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Summary. Concentrations of human C-peptide, IRI (im- 
munoreactive insulin) and glucose were determined during 
oral glucose tolerance test (1.75 g glucose/kg ideal body 
weight) in 14 normal persons (N), 9 maturity-onset diabetics 
(DI) and 10 insulin-requiring diabetics (DID never treated 
with insulin and in 3 formerly insulin treated diabetics. The 
mean fasting levels of C-peptide and IRI in the first three 
groups were: N: 0.37 + 0.02 nM and 0.048 _+ 0.009 nM, Dh 
0.86 _+ 0.17 nM and 0.11 + 0.029 nM, DII: 0.37 _+ 0.04 nM and 
0.063 _+ 0.009 nM. One hour after oral glucose ingestion, the 
respective values increased to: N: 2.53 + 0.20 nM and 0.52 _ 
0.077nM, DI: 2.49 + 0.31nM and 0.49 _ 0.11nM, Dfh 
0.49 _ 0.05 nM and 0.11 _+ 0.014 nM. Although secreted from 
the pancreas in equimolar concentrations, the molar ratio of 
C-peptide to insulin in peripheral blood was about 7 in the 
fasting state, falling to about 5 in the glucose stimulated con- 
dition. Maturity-onset diabetics had higher fasting levels of 

C-peptide than normal subjects, in agreement with the IRI 
levels. Three patients previously treated with insulin and 
having insulin antibodies showed C-peptide responses signifi- 
cantly below the normal range. In one of these patients, the 
test was repeated 9 months later when the insulin antibodies 
had disappeared, and the C-peptide response observed at 
that time was much higher. It is suggested that insulin anti- 
bodies cause an impaired IRI -- and consequently C-peptide 
response -- by constantly removing insulin from the granules 
in the B-cell. In normal humans the peripheral C-peptide 
responses to the oral glucose load showed less relative varia- 
tion than do the insulin responses. Therefore, a radioimmuno- 
assay for C-peptide in addition to the assay for insulin will 
provide supplementary information on insulin secretion. 

Key words: Human C-peptide, insulin, oral glucose toler- 
ance, diabetes. 

It  has been shown that insulin and C-peptide are 
present in the pancreas  in equimolar  concentrat ions 
[9]. Af ter  stimulation with intravenous glucagon in 
a pig the two substances were secreted f rom the B- 
cells in equimolar  concentrat ions into vena pancreatica 
duodenale  [9]. The  liver removes a port ion of the 
IRI ,  while C-peptide was not  taken up by the perfused 
rat liver [15]. In  addit ion to this, the total metabolic  
clearance rate of bovine C-peptide was found to be 
much lower than that  of bovine insulin [10]. Equi-  
molar  concentrat ions of C-peptide and insulin in 
serum were originally reported by Rubenstein  and 
coworkers  [11, 13], in contrast  to the findings of other 
groups [14, 15]. But  recently, Rubenstein  and cowor-  
kers found  that h u m a n  C-peptide was present in the 
peripheral  b lood  in a much higher molar  concentra-  
tion than I R I  [1] and the same was reported by 
Heding et al. [9]. 

As  pointed out by Block et al. [1, 2, 3], determina- 
tion of human  C-peptide can be most  useful for the 
evaluation of the B-cell secretion in insulin-requiring 
diabetic patients. But also in normal  humans,  as well 
as in a series of conditions with altered insulin sen- 
sitivity (e.g. pregnancy),  the C-peptide assay may  
provide informat ion on the insulin secretion over and 
above the informat ion one can derive f rom the assay 
of insulin, mainly because the C-peptide is not  taken 

up by the liver, provided the metabolism of C-peptide 
remains comparable  in the various conditions. 

The purpose of this investigation was to determine 
the concentrat ion of I R I  and C-peptide in normals,  
maturi ty-onset  diabetics (DI) and insulin-requiring 
diabetics (DII)  never on insulin, and in a few diabetics 
formerly treated with insulin. 

