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Abstract

Introduction : The correction of hyperglycemia by insulin treatment has been shown to
ameliorate B cell function and insulin sensitivity in SU failure patients, and there also appears to have
disparity between tests of P cell function among these patients. The objectives of this study were
to determine P cell secretory reserve and insulin resistance of secondary SU failure type 2 diabetic
patients who had fairly good glycemic control compared with those who were SU responsive and the
disparity of B cell responses to glucose and non-glucose stimuli were examined in these two groups.

Subjects and Method : Eight secondary SU failure, insulin-treated and 11 SU responsive
type 2 diabetic patients who were matched for age, degree of obesity, duration of diabetes as well
as HbAlc were studied. Intravenous glucagon and oral glucose tolerance tests (OGTT) as well as
short intravenous insulin tolerance test using arterialized venous blood were randomly performed on
separate occasions to assess P cell secretory reserve and insulin sensitivity, respectively.

Results : Basal (0.37+0.05 (SEM) vs 0.80+0.14 nmol/l; p=0.02) and stimulated c-peptide
levels (0.66+0.08 vs 1.1640.14 nmol/l; p=0.007) after glucagon as well as basal (0.46+0.06 vs
0.73+0.10 nmol/l; p=0.046) and maximal c-peptide responses (1.41+0.14 vs 1.97+0.14 nmol/l; p=
0.021) to glucose stimulation were significantly lower in SU failure than SU responsive patients.
However, the incremental changes of c-peptide over basal after glucagon (0.29+0.06 vs 0.37+0.09
nmol/l) and glucose (AUC : 36.9+7.6 vs 47.944.5 nmol/l/h) were not different between both groups.
There were strong positive relationships between basal and stimulated c-peptide responses to
glucagon (r=0.818; p=0.002) and glucose (r=0.85; p=0.001) in SU responsive patients but these
relationships were not as strong in SU failure patients (r=0.682; p=0.062 and r=0.41; p=NS, res-
pectively). Insulin sensitivity did not differ between the two groups.

Conclusion : This study demonstrated that decreased basal, but- not stimulated, insulin
secretion was possibly a major factor associated with secondary SU failure in type 2 diabetic patients.




Vol.84 No.12 B CELL RESERVE AND INSULIN RESISTANCE IN SULFONYLUREA FAILURE TYPE 2 DM 1755

RATTARASARN C, THAMPRASIT A,

J Med Assoc Thai 2001; 84: 1754-1762

With comparable glycemic control, there was no disparate f cell responses to glucose and glucagon
in patients with or without secondary SU failure.

Key word : Glucagon Test, Oral Glucose Tolerance Test, Insulin Resistance, Insulin Tolerance
Test, Sulfonylurea Failure, Type 2 Diabetes Mellitus

LEELAWATTANA R, SOONTHORNPUN S, SETASUBAN W

* Division of Endocrinology & Metabolism, Department of Medicine, Faculty of Medicine, Prince of Songkla University,

Songkhla 90110, Thailand.

It is well established that hyperglycemia of
type 2 diabetes mellitus results from the interplay of
insulin resistance and insulin insufficiency(1). The
capacity of B cell to secrete insulin is a major deter-
minant of glucose intolerance severity. At the early
stage of the disease when insulin secretory capacity
of B cell is minimally impaired, any treatment which
results in lowering of insulin resistance or increas-
ing insulin secretion would be able to correct hyper-
glycemia. However, for uncertain reasons, the capa-
city of B cell progressively deteriorates after years
of diabetes(2). At this stage, patients require escala-
ting doses of sulfonylureas (SU), and later on, would
not further respond to these agents (secondary SU
failure). The persistence of hyperglycemia, if un-
corrected, would be able to inhibit not only glucose-
induced insulin secretion but also peripheral insulin
action resulting in more hyperglycemia(3). These
abnormalities can be reversed by correction of hyper-
glycemia, for example, by insulin treatment.

