
The use of sodium citrate as diluent (Fig. 3) changes the character of dependence of activity of the sus- 
pension on time~ Since sodium citrate is a buffer, keeping the pH of the medium constant [2], the action of 
lactic acid is weakened. As a result of this, activity rises slightly for some time, then falls with a longer 
"taft ~. 

The suggested method and the apparatus used for it enable activity of a cell suspension due to intr insic  
motil i ty of the cells to be est imated,  allowing for  the relative proport ion of motile cells and their  average ve- 
locity. The s implici ty of the technical solution means that the apparatus as designed can be used for  automated 
express  monitoring of cell motili ty in the diagnosis of human inferti l i ty and for quality control of the sperm of 
l ivestock used for  artificial  insemination and of bac te r ia  used in the manufacture of fer t i l izers .  

The authors  are  grateful to G. A. Tsintsadze,  N. A. Dobrovol 'ski i ,  and A. V. Peshkov for  help in making 
the apparatus,  and to R. I. Kayumov for  help in prepar ing the speciments  of spe rm suspensions. 
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Cultures of pancreat ic  islet cells (IC) f rom human and mammal ian  fetuses are nowadays widely used in 
experimental  endocrinology and transplantology.  Such cultures have begun to be used also in recent years  for 
clinical t ransplantat ion into diabetic patients [3, 7, 8, 10, 11, 15]. Fo r  this reason,  the development of reliable 
methods of obtaining insulin-producing cultures f rom the fetal pancreas  of man and animals has assumed great  
importance.  Previous ly  [1, 6] the wr i te r s  descr ibed a method of obtaining monolayer  focal cultures of IC by 
enzyme t rea tment  of mater ia l  with collalytin and t ryps in  combined with microdissec t ion  and differential sedi-  
mentation. Monolayer cultures prepared in this way contained many B cells, act ively secret ing insulin [4, 5]. 
Cultures of this kind have been used for  xenografting into rats with alloxan diabetes [2, 9]. However, a draw- 
back of this method was the loss  of large  numbers  of IC during multistage process ing of the mater ia l ,  especial ly  
when tissue microf ragments  were being processed  on the magnetic  mixer  and during centrifugation. 

The aim of this investigation was to develop a new, s impler ,  and more  rational method, not using centr i -  
fugation to be free f rom the disadvantage descr ibed above, capable of yielding cul tures of IC in sufficient 
numbers  for  producing a therapeutic  effect on clinical transplantat ion.  

EXPERIMENTAL METHOD 

The cadaver ic  pancreas  f rom human fetuses at the 16th-25th week of intrauter ine development (abortions, 
lower -segment  caesar ian  section) and f rom pig fetuses at 2.5-3 months of intrauterine life were used as the 
source of the cell cultures.  The pancreas  was removed under steri le conditions, washed thoroughly in Hanks'  
solution with antibiotics, and freed f rom capsule and large connect ive- t i ssue  bands containing blood vesse ls .  The 
pancreas  was then cut into f ragments  measur ing  2-3 mm and i m m e r s e d  in 0.2% collalytin solution in Hanks '  
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Fig. 1. Floadr~g 5-day cytotypic~ ccdture obtained f rom pa~dereas of 2~176 
month pig fetus~ Area  of B celt, B granules in differen[ stages of deveDo 
opment. 55,000 x. 

Fig, 2o Floating 5~-day orga~otypieai euiture ob"ained fi,om pan- 
creas  of 5-'month human fetus~ Concentratio~l of endocrine cells 
in thickness of culture, Sernithin section. Methylene blue. 
!500 • 

