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Summary. Pancreatic islets, isolated from the pancreas 
of obese-hyperglycemic mice, were used to prepare free 
islet cells in suspension. Batches of 100 islets were dis- 
rupted by meeha.nieal shaking for 10 see in a Ca~+-free 
HEPES-buffered Krebs-Ringer medium containing 1 mM 
EGTA. From 200--500 islets, about 2.2 • 106 cells could 
be obtained in suspension, corresponding to a yield of 
roughly 55% as calculated from the content of DNA in 
cells and islets. The isolated islet cells appeared well- 
preserved in the light and the electron microscope and 

seemed to exhibit a high degree of viability as judged by 
viable cell counts, a radioactive assay for lysis and insulin 
release. Insulin release from islet cell suspensions, as cal- 
cuIated per cell, per content of DNA or insulin or per 
packed cell volume, was stimulated by glucose alone or 
iu combination with theophylline. The glucose response 
was low compared with that of intact isolated islets. 

Key words : Isolated islet cells, ob/ob mouse islets, islet 
disruption, DNA content, insulin release. 

Pancreatic islets isolated by  freehand microdissec- 
tion [7, 11] or by  collagenase t rea tment  of the pancreas 
[22, 15] are extensively used for studying the mecha- 
nisms of insulin and glucagon secretion, tIowever, the 
isolated islet is a complex model, not only because it 
contains at  least four types of endocrine cells [14, 10] 
but  also because other structural  elements are present, 
such as blood vessels, a surrounding connective tissue 
capsule and basement membranes.  The lat ter  structures 
constitute possible barriers which could well interfere 
with molecules' entering or leaving the incubated, iso- 
lated islet, especially as it has lost its capillary system. 
I t  was therefore considered of value to develop a proce- 
dure for the isolation of free islet ceils, which could 
then be studied in suspension. The availabil i ty of a 
free islet cell suspension should make it possible to 
s tudy the direct effects of any substance on the isolated 
cells and permit  more detailed investigations of trans- 
por t  kinetics uncomplicated by  consideration of dif- 
fusion in an extracellular space. 

The present communication describes a non-enzy- 
matic technique for dispersing the cellular elements of 
pancreatic islets isolated by  collagenase t rea tment  of 
the pancreas from obese-hyperglycemic mice. These 
animals were chosen since a considerable number  of 
enlarged fl-cell-rich islets could easily be isolated. 

Materials and Methods 

Chemicals 

Crude collagenase (142 U/mg) was obtained from 
Worthington Biochemical Corp., Freehold, N.J .  Sigma 
Chemical Co., St. Louis, Me. supplied the hyaluroni- 
dase (Type I I I ,  600 NF Units/rag), pronase (protease, 
repurified type IV), bovine serum albumin, fraction V 
(BSA), calf thymus  DNA and theophylline. D-glucose, 

1,2-di(2-aminoethoxy)ethane-N,N,N',N'-tetra acetic 
acid (EGTA) and N-2-hydroxyethylpiperazine-N'-2- 
ethane sulphonic acid (HEPES) were from British 
Drug Kouses Ltd., Peele, Dorset, U .K.  AB Kabi,  
Stockholm, Sweden, supplied the human serum albu- 
min, grade A (HSA), New England Nuclear, Boston, 
Mass., the 51Cr-sodium chromate and Aldrich Chemical 
Co., Milwaukee, Wis., the 3,5-diaminobenzoic acid di- 
hydrochloride (DABA). msI-insulin was from Farb- 
werke Hoechst  AG, Frankfurt/Main, Germany, and 
insulin antibodies from Wellcome l~eagents Ltd., 
Beckenham, Kent,  U.K.  Glucagon antiserum (batch 
K 52) and 125I-labelled glueagon were kindly donated 
by Dr. Lise G. Heding, Nova Research Inst i tute ,  Co- 
penhagen, Denmark.  Crystalline mouse insulin and 
crystalline porcine glucagon were generously supplied 
by Nova Indus t ry  A/S, Copenhagen, Denmark. Com- 
mercially available reagents of analytical grade and 
distilled and deionized water were used throughout the 
investigation. All glass and plastic ware coming in con- 
tact with tissues or cells was siliconized with Siliclad| 
(Clay Adams, Parsippany, N.J.). 

