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by the patients, but in one patient the administration of the
mixture had to be discontinued prematurely because the mouth-
piece produced a tendency to retch.
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FIG. 4.-Post-operative readings.

Discussion

This pilot study suggests that a 25 % nitrous oxide in oxygen
mixture will be of value in the relief of post-operative pain.

This mixture could be provided either from a special machine
or, perhaps more conveniently, from premixed cylinders
(Tunstall, 1961, 1963 ; Cole, 1964). Short-term combined
therapy of nitrous oxide and oxygen mixture and narcotic may,
by producing better relief from pain, facilitate coughing and
vigorous physiotherapy.
A recent study (Nunn and Payne, 1962) has suggested that

many patients are mildly hypoxic in the first 24 hours after
operation, and it may be that continuous treatment with nitrous
oxide and oxygen mixtures warrants further investigation to
relieve both anoxia and pain. The main indication for analgesia
after operation is during the initial 24 to 48 hours (Parkhouse
et al., 1961), and this period appears to be within the safety
margin for reversible bone-marrow depression which occurs on
more prolonged therapy with higher concentrations of nitrous
oxide (Lassen et al., 1956 ; Green and Eastwood, 1963). The
problems involved in the clinical application of a 25% nitrous
oxide and oxygen mixture in post-operative pain relief are the
subject of a further study.

Summary

The use of vital capacity and peak expiratory flow rate
readings to estimate the degree of pain after upper abdominal
surgery is described. A mixture of 25 % nitrous oxide and
oxygen was administered to 20 patients and a significant degree
of pain-relief was obtained lasting for a few minutes after
administration was stopped. In terms of vital capacity and peak
flow the improvement was better than that obtained by morphine
(1 mg./stone (0.16 mg./kg.) body weight). The combined use
of nitrous oxide and morphine gave better results than either
agent alone. The value of a 25 % nitrous oxide mixture as an
aid to physiotherapy and for prolonged use after abdominal
operations is discussed.

We are indebted to the British Oxygen Company Limited, who
lent us the Walton 5 machine, and to Mr. P. F. Jones and Mr.
J. Kyle, who kindly permitted us to carry out the investigations on
patients under their care. Our thanks are also due to Dr. W. Brass,
senior lecturer in the Department of Statistics, for his assistance,
and to Dr. W. N. Rollason, Director of the Department of Anaes-
thetics, for his encouragement and guidance in this work.
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Effect of Circulating Antibody to Insulin on Serum Levels of
Insulin-like Activity in Rats, Guinea-pigs, and a Diabetic Patient
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Brit. med. J., 1964, 2, 482-485

Our recent attempt (Samaan et al., 1962) to make the fat-pad
bioassay for insulin more specific by incorporating an antibody
in the assay procedure revealed that most but not all of the
insulin-like activity (I.L.A.) in peripheral serum was
" atypical "-that is unaffected in its in vitro activity by an
antibody to insulin. Subsequent studies have confirmed that
while the pancreas probably secretes insulin into the blood-
stream in " typical " form-that is, one whose bioassay effect

is antagonized by an antibody to insulin-the liver transforms
some of this typical insulin into the other, or atypical, form
which constitutes most of the I.L.A. in peripheral serum
(Samaan et al., 1962a, 1962b, 1963). It is surprising that the
guinea-pigs in whose sera this antibody is raised show no hint
of diabetes mellitus, for their glucose-tolerance tests are strictly
normal (Wright, 1961, 1963; Mann and Smith, 1963) even in
the presence of the very high titre of potent antibody to insulin
known to circulate in these animals. At first sight this does not
seem consistent with the reports of other experiments in which
injecting serum from these animals into other species has been
followed within hours by the development of a full-blown
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diabetic syndrome (Moloney and Coval, 1955; Wright, 1961).
This surprising preservation of insulin activity in the guinea-
pig despite the presence of a potent antibody to insulin has
therefore been studied further by assays of serum from guinea-
pigs, rats, and one human patient who developed severe
resistance to injected insulin which responded to corticosteroid
treatment.

