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We describe a method for the preparation of viable islets from the pancreas of normal 8-week-old
female Syrian golden hamster, based on the injection of the pancreatic duct with collagenase and on
mechanical dissociation which liberates islets that maintain their normal morphological appearance
and physiologic function. In a series of 11 animals, we examined the dose response of intraductal
collagenase on islet yield. The mean number of isolated islets was 423 with a range from 130 to 873 per
pancreas. Islet yield was most dependent on the concentration of collagenase solution used to inject the
duct. The optimal concentration was determined to be 3.5 mg/ml when a total volume of 3.0 ml was
injected. Islets responded to glucose stimulus in a normal biphasic pattern. Mesh filtration, rather than
Ficoll, can be performed rapidly and results in a high yield of functional islets with minimal contami-

nation by acinar tissue. © 1988 Academic Press, Inc.

INTRODUCTION

The isolation of islets of Langerhans is a
difficult problem because islets comprise
only about 10% of the pancreas. The size,
architecture, and compact fibrous nature of
the human pancreas, in particular, present
additional problems for the islet separation
procedure [1). The isolation of islets is of in-
terest because islet transplantation holds
great potential for the treatment of diabetes
melilitus [1] and because islets have been im-
plicated in the early stage of experimental
pancreatic carcinogenesis [2].

Currently employed techniques for the
separation of islets from surrounding exo-
crine tissue are related to a method originally
developed in the rat pancreas by Moska-
lewski [3] and subsequently improved upon
by Lacy and Kostianovsky [4]. The essential
features of this technique are the initial dis-
tension of the pancreas by the ductal admin-
istration of normal saline, mincing of the
pancreas into small pieces, incubation of the
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tissue in collagenase with concomitant me-
chanical agitation, and centrifugation of the
dispersed tissue on a Ficoll density gradient.
When similar techniques have been em-
ployed to isolate murine islets, the overall
yield has been very low {5, 6]. Yields of
100-200 islets per hamster pancreas have
been reported utilizing this method, with
handpicking of islets used in the final stage of
separation [7]. While this technique results
in a relatively pure islet preparation, it is
time-consuming and the yield is low. More
recently high yields of islets have been ob-
tained from canine and human pancreases
when collagenase was initially injected into
the duct to distend the parenchyma [8, 9].

We describe here an adaptation of the lat-
ter method to the pancreas of the Syrian
golden hamster that increased the yield of
islets that function normally in response to
glucose.

MATERIALS AND METHODS

Animals

Eleven outbred female Syrian golden
hamsters (85-95 g body weight), 8 weeks of
age (CBL, Syracuse, NY), were used in this
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study. They were housed in plastic cages and
fed RMH 1000 (Charles River, Syracuse,
NY) and water ad libitum.

Islet Isolation
Preparation of Media

Washing medium. Hanks' balanced salt
solution (HBSS) (GIBCO Laboratories,
Grand Island, NY) was used as a washing
medium. The pH was adjusted to 7.4 using
sterile sodium bicarbonate and was then kept
on ice for the duration of the extraction pro-
cedure.

Digestion medium. Collagenase Type V-S
(Sigma Chemical Co., St. Louis, MO) was
reconstituted in HBSS to a final concentra-
tion of 3.5 mg/ml. Three milliliters of the
digestion medium was then drawn up in a
sterile 5-ml syringe which was then con-
nected to a 30-gauge needle fitted to a 3-in.
length of polyethylene tubing (Clay Adams,
New York, NY). The filled syringe was then
kept on ice until required. The unused por-
tion of the digestion medium was immedi-
ately frozen at —40°C.

Culture medium. RPMI 1640 (GIBCO
Laboratories, NY) was adjusted with sterile
sodium bicarbonate to a pH of 7.4. Next fetal
bovine serum (GIBCO Laboratories, NY)
was heat inactivated at 56°C for 30 min. The
culture medium was prepared by combining
RPMI 1640 (89 ml), fetal bovine serum (10
ml), and penicillin/streptomycin solution (1
ml) (GIBCO Laboratories, NY). This was re-
frigerated until required.

