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Summary Patients with diabetes mellitus are at in- 
creased risk of developing gallstones. This has been at- 
tributed, among other factors, to alterations in gall- 
bladder motility in the presence of autonomic neuro- 
pathy. Since high blood glucose concentrations impair 
gastric emptying in diabetic patients, we have investi- 
gated the effect of acute hyperglycaemia on gallbladder 
motility. Seven Type 1 (insulin-dependent) diabetic pa- 
tients were studied twice during euglycaemia (blood 
glucose 5 mmol/1) and hyperglycaemia (blood glucose 
15 mmol/1) using a clamp technique. In addition, seven 
healthy volunteers were studied during euglycaemia 
and hyperglycaemia. Gallbladder volumes, measured 
with ultrasonography, were studied before and during 
infusion of step-wise increasing doses of cholecysto- 
kinin-33, 0.25, 0.5 and 1.0 Ivy Dog Unit. kg-1. h-1, each 
dose for 30 min. Mean basal gallbladder volumes were 
not significantly different in the four experiments. Ad- 
ministration of cholecystokinin resulted in significant 
(p < 0.05) dose-dependent reductions in gallbladder 
volume in all experiments. During euglycaemia the 
gallbladder contraction in diabetic patients was not sig- 
nificantly different from the control subjects. During 

hyperglycaemia the gallbladder contraction in the 
diabetic patients was significantly (p < 0.05) reduced 
compared to euglycaemia only during infusion of 0.25 
Ivy Dog Unit- kg - 1. h- 1 of cholecystokinin (19 + 6 % vs 
33 + 6 %). Compared to euglycaemia, during hypergly- 
caemia the gallbladder contraction in the control sub- 
jects was significantly (p < 0.05) reduced during infu- 
sion of 0.25, 0.5 and 1.0 Ivy Dog Unit-kg-~-h -1 of 
cholecystokinin (14+4% vs 31+3%;  42+6% vs 
65 + 5 % ; 74 _+ 4 % vs 90 +_ 3 %, respectively). It is con- 
cluded that during euglycaemia the gallbladder con- 
traction in response to cholecystokinin in Type 1 
diabetic patients is not significantly different from con- 
trol subjects. During hyperglycaemia the gallbladder 
contraction in response to 0.25 Ivy Dog Unit. kg-1. h-1 
cholecystokinin, leading to cholecystokinin levels as 
observed after ingestion of a light meal, is significantly 
reduced in Type i diabetic patients. [Diabetologia 
(1994) 37: 75-81] 
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Patients with diabetes mellitus are thought to have an 
increased risk of developing gallstones [1-3]. The pa- 
thogenesis of gallstones is multifactorial, Apart from 
cholesterol supersaturation and the presence of crystal 
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nucleation promoting factors, impaired gallbladder 
motility is considered to be an important factor contri- 
buting to the formation of gallstones especially in 
diabetic patients [4, 5]. Although previous studies have 
shown that gallbladder emptying is impaired in patients 
with diabetes [6-9], in other studies gallbladder con- 
traction in diabetic patients was not significantly differ- 
ent from control subjects [10, 11]. It has been suggested 
that impaired gallbladder emptying in diabetes is re- 
lated to the presence of autonomic neuropathy [6, 9,10]. 

Recently several studies have pointed to the effect 
of blood glucose concentrations in the regulation of 



76 S.Y. de Boer et al.: Gallbladder motility during hyperglycaemia in diabetes mellitus 

Table 1. Clinical features of the Type i diabetic patients 

Patient Age Duration Sex Serum creatinine HbAlc BMI 
(years) of diabetes (normal: 70-133 (normal: (kg/m 2) 

(years) gmol/1) < 6.7 %) 

1 19 9 m 76 6.6 24.3 
2 21 1 m 102 9.0 21.9 
3 33 13 m 78 7.1 22.2 
4 24 11 m 87 8.7 25.7 
5 38 5 m 74 7.0 24.9 
6 26 2 m 73 6.3 21.4 
7 24 18 f 83 7.9 27.5 

gas t rointes t inal  moti l i ty  [12-16]. Dur ing  acute hyper -  
g lycaemia  gastr ic empty ing  was found  to be  de layed  in 
heal thy  subjects  and  in pat ients  with Type  1 (insulin- 
dependen t )  and Type 2 (non- insu l in -dependent )  dia- 
be tes  [12-15]. Lit t le  is known  abou t  the  effect  of  hyper -  
g lycaemia  on  gal lb ladder  moti l i ty  in d iabet ic  pat ients .  

