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Simple Test for Insulin Antibodies in Sera, using 131I-insulin and
Ethanol Precipitation
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It is now common knowledge that all diabetics on insulin
treatment develop some insulin antibodies, though only very
rarely to an extent which interferes with their treatment.
Evidence for circulating antibodies to insulin was obtained
in vitro by Arquilla and Stavitsky (1956), using a haemag-
glutination technique; and in vivo by Berson et al. (1956),
who showed that the half-life of injected 1III-insulin
in insulin-treated subjects was very considerably prolonged
(up to 30 hours, compared with 20 minutes in normal sub-
jects), and that such patients had an insulin-binding globulin.
Subsequent immunoprecipitation and immunoelectrophoretic
studies (Skom and Talmage, 1958 ; Prout et al., 1963) have
confirmed that the gammaglobulin fraction of such insulin-
binding sera was responsible for the combination with insulin.
A state of temporary "insulin resistance" is common in

diabetics with intercurrent infection or ketosis, but the usual
insulin responsiveness is restored with control of the com-

plication. Occasionally, however, in insulin-treated diabetics
a state of chronic insulin resistance develops-that is, insulin
requirements in excess of 200 units a day-in the absence of
other complications known to impair the action of insulin;
this is usually due to the development of an excessively high
titre of circulating antibodies to insulin (Berson and Yalow,
1957; Oakley et al., 1959; Morse, 1961), but not invariably
(Oakley et al., 1959; Field, 1962). Since treatment aimed at
reducing the titre of insulin antibodies generally improves the
insulin requirements of such patients (Oakley et al., 1959;
Morse, 1961 ; Field, 1962; Samaan and Fraser, 1964), a simple
and accurate screening test would have useful application,
bath for recognizing such patients and for assessing their
response to treatment. The present paper describes such a

test with ethanol precipitation. Its adequacy has been assessed
'with 15 normal and 13 insulin-treated subjects, and the tech-
nique has been compared with a more standard immuno-
-precipitation procedure. Ethanol precipitation of insulin anti-
-body complexes has been described by Heding (1965) for
immunoassay of insulin.

Methods

Subjects Studied.-Serum samples were obtained at 14
hours after the last insulin injection of soluble insulin (or 24
hours after long-acting insulin), and always after an over-
night fast, from nine diabetics reasonably controlled on 100
units of insulin a day or less and from four diabetics who
had developed chronic insulin resistance and whose control
was unsatisfactory with 200 units or more of insulin daily
(350, 800, 1,000 (approximately) respectively being given daily
at the time of testing). Some clinical details are given in
Table I.
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Short Ethanol Precipitation Test

Materials.-Bovine 13 II or "2-I-insulin, specific activity
5 4uCi/0.1 jug., was obtained from the Radiochemical Centre.
Amersham, and diluted 1:80 on the day of use to yield a
solution of concentration 3 juu. insulin in 0.1 ml. Absolute
alcohol (97 %) was hospital-distilled. The standard diluent
used for sera and reagents was borate buffer,' pH 8.2, with
0.2% bovine albumin.

TABLE I.-Clinical Data of Insulin-treated Subjects Tested

Years of Diabetes Daily Insulin Comment Re
Case Age and of Insulin Dose_{Previous
No. A geherapy Unless Weekc) Diabeti c Other

Otherwise Stated) (Units) Control Featre

Out-patient Diabetics
1 25 3 I.Z.S. 25 Good -

2 11 i ,, 60 Fair
3 37 17 , 68 Good _
4 21 1i Sof. 38. ,. _

N.P.H. 24
5 65 1 I.Z.S. 40
6 25 20 Sol. 28.

N.P.H.L 24
7 52 15 Sol. 60-80 Fair
8 52 16 (insulin > 5) Sol.20 Poor

P.Z.IL 20
9 31 2 ,, 20 ,,

? Insulin Addict
10 29 - - Suspected insulin

addict. Hypo-
glycaemic attks
5 years

Insulin-resistant Diabetics
.I 28 4 Sol. 800- Poor Poor control 2 years

1,000 on insulin 200-
1,000 u./day

12 55 15 Sol. 700- Poor control 3 months
1,200 on 170-700 u./day.

Gross urine infec-
tion

13 45 Years Sol. 1,000- ,, Chronic insulin resis-
(app.) 2,000 tance 4 months

(approx.) and urine infection
14 38 18 Sol. 350 ,, Poor control 3 months

on insulin 320-500
u.lday. Neuro-
pathy, cardiac
falhure, uraemia

I.Z.S. = Insulin zinc suspension. N.P.H. = Natural protaniine Hagedorn insulin.
P.Z.I. = Protamine zinc insulin.