Removal of the Pancreas

Each animal was anesthetized using
0.35-0.40 ml of phenobarbital (20 mg/ml)
administered intraperitoneally using a 21-
gauge needle. The abdominal region was
then washed with a 50% Betadine solution.
The abdomen was opened using a long mid-
line incision and a small mastoid retractor
was placed to expose the abdominal viscera.
The lobes of the liver were retracted craniad
to expose the common hepatic and bile
ducts. A Q-tip was employed to retract the
duodenal loop caudad.
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Utilizing a dissecting microscope with ap-
propriate lighting, a 5-O silk suture was
placed around the common bile duct at its
entrance into the duodenum. To prevent the
development of intraparenchymal hemor-
rage when the digestion medium was in-
jected into the ductal system of the pancreas
the chest cavity was entered by dividing the
diaphragm and sternum, and the aorta and
inferior vena cava were clamped with a
micro bulldog clamp. Three milliliters of the
digestion medium (enough to cause the
gland to swell) was then slowly injected via a
polyethylene catheter placed into the com-
mon bile duct proximal to the duodenum
causing the pancreatic tissue to swell, The
pancreas was then resected and placed on a
60 X 15-mm sterile petri dish containing
chilled washing medium. Fatty tissue and
adherent lymph nodes were removed by
sharp dissection. The covered dish was then
transferred to a water bath at 37°C for 40
min to allow for collagenase digestion of the
tissue.

Islet Separation

The incubation dish was removed from
the water bath, the excess washing medium
was pipetted off, and the pancreas digest was
decanted into a 15-ml conical centrifuge tube
into which was added 10 ml of cold HBSS in
order to halt the digestion process. The tissue
was then mechanically dissociated by vor-
texing and the resulting tissue suspension
was centrifuged at 1400 rpm for 15 sec. The
supernatant was discarded and the tissue
pellet was resuspended in 10 ml of cold
HBSS. This suspension was then washed
three more times.

Following the last wash, the tissue suspen-
sion was pipetted onto a sterile 840-um steel
mesh filter (Bellco Glass, Inc., Vineland, NJ)
that had been taped to the mouth of a sterile
glass funnel. The filter was then washed with
cold HBSS and the filtrate, containing islets
and acini, was collected in a 50-ml conical
centrifuge tube. This filtrate was pipetted
onto a 140-um steel mesh filter which was
then washed with cold HBSS. The filtrate,
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which contained small islets and intact acini,
was collected in a sterile 50-ml centrifuge
tube. The filter was then inverted and
washed with cold HBSS so that the tissue on
the filter, which consisted primarily of large
islets, was collected in another 50-ml conical
centrifuge tube. The filtrate containing the
small islets and acini was then pipetted onto
a 94-um steel mesh which was washed with
cold HBSS. The filtrate, which now con-
tained acinar debris, was discarded. The
94-uym filter was then inverted and washed
with cold HBSS and the small islets which
were trapped on the mesh were collected in a
centrifuge tube.

The centrifuge tubes containing the large
(greater than 140-um diameter) and smaller
(less than 140-um diameter) islets were next
centrifuged at 1300 rpm for 45 sec. The su-
pernatants were then aspirated and the islet
pellets were resuspended in 7-10 ml of cul-
ture medium. The contents of the centrifuge
tubes were then divided among four petri
dishes (100 X 20 mm).

Microscopy

Following the isolation procedure, islet
morphology was examined by dark-field illu-
mination under a Nikon diaphot inverted
microscope (Model No. 108) (Nikon, Gar-
den City, NJ). The occasional large pieces of
acinar debris were removed by transfer pipet
under microscopic guidance. Islet diameter
was measured using an eyepiece reticle.

Islet Culture

The islets which were isolated by the mesh
filtration technique were then incubated
overnight in a humidified atmosphere of
95% air:5% carbon dioxide at 37°C.

In Vitro Perifusion of Islets

We examined insulin secretion using the
perifusion system described by Lacy and col-
leagues [10]. Briefly it is as follows. The peri-
fusion apparatus consisted of a double-
headed peristaltic pump (Harvard Apparatus
Co., Millis, MA), polyethylene tubing (inner
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diameter of £ in.), a water bath, and a plastic
perifusion chamber (Millipore, Bedford,
MA) containing a 5-um Millipore filter (Gel-
man). The perifusion chamber was main-
tained at 37°C in a water bath and constantly
gassed, throughout the period of perifusion
with a defined medium gassed with 5%
C0,:95% O, [10]. The pump ensures the de-
livery of the medium from the reservoir in
the water bath to the perifusion chamber at a
flow rate of 0.9-1.0 ml/min. The chamber
was maintained at 37°C by clamping it be-
neath the surface of the water bath. The peri-
fusate was collected in 10-ml glass tubes at
[-min intervals using an automated fraction
collector.

