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Summary. A method has been developed for the 
purification of single A, B and D cells and for the 
isolation of coupled islet cells. Isolated rat islets were 
dissociated by repeated pipetting in the presence of 
trypsin and ethylene glycol bis (fl-aminoethyl ether) 
N , N '  tetra-acetic acid (EGTA) ,  and then filtered 
through nylon and Percoil; the cell preparation con- 
sisted of 70% single and 30% coupled cells. Sizing of 
the cells led to the recognition of a small-islet cell 
population (35%; cell volume 200--600 gm 3) com- 
posed of A and D cells, and a large-islet cell popula- 
tion (65%; cell volume 600-1500  ~tm 3) identified as 
B cells. Differences in sedimentation velocity formed 
the basis for the islet cell separation by countefflow 
elutriation. Single islet cells eluted prior to coupled 
cells and were distributed over A and D cell-enriched 
fractions I and II (65% A, 25% B, 10% D) and the B 
cell-enriched fraction III (93% B). The slightly dif- 
ferent densities of A (d = 1.068), B (d = 1.065) and 
D (d = 1.070) cells allowed a subsequent purifica- 
tion by density gradient centrifugation resulting in a 
final 10- to 30-fold enrichment in either A, B or D 
cells. Most coupled islet cells were recovered in frac- 
tion IV, occurred mainly as doublets and were com- 
posed of 90% B cells and 7% D cells; the multiple 
pseudopods, which characterize isolated D cells, 
might contribute to the coupling tendency of the D 
cells. It is concluded that the purified A, B and D cell 
fractions and the coupled islet cell preparations offer 
a direct approach to the study of individual islet cell 
types and their intercellular communication. 
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The mammalian endocrine pancreas represents a 
heterogeneous cell population in which several cell 
types have been described on the basis of histologi- 

cal, immunocytochemical and ultrastructural charac- 
teristics [1]. Immunofluorescent studies led also to 
the recognition of a precise topography of islet cells, 
with the A, D and pancreatic polypeptide cells mostly 
located at the islet periphery and surrounding the B 
cells [2, 3], and with the existence of an inverse rela- 
tionship between the number of A and pancreatic 
polypeptide cells in different parts of the pancreas [3, 
4]. The  factors regulating pancreatic hormone release 
might thus vary for each islet cell type, depending on 
its location in the pancreas; intercellular junctions, 
heterogeneously distributed within the islets [5], may 
also be involved in the release process [6-9]. The 
study of individual islet cell types and their functional 
role in cell coupling thus requires the purification of 
single islet cells and the isolation of coupled cells. 
The method we developed therefore,  consists in the 
dissociation of isolated rat islets, counterflow cen- 
trifugation [10] of the dissociated cells, and isopycnic 
gradient centrifugation [l 1] of the cells separated by 
elutriation. 

Materials and Methods 

Materials 

Crude collagenase (150 U/mg) and trypsin (33 U/mg) were ob- 
tained from Worthington Biochemicals, Freehold, New Jersey, 
and bovine pancreatic desoxyribunuclease (DN-ase, 1000 U/rag) 
from Boehringer, Mannheim, Federal Republic of Germany. 
Bovine serum albumin fraction V (BSA), calf thymus DNA (type 
l) and ethylene glycol bis (/:Lamina-ethyl ether), N, N'-tetra- 
acetic acid (EGTA) were Sigma products (Sigma Chemicals, St. 
Louis); 2-(4-2-hydroxy-cthyl)-piperazinyl-(l)-ethan sulphonic 
acid (Hepes) was from Merck, Darmstadt, Federal Republic of 
Germany and 3,5-diamino benzoic acid (DABA) from Union 
Chimique Beige, Brussels, Belgium; Percoll and density marker 
beads were purchased from Pharmacia Fine Chemicals, Uppsala, 
Sweden. 

Gibco (Glasgow, Scotland) provided tissue culture medium 
CMRL-1066 (Ix, without glutamine) and fetal calf serum. All glass 
and plastic ware was treated with silicone oil, purchased from 
Serva, Heidelberg, Federal Rcpublic of Germany. 