Procedure (Outlined in Fig. 1).-In each test run several
"buffer only " tubes were included to show basal values for
1'3II-insulin coprecipitation. Serum dilutions (other than 1: 10
as indicated in the flow sheet) from undiluted to 1:1,000
were run in the preliminary tests quoted. After adding the
appropriate constituent to each tube the racks were incubated
at 4° C. for 24 to 48 hours. Absolute alcohol was then added
to give a final concentration of ethanol of >80%, which pre-
cipitated all serum proteins when mixed. The tubes were
then centrifuged, the supernatant was carefully decanted, and
the precipitate and supernatant were counted in a manual or
automatic gamma well counter.

Boric acid 8.25 g. ; sodium hydroxide 2.7 g.; conc. HG (11.5 N) 3 mL;
merthiolate 100 mg.; distilled water to 1 litre.
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720 25 March 1967 Insulin Antibodies in Sera--Welborn et al.
ETHANOL PRECIPITATION PROCEDURE

(All samples in duplicate)

0.1 ml. of dilution of serum (usually 1 :10)
0.1 ml. of 1511-insulin (= 3 au.) Stage
0.1 ml. of buffer

Mix
Incubate at 4' C. for 24 hours Stage 11

1.3 ml. absolute alcohol added and mixed Stage IlI

Centrifuge
(2,000 r.p.m. at 40 C. for 20 min.) Stage IV

Decant supernatant Stage 'V

F1
Precipitate Supernatant

Stage VICount in gamma well and calculate percentageas11 in precipitate
FIG. I.-Flow sheet for ethanol precipitation procedure.

Iminunoprecipitation Procedure (Used to test validity of
ethanol results).

Materials.-A rabbit antihuman gammaglobulin (RAHy/G)
that would precipitate all known immunoglobulins (yG, yA,
yM, yD) and a sample of pure human " 7S " gammaglobulin
(" human yG ") were kindly donated by Dr. J. R. Hobbs.
The pure human yG was labelled with `'I by the Hunter
and Greenwood (1962) method.

Procedure.-Stages I and II were the same for the ethanol
procedure (Fig. 1), except that for each sample tested parallel
monitor tubes were included containing 0.1 ml. of a3aI-human
yG in tracer concentration instead of the 13"I-insulin in the
assay tubes. At stage III an appropriate dilution of RAH-yG
(containing 20 u. heparin/0.1 ml.) was added to assay and
monitor tubes, which were incubated for a further 20 hours.
Stages TV-VI were identical with the ethanol procedure.

Results

Preliminary Observations with the Ethanol Test

1. " Buffer Only" Control Tubes and Dilutions of Normal
Sera (Fig. 2).-An appreciable non-specific coprecipitation was
shown with the "buffer alone " control tubes (containing
0.2 % bovine albumin). This was reasonably constant for any
one day (± 3 %) but varied from 5 to 15% over several experi-
ments, possibly reflecting the variable extent of radiation
damage of batches of 131I-insulin. This coprecipitation
appeared, however, to be non-specific, since the addition of
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1,000 atu. of unlabelled bovine insulin did not diminish the
percentage la3I-insulin precipitated. Fig. 2 shows that, with
normal sera diluted 1: 1-that is, undiluted-to 1 : 5, greater
than basal precipitation occurred, indicating apparent protein
binding of the labelled insulin. However, normal sera diluted
1:10 to 1:1,000 gave results within the range of the control
buffer tubes.

2. Diabetic Sera.-Fig. 3 compares some normal subjects'
with some treated diabetic subjects' sera at four dilutions, of
which 1:10 appears to yield the most useful discrimination,
since the normal sera show insulin binding in basal range and
the diabetic sera have clearly raised values.
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FIG. 3.-Preliminary ethanol precipitation tests: "'I-insulin binding by
insulin-treated diabetic sera compared with some normal sera.

3. Effect of Adding Bovine Insulin (Fig. 4).-Certain sera
were tested with the addition of 1,000 jtu. of bovine insulin
in 0.1 ml. (instead of the usual 0.1 ml. buffer addition). At all
dilutions tested the addition of insulin caused a decrease in
the measured insulin binding, except when the latter was in
the low basal range. Since added insulin competed with the
binding of 13 'I-insulin when the latter exceeded the buffer
control range, some form of specific insulin binding seemed
to occur in both normal and treated diabetic sera. In the
undiluted serum samples the effect of the added insulin was
minimal, possibly because of the high degree of trapping of
a3'I-insulin within the bulky precipitate.
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FIG. 2.-Prelim-nary ethanol precipitation tests: "'I-insulin binding by
normal sera at various dilutions.
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FIG. 4.-Preliminary ethanol precipitation tests: effect of added bovine
insulin (1,000 MAu.) on 13"I-insulin binding by sera of insulin-treated and

normal subjects. Symbols as for Fig. 3.
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Comparison of Ethanol and Inununoprecipitation with
1:10 Dilutions of Sera