Incubation Medium 
The medium employed was a Krebs-Ringer solu- 

t ion [30] buffered with H E P E S  (pH 7.3). The basal 
medium, which will be referred to as KI~-I-IEPES me- 
dium, contained 115 m ~  NaC1, 4.7 mM KC1, 2.56 mM 
CaC12, 1.2 mM KH2PO 4, 1.2 mM MgSO4.7 H20, 20 mM 
NaHCO 3 and 16 mM HEPES.  All incubations were 
carried out at 37~ after equilibrating the medium 
with air. 

Animals and Isolation of Islets 
Adult, female obese-hyperglycemic mice (gene 

symbol ob/ob) from a local colony were starved over- 
night before being killed by  decapitation. Islets were 
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isolated by  eollagenase t rea tment  of the pancreas [22, 
15]. In  each experiment, the panereata from two ani- 
mals were placed in K R - t I E P E S  medium containing 
1 mg/ml BSA and 5 mM glucose. The pancreatic tissue 
was cut into small pieces (ca. 2 • 2 mm) which were 
incubated in ordinary glass scintillation vials in 2 ml 
of the same medium supplemented with 3 mg eollage- 
nase. After incubation for 20 rain at 37 ~ C with rapid 
shaking (240 strokes/min) the incubation mixture was 
transferred to a conical tube (110 • 15 mm), resus- 
pended to I0 ml with collagenase-free medium and 
centrifuged (Wifug, Stockholm, Sweden) at room tem- 
perature for 3 rain at 300 r.p.m. The supernatant was 
discarded and the sediment resuspended in fresh Kt~- 
t tEPES  medium. This washing procedure was repeated 
five times; in the last two washings the islets were 
allowed to settle without centrifugation. The final sedi- 
ment  was transferred to a perspex cup. Under a stereo- 
microscope 200--500 islets were collected with the aid 
of a braking pipette. These steps in the isolation pro- 
cedure took roughly 30--40 min. 

Isolation of Free Islet Cells 
The procedure for isolating free islet cells will be 

described in detail in the Results section. 

Counting of Cells 
Cell numbers were determined by  simple counting 

in a haemocytometer .  Samples of free islet cell suspen- 
sions were stained with a solution containing 0.1% 
(w/v) methylene blue, 0.125% (w/v) glutarMdehyde 
and 1 mM EGTA in Ca~+-free K R - t t E P E S  medium. 
The cells were allowed to stand in this solution for 5--  
10 rain at room temperature  and the suspension was 
gently shaken before samples were transferred to the 
haemocytometer .  

Preparation of Free Islet Cells for Electron Microscopy 
Because of the small amounts of material  available, 

the entire preparat ive procedure for electron micro- 
scopy was carried out in BEEM-capsules (LKB-Beek- 
man Ins t rument  AB, Stockholm, Sweden). The isolated 
cells in suspension were fixed by  adding ice-cold gluta- 
raldehyde in 0.1 M phosphate buffer (pH 7.3) to the 
suspension medium. Fixation t ime was 2 hr at  4 ~ C. 
The cells were then centrifuged down and washed by  
resuspension in the phosphate buffer containing 0.2 M 
sucrose. They were post-fixed in 1% phosphate-buf- 
fered osmium tetroxide (pH 7.3) for 1 hr at  4 ~ C. After 
rinsing in distilled water, the cells were again centri- 
fuged, the pellets were dehydrated in a graded series 
of ethanol, and via propylene oxide they were embed- 
ded in Epon 812 [19]. Sections were cut on an L K B  
ultratome, stained with lead citrate and uranyl acetate 
and examined in a Philips EM 300 electron microscope. 

