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OBJECTIVE — In eight glucokinase (GCK)-deficient subjects, we have investigated
insulin secretion rates (ISRs) in response to intravenous arginine. Impairment in the
enzymatic activity of mutant GCK leads to a reduced glycolytic flux in /3-cells. This
defect translates in vivo as a right shift in the glucose/ISR dose-response curve. Insulin
secretion in response to other secretagogues has not been reported.
RESEARCH DESIGN A N D METHODS— The arginine test was performed
immediately after a 2-h hyperglycemic (10 mM) clamp. ISR was computed by deconvolution of peripheral C-peptide levels. Linear regression analyses were performed to
assess correlations between the /3-cell secretory responses to the arginine test, an
intravenous glucose tolerance test (IVGTT), and a hyperglycemic clamp (areas under
the C-peptide curves), and between these parameters and the glucose tolerance status
(area under the glucose curve during an oral glucose tolerance test).
RESULTS — Two minutes after the injection of arginine, the increment in ISR was
30.17 ± 10.01 pmol insulin-kg" 1 -min" 1 in patients and 36.25 ± 15.46 pmol
insulin* kg" 1 "mm" 1 in control subjects (P = 0.38). Throughout the experiment,
increments in ISR were comparable in both groups. The amount of insulin secreted in
response to arginine (0-5 min) was similar in patients and control subjects: 81 ± 28 vs.
119 ± 55 pmol/kg (P = 0.16), respectively. The arginine test C-peptide response was
not correlated with the IVGTT or hyperglycemic clamp responses. The arginine test
and hyperglycemic clamp responses were not correlated to the glucose tolerance status. The best predictor of the glucose tolerance was the C-peptide response to the
IVGTT (r2 = 0.78; P = 0.002).
CONCLUSIONS — /8-cell secretory increment in response to arginine was found
to be in the normal range in GCK-deficient subjects. The arginine test does not seem to
reflect either the /3-cell secretory defect or the glucose tolerance status of these subjects.
IVGTT seems to be the best predictor of the latter parameter in this population.
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RESEARCH DESIGN AND
METHODS
Metabolic studies were performed in
eight patients (six men and two women)
from four different kindreds. GCK mutations in these individuals are (1,8) a glutamic acid-300—>glutamine (kindred
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utations in the coding regions of
the glucokinase (GCK) gene on
chromosome seven result in a familial form of mild, non-insulin-dependent chronic hyperglycemia with autoso-mal dominant inheritance and high
penetrance (1). GCK is expressed in the
liver and pancreatic /3-cells where it phosphorylates glucose to glucoses-phosphate and thus regulates glucose flux (2).
In vitro enzymatic activity of mutant GCK
varies according to the nature and position of the mutation ranging from no activity at all to a slight decrease in the Vm lx
of the enzyme and its affinity for glucose
(3,4). Affected individuals show a right
shift in vivo in the dose-response curve of
glucose-induced insulin secretion (5,6),
which correlates with the degree of the
enzymatic activity defect observed in
vitro (6). Taken together, these findings
support the concept that GCK acts as the
glucose sensor of pancreatic /3-cells and
suggest that the primary insulin secretory
defect in GCK-deficient diabetes is related
to a reduced glucose metabolism in
j3-cells (7). In view of these results, it
would be interesting to evaluate in GCKdeficient subjects, a population presenting a well-defined insulin secretion defect
/3-cell function in response to secretagogues other than glucose. Here we report plasma insulin and C-peptide profiles and insulin secretion rates (ISRs) in
response to intravenous arginine, which
is a powerful amino acid stimulus of
/3-cell secretion. We compared acute intravenous arginine and glucose responses
and investigated the correlation of these
parameters with the glucose tolerance status and with estimations of the /3-cell secretory defect obtained during a hyperglycemic clamp (5).

Arginine test in GCK-deficient subjects

Table 1—Clinical profile of GCK-deficient patients

Age (years)

BMI (kg/m2)

F
F
M
M
M
M
M
M
—
—

26
42
38
47
42
41
13
21
34 ± 12
27 ± 3

22.1
24.3
24.5
25.1
21.0
21
17.3
21.1
22.0 ± 2.6
21.8 ± 1.7

IFG
Diabetes
1GT
IGT
Diabetes
IGT
IGT
IGT
—
—

Age at
diagnosis
(years)
10
24
19
28
22
3
12
20

Treatment
Diet
Diet
Diet
Diet
Sulfonylurea
Sulfonylurea
Diet
Diet

—
—

17 ± 8
—

Data are means ± SD. Individuals in the kindred F51 are siblings, except D, who is a distant cousin; in the kindred F386 they are father and son.