There fo re ,  in the p resen t  s tudy we have  inves t iga ted  
the effect  of  hype rg lycaemia  on  gal lb ladder  mot i l i ty  in 
Type  i d iabet ic  pa t ients  and control  subjects.  To ex- 
clude a possible  effect  of  au tonomic  n e u r o p a t h y  on 
gal lb ladder  mot i l i ty  only Type  i diabet ic  pa t ien ts  with 
no clinical signs of  a u t o n o m i c  n e u r o p a t h y  were  investi- 
gated.  Ga l lb l adde r  empty ing  in r esponse  to i. v. infusion 
of g raded  doses of  cho lecys tok in in  ( C C K )  was 
m e a s u r e d  during stabil ized eug lycaemia  (b lood glu- 
cose concen t ra t ion  5 mmol/1) and stabil ized hypergly-  
caemia  (b lood  glucose concen t ra t ion  15 mmol/1). 

Subjects and methods 

Patients 

Seven patients with Type i diabetes (six male, one female; age 
19-38years; body mass index 24.0+0.9kg/m 2) and seven 
healthy volunteers (six male, one female; age 20-28 years; body 
mass index 22.8 + 0.5 kg/m 2) participated in the study. The clini- 
cal data of the patients are shown in Table 1. Patients were ex- 
cluded from the study if they were taking other medication apart 
from insulin. None of the patients or volunteers had a history of 
gallstones, gastrointestinal disease or surgery. The presence of 
gallstones was excluded by ultrasonography. Only patients with- 
out clinical signs of autonomic neuropathy and normal cardio- 
vascular reflex tests according to Ewing and Clark [17] were in- 
duced in the study. The study protocol had been approved by the 
Ethics Committee of the Leiden University Hospital. Informed 
consent was obtained from each individual. 

Protocol 

Both the diabetic patients and the healthy subjects were studied 
two times after an overnight fast with an interval of at least 
7 days. The order of the euglycaemic and hyperglycaemic clamp 
experiments was randomized. Blood glucose concentrations 
were maintained in either the euglycaemic range (5 _+ 1 mmol/1) 
or the hyperglycaemic range (15 + 1 mmol/1) using a modified 
clamp technique [18]. All experiments were started at 
09.00 hours after an overnight fast. An i.v. cannula was inserted 

into an antecubital vein of one arm for blood sampling. A second 
i.v. cannnia was positioned in the other arm for infusion of in- 
sulin or glucose or both. After basal blood samples were drawn 
and gallbladder images with ultrasonography were obtained, the 
glucose clamp was initiated between time - 75 and - 60 min. At 
time 0 rain a continuous infusion of CCK-33 (Ferring, Malmo, 
Sweden) was started. CCK was administered for 90 min in step- 
wise increasing doses of 0.25, 0.5 and 1.0 Ivy Dog Unit per Kg per 
hour, (IDU. kg- 1. h-  1) each dose for 30 rain. Previous studies 
have shown that the plasma CCK concentrations obtained with 
these doses correspond with plasma CCK concentrations as 
found after ingestion of a light, a normal and a fat meal, respec- 
tively [19]. Gallbladder imaging was performed with real-time 
ultrasonography every 15 min. Blood samples for assay of CCK, 
pancreatic polypeptide (PP), glucagon and insulin were taken 
every time a gallbladder image was obtained. Blood glucose con- 
centrations were measured every 2.5 to 5 min. 

