
Diabetologia (1994) 37:15-21 Diabetologia 
�9 Springer-Verlag 1994 

Effect of nutrients, hormones and serum on survival 
of rat islet beta cells in culture 
Z. Ling, J. C. Hannaert, D. Pipeleers 

Department of Metabolism and Endocrinology, Vrije Universiteit Brussel, Brussels, Belgium 

Summary This study quantifies the survival of purified 
single rat beta cells under different culture conditions. 
Less than 10 % of the cells survive 9 days of culture in 
Ham's F10 medium without supplements. Addition of 
fetal calf serum (5 %) increases cell survival to 54 % in 
the absence and to 78 % in the presence of isobutyl- 
methylxanthine (50 gmol/1). The effect of serum is ex- 
plained, at least partly, by the presence of albumin and of 
low molecular weight constituents. In serum-free Ham's 
F10 with 50 ~tmol/1 isobutylmethylxanthine, 75 % of 
cells survive after the addition of bovine serum albumin 
(1% ) and of ultroser (0.2 %), a commercial serum sub- 
stitute. Survival of at least 75 % of cells is also main- 
tained in Ham's F10 with isobutylmethylxanthine plus 
albumin, and supplemented by metabolizable nutrients 
or by the peptides glucagon (10 -8 mol/1) or growth hor- 
mone (1 ~tg/ml) plus insulin like growth factor-I (50 
ng/ml). D-Glucose increases beta-cell survival in a dose- 

dependent manner up to 10 mmol/1; a beneficial effect 
is also observed with other metabolizable compounds 
(leucine and glutamine) but not with non-metabo- 
lizable monosaccharides. Glucose-induced survival of 
islet beta cells can be attributed to its dose-dependent 
recruitment of cells into metabolic activities; however, 
a 9-day exposure to excessively high nutrient concen- 
trations ( > 20 mmol/1 glucose) is deleterious to the cells. 
These results define culture media, with or without 
serum, wherein at least 75 % of single rat islet beta cells 
can survive for a minimum of 9 days. This will allow 
for studies on beta-cell toxic conditions and potentially 
protective agents. The data also serve as basis for de- 
veloping media with better survival of beta cells in cul- 
tured aggregates. [Diabetologia (1994) 37: 15-21] 

Key words Islets, beta cells, culture, glucose, growth 
hormone. 

The use of pancreatic beta-cell culture varies from 
studies on long-term regulation of cells to preservation 
of islet grafts up to the day of transplantation. Various 
media have been used to maintain islet beta-cell prep- 
arations in culture. Previous papers have reported 
how the medium content in serum, glucose and hor- 
mones may influence the function of islets and islet 
cell lines that are recovered from culture [1-5]. Infor- 
mation is scarce on the extent of cell losses under dif- 
ferent culture conditions. These losses may vary with 
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the type of medium used as well as with the species, 
age and functional state of the cells, and with their 
micro-anatomic organization. In the present paper, we 
have measured, over a 9-day culture period, the survi- 
val of single adult beta cells which were purified from 
adult rat pancreata [6] and incubated in media of 
different composition. Under  the selected test con- 
ditions, the number of plated cells remains stable; liv- 
ing and dead cells are distinguished by vital staining. 
This model allows direct measurement of beta-cell 
survival which is not yet possible in intact islets or un- 
purified islet cell preparations. The aim is to select me- 
dium constituents which promote the survival of beta 
cells in culture. This information can be used to com- 
pose defined media in which conditions toxic to the 
beta cell can be identified and protective agents recog- 
nized. It will also serve further studies which aim to de- 
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Fig. l. Survival of single purified beta cells after i to 9 days cul- 
ture in Ham's F10 without (left panel) or with (right panel) 1% 
bovine serum albumin. Media without supplements ( �9 ) were 
compared with media containing 5 % fetal calf serum ( � 9  or 
0.2 % ultroser (O). Data represent mean + SEM of 3 to 5 ex- 
periments 

ve lop  med ia  for the  p re se rva t ion  of be ta  cells in aggre-  
ga ted  form,  which is m o r e  re levant  for  t r ansp lan ta t ion  
purposes .  