Viability Tests 
~ To estimate cell viability, a cytotoxic assay was 
used as described by  Wigzell [31]. This assay is based 

on 51Cr-labelling of intact  cells and was carried out in 
K R - H E P E S  medium containing 10 mg/ml HSA and 3 
or 20 mM glucose. Viable cell count was performed 
with 0.2% (w/v) t rypan  blue alone [21] or with t rypan  
blue and neutral  red used in sequence as described by  
DeRenzis and Schechtman [2]. 

Chemical Assays 
Insulin and glueagon were determined radioimmu- 

nologically. Free and antibody-bound hormone were 
separated by  ethanol precipitation [5, 6]. Mouse insulin 
and porcine glucagon were used as standards. DNA 
was determined by the Kissane-Robbins [12] fluoro- 
metric assay as modified by Clark [1]. All samples for 
assay of DNA were freeze-dried and sonicated (Branson 
Sonic Power Co., Danbury,  Conn. Sonifier B-12 equip- 
ped with a microtip and run at a meter  reading of 
50 W for 15 sec) before extraction. Calf thymus DNA 
in a range of 0.05--1.6 ~g/10 ~l water  was used as 
standard. 

Results 

Disruption of Pancreatic Islets 
A) Washed eollagenase-isolated islets were trans- 

ferred to fresh Ca~+-free K R - H E P E S  medium contain- 
ing 1 talk EGTA, 3 mM glucose and 10 mg/ml tISA. 
Batches of 100 islets per 200 ~1 medium in polypropy- 
]ene micro test  tubes (Milian Ins t ruments  SA, Geneva, 
Switzerland) were shaken for 10 see in a modified Beck- 
man micromixer (Beckman Ins t ruments  SA, Geneva, 
Switzerland, Model 154). Shaking for 10 or 15 sec was 
sufficient to completely disrupt the islets (Fig. 1). I t  
was obvious tha t  the longer the shaking time, the 
smaller the number of intact  cells recovered. Omission 
of both Ca 2+ and Mg 2+ from the medium did not  in- 
crease the number of free cells tha t  could be isolated 
from 100 islets (Fig. 1). High concentrations of serum 
albumin (4--5%, w/v) or the absence of EGTA imped- 
ed islet disruption. 

B) The dispersive effects of enzyme-treatment  on 
isolated islets were also studied. Batches of 30--40 
islets Were incubated for 30 to 60 min in the presence 
of either 1 mg/ml crude collagenase and 2 mg/ml hyalu- 
ronidase or 2.5 mg/ml pronase. In  neither case did the 
enzyme t rea tment  by  itself cause islet disruption. How- 
ever, free cells could easily be obtained by  shaking 
after the enzyme t reatment .  

Recovery of Free Cells 
The free cell suspensions obtained by  method A) 

above were carefully transferred to plastic tubes (9 • 
30 mm) and diluted 1 : 4 with EGTA-Iree K R - t t E P E S  
medium containing Ca 2+ and 10 mg/ml ttSA. The sus- 
pension was washed three times at  room temperature  
by  repeated centrifugation for 1 min at  50 • g, and 
the cells were carefully resuspended. An average num- 
ber of free cells obtained after this procedure is given 
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in Table  1. I n  each expe r imen t  200- -500  is le ts  were 
i so la ted  f rom the  p a n c r e a t a  of two animals .  

