a study of the phylogeny of the biliary 

tract may help to explain the origin of the condition . 

REDUPLICATIO OF THE COlOlO DUCT , 

At least 17 cases of double choledochua have 

be -n r -ported (45, 131). Th condition is extremely 

re nd there is no record of case at this University. 

The most detailed study of this anomaly waa 

carried out by Boyden (45) i n 1932. H found that there 

are two min varieties of redu lication, viz :-

1. Two separa.t~ but parallel chann ls. 

A~at91DY : Two sub-varieties occur, viz :• 

(a) Two separate ducts - t least three 
cases reported. 

(b) A separate common bile duct • one 
authentic case report d. 

tiology: l3oyden suggeats that theae varieties 

are due to double Tacuolisation during the solid stage 

i n the develop ent of an othe ise no l duct. He 

bases hie vie s on the high incidence of single duct• 

/with 
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with a double lumen in e bryos (See Embryology). 

The occurrence of double ducts in lower animals 

is well-known. The arrangement is normal in reptiles, 

birds and so e fishes, but it is very rare in ma.mmala 

( ee Comparative Anatomy) and ntzer (259) and Sweet 

(336) &uggeat that the anomaly resembles & NthrOW-baCk 9 

to the more primitive type. 

2. A bifurcating duct. 

Anatom1: tn this variety the lower end of the 

bile duct splits i nto two, giving it the appearance of 

n inverted Y. One limb al ya opens with the pan-

oreatic duct at the ampulla. he ntra.nce of the other 

limb is never distal to the ampulla and tends to fall 

into two general areas, viz:• 

(a) Bordering on the pylorus or extend­
ing further into the stomach. -
Boyden (45) collected three such caaea 
from the older literature. In an 
additional case described by him the 
duct o~ened just on the duodenal side 
of the pylorus . verett and cumber 
(l~l) subsequently described a case 
here it entered the postero-superior 

aspect of the stomach. 

(b) Situated on the duodenum within 3 cm. 
of the · usual site of the a.mpulla -
ll cases reported. 

tiology: The explan tion of the bifurcating 

ducts is more difficult . 

Some authorities (259, 336) suggest that the 

condit ion is a reversion to a more primiti type, 

/but 
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but it doea not resemble the pattern of double ducts 

t ound in lower animals. (See section on Comparat i ve 

Anatomy). or over, the anonaly does not occur in 

other mammals (36). 

Another view, Viz : that the second duct repre­

aenta a supernumerary outgrowth similar to an acceesory 

pancreas , is criticised by Boyden (45) on the grounds 

that no independent masses of hepatic tissue emptyi ng 

into the gut have been reported. 

Boyden (45) postulate• that the proximal limb 

repreaenta a segregated portion of the primary hepatic 

grooTe of the embryo . (See section on Embryol ogy) . 

Should the groove subdivide very early and i n auch a 

way that the proximal portion is left above the &one 

ot growth separati ng stomach from duodenum, then i t 

wil l develo into a limb emptying into the stomach. 

Should the d i vision occur below this zone of growth. 

then it will empty into the duodenum. 

He bases his hypothesis on a study of at l eas t 

two authentic embryological specimen• where the hepat i c 

groove waa elongated and subdivided into a proximal 

para hepatica and a distal pars cystica at a ve17 

early stage. {See section on ·mbryology). 

LPOSITIO OY THE BILE DUCT. 

Anatomy. 

/'JIIB 
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The usual point of -entry of the common bile duct is 

at the pulla of Vater, which is situated 60 - 140 mm. 

trom the pylorus (322). 

There are at least five ca.sea of malposi tion of the 

bile duot on record (45). In two of these it opened into 
. 

the ato ch; in one it passed through the pylorus, and in 

two i t entered the first part of the duodenum. , 

tioloq: ent&er (259) suggests that this anomaly 

represents a reversion to a ore primitive type, but the 

only vertebrate in which the duct opens into the atomacb. 

1• the treah-water Breem (279). 

Fillipini (cited by •s) auggeata that it ie due to 

the he atic groove originating at a more proximal leYel 

than normal, but he offers no proof for this. 

Boyden'• (45) hypothesis that the•• ducts represent 

e plea of a bifurcating choledoohua where the lower duct 

h&a atrophied, seems the moat reasonable. e presents 

evidence that in some o! the :reported cases a vestige of 

the l er duct was recognisable (45). 

CO GENITAL CYSTIC DILATATIO OF THR COJDlO DUCT . 

This anomaly, hich a first described by Yater in 

1723 (cited by 189) ie very rare. hallow et alia (326) 

collected 182 cases reported in.the literature until 

January, 1946. Since then an additional case in an 

erican negro has been described (:580) , nd yet another 
described by Morison and Saint (266) may be added to the list. 
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The anOJDaly ia of such great rarity t hat J udd and 

Greene (189) round report of only one true cyot among 

17, 381 op rations on the bili ry tract , whi l alt on (358) 

found only two among 23, 048 autopsies at the London Hospit&l. 

Alltong the cases reported, 80% were fem lea (142, 167, 326. 

358). 

An additional caee obtained from the reoorda of the 

De art ent of Pathol ogy ot the University of Capetown 

ia reported in this theaia. It i s the only instance of 

congenit l cystic dilatation recorded Ong 2,084 

autopsies per!'ormed over a eriod of 8 years (1938 • 1946), 

Report of a Caee : 

Caae . 4 (P • • 161/1941) . .T.S. , a coloured female 
die at the age of 2 monthe. She h d suffered from 
intermittent attacks of j aunclice aince birth. 

At autopsy the body a found to be j undiced. 

The liver was slightly enlarged and bile-stained , 
but there waa no obyioua cirrhosis . 

The gall bladder waa not dilated and appeared to 
be normal . 

The bile ducta : The left , right and lower part of 
the co on hepatic ducts were normal . There waa a bile­
eontaini ng aac about 2 ins. in diameter inTolTing the 
middle and upper parts oft co on bile duct , and p rt 
ot the cystic and c ommon hepatic ducts. 

The co on duct below the cyst waa narrowed but 
pate t , nd bile could be squeezed through it into the 
duodenum. 

DISCUS ION: 

Anatomz . This case illustrates several ot the 

features of the condition entioned in the lite:rature . 

/The 
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The condition is characterised by unuauai enlarge­

ment of the common bile duct into a cyst Tarying in 

capacity from 30 to 8,000 cc. (167, 358). In praoti• 

cally all the cases reported the dilatation involTed the 

middle and upper parts of the common bile duct (142), 

usu lly lying above and behind the duodenum (358). 

Thie was so in the case described above. 

Although the cyst is usually demarcated at the 

Junction of cystic and hepatic duct• (142), these du.eta 

aay be 1nTolTed (358) a• they were in the case described. 

The common bile duct leaves the duodenum at its 

usual place, continues for a variable distance usually 

with normal dia.m,ter, and then uddenly enlarge• into a 

cyst (167). The cyst i s more or leas spherical but 

always eccentric, being more like a aaccular than like 

a fusiform aneurysm (358). 

The wall of the cyst consists of' t ck, dense 

fibrous tissue (142, 167, 326, 3EB) which often contains 

so muscle fibres (358). There is no epithelial lining 

(!558 ). 

The cyst usually contains thin, bile-stained fluid 

(142, Z58) and small calculi have been found in it (142). 

In the case described, bile•stained fluid was present . 

Although the duct system above the cyst often shows 

some evidence of back pressure, the liTer is not usua~l.y 

/much 
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ot the duct exists in the embryonic structure which he 

calls the hepatic antrwa (see section on mbryology). 

This sets the stage tor subsequent inequalities of growth. 

CONGENITAL OBLITERATION CW THE BILE DUCTS, 

This anomaly waa tiret carefully analyaed by John 

Thon.ts on in 1892 ( 205). llore than 200 caaea haTe been 

reported (158) and in some instance_a more than one member 

of a family was affected (142). 

Among 2,084 routine autopsies performed at the 

Department of Pathology of the University of Cape Town 

in 8 years, 6 caaes of congenital obliteration of the 

b1le ducts were encountered. These cases are analysed 

in the table on pagelW and one of them is deacri bed. 

An additional case recently personally operated on is 

briefly described and included in the analyaie. 

Reports of two cases~. 

1. Case5 P.K. 148/48 - an autopsy. 

Specimen. 
The a-pecimen was obtained from the body or a 

coloured female (C.B.) aged five months. There was a 
history of progressive jaundice and abdominal swelling 
einee birth. 

The appearance of the liver and biliary system is 
illustrated in Fig 31Apage 102 

The liver is enlarged and dark green in colour . 
It shows a diffuse, fairly fine cirrhosis. There are 
several enlarged glands in the portal fissure. 

The aall bladder is rudimentary, pale and empty. 

/The 



A. 
cs 5 -

...:. 
C • 6 

- /()2..-

• 31 

Co eni l Obli er tion 
the Bil Ducts. 

• 



-103-

The bile t~ts . The cystic , he atic and common bile 
d cts are all represented by solid fibrou~ cords . 

~. Case 6. J .C. a coloured fe ale ~ged 7 months . 

Tnis childrad a history of progessive jaundice and 
c.bdominal s .clling si nee birth. On exan,in, tion the 
patient was wasted and deeply jawidiced but fairly 
vlgorous arrl healthy. The liver and spleen vere both 
enlarged nd hard - see Fig. 31B page 102. Free fluid was 
pre,;:,ent in the peritoneal cavity. 

xamination of the blood revealed a slight anaemia but 
no other abnormality • 

....i;;~..;;;.;;--=---;;.;.;;--;.;..:: ..... 13 ____ 9 .... 4_6 __ • The liver as nlarged and 
r~ e .bled very close r the liver of the case described 
above . The spleen was enlarged. 

A gall blad er as present but it as pale and contained 
no bile • . 

The G retie duct li as tenuous and on injecti saline 
into tlie 0all bladder only the istal third of the auct 
became distended ., 

ro hepat.ic o .. common bile ducts coul be :found even 
after the hepatic artery am portal vein had been clearly 
exposed, and the gall bladder injected with saline. 

Several l~rge lymphatic glands were pres~nt in the 
portal fiss re . 

Brief analysis of fin igas in seven c .... ses. (Personal study) 

The following table indica~es ~he portion of the biliary 
system aff'ected in each of the seven cases collected for 
this study. 

Case. 

P. • 160/41 7 weeks 

P. . 161/41 2 mths 

P. • 54/ 4~ 11 days 

ABLE 7. 

hole 
system.· 

all ducts and 
gall bladder 

-

Several 
Parts. 

.. 
~all the 
ducts 

Part 

Single 
I-art • 

of common 
duct 

-
/P.M. 
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se. ~ 
Ol e 

system. 
SeTeral 
Parts. 

Si ngl e 
Part . 

P.M.46/43 ll days 

P •• 148/43 5 months 

Hepat i c duct a 

P. K. I0/46 12 4aya -
J.a. ? •tha 

:DISCUSSIO : 

all the ducts. 
(Gall bladder 
present & empty) 
a.11 the du.eta~ 

(Gall bladder 
present & empty-) 
all the ducts. 

( Gall bladder 
resent & e nty). 

Anatomy . These oases illustrates ver l of the 

features of the nomaly mentioned in the literature. 

.. 

-
-

In extreme cases all the ducts are represented by 

fibrous cords which occupy the usual position of. the affect­

ed part • This ie the condition in one of the cases analysed 

(P. 6.160/41 ). All gradations exist between this and the 

nonnal , and in 20 - 3 of cases, most of the ducts are 

patent an the condition amen ble to surgical treatment 

(158 , 167, 204 , 205, 316). 

In one-sixth f the cases reported on by Ladd (204) , 

there was associated absence of the gall bl dder. This is 

so in one of the seven oases analysed bove. (P •• 160/41). 

The atresia y be complet or partial and often 

aev ral ducts are involved. The follo ing varieti a have 

been described. (142 , 168, 167 , 204 , 205, 316, 355) :-

1. Obliteration of the whole of the extra­
hepatic biliary system. 

2. Obliteration of several parts of the system, 
e.g .' 

/a. 
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(a) Cystic and hepatic ducts . 

(b) All the ducts but not the gall bladder (which mar be connected directly to the duodenum}, 

(c) Gall bladder and cystic duct, 

{d) Gall bladder , cystic duct and part or Whole ot the common bile duct, 

(e) Hepatic and common bile ducts. 

3. _Obliteration of a single duct or of the gall bladder al one • 

.:l • 

The varieties found in the cases collected for this 
study are indicated in the table above. The commonest 
Yariety in this aeries is obliteration of all the ducts 
but not of the gall bladder. 

In all cases there is back-preasure on the liver 
and, with time, a biliary cirrhosis dev lops (158 , 204, 
205). This is well-illustrated in the t wo cases des­
cribed - see Figs . 31 A & B page 102. 

tn.oq;: It is gen rally b lieved that the anomaly 
ia due to arrested development during the solid atage of 
the embryonic duets (142 , 158, 204,205, 355), i.e., there 
1• failure of re-canalisation (see section on Embryology). 
There are, however , accessory factors to be considered, 
Tis:• 

Hicken and Crellin (158) point out that in many 
caaes the superadded irritation ct bile ataais causes a 
mild degree of cholongitie and renders an inco plete 

/ atenoais 
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atenoai e complete. 

Shelton and Torey (329) haver cently submitted 

eTidence to support a theory that many cases are aequel ae 

of erythrobl astoaia foetalia . 

In this connection, one of the oases (J' . c. ) collect -

ed for this study, had a mild anaemia only. Another .. 
(P. M. 148/43 ) had an anaemia and a 1eucocytoais of 

35, 000, but the blood-smear waa normal. A third case 

(P.M. 20/46) showed definite evidence of erythroblaatosie 

:foetalis . Report• on the blood of the re ining four 

ae.ses were not available, but the findings i n the thr ee 

cases quoted are suffioiently significant to urge that 

any family 1th a history of congenital obliteration 

or the bile ducte should be examined for Rheaua i ncom­

patibility. 

ACCESSORY HEPATIC DUCTS, 

Incidence.:.. Flint (lM) found accessory ducts in 

14 . 5% of 200 dissections. Beaver (10) found them in 

8 . 8%, entzer (259) in 11% and Osler and Dow (278) i n 

20% of their cases . Aniong 50 dissections studied for 

this work, accesao~y ducts were found i n 6%, but mall1' . 

of the specimens were apo1lt and ace asory ducts may • 

have been m11sed . 

Anatomy : Flint {134) s tate• that all accessory 

ducts come from the right lobe of the liver , but Beaver 

/ (10) 
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Acoeas ry h patio duct. 

Cy tic 
duct . 
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(10) reports ducts from the l eft lobe of the liver as 

well . 

The ducts may join any part of the common hepat ic 

duct (10, 1 18 , 134, 278) , the right he a.tic duct (2"18) , 

the left hepat i c duct (10) , the cystic duet (10, 118 , 134, 

278) or the gall bladder (32, 268 , 2'18 , 316, 359) . 

Occasionally they are multiple (118 , 316).. Fig . 32 pg . 10? . 

illustrates an accessory duct joining the gall bladder. 

The specimen was -removed at operation and is kept in the 

_surgical pathology museum of the University of Capetown. 

Accessory ducts vary in size fr threadlike 

structures to that of the right he atic duet , the common­

est size being about midway between the two extreme• 

(1~4). 

Their importance in operations on the biliaJ;)t 

system is obvious. Sometimes their division is in-

evitable, and, if unrecognised , this will be followed 

by bile leakage , which may have fat l consequences 

(134 , 268). 

Etiology. The origin of accessory hepatic duote, 

and particularly of eyat-hepatic ducts , is not easily 

explained on embryological grounds alone . It is 1re11 ... 

known , however, that multiple hepatic ducts , including 

cyst - hepatic duets , are common finding_s in birds , r eptiles 

and many f i shes (259 , 316) . A study of the phyl og enetic 

/hist ory 
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history of tl: e biliary system y f:ord n e plm tion 

for tleir occurrence in man. 

1. The 1 stu ies of ex ls of the 

- llo1i co enital ab ormali ies of he bili ry sy tern 

have n dcscribeu. 

( ) o.ige ital r bsence of the gall bla der (3 xamples) 

(b) Cystic ail t"tion of th cor.:1non bile due (l exaruple) 

(c) Oblit ration of tle ile ets (7 ex ple) 

() cce sary hepat·c ct (4 ex ples) 

• rnh literatur , n 'th~se ano iali s 

re plication and malposition of he co 

b r vi wed. 

d also on 

bile ct h's 

3. The etiology of th<:: v riouo ro nditions h a een 

i c sse a it has been pointed out that prop 

i · of their origin epe son a kno le~ e of 

mbry lo y phylogeny of the b.:.li ry trc:..ct 
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A atudy of the developnent ot the bile duct,.<3 is 

essential for a clear conception of their form and structure. 

Embryology atfol'd.a a better Wld.eretanding of the intricate 

atrueture ot the normal duct• and also help• to exJ)l&in the 

origin of congenital abnormalities. 

Various workers have c_ontributed to the literature 

on the subject and among them Lewis (216) and Boyden and 

his associates (36, 36, 45, 4'1, 52, 322) deaerve speoial 

mention. The contributions, howeTer, are widely ecatter-

ed and have not been put together in the form ot a correlated 

description of the embryology of the biliary system. 

In this chapter the development of the biliary 

system is described in chronological sequence as far aa 

possible. Particular attention ia devoted to the 

embryological processes which ha.Te a bearing on anamaliee 

of the biliary system and to the origin and deTelopaent 

ot the musculature of the bile ducts. 

The description is based on a correlation of 

:raot• obtained from the literature supplemented b,Y personal 

studies of the following ~uman embryo• and foetuaea:­

/Crown 
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}. 
p rox te age 

in weeks . 

7 6 l 

40 l 2 

96 14 l 

118) 
) 16 2 

124) 

148 18 l 

10 24 l 

294 32 l 

320 36 l 

330 to 350 0 4 

Tot . 14 . 

The 7 • e bryo aa re red. b:, r . en of the 

D rt ent of nato • 

All t oth rs w r r o lly i aect d . The 
bili y ayste of ach was car fully oT d and re-

red for aicro copie e 

for t adult teri l. 

aost of th sp ci en . 

nation by the thod ueed 

erial e ctia a r cut of 
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THE ORIGIN AND DE 

PARTS OF THE :BILIARY SYSTBJI. 

It is generally agreed that the human liTer and 

biliary apparatus arise in the first lunar month from a 

single longitudinal fold or thickening in the Tentral wall 

ot the primitive foregut (3, 45, 62, 109, 144, 149, 194, 

216, 336). Thia fold is variously described aa the 

hepatic diverticulum, groove or furrow. 

The 4th week: 

The hepatic rudiment become• recognisable to•rds the 

end of the 4th week of intrauterine life. Sweet (336) and 

Webe~ (cited by 62) pointc out that in the earliest atagea 

it aasu es the form of a folding of the intestinal wall 

exter:d.ing longitudinally through one or two adenomeres. 

The rudi ent bas been obserTed in embryo• ot 14 

somites aa a thickened area of the duodenal entoderm in 

the region of the junction between fore- and midgut (149 ). 

Thia area, which lies on the cul"V'e of the anterior 

intestinal portal close to the opening of the gut into 

the yolk-stalk, is a highly dynamic embryoni o field at 

this period (45). It lies between the heart, yolksao 

and foregut, and is almost surrounded by veina, being 

flanked on either side by Titelline and umbilical Teins, 

and aepatated from the llil.ng bud above by the si-nus 

/Tenoaua 
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venosus ( 45). In addition, t h hepatic rudiment is 

itself developing rapidly. There is thus an ideal 

setting for minor variations fro t he normal development 

which would later result in gross c-ongenita.l abnormalities. 

From the hepatic rudiment as 11 bud arises which 

appears in embryos of ·l? aomitea (3) and 23 somites, i.e., 

2.5 mm. (216), as a median ventral outgrowth of the 

entodermal tube. ee Div. hep. igs. !3A. and B, pg. 115. 

It possesses thick walls which enclose a single cavity 

in wide co unication with the primitive gut. 

There is usually no evidence of subdivision of the 

liver bud at this early atage, but in at l~ast two 

authentic cases of 20 and 24 aomit sit ha& been elongated 

and subdivided into a pars hepatica and pars cystic& (45). 

ubdivision or the bud at this period when gro,rth changes 

re extremely rapid , offers an explanation for the occasion­

al occurrence of double common bile ducts in m n (4 5). 

The 5th week: 

At the beginning of the 5th week the deTelo ment 

of th hepatic bud is complicated by the appearance of 

t be anoreatio rudiments. The earliest embryos in whi oh 

they haTe been f'ouncl are thoa of ~ mm. (149, 166, 216). 

The ventral pancreas ape ra as an outgrowth ot the 

/duodenum 
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duodenWD adjacent and caudal to the hepatic diverticulWD 

(7, 62, 109, 144, 149, 166, 216, 277, 297, 322). Some 

authorities hold that the bud first consists ot two 

lateral halves which represent the to lateral rudiment• 

ot lower vertebrates (7, 109, 149, 277). 

The exact point ot origin of the ventral pan­

creatic bud is variously given as from the hepatic diver­

ticulum (62, 109, 166),framthe angle made by the latter 

and the gut (144, 149, 322) and from the gut itself \ 

( 7, 277). 

From a review of the literature (3, 11, 33, 35, 

36, 194, 216, 322), it appears that the ventral pancreas 

uaually arises in the angle between the hepatic bud and 

t he duodenw,i - e Pane. v. Figs. 34A & B, Pg. 115. 

Slight variations occur which determine the final relation 

or t he main pancreatic duct to the bile duct. It the 

pancreaa arises tram t he angle the final duct may or may 

not open into the duodenum in common with the bile duct. 

It it arises tro th hepatic duct the final duct will 

open into the common duct. If it arises from the duodenum 

the final duct and bile duct will open entirely separately. 

While the pancreatic bud• are developing the 

hepatic diverticulum enlarge•, and, at the• mm. stage, 

the cells. in ita anterior and Yentral walls have increased. 

considerably. They form irregular masses and anastomoaing 

/cords. 
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Div. hep. 

J'ig. 35 

• 
The hepatic diverticulum of an embryo of 2.5 mm. 

(After Ingalls). 

All.•",.-

B 

D.v. 

• 
Fig. 54 

The aubdiYiaions of the hepatic diver• 
tioulum and the ventral ~ncreatic bud 
ot an embryo of 4.9 mm. (After Ingalls). 
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cords ( 216) • 

oon atterwarda the bud divides into a larger 

cranial pars hepatica and a smaller caudal para cyatica 

(149). These subdivisions are clearly seen in 4.3 DBD. 

(45) and 4.9 mm. (216) embryos . See Vea. tel. and Tr. 

Fig.34B.,page 11 5. The pars hepa ti ca t orms a large 

erescentio mass of cells which inYadea the septum 

transversum. It is connected with an outpocketing of the 

intestine which corresponds to the original hepatic diTer-

ticulum. This part is destined to become the liver. 

Dietally the pare cystic& forms a rounded outgrowth of the 

diverticulum, and in the angle between the diverticulwn and 

the duodenum the ventral pancreatic bud grows downwards. 

