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Summary. Exocrine and endocrine pancreatic function were 
studied simultaneously in the isolated perfused pancreas from 
rats fed a normal or an acarbose-containing diet (150mg/ 
t00 g food) for 20 days. Body weight gain of acarbose-treated 
rats was slightly lower than that of control rats, despite a larg- 
er food intake. Basal and caerulein-stimulated flow rates of 
pancreatic juice from acarbose-treated rat pancreases were 
similar to those from controls, suggesting that the treated rat 
pancreas has normal sensitivity and responsiveness to caeru- 
lein. On the other hand, amylase output in response to caeru- 
lein was significantly decreased in acarbose-treated rat pan- 
creases, though basal output was normal. The addition of 
acarbose to the diet for 20 days had no effect on the speed of 

the insulin response to glucose and caerulein, but the magni- 
tude of insulin secretion to glucose stimulation was reduced 
by 40% and the caerulein-induced additional output of insulin 
by 30% in the treated group as compared with the control 
group. The present investigation has demonstrated that inhi- 
bition of key enzymes for carbohydrate digestion decreases 
not only the secretory responsiveness of amylase from acinar 
cells to caerulein stimulation but also the sensitivity of the in- 
sulin-secretory mechanism of pancreatic B cells to glucose 
and non-glucose stimulation. 

Key words: Acarbose, rat perfused pancreas, insulin secretion, 
amylase output. 

Acarbose, a complex oligosaccharide, is a potent  inhibi- 
tor  of  glucoside hydrolases and decreases post-prandial  
hyperglycaemia when administered with food  [1-5]. 
Furthermore,  at tenuation of  insulin and gastric inhibi- 
tory polypept ide  (GIP) release in response to a sucrose 
load by acarbose has been described in man  and ani- 
mals [3-1l]. However,  the mechanism by which feeding 
acarbose affects the insulin response to sucrose remains 
to be clarified. Moreover,  the effect of  long-teaan inhibi- 
t ion of  the key enzymes for carbohydrate  digestion of  
insulin release by B cells and the exocrine pancreas is 
not  fully understood.  

Glucose-dependent  insulin release is known to be 
highly sensitive to relatively short periods of  fasting 
[8-12]. In intact rats, the plasma insulin response to in- 
travenous stimulation with either glucose, tolbutamide 
or glibenclamide is reduced by 50%-80% during 16 h 
fasting without affecting the extractable insulin content  
of  the pancreas [9]. In animals and in man, fasting 
makes B cells secrete less insulin than normal in re- 
sponse to glucose [8-12]. Total blunting of  the response 
was observed in rats deprived of  food  for 5 days [13]. 
Moreover,  persistent and progressive impairment  of  in- 
sulin secretion has been noted in rats on a low carbohy- 

drate diet [8]. From these observations, it is conceivable 
that blunting of  the insulin response to sucrose is in- 
duced either by the flattened glucose curve due to inhi- 
bition of  sucrose or by impairment  of  the insulin re- 
leasing mechanism of  the B cell due to a long-term 
inhibition of  post-prandial  glycaemia. 

The present study was under taken to determine 
whether  an attenuation of  post-prandial  hyperglycae- 
mia by feeding acarbose with food  has any effects on 
insulin secretory response to glucose and non-glucose 
stimulation and on pancreatic exocrine function. 

