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Summary. The  p r e s en t  s t u d y  d e m o n s t r a t e s  t h a t  a) se rum based  cu l tu re  m e d i u m  degrades  135I insu l in ;  b) h e a t  in-  
a c t i v a t i o n  of s e rum (1 h, 56 ~ i nh ib i t s  i ts  p ro t eo ly t i c  a c t i v i t y  lead ing  to  t h e  r ecovery  of more  insu l in  secre ted b y  is lets  
cu l tu red  in the  presence  of h igh  glucose c o n c e n t r a t i o n  alone or w i t h  g lucagon;  c) a p r o t i n i n  also f avoured  t he  a c c u m u -  
l a t i on  of secre ted  insu l in  b y  p r o t e c t i n g  the  h o r m o n e  f rom a res idua l  d e g r a d a t i v e  c a p a c i t y  of t he  h e a t  t r e a t e d  se rum.  

The  i n t r o d u c t i o n  of A nde r s s on ' s  s imple  b u t  e l egan t  P e t r i  
d i sh  m e t h o d  wh ich  involves  i m m e r s i o n  of i so la ted  mouse  
iMets in cu l tu re  m e d i u m  has  p e r m i t t e d  t h e i r  l ong - t e rm  
cu l tu re  u n d e r  con t ro l led  cond i t ions  5. I s le ts  cu l tu red  in 
th i s  s y s t e m  m a i n t a i n  t he i r  s t r u c t u r a l  in tegr i ty ,  t he  ab i l i ty  
to  syn thes ize  a n d  release insul in  6 as well  as to  i nco rpo ra t e  
~ H - t h y m i d i n e  in to  D N A  7 u n d e r  glucose s t imu la t i on .  The  
presence  of calf s e r u m  ensures  a t t a c h m e n t  of islets to  
t h e  b o t t o m  of the  cu l tu re  dish, wh ich  is essent ia l  for 
t h e i r  v iab i l i ty .  I t  was  found  in our  l a b o r a t o r y  t h a t  se rum-  
b a s e d  cu l t u r e  m e d i u m  does s u p p o r t  cu l t u r ed  islets  b u t  
ha s  p ro teo ly t i c  a c t i v i t y  leading to the  d e s t r u c t i o n  of 
insulin.  I n  p i lo t  s tud ies  w i t h  u n t r e a t e d  serum,  i t  was  
f u r t h e r m o r e  found  t h a t  t he  insu l in  d e g r a d a t i v e  c a p a c i t y  
of t he  s e rum decreased  d u r i n g  cu l tu re  a t  37 ~ a n  observa-  
t i on  also m a d e  b y  Ander s son  et  al. e. The  p r e s e n t  p a p e r  
descr ibes  a) t he  insu l in  deg r ada t i ve  c a p a c i t y  of s e rum a n d  
b) t he  p r e p a r a t i o n  of a s e rum based  cu l tu re  m e d i u m  
essent ia l ly  free of p ro t eo ly t i c  ac t iv i ty .  This  m e d i u m  
m a i n t a i n s  islets  in good I u n c t i o n n a l  s t a t e  assessed b y  
t h e i r  response  to glucose a n d  glucagon.  

Material and methods. I so la t ion  of islets of L a n g e r h a n s  
a n d  cu l tu re  t echn ique .  Female  Swiss mice weighing  25-30 
g were s t a r v e d  o v e r n i g h t  p r io r  to  ope ra t i ve  procedures .  
The  p a n c r e a t a  of 3 an ima l s  were d i s t e n d e d  b y  a n  i n j ec t i on  
of Hepes -buf fe red  H a n k s  solut ion,  p H  7, cu t  in to  smal l  
pieces and  i n c u b a t e d  in t he  presence  of 2000 U col lagenase  
( W o r t h i n g t o n  B iochemica l  Co.) for 12 ra in  a t  37 ~ u n d e r  
v igourous  s h a k i n g  8. The  f inal  v o l u m e  of the  suspens ion  
d id  n o t  exceed 2 ml. Af te r  severa l  wash ings  of the  sus- 
pens ion ,  g roups  of 30 well  e n c a p s u l a t e d  islets were  p laced  
in 4 ml  of cu l tu re  m e d i u m  in Fa l con  Plas t ic  P e t r i  d ishes  5. 
