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Table 1. Clinical characteristics of 30 Japanese subjects
with normal glucose tolerance.

, Week 0
Age, years 247423
Gender, »

Men 20
Women 10
Height, m 1.67+0.08
Body weight, kg 60.8+11.6
BMI, kg/m? 218435
Waist circumference, cm 762+11.6

HOMA-R 1.14£0.8
HOMA-B, % 68.3145.6
Insulinogenic index 0.8+0.5

Family history of diabetes* [+]13/[=} 17

(presence [+]/absence [-]), #

Of the 13 subjects with the presence of a
family history:
Subjects with firsc-degree relative, »

Subjects with second-degree relazive, 7

— 00 I

Subjects with third-degree relative, n

*Defined as subjects with a fivsz- to third-degree relative
with T2DM. =

BMI=body mass index; HOMA-R=homeostasis model
assessment for insulin resistance; HOMA-B=homcostasis
model assessmu=pt ror insulin secretion; T2DM=type 2
diabetes mellizus.

P<0.01) and A IRG between 0 and 30 minutes
{R=-0.40, P<0.05), as shown in Figure 3A and
B, respectively. ¢

Body weight was correlated with HOMA-R
(R=0.50, P<0.01), II (R=0.40, P<0.0S5}, and
HOMA-B (R=0.37, P<0.05). BMI was correlated
with HOMA-R (R=0.50, P<0.01) and HOMA-
(R=0.37, P<0.05), and waist circumference was
correlated with HOMA-R (R=0.44, P<0.05) and
HOMA-B (R=0.39, P<0.05). However, body
weight, BMI, waist circumference, height, and
gender were not related to the secretory response
of total GIP (A GIP between 0 minutes and 15,
30, 60, 120 minutes, and GIP-AUC ), active
GLP-1 (A active GLP-1 between 0 minutes and 15,

Figure 1. Results of oral glucose tolerance testin (A)
plasma glucose and insulin (B) glucagon, total glucose-
dependent insulinotropic peptide, and active glucagon-like
peptide-1. Data are calculazed as mean+8D. GIP=glucose-
dependent insulinotropic pepride; GLP-1=glucagon-

like peptide-1; IRG=immunoreactive glucagon;
[RI=immunoreactive insulin.
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30, 60, 120 minutes, and active GLP-1-AUC, ;,,),
and IRG (A IRG between 0 minutes and 15, 30,
60, 120 minutes, and IRG-AUC, ;).

The presence or absence of T2DM family
history was not correlated with BMI, waist
circumference, HOMA-R, II, HOMA-B, and
IRI-AUC, 5, as shown in Table 2. It was not
correlated with the secretory response of active
GLP-1 (A active GLP-1 between 0 minutes and
15, 30, 60, 120 minutes, and active GLP-1-
AUC, ) and IRG (A IRG between 0 minutes
and 15, 30, 60, 120 minutes, and IRG-
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Figure 2. (A) Correlation berween total glucose-dependent
insulinotropic polypeptide (GIP) arca under the curve
(AUC), 5 and immunoreactive insulin (IRD)-AUC, .,
(y=1.797x+205.79; R=0.39; P<0.05). (B) Correlation
berween total GIP-AUC, ,, and insulinogenic index
(y=7086.1x+21,774; R=0.40; P<0.05). (C) Correlation
between total GIP-AUC, ,,, and AIRI becween 0 and
120 minutes (y=140.35x+24,012; R=0.40; P<0.05).
AUC=area under the curve; GIP=glucose-dependent
insulinotropic peptide; Il=insulinogenic index;
[RI=immunoreactive insulin.
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AUG,.,,,), Tespectively. However, A total GIP
between 0 and 15 minutes (R=0.54, P<0.01),
A total GIP between 0 and 30 minutes
(R=0.39, P<0.05), and the total GIP-AUC ;5
(R=0.39, P<0.05) in subjects with a family
history of diabetes were significantly higher