Materials and Method 

H u m a n  C-peptide was determined using guinea- 
pig ant i -human proinsulin serum, synthetic human  
C-peptide as the s tandard and l~SI-Tyr-human-C- 
peptide as the tracer, as described by [9] but  modified 
according to [6]. The radio immunoassay  for human  
C-peptide can be summarized as follows: Insulin + 
proinsulin and other  insulin immunoreact ive  sub- 
stances (in 1 ml of serum) were bound  to insulin-anti- 
bodies coupled to Sepharose. After  centrifugation, C- 
peptide was determined in the supernatant  without  
interference f rom other C-peptide-containing sub- 
stances, such as proinsulin. The  standards contained 
0 . 0 5 - - 1  pmole/ml,  the antiserum used (M 1017) had 
a final dilution of ( 1 : 2 4 0 0 )  and ~2~I-Tyr-human C- 
peptide was added in a concentrat ion of 2 ng/ml. The 
detection limit = 2 SD f rom zero was about  0.003 
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pmole in 100 ~tl and the sensitivity in the range of 
0 - -0 .3  was also about 0.03 pmole/ml. Serum pre- 

s u m e d  not to contain C-peptide (long-term insulin 
treated juvenile diabetics) gave a slight displacement 
of the tracer, corresponding to 0 .03--0.07 pmole/ml 
and hence only values above 0.07 pmole/ml were 
regarded as positive. The same serum was analyzed 
in 30 different assays with the following results: 
0.91 + 0.07 pmole/ml (mean + 1 SD). As no natural 
intact human C-peptide was available a series of 
dilutions f rom a C-peptide-rich waste product were 
analyzed. A dilution pattern slightly different to that 
of the synthetic standard was established, which could 
be due to the presence of fragments. However,  the 
identity of a pure natural standard with a synthetic 
one remains to be shown. I R I  and total extractable 
I R I  in serum with endogenous insulin antibodies were 
determined according to [7], and the analysis of the 
same serum in 50 different assays showed 23 + 2 ~tU/ 
ml (mean + 1 SD). Venous blood glucose was deter- 
mined using a glucose oxidase method. The oral glu- 
cose tolerance tests (OGTT)  were performed at the 
Hvidore Diabetes Hospital in the following manner: 
After an overnight fast, a catheter was placed in the 
antecubital vein of the trial subject, who then ingest- 
ed a cold solution of glucose containing 1.75 g of 
glucose per kg ideal body weight. Blood was collected 
at - -30,  - -5 ,  15, 30, 45, 60, 75, 90, 120 and 180 rain 
after administration of glucose, allowed to stand at 
4 ~ C for at least one hour and then centrifuged. The 

before and during the test. Group DI,  maturity-onset 
diabetics, comprised the remaining diabetic subjects 
[8]. I t  has been shown that all diabetics whose serum 
insulin remained below 30 ~tU/ml dur ing  two oral 
glucose tolerance tests needed  insulin whereas the 
remaining patients could be controlled on diet and 
oral antidiabetic agents. Table 1 shows the age, sex, 
duration of diabetes, and weight index 1 of the 14 nor- 
mals and diabetics, as well as the amount of glucose 
excreted in urine during the OGTT.  Supplementary 
data on the three insulin treated patients (Tables 1 
and 4) are as follows: JST (aged 18 years) was diag- 
nosed as juvenile type diabetic with classical symp- 
toms three months prior to the O G T T  as shown in 
Table 4, at which time insulin treatment was instituted. 
Three months later, on admission to the Hvidore 
Diabetes Hospital, he received 48 i.U. N P H  daily 
but this dose could be gradually reduced to 0 and his 
diabetes satisfactorily controlled on diet. Although 
treatment with a conventional pork insulin prepara- 
tion had lasted for only 3 months, the patient had 
developed insulin antibodies. The O G T T  was per- 
formed 4 days after the last insulin injection. GMJ 
developed diabetes at the age of 47; the first symptom 
was precoma; no provocative infection or any other 
cause could be demonstrated. He was treated with 
36 i.U. N P H  daily for about 9 years, whereupon the 
insulin treatment was suspended and his diabetes con- 
trolled with diet. The O G T T  was performed 5 days 
after the last insulin injection. This patient, too, had 

Table 1. Sex, weight index, age, duration of diabetes and excretion of glucose during OGTT in normal subjects and diabetic 
patients 

Group sex number weight index age excretion of glucose in duration of diabetes ~ 
of range mean range mean urine during OGTT (g) years 
patients range mean range mean 