The  dishes  were i n c u b a t e d  in a h u m i f i e d  a t m o s p h e r e  of 
950/0 a i r  a n d  5% CO s a t  37~ Unless  o the rwise  s ta ted ,  
t i s sue  cu l tu re  m e d i u m  TC 199 was s u p p l e m e n t e d  w i t h  
10% calf s e r u m  (Gibco: Glasgow, Scot land)  p rev ious ly  
h e a t  i n a c t i v a t e d  (1 h,  56~ Penic i l l in  (100 U/ml)  a n d  
s t r e p t o m y c i n  (100 vg/ml)  were a d d e d  to  t h e  cu l tu re  
med ium.  The  basa l  glucose c o n c e n t r a t i o n  was nea r  1 mg /  
ml. The  islets  were f i rs t  cu l tu red  for 4 days  to p e r m i t  
a t t a c h m e n t .  T h e  m e d i u m  was t h e n  rep laced  b y  f resh  
m e d i u m  c o n t a i n i n g  e i the r  low glucose (1 mg/ml) ,  h igh  
glucose (3 mg/ml) ,  pu re  po rk  g lucagon  (Novo) (10 ~zg/ml) 
or a p r o t i n i n  (Novo) (10 ~g/ml) for  t h e  s t u d y  of insu l in  
c o n t e n t  a n d  release (see results) .  Af t e r  b o t h  t he  in i t ia l  
4 days  of cu l tu re  and  the  24 h e x p e r i m e n t a l  period,  
t h e  med ia  were recovered  a n d  frozen.  T he  islets  r e m o v e d  
f rom the  Pe t r i  d ishes  w i t h  a fine needle,  were c o u n t e d  
a n d  t r a n s f e r e d  to 400 ~1 of 0 .3% p h o s p h o r i c  acid in 60% 
alcohol  for e x t r a c t i o n  of t he  insul in.  In  genera l  more  
t h a n  95% of t he  islets  a t t a c h e d  to  t h e  b o t t o m  of t h e  
P e t r i  dish. 

D e t e r m i n a t i o n  of p ro t eo ly t i c  a c t i v i t y  of t he  med ium.  
125I-labelled insu l in  and  cold porc ine  insu l in  were added  
to t h e  cu l t u r e  m e d i a  in  suff ic ient  a m o u n t s  to  give severa l  

t h o u s a n d  cpm/100  V1 and  the  requ i red  in i t ia l  level  of 
t o t a l  insulin.  A zero t ime  sample  was r e m o v e d  a n d  f rozen 
a n d  t he  m e d i u m  placed  a t  37~ for up  to 2 days  a n d  
samples  r e m o v e d  d u r i n g  the  i n c u b a t i o n  and  frozen.  The  
i n t e g r i t y  of the  label led  insu l in  was e s t i m a t e d  b y  in-  
c u b a t i n g  the  samples  a t  4~ w i t h  a n  excess of insu l in  
a n t i s e r u m  for 4-5  h a n d  t h e n  p r e c i p i t a t i n g  the  a n t i b o d y -  
b o u n d  insu l in  w i t h  2.5 vo lumes  of 96% alcohol.  The  ~'5I 
in t he  s u p e r n a t a n t  a n d  t he  p rec ip i t a t e  were m e a s u r e d  
and  t he  resu l t s  expressed  as % b o u n d  counts .  
I m m u n o a s s a y .  The  insu l in  c o n t e n t s  of the  m e d i u m  a n d  
of t he  islets  were m e a s u r e d  b y  H e d i n g ' s  a lcohol  precipi-  
t a t i o n  m e t h o d "  us ing  125I-labelled porcine  insu l in  a n d  
s t a n d a r d s  of r a t  insul in.  