I n  a sepa ra te  exper iment ,  the  mean  is le t  d r y  weight  
in ba tches  of 50 - -100  is lets  was de t e rmined  and  found  
to be rough ly  3 ~g. The  a m o u n t  of D N A / ~ g  d r y  is le t  
was e s t i m a t e d  to  1.8% (Table t).  The D N A  con ten t  
per  i s le t  cell was found  to  be a b o u t  5 pg (Fig. 2 and  
Table  1). F r o m  these  figures i t  could be ca lcu la ted  t h a t  
the  a p p r o x i m a t i v e  number  of cells p resen t  in 200- -  
500 is le ts  was 4.1 • 106. As shown in Table  1, 2.2 • 
106 ceils could be recovered  f rom each b a t c h  of islets.  
Thus  the  y ie ld  of i so la ted  ceils a m o u n t e d  to  r ough ly  
55% of the  t o t a l  n u m b e r  of cells p resen t  in the  islets.  
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Fig. 1. Effect of time on the disruption of isolated islets 
by shaking. Batches of 100 islets per 200 FI I{rebs-]~inger 
1-IEPES medium were shaken in polypropylene micro test  
tubes.  At  15 see intervals the shaking was in ter rupted  
and a sample was removed for cell counting. The medium 
was supplemented with 1 mM EGTA with eigher Ca 2+ 

(O--Q) or both  Ca 2+ and Mg e+ (O--O)  omit ted 

Ceil Morphology 

U n s t a i n e d  free is le t  cells, e x a m i n e d  in the  haemo-  
cy tome te r ,  a re  shown in Fig.  3. The cells showed some 
t e n d e n c y  to  clump. A l t h o u g h  the  v a s t  m a j o r i t y  of the  
ceils were r o u n d  in out l ine  and  seemed to  be i n t ac t ,  
occasional  i so la ted  nuclei  were observed,  as were cells 
wi th  s l igh t ly  i r regu la r  or even t o r n  contours .  A n  iso- 
l a t ed  fl-cell as v i sua l ized  in the  e lec t ron  microscope is 
dep ic t ed  in Fig.  4. The cell is well  p rese rved  and  ex- 
h ib i t s  a l l  the  fea tures  of a n o r m a l  fi-cell as descr ibed  
in  numerous  e lec t ron  microscopica l  inves t iga t ions  on 

Table 1. Islets for D N A  determinations were microdisseeted 
from the pancreas of obese-hyperglycemic mice. The islets 
were frozen in melting isopentane (--160~ freeze-dried 
overnight (--40 ~ C, 0.001 mm Hg) and weighed on a quartz 
fiber balance. Batches of islet weighing 10--100 ~g were ex- 
tracted for D2VA analyses. The amounts of D N A  per cell 
were calculated from Fig. 2. To prepare free islet cells, 200-- 
500 islets were isolated in each experiment. In  a separate 
experiment the mean islet dry weight in batches of 50--100 
islets was found to be roughly 3 ~g. From this figure, the 
approximate total islet dry weight and the approximate total 
number of cells in the islet batches were calculated. The 
number of free islet cells was counted in samples taken from 

suspensions of cells immediately upon isolation 

Parameter No. of Mean value ~ SEM 
exp. 

ng DNA/~g dry  islet 10 18.34• 1.94 
pg DNA/cell  37 5.12 • 0.24 
No of islets used for 
preparing free cells 10 380 ~ 24 
Approx.  to ta l  islet dry  
weight (~xg) 10 1140 =~ 74 
Approx.  to ta l  no. of cells 
present in the isolated 
islets ( • 106) 10 4.10• 
No. of isotated free islet 
cells ( •  106) 10 2.23=~0.33 
% cell yield 10 55 ~: 8 
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Fig. 2. :Relationship between the number  of free islet cells 
and content of DNA. Immedia te ly  upon isolation, dupli- 
cate samples of free islet cells in four different experiments 
were serially di luted in Krebs -g inger  I-IEPES medium 
containing 5 mM glucose and 10 mg/ml l ISA.  Number  of 
cells and content of DNA were determined in duplicate  
samples from each dilution. The regression line was y = 
0.20ix • 0.017, the  regression coefficient being r = 

0.9539 (n ----- 37) 

D i a b e t o l o g i a ,  V o l .  10  30  
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mouse pancreatic islets. The granule population is 
dense and the individual granules show their charac- 
teristic dense core separated from the perigranular 
membrane by  an electron-lucid space. The endoplas- 
mic reticulum is well-developed and mitocbondria of 
classical type are dispersed throughout the cytoplasm. 