Figure 3. (A) Corrclation between active glucagon-like
peptide-1 (GLP-1) area under the curve (AUC),

and Aglucose between 0 and 30 minuces (y=-19.551x
+1920.9; R=—-0.47; P<0.01). {B) Correlation berween
active GLP-1-AUC, ,,, and A immunoreactive glucagon
(IRG) between 0 and 30 minutes (y=-16.545x+720.37;
R=-0.40; P<0.05). AUC=area under the curve;
GIP=glucose-dependent insulinotropic peptide;
IRG=immunoreactive glucagon.
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tha«qjl;*;ilose subjects without a family history
ot diabetes. In order to confirm this, unpaired
t-tests were used to examine whether there
was a difference between the A total GIP
between 0 and 15 minutes, A total GIP
between 0 and 30 minutes, and GIP-AUC, 5,
in subjects with a family history of diabetes
or no family history of diabetes. Total GIP-
AUC, 15, (P=0.039) in subjects with a family
history of diabetes were significantly higher
than those subjects without a family history
of diabetes, and as shown in Figure 4, A total
GIP between 0 and 15 minutes (P=0.0032)
and A total GIP between 0 and 30 minutes
(P=0.041) in subjects with a family history of
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Table 2. Clinical characteristics of the enrolled subjects with or without a family history of diabetes.

Family history of diabetes*

Presence (+) Absence (-) Pvalue

Number of subjects 13 17

Age, years 24.8+2.7 24.5+1.9 NS
BM]I, kg/m? 21.2+34 22.343.6 NS
Waist circumference, cm 73.8+12.6 78.1+10.8 NS
HOMA-R 1.1+0.9 1.2+0.6 NS
HOMA-B, % 64.3+49.8 71.4+43.4 NS
Insulinogenic index 0.8+0.5 0.8+0.5 NS
IRIFAUC, 5, pU h/mL 3840.2+1493.0 4398.442321.5 NS

*Defined as subjects with first- to third-degree relatives wich T2DN.
AUC=area under the curve; BMI=body mass index; HOMA- 2 =homeostasis model assessment for insulin resistance;
HOMA-B=homeostasis model assessment for insulin sccretion; IRI=immunoreactive insulin; NS=nonsignificant;

T2DM=type 2 diabetes mellitus.

Figure 4. Corrclation of Aglucose-dependent .
insulinotropic polypeptide (GIP) and a family history
of type 2 diabetes mellitus (T2DM), defined as having
a first- to third-degree relative with TZDM. **P<0.01.
*P<0.05. DM=diabetes mellitus; GIP=glucose-dependent
insulinotropic peptide; NS=ncasignificant,
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diabetes were significantly higher than those
subjects without a family history of diabetes.

DISCUSSION

The analytical data of incretin responses and
kinetics of healthy Japanese subjects are scant;>”’
therefore, in the present study 30 Japanese NGT
subjects were recruited.

Nauck et al.’® administered synthetic human
GIP, GLP-1, and placebo unde: yperglycemic
clamp conditions in nine T25M and nine age-
and weight-matched NGT subjects. Both GIP and
GLP-1 (7-36 amide) dose Gependently augmented
insulin secretion in toth the T2DM and NGT
group.'? Cataland et al.!! gave 75 g glucose to
21 healthy yolunteers, and their serum GIP
levels increased after oral glucose ingestion.

The piesent study shows that the total GIP-
ALC, 1,0 in healthy Japanese subjects positively
correlated with the IRI-AUC, ,,, (P<0.05), II
(P<0.05), and A IRI between 0 and 120 minutes
(P<0.05). The present study has demonstrated
that GIP clearly augmented insulin secretion
in response to an oral glucose load in healthy
subjects, which suggests that the secretory
response of total GIP, which is secreted from
K cells primarily in the proximal intestine
after glucose ingestion, could be a potent
trigger and/or stimulant of insulin secretion in
healthy subjects.