solution at room tempera ture  (20-22~ The tissue fragments  were in co-~gad~ with coltaly~in for I0 mino 
Fragments  of pancreas  were then washed repeatedly with medittm ~.99 and again thoroughly minced to obtain 
mie ro f ragments  measu.rlng 0ol~l,0 ram. The result ing suspe~sion of mierofragme~[[s was introduced into s t e r -  
ile flasks of different capacity and covered with the corresponding volume of medium 199 containing 10% native 
bovine serum,  The cultures were incubated at 37~ At different tiraes of culture individual loci of growth of 
the cultures were fixed with 1% glu tar~dehyde in 0.2 M eacodylate buffer, pH 7,2~7,4, postfixed in X% OsO 4 
soltttion, a~.d embedded in Araldite M. Semithim sections were cut to a thickness of 1 # f r o m  the cuttumes on the 
LKB-8800 microtorne,  stained with methylene blue solution, and stadied in the light microscope .  Ultrathin sec -  
tions were stained with uranyl acetate and lead citrate,  and studied and photographed in the JEM-100B electron 
microscope  with instrumental  magnification of 5000-50~000o The concentrations of insulin and C-peptide in the 
culture medium were determined by radioimmunoassayo 

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

AS a result of the treatment of pancreatic tissue described above~ a suspension -of irregularly shaped 
mierofragments, floating freely in the culture mediunl~ was obtained, In the course of 48-72 h after seeding~ 
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Fig. 3 Fig. 4 

Fig. 3. A r e a  of cy top lasm of human B cell f r o m  organotypical  culture (55,000 x). 

Fig. 4. Format ion  of mono laye r  zone of growth around focus of adhesion of cytotypical  
floating culture obtained f r o m  panc reas  of 5--month human fetus (160 x).  

the m i c r o f r a g m e n t s  became  round in shape and were  conver ted  into floating cul tures  of r egu la r  spher ica l  o r  
ovoid shape with a smooth  sur face  (diameter  0.1-1.0 ram). Depending on the s ize of the p a n c r e a s  in human 
and pig fe tuses  (linked with the age of the fetus),  the n u m b e r  of floating cul tures  in the medium var ied  within 
wide l imi t s  (from 1000 to 20,000). Even at this s tage it was possible  to dist inguish two types of floating cul tures  
under  the light m ic roscope :  cytotypical  and organotypical  (the l a t t e r  were  the major i ty) .  Cytotypical floating 
cul tures  were  compact  spher ica l  fo rmat ions  0.1-0.3 m m  in d iamete r ,  which consisted en t i re ly  of c losely  packed 
epithelial  polygonal cel ls  containing fine granules  in t he i r  cytoplasm.  E l e c t r o n - m i c r o s c o p i c  study of the cyto- 
typical  cul tures  showed that they consist  mainly  of B cel ls  in var ious  phases  of the s e c r e t o r y  cycle (Fig. 1). 

Floating cul tures  of organotypical  c h a r a c t e r  had a more  complex s t ruc tu re .  The sur face  of most  of them 
was covered with a l a y e r  of fus i fo rm f ib rob las t s .  The nst roman of organotypical  floating cul tures  was fo rmed  
of lysed  collagen bundles and coa r se ly  g r anu l a r  debr i s ,  fo rmed  as a resul t  of m a s s  des t ruc t ion  of ac ina r  exo-  
cr ine  cel ls .  In addition, single f ib rob las t s ,  p r e s e r v e d  and des t royed  e ry th rocy te s ,  and also endothel iocytes of 
empty  cap i l la r ies  were  sea led  into the s t r oma .  The nparenchyman of the floating cul tures  consisted mainly  of 
epithel ial  cel ls  with fine granules  in t he i r  cytoplasm,  in groups of different  s izes  (Fig. 2). The e l e c t r o n - m i c r o -  
scopic  invest igat ion showed that these  cel ls  were  B cells in var ious  phases  of the sec re t ion  p roces s  (Fig. 3). 
Single groups of epi thel ia l  cells with l a rge  granules  in the i r  cytoplasm,  evidently acini in the ea r ly  stage of 
destruct ion,  also were  found in 48-h cultt~res. 