The 6th week: 

1th the development of the duodenal loop, the 

hepatic bud extends from its pex into t he septum trane­

vereum (149). At the same time, there ia rapid differ­

enti tion of the various ducts which can be clearly 

recognised in 7.5 • (21 6) and 8 mn. (36) embryos _ 

See Figs. 35 & 36, Pg.118 . In these embryos the liver, 

which ha.a become very large, is connected to t he hepatic 

diverticulum by a short, t h ick stem which represents the 

hepatic duct. The pars oystica is differentiated into 

a terminal knob-like structure (the gall bladder) 

connected to the divertioulum by the cystic duct. 

/The 
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The proximal portion of the bud bas become drawn out 

to form the common bile duct. All the structure• are 

buried in the mesoderm of the ventral me sentery , the 

common bile duet lying i n its free edge (149 ). The gall 

bladder and cystic duet are embedded in the under­

surface of the liver and cause only a slight swelling 

of its peritoneal surface (216). This position of the 

gall bladder explains the occasional occurrence ot 

intrahepatic gall bladders in man (194). 

At this stage, the zone where the bile and ventral 

pancreatic buds meet has elongated into a segment that 

ia common to both obarmels, and the bile and pan­

creatic ducts unite into a common channel before joining 

the duodenum. Thie is the hepato-panoreatio duct or 

primitive ampulla (322). The bile duct still piercee 

the duodenal wall more or leaa at right angles, but 

with turthe r development its course becomes more and 

more oblique (322). 

Subsequent growth of the liver downward• and to 

the right exercises preasure on the int estinal loop and 

i nitiate• its rotation (2&>). Thi& is •ccompanied by 

ditf'erencea in the rate of growth of different part• .of 

the walls of the duodenum (144). These factor-a produce 

conaiderable changes in the course ot the bile ducts 

which. at the same time, are becoming longer and .more 

/el ender. 
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Fig. 35 
·The digeat1 ve system of 
an embryo of 1. 5 mm. 
(After Lewis .. 216). 

:r18 • 36 
!'he biliary system of an 
embryo ot a.o mm. (After 
Boyden • 36). 
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H ead of dorsal pancreas 

Duoden11m 

Fi5. 57 

Ductus choledochw, 

the biliary syatem ot an 
embry,o of 10 mm. (After Arey • 3). 
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slender. These change• can be seen in embryos of 

9•10 an. - ee Fig. 37, Pg .118. The ga11 bladder and bile 

ducts are now long, thin tubes. The common bile duct is 

bent doraally- on the right aide of the duodenum, and it 

ia now attached to the dorsal aspect of the intestine 

(216). This has brought the ventral pancreaa into the 

meeoduod.en\1Dl, where it lies to the right of and below the 

dorsal pancreas (149). 

The close relationship of the head of the ~ncreaa 

to the bile duct in the adult is thua explained. Depend­

ing on eccentricities of growth, the relationship will 

't'&ry somewhat: the common duct may groove the pancreas 

or it may be entirely surrounded by pancreatic tissue, or 

it may even contain pancreatic tiilllue in ita walls (29?), 

(At the end ot the 6th ,reek• 12 11111. stage - the 

two pancreaaea fuse and their ducts tmite to form the 

duct• ot 1raung and Santor1n1 (62)). 

The 7th week: 

During the 7th week the rapid elongation of the 

main bile ducts continues. Growth takes place in three 

&ones, viz: in that portion of the hepatic outgrowth 

which adjoins the duodenum {the future conmon bile duct): 

/in 
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1 the narrow atalk which separate t e 11 ladder 

tr t reat of' the d1-verticulWD {the cyatic duct) and 

in the in:fratrabecular region (tuture hepatic duct) . 

In th meantime the body of the in ~Qtgr-owth temp07• 

aril7 raiata at ita original cal1br, and it appeara 

relativ 1Y larger than th oth r duct• (36). In b:eyoa 

of 15 • 1t i a conep1ouous dilatat1 n which Boyden (36) 

ha eel t he tic antrum. ( e h p . · nt • J'ig. 38, Pg • 121 • ) 

Re pointa out that the appar nt increaa in size of thia 

part of" the hepatic outgro th is rely rel tive: nd that 

it 1 v ntually uued up ln contributing to th formation 

of th surround1n ducts . 

aistence ot the hepatic ant 

lie uggeat that the l"• 

ecount tor the rare 

ly .f' cystic dilatation of the co on bile duct (36) . 

Th gall bladder at this stage ia n elongated 

tube lying 1n the mesencbym ot fo~aa vesio 

t llea (4?) - see Fig. 38, Pg.121 • a t:ne hepatic du.ct 

i atill wholly outside he liv r. b t b a ix main 

br nch 

C 11 CO 

wh r th 

ioh run up and b co c ntinuou with the 11.v r 

(31). 

rtb r lo ti of the sment 

to- nc atic duct Join the duod num 

hae pushed tb ile and panel' atJ.c uct out to the 

lev l •here t e 1nt stinal m scl 1 £0 i • 
/t 
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Fig. 38 
The biliary system of an embryo 
of 15 mm. (After Boyden - 4'7). 

ote: I. The hepatic antrum, 
(hep. ant.). 

2. The curvatures of th 
gall bladder (l, 2 
and 3}. 
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at this stage (15 mm). the pars intestinalis of the comaon 

bile duct consist• wholly of the primitiTe ampulla (322) . 

Subaeguent DeTelopment : 

At the end of the second lunar month the external 

appearance of the biliary system closely resembles the 

pattern found at birth. 

Subsequent changes are brought about mainly by 

differences in the rate of gro h of the biliary system 

and surrounding organs. The parts most affected are the 

gall bladder and ampulla. 

The gall bladder is affected by growth changes in 

the fossa Tesicae which produce a number of bends in the 

organ and its duct. Some of these persist as the normal 

conTolutions of the cystic duct. others usually dis-

appear , but may persist as a" hrygian cap" deformity of 

the gall bladder (47). In early embryonic life the gall 

bladder is almost embedded in the liTer, but later it 

assumes a more superficial position. 

A striking feature noted in all the foetal mater­

ial personally examined was a well • deTeloped cholecya~o­

duodenal ligament. It waa also noted that the •long 

parallel mode of union between cystic and hepatic duct• 

was much more common than in adults. 

The amRulla ia affected by the more rapid growth 

ot the duodenal wall. This causes the Junction of bile 

/and 



and pancreatlc ducts to be drawn back through the gap in 

the intestinal wall. By the 4th month this junction is 

a fourth of the way through the duodenal wall, and by the 

6th month it has receded halfway to the mucosa. At the 

same time the course of the common bile duct t hrough the 

duodenal wall becomes more oblique (322). (Thia retro­

gression of the ampulla is of importance in the study of 

the development of the sphincter of Oddi). According to 

Schwegler and Boyden (322), this process is continued in 

post-natal life until finally, in many caaes, the bile . and 

pancreatic ducts open aeparately on the duodenal papilla. 

This explain• the frequency of auch an arrangement in 

adults. 

THE DIF:b"ERENTIATIO ~SODERMAL 

EI.E NTS OF THE BILE DUCTS, 

Since the hepatic diverticulum arises from the 

foregut, it is comprised of entodermal epithelium which 

~ differentiates into the epithelial lining of the gall 

bladder and bile ducts, and into the hepatic parenchyma. 

The meaenchyme of the TentrQl mesentery and 

se ptum transTersum. which surrounds the diTerticulum, is 

aasoci ted with the entodermal rleriTativee in their de­

Telo ment, and gives rise to the connective tissue and 

muscular elements of the extrahepatio biliary tract. 

/gntodermal 
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Entodermal Derivatives: 

Although the original hepatic diverticulum ie 

hollow and remains so until the 5 mm. stage (216, 322, 

355), its component parts regularly become obliterated 

by epithelial proliferation (3, 205, 216, 322, 355 and YlpJo 

cited by 201, 205.) 

The solid stage of the gall bladder and common 

bile duct is presumably acquired in the beginning of the 

6th week when the ducts elongate (216). The youngest 

embryo in which both the gall bladder and the common bile 

duct have been found to be solid, ia one o'.f 6.'15 mm. (216). 

At this atage the duodenum ia patent (216). Thia is illua­

tra.ted in Yigs.39A & B, Pg.l$5which repreaent sections of 

a 1 mm. human embryo. Tbe hepatic diverticulum is par­

tially solid, while the toregut ia obviously tent. (That 

the appearance of the h pati c bud is not due to a tangential 

aection was proved by studying a seriea ot twenty sections. 

In all of these it had a similar appearance). 

Becanaliaation o'.f the lumen by a process ot 

Tacuolisation soon follows the solid stage. The cystic 

and common bile ducts are the first to re-acquire a lumen, 

then the hepatic duct and, finally, the gall bladder. 

At the aame time the duodenwn passes through a similar 

solid stage. 

In 7.5 and 9.4 mm. embryos there is a lumen in 

/the 
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:Fig. 39 
Section of the hepatic diver­
ticulum o:tan embryo of "'I 1111D. 

oregut 
(patent) 
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~e common bile duct, but the gall bladder and the aepatic 

duct are still 1mpervio s (216). The latter i .s a short, 

solid stem connecting the hepatic trabeculae with the 

common bile duct (216). At this atage the epithelium of 

the duodenum has begun to proliferate and divide• its 

cavity i nto discontinuous vacuoles (216, 322). 

At 10 mm. the hepatic duct acquires a lumen and the 

lumen of common bile duct is usually single and well-defined 

(31, 216, 322). The lumen of the duodenum is entirely 

bridged and subdivided by epithelial fold• (216). 

At 15 mm. the gall bladder is still eolid 

( 3, 216), but at l 6 mm. irregular vacuole a are found in 

the part adjacent to the cystic duet (216). All the 

ducts are patent. The duodenum is still partially 

solid; but the vacuoles have ooal.esoed to form two main 

channels (s22) . and the bile and p noreatic duets open 

into oloaed cavities (216). 

At 18.5 mm. vacuolisation oon:anences i n the tundus 

of the gall bladder and the lumen ot the cystic duct 

atarta eneroaohing on the neck of the organ (47). 

At 21 man. the whole of the lumen of the gall 

bladder has been re•established, ~nd the extrah patlc 

biliary tract now consists 0:r a system of hollow 

atructuree lined by a single layer of epithelial ,eells 

(4?, 147). The duodenal lume n ha.• also been oomple tel7 

/re-established. 
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re-eatabli abed. 

Later. the muooaa of the gall bladder and bile du.eta 

d Telops into amall folds. and by the end of the 4th 

lunar month it ha.& aaaumed the characteristic adult 

t tern (147) . At this stage the valves of the ainpulla 

re recognisable as wrinkles in the lining epi t.helium. 

and by the 6th month they have developed into low rounded 

f'olda ( 322) . 

ote : 1 . There a.re at le st tour ca.sea on record 

where in embryos t"anging from 9 - 22 . 8 • in length a 

single o.ommon bile duct had. a double 1 en in 'the midat 

ot its course. the two cavities being united proiimall.7 

and distally (45) . Bo;,den augge ta that the septum 

usually diaappeara. but if it should persist a aeptate 

comnon bile duct will be formed . 

2 . The solid stage of the extrahepatic 

biliary eystem is an impor~ant mbr;yologi cal event from 

the point of view of congenital obliteration of the bile 

ducts. The various ty-pea of obliterated ducts can. be 

explained on a baaia of partial or complete failure ot 

recanalisation or the duct . 

aode:rmal Derivativee : 

Barlz Developeent. 'l'be outer coats of the 

biliary tract develop tr the apl nchno-pleuric 

/mesoderm 
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esode or the ventral sog atrium. 

Th he tic diT rticul grows into the ventral 

es tery and aeptum traneveraum soon aft r it has 

tormed, nd at the ?. 5 • stage the pit 11 of 

the diverticul ia urrounded by a layer of aoderm 

(216) • aee iga. 33A & 34A, Pg. 115 and Fig. 35, Pg .118. 

Thia esode r ine w Olly undifferenti te until tb 

nd or the 7th week (15 • 17 • stage) (4'1 , 216) . 

The duodenal musole 1 on th ot er hand, origin tea at 

about the 6t we k (1 • 14 • stag ) (322), nd at th 

end of th 7th eek circul r fibre• re recogni able 

( 16). 

first tep in the £0:rmation of a uscle coat 

aro the bili ry syate is a re-arr nge nt ot the 

eaode l C ll.8 into cone ntrie layer• round the gall 

bl dder and ile ducta . Thia is recogni abl tirat in the 

gall bladder, where it ha been baerve in 22 . e • 

(216) and. 2~ • (213) mbryoe . ln the intramu l 

porti n of th co on 11 uct this re 

not noticeable u til the 26 • st ge (322, w ·1e in 

the rat of th ducts t e e enoh,Yme r ins 

ntiate until atill lat r atagea . 

iffer-

Dit~erenti tion into tru aole fibr a take• 

plac •h n the 11 r aufficiently well-

elop d t take on n acid tain. his ha• been 

/noted 
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der of 29 • (216) 

ryoa. and Sc c( egler Di oy (32" ) found 

uecle of the pre int -t1na is ·1tt rent1eted 

th 9th and 11th . k (40 • 5 ) . o uthor 

d crib d muscle cella 1n th 1 p rt ton or 

the ile uct at thl arly st g , but in an br'70 or 14 
. 

le in d during thiB tua.y, catter d uacl tibree 

a r co nia ble in tb.e low half of tb 11 duct .... 

1 • 47A, Pg.141. 

In i s.40AB&C,Pg.1301 ich r S C ions ta 

40 .. bryo {10 e ka) p red for tudy, the 

eo centric rrang ent of · oderm l c ll round the gall 

bl dder nc bile duot& 1 cl rly recogni bl. some ot 

t out r c lla o! the gall rand of t e int ur 1 

rtion t e i.le duct nav C nc to ii- rentiat 

an p r lightly nth t. y rent aa 

the duod nal cl, ich i thick, 

l•dev loped band. he sode t the xtramural 

porti n the duct a not irf r nti ted ;y·ond 

conn ctiv ti sue. 

t: 

s bsequ, t v o ent of th uscle ot th 

:u·· o 0 th bili ry t 111 d lt th 

t a.di a:-
their 

der: on fte tr t 

/a P ce 
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appearance i n the 5th - 10th weeks, the muscle cells of 

the gall bladder wall arrange themselves into a zona 

muacularie, which may be tentatively separated from a zona 

aub-epithialia and a zona perimuacularia (213, 216). 

In 80 - 95 mm. embryos a well•defined tunica muscularis 

composed of smooth muscle cells embedded in a connective 

tiasue stroma has deTeloped (213). l3y the end, ot the 

6th month the muscular tunic is arranged into incCIDplete 

inner longitudinal and outer oblique layers, thus resemb-

ling that ot the newborn (213). This is illuatrated in 

:rigs. 41, page 130, which is a aecti on of a 24-weeks old 

toetua studied tor this work. 

THE IETBAllURAL PORTION 0~ THE COMMON BILE DUCT, 

The development of this part of the biliary 

aystem baa been Tery thoroughly studied by Schwegler and 

Boyden (322). They state that the muscle surrounding 

the bile duct is derived from two sources, Ti&:• 

(a) :From an i ndependent ditferentiation ot the 
meaenohy:me surrounding the bile duct; 

(b) :rrom the duodenal wall. 

Theae findings differ from those of Poraio 

(cited by 322), Reitz (cited by 322), Gordon-Taylor 

(1~) and Kirk (196), who concluded that the bile duct 

muscle originates entirely from the duodenal muscle. 

NeTertheleas, a atudy of the aections prepared tor 

this work confirm.a the finding• of 
/Schwegler 
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Schwegler and Boyden (322) in general, if not in par• 

ticular. The following account of the development of 

thia region is, therefore, baaed on the descriptions 

given by these authors. The various points whi eh have 

been confirmed. by thia study are illuatrated by micro­

photog:rapha of •ectiona peraonally prepal"ed. 

1. The appearance ot the •oholedochal window•. 

The gap where the intestinal muscle is penetra• 

ted by the bile duct i a much more pronounced in 

young embr,-os than in adults. It consists ot a 

longitudinal hiatus i n the longitudinal muscle 

(B2 Jig. 42,Pg.133)and a tranaverae alit 1n the 

circular muscle (ten.chol. •tg. 42, Pg .133) 

!he gap is clearly illustrated in Jig. 43, Pgl33. 

which ahowa the duct ntering the duoden\1111 ot 

a 40 mm. embryo dissected. 

2. The differentiation ot the intrinsic muscle ot 

the bile and pancreatic ducts. Aa mentioned above, 

&ohwegler and Boyden (S22) have found that the auacle 

ot the intramural portion ot the duct begins to 

4iff erentiate between the 9th and 11th week•. 

when the duodenal muaole ia already well-tormed: 

They point out that this ie just the time when 

the muscle around the bladder end ot the ureter• 

1• beginning to differentiate and they regard the 

tormation ot choledochal and ureteric muacula­

ture ae analagoua processes. 

/The 
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The first cells to differentiate ar thoae 

situated juet within the gap in the intestinal 

muecle ( 322). Thia is illustrated in the 40 mm. 

foetus sectioned for thia atudy - aee Fig. 43~2g.l33. 

Aa the muscle sheath forms it encircles the 

duct partially or completely and corresponds 

to the •sphincter choledoohua superior• of the 

adult. Schwegler and Boyden (322) point out 

that, although this muscle is in contact with 

the intestinal muscle, it constitute• an inde-

pendent ring. Thia point is illuatrated in 

Yigs. 44A and 44B, on page 1354 

which are sections taken through the auperior 

margin (margo superior, •1g. 42, page 133) 

of the choledoobal window of toetuaea aged 

24 and 32 weeks. 

Schwegler and Boyden (322) point out fur­

ther that the muscle of the duct is disposed 

within the slit in the duodenal muscle •like 

an iris within the slit of the eyelids"; an 

arrangement which is not to be expected if the 

intrinsic muscle of the duot is deriTed from 

the duodenal muscle. Thie disposition of the 

muacle is illustrated in Fig. 440, page 135, 

/which 
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which 1s1"eeper aecti on of the para inteatinalis in 

a 24-weeke-old embryo. 

lhen the •sphincter choledochue superior" first 

appears, the rest of the mesenohyme of the duct and 

ampulla is still undifferentiated, but, by the fifth 

month, it has differentiated nearly as tar aa the 

distal end of the ampulla {322), i'igs.45A & B, Pg.137 , 

which represent sections close to the duodenal papilla, 

..a. show that the mesenchyme surrounding this part ot 

the ampulla has differentiated into muscle fibre,. 

At the same time, and principally on account ot 

the more rapid growth of the duodenal wall, the junction 

of the bile and pancreatic ducts io gradually pulled 

away from the choledochal window towards the mucosa 

( 322). The effect of this is to carry the lower part 

of the intrinsic muscles of the ducts away from the 

intestine and to set them up as independent agents 

(Z22). This ia illustrated in Fige. 46A, 46B, 

and 46C, Pg.139. which represent sections of the 

ducts and ampulla in 16-weeks, 24-weeke and full-term 

foetuses. In Fig. 46A, page 139 (16-weeks foetus), 

the usolea surrounding the bile and pancreatic duota 

are separate from the intestinal muscle. They repr~-
I 

sent the "sphincter choledochus i nferior" and •musculus 

/proprius 
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propriua ductus pe.ncreaticus• of the adult. In Figs.46B 

and 46C,Pgl39, the muscle ot the pulla (musculus 

pro rius pullae of the adult) ia distinctly separated 

!rom the duoden l muscle. 

3. usole fibres deriTed from the Duodenal all. 

11e the intrinsic muscle of the ducta is de­

Telo ing, it comes into contact with the muscle coats 

of the duodenum. At the same time the intestinal 

muscle throwe off circular and longitudinal fibres 

which lie outside th muscle of the ducts , occupying 

the corner of the slit in the duodenal coats and pass-

ing along the ducts in both directions (322). These 

fibr s, which are illustrated in Figs. 44A,B & C,Pg.135, 

undergo furth r develo ent in postnatal life to form 

the connecting and. reinforcing tibrea and longitudinal 

taacicles ot the adult (203). 

Tbe extraduodenal portion of the bile ducts. 

The deTelopment of the muscle of the extramural 

portion of the bile ducts haa not been carefully studied . 

alters and Snell (355) state that connective tissue 

and muscle fibres differenti te from the mesoderm dur­

ing embryonic life, but Bloom (31) found only connective 

tissue in the hepatic duct , and Lee and Halpert (213) 

tailed to find muscle tissue in the bile ducts of 

foetuaea aged 24 weeks and less. 

/The 
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!h findings in thie study. which are opposed 

to the observations or lUo (31) nd of Lee & Halpert 

(213) r aa follows : • 

l . o &cle tiasue • a found at the 40 

stag - ee Fig . 40~ , page 130. 

• 

2. Lower th.ird : At 14 ,r eks scanty muscl 

tibr on be identifi din the lower half of the duct -

aee ig . 47A , Pg . 141 . 

At later stages the muscle in the lower third of the 

duct b com s tter-dev lop d. !bi ia ab n in 

Yig . 47B & C, Pg.141, which repre ent ection from 24• 

-and 36-week foetuses. 

3 . third : The muscle in the iddl third 

of the co on bile duct becomes defin d still later and 

re ns poorly-developed. usually being recognisable 

only •1th high magnifications . but in all the sections 

of foetuses of 24 weeks and older ome muscle fibres 

re seen - e iiga . 48 A & B, Pg.142 . 

4. U2per third : No muscle ti sue could be found 

in the upper third of the cc on bile duct nor in the 

hepatic duct of f'oetuaea of 36 weeks and younger. 

In Fig . 49, Pg . 14? , however, which is action of 

the duct of a 40•weeka foetus (sti1l birth), uacle fibres 

ar r eognisable in the ducts close to their poi nt ot 

union with the cystic duct . 

/The e 
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These sections indicate that there is a gradient 

in the de~elopment ot the musculature of the extramural 

portion of the ducts, i.e., differentiation commence• at 

the lower end and then gradually extends up the duct as 

the t etus grows older. Similar growth gradients are 

seen i n the muscle of the intramural portion of the 

common bile duct, viz: trQm the choledochal window to the 

ampulla (vide supra), and in the ureteric muscle, viz: 

trom the bladder to the kidney (322). (The ureteri,c 

muscle first appear at the bladder end of the ureter at 

about the 63 mm. stage and then gradually extends upwards 

towards the kidney, until, at 150 mm., it is present 

along the entire length of th ureter) . The only 

difference is that the uscle in the extramural part of 

the bile duct is much slower in dev loping. 

Summary of the Development of the Bile Duct Musculature 

A study of the develo ent of the muscle of the bile ducts has 

sho•n:-

1. The earliest differentiation of the mesenchyme 

occurs in the 8th eek. This is indicated by a con­

centric arrangement of the cells around the gall bladder and 

bileducts. At this stage the duodenal muscle has 

already differentiated. 

2. Differentiation into muscle tissue commences 

/ in 
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ln the 9th and loth week•. Kuscle is first seen in the 

gall bl&dder, then in the intramural portion ot the bile 

duct and, laatly, in the rest of the duct system., e.g •• 

(a) The gall bladder muacle appear• in the 9th 
week and is well•deYeloped at the encl ot 
the 6th month; 

(b) The intrinsic muscle of the intramural 
portion of the bile duct appear• in the 
10th week, and is well-deYeloped at the 
end of the 5th month. 