Occasional fi-cells showed certain degenerative fea- 
tures such as peripheral, cytoplasmic blebs, widened 
and distorted cisternae of the endoplasmie retieulum, 
disruption of perigranular membranes within certain 
cytoplasmic areas and a general decrease in electron 
density of the cytoplasmic ground substance. 

In  the electron microscopic s tudy of large numbers 
of isolated islet cells connective tissue elements or 
exoerine cells were rarely encountered. 

Cell Viability 
The viability and/or stabil i ty of the isolated islet 

cells was studied in separate experiments. In  islet cell 
samples immediately upon isolation, 17 ~: 3% (mean 
value ± SEN[ for 5 experiments) of the cells took up 
t rypan  blue. The relative number of stained cells did 
not change significantly if the cells were incubated for 
5--60 min in the presence of 3 mM or 20 mN[ glucose. 

To establish whether loss of cells occurred, e.g. due 
to lysis, cell counts were performed before and after 
incubation for 120 rain. About 3.3 4- 0.4 × 104 cells 
(mean value ~ SEN[ for six experiments) were first 
preincubated for 60 rain in 5 ml K R - H E P E S  medium 
containing 3 mM glucose. After eentrifugation (5 rain 
at  50 × g) and removal of 4.8 ml of the medium, the 
cells were resuspended and incubated for an additional 
60 min in 2 ml of fresh medium. After a final eentri- 
fugation, the number of cells recovered amounted to 
3.4 ± 0.5 × 104 (mean value ~: SEM for six experi- 

Fig. 3. Free islet cells suspended in Krebs-t~inger HEPES 
medium containing 3 mM gIueose and l0 mg/ml I-ISA and 

examined in the haemoeytometer. X330 

Fig. 4. :Electron mierograph of an isolated pancreatic 
#-cell. X7500 
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Fig. 5. Radioactivity of 51Cr release from prelabelled free 
islet cells (about 104 cells per tube) incubated in Krebs- 
t~inger HEPES medium containing 3 mM glucose and 
10 mg/ml I-ISA. The superna.tant was obtained after cen- 
trifuging the cells at 300xg for 2 rain. Mean values ± 

SEM for four different experiments 
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ments) .  F u r t h e r  evidence t h a t  lysis  d id  no t  occur was 
ob t a ined  b y  i ncuba t ing  5~Cr-labelled is le t  cells for 5 - -  
60 rain. There  was no s ignif icant  increase  of free rad io-  
a c t i v i t y  in t he  m e d i u m  (Fig. 5). 

con ta in ing  3 mM glucose. The suspensions were then  
cent r i fuged for 5 min  a t  50 • g. The cell pel le ts  were 
r a p i d l y  frozen and  were f reeze-dr ied before being as- 
sayed.  The conten ts  of insul in  and  glucagon a m o u n t e d  