A c h a r a c t e r i s t i c  fea ture  of the organotypical  floating cul tures  was that the re  was no tendency to adhere  
to the g lass .  This was p robab ly  because  they a re  covered  with a l a y e r  of f ibroblas ts  which, during growth of the 
developing cul ture,  become ~polarized,  ~ and t he i r  outer  f ree  sur face ,  facing the culture medium,  loses  i ts  ad-  
hesive p rope r t i e s .  

Meanwhile individual cytotypical  f loating cul tures ,  consist ing mainly  of B cel ls ,  p r e s e r v e d  the i r  abil i ty to 
adhere  to the subs t ra te  (the bot tom of the f lask,  covers l ips) .  In this case ,  as a study of fixed, s ta ined sect ions 
showed, the cytotypical  floating cul tures  became  secondar i ly  the source  of focal mono layer  cul tures  (Fig. 4): 
A mono laye r  zone of growth consis t ing of flat polygonal cel ls ,  sp read  out o v e r  the g lass ,  many  of them in a 
s tate  of mi tos i s ,  fo rmed  around them.  The overwhelming  ma jo r i t y  of these  cells (over 90%) contained a ldehyde-  
fuchsine posi t ive granules  in the i r  cy toplasm.  These  cells ,  as the e l e c t r o n - m i c r o s c o p i c  study showed, were  B 
cel ls .  

Floating cul tures  obtained by the method descr ibed  above f r o m  the human and pig fetal pancreas ,  were  
act ive insulin p roduce r s .  During continuous culture without change of medium the insulin concentra t ion in 
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100-ml f lasks  reached 5000-40,000 #U/ml  on the 7th day. Af t e r  a complete  change of growth medium this con- 
centrat ion was r e - e s t ab l i s hed  in the course  of 3-4 days.  With frequent  complete  changes of medium,  a high 
insulin concentra t ion was mainta ined fo r  4-5 weeks.  

To de te rmine  the abil i ty of single organotypical  floating cul tures  to s ec re t e  insulin,  they were  grown in 
penicil l in f lasks  in 1 ml of growth medium for  7-10 days.  One organotypical  floating culture s ec re t ed  f r o m  
30 to 60 #U of insulin in this  t ime .  The act ive c h a r a c t e r  of hormone sec re t ion  was shown by the p resence  of 
C-peptide in the s ame  samples  in a concentrat ion of 2-6 ng /ml .  

These resu l t s  mus t  be compared  with data in the l i t e r a tu r e  confirming the grea t  impor tance  of organ 
culture of pancrea t i c  f r agments  f r o m  m a m m a l i a n  and human fetuses  for  subsequent successfu l  graf t ing of IC in 
recipients  with diabetes .  Not only do par t ia l  "spontaneous"  remova l  of ac ina r  cells of the exocr ine  par t  of the 
panc reas  and remova l  of leukocytes  contaminat ing the f r e sh ly  i so la ted  panc rea t i c  t i s sue  (passenger  let tkocytes) 
take place under  these  c i r cums tances ,  but the antigenici ty of the B cells t hemse lves  also is reduced [12-14]. 
Culture of panc rea t i c  t i s sue  in vi t ro ,  as has been shown in recent  y e a r s ,  leads  to considerable  prolongation 
of the ant idiabet ic  effect  ( increased duration of surv iva l  of t ransp lan ted  IC) not only in the case of a l lograf t ing,  
but also with a xenogeneic  combination of donor and recipient  [16]. The p resen t  w r i t e r s  were  able to demon-  
s t r a t e  this fact ,  in pa r t i cu la r ,  in expe r imen t s  with xenograf t ing of cul tures  of human fetal pancrea t i c  is let  cel ls  
into ra ts  with alloxan diabetes  [2, 9]. 

The method of obtaining floating cul tures  of IC f r o m  the fetal panc reas  of man and an imals ,  suggested by 
the p resen t  w r i t e r s ,  cons iderably  widens the scope fo r  t he i r  use in exper imen ta l  and clinical t ransplantology.  
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