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Previous reports demonstrated that blood
insulin-like activity could be adsorbed on ca-
tionic exchange resin, in the sodium form, at
physiological pH. This activity could then
be eluted from the resin with dilute acids(1,2,
3). Since insulin is negatively charged at
physiological pH, its adsorption on cationic
exchange resin suggested the presence of an
insulin complex in blood, insulin being subse-
quently freed from the complex during elution
with acid. Control experiments demonstrated
that crystalline insulin was not adsorbed on
the same cationic exchange resin at physiologi-
cal pH, when dissolved in presence of human
albumin(1). Insulin-I!*' added to blood se-
rum similarly was not adsorbed on the same
resin. It was further observed that the blood
insulin complex eluted from vesin with 0.1 N
H.SO4 (pH 3) was biologically inactive when
tested for insulin-like activity with the rat
diaphragm assay. However, when the eluate
was subjected to precipitation at pH 10, in-
sulin-like activity toward rat diaphragm reap-
peared,’ suggesting removal of a basic protein
component of the complex at that pH. Pres-
ent studies on insulin in human and bovine
pancreas indicate that a major fraction of in-
sulin in pancreas, as in blood, is readily ad-
sorbed on cationic exchange resin, in the so-
dium form, from homogenates prepared in
0.15 M sodium chloride, at pH 6.6 + 0.04.
The studies presented here suggest that a
major fraction of insulin in pancreas, as in
blood, may be in a complex form, possibly
with basic proteins, the insulin complex being
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insoluble in saline at physiological pH.

- Materials and methods. Dowex-50 cationic
exchange resin (x8; x2) in the sodium form,
has been employed. The resin was prepared
as for routine blood collection by washing
with distilled water, sodium chloride, sodium
hydroxide and disodium phosphate, the final
pH of 5 ml 0.01 M sodium sulfate over 1
ml resin beads being 6.6 -+ 0.4. The follow-
ing procedure was used for extraction of insu-
lin activity from pancreas: Frozen human or
bovine pancreas was homogenized and sus-
pended in 5 to 10 volumes of 0.15 M sodium
chloride solution with a Waring blendor at
2°C. One volume of Dowex-50-x2 or 2 vol-
umes of Dowex-50-x8 exchange resin (sodium
form) were added to the pancreatic suspen-
sion, and the mixture stirred for 5 minutes at
2°C. Supernatant fluid was removed from
the resin which was repeatedly washed with
cold 0.15 M sodium chloride. Elution of in-
sulin-like activity from the resin was carried
out at 2°C with 2 to 5 resin volumes of 0.1 N
sulfuric acid (5 to 15 min.) followed by elu-
tion (5 min.) with one to 3 volumes of 1 N
NH,OH at 2°C. The combined eluates were
neutralized, diluted with 10 to 100 volumes
of bicarbonate buffer and assayed for insulin-
like activity. Biological assays for insulin-
like activity were carried out with the rat adi-
pose tissue technic based on the effect of in-
sulin on C*Q, production from glucose-1-C**
by this tissue(4). Anti-serum neutralization
studies of the insulin-like activity were car-
ried out with anti-insulin serum obtained by
immunizing guinea pigs against bovine insu-
lin according to the procedure of Moloney
(5).Il Resin eluates for paper electrophoresis
were obtained with 0.1 N NH,OH. The pH
of the eluates was adjusted to 3.0 with

|| Insulin anti-serum was prepared by Drs. Werner
Creutzfeldt and Paul Lacy and was made available
to us through their courtesy and generosity.
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I N H,SO,, and the precipitate removed
by centrifugation at 2°C.  The superna-
tant fluid was brought to pH 9.5 with | N
NH,OH, and the solution stored overnight at
2°C.  Precipitate was removed by centrifu-
gation at 2°C, washed with dilute ammonium
hydroxide and suspended in the minimum
volume of cold distilled water. Tn the presence
of 0.1 N H.SO, (pH 3.0) the sulfate salt of
the basic protein was water soluble. and sam-
ples of this solution were applied to paper for
electrophoresis. Pater electrophoresis for de-
tection of pancreatic basic proteins present in
resin eluate concentrates was carried out at
pH 7.6 (phosphate buffer, ionic strength 0.1)
and at pH 4.5 (acetate buffer, ionic strength
0.1) on the Spinco model R, series D. paper
electrophoresis cell, at room temperature.

Results.  Table 1 summarizes results ob-
tained to date. Although these values are
preliminary, comparison with recovery ob-
tained with the classic acid-alcohol extraction
procedure suggests that resin-extractable in-
sulin accounts for an important fraction of to-
tal pancreatic insulin. Ten ml of wet resin
volume (Dowex-50-x2) were sufficient for
adsorption of at least 85% of the adsorbable
insulin present in 1 g of bovine pancreas
(‘Table 11).

