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In the past two decndes the litersture hes been fllled wlth theorles
and isolated facts concerning the physiology of the gall bladder., The mage
of conflicting emperirental obserwetions has resulted in widespread omflue
sion ss to the probable fmoetiong of this evgan. Recent work has somewhat
glenred the picture and now more definite oonclusions oen be drawn., Ve
have been particularly interested in the peculiar bile expelling wechanism
of the guines pigz, recently deseribed by Purget and Brocklehurst (1).
Bafore nresenting the obserwntions here to be desoribed regarding the funow~
tions of this partioular mechanien it might be well to consider the present
gtatus of gail bladder function.

The theories of gall bladder funetion way be clagsifild inte three
genersl groups. The first of these denies that the gall bladder plays any
significant role in digeation, some sonaidering it quite functionless, and
others attributing to it a purely sbsorptive role. The second theory is
thmt the gmil btledder is a passive organ and mots as a reservoir from whieh
bile is expelled only by extrinsic agonscies or by elsstie recoll of ite
walls., The third theory atitributes to the gall bledder the powsr to actively
gontrect by its own museulature in response o cerisin stimuli.

ftudy of the comparative anatomy of the billary vesiole has suggested
to many that the gall bleddsr ma: be a superfluous orgean. It ‘as not been
reported that the gall bladder exists in any lower form of animal 1life than
fishes (2). At the other end cf the seriss it presents a wriety of oone
ditio s. In some twanty species of mwmmals axnd birde it has entirely dis-

appeared, Ihe horse, deer, rat and pooket gopher have no gell biadder., In



the pigeon it 1z present in the embryo enly. In a third group, as in the
two~toed gloth (lalpert, 3) the gall bledder persists but its susculature
has almost entirely disappeared, Hutshinson (4) from studies of animals
who died in the soologlenl gardens concluded that the gall bladder is
practionlly functionless, This ides has aleo gain~d recognition from the
statenents that experimental snimels survive nhalmfystqutw without
noticeable change in nutrition or general condition. Mann chserved a dog
for three and one~half years after choleeystectomy and 4id not note eny
change in ite general heslth (5}, OCatewsod (6) found normal pmetric acid-
ity in dogs after sholecystectomy, Rosenberg and Rost (7) did not find any
shanges in metabolism following removal of the gell hladder. Judd (8) (9)
did not note any effect of oholeoystestomy on the heslth of his patients,
Carison (10) ealled the zall bladder en “snomoly."” This gave rise to much
8 widespread disbellief in the utility of the gall bladder that many surgeons
have done unnecessary choleoystestomies. Only one vear ago, in pointing
out the fallacy ofv this attitude, Hoyden (16) writes: "It is no longer une
common to find reputable surgeons removing normal gall bladders with normal
appendlces when operating for hysterestomy or even in the course of explora~
tory leporntomies”. Ffuch practices are quite untenable with our present
knowledge of gall bladder function, vhipple (11) ané Delrez (12) pointed
out that removal of the normal gall bladder rosults in marked digestive
disturbances, although remowval of o disessed grnll bladder is not followed
by such untowsrd results, since its functions have already boon lost.

tweot (13) found that the cholaesterol content of the blood was considerably
inerensed after removal of the gall bladder and did not reach normal for s
period of forty deys. Jeundise aprears much mors rep!dly than usuel 4f

obstruction arises after oholecystectomy (14)., That the gall bledder stores,
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concentraten, and sctively expells bile for digestion, and that removal of
the gall bladder is followed by dilatation of the extra~hepatic ducts will
be pointed out later in this paper. In the face of such evidence, the
theory of a non~fumotioning gell bledder is without physiological foundation,
In 1623, foyd (16) made miero-dissections of the mucosa afltha gall
bladder and found a very abundent blood and lymph supply. On the besis of
these [indings he ocomcluded thet absorption is a primary funotion of this
organs The mucoss of the evstic duot is arranged in spirals, forming the
so-called wlves of lieister. lalpert (17) ie of the opinion that the come
plicated bends in the neok of the yesicle and paculiar arrangement of the
Heisterian valves is evidence of a meshanism whioch regulates inflow and
hinders outflow of bile, lie mainteins (18) (19) ¢that bile which enters the
gall bladder does not lenve it agein by wy of the cystic duot but is abe
sorbed in toto by the mucous mewbrene and the bile constituents are then
returned by way of the veins and lymphetice into the liver and gemeral
eirculation respectively. e quotes Hlond (20) as interpreting the ree
sulte of cholecystography of the last five years in the light of total
absorption by the gmll bladder mucosa of all bile whish enters the vesicle.
This concept is far from being widoly socepted. There esn be no doubt that
bile iz grestly goncentrated by the gell bladder, But this is no new idea,
fous and MoMaster (21) have demonstrated that bile ie grestly concentrated
while in the gell bladder, sc that the pigment content of gall bladder bile
mey be ten timea thet of liver bile. MeMaster (22) further found that the
bile of the rat {gall bladder absent) is about eight times higher in pigment
than the liver bile of the wouse (gall bladder present), It would seem that