N f 8 0.98--1.17 1 . 0 4  23--53 37 0-- 1 0.12 -- -- 
m 6 0.86--1.23 1 .06 15--65 34 0-- 2 0.33 -- -- 

DI f 3 0.90--1.51 1.18 25--61 45 0-- 9 3.70 0--0.5 0.2 
m 6 0.89--1.61 1 .16 24--72 47 0--24 6.00 0.1--6 1.4 

DII f 2 0.97 0.97 17 17 19-- 22 20.5 0 0 
m 8 0.89-1.09 0.96 19 --70 40 12-- 44 30.4 0-- 16 2.4 

diabetics 
formerly 
on insulin 

m 3 0.91-- 1.21 1.09 18--59 38 0-- 3 1 0.3--9 3.8 

time from diagnosis of diabetes until performance of OGTT 

serum was pipetted into plastic tubes and stored at 
- - 1 8 ~  until used. There were altogether 19 dia- 
betics who had never previously received insulin and 
three who had. The 19 previously untreated diabetics 
were divided into two groups. Group DII ,  insulin 
requiring diabetics, had I R I  values below 30 ~tU/ml 

insulin antibodies. In the case of JLP, diabetes was 
diagnosed when he was 34 years of age, after approxi- 
mately one year of symptoms such as loss of weight, 
which was remarkable inasmuch as the had been 

1 body weight divided by the ideal body weight according 
to life insurance tables 
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obese since childhood. He was treated with 24 i.U. of 
Lente daily for about 2 years, whereupon the insulin 
treatment was replaced by diet. The first O G T T  was 
performed a few days, the second O G T T  9 months 
after the suspension of the insulin treatment. This 
patient had no detectable insulin antibodies at the 
time of the second test. 

R e s u l t s  

Fig. 1, 2 and 3 show glucose, IRI  and C-peptide in 
Groups N, DI and DII. In all three groups, the fasting 
as well as the stimulated levels of C-peptide were 
higher than those of insulin. The fasting levels of 
C-peptide were nearly the same in N and DII, whereas 
this level was higher in DI. 
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mM 

15- 

14 N 
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IRI ond 
C-peptide rngtl00 ml 
n M 300- 

3 
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-I00 
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Fig. 1. Blood glucose, serum IRI and C-peptide concentrations 
in 14 normal  persons after OGTT (1.75 g glucose per kg ideal 

body weight) 

Table 2 shows the mean values of glucose, IRI  
and C-peptide in the three groups at - -5  rain and at 
1, 2 and 3 h after glucose. The SD expressed in Yo of 
the mean values was -- especially in the normal group 
- -  smaller for C-peptide than the corresponding value 
of IRI. 

The mean molar ratio of C-peptide to IRI  at the 
various times of testing is shown in Table 3. The ratio 
in the fasting state is considered to be the least accurate 
one inasmuch as it is calculated using two low con- 
centrations, and the mean values are shown in paren- 
theses. The molar ratio of C-peptide to insulin de- 
creased in all three groups after stimulation, it in- 
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Fig. 2. Post OGTT blood glucose, serum IRI and C-peptide 
concentrations in 9 maturity-onset-type diabetic patients 
never treated with insulin (1.75 g glucose per  kg ideal body 

weight) 
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Fig. 3. Post OGTT blood glucose, serum IRI and C-peptide 
concentrations in 10 insulin-requiring diabetic patients never 
treated with insulin (1.75 g glucose per kg ideal body weight) 

creased again in the N and DI groups 2 hrs after glu- 
cose, simultaneously with a decrease in the IRI values. 
This was not the case in the DII group, where the IRI 
values were at maximum after 2 and 3 hrs. 

