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Summary. Biogel P-30 filtration of plasma from Type 1 (insu-
lin-dependent) diabetic patients and normal subjects in basal
state and after an oral glucose load was assayed with a C-ter-
minal (30K) and a glucagon-like immunoreactivity-cross-
reacting antiserum (R8). Up to four immunoreactive peaks of
approximate molecular sizes of >20,000 (fractionI), 9000
(fraction IT), 3500 (fraction III) and 2000 (fraction IV) were
detected with the two antisera in both groups. In the basal
state, the only significant difference observed between both
groups was a higher R 8-reactivity in fraction ITin the group of
diabetic patients, although the R8 minus 30K values for this
fraction did not show a significant difference between both
groups. After glucose the only significant differences were an
increase of R8-reactivity in fractionII in both groups (p <
0.01) and a decrease of 30 K-reactivity in fraction III (JRG*%)
in normal subjects (p <0.05). In seven out of 12 diabetic pa-
tients, 30 K-reactivity in fraction IT IRG*") and I1I (IRG*%)

increased above their basal values. The gut-glucagon-like im-
munoreactivity response to oral glucose (AR8-A30K values
in fraction II) was similar in both the diabetic and normal sub-
jects. These results indicate that (1) the paradoxical rise in
plasma immunoreactive glucagon after oral glucose in diabet-
ic patients may be due to an increase of both IRG*® and/or
IRG*_ (2) the gut-glucagon-like immunoreactivity released
during glucose absorption has a molecular weight of approxi-
mately 9000, and (3) no differences in plasma gut-glucagon-
like immunoreactivity were observed in Type1 diabetic pa-
tients when compared with normal subjects, either in the basal
state or after glucose ingestion.

Key words: Plasma glucagon immunoreactivity, plasma glu-
cagon-like immunoreactivity, Type1 diabetes, oral glucose
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It has been extensively documented that plasma gluca-
gon, measured with C-terminal antibodies, is not sup-
pressed by oral glucose in diabetes mellitus, and, in
some instances, a paradoxical increase has been ob-
served [1-6]. On the other hand, oral glucose stimulates
the secretion of intestinal glucagon-like immunoreactiv-
ity (GLI) and there are two reports of elevated basal
plasma gut-GLI in Type 1 diabetic patients [3, 7], with a
greater than normal response to glucose load [3]. The
complexity of circulating glucagon immunoreactivity is
well known in terms of variety of immunoreactive glu-
cagon (IRG) peptides, which are recognized by anti-
bodies directed towards the carboxi-terminal portion of
glucagon, and GLI peptides that react only with anti-
bodies directed to the central and amino-terminal por-
tion of the glucagon molecule [8].

The aim of the present study was to clarify: (1) the
nature of circulating glucagon-immunoreactive pep-
tides in Type 1 diabetes, (2) which GLI components are
responsible for the plasma rise after oral glucose load
and (3) whether there is, indeed, a lack of suppressibility

of glucagon (3,500 daltons) by glucose in these patients.
For this purpose, we have compared the chromato-
graphic patterns on Biogel P-30 columns, obtained with
the two types of glucagon antisera (C- and N-terminal),
of basal and post-glucose plasma samples from a group
of Type 1 diabetic patients with those from a group of
normal subjects.

Subjects and methods
Subjects

Twelve Type 1 diabetic patients were studied (Table 1). Their mean
age was 24+ 2 years (six males, six females). Four were diagnosed re-
cently and had not started insulin therapy. The remainder were on in-
sulin treatment with a combination of intermediate- and short-acting
insulins (Insulin Monotard and Actrapid Novo, Denmark) two or
three times daily for 2-10years; two were out-patients with basal
blood glucose <7 mmol/l, and six were in-patients because of a re-
cent episode of ketoacidosis. None of the patients presented with ke-
tosis at the time of the test. All were free of diabetic complications,
having normal renal function and a body mass index of 21.0%
1.1 kg/m? for men and 21.2 +1.1 kg/m? for women (mean = SEM).
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Table 1. Clinical characteristics of the subjects.
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Sex Age Height Weight Body mass Duration Insulin Plasma
(years) (cm) (kg) index diabetes dose glucose

(kg/m?) (years) (IU/day) (mmol/1)