For preliminary testing tubes containing tracer "'1 I-HyG
were incubated with a 1:10 dilution of pooled human sera
and the effect of ethanol precipitation and that of precipita-
tion with RAHyG (1: 4 dilution) compared; both gave
optimal results, 98.3% and 97.4% respectively of the labelled
HyG being precipitated. However, when 1:10 dilutions
of various single samples of serum were run with the immuno-
precipitation procedure, variable precipitation of 13 I-HyG
in the monitor tubes occurred (range 41.0 to 95.2%), whereas,
with ethanol, maximal precipitation consistently occurred.
Therefore each value obtained for '31I-insulin binding in the
assay tubes of the immunoprecipitation procedure required
correction for suboptimal gammaglobulin precipitation, as
shown by the corresponding monitor tubes. The apparent and
corrected values for 13 'I-insulin precipitation (obtained as
recommended for a similar double-antibody immunoassay
procedure-Welborn and Fraser, 1966) are shown in Table II.

Fig. 5 compares the results obtained with sera from the
subjects shown in Table II, when tested at 1:10 dilution by
both the ethanol and immunoprecipitation techniques. It is clear
that approximately equivalent measurements are obtained by
either procedure.
The "spectrum " of activity of the RAHyG, as shown by

immunoelectrophoresis against whole human serum, indicated
principal activity against yGKL but also some bands of pre-
cipitation corresponding to the yAKL and yMKL globulins,
siderophyllin, and complement. Also a second immuno-
electrophoresis of the RAHyG against the 13 I-HyG shows
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FIG. 5.-Comparison of ethanol and immunoprecipitation
techniques of measuring 13"I-insulin binding by various sera

(diluted 1:10).

TABLE II.-Observed Percentage 3'5I-insulin Bound and Corrected Values
(Derived from Monitor Tubes)

Observed % L3'I-
insulin Bound

Case (Assay Tubes)

that the latter preparation was essentially pure except for some
minor trailing due to iodide and damaged protein.

Assessment of Diagnostic Usefulness of Ethanol Test on

1:10 Dilutions of Sera

Fig. 6 shows that the 15 normal sera corresponded almost
completely with the basal buffer range. Since it is possible that
this method, which precipitates all serum proteins, may reveal
insulin binding of proteins other than gammaglobulins, sera
from a miscellaneous group of patients were also tested. These
were selected on the basis that certain conditions might be
associated with increased insulin binding. The results obtained
with three pregnant subjects, two new (untreated) diabetics, five
patients with established vascular disease (hypertension or inter-
mittent claudication), and one proved case of insulinoma indi-
cate that the insulin binding so measured falls well within the
range found with normal sera at this dilution. Non-resistant
insulin-treated subjects, however, with one exception, show a
clear increase in insulin binding (16-58%) ; and it is of interest
that one of these patients (Case 10) was a suspected case of
insulinoma, for whom the insulin binding of 54% confirms
that the true diagnosis was probably self-administration of
insulin. Of the four insulin-resistant subjects studied three
showed excessive binding (76-83%), but the fourth (Case 14),
with an insulin binding of only 34%, may well have had a
different and more obscure metabolic cause for her insulin
resistance other than insulin antibodies, since her large insulin
requirements were associated with progressive renal failure,
cardiac failure, and severe neuropathy. One further point of
interest is that one of the insulin-resistant patients, who had
76% binding when poorly controlled by 300 units of bovine
insulin, showed only 44% binding of the labelled bovine insulin
after treatment (prednisone, immunosuppressive drugs, pork
insulin, etc.) had reverted her insulin requirements to 100 units
a day.

Discussion

The ethanol precipitation test can evidently show abnormal
protein-binding of the sera of insulin-treated diabetics, provided
that such sera are diluted 1:10 or more, at which concentration
normal sera correspond with the basal buffer range. Further,
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FIG. 6.-Suggested standard ethanol precipitation test for
insulin antibodies (using 1 :10 dilution of various sera;

symbols as for Fig. 5).
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the binding so measured in insulin-treated diabetics appears to
be specific, for the addition of stable insulin reduces the amount
of labelled insulin bound. The fairly close correlation between
ethanol and immunoprecipitation results (with an antihunan
gammaglobulin) identifies the binding protein as being mainly
gammaglobulin; though antibodies have been detected occa-
sionally in the B2A and B2M globulins (Yagi et al., 1963), these
would also be precipitated by ethanol.
The ethanol method can be used by any hospital equipped

with centrifuge and -Counting facilities for "3'I or 25I ; the
equipment and technical skill required are minimal, and the
method has the advantage of considerable simplicity compared
with currently established techniques. It has practical applica-
tion in various circumstances. It can identify when severe
chronic insulin resistance depends on excessive antibody forma-
tion, and it can assess the effectiveness of therapy in such
patients. Evidence for chronic insulin administration can also
be obtained, as when repeated " spontaneous " hypoglycaemia
Is suspected of being due to self-administration of insulin.