Nabure hns compensated here for the lack of gall bladder to serve the lunotion



of concentration., The utility of this Nmetion ig the delivery of asoncenw
trated bile when the progess of digestion is initisted. &itunted, as it 19,
elose to the diaphragn, 1t is highly desirable that storage be concentrated
and not bulky, That blle mctually leaves the zall bledd r by way of the
gystic duot has been conclusively demonstreted. Ilodired oil placed in the
gall bladdor has been seen in the duot in humen choleeystograms (22). The
total nbsorption theory necessarily diuragaéds the evidence that the gall
bladder ectunlly contracts, and that dilstation of the extra-hepatic ducts
ooeurs after its removal. Concentration of bile is certainly a funotion of
‘the gall bladder but probably not total absorption.

4 popular theory of grll bladder function is that is serves as a
simple reservoir or "tension bulb" for bile secreted during the interwals
between feedings, Although lMayo (24) showed that the relation of ﬁﬁu
eapacity of the humen gall bladder teo the amount of bile seoreted is enly
about one to lorty, the recognition of the ecnoentrating ability of the
vasicle has made this theory widely scoepteble. Again we point to the
findings in our experiment on the dilatetion of the extra~hevatic ducts
after choleoystectomy. Unless there is some o'her meshanism present to
cwpanufa for the loss of the gell bladder as a tomim‘tmlb, dilatation
ocours after its remowl (vide infra)., ftorage snd regulation of pressure
are undoubtedly part of the funotion of the gall bladder, Oiven the gall
bladder full of concentrated bile, by what muuhaniam.dnes the bile become
evacunted?

Halpert (2) has pointed out thet the intrineis rmecles of the gall
bladder arise simultaneously with the muscularis mucosas of the primitive
guts This evidence that the rusculeturs 1s only & "hypertrophied rmscularis

mucosae” has led meny to bolieve that the gall bladder expels bile only



paasively. rhitéker (26) and others have emphasised the lerge amount of
elastic tissue in the vesliole wall., This, they believe, may be evidence of
a passive elastic recoil when the gall bladder becomes distonded, The mechan~
ioal pumping effest {“respiratory squeeze™) of the disphragm and liver was
sdvenced by Winkelstein (26) (27) (28) as m probadble means of ;ull bladder
evacuation. Rost (20) reported that with anesthetized dogs he was able to
goe bile enter the duodemum svnohronously with respiretion., After chole= |
ecystectomy he found & more or less constant dridbbling of billes ligzins and
¥ann (30) objested to this theory on the groumds that in certain rishes, which
brenthe by gills and not by rhytimio diaphragm action, the gall bladder will
empty soon after s meal of egs yolk. Using an artificial gall bladder made
of rubber which he attamched to the eystie duct of dogs, Whitaker (31) did
not find any ewocuetion of iodized oll with respiration or even after a
menl, although biliary secretion was augmentsd by the latter means. Respire
atory squeese of the diephragn san hardly sscount for the mpid emptying of
the gall bladder that has been shown to follow ingestion of food (2).
Evidenoe has been ?rassntaa by Burget (32) (33) (34) to show that
simple peristalsis and tomus chengee in the duodemm play o part in the
regulatien of the diseﬁarge of bile. This is evidenced by a "milking"
aotion on the intra-mural portion of the common duet. Although not denying
the importance of this mechenism, Doyden (15) claims to have seen iodised
0il leave the gall bladder when he gave food to eats in which the .cman‘
duot had been severed. lowever this Mey be, evidence presented by Ivy
(vide infm) has rocently proven that the gall bladder can setively discharge
bile. So this theory must be modified in that it does not explain all of
the menns o bile nvuauntion« That perietalsis in the duodenum pleys its

