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Figure 1. Standard curve
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2. Standard curve prepared one week after the eurve in Figure 1.
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THE RADIOCHEMICAL CENTRE IMMUNOASSAY FOR INSULIN
A MODIFICATION

Radiochemical Centre WA Y A VD RGHMAITEE — T

INTRODUCTION

The circulating insulin level in man has received con-
siderable attention from investigators of carbohydrate
metabolism. In the past, however, the tedious bioassay of
insulin, utilizing rat diaphragms and rat epididymal fatpads,
was the only technique available, and its use was neces-
sarily restricted to research laboratories. Further, it is
now known that the bioassay technique measured insulin-
like activity rather than insulin activity.'

With the appearance of fast, reliable, accurate, and in

vitro radioimmunoassays for insulin®* a powerful tool
became available that could readily be used in epidemi-
ological investigations.

At present, there are three main radioimmunoassay
techniques available for the determination of insulin levels.
All three methods involve the reaction of radioactive
insulin and unlabeled insulin with anti-insulin antibody.
The procedures differ primarily in the method of separation
of the free and bound insulin. The method of Yalow and
Berson® utilizes paper chromatography, whereas the
methods of Hales and Randle,* and Morgan and Lazarow®
use a second antibody to precipitate the bound insulin —
anti-insulin complex leaving the free insulin in the super-
natant. Further, in the latter two methods, final separation
of the insulin —anti-insulin complex from free insulin is
accomplished by filtration and by centrifugation, respectively.

Recently, a kit has become available from the Radio-
chemical Centre {RCC), Amersham, England which
contains carefully prepared iodinated insulin-1'® and the
two antibodies required in the Hales and Randle Method
(Data Sheet 5616). With this kit, patterned after the
Hales and Randle Method C, it is now possible to
perform the radioimmunoassay of insulin with a minimum
of equipment, materials, and personnel. However, the
relatively great expense of the paper filters (400/kit,
12¢/filter) and bovine plasma albumin powder($23.04/50¢)
could constitute an economic obstacle to the performance
of this test.
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Presented here is a modification of the RCC technique
which we believe to offer economies in both money and
time and provides good accuracy.

MATERIALS AND METHODS

Apparatus Syringes To facilitate the handling of a
large number of samples, separate Hamilton PB-600-10
repeating dispensers (Hamilton Company, Inc., P.O. Box
307, Whittier, California, USA) were used in conjunction
with bce Hamilton Microliter gas-tight syringes (Catalog
No. 1005-N)and permitted the dispensing of approximately
48 0.1cc aliquots of either iodinated insulin-1'*® or
insulin binding reagent without refilling. The accuracy
of this dispenser was approximately +2%.

Heat-killed Bacteria Dispenser A Sasaki Minipette (Catalog
No. 1620-C, with 5ce syringe; Kayagaki Rika Kogyo
Kabushiki Gaisha, 1690 14-ban, 3-chome, Hongo, Bunkyo-ku,
Tokyo, Japan) was utilized to deliver 2 ce aliquots of the
heat-killed bacteria to each test tube at the rate of
approximately 40 aliquots/minute with good accuracy( 0.8%)

Test Tubes TH x12 mm test tubes were used.

Centrifuge A Model 2 International centrifuge was
modified so that the temperature within the centrifuge
during prolonged operation was maintained at approximately
10-12C by a cold air and ice water circulation system.
Model 250 International multiple trunnion carriers, each
capable of holding 8 tubes, were used. Since the
rotor (head) used held 16 multiple trunnion carriers, a
total of 128 tubes could be spun at one time.

Preparation of Insulin Standards Pure crystallized
pork insulin was obtained (Novo Terapeutisk Laboratorium
A/S Insulin Department Lot No. S23267, biological
potency 23.7 [21.6—25.9 I.U./mg]) courtesy of Kodama
Shoji Gaisha. The first stock solution (200 4 g/ml), second
stock solution (2 gg/ml) and working standards were
prepared in accordance with the technique outlined in

the RCC brochure.

Insulin Binding Reagent (IBR) This double-antibody
reagent (“Wellcome” Brand) is provided in the RCC Kit.
It was stored and diluted in the manner recommended by

the RCC brochure.

Preparation of Working Solution of lodinated Insulin-1'%

The working solution of iodinated insulin-1'*® was prepared
as recommended by the RCC data sheet. Excess working
solution of iodinated insulin-1'?® was stored in the
refrigerator at 4 C for not more than 1 week.
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Buffers A phosphate buffer (Buffer A) containing
thiomersalate (0.6 millimolar) and bovine plasma albumin
(0.1%) and isotonic buffer (Buffer B) were prepared in
accordance with the RCC data sheet. Buffer C was not
used in this procedure.