Conversely, active GLP-1-AUC, ,,, was not
related to IRI-AUC,,, and II. Active GLP-1
did not show any significant augmentation
of insulin secretion in Japanese NGT subjects.
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However, active GLP-1-AUC,,,, was correlated
inversely both with A glucose between 0 and
30 minutes (P<0.01) and with A IRG between 0
and 30 minutes (P<0.05). This means that GLP-1
may exert its glucoregulatory action via the
suppression of glucagon secretion rather than
the stimulation of insulin secretion in healthy
Japanese subjects. This effect of GLP-1 possibly
contributes to lower the plasma glucose level as
a result of reduction in hepatic glucose output.’
The secretory response of GLP-1 has been
reported to be decreased in T2DM,**!*> which
could weaken the incretin effect of GLP-1 on the
reduction in hepatic glucose output.

In addition, GLP-1 may also lower plasrma
glucose levels by retarding gastric emptying,
because there is an inverse relationship betveen
gastric emptying of glucose and plasma GLP-1.¥
To establish the precise mechanism of the
inverse relationship between CLP-1 secretion
and plasma glucose, the function of gastric
emptying of glucose neds to be examined.

The key factors egulating the GIP/GLP-1
response after gluwose ingestion by NGT and
abnormal glurese tolerant subjects are not
well understood. Vollmer et al.'* reported
that female gender was positively related to
GLP-1 concentration. Carroll conducted a study
to determine the influence of BMI and gender
on postprandial hormone responses such as
insulin, leptin, ghrelin, active GLP-1, and
glucagon. He found that men had significanily
greater fasting (P=0.02) and postprandial
(P=0.03) glucagon, and men tended to have
higher GLP-1 concentrations (P=0.06). Obese
subjects had higher fasting glucose and insulin
concentrations, while BMI did not affect
the postprandial GLP-1 response.'> Several
studies have demonstrated that gender did not
influence glucagon responses to stimuli such as
exercise and hypoglycemia.'®'® Therefore, in the
present study, the influence of gender, height,

body weight, BMI or waist circumference on
the incretin hormones and glucagon in healthy
Japanese subjects was examined. However, no
significant relationship among these factors in
Japanese NGT subjects was found. Neither gender
nor physical constitution affected the secretion
of incretin hormones in the Japanese subjects.
In addition, we examined whether a family
history of diabetes (presence or absence of T2DM
patients within the third degree of kinship) was
correlated with the level and/or the response of
incretin hormones, because Japanese patients
with T2DM usually have impaired insulin
secretion even in the early phase of diabetes
rather than insulin resistance.'® In earlier studies
in Western countries, the incretin effect in
relatives of T2DM patients has been examined,
and it is still controversial. In a German
study, a lower insulin secretory response to
exogenous GIP in first-degree relatives of
patients with T2DM was shown,* and in a
Danish study, the daytime (after meals) AUC
for plasma GIP was significantly increased in
the relatives of Jdiabetes patients compared with
control subjects without any family history of
diabetes.?! However, in another German study,
the ir.creiin effects were similar in first-degree
relatives of patients with T2DM and healthy
control subjects.?? As there had been no attempt
to reveal the relationship between a family
history of diabetes and incretin response in
Japanese subjects, we enrolled Japanese subjects
who were NGT with or without a family history
of diabetes. Interestingly, we found that A total
GIP between 0 and 15 minutes (R=0.54, P<0.01),
A total GIP between 0 and 30 minutes (R=0.39,
P<0.05), and the total GIP-AUC, ,,, (R=0.39,
P<0.05) in the subjects with a family history
of diabetes were significantly higher than those
in the subjects without a family history of
diabetes. Conversely, IR, HOMA-R, HOMA-§,
11, active GLP-1, and IRG were not correlated
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with the presence or absence of a family history
of diabetes.

It has been speculated that the loss of
insulinotropic action of GIP in T2DM might occur
as a result of either chronic desensitization of
GIP receptors,® or a reduction in the expression
of GIP receptors on pancreatic B cells.?*? Both
abnormalities of GIP receptors might have already
been induced in an NGT state with the presence
of a family history, and a hypersecretion of GIP
could potentially compensate for a reduced
insulinotropic effectiveness of GIP, which could
enhance insulin secretion particularly in the
early phase in response to a glucose load.