part ecannot be questionad,



ietive contraction of the intrinsic muscles of the gall bladder has
been definitely demonstrated by Iwvy (35) and his cow-workers. Previous to
this, Boyden (18) had applied the Oraham method of oholeoystography (38)
(37) to humans and found that egz yolk and oream taken by mouth coused e
declded emptying of the gall bladder. Ths initial response was very
rapid « two to five minutes post eibum, Krause {38) repvorted that fate and
fatty aclds are the most active stimilants to the gall bladder, eapecially
the unssturated fats. Pure proteins have a lesser emptying effect; pure
carbohydrates are practic.lly ineffestive, There has been no question that
thesse foods ocsused an ewacuation of bile from the vesicle, The actual mee
chanism of 1ts oxpulsion remained s question for dispute. The sfficacy of
fets and proteins {which stimulete the pamm’a) in emptying the gall blad
der led Ivy (3B) (48) %o try the effect of seoretin on gall bladder contmee
tion, FPurgseh and Horsters (39) hed already obtained evidence of gall blade
der contractions after glving secretin to doge, dut they had not ruled out
a wagodilator elfect, Ivy's work i1s oonvineing and earefully done. He
showed thet secretin caused aotive contrmotion of the gall bladder by hore
mone actions The latter was established by cross-cireulation experiments,
e states that “every agent whish causes a fall in bleood pressure uﬁaaa
contraotion of the gall bladder", lilstamine will osuse a contraetion of the
gall bladder with s fall in blood pressure. Ilowever, his pure secretin does
not produce & blood pressure depressor effect,. 7This frection of secreatin
which stimulzstes gnll btladder ocontraction he names “cholecystokinin® (That
which moves the gall bladder.) le reports that he saw rhytimic contractions
of the gall bladder at the mate of twe to four per mimute. Ag much as 5,0 cc.
of bile may be expelled with each contrmetion, The maximun powsr of gall

bladder contraction was found to be 24,0 em. of blle, Ivy was also able to



soe a change in the gall bladder with the uwes of liniodol and z-ray.
liydroehlorie aeid introdused into the duodenum cauges ewaouation of bile
after a latent peried of two to fifteen minutes (the time required for fore
mation and eireulation of the hormone). 8o it can be stated that uﬁder COP-
tain conditions at least, the pell bl;ddev can expel bile by its intrinsie
forces,

With an understanding of the physiolozieal forees by whioh bile s
emptied from the gall bladder, we can ‘urn to the sonsideration of the
mechanism which reguletes its entrence into the duodemum, Ihis brings us
to the question of the gphincter of 0ddi whiok has long been a source of
dispute, both from en anstomiocal end s physiologiosl viewpeint, Mann (40)
studied the sphineter in ten spocies posseasing a gall dladder and in four
specles without a gall bladder. He states that e definite arrangement of
muscle fibers which might Mumotion as & sphineter was found 4in esch oase.
te states further (14) that in certain instences what would appear to be
a ephincter is only ﬁn sooumulation of the intramural portion of the duct
over that of the extramural portion by the addition of fibers from the oire
cular coat of the duodenum, Meltzer (41) meintained that the gall bladder
and sphinoter wore imnervated in ma reciprocal menner, so that c-ntraction
of one ocourred during the relamation of the other. It is generally held
that this theory cannot be substantiated by exporimental evidence, Yany
records have been made of the intra-duct pressure which this sphincter will
withhelds Such messurerments have aversged about 125,00 mm. ¢f wator, Durget
(33) demonstrated that much of the funetion commonly ettributed to the
sphineter van really & property of the ducdensl musoulature, le transplanted
the common duct into a nearby portion of the duodenum and found there was

a sphinater aotlon here by means of tonus changes in the duodensl musculature.



This is rendily undergtood 17 one recalls the very oblique course which the
duet pursues as 1%t pusses through the duodennl wall te empty into its lumen,
A moderate amount of tonus in the ducdenum wes found to be sufficient to
slose the lumen of tho duot. Increassd pressure on the biliary side oould
overcome the resistance and bils entered the intestine.

