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Synopsis

A high yield of viable single cells was attained from isolated pancreatic islets of

adult rat by the sequential treatment with EDTA and Dispase. The percentage of

single cells was consistently higher with EDTA-Dispase in comparison with EDTA-

trypsin treatment, being 65.8•}7.9% and 36.0•}5.4% respectively, when more than

90% of total islet cells were viable. Excellent preservation of free islet cells disso-

ciated with EDTA-Dispase was demonstrated morphologically by light and electron

microscopy.

The secretory response of dissociated B cells to glucose was stabilized earlier with

EDTA-Dispase than with EDTA-trypsin treatment. The amount of insulin released

into the medium was proportional to the number of cells inoculated, thus permitting

the quantitative analysis of B-cell function in vitro.

Investigations on the mechanism of
insulin and glucagon secretion have been

greatly advanced by utilizing isolated pan-
creatic islets. However, for further analysis
of the endocrine function of each cell type
in the islet, the direct effects of any agent
on dispersed islet cells should be examined.
It would, therefore, be of value to develop
a refined dissociation procedure having the
least interference with the function of islet
cells.

In our effort to dissociate pancreatic
islets to single cells (Takaki et al., 1975),
combined treatment with EDTA and trypsin
resulted in a decrease in number of intact
cells when a high yield of single cells was
obtained.

Quite recently, Dispase, a new proteolytic
enzyme (Y. Irie and M. Yoshikawa, personal
communication) derived from Bacillus poly-

myxa, has proved to have some characteristic

activities which differ from the proteases
available hitherto.

The present paper describes a higher

yield of viable single cells from pancreatic
islets of adult rat by sequential treatment.

with EDTA and Dispase, in comparison

with EDTA and trypsin. Data showing

insulin release from quantitatively inoculated

islet cells following enzymatic treatment

are also presented.

Materials and Methods

Chemicals
Collagenase Type IV was obtained from Worth-

ington Biochemical Corp., Freehold, N. J., EDTA
from Katayama Chem., Tokyo, Dispase-II (Batch
No 101) from Godo-Shusei Co., Chiba and trypsin
(1:250) from Difco Lab., Detroit, Mich. These
chemicals were dissolved in a Ca++-and Mg++-free
balanced salt solution (CMF) (Moscona, 1961). Rat
insulin was purchased from Novo Ind. A/S Copen-Received for publication November 15, 1976.
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hagen. 125 I-insulin and anti-insulin serum were sup-

plied from Radioisotope Lab., Tokyo.

Incubation medium
The incubation medium consisted of 80% modified

Eagle's medium and 20% fetal calf serum. The
modified Eagle's medium contained 17 amino acids,
8 vitamins, 4mg of hypoxanthine and 7.2mg of
thymidine per liter (Ogata, 1970). Glucose concen-
tration in the medium was 1mg/ml or 3mg/ml.
One lot of fetal calf serum (Lot No 840116) obtained
from Grand Island Biochem. Co., Grand Island, N.
Y., was employed throughout the experiment.

Isolation of islets

Pancreatic islets were isolated from WKA adult

rats by the method of Lacy (Lacy and Kostianovsky,

1967) with minor modifications. Briefly, an exstir-

pated pancreas was cut with scissors into small

pieces and digested with 4mg/ml collagenase in

CMF containing 15% fetal calf serum. Digestion

was performed with vigorous stirring at 37•Ž for

about 10min. Isolated islets were picked manually

under a dissecting microscope with the aid of stain-

less-steel wire loop.

Preparation of single cell suspension

1) Treatment of isolated islets with EDTA, Dispase

or trypsin

Isolated islets were treated with 5ml of EDTA,

Dispase or trypsin in CMF independently in the

following concentrations; EDTA; 0.02 and 0.04%,

Dispase; 1000 and 2000PU/ml, trypsin; 0.25, 0.5

and 1.0%. Treatment was repeated 3 times to ob-

tain as many single cells as possible.

2) Sequential treatment of isolated islets with EDTA

and Dispase (EDTA-Dispase) or EDTA and trypsin

(EDTA-trypsin).

Isolated islets were first exposed to 5ml of 0.04%

EDTA for 5min at room temperature and collected

by centrifugation at 400•~g for 1min. Then, the is-

lets were transferred to an Erlenmeyer flask con-

taining 4ml of 1000PU/ml Dispase or 0.25% trypsin

in CMF, and treated with gentle stirring at 37•Ž

for 15min. Cell clumps were allowed to settle and

the supernatant was transferred into a conical cen-

trifuge tube containing 2ml of the medium. Such

treatments were repeated 3 times and the pooled

harvests were centrifuged at 400g for 3min. The

cell pellet was washed and resuspended in the in-

cubation medium. Specimens of the cell suspension

were taken out to enumerate viable cells so that a

definite number of cells could be inoculated.