0012-186X/81/0020/0654/$02.00  



D. G. Pipeleers and M. A. Pipeleers-Marichal: Islet Cell Purification 655 

Media 

Islet isolation and dissociation were carried out in Krebs-Ringer 
solution buffered with Hepcs (KR-Hepcs) [12] (115 mmol/l NaCL, 
4.7 mmol/l KCI, 1.2 retool/1 MgSOa. 7 H20 , 2.56 mmol/l CaCIe, 
1.2 mmol/l KH,PO 4, 20 mmol/l NaliCO 3 and 16 mmol/l Hepes at 
pH 7.4); omission of CaCI~ is indicated as KR-Hepcs-no Ca. Islet 
cell separation by elutriation occurred in calcium-free Krebs- 
Ringer bicarbonate (KR-no Ca). All media contained 0.5 g/I glu- 
cose and 5 g/l BSA, and were filtered through a Millipore 0.5 I.tm 
filter. 

Higher density media for cell filtration and gradient centrifuga- 
tion were prepared by diluting iso-osmotic Percoll, containing one 
part I0 • concentrated KR-Hepcs-no Ca and nine parts Percoll, 
with KR-Hepes-no Ca, to produce mixtures of density (g/roll 
1.045, 1.065 and 1.085, respectively; all Pcrcoll solutions con- 
rained 1000 U/ml aprotinin (Trasylol, Bayer, lL,everkusen, Federal 
Republic of Germany). 

Before use, the CMRL-1066 medium was supplemented with 
0.1 g/1 L-glutamine, 0.l g/l streptomycin, 0.1 g/l penicillin and 
10% (v/v) heat-inactivated fetal calf serum. The insulin assay was 
carricd out in 0.15 mol/1 NaCI, 20 mmol/l phosphate buffer, 5 g/l 
BSA (SPA buffer - pH 7.6), the glucagon assay in 0.2 mol/I 
glycine, 25 g/1 dextran, 2.5g/1 BSA and 1000 U/ml aprotinin 
(GDA buffer - pH 8.8) and the somatostatin assay in 0.2 mol/l 
glycine, 25 mmol/1 EDTA, 50g/1 dcxtran, 1 g/l BSA and 1000 U/ 
ml aprotinin (GED buffer - pit 8.8) 113]. 

Islet Cell Isolation 

Islets were isolated from pancreases of male Sprague-Dawley rats 
(250--300g) by the collagenase technique of Lacy and Kos- 
tianovsky [14]. AItcr collection of 1000-1500 islets, they were 
washed with KR-Hepes and rcsuspendcd in 4 ml cell isolation 
medium (KR-Hepes-no Ca supplemented with 1 mmol/l EGTA, 
0.01 g/dl trypsin and 0.0002 g/dl DN-ase - pit 7.4). Islet disrup- 
tion was achieved by gentle aspiration for 10-12 min at 30~ 
When most cells occurred as single particles, the suspension was 
filtered through a 63-~tm nylon screen to remove any filamentous 
material and collected in 10 ml ice-cold KR-no Ca (to slop the 
cn;,.ymatic activity). After centrifugation (150 • g, 7 mini through 
a Percoll layer (2 ml, density 1.045 g/ml) to replace the dissocia- 
tion medium by KR-no Ca and to remove cell debris, the cells 
were aspirated from the bottom of the Percoll cushion and incu- 
bated for 20 min at 37 ~ in 8 ml CMRL- 1066 under O~/CO~ (95/ 
5%). llae islet cells were finally centrifuged at 100 • g for 4 rain 
and resuspended in 7 ml CMRL-1066. 

Centrifugal Elutriation 

Islet ceils were separated by counterflow centrifugation (cen- 
trifugal clutriation), as first described by Lindahl [15] and later 
adapted for biological applications [16-18]. The elutriation was 
carried out in a Beckman JE-6 rotor, driven by a Beckman J-21B 
centrifuge and equipped with a stroboscope (Beckman Instru- 
ments, Palo Alto, California). At a rotor speed of 2050 rev./min 
the separation chamber was pcrfuscd continuously with KR-no Ca 
containing 10 g/1 BSA (10 ~ the flow rate being controlled by a 
Vario Perpex pump (LKB Instruments, Uppsala, Sweden), a 
three-way bypass valve between pump and centrifuge allowing the 
temporary use of a mixing chamber (volume 30 ml) [19]. 

