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A B S T R A C T The proinsulin-like component comprised
approximately 20% of total circulating basal immuno-
reactive insulin in 15 patients without islet cell tumors.
15 min after oral glucose, the concentration of the pro-
insulin-like component was unchanged and its percentage
of the total immunoreactive insulin decreased with the
acute release of the insulin component. By 2 hr after
oral glucose, the concentration of the proinsulin-like
component increased and the insulin component concen-
tration decreased so that the percentage of the proinsu-
lin-like component was essentially the same as in the
basal state.

In five patients with islet cell tumors and fasting hy-
poglycemia, basal proinsulin-like component ranged from
26 to 79% of the total immunoreactive insulin. While
basal proinsulin-like component was higher in the islet
cell tumor patients, the fluctuations after stimulation
were qualitatively similar to the nontumor patients.
Acute stimulation with glucose, tolbutamide, leucine, and
streptozotocin mainly released the insulin component re-
sulting in a fall in the per cent proinsulin-like component
with a subsequent increase in percentage of this com-
ponent as the total insulin concentration returns towards
basal levels. Three islet-cell tumor patients with less than
46% proinsulin-like component had favorable therapeutic
responses to diazoxide whereas one patient with over
80%proinsulin-like component was completely refractory.

Syrian hamsters bearing islet cell tumors provided an
excellent model for islet cell tumors in man. These ani-
mals have a high proportion of a proinsulin-like com-
ponent in plasma; stimulation of tumor slices in vitro
with tolbutamide and glucagon releases mainly the in-
sulin component similar to the observations in man.

A portion of this work has appeared in abstract form (1).
Received for publication 18 December 1970.

These studies suggest that the mechanisms regulating
the release of the proinsulin-like and of the insulin com-
ponents are different.

INTRODUCTION
Following the description of proinsulin in a human islet
cell tumor (2) and in normal rat pancreas (3), we de-
scribed a higher molecular weight, immunoreactive com-
ponent of plasma insulin (4). This higher molecular
weight component of circulating insulin found in un-
extracted plasma by gel filtration (5, 6), appears to be
indistinguishable from the higher molecular weight com-
ponent in acid-ethanol extracts of plasma (7-9).

Specific characterization of the circulating immuno-
reactive insulin components is limited by the small quan-
tity of material present in plasma. Proinsulin, a single-
chain polypeptide in which the A- and B-chains of in-
sulin are linked by a connecting segment, has distinctive
gel filtration, immunologic, and biologic properties (10).
In addition to single chain proinsulin, double-chain
proinsulin intermediate components have been found
in vitro in extracts of bovine (11) and porcine pancreas
(12). The higher molecular weight plasma component
has been characterized in terms of the known properties
of proinsulin.

In nontumor subjects, the higher molecular weight
plasma component has the same gel filtration properties,
biological activity, and response to tryptic digestion as
proinsulin (6). Immunoreactivity with anti-insulin se-
rum (6), anti-proinsulin serum (6), and anti-C-peptide
serum (9) is also similar to proinsulin.

Recent evidence indicates that in patients with islet
cell tumors, the higher molecular weight circulating
component can be distinguished from proinsulin and
from the higher molecular weight plasma component
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found in nontumor subjects. These differences are found
in gel filtration properties (13, 14), immunoreactivity
(14), and biologic activity (13, 14). The higher mo-

lecular weight circulating component in the islet-cell tu-
mor patient is converted from a gel filtration migration
similar to proinsulin to that of insulin upon exposure to
small concentrations of trypsin (13-15); the larger
plasma component also reacts with anti-C-peptide serum

(9, 15). It is as yet unclear whether these components
are related to the in vitro pancreatic proinsulin inter-
mediates.

While there is heterogeneity in the higher molecular
weight, circulating, immunoreactive insulin components
in different disease states, these components all appear to
be related to proinsulin. These higher molecular weight
circulating components can, therefore, be referred to as

proinsulin-like components rather than the more general
term "big" insulin.

Wehave previously reported fluctuations in proinsu-
lin-like component after the administration of glucose
and other stimuli (16). By technical refinement and the
study of a group of patients with high unstimulated in-
sulin concentrations, we have now systematically stud-
ied the circulating components in the basal state and
have related them to values obtained after stimulation
in normal individuals, patients, with abnormal glucose
tolerance, and patients with islet cell tumors.

