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I. l t t t roduet ion  

It has been  sugges ted  tha t  g lucose  s t imu la t e s  insu- 
Ih release t h rough  i ts  m e t a b o l i s m  in the  panc rea t i c  
~-¢ells. This  h y p o t h e s i s  has  pa r t l y  been  based on  the 
observation o f  s t r ik ing co r re l a t ions  b e t w e e n  insulin 
release and  g lucose  o x i d a t i o n  in islets i n c u b a t e d  for  
I hr or  longer  [ 1 ] .  Studies  on var ious  t y p e s  o f  per- 
fused or supe r fused  p~_ncreas p r e p a r a t i o n s  have  re- 
veaMd tha t  the insulin s e c r e t o r y  r e sponse  is mul t i -  
phasic wi th  t i m e  [2--41 . Th i s  m a k e s  it o f  in teres t  to  
measure the  o x i d a t i o n  o f  g lucose  o v e r  pe r iods  shor t e r  
thzn 60  rain to  e s t ima t e  w h e t h e r  b o t h  the  htitial and  
the late phases  o f  insulin release are re la ted  to  glucose 
metatmlism. S u c h  m e a s u r e m e n t s  are d i f f icu l t  to l~e,- 
form because  o f  the  small  size o f  islets in r e l a t ion  t o  
the sensitivity o f  the  ana ly t i ca l  m e t h o d s  avai lable .  In  
this p,aper a t e c h n i q u e  is deseril~ed w h i c h  m a k e s  pos-  
sible incuba t ion  t imes  s ho r t e r  than  I 0 nt in.  I t  will be  
"shown that  the 7 -ca rbon  sugar  m a n n o h e p t u l o s e  does  
not significant!.y a f f e c t  g lucose  o x / d a t i o n  dur [ng  the  
first ! S rain o f  i n c u b a t i o n ,  a l t h o u g h  it is k n o w n  to  
inhibit insulin release a l m os t  i m m e d i a t e l y  15--61. 

2. Materials mad m e t h o d s  

[U-14C]D-glucose,  s o d i u m  [ 1 4 C l b i c a r b o n a t e  and  
[I-I4C] L-glucose were  o b t a i n e d  f r o m  the  R a d i o e h e m -  
i~I Centre,  A m e r s h g m ,  England .  All o t h e r  chemica l s  
were c o m m e r c i a l l y  avai lable  r eagen t s  o f  ana ly t i ca l  
grade. Distilled and  de ion ized  w a t e r  was used th rough-  
out. 

T 

E 
E A B 
o 

1 

Fig. I. The incubation cquip,nent consisted e r a  small #ass 
vessel with a totai volume ofabou t  4 cm 3. The vessel was 
scaled with a rubber stopper through which two needles 
were run and fitted to syringes, one I~A) containing 100 tal 
0.1 N IlCl and the other (B} containing 100 tzl Hyamine. 
Twelve circular pieces, of filter-paper (C) were put on the 
A-needle. At the end of  line incubation the titter-paper Lvas 
soak~.w.l with |lyamine and the ~'~CO2 produced by the 
infulyated islets (D) w~s absorbed. 

O b e s e - h y p e r # y c e m i c  mice (gene s y m b o l  o b / o b )  

f rom the Umea co lony  [7] were used as the  source  
o f  pancrea t ic  islets. For  each e x p e r i m e n t  a b o u t  25 
islets were  microdissec ted  f reehand  [8] in K r e b s -  
Ringer b i ca rbona te  bu f fe r  ( K R B )  equ i l ib ra t ed  wi th  
0 2 and CO 2 (95 :5 )  and s u p p l e m e n t e d  w i th  3 mM 
glucose. Af t e r  dissect ion the islets were  p r e i n c u b a t e d  
for  30 ruin a t  37 ° in the same type  o f  m e d i u m  as tha t  

used dur ing dissection.  
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KRB media ( 100/~1) supp lemented  with 10 mM 
[U-14C] D-glucose ( 1 . 7 - 2 . 4  mCi/mnLole) and with or 
wi thout  mannohep tu lose  were pre-warmed in small 
incubat ion vessels (see fig. I ) to  37 ° during con t inuous  
gassing. P~'ior :o incubat ion  two needles we;e  run 
thxou.gh each s topper  and f i t ted to  syringes conta in ing  
100/~[ O.t N HCI and 100/~1 Hyamine ,  respectively.  
it was checked  in cont ro l  exper iments  that  there  was 
l~o gas leakage out  o f  the vessels. Af te r  the pre-incu- 