Preparation of Heat-killed Bacteria Method A Two
5 liter bottles, each containing 1.5 liters of enriched
nutrient broth media* were heavily inoculated with a
nonpathogenic E. Coli. The bottles were first agitated
for 12 hours at room temperature and then incubated
at 37 C for 10-12 hours. The heavy growth of bacteria
obtained was killed by heating in a water bath at 70C
for 20 minutes and then centrifuged (2000rpm for 5
minutes). The resulting pellet (approximately 12-14cc)
was resuspended in cold Buffer A (4C), mixed, and again
centrifuged. The second supernatant was discarded and
the washed pellet was finally resuspended in 520 cc of
Buffer A (for 128 tubes). Just prior to dispensing, the
suspension was again thoroughly mixed.

Method B Preparation of bacteria was identical to
Method A. However, approximately 2.6 cc of the washed
pellet was resuspended in 260cc of cold Buffer A (for
128 tubes). A Coulter counter with an aperture of
100 microns and set at maximum gain was used to check

the final concentration of bacteria (1:1000 dilution, 50,000-

60,000/mm?). Just prior to dispensing, the suspension
was again thoroughly mixed.

THE TECHNIQUE

To test tubes containing 0.lcc of standard insulin
solutions (or serum), 0.1cc of IBR is added. Each tube
is thoroughly mixed using a vortex mixer and refrigerated
for 6 hours (2-4C). One-tenth cc of the working solution
of the iodinated insulin-1'®® is then added. The tubes
are again mixed and incubated at 2-4 C for 18 hours.

The multiple trunnion carriers are chilled overnight
prior to use. Upon completion of the second incubation,
the tubes are wedged in the chilled carriers with small
pieces of soft plastic foam. Twocc of the suspension of
heat-killed bacteria (prepared as described in Method A)
are added to each sample. The tubes are then spun for
35 minutes at 1500rpm at 10-12C. The carriers are
removed from the centrifuge. The tubes are not removed
from the carriers; instead, each carrier is inverted
over a 1000 cc beaker and all 8 supernatants are poured
off simultaneously. The drops remaining on the inner lips
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of the test tubes are removed by suction while the tubes
are still inverted. Thoroughly mixed heat-killed bacteria
are again added to each tube. The tubes are again spun
for 35 minutes at 1500 rpm at 10-12C. The supernatants
are again discarded and the tubes are then counted in a
well-type crystal scintillation counter.

An alternative procedure utilizes the diluted bacterial
suspension deseribed in Method B. Twoce aliquots of
this suspension are added to each tube prior to the first
centrifugation step. The tubes are then centrifuged.
The supernatants are poured off and 2cc aliquots of
Buffer A are added to each tube. The tubes are then
mixed and recentrifuged. After the second supernatant
is poured off, the tubes are counted.

The standard curve is prepared by plotting counts per
minute minus background against g u/ml of insulin and the
serum unknowns are read off the standard curve.

RESULTS

As can be seen from Figures 1 and 2, a virtually straiéht
line can be drawn between 50 and 500 microunits of
insulin. Each insulin dilution was performed in triplicate,
and the vertical lines at each point on the curve represent
plus or minus one standard deviation. The different
curves were obtained from the same kit and were
determined at one week intervals. The heat-killed
bacteria used to obtain these curves were prepared as
deseribed in Method A; however, comparable standard
curves were obtained using bacteria prepared as described
in Method B and the alternative technique.

A small amount of radioactivity is brought down by the
heat-killed bacteria. However, by using the very fast and
accurate Sasaki Minipette it is possible to insure that the
same amount of bacteria is added in each tube.

DISCUSSION

The high cost of the filters and bovine plasma albumin
powder and the rather significant amount of time and
handling required in the filtration step of the RCC
procedure greatly detract from an otherwise attractive
and excellent kit. With the modification of the RCC
procedure proposed, the expensive filtration step (B66/ kit
for bovine plasma albumin powder and Millipore filter
papers) is replaced by a centrifugation step ($2/kit for
bovine plasma albumin powder and bacterial media in

Method A, less than $1/kit in Method B).
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Figure 1 Standard curve. The heat-killed bacterial suspension used was prepared as described in Method A, Vertical
lines represent *1 standard deviation.
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Figure 2 Standard curve. The heat-killed baclerial suspension was prepared as described in Method A. Vertical lines
represent =1 stendard deviation. This curve was prepared one week after the curve in Figure 1.
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In addition, the centrifugation step requires less time and
handling and allows the processing of 128 tubes in 2 hours.
The time required for centrifugation may be reduced even
further if a faster centrifuge capable of holding more
test tubes of a smaller size is used.

With minor modifications, it would seem possible to use
the same basic technique described in this paper for the
radioimmunoassay of other hormones providing the
appropriate antibodies and isotopes are available.

SUMMARY

A modification of the Hales and Randle Method (Method C)
used in the Radiochemical Centre procedure (Data
Sheet 5616)is described. The virtues of this modification
lie in its simplicity, economy, and speed.
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