F51), a glycine-175—^arginine (F386), a
15-base pair deletion at splice donor site
of intron 4/exon 4 (F423), and a point
mutation of splice acceptor site of intron
6/exon 7 (F85). All kindreds responded
to the criteria of maturity-onset diabetes
of the young: presence of non-insulindependent chronic hyperglycemia in
three consecutive generations and at least
two patients diagnosed before 25 years of
age (9).
Individuals selected for this evaluation presented either diabetes (n = 2)
or impaired glucose tolerance (IGT) (n =
5) according to the World Health Organization definition (10) or a fasting plasma
glucose between 6.1 and 7.8 mM in two
separate measurements with a 2-h post
oral glucose load plasma glucose <7.8
mM (n = 1). This criterion of impaired
fasting glucose (IFG) represents values of
fasting plasma glucose >2 SD above the
mean of the normal population (11).
Apart from chronic hyperglycemia, patients were in good general health and did
not present with late complications of diabetes. Individual profiles are shown in
Tables 1 and 2.
Seven lean, healthy individuals
(five men and two women) with no diabetic relatives were used as a control
group (Table 1). Patients and individuals
in the control group gave fully informed
consent before taking part in the study.

1016

Evaluations were started between
7:00 and 8:00 A.M. after an overnight fast.
A catheter was placed in the left cubital
vein for glucose or arginine infusion, and
a right arm vein was cannulated for intermittent blood sampling. Subjects remained supine throughout the test.
Arginine-induced insulin secretion is proportionate to the steady-state
plasma glucose concentration preceding
the stimulation; the magnitude of the
acute insulin response is a linear function
of plasma glucose between 3.3 and 13.9
mM glucose (12). Thus, to standardize
patient and control group responses,
plasma glucose was clamped at 10 mM for
2 h (time —120 to time 0 min). Clamping
procedures and results were previously
reported (5). At time 0 min, the clamping
system was disconnected, and 5 g of 10%
arginine chlorhydrate was injected intravenously in 30 s. Throughout the experiment, blood was regularly sampled for
glucose, insulin, and C-peptide measurements. Plasma insulin and C-peptide
were measured by radioimmunoassays.
Plasma glucose was measured by the glucose-oxidase method. ISRs were obtained
by deconvolution of C-peptide values using ISEC software (13). Individual kinetics of C-peptide disappearance are computed by ISEC from the subject's weight,
height, age, sex, and classification (normal, non-insulin-dependent diabetes

mellitus [NIDDM], and obese) based on
parameters validated in a population
study (14).
Data are expressed as means ±
SD. Statistics were performed on data
normalized by logarithmic transformation. Unpaired Student's t tests were used
for comparisons between groups. Repeated measures analysis of variance
(ANOVA) were used to compare ISRs
across a period of time. Simple linear regression analyses were performed to test
for possible relations between the acute
j3-cell secretory response to arginine and
responses to glucose administration—a
0.5-g/kg intravenous glucose tolerance
test (IVGTT) and a 10 mM glucose hyperglycemic clamp—and between these parameters and glucose tolerance. For these
regression analyses, IVGTT, the arginine
test, and the hyperglycemic clamp were
expressed as the area under the C-peptide
curve (0-10 min for the former two tests
and 60-120 min for the hyperglycemic
clamp), and the glucose tolerance was expressed as the area under the glucose
curve during an oral glucose tolerance
test (OGTT). Plasma C-peptide values
were used preferentially to plasma insulin
values because they seem to better reflect
portal insulin levels. IVGTT and hyperglycemic clamp data were computed from
results partially reported previously (5).
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Patient (kindred)
A(F51)
B(F51)
C(F51)
D(F51)
E(F423)
G (F386)
H (F386)
I(F85)
Patients
Control group