bation 3--6 islets were transferred to each incuba t ion  
vessel and the  rubbec stoppers were inserted.  AO.~r 
various perio;Js o f  incubat ion  the islet metabo l i sm was 
arrested arid 14CO2 was l iberated by inject ion o f  HCi 
into the  incubat ion  medium,  l tyamine  was then in- 
jec ted on to  a small wad o f  pieces o f  f i l ter-paper (see 
fig. 1) and 14CO2 t rapped into the Hyamine  by  shak- 
ing the vessels ( 140 strokes per rain ; 3.5 cm ampl i tude)  
for 120 rain at room temp.  Blanks were obta ined  by  
incubat ing media wi thou t  islets. The  pieces o f  filter- 
paper  were removed from the needles and t ransferred 
to liquid scintillation vials. Al te r  the addi t ion o f  10 ml 
scintillation fluid (5 g of" 2 ,5-diphenyioxazole  and 
50 mg o f  ! .4-bls-2-15-pheny l-oxazolyl]  -benzene in 
! q o f  .'.olueneL radioact ivi ty count ing  was pe r fo rmed  
i~ a l i  tuid scintillation spec t romete r  (Packard  Model 
3375L  The  observed cpm values we;e  co r rec ted  for 
blanks and then translated to  mmoles  o f  glucose 
equivalents oxid ized  by  compar ison  with externa l  stan- 
dards. These consisted o f  5 .ul incubat ion med iu m  dis- 
solved in I00/~l Hyamine .  After  incuba t ion  the islets 
were transt'erred to a luminium foil, freeze-dric.l  

( 40° ;0 . 001  mm  Hg) overnigttt  and weighed on a 
quar tz  fibre balance [91- 

To  check the recovery  o f  i4CO 2. vessels were in- 
cubated  for 30 min with lOOvl KRB supp lemen ted  
with 0.4/aCt o f  sodium [14C] b icarbonate .  The  re- 
covery was 9 ! -+ 2% (n = 7). Diffusion o f  glucose into 
the islet extraceUular space was analysed with 14C-la- 
belled L-gJucose according to  a previously descr ibed 
me thod  [ ' 0 1 .  The statistical probabi l i ty  tha t  the et- 
l'ecl o f  mannohep tu lose  was due  to  chance  was esti- 
mated f rom the mean dif ference be tween  test and 
control  incubat ions  in a series o f  identical bu t  sepa- 
rate exper iments .  The  expression "experiment" refers 
to a set o f  incubat ions  f rom a single animal .  Within 
each exper iment  the factors  under  s tudy  were tes ted 
mostly in duplicate  or  tr ipl icate incubat ions.  

Table 1 
Production of  t4CO2 in islets inculxzted with t4C-labclled 
~iUC4~e. 

lncuba- tag islet dry 
fion time Total cpm Blank ¢pm weight per 
(ram) per vessel Fer vessel vessel 

7 5 1 0 ±  34 3 3 4 ±  15 44.1 ~4 .0  
( i t )  ( t 2 )  ( t i t  

15 620-+ 51 342 * 28 28.4 -~ 2,7 
( I t )  (12) ( l l )  

30 1036 x 101 317 ± 31 28.2 ± 3.3 
(14)  (12)  (14)  

The data of  the controls from fig. 2 are gi'~er, as radioactivity 
absorbed in Hyamine after incubation r-£islets (total epm), 
radioactivity in tiyamine from mediz incubated without 
islets (blank cpm) and isle: dry ~'~ight per ves~s,I. The numL~e~ 
of incubated vessels i-~ given within ¢Larenthe.~. 

3. Resul ts  

Table  1 summarizes  the mean o f  the cpm for 
islets and blanks : s  well as the islet d ry  weight  for  the 
con t ro l  incuba tk ,ns  pre~ented in fig. 2. At short  in- 

cuba t ion  t imes the blanks compr i se  a substant ia l  part 
o f  the tot-,d cpm values_ T o  ob ta in  suff icient  accuracy, 
two  blanks were  run ~a all expe r imen t s  for each  corn- 
posi t ion o f  medium,  in the 7-rain incuba t ions  6 
islets were used in each vessel whereas  longer incuba- 
t ions were  p e r f o r m e d  wi th  3 islets. The  average dry 
we t# i t  o f  single islets was abou t  9 ~g. 

As shown in fig. 2 the ox ida t ion  o f  i 0  mM gtuc~se 
was a linear func t ion  o f  t ime ex cep t  for  an initial lay 
Ig'riod dur ing  the  first few minutes .  T o  test  whether  
this lag could  be due  to  slow d i f fus ion  o f  sugar into 
the ext racel lu lar  space,  isolated islets were incubated 
with t4C-labelled L-glucose. This  sugar represents  an 
ideal extracel lular  marker  [ IO] to t  this purpose ,  
since it can  be  assumed to  itave the  same diffusion 
cons tan t  as D-glucose. Half-maximal  up take  was 
reached at a b o u t  45  sec but  co m p le t e  equilibratio:~ 
o f  L-glucose did no t  occu r  until  ab o u t  15 rain o f  
incubation_ The  lag per iod  o f  glucose o x ida t i on  c~: zld 
there fore  p robab ly  be expla ined  by  the  dif fusion ,::f 
glucose in to  the islet extracel lular  water .  