Glucose clamp technique 

Bolus injections of insulin (Actrapid Human; CSL, Novo, 
Zoeterwoude, The Netherlands) or bolus i. v. injections and infu- 
sions of 20 % glucose were administered according to the proto- 
col. The amount of the bolus injections of insulin was 1-4 IU, de- 
pending on the actual and the proposed blood glucose concen- 
tration and the weight of the patient according to previously 
published formula [18]. The amount of glucose administered was 
calculated from the body weight. After the bolus injection, the 
rate of glucose infusion or insulin administration was adjusted to 
maintain a blood glucose concentration of approximately 
15 mmol/1 or 5 retool/l, according to the protocol. Measurement 
of blood glucose concentration, every 2.5 to 5 min, was per- 
formed with the glucose oxidase method (Beckman Glucose 
Analyser; Beckman Instruments, Palo Alto, Calif., USA). 

Measurement of gallbladder volume 

Gallbladder volumes measured with real-time ultrasonography 
(Technicare, 3.5 MHz transducer) were calculated by the sum of 
cylinders method using a computerized system [20, 21]. In this 
method the longitudinal image of the gallbladder is divided into 
a series of equal height, with diameters perpendicular to the lon- 
gitudinal axis of the gallbladder image. The uncorrected volume 
is the sum of volumes of these separate cylinders. To correct for 
the displacement of the longitudinal image of the gallbladder 
from the central axis, a correction factor is calculated from the 
longitudinal and transverse scans of the gallbladder. Gallbladder 
volume is calculated by multiplication of the uncorrected vol- 
ume with the square of the correction factor. The mean of the 
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two measurements was used for analysis. The assumptions and 
the mathematical formula used to calculate gallbladder volume 
have been described and validated previously [20, 21]. 

Assays of CCK, pancreatic polypeptide (PP), 
insulin and glucagon 

Plasma CCK was measured by a sensitive and specific RIA using 
antibody T204 [22, 23]. This antibody binds to all carboxy-termi- 
nal CCK peptides containing the sulphated tyrosyl region. The 
detection limit of the assay was 0.5 pmol/1 plasma. The intra- 
assay variation ranged from 4.6 to 11.5 % and the inter-assay 
variation from 11.3 to 26.1% [23]. Plasma PP concentrations 
were measured by a sensitive and specific RIA, as described pre- 
viously [24]. Plasma insulin and plasma glucagon were measured 
with an RIA as described previously [25]. Plasma glucagon con- 
centrations were determined in duplicate by RIA (Daiichi, 
Tokyo, Japan). The limit of detection was 15 pg/ml, with an inter- 
assay coefficient of variation of 8.5 %. 
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Fig.1. Blood glucose concentrations (mmol/l, mean+SEM) 
during euglycaemia (crosses) and hyperglycaemia of 15 mmol/1 
(triangles) in seven diabetic patients, and during euglycaemia 
(squares) and hyperglycaemia (small squares) in seven control 
subjects 

The results are expressed as mean + SEM. The gallbladder vol- 
umes are expressed in cubic centimeters (cm 3) or as the percent- 
ages considering the gallbladder volume at the start of the CCK 
infusion as 100 % (time 0 min). The integrated incremental PP 
secretion in response to CCK was determined by calculating the 
area under the plasma concentration-time curve after subtrac- 
tion of the basal value at time 0 rain. 

Data were analysed for the significance of differences by ana- 
lysis of variance (ANOVA). When this indicated a probability of 
less than 0.05 for the null hypothesis, Student Newman Keuls 
analyses were performed to determine which values differed sig- 
nificantly. The significance level was set atp < 0.05. 
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Fig.2. Individual data and mean of gallbladder contraction (%) 
during euglycaemia and hyperglycaemia in control subjects after 
infusion of cholecystokinin (CCK)-33 0.25, 0.5 and 1.0 Ivy Dog 
Unit (IDU). kg- 1. h-1 (,  p < 0.05) 

Blood glucose concentrations 

In the diabetic pat ients  mean  fasting b lood  glucose con- 
centrat ions were  9.6 + 1.2 mmol/1 in the euglycaemic 
exper iment  and 12.7 + 1.4 mmol/1 in the hypergly- 
caemic exper iment  (Fig. 1). In the euglycaemic experi- 
ment  b lood glucose concentra t ions  were  stabilized at 
5 mmol/1 starting f rom 30 min after  the administrat ion 
of insulin. In the hyperglycaemic exper iment  stabilisa- 
t ion of the b lood  glucose levels was achieved within 
15 min. Basal  b lood  glucose concentra t ions  in the con- 
trol subjects were  5.1 + 0.2 mmol/1 in the normogly-  
caemic exper iment  and 5.0 + 0.3 in the hyperglycaemic 
exper iment .  Mean  b lood glucose levels reached  during 
damping  are shown in Figure 1. 