(c) Kuacle fibres appear later in the extra­
mural portion of the duct• and are reason­
ably well•deYeloped in the lower third or 
the common bile duct only. They are 
recognisable in the lower third of the 
common bile duct at 14 weeks; in the middle 
third ot the CODDDon bile duct at 24 weeks, 
and in the upper third of the common bile 
duct and the hepatic duct only at the end 
ot pregnancy. This gradient of develop­
ment ia similar to that found in the ureter, 
but it takes place more slowly. 

z. Although the intramural portion ot the bile duct 

reoeiYe• offshoots from the duodenal muscle, an inde-

»•nd.ent muao~ua proprius develops in situ. Thia 

conclusion ie baaed on the following findings, which 

corroborate the observations of Schwegler and Boyden 

(322) :-

(a) In aections of a 40 ... embryo muacle 
tibrea have commenced to differentiate -. 
from the meaoderm aurrounding the bile duct. 
In the aam.e aectione the duodenal muaole 
1• well-differentiated and there is a 
distinct gap at the point where it ie penet:ra.ted 
by the bile duct. At this period the 
mu•cle around the lower end ot another hollow 

/muscular 
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muscular tube, viz: the ureter, comnencea 
to differentiate. · 

(b) In sections through the •choledochal window" 
of 24• and 32-weeka fbet.u••• the muscle tia•ue 
completely encircle• the ducts. Although it 
11 1n contact with the duodenal muscle it con­
atitutea an independent ring. 

(a) In sections of the aame and other foetuses 
the sphincter• ampullae, aholedochus ini'erior, 
and pancreaticua are completely separated from 
the intestinal muscle / 

G'INBBAL SUDARY:-

1. The nomal development of the biliary ayatem has 

b en followed from the time of its first appearance to 

ita mature condition at birth. 

2. The developmental origin of the following variations 

and abnormalities of the adult biliary system have been 

diacuased. 

(a) Variations in the relation of tbe bile duct 
to the head of the pancreas. 

(b) Variations in the relation between the bile 
and pancreatic ducts. 

( c) Int rah pati c eall bladder. 

(d) Duplication of the common bile duct. 

( ) septate common bile duct . 

(t) Cyetic dilatation of the oozumon bile duct. 

(g) Obl1teratton of the gall bladde!' and bile 
ducts. 

3. Personal atud1e• of the d.evel0-pme nt ot the m1"'-\ 

culature of the bile duct• haTe •hown that:­

/(a). '"" \ l ' 
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(a) The intrinsic muscle surrounding the 
intramural portion ot the common bile 
duct baa an independent origin from the 
meaoderm surrounding the duct. It 
differentiates later than the duodenal 
muacle trom which it ia clearly separ­
ated in the early atagea ot deTelOJID nt. 
At a later period it is reinforced by 
muaole fibres deriTed trom the duodenWll. 

(b) uacle fibrea are present in the extra­
duodenal portions ot the bile duct• of 
toetuae1 aged 14 weeks and older. They 
differentiate from the meaoderm surround­
ing the bile ducts. Their differentiation 
commence• at the lower end ot the common 
bile duct and extends toward• the hepatic 
duct, which is reached at the end of preg­
nancy only. 
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THE CO 

Anat anists all agree that comparative anatomy i e 

ot great Talue i n a study ot the factors which have i n• 

f luenced and determined the form, structure and functions 

ot the constituent parts of the human body. 

It is well-known that various forms of the same 

organ exist in different animals . and that the extremes 

may be ao far different from one anoth r as not to be 

recognised. By means of comparative studies these ex• 

tremes may be united together by numerous intermedi ate 

steps . The gradual development of an organ can then be 

traced from its primitive form , through several inter~ 

mediate stages , to the highly-specialised structure• found 

in man and the higher mammals . In this way, the phenomena 

which influence the everohanging form and structure of an 

organ are studied., and their relation to the variations of 

the organ determined. 

REVI'!W OF THm LITERATURE . 

The literature contains numerous contributions on 

different aspects of the comparative anatomy of the 

biliary system. The articles , however, ar widely 

ecattered ,and there are many contradictory statements 

/ concerning 
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concerning some ot the epeciea that have been dis­

aected. Jlany descriptions are based on dissections 

of a single animal or a limited number of species, and 

atte•pts at correlating the Tarious tindinge have not 

met with much success. 

The finding• of t he more extensive investiga­

tions will be briefly reviewed: 

In 1866 Owen (279) recorded obserTationa on the 

gross anatomy of the biliary systems of a larga group 

of animals. He mentions several specie• that normally 

lack a gall bladder and suggests that absen ce ot the 

organ is related to caecal as oppoaed to gastric 

digestion. 

In 1867 cAlister (cited by 241 1 328,340, 376) 

reviewed the findings in a large number of species. 

He concluded that animals that feed continuously haTe 

no gall bladder, whereas those that feed intermittently 

have one. 

In 1887 Oddi (cited by 65, 128, 138, 154, 199, 

219, 238, 241, 322) reported his o servationa on the 

musculature of the i ntramural portion of th common bile 

duct in dogs, cats, sh9ep, cattle, pigs, horses, 

pigeons, fowls and guinea towla. He concluded that 

an independent sphincter existed in each species. 

/In 
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In 1895 Bachford (cited by 241 , 340, 376) 

compiled data on the bile and pancreatic ducts in a 

aerie• of mamnala. He concluded that the fat con­

tent of an animal's food has a bearing on the presence 

or absence of the gall bladder. 

In 1898 Hendrickson (154) studied the muscula­

ture of the bile ducts in rabbits, doga and man. 

He found muscle tissue in all parts of the duct• of 

each species and considered that an independent 

sphincter of Oddi existed in each • . 

In 190? Sch&che (315) studied the histology of 

the bile ducta in cattle, sheep, goats, horses, pigs , 

cats and dogs. He found muscle i n the duct• of all 

the animals dissected. In every specie• the muscle 

of the i ntramural portion of the common bile duct 

formed. a well-developed ring independent of the duo­

denal musculature. 

In 1916 Scammon (314) studied the developnent 

of the biliary system in the petromyson, the pigeon 

and the rat - three apeciea which normally lack a gall 

bladder. He found vestiges of the gall bladder in the 

embryoa of each species. He suggest• that the organ 

disappears during later development on account ot 

premature consolidation of the hepatic and cystic 

portions of the liver bud. 

/In 



In 1920 Mann (238) etudied the anatomy of the 

sphincter at the duodenal end of the common bile duct in 

14 Jpeciea, including 4 without a gall bladder. He 

found that specie• without a gall bladder did not differ 

from species poaseasing a gall bladder. The bile ducts 

of all the animals diesected were eurrounded by a bundle 

of smooth muscle which he regarded as an independent 

sphincter. 

In 1920 nn, Brimhall and Noster (24~) studied 

the distance fro the pylorua to the duodenal papilla, 

and the dimensions of the common bile duct in 15 
a species, including 4 species without/gall bladder•. 

They found that no differentiation could be made between 

groups of animals having a gall bladder and those with­

out one. 

In 1920 oater and Brimhall (245) studied 

the relation of the common bile duct to the pancreatic 
a duct in 15 species, including 4 species without/gall 

bladder.. They found that each of the ape cies could 

be included in one of the following three groupa:­

Type A. - See Yig. 50 Page 156. 

The ducts retain their individuality as tar 

as the duodenum, where they enter either 

separately, but very close together, or unite 

into a common ampulla. 

/TYpe B. 
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Type B. • e .Jig. 50. Page 156. 

The duct• enter the duodenum separately, 

but at a Tariabl distance from each other. 

T)lpe c. - See J'ig. 50 Page 156. 

The pancreatic duct empties into the bile 

duct at a variable distance from the duo­

denum. 

They failed to find a reason for the various 

relationahipa ot the duct• in the different groups. 

In 1926 Higgins (160) investigated the problem of 

th absence of the gall bladder in specie• repreaenting 

groups which normally poaaeaa the organ. He found that 

the phenomenon could not be explained on a baaia of diet, 

feeding habit• or food relations ot the ancestors. 

In 1926 Boyden (36) r ported his observation• on 

approximately 10,000 domeatic animals (equal nWllbera of 

cata, calves, sheep and pigs). He waa interested in 

the problem of congenital duplication of the gall bladder, 

and found a distinct species difference which he explain­

e4 on embryological grouncle. The aoceaao17 Teeiclea 

arise from additional buda of the primitiTe hepatic 

diTerticulum, which are particularly common in cat• 

(1 in 8) and in calve• (l in 28), le•• common in sheep 

(1 in 86) and in pigs (1 in 198), and extremely uncammon 

in hwnan being• (1 in 3,000 to 4,000). 

/In 



In 192? Giordano and ann (138) atudi d the intra-

ur rt of the co on bile uct in or tha 20 

ep ciea of n1 le . In each apeci a they found .a 

d finite bundle ot a ooth muscl surrounding the duet . 

In 1935 Zi ermann (3?6) ~ view d the co rative 

n to of the biliary sy te . 

Be noted that three in types of biliary yste a 

wer found ongat animals, viz :• 

Group l - Se Pi • 51 

ultiple hepatic ducte : 

156. 

gall bladder i 

preaent and fr uently connect d to the liv r 

by cyat-h tic ducts . cystic duct ia 

joined by a ver l h tic d cts . 

Group 2 - ee ig . 51 g 156. 

Arrange nt a.a in man : A gall bladder is 

resent . All th bile fro the liv r fl wa 

through th he tic d uot I whi c j o1n the 

cy tic duct to to co on bil duct . 

Group 3 - -, ig . 51 156. 

of the r : The two in 

e tic ducts unite to to h tic 

duct which passe directly to the i estine . 

fail to find r aaon fort various groups, 

but uggeat that ani ls without gall bladd ra are 

/probab1y 
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probably phylogenetically of more recent date than 
those possessing the organ. 

In 1936 .Boyden (49, 50) studied the sphincter 
of Oddi in man, opos aums, guinea pig a and dogs •. 
He found that the intramural portion of the common 
bile duct was surrounded by a sheath of independent 
muscle in each species. The degree of development 
of the muscle and its relation to the duodenal wall 
differed markedly in the four species, but he auggeata 
that his studies provide a clue to the phylogenetic 
origin of the sphincter, viz: that it he arisen aa 
a compensation for the loss of functioning muscle in 
the upper regions of the biliary tract. 

In 193? Siwe (328) recorded data on a large 
series of animals, including fishes, reptile• and 
am hibia. He found that there was a tendency towards 
early fusion of the primitive subdivisions of the 
hepatic bud i n ma.mmalian e bryos, and suggests that 
in animals that normally lack a gall bladder the fusion 
ia eTen earlier than usual. 

In 1938 Gorham and ITy (140) tabulated data 
on the presence and absence of the gall bladder. 
They state that th organ is present in all lower 
vertebrates, but that it tends to disappear from the 
more highly- specialiaed forms, being retained in those 

/sl)eciea 



speciea that resemble the ancestral type most closely. 

The gall bl dder is constantly present i n 

carnivora and inseetivora, frequently resent i n 

omnivora and often la·cking in herbivora, but it adapt• 

itself less rapidly to dietary habits than other parts 

of the digestive trac t do. They concluded that the 

gall bladder is a primitive structure which is not 

easily lost. 

In 1939 entzer (cited by 540) studied the 

biliary 1Sy'8t.ama. ~f 24 species representing 5 orders 

ot African mammals. He noted that the duodenal papilla 

was eloae to the pylorus in oarnivora and further re­

moved in moat artiodaclyta. 

In the same year (259) he reviewed the compara­

tive anatomy of the biliary system and pointed out t hat 

many human anomalies repreeent the normal arrangement 

i n lower forms . 

In 1940 Thomson (340) reported on dissections 

of the biliary tract in 31 specie• of mammals , includ­

ing 7 specie• without gall bladdera nd eeTeral rare 

animals. He found that the animals could be grouped 

into the three group• ~u.ggested by nn et alia (245) 

on a basis of the relation between the bile and pan­

creatic ducts, but he failed to find a reas on for the 

di rferencee . There were marked difference• in the 

/ai• 
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size of the duodenal papilla and in ita diet nee 

from the pylorus which he could not correlate with 

any other finding. 

PRSS:BNT STUDY: 

For this work the biliary systems of 148 

animals representing 36 specie• were dissected. 

Fresh material was used tor all dissections. The 

measur ente recorded tor each specie• represent 

aver g figures ofthe Tarious specimen• dissected. 

Histological sections of the ducts of most ot 

the specimens were prepared for studies of the mus­

culature. The method of preparation was similar to 

that used for the human bile ducts. 

In this section the findings are briefly des­

cribed and illustrated. To render the work complete, 

deaoriptiona of the biliary systems of species re­

ported on in the literature, but which were not aTail• 
tits able forApreaent study, are included. 

The descriptions cover only the point• consider­

ed important for the purpose of the investigation. 

To facilitate comparison and also to render the 

accounts aa brief as posaible, the data on each 

species are arranged under the following 

headings:• 

/1. 
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RELATIClfs BETWEEN THE BILE AND THE PANCREATIC OOCTS, 

Lf1 Canmon 
~,~aJDpulla 

TYpe c, 

TYpe B1 

Pancreatic duct joins 
the bile duct. 

ARRANGEJIENTS OF THE CClofPOOENT PARTS OF THE BILIARY SYSTEl4'. 

Group 111 

du c t 

Gall bladder 

Multiple 
hepatic ducts 

GrouE 111. (Gall bladder absent) .M 
ommon h epati c duct 

i . 51. 

Common bile 
dµct 
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l. Anatomy: 

(a) The liver. 

(b) The biliary ayatem. 
(1) Form, i.e., the arrangement of the 

component parta of the system. 
The various arrangements are referred 
to as Group I, II or III, according 
to the classification suggested by 
Zimmermann (376) - See Fig • .5-1 , pg .156. 

(2) Capacity• the size of the gall bladder 
and the dimensions of the common bile 
duct are noted. 

(3) Relation of the bile duct to the pan­
creatic duct. The various relation 
are described as TJ'I)e A, B or C, 
accord.in~ to the system used by nn 
et alia l243) - See Fig.ijD, pg.156. 

(4) Distance between the pylorus and the 
duodenal papilla. 

a. The usculature of the ducta: 

(a) Supraduodenal portion. 

(b) Intramural portion. 

The various species are classified according to 

their phylogenetic relations, which are briefly des­

cribed. Short notes on the diet and alimentary tracts 

of the different groups are included in the intro-

ductory paragraphs. I n the discussion on eaoh grou 

the findings are compared with those of othe~ work rs 

on similar and related species. 

MPRE RT.EBRA TES ff. 

In the more highly-developed invertebrates 

belonging to the phyl chordata, there are organs 

/which 
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hich are often referred to as t he liTer of these 

1 ls. Thee org ns ar th h tic c ca of 

lanogloaaue (140, 280), the gastric gland• of 

sea squirts (140, 280) nd the tic di T rti culum 

of Amphioxus (140, 272, 280) • see ig. 52, pg.159. 

lthough these structures ntly haTe so e 

digeatiTe function (168) , ther is no evidenc that 

they r present tne Tert brat hepato- bili ry system 

(103, 168, 194). 

he liver, ith ita iliary syste, is found 

i n all T rtebr ta. It first p are i n cycloatomea 

and is highly oh ract ristio oft e group (140). 

CLA. • . 
The follo ing r presen tiTea oft 

e bgroup of this order ere diss cted: 

three 

• Cyc o toms• 2 apecim na of the gfis, 
• Cartilagi ou fi hea - 3 s oi ena ot the 

Band d Dog -fi h, 
c. ony ti hea - 5 a ci ena oft Cape 

Hottentot. 
otal - 10 sp ci ens. 

in 

findings re de cribed an di cuss d under . 
t irrespective headings: 

e grou con ists of Haga and La preys, 

/These 
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THE HEPATIC DIVERTICULUM IN AMPHIOXUS. 

Mouth Stomach Hotochord 

Redrawn after T.J .Parker and V.A.Haewell (1940) A Text-Book or 
Zoology Val . 2, p. 44, Fig. 39. 

· Fig. 5 ~--

BILIARY 5YSTD1 IH CYCLOSTCIIATA. 

llyxinidae - The Hc-fiah. 

Q'atic 
lllaet ~.\----1~21111111 

Fig . 53 



A. -
Upper third. 

(X24). 

B. -
Intramural portion. ·1 

(x 24) . · 
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The histology of the 
common bile duct of 
the hag-fish. 

uscle 
fibre• 
in wall 
of bile 
duct. 

JA.usol 
:f'i brea in 
wall ot 
bile duct. 

Duodenal 
musole. 
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These animals are the lowest type of li Ting verte-

bra tee (140, 280, 325). Their digestive canal consi•ta 

or a simple straight tube and they teed on fishes 

(221, 325). 

Rxam:ple Dissected - the Hagfish. 

Anatom;r: - See Fig. 53, pg. 159. 

1. The liver consista of two separate lobe• 
situated astride the gut. 

2. The biliary system. 
(a) liorm - Group l. Cyat-hep tic duets 

open into the gall bladder. 
(b) Capacity• The gall bladder isl rge. 

The cystic duet is short 
and wide. 

(c) o pancreatic duct was found. 
(d) Distance between the pylorus and the 

pilla - short. 

The uacul ture of the .Bile Ducts • See iga. 54A & B, Pg .160. 

The most striking feature ot the biliary and 
intestinal muscle of the Haa is that it stains 
as oorly as t hat of the 40 mm. human embryos 
dissected. 
l. urraduodenal • Yuscle fibres are present at 

l levels but they are overshado ed by 
fibrous tissue. 

2. Intramural• The scanty fibres of the duct 
are aeparated from t he duodenal muscle by a 
thin layer of fibrous tissue. 

Diacussion: 

The anatomical ~indinge agree wi th other des­

criptions of the biliary system of Hags (140, 280, 

325). A gall bladder is present in all Haga (140). 

Lampreys,. howeYer, possess no biliary apparatus in 

/the 
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t e dul (63, 140, 221. 200. 312. 314, 325):. 

bu t to ( 0 t ) l 8 g ll bl deter 

d • ll•for ed b'l duct (2so. 31 , 325). 

of th bili y t Of 

Cycloat ea e not b n d ecri e b tor. 

• ' .l l obran ii d oloe 14. ). -
Thi group inc u 8 rlca an h rK•lik 

• e f' t n 0 

tia e (280) but thy V in 

cert in ct ( 325). ir nt ry t ct 

r l tively ui pl and the teed on oth :r f 1 

rin org ni s. 

l. liv r i J.lobe or n. 

2. y 

r 
t. 

( ) 
d • 

(c) \.\Ct • A. 
(cl) d e .. e 

l ig. 56, pg.165. 

d 

/2. 
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2. Intramural - The muscle is more scanty, 
It is separated from the duodenal muscle 
by connective tissue fibres. 

Diaouasion: 

The anatomical findings are fairly well repre­

sentative of the biliary system ot cartilaginous 

fishes in general. 

A gall bladder is present in the vast ajority 

of species (140, 279). It ma.y be intrahepatie, 

attached to either lobe of the liver , or suspended by 

a long mesentery (259, 312, 313). Oooasionally it is 

absent in species of the s1ark fa ily (169 , 258 , 219 , 

314, 325, 328). Owen (279) failed to find a gall 

bladder in the saw-fish, the ha.rnmerh aded eba.rk and 

the sunfish. 

Cyst-he tic ducta are usually present (259 , 

2'19) and the t 10 n in he tic ducts ;y open aepara t-

ely i nto the intestin as in the s w-fish (279). 

The rel tion to the pancreatic duct is usually 'l'ype A 

( 63) . 

The musculature of the bil duots of c rtilaginous 

fiahe• has not been deucribed before. 

C1 Bon.v Fishes : 

The group includes Ganoida, true bony fishes and 

lung-fishes. Fishea are reg rded st e ancestor• ot 

phibia (280, 325). They have attained tremendous 

/development , 
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Pano. 
Duct --i~ - -F+-Ml k,. 

' l 
~ 

' I, 

all Bladder 

BILIARY SYSTEM Ill CARTILAGilfOUS FISHES. 

The Banded Dog-fish (Haploblepharus edvars11) 

BILIARY SYSTDI DI llOIIY FISHES. 
The Hottentot or HanAberger (Spo~yliosoaa bloch11) 

55 

111 r:, y in ~i h • 
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1 • 5G 

The 1st l of th c n 
bil duct ft e Dog-tiah. 

Bi le 
duct 
muaole. 



A. -
Upper Third. 
(n4Q). 

L.. 
Lower Third. 
{ll40) 

2s. 
Intramural 
Portion. 
(.X 140). 

Pane. 
duct. 

l .. 
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~ie;.57 

The histology of the common 
bile duct of the Hottentot. 

uacle 
Layer 

· Jluacle 
iayer. 

uodeni:l 
){uscle. 
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dev lo nt , but ret ins v 1 ri itiYe c racter-

i tic ng others. r l tively a ple g atro• 

nt t1nal canal. Thy t ed on other tiahi a, 

cruet ce n nd lluae. 

t9!\t - S Yig . 55~ ,pg . 164. 

l . The 11 e~ 1 bilob d. 

2. 

1 . 

2. 

The biliary yat 
( ) 

(b) 

(c) 

( ) 

o • Group I . • Cy t hepatic 
duct were r sent into s eoi en . 

city• Th g 11 bla der i 
ized. 

The t nal 
bil duct i 

tion to the p ncr tic duot -

Di tance tw the pyloru d the 
illa - very short . 

ile Ducts. • 

c n i cu u nd of uacl 
lay r o~ fib ue tissue . 
re inly oircular. 

r ti bl"es 
the duoden 1 

Di cus1:lion : 

pg . 166. 

T cal findings gr with eacriptiona 

or th biliary yet of bony r1 h in g e (63, 

03, 162. 2'19 , 280, 312, 325). 

A gall bla der 1 pre nt in th 

a 1 e (279) th Co ooc ion ly 

· ority ,f 

two (25.9). 

/, eYeral \ 

' \ 
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Several ut ors report that tlle organ is lacking in some 

apeci s (241, 259 , 279). OW n (279) mentions 12 such 

species, including mainly Wrasses , Perohes , Barracuda• 

and Guntard.s . 

Cy t•h patic auots are often resent (162, 259, 

279) and multiple ho atic duct• re th rule (259, 2?9). 

A dilatation oft e comJUon bile duct is deacr1be4 

in Lophin 

(162). 

nd Turbot (279) and in the eriean ullhead 

The bil 
-tf;,e, 

duct uaually opens into"duodenum close 

to the yloru and near th pancreatic duct (63), but in 

the Bree 1 t op ns into the st a.ch (2'79). 

The histologie l findinss agree d th Higgin•' (162) 

description of the musculature of the bil duct• of the 

American »ullhead. a f ouud the muscle of the intramural 

part of the duct as well-developed as that of' the supra­

duodenal pa.rt. 

GLASS 1I .. Al(PllIBIA, 

This class, which include• trogs, toads, newt• and 

aalamanders, represent• a tranai tion atage between ·-fish.ea 

and reptile• (140, 28 ). iv primitive cb.aracte:riatlc• 

are retained (2ao, ~25), nd ~mong these a sim le 

alimentary t raet. 

carnivorous (221). 