Case History of Insulin-resistant Patient
A man aged 67 first presented in May 1961 with a diabetic

syndrome. Blood-sugar values confirmed the diagnosis. On
examination the liver was found to be enlarged 5 in. (12.5 cm.)
below the costal margin. Liver biopsy and serum-iron estimation
confirmed the diagnosis of haemachromatosis. He was initially
stabilized on a diet of 200 g. of carbohydrate and 26 units of insulin
zinc suspension daily. In September he was readmitted to Stoke
Mandeville Hospital because of uncontrollable diabetes even on
400 units daily of insulin. In October he was given prednisone,
starting with 30 mg. a day for two days, followed by 20 mg. daily.
One week after the start of this treatment his insulin requirements
began to drop rapidly, and two weeks later only 50 units of soluble
insulin was required morning and evening. After two months
(at the end of November 1961) he was controlled on a combination
of 20 units of soluble and 28 units of P.Z.I. daily. In February
1962, after four months, the dose of prednisone was reduced to
50 mg. a day and in March to 10 mg., after which it was gradually
discontinued over the next two months. Since June 1962 he has
received no corticosteroids and his diabetes has remained stable.
In July 1963 he was remaining well controlled on a dose of 12
units of soluble and 8 units of P.Z.I.

Methods
1. Guinea-pig Experiments.-Serum was withdrawn by

cardiac puncture from two groups of fasting guinea-pigs pre-
viously immunized by monthly injections of bovine insulin
(Wright, 1961) and similarly from control guinea-pigs who
had not been so injected. Bioassays for typical and atypical
I.L.A. were made as described below in all these serum
samples.

2. Rat Experiments (Study of their serum I.L.A. after acute
injections of large doses of insulin antiserum).-From four
rats (weight between 200 and 225 g.) blood was withdrawn
from the aorta after preceding injections of large doses of
guinea-pig antiserum to insulin-that is, after intraperitoneal
injections at -6, -4, and -2 hours of 2 ml. of potent
guinea-pig antiserum to insulin, which had been prepared in
guinea-pigs as described by Wright (1961), 2 ml. of which we
had previously found sufficient to inhibit the in vitro activity
of 6 units of insulin. To control this experiment, normal saline
was injected into two other rats, and control guinea-pig serum
into a further two; blood was then withdrawn from the abdo-
minal aorta of these animals. Estimations of glucose levels and
also bioassays of I.L.A., both typical and atypical, were made
on the sera from these four experimental rats and the corre-
sponding four control rats.

3. Studies on the Patient.-On three occasions, 48 hours
after withholding his insulin, venous blood was withdrawn
following an overnight fast: (1) before starting prednisone
treatment when even 400 units of insulin daily could not
control his diabetes; (2) after three months on prednisone treat-
ment; and again (3) at 12 months after the cessation of predni-
sone treatment. The bioassay procedure was used to measure
the antibody potency of this patient's serum at these three
stages of therapy by comparing his serum with our standard
guinea-pig antiserum, using its ability to antagonize the effects
of standard insulin or normal serum on the production of CO2
from 14C-l-glucose by the fat-pad. Standard assays of the
patient's fasting serum for both typical and atypical I.L.A. were
also carried out.

waan and Fraser BRITISHMEDICAL JOURNAL 483

Insulin assays for all the studies were by the rat epididymal
fat-pad procedure, measuring the "CO, production from
14C-l-glucose in the incubating medium (Samaan et al., 1962a).
Total I.L.A. was measured from the increase in the produc-

tion of 14CO2 in the absence of antibody. Atypical I.L.A. was
measured in a similar manner, with the addition of guinea-pig
antibody to insulin in the incubating medium. Typical I.L.A.
was estimated as the difference between total and atypical I.L.A.

Results

1. Rats.-Fig. 1 shows that acutely after large injections of
antiserum to insulin, all the assayable typical and atypical I.L.A.
has disappeared from the serum. Correspondingly, the blood

O5m. .er of

Rats
Sosal injcted wit AS. ConraIrts Stendard

DObustI CMeenef4 | Insulin|
% ~~~~~.0 M. I, . 0_-AS.L -A.S.1 Ouge Li -A.S.