Since the progressive failure to treatment
with SU in type 2 diabetic patients occurs in asso-
ciation with the progressive decline of B cell func-
tion, it is plausible that the former is the conse-
quence of the latter. However, the studies of B cell
function in SU failure patients have inconsistent
results. Although most studies reported decreased B
cell function in SU failure patients(4-6), it has not
been confirmed in some other studies(7.8). The dif-
ferences in glycemic control, degree of obesity, dura-
tion of diabetes as well as definition of SU failure

may in part contribute to the discrepant results. Cor-
rection of hyperglycemia by insulin treatment has
been shown to ameliorate B cell function and insulin
resistance in SU failure patients(7-10), therefore it
is possible that the apparent decrease in B cell func-
tion is in part the result of hyperglycemia. Further-
more, there appears to have disparate responses be-
tween tests of B cell function among these patients.
C-peptide responses to meal or glucose were im-
proved after insulin treatment(7.9,10), whereas, those
responses to glucagon were reported to be unchanged
(9.10), improved(11) or decreased(7,12,13), The
objectives of this study were to determine § cell
secretory reserve and insulin sensitivity in Thai type
2 diabetic patients with secondary SU failure com-
pared with those who were SU responsive who had
age, duration of diabetes, degree of obesity and
glycemic control matched and to examine how dif-
ferent B cells of these two groups responded to glu-
cose and non-glucose stimuli.

SUBJECTS AND METHOD

Eight type 2 diabetic patients, 5 women 3
men, who had a history of secondary failure to treat-
ment with SU and metformin and currently on insulin
treatment and 11 patients, 7 women 4 men, who were
still responsive to SU (& metformin) were enrolled
into the study. Patients of both groups were matched
for age, body mass index, waist-hip ratio, duration of
diabetes as well as duration of SU treatment (Table
1). Secondary SU failure was defined by a history
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of successful treatment with SU for >1 year and
current failure to respond to fasting plasma glucose
(FPG) persistently elevated >11 mmol/l despite
maximum daily dosages of SU (glibenclamide 20
mg, glipizide 30 mg, glicazide 320 mg) and metfor-
min (2,550 mg). Five of 8 patients had been hospi-
talized for one week for dietary management while
on maximum dosages of SU and metformin, 3 denied
hospitalization but were given intensive dietary
advice. All failed to improve their diabetes control.
Therefore, dietary non-compliance was unlikely to
be the cause of SU failure in this group of patients.
None was positive for glutamic acid decarboxylase
antibodies (GADgsAb). Four patients were on insu-
lin alone and the other four were on combined SU
and insulin at the time of study. Duration of insulin
treatment was 3.8+3.8 (SD) years; range 3 months-
11 years. SU responsive patients were those whose
FPG levels were <7 mmol/l under SU (+ metfor-
min) treatment in the last 3 consecutive clinic visits
before entering the study, 9 were being treated with
combined SU and metformin, 2 were on SU alone.
All patients of both groups had normal serum crea-
tinine levels.