Diabetic patients

F 29 163 53 20 5.0 40 13.6

F 19 168 53 18 13 39 8.4

M 21 163 48 18 10.0 44 10.8

F 30 151 59 25 110 45 23.7

F 23 152 57 24 8.0 45 8.7

M 18 177 67 21 0.8 16 17.5

F# 21 162 50 19 6.0 44 2.8

M? 23 167 57 20 3.0 52 6.9

F 15 160 54 21 041 - 9.8

M 27 180 64 20 0.8 - 8.9

M 32 163 70 26 0.0 - 18.0

M 33 170 60 21 0.0 - 7.3

Mean =+ 24+£1.7 165+2.5 58+19 21£0.8 3812 41+£32 114+17

SEM

Control subjects

F 22 165 62 23 4.7

F 22 155 47 20 4.7

M 21 174 66 22 39

M 21 182 62 19 3.5

F 27 164 57 21 42

M 21 182 77 20 43

F 22 165 61 21 4.4

M 22 189 82 23 4.7

M 23 181 68 21 3.7

M 25 184 88 26 5.0

M 26 170 69 24 54

M 21 178 74 23 42

Mean + 23+£0.6 174+29 68+£3.2 22+0.6 4.4+0.1

SEM

2 Qut-patients

Twelve healthy subjects with a mean age of 23 &1 years, a mean
body mass index of 22.3 +0.8 kg/m? for men and 21.3 +0.6 kg/m? for
women, and no familial history of diabetes mellitus, were studied as
controls.

Oral glucose tolerance test

All the subjects received a glucose load of 1.75 g/kg body weight at
09.00 h after a 12-h overnight fast. The insulin dose was withheld on
the morning of the test. The study was approved by the Hospital Ethi-
cal Committee and the patients gave their informed consent to par-
take.

Methods

Blood samples. Thirty minutes after placing a Butterfly needle in an
antecubital vein, blood samples were obtained every 15 min at basal
conditions for 30 min. After the oral glucose load, blood samples were
obtained at 15-min intervals during the first 90 min and every 30 min
for the following 90 min.

Blood was collected in chilled tubes containing aprotinin
(500 KIU/ml, Trasylol, Bayer, Quimica Farmaceutica, Barcelona,
Spain) and EDTA (1 mg/ml) and maintained at 4°C. After the test,
plasma was separated by centrifugation at 1500 g for 20 min at 4°C,
and subsequently kept at —20°C.

Plasma chromatography. Basal and post-glucose (a pool from 30 to
90 min) plasma samples (3 ml) were filtered on Biogel P-30 columns
(50 x 1 cm, Bio-Rad Laboratories, Richmond, California, USA) and

eluted with NH;HCO; (50 mmol/1, pH 8.8). Tracer amounts of radio-
active molecular weight markers, '*I-Na (Amersham International,
Amersham, Bucks, UK), "@I-insulin and '»I-glucagon (iodinated in
our laboratory) were added to each plasma sample before chromatog-
raphy. The radioactivity of the tracers present in the eluates (<
300 cpm) represented a negible amount in the glucagon assay.
Eluates of 1.5 ml were collected and counted for radioactivity in a
gamma counter (Packard 800C, Packard Instruments, Downers
Grove, Hlinois, USA). An aliquot (5 ul) was used for protein determi-
nation [9] and the remainder stored at —20°C for glucagon assay.

