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The Bioavailability of Circulating Antibody-Bound Insulin 
Following Insulin Withdrawal in Type I (Insulin-Dependent) Diabetes 
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Summary. Insulin withdrawal studies were performed in 
12Type1 (insulin-dependent) C-peptide negative diabetic 
patients with low to moderate insulin antibody levels, to 
assess the biological availability of antibody-bound insulin 
and its clinical significance. There was a highly significant 
correlation between the extent to which the free insulin con- 
centration was maintained during the period of insulin with- 
drawal and both the level of insulin-binding by serum and the 
total insulin concentration at the start of the study. During in- 
sulin withdrawal, the patients who best maintained their cir- 

culating free insulin levels showed the smallest increases in 
blood glucose and 3-hydroxybutyrate concentrations. We 
conclude that antibody-bound insulin is available for physio- 
logical action, and that in those individuals with moderate an- 
tibody concentrations it is capable, in the fasting state, of 
maintaining free insulin levels. In these circumstances insulin 
antibodies are behaving as simple carrier proteins. 

Key words: Type 1 diabetes, insulin, insulin antibody, pharma- 
cokinetics. 

Most  clinical studies concerning insulin antibodies 
have been directed towards  the deleterious effects, such 
as insulin resistance, which are associated with very 
high ant ibody levels [1]. Little is known about  the effect 
of  the more  modes t  levels o f  antibodies that exist in 
mos t  Type 1 ( insulin-dependent)  diabetic patients. In 
these patients, it is evident f rom measurement  of  anti- 
b o d y - b o u n d  insulin that  substantial  quantities o f  insu- 
lin may  be present  in the p lasma and it has been  sug- 
gested that this source of  insulin could act as a buffer  to 
fluctuations in insulin levels [2]. 

A correlation between the level o f  insulin binding by 
serum and diabetic control as judged  by the haemo-  
globin A1 percentage has been demonst ra ted  in C-pep-  
tide negative patients on a once-daily insulin regimen 
[3], but  this association was not observed when the pat- 
ients were changed to a twice-daily insulin regimen. The 
p rob lem of  whether  an t ibody-bound  insulin is available 
for  biological action, and  the extent to which it might  be 
clinically useful, is o f  part icular  interest because over  re- 
cent years there has been  a reduction in both the preva- 
lence of  insulin antibodies and the insulin-binding lev- 
els found  in those who do form antibodies. This is a 
consequence of  the increased puri ty of  insulin prepara-  
tions and the increase in the use of  porcine insulin. To 
assess the availability of  insulin f rom the ant ibody- 
bound  pool,  we pe r fo rmed  studies on Type 1 diabetic 

patients who had low to modera te  serum insulin bind- 
ing and no residual C-pept ide  secretion. After careful 
deplet ion of  subcutaneous insulin, subjects were stabi- 
lised on intravenous insulin which was then discontinu- 
ed. The only source of  free insulin would then be f rom 
the pool  o f  insulin bound  to antibody. The concentra-  
tions of  free and total insulin in serum and of  glucose 
and 3-hydroxybutyrate  in b lood were measured  to 
assess the bioavailabil i ty of  this source of  insulin. 

Subjects and Methods 

Subjects 
The twelve Type 1 diabetic patients studied were aged 28-56 years 
(mean 44 years), with duration of disease 8-40 years (mean 19 years). 
They were within 10% of ideal body weight. All were receiving twice- 
daily mixtures of short and intermediate acting highly purified por- 
cine insulins before the study. Their usual insulin requirements were 
less than 1 U/kg daily and there had been no episodes of ketoacidosis 
in the year before the study. The absence of endogenous insulin secre- 
tion was established by finding no detectable C-peptide in serum ei- 
ther before or 6 min after an intravenous injection of glucagon l mg 
[4]. All subjects gave their informed consent to the study which had re- 
ceived Ethical Committee approval. 

To determine the relationship between insulin binding and the to- 
tal insulin concentration in serum, samples from 95 Type i diabetic 
patients were selected to cover a range of insulin binding and were as- 
sayed for total insulin concentration. Some were treated with bovine 
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Fig. 1. The total concentration of insulin in serum plotted against the percentage binding of labelled porcine insulin for 95 selected sera. Both 
scales are logarithmic 

Fig. 2. The total concentration of insulin in Serum at the start of the insulin withdrawal study plotted on a logarithmic scale against the free insulin 
concentration at the end of the study (expressed as a percentage of the free insulin concentration at the start of the study). Twelve subjects were 
studied (they are not included in Figure 1) 

Fig. 3. The concentrations of free insulin in serum and of glucose in blood during 12 h insulin withdrawal in two subjects, one without (O---O) 
and one with insulin-binding antibodies (~-- -O)  

insulin and some with porcine insulin; all had, in the past, been treat- 
ed with conventional bovine insulins. 