0C

&400

200

Nean bW.sugar CInjeoted rots with A.S.) a'379ml./lO' Il'
(control rats) -1540./lOOminlFIG. 1.-Serum I.L.A. assays from rats previously given anti-

insulin serum at -6, -4, and -2 hours. Note "CO, pro-
duction in presence of this serum is equivalent to the basal
production of the fat-pad in contrast to higher values stimu-

lated by serum of control rats or standard insulin.

sugar has risen to diabetic levels. 14CO, production by the fat-
pads to which the serum from these rats injected with large doses
of antibody has been added did not differ from that produced
in the presence of Krebs solution + antibody alone-that is,
from the basal levels of CO2 production by the fat-pads. These
findings contrast strongly with the assay results obtained from
control animals, who showed readily measurable levels of both
atypical and typical I.L.A. and normal blood-sugar concentra-
tions.

2. Guinea-pigs.-Fig. 2 shows that in the immunized guinea-
pigs in whose serum there is constantly present a high titre of
antibody to insulin, such that 1 ml. of this serum could inacti-
vate 3 units of bovine insulin, the blood sugar is normal and
the serum levels of atypical I.L.A. are also normal and in-
distinguishable from those found in the control guinea-pigs.
No typical I.L.A. was discernible in the immunized guinea-
pigs, as might have been expected. The fasting control guinea-
pigs showed small normal amounts of typical I.L.A.

3. Insulin-resistant Diabetic Patient.-Table I shows that
the patient's serum before treatment has as strong an insulin-
neutralizing effect in bioassays as had the guinea-pig antiserum
to insulin. By contrast it is interesting to notice that three
months after starting the corticosteroid treatment the antibody
level had been much reduced, and even 12 months after stop-
ping this it was still very low and did not show any sign of
returning towards the previously high levels (Table II).

Further, Table III shows that in the patient's serum before
treatment, when his diabetes mellitus was uncontrolled, there
was a negligible amount of circulating insulin, either atypical
or typical ; after treatment, also 48 hours after his last insulin
injection, his blood sugar was not very abnormal, and corre-
sponding assays of his serum revealed approximately normal
levels of atypical I.L.A. but no typical I.L.A., which corre-
sponded with his now mild diabetic state (Table III). It is
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FIG. 2.-Insulin assays on fasting serum, comparing immun-
ized with control guinea-pigs (A series and B series of com-
parisons). Note that the "4CO, production of the fat-pad is
raised above basal values both by immunized and by control
serum (in the latter both + A.S. and -A.S. assay-that is,
for atypical and total I.L.A.), and so that serum (which must
all be atypical I.L.A. "in the immunized G.P.") is similar to
the atypical I.L.A. of the control serum-that is, of its assay

"1 +A.S.,'

TABLE I.-Effect of Addition of Patient's Serum on Activity Produced
by Postprandial Human Serum Compared with Effect of Guinea-pig
Antiserum on Fat-pad Assay for Insulin

4CO2 *Production by
Fat-pad

Sample AntibodyUsed- ______________
Date 0 05 ml./ml. 0 25 ml. Normal Serum/ StandardIncubate Antiserum ml. Incubate Insulin

+ Antiserum -Antiserum 6 pU/i.

24/10/61 G.P.A.S. - (17-72)
68

Patient's serum (11-18) (18 21) (25 26) (25-92)
0 72 225

Unbracketed figures = pU insulin/litre
Bracketed figures = mean 14CO2 production as:

I counts/min.

2/Adry weight fat pad.

TABLE II.-Measurement of Antibody Potency of Serum from Patient
with Insulin Resistance Before, During, and After Cortisol Treat-
ment, Using the Pat-pad Method

Fasting Microunits of Insulin
Blood Sugar Antagonized by 0-1 ml. of

Serumseda Antibdy 48hrs. after Patient's Serum in vitro
Serumn Used as Antibody 4lnsulin Fat-pad Assay

(mg./100 ml.) Fully OnlyPartially

I. Pre-cortisol 24/10/61 .. 420 2,000 4,000
II. Three months on cortisol 10/3/62 250 32 64
III. Twelve months after withdrawal

of cortisol .160 8 32

TABLE III.-Insulin-like Activity in Chronic Insulin Resistance Before
and After Cortisol Treatment

Fasting I.L.A.* Measured by Fat-pad
Blood 0-5 ml. serum/ml.