Sex

Glucose
tolerance
status

Pueyo and Associates

(N

IN

m n

§ +1 +1 o

oo N o co

-H

00 00
VD N

p,
U

CO

||

„

oq q

ON

r-i in (^

O ON
VO vb

^

ON

00 H

+1 +1 °

q vq I'
N Oi ^

r-l

rH

i-H(N

r—I

i—I

(N

00

II

O in "
rn_ vo__ CL,
I-H" ro

m ci ^
+i +i d
J3

ON

O

•—i

1—i o _

II

^

^

r-~ in "

00

t- m S
+l +l d
oq ^ II

p

U

CO rH A

•<*• o o o o
Is- r^ ^

o

d

N

^

. a,

S =§

O O o
fsj H

o g5

n cd oi

* °. a

H

O

in d oi +l +l d
ON

CL,

din oin go
+1 +1 d

III

oq ON ||
vd H

CL,

d
+l
(N

vb

^2
jy

•B S -a

a

ou U in

DIABETES CARE, VOLUME 17, NUMBER 9, SEPTEMBER 1994

« o2

1017

Downloaded from http://diabetesjournals.org/care/article-pdf/17/9/1015/443241/17-9-1015.pdf by guest on 01 October 2022

t O O t f M O i N C O O t H O
v O ^ H O O ^ r O V O - ^ - v O .. , , P
o o i i r i H i n n i N i n T l
+'o

RESULTS — At the end of the clamping procedure (time 0 min), plasma glucose was not significantly different in patients (9.9 ± 1 . 0 mM) and in the control
group (10.1 ± 0.2 mM; P = 0.5). However, because of the GCK deficiency,
plasma insulin and C-peptide values and
ISRs were significantly lower in patients
than in the control group: 56 ± 26 vs.
320 ± 116 pM insulin (P = 0.0001), 1.1
± 0.2 vs. 3.1 ± 0.6 nM C-peptide (P -•
0.0001), and 4.51 ± 1.07 vs. 11.4*) ±
2.64 pmol insulin • kg ' • min ' (P =:
0.0001). To account for these differences,
the responses to the arginine challenge
were expressed as the increment over levels at time 0 min. Incremental data are
shown in Fig. 1, Table 2, and the text
below; actual data are shown in Table 1.
Two minutes after the intravenous injection of arginine (Fig. 1), plasma insulin
increment peaked at 305 ± 97 pM in patients and 852 ± 470 pM in control subjects (P = 0.0025). Concomitant plasma
C-peptide increment was 1.5 ± 0.5 nM in
patients and 1.7 ± 0.8 nM in control subjects (P = 0.4). ISR increment at 2 min
was 30.17 ± 10.01 pmol insulin*
kg" 1 -min" 1 in patients and 36.25 ±
15.46 pmol insulin • kg ' • min" l in
control subjects (P = 0.38). Throughout
the experiment, ISR increments were
comparable in both groups (repeated
measures ANOVA, P = 0.17). The area
under the insulin and C-peptide increment curves (time 0-10 min) expresses
the overall responses to arginine: insulin
area was 1,302 ± 484 vs. 3,658 ± 1,434
pM/min (P = 0.0004), and C-peptide
area was 7.0 ± 1 . 8 vs. 9.6 ± 5.0 nM/min
(P = 0.29), respectively, in patients and
in the control group (Table 2). The
amount of insulin secreted in response to
arginine and computed from increments
in ISR (0-5 min) was similar in patients
and control subjects: 81 ± 28 vs. 119 ±
55 pmol/kg (P = 0.16), respectively (Table 2). Plasma glucose levels remained
similar in patients and control subjects
during the insulin secretion peak (9.2 +
0.6 vs. 8.4 ± 1.1 mM, P = 0.1 at 2 min
and 9.0 ± 0.9 vs. 8.1 ± L l m M , P - 0 . 1

Arginine test in GCK-deficient subjects
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Figure 1—Plasma insulin and C-peptide concentrations, and ISRs following intravenous arginine administration. Results are expressed as the
increment over levels at time 0 min. # , GCKdeficient subjects (n = 8); O , control group (n =
7). Data expressed as means ± SD.