The animals are insectivoroua and 

;3xampl 
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Bxample diaaected - The Plathander 

{Xenopue laevia) -
10 specimens. 

Anatomy• See Big. 58A, pg.170. 

l. The liver baa two large lateral lob a con­
nected by a small median maas. 

2. The biliary ayatem. 
(a) Form• Groupe l. and II. Accessory 

hepatic duct• and cyat•he_patic ducts 
were found in several specimens. 

(b) Capacity• the gall bladder is relaw 
tively large. 1 
The bile duct• re long and 
attenuated. 

(c) Relation to the pancreatic duct•• 
Type c. 

(d) Distance between the wiorua and the 
papilla• Tery short. 

The musculature or the ducts• see Yiga.58 B & c., pg. 170. 

l. Supraduodenal - The wall• or the duota are com­
posed almost entirely or muscle tissue. The 
tibre• are mostly circular. 

2. Intramural• The muscle is le•• well•deTeloped. 
It'ls aeparated from the duod~nal muscle by loose 
connective tiaeu. 

Discussion: 

'!'he anatomical findings agree with descriptions 

of the biliary system in a.mphi bia in general (152, 280, 

318, 325, 328). 

A gall bladder is constantly present (63, 140, 

279, 2ao, 328) • . 

Aoceasory hepatic duct• are found in most frogs 

(152, 328) and cyst-hepatic ducts are common in 

lamand era ( 2179). 

'!'he pancreatic duct• uaually Join the bile duct at 

aome distance from the int eatine (~28). 

/The 
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the Bile Ducts. 
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Gall :Bladder 

.Fig. ss. 
The biliary system ot Xenopua 
laeTil. 

.lluacle 
layer. 

Bile 
duct 
muscle. 

:---DuOdenal 
muecle • 
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The musculature ot the bile duota in Amphibia baa not 

been atudied before. 

CLASS III • BIPTILBS. 

Thia claaa include• lizards, analces, tortoises, 

turtles and crocOdilea. Cynodont reptile• ot the PeJ;'!Dian 

period are regarded aa the anceatora of birda and mammal• 

(140, 280, 325 ). Al though the preaent apeciea do not 

approximate the ancient forms, many primitive character-

iatic• are retained (140, 325). They are carniToroua 

and herbivorous, but haT• the habit ot intermittent 

feeding, ancl the alimentary tract reaemblea the primi t 1Te 

uncamplicated type. 

Bzamplea of the Claaa Dieaeoted: 

A. The Cape onitor w l apecimen; 

B. The Girdle-tailed Lizard - 2 specimens; 

C. The Gecko• 2 apecimens; 

D. The Kole Snake• 2 specimens; 

• The TortGiae • 1 specimen. 

Total: 8 Specimens. 

Anatomz - See Fig. 598, pg. 172. 

1. The 11 v r .ia bilobed. 

2. The biliary stem. 
(a) 70?'111 • Oioup I. A cyst-hepatic duct ia 

/present 
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Liver 

Hepatic Duet 

Common Bile Duc t 

Gall Bl adde r 

L-C'---=l~ ys t lc Duc t 

i . 59. 

bili ry y t til a . 
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~~~ 
' 'la'.i~ . .,...,, ;~-.~. 

L.. 
Intrapano;lat- ~, 
&c Ple:gu•~X24 

!... 
The intramural 
Portion. (.iii). 

~ cso. 

The hiatology of the bile 
ducts of the Cape Monitor. 

Jluaole 
bundle• 

"' Very 
aoanty 

.__.._,~--4 auacle. 

..--i-- Scanty 
muscle 

Duo­
denal 
auaele. 
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Fig. 6/ . 

The histology of the bile 
ducts of the ole Snake. 

Ampull­
ary 
Muscle 
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present and the cystic and hepatic ducts do not unite into a single common bile duct. 
( b) Capacity • The gall bladder is f'ai rly large. 

The bile ducts are long and oom­
parati Tely wide. 

(c) Relation to pancreatic ducts - Type c. 
In the posterior part of the pancreaa the cystic and hepatic ducts break up into an anaatomoaing network of ducts. This plexus receives additional ducts from the pancreas. Before entering into the duodenum, the Yarioua ducts unite into three main channels. 

(d) Distance between the pylorus and the openings otthe ducts • short. 

The musculature of the duct• - See Fige.60 A, B & C, pg.173. 
1. Supraduodenal: The upper two-thirds of both cystic and hepatic ducts are well supplied with muscle which compriaea most ot their walls. The tibree are mainly longitudinal. 

Where the duct• split up into the plexus the muscle disappears almost entirely and i• replaced by fibrous tissue - See l'ig. 60B, pg.173. 
2. Intraduodenal • Very little muscle is preaent. 

B. & c. • The Girdle-tailed Lizard. and the Gecko. 
The anatomy ot these species closely reaemblea that 

ot the leguan. 

not studied. 

The musculature ot the bile duota wu 

D. - The Mole Bnalt• (Paeudupi• oana). 
Anatomy ... See l'ig. 59(\ pg. 172. 

l. The liTer ia comparatively small, elongated and non-lobulated. 

The 
(a) 

biliary aystem. 
:form - Group II. The gall bladd•r ia situated about 2 inches distal to the 11Ter and just below the pylorus. 

/(b). 
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(b) Capacity• The gall bladder is mediwn­
t1zed. The hepatic duct ia very long and 
the cystic duct ahort. 

(c) Relation to pancreatic duct - Type c. 
The common d.uct break:8 up into a plema, 
aa i n the .Leguan, 

(d) Distance between the pylorus and the bile 
duct openings• ehort. 

The musculature of the bile ducts - See Figs.61A & B, pg.174. 

1. The aupr.Ouadena) w a thin but complete outer 
muscular layer aorrounde a thick, inner 
tibroua layer. The fibres are circular and 
longitudinal. Where the common duct breaka 
up i nto the plexus the muscle tibrea disappear. 

2. Intramural - A ~ell-defined band of muscle 
tiasue, separate from the duodenal muscle 
surrounds the apex of the ampulla. 

E. The Tortoise (Testudo g,rometricus). 

Anatomz; - See .Fig.59C, .pg. l 72. 

l. The liver is large and bilobed. 

2. The biliary system. 
(a) Form - Group I. The gall bladder is em• 

bedded in the right lobe ot the liver. 
SeTera.l cyst-hepatic ducts join the vesicle. 
The three ma.in ducts f'rc:m the gall bladder 
are Joined by hepatic ducts , and four ducts 
renain distinct aa tar aa the duodenum. 

(b) Capacity - the gall bladder is very large. 
The ducts are long and medium-sized. 

(c) Relation to the pancreatic duct - Type c. 
(d) Distance between the pylorus and the bile 

duet openings ... long. 

The VuaoulB:ture of the Bile Duct.a .. 

The muscle resembles that of the bile ducts of 
the snake and leguan in every reepe ct. The 
tour ducts penetrate the duodenal wall separ­
ately, but a common sphincter surrounds them. 

~iecuasion: 
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Diecuseion: 

The an tom.ioal finga agree with other deacri tiona 

of the biliary systems in these species of reptiles 

( 2'19, 280, 312, a2a, 336) and represent the common af'range­

ment s found in the claas as a whole. 

A gall bladder it!:' present in all opecies (140, 241, 

21g, 280, 318 , 328). It may lie in a notch in ith r lobe 

of the liver or it may be deeply emb dded in th right lobe 

aa i n the tortoise (241 , 269, 2'79) . The great distance 

between the gall bladder and liver which was noted i n the 

mole-snt.ke , . is a c on rra.ngement in snakes ( 2'79, 312, 

336). The organ is apparently placed so tar distally to 

escape being canpreeeed by food in the stceach (279 , 536 ). 

Cyst-hepatic duets and multipl hepatic ducts whi oh 

were found in the monitor and the tortoise are common to 

moat species (259, 328). These ducts wer al o found in 

the girdle-tailed li1ards and the geckoo dissected.and 

Owen (279) describes them in turtles , iguanas, alligators 

and crocodiles. 

The plexifo arrangement ot the duote i n the pan­

orea ia.l beat -known in aria.le a and monitors (328) . 

It was also found in the g1rdle-taile4 lizard• dissected, 

and Owen (279) describes it in the python. 

e musculature of the bile ducts ha• not been des­

cribed before . 

/CLASS IV. 
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CLASS IV - BIRDS, 

Birds eTolved from reptiles at th am period as 

mamnala did (140). In any r epecta thy re the moat 

highly-specialised vertebrate• (280), but s v :ral 

primitive characteristics re retained (280, ~25). 

Their diet varies considerably, nd natomica.l com­

plexities of the alimentary tract are co on (279). 

Thea ccmplexitiea are , as a rule , ore rked in herb-

ivorous and insectivorous s ecie•-than in carnivoroue 

vari ti s (2'19). ome insectivorous birds are ,descendant• 

o! n ol herbivorous stock (14C). 

Bxam2lea dissected: 

The following examples .of the class w re dissected : 

A. The domestic fowl - 6 e eeirnens, 

B. The pheasant - 2 specimens , 

c. The partridge - 2 apee ens, 

D. The d eetie pigeon- 3 specimens. -
Total : 13 specimens, 

' 

A. h domestic !owl (gall_u•. ferr~1ne_us ), 

Anatomz • see Fig. 62A~ pg. 179. 

l. The liver coneiata of a large right lobe and a 
a aller le£t lobe, both of which are deeply 
fiaaured. 

2. The biliary system. 
( ) Form - Group I. A cyat-hepatie duct 

opens into the gall bladder and the 
cystic duct and hepatic duct open separ­
ately into the duodenum. 

/(b) 



A. -
The Dome a tic 

towi. 

!,_ 

The Domestic 
Pigeon. 

-/79-

Fig. 6 6. 

The biliary ayste in Birds. 
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(b) Capacity - the gall bladder is 1 rge. 
The bile duct• are long and wide. 

(c) Relation to the pancreatic ducts - Type 
A. The two bile ducts and the three 
pancreatic ducta open in close proltimity. 

{d) Distance between the pylorus and the open­
ings ot ducts - very long. 

The ueculature of the ducts - see Yigs. 63A & B, Pg. 180. 

1. Supraduoden~l - A large amount of muscle is 
preaent in both ducts . It forms a tnick 
l ayer consieting of outer circular and inner 
longitudinal bundles. 

2. Intramural - The muscle is not so well- developed , 
but a thin layer, separate from the duodenal 
mus ole. surrounds the pex of th common en-
t ranee - - fie -Yis. 

B. & e. The Pheasant and the Partrigge. 

The biliary systems of these epecies rea•mble 

that of the fowl in all details. ~he muscle of the 

bile ducta is Yery well - developed • see Yig. 64, Pg.181. 

D. - The Bomeatic Pigeon (Columba livia). 

Anatomz: - See F.ig.62B, Pg. 179. 

l. !he liver reaemblea that of the fowl. 

The 
{a) 

biliary system. 
Yonn - Group III modified. 
Althnugh there is no gall bladder, the 
two hepatic duct& remain ee e.rate and 
enter opposite limbs of the duodenal 
loop. 

(b) Capacity - the ducta are no 1~rger than 
thoae of' the pheasant, whi oh 
ia of cC1Dparable size and 
posseaaea a gall bladder. 

(c) Relation to the ancreatic ducts - Type 
B. 

(4) Distance between the pylorus and the 
openings of ducts, - variable. 

/The 
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The muaculatute or the bile ducts • eee .Jig. 65, Pg. 181. 

The muscle or. both ducts is very well-de't'elol),ed 

and reaemb1ea that o~ the fowl'• bi1e ducts in e't'ery 

respect. 

D1acuas1on: 

The anatomical findings agree with othe~ deecrlp• 

tiona of the biliary system in birds (279, 2ao. 312, 325, 

328, 336) and represent the two main Tariationa encounter­

ed in this class . 

A gall bladder connected to the 11 Yer by a cyat­

hepati c <lu ot ;i. s present in the vast majority of apeciea 

(140. 2'79, 312, 336) including all c rnivoroua bird• 

(140). It is usually large and oval, but in the Touoon 

it ia elongated like a loop or inte1tine. In the 

Hornbill the cyst-hepatic duct coDnunicatea with the 

gall bladder and with the cystic duct (279). In the 

Pelican the bile ducts and gall bladder are arranged 

in auch a manner that the latter looks like a dilatation 

of the right hepatifi duot (169). 

SeTeral authora (42. 140, 160, 169, 231, 279, 280, 

312, 514, 325, · 328) menticm th absence of the gall 

bladder in some her~ivorous and inaectiToroua species. 

Owen ( 278) mentions 8 families which lack the organ. 

Gorham and Ivy (140) collected data on 171 ap&cie• 

representing 8~ families and f'ound the gall bladder 

wanting in 45 species r$preaenting 21 families. 

/In 
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TA.BLE 8 

GALL m.ADDRB. CQNSTANTLY ABSI T 1 

Struthionitormea 
Bheitormea 
Opi a tho oanidae 
Columbidae 
Peittacidae 
Troch1114ae 
Aloed1nidae 
!•eoi4ae 
Pitticlae 
Phil1pittidae 
l>i orur14ae 
Paridae 
Baab7cillidae 
Bectorin114ae 
Turnicidae 

- South African ostrich. 
- South American Rhea. 
- Stink-bird. 
- P1ge na and oTes. 
- Parrots. 
- Humming birds. 
- Eingtishera. 
- Woodpeokera. 
• Tropical perching birds. 
- Tropical perching birds. 
- Indian ayarrowa. 
- Ti ts. 
- T7Pe of sparrow. 
- Sun-birds. 
- Ma.rah bird.a related to cranes. 

T IN SOlll SP.RCIBS. 

Apterycidae , • JU.Wis, 
Hellaaithid&e 
Soolopaoidae 
Cuoulldae 
Capr111ulg1da• 
11nididae 

Bamphaatidae 
Tilaeludae 
Jluacicapidae 

• J'intoots. 
- Snipe. 
- Cuokooa. 
- Goat-auckera. 
- Guinea towl. 
- Toucons. 
- '17pe of sparrow. 
- ny-eatchers. 
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In tables 8 and 9, pagel84 the birds 1 eking a gaU 

bladder are enumerated. Although the organ is oon-

at ntly 1 eking i n m ny • ecies, it is equally oonatantly 

pr sent in closely-related a ec1es , 

Abaent. 
Oatrich 
Parrot 
Kingfisher 
un-bird, 

Yood ecker. 

e.g., 

Present, 
:f'mu, 
Cockatoo 
iiornbill 
lower-bird 

Roney-guide . 

wo duota which open separately into the duodenum 

are found in practically &ll bird• (279, 280, 328, 336), 

0 n (219) at tee that a single common bil duct ia neTer 

found, but oth rs (241, 259 , ~36) describe 11ucb a Taria­

tion. Yelix (cited by s2e) found only one duct in the 

oat rich, but Owen ( 2'19) deaoribea two. 

ccaaionally t ere are ultiple ducts,. the usual 

arrange ent then being a eingle cy:atic duot and two 

hepatic ducta, as i n the Curaaaaw {279) . 

The musculature of the bile duct • of birds ha not 

been described before. 

SS V • 

mm.ala are the most highly-org nised Tertebratea 

(280}. It is generally belieYe tat t ey originate 

tr01 r ~til s thro h them di• of primitive 1neeotiTore• 

c rnivorous anm>ala (140, 280, 328). 

The diet of mammal• Tariea considerably and the 

alimentary tract is more com lex than th~t or the 10 .. r 

/'l'ert ebratea. 
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Tertebratee. AB--& rule, the digestive canal of herbiTora 

is more capacious an d complex than that or carniTora and 

inaectiTora (279). The parts of the digeatiTe apparatus 

where the di rt erences are mo st noticeable are the stomach 

and the caecum (279 ). 

The class consists of three main su cla••••• Tla: 

Monot reme s, aupiala and Placentals. 

SUB-CDASS I - KOBOTBEMES. 

These oviparous animals are the most primitiTe 

mammals alive, and probably re resent a line which des­

cend d directly and independently trom the mammal-like 

reptile• (140, 280). They retain aeTeral reptilian 

characteristics and, in many respects, they b&Te failed 

to become special1aed (280). They are inaectiToroua (221, 

326} and their alimentary canal · is relatively simple (219). 

!!!!J!le• or the Sub-Class: 

Io specimens were aTailable tor disaection. The 

following descriptions are baaed on data obtained f'rom 

account• by Owen (279) and other• (140, 325). 

A. The Duok-billed Platypus (Ornithorznchua). 

Anato!,Y' - see Fig. 66, Pg. 187. 

l. The 11Ter con iate ot tour lobes (325). 

2. The biliary e7atem. 
(a) :ro:ra - Group I. A gall bladder is con­

atantly preeent (140, 279) and •ultiple 
hepatic ducts join the oyat·1e duct (2'19). 

/(b) 

_) 
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BILIARY SYSTEM IN HONOTR1'MES. 

The Duck-Billed Plat7pus (Orni thorJncbus J 
Gall 
Bladder~~~~flll!Z~ 

Bile Duct 

Redrawn after R.OWen (1866) Coaparative An&t011.y and 
Physiology of Vertebrates Vol.3, p.410, Fig.308. 

J'i • 06 

BILI.ARY SYS'l'EJf Ill MARSUPIALS. 

The Opoasua (Didelphys Yirg1n1ana) 

Redrawn after F. S.DuBo1e and .&:.A.Hunt (1932) 
Anata111cal Record Vol. 54, p.297, Fig 4. 

Fig. 61 



(b) 

(c) 

(d) 

eribed. 
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Capacity - The gall bladder is large 
(140, 2?9 ). 

Belat.ion to the pancreatic duct - Type 
A. A large extraduodenal ampulla ia 
pnaent ( 2'19). 

Distance between the pylorus and the 
papilla• ~7 mm. (279). 

The muscle ot the bile duct• haa not been des-

B. The Spiny Anteater (:Bchidna), 
I 

The biliary a7atem of this species resemble• that 

ot the omithorynchua (140, 2'19). A gall bladder is 

eonatantl:, present (140) and the bile duct enter• the 

inteatine 25 mm. from the pylorus (279). The bile duct 

muacUl.ature haa not been deaeribed. 

SUB•CLA&i II• IIABSUPIALS, 

The maraupiale are more highly developed than 

monotremea, but lower in t he aoale of mammalian eTolution 

than placentals (140, 280, 325). They haTe deTeloped ex• 

tensively and today there are to:nna that parallel super­

ficially most placental orders (279, ~25). Carnivoroua, 

inaectiTorous, herb1Toroua and even ruminant specie• are 

found (140, 219, 325). 

The alimentary canal shows corresponding •dapta­

tions and in herbi~orous species the stomach ie c pli­

cated by aacoul1, while the caecum may reach an extn­

ordinary aize (279). 

- -----~-----'--'-----
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Riample of the Sub-class: 

Ho specimens were aT&ilable for dissection. The follow­

ing deacription of the Virginian Opoaa\UI ia baaed on data 

obtained trom account• by Du Boia and Hunt (114, 115) and 

other• (50, 2?9). 

The Virginian Qpoaaua (DidelphY• Tirginiana}. 

Anatomy - aee ~ig. 67, Pg. 18?. 

l. ?he liTer is multilobed (115, 279). 

2 . 1'he bi liar, a7atem. 

1. 

(a) •or~ - Group II (115). 
(b) Capaoit7 - the gall bladder ia large and the bile 

duct• are tenuous (115). 
(c) lation to the pancreatic duct - type A. 

A large extramural ampulla i a present 
(&O, 114, 279). A abort duct pa•••• troa 
it to open into the duodemaa (50, 11,). 

{d) Diatance between the pylorua and the 
papilla: 25 mm. (279). 

The musculature of the bile ducts. 
' 

Supraduodenal portion: '!'he lower two-thirde of 
the 0011110n bile duct poaaesaea well-developed 
auacle oona1•t1ng of outer circular and inner 
longitudinal layer• (114). 

Ampulla and intramural portion: The muacle of 
the AJDpuiia la eitremely well-deTeloped and the 
auacle ot the duct ot the ampulla. ia completely 
aeparated frCID the duodenal muscle by a layer 
of fibrous tiasue (50, 114). 

Diacuasion: 

flle biliary ayatema of other araupiala resemble that 

ot the opoaaum. 

A relat1Yely large gall bladder 1• preaent in all 

• cie• (140, 279, 340). It may b 1ooael7 attaohed to 

/the 
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the liTer (.279. 340) or embedded in the hep tic ti u.e 

(259) or attached to the left ot the ligamentwn t re• 

(259). Aoceaaory Teaiclea are report 4 (279). 

The form of the biliary tract usually reaemblea 

that of the opoaeum. i.e., Group II. 

The pulla is usually xtraduodenal and of large 

•1•• (2'79), but it may be intramural a• in the Tree 

Kangaroo (S40) or absent aa in the 'l'aamanian DeTil (140). 

Th• relation between the bile and pancreatic duct• 

alway• oonftlrma to ?ype A. (2'19, MO). 

The distance between the pylorus and the duodenal 

papilla Tariea considerably and depend• largely on the 

aiae ot the animal. In the faamantan DeT11 the long-

noMd B&nd.iooot and the Long-tailed Daa7ure it measure• 

appro~iaately 25 ... (279, 3,0). In the allaby it measure• 

65 -· ( 340) and in the Great Kangaroo 125 mm. (279). 

l~9'AA~. III - P~~!_>J.S, 
The placentals are the moat highl7-organiaed. 

n,awpnp,la. The degree of apeoialiaation ot the Tarioua 

ordera differ• coneiderably. and each will be diacuaae4 

aeparat ely. 

ORDJ! CTIVORA. 

The inaectivora are regarded aa the most primitive 

placental mammal• (2ao. 326). They represent the only 

liTing order that existed uri ng the reptilian age (140). 

I 
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' 
lla~ primitive characteriatic• are retained and among 

these a very si le gaetroint atinal tract (279}. 

These animal• live solely on in•ecta (221). 

~plea diaseated:-

The following apecie• were iaaected:­

A. The Cape Golden Kole• 6 apecimena, 

B. !he Elephant Shrew 

Total: 

- 4 specimens. -
10 epeoimena. 

~ Tb.a eage Golden llol~ (Chryaocbloria capenaia ). 

An&t9!1 <!9 eee :r1g. 684,, Pg. 191. 

1. 

2. 

B. 

1. The liver is multilobed. 

2. The biliary aystem. 
(a) :ronn - Group II. 

(b) Capaoi ty - the gall bladder ia large. 
'!'he common bile duct ia 18 - • . long 
and Tery thin. 

(c) Relation to the pancreatic duct• Type 
A. 

(d) Pietance between the pylorus and the 
papilla - 3 mm. 

!he •u•culature of the bile 4ucta - ••• 7ig. fS9, Pg .192. 

Su~raduodenal - acle bundle• are aeen in all parts 
of the co ... on bile duct. They consist mainly ot 
longitudinal tibrea and are beat-4eTeloped in the 
lower third ot the duct, but do not tol'll a contin­
uoua layer. 