Materials and Methods 

Male Wistar rats weighing about 240g were kept at 23 ~ on a 12h 
light and dark cycle with free access to water. Animals were adapted 
to a standard powder diet for 5 days and then fed ad libitum (either a 
control diet or the same diet containing 150 mg acarbose/100 g food 
for 20 days). The standard rat diet contained 7.0% water, 24.1% pro- 
tein, 4.6% fat, 7.1% ash, 4.2% fibre and 53.0% nitrogen free extracts of 
which 45% was carbohydrate consisting of corn-starch (35%) and a- 
starch (10%) (Oriental Yeast Company, Tokyo, Japan). Acarbose as a 
lyophilized powder (provided by Bayer Yakuhin, Osaka, Japan) was 
mixed thoroughly with the standard powder diet, which ensured that 
the animals received the drug each time they ate. Each rat was housed 
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in an individual metabolic cage and its weight and food consumption 
measured daily. After each rat had been on its diet for 20 days, the 
pancreas was isolated and perfused by the procedure reported previ- 
ously [14]. All perfusions were performed with Krebs-Ringer bicarbo- 
nate buffer containing 0.25% bovine serum albumin (fraction V, Ar- 
mour Pharmaceuticals, Phoenix, Arizona, USA), 4.6% Dextran T-70 
(Pharmacia Fine Chemicals, Uppsala, Sweden) and 2.8 mmol/1 glu- 
cose. The medium was equilibrated with 95% O2 and 5% CO2 and 
maintained at pH 7.4 at 37 ~ The superior mesenteric and caeliac ar- 
teries were used as the inlets of the vascular perfusion, and the portal 
vein as the outlet. The flow rate through the pancreas was kept con- 
stant at 2 ml/min. After a single passage through the pancreas, the 
complete effluent was collected at I rain intervals in chilled tubes for 
the measurement of insulin concentration. 

To measure pancreatic exocrine secretion, a calibrated capillary 
tube was attached to the free end of a pancreatic cannula inserted into 
the distal end of the common duct at a point shortly before its en- 
trance into the duodenum. The proximal end of the bile duct was li- 
gated. The flow rate of the pancreatic juice was measured by changing 
the capillary tube every 10 rain. The sample of pancreatic juice was di- 
luted with 5% bovine serum albumin and stored at - 2 0  ~ until the 
assay of amylase concentration. 

The experiments were performed after a 40-rain equilibration pe- 
riod. The glucose concentration was then changed to 8.3 retool/1 for 
50 min by changing the medium reservoir. Ten minutes later, synthetic 
caerulein (Kyowa Hakko Kogyo, Tokyo, Japan) was added at a con- 
centration of 0.1 ng/ml (64 pmol/1) for 20 rain. Caerulein (0.1 ng/ml) 
is the minimal effective concentration which will elicit the maximal 
secretory response in pancreatic juice flow rate and amylase output 
[14]. Synthetic caerulein was used as a non-glucose stimulant for en- 
docrine secretion because it has similar biological actions on exo- 
crine and endocrine secretion to those of natural porcine CCK 
[14-16]. 

Amylase activity in the 10-rain aliquots of pancreatic juice was de- 
termined by a chromogenic method with blue-dyed starch polymer 
[17]. Amylase output was expressed as Somogyi units per 10 rain. 

Immunoreactive insulin (IRI) in the portal effluent was measured 
by polyethyleneglycol radioimmunoassay [18] using crystalline rat in- 
sulin as a reference standard. 

Statistical analysis was carried out by using Student's t-test for un- 
paired samples. Results are expressed as mean + SEM. 

Results 

Body weight increased with time in both control and 
acarbose-treated groups. No significant differences be- 
tween groups were found for the body weights before 
(control: 244 + 6.5 g versus treated: 242 + 4.4 g) or after 
treatment (control: 350+ 14.3 g versus treated: 324+ 
7.4 g), although the body weight gain of rats fed the 
acarbose-containing diet was slightly lower than that of 
control rats. However, food intake of rats treated with 
the acarbose-containing diet was significantly greater 
than those given the control diet (26.6+0.8 versus 
22.3 + 1.8 g/day; p< 0.05). Thus, the ingested dose of 
acarbose per rat per day was about 40mg (about 
150 mg/kg body weight), which is 25-50 times as great 
as that used in human therapy [3-7]. Pancreatic wet 
weight was similar in the control and treated groups 
(control: 1.15 _+ 0.05 g versus treated: 1.18 + 0.06 g). 

