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The incorporation of glucose into glycogen was determined in pancreatic islets isolated
from normal rats and incubated with glucose (5 or 20 mM) and compounds known to affect
glycogen metabolism in other tissues. Incubation of pancreatic islets with glucose (20 mM)
induced a marked increase in radioactive glycogen. Exposure to epinephrine in the presence of
glucose (20 mM) slightly increased incorporation of glucose into glycogen. In contrast the
incorporation of glucose into glycogen was not affected when isolated islets were exposed to
glucagon or insulin, whereas anti-insulin serum in the incubation medium decreased radioactive
glycogen formation.
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It has been known for a long time that
deposition of glycogen is a major cause of
the vacuolated appearance of the B cells
seen in the early phase after subtotal pan
createctomy (5, 13-16, 20, 23, 24). Subse
quent studies have shown that glycogen is
a normal constituent of the pancreatic
islets (7, 18) which are enzymatically
equipped for the formation and degrada
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tion of glycogen (4). The significance of
glycogen in pancreatic B cells is,
however, unsettled. The present investi
gation was carried out to study
mechanisms involved in the incorpora
tion of glucose into glycogen in pan
creatic cells.

Materials and Methods

Reagents. Collagenase type IV was
from Worthington Biochemical Co.
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(Freehold,- New Jersey); crystalline
bovine albumin, epinephrine and D-
mannoheptulose were from Sigma; D-
(+)-glucose was from Merck; (U-I4C)-
glucose (specific activity 291 mC//u.mol)
was from the Radiochemical Centre;
glucagon and insulin were gifts from
NOVO Industry (Novofarma, Madrid);
anti-insulin serum was from Miles
Laboratories Ltd. (Slough). All reagents
were of analytical grade.

Incubation medium. Pancreatic islets
were obtained from fed male Wistar rats
(200-250 g) as previously described (12).
The incubation medium was Krebs-
Ringer bicarbonate buffer (22) pH 7.4
containing 1 mg/ml crystalline bovine
albumin. To this, (U-l4C)-glucose and
when necessary unlabelled glucose was
added. The substance under study was
added at the concentration described in
Results to one portion of the incubation
medium and the remainder served as con
trol incubation medium.

Experimental conditions. Islets in
batches of 40 were preincubated in a
metabolic shaker for 30 min in 0.5 ml of
medium containing glucose 3.2 mM. At
the end of the preincubation period, the
medium was removed and the islets incu
bated for 30, 60,90 or 120 min in 0.5 ml of
buffer containing (U-l4C)-glucose (final
specific activity 0.2 /zC//zmol) and as re
quired the substance under study. At
least six series of experiments were
performed at each experimental con
dition.

Glycogen determination. At the end of
each incubation period, the medium was
carefully removed and the islets were
homogenized (20 strokes, 1,500 rpm) in
0.03N HC1 (125 acI) and were prepared as
described by PASSONNEAU and
LAUDERDALE (19). Aliquots (100 /zl) of
the homogenate were spread evenly on 

pieces of filter paper (Whatman 31 ET
chromatography paper 2x2 cm). The
filter paper, which completely absorbed
the sample within 1-2 s, was dropped im
mediately into a beaker containing a
minimum of 7 ml cold 66 % (v/v) ethanol
for each paper and stirred with a teflon-
covered stirring rod. The rod was kept
from physical contact with the papers by
a stainless-steel screen. The papers were
subsequently washed three times for 40
min in 66 % ethanol. They were then
briefly rinsed (5 min) with acetone and
dried under a heat lamp, until the odor of
acetone was no longer present. Filter
papers were placed in glass scintillation
vials containing 10 ml of 0.6 % (w/v) 2,5-
diphenyloxazole (PPO) and 0.02 % (w/v)
1,4- bis - [5 - phenyl- 2 -oxazoly  1]) - benzene
(POPOP) in toluene and then were
counted.

Results

Effect of glucose. Figure 1 shows the
incorporation of glucose |4C into glyco

Fig. 1. Incorporation of (U- 14C)-glucose into glyco
gen by isolated rat islets incubated for 30, 60, 90 and

120 minutes in different concentration of glucose.
Results are means ± S.E.M. of 6-8 experiments.
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Fig. 2. Effects on the incorporation of (U-14C)-
glucose into glycogen of exposing isolated rat islets
to exogenous insulin (1.25 mU/ml) and to an insulin-
free medium by adding anti-insulin serum, in the

presence of glucose 20 mM.
Results are means ± of 6-8 experiments.