The results of O G T T  in the 3 formerly insulin- 
treated diabetic patients are shown in Table 4. In the 

14" 
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Table 2. Post OGTT variations in blood glucose, serum 1RI and C-peptide in normal persons and diabetic patients (1.75 g glu- 
cose/kg ideal body weight) 

Test time glucose mM IRI nM C-peptide, nM 

group mean S D  Coefficient mean SD Coefficient mean SD Coefficient 
of of of 
variation variation variation 

N (14) --5 rain 4.5 0.30 6.7 0.048 0.033 68.7 0.37 0.071 19.2 
I h 7.4 1.86 25.1 0.52 0.29 55.8 2.53 0.70 27.6 
2 h 5.9 1.34 22.7 0.40 0.22 55.0 2.54 0.71 27.9 
3 h 5.2 1.37 26.4 0.26 0.12 46.2 1.93 0.62 32.1 

--5 min 6.8 2.1 30.9 0.11 0.088 80.0 0.86 0.51 59.4 
I h 14.4 3,0 20.8 0.49 0.32 65.4 2.49 0.93 37.4 
2 h 14.3 5.7 40.0 0.67 0.57 85.0 3.36 1.70 50.6 
3 h 10.7 5.2 48.7 0.47 0.29 72.5 2.84 0.96 33.7 

- 5  min 9.7 2.1 21.6 0.063 0.027 43.0 0.37 0.14 37.8 
I h 17.8 2.6 14.6 0.105 0.042 40.0 0.49 0.17 34.7 
2 h 20.8 3.0 14.4 0.13 0.042 32.3 0.54 0.19 35.2 
3 h 15.0 4.0 26.7 0.13 0.050 38.4 0.49 0.17 34.8 

DI (9) 

DII  (10) 

Table 3. Mean molar ratio o/ C-peptide to IR1 in normal persons and diabetic patients 
in Jasting condition and after OGTT (1.75 g glucose per kg ideal body weight) 

time in min/hrs  

Test group --5 15 30 45 60 75 90 2 h 3 h 

N (14) (7.7) a 5.4 4.7 5.0 4.9 5.3 5.6 6.4 7.4 
DI (9) (7.8) ~ 6.0 5.8 5.6 5.1 4.0 3.8 5.1 6.0 
DII  (10) (5.9)" 5.6 5.9 4.9 4.7 4.7 4.9 4.2 3.8 

" less accurate, as both  C-peptide and IRI were low values 

Table 4. Blood glucose, serum IRI and C-peptide in 3 diabetic patients [ormerly treated with insulin Jor varying periods o/ time 

Init. substance time 
and measured in min in hrs 
age - -  30  - -  5 1/4 1/2 3/4 1 11/4 11/2 2 3 

JST glucose mM 4.6 4.6 6.0 10.3 12.6 13.7 12.1 11.0 11.4 7.4 
18 total IRI nM 1.57 1.41 1.57 1.65 2.00 1.88 1.81 1.88 1.94 1.82 

C-peptide nM 0.19 0.22 0.21 0.36 0.35 0.31 0.34 0.34 0.33 0.37 
GJM glucose mM 6.1 6.0 7.9 10.5 12.2 13.8 13.9 14.9 12.5 7.3 
59 total IRI nM 0.13 0.11 0.57 0.21 0.28 0.32 0.44 0.53 0.63 0.53 

C-pepfide nM 0.22 0.16 0.35 0.40 0.45 0.60 0.65 0.65 0.85 0.55 
JLP" glucose mM 4.2 4.0 4.7 6.7 8.5 8.6 9.5 9.7 9.4 6.9 
36 total IRI nM 1.20 1.15 1.20 1.45 1.90 1.41 1.70 1.70 1.70 -- 

C-peptide nM -- -- 0.30 -- -- -- 0.40 -- 0.24 -- 
JLP b glucose mM 5.5 5.5 5.3 8.2 10.0 10.5 11.6 11.8 7.4 5.5 
36 IRI nM 0.11 0.11 0.09 0.17 0.25 0.28 0.34 0.45 0.39 0.40 

C-peptide nM -- 0 .53 0.54 1.55 1.85 1.80 -- -- 2.20 2.05 

" This OGTT was performed 3 days after suspension of insulin t reatment  
b This OGTT was performed 9 months  after suspension of insulin t reatment  insulin antibodies were no longer detectable 

p r e s e n c e  of  a n t i b o d i e s ,  t o t a l  I R I  w a s  d e t e r m i n e d  a f t e r  

e x t r a c t i o n .  T h e s e  t h r e e  p a t i e n t s  s h o w e d  m a x i m u m  

i n c r e a s e s  in  t o t a l  I R I :  f r o m  1 .4  to  2 .0  n M  ( a n  in -  

c r e a s e  of  a p p r o x .  85  ~tU/ml) ,  f r o m  0 .11  t o  0 .63  n M  

( a n  i n c r e a s e  of  a p p r o x .  7 5  ~ tU/ml)  a n d  f r o m  1.2  t o  