Another hypothesis to account for ihe
hypersecretion of GIP in NGT subjects with T2DM
family history is the rapid gastric emptyir.g. Since
Phillips et al.? reported that recently diagnosed
T2DM patients emptied their stomach more
rapidly than nondiabetic control subjects, in the
subjects with a family hiciory of T2DM, the GIP
secretion from the upper small intestine may
already be augm_entéd by rapid gastric emptying
even in an NG state. Furthermore, whether the
background mechanism of the phenomenon
would depend on the differences in the rate
of glucose absorption in the small intestine
and density of K cells should be examined in
the future.

The augmented response of GIP after glucoze
load in subjects with a family history of TZ2DiM
in the present study could be related, i part,
to the onset mechanism of Japanese T2DM
patients, although further study is required. The
low number of subjects is acknowledged as a
limitation of the study.

In conclusion, the present study was
designed to investigate the secretory patterns
of two incretin hormones to OGTT and the
relationship between incretin hormones and
glucose, insulin, or glucagon response in healthy
Japanese subjects. The results demonstrate

that, at least in subjects enrolled in the study,
GIP from the upper small intestine may play a
role as an insulinotropic hormone and GLP-1
may play a role as a glucagonostatic hormone
collaboratively. Furthermore, healthy subjects
with a family history of diabetes who have
normal glucose tolerance exert a significantly
higher GIP response, especially in the early
phase of GIP secretion in response to an oral
glucoseload compared with those without a
famiiy nistory of T2DM.
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Effects of gliclazide on platelet aggregation and the plasminogen activator
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Abstract

Vascular complications are a common factor determining morbidity and mortality of diabetic patients. In vitro studies have revealed that
gliclazide has antiplatelet activities. To clinically assess this action, we measured the effects of gliclazide on platelet activities and abnormal
fibrinolysis in patients with type 2 diabetes mellitus. We studied 14 patients aged 38 to 72 years (9 men and 5 women) with type 2 diabetes
mellitus who have been treated with glibenclamide in our hospital for more than 6 months. We switched from glibenclamide to gliclazide
using the average ratio of the respective doses, 2.5 vs 40 mg. We titrated the dose of gliclazide to keep the glycemic control at the same level
as the previous (glibenclamide) treatment. We measured 10 umol/L serotonin—induced or 0.5 umol/L adenosine diphosphate (ADP)-
induced platelet aggregate formation by particle counting using light scattering at baseline and up to 6 months after the switch. After
switching 1o gliclazide, platelet aggregate formation induced by serotonin was significantly reduced (P < .05, compared with the levels
observed after glibenclamide treatment). The body mass index, fasting plasma glucose, immunoreactive insulin, homeostasis model
assessment of insulin resistance, hemoglobin A;. (HbA,,), total cholesterol, triglycerides. high-density lipoprotein cholesterol, prothrombin
time, activated partial thromboplastin time, fibrinogen. thrombin-antithrombin HI complex, plasmin-a2-plasmin inhibitor complex, and
plasma plasminogen activator inhibitor type 1 (PAI-1) were not changed. In the group with improved HbA,, (n = 5), ADP-induced platelet
aggregate formation and plasma PAI-1 level were significantly reduced (P < .05, compared with the group with aggravated HbA,,, n =9).
Multiple regression analysis showed that percentage change of ADP-induced platelet aggregate formation (standardized 8 = 0.540, P < .05)
was independently associated with percentage change of plasma PAI-1 level in addition to percentage change of HbA,, (standardized 8 =
0.657, P < .05) (R = 0.939, P < .05) after switching to gliclazide. The other independent variants, like the final dose of gliclazide,
homeostasis model assessment of insulin resistance, percentage change of prothrombin time, activated partial thromboplastin time, and total
cholesterol, were not significantly associated with the percentage change of plasma PAI-1 level. These results indicate that gliclazide inhibits
platelet aggregation via the serotonin pathway, independently of the metabolic control per se. Furthermore, in the patients with improved
glycemic control, gliclazide could inhibit ADP-induced platelet aggregation and reduce PAI-I level. Taken together, the results show that
gliclazide may be more useful for the prevention of diabetic vascular complications than glibenclamide.
© 2010 Elsevier Inc. All rights reserved.

