
EXPERIMENTAL BIOLOGY 

MICROFILM STUDY OF CULTURES OF 

OF THE BOVINE FETAL PANCREAS 

V. N. Blyumkin, R. A. Babikova, 
a n d  I .  N .  K o k o r i n  

I S L E T  C E L L S  

UDC 612.64'349.7 

The dynamics  of growth of a cul ture  of bovine fe ta l  pancrea t i c  is le t  ce l ls  was studied by t i m e -  
lapse  mic rof i lming .  The monolayer  cu l tures  studied were  pure ly  epithelial  in c h a r a c t e r .  Under 
the influence of an inc reased  glucose concentra t ion in the growth med ium (up to 300 mg %) the 
mi tochondr ia l  s y s t e m  of the is let  cel ls  was act ivated,  and cytogranulokines is  and the accumu-  
lat ion of s e c r e t o r y  granules  were  intensified.  La t e r  degranulat ion of the is le t  ce l l s  was ob- 
se rved .  The  r e s u l t s  we re  c o m p a r e d  with those of the control  cytological  invest igat ion of fixed 
and s tained cu l tu res .  
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Detai ls  of the poss ib le  p r e p a r a t i o n  of monolayer  cel l  cu l tures  f r o m  the bovine fe ta l  p a n c r e a s  with the 
aid of col la lyt in  - a substance  with col lagenase  action, have r ecen t l y  been published [1, 2]. Cell complexes  
set t l ing in the cou r s e  of 20 rain to the bot tom of cul ture  f lasks  have been shown to contain up to 60-70% of epi -  
thel ioid cel ls  with ( a ldehyde- fuchs in ) -pos i t ive  granules  in thei r  cy toplasm.  Under the influence of an inc reased  
glucose concentra t ion in the med ium (300 mg  %) degranulat ion of these  cel ls  was observed  a f t e r  24 h. I t  was 
concluded that  the ce l l s  descr ibed  co r respond  in the i r  morphologica l  and functional c h a r a c t e r i s t i c s  to the B 
cel ls  of the i s le t s  of  Langerhans .  

One of the mos t  impor tant  f ac to r s  control l ing the level  of sec re t ion  in the B cel ls  of the pancrea t i c  is le ts  
is a change in the glucose concentrat ion in the blood p l a s m a  (in vivo) or  in the nutr ient  medium (in vitro) [3-9]. 
It  was accordingly  in te res t ing  to study cu l tures  of is le t  cells in g ro s s  med ium containing a no rma l  and in- 
c r e a s e d  glucose concentrat ion,  by means  of a method capable  of r evea l ing  deta i ls  of the dynamics  of the s e c r e -  
to ry  p r o c e s s  that  cannot be  r eco rded  by the o rd inary  m i c r o s c o p i c  study of "s ta t ic"  p r epa ra t i ons  of fixed and 
stained cu l tu res .  T i m e - l a p s e  c inemic rog raphy  is one such method.  

This  paper  de sc r ibe s  the r e s u l t s  of a mic ro f i lming  study of monolayer  cu l tures  of bovine fetal  panc rea t i c  
is le t  ce l ls  when cul tured iE the  p r e s e n c e  of a normal  (100 mg %) and an increased  (300 rag %) glucose concen-  
t ra t ion .  

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

Cell  cul tures  we re  obtained f r o m  the panc rea s  of bovine fe tuses  (4th month of in t rau ter ine  development) .  
F r a g m e n t s  of the p a n c r e a s  m e a s u r i n g  1-2 nun were  t r e a t ed  with a mix tu re  of  equal volumes  of a 0.3% solution 
of collalyt in and a 0.25% solution of t r y p s i n  [1]. In the  cou r se  of 15-20 rain the t i s sue  suspens ion was dis turbed 
on a magnet ic  m ixe r  at  r o o m  t e m p e r a t u r e  (20-22~ centr i fuged a t  8000 r p m  for  10 rain, and resuspended  in 
med ium 199 with 10% bovine s e r u m .  The suspens ion  was introduced into mic ro f i lming  chamber s  (LOMO) with 
spec ia l ly  mounted cove r s l i p s .  Af te r  the cei ls  had se t t led  for  20 rain the superna tant  with cel ls  r ema in ing  
suspended was ca re fu l ly  r e m o v e d  and f r e sh  growth medium of the s a m e  composi t ion was added to the chamber .  
The  mic ro f i lming  began a f te r  24-36 h - during which t i m e  adhesion of mos t  ce l l s  was completed.  T i m e - l a p s e  
c inemic rog raphy  was c a r r i e d  out under  phase  con t ras t  by means  of the KSR-1 motion p ic tu re  camera ,  con- 
nected to the MBB-1 mic roscope ,  on KN-3 f i lm.  The magnif ica t ions  used were :  object ive 20 • object ive 90 • 
(oil immers ion) ,  and ocular  5 x,  homal .  The in te rva ls  between the f r a m e s  were  15 sec,  so that  by pro jec t ion  
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Fig. 1. Monolayer culture of pancreatic islet 
cells of bovine fetus. Per iphera l  part  of zone 
of growth (right), 72 h in culture. Magnifica- 
tion 100 x, phase contrast (frame from mi- 
crofilm). 