Results. 1. D e g r a d a t i v e  c a p a c i t y  of serum.  The  effect  of 
h e a t  t r e a t m e n t  of s e rum on i ts  ab i l i ty  to  degrade  125I- 
label led  insu l in  a t  37~ as well  as the  effect  of a d d e d  
a p r o t i n i n  on  t he  d e g r a d a t i v e  c a p a c i t y  of serum,  is s h o w n  
in f igure 1. U n t r e a t e d  s e rum rap id ly  degraded  t he  insul in.  
The  a m o u n t  of degraded  1~5I insu l in  r eached  70% a f t e r  
24 h of i ncuba t ion .  T h e  p ro teo ly t i c  a c t i v i t y  of s e rum was 
reduced  b y  add i t i on  of a p r o t i n i n  since on ly  40% of 125I 
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Fig. 1. Effect of heat treatment of serum on its ability to degrade 
12~I insulin at 37 ~ and effect of added aprotinin on the degradative 
capacity of serum. Abcissa: Incubation time of tissue culture medium 
TC 199 containing 10% calf serum and 1 mU/ml 1~5I labelled pork in- 
sulin. Ordonate: Percentage of labelled insulin bound to anti-insulin 
serum. Untreated calf serum (I}--O); heat-treated calf serum (�9 O : 
56 ~ 30 min; /x -- A : 56 ~ 1 h). Addition of aprotinin (100 [xg/ml) to 
untreated calf serum ( t l - - -O) to heat-treated calf serum ((3---(3 : 
56 ~ 30 min; & - - -  A : 56 ~ 1 h). Each point represents the average 
of 2 measurements. 
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insulin were degraded.  W h e n  serum was h e a t - t r e a t e d  at  
56~ for 30 min  or 1 h, the  degrada t ive  capac i ty  was 
a lmos t  abol ished:  Near  90% or 100% of 125I insulin was 
recovered.  Since no s ignif icant  residual  degrada t ive  effect  
of h e a t - t r e a t e d  se rum could be seen, no addi t iona l  
apro t in in  effect  is possible. 
2. Culture of mouse  islets in med ium conta in ing  normal  
or h e a t  t r e a t ed  (1 h, 56~ serum, a) Analysis  of t he  I R I  
c o n t e n t  of the  islets. As shown in figure 2, the  c o n t e n t  of 
the  islets fell af ter  the  4 days  a t t a c h m e n t  phase  to 
a p p r o x i m a t e l y  50% of the  initiaI con ten t ,  an obse rva t ion  
also made  by  Andersson  et  al. 5. The effect  of glucose 
levels and of glucagon on the  insulin con t en t  of islets 
cu l tured  in b o t h  types  of media  was analysed  dur ing  the  
subsequen t  24 h of culture.  At  1 mg/ml  glucose concent ra -  
t ion,  the  islets con t en t  remained  qui te  unchanged  and 
add i t ion  of glucagon was w i thou t  effect.  However ,  a t  
h igh  glucose concen t ra t ion  (3 mg/ml),  the  islets co n t en t  
decreased to abou t  1/3 of the  low glucose value and 
glucagon near ly  doubled  the  high glucose effect  (figures 
2A and  B). b) Analysis  of the  I R I  c o n t e n t  of the  media.  
Dur ing  the  4 days  a t t a c h m e n t  phase,  negligible insulin 
was recovered f rom the  med ium conta in ing  normal  se rum 
(figure 2A), whereas  l i t t le more  insulin was found  in the  
4 days  m ed ium conta in ing  h e a t - t r e a t e d  serum (figure 2B). 
Dur ing  the  subsequen t  24 h, released insulin could es- 
sent ia l ly  be de t ec t ed  in t he  media  conta in ing  h e a t - t r e a t e d  
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Fig. 2. Comparison between insulin content of non-cultured islets and 
insulin content of islets and medium after 4 and 5 days of culture. 
The medium contains 10%; H normal (A) or heat-inactivated calf 
serum (1 h, 56 ~ (B). Insulin is expressed as mU/30 islets. The num- 
bers in parentheses represent the number of experiments. Each bar 
represents the mean value =k SEN. 