The proinsulin-like component has been reported to
comprise a high percentage of the total insulin in pa-
tients with islet cell tumors. We find that the percentage
is high in the basal state but fluctuates in the same

qualitative way to stimuli of insulin secretion as non-
tumor subjects. These findings have been corroborated
by studies in hamsters bearing malignant P-cell tumors.

METHODS
Subjects. 3 healthy volunteers and 20 selected patients

were studied as inpatients on a metabolic unit (Table I).
5 of the patient group had islet cell tumors and the re-
maining 15 were selected because in the basal state, their
total plasma insulin concentration exceeded 20 A&U/ml.

Tests. Drugs were discontinued at least 48 hr before
the studies except where noted. In the nontumor subjects,
basal insulin is defined as a specimen drawn in the morning
after an overnight fast. Basal insulin in the islet-cell tumor
subjects represents the longest period of fasting possible
and was usually taken when the patient was hypoglycemic.
Both the basal samples and the samples obtained after the
ingestion of 100 g of glucose were collected after a normal
diet that contained 300 g carbohydrate that had been given
daily for at least 3 days. Sodium tolbutamide was diluted in
normal saline and infused over a 2 min period. L-Leucine
(150 mg/kg) was mixed with water and given orally. Strep-
tozotocin provided as a sterile dry powder was dissolved in
isotonic saline and administered intravenously. Venous blood
was drawn into heparin through an indwelling. No. 19 gauge
needle connected to a polyethylene cannula, and plasma was
stored at - 200C until use.

TABLE I

Clinical Profile of Patients

Subject Age/Sex Ideal weight Comments

Bro 20 F 92 Normal volunteer
Kin 20 M 104 Normal volunteer
McC 19 M 91 Normal volunteer
Abr 37 M 292 Obese
Bel 16 F 180 Obese
Lev 18 M 149 Obese
Miq 14 F 117 Obese
Sch 24 M 131 Obese
Lew 30 F 118 Obese, Cushing's Disease
Mel 42 F 150 Obese, Cushing's Syndrome
Len 38 F 134 Obese, Myotonic Dystrophy
Cas 27 M 103 Acromegaly, growth hormone = 27 mug/ml
Hol 41 F 114 Acromegaly, growth hormone = 40 mug/ml
Mck 34 M 125 Acromegaly, growth hormone = 150 mug/ml
Cru 12 F 70 Hypokalemia
Joh 18 M 74 Hypokalemia
McD 40 M 100 Hypokalemia
Dre 47 F 100 Islet cell'carcinoma, severe fasting hypoglycemia
Han 24 M 89 Islet cell carcinoma, severe fasting hypoglycemia
Mot 49 M 100 Islet cell carcinoma, severe fasting hypoglycemia
Fol 56 F 95 Islet cell carcinoma, severe fasting hypoglycemia
Pri 56 F 117 Islet cell adenoma, severe fasting hypoglycemia
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Gel filtration and assay procedure. Blood glucose and
total plasma insulin were determined as previously described
(4). In most instances, 2 ml of plasma or less were applied
to columns (1 X 50 cm) of G-50 Sephadex for separation
of the insulin components. The columns were eluted with
the diluent for the radioimmunoassay and the concentration
and per cent of the proinsulin-like component determined
(16). For the purpose of calculation, the term proinsulin-
like component is used in the same context as "big" insulin
(16) and insulin component in the same context as "little"
insulin (16). Total insulin refers to the total immunoreac-
tive insulin (16). In instances where the total insulin con-
centrations were less than 20 /,U/ml, 4-5 ml of plasma was
filtered on 2.5 X 45 cm columns and eluted with 0.05 M
(NH4)2COs. The resultant fractions were lyophilized to
dryness, dissolved in the assay diluent, and the insulin con-
centration measured by radioimmunoassay. In plasma sam-
ples where the proinsulin-like component represented a very
high proportion of total insulin, the components were better
discriminated using taller columns (1.5 X 90 cm). The ac-
curacy and reproducibility of the procedure is largely a
function of how well the component peaks are resolved on
the column; samples with poorly resolved peaks were al-
ways refiltered. By the nature of the gel filtration process,
there is always some contamination of one component by
the other. To evaluate the significance of this cross con-
tamination, the components, from two samples, one with
a high and the other with a low percentage of the pro-
insulin-like component, were separated free of each other
by gel filtration. The individual components were then re-
filtered. The percentage of the proinsulin-like component
determined in this way was essentially the same as deter-
mined by the standard gel filtration procedure. This is analo-
gous to the results of filtration of proinsulin and insulin
on a Sephadex G-50 column (5). To ascertain the repro-
ducibility of gel filtration determinations of the per cent
proinsulin-like component, two plasma samples were rerun
18 months after their first determination; initial values were
53 and 55% and the later values were 49 and 50% respec-
tively. In an obese subj ect whose basal total insulin on
three separate occasions was 1.3, 1.1, and 1.2 m~sg/ml, the
proinsulin-like component was 17, 20, and 18% respectively.
All radioimmunoassay results were obtained with the same
anti-insulin serum and expressed in terms of a porcine in-
sulin standard (Lilly, lot No. PJ5589) (6, 16).