Summay

After incubation of serum with "3'I-insulin, ethanol added to
a final concentration of 80% precipitates protein-bound "3'Ib
insulin. With diluted sera the method gives a useful index of

the titre of insulin antibodies present, and is in good agreement
with a more difficult immunoprecipitation technique. Chronic
insulin resistance in diabetes may conveniently be assessed by
this procedure.

We are grateful to Dr. J. R. Hobbs for performing the immuno-
electrophoretic studies and to Dr. A. D. Wright for labelling the
human gammaglobulin. T. A. W. was in receipt of a British
Medical Research Council grant, and R. R. of a British Council
Fellowship.
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Osteomyelitiss:- An Unusual Sequel to Neutropenia*

L. R. I. BAKER, M.A., M.B., M.R.C.P;; M. C. BRAIN, D.M., M.R.C.P.; J. K. MILLER, M.B., B.S., M.C.R.A.

M. J. RAPHAEL, MI.B., B.CHIR., M.R.C.P., F.F.R.

Brit. med. J., 1967, 1, 722-725

Bacterial infections often complicate neutropenia (Brit. med. 7.'
1964). It is surprising, therefore, that bacterial osteomyelitis
does not seem to have been previously reported as a sequel to
neutropenia in adults.
We wish to report the occurrence of osteomyelitis in two

adult patients with neutropenia, both of whom had been treated
with corticosteroids, and a third patient in whom neutropenia
may have been responsible for increased susceptibility to bone
infection.

In each case the clinical presentation and course of the
infection were unusual and radiology was of importance in
establishing the diagnosis.

Case 1

A 43-year-old Iranian was first seen at Hammersmith Hospital in
August 1964, when he gave a three-month history of malaise, short-
ness of breath, and spontaneous bruising. Clinical examination
showed nothing abnormal apart from pallor and bruising. The
white cell count was 64,000/cu. mm. with 40% blast forms, and
sternal marrow biopsy showed a heavy infiltration with blast cells.
A diagnosis of acute lymphoblastic leukaemia was made and treat-
ment begun with prednisone, 40 mg./day. Within five weeks the
peripheral blood and the marrow had become normal. Maintenance
therapy with mercaptopurine 150 mg./day was then started, being
continued in Iran until June 1965, when the dose was reduced to
50 mg./day. In July a further bone-marrow biopsy revealed relapse
of the leukaemia. Prednisone 40 mg./day was given, together with

vincristine (two doses of 2 mg. intravenously). A second remission
rapidly resulted, and the prednisone was tailed off. Early in Decem-
ber he again became ill, and prednisone 40 mg./day was reinstituted.
A week later he complained of swelling and tenderness of both
shins.
On 28 December he was readmitted to the Hammersmith Hospital.

His temperature was 99.6' F. (37.6' C.). Examination revealed
tenderness with redness and swelling over the lower third of the
left tibia, and oedema of the left ankle. Small haemorrhages were
present on the soft palate, left conjunctiva, and left retina.

Investigations.-Haemoglobin 11.2 g./100 ml.; white cell count
2,000/cu. mm. (84% lymphocytes, occasional blast cells, neutrophils
300/cu. mm.); platelets 10,000/cu. mm.; E.S.R. greater than 100
mm./hour. Bone-marrow aspiration: repeated dry taps. Serum
uric acid 5 mg./100 ml. Haemoglobin electrophoresis normal.
Widal reaction negative. Brucella agglutinins negative. Immuno-
electrophoresis; yM component 320 mg./100 ml.

He was maintained on prednisone 40 mg./day and also given
intravenous vincristine (6 mg. in three weeks). The white cell and
platelet counts rapidly returned to normal. The course of the
leukaemia during the next six months and its relation to treatment
is shown in Fig. 1.

Three days after admission effusions developed into both knee
joints, accompanied by a pyrexia of 104' F. (40' C.). Two succes-
sive blood cultures grew 8-haemolytic streptococci sensitive to
ampicillin and cloxacillin. Treatment was begun with these anti-
biotics with temporary resolution of fever and disappearance of the
effusion from the left knee, but not the right. Fever recurred and
persisted in spite of treatment with a variety of antibiotics. The
temperature chart and its relation to antibiotic therapy are shown
in Fig. 2. The right knee joint was aspirated on 10 occasions.
Purulent fluid was obtained repeatedly, but aerobic and anaerobic* From the Departments of Haematology, Medicine, and Radiology,

Postgraduate Medical School, London.
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