Gallbladder volumes 

In the diabetic pat ients  basal gallbladder volumes were  
not  significantly different  be tween  the two experi- 

3 ments: 24 + 4 cm (euglycaemia)  and 22 + 5 cm 3 (hyper-  

glycaemia).  Mean  basal gallbladder volumes in the 
control  subjects were  21 + 2 cm 3 (euglycaemia) and 
23 + 3 cm 3 (hyperglycaemia) .  Gal lb ladder  volumes did 
not  significantly change during the basal 60 min before  
CCK infusion. At  t ime 0 min gallbladder volumes in 
the diabetic pat ients  (hyperglycaemia 23 + 4 cm3; eu- 
glycaemia 25 + 3 cm 3) were  not  significantly different  
f rom control  subjects (hyperglycaemia 25 + 3 cm3; eu- 
glycaemia 23 + 2 cm3). Adminis t ra t ion  of  stepwise in- 
creasing doses of  CCK-33 0.25, 0.5 and 1.0 I D U .  
kg-  1. h -  1 resul ted in significant reduct ions  in gallblad- 
der vo lume in the diabetic patients f rom 100 % to 67 + 
6 %  (p <0 .0 5 ) ,  2 9 + 5 %  ( p < 0 . 0 5 )  and 7 + 1 %  ( p <  
0.05), respect ively during euglycaemia,  and f rom 100 % 
to 81 + 6 % (p < 0.05), 34 + 4 % (p < 0.05), and 11 + 1% 
(p < 0.05), respect ively during hyperglycaemia.  In the 
control  subjects gallbladder volumes decreased  signifi- 
cantly in response  to infusion of  0.25, 0.5 and 
1.0 I D U .  kg-  1. h-  i of CCK-33 f rom 100 % to 69 + 3 % 
(p < 0.05), 35 + 5 % (p < 0.05) and 10 + 3 % (p < 0.05), 
respect ively during euglycaemia and f rom 100% to 



78 S.Y. de Boer et al.: Gallbladder motility during hyperglycaemia in diabetes mellitus 

Table 2. Plasma CCK concentrations (pmol/1, mean + SEM) before and during infusion of stepwise increasing doses of CCK-33 

CCK-33 infusion rate Control subjects Diabetic patients 

(IDU. kg- z. h- a) Euglycaemia Hyperglycaemia Euglycaemia Hyperglycaemia 

basal 3.3 + 0.3 3.7 + 0.4 4.1 + 0.5 3.8 + 0.8 
0.25 4.7 + 0.3* 4.7 + 0.4* 5.3 + 0.5* 4.9 _+ 0.7* 
0.5 7.5 + 0.5* 6.9 _+ 0.5* 8.0 + 0.6* 7.7 _+ 0.7* 
110 11.1 + 0.8* 11.8 + 0.8* 13.4 + 1.0" 12.7 + 0.9* 

* p < 0.05 compared to basal 
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Fig. 3. Individual data and mean of gallbladder contraction (%) 
during euglycaemia and hyperglycaemia in diabetic patients 
after infusion of cholecystokinin (CCK)-33 0.25, 0.5 and 1.0 Ivy 
Dog Unit (IDU).kg -~-h -~ (*p < 0.05) 
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Integrated incremental plasma pancreatic polypeptide 
(PP) secretion (pmol- 1- ~- min-~, mean + SEM) in response to 
cholecystokinin infusion during euglycaemia (open bars) and 
hyperglycaemia (filled bars) in the control subjects, and during 
euglycaemia (open bars) and hyperglycaemia (filled bars) in the 
diabetic patients (* p < 0.05) 