Intramural - An incomplete ring of independent 
aua;ie aurrounda the bile and pancreatic ducta. 
Thia auacle is reinforoed by additional fibre• 
tr111t the duodenal muscle . 

The lepnt Shrew {lllephantulua DJ7Urua ). 
Jaaeaoni ). 

/An&t!!5t. 
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Anat!P,I • see F1g. 68B, Pg. 191. 

1. The l1Ter is multilobed. 

2 . The biliary system. 
(a) Yo:nn - Group ll. 
(b) capacity• the gall bladder is large. 

The common bile duct is 
12 mm. long and yery thin. 

(cl Relation to the pancreatic duct - Type e. 
{d) Di•tanee between the pylorus and the 

papilla - 7 mm~ 

Tn.e mu• oul.at ure waa not at udied. 

J>iaouasion: 

The anatam.ic~l findipg• agree with description• 

of other inaectiTon. (.2'19, 328 ). A gall bladder is 

p1"eaent in all speoie• {140, 241, 279). 

The •uaeolature of' the bile duote ha• not been 

4 scribed before. 

ORDBB - CHIROPTBRA. 

Bit• are 4er1Yed troa in ctiTora. (140, 280) and 

emb17ologicall;r they are clo•el7 related. to primates 

(pereonal conmunicat ion from Pro:feasor Go&ta ). !hey 

ar f'rugivorous and insectivorous (221) but all apeciea 

haTe very simple alimentary tracts (219). 

Bxam;e\e di eae ct ed: 

The Ca;ee Bl,ack,.Bat (Bbinolo@us oa2enaia) • . -
<> apecimens, 

Ali&t!J!V • aee •1~ 70A, Pg. 195. 

1. '?be liver 1s only •lightly eu}.)diT.tded. 
.. 

2. The biliary ayetem. 

/(a) 

-



Anatomy. 

C 

Bietolop: ot 
the Intramural 
Portion ot the 
Bj• Duot. taoJ. 

Duodenal 
muacle. 

-195-

e biliary ayatem ot the pe 
lack t. 

S0ant7 
bile duot 

cle. 



-/96-

(a) Form - Group II. 
· { ) Capacity - the gall bladder is medium­

Siaad. The common bile d.uot 
ia 8 mm. long and extreme).y 
thin • . 

( c) Relation to the pancreatic ciuot - Type A. 
(d) Distance betwe n the pylorus and the 

papilla - 5 mm. 

The muac\llature of the duct• - see figs. 70 B & .C,_Pg.);_~ 

1. 'upraduodenal - A few scattered muscle bundle• 
are preeent In the lower third of the common 
bile duct. 

Intl'amural ... The wall of the duct conai eta 
mainly of fibrous tissue which contain• 
aoatte~d 41roular mu$cle fibres. Thea• 
are obviously aeparated from the duodenal 
muaole. 

Diacuaaion: 

'.lo detailed account of the biliary eyatem in bat• 

could be found. but it la agreed that a.11 specie• poaeeaa 

a gall bladder (140. 341, 2?9). (Thia applies alao to 

the cloael7-relate4 Dermoptera (140)). 

OBWR • PRillADS 1 

Klaentolog1oall7 and atruct 117 the primate• 

are cloael7 related to pr1a1tive arboreal inaect1Torea, 

the chief ad"fancea being made in the development of the 
' 

brain and atereoscopio viaion (140, sso). They &I'll 

omni"forou• and the gaatrointeatinal trao't 1• relatiYel.y 

aiaple ( 279). 

Bxampl.e• diaaected: 

The biliary aysteroa of the following epeoi•• 

(excluding man) were diaaected :-

/A.. 
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A. The monkey - 4 • ec,i ens. 

B. The baboon - 1 s ci n. -
Total : • 5 specimens • 

A. Th• on.te1 (Ceraopitheous ethiOps). 
AnatO!,? - aee Yig. 71A, Pg. 198. 

1. 

2. 

l. Th liver consiata eaaentially ot right and left lobea. 

2. The biliary ayatem. 
(a) Yorm - Group II. e gall bladder is 

artially intrahepat1c. 
(b) Capacity - the gall bladder is ama1l. 

The aommon bile duct is 3.5 ca. 
long _and 3 ... wicle. 

(c) Relation to the pancreatic duct - Type 
A. 

(cl) Diatancie between the pylorus and the 
papilla - 25 cm. 

The muaoulature of the bile duct• - eee :ftge. 72,Pg.199. 
The aupraduodenal 2ort1on: ecle bundles 
aurround the entire length ot the bile duct. They aonsist ot circular and longitudinal fibre• which are well• deYeloped in the lower third of th duct, but a continuous aheath ta not tol'!lled. 

The intramural portion : A c plete but thin la7er of muscle surround• the duct•• f&r •• the tip of the ampulla. Beint rcing fibre• from the duodenum aurround t a layer, which ia clearly separated trca the duodenal muacle • 

.B. The Baboon (iaa11 coaatua). 
Anatomy - aee lg . i1B, Pg.198. 

1. The liT r ts eaaentially bi-lobe but more aub­i~ided than that of an. 

2. !he biliary syatem. 
(a) Yorm - Group II. 

/(b) 
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The musculature ot the bile ducta baa not been 

deacribed. 

ORDER - CARIIVO \ . 

The carnivora bave deacend d directly from pr111i-

haTe retained the habit of intermittent feeding . The 

atomach is relatively si ple and the caecum is either 

amall or baent (2?9). 

The order is divided into two- main eub-order•, 

viz: Fiest di nd Pinnepedia. 

UB-ORDEB I. l'i•aiped1a. 

e terreatial carniTorea belong to thia au.b-order. 

Bxample• diaaected: 

The bilia~ systemsot the following species were 

dissected:-

4. The dom ati c cat • 12 speoi ens, 

B. 1'he domeatio dog .. 2 speci ens. 

C. The Skunk 

Total: 

- 1 ape cimen. -
15 apeciaens, 

A. The Cat (Felia domeatioa), 

.t.natamz - see ig. 73A, Pg. 203. 

1. The liver ia multi-lobed. 

2. The biliary eyet~. 
(a) Yonn • Group I. Xultiple hepat ic 

du.eta are preaent. In two apeci.Jllene 
di ve.rticula ot the gall bladder were 
found. 

/(b) • 
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%he cat. 

~Oft=------ll-------::;-;;;,, 
Dllet 

L. 
The Dog, 

----- ----

a. -

\ 
\ 

J'ig. 73 

The biliary system in C&rnivora. 
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(b) Capacity - the gall bladder is 
relatively large. 
The common bile duct is 
3.5 cm. long and 2 mm. wide. 

(o) Relation to .the pancreatic duct - Type A. 
(d) Distance oetween the ylo1'UB and the 

papill - 3 cm.. 

1. Supraduodena.J.. - Scanty muscle tissue is recog­nisable in all p ta of the bile ducts . It consists mainly ot circvl r nail a which are 
· beat developed in th lo er l/3 of the comm.on 
bile duct. 

2. Intramural. The rouscle to s a complete layer around the duot;although it blends with the duo­
denal muscle it is obvious ya ae rate lay.r. 

B. The Dog tc~n1s domeatica). 

~tom:: - see Fig. 73B, P~ •.. ?9._3. 

1. The liver is mUlti-lobed. 

2. Th 
(a) 
(b) 

biliary eystem. 
l!'orm - Group I. 
Capaoity • the gall bladder is medium­
aized. 
The common bile duct 1s 6. 5 am . long 
and 2. 6 mm. wide. 

( o) elation to the ancre ti o du.at - Type A.. 
(d) Distance between th pylor sand the 

papilla is 4.5 • 

The muaculature ot the bile duct• - aee i-i8"1f.75A 

and 75B, Pg. 205. 

The mueele oft e bile ducts r aemblea that ot the 
oat•a bile ducts in eve~y y . 

Anat!!l - aee Fig. 73C, Pg. 203. 

1. The liver 1a leaa aub-divide4 than that 
/of 



ot cate an~ dogs . 

2. The bi liti,ry eyetem. 
(a) Form - Group 1. 
(b) capacity - the gall bladder ia large . 

The c~nmon bi duet is 1.6 cm. long 
and very narrow. 

(c) Relation to th panorea.tic duet ... Type c. 
(d) Di stance between the pylc,rue nrl the 

papilla - l.6 cm. 

The musculature ot the bile due as not studied. 

Diacuaaion: 

The a~to~ical findin1• agree with other des­

criptions of tl1e biliary syst m in cats and doge 

(36, 115, 126, 140, 243, 245, 279 , 3 1, zo2, 315, 340), 

and are •ell representative of the finding• in the group. 

Ag 11 bl d er ia p eaent in all carnivora (140) . 

Accessory T eiolee are particularly coDJmon among oat• 

(11, 33, 35, 36, 126, 14'1, 211) and are also deecri becl 

in lions (14?). The organ is usually intra•h patio in the 

Marten, the b:lioat , the erret and the We ael ( 259). 

ulti le h~patic duct• ar described in moat 

•pecies (115, 126. 279 , 501 ,- OI, 3 5). 

The r elation to tbe ancreatic duct is either 

Ty-p A or Ty e o.e .g., 
'!):pe 

T,ype C 

- t otter 259), the Ci•et (131), the dog 
and tne cat. 

Lions nd tieers (279), the . ~nturong 
(~40), the Panda (!4of, and the Skunk. 

4 large dilated,int:ra-mural ampull& is tound in 

the otter (259) and in the ciYet (13i), ••• •1g .76, 

page 20s. 
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( After Gordon-Taylor - 139) ' 
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The musculature of 'the bile ducts. 

There are differences of opinion on the mus­

culature of the bile ducts of carnivora. All workers 

agree that some muscle tissue is present in the ducts 

of cats and dogs (15, 50, 148, 154, 238, 315, 321, 

322). »any state that the sphincter of Oddi in these 

species is an i ndependent structure (50, 154, 238, 315, 

322), but others disagree with this view (139, 147, 

196) and Gordon-Taylor (139) holds that in lions, 

tigers and civet-cats the muscle of the i ntrarr.ural 

portion of the duct is derived entirely from the duo; 

denal muaele. 

The present a~udy support• the view that the 

muscle of Oddi is independent of the duodenal muscle. 

SUB-OBDER II - PINNif!DIA, 

This sub-order, which includes seals, walruses 

and sea lions is of more recent origin and more highly 

specialised than the Fiaaipedia (140, 280). )fo speci­

mens were available for dissection. The following 

data on the group as a whole were obtained from the 

11 terature. 

/The 
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The biliary s1stem of Pinnepedia . 

Anatomy : 

1. he liver is more subdivided than that of 
Fissipedia (279). 

2. The biliary system. 
(a) Form - Group I. (259 , 279) . Owen (279) 

describes cyst- hepatic ducts in the ~eal . 

(b) Capacity - The gall bladder is large (279) . 
In all s~ecies the bile duct terminates in 
a large intramural ampulla (70, 139, 169, 
259 , 279) - see Fig . 77 pg . 208 

(e) Relation to the pancreatic duct - Type A. 
(70, 139, 2'19). 

The musculature of the bile ducts. 

Gordon -Taylor (139) st~tes that in the seal the 

ampulla.t'y muscle originates from the intestinal muscle , 

but this author holds similar vies on the bile duct muscle 

of other carni vora. 

ORDER - ARTIODACTYLA, 

The even-toed ungulates are derived from primitive 

carnivores (140, 280). The Chevrotains (Tr guline deer) 

which are hornless and have well-developed canines , are 

regarded as the iroct descendants of the ancestral type 

(140, 221) , while the musk-deer is said to represent a 

transitory form between the primitive tragulines and the 

present-day highly specialised genera (140) . 

All artiodactyla are herbivorous ,and the majority 

ruminate { 221). 

Complexities of the alimentary tract (particularly 
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n.rtic11 rly o! the storn ch) re r~ en ... in all epeciaa 

• (2179) . 

well-d 

Thy re not ell- iar ed in pig, ut are very 

01) in ll rumin nts (279) . 

d: -
A. The dome&ti c pi 8 peci e s , 

B. The st nbo 3 " 
e. The ah µ - 6 

D. Th g at 3 . .. 

- Th do eatic e w 12 " 
• The duiker 4 

Total . 36 If -
d e tica) . 

Anatomz - see :Fig. 78A pg . 212 . 

1 . Th liv r 1 l rge nd ultilo d . 

2. The 
(a) 

(b) 

(o) 

(d) 

biliary syste • 
o - roup II . 

acity - tne g ll l dder ig medi -
sized . Th. co on bile duct i 10 
cm . long an 5 . wide . 
.el ti on to the ;>ancrea.ti o duct - ype .B . 
istance bet ~en the pylorus nd th 
a.pill~ .. 3 . 5 cm . 

of the bi le duct - ee l'ig~ 78B nd C. Pg • 212. 

l . Su :raduoden l • ~c ttere uscl~ bundlen which 
are best-developed in the low r thi o~ th, 
co on bile duct re pr ent . Thy re inly 
cireul r . 

2 . Intran.ural - The uscle is b t ter- ev loped. and 
forms a eomplete lay r aroun the due • It 
int ingl. :with the odena.l muscle . 

/B. 
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B. l'.ruL.,.Jeenbok (Raphi cerus campeetri s) . 

1'1&tomy. • S3c Jig. 79A pg . 214 

l. The liver is bilobed and sm 11 . 

2 . The biliary system. 
(a} Form - Group II . 
(b) Capacity - The gall bladder is small . 

The common bile duct is 7. 5 cm . long and 
4 mm. wide . 

(c) Relation to the pancre tic duct • Type C. 
(d) Distance between the pylorus and the papil la -

16 am . 

The musculature of the bile ducts - ee Fig~79B & C. Pg.214 . 

1. Su~raduodenal - Longitudinal muscle bundles 
re present in all parta of the common bi l e 

duct . They are beet-developed in the lower 
third of the duct . 

2 . Intra.mural - The muscle forms a coherent but 
thin layer around the duct. It is separate 
from the duodenal muscle . 

c. The heep •(Ovis sp.) 

Anatomz. 

1. The liver is bilobed and small. 

2. The biliary system . 

( ) Form - Group II . 

(b) C paoity • The gall bladder is small. 
The common bile duct is 10 cm . long 
and 4 mm. wide . 

(c) Relation to the pancreatic duct -
Type c. 

(d) Distance between the ~ylorus and the 
papilla .. 31 om . 

The muscul ture of the bile ducts. - Resembles that of the 

bile ducts of the steenbok in every respect . 

/D . 
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D. The Goat (Capra sp.) . 

Anatom1. 

1. !he liver is small and bilobed. 

2 . The 

(a) 

biliary system. 
Form - Group II. 

(b) 

(c) 

(d) 

Capacity - The gall bladder is medium­
sized. 
The common bile duct is 10 an . long and 
4 mm . wide . 
Relation to the pancreatic duct - Type c. 
Distance between the pylorus and the 
papilla - 60 cm. 

The musculature of the bile ducts resemblea that of the 

ateenbok ' a bile ducts . 

E. The Domestic Cow. (Bos tauru ) . 

Abatomy - see Fig. 80A. pg. 216. 

1. T'he liver is small and bilobed . 

2. ,...ne biliary system . 
(a) Fonn - Group I. Accessory hepatic duct• 

open into the cystic duct and into the 
gall bladder. 

(b) Capacity - The gall bladder is very large . 
The common bile duct is 7 cm. long and 8 mm. 
wide. 

(c) Relation to the pancreatic duet - Type B. 
(d) Di stance between the pylorus and the papilla -

59 cm . 

The musculature of the ducts .. see Figs. BOB and c. ,P,g . 216. 

1. Supraduodenal - The muscle is so well-developed 
that it is visible to the naked eye . It forms 
a compact layer consisting mainly of longitudinal 
bundles. 

Intramural - The muacle is well•devel o~d and extend• a• far aa the apex of the papilla. 
/lt 
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It consists of circular and longitudinal 
bundles which are separate from the duodenal muscle. 

F. The Duiker (Cephalophus grimmi). 

Anatomy - see Fig. 81A, pg. 218. 

{a) Form - Group III, i.e., no gall bladder. 

(b) Capacity • the common hepatic duct is 3 cm. long and 2.5 mm. ide. The right and left hepatic ducts are 7 mm. long and 5 mm. wide. 
(c) Relation to the pancreatic duct - Type c. 
(d) Distance between the pylorus and the papilla -

9. 5 cm. 

The musculature of the bile duct.~ See Figs.81B & c.,Pg.218. 

1. Supraduodenal - The muscle is very scanty. The fibres are mainly longitudinal. 

2. Intramural - The muscle forms a coherent sheath around the duct. It is separate from the duodenal muscl. 

Discussion : 

The anatomical findings - The biliary systems of 
the eteenbok and the duiker have not been described be­
fore. The findings in the other speeiea agree with those 
of other workers (36, 126, 243, 245, 315, 340, 3'16). 

A gall bladder is constantly present (140). It may be 
intrahepatic in pigs (147, 259) and accessory vesicles 
are described in pigs, sheep and cattle (36). Cyst­
hepatic ducts are described in cattle and in sheep (126). 

The marked differences found among the six specimens 
described illustrate the variability of the biliary tract 

/in 
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1 n Art i Oda ctyla. The main variations of the tom of 

the biliary system and of the relation between the bile 

and pancreatic ducts are indicated below. 

The form of the biliary system. 

Groupe I and II. 
(Gall bladder present). 

Traguline deer (140) 

usk deer (140) 

American prongbuck (140) 

All species of Bovina2 except 
the duiker. 

Pigs (259) 

Hippopotami (140). 

A variant among giraffes 
( 2'19 • 328 ) . 

Group III •. 
(Gall bladder absent. 

Deer (140.169.231,238 ,243 ). 

camels (332). 

Duikers •. 

A variant among Bontebuck. 

Peccaries (131 ,1 40,142,328) 

A variant among Hipp°t)otami 
(140}. . 

Giraffes (140,279 ,328). 

'l'he relation of the bile duct to the pancreatic duet . 

Tye A. 

Type B. 

Type C. 

Histological findings: 

Giraffes ( 279). 

Cattle and pig. 

Steenbuck , sheep, goats, duikers, 
camels. (332) and true deer (62, 
245,. 340). 

The finding• in the pig, sheep, 

goat and cow agree with other descriptions of the mus­

culature in these species (238, 315, 376). 

and Scha che (315) regard the muscle of the intramural 

portion as an independent sphincter. 'l'he muscle in the 

camel (332) and the deer (238) resembles th t of the 

duiker. 



ORDER• RODENTIA, 

The rodlent order is an extremely ancient one (280), 
but its exact origin is obscure (325). The animals 

present a great diversity of life (325) and in form there 
ia a considerable range of adaptiTe radiation f2ao). 
The whole order is in rather a plastic state and 

evolutionary tendenaiea are perceptible (140). 

Rodents are all essentially herbivorous (140, 325), 
but omnivorous and even carnivorous species are found 

(140, 221, 2ao, 325). The stomach usually consists of 
a well arked cardiac compartment and a small pyloric · 

antrum, and complexities of the inner surface are found 

(279, 325). Modification in the alim ntary tract are 
manifested chiefly in the caecum, which is present in 

all s~eeies except the dormouse (279). The liver is 

multilobed in all species. 

Examples dissected: 

Seven species belonging to this order were studied. 

Several specimens were personally dissected and, in 

addition, the fonn of the biliary system was noted in 
specimens dissected by others. The respective number• 
are indicated below. 

Species. Pereonal Other 
Dissections Dissections. 

A. Qd.nea Pig 4 6 
13. Babbit 4 6 c. Squirrel l -D. White rat ? 14 E. African gerbil 8 20 
F. Cape mole rat 2 
G. te mouse 

~ ~ Tota, ,-
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The musculature ot the bile ducts of guinea pigs, 

rabbits, rats and gerbils was studied. 

A. The Guinea Pig (Cavia poreellua). 

Anatomy of th bili~ry szstem - see Fig.82A., pg.222 

(a) Form• Group II (In one of the specimens there 
was no gall bladder). 

(b) Capacity - The gall bladder is small. 
The common bile duct is 1.5 om. long and 
2 mm. wide. 
The lower end of the bile duct is dilated 
into an ampulla which is situated like a 
cap on the anterior surface of the duodenum. 
From this ampulla a narrow duct penetrates 
the duodenal wall. 

(o) Re lation to the pancreatic duct - Type B. 
(d) Distance between the pylorus and the papilla• 

6 mm. 

Musculature ot the bile duct•• see Figa. 82B & c.,Pg.222. 

1. 

2. 

3. 

upra-ampullary rortion - The hepatic duct 
and upper halfFo the common bile duct possess 
only isolated muscle fibres. Just above the 
ampulla a thick band of circular mu cle is 
present. 

Ampulla • A Tery well-developed layer ot muscle 
surrounds the ampulla. It blends with the 
duodenal muscle. 

The duct ot the ampulla.- The muscle layer is 
atill present but not so well-developed. It 
extenda aa far aa the papilla. 

B. The .Rabbit (Lepua cunicul.us). 

Anatomy of the biliary sistem - aee Fig•.83A., Pg.223. 

l. Form ~ 2 specimens - Group I. 
6 specimens - Group II, 
2 specimens - Group III. 

2. Capacity - The gall bladder is relatively 
small. 

/The 
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The common bile duct is 4 cm. long and 2 mm. wide (in all specimens). 

3. Relati0i.~ to the pancreatic duct - Type B. 
4. Distance between the pylorus and the papilla - l cm. 

The muaculature of the bile ducts - see Figs. 83B & C, Pg.223. 
l. Supraduodenal - '!'he muscle is very scanty in the upper pa.rt of the common bile duct and in the hepatic duct. 

In the lower third of the common bile duct a thick cohesive l'1er of circular muscle aur­rounda the duct. 

2. Intramural - The muscle is leea well-developed. It -continues as a thin layer, diatinot from the duodenal muscle a• far as the papilla. 

C. The Grey Squirrel (Sciurus caroliensis). 
Anat9: of the biliag system. - See Fig.85C, Pg.227. 

(a) Form - Group II. 
(b) Capacity - The gall bladder is very small. The common bile duct is 2 cm. long and very thin. 
{c) Relation to the pancr atic duct - Type B. 
(d) Distance between the pylorus and the papilla -7 mm. 

D. The White Rat ( us rattua). 
Anatomy of the bilia!7 system• see Fig. 84A, pg. 225 

(a) Yorm - Group III, i.e., no gall bladder. 
(b) Capacity - he common bile duct ia 3 cm. long and thin. 
(o) Relation to the pancreatic duct - Ty-pe c. 
(d) Distance between the pylorus and the papilla -2.5 cm. 

The musculature of the bile ducts - see Yig. 84B & .c., Pg. 225. 

1. 
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1. Supraduodenal • Scattered and poorly­developed muscle bundles are present in all parts of the duct. A continuous layer ie not formed. 

2. Intramural - A thin, well-defined layer of muscle surround.a the duct as far as the papilla. It is separate from the duodenal muscle. 

E. The African Gerbil (Tatera afra.) 
Anatomy of the bilia:17 system - see Fig.85A., pg.22? 

(a) Form - Group 1, In one of the specimen• there waa no g 11 bladder. 
(b) Capaoity • The gall bladder is very small. The common bile duct is 2.5 cm. long and extremely thin. 
(o) Relation to the pancreatic duet - Type C. 
(d) Distance between the pylorus and the pa~ill 4 mm. 