Table 2. Effects of glucose and theophylline on insulin release from free islet cell 
suspensions. A )  Insulin release per cell or ~.g D N A .  Free islet cells (about 1.3 • 105 
cells per tube) were first preincubated for 60 rain in 5 ml K R - H E P E S  medium con- 
taining 3 m M  glucose and 10 mg/ml H S A .  Following centrifugation at room tempera. 
ture for 5 rain at 50 xg, 4.8 ml medium was removed for insulin determination and the 
cell pellet was resuspended in 2 ml medium supplemented as indicated in the table. The 
cells were incubated for 60 rain, centrifuged again and the supernatant was removed for 
insulin assay. Number of cells and content of D N A  were estimated in samples from 
.four separate tubes taken after the prestimulatory period. B) Insulin release in per cent 
of total content. Washed free islet cells (about 0.5-- 1.0 • 10 ~ cells~tube) were first prein- 
cubated for 15 rain in 110 ~l medium containing 1 m M  glucose and 10 mg/ml H S A .  
Following centrifugation at room temperature for 1 rain at 350 xg, 300 ix/medium was 
removed for insulin determination and the cell pellet was resuspended in 310 ~l medium 
supplemented with I m M  or 20 rnM glucose. The cells were incubated for 60 rain, centri- 
fuged again and 300 ~l medium was removed for insulin assay. The remaining volume, 
containing the cell pellet, was immediately frozen in melting isopentane (--160~ 
freeze.dried and assayed for content of insulin. C) Insulin release per mm 3 PCV.  
Washed free islet cells (about 1.4 • 10 G cells~tube) were first preineubated for 60 rain in 
5 ml K R . H E F E S  medium containing 3 m M  glucose and 10 mg/ml H S A .  Following 
centrifugation at room temperature for 5 rain at 50 xg, 4.5 ml medium was removed for 
insulin determination and the cell pellet was resuspended in the remaining volume. The 
suspension was then distributed in 50 ~l volumes to microcentri.fuge tubes (Fig. 6) 
containing 400 ~l medium with 3 m M  or 20 m M  glucose. The cells were incubated for 
60 rain, and then centrifuged at room temperature for 5 rain at 1000 xg. The incubation 
medium was removed ]br insulin assay and the length of the cell pellet was measured to 
determine the packed cell volume ( JPC V). The PC V for cells incubated at 3 m M  glucose 
was 1.31 4- 0 . l l  mm a and at 20 m2Yi glucose 1.31 4- 0.10 mm 3 (mean values • S E M  for 
12 experiments). Mean values 4- S E M  for the number of experiments shown within 
parentheses. Each experiment comprised three incubations with either glucose concentra- 
tion, the mean value of which was entered as one observation in the statistical treatment. 
For statistical testing of the effect of glucose, t-values were computed from the mean 
values 4- S E M  of the differences between parallel incubations at 3 or 20 m2Vl glucose 

Glucose Theophyllin e 
conch, conch. 

Insulin release per 60 min 
pg insulin/cell ng insulin/tzg DNA 

3 mM 0 mM 0.524-0.149 64:~23 
(7) (8) 

20 mM 0 m3/I 0.764-0.15" 964-28* 
(7) (8) 

Effect of 20 mM glucose: * P < 0.0i 

3 mM 5 mM 0.414-0.15 554-19 
(7) (8) 

20 mM 5 mS([ 0.92• 1234-15"* 
(7) (8) 

Effect of 20 mM glucose: * P < 0.01 
�9 * P < 0.005 

~ of to ta l  ng insulin/mm 3 PCV 
insulin content  

1 or 3 mM 0 mM 6.544-1.31 260=~55 
(12) 02) 

20 mlV[ 0 rnM 9.914.1.89" 3574-70** 
(12) (12) 

Effect of 20 mM glucose: * P <  0.02 
�9 * F < 0.005 

Contents of Insu l in  and Glucagon 

The cell conten ts  of insul in  and  g lucagon were de- 
t e r m i n e d  af te r  i ncuba t ion  of the  cell suspensions ( N/05 
cells per  tube)  for  120 rain in  K R - t I E P E S  med ium 

tO 2950 ~: 102 ng / tube  and  5.6 ng / tube  respec t ive ly  
(mean values  -b SEM for 24 tubes  f rom three  different  
exper iments) .  The insu l in :g lucagon  ra t io  on a weight  
basis  t hus  ave raged  500:1.  

30* 
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Insul in  Release 

The effect of glucose alone or in combination with 
theophylline on the release of insulin from free islet 
cells ~ suspension is summarized in Table 2. The 
amounts of insulin released were calculated and ex- 
pressed in the following four ways: 1. pg insulin per 
cell, 2. ng insulin per ~g DNA, 3. insulin release in 
percent of to ta l  content and 4. ng insulin per m m  3 
packed cell colume (PCV). The experimental  details 
are given in the legend to Table 2. The appearance of 
the cell pellet in the capillary centrifuge tube [27] used 
for PCV-determination is shown in Fig.  6. As seen in 
Table 2, the basal insulin release obtained at  low glu- 
cose concentrations (1 or 3 raM) was increased by  