Status of Patient Sugar Incubate Standard48 Hours Insuli Bsl

afteri + Anti- - Anti- 62 IXU/l.Inui serum serum

Before cortisol treat- 420 mg./ - (12 04) (25 63) (9 8)
ment - 100 ml. 12 0

After effective treat- 160 mg./ (24 13) (25 10) (25-14) (9-70)
ment with cortisol 100 ml. 107 121 o
12 months off cortisol

Unbracketed figures = pU. insulin/litre.
*Bracketed figures = mean 14CO2 production as:

V counts/mis.

A/dry weight fat-pad.

BRXMS
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interesting to note this recovery of the serum atypical I.L.A.
Presumably the large drain on his insulin production from the
previously high levels of circulating insulin antibody has been
much reduced, and he now has a fair but subnormal insulin
production-that is, he has enough insulin reserve to maintain
a nearly normal level of circulating serum I.L.A. (in the atypical
form), corresponding probably to that present when his mild
diabetes was originally diagnosed and before the development
of insulin antibodies.

Discussion

It may be recalled that we have evidence that the pancreas

secretes insulin only in the typical form which can be neut-al-
ized by an insulin antibody; however, a proportion of the
insulin secreted into the blood-stream in this form is trans-

formed by the liver to atypical insulin, not so neutralizable
(Samaan et al., 1962a, 1962b, 1963). Thus, in these immunized
guinea-pigs it must be presumed that some secreted insulin
reaches the liver; possibly other tissues obtain adequate sup-

plies of insulin by extraction from the atypical insulin so

formed. Further, the completeness of the disappearance of all

insulin-like activity from the serum of the rat injected with
antiserum to insulin, or from the patient in his severely insulin-
resistant state, is indeed a strong hint that atypical insulin
probably does come from insulin.

It is now well established that the regular injection of insulin
into diabetic patients is usually followed by the appearance

of antibodies to insulin in the patient's serum (Lowell, 1944;
Loveless and Cann, 1955). These antibodies are, of course,

different from the antagonist demonstrated by Vallance-Owen
in abnormally large amounts in the serum of many diabetics
(Vallance-Owen et al., 1958), and which his evidence suggests

may be the beta chain of insulin. One type of antibody to

injected insulin may lead to urticaria and similar manifesta-
tions (Lowell, 1944; Loveless and Cann, 1955). In cases of
chronic severe insulin resistance another or "inactivating"
antibody is developed to a very high titre, so that 200 units or

more of insulin is needed to control the patient's diabetes; this
basis of chronic severe insulin resistance is now well established.
Glen and Eaton (1938) showed that the serum from such
patients protected rabbits from insulin hypoglycaemia.

Several later studies have also defined these antibodies to

insulin in the sera of these resistant diabetic patients; by the
serum's anti-insulin-hypoglycaemic effects (Ezrin and Moloney,
1959), by its in vitro inhibition of the diaphragm assay for
insulin (Marsh and Haugaard, 1952), by tanned-red-cell tests

(LaPresle and Grabar, 1957), or by immunochemical assay

methods using '31I (Morse, 1961 ; Spellacy and Goetz, 1963).
The frequent response of this chronic severe insulin resistance
to A.C.T.H. or corticosteroids is also well established (Kleeberg
et al., 1956; Oakley et al., 1959; Field, 1959), which is in

line with cortisol's known capacity to inhibit the synthesis of
an antibody during sensitization (Bj0rneboe et al., 1951) and
to diminish antibody production from a previous response

(Fischel et al., 1952). Others have also demonstrated a reduc-
tion in the serum titre of antibody following successful treat-

ment of this severe chronic insulin resistance (Morse, 1961
Field, 1962).