The islet cell suspension was slowly injected into the mixing 
chamber, which was subsequently rinsed with 90 ml perfusion fluid 
at a flow rate of 6 ml/min; the fraction collected during this period 
contained no islet cells and was discarded. The mixing chamber 
was then excluded from the perfusion circuit, and the flow rate was 

increased stepwise to 16, 25, 34 and 50 ml/min. For each flow rate, 
120ml fractions were collected in three polycarbonate tubes 
(Beckman, volume 45 ml), containing a cushion of 3 ml Percoll 
density 1.045 g/ml (fractions I ~ IV). After centrifugation at 150 
• g for 7 min, the Percoll cushions were transferred to conical 
centrifuge tubes containing 10 ml KR-Hepes-no Ca and spun at 
100 • g for 4 rain. The cell pellets corresponding to the same 
elutriation fraction were combined, resuspended in 0.5 ml KR-no 
Ca and examined for their cellular and hormonal content. In one 
series of experiments, the elutriated cell fractions were further 
purified by isopycnic density gradient centrifugation using continu- 
ous Percoll gradients. 

Density Gradient Centrifugation 

I.inear density gradients were prepared using a gradient maker 
(I.KB, Bromma, Sweden) and Percoll media of density 1.065 and 
1.085 g/ml. The 6.5 ml gradients were generated in polyallomer 
tubes (Beckman, Vg' • 2 :/,") on top of Percoll (0.5 ml, density 
1.10g/ml). The cell preparations (suspended in 2ml Percoll, 
density 1.045 gs'ml) were carefully layered on top of the gradient, 
which was then centrifuged in a swing-out rotor (Heraeus-Christ, 
Digifuge) at 2000 • g for 20 min; a control gradient tube con- 
tained coloured density marker beads (density 1.049, 1.063, 1.075 
and 1.085 g/roll. After centrifugation, the gradients were fraction- 
ated with a density gradient fractionator (model 640, Isco, Lin- 
coln, Nebraska) into 15 fractions of (1.6 ml and each fraction was 
examined for its cellular and hormonal content. Purified islet cell 
fractions were obtained less than 3 h (elutriation alone) or 4 h 
(elutriation + gradient centrifugation) after decapitation of the 
rats. 

Characterisation of the Cell Fractions 

Evaluation of  Cell Dissoc&tion, Cell .Number and Cell Size: After 
fixation in 2~ (v/v) formaldehyde, each cell fraction was photo- 
graphed in phase contrast and at least 103 cells per fraction were 
examined in the evaluation of single and clustered cells; to 
minimize the effect of superimposition, counting was carried out 
at two different dilutions. After dilution of the cell samples in 
0.154 mol/l saline supplemented with 5 g/l BSA, total cell num- 
bers were determined with a particle counter equipped with a 
100 um probe (Model ZBI, Coultcr Electronics, Harpcnden, Eng- 
land). A multichannel analyser (Channelyzer-C 1000, Coulter 
Electronics), integrated cell sizes of minimally 10 '~ cells per sam- 
ple, with an XY recorder If (Coulter Electronic) plotting the cell 
volume distribution curves simultaneously. Counter and chan- 
nelyscr were calibrated with Latex particles of known size (diame- 
ter 13.7 urn). 

A distribution curve of islet cell sizes was also plotted with data 
obtained from semi-automatic cell surface analysis (Manual Opti- 
cal Planimeter, Kontron, Switzerland); only the cells with a visible 
nucleus were included in this study, carried out on a minimum of 
10 ~ cells per fraction. 

The DNA content of each fraction was determined by the 
fluorometric methods of Kissane and Robbins [20] and Parman 
[21]. 

]he  percentage viable cells was counted after staining with 
0.2% (w/v) trypan blue [22]. 

Electron Microscopy: The various cell fractions were fixed in 2.5% 
(v/v) glutaraldehyde (0.1 mol/I phosphate buffer, pH 7.4) and 
posffixed in 1% (w/v) OsO 4 in 0.1 mol/l phosphate buffer. After 
washing in the .same buffer, the samples were dehydrated in suc- 
ccssively 25, 50, 75 and 10(1% (v/v) ethanol and propylenc oxide 
before embedding in araldite. Ultra-thin sections stained with lead 
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Fig. l a  and b. Size distribution of 
unpurified islet ceils. Particle vol- 
umes were measured on suspended 
islet ceils in a Coulter counter (a), 
whereas the cell surfaces were ob- 
tained from semi-automatic image 
analysis of electron micrographs (b). 
Results express the mean of three 
experiments 

citrate and uranyl acetate, were examined in a Zeiss transmission 
electron microscope. Photographs were taken from the total sec- 
tion which was then reconstituted by mounting the prints. The 
surface analysis was carried out on total sections. 

Hormone Assays: The distribution of A, B and D ceils over the 
various cell fractions was evaluated by determination of their 
glucagon, insulin and somatostatin content. Pancreatic polypeptide 
(PP) was barely detectable in rat islet homogenates assayed with 
human PP standard, bovine PP tracer and rabbit antihuman PP 
serum (PP and anti-PP serum were kindly provided by Dr. R. E. 
Chance, Eli-Lilly Research, Indianapolis, Indiana). 

