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Although it is generally assumed that release of cholecystokinin
(CCK) is the chief mechanism by which a fatty meal causes
contraction of the gallbladder, measured release of CCK and
gallbladder contraction have never been correlated. We have
achieved this correlation in eight adult male volunteers, by
means of a specific radioimmunoassay for CCK and by ultra-
sonographic imaging of the gallbladder. This study validates
our CCK radioimmunoassay and correlates measured concen-
trations ofCCK with changes in gallbladder size measured by
ultrasonographic examination. Basal concentrations of CCK
(82.6 ± 10.4 pg/mI) rose significantly to a maximum of
411.1 ±79.9 pg/ml at 16 minutes after intraduodenal instillation
of medium-chain triglyceride (Lipomul®). Mean basal volume
of the gallbladder was 34.6 cm3; maximum reduction of gall-
bladder volume (to one-third of original) was achieved at 18
minutes. Elevated CCK concentrations began to fall toward
basal, and the gallbladder began to refill at 25 minutes. Results
obtained after oral ingestion of Lipomul provided similar
results. Linear regression analysis demonstrated excellent cor-
relation between concentrations of CCK and gallbladder size
during both contraction and relaxation phases. Future study
of this correlation may be useful in patients with manifest
dysfunction of the gallbladder, as well as in individuals known
to be at risk of gallbladder disease.

S INCE 1928, WHEN FAT WAS demonstrated to cause
contraction of the gallbladder in man', oral admin-

istration of fat has been used to stimulate gallbladder
contraction during cholecystography. Exogenous cho-
lecystokinin (CCK) may be used as an alternate stim-
ulus in the radiographic study of gallbladder contrac-
tion2. Presumably, a fatty meal causes contraction of
the gallbladder by release ofCCK, although direct mea-
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surement of endogenous release of CCK by specific
radioimmunoassay has never been correlated with gall-
bladder contraction.

In the present study, in normal subjects, we corre-
lated radioimmunoassayable changes in endogenous
concentrations of CCK in response to fat, with gall-
bladder contraction measured by ultrasonography.

Methods

Eight healthy male volunteers from our group of in-
vestigators participated in this study. Their ages ranged
from 23 to 52 years, with a median age of 31 years. The
protocol was approved by the Institutional Review
Board (Human Research Committee, The University
of Texas Medical Branch), and informed consent was
obtained from each individual. After a fat-free evening
meal, volunteers fasted for at least 12 hours before the
study.

In the first study, a # 12 French catheter was inserted
through the mouth into the second portion of the duo-
denum, under fluoroscopic guidance. Blood samples
were drawn before and at intervals after intraduodenal
instillation of fat, and the plasma was stored at 4 C for
future radioimmunoassay of CCK. Transverse and lon-
gitudinal echotomograms of the gallbladder were
obtained byuse of a Varian®, real-time ultrasound unit
(Model D-3000), with a 2.25 MHz phased-array trans-
ducer. To avoid blockage of sound transmission by gas
in the colon, the gallbladder was visualized through an
intercostal space and the right lobe of the liver. The
transducer was aimed at a fairly constant position on
the the patient's skin surface, but angled to obtain
images depicting the largest transverse and longitudinal
diameters of the gallbladder. Assuming that the gall-
bladder approximates an elliptical cylinder, we deter-
mined an approximate volume for each gallbladder,
using its length, width, and height34 (Fig. 1), even
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e LENGTH - VOLUME = r x HEIGHT x WIDTH x LENGTH
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FIG. 1. Equation for cal-
culating the approximate
volume of the gallbladder.
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though accurate measurement of the length of the gall-
bladder was not always possible. Results of calcula-
tions are expressed here and in previous papers3'4 as
gallbladder volume, but it should be recognized that
the volume is only an estimate based on the assumption
that length is constant. (Oral cholecystograms usually
show a reduction in the length of the gallbladder after
contraction in response to a fatty meal.) Calculations
of volume, therefore, are approximate. The method
provides results that are quite reproducible, and the
small standard errors provide evidence that the changes
in gallbladder size among the volunteers were relatively
uniform.