The effect of synthetic caerulein on the time-course 
of pancreatic juice flow and amylase output from isolat- 
ed perfused pancreases prepared from fed rats treated 
with or without acarbose is shown in Figure 1. Basal 
and caerulein-stimulated flow rates of pancreatic juice 
from rats given the acarbose-containing diet for 20 days 
were similar to those from control pancreases (Fig. 1). 
The cumulative output of pancreatic juice during a 20- 
min stimulation with 0.1 ng/ml caerulein from the acar- 
bose-treated and control groups was 48.3_+4.6 and 
55.4+6.2 gl/20 rain, respectively. On the other hand, 
caerulein-stimulated amylase output from the acarbose- 
treated group was significantly lower than that from the 
control group, although basal output was similar 
(Fig. 1). The cumulative output of amylase for 20 min 
during caerulein stimulation from rats fed a normal or 
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Fig. 1. Time-course of pancreatic 
juice flow (left panel) and amylase 
output (right panel) in response to a 
20-rain perfusion with 0.1 ng/ml 
caerulein ( ~ )  in the presence of 
8.3 mmol/1 glucose (~) .  Pancreas 
were isolated and perfused from rats 
fed a standard powder diet with (__) 
or without (---) acarbose (150 rag/ 
100 g food) for 20 days. The flow 
rate of pancreatic juice was measur- 
ed every 10 rain (~xl/10 min) and the 
amylase output was expressed as 
Somogyi units (SU)/10 min. Each 
value represents the mean + SEM of 
eight experiments 
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Fig. 2. Time-course of immunoreactive 
insulin (IRI) release in response to 
8.3 mmol/l  glucose ( ~ )  and 0.1 ng/ml 
caerulein stimulation (~) .  Pancreases 
were isolated and perfused from rats fed 
a standard powder diet with (�9 �9 
or without ( � 9  � 9  acarbose (150 mg/  
100 g food) for 20 days. Each value re- 
presents the mean _+ SEM of eight 
experiments. Flow rate of pancreatic 
juice and amylase output (Fig. 1) and the 
IRI response were measured simultane- 
ously in the same experimental prepara- 
tions 

an acarbose-containing diet was 3524+211 and 
2236 + 276 Somogyi units/20 rain (p < 0.001), respec- 
tively. 

The time-course of IRI secretion in response to glu- 
cose and caerulein from isolated perfused pancreases 
prepared from acarbose-treated and control rats was 
similar. A sharp rise in IRI release was observed in the 
first l-rain sample after increasing the glucose concen- 
tration from 2.8 to 8.3 mmol/1 and after the addition of 
0.1 ng/ml caerulein (Fig. 2). Both the peak IRI response 
and the cumulative IRI output over 5 rain (from 11 to 
15 min) in response to 8.3 mmol/1 glucose were reduced 
by 40% in the acarbose-treated rats (peak 27.0 + 1.7 ng/  
ml, cumulative output 96.0_+ 6.8 ng/5 min) compared 
with the control group (peak 44.7 _+ 7.5 ng/ml: p < 0.01, 
cumulative output 173.6 _+ 36.2 ng/5 rain; p < 0.05). IRI 
output during the first 5 rain of stimulation with 
0.1 ng/ml caerulein from the rats fed a normal or an 
acarbose-containing diet was 163.4_+ 30.9 and 111.0_+ 
6.2 ng/5 rain (p < 0.05), respectively. The total IRI out- 
put over 20 min of caerulein stimulation from the treat- 
ed group (401.7_+ 18.0 rig/20 min) was slightly lower 
than that obtained from the control group (573.1 ___ 
122.7 ng/20 rain; p >  0.05). The magnitude of the early 
and late insulin secretory phases in response to caeru- 
lein from the acarbose-treated rat pancreases were both 
reduced by 30%. However, these differences were not 
statistically significant. 