1.9 n M  ( a n  i n c r e a s e  of  a p p r o x .  90  g U / m l ) ,  w h e r e a s  

t h e i r  C - p e p f i d e  i n c r e m e n t s  w e r e  s u b n o r m a l .  T h e  g lu -  

cose  c u r v e  w a s  a b n o r m a l  in  a l l  t h r e e  cases .  

D i s c u s s i o n  

S i n c e  p r o i n s u l i n ,  t h e  i n t e r m e d i a t e s  a n d  i n s u l i n  

w e r e  r e m o v e d  p r i o r  to  C - p e p t i d e  d e t e r m i n a t i o n ,  t h e  

v a l u e s  r e c o r d e d  a re  a m e a s u r e  of  t h e  c i r c u l a t i n g  i n -  

t a c t  C - p e p t i d e  a n d ,  pos s ib ly ,  of  a n  i m m u n o r e a c t i v e  

p r o d u c t  of  i t s  d e g r a d a t i o n ,  e.g.,  t h e  c h y m o t r y p t i c  

f r a g m e n t  [ 1 -  24]  f o u n d  in  p a n c r e a t i c  e x t r a c t s  [9] .  
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The mean C-peptide concentration in 14 fasting 
normal subjects was 0.37 _+ 0.02 nM, or 1.11 + 0.06 
ng/ml, which is in good agreement with the 1.3 + 0.3 
ng/ml for total CPR (C-peptide immunoreactivity) 
found in 9 normal persons by Block et al. [1]. One 
hour after glucose (1.75 g/kg), the concentration was 
2.53 + 0.20 nM, or 7.59 + 0.6 ng/ml. This is higher 
than the value reported by Block et  al. [1] one hour 
after a similar glucose load. The reason for this dif- 
ference may be of methodological nature, consider- 
ing the differences in the standard and the antisera 
used. 

The antiserum (M 1017) used in this study records 
a small but significant value in sera from long-term 
insulin-treated juvenile diabetics deprived of B-cell 
function [6]. Furthermore, dilution of sera contain- 
ing > 0.5 nM C-peptide caused in some cases a cer- 
tain dilution effect (higher dilution gave higher values), 
indicating differences between the standard and the 
substance(s) measured. Therefore, the use of different 
dilutions of sera with a high content of C-peptide in 
the two studies could have been contributory to the 
difference in the mean values recorded. 

The maturity-onset-type diabetics (DI) showed in- 
creased fasting C-peptide (and IRI) levels in com- 
parison with the normal group and the mean value 
of 0.86 + 0.17 nM, or 2.58 + 0.51 ng/ml, is very close 
to the mean of 2.7 • 0.7 ng/ml as reported by Block 
et al. for a group of insulin-treated adult-onset dia- 
betics. The post glucose values do not agree (10.08 
ng/ml + 1.68 in our DI group vs. 5.0 _+ 1.1 ng/ml 
2 hrs after glucose in the patients studied by Block 
et al.), but then~the two groups are not comparable 
because the patients reported on by Block et al. had 
been treated with insulin for years and, hence, their 
B-cell activity might have been reduced as compared 
to our patients, who had never received insulin. Un- 
fortunately, the high total CPR levels measured in the 
adult-onset diabetics treated with insulin comprised 
both C-peptide as well as proinsulin, the latter being 
the major part of the CPR [1], and this renders com- 
parison of C-peptide and CPR invalid. Furthermore, 
the formation of insulin antibodies in the insulin- 
treated patients may be capable of modifying the in- 
sulin § C-peptide responses to glucose. This will be 
discussed later in the paper. One patient formerly 
treated with insulin (JLP, OGTT ~ in Table 4) showed 
a C-peptide reponse (2.2 n M =  6.6 ng/ml at 2 hrs) to 
the oral glucose load that corresponded to the lower 
part of the range in the DI group. Nevertheless this 
patient's glucose curve was better than that in the DI 
group. JLP who then had been without insulin for 9 
months no longer had circulating insulin antibodies. 