The musculature of the bile ducts. - Resembles that of 
the hepatic duet of the rat but it is even more scanty, 
being practi ca.lly absent from the supra.duodenal portion . 

F. The Cape l iole-rat (Bathyergus capensis). 
Anatomy of the bilia:r, szstem, - eee Fig. 85B.,pg. 22?. 

(a) Form - Group II. 
(b) capacity - The gall bladder is medium• sized. 

The common bile duct is 2.0 cm. long and thin. 
(o) Relation to the pancreatic duct - Type c. 
(d) Distance between the ylotua and the papilla -5 mm. 

Ana tom.y of ,the biliary azstem. 

/(a) 
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(a) Form - Groµp II. 

(b) Capacity - The gall bladder is small. The common bile duct is 1.5 cm. long and extremely thin. 
(c) Relation to the pancreatic duct - Type c. 
(d) Bistance between the pylorus and the papilla - 14 mm. 

Diaouaaion : 

Anatomz, The biliary syste a of the gerbil, mole 
rat and grey a qui rrel have not been deacri bed before. 

The findings in the remaining speci a agre with other 
deaoriptiona (50,138,140, l54, 160, l6l , l 69, l70, 231,238,241, 
2-'3,245,279,280,314,328,340) of their biliary system•. 
Accessory hepatic duet ar described in guinea pigs (161) 
&nd rabbits (154). 

The different finoings in the seven species illustrate 
the marked variability of the bili ry system mong 
rodents. The main variations are indicated below : 
The tonn of ,the biliary system. 

Group a I and I I. 
_ 1. e .,sa.ll bladder present . 
Jlice 
Cape mole rats, 
African porcupine, (340) 
~tri ped gophers { 24~, 245) :Beavera ( 2'79) 
, quirre-ls 
Gerbils 
Rabbits 
Guinea piga 
At 1 aat 10 other families , 

(140 ). 

Group III. 
Gall bladder absent. 

Rats , 
Kangaroo rate (140) 
canadian por~upines ( 333), 
Pocket gophera (24Z, 245) 
>.uatralian water rat (140) . v riant among squirrels, 

(140), 
A variant ong gerbils, 
A variant among guinea pigs. At least 8 ot her families, 

{140 ). 
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The relation of the bile duct to the pancreatic due~. 

ape B. 
Gnea pigs 
Rabbi ta, 
Squirrels. 
Canadian porcupines (333) 
African porcupines (340) 
Beavel"a ( 2'19) 
Striped gophers (243). 

fMstological findi!!6S• 

Tz:pe C. 
Gerbils, 
ice, 

Bats, 
Cape ole --rats . 
Pocket gophers ( 243) 

The findings in the guinea pig, rabbit and rat 

agree with other descriptions (50,68,154,161,170,238) of 

the musculature of the ducts in these speeieo. It is 

generally agreed that an independent sphincter of Oddi is 

present in rodents ( 238}. 

ORDER - CE !ACEA. 

In common with carnivora and artiodactyla, whales 

bav descended from primitive terrestia.l carni Tora (140, 

280). They haYe become extremely highly speci lised (140), 

and stand far apart fro other ma ls (325). 

Wbalea are carnivorous (140, 221, 325) , but, being 

fully aquatic, they live under the most adverse oonditions 

for the maintenance of body temper ture and they ha.Te to 

a.b orb a l rge quantity of food fr the alimentary tract 

for energy purposes (279). Their dige~tive system bas 

accordingly become perfected to eet tlie continge_ncmes of 

their habits (140, 279). Tbe stomach is extremely complex 

(14-0. 2'79, 525), the duodenum is large nd the intestinal 

canal is long (219) . 
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ro specimens of whal s nor of porpoises could be 

obtained for this study. The following account of the 

bdliary systen _in the group aa a whole has been c~mpiled 

!rom descriptions by various authors (140, 169, 279 , 28<\ 

285, 328, 340. ) . 

The biliari szstem of cetacea. 

Anatomz, 

1. The live~ is a compact organ (279). 

2. The biliary system. 

(a) Form - Group III . in all specie ,i.e., 
ga.11 bl~dder bsent (140 ). 

(b) 

(c) 

(d} 

Capacity - The common hepatic duct is 
short ( 285) . 
In a good many odontoaet1 a dilated bile 
reservoir is found in the course of the 
common duct ( 140, 169). 

Relation to the pancreatic duet - Tye 4. 
in odontooet1 (169). 
Type c. in porpoises (285) . 

Distance between the pylorus and the 
papilla - short in porpoises ( 285) 
and long in finb c whale• (a,o.). 

1'he musculature of the bile duct. 

The uscle of the hepatic duct of a foetus of an 

a.ntartic whale wa.s studied by Bro~n (cited by 1381 139). 

He found 

the duct. 

well-formed sphincter at the du~denal end of 

ORDER . PROBOSCIDEA. 

Elephants have descended frOl'D a herbiTorous stock 

of African origin. They present features of resemblance 

/to 
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to 1reni (325) , Hyr coidea (280) nd Rodents (325). 

They have 1 however , acquired number of daptive 

characteristics which render them highly speoialised and 

clearly distinguish them from other a.mma.le (221. 280. 325). 

Elephants are strictly herbivorous (221) . The 

stomach ha.s large cardiac nouoh, the caecum is large 
and saeculated and the intestine is long (279) . 

o specimens were available for diseeetion. 

The following account is based on Owen's (279) des­

criptions. 

The bili- ry syatep.,,of ~lephants . 

n tomy. 

1. Th liver is bilobed. 

2 . ThP biliary system. 
(a) Fo - Group III , i.e., gall bl adder 

bent . 
{b) Ca.p city - the hep tic duct is ide and very long nd expands betwe n the coats 

of the duodenum into an oval receptacle 
irregularly divided i nto compartments. 

(e} Relation to the p ncreatic duct. • Type A. 

Th usculature of the bile duct . 

Owen (2?9) at tes that the o.mpulla is surrounded by 

circular uscle fibres, but it i not clear from his 

description whether they are derived from the duodenal 

uscle or not . 

Not : 

t 

everal other author (140, 169, 314, 328) confirm 

bsence of th gall bl dder fro elephants , and some 

(140, 169, 259) mention the large ampulla . 

/ ORDJR -
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OHDE C0IrEA. 

oat authorities (221. 280, 325, 3~~ 340) regaTd 

Byracoidea as a. separate order. These nimala show a 

urious mixtur of pri itive and sueci lised characters 

and superficially they resemble several different 

ma?runa.lian orders (279, 2ao, 325). 

Togeth r with Proboscidt a and Sirenia , the 

Hyracoidea originated in Africa, a fact hich may indicate 

near affinity between the early nee tors of these ord.ers 

(221, 280). mbryologieally th~y re most ne rly re• 

l ted to elepba ts (personal communication from Professor 

Go tz), which they resemble in their plantigrade manner 

of lking (221 , 260) nd in the crossed radius and 

ulna (280). yond these char oteristios there is little 

1n co on b tween these two orders (221) . 

The dassies are herbivorous. e atom ch is 

simple but , in adaition to the usu4l caecum at the be­

binning of the colon, there i n pair of smaller caeca 
. 

placed more distally (This rr ng ent 1 u known among 

oth r ammals ( 2ao1). 

xamole dissected: 

Two a ecimens of the C Hyrax or Das ie were 

dissected. 

T'ae bilia;:x system of the Cape y.yrax (Prooavi capensis). 

nato1!1I - see Fig . 86A., pg . 23:3. 

l. The liver is ultilobed. 

/2. 
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2. The biliary system. 
(a) Form - Group III. i.e •• g ll bladder 

absent. 

(b) Capacity • The co on hepatic duct in 
both specimens was 3 cm. long and 6 mm . wide , while the average mea\'lurements for 
the left and right hepatic ducts were: 
Lett : 14 -mm. long anc 7 mm. wide , 
Right : 7 mm. long and 3 mm. wide. 
Although the duct• of one specimen con­
tained liver flukes , they were no larger 
than those of -the other specimen. 

(c) Relation to the pancreatic duct - Type .B. 
(d} Distance between the pylorus and the 

papilla - 2 cm. 

Th uaculature of t4e hepatic duct - see Yig~.86B & C,Pg233 
l . Sunraduodenal .,. This po1·ti on of the duct has practically no muscle. Its walls ar& very thin and convoluted ~nu consist mainly of loose fibrous tissue with isol ted muscle fibres. 

2. Intramural• A definite but thin layer of muscle surrounds thia part of the duct and extends as far as the papilla. It is reinforced by, but separate fro , the duodenal muscle . 

Die cussi on : 

Anatoml : Thomson (.338) recently revi wed the liter-
tu eon the biliary system in hyracoidea . He collected 

reports by twelve authors , and eleven of these state that 
these animals do not possess a gall bladder. ~entser 
(259) is the only uthor who notes thevp~esenoe of a 

gall bladder in dassiea , and his deacri tion is baaed 

on secondhand information (338) . 

Owen (279) states that the right and left hc,patic 
ducts are so wide that their united capacity equals 
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that of an or inary-sized gall b d er . I th pecimen 

dissected by him, liver flukes were p esent i n the 1.,.,rger 

duet. 

Thomson (338 , 340) otudi .d one ap o1men which had 

aever l concretions in the ducts. Hi s findings agr~e 

with those of this study. He attributes the large s ize 

of the ducts to the pre ence of the eonoretion3 , a con­

clusion wh.L ch is not supported by the i mi lari ty of the 

ducts in the two specimens diss ct d for this work . 

Histology;_ This ha.a not been described before . 

ORDER -

This order is io to ve descended from a 

herbivorous African ancestor (140, 280) but its exact 

ori gin i s obscure (280). Andrews (cited by 325) hs.s 

recently pointed out that the sireni hav a number of 

proboscidian affinities , but there r 

between the two orders. 

roes differences 

1 renio. are her bi vo:rous and fully qua.ti.o (~21 • 
,, 

280) . The atom ch is complex, the intestine is long and 

the caecum is sacculated. 

l~o specimens er v ilable for d iss ction. The 

following.data have been obtained from the literature 

(279. 340) . 

~ biliary system of si renia. 

natop,z .• 

/1. 
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1. The liver is flattened and transversely 
oblong (2?9). 

2. The biliary system. 
{a) Form - Group II.in the two living 

genera (279 , 340), but ccorcling to 
Gorh and Ivy (140), teller•a eea­
cow did not ~ossess a gall bladder. 

(b) Relation to the pancreatic duct - Type 
B. 1n the Florida anatee (~4~) and 
Type A in the Dugong ( 279). 

The musculatu~ of the bile ucts snot been described. 

ORDER • PERISS0DACTYLA 1 

The odd-toed ungulates are derived from primitive 

herbiv4 rous stock {280). hey have been exposed to 

evoluti na1·y tencenoies over a. long :oeriod and have be­

come highly sp cialised (140). 

Periesodactyl re herbivorous nd feed more or 

less continuously (l69 , 279). lthough their stomachs 

ar relatively imple, the colon is large and sacculated 

and the caecum is immense (140, 279). 

Example. dissected. 

The biliary .aystem of 4 specim ns of the do ~a~ica.ted 

hors ere dis ected ana the . histology of two of the biliary 

ayatem we.a otu ·1ed . 

Th bilia;y: szet n of the horse ( quua caballua}. 

natow • see Fi ~. 87A. ,pg. 237. 

l. The 11 ver i larger and more sub-di -v·ided 
than that of artiodaotyla. 

2. The biliary system. 

/(a) 
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{a) Form - Group III , i . e • • g 11 bl adder bsent. 
{b) Capac i ty • The he tic duct i s 4 cm. l ong ant 11 mm. wide , the duct being l arge enough to dmi t a f inger. The parietal sacculi ar·e eo l arge that they a.re visible to the naked eye . 
(c) Rel tion to the p ncreatic duct - 1ype A {The p&pilla is so fo ed that it aete as ­a one-way valve to prevent regurgitation of the duodenal contents) . 
( ) Dist nee between the pyloru nd th papi lla -14 cm . 

TJle musculature of the hepatic duct - aee Fi5a . 8?B & C, PS . 237 . 
l . Supraduodenal - M.uscle tissue is extre ... ely scanty and consists of isolated circul r nd longitudi nal biDiles. 

2. Intramural - The muscl i c betterMdevelop and forms n iacomplet circular sheath around the duot . It .. is closely i ntermingled with the duodenal muscle , but can be identified a a sena.rate layer. 

Discussion : 

1'1.q, natomical f~dipgs gree with those of other 
orkers {126, 243 , 245, 279 , 332, 340, Z76) . Al l hors es l a ck a 

gall bladdAr (140, l42, l60, l69 , 23l , 238 , 280, 3l4, 328, 33~) . 
·, ny a thors ( l 26, l40, 142, ~l5, 335) ention t he l a r ge size 

" of the duct and of the parietal sacculi. Several autllora 
(140, 142, 336, 376) claim that this compensates for t he ae- 1 

aence of a g~ll bladder, but nn nd his co- wo rker s ( 238,: 
243, 245) and Hi~gina (160) disagree with this vi ew. 

The gall bladder is lacking i n all periasodact7l a (140, 
279, 280, 328). The duct of the rhinoo r os i s as wi d4t a s 
that oft e horse (279) and in the donkey and i n the mule 
the p r i etal sacculi are very lar ge {126) . 

/ l n 
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In the zebra (340) and in the rhinoceros (279) the 

relation of the bile duct to the pancreatic duct resembles 

that found in the horse, i.e., typ A. 

DISCUSSION. 

Table 10, page 24(:)presents the findings of this study 

briefly and in comparative terms. 

tes the following points:• 

This table illustra-

l. The bili ry system in different species varies 

tremendously. These variations affect not only the 

anatomy of the system but also the musculature or the 

bile ducts. 

2. There is a close relation between the form of the 

biliary system, the capacity of the gall bladder and bile 

ducts and the mWloulature of the bile ducts, and all theae 
features are related to the phylogenetic dev~lopment of 

the various species. 

3, There is no obvious reason for the three types of 

relation between the bile and the pancreatic ducts , nor 

for the site of the duodenal papilla i n the various 

species studied. 

4. All the animals possess muscular tissue in the walls 
of their bile ducts. 

The r el at ionahi pa of the form and capacity of the 

biliary system and ,of the musculature of the bile ducts 

will be discussed in greater detail. 
/A. 
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Form ot 
Claes and Prder. Biliary Gall 

SYatem. Bladder 
Jloat fishes 1 Var1ab1e 
4mnh1bia I Lame 
Rentilee 1 Lame 
Carnivorous birda I l..ar~e 
other birds I 1.11.r~e 

III Absent 
t»odi:tiedl 

Jlonotremea , I.ar,ae 
Jlaraitnials I Larius 
Inaeotivora I larrze 
Chirontera 11 Medium 
Primates II Medium 
Kost edentata II Variable 
Carnivora I .Larae 
Artiodaotvla I !AT'a'$ 

II 11eaium 
III Abaent 

B;oden!a ., II Uaually 
small 

III Absent 
Cetacea III Abaent 

~·--~ 
Proboooidea III Absent 
Hvraoo1dea llI Abaent 
direnia ll & III .. 
Periasodaotyl.a .i. lI Absent 

TABLID 10. 

Ca.pao:Lty Rela.ti on to 
ot pc..noreatlo 
1;uot s. ducts. 

N A ..... 0 ... 
.. C 

rl .. 
-;; A 
M Ji a 
~ A 
0 A 
~ A & C 
'"' A -· 
~ A .... A 
'-' A & C Q) 

~ ,&c 
5 & C ... 

~. & C •r-i 

(/) B & C 
~ . 
s:: B & C 
w A & C J-4 
Q) --.. 

ct-t A ..... 
A. ~ 

- A. &; B . 
:zl A 

JJ1,etance 
between 
pylorus & 
1'>&1>illa. 
Uhort 
Short 
variable 
variable 

·var'1al:i1·e ' 
var1able 

Short 
va:ri•ble 
Short 
Short 
Short 
Variabl.e 
Short 
X::oni;i: 
Long 
Long 
Variable 

varJ.at>le 
variable 

... 
.)hort -
Short 

11> 

lluaoula.ture. 
Verv wall develoned. 
• • " 
" " 

,. 
-VerY we!'.i a·evefcned'. 

very well developed 
............ -

Hell develot>ad 
Poorlv developed 
·poorly developed 
Jair!Y weil deVeloned -

I 
JI.J 

t 
I 

)'ai.rl~ •.ell doveJ • .O.Jl!f. 
fie l evelone<1 
.&'a rlY well develo~ 
Fa rlY wel:_l deJ;eloeeq 
Variable 

Poo~lf, ~evelop~d 
? li'ai r y ,mli developa~ 
anhincter 

?S»nincter nresent. 
Verv -000,tl;;t: develo:eed -
Very poorly develo.p•d 
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A. THE RELATIONSHIP OF THE FORM OF THE BILIARY SYSTE~ TO THE CAPACITY OF THE SYSTEM . 

In tnis study a close relationship has been de­
tected between the form and the capacity of the biliary 
system, e.g. , 

1. Form -. Group I : 

2. Form - Group II. 

The gall bladder is usually 
large. 
The gall bladder varies in si ze but tends to be small, e.g., 

(a) in orders where the organ is present in all species , e.g., marsupials and primitive placentals , the gall bladder is relatively large. 
(b) In orders where some species do not posseas a gall bladder , i.e., artiodactyla and rodents, the org n is relatively small and tends to be con­genitally absent from some individual9,e.g., hippopotami , bontebuok, gerbils , guinea pigs and rabbits. 

3. .Form - Group III. There is no increase in the aize 
; he 

of bile ducts to compensate tor the absence of the gall 
bladder. This finding, which eonfirma the observations 
ot others (160, 32B , ZZ2, 533), is illustrated by the follow­
i ng comparisons between species without a gall bladder and 
those possessing the organ : 
(a) The horse's hepatic duct haa a c pacity of 3, 800 c .mrn., while the capacity of the cow's common bile duct is 3, 500 c .mm. 
(b) Although the hepatic duct of the daasie i s larger than the common bile ducts of species of comparable size (rabbit, oat and dog) , the capacity of the duiker•a hepatic duct is much less than that of the common bile ducts of the ateenbok, the sheep and the goat. 
(c) The rat's hepatic duct is no larger than the common bile duct of the gerbil and of the mole rat . 

/(cl) 
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(d) The dim nsions of the pigeon'• bi le ducts 
equal those of the partridge's ducts. 

(e) Although a large , dilated ampulla is found 
in some species without a gall bladder , a 
similar ampulla is present i n some epeci .ea 
posseesing the organ, e . g.• 

Gall bladder absent : 
Whal es 
Elephants 

Qall bladder present : 
Ci.Yet• and otters , 
Seals and walruses . 
Ant eaters. 

Note : This relationship between the :rorm and the capao-

1 ty ot the biliary system has not been descri bed betore . 

B. THE RELATIONSHIP OF THE :LUSCULATURE OF THE BILE DUCTS 
TO THE FORM OF THE BILIARY SYSTE , 

The findings in this •tudy show th t close re-

lation exists between the form of the biliary system and 

the musculature of the bile duets . 

1 . Yorm - Group I. In the vast majority of speci e• the 

muscle of the bile duote is very well developed. The 

muscle of the i ntramural portion of the common bile duct 

is usually separated from the duodenal muscle by a layer 

of fibrous tiasue. 

2. Yonn • Group II . The muscle varies considerably, e . g ., 

(a) It is well- developed in the lower third of the 
bile duct in pri mates , in some species or 
rodents and in some speci es of artiodaotyla. 

(b) It is poorl y-developed in most of the other 
species . 
In most species a well-developed sphinct er 
surrounde the lower end of the common bile 
duct. 

3. Form .. Group III, The muscle is very poorl7•developed 
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in all species. Practically no u cle fibres are present 
in the supraduod enal portions ot the bile duets of the 
horse and the dassie. 

irote: Since previous studies of the musculature of the 
bile ducts have been confined to a limited number of 
species, the close relationship between t he form and 
structure of the biliary system has not been noticed be­
fore. 

C. THE RELATIONSHIP OF THE ANATOllY OF THE BILIARY SYSTEM,,.. TO THE BODY FORK AND DIG STIVE PROCESSES OF TFE VARIOUS ANIMALS, 

This relationship is illustrated in Table 11. 
page 244. Data on th opacity of the biliary system 
and the musculature of the bile ducts are not included 
in the tables, . since the relationship of these anatomical 
fe turea to the form of the biliary system haa already 
been pointed out. 

This ta.ble referred to reveals the following 
gen ral tacts: 

1. Yorm - Group I. This type of biliary system is found 
i n all the lower vertebrates and in carnivora (aome 
species of birds and cattle are the only exceptions). 
The va•t maJority of these animals are either oarnivorous 
or insectivorous and their alimentary canal is generally 
simple. 

2. Form. • Group II. This group includes the following 

/animals: 



GROUP I. 

Order 
Most fiS h "B 

Amphibians 

Reptil o 

carnivorous 
Birds 
Other birda 

Monot 1·em es 

Carnivor 

G OUP II. 

Order 
Marsupial a 

Insectivora 
Chiroptera 

Primates 

Kost edentata 

renia 

GROUP III. 

Order 
Some birds 

Some Artiodactyl 

ny roden a 

Cetacea 

Proboacidea 

-2.44-
TA.BLE ll 

Body and'Phylogeqy . Form Diet 
Prinli ti ve Carni Yorous & 

1 insectivorous 
Prin itive 'Carnivorous & 

insectivorous Primitive Carnivorous , 
Insectivorous 
herbivorous Specialised,Carnivorous 

I 
l 

Specialisedjlnaectivorous 
& herbivorous Primitive 

mammals 
Direct 
descent 

Helated to 
ltnaect i vora 
& chiro te 

Resembling 
ance&tral 
t 

Differing 
from ancest 
ral t 

Highly 
a ecialised 
Highly 

,Insectivorous 

Carnivorous 

1 arn voroue, 
Herbivorous & 
insectivorous 

Insectivorous 
& herbivorous 
Herb vorous 

Diet 
Essentially 
herbivorous 
Herbivorous 

esentially 
herbivorous 
Carnivorous 

HerbiYorous 

& 

& 

Alimentary 
tract. 
timple 

~1mple 

. ~imple 

Fairly simple 

Complex 

l:iimple 

Relatively 
aimJ:>le 

Relative l y: 
simple 

Ja.oderate 

Complex 

omplex 

omplex 

ary 

Compl~ 

Complex 

Complex 

Complex 

Complex a eciallaed -------,.~~~~r----~---c-~--~--Hyracoidea Herbivorous Complex colon 

Perissoda.c Her vorous 

- caecum 

.l 

i 

I 
i 

i 

' 
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(a) All marsupials . The diet of thP.se animals v riee considerably and many species possess complex gastro-intestinal tracts, but they are less highly specialised than pl· eentals. 
(b) 11 primitive placentals. The majority of these are insectivorous and their . li• mEmtary tract irs relatively simple. 
(o) So a ecies of artiodactyla. The species that fall into this group include the primitive traguline deer and, in gener l, those species which have descended with the least specialisation of body fonn from the ancestral type . Congenital absence of the gall bladder is not uncommon among some species, e . g ., bippopotami and bontebuck (140). 