The hormone assays were carried out on dried samples from 
cell extracts in 2 tool/1 acetic acid - 2.5 g/1 BSA; the assay samples 
were resuspended in the corresponding buffers. Each radioim- 
munoassay consisted of a two step incubation at 4 ~ During the 
first incubation period, 100 F1 samples were exposed to 200 ~1 
antibody during 24h for glucagon and insulin, and 16h for 
somatostatin; the guinea-pig anti-insulin serum (final dilution 1 : 3 
• 105) was a gift from Dr. P. H. Wright (when at Indiana Univer- 
sity, Indianapolis), the rabbit anti-glucagon serum (30 K - final 
dilution 1 : 75 • 103) was purchased from Dr. R Unger (Univer- 
sity of Texas, Southwestern Medical School, Dallas, Texas) and 
the rabbit anti-somatostatin serum (final dilution 1:6 x 103) was 
a gift from Dr. De Mey (when at Free Brussels University). After 
addition of 100 91 125I-labelled hormone ( -  7000 cpm), the incu- 
bation was continued for 16 h (insulin), 64 h (glucagon) or 4 h 
(somatostatin). a25-I-insulin (sp. act. 100-150 gCi/~xg) was purch- 
ased from the Institut de Radio-E16ments, Fleurus, Belgium, and 
125I-glucagon (sp. act. 400-550 ~tCi/~tg) from the Centre National 
de Transfusion Sanguine, Orsay, France; 125I-somatostatin (sp. 
act. 150-200 gCi/~tg) was prepared as described earlier [13]. 
Bound and free hormones were separated by dextran-coated char- 
coal (Norit, Fisher Scientific Co., Springfield, New Jersey) and 
the washed pellets counted in a Rackgamma II counter (LKB, 
Bromma, Sweden) which calculated the sample's hormone content 
from standard curves for porcine glucagon, rat insulin and syn- 
thetic somatostatin. The extraction procedure resulted in hormone 
recoveries of > 95%. The insulin, glucagon and somatostatin 
assays were sensitive to respectively 5, 2.5 and 5 pg; intra-assay 
coefficients of variation averaged 5-10% for the three hormones, 
whereas the interassay coefficients of variation were 15 % for insu- 
lin and 20% for glucagon and somatostatin. 

The hormonal content of each cell fraction was calculated as a 
percentage of the total eluted hormone, and as [xg (ng) per 103 
islets or per Fxg DNA. The results were expressed as the mean + 
SEM. 

R e s u l t s  

Islet Cell Preparation 

Afte r  dissociation,  m a n y  islet ceils displayed an irre-  
gular  surface, somet imes  with cytoplasmic extrusions.  
A 20-ra in  i ncuba t ion  in C M R L - 1 0 6 6  med ium,  at 
37 ~ however ,  res tored  the cell 's smooth  and  spher-  
ical appearance .  F i l t ra t ion  of the cell suspens ion  
th rough  a ny lon  screen and  a Percol l  layer  r e moved  
mate r ia l  that  could p rovoke  cell c lumping  and,  hence  
h a m p e r  the e ln t r i a t ion  process. The  islet suspens ion  
thus ob t a ined  con ta ined  most ly  single cells (more  
than  7 0 % )  with less t han  30%  of the cells incorpo-  
ra ted  in  c lumps of two ( 1 5 - 2 0 % ) ,  three  ( 5 - 1 0 % )  or  
four  ( 0 - 5 % )  cells. W h e n  islet dissociat ion was car- 
r ied out  in  the absence  of t rypsin,  m o r e  than  70% of 
the cells r e m a i n e d  aggregated,  whereas  the absence  
of D N a se  resul ted  in c lumping  of the dissociated 
cells. 

E lec t ron  micrographs  of the islet cell p r epa ra t i on  
i l lustrated well g ranu la t ed  A,  B and  D cells, most ly  
with regular  and  spherical  shape. The  cells appea red  
well preserved  with a wel l -deve loped  endoplasmic  
re t icu lum and  no  swelling of the cytoplasmic con-  
st i tuents.  The  p repa ra t ion  consis ted of 6 7 %  B ceils, 
24%  A cells and  6% D cells; necrot ic  cells and  pan -  
creatic exocr ine cells were se ldom observed.  Mor -  
phomet r i c  analysis of 103 islet cells revea led  a bi-  
moda l  d is t r ibut ion  in cell size, with 35%  of the ceils 
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located in the small-size population, and 65% corres- 
ponding to larger cell surfaces (Fig. 1). 