at 3 min). At the end of the experiment,
glucose levels were higher in patients
than in control subjects: 8.6 ± 0.9 vs. 7.5
± 0.9 mM, P = 0.03 at 5 min, and 8.3 ±
0.9 vs. 5.9 ± 1.3 mM, P = 0.001 at 10
min.
The C-peptide response during
the arginine test was not significantly correlated to responses obtained during the
1VGTT (P = 0.23) or the hyperglycemic
clamp (P = 0.62; data not shown). Cpeptide responses to the arginine test and
hyperglycemic clamp were not correlated
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C O N C L U S I O N S — We report normal increment of ISRs in response to arginine in a panel of patients with chronic
hyperglycemia caused by mutations in
the GCK gene. Plasma C-peptide increments throughout the test, assessed as the
area under the curve, as well as the calculated amount of insulin secreted in response to arginine, were not significantly
different in patients and control subjects.
Values of both parameters were > 1 SD
below the mean of the control group in all
patients but subject E, who seems to have
a more pronounced secretory defect to
both arginine and glucose. Contrastingly,
plasma insulin increment during the arginine test was constantly lower in patients
than it was in control subjects.
The difference between plasma insulin and C-peptide responses may be ascribed to the first-pass hepatic extraction
of insulin as well as to its peripheral clearance, both of which are known to vary
largely in different physiological situations (15). Conversely, C-peptide is not
extracted by the liver and has constant
peripheral clearance, the kinetics of
which were shown to be in the normal
range in GCK-deficient subjects (6). In
this way, peripheral C-peptide concentrations reflect better than insulin concentrations the /3-cell secretory rates. Incidentally, peripheral levels of insulin, but

not of C-peptide, are significantly reduced in patients compared with control
subjects in response to both glucose and
arginine (Table 2). This suggests that liver
extraction and/or peripheral clearance of
insulin might be enhanced in GCK-deficient patients. No data on these processes
are currently available.
The mechanisms of the insulinotropic action of arginine, as well as of the
glucose/arginine interaction, are largely
unknown. It has been suggested that the
accumulation of arginine, a positively
charged molecule, inside j8-cells leads to
the depolarization of the plasma membrane and eventually to insulin secretion
as a purely biophysical effect (16). However, it is known that in pancreatic islets,
arginine is metabolized in several pathways with resulting conversion in L-ornithine and urea, or L-glutamate, and generation of polyamines or nitric oxide
(17,18). The role that these reactions, or
other changes in the oxidative catabolism
of nutrients, might have in the insulinotropic action of arginine is not fully understood (19). Whatever might be its
mechanism of action, the insulinotropic
effect of arginine does not seem to be affected by the impairment in the glycolytic
flux in j3-cells resulting from GCK mutations.
We have observed, by means of
glucose clamps and multiple dose glucose
infusions, that the prominent metabolic
feature of GCK deficiency is a right shift in
the glucose/ISR dose-response curve
(5,6). This shift results in a 60% reduction in ISRs in GCK-deficient subjects
compared with control subjects relative
to concomitant glucose levels. As a consequence, in the present set of experiments,
control subjects may have depleted more
insulin during the hyperglycemic clamp
(time - 1 2 0 to 0 min) than GCK-deficient
subjects. One might argue that this higher
depletion of insulin might have led to a
relatively smaller response to arginine
than would otherwise have been seen.
However, this seems unlikely, as we have
observed sustained ISR, both in GCKdeficient subjects and control subjects,
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to glucose tolerance either (P = 0.44 and
P = 0.92, respectively). The best predictor of glucose tolerance in GCK-deficient
subjects was the C-peptide response to
the IVGTT (coefficient of determination
r2 = 0.78; P = 0.002). To test the robustness of this correlation, analyses were performed including six additional GCKdeficient subjects from these and other
families for whom IVGTT and OGTT data
were available (6). A stronger statistical
correlation was observed (r2 = 0.77; P =
0.0001). A weaker but still significant
correlation was observed when insulin instead of C-peptide values were used in the
computations: r2 = 0.61, P = 0.013 for n
= 8 patients; r2 = 0.41, P = 0.014 for n
= 14 patients.