86 + 4 % (p < 0.05), 58 + 6 % (p < 0.05) and 26 + 4 % 
(p < 0.05), respectively during hyperglycaemia. In the 
control subjects the gallbladder contraction in re- 
sponse to 0.25, 0.5 and 1.0 I D U .  kg- 1. h- 1 of CCK was 
significantly (p < 0.05) reduced during the hypergly- 
caemic experiment compared to euglycaemia (Fig. 2), 
whereas in the diabetic patients the gallbladder con- 
traction during hyperglycaemia was only significantly 
reduced compared to euglycaemia in response to an in- 
fusion of 0.25 IDU.  kg- 1. h-  1 of CCK-33 (Fig. 3). Dur- 
ing euglycaemia no significant differences in gallblad- 
der contraction were observed between the diabetic 
patients and the control subjects. During hypergly- 
caemia the gallbladder contraction in response to 0.25 
IDU-kg-1 .  h-1 of CCK was not significantly different 
between diabetic patients and control subjects. How- 
ever, during hyperglycaemia the gallbladder contrac- 

tion in response to 0.5 and 1.0 IDU.  kg- 1. h" 1 of CCK- 
33 was significantly (p < 0.05) reduced in control sub- 
jects compared to diabetic patients. 

Plasma CCK concentrations 

Fasting plasma CCK concentrations were not signifi- 
cantly different between the diabetic patients and the 
control subjects during euglycaemia and hypergly- 
caemia (Table 2). Infusion of 0.25, 0.5 and 1.0 IDU.  
kg- l .h  -~ of CCK resulted in significant (p < 0.05) in- 
creases in plasma CCK concentrations over basal in all 
experiments. The plasma CCK concentrations in re- 
sponse to infusion of graded doses of CCK-33 were not 
significantly different between the diabetic patients 
and the control subjects (Table 2). 

Plasma PP concentrations 

Fasting plasma PP concentrations were not signifi- 
cantly different between the two experiments in the 
diabetic patients: 19 + 3 pmol/1 (euglycaemia) and 
23 + 7 pmol/1 (hyperglycaemia) and in the control sub- 
jects: 20 + 3 (euglycaemia) and 21 + 2 (hypergly- 
caemia). In the patients plasma PP concentrations did 
not significantly change during the 60 min after initiat- 
ing the clamp. At time 0 min plasma PP concentrations 
were 17 + 3 pmolfl (euglycaemia) and 19 _+ 4 pmol/1 
(hyperglycaemia). In the control subjects plasma PP 
concentrations decreased significantly (p < 0.05) from 
21 + 2 to 13 + 1 pmol/1 at time 0 min during hypergly- 
caemia but remained in the same range during eugly- 
caemia (20 + 3 to 18 + 2 pmol/1 at time 0 min). Adminis- 
tration of 0.25, 0.5 and 1 . 0 I D U . k g - l . h  -1 of CCK-33 
resulted in significant increases in plasma PP concen- 
trations in all experiments. The integrated incremental 
PP secretion in response to CCK is shown in Figure 4. 
In diabetic patients no significant differences between 
the experiments were observed. In the control subjects 
the PP secretion in response to CCK was significantly 
reduced during hyperglycaemia. 
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Plasma insulin concentrations 

Fasting plasma insulin concentrations were not signifi- 
cantly different between diabetic patients (hypergly- 
caemia 13 + 2 mU/1; euglycaemia 14 + 2 mU/1) and con- 
trol subjects (hyperglycaemia 8 + 2 mUff; euglycaemia 
13 + 2 mU/1). To obtain euglycaemia in the diabetic pa- 
tients a rise in insulin concentrations to 190 + 70 mU/1 
at time - 60 min was observed, due to the bolus insulin 
injections. During CCK infusion no significant dif- 
ferences in the plasma insulin concentrations were ob- 
served between the two experiments in diabetic pa- 
tients. After initiating the hyperglycaemic clamp in 
the control subjects, plasma insulin levels increased 
significantly (p < 0.005-p < 0.05) starting from time 
- 45 min. At the end of the 15 mmol/1 glucose clamp 
plasma insulin levels of 218 + 49 mUff were reached. 