Materials and methods 

Preparation of  purified islet cells 

Pancreatic islets were isolated from adult male Wistar rats by 
collagenase digestion and dissociated into single cells in calcium- 
free medium containing trypsin and DNase [6]. Single beta 
(more than 95 % pure) and islet endocrine non-beta cells were 
collected after autofluorescence-activated sorting of the dissoci- 
ated cells [6]. 

Culture 

Purified single islet cells were distributed over polylysine-coated 
microtitre cups (3-103 cells per cup with 200 gl medium) [7]. The 
cells rapidly fixed on the bottom and remained largely ( > 80 %) 
single over the 9-day culture period, so that dead and living cells 
could be easily identified following staining of live cells with neu- 
tral red [7]. Under these conditions, the number of plated cells 
remained stable between day 1 and day 10: this was concluded 
after repeated countings of all cells in a fixed area (more than 400 
cells per area). Consequently, the percentage of neutral red posi- 
tive cells can be used as an index of cell survival throughout cul- 
ture. 

Culture occurred in Ham's F10 (Flow, Irvine, UK) containing 
0.075 mg/ml penicillin and 0.1 mg/ml streptomycin, and sup- 
plemented with one or more of the following test agents: heat-in- 
activated fetal calf serum (FCS, Flow), Ultroser-G (Gibco, Pais- 
ley, Scotland, UK), bovine serum albumin (BSA, fraction V, RIA 
grade, Sigma, St. Louis, Mo., USA), 3-isobutyl-l-methylxan- 
thine (IBMX, Janssen Chimica, Beerse, Belgium), D-glucose, 
L-glucose, L-fructose, L-galactose, L-sorbitol, L-leucine, L-glut- 
amine, human recombinant insulin-like growth factors I or II 
(IGF-I, IGF-II, kindly donated by Fujisawa Pharmaceutical Co. 
Ltd., Osaka, Japan, to J.L.Van den Brande, University of 
Utrecht, The Netherlands), mouse epidermal growth factor 
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(EGF, Sigma), bovine fibroblast growth factor (Gibco), human 
growth hormone (Nordisk Gentofte, Denmark), porcine gluca- 
gon (Novo, Copenhagen, Denmark), porcine insulin (Novo), 
porcine somatostatin (Beckman, Palo Alto, Calif., USA), triio- 
dothyronine (T3, Gibco), bovine transferrin (Sigma), sodium 
selenite (Gibco). To eliminate low molecular weight agents from 
serum, from albumin or from ultroser, these preparations were 
treated with charcoal (10 mg/ml - three times for serum and al- 
bumin, four times for ultroser) before addition to the media. The 
cells were cultured at 37~ under 95 % air/5 % CO2 in a CO2-in- 
cubator. Media were replaced every other day and assayed for 
insulin. 

Measurement of cell survival, insulin content 
and release 

Cell survival was determined on freshly isolated (day 1) and cul- 
tured islet cells. A neutral red stock solution was added to the 
culture medium (0.01% final concentration) and the percentage 
of neutral red positive cells was counted [7]. Insulin release dur- 
ing culture was measured in aliquots of the medium that was 
removed every other day. The rate of insulin degradation in the 
medium was less than 5 % which was evaluated by adding por- 
cine insulin (Novo) to the culture media and assessing its reco- 
very after 9 days. Insulin release was expressed as ng per day and 
per 10 3 cells at the start. Cellular insulin content was measured 
in the preparations at the start and after 9 days of culture. Cells 
were extracted in i ml 2 tool/1 acetic acid with 0.25 % BSA and 
dried samples of the extract were processed for the immuno- 
assay [6]; cellular insulin content was calculated per 10 3 cells at 
the start. 

Statistical analysis 

Each condition was tested in a minimum of four independent ex- 
periments, i. e. with cells from different rats and islet isolations. 
Each experiment included a control condition with basal me- 
dium. All data are expressed as mean + SEM from independent 
experiments. The statistical significance of differences between 
the experimental conditions was calculated by unpaired Stu- 
dent's t-test or by a one-way analysis of variance (ANOVA). 