Analytical methods. Untreated plasma samples and eluates were as-
sayed for glucagon immunoreactivity [10] with 30K (C-terminal) and
with R8 (N-terminal) antiserum, using crystalline porcine glucagon
(Eli Lilly, Indianapolis, Indiana, USA) as a standard and for iodina-
tion [11]. The lower detection limit of 30K was 2.5 pg, and that of R8
was 10 pg. The volume of plasma assayed with 30K was 0.2 ml and
with R8 was 0.1 ml, and the aliquot of eluate assayed with 30K was
0.4 ml and with R8 was 0.3 ml. The protein content of all the samples
was brought up to the equivalent of 0.2 ml of plasma by adding nor-
mal sheep serum immediately before adding the charcoal dextran
mixture. R8 is a highly GLI cross-reacting antiserum [12] which de-
tects the two major families of GLI from intestine (peak1:
8000-12000 daltons and peak 2: ~3500 daltons). In the R 8 assays iso-
lated GLI peak 1 and GLI peak 2 from canine or human intestine di-
luted in a parallel fashion to crystalline porcine glucagon (Fig. 1). 30K
reacts negiblably with the glucagon fragment [1-21] but shows a sub-
stantial reaction with the C-terminal fragment [18-29], and reacts only
weakly with intestinal extracts [13].
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Fig.1. Dilution slopes of GLI fractions (peaks I and II) from human
and canine intestinal extracts and pork crystalline glucagon as detect-
ed by R-8 antiserum. Each line represents the supetimposed slopes
obtained with four different samples (for GLI fractions two samples
were from human and two from canine extract) at serial dilutions in
duplicate, the deviations from the slopes at any point was < =2% of
15]-glucagon bound
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Fig.2. Plasma glucose, insulin and variations from mean baseline of
glucagon immunoreactivity (measured with a C-terminal antiserum:
30K, and with a GLI cross-reacting antiserum: R8) in 12 Type 1 dia-
betic patients (————, for insulin values n=7) and in 12 control sub-
jects (—-) during an oral glucose tolerance test (mean+SEM). The
large dots represent statistically significant differences from the re-
spective baseline values, *p < 0.05, °p <0.01

Plasma insulin was determined by radioimmunoassay [14]. C-pep-
tide was analyzed by a commercial radioimmunoassay kit (Daiichi
Radioisotope Laboratories, Tokyo, Japan). Glucose was analyzed by
a commercial glucose-oxidase preparation (Biochemica Test Combi-
nation, Boehringer, Mannheim, FRG).
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Statistical analysis. Results are expressed as mean + SEM in pg/ml of
pancreatic glucagon equivalents and groups compared by Wilcoxon’s
rank sum test for paired and unpaired data.

Results

Total plasma

The mean plasma values for glucose, insulin, 30K- and
R 8-reactivity from normal and diabetic subjects during
the oral glucose tolerance test are shown in Figure 2. In
the normal group, the mean basal plasma glucose levels
(4.4+0.1mmol/l) increased to 5.6=+0.3, 7.0+04,
6.6+0.5 and 5.9+ 0.4 (p <0.01) at 15, 30, 45 and 60 min,
respectively, and to 5.2 £ 0.4 at 75 min after the glucose
load (p <0.05). In this group, the mean basal plasma in-
sulin values (91 mU/I) increased significantly, (p <
0.01) in all post-glucose samples reaching a maximum
mean value of 104+19mU/1 at 60 min. In the 11 nor-
mal subjects, the basal plasma 30K-reactivity ranged
from 95 to 300 pg/ml. In one subject the 30 K-reactivity
was as high as 1045 pg/ml. After glucose, a decrease
was observed in all subjects, reaching statistical signifi-
cance (p <0.01 at 15 and 30 min, and p <0.05 at 60, 75
and 150 min). In this group, plasma R 8-reactivity in the
basal state ranged from 300 to 1100 pg/ml which signif-
icantly augmented at 30 and 45 min (p <0.01), and at
120 min (p <0.05) after the oral glucose load.

In the Type 1 diabetic patients, the mean basal plas-
ma glucose level was 11.4 +£1.7 mmol/1 which increased
after the glucose load (p <0.01), reaching a maximal
value at 150 min (29.1+2.1 mmol/1). The plasma glu-
cose concentrations in these patients were higher than
in the normal subjects throughout the test (p <0.01).
The insulin assay performed in seven patients, and the
C-peptide assay performed in the remaining five, be-
cause of the presence of insulin antibodies, showed a
lack of B-cell response to glucose in all patients. After
glucose, basal 30 K-reactivity (range 85-550 pg/ml) did
not decrease. On the contrary, all patients exhibited a
moderate increase, although it did not achieve statistical
significance at any point during the test. Basal plasma
R 8-reactivity (range 400-800 pg/ml) was similar to that
in normal subjects; it increased after glucose, although
no significant changes were observed. No glucagon an-
tibodies were detected in any subject.