Hamster studies. Syrian hamster islet-cell tumors were
a gift of Dr. H. A. Kirkman. The tumors were maintained
in young hamsters by serial subcutaneous transplantation.
Plasma was obtained from tumor-bearing and normal ham-
sters through retroorbital puncture and processed in an
identical manner to the human plasma samples.

200-mg slices of hamster islet-cell adenoma were incu-
bated at 37'C for 120 min in complete Hanks media (17)
containing 20 mg/liter of each of the 18 naturally occurring
amino acids similar to the method used by Steiner and Oyer
(2) for human adenoma. To individual flasks were added
glucose 1 mg/ml, glucose 3 mg/ml, tolbutamide 100(,g/ml,
and glucagon 5 ,g/ml; after incubation 1-ml portions were
removed from each flask and filtered on G-50 Sephadex
(16) to determine the proportions of each insulin com-
ponent.

RESULTS
In the basal state, the proinsulin-like component usually
comprised about 20% of the total plasma insulin (Fig.

70

60

5QF

I-)-J

LU
C-

LuJ

40F

30

20F

10

0
NORMAL CUSHING'S ACROMEGALY ISLET CELL

VOLUNTEERS DISEASE TUMOR
OBESE MYOTONIC HYPOKALEMIA

ABNORMAL DYSTROPHY
GTT

FIGURE 1 Per cent basal proinsulin-like component (PLC).
Each point represents the basal per cent proinsulin-like com-
ponent on individual patients shown in Table I, and the bar
indicates the mean for each group. The hypokalemic pa-
tients had low serum potassium values at the time of the
study.

1). The exceptions were one obese patient with recur-

rent hypokalemia in whom basal percentage proinsulin-
like component exceeded 40% on all four occasions
tested and patients with islet cell tumors; the former will
be discussed in detail elsewhere,' the latter will be dis-
cussed below. Thus in 17 adults, the proinsulin-like com-

ponent was above 10% and below 30% regardless of
other variables including glucose tolerance, insulin or

growth hormone concentrations, or degree of obesity.
The relationship between basal and the early and late

glucose stimulated values was studied in 14 subjects
(Fig. 2). At 15 min after the administration of glucose,
the total plasma insulin was elevated. This increase was

accounted for almost entirely by an increase in the con-

centration of the insulin component. The concentra-
tion of the proinsulin-like component was virtually un-

changed, resulting in a fall in the percentage of this
component (Fig. 2, left).

1 Manuscript in preparation.
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FIGURE 2 (Left), Proinsulin-like component (PLC) in 14 patients (Table I) during
a 100 g oral glucose tolerance test. Each point represents an individual patient and
the bar indicates the mean for the group. (Right), Basal vs. 100 g oral glucose stimu-
lated PLC in 19 patients. Each point represents an individual subject before (000)
and after 100 g of oral glucose (120). (T1) represents mean -+-SEM.

By 120 min, the concentration of the proinsulin-like
component had risen and the mean per cent proinsulin-
like component returned to levels observed in the basal
state (Fig. 2, left). In paired values from 19 individual
subjects, the concentration of the proinsulin-like com-
ponent rose in 15, was unchanged in 3, and fell slightly
in 1 (Fig. 2, right).

Islet cell tumors. The presence of circulating insulin
during fasting hypoglycemia is the cardinal feature of
islet cell tumors (18). Abnormal glucose tolerance is
common and the plasma insulin response to glucose stim-
ulation is often subnormal whereas the responses to
tolbutamide or leucine stimulation are frequently ex-
aggerated (19). The basal per cent proinsulin-like com-
ponent is higher than most other patients and ranges
from 26 to 79% of the total insulin (Fig. 1). A wide
spectrum of response is seen after stimulation with glu-
cose and other agents.