Intravenous glucagon and oral glucose tole-
rance tests (OGTT) as well as short intravenous
insulin tolerance test (ITT) were randomly performed
in each patient on separate occasions, not greater
than one month apart, to assess 3 cell secretory func-
tion and insulin sensitivity, respectively. Patients
came to our research unit in the morning after an
overnight fast and all medications were withheld.
FPG and HbAlc were measured on the day of each
test in all patients. The test was performed unless
FPG was >10 mmol/l, otherwise it would be post-
poned until FPG criteria was met. Glucagon test
was performed by administration of 1 mg glucagon
(G]ucagon®, Novo Nordisk, Denmark) intrave-
nously, blood samples were drawn at before and 6
minutes after glucagon administration for the mea-
surement of serum c-peptide levels. OGTT was per-
formed with 75 g oral glucose, blood samples were
drawn at before and 30, 60, 120 minutes after
glucose ingestion for the measurement of plasma
glucose and serum c-peptide levels. Patients were
instructed to stay on their usual diet and activities
at least 3 days prior to the test. ITT was performed
by intravenous bolus insulin injection using regular
insulin (Actrapid HM®, Novo Nordisk, Denmark)
0.1 U/kg. Arterialized venous blood samples were
taken from the dorsal hand vein kept in a
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thermoregulated box maintaining a temperature at
~50-55°C(14,15). Blood samples were drawn at
before and 3, 5, 7, 9, 11, 13 and 15 minutes after
insulin injection for determination of plasma glu-
cose and insulin levels. Plasma glucose was mea-
sured in duplication at each time point, the mean
value was used to represent the plasma glucose level
at that time point. Insulin sensitivity was indicated
by the glucose disappearance rate (Kypp) estimated
from the slope of the regression line of log-trans-
formed plasma glucose against time during the 3-
15 minutes of the test(16). All blood samples were
drawn via catheters which were retained for at least
15 minutes before the tests. The analysis of plasma
glucose was made immediately after the test. Sera
for c-peptide and insulin levels was kept frozen at
-80°C until analysis.

The study was approved by the hospital
ethic committee and all patients gave written in-
formed consent before beginning the study.

Laboratory analysis

Plasma glucose was measured by the glu-
cose oxidase method with automated machine Hita-
chi model 717 (Boehringer Mannheim, Germany).
Interassay CV of the test for plasma glucose rang-
ing from 6.1-13.9 mmol/l were 0.92-2.29 per cent.
HbA1c was measured by immunoturbidimetric assay
(Boehringer Mannheim, Germany) with a normal
range of 4.4-6.2 per cent. Insulin and c-peptide
levels were measured by double antibody radioim-
munoassay (RIA) (Diagnostic Products Coporation,
Los Angeles, USA) with respective intra-assay CV
of 0.9-4.7 and 0.9-7.1 per cent. GADg5Ab was also
measured by RIA (CIS, France).

Statistical methods

Differences of means between and within
the groups were tested with unpaired and paired
t-test, respectively. Incremental changes of plasma
glucose and serum c-peptide levels after oral glu-
cose load were analysed using one-way analysis of
variance for repeated measurements. Areas under
the curves were calculated by the trapezoidal rule.
Relationships between different variables were
examined by linear regression analysis and Pearson
product-moment correlation coefficient. All data
analysis were performed using the statistical program
SPSS 9.0 for windows. Data were presented as mean
+SEM unless indicated otherwise. P <0.05 was con-
sidered to be statistically significantly different.
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RESULTS

Glycemic control of SU failure and SU res-
ponsive patients were not significantly different on
the day of each test (Table 1). As shown in Fig. 1,
serum c-peptide levels were significantly increased
after glucagon administration in both groups (p<
0.0001). Basal as well as stimulated c-peptide levels
were significantly lower in SU failure patients (p=
0.02 and 0.007, respectively). Although the incre-
mental changes over basal were less in SU failure
patients, they were not different from the SU res-
ponsive group (0.29+0.06 vs 0.37+0.09 nmol/l).
There was g strong positive relationship between
basal and stimulated c-peptide responses to glucagon
(r=0.818; 95%CI 0.371-1.211; p=0.002) in SU res-
ponsive patients. However, such a relationship was
less strong in SU failure patients (r=0.682; 95%CI-
0.028-0.816; p=0.062).

