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vasopressin are Ca+ +-sensitive 23,z4. Thus, taking into ac- 
count  the mode of action of  vasopressin, quercetin could 
modify either the number  and /o r  the functional  state of the 
osmotic shunts ( intramembrane-part icle  aggregates) of the 
apical membrane.  
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Refeeding of mice after fasting stimulates cell renewal in the gall bladder epithelium 1 
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Summary. The effect of  refeeding of mice after a fasting period on the uptake of 3H-thymidine and on mitotic activity in  
the gall bladder  epithelium was studied by histoautoradiography. A significant increase in both DNA synthesis and mitotic 
activity was observed after 12 h of refeeding. 

The gall b ladder  as well as the pancreas are well known 
target organs of cholecystokinin (CCK-PZ).  Besides its 
effects on pancreatic secretion, on the muscular contraction 
of  the gall bladder and on the secretion of  glycoproteins by 
the gall bladder  epithelium 3, this hormone exerts a signifi- 
cant growth promoting effect on both organs in the adult 
animal.  Cholecystokinin and also caerulein, a synthetic 

" 4 5  decapeptide analogue, stimulate DNA synthesis ' and m- 
crease total D N A  content in the pancreas 6. Recently, we 
have observed a potent st imulation of  the DNA synthesis 
activity in the gall bladder epithelium of mice after acute 
administrat ion of  caerulein 7. The physiological significance 
of this trophic effect remains unknown,  however. 
Feeding is one of the physiological stimuli for the release of  
gastrointestinal hormones,  namely of  cholecystokin. As far 
as we know, the influence of  a meal on pancreatic or gall 
bladder growth has never been investigated. In the present 
study, the effect of  feeding on cell proliferation in the 
murine gall bladder  epithelium was studied by autoradiog- 
raphy. 
Material and methods. 80 C57 black mice weighing 21-23 g 
were randomly subdivided into 2 equal groups. The ani- 
mals in the 1st group were allowed free access to food after 
a 48-h period of fasting. The animals in the 2nd (control) 
group were allowed free access to food throughout the 
experiment  without any prel iminary fasting period. Ten  
animals from each group were killed simultaneously by 
neck dislocation at 0 h, 12 h, 20 h and 28 h, after refeeding 
the mice of  the fasting group. The total food intake by each 

group was measured during these periods. The hours of  
killing were 12.00 h (0-h interval), 24.00 h (12-h interval), 
08.00 h (20-h interval), and 16.00 h (28-h interval). All 
the animals were given an i.p. injection of 1 ~tCi/g b.wt 
of tritiated thymidine (Radiochemical Center, Mol, Bel- 
gium, sp. act. 16 Ci/mM) 1 h before killing. Cholecyst- 
ectomy was performed after ligation of the cystic duct with 
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Mean labeling indices (+ SEM) in the gall bladder epithelium of 
mice at intervals after refeeding and in control mice killed at the 
same hour. Labeling index values were higher after refeeding the 
animals: * p < 0.05; ** p < 0.01. 
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0000 silk. Each ligated gall bladder was fixed for 4 h in 10% 
neutral formalin. Thereafter, the gall bladder was opened, 
and after an additional 24-h fixation at 4 ~ the specimens 
were embedded in paraffin. Transverse sections, 3-4 Ixm 
thick, were taken from the midportion of each gall bladder. 
Sections were covered with photographic emulsion (Ilford 
K5), developed after 16 days exposure at 4~ (Kodak 
Dektol Developer) and stained with haematoxylin-eosin. In 
each gall bladder, the percentages of labeled ceils (labeling 
index) and of  mitoses (mitotic index) were counted on a 
total of 2000 consecutive epithelial cells. 
Analysis of variance was used to test the statistical signifi- 
cance of  the data. 
Results. There was no difference in body weight between 
both groups of mice before the experiment was started. A 
significant loss of  weight after 48 h of  fasting was noted, 
whereas the body weight increased after free access to food. 
The weight of  food intake of  the fasting animals during 
refeeding was 67% higher than this value in the controls. 
At the 0-h mark, the difference in labeling indices between 
fasting and control animals did not reach statistical signifi- 
cance. After refeeding, a considerable increase in DNA 
synthesis activity was found at 12 h (p <0.01), and this 
effect was still significant at 20 h (p < 0.05) and at 28 h 
(p < 0.05) (fig.). Mitotic indices (table) were also higher in 
the refed group, but the difference was significant 
(p < 0.05) only at the 12-h mark. 
Discussion. Our data indicate that proliferative activity in 
the gall bladder epithelium is stimulated by refeeding mice 
after fasting; not only DNA synthesis activity but also 
mitotic indices were increased during refeeding. The fact 
that no significant difference in the kinetic parameters was 
found between normally fed mice and fasting animals 
suggests that the observed postprandial burst in prolifera- 
tive activity may not occur in normal circumstances, when 
physiological eating habits are maintained. Food intake by 
the animals after 48-h fasting period was higher than in the 
controls; the stimulus was more intense than in the con- 
trois, and it was more intense than it was after a normal 
meal. The rapid increase in DNA synthesis may also 
indicate that a number of cells in a resting phase of  the cell 
cycle were probably synchronized to enter the DNA synthe- 
sis phase after refeeding. 
A wide series of  gastrointestinal hormones is known to be 
released after the meal, and cholecystokinin is only one of 
them. Caerulein, its synthetic analogue, has been recently 

shown to stimulate DNA synthesis in the epithelium of  the 
gall bladder 7. This observation may lead to the hypothesis 
that cholecystokinin is the hormone determining the post- 
prandial increase in proliferative activity. However, the 
influence of  other hormones cannot be excluded by the 
present data. Gastrin 8, secretin 8, and pancreatic polypep- 
tide 9 are known to exert a trophic influence on the pan- 
creas. The effect of  these polypeptides on the gall bladder 
epithelium is unknown at the present time. On the other 
hand, feeding provokes a vagal stimulation, and the effect 
of  vagal stimuli on cell proliferation has not been investi- 
gated. It is probable that a complex system of humoral and 
neurogenic influences is involved in the postprandial stimu- 
lation of cell renewal in the gall bladder. 

Mitotic index values (%o) in gall bladder epithelium of mice 
refed after fasting (group 1) and of non fasted, normally fed 
controls (group 2) 

Time after Mitotic index (%o) 
refeeding Group 1 p- value Group 2 

0 h 0.05 • 0.05 NS 0 
12 h 0.55 • 0.17 < 0.05 0.05 + 0.05 
20 h 0.35 • 0.20 NS 0 
28 h 0.20 + 0.08 NS 0.10_+ 0107 
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Summary. In dogs, selective insulin deficiency induced by simultaneous somatostatin and glucagon infusion does not alter 
the high rate of glucose utilization provoked by acute cold exposure. However, both in resting and in shivering dogs, 
lowering of plasma insulin decreases plasma glucose metabolic clearance significantly. 

Shivering is usually not mentioned in papers devoted to the 
influence of insulin upon glucose utilization by muscular 
activity I. However, shivering, which plays a major part in 
cold-induced thermogenesis in large animals, shows many 
similarities to running, with respect to glucose production 
and utilization 2. Recently, Therminarias et al.3" suggested 
that a non-increase in plasma insulin concentration was 

responsible for depressed shivering and hypothermia ob- 
served in dogs immersed in cold water; they suggested that 
in spite of  hyperglycemia, glucose uptake by shivering 
muscle might be limited because of an epinephrine-in- 
duced inhibition of  insulin secretion. Actually, little infor- 
mation on glucose uptake can be obtained by just measur- 
ing plasma concentrations. Using labelled glucose, we pre- 