Whereas m a n n o h e p t u l o s e  caused a highly signite- 
can t  inhib i t ion  (P  < 0 .0 0 1 )  o f  glucose ox ida t ion  id 
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Fig. 2. Islets were incubated for 7. I 5 and 30 rain in a medium 
containing 10 mM l ,  C-lalrelh.xl i~lucose.  In each experimen! 
parallel incubations were performed with (o) and without 
(o) 5 rnM D-mannoheptulo~e. Rates of  t 4CO 2 production 
are expressed a.~ glucose e*luivalenrs oxidized per kg of" islet 
dO" weight. Mean values ± S.EM. are Wen in the figure ex- 
cept for the 7-rain values, where the bats representing S.E.M. 
were smaller than the circles representing mean values. The 
number of experiments ~as 6, 5 and 5, respectively_ 

30 rain o f  incuba t ion ,  no  signiiicant e f fec t  was ob- 
tained at t 5 rain, though there was a slight t endency  
towards inhibi t ion.  During the initial 7 rain o f  inctl- 

batiott man~mheptulose did no t  a f fec t  glucose ox-  
idation at all. The  da ta  in fig. 2 fu r ther  indicate  tha t  
tile islet ox ida t i on  o f  glucose is comple t e ly  b locked  
between I5 and 30 rain o f  incuba t ion  with manno-  
hep tuiose. 

4. D i scuss ion  

Most studies on  the glucose ox ida t i on  in pancre- 
atic islets have been  p e r f o r m e d  by  means  o f  incuba- 
tions in small glass wells kep t  wi th in  an ou te r  glass 
conlainer, p referably  l iquid scint i l lat ion vials [I 11. 
Although useful in incubat ions  for  ! hr or  longer,  this 
techz~ique seems ~o lack enough  sensit ivity and pre- 
cisi0n for shor t - t e rm exper imen t s .  This  is mainly due  
t0 ttte inadequate  t empera tu re  equi l ib ra t ion  during the 
first few minutes .  In the present  p rocedure  this dif- 

ficulty has been c i rcumvented  by keeping the small 
incubat ion  vials in direct contac t  with the water  bath.  
Because o f  this, the media can be appropr ia te ly  pre- 
warmed to  an exact  t empera tu re  during co n t i nuous  
equil ibrat ion with 02_ and CO 2_ 

Mannoheptulose  is a potel~t h lhibi tor  o f  glucose- 
induced insulin release 16, 12--141,  whereas it does  
not  inhibit  insulin release ill response to lcucine [ 15 ]. 
Maunoheptulose  may the re lb ,e  be a fairly specific 
Llocker  o f  the/~-cell recogni t ion system [br glucose 
as a stmtulus o f  insulin release |1 !- It has been  ob- 
served in long-term exper iments  that mannoheptulo~,x: 
markedly reduces the oxidat ion  o f  glucose in the pan- 
creatic islets [6~ 16 ! . This is amply  demons t r a t ed  witlt 
the present exper imenta l  set-up. The  data also indicate 
that  this inhibition o f  glucose oxidat ion  is not  maui-  
fiest until 15 min o f  incubat ion,  a l t e r  which t ime 
~ucose  oxidat ion may be total ly bloc:ked. In previous 
I-hr experimet~ts 5 mM nlannoheptu lose  was found to 
reduce the o.,ddation o f  i 2 mgl glucose from 36.5 to 
7.4 ntmoles per kg islet dry wei~ l t  [61. The  la t te r  
va_tue is atnmst exact ly  what  would  be expec ted  for the 
correspc~nding contro l  islets af ter  15 rain o f  incubat-  
ion if due considerat ion is paid to the longer lag t~eri 
(~d with the convent ional  technique [ 17 l- 

Inhibit ion o f  insulin release starts p r o m p t l y  a t ter 
the addit ion o f  malmohept t t lose and is highly sig- 
nificant within the tirst 5 rain o f  incubat ion [5 •-61. 
In incttbations las[ing tier I hr or hmger there is a 
striking correlat ion betwceu the apparent  rate o f  

oxidat ion or util ization o f  glucose and the rale o f  
insulin release at different  glucose cmmentrat ion: ;  [ 1 ].  
This has been regarded as support  for  the view that  
glucose metabol ism so m eh o w  controls  insttlin release. 
The present results do  amt cont rad ic t  that this is the 
case for the late phase o f  insulin release_ The  ob- 
servalion ot-an uninhibited ~,lucose ox ida t ion  durin E 
the initial 15 ram, when insulin release is already re- 
tarded, makes it however  tempt ing  to assttme that  
a direct  recepto~ mechanism exists in the ~-cells ~hat 
is responsibie for at least the early phase o fg lnco .~ -  
s t imulated insulin release_ 
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