Results 

Effect of  serum on survival of  single beta cells during 
culture 

I m m e d i a t e l y  af ter  their  isolation, m o r e  than  90 % of 
pur i f ied islet be t a  cells s tained posi t ively with neut ra l  
red. The  same  pe rcen tage  of viable cells was found  
af ter  i day  of cul ture in H a m ' s  F10 containing 6 mmol/1 
glucose (Fig. 1) while only  60% posi t ive cells were  
coun ted  in CMRL-1066  m e d i u m  (data  not  shown).  
Most  cells died dur ing the subsequen t  4 to 9 days of  cul- 
ture  (Fig. 1). Cell survival  i m p r o v e d  when  FCS was 
added  to the cul ture  med ium,  f r o m  a concen t ra t ion  of  
1 %  (vo lume /vo lume  v/v-data  not  shown) up to a maxi-  
mal  effect  at 5 % (v/v) (Fig. 1). T h e  benefic ia l  act ion of 
FCS was r educed  by  50 % with absorp t ion  on charcoal  
(data  not  shown),  indicating tha t  it par t ly  results f rom 
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Table 1. Effect of serum, bovine serum albumin (BSA) and isobutylmethylxanthine (IBMX) on the survival of islet beta cells 

Addition to None a 1% BSA b 1% BSA + 50 gmol/11BMX c 
Ham's F10 
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None  e 7 -+ 1 

(p 3) ( < 0.001) 

5 % Fetal calf serum e 54 + 1 

0.2% Ultroser f 19 + 4 
(p 4) ( < 0.001) 

% Surviving cells 

(pl) (p2) 

12 _+ 3 (NS) 51 _ 3 ( < 0.001) 

( < o.ool) ( < o.ool) 

52 + 2 (NS) 78 + 1 ( < 0.001) 

64 _+ 3 (< 0.001) 75 + 2 ( < 0.001) 

( < 0.01) (NS) 

Data represent mean + SEM of 4 or 5 experiments. ANOVA is used to calculate statistical significance of differences between a and 
b (p 1) or c (p 2), and between e and d (p 3) or f (p4) 
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Fig. 2. Survival of single purified beta (upper panel) and islet en- 
docrine non-beta cells (lower panel) after 9 days of culture at dif- 
ferent concentrations of glucose. Data represent mean + SEM 
of 4 to 10 experiments. *p < 0.05, ***p < 0.001 vs 10 mmol glu- 
cose (unpaired Student's t-test) 

the presence of small molecules. Ultroser  (0.2%) 
exerted a protective effect during the first 4 days of cul- 
ture (Fig. 1). This effect was completely absorbed by 
charcoal (data not  shown), and thus could be at tr ibuted 
to small molecules. Supplementat ion of the ultroser 
medium with charcoal-pretreated albumin (BSA, 1% 
weight/volume) reduced the loss in viability between 
days 5 and 10 (Fig. 1, Table 1). Addi t ion  of albumin to 
FCS-medium had no influence on the percentage of 
neutral  red positive cells (Table 1) but  exerted a pro- 
tective effect in media  without  serum (Fig. l) .  The 
presence of IBMX (50 gmol/1) improved cell survival in 
all conditions with 1% BSA (Table 1), leading to 50 % 
live cells without  serum or ultroser and 75 % or more  in 
those with serum or ultroser; lower IBMX concentra- 
tions (25 gmol/1) were less protective (data not  shown). 

All subsequent testing was conducted in Ham's  F10 
containing 1% BSA and 50 gmol/1 IBMX (=  basal 
medium).  