A similar distribution was obtained for islet cell 
volumes, as measured by a Coulter counter (Fig. 1). 

The surface distribution curves plotted separately 
for A, B and D cells indicated that A and D cells are 
smaller than B cells, and thus correspond to the smal- 
ler islet cell population (Fig. 2). 

Centrifugal Elutriation of  Islet Cells 

Cell Distribution: Elutriation fractions I, I[ and llI 
comprised mainly single cells, whereas 70% of the 
cells in fraction IV were clusters of two to four cells. 
The cell counts and DNA measurements showed a 
75% yield in the elutriation fractions, with approxi- 
mately 7% eluting in fraction I, 22% in fraction II, 
39% in fraction III and 32% in fraction IV (Table 1). 
Cell counts may be underestimated since the Coulter 
counter may not completely differentiate between 
clumped and single cells; the DNA content per cell 
might therefore be over-estimated, although parallel 
distributions were noted in cell number, DNA and 
hormone content (Table 1). 

The degree of islet cell separation was examined 
by sizing the cells in the elutriation fractions. More 
than 70% of the cells in fractions I and II measured 
less than 600 ~tm 3, and thus correspond to the small- 
sized islct cell population (Fig. 3). The particles in 
fractions II1 and IV were larger than 600 .ttm 3, indi- 
cating an enrichment in single large-sized islet cells 
(fractions III and IV) or in coupled cells (fraction 
IV). 

Hormone Distribution: The hormonal data demons- 
trates clearly that glucagon- and somatostatin-con- 
taining cells were cluted mainly in fractions I and II, 
whilst most insulin-containing cells were rccovered in 
fractions III and IV (Table 1, Fig. 4). This purifica- 
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tion pattern is compatible with the observed size dif- 
ference of A, B and D cells. The elutriation of 
somatostatin cells was, however, not identical to that 
of the glucagon cells, although both cells exhibit simi- 
lar cell sizes: elutriation fractions I and II were 
indeed twofold less enriched in somatostatin than in 
glucagon, and the somatostatin/glucagon ratio in 
fraction IV was tenfold higher than in unpurified islet 
cells (Table 1). Part of thc somatostatin cells thus 
migrated with the aggregated cell fraction. 
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Fig. 2. Size distribution of A, B and D cells, as determined mor- 
phometrically on electron micrographs of unpurified islet ceils. 
Results express the mean of four experiments 

Table 1, Cell and hormone distribution aftcr centrifugal elutriation of islet cells a 

Fractions Cell count ~ DNA content Insulin Hormone content 

Glucagon Somatostatin 
(10 ~ cells) (lag) (p.g) (ng) (ng) 

Isolated islets - 42.9 + 5.9 95.2 • 7.5 2086 + 185 222 • 17 
Dissociated islet cells 550 • 65 14.7 + 1.9 29.5 + 3.8 1351 • 75 112 + 7 
Elutriation fraction I 28 2:4  0.7 "- 0.2 0.5 +_ 0.1 105 • 7 5 • 1 

lI 85 +__ 10 2.1 -'- 0.3 1.4 • 0.1 641 • 41 25 • 2 
II1 150 -• 20 3.7 • 0.6 8.9 • 0.3 152 • 8 14 _ 1 
IV 127 • 17 4,0 • 0.6 10.3 z 0.5 32 • 4 30 • 2 

a All parameters are calculated for 103 isolated islets; the results arc expressed as mean • SEM (n = 6 for cell count, n = 13 for DNA and 
hormone content) 
b determined in Coulter counter 
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Fig. 4. Hormone distribution in the elutriated fraction I-IV. T h e  
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Electron Microscopy: The ultrastructure of the pu- 
rified islet cells was well preserved, which is consis- 
tent with the small percentage of trypan blue positive 
cells (less than 4%). The cellular composition of the 
elutriated fractions was in accord with the hormonal 
data: fractions I and II were significantly enriched in 
A cells, and, to a lesser extent, in D cells, whereas 
fractions III and IV contained much lower numbers 
of non-B cells than unpurified islet cell preparations 
(Table 2, Fig. 5). The separation technique did not 
affect the size of the islet cells. Surface analysis of the 
elutriated cells also demonstrated that the small islet 
cells eluted in fractions I and II and the large islet 
cells eluted in fractions III and IV (Fig. 3). More than 
90% of the ceils in fraction IV corresponded to B 
cells with a wider surface variation and a larger aver- 
age cell size than those in the single B cell fraction 
III. 

