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I N S U L I N - F O R M I N G A C T I V I T Y  OF M O N O L A Y E R  C U L T U R E S  

OF B O V I N E  F E T A L  P A N C R E A T I C  I S L E T  C E L L S  

V. P .  F e d o t o v ,  V. N. B l y u m k i n ,  
R. A. B a b i k o v a ,  N. V. S a d o v n i k o v a ,  
V. V. A b r a m o v a ,  a n d  B.  I .  S h a l ' n e v  

UDC 612.647.349.7-085.23 

The insulin concentration in the growth medium of pr imary monolayer cultures of bovine 
fetal pancreatic islet cells grown in the presence of a normal and increased (300 mg%) glu- 
cose content, was determined by a radioimmunologic method. A high glucose concentration 
led to increased secretion of insulin. The results  of the cytological study showed definite 
correlat ion between mitotic activity of the cells of the culture and the intensity of insulin 
secretion into the medium. KEY WORDS: monolayer culture; islet cells; insulin secretion; 
mitotic activity. 

A method of obtaining and growing monolayer pr imary cultures of bovine fetal pancreatic islet cells was 
described previously [1, 2]. It was shown that islets and more extensive areas  of monolayer, consisting of 
epithelial cells, a high proportion of which contain aldehyde-fuchsin-positive granules in their cytoplasm, are 
formed 3-4 days after  seeding of the cells. The addition of an increased concentration of glucose (final con- 
centration 300 mg%) to the culture medium led to degranulation of the cells after 24 h. These results indicate 
that the cells described above correspond in their  morphological character is t ics  to the B-cel ls  of the islets 
of Langerhans. 

This paper describes the results  of determination of the insulin-forming activity of cultures of bovine 
fetal pancreatic islet cells at different t imes of culture and under part icular  experimental conditions. 

E X P E R I M E N T A L  M E T H O D  

Monolayer cultures of islet cells were obtained from the pancreas of 4-6-month bovine fetuses with the 
aid of solutions of collalytin and trypsin [1, 2]. Cultures were grown in Carrel '  s dishes and flasks of various 
sizes, and also in penicillin flasks with coverslips.  The medium was changed 2-3 days after  seeding. The 
insulin concentration in the culture medium was determined by a radioimmunologic method using kits from 
the f irm CEA-IRE-Sorin. The limit of sensitivity of the method in these experiments was 5 microuni t s /ml  
medium. The cultures of islet cells were fixed at appropriate times of the experiment with 96~ ethanol, 
stained with hematoxylin-eosin or aldehyde-fuchsin, and examined cytologically. 

E X P E R I M E N T A L  R E S U L T S  

A. Hormonal Activity of the BovIne Fetal Pancreatic Cell Cultures. In the f i rs t  stage of the work mixed 
monolayer cultures were obtained in which the contribution of the B-cells  did not exceed 8-10%. In such cul- 
tures from the very beginning there were many fibroblasts,  proliferation of which inhibited proliferat ion of 
the cells by the 10th-15th day after  seeding. On the 3rd-5th day of culture (1-3 days after  changing the medium 
199 with a normal glucose concentration for  the same fresh medium) the insulin concentration in the culture 
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TABLE 1. Dynamics of Insulin Concentrat ion (in m i c r o u n i t s / m l )  
of Bovine Feta l  Pancrea t i c  Is le t  Cell Culture a f t e r  Complete 
Change of Medium fo rMed ium with Increased  Glucose Concent ra-  
tion (300 rag%) 

IB e fom 
Experimental conditions ~hange oi 

[medium 

Seeding on Carrel's dishes ~3200 
SeedingonRoux flasks (1 320 

liter) 

At different times after change of medium 

15-- I 25min lh a h 8h 24h 4sh 

70 96 400 ]~3200l 
14 50 120 3200 l>3200'>3200 

1 I 

TABLE 2. Changes in Insulin Concent ra -  
tion (in m i c r o u n i t s / m l )  in Culture Medi- 
um of B-Ce l l s  with Daily Complete 
Change of Medium Containing 300 mg% 
Glucose 

No. of Days niter seeding 

32001 12001 256 I 213 17,51 32 
a'2ool 12ool !5ol  ~ 13 i ~ 2 o  
1 001 ,,0 t ,401,00 2o j,400 

9 

46 
132 

fluid was 40-60 mic roun i t s /ml~  Frac t iona l  sedimentat ion of the i s le t  cel l  complexes  in the course  of 20 rain 
led  to  the product ion  of cu l tu res  in which B - c e l l s  accounted fo r  60-70% of the total .  In such cul tures  the re  
were  v e r y  few f ib rob las t s  and epi thel ial  zones were  p r e s e r v e d  throughout  the per iod  of observat ion ,  up to one 
month.  When ce l l s  were  seeded at the ra te  of 10,000-20,000 c e l l s / m l  the insulin concentra t ion in the cul ture 
fluid on the 3rd-5 th  day (1-3 days a f t e r  the change of medium} va r i ed  f rom 320 to 3200 m i c r o u n i t s / m l  o r  m o r e .  