In patient PRI, before removal of the adenoma, glu-
cose tolerance was abnormal and the patient demonstrated
abnormal insulin responses to tolbutamide and leucine
(Fig. 3). The dynamics of the proinsulin-like component
after glucose stimulation (Fig. 3) are similar to the non-
tumor group (Fig. 2). After surgery, which involved a

hemipancreatectomy with removal of the adenoma, total
insulin secretion was decreased but the concentration
and per cent of the proinsulin-like component after glu-
cose, -leucine, and tolbutamide were not greatly different
from preoperative determinations (Fig. 3).

We have previously demonstrated an arteriovenous
difference for both insulin components across the pan-
creas of the dog (4); a similar arteriovenous difference
across the pancreas in this patient with an islet cell
adenoma was found at laporatomy in samples obtained
simultaneously from a pancreatic vein and peripheral
artery.2

Patients DRE and HAN with islet cell carcinomas
demonstrated a high basal percentage of the proinsulin-
like component (38-46%) but fluctuated similarly to the
nontumor patients after stimulation of insulin secretion
(Fig. 4). When total insulin concentrations were low,
the per cent proinsulin-like component was high (Figs.
3 and 4). However, when insulin was acutely released
with concentrations of greater than 375 tU/ml after
stimulation with tolbutamide (Figs. 3 and 4) or strepto-
zotocin (Fig. 5), the per cent proinsulin-like component

'Plasma samples obtained by Dr. William Hammond.
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fell to low levels; the rise in total insulin concentration
was almost entirely due to the release of fully converted
insulin. The outpouring of insulin after the administra-
tion of streptozotocin in patient DRE (Fig. 5) was
similar to what has been observed in the mouse (20)
and rat (21).

Patient MOThad an undifferentiated carcinoma of
the head of the pancreas discovered at least 2 months be-
fore the onset of hypoglycemia. His basal plasma insu-
lin concentartaion was 12 m/Ag/ml (300 uU/ml) and
there was no further rise after oral glucose administra-
tion (Fig. 6). The proinsulin-like component constituted
78% of the total insulin in the basal state, i.e., 4 hr of
fasting with blood glucose 65 mg/100 ml. There was no
change in total insulin during the period of high blood
glucose and the proportions of the insulin components
did not change throughout the glucose-stimulated period.
(Fig. 6). The intravenous administration of 0.5 g of
sodium tolbutamide produced an 83% increase in total
insulin concentration. The concentration of the proin-
sulin-like component increased by only 36%, resulting in
a reduction in the percentage of this component to 61%.
Similarly, patient FOL with 53% proinsulin-like com-
ponent showed essentially no fluctuation with further
hyperglycemia, but had a significant increase in the con-
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centration of the insulin component with tolbutamide
stimulation and a resultant fall in the percentage of the
proinsulin-like component (Table II). Thus the rise in
total insulin after tolbutamide in patients MOT, FOL,
PRI, and HAN is due almost entirely to an increase in
the insulin component. After 10 days of treatment with
800 mg of oral diazoxide per day in patient MOT, there
was no change in the fasting hypoglycemia or in total
insulin secretion. The proinsulin-like component con-
stituted 82% of the total plasma insulin.

Hamster studies. Studies of changes in plasma con-
centration of the insulin components in man do not dis-
tinguish events involving insulin secretion from changes
occurring in the peripheral circulation. Syrian hamsters
bearing islet cell tumors provide an excellent model
for a more detailed study of insulin secretion.

When a tumor was homogenized and extracted by the
classic acid-ethanol technique, the proinsulin-like com-
ponent constituted 32% of the total extracted insulin.

The nontumor bearing hamster has a similar propor-
tion of the insulin components in plasma as the non-
tumor patient whereas the tumor-bearing animal has a
high proportion of the proinsulin-like component similar
to patients with islet cell tumors (Fig. 7).