One hundred handpicked islets were then
transferred to a small cup containing perifu-
sion medium (glucose concentration of 0.3
mg/ml) and were then pipetted onto the sur-
face of a Millipore filter. Islets were perifused
for 35 min with a low glucose (0.3 mg/ml)
solution. After this time, a high-glucose-con-
taining perifusion medium was substituted
(3.0 mg/ml), and perifusion was continued
for 45 min. Samples were taken for insulin
assay at 1-min intervals.

Determination of Insulin Secretion by
Islets in Vitro

The insulin content of each aliquot of per-
ifusate was determined by a specific insulin
radioimmunoassay [11]. Hamster insulin
cross-reacts with the porcine trace used in
this assay. Human insulin was used as the
standard. The rate of insulin secretion (mean
+ SEM) is expressed as microunits of insulin
per islet per minute.

Statistical Analysis

x? analysis was applied to a contingency
table to test the independence of collagenase
concentration and islet yield. A probability
value (P) of <0.01 was considered signifi-
cant.

RESULTS

Isolation of Pancreatic Islets

Large numbers of islets of Langerhans
were readily isolated from the pancreas of the
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TABLE |

THE NUMBER OF ISLETS ISOLATED BY
DIFFERENTIAL MESH FILTRATION

Collagenase
Animal (mg/ml) Islet number

1 5.0 261
2 5.0 2324
3 40 330
4 4.0 360
5 35 747
6 35 404°
7 35 728
8 35 873
9 3.5 434¢

10 2.0 130

11 2.0 150

“ Intra parenchymal injection of collagenase solution.

Syrian golden hamster using the differential
steel mesh filtration method. In the 11 ani-
mals that were studied, the average islet yield
from a pancreas was 485, with a range from
130 to 873 islets. These data are illustrated in
Table 1.

The number of islets isolated from an indi-
vidual pancreas was dependent on the con-
centration of the collagenase solution in-
jected (P < 0.005) and on whether it was
injected directly into the ductal system. The
maximal number of islets was extracted with
a collagenase solution of 3.5 mg/ml. Higher
and lower concentrations gave lower yields
as did parenchymal injection (Table 1).

Microscopy

With dark-field illumination, islets were
spherical in shape and milky white in appear-
ance. With phase-contrast microscopy, islets
were identified as brown spheres that were
homogeneous in texture. Islet diameters
ranged from 90 to 400 ym. Examination of
the islet isolates with phase-contrast pro-
vided a qualitative impression that the prep-
arations contained 85-90% islets, with the
remaining structures being acinar cells and
ducts.
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In Vitro Perifusion of Isolated Islets

Insulin secretion on exposure to a glucose
concentration of 0.3 mg/dl decreased from
2.38 = 0.76 (n = 6) until a baseline secretory
rate of 0.50 microunits/islet/min was estab-
lished. On subsequent exposure to a glucose
concentration of 3.0 mg/dl, a biphasic pat-
tern of stimulated insulin release was demon-
strated (see Fig. 1). There was an early first
phase release of insulin to a level of 2.63
+ 1.26 (n = 4) microunits insulin/islet/min
at 38 min and a second peak of 3.28 + 0.61
(n = 4) at 75 min. Insulin secretion after 75
min appeared to be turned off by reexposure
to a low glucose concentration.

DISCUSSION

Individual islets are more desirable for use
as islet allografts and for in vitro study of islet
function than dispersed pancreatic frag-
ments. In this study, we have reported a tech-
nique for the isolation of large numbers of
viable islets from the pancreas of the Syrian
golden hamster. The use of the Syrian golden
hamster has increased in popularity over the
past two decades because of the rodent’s re-
sponse to stimuli which can alter the growth
and development of the pancreas [12].