Pueyo and Associates

Table 3—Arginine test (actual data)
2 min (peak)

0 min
Insulin (pM)

C-peptide (nM)

Insulin (pM)

C-peptide (nM)

36
42
72
66
30

1.1
1.0
1.2
1.3
1.1

372
348
528
384
180

2.8
3.2
3.2
2.6
1.7

30

0.7

216

1.7

102
72
56 ± 26
320 ± 116
P = 0.0001

0.9
1.4
1.1 ± 0.2
3.1 ± 0.6
P = 0.0001

468
396
362 ± 117
1,171 ± 550
P = 0.0002

2.2
2.8
2.5 ± 0.6
4.8 ± 1.1
P = 0.0002

Insulin
(pM/min)

C-pepiide
(mM/mini

1,424
1,338
2,304
2,802
839
1,662
2,268
2,280
1,865 ± 652
6,938 ± 2,058
P = 0.0001

17.8
17.8
P.0.4
22.3
14.3
13.0
1'5»
21.3
17.8 :•: 3.4
41.2 :t: 8.'5
P = 0.0001

Data arc means ± SD.

with up to 42 h of hyperglycemic stimulation (6).
In this panel of GCK-deficient
subjects, the acute /3-cell secretory responses to arginine and glucose were in
the normal range in all but one subject.
However, they were not correlated with
each other and did not correlate with the
/3-cell secretory response to the hyperglycemic clamp. These results suggest that
neither the arginine test nor the IVGTT
reflect the /3-cell defect present in GCKdeficient subjects. Indeed, during an
IVGTT, the secretory defect associated
with GCK deficiency is masked by the
higher than normal concomitant glucose
levels observed in the patients (Table 2),
which leads to ISRs that are in the same
range as those of control subjects (6).
However, when expressed as a C-peptide:
glucose ratio, IVGTT responses are significantly lower in patients than in control
subjects (data not shown). Interestingly,
the glucose tolerance assessed by the
OGTT in GCK-deficient subjects did not
correlate with the /3-cell secretory response to the arginine test. More paradoxically, it did not correlate with the response to the hyperglycemic clamp
either, but was strongly correlated with
the response to the IVGTT. These results

suggest that the first-phase insulin secretion with its priming effect on the liver
(20) is one of the main determinants of
glucose tolerance in this population.
The normal secretory increment
in response to arginine observed in these
GCK-deficient patients contrasts with results of studies on islet cell antibody positive subjects at the early prediabetic state
(21-23). Responses to several secretagogues, including intravenous arginine,
glucose, glucagon, and tolbutamide, were
shown to be severely impaired in these
subjects. In this regard, results of animal
studies, performed after partial pancreatectomy (24) or streptozocin administration (25), as well as studies on hemipancreatectomized healthy human donors
(26), suggest that a decrease in arginine stimulated insulin secretion is well correlated with a progressive reduction in the
/3-cell mass. It is tempting to speculate
that this might be an explanation for the
more severe /3-cell secretory impairment
in response to both arginine and glucose
observed in subject E. Our data also contrast with those observed in the most
common form of NIDDM with the late
age of onset. Although normal or even
higher than normal insulin responses to
an arginine challenge have been reported

DlABETES CARE, VOLUME 1 7 , NUMBER 9 , SEPTEMBER 1 9 9 4

in NIDDM (27), these studies suffer from
the bias resulting from different glucose
levels in patients and control subjects. In
NIDDM subjects with glucose levels
matched to control subjects, insulin re
sponse to arginine was found to be significantly reduced (28). It should be pointed
out that these NIDDM patients were truly
diabetic, while most GCK-deficient subjects present a mild form of chronic hyperglycemia (1).
In conclusion, /3-cell secretory response to arginine was found to be preserved in GCK-deficient subjects. These
results suggest that the mechanism of action of arginine-induced insulin secretion
is not affected by the impairment in the
glycolytic flux resulting from GCK mutations. No correlation was observed between the response to arginine and responses to IVGTT and hyperglycemic
clamp. The arginine test does not seem to
reflect either the /3-cell secretory defect or
the glucose tolerance of these subjects.
IVGTT seems to be the best predictor of
the latter parameter in this population.
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Patient (kindred)
A(F51)
B(F51)
C(F5l)
IMF51)
F (F423)
G (F386)
H(F386)
I (F85)
Patients
Control group
Statistical significance