With regards to OGTT, plasma glucose and
serum c-peptide levels in response to oral glucose
load were significantly increased in both groups.
Similar to the glucagon test, basal and maximal c-
peptide responses to glucose (Fig. 2) were signifi-
cantly lower in SU failure patients (p=0.046 and
0.021, respectively) despite comparable plasma glu-
cose before (8.840.7 vs 7.3+0.6 mmol/l) and 30
minutes (15.3+1.0 vs 14.44+0.9 mmol/l), 60 minutes
(18.940.7 vs 18.5+0.7 mmol/1) and 120 minutes

(20.6+0.7 vs 19.2+1.0 mmol/1) after glucose inges-
tion. AUC of plasma glucose (507.4+46.0 vs 536.3
+30.8 mmol/I/h) and serum c-peptide (36.9+7.6 vs
47.9+4.5 nmol/l/h) were also not different between
both groups. For SU responsive patients, there was
not only a strong positive relationship between basal
and maximal c-peptide responses to oral glucose
(r=0.85; 95%CI 0.324-0.891; p=0.001) but the latter
also correlated well with stimulated c-peptide res-
ponses to glucagon (r=0.853; p=0.001). Neverthe-
less, these positive relationships could not be demon-
strated in SU failure patients (r=0.41; 95%CI-0.16-
0.423; p=NS and r=-0.692; p=0.057, respectively).
Insulin sensitivity was not different be-
tween both groups. Kyt of SU failure patients was
0.068+0.004 mmol//min, whereas, it was 0.072+
0.002 mmol/l/min in SU responsive patients. Insulin
levels as determined by AUC were not different
between these two groups (4222.02+366.04 vs
3454.224150.34 pmol/l/min; p=0.088).

DISCUSSION

Secondary failure to treatment with SU is
common, perhaps inevitable, in type 2 diabetic
patients. The decline in 3 cell function appears to be
a major culprit although other factors, for instance,
poor dietary compliance, lack of physical exercise,
stress or latent autoimmune diabetes are also in-

Table 1. Clinical characteristics and glycemic control of sulfonylurea failure and
sulfonylurea responsive type 2 diabetic patients.
Sulfonylurea Sulfonylurea P
failure (n=8) responsive (n=11)
Age (yn) 60.5+69 659456 NS
BMI (kg/m2) 26.8+4.9 253+26 NS
Waist/ hip 0.93+0.07 0.96 £ 0.07 NS
Duration of DM (yr) 158+54 139+53 NS
Duration of sulfonylurea treatment (yr) 120471 139453 NS
Glycemic control on test day
Glucagon test
FPG (mmol/l) 76+23 66113 NS
HbAlc (%) 85111 7.7+1.0 NS
OGTT
FPG (mmol/l) 88+20 73+20 NS
HbAlc (%) 82+1.1 73+1.0 NS
ITT
FPG (mmol/l) 64+1.7 69+1.7 NS
HbAlc (%) 7.1+28 7.0+ 1.7 NS

Data are expressed as mean + SD. BMI = body mass index; FPG = fasting plasma glucose;
OGTT = oral glucose tolerance test; ITT = insulin tolerance test; NS = not significant
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6 minute

Serum c-peptide levels at before and 6 minutes after 1 mg glucagon intravenous injection in SU res-

ponsive (W) and SU failure () type 2 diabetic patients.

volved(17). The United Kingdom Prospective Dia-
betes Study (UKPDS) demonstrated the progressive
deterioration of B cell function, but not insulin resis-
tance, with time in patients with type 2 diabetes
accompanied by worsening of glycemic control(2).
However, details of B cell function of patients with
and without SU failure have not been reported.
Groop, et al(17) reported lower basal and stimu-
lated c-peptide responses to intravenous glucagon in
type 2 diabetic patients who failed to respond to SU
treatment. However, it appeared that a significant
proportion of their secondary SU failure patients
were, in fact, type 1 diabetic patients since islet cell
antibodies (ICA) were positive in about one-fourth
of these patients. They subsequently repeated the
study but this time using mixed meal as a test for 3
cell function and excluding ICA positive patients
and reported that patients with SU failure had lower
insulin and c-peptide responses to a mixed meal as
well as higher hepatic and peripheral insulin resis-