Discussion 

Treatment with acarbose, a potent inhibitor of intestinal 
a-glucoside hydrolases [1, 2], for 20 days produced an 
effect on pancreatic amylase secretion that was quanti- 
tatively but not qualitatively different from rats given a 
control diet. Pancreatic juice secretion evoked by chole- 

cystokinin (CCK) and other pancreatic acinar stimu- 
lants, such as caerulein and acetylcholine [14, 15, 19], 
can be clearly separated from secretin-stimulated fluid 
secretion by its independence of extracellular bicarbo- 
nate [19]. Since there is no evidence for an action of 
CCK on duct cells [20], bicarbonate-independent fluid 
secretion is thought to occur in the acinar cells and may 
reflect acinar cell function [19, 20]. Therefore, a normal 
secretory pattern of pancreatic juice in response to 
caerulein suggests normal acinar cell function. Based 
on these observations, together with the present data on 
caerulein-evoked fluid secretion, the sensitivity and the 
responsiveness of the exocrine pancreas of acarbose- 
treated rats are assumed to be no different from those of 
control pancreases. Thus, the decreased output of amy- 
lase is assumed to be due to a decreased production of 
enzyme, rather than alteration in the secretory mecha- 
nism. In our preliminary experiments in rats fed on 
acarbose-containing diet for 10 days, a reduction of am- 
ylase activity in the pancreas was observed in both fast- 
ed rats and rats maintained on a low carbohydrate diet 
[21-25]. The dietary induced modifications in enzyme 
composition of the pancreas are well-recognised as a 
pancreatic adaptation to the diet [21-25]uThe rats given 
an acarbose-containing diet would be the same as those 
maintained on a low carbohydrate diet, because long 
term inhibition of the key enzymes for carbohydrate di- 
gestion may result in carbohydrate malabsorption simi- 
lar to sucrose-isomaltase deficiency [26]. 

The effect of acarbose ingestion on the insulin secre- 
tory response to glucose is similar to the results of ear- 
lier studies in man and animals given a low carbohy- 
drate diet [8, 11, 27]. Feeding an acarbose-containing 
diet for 20 days had no effect on the speed of the insulin 
response to glucose and caerulein, but the magnitude of 
the insulin secretion was reduced. In the present perfu- 
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sion experiments with pancreases from fed animals, 
treatment with acarbose reduced the insulin response to 
glucose by 40% and the caerulein induced additional 
output of insulin by 30%. Although caerulein can elicit 
insulin release in the absence of glucose [141, its pre- 
dominant action consists of enhancing all aspects of 
glucose-induced insulin secretion [14, 16]. 

Frlsch et al. [6] observed that the addition of acar- 
bose to a sucrose load attenuates sucrose-induced gly- 
caemia and the insulin response, and completely abol- 
ishes GIP release. From these experiments, the de- 
creased insulin response to sucrose with acarbose has 
been related to both the flattened glucose curve and the 
attenuated GIP release [6]. The present investigation ex- 
tends these observations by demonstrating that long- 
term inhibition of the key enzymes for carbohydrate di- 
gestion decreases the sensitivity of the insulin-secretory 
mechanism of the B cells to both glucose and non-glu- 
cose stimulation. However, the reduced sensitivity of 
acarbose-treated rats may not necessarily indicate inhi- 
bition of B cell function. It could also imply a passive 
return to a low intrinsic basal level of sensitivity du e to a 
lack of stimulation from meals. In fact intermittent puls- 
ing of fasted rats with hyperglycaemic episodes pro- 
duced by the injection of calorically insignificant 
amounts of glucose intraperitoneally ameriolated the 
impairment of glucose-stimulated insulin secretion 
characteristic of the fasting state [8]. 

Thus, the present results suggest that the addition of 
acarbose to the diet at a relatively high dose decreases 
not only the secretory responsiveness of amylase from 
acinar cells to caerulein stimulation, but also the sensi- 
tivity of the insulin-secretory mechanism of B cells to 
glucose and non-glucose stimulation. 
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