While, therefore, these clinical applications are well estab-
lished, comparison of the observations we have reported on

our patient and on rats and guinea-pigs suggest some vari-
ability in the effects of circulating antibodies on insulin activity.
It may be noted here that these antibodies against insulin have
very little species specificity. Thus the antibodies to ox insulin
can produce temporary diabetes mellitus in the rat, rabbit,
mouse, sheep, pig, and dog (Moloney and Coval, 1953;
Armin et al., 1960, 1961). We have also shown that this anti-
serum not only inhibits the activity produced in the fat-pad
by acid-ethanol extracts from the pancreases of various species
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but also that of such extracts from the guinea-pig pancreas
itself (Slater et al., 1961); this last observation has been con-
firmed directly by Mann and Smith (1963), and also indirectly
by Renold (1963), who by injecting bovine insulin into cows
produced antibodies in them without the development of
diabetes.
We and other workers (Wright, 1961; Mann and Smith

et al., 1963) have found that the blood sugars of these immun-
ized guinea-pigs are within normal limits. It is therefore
difficult to escape two apparently contradictory conclusions:
(1) that some insulin is transferred from the immunized guinea-
pig's pancreas to the peripheral tissues despite the high titres
of antibody circulating, and (2) that in rats effective transfer of
insulin to the peripheral tissues can be prevented by injecting
the same antiserum in amounts giving no more than approxi-
mately equivalent antibody titres. Initially, our patient seems
to have been in a state corresponding to that of the rats, where
large amounts of circulating antibody apparently overwhelm
the insulin production by drawing off all the available insulin,
presumably while it is secreted from the pancreas; for not
even atypical insulin could be detected in the rat's serum, nor
in the serum from the patient at this stage. It would seem
that in the rat, as initially in our patient, the dose of antibody
can be overwhelming, possibly because of its sudden appear-
ance.
Our experiments can only hint at possible explanations for

the different chronic effects produced by the same antibody in
the guinea-pig. Our assays, both on these animals and on our
patient at two stages of his disease, suggest that circulating
atypical insulin may be one factor in maintaining a normal
blood-sugar level; for atypical I.L.A. was present in approxi-
mately normal amounts in the serum of the immunized guinea-
pigs and in the treated patient, while it was absent from that
of the acutely injected and consequently diabetic rats and from
the patient's serum during his early uncontrolled resistant stage.
This finding of atypical insulin could not have been due to
insufficient insulin antiserum or period of incubation, for it was
still found in these sera on reassay using 0.6 ml. instead of the
usual 0.1 ml. of antiserum per ml. of incubating serum after
preliminary incubation of the serum with the antibody for 48
hours. It would seem that the gradual development of com-
pensatory mechanisms has enabled the guinea-pig to retain
normal insulin action despite the antibody-doubtless partly
by increased production of insulin, but perhaps also by en-
hancement of the method by which tissues can abstract insulin
activity from circulating atypical insulin. Further work may
define the compensatory mechanisms involved.

Summary

Guinea-pigs immunized to a high titre with ox insulin were
found to have normal blood-sugar levels, and also normal

serum levels of " atypical " insulin-like activity, although there
was no demonstrable serum "typical" insulin-like activity.
This suggests that in this chronic state the atypical I.L.A. is
formed and is used to avoid diabetes.
The acute injection of a similar dose of their antiserum into

rats, however, caused severe diabetes mellitus associated with
the loss of both typical and atypical I.L.A. from the serum,
evidently by sequestering all insulin before any atypical I.L.A.
is formed from the secreted typical form.

Using the fat-pad, the serum of an insulin-resistant diabetic
patient was found to have a high titre of insulin antibodies
before treatment with cortisone, while during and after treat-
ment the antibody titre was much lower. While his titre of
antibody was high there was no demonstrable serum I.L.A. of
any type, but after treatment with cortisone the antibody titre
was lower and the atypical I.L.A. reappeared in nornal
amounts.

We thank Dr. Wilfred Stokes for his co-operation in arranging
the studies reported on his patient and the British Medical Research
Council for a grant to Dr. N. Samaan.
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