The Effect of Frozen Storage on Serum
Insulin-Like Activity
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Storage of serum at —20 C. is associated who make such measurements. The pos-
with an increase of its insulin-like ac- sibility that these observations result

tivity in as short a period as 3 weeks. from alterations in a serum insulin
Separated serum proteins also show an  moiety is discussed. (Metabolism 15: No.

increase under 51m11ar conditions. This 2, February, 103-106, 1966)
is of practical importance for workers o

HEN BLOOD from human subjects is assayed for insulin and for
insulin activity, values obtained with biologic methods are distinctly
hfg}ier than with immunologic methods.?® Until further studies reconcile this
discrepancy, the nature and significance of the activity measured with the
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bicassays will remain uncertain. Realizing this, most investigators using bio-

assays express their results in terms of insulin-like activity (ILA). Use of
the term implies the net biologic effect of insulin, including its inhibitors and
its accelerators. Factors that are neither insulin nor require it for their ac-
tivity are also included and may be important biologically
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Conditions that increase levels of serum ILA in vitro must be eli T

if comparable results with the same assay system are to be obtained in dif-
ferent laboratories. For this reason a study of the effect of standard condi-
tions of freezer storage on serum ILA and serum protein ILA was undertaken.

It has been said that serum ILA remains constant during months of frozen
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storage,® but the present study indicates that under these conditions ILA in-

creases significantly in both serum and serum protein fractions over periods
of 3 weeks and 3 moaths.

MATERIALS AND METHODS

Large samnles of venous hlond were drawn from 6 vouno facting adulte with normal

4.arge sampies O venous DICOC Were arawn Iirem U young Iasiimg agQuils wita normail

carbohydrate tolerance. The specimens were allowed to clot at room temperature for 45
minutes, then centrifuged at 2 C. for 20 minutes. Serum was separated and stored at
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20 C. within 10 minutes of removal from the refrigerated centrifuge.

Aliquots of serum from each subject were stored undisturbed at —20. C. for 1 week,
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Fig. 1.—The effect of storage at —20 C. on serum insulin-like activity. Six
fasting normal subjects.

1 month and 3 months prior to assay. In addition, 2 days before assay, an aliquot of
serum of each subject was removed and fractionated into albumin and globulin compo-
nents by dialysis against ammonium sulfate.? These fractions were assayed for their
insulin-like activity at the same time as the companion aliquots of stored serum.

A third study involved the albumin-globulin fractionation of a large aliquot of serum
from each subject 2 days after the original venous blood collection. This provided suf-
ficient albumin and globulin from each subject to allow study of the effect of storage at
—20 C. on the ILA of icolated serum protein.

Assays for insulin-like activity were performed with a modification of the epididymal fat
pad method.3 Serum was assayed undiluted and after dilution with Krebs bicarbonate
buffer to a concentration of one part serum to 9 parts buffer. The separated proteins were
dissolved for assay in freshly-prepared Krebs buffer: the albumin fraction at a concen-
tration of 15 mg./ml. and the globulin fraction at 2 mg./ml. Where the quantity of a
specimen permitted. more than one assay was performed and recorded separately in

the data.

REsuLTs

Serum ILA was found to increase progressively during frozen storage.
Insulin-like activity of undiluted serum rose from a median of 120 pU/ml. at
one week to a median of 500 xU/ml. at 3 months (Fig. 1). Increases began
during the first month of storage and could be demonstrated, although to a
reduced extent, in specimens diluted for assay (Fig. 1).

Separated serum proteins similarly stored, also increased their detectable
concentration of ILA (Fig. 2). The increase occurred whether the protein
was separated before storage or following storage. The predominant concen-
tration of ILA in the globulin fraction has been described® and is seen again
in the present studies.

Discussion

It has been reported that serum insulin-like activity is increased by storage,?
but the observation was unaccompanied by data and did not indicate the ex-
tent of the increase. The present work demonstrates a fourfold increase over
14 weeks under standard freezer-storage conditions. Investigators reporting
values for insulin-like activity should in the future include mention of the
duration of storage of their specimens prior to assay.
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Fig. 2.—The effect of storage at —20 C. on the insulin-like activity of serum
proteins from 6 fasting normal subjects.

To explain these observations, several speculative considerations present
themselves. The first is the possibility that disintegrating, inactive macromole-
cules release products into frozen serum that possess insulin-like activity. This
is not a remote possibility since serum cannot be considered to be thoroughly
frozen until —50 C. has been reached.? It has also been shown that proteins
such as antibody globulins deteriorate readily at —20 C.2° If such a process
were responsible for the observations recorded here, the peptide fragments
with insulin-like activity in vitro would probably have little biologic signifi-
cance in vivo. They would be artifactual denaturation products. On the other
hand, if the denaturation process involved a macromolecular serum insulin
moiety, the active subfragments yielded could hold much physiologic interest.
In the same general category another possibility is that a normal, inactive
form of serum insulin undergoes spontaneous activation during storage at
—20 C,, perhaps through deterioration of a serum inhibitor. Obviously, much
work must be done before the reported facts can be explained.

Failure of the ILA of stored serum diluted for assay, to increase in the same
proportion as stored serum that is undiluted for assay is of interest but dif-
ficult to interpret. Dilution does itself lead to an increase of ILA, as does
frozen storage, but whether or not the ILA released by both processes is de-
rived from a common precursor cannot be determined from the data.
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