Fig. 2 Fig. 3 

Fig. 2. Monolayer culture of pancreatic islet cells of bovine fetus. Region of culture 
growing in normal glucose concentration (100 mg %). Many lipid droplets present in 
cytoplasm of epithelial cells. Here andin Fig. 3: magnificat'ion 450x. Phase contrast 
(frame from microfilm). 

Fig. 3. Region of culture 1 h after increase in glucose concentration in growth medium 
to 300 mg %. Activation of mitochondrial apparatus, increased accumulation of secre- 
tory granules in cytoplasm of binuclear epithelial cell. 
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of the fi lm the p rocess  could be speeded up 360 t imes.  A control  cytological study was made of cul tures  of 
islet cells grown on cover  slips in penicillin flasks,  fixed with 96 ~ ethanol at  the corresponding t imes  and under 
the same experimental  conditions. The prepara t ions  were stained with hematoxyl in--eosin and a ldehyde - fuch -  
sin. 

EXPERIMENTAL RESULTS 

The microfilming data showed that by 36 h after seeding of the tissue suspension islets of cells measur- 
ing up to 1 mm had formed. Their central part appeared stratified and refracted light strongly. The middle 
and peripheral parts of the islets consisted of a single layer of polygonal ceils of epithelial character with pale, 
spherical nuclei containing 1 to ~ nucleoli. Rotational activity of the nuclei was low. By 72 h (Fig. i) the mid- 
dle and peripheral parts of the culture had grown considerably in extent both by centrifugal migration of the 
epithelial cells and as a result of their continued spreading. In the zone of growth only a few mitoses couldbe 
observed. In the cytoplasm of the epithelial cells rod- and thread-like mitoehondria and a few perinuclear 
dark secretory granules were detected. Cells located at the periphery were larger than the rest (50-80 p) and 
sometimes had a triangular or irregularly branched shape. By their arrangement and shape these cells cor- 
responded to the "special" or fibroblast-like islet cells described previously in the literature [I]. Their pert- 
nuclear granules were more numerous. A wide ectoplasmic homogeneous zone, bounded by a mobile undulating 
membrane, could be distinguished in these cells. In all the islet cells many lipid droplets could be observed 
in the zone of growth; in some cells they masked the mitochondria and secretory granules. Mitochondria, lipid 
droplets, and secretory granules in the epilethial cells were highly mobile and moved haphazardly about the 
cytoplasm (cytogranulokines is ). 

After a longer period of microfilming (4-5 days) further widening of the zone of growth of the culture 
was observed; the epithelial character of the monolayer remained completely undisturbed, whereas differences 
between the size of the epithelial cells had increased. In the largest cells, located nearer to the periphery, 
the lipid droplets had become large but their total number was reduced (Fig. 2). As before the secretory gran- 
ules were distributed mainly in the perinuclear region of the cytoplasm. The edge of the zone of growth be- 
came increasingly homogeneous and sharply outlined. Active proliferation of fibroblasts was not observed 
close to the epithelial islets. 

On the 5th day after seeding the cells glucose was added to the culture medium to give a final concentra- 
tion of 300 mg %. Substantial changes were observed in a high proportion of epithelial cells after only 15-30 
rain. The cytogranulokinesis in the cells became more pronounced and the mobility of the mitochondria in- 
creased. During the 4-5 h after addition of glucose the number of mitochondria increased and most mitochon- 
dria were thread-like in shape. The mtmber of secretory granules aeeu/nulating between the mitoehondria rose 
particularly sharply (Fig. 3). The intensification of this process continued for about 12 h, after which the num- 
ber of secretory granules fell gradually and the cytoplasm of the epithelial cells became more homogeneous. 
Large lipid drops remained in the cyteplasm. 