Electron micrographs of fraction IV showed 
many cells closely attached to other islet cells (Fig. 
6); the presence of many BIB and B /D cell couples 

Table 2. Cell composition of elutriated islet cell fractions a 

Fraction Single A ceils B cells D cells 
cells 
( % )  ( % )  ( % )  ( % )  

Dissociated islet cells 7 0  2 4  6 7  6 
Elutriation fraction I > 9 0  61  2 5  9 

II > 9 0  6 5  2 5  8 
H I  > 9 0  5 93  2 
IV < 3 0  < 1 9 5  4 

a T h e  results are expressed as  a percentage of each fraction's cell 
content, and represent the mean of three counts, carried out on at 
least 10 3 cells per fraction 

was readily noted. As suggested by the hormone 
data, fraction IV contained more D cells than A cells 
(Table 2). The D cells in fraction IV displayed the 
same cell size as those in fraction II, and were also 
characterised by multiple long microvilli (Fig. 7); 
their presence in the larger particle fraction might 
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Fig. 5. Electron micrographs of islet cells collected in elutriation fraction II (a) and III (b). The cells in fraction II were significantly smaller 
than those in fraction IIL Fraction II contained mainly A cells and was enriched in D cells; fraction Ill was almost entirely composed of B 
cells (• 3100) 

thus be related to their occurence in cell couples 
(Fig. 6 c). 

Isopycnic Density Gradient Centrifugation of Islet 
Cells 

The applicability of isopycnic density gradient cen- 
trifugation to the separation of islet cells was tested 
by measuring the density of A, B and D cells. This 
parameter  was obtained by determining the densities 
at which the peak hormone levels are measured after 
isopycnic density gradient centrifugation of islet cells. 
The small differences in densities (g/ml) of A 
(1.068), B (1.065) and D (1.070) cells are consistent 
with the considerable overlap in hormone distribu- 
tion and with a low degree of islet cell purification; 
single cells were not isolated from coupled cells. Part 
of these limitations were overcome by applying the 
purified single cell fractions II and III to density gra- 
dients; under these conditions 50 -70% of the insulin 
content was recovered between density 1.060 and 
1.067 g/ml, whereas > 65% of the glucagon and 
somatostatin content had migrated into higher den- 
sities (Fig. 8). Comparison of the hormone ratios 
insulin/glucagon and insulin/somatostatin in the vari- 
ous gradient fractions with those in the initial islet 
cell suspension indicates that isopycnic density gra- 

dient centrifugation of elutriation fraction II pro- 
duced fractions which were 27- and 16-fold enriched 
in respectively A (density 1.067-1.077) and D (den- 
sity 1.070-1.077) cells (Table 3). A similar degree of 
purification is indicated by the increase in glucagon 
or somatostatin content per ~tg D N A  (Table 3). 
However,  the purified A and D cell fractions con- 
tained only 7 and 3% of the initial islet number, 
which is certainly a limiting factor for further analyti- 
cal studies. The hormone ratios indicated similarly 
that elutriation alone produced a single B-cell frac- 
tion III which was threefold enriched in insulin, 
whereas the subsequent density gradient centrifuga- 
tion of fraction III resulted in a final sixfold enrich- 
ment in insulin. The purified B cell fractions con- 
tained 29% (elutriation alone) and 19% (combina- 
tion procedure)  of the initial cell number  (Table 3). 