When slices of the hamster tumor are studied, the
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FIGURE 3 Patient PRI studied by glucose tolerance test, leucine
tolerance test, and tolbutamide tolerance test before and 6 months
after the removal of an islet cell adenoma.
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FIGuRE 4 (Upper), Islet cell carcinoma patient (DRE) studied by
glucose and leucine tolerance test. (Lower), Islet cell carcinoma patient
(HAN) studied by tolbutamide and leucine tolerance test.

highest proportion of the proinsulin-like component is
seen in the control media containing 1 mg/ml glucose;
further stimulation with glucose results in an increase
in both insulin components (Fig. 8). This finding is
compatible with the known effects of glucose in stimu-
lating both the synthesis and release of insulin (3, 22).
Tolbutamide and glucagon mainly stimulate the release
of the insulin component and decrease the percentage of
the proinsulin-like component (Fig. 8). These effects
are similar to those observed in islet cell tumors in man.

DIS CUSSION
In the nontumor subject, the proinsulin-like component
comprised approximately 20% of the basal circulating
insulin. The rise in total insulin 15 min after oral glu-
cose stimulation is accounted for entirely by the insulin

component since the concentration of the proinsulin-like
component is unchanged; the percentage of the proin-
sulin-like component at 15 min is accordingly decreased.
By 120 min after glucose stimulation, the percentage of
the proinsulin-like component increased to that seen in
the basal state and resulted from an increase in the con-
centration of this component and a fall in the concentra-
tion of the insulin component. Similarly, the administra-
tion of tolbutamide results in the acute release of the in-
sulin component with an increase in the per cent proin-
sulin-like component in the 2nd hr as the total plasma
insulin concentration returns to the basal state (16).

Melani, Rubenstein, and Steiner, found from 2 to 18%
of the proinsulin-like component in the basal state in
extracts of plasma from seven subjects (8) based on

measurements against an insulin standard; measure-
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ments against a human proinsulin standard yield higher
percentages but cannot be compared wvith other results
in the literature. A rise in concentration of the pro-
insulin-like component occurred in each of their patients
after glucose stimulation and the proinsulin-like compo-
nent comprised 2-29% of the total insulin, 1-4 hr after
glucose administration (8). Goldsmith, Yalow, and Ber-
son did not measure the proinsulin-like component in
the basal state, but found from 0-20%., in samples taken
from 30 min to 3 hr after glucose stimulation (23). In
most of their patients the per cent proinsulin-like com-
ponent was higher in the 2nd and 3rd hr after oral glu-
cose than at 30 min after the glucose load.

The half-time of disappearance and space of distribu-
tion of human proinsulin in plasma has not been pre-
cisely determined. If the half-time of disappearance and
space of distribution of human proinsuilin are approxi-
mately that of human insulin and if proinsulin repre-
sents only about 1% (11) to 10% (12) of the total pan-
creatic insulin, proinsulin, to account for 20% or more
of the circulating insulin, must be preferentially re-
leased. If, however, the half-time of disappearance for
proinsulin is much longer than insulin and the space of
distribution less, the high plasma to pancreas ratio for
proinsulin could be explained by the secretion of a con-
stant ratio of proinsulin to insulin. It remains unex-
plained why an insulin precursor of low biologic activity
should represent an appreciable amount of circulating
insulin.

The mean and range of per cent proinsulin-like com-
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FIGURE 7 Sephadex gel filtration pattern of plasma from
Syrian hamsters. Plasma was obtained in the basal state
in a normal hamster and a hamster bearing an islet cell
tumor.

ponent is higher in islet-cell tumor patients than in
most other patients studied, comprising from 26 to 79%
of the total insulin. In individual cases a range of from
3 to 67% of basal and stimulated proinsulin-like com-
ponent has been reported (1, 15, 16, 23-25).

Patients with islet cell tumors differ from nontumor
patients in exhibiting an exaggerated insulin release to
various stimuli and inappropriate insulin release with
hypoglycemia. These patients, however, demonstrate the
same qualitative dynamics with regard to the insulin
components as the nontumor subjects. If a similar ratio
for proinsulin exists from pancreas to plasma as in the
nontumor patient, then only a small percentage increase
of pancreatic proinsulin could account for a predomi-
nance of the proinsulin-like component in the plasma of
the islet-cell tumor patient. Evidence for an increased
tumor content of proinsulin in some patients with islet
cell tumors has been obtained (15).S After the admini-
stration of stimuli of insulin release our patients either
had very little response in total insulin concentration or a
marked rise. With small changes in the total insulin
concentration the per cent proinsulin-like component
remained high as in the basal state but with large in-
creases in total insulin there was a concomitant fall in
the per cent proinsulin-like component.