Plasma chromatography on Biogel P-30

Up to four discrete peaks of glucagon immunoreactivi-
ty, with approximate molecular weights of > 20,000,
9000, 3500, and 2000, were detected with both antisera
in normal subjects and in Type 1 diabetic patients, in
basal and post-glucose plasma samples. The data are
presented as the values with either antiserum for frac-
tion I (eluates of the protein area), fraction II (following
eluates up to the maximal peak of *I-insulin), frac-
tion I1I (following eluates up to the end of the "*I-glu-



A.Rovira et al.: Plasma glucagon components in diabetes

83

Table 2. Biogel P-30 plasma R 8- and 30 K-reacting components in basal state and after an oral glucose load (1.75 g/kg of body weight) in normal

subjects and in Type 1 diabetic patients

Fraction I Fraction IT Fraction I11 Fraction IV
R38 30K R8 30K R8 30K RS8 30K
(pg/ml) (pg/ml) (pg/ml) (pg/ml) (pg/ml) (pg/ml) (pg/ml) (pg/ml)
Normal subjects (n =12)
Basal 384+68 179+ 562 26+ 4 18+ 5 18+ 5 9+1 31£6 18+ 7
Post-glucose 395+68 184+ 612 78 £15¢ 19+ 4° 10+ 3 5+1° 39+9 25+ 8
Type 1 diabetic patients (n =12)
Basal 35132 126340 44+ 7 35+12 25+ 7 12+2 47+5 41+12
Post-glucose 327+27 127 £35P 84+ 154 45+14 28+15 17+5 50+5 38+10

Results given as mean + SEM. 2p < 0.05, ®p <0.01 for R8 versus 30K values; °p <0.05, 9p <0.01 for post-glucose versus basal values
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Fig. 3. Comparison of the Bio-gel P-30 plasma R 8- and 30 K-reacting
components between 12 Type 1 diabetic patients (7)) and 12 normal
subjects () in the basal state and after an oral glucose load (1.75g/
kg body weight). FractionI: >20,000; fractionIl: ~9,000; frac-
tion I1I: ~3,500 and fraction IV: ~2,000. *p <0.05, statistically signif-
icant differences between both groups

cagon area) and fraction IV (following eluates up to the
appearance of '>I). The values of each fraction were
calculated as the sum of immunoreactivity present in
the corresponding eluates (1.5 ml) divided by the vol-
ume of the plasma loaded (3 ml). The mean+SEM
R8-reactivity recovered from the columns was 80+
5.2% and that of 30 K-reactivity was 88 +4.2%.

In normal subjects, most of the immunoreactivity of
basal plasma detected with both antisera corresponded
to fraction I (Table 2). In this fraction, the R 8-reactivity
ranged from 181 to 855 pg/ml and the 30K-reactivity
ranged from 45 to 758 pg/ml; there was no correlation
between individual R8 and 30K values, although the

R 8-reactivity was higher than 30 K-reactivity in all ex-
cept in the subject with the highest 30K value, in whom
the R 8 value was half of that of 30 K. Fraction I did not
dilute in parallel with the glucagon standard with either
antiserum. The R 8-reactivities in fractions II, IIf and IV
of basal plasma were not significantly different from
their respective 30K values. After glucose, fraction
still represented the highest percentage of the immuno-
reactivity detected with both antisera and it did not
change from basal values. Fraction IT had higher RS-
than 30 K-reactivities (p < 0.01) and in fractions I1I and
IV the R 8-values were similar to those of 30K, in post-
glucose plasma samples. When compared with basal
values, the only significant change observed with R§
antiserum was a threefold increase of the immunoreac-
tivity in fraction II, while the R8-reactivities in frac-
tions I, IIT and IV did not change. The 30 K-reactivities
in fractionIIT significantly decreased after glucose,
while in fractions I, I and 1V they did not change.

In Type1 diabetic subjects, most of the immuno-
reactivity of basal plasma detected with both antisera
was in fraction I (Table 2). The R8 values of this frac-
tion (range 199-492 pg/ml) were higher than their 30K
values (range 38-461 pg/ml) in all except in the subject
with the highest 30K value; no correlation was found
between individual R8 and 30K values. In fractions II,
III and IV, the R8-reactivities were similar to the re-
spective 30K values. After the oral glucose load, frac-
tionI continued representing the largest percentage of
the total immunoreactivity, and no change from basal
was found with either antiserum. No significant differ-
ences were found between R8- and 30 K-reactivities in
fractions I1, III and 1V in post-glucose plasma samples.
When compared with basal values the only significant
change observed with R8 antiserum was a twofold in-
crease of the immunoreactivity in fraction II. No signifi-
cant changes were detected with 30K antiserum in the
four fractions, although in seven out of the 12 patients
the 30K-reactivities in fractions IT and 111 were higher
after the glucose load.