Determination of cell number
Cell counting was performed by the use of hemo-

cytometer of Tatai type (Kayagaki Seisakusho, To-

kyo). Erythrosin exclusion (Phillips and Terryberry,
1957) was utilized to assess the viability of cells.
The percentage of single cells was calculated by
dividing number of single cells with total number of
islet cells. With both EDTA-Dispase and EDTA-
trypsin treatments, the cell aggregates present were
composed of 2 to 4 cells and did not disturb the cell
counting.

Incubation method

A part of the cell suspension (0.2ml) containing

1•~104 or 2•~104 cells was inoculated into conical

tubes (15•~90mm). The tubes were loosely stop-

pered and kept standing for 5 hr in a CO2-incubator

(Tokiwa Co., Tokyo) gassed with 95% air and 5%

CO2. At 1-hr intervals, the tubes were centrifuged

at 400•~g for 3 min and the incubation media were

harvested. The media were kept frozen at-20•Ž

for subsequent insulin assays.

Measurement of insulin
Immunoreactive insulin (IRI) was measured by

the double antibody method (Morgan and Lazarow,
1963) using rat insulin as a standard.

Morphological observations
The cells were inoculated into each well of Mi-

crotest II trays (Falcon Plastics, Los Angels, Calif.)
with 0.2ml of the medium. Living cells were ob-
served and photographed under an inverted phase-
contrast microscope (CPK Type, Olympus Opt. Co.,
Tokyo). For light and electron microscopy, the dis-
sociated cells were transferred into Beem capsules,
fixed in 2% glutaraldehyde buffered with 0.075M

cacodylate at pH7.4 for 1 hr, postfixed in 1% osmi-
um tetroxide in the same buffer for 1 hr, dehydrated

in a series of graded ethanol and propylene oxide,
and embedded in epoxy resin.

Thick sections were stained with toluidine blue

and observed by light microscopy. Thin sections
were stained with lead tartrate and observed with a

JEM T-8 electron microscope.

Results

Percentage of single cells and cell viability
after enzymatic treatments

Application of EDTA, Dispase or trypsin
independently failed to disrupt isolated islets
at the concentrations examined. However,
combined treatment with 0.04% EDTA
first and 1000 PU Dispase next,or 0.04%
EDTA and 0.25% trypsin was capable of
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Table 1. Cell viability and percentage of single
cells after enzymatic treatment

* Mean•}S .E.

** Number of experiments

dissociating isolated islets into single cells.

In the repeated experiments, approximately

6•~105 islet cells were harvested from 200

islets of 6-week-old WKA rats. As shown

in Table 1, percentage of single cells was

higher with EDTA-Dispase than with EDTA-

trypsin when more than 90% of cells were

viable. Pure single-cell suspension was

readily obtainable by standing total cell

harvest for a few min to permit the cell

aggregates to settle.

Cell morphology
Under inverted phase-contrast micro-

scopy, the islet cells immediately after in-
oculation were spherical in shape and freely
dispersed (Fig. 1). Under the light micro-
scope, the dissociated cells appeared intact
except for a few cells containing vacuoles
in their cytoplasm (Fig. 2). The dissociated
cells were composed largely of B cells and
a small number of A, D and endothelial

Fig. 1. Islet cells dissociated with EDTA-Dispase

under inverted phase-contrast microscopy (•~250).

cells. The B cells were round or oval in
appearance, having microvillous projections
on the cell surface. There were abundant
secretory granules, prominent Golgi complex,
well-developed rough endoplasmic reticulum
and dispersed mitochondria in the cytoplasm

(Fig. 3).

Fig. 2. Light micrograph of the islet cells disso-

ciated with EDTA-Dispase. Toluidine blue stain-

ing (•~720).

Fig. 3. Electron micrograph of an islet B cell dis-

sociated with EDTA-Dispase, showing excellent

preservation of cell morphology (•~4400).
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Insulin release from dissociated B-cells

1) Effect of enzymatic treatment on insulin

release

The dissociated cells were stimulated

by a high concentration of glucose, to

investigate whether dissociation using pro-

teolytic enzymes had affected the endocrine

function of B cells. With both enxymatic

treatments, the viability of cells remained

unchanged throughout 5-day incubation

period.

With EDTA-Dispase (Fig. 4A), the

release of insulin for the first 1-hr in 1mg/ml

of glucose was 7.07•}0.96ng per 1•~104

cells, which declined to 2.94•~0.46ng for

the second 1-hr and was consistent there-

after. In 3mg/ml of glucose, however,

insulin content of the medium for the first

1-hr was 8.83•}1.40ng amount, of which

was maintained throughout the incubation

period. Accordingly, the dissociated cells

exhibit distinct differences in response to

the concentration of glucose from the second

1-hr period onward (p<0.005).