Fig. 3. Effect ofD-mannoheptulose on the incorpo
ration (U-14C)-glucose into glycogen by isolated rat
islets incubated in the presence of glucose 20 mM.
Results are means ± S.E.M. of 6-8 experiments.

gen in isolated islets exposed to glucose.
At a high glucose concentration (20 mM),
there was a nearly linear increase in
radioactive glycogen after a short time
lag. At the low glucose concentration (5
mM), there was also an increase in
radioactive glycogen similar in pattern to
that seen for high glucose concentration,
but with much lower incorporation of glu
cose |4C into glycogen.

Effect of glucagon and epinephrine.
Table I shows the effects of glucagon (15
/zg/ml) in the presence of glucose 20 mM
on glucose incorporation into glycogen in
isolated islets. Glucagon had no signifi
cant effect on glucose incorporation,
whereas epinephrine (2 jag/ml) increased
incorporation slightly during the first
90 min of incubation and markedly at
120 min.

Table I. Effect of Glucagon and Epinephrine upon the incorporation of (U-,4C)-glucose into glycogen by
isolated islets of Langerhans incubated in the presence of glucose 20 mM (c.p.m.).

Results are means ± S.E.M. ol’6-8 experiments.

INCUBATION TIME (MiN.)

30 60 90 120

Glucagon 77 ±8 114 ± 10 165 ± 15 180 ± 18
Control 85 ± 8 110 ± 7 174 ± 17 190 ± 19

Epinephrine 96 ± 5 138*  8 194 ±16 257 ± 23
Control 80 ± 7 115 ± 7 164 ± 13 196 ±18
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Effect of insulin. Bovine insulin added
to the incubation medium at the concen
tration of 1.25 mU/ml did not affect glu
cose incorporation into glycogen in iso
lated rat islets (fig. 2). When the effect of
endogenous insulin secreted by B cells, in
response to glucose 20 mM, was neu
tralised by adding anti-insulin serum to
the incubation medium, the incorporation
of glucose into glycogen decreased in re
spect to the control islets.

Effect of D-mannoheptulose. Islets
were preincubated in D-mannoheptulose
(14 mM) for 30 min before changing the
incubation medium and were then incu
bated with either glucose or glucose plus
D-mannoheptulose (28 mM). (fig. 3) D-
Mannoheptulose reduced the incorpora
tion of glucose into glycogen by approxi
mately 30 %.

Discussion

The aim of this work was to determine
whether isolated rat pancreatic islets in
corporate glucose into glycogen and to
investigate the effects of substances
known to influence glycogen metabolism
in other tissues. The method used was
based on the fact that radioactive
glucosyl moieties incorporated into
polysaccharide are precipitated by aque
ous ethanol on filter paper and can be
separated from small molecular weight
material such as glucose which is soluble
in the aqueous phase. In addition, it has
the advantages of being rapid, of having
readily available substrates, and of re
quiring only small amounts of material.

The present findings show that at high
glucose concentration, pancreatic islets
are capable of converting glucose into
glycogen, at least in rats, and that ex
tracellular glucose concentration playsan
important role in the regulation of glucose
incorporation into glycogen in pancreatic
islets. Thus. B-cells were able to accumu

late and maintain large glycogen stores in
the presence of glucose at a concentration
of 20 mM, whereas glycogen stores were
markedly diminished at low glucose
levels. These findings indicate a close re
lation between glycogen stores of B cells
and glucose concentration to which they
are exposed, in agreement with previous
reports (1.7). It is noteworthy that the
pattern of glucose incorporation in B cells
is very similar to that seen in other tissues
(17,21).

Glucagon failed to stimulate glyco
genolysis in the pancreatic islets (7, 10).
It is apparent from the present data that
glucagon tested at a glucose concentra
tion of 20 mM had no effect upon the
incorporation of glucose into glycogen.
The lack of effect of glucagon on incorpo
ration of glucose into glycogen was prob
ably unrelated to effects of increased in
sulin secretion, since exogenous insulin
added to the incubation medium failed to
stimulate glucose incorporation in re
spect to the control islets. Nevertheless,
when insulin secreted by the islets in re
sponse to high glucose concentration was
suppressed of the incubation medium by
adding anti-insulin serum, the incorpora
tion of glucose into glycogen slightly de
creased. Therefore, the notion that insu
lin might play a role in glycogen
metabolism in B cells cannot be ruled out
at present.

Epinephrine increased the incorpora
tion of glucose into glycogen in the pres
ent study. It is therefore noteworthy that
epinephrine inhibits the synthesis of
cyclic-3’, 5’-AMP in pancreatic islets (11)
and interferes with glucose metabolism
below fructose-1,6-diphosphate, result
ing in accumulation of early glycolytic
intermediates including glucose-6-phos-
phate (9), D-Mannoheptulose, which
also inhibits the synthesis of cyclic-3’,
5’-AMP (6), but suppresses the increase
in glucose-6-phosphate in islets (2), di
minished the incorporation of glucose
into glycogen in isolated rat islets in the 
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present study. Taken together, the find
ings may support the notion that glu-
cose-6-phosphate might be important in
the control of glycogen level in B cells.
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Resumen

Se estudia la incorporacion de glucosa a
glucogeno en islotes aislados de ratas normales.
Para ello se ha investigado el efecto que sobre esta
incorporacion ejercian sustancias que se sabe in
fluyen en el metabolismo del glucogeno en otros
tejidos.