In basal plasma, the R8-reactivities in fractions I,
IIT and IV showed no differences between the two
groups, while in fraction II they were higher in the dia-
betic group (44 +7 versus 24 =4 pg/ml, p <0.05, Fig. 3).
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The 30K-reactivities in the four fractions of basal plas-
ma from diabetic patients did not differ significantly
from those of control subjects. In post-glucose plasma
samples, the R8- and 30K-reactivities in fraction ITI
were higher in the diabetic patients (28 +15 versus
10+3 pg/ml, p<0.05 and 17£5 versus 5+1pg/ml,
p <0.05, respectively), while no differences were ob-
served in fractions IT and IV between diabetic and con-
trol subjects after glucose.

Plasma GLI response to oral glicose

The R8-reactivity increased significantly after the glu-
cose load only in fractionII (diabetic 40+12 pg/ml,
control subjects 52 +17 pg/ml, p <0.01). The R8 minus
30K (R8-30K) value of this fraction increased after
glucose (diabetics 8+14 to 39+19pg/ml, p<0.05;
controls 8 +6 to 59 +14 pg/ml, p <0.01), while no sig-
nificant changes were observed in R8-30K value of the
other three fractions in either group. The difference be-
tween the post-glucose variations of R8- and 30 K-reac-
tivity (AR8-430K) in fraction I1 was 30 =12 (p <0.05)
and 51+15pg/ml (p <0.01) in diabetic and control
subjects, respectively. No statistical difference between
the two groups was observed in any of the above calcu-
lated values.

Discussion

In normal subjects plasma glucagon immunoreactivity
detected with 30K decreased after glucose. The gel fil-
tration of basal plasma revealed the four immunoreac-
tive glucagon (IRG) components described previously,
IRG>20%0 or big plasma glucagon, IRG**® TRG*® and
TRG?™ [15]. After glucose, only IRG*® (fraction III)
decreased significantly, while no changes were ob-
served in the other three components. Big plasma glu-
cagon (fraction I) represented the largest percentage of
the total immunoreactivity, and as already described
[15], exhibited a wide range of concentrations in the
normal subjects. When total plasma is assayed for glu-
cagon immunoreactivity, big plasma glucagon may be
responsible for levels that are comparable with those
present in patients with glucagonoma [8]. This was the
case in the normal subject with 1045 pg/ml total plasma
glucagon, most of it being big plasma glucagon. The na-
ture of this fraction is still unclear. Due to the fact that
big plasma glucagon does not dilute in parallel to glu-
cagon standard, care was taken to load the column with
the same volume of basal and post-glucose plasma sam-
ples. Although variations in big plasma glucagon were
observed between basal and post-glucose chromatogra-
phies from the same individual, they did not achieve
statistical significance. In the case of the normal group,
these variations resuited in a higher mean big plasma
glucagon value after glucose, which contributed to a
slightly higher post-glucose glucagon immunoreactivity
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when the values of the four IRG fractions were summed
up, reversing the post-glucose decrease of glucagon im-
munoreactivity observed when total plasma was assay-
ed. A higher, although not significant, mean post-glu-
cose IRG*™ value contributed to this reversal effect
also. Studies of serial dilutions of this plasma compo-
nent have not been performed because it is always pre-
sent in small concentrations. Plasma IRG*»%®, isolated
by gel filtration from normal subjects during an argi-
nine infusion, and plasma IRG*, from a patient with
glucogonoma and chronic renal failure patients, diluted
in parallel to the glucagon standard (I. Valverde, per-
sonal communication), and after re-chromatography
their recoveries from the column ranged from 90 to
100%.

In Type 1 diabetic patients basal plasma IRG values
did not decrease after oral glucose. In most patients, the
post-glucose levels were higher than the basal value at
some time during the test. Plasma gel filtration revealed
that the basal values in the four IRG fractions were sim-
ilar to those in the normal subjects. After a glucose load,
there was no suppression of the basal IRG*% plasma
level, and in some patients an increase was observed.
The paradoxical rise of total IRG may be due to
IRG*% and IRG*_ which also increased in those pa-
tients.