The standard collagenase digestion tech-
nique for the separation and isolation of
islets of Langerhans involves the initial dis-
tension of the pancreas by a ductal injection
of physiological saline, mincing of tissue, and
incubation of the pancreatic fragments in a
collagenase solution. The final step is the
centrifugation of the dispersed tissue on a
Ficoll density gradient. With this technique,
less than 200 islets per gland have been re-
trieved [13, 14]. As a consequence of this
situation, up to six donors are required to
provide sufficient islet mass to reverse dia-
betes in one rodent recipient [13, 14].

Ductal distension and disruption with sa-
line exposes interlobular planes to the indis-
criminant digestion by collagenase of both
acinar and islet components during the incu-
bation period [15]. Furthermore, mincing of
the pancreas causes a 50% loss of tissue insu-
lin content [16). Finally, incubation of the
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chopped pancreas in collagenase destroys
more than 90% of the islets as well as acinar
tissue. Until quite recently, the isolation of
pancreatic islets has been facilitated by the
use of density gradient centrifugation. Ficoll
is most commonly used to establish a density
gradient, but has a number of undesirable
properties [17, 18]. First, it may need to be
dialyzed to remove factors which interfere
with subsequent B cell function [1]. Second,
at densities required for islet separation, Fi-
coll is hypertonic and has a high viscosity
with toxic osmotic properties [19]. The pro-
cedure we have described eliminates the po-
tential islet toxicity of Ficoll, as well as the
time required to prepare it (dialysis, lyophili-
zation, creation of the gradient).

Our procedure for the isolation of func-
tional islets from the pancreas of the Syrian
golden hamster involves the ductal injection
of a collagenase solution followed by a period
of stationary incubation to allow for diges-
tion of exocrine tissue. The volume and con-
centration of the digestion medium which is
injected, as well as the duration of stationary
digestion, may vary with the lot and type of
collagenase purchased. While our method
permits the isolation of large numbers of
islets, some acinar contamination is un-
avoidable.

Islet yield is most dependent on the success
of the collagenase digestion, which is the
crucial step in any islet isolation procedure.
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During our early experience with this tech-
nique, it became apparent that a somewhat
lengthened digestion time resulted in an islet
preparation with a minimum of other cell
types, but at a cost of overall yield and func-
tion. The final step of islet isolation is ac-
complished by differential steel mesh filtra-
tion. The size of the islets of Langerhans in
the pancreas of the adult hamster has pre-
viously been reported [7, 20]. The diameter
of most islets is greater than 140 um, but
there is a smaller number of islets that are
90-120 um. Consideration of islet size was
instrumental in choosing steel mesh filters
which would provide optimal endocrine sep-
aration with minimal contamination from
acinar debris.

The isolation of more than 500 islets, on
average, from the small pancreas of the ham-
ster represents an increase of more than 350
islets (i.e., 130%) over that reported pre-
viously obtained from the hamster pancreas
{7]. Indeed, the number of islets isolated per
pancreas in this study represents a significant
improvement over the number of islets ob-
tained from the rat pancreas using standard
techniques—a gland which has twice the
mass of the hamster pancreas [§, 13, 14]. Re-
cently intraductal collagenase injection of
the rat pancreas, in a manner similar to what
we have described in this study, has been re-
ported to yield, on average, over 600 islets
per pancreas [14].
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FIG. 1. Biphasic pattern of insulin secretion following stimulation of perifused hamster islets with
glucose. The islets studied were isolated from animals (N = 6) that were duct injected with 3 ml of
collagenase solution (3.5 mg/ml, n = 5; 4.0 mg/ml, n = 1).
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In vitro perifusion of isolated hamster
islets produced a biphasic insulin response to
a high glucose concentration, with an early
first phase peak representing the release of
preformed insulin and a later second phase
peak representing the release of newly
formed insulin [10]. Furthermore, on reex-
posure to a low glucose concentration, insu-
lin secretion decreased by 75%. This demon-
stration of normal physiologic function,
coupled with a normal structural appear-
ance, indicates that hamster islets isolated by
the collagenase duct injection/steel mesh fil-
tration method are not adversely affected by
the isolation process.

We have developed a method for islet
preparation whereby the pancreas is selec-
tively digested by injection of the ductal sys-
tem with a collagenase solution. The com-
mon duct is cannulated and collagenase is
introduced by slow injection. This system
permits improved islet yields with minimal
acinar contamination. Morphologic integrity
is maintained and islet function, in an in
vitro perifusion system, is preserved.
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