Burget and Brooklehurst (1) have lately deseribed s mechaniem in the
gulnes pigz whieh regulates the entrance of bile into the duodenunm in o
manmer not deserided in sny other species, The peoulisr part of this mechan-
fem consiste of a contraotile ampulla lying on the nzxtam-supericr uspect

of the duodenum (and partielly embedded in its wall) at the terminal end of

the common duet.
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Thess authore found by mioroscoric exmmination of the distal 2 mme of the
gommon bile duct a compact ccat of plain musele which seems to form a true
gsphincter, They desoribe the muscularis of the contraoctile ampulla as be-
ing thick and compact, consisting of an cuter jengitudionel and an inner
cireular layer, The longitudinal cout is directly continuous with the
duodenel musgoulature, “The sireular layer of both the ampulls and duoe
denum split into halves at the edge of the ampulla, the inner half of each
forming & museulsr partition common to both cavities.” Through this common
wall, surrounded by a "pepilla” forued of duodensl rucosa, is the epening
into the duodenal lumen.
etriking. Both the ampulla and the sphincter lyilng just above it are
highly irritable snd contract atrongly after mechanienl or faredico stimila-
tion, They found that there was a merked aotivity of both the ampulla and
the sphincter during duodensl peristaleis instituted by digestive processes
or from the asphyxia of suddm death of the animal, At the approach of the
peristaltic wave the sphinoter was seon to contrect Hightly, obstructing
the lumen of the conmon duct above the ampulla, Contmotion of the ampulla
followed at onoe end the bile contents (ae much as 0.2 ¢eo.) wers expelled
fl.nt»a the duodenum, Both the sphincter snd empulla then relax and bile enters
the latter at a rete dependent upon the pressure from the ducte above. The
ayele 1s again repented so that the mechanism acts in the neture of &
“bile heart",

Distension of the mmpulla by pressure exorted on the gall bladder was
gnid in a few instanses to result in a contrection of the sphinecter and ame
pulla, I7 this cbeservatin were co-resct it wonld seenm to throw much light

on the physiolegioal fumotion of this mechanism, The sonclusion would be
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that when pressure on the blinry #lide of the sphinoter an ampulla is in-
aressed the ampulla ifmmedistely relioves this pressure throungh its prowess
of notive sontractim, The ettention ia the experiments hers presented has
beon partioularly direoted townrds this poseibility, If the gall bladder
actually acts ne a prossure rogulator remoml of %this orpgen would provide

a simple means for inereasins the pressure within the extre~hepatic ducts.

In animels not possessing this possible compensatory mechaniem of & gone
treotile smpulla there should be dilatation (or Wypertrophy with diletation)
of the extre~hepatic duote after cholecystectomy., If the mmpulle compensates
for sueh Ineressed pressure in the guinea pig, sholeoystectomy should not cause
e ohange in the ducts. The solution, then, lay in the ramoval of the gall
bladder both from a seriez of snimals without an ampulla, es the dog and
rabbit, and in a group of guinea pigs.

The effect »f choleoystectomy or ligation of the gystiec duet on the
gondition of the common bile dust has been noted by severnl investigutors,
0ddi (42) was the first to note a dilatation of the oystic, hepatic and
comom bile dusts following sholeeystestomy. Eisendrath (43) found thet if
& stub of the evstic duot wera left 4in after choleocystestomy, the estud
would dilate to twice its former size within one Qa@k. Hartmen et al {44)
and ¥ann (48) found dilatetion of the cammon duct as well, Clinicel renorts
indiorte that 2 similor conditlon appears in humens after cholecysteotomy
(48) (4€¢), Hartman (44) reviews thirbty-three cases in whiech o return of
gnll bladder symptoms after cholecysteotomy were attributed to & poste
operative dilatation o the dusts. Lhere has not been perfect uniformity of‘
opinicn as to oceurremes of this dilatation, Haber and Clairment (47)
stated that no dilatation occcurred 1f all of the oystic duct were removed.