In this Type1 diabetic group true hyperglucagon-
aemia was found relative to plasma glucose concentra-
tions, due to the fact that basal IRG*® values in diabet-
ic patients are higher than post-glucose IRG*% values
in normal subjects, while plasma glucose levels are
higher in basal samples from diabetic than in post-glu-
cose samples from control subjects. These results vali-
date the concept of relative hyperglucagonaemia [16].
The circulating IRG*™ is considered to be the homo-
logue of that of the same molecular weight found in
pancreatic extracts [17]. This C-terminal glucagon pep-
tide could well be part of the pre-proglucagon mole-
cule, the structure of which was recently predicted from
the sequence of cloned cDNA [18], but its exact partici-
pation in the biosynthetic process is not clear. Plasma
IRG®" has been reported to be elevated in various situ-
ations of sustained hyperactivity of the A cell and of im-
paired catabolism of this component [8, 19]. In this
group of diabetic subjects, the mean plasma levels of
IRG were close to 100% higher than those in normal
subjects.

With the gut-GLI-reacting antiserum, R8, a signifi-
cant increase in total GLI was observed only in some
post-glucose plasma samples of the normal subjects. In
both groups chromatographied plasma, assayed with
R 8 antiserum, exhibited four glucagon immunoreactive
peaks in the same molecular weight regions as those de-
tected with the C-terminal 30K antiserum. The
R 8-reactivity in fraction I, which represented the high-
est percentage of total plasma immunoreactivity, did
not correlate with the big plasma glucagon values and
was not affected by the glucose load; its nature was not
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studied further. In both groups after oral glucose ad-
ministration, the R8-reactivity and the R8-30K value
increased only in fraction I, indicating that GLI pep-
tide(s) of molecular weight(s) between > 6,000 and <
20,000 are the one(s) secreted in response to the glucose
load. Peptides close to these molecular weights have
been extracted from human [20], canine [21], rabbit [22]
and porcine [23] intestines. Similar results have been ob-
tained in dogs [12, 24], although in this animal the incre-
ment of RS8-reactivity of fraction I1 was much higher
than in our normal human group. A greater response of
GLI to oral glucose was also observed in gastrecto-
mized patients [25-27] and the massive exposure of the
intestine to the sugar could be the cause of the increased
secretion of GLI in both cases. The R8-reactivity in
fraction IT of basal plasma was higher in diabetic than
in control subjects, but the R8-30K values of this frac-
tion were similar in both groups, due to the higher
IRG*™ values in the diabetic patients, indicating no
difference in basal GLI peptides of this size in either
group. After glucose the IRG* increased in some dia-
betic patients and to evaluate the GLI secretion this
should be taken into account. The post-glucose
AR8-A30K values in fraction II were similar in the
diabetic and control groups, suggesting a normal GLI
response to glucose in diabetic patients. These results
are in disagreement with two previous reports on Type 1
diabetic subjects. Heding and Rasmussen [3] evaluated
GLI secretion in total plasma as the response to oral
glucose detected with an N-terminal glucagon-reacting
antiserum, and Matsuyama et al. [7] measured basal and
post-breakfast GLI as the difference between the values
obtained with N- and C-terminal glucagon-reacting an-
tiserum. In the diabetic groups of both studies, GLI pre-
sented a significantly higher value compared with nor-
mal subjects. From our chromatographic data, the
complexity of peptides reacting with one or both antise-
ra is clear. This complexity impedes evaluation of the
levels of GLI in total plasma even after oral glucose. To
date, the only way to measure plasma GLI is by gel
chromatography and subsequent assay with two types
of glucagon antisera. Even though we are assuming the
IRG*™ reacts equally with both antisera used, this fact
cannot be proven until a pure preparation of this C-ter-
minal glucagon peptide is available.

Two GLI peptides from porcine intestine have been
purified and named glicentin [23] and oxyntomodulin
[28]. Both peptides contain glucagon within their struc-
ture and they seem to be part of the pre-proglucagon
molecule [18]. The molecular size of glicentin (8000 A)
is included in that of plasma fraction II and it might
represent secreted GLI after glucose. Although anti-
bodies specific to glicentin have been obtained, which
do not react with glucagon, their capacity for measuring
glicentin in plasma has not yet been documented fully
[29]. The molecular size of oxyntomodulin [28] corre-
sponds with that of gut-GLI peak II [21, 30] and is in-
cluded in that of plasma fraction IIl, but circulating

85

GLI peptides of this size were not increased after oral
glucose either in this study or in dogs [12].
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