After basal plasma samples were collected and base-
line sonograms were obtained, Lipomul ® (71% fat/
weight medium chain triglyceride (Lipomul-corn oil,
Upjohn, Kalamazoo, MI) was instilled via the orod-
uodenal tube into the second portion of the duodenum

LEN H = b. cm

HEIGHT = 2.6 cm
WIDTH 3.0 cm

LENGTH = b.4 cm

HEIGHT = 1.4 cm
WIDTH = 1.8 cm

VOLUME - 33.7 cm3 VOLUME = 10.7 cm3
FIG. 2. Sequential echotomograms of the gallbladder showing the
calculated volume at baseline and 18 minutes in two volunteers after
intraduodenal Lipomul administration.

in the dose of 1.5 ml/kg body weight. Echotomograms
were then obtained at two, four, six, eight, ten, 12, 14,
16, 18, 20, 25, 35, 45 and 60 minutes after intraduodenal
instillation of Lipomul (Figure 2 shows an example of
gallbladder echotomograms obtained during contrac-
tion). Blood samples were drawn at the same times for
radioimmunoassay of CCK.
The protocol was repeated in the same volunteers on

a different day without duodenal intubation. In this
study, the subjects drank the same volutne of Lipomul.
Echotomograms were obtained and blood samples
were collected at zero, two, five, ten, 15, 30, 45 and 60
minutes after ingestion of Lipomul.
The method employed for radioimmunoassay of cho-

lecystokinin has been reported elsewhere5. Briefly, it
employs CCK antibody UT 132, directed against the
N-terminal portion of the CCK molecule and, there-
fore, has little or no affinity for gastrin or for the C-
terminal octapeptide of CCK. Validation of the CCK
radioimmunoassay has been reported6 7.
The results are expressed as the mean ± one stan-

dard error of the mean. Student's paired t-test was used
to analyze the data for statistical differences. Differ-
ences with a probability value of less than 0.05 were
considered significant. Linear regression analysis was
performed using the method of least squares.

Results

After intraduodenal instillation of Lipomul, mean
basal concentrations of CCK (82.6 + 10.4 pg/ml) rose
significantly to 158.0 + 26.3 pg/ml at six minutes
(Fig. 3); maximal concentration (411.1 + 79.9 pg/ml)
was achieved at 16 minutes. Gallbladder volume de-
creased as CCK concentrations rose. The mean basal
volume of the gallbladder was 34.6 + 6.0 cm3. At six
minutes, gallbladder size was decreased significantly to
29.5 + 5.5 cm3 (88% of the original size); contraction
continued for 25 minutes. The smallest gallbladder
volume was observed at 18 minutes (11.5 + 6.0 cm3,
one-third the mean original volume). Maximum gall-
bladder contraction occurred two minutes after maxi-
mum CCK concentrations were observed. During the
contraction phase (0-16 minutes after instillation of
Lipomul), rising concentrations ofCCK were correlated
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strongly with diminishing gallbladder volumes (r
0.9818, Fig. 4).

Two subjects had a late release of CCK, with peak
levels at 60 minutes, and with corresponding gallblad-
der contraction at 60 minutes in one subject and mini-
mal contraction at 18 minutes in the other. (Results
from all subjects are included in all calculations.) All
subjects perceived borborygmi with intermittent
hyperperistalsis and transitory feelings of oversatiety
or mild nausea. All volunteers, except the two who had
late release of CCK, had an average of three loose
bowel movements from 40 minutes to 12 hours after
the intraduodenal administration of Lipomul. These
symptoms were similar to those noticed during pre-
vious infusion of exogenous pure CCK5.

Refilling of the gallbladder began about 25 minutes
after instillation of Lipomul (Fig. 3). As CCK concen-
trations fell toward basal levels, mean gallbladder vol-
umes also began to return toward basal. As measured
by linear regression analysis, CCK concentrations
again correlated closely with gallbladder volumes in
the 18-60 minute phase of relaxation (r = -0.9595,
Fig. 4).