Control cytological investigation of preparation of cultures of islet ceils grown on coverslips in penicillin 
flasks showed that during the first 4-5 h after a change from medium with the normal glucose concentration 
(100 nag ~0) to medium with an increased glucose coIlcentration (300 mg %) the nu/nber of epithelioid cells with 
(aldehyde-fuchsin)-positive granules in their cytoplasm increased considerably. However, after 20-24 h com- 
plete degranulation of the islet cells was observed, just as in the case described previously [I]. Meanwhile, 
large quantities of lipids still remained in the degranulated islet cells and, for that reason, after treatment of 
the preparations with alcohol and xylol, the region of the lipid droplets appeared to consist of large empty 
spaces. 

The results of the microfilming study of the behavior of the pancreatic islet cells of bovine fetuses when 
grown in normal and increased concentrations of glucose in the culture medium not only confirm the earlier 
hypothesis that these cultures contain large numbers of B cells, but also give a clearer idea of the structural 
dynamics of the secretory process effected by the B cells in response to the stimulating action of glucose. 
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M E C H A N I S M S  OF R E V E R S I B I L I T Y  OF T H E  S T A T H M O K I N E T I C  

R E A C T I O N  I N D U C E D  BY S U B O P T I M A L  T E M P E R A T U R E S  

M. N.  B o l t o v s k a y a  UDC 612.014.3: 612.6] .014.43 

Autoradiographic studies using [3H]leucine showed that the reversibi l i ty  of the stathmokinetic 
reaction induced by a suboptimal temperature (21~ does not require additional protein syn- 
thesis and, consequently, is not connected with the formation of new microtubules. Normaliza- 
tion of the mitotic regime was delayed in the presence of copper ions, which prevent polymeri-  
zation of the microtubules. These data suggested that repolymerization of subunits of micro-  
tubules is the principal method of res tor ing mitosis after exposure to a suboptimal temperature.  

KEY WORDS: mitosis; stathmokinetic reaction; suboptimal temperature.  

Much evidence has been obtained to show that the stathmokinetic reaction, which can be induced by var i -  
ous factors such as a high hydrostatic pressure ,  a low temperature,  and the action of antitubulins, is a r eve r -  
s ibleprocess .  The mechanisms of restorat ion of the normal course of mitosis are determined by the character  
and degree of injury to the microtubules forming the division spindle. The reversibi l i ty of the stathmokinetic 
reaction may arise in two ways: through additional protein synthesis and the formation of new microtubules 
after t reatment with colchicine [1] or repolymerization of subunits after the action of colcemid [2]. These dif- 
ferences in the mechanisms of reversibi l i ty  of the reaction are  explained by differences in the degree of bind- 
ing of the subunits of the rese rves  by the alkaloids [5]. When the temperature  falls, causing delay of division 
in the metaphase stage [3, 6], by contrast  with the action of alkaloids of the colchicine series,  the r e se rves  
are  not dissipated. Despite the fact that the rapid recovery  of mitotic and cytoplasmic microtubules destroyed 
by cooling has been described in several  papers [8, 9, 12], the mechanisms responsible for reversibi l i ty  of the 
effect of a low temperature  have received little study. In this investigation an attempt was made to elucidate 
some of the mechanisms which lie at the basis of restorat ion of the normal course of mitosis after exposure 
to a suboptimal temperature.  

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

Experiments were car r ied  out on a monolayer culture of Chinese hamster  fibroblast-like cells, clone 
237. The cells were seeded in penicillin flasks with a density of about 150,000 ce l l s /ml .  The stathmokinetic 
reaction was induced after culture for 24 h by cooling the cells for 2 h to 21~ To test  the possibility of for-  
mation of new microtubules, the dynamics of protein synthesis was determined by autoradiography during the 
period of development and reversibi l i ty  of the stathmokinetic reaction. [~H]Leucine, in a dose of 10 # C i / m l  
(specific activity 2.5-10 mCi/mmole) ,  was added to the culture medium for 10 min before cooling (control), 
after cooling, and every 10 rain after the cultures had been returned to optimal temperature conditions (37~C). 
The material  was processed by the usual methods for autoradiography. The level of protein synthesis was 
judged from the number of tracks above the metaphase cell. To study the role of repolymerization in the r e -  
versibil i ty of the stathmokinetic reaction, the effect of copper ions, which prevent polymerization of micro-  
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