Other reports indicate that dilatation is verieble ir oocurrense, Cone
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sequently, our first thought is to setablish whether or not cholesystectomy
Liss any e fect on animels not posseossing & contractile mmpulla,

VETHCD:  (holeeystectony wns performed on eight rabbits and six dogs.
Under ether snesthesis and sseptic oonditlons e right reotus inolsion was
made and the gall bladder saught wp with an Allis foroeps. Tith an aneuryem
needls & ligaturs wes placed about the oystic duot mnd wossele below the
neck of the gall bladder, The neck of the gall bladder was csught with
ourved forceps and cut free. Dissectlon of the vesiaels from its peritonesl
govering was sometimes carried out from below upwards end sometizmes {rov
above dowmwsrds. The latber proved to be the easier method. The animals

i 3 A - G
were then placed in their ocuges und glwe

3

the routine diet of the animal
laboratorys Por the dogs this consisted of 400,0 to 800,0 co. of milk and
130 4o 180 grams of kibbled dog cake per day with 260 grems of fresh hame
burger twice & week. The rabbits always hed hay eamd rolled Enrla:; in
their oages. At intervals warylng from ome to five months these animels
wore sacrificed with ether an;:l massurements of thelr ducts wore =ade at
autopsy. The ducts were mosgured both extemally and with 2 set of grode

ted probos. Meaguremenis were made on an equal mmber of normel rabbits

as an additionnl control.

PROTOCOLS Choleoysbectomized Dogs.
Nsagurenant of Common Duot.. Amonmt

Animal Poateopernow of gyetie
Hunbeyr A% operation At sutopsy tive period duot left.
g Smm, dismeter 5 mm. 8 weoks none

{nt sutopsy the lower hepstie duct was 8 mm, wide)
1 3.6 mm. 10 mm, B woeks none

{this animal showed the greatest dilatation in the sories)
114 3 . & mm, § waoks noneg
iv Z2+5 mims 4 mm, . 4 waoks a stub 1.0 om,

long which die-
lated to 8 nyn. dimm,
bile containing.
v 3 e, 4 to 10 mm. 4 waeks HORO
{varied at levels)
i 4 mm, 9 rea. 3 months Nones
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Choleavatectornized Rebbits,

Animal Vgesurement of Comon  Fost-operas= Telght of Cystle
Fuwnber duet at autopsy. tive period, animal duet left,
i 6 mm, near hepatie duct, § wecks 2.8 kilo. none

i1 645 mm, & weals 3.5 kilo. 0.8 om,

114 4 mune 8 wooksa 3.8 ¥ilo. none,

(d1latation not marked in this animal)
iv 3.5 mm, 8 weeks 3.0 kilo. NoOne.
w 4.5 rmn. 11 weeoks 23 kiloe 1.0 om,
(stub of eystic duet dilated and well filled with btile).

vi 4,6 mm, 8 woeks 3.8 kilo. none.

vii 3.5 mm, 12 woelks . B.0 kllo, 0.8 om. di-
lated tto 8 mm, wide
and Mlled.

viii 4 M, 12 weelks S kllo, nong.

Kormal Control Fabbits

inimal lignsurement of Common Welight of

lhmmber duct at anutonsy. animal

i 2.6 mm, T2 kiloe

i1 3+5 mm. 4,0 ilo.

i3 2+5 oo, 3.0 kilos

1V 5.9 My 310 kilsi

v 4,0 mm, 4.7 ¥ilo.

vi 2.0 mm, 2,0 kilo.

wii 2.5 pm, 2.5 kilo.

viii 2.2 mm, ’ 3.0 kilo,

Analysis of these results show that there was some dllatation noted

et the autopay of emnoh cholecystectomized animml, In some ocases the ducts

had dilated to three times their normml size. This iz definite evidenns for

the preszsure reguleting function of the gall bladder. Its remowel causes

inoreased intra~duct pressure which im the dog and rabbit, with no sontrace

tile ampulla or other means of compensation, results in dilatation of the
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duets, Cholesystectomy in the guinea pig should alse result in ineresased
intre~duet pressure. This zives us, then, an effective means of determine
ing the of{iciency of Eﬁrget‘c gontrectile ampulla,

‘ Cholecyetectomy was performed on sixteen guinea pigs. Sinos the vess
icle in these anirals is practiocally suspended from the liver by s mesentery
the operation is e comperatively simple one and very little trauma rosults
to the ducts. To avoid the traums co-incident with measuring the ducts at
ap&mtiun o ocontrol serles of ten animels wes useds The control animals
wore from the same litters and were kept in the cages with the choleoyvsteo-
tomized animals under identical oonditions. Autopsies were performed om
both series at the seme time. It is worthy of note that the growth and
sotivity of the operated animels did not seem ¢o vary in any way from that
of the normal animals, Several of the cholecystectomised animals underwent
two or three uneventful pregnancies or were pregnant when autopsied. All

were in good condition when examined, with very few adhesions.