Oral ingestion of Lipomul caused significant release
ofCCK at two, 15, 30, 45, and 60 nminutes, as compared
with the basal concentration of 71.8 ± 10.5 pg/ml (Fig.
5). The mean gallbladder volume was 20.4 ± 2.2 cm3.
The maximum release of CCK (196.4±39.0 pg/ml)
occurred 15 minutes after ingestion of Lipomul. At the
same time, the gallbladder was 7.5 ± 1.2 cm3, 36%o of
the basal volume. One subject who had late release
after intraduodenal instillation also had a late release
of CCK after oral ingestion, with corresponding late
gallbladder contraction. The other subject with late

FIG. 4. Linear regression
analysis of CCK levels and
gallbladder volume during con-
traction phase (0-16 min) and
relaxation phase (18-60 min)
in 8 men after intraduodenal
instillation of Lipomul.
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FIG. 3. Concentrations of plasma CCK (solid line) (mean SE) and
gallbladder volume (broken line) in 8 normal men before and after
intraduodenal instillation of Lipomul. Asterisks indicatep <0.05.

release on intraduodenal instillation, released only
small amounts of CCK after oral ingestion of Lipomul.
The volunteers were aware of increased bowel motility
as the only symptom during the study; no diarrhea
ensued. Linear regression analysis showed excellent
correlation between CCK concentrations and gallblad-
der size (r = -0.9437) during the -15 minute contrac-
tion phase (Fig. 6), and during the 30-60 minute relax-
ation phase (r = -0.9010, Fig. 6).

Discussion

In 1919, Lyon8 introduced direct study of bile in man
by the technique of duodenal aspiration in gallbladder
disease. Using a radiopaque iodinated compound that

0

w

2 30

0

co 20mi

CCK (pg/mi)
CONTRACTION

100 200 300 400
CCK (pg/mi)
RELAXATION

Vol. 194 * No. 3



WIENER AND OTHERS

E 1 8 - ~~~~~~~~180
w 16 * CCK 160
D 14V -140
o *L> 12- -120

cc ~~~~~~~~~wW~.1 1100 >o ~~~~~~~~~~w
8 80~

co ~~~~~~~~~0.j6 -\*60
< 4 -VOLUME -40

2 20

, 2 5 10 15 30 45 60
B2 MINUTES

FIG. 5. Concentrations ofplasma CCK (solid line) (mean ± SE) and
gallbladder volume (broken line) in 8 normal men before and after
oral administration of Lipomul. Asterisks indicatep <0.05.

was excreted in the bile, Graham, Cole and colleagues,
in 1925910, developed oral cholecystography, which
provided for the first time a simple, reliable clinical
method for diagnosis of gallbladder disease.

Ivy and Oldberg" reported, in 1928, that extracts of
duodenal mucosa caused contraction of the gallblad-
der. They named this activity cholecystokinin, but it
was not until 1964 that Jorpes and Mutt isolated CCK
in its pure form'2. CCK is released from the duodenal
mucosa in response to the presence of fat and certain
amino acids in the upper small intestine. One of the
main physiologic effects of CCK is to stimulate gall-
bladder contraction.

Studies of CCK in man have been restricted by lack

of sensitive and precise methods for measuring blood
levels and physiologic effects of the hormone. Some of
the difficulties encountered in developing such meth-
ods reside in similarities of structure and actions shared
by CCK and gastrin'3. Furthermore, secretin is
released simultaneously with CCK, and their actions
may be difficult to separate.'4 In order to unravel the
interrelationships among these hormones it is first nec-
essary to achieve specific measurements of plasma
concentrations; this is available by radioimmunoassay.
Then, as a working standard, a biologic reference prep-
aration is a requisite in order to permit correlation of
the specific measurement of the hormone with its biol-
ogic action. Several attempts have been made to obtain
a bioassay that would be reliable in measuring the effect
of CCK on the gallbladder; one such method is the in
vitro gallbladder strip'5.
We have developed and validated a specific radioim-

munoassay technique for CCK5. The assay is further
validated in the present study by the stable baseline
concentrations of CCK, and the relatively narrow dif-
ferences in the standard error of the mean concentra-
tions.