(d) Some species of rodenta.- he species that fall into this group do not differ m teri lly trom those included in Group Ill. The whole order, however, is in a pl atic state and evolutionary tendencies are perceptible (140). Congenital absence of the gall bladder is not uncommon among guinea pigs. rabbits and ger­bils. 

Form - Group III, The body form of species included 
in this group has departed considerably from that of 
their noes-tors (140). These animals are essentially 
herbivorous (excepting the whales) and well-marked 
anato ical complexities of the gastro-intestinal tract 
exist in all species. 

Note : Although other workers (140,376,241,340,2?9,328) 
haYe suggested that the presence or absence of the gall 
bladder may be related to the diet and phylogenetic 

· devel o ent of the various species, the close relation­
ship of these factors to the three groups of biliary 
system has not been described before. 

/D 
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D. COBRELATIOr OF ALL Tim 

The following f ct e rg fr 
cuasions:-

the abov dis-

1. There is a close rel tionship between boy form 
and the to and structure of the bill ry tract , e.g., 

(a) The primitive bili ry syste is a oompl x structure. It consists of multiple hepatic ducts and a large g 11 bl dder, and th bile ducts possess very well• eveloped muacle. 
(b) The biliary systems of more nighly specialised e~eciea a opt a simpler structure. Th re are no accessory hepatic duote and the gall bladder tends to be a all. The uaculature of the bile ducts i not very well d veloped . 
(c) The biliary syste s of species whose body forms have departed considerably from that or their ancestors are extra ely si ple. o gall bladder is resent and the bil ducts re not dilated. The musculature of th bile ducts is very poorl y developed . 

2. There is a similar rel tionship between the form 
~ the gaatro- inteatin l tract and that of the biliary 
ayat nd both are related to the diet of the ani l , e . i ., 

(a) Species with simple digestive can le have & primitive torm of biliary apparatus. They are carnivorous and insectivorous. 
(b) Species with minor co pl xitiee of the gastro­intestinal tract usually poaseaa a gall bladder, but not accessory hep tic ducts , and th mus­cul ature of the bile duct• ia not very well developed. They are insectivorous and herbivorous . 
(c) ~ ciea with the most ighly specialised ali• entary ayate a tend to lose the gall bladder . They are essentially h rb1vorous . 

As a gener l rule , however, the gaatro-
inteatin 1 tract adapta its lt more readil y to ch ngea i n 

/ t lle 
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the body f orm and mode of life of the animal , and 

anatomioa.l complexities of the digestive aystem precede 

structural changes in the biliary tract , e.g. , 

(a) A gall bladder is present even in herbivorous 
marsupials which possess most complex gastro­
intestinal tracts . 

(b) No species with a very simple alimentary tmct 
"lacks a gall bladder. 

5. Although some of these relationsh1 shave been not i ced 

~ others , data on the form, capacity and structure of 

the biliary system have not b en previously correlated 

and no uthor has described th three phases in the 

phylogenetic development of the system. 

E. THE RFJLAIIONSBIP OF T:B:m INDINGS OF THE PRESEl?T STUDY 
TO OBSERV TIONS 0 1: Tllffi FUNCTIONS OF raw. BILIARY ··sYS1'.EM. 

It is ell-known that form n etrutur ar$ largel y 

governed by function (29 , 379) and that a decrease in 

f nction eventually leads to degradation of tissue (29) . 

The findings of this study. therefore , suggest that there 

is a progressive diminution in the functional activit7 

or the bili ry ystem fro th_ lower to the higher 

verteb tes. This may b determined by a study ot the 

functional ctivity of the v rious type• of biliary 

systems describe . 

It is agreed that the primary function of the 

biliary system is that of concentrating nd storing 

bi le f or digest i ve purposes {140, 170, l?l , 241 , 275,301, 318) . 

/Schmi dt 



{After Schmidt and Ivy (318)). 

Species. Physiological Form of 
capacity. lli,iaq system. 

Fowl 5-'1 I 

Duck 4 I 

cat 6-'1 I 

Dog 12 I 

cow 4•6 :t· 
Kan 12 II 

use 7-S II 

Striped gopher 5-? II 
Goat 1-2 II 

Sheep 1-2 II 

Pig 0.4 • 0.6 II 

Bush rat 0.9 II 
bbit 0 .6 II 

Guinea pig 0.3 II 
Bat Nil III 
Pocket gopher nil III 
Horse nil III 

Pigeon ni l III 
\ 

(modified). 
I 

I 
I 
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Schmi dt and Ivy (318) have determined the effici ency of 
this function, i.e. , the physiological capacity of the 
biliary system. in a large series of nimal • They di d 
this by calcul ting what portion of bile secreted in 24 
hours could be aecommoda.ted in the system. Their f i nd­
i ngs are shown in column 2 of tablel2~}&ge 248 
The data on the form of the biliary system eIIected i n 
col umn 3 of the ame table are based on the f' i nd i nga of 
this study. 

com riaon of columns 2 and ·Z of the s e table 
rev ls the following :-

1 . The Group I. type of biliary system has a h i gh 
physiological capacity. 

2. The physiological capacity of the Grou II type 
of biliary system tends to be low r; although th 
oap city v ries considerably, the following feta are 
signific nt : 

(a) In man the pbysiological capacity is high nd n represents an order in which all s eciee possess gall bladder. 
(b} In speoi a of rodents and artiodaotyla posaeasing a gall bladder t he phyaiologica.l capacity is lo and closely related s cies do not possess th oigan. 

(c) In rabbits and guinea pig• th Dhysiologi cal ca acity is negligible and congenital ab• sence of the gall bladder is not uncommon. 
3 . The physiological ca city of the Gr oup III t ype 
of biliary syste is nil , i . e. , the bile ducts fai l to 
concentrate or &t ore bile. 

/The 



-250-
Th~ anatomic l finoings of t his study are, there­

fore. corroborated by the work of other• on the functions 
of the biliary system. 

A correlation of th various observations shows that 
the progressive loas of form an~ structure of the biliary 
aystem from th lower to the high r Yertebrates is an 
indication of the declining nee for a highly-efficient 
bile-ooncentrating mechanism. Since bile ia necessary 
for the digestion and bsor tion of fa.ts , it 1s signifi• 
cant that carnivora possess the primitive type of biliary 
system. hile the biliary ystems of herbivora tend to 
lose their complexity. 

J. THE HmlAU BILI AX{ 
01 VIE , 

TIVE POI .1. 

A eomparison of the finoinge ot the present 
section of this study with those of previous aections 
reveal the following :-

1. Anatom.y. 
j 

(a) The human biliary system occupies an inter­mediate position in the phylogenetic develop­m~nt of the biliary system. 

(b) Accessory be-pati c duct .a represent the arr nge ­ment of the primitive biliary system. 
(c) Congenital abaeno~ of the gall bladder repre­sents thA type of biliary system of species with highly speeialiaed body form. 

It is evident, therefore , that these anomalies 
are not obscure and e ninglesa, but represent different 
stages in the phylogenetic developnent of the biliary system. 

/The 
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Th frequency of accessoiy hepatic auota suggest s 

that the uma.n biliary system tends to approximate the 

-pri i t ive type , and thi suggestion is borne out by the 

fact that the human gall bl dder concentr tes very well 

(318). This t ndency may be rel ted to th human in­

clination towards a carnivorous iet. 

On the othct· '.'!'1and, evoluti nary tendencies m nif'est 

them elves in the occasional congenital abse oe of the 

gall bl dder , but the great rarity of this anomaly .suggest s 

that thes tendencies are being uuppreased . 

From the comparative point of view, therefore, the 

human gall bladder ie not a useless org n and its indie-

cri~inat e remov l has to b con e • reverthel es , it 

is t nding to boo e vestigial , and , like other vestigi l 

struetures, it is notoriou ly pron to disease. 

2. RistoloEQ'. . The findinga of thi s ction show that 

mu.sole is present i n th bile duets or a.11 Tertebrates and 

that it is f irly well dev¥loped in tne type of biliary 

system that resemble th h n biliary sybt • From the 

com r tiv viewpoint,, therefore, he findings deacribed 

i n the section on the musculatur of th0 hum, n bil~ ducta 

are fully corroborated . Joreov r ~ it i signific nt that 

the muscle of the bil ducts in oases with co enital 

absence of the gall bladder i a poorly- elo-ped like 

that of animals no ally l ckin the organ. 

/SUWARY 
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l . Th literature on th c p rative anatomy of the 
bili ry ystem has been review d . 
2 . Th anatomy of the biliary ay tem nd th u cul ture 
of the bile uct of large se rie of ni 1 repre eent• 
ing ll the vertebr t olaa es nd every placental order 

w be n de cribed. Examples o'f 36 sp cies w re studied 
by person l dia eotion and the usculature t the bile 

duct• or phi bia, reptiles, birds, insecti vo nd 
chiro tera h ve been c cribed for the first tie. 
3 . The following facts v merged fro corr l tion 
of the various finding :• 

(a) The biliary syste is a typical vertebrate 
atructu:r • It first ppears in eycloatom a 
and is higbl.7 cha cteriatic of the group. 

(b) The primitive biliary ayete con i ta of 
multipl hepatic ucts n l rge gall 
bladder which concentr ta very well. 
ell•d velope muscle 1 pre ent in the bil 

duote. 

There ia progr ae1ve di.min tion in the 
1'u.nctio l e:f':fioi noy of the biliary yat m 
t the lower to the higher v rtebrateas. 
This ls aociated with losa ot fo nd 
ot structure . J'i rat, th cceasotl" e tic 

/duct• 
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ducts disappear and later the gall bladder 

diminishes in size until it finally disappears. 

At the same time the muscle of the bile ducts 

decreases, but it does not disappear completely. 

This concept of the phylogenetic history of the 

biliary system has not been deacribed before. 

(c) There is no obvious rea on for the variations in 

the relation between the bile and pancreatic ducts. 

These variations cannot be correlated with the 

form and the structure of th biliary system. 

This finding agrees 1th those of othera (245,340). 

{d) The site of the duodenal papilla cannot be con­

nected 1th the other findings of the study. 

(e) The normal human biliary system occupies an 

intermediate poei ti on in the pbylogeneti c de­
velopment of the biliary ayste, and anomalies 

renresent other stages in this development. 

From the point of view of comparative anatomy, 

the human gall bladder is not a useless structure 

and its indiscriminate removal is condemned. 

(f) There is overwhelming comparative evidence in 

favour of the vi w that the human bile ducta 

posse a reasonably well-developed muscle and 

that the sphincter around the lower end of the 

common bile duct is independent or the duodenal 

muscle. 
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XPERIME TAL AND CLINICAL OBSERVATIONS ON 

THE MUSCULI· 1'U OF THE BILE DUCTS. 

The property of contractility is much more highly 

evelo ed in muscular tissue than it is in any other. 

In fact, active movements of the body ns a 1hole or of 

any of its P3 rts, are entirely epende.nt on the contractions 

of mu cles (G9, 144, 379). The presence of muscular tissue 

in an ergan may therefore be taken for gr ted if itt~ can be 

show that the organ is actively mot·1e. 

The purp se of this section is to corrobor te the 

findings of previous sections by presenting ex,I:erimental 

clinical eviaence that the bile ducts are contractile. 

The data ere obtained from personci studies and from a review 

of tile vast literature on the subject. 

The section is divided into t~o parts: 

In Par.t I the personal experiments are described end 

the esults of each investigation are correlated 1ith those 

of s ilar methods of study by other ~orkers. 

art II d als with clinical and radiological observations. 
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PART I. 

Three methods of observing and recording contractions 
of the bile ducts were e ployed , viz: 

A. Direct observat i on of the movements of the bile ducts in 
ae 0 thetised animals . 

1 . l Leguan;. 
~ • 3 Fo 19'1.s . 
3 . · Pigeons . 
4 . c:: Guinea pigs. 

The following speci s ere used: 

B. Cannu'lation of the common bile duct of 3 cats ruid 

observations on the flo.v of bil e from the duct . 

c. Observations on isolated strips of the bile ducts <:£ the 

following animals: 

1 . Cattle - 10 specimens 
t:.. . Sheep .., 6 specimens 
3 . Pigs 6 specimens 
4 . Horses - ... specimens 

• 

A., DI 

1 . EuCRIPTION OF PROCEDURE. 

The leguan was pithed and its cerebrum v F. s crushed. The 
other species were anaesthetised with nembutal and ether . 

The abdomen of each animal was opened. The bil.e ducts 
were then exposed nnd watched for periods of i - l hour. 
In each case witnesses were present to conf'irm the personal 
observations . 

/ 2 . 
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' OBSERVA'l'IONS 

a . The Leguan. No spontaneous movements were observed, but mechanical stimulation of the hep'" tic ouct was follmred by a writhing movemEn t of the duct passing from the liver to tie duodenum. No duodenal contrat.ions rnre seen .• 

This movement , whic h w s elic ited several times, as egar e as an active contraction of the duct. 
b . Tl 9 13:i.rds . Spontaneous movements of the bile ducts of all the fowls and pigeons ~ere ovserved . During the interval~ bztween tl.te movements the bile aucts were distended with green bile . During the move:nents the , c s became narro er c:. .1..d paler from above do,mwards . ach n ovement lastea 2 - 3 seconds and the intervals between 11 ov er~ents varied from 10 - -0 seconds . 

The movements were in ep n ent of respiratory xcuroions and no contractions ""Ad: =-~aviteti:0:lt .. of he gall blad er nor of the duo enum ere noticed. The two ducts moved i ndependently of each other and in eac h a mov ;e t could be initiated by mechanical stimul&tion. 
These movements were interpreted as active contractions of the bile ducts. 

c . The guinea J)igs. .ovements of the bile duct similar o 1.,l,.use obst,.;rved in biras were seen in guinea pigs . In hese animals however, the movements were limited to the pulla a1d tle lower third of the common bile duct. They occur1ed spo1taneously at intervals of 15 -30 secon s Dnd coul be initiated by mecl1an cal stimulation. They ,ere regarded as active contractions of the bile duct. 

DUCTS CF 

a . he leguan - Co J.tractions of the bile ,mets this animal have not been observed before. 
b . Birds - Movements of t11e bile aucts of birds were first noticed by Claude Bernard in· 18.56 (60) end later by DOYON in 1893 (9~, 170). Several uthors m ntion thut the bile ducts of birds are motile (60, 9:; , 162, 169, 170 , 318). COPHER and ILL G ORTH (92) state that the movements of the bile ducts of fov,ls and pigeons re of a peristaltic n ture. 

/c • 



B. 

-257-

c . Guinea pigs - Active contraction of the bi le ducts 
of gui ea p igs has been observe by many workers 
(68,69,161,l?O, ~49,~86,318). BURGET and 
BROCKLEHURST (68) found that the contractions 
of the ampulla could be initiated by istention 
of the gall tladder and co mon bile duct, by 
vagus stimulation and by injection of p i locarpine. 
HIGGINS (161) noted contractions of the common 
bile duct above the ampulla . 

d . E!§h. HIGGINS (162) experimented on the 
American Bullhead . He noted contraction waves 
over the whole of t he common bile duct . The 
waves appeared every 2 - 4 minutes, and through­
out the period of activity the duodenum. remained 
inactive . 

e . Opossums. DU BOIS and HUNT (114) conducted 
exJe riments on anaesthetised opossums . They 
observed contractions in the lower two-thirds of 
the common bile duet . These contractions recurred 
at intervals of 10 - 15 seconds, end after each 
contraction the pulla became distended with 
yellow bile . The movements ere in epen ent c£ 
duodenal movements. 

f . Dogs . IVY (l?O) states that LABORDE and 
AUDIGE noted that the common bile duct of dogs 
contracted on direct electrical stimulation, and 
that DOYON observed contr ctions of the dog's 
bile duct on st~nulation of its splancbnie nerves. 

g . Rabbits. SCHMIDT and IVY (318) claim that 
they have observed contractions of the connnon 
bile duct of the rabbit . IVY(l?O) states that 

STPHAL recorded similar observ tions. 

h . orses. According to IVY (170) contractions 
of the common bile duct of the horse were observed 
by COLIN in 1873 • 

1 . Elephants - 0 (279) states that the 
ampulla of the elephant contracts. 

CANNULATION OF THE CO DUCT. 

1. DESCRIPTION OF PROCEDURE. 

The cats were anaesthetised with nemb tal sup lemented 

by ether. Their abdomens were opened and the bile ducts 
/were 
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ere exposed. 

A simple apparatus t1as constructed for observing the 
rate of flow of bile from the common bile duct - see Fig. 88 

page 259 • A glass manometer containing a fluid meniscus as 
an indicator was mounted horizontally on the same level as 
the experimental table. The right limb of a glass T tube 
was attached to the manometer . 

was connected to an outlet tube . 

The left limb of this tube 

The third limb as 
connected to a glass cannula by a thin rubber tuba . 

The terminal end of the common bile duct was tied, 
and the glass cannula w s inserted into the duct just above 
the ligature. The mouth of the cannula. pointed to mrds the 
liver. 

The gall.bladder \vas excluded from the circuit by 

clamping the cystic duct. 

The outlet tube was clmq::ed and e normal rate of 
flow of bile from the common bile duct was determined by 
observing the rate of movement of the meniscus in the 
manometer. The animals were then given 0 .1 mgm. of 

pilocarpine and the effects of this drug were noted. 
Approximately three minutes l ater l mgm. of atropine was 
given and its effects were noted. 

• THE. OBSERVATIONS AND THEIR INTERPRETATION • 
a . Before the drugs were given, the meniscus moved slowly and continuously towards the right of the manometer at the rate of approximately 
l cm. IE r minute - see A to B Fig. 89 page 259. 

/This 
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This u· ests th·1t th f'lo or bile is a c ut · uous process, fi · ~ hich rec ~i ·J. the i.vork of' others (32, 155, 244, .64, 471). 

b . 15 - 30 scconu ter the pilocarpina ha be n given, the me iscu moved mor-e r piol.y to th riJht, p ssing ro 2 c ·'"'. i 1., roxi. tely 30 conds - e B to C Fig. 89 pa 259. This was follo 1ed by co plete ce sation of ovc ent. which lasted until the atropine wus given - se C to D Fig. 89 age 259. 

l) roximately 30 s co s fter th atropine had been given, the m ni us resumed its for r vements. The r~ t€ move nt w t first mo rapid th n it had been at the co mienceraent o'i: tie experb:ent, but it soon retur. o i for er r".te. - See D to E, Fig. 89, page 259. 

This sequenc o events is interp ted s indi c tive of cti e co tractions of the bi duct for the following reasons: 
i . Otl er ,orkers have ho that pilocarpine d atropine c'b not p duce as den alteration in these retion o bile by the liv r (G'Ol, 264, 71). 

ii. There ere .no gros move ent& to aff ct the mo., e:nent. of the meniscus d it as silo n that this ov ent as not affected by slight body mw e en t nor by respir tory excursions. 

iii. It s b en establi ha t t pilocarpine stimulates the smooth muscle of the biliary tr, ct. that tro ine relaxes such muscle (68, 170, 201, 41, 235). 

ffiITAKER an OYDEN (366) record pr s ur changes 
in he bile ducts at e ~- ts ('. d demon tr ted that. the common 
bile duct xhibited a continuous rbyt • They st.ate that 

/this 
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this rhythm repr s nts contr c ions of the comm.on bile duct. 
co HER d ILLI1 G ORTH (92) fill d the co .qn bile ducts 

I 

ducts. X-rays t ken ,fter lt hours t no dye as 
left ·· the ucts .. T ey tate that bis w s due., to act,ive 
contr ction of e ducts. 

c. 
1. FTION OF PROCEDt fis:, 

t 1 ia.l was obtaine fr 

i ' 

t 

b n 

fro t 

Th ile ducts , re dissected free 
ing p:: creatic tis u n du en muscle. 

uod al md intramural portions o the bile duets 
rnr a ntely investigat d . 

Th ueu 1 ype of I agnus app rt.rt ia u ed - see Fig.90 
262. The experimenta l tube a filled with Ring r • s 

solution and tl: e sur ounding b alter 1· s fil ed d. th .ater 
l ich was · nt ini!d at a tem.t,1er ture of 3a0C. Air wt.s 

bubbled through the inger' solutio . 
f'l'lhe :following drugs were d ed to the exp imental tube, 
1. Pituit.rin. 
G . Arecoline (Acetyl choline) 
3 . Atropine. 
4 . B ium chlorid • 

2 . AT:=....i:;;::;...:~:V~A~T~IO;.::,;IS~~A~!~D;;..,..:THE~~=·~I=R~I=:,:.:=..;:,:.:..:,:~:.::.=.~ 
a. Strip from the supraduo e l portion of th b1le ducts. 

/NO 
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No spontaneous movements were observed, and the drugs elicited contractions of the bile ducts of cattle only. In 5 of the 10 bile ducts of cattle a definite tonic contraction followed the addition of arecoline to the experi-ental tube, and in 2 of the bile ducts the contra­tion \V's wall marked - see Fig. 91A page 262• 
b. Strips from the intramural portion of the bile ducts. 

No spontaneous movemEnts were observed, but the drugs elicited contractions of t1 e bile ducts of cattle, sheep and pigs . In about one fifth of the ex.i;e riments, tonic contractions of the ducts followed the ad i tion of arecoline to the exJ-e rimental tube , In all cases the results were very slight - see Figa . 9lB & c. plge 262. 

Alt :0ugh most of the experiments failed to aemonstrate contractions of the bile ducts, it is felt th!'t the poor results ware largely due to the crude apparatus and the fact that the material was not ..,uf:ficiently fresh. On the other hand, the positive results suggest that the bile ch cts of cattle, sleep and pigs are contractile .• 

3 . OBSERVATIONS BY OTHER ~mRKERS ON I SO TED STRIPS OF BILE DU~. 

agee (c35) studied the contractility of strips of 
the intramural portion of the bile ducts of cattle and of 
sheep. He found that the strips exhibited spontaneous 
rhythmical contractions and thnt they responded to a variety 
a. rugs by tonic contractions. By c~mparing his results 
with the effects of the same drugs on the duodenal muscle, 
he concluded that the sphincter of Oddi of' these sµ;cies 
can contract independently of duodenal contractions. 

Gerald (cited by 286) showed. that isolated strips of 
the bil ducts of sheep responded to a variety of drugs . 

ID CUSSION. 
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DISCUS&ION. 

In previous sections it was pointed out that there are . . 
two problems in connection with the musculature of the bile 
ducts • These problems are: 
A. Do the bile ducts possess su1ficient muscle to renier 
them contr~ctile? 

B. Is the sphincter of the common bile duct indepenaent 
of the duodenal muscle? 

These problems vvi.11 be discussed. 

A. Are the Bile Ducts contractile ? 

Personal studies of the b,ile w cts of' nine species of 
anlinals have shown that contractions of the ducts ot· 
examples of the following orders do occur: 

1 . 
..., . 
3. 
4 . 
5 . 

Reptiles~ 
Birda • 
Carnivora. 
Rodents 
Ar't,iodactyla. 

A review of the literature has shown that contractions 
of the biJe ducts have been observed in additional species 
belon ing to the following orders . 

l . Fishes. 
;;;: • ,a.rsupials • 
3 . Proboscidia. 

