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Summary. Glucagon (1 mg) and glucose (60 ml of
50% solution) were infused over 60 min to three
normal and one obese subjects and two insulinoma
patients. Plasma C-peptide immunoreactivity (CPR)
and immunoreactive insulin (IRI) increased during
the infusion. Half time of CPR after cessation of the
infusion was 20.1+4.0 min, and that of IR1 9.8+1.3
min, respectively. This difference partly explains the
higher molar concentration in plasma of CPR than
IRIL
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An immunoassay method of connecting peptide (C-
peptide) immunoreactivity (CPR) in blood utilizing
synthetic human C-peptide as the standard gave fast-
ing normal CPR levels in the range of 2-2.5 ng/ml [1].
Despite the evidence of equimolar secretion of C-pep-
tide and insulin from the B-cells [2], the molar ratio of
CPR to that of insulin in blood is greater than ex-
pected. Heding and Rasmussen [3] and Horwitz et al.
[4] also reported higher molar concentrations of CPR
than insulin in blood. The most probable explanation
is that C-peptide may be degraded much more slowly
than insulin in vivo, and thereby reaching a higher
steady state blood levels. C-peptide is degraded more
slowly than insulin in the rat [5]. In man, the longer
half-time of CPR than that of insulin was demon-
strated by intravenous injection of synthetic human
C-peptide [6] and by measurement of CPR and insulin
after the resection of insulinoma [7]. However, the
degradation rate of an endogenously secreted human
C-peptide in more physiological situations has not

been reported. In this study we compared the disap-
pearance rates of endogenous insulin and CPR by
means of continuous infusion of glucose and glucagon,
followed by sudden cessation of the infusion.

Materials and Methods

Three normal subjects, one obese patient and two
insulinoma patients were studied by a glucagon-glu-
cose infusion test. After an overnight fast, the subject
lay in a supine position and both antecubital veins
were cannulated; one cannula was used for blood
sampling and the other for infusion. Blood coagula-
tion within the needle was prevented by filling with
10% Na citrate. One mg glucagon was dissolved in
60 ml of 50% glucose solution and infused at a rate of
1 ml/min for 60 min. Blood was taken before, during
and after cessation of infusion at timed intervals as
described in Figure 1.

Plasma glucose was determined by a glucose oxi-
dase method using Glucostat (Worthington). The C-
peptide radioimmunoassay method is a double-anti-
body method using synthetic human C-peptide as the
standard [1]. This synthetic human C-peptide contains
Arg-Arg in the N-terminal and Lys-Arg in the C-ter-
minal in addition to the natural C-peptide liberated
from B-cells; its molecular weight is 3600. Im-
munoreactive insulin (IRI) was also assayed by a
double-antibody method [8] using human monocom-
ponent insulin (Novo) as the standard.

The portal vein blood was withdrawn under direct
vision during the surgical operation on an insulinoma
patient.

Results

Plasma glucose, CPR and IRI all increased markedly
during infusion of the glucagon and glucose solution.
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Fig. 1. Changes in plasma CPR, IRI and glucose concentrations during and after 60-minute infusion of glucagon (1 mg) and glucose (60 ml of
50% solution), and the half lives of CPR and IRI in blood.Semilogarithmic plot is used. Each number at the right of the curve represents each

case

At the end of the 60-minute infusion period, plasma
glucose had already reached a maximum or even be-
gun to decrease slightly, but CPR and IRI levels were
still increasing slowly in some cases. After cessation of
the infusion, plasma glucose, CPR and IRI began to
decrease immediately or after a short interval. They
decreased nearly exponentially. The mean half lives,
calculated from the initial linear portion on' the
semilogarithmic plot, were 20.1+4.0 min for CPR and
9.8+1.3 min for IRI, respectively. In an insulinoma
patient (case 6), CPR and IRI levels increased tem-
porarily after the infusion, and then began to fall. In
this patient, the half lives were calculated from the
steepest portions on the semilogarithmic plot. Al-
though the maximal CPR and IRIlevels were variable
between individuals, their half lives were similar.

Two insulinoma patients had slightly shorter half
lives than the others, but the significance of this differ-
ence is not clear since the number is too small. The
portal vein blood of one insulinoma patient (case 5)
taken during surgery under glucose infusion contained
8.9 ng/ml CPR and 320 wU/ml IRI. The molar ratio of
CPR to that of IRI in this sample was 1.16.

Discussion

Glucagon-glucose infusion tests clearly demonstrated
that the disappearance rate of endogenous CPR was
significantly slower than that of insulin. This proce-
dure was first employed by Samols and Marks [9] to
assess the degradation rate of endogenous insulin, but
they used a greater amount of glucose and glucagon
and a longer period of infusion. The half time of
insulin obtained by our procedure, 9.8+1.3 min, was
similar to their data of 7-15 min. Most other data
concerning the half-life of insulin in the blood were
obtained by the injection of animal or human insulin,
giving a range of 3.3-15 min {10-13]. The half-time of
CPR in our data was 20.1+4.0 min, which was about
twice as long as that of IRI. According to Munemura
et al. [6] insulin and synthetic human C-peptide, in-
jected intravenously, had half lives of 3.4 min and 13
min, respectively. The half-time of CPR and that of
insulin after the resection of insulinoma were 11.1 and
4.8 min, as reported by Horwitz et al. [7]. As all the
persons tested had hyperglycaemia at the end of the
infusion, it is possible that the secretion of C-peptide
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and insulin continued for some time after the termina-
tion of the infusion, so that our estimates of half lives
could be longer than was really the case.

If C-peptide and insulin are secreted at equimolar
rates and assuming that the fractional disappearance
rates of CPR and IRI (3.4%/min for CPR and 6.8%
for IRI) calculated from the above data are applicable
also to a steady state, basal blood CPR concentration
would be twice that of insulin. However, the actual
assay data indicate an even greater difference in molar
concentrations. Molar ratio of CPR to IRI in blood is
higher fasting than after glucose stimulation [1, 3, 4].
The greater proportion of proinsulin and related sub-
stances in non-stimulated blood samples might contri-
bute to this greater deviation of CPR/IRI molar ratio
from unity in basal conditions by their difference in
cross-reactivity with -C-peptide and insulin im-
munoassay systems. The liver is the important site of
removal of insulin immediately after its secretion from
the pancreas, but C-peptide may not be as actively
removed by the liver [4]. The kidney may be the
principal site of C-peptide degradation [5]. This dif-
ference in distribution of the sites of metabolism may
also partly account for the higher molar CPR concen-
tration. Despite the difficulty in testing the thesis of
equimolar secretion of C-peptide and insulin in man in
vivo, it is expected that CPR/IRI ratio would ap-
proach unity in blood samples in which the effect of
degradation is minimized. Our assay data from the
portal vein sample before the resection of insulinoma
seem to provide such an example.
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