Effect of glucose 

The percent viable cells on day 10 varied markedly  with 
the glucose concentrat ion in the culture medium. At  
2.8 mmol/1, only 15 % of the cells remained neutral  red 
positive (Fig. 2). Between 2.8 and 10 mmol/1, glucose 
increased the percentage of live cells dose-dependently 
(Fig. 2). Similar conclusions were reached with t rypan 
blue as indicator of the percent  dead cells (data not 
shown). In parallel cultures of islet endocrine non-beta  
cells, the percent  viable cells was not  influenced by the 
medium glucose concentrat ion (Fig. 2). The protective 
effect of glucose on the survival of cultured beta cells 
could not  be repeated with galactose, fructose or sorbi- 
tol. In glucose-free medium containing 10 mmol/1 of 
these sugars, less than 20 % of the beta  cells survived a 
9-day culture period (data not shown). Addi t ion  of 
4mmol/1 D-glucose to basal medium containing 
6 mmol/1 glucose not  only resulted in an increased per- 
cent viable cells but  also in a two-fold higher recovery 
of cellular insulin on day 10 (Table 2). Addi t ion  of 
4 mmol/1 L-glucose decreased the percent viable cells; 
4 mmol/1 supplements of sorbitol and galactose exerted 
a minor  beneficial effect on cell viability; 4 mmol/1 fruc- 
tose increased the percent  neutral  red positive cells and 
the insulin content  (Table 2). 

When  the medium with 10 mmol/1 glucose was fur- 
ther supplemented with D-glucose, a dose-dependent  
decrease in the percent  neutral  red positive cells oc- 
curred (Fig. 2); the presence of more dead cells at 20 
and 40 mmol/1 glucose was confirmed by t rypan blue 
staining (data not  shown). Supplementat ion of the 
10 mmol/1 D-glucose medium with 10 mmol/1 L-glucose, 
D-galactose or D-sorbitol was without  effect (data not 
shown). With 10 mmol/1 fructose added, a minor de- 
crease in viability was noticed (69 % viable cells vs 80 % 
in 10 mmol/1 glucose control ,p  < 0.05). 
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TaMe 2. Effect of nutrient supplements on the survival and cellular insulin mass of islet beta cells after 9 days of culture 

Addition to Survival Cellular insulin mass 
basal medium (% NR + Cells) (ng insulin / 103 cells at start) 

None (14) 51 + 1 10.4 + 0.8 

D-Glucose 4 mmol/1 (14) 80 + 7 ~ 21.6 + 1.9 ~ 

L-Glucose 4 mmol/1 (4) 41 + i b 13.5 + 2.5 

D-Sorbitol 4 mmol/1 (4) 59 + 5 a 13.0 _+ 0.8" 

D-Galactose 4 mmol/1 (6) 61 + i b 13.7 + 1.3 

D-Fructose 4 mmol/1 (4) 70 + 5 c 20.2 + 4.0" 

L-Leucine 2 retool/1 (6) 81 + 2 c 18.9 + 2.1 c 

L-Glutamine 2 mmol/1 (9) 62 + 1" 13.0 + 1.2 

L-Leucine + L-Glutamine 2 mmol/1 each (6) 80 + 2 ~ 22.7 + 1.8 ~ 

Data represent mean + SEM of (n) independent experiments. NR +,  Neutral red positive, ap < 0.05, bp < 0.01, cp < 0.001 vs basal 
medium [Ham's F10 with 1% BSA, 50 gmol/1 IBMX and 6 mmol/1 glucose = none] (unpaired Student's t-test) 

Table 3. Effect of growth promoting peptides on survival and cellular insulin mass of islet beta cells after 9 days of culture 

Addition to Survival Cellular insulin mass 
basal medium (% Surviving cells) (ng insulin/103 cells at start) 

None (34) 52 + 1 11.5 + 0.6 

IGF-I 2 ng/ml (6) 61 + 3" 16.4 + 1.9" 

10 ng/ml (6) 62 _+ 1 b 16.2 + 1.3 c 

50 ng/ml (9) 60 + 3 ~ 16.6 + 1.0 ~ 

IGF-II 50 ng/ml (5) 65 + 3 a 12.8 + 1.2 

EGF 50 ng/ml (7) 60 + 3 a 12.0 + 0.7 

250 ng/ml (4) 66 + 3 a 12.4 + 0.5 

GH 0.1 gg/ml (7) 64 + 2 u 13.8 + 1.4 

1 gg/ml (16) 71 + 1 ~ 21.2 _+ 1.4 c 

IGF-I + 50 ng/ml + 
GH 1 ~tg/ml (6) 76 + 2 c 30.3 + 3.5 ~ 

FCS 5 % (12) 78 + 1 c 30.1 + 2.5 ~ 

Data represent mean + SEM of (n) experiments. IGF, Insulin-like growth factor; EGF, epidermal growth factor; GH, growth hormone; 
FCS, fetal calf serum. "p < 0.05, Up < 0.01, cp < 0.001 VS basal medium (unpaired Student's t-test) 