These orders are wt.ll representative of' vertebrates in 
general .. As a rule, species belonging to the primitive 
orders exhibit, the greatest motility of their bile ducts. 

These findings therefore serve to answer the first 

/question 
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question in the affirmative and they are in full agreement with the histological observations 0£ this study. 

B. Can the §phincter of Oddi contract indepen.ientl.y of duodenal contractions? 
l. In personal exfe riments on the intramural portion of the common bile duct of animals belonging to 4 species, contractions iere elicited in the ducts of some of the 
examples of cattle ,sheep am pigs. These results show that the sphincter of Oddi of tl.ese species is ct:pable of con-traction. .Moreover, it was pointed out that Magee (G35) who obtained similar results in cattle and sheep, found that the biliary and intestinal musculature responded differently to various rugs. His findings suggest that the s hincter of t t ese species can contract indepeniently of duodenal contrrctions. 1·evertheless, the eviden.ce is not sufficient. 

2. Additional evi enc~ was found in the beh, viour of the bile eta of birds and guinea pigs. In these s,I:ecies act ve contractions of the supraduodenal portions of the bile ducts ;rere observed quite apart from duodenal contractions. These contractions were associated wi. th a flow of bile into the intestine. This suggests that simultaneous contractiorrs of the intramural portions of the ducts were taking place an.l ttat these contr ctions were not depen:.lent on duodenal. activity. This suggestion, however, is open to criticism. 
3. Further evidence was looked for in the literature. 

/A 
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A vi of the nWl'l rou..., articles sub· ect sho ,s tha 

all utl 01•i • th t duo- e 1 motility ~ nd tone .. lay 

r,;J e _ control.Li the f'lo o't bi into t.he int stine 

(65, a, 93, i..1s, J.?o, 177, 199, ~oo, 201, .... 19 

288, 308). 

, 273, 

s is, h waver, much itfer ce of' opinio ou t. 

action bincter 01' Oddi. ut,; oritie:s 

believe tl t he sphi ct r cannot contr ct i ep ndently 

of duote1 1 contractions (16, 65, 66, 67, 93, 94)~ On 

th oth h tn , there is n eat . 1 o evid nee in favour 

of the that it C • This v ence ill be pr ~e ted 

un -er h ... foll Ji .. g h ad:Lngs. 

a . Jir ct se1---vations on the otility of the odenal 

''Pilla. 

b . Ob r-t1t.tions o the :f'low of bile into th intestine. 

c . Tl· 'f. llil nd c e..cuati n of t e g 11 1 , or. 

of the tone of the phi t n-. d • 

• 

ever 10 ke .s h ve noti.c t tl:e papill 
rem· s opon qui t e a art from duodenal ctivi ty 
(4, 177, 288). ioreover, t h been sho t.h t 
nti ula in f th pill cau es it to co tr ct on 
it own c~ ~ 4, 128, 177). 

b . 7!1 . lo , of', bi 

It is ccepted that the ..,ecrctio ar bi'..e by 
t.he l v~r is con inuous proce s (321 138, 14-, 
170, ·10, G4l, .... 64, .::;:71, "'75, ~88, 372).. '"evert.heless, 

erous i-1 ,.. kers h rvo observed that the 1:lo of bile 
fro he pill of a po g 11 bl d r 

/occurs 
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occurs in intermittent spurts (l.ZB, 138, 142, 177, 275, 288, 372, 376). It is clear therefore, that resistance is encountered at the lower end of the common bile duct. 
The following observations suggest that this resistance is due to the indepeIXlent action of the sphincter of Oddi. 

i. The intermittent gushes of bile are frequently entirely independent of duodenal activity (170, 275, 288). 

ii. Ivy and his co-workers (174, 175) report that they have observed an independent flow of bile md of pancreatic juice in a human subject (by duodenal intubation). The bile flow w s stopped by secretin and re-started by m_agnesium sulphate. 

iii. In animals normally lacki a gall bladder 
the bile flows continuously into the intestine, and yet the duooenal .activity and bile secretion of these animals do not differ from that of animals possessing the organ (138, 140, 170, 241, 318). 

c. Filling and evacuation of the gall bladder. 
It has been conclusively shown th~t a sphincter mec anism at the lower e1.id of the common bile duct is esse tial for the filling of the gall bladder and that this mechanism controls the evacuation of the organ to a large ·extent (2?1 3G, 40, 67, 941 138, 1~2, 170, 171, 172, 173, 222, 23~, zj8, 253, 258, 270, 318, 365, 372, 374). 

On the other hand, several investigators have demon­strated that the filling and the evacuation of the gall bla der can occur quite apart from duodenal activity (3~, 56, 138, 177, d35, a40, 275, 288, 364). This suggests tha~ the sphincter mechanism functions independently of' duoaen 1 contractions. 

d. The tone of the sphincter. 

This method of investigation, which as first undertaken by Oddi in 1888 (65 1G8, 138, 199, 219, 241, 322), has provided the followlng evidence in favour of the v1ew that the sphincter of O di can contract in~epena.ently: 
i~ The resistaice is greater in animals possessing 

/a 
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a gall bladder than in those without the organ. In the former group the resistance usually exceeds 75 mm. of water (2, 65 128 170, 171, 199, 219, 220, 234, 241, 288, 308, 31~), while in the latter it approximates zero (140, 170, 237, 241, 318) . On the other hand, there is no difference in the intraduodenal tension of the to groups of animals (1.38). 

ii. There are often discrepancies between the sphincteric resistance and the intraduodenal tension both in man and in animals. Several orkers l1ave shown that the sphincteric resistance may increase ihile the duodenal tension falls or vice versa in response to various stimuli (17, 18, 19, 71, 201, 212, 219, 2 o, 228, 229, 273, 308, 353, 354) . An interesting point stressed· by many workers is that morphia causes spasm of the sphincter which is relaxed by the nitrites aid atropine (17, 22, 3 .... , 112, 171, 801,. 219 7 2G9, 273) • 
iii. Mann and Higgins (164, c.:47) have shown that the sphincteric resistcllce is not appreciably decreased after the bile duct has been dissected free from the duodenum. 

iv. The effects of cholec ystectomy. 

Soon after cholecystectomy in experimental animals , the tone of the sphincter is lost m.d bile dribbles continuously into the duodenum (140, 142, 170, 171, 186, 232, 240, 275, 288, 289, 301, 318, 376). This loss of tone is not associated with a corresponding loss of duodenal tone (140, 170, 171, 186, 240, 275, 288, 318) . 

Later the bile ducts dilate due to a return of tone to the sphincter (140, 170, 286, 288, 318) but the duodenal tone remains the same (138). 

SUMMARY AND CONCLUSIONS 
1. Contractions of the bile ducts of examples of nine 
species of animals were personally studied. 

2. The f'.indings have been corroborated and supplemented 

/by 
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CLINICAL ANp RADIOLOGICAL 

OBSERVATIONS. 

In this section observations on the human bile 
ducts are discussed under the following headinga :-

A. The aymptoms of choledocholithiasis. 

B. The results of cholecystectomy. 

C. Cholangiographic studies • 

A. THE SYJiPTOllS OF CHOU:DOCHOLITHIASIS, 

The case -histories of 13 patients who had been 
o erated upon for etonea in the common bile duct were 
analysed. !he findings are illustrated in table 13 page 271 
and a comparison of this table with table 14 page 272 
shes that the observations agree with those of other 
workers. 

These tables show that pain occurs in over 80% 
ot patients suffering from stones in the common bile duct : 
and that the pin is sufficiently characteristic to be 
called biliary colic in 60 • 70% ot patients. 

The most striking fact revealed by tablel3pa.ge 271 
however, is that severe biliary colic occurred in two 
patients on whom a previous cholecystectomy had been 
performed. Other workers record similar observations 
(102, 210, 265, 343). 

/ Diacuasioh : 
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TA13IE 13 

THE SYJU>TOJIS OF CHOLEDOCHOLI THIASI S ( 

Bili ary Initials Gall Bl adder Pai n Coli c Jaundice Ohilla 
s .n. Present Present - Present -
A. D. RemoTed Present Severe 
H. S. Present Present Severe Present -
L. K. Present Present Slight Present -
D.L. Present Present - - P:.resent 
F . R. Present Present Present Pre~ nt 
P. F. Present Present SeTere -

• V • Present - Preaent Present 
K. F . Preaent Present Slight Present 
X. F . Present Present Severe - -
C . J • Present Present Present -
D. W. Removed Present Severe Present 
P . 'f • Present Present Severe Presetrt • 
15 oaaea 12 8 9 :s 

Percentase : 92. 62 69 ·2:5 
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TABLE 14. 

THE SYMPTO S OF CHOL~DOCROLI ~HIASIS (FRO THE LITERATURE). 

Author Pain (!) Colic(!) Jaundice{id Chills. 
Klingenstein 1931 95 ' ? ? (197). 
Judd and Marshall 

1931(191) 97 80 73 37 
eDonald 1935 (227) 44 ? ? ? 

I.alley and Swinton 
1935 ( 210) 80 ? 61 4 

Zollinger and 91 ? 81 33 Kevorkian 1939 
(378) 

alter• and Snell 96 75 ? ? 1940 (355) 

Trueman 1940 (343 ) 77 61 34 
Cutler and Zollinger 

1940 (102) 90 ? 85 30 
:Berk 1942 (21) 80 ? '13 33 
Bockus 1946 (32} 80 ? ? ? 

Average: 83% 73% "I 29% 
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Di acussi on : 

It is well-known that colic i caused by the torcible 
contractions of the walls of hollow usoula.r 3ystema (256, 
266). ny y are ago. in 189b, Rutherford Y.orieon (256) 
c 11 d attention to the fact th t biliary colic ie caused 
by exoe s ive contractions of the unstriped muscle of the 
biliary system. 

On general pri:noiplea. therefore, the occurrence · of 
bili ry colic in choledocholi thias.is augge ta th t the 
bil ducts oasess muscle 1n their walls. Sino the colic 
occ r ven after the gall bladd r has b en remove, the 
presence of such muscle i even ore prob ble. 

B. THE RESULTS OF CHOL CYSTECT()).IY. 
Q,ueationnaires were sent to 48 ·patients on whom 

choleoystectomy had been performed. Rep1ies were received 
fro 29, 1.e, 6~. Moat of the patients had been operated 
on by Dr. Cole Rous and gallstones wer found in 20 of the 
29 who had replied, and in two of these , stones were found 
in the common bile duct. The infor tion received is ahown 
int bl l5page 274.This indicates that 4 o~ the 29 patients 
complained of biliary colic similar to the colic they had 
experi.enced before the1 r gall bladders had been re oved. 
Although three of these pati nts had suffered from gall 
atones, no stones had been found i n their common bile ducts 
at the original op~ration. roreover, all these patient• 

/stated 
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TABLE 1 5. 
PERSONAL STUDIES, 

THE RESULTS OF CHOLEC YS1'ECTOMY. 

Initials. 

HB 
R le R. 
A.F N. 
M.G. 
S. M. 
L.s.w. 
W.H.O. 
M.S. H. 
C.J.R. 
M.T. 
A.L. 
C.L. 
G.C .M . 
G L 
D • .M 
H.J.B. 
R. 11 • 

M.R. 
M.c .o. 
C.K.A. 
B.L 
AG 
FR. 
L.F.S. 
D.V. 
M.D. 
J,L. 
T.G. 

~ . """ . -
TOTAL 29 

PERC-
ENTAG& 100 

Total relief 

-+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ -
+ -
+ -
+ -
+ 
+ --
+ 
+ 
+ ----

18 

62 

Partial relief. 

-------------
+ -
+ -
+ 

-
+ 
+ ---
+ 
+ --
1 

24 

Post oper­
ative Colic 1 

+ 

+ -

---
+ 
+ 

4 

14 
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atated that they ha.d not been jaundiced since they had 

been discharged fr•:mi hoapi t l. bri f oaae-histo17 

of one of these patients is given belo. 

Case.7. C.L. a H.uropean female aged 25 Yt.!:J'S . 

This patient hu.d her gall b::.adder removed in January, 
1944. She had suffered fro severe att.:..nks of biliary 
colic and at operation st ones e ~ pre sent in the g 11 
bladder but not in the common bile duct . 

The operation was followed by complt1te relie.f of the 
symptoms. 

In November, 1945, she was given t gr. morphia for 
uterine haemorrhage. 6•10 minutes after the injection she 
developed typical ·biliary colic, which waa as severe as 
the colic she nad experienced before the operation. 
She was then given an inJection of atropine and this waa 
followed by relief of the pain . 

There have been no similar attacks since. 

Discuasion: 

These findings agree with those of others (24,91,105, 

188,192,252,269, ~06. 309,368,370). It ia generally agreed 

that cholecysteotomy is follo ed by total reli f of 

aymptoms in 60-70% of cases and by partial relief in 

an additional 20-30%. There are, however , 2~10% that 

are not reli ved by operation. Among these there is 

usually an organic lesion to account for the persistence 

l>f symptoms (22,'17,91,18'7,236,265,344,350) but in a 

small number no lesion can be detected even ta second 

operation (24,77,192,287,307,309,349). These patient• 

often complain of biliar~ colic. As a rul the symptoms 

last for a short period only and subsi e spontaneously. 

Often the colic is precipitated by morphine and re:11 e ved 

by ntispasmodics (25,26,21,71,15?,228,349.352,353,354 , 

366). / It 
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It i s generally belieTed that this colic is due to 
functional disorders of the sphincter of Oddi (24, 
77 , l 92, 28'7 I 295 , 309 I' 310, 349 I 350 , 353) • A tremendous 
amount has been wri.tten on this subject ot "biliary 
dyakinesia" or "post-cholecystectomy syndrome" (23, 26, 
26, 27 , 71 , 89,156,137 , 138 , l57 , l70, 212, 214,219 , 228 , 229 , 275, 
287 , 353 , 354) and ma.ny workers have demonstrated spasti city 
ot the sphincter of Oddi in patients suffering from the 
c ondition ( 2 6, 26, l 57 , 1'14 , 212, 214, 287). 

Whatever the exact origin of the •post - oholecyste ctomy 
·•yndrome" , however , the fact that biliary colic occurs 
after oholeeystectomy emphasises the findings discussed 
under the previous h.eading, a.nd suggeats that muscular 
contractions occur in the bile ducts . 

3. CHOLANOIOGRAPHIC STu:tIES, 

The following inv atigation which was carried out 
by the author in conjunction with the staff of the De­
.partment of Radiology of t e Groote chuur Hospital was 
the first of its kind to be undertaken int ·s hospi tal . 

cases. The patient, K.F. , coloured female aged 55 years , had been operated on by Mr .T. Schri re on August 6th, 1946. Cholecyst ctomy and choledoe tomy bad been ~erformed . The fluoroscopic studies were carri ed out four days later. 

(a) ~ script ion ot Pi:,o_cedur • 

Aft r the eholedochostomy and drainage tube s had 
been identified , about 15 cc . of lipiodol were slowly 

/injected 
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injected into the fonner tube, which was then clamped. 

About 5-10 minutes later the patient was given t gr. 

morphia intravenously and its effects on the bile ducts 

were noted. After a further interval of 5-10 minutes 

a capsule of amylnitrite was inhaled by the patient and 

the effects of this drug were noted. 

(bl. The observations. 

Initial apEearances. 

The dye flowed freely into the bile duct s. It 

passed upwards into the intrahepat ic ducts and downwards 

into the duodenwn. The flow into the duodenum was 

uninterrupted and continued until the morphia was given. 

o spontaneous movements of the bile duote were observed. 

The appearances at th1 stag are illustrated 

1n ll'ig.92Apage 2'ZB ., This radiogra show n ill-

defined lower end of the common bile duct and dye in the 

duodenum adjacent to the papill • 

The effect of m_orphi • 

Approxi ately 15-30 seconds after the orphia in­

jection the dye stopped flo ing into the duodenum and 

the lower end of the common b1l duct aes ed a conical 

shape with ole r-eut outline. J:ro lipiodol passed 

into the duodenum until the yl nitrite was inhaled, 

and during the interval t he portion that had previously 

escaped from the bil ouots ove< a ay from the duodenal 

papilla. 

/ 'the 
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ig. 92 
Cholangiograms showing 
contractions of the lower 
end of the comm.on bile duct. 
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F1g.92B, page 278 , illustrates the appearance at 

this stage . The lower portion of the common bile duct 

is conical and tapers to a well-defined point. Ther e 

is no dye in the portion of the duodenum adj a cent to the 

papilla . 

The effect or amyl nitrite. 

soon after the inhalation of amyl nitrite, the 

lower end of the common bile duct lost its clear 

definition and the flo of dye into the duodenum was 

resumed . In tact, it flowed more freely than it had 

done at the commencement of the investigation . 

J'ig . 92C , page 2'18 , illustrates the a-p-pearances at 

this stage . The lower end of the cor:unon bile duct is 

ill-defined and a large amount of dye is present in the 

duodenUJD close to the papilla. 

(o) Interpretation of observ tions . 

The free flow of dye into the duodenum at the 

commencement of the investigation showed that there was 

no mechanical obstruction at the 101'.er end of the common 

bile duct . 

It is , therefore , suggested that the obstructi on 

to the flow of 11piodol after the morphia inJe ct ion was 

due to tonic contraction of the sphincter of the bile 

duct , and that this contraction was rAlieved by amyl 

nitrit.e. Although no contractions were obsened in 

/the 
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the upper parts of the bile ducta, the above suggestion 

is sup~orted by the fact that changes in the shape of 

the lower end of the common bile duct were noticed and 

recorded. 

(d) Discuesion. 

This interpretation of the findings agrees with 

that of others who have studied the motility of the 

bile ducts by cholangiogra by. Indeed, it has been 

shown that th tonic contractions of the lower end of 

the bile duct are associated with an increase in the 

i ntraduct 1 tension and often with typical biliary 

colic {25. 26. 27, 52. 71, 228, 349, 353, 354, 356). 

oreover, studies of the diff rentia.l action of various 

drugs on the duodenum and on the sphincter mechanism · 

have shown that the contractions occur ap rt from 

duode l activity (27, 52, 353, 354). 

The present investigation failed to reveal move­

ments of the extraduodenal portion of the common bile 

duct, but this oea not im~ly that contractions ot 

this portion of the duct do not occur. On the contrary, 

at lea t two workers claim that contraction wavea do 

occur, viz: 

i ri & ai ( 2 61, 262) &ta t es that cholangi ogre. pby 

has demonstrated that active peristalsis of the common 

bile duct often occurs when the lo er end of the duct 

/ ia 
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-.... Chl)langiogram made 10 minutes after• : grain of 
morphine had been givcnl and approximatclr 3 minutes 
after the injection of 15 cubic centimeters o lipidol. In 
this figure the dye is observed just beginning to enter the 
duodenum . The interpretation of this picture hy itself 
would indicate either a ductal or pancreatic pathologiral 
condition. This entire narrow chann<'I is not :L single con· 
strict ion. It is longer than the areas seen by fluoroscope. 

-J£ it is all constricti,m it is not tht <;amt· a<. intt -.1 inal l>t·ri 
stalsis, but, judging from the suh'-l'ftU<:nt pit turL"•, only tlh 
up- art is in\'oh-ed. 

Cholangiogram made 2 minutes aftrr Fi1.nm: 1 

and 5 minutes after the injection of the dye. ~I on· dy1..· ha-. 
entered the duodenum. The outline indiratt:~ that the 
distal end of the duct "has completely clo:-.l-<l. T hl' hq1ati~ 
duct are well Jilk·d. 

Ch 
waves 

iog B 

of the 
showing contr 

common bil 
ct ion 

duet. 



.. 

-2S2-

is stenoaed. Fig. 93.A, page 281 , is a reproduction of one 

or his cholangiographs, It showa irregularity of the 

common bile duct hich irizzi correl tea with the 

mo em nts seen on screening • 

acDonald (224) reports on case in which he 

accidentally observed µeristaleis of the common bile 

duct during routine cholangiography. 1~ • . 93!,p ge 281 

is a reproduction of hie chol ngiographs . This picture 

demonstr tes variations in the diameter of the oommon 

bile duct . 'acDonald disaussea th~ inter.pretation of 

these variationa and concludes that they were caused 

by active cont1·actions of the eou;mon bile duct . 

SUMMARY,, AND CONCLUSIO'S, 

l . ersonal studies have shown : 

(a} that bili ry colic ia a common symptom of 

choledocholithiaaia . It occurs ev.n after 

the gall bladder has been removed; 

(b) that a emall number of patient• sutfer from 

biliary colic after oholecystectomy. This 

colic may occur even in the absence of 

organic lesions of the bile duct nd is 

oft n precipitated by m r ia . 

(c) That the flow of dye into the duodenum of 

a patient studied by cbola·ngiograpby was 

/interrupted 
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interx-upted by an injection of morphia. 

Thia interrupt ion was a.ssocia ted with changes 

1n the shape of the lower end of the common 

bile duct. 

2. These findings have been corroborated and supple­
mented by information obtained from the literature. 
3. It baa been pointed out th~t th various obaerva• 

tions suggest that the human bile ducts possess con• 
tractile muscular tissue in their walls. The tone of 
this muscle is increased by morphia and diminished by 

antiap smodics. 

4. These findings confinn the obaervationa of the 

previous sections of this work and serve to illustrate 
t he clinical significance of the musculature of the 

bile ducts. 
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ARY. I . 

l. The anatomy of the main bile ducts has been described 

in detail . The frequency of variations from the normal 

and the clinical significance of the various anatomical 

features have been emuhA.si zei' . 

2. It has been demonstrated by histological methods that 

mus~Jlar tissue exists in all parts of the ~ain bile 

d\.\Ct&. The muscle is well-developed in the lower third 

of the common bile duct and the sphincter around the 

terminal end of the duct ie sea.rate from the duodenal 

muscle. 

3. Congenital abnormalities of the bile d\.lcts nave been 

discussed. Lata personally collected on examples of 

congeni ta.l absence of' the gall bladder, cystie dilatation 

of the common bile duct , obliteration of the bile ducte 

and acceaaory hepatic ducts have been reported. 

4. The embryology of th biliary system has been des• 

cribed and it has beP.n sho•·n tl13t :ruuscle diffel'"ent iatea 

from the mesoderm immediately s,<1rroundi~ th bile ducts. 

The differentiation connnencea in the intramural portion 

of the common bile duct and extends slolily and progressively 

towards the hepatic duct. 

/5. 
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5. The comparative anatomy of _the bile dueto has been 

deacribed and the evolutionary history or the biliary 

system has been discussed. It has been demonstr~ted 

that there is a Drogressive lose of torm, atructure and 

function of the biliary syste:n fro;:n t~1 lower to th, 

higher vertebrates. 

The rela.t 1 on of the f;l.ndings to the form and 

structure of the human biliary system have been dis­

cussed . It has been pointed out that comparative 
studies support thP. view that tl1e human common bile 

duct poaseasea muscular tissue in its Walls and a 

special intrinsic sphincter at its lower end. 

6. "xperimental and clinical investigations have 

shown that the bile ducts of man e..nd of exam lee of 

several vertebrate Ot'ders are contractile an that the 

aphincter of Oddi can contract independently cf 

duodenal activity. 
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