Tlhe availability of a safe, reliable, clinical bioassay
for CCK awaited development of gallbladder imaging
by ultrasonography. Discrepancies in previous reports
concerning timing of gallbladder contraction after a
fatty meal result, most likely, from insensitive measur-
ing techniques. After exogenous administration ofCCK,
maximum gallbladder contraction was seen at 152-
3017 minutes, when measured by cholecystography,
and at 20-25 minltes, when measured by intragall-
bladder balloon'8. After a fatty meal, maximal contrac-
tion, as measured by oral cholecystography, occurred

y = 1 2.25-0.039x
r = -0.9006

100
CCK (pg/mi)
RELAXATION

FIG. 6. Linear regression
analysis of CCK levels and
gallbladder volume during
contraction phase (0-15
min) and relaxation phase
( 15-60 min) in 8 men after
oral Lipomul.

150

E

-J0
W
0
C:

0

cJ

-J
Ui

E
w

0

-i
n10-

m0 5-

100 150
CCK (pg/ml)

CONTRACT10

200 50

324 Ann. Surg. * September 1981



Vol. 194 * No. 3 CCK AND GALLBLADDER CONTRACTION IN MAN 325

4016 to 6017 minutes. Braverman, Johnson, and Kern3
showed that ultrasonography is an acceptable way of
assessing the approximate gallbladder volume4. The
results of our present study provide strong corrobora-
tion. Maximal gallbladder contraction (one-third its
original size) occurred at 18 minutes after intraduodenal
instillation of Lipomul. The contraction response was
rapid and nearly linear. Relaxation and refilling of the
gallbladder have been reported to occur approximately
30 minutes after CCK administration217. In the present
study, relaxation began approximately 25 minutes after
endogenous CCK was released, at a time when plasma
concentrations of CCK began to fall.

Concentrations of CCK were not as high after oral
administration of Lipomul as those measured after
intraduodenal instillation. The amount of Lipomul
available to the duodenum at any one time in the oral
study may be smaller, and it may be diluted with gastric
juice. This could account for the higher concentrations
ofCCK observed during the intraduodenal stimulation.
The time of maximal release ofCCK was the same with
both intraduodenal and oral administration of Lipomul.
The next step in our study was to correlate specific

values of CCK obtained by radioimmunoassay with
biologic activity of CCK (contraction of the gallblad-
der), measured by noninvasive ultrasonographic image
as a bioassay in man. The sequential images provide a
quantitative measurement of contraction of the gall-
bladder when it is exposed to CCK, and allow creation
of a mathematic relationship between changing CCK
concentrations and gallbladder contraction in normal
man. This correlation provides a method for investi-
gation into certain possibilities, not previously consid-
ered, in the mechanism of gallbladder disease. The
method may make possible early detection of patients
at risk of gallbladder disease, such as pregnant women,
patients who have had vagotomy, or women taking oral
contraceptives. The good correlation seen when Lipo-
mul was given by mouth makes intraduodenal instilla-
tion unnecessary.
We conclude that CCK, as measured by a specific

radioimmunoassay, is released by fat given by intrad-
uodenal and oral routes. These studies in man dem-
onstrate, for the first time, that both contraction and
relaxation of the gallbladder are strongly correlated
with measured plasma concentrations of CCK. This

method may provide predictive information for gall-
bladder disease in subjects at risk.
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DISCUSSION

DR. PHILIP SANDBLOM (Lausanne, Switzerland): I hope you will
not find it preposterous of me to tell you about my first scientific
work, done exactly 50 years ago, because it shows much of the same

result that we just heard, but done, naturally, much less elegantly
and with much cruder methods.

In those days, cholecystography had just started, led by Graham
and Cole. I also had just read about A. C. Ivy's discovery of the
hormone, cholecystokinin, which he found effective in cats and dogs.