The values obtained relate to insulin-like
activity only, as measured with the rat adipose
TABLE I, Tusulin-like Activity  Extracted trom
Panereas with Cationie Exchiange Resins (N
form) at pll 6.6 += 0.4 (Units, 100 g of Panereas

Iusulin-like
activity®

Panereas Exehange resin (units)

Bovinet Dowex-50 x8 150
” 162

" 142

Dowex-50-x2 240

” 180

” 300
Human Dowex-50-x8 631
Dowex-50-x2 234

" Bt

* Combined 0.1 N HLSO, and 1N NHOH cfu
ates,

b The rather wide range within each species may
in part be due to differences in farty infiltration of
pancreatic tissue,

+ Panereas front 37-vear-old diabetie. This valae
is not reported to estimate total extractable insulin
in a diabetic pancreas, but solely to demonstrate
presence of the resin extractable insulin complex in
such tissue,
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TABLE 11, Tusulin-like Aectivity Extracted from

Igof Bovine Pancereas during Repeated Treatment

of Pancreas Homogenate with Dowex-50-x2 Resin,

in Sodivm Form  (Eaeh Treatment Carried Out
with 10 ml Wet Volume Resin).

oxp. L Exp. IT
Resin treatment  ~————units ———
| >1.8 1.5
2 2 2
3 06 05
+4 <02 < .02

tissue technic. However, the following obser-
vations suggest that the insulin-like activity
measured was indeed insulin: (1) Eluates ob-
tained from resin exposed under identical con-
ditions to homogenates of tissues other than
the pancreas exhibited no insulin-like activ-
ity: (2) insulin-like activity could be demon-
strated at dilutions as great as hundredfold in
buffer, greatly reducing the likelihood of non-
specific interference; (3) hypoglycemic activ-
ity of resin eluates has been established in
24-hour fasted rabbits on 4 separate occa-
sions; (4) anti-insulin serum against bovine
insulin neutralized the insulin-like activity ex-
tracted from bovine pancreas with the use of
Dowex-50-x2 resin (Na-+ form) after acid-
alcohol treatment of the extracts; (35) insulin-
like activity of the eluates was destroyed by
incubation with 0.02 M reduced glutathione.
These findings suggest that the portion of
pancreatic insulin activity extractable with
cationic exchange resin under the conditions
described exists in a complex form with other
proteins, presumably basic proteins. Ad-
sorption at near-neutral pH, as described here,
should not be confused with adsorption of
crystalline insulin (or insulin partially puri-
fied) on acidic cationic exchange resin in the
hvdrogen form, which has been observed at
pH values below 5.0(6,7). At these low pH
values insulin bears a positive charge and can
be adsorbed on the cationic resin and subse-
quently eluted with citric acid(6) or ammo-
nium hydroxide(7). Control experiments
have shown that insulin-T'**' added to pancre-
atic tissue during its homogenization, is not
adsorbed on the cationic exchange resin at
physiological pH, indicating that the insulin
complex is not the result of non-specific bind-
ing of insulin to basic proteins of pancreatic
homogenates. Paper electrophoresis of resin



INsULIN IN DPANCRTAS

+ + $ +
@) (b) (I (d)

PH 4.5

FIG, 1. Paper electrophoresis of pancreatic bhasic
protein eoncentrate prepared from resin eluates, at
PH 7.6 (phosphate buffer, ionic strength 0.1) and
at pH 4.5 (acetate buffer, ionic strength 0.1).
(1) and (e) hasic protein coneentrate; (b) and
(d) plasma control.

eluates obtained from bovine pancreas indi-
cates the presence of protein(s) which mi-
grate as cations (TFig. 1). At 2 different pH
values (pH 7.6 and pH 4.5) only a single
basic protein appears on paper electrophoresis,
although additional information will be
needed before homogeneity of this protein
fraction may be assumed.

Consistent with the presence of an insulin
complex in pancreas is the observation that
insulin-iike activity present in resin eluates
was not inhibited by addition of anti-insulin
serum. Subsequent treatment of the eluate
by acid-alcohol precipitation altered insulin-
like activity of the supernatant in that neu-
tralization of the activity by addition of anti-

679

serum could now be obtained. This suggests
that insulin present in the eluate was bound
to other proteins which prevented its reaction
with the anti-serum. Upon removal of these
proteins by acid-ethanol precipitation, reac-
tion with the anti-serum could proceed.

The physiological significance of these ob-
servations is unknown. Lindner(8) has pre-
vicusly reported that insulin immediately ex-
tracted from fresh beef pancreas under special
conditions is combined with a basic protein of
low molecular weight, probably a histone.
The preparation, termed “Nativinsulin,” is
poorly soluble at the pH of blood and tissue
and is but slowly adsorbed from subcutaneous
injection sites. The major association of in-
sulin with basic proteins in pancreas, postu-
lated here on the basis of observations with
cationic exchange resin, may primarily serve
to allow for insulin storage at physiological
pH.

Summary. A major fraction of insulin in
human and bovine pancreas is readily ad-
sorbed on cationic exchange resin, in sodium
form, from homogenates prepared in 0.15 M
sodium chloride at pH 6.6 -= 0.4. These
studies suggest that this fraction of insulin in
pancreas may be in a complex form, possibly
with basic proteins, the insulin complex be-
ing adsorbed on the resin under specified con-
ditions.
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