Experimental Protocol 

Patients were admitted to a metabolic ward during the morning of the 
day before the study. They had been instructed to take only short-act- 
ing insulin the previous night and to come to the ward fasting and 
without taking any further insulin that morning. An intravenous can- 
nula was inserted into one arm and an infusion of porcine insulin 
commenced. A further cannula was inserted in the opposite arm for 
blood sampling. They continued with their normal diet and normo- 
glycaemia was maintained by making appropriate adjustments to the 
insulin infusion rate. All subjects were fasted from 22.00 h until the 
end of the study; insulin requirements overnight varied from 
0.5-2.0 U/h in different individuals (mean 1.0 U/h). At 07.00 h the 
following morning, after a basal blood sample had been drawn, the 
insulin infusion was discontinued. The binding of labelled insulin was 
determined on the basal sample. Further blood samples, for the meas- 
urement of free insulin, total insulin, glucose and 3-hydroxybutyrate 
concentrations, were taken at hourly intervals (except at 14.00 and 
16.00 h) for 12 h. The study was ended by an intravenous injection of 
porcine insulin, a meal and a modified dose of their usual subcutane- 
ous insulin. 

Assay Methods 

Free and total insulin concentrations in serum were determined using 
125  the method of Nakagawa et al. [5]. The binding of I-labelled insulin 

by serum was determined using a polyethylene glycol separation 
procedure [6]. The mean + SD non-specific binding (i. e. binding of in- 
sulin by sera from normal individuals) was 1.4+0.2%; this has not 
been subtracted from the results. The C-peptide concentration in plas- 
ma was measured as described by Heding et al. [7] with modifications 
suggested by Kuzuya et al. [8]; aprotinin 100 U/ml blood was used to 
prevent proteolytic degradation. The detection limit was 30 pro�9 
Plasma glucose was measured by a glucose oxidase method using a 
Beckman glucose analyser. Plasma 3-hydroxybutyrate was estimated 
by standard enzymatic analysis [9]. 

Statistical Methods 

Results were analysed using Spearman's rank correlation test. 

Results 

Figure  1 shows the re la t ion  of  the total  i n su l in  concen-  
t ra t ion  to the b i n d i n g  of  label led  i n su l i n  for sera f rom 
95 Type  1 d iabet ic  pat ients ,  whose  sera b o u n d  2 % - 4 0 %  
of  label led  insul in ,  a n d  i l lustrates tha t  even with qui te  
modes t  an t i body  levels the p l a sma  can c on t a in  large 
a m o u n t s  of  insul in .  Sera f rom the 12subjec t s  s tud ied  
b o u n d  1 .2%-39% of  labe l led  in su l in  ( me a n  6.8%). 

Tab le  1 shows the results ob t a ined  in the i n su l in  
wi thd rawa l  study. The  subjects whose  sera had  the 
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Table 1. Serum concentrations of total and free insulin, glucose and 
3-hydroxybutyrate at the start of the study and after 12 h withdrawal 
of insulin 

Initial Final 

Total insulin (mU/1) 30-8470 (318) 13-6360 (214) 
Free insulin (mU/l) 9.1-73 (23.7) 0.5 16 (5.1) 
Glucose (retool/l) 3.0-8.1 (5.3) 5.1-20.6 (15.5) 
3-Hydroxybutyrate 0.06-0.32 (0.18) 0.59-4.01 (2.77) 
(retool/l) 

Results in 12 subjects given as range with the median in parentheses 
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Fig. 4. The dissociation of bound labelled porcine insulin in vitro from 
serum from the subject shown in Figure 3 (O----O); the percentage 
binding of labelled insulin on a logarithmic scale is plotted against 
time. The experiment was performed at 37 ~ and at time 0 an excess 
of unlabelled insulin was added. The half-life of dissociation of the 
slowest component, indicated by the straight line, is 140 rain 

highest insulin binding maintained their free insulin 
concentrations best during insulin withdrawal (r = 0.88, 
p < 0.01); and as shown in Figure 2 those with the high- 
est total insulin concentration in serum also maintained 
their free insulin best (r = 0.80, p < 0.05). Maintenance 
of the free insulin concentration was associated with the 
least metabolic deterioration as judged by the rise in 
blood glucose (r = - 0.76, p < 0.05) and 3-hydroxybu- 
tyrate (r = - 0.68, p < 0.05). 