1. Introduction recognized that long-term macrovascular complications are
common factors determining morbidity and mortality in the

Atherosclerotic complications play a crucial role in the diabetic population. The Diabetes Control and Complica-
prognosis of type 2 diabetes mellitus (DM). Tt is fully tions Trial and UK Prospective Diabetes Study indicate a

consistent relationship between hyperglycemia and the
— incidence of chronic vascular complications in type [ and

. el o fhtaeepock: hes wloosidy, been preseted ek Tiis ‘4l Encapean type 2 DM, respectively [1,2]. Platelet function in DM
Association for the Study of Diabetes (EASD) Annual Meeting, Munich, " . . . .
Germany, 2004 patients is enhanced and is correlated with both agonist-

* Corresponding author. Tel.: +R1 798 45 6592; fax: +81 798 45 6593. induced and spontaneous aggregation [3]. It is thought that

E-mail uddress: h-dyerwmvibiglobe.ne.jp (H. Konya). long-term exposure to high glucose levels may enhance

0026-0495/$ — sce front matter < 2010 Elsevier lne. All rights reserved.
doi:10.1016/j.metabol.2009.12.004
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Table 1

Characteristics of enrolled patients

Age (y) 61.5+2.6
Sex (M/F) 9/5

Height (cm) 1653429
Weight (kg) 62.0+ 3.1
BMI (kg/m?) 225+08
Duration of DM (y) 1204 1.8
HbA; ¢ (%) 74+02
FPG (ing/dl.) 1650+ 7.0
IRI (uU/mL) 78+ 1.6
HOMA-R 3.0£0.6

Data are expressed as mean = SEM.

platelet function in DM patients. Moreover, rapid alterations
of platelet aggregability in acute hyperglycemia have also
been reported [4]. [nuraplatelet serotonin (5-hydroxytrypta-
mine; 5-HT) content is diminished and plasma levels of 5-
HT are increased in DM patients [5].

This increase in plasma 5-HT may reflect enhanced
release of platelet 5-HT by hyperactive platelets that may
contribute to the pathogenesis of atherosclerosis. The
measurement of S-HT—induced platelet aggregation is
therefore a useful method to evaluate the risk of diabetic
complications in DM patients [5].

A technique for studying platelet aggregation by
particle counting using light scattering may detect subtle
changes in platelet activation [6]. Hypercoagulability and
decreased fibrinolysis, including increased plasma plas-
minogen activator inhibitor type 1 (PAI-1) level, are
often found and are considered to be risk factors of
cardiovascular diseases and glucose intolerance, espe-
cially in patients with non-insulin-dependent DM ([7].
Gliclazide is a second-generation sulfonylurea with the
potency of free radical scavenger activity. Some studies
have shown that gliclazide has beneficial eftects on the
hemorrheologic abnormalities seen in diabetic vascular
disease [8-12].

To assess this clinically, we measured platelet activities
and fibrinolysis in patients with type 2 DM treated with
gliclazide; and we compared the results with those obtained
in patients treated with glibenclamide.

10uM serotonin-induced
platelet aggregate formation
P=.0107
10— =046 x10*
1.5 [ ] 2.0

0.5uM ADP-induced
platelet aggregate formation

1.0
1.0
0.5
0 0
0 3 6 0 3 6

months months

Fig. 1. Effccts of gliclazide on platelet aggregation. Data are cxpressed as
mean = SEM.

2. Subjects and methods

2.1. Subjects

Fourteen patients with type 2 DM (9 men and 5 women;
age [mean = SEM], 61.5 + 2.6) were randomly chosen as
subjects. They were admitted to our metabolic ward between
the years 2001 and 2002. Diagnosis of diabetes was based on
World Health Organization 1998 criteria. All patients were
treated with diet and glibenclamide. All the procedures in the
study and the protection of the patients’ private information
were approved by the ethical committee of Hyogo College of
Medicine. Informed consent was obtained from each patient
before enrollment in the study.