The p r e se n t  w r i t e r s  have recent ly  succeeded in obtaining cul tures  of is le t  cel ls  of a purely epithelial  
cha r a c t e r .  In such cu l tures  f ibroblas ts  were  e l iminated on the 3rd-4 th  day of cul ture (1-2 days af te r  the change 
of medium}. The propor t ion  of B-ce l l s  in these  cu l tu res  reached  80-90%. The insulin concentrat ion in the cul-  
t u re  fluid a f te r  seeding at the ra te  of 10,000-20,000 c e l l s / m l  was 6000-13,000 m i c r o u n i t s / m l  on the 3rd-4th  
day of cu l tu re .  

B. Dynamics  of Secre t ion of Insulin into the Culture Fluid under Var ious  Exper imenta l  Conditions. The 
scheme of the exper iments  was as follows. To begin with purif ied cul tures  of is let  cel ls  were  grown for  5 days 
in medium 199 with 10% bovine s e r u m  with a normal  concentra t ion Of glucose in a Ca r r e l  v s dish. The medium 
was changed 2 days a f te r  seeding. Consequently,  the per iod  of cul ture  a f te r  the change of medium was 3 days. 
The insulin concentra t ion in the growth medium at this t ime exceeded 3200 m i c r o u n i t s / m l  (Table 1). The medi-  
um was then complete ly  rep laced  by medium with an increased  glucose concentrat ion (300 mg%). The cul ture 
medium 15 rain la te r  contained 70 m i c r o u n i t s / m l  insulin. La te r  its concentrat ion in the medium rose  rapidly 
and by the end of the f i r s t  day it exceeded 3200 m i c r o u n i t s / m l .  

S imi lar  r e su l t s  were  obtained when cul tures  of bovine fetal  pancrea t ic  is le t  ce l ls  were  grown in l - l i t e r  
l~oux f lasks .  On the fifth day of growth (3 days a f te r  the f i r s t  change of medium) the insulin concentrat ion in 
the growth medium was 320 m i c r o u n i t s / m l .  After  a complete  change of medium for  medium with an increased  
glucose concentra t ion (300 mg%) the cha rac t e r i s t i c  dynamics  of the inc rease  in the insulin concentra t ion in the 
cul ture  medium was obse rved  during the next 2 days (Table 1). 

In the next s e r i e s  of exper iments ,  s tar t ing f ro m  the third day of cul ture  the cul ture  medium was com-  
pletely changed f o r f r e s h  medium with an inc reased  glucose concentra t ion (300 mg%) daily, at the same t ime of 
day (Table 2). Despite  the st imulating effect  of the high glucose concentrat ion,  in all four  exper iments  a gradu-  
al d e c r e a s e  in insulin sec re t ion  was observed,  evidently on account of aging of the cul ture .  Meanwhile in th ree  
of the four  exper iments  , f l a shes"  of insulin sec re t ion  were  observed  (on the sixth day in the f i r s t  exper iment  
and on the eighth day in the th i rd  andfour th  exper iments ) .  To study the nature of these "f lashes"  in one ex-  
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Fig. 1 Fig. 2 

Fig. 1. Correlation between level of insulin secretion (1) and mitotic activity (2) in culture 
of B-cel ls .  Abscissa, days after  seeding cells; ordinate: left ,  insulin concentration in cul- 
ture  medium (in microuni ts /ml) ,  right, mitotic index (in %). 

Fig. 2. Changes in insulin concentration in culture medium of B-cel ls  with change of medi- 
um every 2-3 days. Arrows indicate t imes of change of medium (with 300 rag% glucose). 
Abscissa, days after  seeding cells; ordinate, insulin concentration in culture medium (in 
microuni ts /ml) .  

periment of this ser ies  (experiment 4) the hormonal activity was compared daily with the results of cytological 
analysis. It will be c lear  from Fig. 1, in whichthe dynamics of insulin secret ion is compared withthe mitotic 
activity of the islet cell culture, that a wave of mitoses on the second day preceded the increase in insulin con- 
centration in the medium. Dividing cells, passing into the next interphase, evidently were the sources of forma-  
tion of the extra quantities of insulin. Conversely, on the day of the "flash" of hormonal activity the mitotic in- 
dex was very low, in full agreement with modern views on relations between mitosis and specific cell function. 

In the next ser ies  of experiments a complete change of medium (with 300 mg% glucose) was carr ied out 
once every two or three days. The results,  shown in Fig. 2, are  evidence that with a less frequent change of 
medium the insul in-secretory activity of the islet cell  culture was maintained, actually at a ra ther  higher level 
than after  daily changes of medium. One possible explanation could be the less t rauma inflicted on the cells of 
the culture. 

The results  point to high functional (insulin-forming) activity of monolayer cultures of bovine fetal pan- 
creat ic  islet cells. This model, tested for  the f i rs t  time by the present  wri ters  [1, 2], can be recommended for 
various purposes in experimental endocrinology and transplantology. The results  add to information in the 
l i terature on hormonal activity of islet cell cultures obtained from the pancreas of other animals [3-6]. 
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