hibit a high degree of viabil i ty as judged by  viable cell 
counts, a radioactive assay for eell lysis, and their 
insulin-releasing capacity. The cells in general appeared 
to be well preserved in both the light and the electron 
microscope. I t  may  be added tha t  a separate experi- 
ment  showed tha t  the isolated cells could be main- 
tained in a monolayer culture (Eagle minimal essential 
medium containing 20~o (v/v) calf serum) for at  least 
7--8  days. These findings indicate tha t  disruption of 
the pancreatic islets does not seriously affect indivi- 
dual, isolated islet cells. 

Islet cells have previously been isolated by, for 
example, gentle squashing [24] or by  enzymatic treat-  
ment  of the islets with eollagenase and hyaluronidase 

Table 3. Recovery of 125I-insulin incubated with free islet 
cells. Free islet cells (about 1.0 • 105 cells per tube) were 
first preincubated for 60 rain in 5 ml K R ~ H E P E S  medium 
containing 3 m2VI glucose and 10 mg/ml HSA.  JFollowing 
centrifugation at room temperature for 5 min at 50 xg, the 
cell pellet was resuspended in 2 ml of medium supplemented 
with 200 pg 1251-insulin (200 mCi/mg) and incubated for 
60 rain. Samples were removed to determine total radioactiv- 
ity in suspension. The cells were centrifuged and samples 
were talcen to determine radioactivity in the supernatant. 
125I-insulin in each sample was precipitated in 10% (w/v) 
triehloroacetic acid ( TCA ) ; the precipitate was centrifuged 
and washed with 10% TCA before being counted in a Pack- 

ard gamma spectrometer. Mean values ~ S E M  

Incubation No. of Supernatant radioactivity 
time exp. in ~o of total radio- 

activity in suspension 

i5 rain 6 97~:0.6 
30 rain 6 96 ~: 1.0 
60 rain 6 96=[:0.9 

roughly 50% when the glucose concentration was 
raised to 20 mM. This effect was slightly potentiated 
by  5 mM thcophylline. 

Possible breakdown of insulin during the incuba- 
t ion procedure was studied by  adding 125I-insulin to 
the cell-containing incubation medium and measuring 
the recovery of TCA-precipitable l~sI-insulin (Table 
3). After 60 min bf incubation 96~ of the to ta l  radio- 
act ivi ty in the cell suspension could be recovered in 
the supernatant  after centrifugation. 

For comparison, intact, collagenase-isolated islets 
were incubated as described previously [16]. As is ap- 
parent  from Table 4, the insulin release from these 
islets increased some 8--9  fold when the glucose con- 
centration was raised from 3 to 20 mM. This increase 
was markedly potentiated by  theophylline. 

Discussion 

The technique described would seem to offer cer- 
tain advantages in studies on the endocrine pancreas. 
Without  extensive manipulation, free islet cells in fair- 
ly good yields can be isolated within a reasonable 
period of time. The free cells obtained seemed to ex- 

Fig. 6. Pellets of free islet cells in the capillary centrifuge 
tube used for packed cell volume determinations. The 
upper part  of the Trubore| precision glass (Ace Glass 
Inc., Vineland, N.J.) tube is 35 mm long with an internal 
diameter of 5 ram. The lower part  is 10 mm long, the 
internal diameter being 0.508 =~ 0.0013 ram. The conical 

connection between the two parts is 5 mrn long 

[9] or t rypsin [26]. Such methods have yielded limited 
numbers of cells, although sufficient for histochemical 
[24, 17] or interferometric studies [25, 26]. Free islet 
cells were recently prepared by  Krause et al. [13] from 
isolated ra t  islets first incubated in a Ca ~+, Mg~+-free 
medium and then disintegrated by  aspiration through 
a syringe-needle. The release of insulin from the re- 
sulting suspension of islet cells was stimulated with 
sulfonylureas but  not with glucose. 