Plasma glucagon concentrations 

Fasting plasma glucagon concentrations were not sig- 
nificantly different between diabetic patients before 
euglycaemia (107+16pg/ml)  and before hypergly- 
caemia (104 + 15 pg/ml) and control subjects before 
euglycaemia (98 _+ 9 pg/ml) and before hyperglycaemia 
(96 _+ 7 pg/ml). No significant changes in plasma gluca- 
gon concentrations were observed in the diabetic pa- 
tients or in the control subjects after stabilizing the 
plasma glucose concentrations at 5 and 15 mmol/1 or in 
response to CCK infusion. 

Discussion 

Previous studies have suggested that in patients with 
diabetes fasting gallbladder volumes are increased 
[7, 26]. However, other studies have not demonstrated 
significant differences in gallbladder volume between 
diabetic patients and control subjects [10, 11]. The in- 
crease in fasting gallbladder volume, observed in some 
diabetic patients has been attributed to the presence of 
autonomic neuropathy [7]. In the diabetic patients we 
have studied and who had no clinical signs of auto- 
nomic neuropathy, fasting gallbladder volumes were 
not significantly different from healthy control sub- 
jects. In addition, fasting gallbladder volumes were not 
affected by the induction of euglycaemia or hypergly- 
caemia. 

During euglycaemia CCK-induced gallbladder con- 
traction in the diabetic patients was not impaired com- 
pared to control subjects. This observation is in accor- 
dance with the findings of a previous study [10]. Fioruc- 
ci et al. [10] have shown that CCK-induced gallbladder 
contraction in diabetic patients, even in patients with 
autonomic neuropathy, was not significantly different 
from control subjects. Stone et al. [9] found that CCK- 
induced gallbladder contraction in diabetic patients 
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without neuropathy was not impaired, whereas in 
diabetic patients with autonomic neuropathy gallblad- 
der contraction was significantly reduced. Using a meal 
as a stimulus, instead of CCK infusion, most investiga- 
tors agree that gallbladder emptying in diabetic pa- 
tients with autonomic neuropathy is reduced [6, 7]. 
Since in these patients gastric emptying is often af- 
fected, a reduced gallbladder emptying may result from 
delayed gastric emptying of the meal. 

To our knowledge the effect of acute hypergly- 
caemia on gallbladder contraction in diabetic patients 
has not been investigated before. In the studies report- 
ing a reduced gallbladder contraction in response to 
CCK in diabetic patients, actual blood glucose concen- 
trations during the study period were not recorded 
[8, 9]. In the study of Stone et al. [9] no correlation was 
found between impaired gallbladder emptying in 
diabetic patients and overall glycaemic control as 
determined HbAlc levels. However, in the present 
study we have shown that during a hyperglycaemia of 
15 mmol/1 the gallbladder contraction in response to in- 
fusion of 0.25 IDU-kg-1 .  h-1 of CCK, leading to plas- 
ma CCK levels as found after ingestion of a light meal, 
was significantly reduced in diabetic patients compared 
to euglycaemia. Plasma CCK levels reached during in- 
fusion of CCK were not significantly different between 
the experiments. It can therefore be excluded that dif- 
ferences in gallbladder emptying are related to dif- 
ferences in plasma CCK concentrations. 

Apar t  from gallbladder motility, a relation between 
gastric emptying and hyperglycaemia has been demon- 
strated in recent studies in patients with Type 1 and 
Type 2 diabetes [13, 14]. In these patients the gastric 
emptying of liquids and solids was significantly pro- 
longed during hyperglycaemia compared to eugly- 
caemia. The effect of hyperglycaemia on gastrointesti- 
nal function has been investigated more  extensively in 
non-diabetic subjects. In healthy subjects acute hyper- 
glycaemia inhibits gastrointestinal motility and secre- 
tion in response to various stimuli [12, 15, 16, 27-29]. 