Effects of leucine and glutamine 

In  g lucose - f ree  m e d i u m  con t a in ing  5 o r  10 mmol/1  leu- 
cine, 60 -70  % o f  the  b e t a  cells w e r e  ne u t r a l  r e d  posi t ive  
o n  d a y  10; wi th  2 mmol/1 leucine,  on ly  29 % of  the  cells 
r e m a i n e d  v iable  (p < 0.01 vs 5 o r  10 mmol/1).  W h e n  leu- 
cine was  a d d e d  to  the  6 mmol/1 g lucose  m e d i u m ,  its 
m a x i m a l  p ro t ec t i ve  effect  was  o b s e r v e d  at 2 mmol/1, as 
r e f l ec t ed  in a h ighe r  p e r c e n t a g e  o f  v iable  cells and  a 
h ighe r  ce l lu lar  insul in mass  (Table  2). 

A d d i t i o n  o f  2 mmol/1 g lu t amine  to  the  6 mmol/1 glu- 
cose  m e d i u m  was  also benef ic ia l ,  bu t  to  a lesser  ex ten t  
t h a n  L- leucine o r  D-glucose  (Table  2). H i g h e r  glut-  
a m i n e  levels  (5 mmot/1)  did no t  resul t  in m o r e  p ro -  
n o u n c e d  effects.  

Effect of gro wth promoting peptides 

A d d i t i o n  o f  I G F - I  to  the  basal  m e d i u m  p r o m o t e d  cell 
survival  ove r  the  9-day  cu l tu re  p e r i o d  (Table  3); the  ef- 
fect  was  no t i ced  at 2 ng /ml  (Table  3). A c o m p a r a b l e  ef- 
fect  was  o b t a i n e d  wi th  25-fold  h ighe r  c o n c e n t r a t i o n s  o f  
I G F - I I  o r  E G F  (Table  3) bu t  no t  wi th  f ib rob las t  g r o w t h  
f ac to r  (da ta  no t  shown) .  T h e  p r e s e n c e  o f  g r o w t h  hor -  
m o n e  (100-1000  ng/ml)  led to  h ighe r  n u m b e r s  o f  v iable  
cells t h a n  in basa l  m e d i u m  with  o r  w i thou t  I G F - I  
(Table  3). L o w e r  c o n c e n t r a t i o n s  o f  I G F - I I ,  E G F  o r  
g r o w t h  h o r m o n e  had  no  effect  (da ta  no t  shown) .  Simi- 
lar effects  o f  I G F - I ,  I G F - I I  and  g r o w t h  h o r m o n e  were  
m e a s u r e d  in islet e n d o c r i n e  n o n - b e t a  cells (da ta  n o t  
shown) .  

G r o w t h  h o r m o n e  and  I G F - I  also inc reased  the  re-  
c o v e r y  o f  cel lular  insul in on  day  10 (Table  3). The i r  ef- 
fects w e r e  addi t ive,  resul t ing  in similar  cel lular  insulin 
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Table 4. Effects of pancreatic hormones on survival and cellular insulin mass of islet beta cells after 9 days of culture 
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Addition to Survival 
basal medium (% NR + cells) 

Cellular insulin mass 
(ng insulin / 103 cells at start) 

None (12) 55 + 2 11.6 + 1.1 
Glucagon 10 -8 tool/1 (8) 72 _+ i b 15.1 -t- 1.2 a 
Somatostatin 10-8 mol/1 (7) 36 -f- 3 b 9.1 + 0.6 
Insulin 10-6 mol/1 (4) 48 + 4 ND 

Data represent mean + SEM of (n) experiments. NR +, Neutral red positive; ND, not determined. "p < 0.01, bp < 0.001 VS basal 
medium (none) (unpaired Student's t-test) 

Table 5. Insulin release from single beta cells during culture 

Basal medium Cellular insulin concent 

Addition (n) Day 10 

Medium insulin content 

Day 5 Day 9 Total 
(24 h) (24 h) (9 days) 