Area

Arginine test in GCK-dejicient subjects

Lancet 340:444-448, 1992
lease: functional response of islets to i.arginine and ornithine. Biochem Biophys
6. Byrne MM, Sturis J, Clement K, Vionnet
Ada 1013:144-151, 1989
N, Pueyo ME, Stoffel M, TakedaJ, Passa P,
Cohen D, Bell GI, Velho G, Froguel P, 17. Malaisse WJ, Blanchier F, Mourtada A,
Polonsky KS: Insulin secretory abnormalCamara J, Albor A, Valverde I, Sener A:
ities in subjects with hyperglycemia due
Stimulus-secretion coupling of arginineto glucokinase mutations. J Clin Invest 93:
induced insulin release: metabolism of L1120-1130, 1994
arginine and L-ornithine in pancreatic islets. Biochem Biophys Ada 1013:133-143,
7. Matschinsky F, Liang Y, Kesavan P, Wang
1989
L, Froguel P, Velho G, Cohen D, Permutt
MA, Tanizawa Y, Jetton TL, Niswender K, 18. Moncada S, Palmer RMJ, Higgs EA: BioMagnuson M: Glucokinase as pancreatic
synthesis of nitric oxide from i.-arginine: a
beta-cell glucose sensor and diabetes
pathway for the regulation of cell function
gene. J Clin Invest 92:2092-2098, 1993
and communication. Biochem Pharniacol
38:1709-1715, 1989
8. Sun F, Knebelmann B, Pueyo ME, Zouali
References
H, Lesage S, Vaxillaire M, Passa P, Cohen 19. Sener A, Blanchier F, Rasschaert J, MaD, Velho G, Antignac C, Froguel P: Delelaisse WJ: Stimulus-secretion coupling of
1. Froguel Ph, Zouali H, Vionnet N, Velho
arginine-induced insulin release: comtion of the donor splice site of intron 4 in
G, Vaxillaire M, Sun F, Lesage S, Stoffel M,
Takeda J, Passa Ph, Permutt A, Beckman
the glucokinase gene causes maturityparison with histidine-induced insulin reJS, Bell GI, Cohen D: Familial hyperglycelease. Endocrinology 127:107-113, 1990
onset diabetes of the young. J Clin Invest
mia due to mutations in glucokinase: def92:1174-1180,1993
20. Calles-Escandon J, Robbins DC: Loss of
inition of a subtype of diabetes mellitus. N
early phase of insulin release in humans
9. Fajans SS: Scope and heterogeneous naEnglJ Med 328:697-702, 1993
impairs glucose tolerance and blunts
ture of MODY. Diabetes Care 13:49-64,
thermic effect of glucose. Diabetes 36:
2. Matschinsky FM: Glucokinase as glucose
1990
1167-1172, 1987
sensor and metabolic signal generator in 10. World Health Organization: Study Group
pancreatic beta-cells and hepatocytes. Dion Diabetes Mellitus. Geneva, World 21. Ganda OP, Srikanta S, Brink SJ, Morris
abetes 39:647-652, 1990
Health Org., 1985 (Tech. Rep. Sen, no.
MA, Gleason RE, Soeldner JS, Eisenbarth
727)
3. Gidh-Jain M, Takeda J, Xu LZ, Lange AJ,
GS: Differential sensitivity to beta-cell
Vionnet N, Stoffel M, Froguel Ph, Velho 11. Tchobroutsky G: Blood glucose levels in
secretagogues in early type I diabetes melG, Sun F, Cohen D, Patel P, Lo Y-MD,
diabetic and non- diabetic subjects. Dialitus. Diabetes 33:516-521, 1984
Hattersley AT, Luthman H, Wedell A, St
betologia 34:67-73, 1991
22. Bardet S, Rohmer V, Maugendre D, Marre
Charles R, Harrison RW, Weber IT, Bell 12. Ward WK, HalterJB, BeardJC, Porte DJr:
M, Semana G, LimalJM, Allanic H, CharGI, Pilkis SJ: Glucokinase mutations assobonnel B, Sa[00ff]8B P: Acute insulin reAdaptation of B- and A-cell function durciated with non-insulin-dependent (type
ing prolonged glucose infusion in human
sponse to intravenous glucose, glucagon
2) diabetes mellitus have decreased enzysubjects. Am J Physiol 246:E405-E411,
and arginine in some subjects at risk for
matic activity: implications for structure/
1984
type 1 (insulin-dependent) diabetes melfunction relationships. Proc Natl Acad Sci 13. Hovorka R: A computer program to relitus. Diabetologia 34:648-654, 1991
USA 90:1932-1936, 1993
construct insulin secretion (Abstract). 23. Robert JJ, Rakatoambinina B, Timsit J,
4. Takeda J, Gidh-Jain M, Xu LZ, Froguel P,
Diabetologia 36 (Suppl. 1):A68, 1993
Deschamps I, Gontier D, JosJ, Boitard C:
Velho G, Vaxillaire M, Cohen D, Shimada 14. Van Cauter E, Mestrez F, Sturis J, PolonRelation between glucose tolerance and
F, Hideichi M, Nishi S, Stoffel M, Vionnet
sky KS: Estimation of insulin secretion
insulin response to various stimuli in isN, Charles RS, Harrison RW, Weber IT,
rates from C-peptide levels: comparison
let-cell antibody positive subjects (AbBell GI, Pilkis SJ: Structure/Function
of individuals and standard kinetic pastract). Diabetologia 36 (Suppl. 1):A98,
studies of human glucokinase: enzymatic
rameters for C-peptide clearance. Diabe1993
properties of sequence polymorphism,
tes 41:368-377, 1992
24. Ward WK, Wallum BJ, Beard JC, Tabormutations associated with diabetes, and 15. Radziuk J, Morishima T: Assessment of
sky GJ Jr, Porte DJr: Reduction of glyceother site-directed mutants. J Biol Chem
insulin kinetics in vivo. In Methods in Dimic potentiation: sensitive indicator of
268:15200-15204, 1993
abetes Research: Clinical Methods. Clark
/3-cell loss in partially pancreatectomized
5. Velho G, Froguel Ph, Clement K, Pueyo
WL, Lamer J, Pohl SL, Eds. New York,
dogs. Diabetes 37:723-729, 1988
ME, Rakotoambinina B, Zouali H, Passa
Wiley, 1985, p.91-106
25. McCulloch DK, Raghu PK, Johnston C,
Ph, Cohen D, Robert JJ: Primary pancre- 16. Blachier F, Leclercq-Meyer V, Marchand
Klaff LJ, Kahn SE, Beard JC, Ward WK,
atic j3-cell secretory defect caused by muJ, Woussen-Colle MC, Mathias PCF,
Benson EA, Koerker DJ, Bergman RN,
tations in the glucokinase in kindreds of
Sener A, Malaisse WJ: Stimulus-secretion
Palmer JP: Defects in B-cell function and
maturity-onset diabetes of the young.
coupling of arginine-induced insulin reinsulin sensitivity in normoglycemic