To illustrate this further, the individual studies on 
two subjects are shown in Figure 3; one had the highest 
antibody level (39% insulin-binding; initial total insulin 
8,470 mU/l)  and one the lowest (1.2% insulin-binding - 
i.e. no detectable antibodies; initial total insulin 
30 mU/1). In the patient without antibodies, there was a 
rapid fall in the free insulin concentration to negligible 
levels after 4 h. In contrast, the antibody-positive sub- 
ject showed only a slow decline in the free insulin con- 
centration and at the end of 12 h still had a level that 
was 52% of the initial concentration. The antibody- 
negative patient experienced a rapid rise in plasma glu- 
cose and 3-hydroxybutyrate concentrations and was 

clinically ketotic after 12 h of insulin deprivation (blood 
glucose: 15.6 mmol/1; 3-hydroxybutyrate: 4.0 mmol/1). 
In marked contrast, the antibody-positive subject still 
had a near normal plasma glucose concentration at 12 h 
(5.1 mmol/1). The rise in 3-hydroxybutyrate was like- 
wise small (0.5 mmol/1; final concentration 0.59 mmol/  
1). In the antibody-positive subject the total insulin con- 
centration showed a slow decline over the 12 h of insu- 
lin withdrawal from an initial value of 8,470 to 
6,360 mU/1; this gave a half-life for the clearance of in- 
sulin from the circulation of 21 h. In this subject the dis- 
sociation rate of insulin from antibody was studied in 
vitro (Figure 4); the slowest component, which repre- 
sents the highest affinity antibodies, had a half-life of 
dissociation of 140 rain, considerably less than the half- 
life of insulin clearance from the circulation. 

Discussion 

Large amounts of insulin can circulate bound to anti- 
body. As IgG is distributed throughout the extracellular 
fluid [10, 11], amounts of bound insulin in the range 
20-100U can occur in insulin-treated patients with 
moderate antibody titres. Such large quantities of insu- 
lin must have a biological effect, provided that bound 
insulin dissociates in vivo; dissociation is easily demon- 
strated in vitro [12]. The release of antibody-bound insu- 
lin at inappropriate times has been implicated as a 
cause of hypoglycaemia [t3]. 

In this study we have shown that antibody-bound 
insulin is effective in maintaining circulating free insu- 
lin when the usual sources of insulin, depots at injection 
site and endogenous secretion, are excluded. 

If the clearance of insulin proceeds entirely via free 
insulin then the antibody may act as a simple binding 
protein or buffer without any long-term effect on insu- 
lin dose requirements - a situation analogous to the 
binding of thyroxine by thyroxine-binding globulin 
(high affinity), pre-albumin and albumin (low affinity) 
in the circulation. Such a concept would not hold at ex- 
tremes of antibody concentration. When very high lev- 
els of insulin-binding antibody are associated with insu- 
lin resistance, it is possible that insulin antibody com- 
plexes are removed from the circulation by macro- 
phages. With low levels of antibody, and only small 
amounts of bound insulin, the dissociation of insulin 
from the antibody becomes rate limiting because the 
amount of insulin delivered into the free insulin pool 
equals the dissociation rate constant multiplied by the 
amount of bound insulin: during insulin withdrawal the 
insulin will be 'stripped' from the antibody leaving re- 
sidual insulin on the most slowly dissociating antibod- 
ies and resulting in a rapid fall in the free insulin con- 
centration. The potential clinical advantage of insulin 
availability from the antibody bound pool which we 
have demonstrated during insulin withdrawal may well 
be of significance and is most likely to benefit patients 
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on once-daily insulin regimens [3]. However, the effec- 
tiveness of some of the newer methods of insulin ad- 
ministration, such as continuous subcutaneous infu- 
sion, might well be impaired by insulin antibodies, 
which would be expected to damp down and prolong 
the meal-time peaks of insulin concentration produced 
by this technique [14]. 

With increasing use of insulins of lower immuno- 
genicity than conventional bovine insulin preparations, 
the occurrence in patients of clinically significant anti- 
body titres will become less usual. 
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