Total insulin 
recovery a 

ng Insulin/103 cells at start 

None (11) 11.8+1.1 4.3+0.4 0.7+0.3 32.5+2.3 44.3+2.9 

Glucose 4 mmol/1 (6) 26.6 + 2.4 d 12.5 + 1.8 d 11.1 + 1.0 d 114.1 + 7.5 d 140.7 + 7.9 d 

Leucine 2 mmol/1 (5) 22.5 + 2.9 c 7.8 + 2.4 c 5.6 + 1.5 d 66.8 + 9.8 d 89.3 + 12.7 d 

Growth hormone 1 gg/ml (8) 20.7 + 1.7 a 7.1 + 0.8 ~ 0.5 + 0.3 43.3 + 3.0 ~ 64.0 + 4.5 ~ 

Glucagon 10-8 molfl (3) 15.5 __ 1.8 b 5.9 + 1.3 0.6 + 0.1 57.2 + 2.8 d 74.5 + 4.5 e 

Fetal calf serum 5 % (6) 29.4 + 2.5 d 3.1 + 0.5 b 0.8 + 0.3 30.4 + 4.1 59.8 + 5.8 b 

a Total insulin recovery is the sum of cellular insulin content on day 10 plus total medium insulin over 9 days culture. Data represent 
mean • SEM of (n) independent experiments, b p < 0.05, Cp < 0.01, ~p < 0.001 VS basal medium (none) (unpaired Student's t-test) 

contents  m e a s u r e d  in the  p resence  of  5 % FCS, i.e., 
three  t imes the  values  m e a s u r e d  in basal  m e d i u m  
(Table 3). 

Effect of  pancreatic hormones 

In  p re l iminary  studies,  m e d i u m  collected f rom cul tured 
islet endocr ine  non-be ta  cells was found  to p r o m o t e  the  
survival of  pur i f ied be ta  cells in culture (data  not  shown).  
Addi t ion  of  10 8 mol/1 g lucagon to basal  m e d i u m  signifi- 
cantly increased  the pe rcen t  neut ra l  red posi t ive cells 
and the cellular insulin mass  on day  10 (Table  4). Af t e r  
cul ture with somatos ta t in  (10 -8 tool/l), less viable  cells 
were  p resen t  but  the insulin con ten t  was not  statistically 
decreased  (Table  4). Supp lement s  of  porc ine  insulin to 
the basal  m e d i u m  (10 4 to 10 4 mol/1) had  no detec table  
effect  on  the survival  o f  cul tured be t a  cells (data  not  
shown).  No  glucagon or somatos ta t in  was de tec ted  in 
the cul ture m e d i u m  of  purif ied beta-cel l  p repara t ions .  

Effect of  supplements previously used in serum-free 
media 

Serum-f ree  culture condi t ions have  b e e n  descr ibed for  
o ther  cell types  [4]. We have  tes ted  the  effects  of  the fol- 
lowing med ia  supp lements  used in prev ious  studies: 
glutamine,  insulin, t ransferr in,  r3, hydrocor t i sone ,  

selenite,  EGF,  glucagon and BSA.  O f  this series, only 
g lu tamine  (2mmol/1) ,  hydrocor t i sone  (10 4 mol/1), 
E G F  (50 ng/ml), g lucagon (10 -8 mol/1) and B S A  ( 1 % )  
were  found  to p ro long  survival of  single be t a  cells in 
culture; the  o ther  agents  had  no effect. 