Similar observations were made in Syrian hamsters
bearing islet cell tumors. These tumors make large quan-
tities of proinsulin-like material under basal conditions.

'In the tumor extract from patient DRE, the proinsulin-
like component represented 16% of the total insulin in an
analysis carried out by Dr. Ronald E. Chance.

When stimulated acutely with glucose, glucagon, or tol-
butamide they release predominantly the insulin com-
ponent into the incubation media in a manner which
closely resembles the release of the insulin component
into the circulation in the islet-cell tumor patients.

The case reported by Melani, Ryan, Rubenstein, and
Steiner (15) is the only other systematic study of basal
and stimulated proinsulin-like components. The basal
proinsulin-like component was 42% of the total (mea-
sured against an insulin standard), falling to 36% as
insulin was acutely released by tolbutamide and increased
to a high of 67% in the 2nd and 3rd hr as the total in-
sulin concentration returned to basal levels (15). Gold-
smith, Yalow, and Berson found total insulin 110 AU/ml
at 15 min and 70 /U/ml at 30 min after the intravenous
administration of tolbutamide to a patient with an islet
cell tumor. The proinsulin-like component constituted
32 and 55% of the total respectively (23). Lazarus,
Tanese, Gutman, and Recant reported greater than 50%
proinsulin-like component 15 min after tolbutamide stimu-
lation but other time periods are not given for compari-
son (24). Blackard, Garcia, and Brown found 37, 32,
and 53% proinsulin-like component in an untreated pa-
tient with islet cell carcinoma at 1, 2, and 3 hr after oral
glucose; the percentage tended to increase as the total
insulin concentration decreased toward basal levels (25).

The percentage of the proinsulin-like component in
the plasma of both tumor and nontumor subjects at any
given time is determined largely by how close the total
plasma insulin concentration approaches concentrations
in the basal state. The quantitatively higher proportion
of the proinsulin-like component in islet-cell tumor pa-
tients can be accounted for by the same mechanism as in
nontumor patients. It is not necessary to postulate that
the tumor patients have a deficiency in the proinsulin to
insulin converting mechanism. In fact, the acute release
of the insulin component by tolbutamide and streptozo-
tocin suggests that the converting mechanism is operative.

It is reasonable to speculate that in the presence of
hypoglycemia, insulin release from the pancreas is max-
imally inhibited by a variety of physiologic processes.
Furthermore, pharmacologic agents like diazoxide are
potent inhibitors of insulin release. Diazoxide inhibits
insulin secretion from the mature beta granule (26).
Since the mature beta granule is largely devoid of pro-
insulin (10, 27), maximal inhibition of this process of
insulin release may have little therapeutic effect in a
patient who secretes predominantly the proinsulin-like
component. Diazoxide was therapeutically effective in
three islet-cell tumor patients (PRI, DRE, and HAN)
with 26-46% proinsulin-like component but had no ef-
fect in patient MOT. This patient's total plasma insulin
was comprised almost entirely of the proinsulin-like
component.
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'TABLE 1 I
Islet Cell Carcinoma (Patient FOL)

Total Insulin
lTim Glucoc insulin COn111)po1iciL PI-(-'+ PLC

l}ti~t )}Ig 100 mm11sg, ml

Glucose, 100 g oral (000 27 3.0 1.4 1.6 53
015 32 3.6 1.7 1.9 53
120 94 4.4 2.1 2.3 53

Glucose,* 20 g IN'
135 202 4.4

Tolbutamide, 1 g IV
140 181 9.0 5.8 3.) 36
145 156 8.5 5.4 3.1 36

* Additional glucose given because patient appeared symptomatically hypoglycemlic.
$ ProinsuLliin-like component.
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FiIGURE 8 Sephadex gel filtration pattern from incubation nmedia of 200
mg slices of hamster islet-cell tumor. The control media contained glucose
1 mg/ml and each of the other studies shown contained the control media
plus total glucose of 3 mg/ml, tolbutamide 100 ,ug/ml, and glucagon 5 ,ug/ml.
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Whether the failure to respond to diazoxide was a
unique feature of this patient or a general phenomenon
seen in patients who secrete predominantly proinsulin-
like material, remains to be determined.

The extrapolation of events measured in the circu-
lation to events occurring in the islet cell in man is spec-
ulative at this time but further studies of the insulin
components should lead to a better understanding of the
mechanisms regulating the formation and secretion of
insulin.
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