serum (figure 2B). At  low glucose concent ra t ion ,  small  
amo u n t s  of insulin were released, even af ter  addi t ion  of 
glucagon. A t  h igh  glucose concen t ra t ion  a three-fold  in- 
crease in insulin o u t p u t  was observed which  was enhanced  
by  glucagon (p < 0.01). The to ta l  insulin co n t en t  (islets + 
medium) was s igni f icant ly  (p < 0.05) higher  a f t e r  24 h 
s t imula t ion  t h a n  islets c o n t e n t  a t  the  beginning  of t he  
24 h s t imula t ion  exper iment .  Glucagon a d d e d  to  high 
glucose concen t ra t ion  had  the  m a x i m u m  effect.  
3. Culture of islets in m e d i u m  conta in ing  hea t  t r ea t ed  
(56~ I h) se rum and apro t in in  (10 tzg/ml). The pro tec t ive  
effect  of apro t in in  was t e s t ed  in 4 expe r imen ta l  series using 
d i f ferent  ba tches  of serum. Apro t in in  did no t  modi fy  
insulin co n t en t  of media  when  islets were cul tured  dur ing 
4 or 5 days  a t  low glucose concent ra t ion .  However ,  ad- 
di t ion of apro t in in  favoured  t h e  recovery  of insulin se- 
c re ted  by  islets cu l tured  a t  h igh  glucose concen t ra t ion  
wi th  or w i t h o u t  glucagon, bu t  did no t  ac t  on islets insulin 
content .  A l though  a mean  increase of 42% (23.6 to 33.5 
mU/30  islets, p < 0.01) of insulin was obta ined ,  the  per-  
centage  var ied  be tween  expe r imen t s  f rom 25-67 %. These 
q u a n t i t a t i v e  f luc tua t ions  migh t  be expla ined  by  a more  
or less residual  pro teoly t ic  ac t iv i ty  af ter  hea t  t r e a t m e n t  
of the  d i f ferent  ba tches  of se rum used. 
Discussion. The p resen t  s t u d y  d e m o n s t r a t e s  t h a t  normal  
calf se rum has a degrada t ive  effect  on 12"I insulin. The 
pro teoly t ic  ac t iv i ty  in tile se rum can be minimized  in 2 
ways :  a) By  adding  a p ro tease  inhib i tor  to tile med ium 
and b) by  des t roy ing  the  pro teoly t ic  ac t iv i ty  by  hea t  
t r e a t m e n t  of the  serum. B o t h  approaches  have  disad- 
van tages :  the  addi t ion  of an inhibi tor  m a y  well have  
unexpec t ed  side effects  and  the  hea t  t r e a t m e n t  of the  
se rum m a y  des t roy  some essent ial  factors.  I t  was decided 
t h a t  the  des t ruc t ion  of the  pro teoiy t ic  factors  would be 
more  useful because one could t h e n  ensure t h a t  added  
po lypep t ides  would  have  a reasonable  pers i s tance  in the  
sys tem.  H e a t  t r e a t m e n t  of the  se rum is more  efficient 
t h a n  add i t ion  of aprot in in .  The combined  use of hea t  
inac t iva ted  se rum and apro t in in  favoured  only  the  re- 
covery  of insulin secreted into the  cul ture  m e d i u m  af ter  
glucose or glucagon s t imula t ion .  This  observa t ion  could 
be expla ined  in t h a t  the  pro tec t ive  effect  of hea t  in- 
ac t iva ted  se rum m a y  be insuff ic ient  when  high amo u n t s  of 
insulin were p re sen t  in t he  cul ture  medium.  I t  could also 
reflect  the  presence  of a more  or less i m p o r t a n t  residual  
p ro teo ly t ic  ac t iv i ty  a f te r  hea t  t r e a t m e n t  of various 
ba tches  of serum. However ,  a t  tile p resen t  t ime  an addi-  
t ional  effect  of apro t in in  on islet cell funct ion,  re la ted 
to  a possible ho rmona l  con tamina t ion ,  canno t  be excluded.  
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