In  the present study, islets were isolated from the 
pancreas of the obese-hyperglycemic mouse. This ma- 
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terial is advantageous, as these pancreata not only 
contain considerable numbers of enlarged islets, but  
the lat ter  also consist mainly of insulin-producing fi- 
cells [8]. In  the islet cell suspensions, glucagon-produe- 
ing e~-cells constituted only a minor fraction. This 
was established both histologically and by  direct 
measurements of glucagon in extracts from isolated 
cells. These results, together with published data on 
e2-cell dry  weight [24] and glucagon content [20], seem 
to indicate tha t  roughly 3~o of the isolated cells were 
of the ~2 type. 

Isolated cell preparations in general are advanta-  
geous in tha t  experimental  findings can be expressed 
on a "per cell" basis. However, accurate determination 

I t  has been suggested tha t  secretion from intact  
islets may  depend on the integri ty of couplings be- 
tween the individual fl-eells [23]. The disruption of 
such couplings could perhaps in par t  explain why the 
free islet cells seemed to exhibit a reduced secretory 
response to glucose, although this reduction is largely 
accounted for by an increase of the apparent  secretory 
rate at  low glucose concentrations. Studies are in pro- 
gress to help answer the question whether there 
was a t ruly  enhanced basal secretion from all free cells 
or merely a contamination of the cell suspension with 
insulin from a few, seriously damaged fl-eells. I t  should 
be emphasized tha t  in all the experiments reported 
here, glucose exerted a clear-cut st imulation of insulin 

Table 4. Effect of glucose and theophylline on insulin release from collagenase-isolated 
mouse islets. Islets were first preincubated for gO rain in H E P E S  buffered Krebs-Ringer 
medium containing 3 m M  glucose and 1 mg/ml B S A .  They were then incubated for 
60 rain in 300 ~l medium supplemented as indicated. The amounts of insulin released 
are expressed as ng/~g dry islet per h. Mean values ~: SE3/I for the number of experi- 
ments indicated within parentheses. Statistical signifieances were estimated from the 
mean differences between parallel test and control incubations with islets from the same 

animals 

Glucose Theophylline Insulin release (ng/~g dry islet per hr) 
eoneu, concn, p-vMue for effect 

of glucose 

3 mM 0 0.30~0.07 
(S) 

20 mM 0 2.63• 1.01 
(8) 

3 mM 5 mM 0.66• 
(8) 

20 mM 5 mM 14.71• 
(8) 

< 0.05 

< 0.0Ol 

of cell numbers is an important  factor in any  such 
system. In  the present study, therefore, the time-con- 
suming, and only limitedly accurate, direct cell counts 
were complemented by  DNA determination. A simple 
alternative to these procedures is the determination of 
packed cell volumes, which may  well suffice for eertMn 
types  of experiments. 

The values for to ta l  DNA content per ~g islet dry  
weight in the mice employed are in agreement with 
those reported for normal mouse [4] and ra t  pancreatic 
islets [3, 28]. The amount  of DNA found per free islet 
cell was 5.21 pg. The DNA content of ra t  pancreatic 
cells has previously been estimated to 7--10 pg/cell 
[29, 18]. From the values of DNA content per ~g dry 
islet and per islet cell, the number  of cells per 3g islet 
dry  weight can be calculated to 3600. Disregarding 
islet elements other than  the endocrine cells, the dry 
weight of each islet cell would be of the order of 280 pg. 
In  interferometHc studies of single islet cells, Petersson 
[25] found tha t  the fl-cell dry  mass in obese-hypergly- 
cemic mice amounted to 180 pg. Applying this figure, 
i t  can be calculated tha t  DNA comprises roughly 2.8~o 
of the fl-cell dry  mass and tha t  the fi-cells in the islets 
of Langerhans thus contribute 65% of the islet dry  
weight. 

release, indicating tha t  the free islet cells may  be useful 
in further studies on the insulin-releasing mechanisms. 
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