PROTOCOLE Cholecystestonized Ouinea Pigs,
fnimal Posteopera«= Weight Diameter of com= Cystio
Kumber +ive period in grams mon bile duot duet left
i 4.5 months 767 2:3 e Gqﬁ 5 £1: 19
(the stub of oystic duet wes atrophied and not filled with bile)
£i § months 648 1.6 mm. 1.0 om,
{evetie duct stub 1.0 mm., in diemeter, not dilated)
85 1 & months 618 2.0 mm, none
iv 8.6 mthi 480 1.8 mm, none
v § wmonths 428 15 mne 0.5 om, cordelike
i 3  months 652 1«5 mme none
vii 4.5 monthe 708 2+2 mm, none
viii B months BOS 240 mm, 0.5 ans not dilated

ix 8 nonths 761 2,0 mm, none



Choleoystectomized Guinen Pigs, Cont.

Animal Post=opora- Vaight Dlameter of som«~ (ystic
Nanber tive period in grams mon bile duct duot left.
= 8.5 months 710 1.8 mm, none
xi & months 776 1.5 mm, none
xii 6 months 731 2,0 mm, 840 mms studb fMlled
with bile but not dilated.
xiii 6 monthe 806 1.8 mm, none
xiv 5.& months 640 240 mm, none
Bv € months T43 242 mm, none
xvi 6 months 808 2.0 mm, 21l of aoystiec duct
{end 2 slight etub of gall hlodder nresent. No dilatation.)
lormal Control Guinea Piga,
Animal Veight fize of
Humber in gprams gcormon duech
§ 728 1.8 mm,
§14 597 1.7 mm,
iv 759 2+4 mm,
v 882 2.2 mm.
i 720 212 Tl e
viii 788 2.8 mm,
: (The duots in this pig wers the largest encountered in elther series.)
iz 810 240 mm,
x 728 1.8 mm,

The size of the ducts in the choleocystectonmised and in the oonmtrol

animals is seen to be essentlal !y the same.

That is to sav, cholecystectomy

doss not result in dilatation of the duats in the guines oig. Cimilar
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results were obtained with this animel by Turget end Brooklehurst (1) on
seven animals which were sutopsied 9 to 48 days after cperntion. They did
not draw any definite conclusions beoause the number of animels wes small
and the posteaperative period short, listological specimens taken fyom the
aempulls of some of our operated guinea pigs did not th any evidence of
dilatation. Uvidence of any possible muscular hypertrophy was iﬁaamluai“.
do gross ohungos in the srpulla were apparent.

This is direct evidence that the oontractile ampulla compensates for
whatever pressure odjustment is usually relegated to the gnll bladder.

In consideration of the mechanism of this empulls as desoribed above, 1%

inorensed pressure within the common duet, 1t adequately responded by come
tracting nﬁd expelling bile into the duodenum, thus relieving the pressure.
This furnishes further evidence of the physiologieal importanse of this
bile expelling mechaniam,

In conclusion, we have reviewed the present status of the i‘uncsﬂons
of the gall bladder. Ixperiments are presented to show thet pressure
regulation is one of these Nunctions. Lmaleuygteetw in the rabbit and
dog (having the ordinary bile expelling mechanism) is followed by dila~
tation of the common bile duct. DBurget's contraotile empulla takes over
the pressure regulating function of the gall bladder in the cholesysteow
tomized puinea pig.

I wigh to aclnowledge indebtedness to Dr. G. E, Burget, under whose
guldence this problem has been undertsken, and to express appreciamtion
of his unfailing interest, Thanks are alsc dus to Mrs, Mary Balle, and

Messers Gourley, Thornton and SGrondhall for technicel assistance.
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