(A)

On the other hand, with EDTA-trypsin

(Fig. 4 B), insulin release was stabilized

from the third 1-hr period in 1mg/ml of

glucose, at 2.52•}0.68ng, and the response

to 3 mg/ml of glucose was demonstrated

from the third 1-hr period (p<0.005).

2) Insulin release from the quantitatively

inoculated islet cells

Ten thousand or 2•~104 cells dissociated

with EDTA-Dispase were inoculated into a

conical tube and pre-incubated for 2 hr.

The amount of insulin released into the

medium during the following hour was

2.98•}0.30ng per 1•~104 cells and 5.85•}

0.12ng per 2•~104 cells (mean+S.E. of the

14 experiments).

Discussion

There have been several attempts at the

prepartion of single cells from pancretic
islets (Petersson et al., 1973; Krause et al.,
1973; Kostianovsky et al., 1974; Lernmark,

(B)

Fig. 4. Amount of insulin released from 1•~104 islet cells dissociated with (A) EDTA-Dispase and (B)

EDTA-trypsin in response to 1mg/ml and 3mg/ml glucose. Abscissa: time after inoculation (hr)

Ordinate: amount of insulin in the medium (ng/hr). •Z-•Z,1mg/ml glucose;•œ-•œ,3mg/ml

glucose. Each point represents the mean•}S. E. of the 5 experiments.
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1974). However, no data have yet been

presented concerning the percentage of 
single cells in relation to the viability of
free cells in suspension. Recent work by
Lernmark (1974) using EGTA resulted in
fairly good yields of free islet cells which
released insulin in response to theophylline,
although the response was low compared
with that of isolated islets.

Dispase is known to be a characteristic
enzyme of which its proteolytic activity is
not inhibited in a Ca++-containing medium.
However, in our prelimiminary experiments,
Dispase failed to disintegrate pancreatic
islets when dissolved in Hanks' BSS or
modified Eagle's medium even at the high
concentration of 2000 PU/ml.

The present study was thus performed
by the use of 1000 PU/ml Dispase in CMF
solution resulting in a high yield of single
cells from the pancreatic islets of adult
WKA rats. Viability of cells was more
than 90% of total islet cells, as proved by
the Erythrosin exclusion test. Excellent

preservation of dissociated cells was also
demonstrated morphologically by both light
and electron microscopy.

The percentage of single cells was high
enough for the accurate counting of cells
using a hemocytometer. The dissociated
cells contained a small number of A and
D cells. However, since these cells were
dispersed homogeneously in suspension, the
amount of insulin released during a 1-hr
incubation was proportional to the number
of cells inoculated.

To investigate the effect of enzymatic
dispersion on the function of islet B-cells,
release of insulin was followed consecutively
up to 5 hr after inoculation. In 1mg/ml
of glucose, the amount of insulin released
for the first hour was higher, with either
treatment, than any following incubation

periods. With EDTA-Dispase treatment,
insulin release had become stabilized after
1 hr, and with EDTA-trypsin, after 2 hr.
Since the viability of cells was unchanged

throughout the incubation period in both
experiments, the decrease in amount of
insulin from the first to the second incuba-
tion was seemingly not due to the destruction
of cells during this period. Several factors
could have accounted for initial high level
of insulin in the medium, including altera-
tion of the cell surface by enzymatic treat-
ment, leakage of insulin from the injured
cells, and changes in the constituents of
the medium, such as Ca++ and/or amino
acids when initiating the incubation.

Krause et al. (1973) demonstrated that
release of insulin from the trypsin-dissoci-
ated islet cells was not stimulated with
either tolbutamide or glucose. He suggested
the possibility that glucoreceptor contains
structural elements sensitive to the treatment
with trypsin. In the present experiments,
a significant response to the concentration
of glucose was demonstrated after 1 hr with
EDTA-Dispase, and after 2 hr with EDTA-
trypsin. Furthermore, the islet cells dissoci-
ated with EDTA-Dispase released 3 times
as much insulin in 3mg/ml glucose as in
1mg/ml glucose. This response to glucose
was similar to that when non- dissociated
islets were incubated, i. e., 5 islets released
11.7ng of insulin in 3mg/ml glucose,
whereas 3.8ng in 1mg/ml glucose. This
may indicate that Dispase has less destruc-
tive effect than trypsin on the glucoreceptor.

The dissociation procedure using Dispase
enables us to estimate quantitatively the
endocrine function of islet cells in vitro
after 1 hr of ore-incubation.
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