Little is known, however, about the mechanisms re- 
sponsible for the inhibitory effect of hyperglycaemia 
on gastrointestinal function. It is possible that metabo- 
lic, hormonal  or neural changes secondary to hyper- 
glycaemia rather than glucose itself modulate  gas- 
trointestinal function. In non-diabetic subjects high 
serum glucose levels stimulate insulin secretion and 
hyperinsulinaemia affects gastrointestinal function. 
Previous studies have shown however that insulin 
exerts a stimulatory rather than an inhibitory effect on 
gastrointestinal secretion and motility [30, 31]. Fur- 
thermore hyperglycaemia reduces gastric and gall- 
bladder motility in Type 1 diabetic patients, indicating 
that insulin is not responsible for the inhibitory effect 
of hyperglycaemia on gastrointestinal function. Gluca- 
gon is a potent  inhibitor of intestinal motility [32]. 
However, in the present study no significant changes 
in plasma glucagon levels in the diabetic patients and 
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in the control subjects were observed. Therefore,  glu- 
cagon is not  likely to be involved in the reduct ion in 
gallbladder motil i ty during hyperglycaemia in diabetic 
patients and control subjects. Several arguments  sup- 
port an inhibitory effect of hyperglycaemia on gall- 
bladder  motil i ty by suppressing activity of the vagal 
cholinergic system. First, the effect of CCK on the gall- 
bladder  in vivo is dependent  on vagal-cholinergic ac- 
tivity [33]. Second, it has been  shown in animals that  
infusion of glucose suppresses vagus nerve activity 
[34]. Third, in non-diabetic patients hyperglycaemia 
reduces basal and CCK-st imulated PP concentrat ions 
[16, 27, 35]. The release of PP from the pancreas is 
known to be under  vagal cholinergic control  [36]. 
Fourth,  hyperglycaemia is known to suppress PP se- 
cretion through inhibition of vagal-cholinergic activity 
since the inhibitory effect of hyperglycaemia on PP se- 
cretion is b lunted after truncal vagotomy [37]. Based 
on these observations it has been postulated that  in 
non-diabetic patients hyperglycaemia affects gastro- 
intestinal and gallbladder motil i ty at least in part,  
through inhibition of vagal cholinergic activity. 

It is not  known whether  this inhibitory mechanism 
also operates in diabetic patients. In contrast to the re- 
sults in heal thy subjects basal plasma PP levels and PP 
secretion in response to CCK infusion were not  re- 
duced during hyperglycaemia in diabetic patients. It 
has previously been shown that  in diabetic patients 
plasma PP levels during hyperglycaemia are increased 
[38]. In contrast  to heal thy subjects, in diabetic patients 
plasma PP levels in response to a meal  are independent  
of blood glucose concentrat ions [39]. Therefore,  in 
diabetic patients PP secretion cannot  be used as an in- 
direct measure  to evaluate the vagal cholinergic tone in 
response to hyperglycaemia.  

Whereas  in heal thy subjects during an acute hyper- 
glycaemia of 15 mmol/1 gallbladder emptying was sig- 
nificantly reduced in response to infusion of 0.25, 0.5 
and 1.0 I D U - k g - l . h  -1 of CCK, in diabetic patients 
gallbladder emptying during hyperglycaemia at 
15 mmol/1 was significantly reduced only in response to 
infusion of 0.25 I D U .  kg - 1. h -  t. The reason for this dis- 
crepancy in results be tween diabetic patients and non- 
diabetic subjects is not  apparent  but  may  be related to 
an adaptat ion to hyperglycaemia in diabetic patients. 

It is concluded that  in Type 1 diabetic patients with- 
out clinical signs of au tonomic  neuropa thy  1)basa l  
gallbladder volumes and fasting plasma CCK concen- 
trations are not  significantly different  from heal thy 
subjects either during hyperglycaemia or euglycaemia, 
2) during euglycaemia the gallbladder contraction in 
response to CCK is not  significantly different  f rom 
healthy subjects, 3) hyperglycaemia significantly redu- 
ces the gallbladder contract ion in response to infusion 
of only 0.25 IDU-kg-1-  h-  1 of CCK, whereas hyper- 
glycaemia in control subjects significantly reduces the 
gallbladder contraction in response to 0.25, 0.5 and 
1.0 I D U .  kg -1. h -1 of CCK. 
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