Insulin discharge in the culture medium 

Condi t ions  with increased  beta-cel l  survival  (i.e., 
> 70 % )  differed in the a m o u n t  of  insulin that  was dis- 
charged  in the med ium.  Cells incuba ted  unde r  nut r ient  
supp lemen ta t ion  (addi t ion of 4 mmol/1 glucose o r  
2 mmol/1 leucine) d ischarged 2 -4  t imes m o r e  h o r m o n e  
over  the 9-day culture per iod  than  those  in basal  me-  
d ium alone (Table 5). A higher  discharge ra te  was no- 
t iced th roughou t  the  entire cul ture pe r iod  but  b e c a m e  
m o r e  p r o n o u n c e d  (8- to 15-fold higher)  be tween  days 5 
and 9 of  culture,  when  the ra te  f rom the control  cells 
had decl ined by  m o r e  than  80 % (Table 5). Total  insulin 
r ecovery  (i.e. cellular insulin on  day  10 plus total  me-  
dium insulin over  9 days) was also two-  to four-fold 
higher  in the condit ions with nut r ient  supp lement s  
than  in basal  med ium.  Since the  n u m b e r  of  surviving 
be ta  cells was only 60 % higher, it is clear  that  these con- 
ditions should be  accompan ied  by  a higher  ra te  of  hor-  
m o n e  synthesis (Table 5). Cul ture  with g rowth  hor-  
mone ,  glucagon or s e rum also led to a higher  insulin 
r ecovery  than  in the basal  contro l  condit ion,  bu t  this 
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reflected essentially the survival of more beta cells 
(Table 5). The condition with 5 % FCS was charac- 
terized by the lowest fractional discharge of insulin: the 
total amount of insulin in the medium was similar to the 
cellular insulin content on day 10, whereas this fraction 
was two- to five-fold higher in all other conditions 
(Table 5). Therefore, it seems likely that addition of 
serum suppresses hormone release from the surviving 
cells. 

Discussion 

Few studies have searched for culture conditions that 
are optimal for adult pancreatic beta cells. On the basis 
of the glucose responsiveness of mouse islets cultured 
in suspension, Andersson [1] concluded that RPMI- 
1640 medium containing serum and 11 mmol/1 glucose 
was superior to other media or to conditions without 
serum or with lower glucose concentrations. Clark and 
Chick [2] developed a serum-free RPMI mixture that 
was equally successful as a serum-containing medium 
in preserving glucose-induced insulin release from rat 
islet cells in monolayer, Their medium supplements in- 
cluded human serum albumin, ethanolamine and phos- 
phoethanolamine, transferrin, Z3, IGF-I and prolactin 
[2] .The extent to which these media preserve the initial 
number of viable beta cells is not yet known. The ampli- 
tude of secretory or biosynthetic responses to high glu- 
cose levels represents an index for the regulatory effect 
of glucose on the remaining beta cells rather than an 
expression of the degree of beta-cell survival during 
culture. In the present study we have quantified the 
survival of adult rat islet beta cells in different culture 
conditions. 

Selection of Ham's F10-medium was based on the 
following arguments: this enriched medium is, among 
others, more  appropriate for developing serum-free 
culture conditions [8]; its low calcium content 
(0.3 mmol/1) may help prevent depletion of the cellular 
hormone store as it suppresses insulin release but not 
insulin synthesis [9]; its glucose level (6mmol/1) is 
lower than that in RPMI-1640 (11 mmol/1) which facili- 
tates comparisons between normal and high glucose 
levels; its lower tnethionine and tyrosine levels are ad- 
vantageous for tracer studies. Preliminary studies with 
10 % FCS had indicated that more than 90 % of the 
beta cells survived a 24-h culture in Ham's F10. 

After  9 days of culture in Ham's F10 without supple- 
ments, less than 10 % of the initial beta cells remained 
viable. The presence of calf serum dose-dependently 
increased cell survival to 54 %. This protective effect of 
serum is partly attributed to low molecular weight 
agents, which can be absorbed by charcoal and sub- 
stituted by ultroser, and partly to larger proteins which 
can be replaced by charcoal-treated albumin. 

The need for nutrient supplementation to the basal 
medium containing 6 mmol/1 glucose was indicated by 

Z. Ling et al.: Survival of islet beta cells in culture 

the cytoprotective effect of glucose. This effect was 
beta-cell specific as it was not observed with cultured 
islet endocrine non-beta cells. It was dose-dependent 
between 2.8 and 10 mmol/1 glucose, the range over 
which the sugar recruits beta cells into metabolic and 
functional activities [10-13]. Non-metabolizable 
monosaccharides failed to promote beta-cell survival. 
Leucine, a metabolizable nutrient, has previously 
been found to replace glucose for maintaining func- 
tions in cultured beta cells [14]. Its addition to the 
basal medium with intermediate glucose level in- 
creased cell survival. The need for nutrient supple- 
ments to medium with 6 mmol/1 glucose can be at- 
tributed to the higher metabolic threshold of a fraction 
of islet beta cells: more than 30 % of the cells require 
glucose levels above 6 mmol/1 to become metabo- 
lically and biosynthetically active in vitro [8, 11]. As 
glucose metabolism produces reducing equivalents 
which protect against oxidative damage [7], it is con- 
ceivable that beta cells with a higher threshold are 
more sensitive to oxidative events at intermediate glu- 
cose levels. 