Discussion 

Although the first method for the preparation of islet 
cells was described in 1966 [23], no techniques have 
so far been reported for the purification of the vari- 
ous islet cell types. Consequently, most in vitro 
studies on the endocrine pancreas have been carried 
out on heterogeneous cell populations such as the 
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Fig. 6. Electron micrographs of elutriation fraction IV, illustrating the existence of cell contacts (arrows) 
between B cells (a, b - • 11400) and between B and D cells (c - • 6125) 
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Fig. 7). Isolated D cell with its characteristic multiplc microvilli 
( x  104) 
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Fig. 8. Hormone distribution after dcnsity gradient centrifugation 
of the A and D cell enriched fraction II and the B cell enriched 
fraction III. The glucagon, insulin and somatostatin content of 
each gradient fraction were expressed as a percentage of the total 
hormone applied onto each density gradient. The results express 
the mean +_ SEM of five experiments. The gradient fractions cor- 
responded to the following densities (g/ml): 6 (1.060-1.064), 7 
(1.064-1.067), 8 (1.067-1070), 9 (1.070-1.073), 10 (1.073- 
1.077) 
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perfused pancreas [24], pancreatic fragments [25], 
isolated islets [14, 26] and dissociated islet cells [12, 
27-30]. The need for homogeneous islet cell prep- 
arations was, however, early recognized, leading to 
the use of B cell rich islets from obese hyper- 
glycaemic (ob/ob) mice [21, 31] and of A cell enrich- 
ed islets from streptozotocin or alloxan diabetic rats 
[32, 33]. Whereas the islets from ob/ob mice repre- 
sent a suitable model for the study of the B cell and 
the insulin release mechanism, they are less appropri- 
ate for examining the role of other islet cell types, 
especially in intercellular communication, and are, in 
addition, less representative for the normoglycaemic 
conditions. The usefulness of B cell destroying agents 
such as streptozotocin or alloxan to prepare A cell 
enriched islets is, on the other hand, questionable in 
view of their effects upon A cells and glucagon 
release 134]. 

The preparation of single rat islet cells required 
the combination of mechanical shear, trypsin and 
EGTA, which is comparable to the dissociation con- 
ditions for pancreatic exocrine cells [35]; the addition 
of DN-ase reduccd cell clumping, as has been 
observed in other systcms [36], whereas the trypsin 
concentration was five- to 50-fold lower than in other 
islet dissociation methods [27, 28, 30]. With the pre- 
sent method, 5 • 105 cells were prepared from 103 
isolated islets, which corresponds to a 35% cell yield. 
Higher cell yields have been reported for dissocia- 
tions without enzymes [12], which are however less 
successful in producing single cell preparations. After 
filtering and incubating the dissociated cells, clean 
cell suspensions were obtained with mainly spherical 
and single cells: these characteristics fulfill the 
criteria for both the measurement of islet cell vol- 
umes and densities and the purification of islet cells. 

As the densities of A, B and D cells differ only 
slightly, this parameter does not form the basis for 
major differences in sedimentation velocity. The rec- 
ognition of two islet cell populations differing in cell 
size and corresponding to small-sized A and D cells 
and large-sized B cells indicates however that cell 
separation techniques, based upon differences in 
sedimentation velocity, can be used for the separa- 
tion of A and D cells from B cells. 

Among the methods which separate cells accord- 
ing to their sedimentation velocity, centrifugal elu- 
triation has been described as a gentle, sensitive and 
rapid technique with high cell recovery and minimal 
cell aggregation [10, 19, 36, 37]. This is particularly 
attractive for islet cells, in view of their relatively long 
preparation time (2-2.5 h) and the low initial cell 
number. The usefulness of counterflow centrifuga- 
tion in islet cell separation is evident from its short 
duration (35 min), its high cell recovery (75%) and 
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Table 3. Parameters expressing the degree of islet cell purification 

Fraction Cell yield Hormone ratio Hormone content (ng/jxg DNA) 
INS/GLU INS/SOM Insulin Glucagon 

(%) 
Somatostatin 

Dissociated islet ceils 100 
Elutriation fraction II 16 • 2 
Elutriation fraction II after gradient centrifugation 

density 1.067-1.077 g/ml 7 • 1 
density 1.070-1.077 g/ml 3 • 1 

Elutriation fraction III 29 • 3 
Elutriation fraction III after gradient centrifugation 

density 1.060-1067 g/ml 19 • 2 

21.5 •  263 • 38 2075•  8 5 •  10 7 .6 •  
2.3 • 0.2 57 • 4 663 • 49 375 •  12.1 • 1.3 

0.8 • 0.1 33 • 3 < 500 > 1500 > 150 
0.8 • 0.1 16 • 2 < 500 > 1500 > 150 

58.5 •  564 • 70 2450 • 275 4 1 •  3.8 • 0.4 

130.2 • 9.4 1120 • 195 2495 • 275 20 • 3 1.8 • 0.4 

INS/GLU = insulin/glucagon; INS/SOM = insulin/somatostatin. Results are expressed as the mean of five experiments • SEM 

m i n i m a l  cell  c lumping ,  a n d  f rom its ab i l i ty  to  s e p a -  
r a t e  single f rom c o u p l e d  cells, and  A and  D cells f r om 
B cells.  T h e  v iab i l i ty  of  the  pu r i f i ed  is let  cells  was  
d e m o n s t r a t e d  by  the  low p e r c e n t a g e  t r ypan  b lue  
pos i t ive  cells ( <  5 % ) ,  by  the i r  u l t r a s t ruc tu ra l  in teg-  
r i ty  and  the i r  s ec r e to ry  r e spons ivenes s  a f te r  a cu l tu re  
p e r i o d  ( u n p u b l i s h e d  obse rva t ions ) .  