tance(4). The similar lower c-peptide responses to a
mixed meal in secondary SU failure patients were
also reported by other investigators(0:18). Never-
theless, given the poorer glycemic control in SU
failure patients of the previous studies, it is uncer-
tain whether these changes indicated an irreversible
decline in f cell function or were the consequences
of the reversible, detrimental effect of chronic hyper-
glycemia(3). Since c-peptide responses to mixed
meal has been shown to improve after correction of
hyperglycemia by insulin treatment in type 2 dia-
betic patients with SU failure(9:11), therefore it is
conceivable that the apparent decreases in f cell
function reported from those studies were in part
due to the glucose toxicity effect. This study was
designed to control factors that one way or the other
can have effects on tests of B cell function as well
as insulin sensitivity. SU failure and SU responsive
patients in this study were matched for age, degree
of obesity, duration of diabetes and glycemic con-
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trol. Poor dietary compliance, an important factor
contributing to SU failure, was excluded in this
study. The possibility of latent autoimmune type 1
diabetes was also excluded given negative GADg5Ab
in all of these patients.

The authors evaluated B cell secretory
reserve with two different stimuli including glucose
and glucagon since it appears that P cells of type 2
diabetes respond differently to these two stimuli.
Whereas, 3 cell responses to glucagon have been
shown to be positively correlated with degree of
glycemic control in some studies(5:9,12), B cell res-
ponses to glucose are in the opposite direction(S
9,19), Therefore, comparable glycemic control is
crucial if B cell secretory reserves need to be deter-
mined in different patient groups. Our study showed
that with comparable HbAlc levels, there was no
disagreement between B cell responses to oral glu-
cose and glucagon in either SU failure or SU res-
ponsive patients. Although insulin treatment in SU

The basal and stimulated c-peptide levels after

120 minute

ingestion of 75 g glucose in SU responsive (W) and SU

failure patients in this study may theoretically sup-
press c-peptide responses by negative feedback
mechanism, it seems to be due to the effect of better
glycemic control rather than the effect of insulin
itself(13). The present study showed that although
the basal and maximal c-peptide responses to gluca-
gon and oral glucose were lower in SU failure
patients, the stimulated c-peptide responses over
basal, both in glucagon and oral glucose tolerance
tests, were not significantly different suggesting a
similar degree of stimulability of B cells in both
groups. With regards to OGTT, not only were the
AUC of c-peptide responses similar but the AUC
of plasma glucose as well as plasma glucose levels
at each time point during the test were also not dif-
ferent. These unanticipated findings of lower basal
but not stimulated c-peptide secretion in SU failure
patients warrant further comment. Firstly, the results
of this study were not against the findings from
UKPDS or other studies, in which only fasting
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insulin levels were measured, and that poor B cell
function was the major cause of secondary SU fai-
lure in type 2 diabetic patients. However, the lower
basal c-peptide levels of SU failure patients in this
study are less likely to be due to the greater reduc-
tion in functioning B cell mass given a similar
degree of stimulability by glucagon and glucose in
SU failure and SU responsive patients. Nevertheless,
this does not exclude the importance of B cell mass
as the contributing cause of SU failure. Secondly,
the similar c-peptide responses to oral glucose be-
tween SU failure and SU responsive patients in the
present study was in contrast with the studies of
Prando et al(6) and Gjessing et al(18) who reported
lower c-peptide responses to mixed meal in SU
failure patients. The poorer glycemic control in
SU failure patients of the latter studies may in part
explain this discrepant result. However, although the
magnitude of responses to glucagon and glucose
between these two groups were not different, the
weaker relationships between basal and maximal
responses to glucagon and glucose in SU failure
patients possibly indicated the marginal reserve of
and the heterogeneity in functioning B cell mass
among this group of patients. It is conceivable that
if a larger number of patients were studied, the
lower P cell responses to such stimuli as well as
stronger relationships between basal and maximal
responses in SU failure patients could be demon-
strated. Nevertheless, concerning the progressive
deterioration of basal and glucose stimulated insulin
secretion in type 2 diabetes, this study implied that
diminished basal insulin secretion was the major
factor associated with secondary SU failure. Dimi-
nished glucose-stimulated insulin secretion possibly
also contributed but played a minor role, at least in
the early years of failure. Why only basal but not
stimulated B cell function was lower in secondary
SU failure patients is unknown, the defect in basal
insulin secretion may be in part responsible. Thirdly,
since the criteria of secondary SU failure depends
on FPG level, not postprandial glucose, therefore,
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the finding of diminished basal insulin secretion is
reasonable. The authors speculated that, with a com-
parable long duration of diabetes, stimulated plasma
glucose levels particularly postprandial plasma glu-
cose were similarly impaired between SU responsive
and SU failure patients.