All but one juvenile-type diabetics (DII) reported 

in this paper had detectable IRI and C-peptide levels 
in the fasting state, and after glucose stimulation they 
all showed significant but very low C-peptide and IRI 
responses. Thus, this group was different from the 
juvenile diabetics described by Block et al. [1], where 
the IRI and C-peptide were undetectable. 

The mean fasting level of C-peptide in Group DII 
was normal whereas the mean IRI was slightly (not 
significantly) elevated. Since this investigation did not 
comprise the determination of the amount of proin- 
sulin in the samples it cannot be determined at present 
whether an increased proinsulin concentration was 
the reason for the decreased C-peptide: IRI ratio in 
these patients. 

As insulin and C-peptide are secreted from the B- 
cell in equimolar concentrations, a significant corre- 
lation is to be expected between the peripheral levels 
and has, in fact, been reported [1]. However, the two 
peptides have different metabolic clearance rates, and 
the molar ratio will vary during unsteady states (see 
Table 3), rendering this correlation less apparent. The 
variation between IRI responses in normal persons 
after glucose is normally high. In this material, the 
IRI values one hour after glucose were in the range 
of 0.21--1.21 nM, while C-peptide ranged only be- 
tween 1.7 and 4.0 nM. Thus, when C-peptide, was 
used as an indicator of insulin secretion rather than 
insulin itself, a more uniform pattern was seen in nor- 
mal persons after similar glucose loads. This could be 
due, partially, to variations in the uptake of insulin by 
the liver. 

The three patients who had been treated with in- 
sulin and had insulin antibodies showed a significant 
increase in total IRI after glucose. As most of this 
IRI was bound to antibodies, which made its fialf-life 
much longer, the measured increments cannot be 
compared to those observed in normal persons or in 
diabetics devoid of insulin antibodies. The increase 
in C-peptide was surprisingly low in these three pa- 
tients, resembling Group DII of insulin-requiring dia- 
betics. OGTTs in JLP were performed both imme- 
diately after the suspension of insulin therapy as well 
as 9 months later. Even though only 3 samples were 
available for C-peptide analysis from the first test, 
there can be no doubt that the C-peptide response 
was much higher in the second test. At that time, the 
patient no longer had insulin antibodies and it seems 
likely that the antibodies were responsible, at least in 
part, for the low IRI -- and consequently for the low 
C-peptide response. Thus it has been shown that in- 
sulin antibodies reach the B-cell, where they are spe- 
cifically bound to the granules [4] and cause degran- 
ulation [5, 12, 16]. Therefore, the C-peptide assay 
is useful in determining whether or not the B-cells are 
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active in insu l in- t rea ted  diabet ics  when circulat ing in-  
sulin ant ibodies  a re  present .  However ,  the  B-cel l  
response  in the presence  of insulin an t ibodies  does  no t  
a l low conclus ions  about  the B - c e l l  funct ion in the 
absence  of ant ibodies .  Never theless ,  no  exogenous  
insulin was requi red  at the t ime of the test, and  the 
glucose to le rance  was d i s tu rbed  on ly  modera te ly ,  
being bet ter  than  the mean  in G r o u p  DI .  This  f inding 
is difficult to interpret ,  but  it  should  be borne  in mind  
that  when insul in is b o u n d  to an t ibodies  it  is p ro tec t ed  
f rom degrada t ion  by  the liver, and  this, in combina t ion  
with a slow release  f rom the an t ibody  complexes ,  m a y  
resul t  in a more  " economica l "  use of the insul in than  
in a n o r m a l  organism.  A n o t h e r  possibif i ty is that  o ther  
h o r m o n a l  changes, e.g. r educed  g lucagon secret ion,  
were involved  in the  i m p r o v e d  glucose to lerance .  

I t  has b e e n  found  [1] that  an abno rma l l y  high 
por t ion  of the I R I  b o u n d  to an t ibodies  in the  insulin 
t rea ted  pat ients  was proinsul in .  Whe the r  or  no t  this 

w a s  also the  case in the three  pat ients  r epor t ed  here  
is being invest igated.  
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