Los resultados obtenidos indican que, en presen-
cia de altas concentraciones de glucosa en el medio
extracelular, los islotes pancreaticos incorporan
glucosa a glucogeno, existiendo una estrecha rela
tion entre el glucogeno almacenado en las celulas B
y la concentration de glucosa a la que estas hayan
sido expuestas. La epinefrina, en presencia de altas
concentraciones de glucosa (20 mM), aumenta
ligeramente la incorporacion de glucosa a gluco
geno. La incorporacion no se vio afectada cuando
los islotes fueron expuestos, en presencia de glu
cosa 20 mM, a glucagon o insulina exogena. La
supresion en el medio de incubation, de la insulina
segregada por los islotes en respuesta a glucosa 20
mM mediante la adicion al medio de cantidades
suficientes de suero anti-insulina, disminuye la for
mation de glucogeno radiactivo, por lo que de los
presentes resultados no se puede excluir que la in
sulina juegue algun papel en la regulation del
metabolismo del glucogeno en los islotes pan
creaticos.

References

1. Andersson, A., Borglund, E. and Broun,
S.I Biochem. Biophys. Res. Comm., 56, 1045-
1051, 1ST74.

2. Aschcroft, s. J. H., Hedfskov, C. J. and
Randle, P. J.: Biochem. J., 118, 143-154,
1970.

3. Bencosme, S. A., Mariz, S. and Frei, J.:
Endocrinology, 61, 1-11, 1957.

4. Broun, S. E. and Berne, C.: In «The
Structure and Metabolism of the Pancreatic
Islets*  (S. Falkmer, B. Hellman and I. B. Tal-
jedal, eds.). Pergamon Press, London, 1970,
pp. 245-252.

5. Buse, J., Gundersen, K. and Lukens, F. D.
V/.: Diabetes, 6,428-432, 1957.

6. Grill, V. and Cerasi, E.: Biochem. Biophys.
Acta, 437, 36-50, 1976.

7. Hellman, B.: Diabetologia, 6,110-120, 1970.
8. Hellman, B. and Idahl, L. A.: Endo

crinology, 84, 1-8, 1969.
9. Hellman, B. and Idahl, L. A.: In «The

Structure and Metabolism of the Pancreatic
Islets*  (S. Falkmer, B. Hellman and I. B. Tal-
jedal, eds.). Pergamon Press, London, 1970,
pp. 253-261.

10. Jarret, R. J. and Keen, H.: Diabetologia, 4,
249-252, 1968.

11. Kipnis, D. M.: Acta Diabetol. Lat., 7, suppl.
1,314-338, 1970.

12. Lacy, P. E. and Kostianowsky, M.: Diab
etes, 16,35-39, 1967.

13. Lazarus, S. S. and Bencosme, S. A.: Proc.
Soc. exper. Biol. Med., 89, 114-118,1955.

14. Lazarus, S. S. and Volk, B. W.: Proc. Soc.
exper. Biol. Med., 94,610-613, 1957.

15. Lazarus, S. S. and Volk, B. W.: Proc. Soc.
exper. Biol. Med., 94,610-613, 1957.

16. Lazarus, S. S. and Volk, B. W.: A. M. A.
Arch. Path., 66,59-71, 1958.

17. LOpez-Fando, J. J. and GarcIa Fernandez,
M. C.: Comp. Biochem. Physiol., 43B, 807-
814, 1972.

18. Matschinsky, F. M. and Ellerman, J. E.t J.
Biol. Chem., 243,2730-2736, 1968.

19. Passonneau, J. V. and Lauderdale, V. R.:
Anal. Bioch., 60,405-412, 1974.

20. Toreson, W. E.: Am. j. Path., 27, 327-336,
1951.

21. Torres, H. N., Birnbaumer, L., GarcIa Fer
nandez, M. C., Bernard, E. and Be,
LOCOPITOW, E.: Arch. Bioch. Biophys., 116,
59-68, 1966.

22. Umbreit, W. W., Burris, R. H. and Stauf
fer, J. F.: *Manometric  Techniques*,  (4th
ed.). Burgess Publishing Co., Minneapolis,
1964.

23. Volk. B. W. and Lazarus, S. S.: Am, J.
Path., 34, 121-135, 1958.

24. Williamson, J. R.: Diabetes, 9, 471-480,
I960.