Although the short intravenous insulin tole-
rance test, a method used for evaluation of insulin
sensitivity in this study, appeared to be less stan-
dardized than the standard hyperinsulinemic eugly-
cemic clamp technique, it has been shown to be
reproducible(20) and correlated well with the clamp
study in both diabetic and nondiabetic patients par-
ticularly when using arterialized venous blood(16,
21). Eventhough the present study did not demon-
strate a difference in insulin sensitivity between
patients with and without SU failure, it could not
exclude small differences given the limitation of the
test. However, if such a difference existed, it should
not play a major role in the development of secon-
dary SU failure. One may speculate that the lower
c-peptide levels in the face of equivalent levels of
plasma glucose by OGTT was suggestive of lower
insulin resistance in SU failure patients, the authors
don’t think this would be the case given the impaired
insulin secretion independent of insulin resistance in
type 2 diabetic patients.

In conclusion, the present study demon-
strated that diminished basal, but not stimulated,
insulin secretion might be a major factor associated
with secondary SU failure in type 2 diabetic patients.
With comparable glycemic control, there were no
disparate [ cell responses to glucose and glucagon
in either SU responsive or SU failure patients.
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NEMIANE : cjﬂl?ﬂ'fmqmmauaumﬁa'ﬁ’ﬂwﬂagﬁﬂﬁi:ﬁu c-peptide Ndu (0.37+0.05 (SE) vs 0.80+
0.14 nlulua/dns ; p=0.02) ua:wﬁqnﬂsns:wfuﬁmngmnau (0.66+0.08 vs 1.16+0.14 wlulua/ans; p=0.007)
UAYIEAL c-peptide NBU (0.46:0.06 vs 0.7320.10 Wlulua/ans; p=0.046) uarsdi c-peptide FUFANAY
Fudsemwnglad (1412014 vs 1.97+40.14 wlulua/dns; p=0.021) s'hmlwsjﬂwﬁmauauawia'iafwﬁagﬁn
asalsfinuuTinm c-peptide MANTUMAIMINIzAUMENgANBY (0.29+0.06 vs 037+009 wilulua/dns) uax
nales (AulanTW : 36.9+7.6 vs 47.9:4.5 wlulua/ans/dalu) Tuuanenedulugihoviaaengy s2éu basal
c—peptide_ﬁmwé’uﬁuﬂmmaﬁ'vs:ﬁu stimulated c—~peptide wﬁamsns:efuﬁmngmnau (r=0.818; p=0.002)
uazanﬂN‘ (r=0.85; p=0001) Tugrhoiismpuauamadalniagds wnauduwusmnaasineaslugon
quauauawia'iafﬂﬁagﬁu (r=0.682; p=0.062 uaz r=0.41; p=NS fNANL) ﬂm'l’wiaﬁuqau'lﬁuﬂnwiwﬁu
Tustynegieiianingy

s neAnniuaadiiun . mavgaspusuasadalwiandelugthanmurieRsssianadius
AUMIAARLBIMIMABUFAUIEE basal annTIMINABUFAUMAIMINIzY  luilanuanmslumsnausuns
spaumITaanangmnauLanglaslugLaviiaanay
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MR ¢ MIMATDUNGAINDY, MINATBUATNNUABNGLAT, MIADDUEAY, MINAEBY insulin tolerance,
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