T h e  ava i lab i l i ty  of  is le t  cell  p r e p a r a t i o n s  wi th  dif-  
f e ren t  cell  c o m p o s i t i o n  wou ld  a l low c o m p a r a t i v e  
s tudies  which  cou ld  clar i fy each  cell  t y p e ' s  impac t  
on  n e i g h b o u r i n g  cel ls '  funct ions .  A m o r e  p r o f o u n d  
( sub)ce l lu l a r  analysis  of  A o r  D cells requ i res ,  how-  
ever ,  add i t i ona l  pur i f i ca t ion  steps,  such as i sopycnic  
dens i ty  g r a d i e n t  cen t r i fuga t ion  which  resul t s  in a f inal  
27 - fo ld  e n r i c h m e n t  in g lucagon  and  16- fo ld  en r i ch -  
m e n t  in soma tos t a t i n ;  the  low cell  y ie ld  of  this  p r o c e -  
du re  ( <  10% of  t he  unpur i f i ed  is le t  cell  p o p u l a t i o n ) ,  
however ,  m a k e s  fu r the r  s epa ra t i ons  of A o r  D cells 
d e p e n d e n t  on  t echn iques  for  the  la rge  scale  i so la t ion  
of  islets  [38]. D e n s i t y  g r a d i e n t  cen t r i fuga t ion  of  the  
s ingle B cell  f rac t ion  I I I  inc reases  the  p e r c e n t a g e  B 
cells f r om 93 to  9 8 % ,  whi le  r educ ing  the  cell  y ie ld  by  
a lmos t  4 0 % ;  cond i t ions  shou ld  t h e r e f o r e  be  se l ec t ed  
w h e r e b y  fu r the r  pur i f i ca t ion  of  the  B cell  en r i ched  
e lu t r i a t i on  f rac t ion  is essent ia l .  

T h e  c o u p l e d  is let  ceils  we re  r e c o v e r e d  a lmos t  
en t i r e ly  in e lu t r i a t i on  f rac t ion  IV,  which  also con-  
t a i n e d  3 0 %  single cells.  B o t h  h o r m o n e  d a t a  and  e lec-  
t r on  m i c r o g r a p h s  d e s c r i b e d  f rac t ion  I V  as a B cell  
e n r i c h e d  p r e p a r a t i o n  ( 9 5 %  B cells)  and  thus  i den -  
t i f ied  the  m a j o r i t y  of  its single and  c o u p l e d  cells as B 
cells. T h e  e lu t ion  of  smal l  s o m a t o s t a t i n  cells in f rac-  
t ion  I V  migh t  be  a t t r i b u t e d  to  the i r  pa r t i c i pa t i on  in 
cell  coupl ing ,  w h e r e a s  the  c o n c o m i t a n t  ab sence  of A 
cells ind ica tes  a h ighe r  coupl ing  t e n d e n c y  of  D ceils. 
T h e  n o t i o n  of av id ly  coupl ing  D ceils w o u l d  b e  con-  
s is tent  wi th  ea r l i e r  r epo r t s  on  a c lose  t o p o g r a p h i c  
i n t e r - r e l a t i o n s h i p  b e t w e e n  s o m a t o s t a t i n - c o n t a i n i n g  
cells a n d  p r o x i m a l l y  o r  d is ta l ly  l oca t ed  cells [2, 39, 
40].  I t  is t e m p t i n g  to  visual ize  the i r  mu l t i p l e  long  

microvi l l i  as an a n a t o m i c a l  basis  for  fac i l i t a ted  cell  
contacts .  F u r t h e r  e x p e r i m e n t s  shou ld  h o w e v e r  d e t e r -  
m ine  the  n a t u r e  and  phys io log ica l  s ignif icance of  
these  cell  coupl ings  and  shou ld  e x a m i n e  the  d e p e n -  
d e n c y  of  the  B-ce l l  s ec re to ry  ac t iv i ty  on  j unc t iona l  
act ivi ty.  T h e  p r e s e n t  pur i f i ca t ion  m e t h o d  p rov ides  a 
useful  m o d e l  for  such s tudies  as it  resul ts  in the  p r e -  
p a r a t i o n  of b o t h  single and  c oup l e d  B cells. 
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