1020

DIABETES CARE, VOLUME 17,

NUMBER 9, SIPIEMBI R 1994

Downloaded from http://diabetesjournals.org/care/article-pdf/17/9/1015/443241/17-9-1015.pdf by guest on 01 October 2022

gram and by grants from Lipha and Association Amis de la Science.
We thank the patients and their families for
cooperation, Professor H. Lestradet for referring patients, Boehringer Mannheim for help
in collecting families, Dr. K. Laborde for insulin and C-peptide assays, Professor C. Boitard,
Dr. J. Timsit and the staff of the Service
d'lmmunologie Clinique, Hopital Necker,
Paris, and Dr. R. Hovorka (Clinical Pharmacokinetics Department, Glaxo Group Research
Ltd, Greenford, Middlesex, U.K.) for kindly
providing the ISEC software.

Pueyo and Associates

streptozocin-treated baboons: a model of
preclinical insulin-dependent diabetes. J
Clin Endocrinol Metab 67:785-792, 1988
26. Seaquist ER, Robertson RP: Effects of
hemipancreatectomy on pancreatic alpha

and beta-cell function in healthy human 28.
donors.JClinInvest89:1761-1766,1992
27. Pfeifer MA, Halter JB, Porte D Jr: Insulin
secretion in diabetes mellitus. Am J Med
70:579-588, 1981

Ward WK, Bolgiano DC, McKnight R,
Halter JB, Porte D Jr: Diminished B-ccll
secretory capacity in patients with noninsulin-dependent diabetes mellitus. J
Clin Invest 74:1318-1328, 1984

Downloaded from http://diabetesjournals.org/care/article-pdf/17/9/1015/443241/17-9-1015.pdf by guest on 01 October 2022

DIABETES CARE, VOLUME 17, NUMBER 9, SEPTEMBER 1994

1021