Survival of islet beta cells was lower after culture at 
20 or 40 mmol/1 glucose than after 10 mmol/1. We have 
not yet determined whether the damaged beta cells be- 
long to glucose-sensitive or insensitive subpopulations. 
The mechanism behind this apparent glucotoxicity is 
unclear. Since addition of 10 mmol/1 non-metaboliz- 
able monosaccharides to Ham's F10 with 10 mmol/1 
glucose did not reduce beta-cell survival, the higher ex- 
tracellular osmolarity of the 20 mmol/1 glucose medium 
is not a likely explanation for the described cytotox- 
icity. It remains to be examined whether an intracellu- 
lar accumulation of metabolites in excess of catabolic 
fluxes can initiate cellular dysregulation or deteriora- 
tion or both. 

Several growth promoting peptides improved beta- 
cell survival. The effect of growth hormone was addi- 
tive to that of IGF-I, suggesting that the two peptides 
protect beta cells independently, possibly through the 
growth hormone/prolactin and IGF-I receptors of islet 
beta cells [15-18]. Cell survival was not influenced by 
insulin, T3 or transferrin, but was improved by addition 
of glucagon and reduced by somatostatin, two hor- 
mones that regulate cellular cyclic AMP levels [19]. 

As expected, conditions with higher numbers of sur- 
viving beta cells contained a higher cellular insulin 
mass at the end of culture. When this hormone content 
was reflected against the number of surviving cells and 
against the total amount of insulin that was discharged 
in the medium, three types of medium supplements 
were distinguished. First, those where the increase in 
surviving beta cells is accompanied by a proportional 
rise in insulin discharge - and thus conceivably release 
- for example after addition of substances which are 
known to elevate cellular cyclic AMP levels. Secondly, 
conditions where the larger cellular insulin mass not 
only resulted from an increased number of surviving 
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cells but  also f rom a reduced  h o r m o n e  discharge in the 
medium,  such as in the presence  of  serum. Thirdly, sub- 
stances which mainta ined higher  insulin reserves 
th rough  grea ter  beta-cell  survival and higher  rates of 
h o r m o n e  synthesis. Al though  we did not  measure  pro- 
tein synthesis directly, condit ions with larger amounts  
of r ecovered  insulin for  equal  cell survival ( > 70 %)  can 
be considered as maintaining higher  rates of h o r m o n e  
synthesis. This was the case after  nutr ient  supplemen-  
tation, such as at 10 mmol/1 glucose or 6 mmol/1 glucose 
plus 2 mmol/1 leucine. 

Four  groups of substances have been  identified for 
composing a serum-free  med ium in which survival of 
plated single beta  cells is be t te r  than in basal Ham's  F10 
medium supp lemented  with only FCS: albumin, agents 
that  e levate  cellular cyclic A M P  levels such as glucagon 
and IBMX, growth factors such as IGF- I  plus growth 
hormone ,  metabol ized  nutr ients  at concentra t ions  that  
activate a maximal  n u m b e r  of cells. Such med ium is 
useful for  studies which investigate cytotoxic and cyto- 
protect ive  conditions for the beta  cells. Fur ther  experi-  
ments  should assess whe ther  these serum-free  culture 
condit ions also improve survival and funct ion of beta- 
cell aggregates in suspension. It may  indeed be  neces- 
sary - bo th  for  t ransplanta t ion purposes  and for func- 
t ional exper iments  - to  cul ture beta-cell  preparat ions  
in serum-free  conditions. The  quest ion is raised 
whe ther  addit ional  supplements  are also needed  for 
preserving beta-cell  survival in islets and beta-cell  ag- 
gregates that  are cul tured in serum. 
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