2.2, Experimental protocol

We switched from glibenclamide to gliclazide using the
average ratio of the respective doses, 2.5 vs 40 mg (1.25-20
mg in 2 patients, 2.5-40 mg in 6 patients, 5.0-80 mg in 2
patients, and 7.5-120 mg in 3 patients). We titrated the dose
of gliclazide to keep the glycemic control at the same level as
in the glibenclamide control. Patients’ blood was assayed 3
times: before switching from glibenclamide to gliclazide and
then 3 and 6 months after switching.

2.3. Blood sample preparation

Blood was collected in fasting condition on the
respective mornings. Venous blood was drawn into 3.8%
sodium citrate (1:9 vol/vol). Platelet-rich plasma (PRP)
and platelet-poor plasma were obtained by centrifugation
of the citrated blood at room temperature for 10 minutes
at 150g and for 15 minutes at 3000g, respectively. The
platelet count in PRP was adjusted to 2 x 10'/L with
platelet-poor plasma.

For the measurement of PAI-1, blood was centrifuged for
15 minutes at 3000g; and the supernatant was kept at =80 °C
until assayed. Fasting plasma glucose (FPG), immunoreac-
tive insulin (IRI), hemoglobin A, (FIbA.), fasting serum
concentrations of total cholesterol (T-Chol), triglycerides
(TG), high-density lipoprotein: cholesterol (HDL-Chol),
prothrombin time (PT), activated partial thromboplastin
time (APTT), fibrinogen (Fbg), thrombin-antithrombin TIT
complex (TAT), and plasmin-a2-plasmin inhibitor complex
(PIC) were also measured. Total cholesterol, TG, and HDL-

Table 2
Effects of gliclazide on metabolic factors

Before 3 mo 6 mo
BMI (kg/m”) 225+ 08 223+ 0.8 21908
HbA,. (%) 7.4+02 8.0+03 7.7 +0.3
FPG (mg/dL) 165.0+ 7.0 166.0 £9.9 170.0 = 8.0
IR (nU/mL) 78+1.6 75+1.5 74+ 1.1
HOMA-R 30+£06 3.0+08 3.0 04
T-Chol (mg/dL) 205083 205.0 £ 8.7 201.0+94
TG (mg/dL) 121.0 4 22.1 102.0 + 10.6 135.0+19.3
HDL-Chol (mg/dL) 50.0+2.6 50.0+23 4830+ 1.8
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Table 3
Effects of gliclazide on coagulation test and PAI-1

Before 3 mo 6 mo
PT-INR 0.93 +0.01 0.92 £ 0.01 0.92 +0.02
APTT (s) 25.8+0.7 258+ 0.6 26.6+ 04
Fbg (mg/dL) 300.0 = 20.7 301.0+9.5 340.0=11.8
TAT (ng/mL,) 50.2 £22.2 15354 258+78
PIC (ug/mL) 0.8+ 0.1 0.8x0.1 13203
PAI-1 (ng/mL) 420+5.6 354+49 364+53

Data are expressed as mean £ SEM. INR indicates international nor-
malized ratio.

Chol were assayed using an autoanalyzer (JCA-BM 2250;
Nihon Denshi, Akishima, Tokyo, Japan), while HbA,. was
measured by high-performance liquid chromatography
(HLC-723G7 system; Tosoh, Tokyo, Japan). The subjects
were then divided into 2 groups depending on whether their
HbA,. levels were improved or aggravated 6 months after
switching from glibenclamide to gliclazide.

2.4. Platelet aggregation

Platelet aggregation was monitored with an AGI10
aggregometer (Kowa, Tokyo, Japan) that determines the
size and number of platelet aggregates based on particle
counting using light scattering [6,13]. A laser beam (675 nm)
is passed through a platelet suspension, and the intensity of
light scattering provides information on the number and size
of aggregates. Data were recorded as a 2-dimensional graph
showing the change over time of total light intensity
expressed as cumulative summation. The total light
intensities of small aggregates were determined. Particles
with an intensity of 25 to 400 mV represent small aggregates
consisting of less than 100 platelets. Platelet-rich plasma
(180 uL) was placed in a cuvette and incubated for 3 minutes
at 37°C while rotating at 1000 rpm. Subsequently, 20 uL of
5-HT (final concentration, 10 umol/L) or adenosine
diphosphate (ADP) (0.5 umol/L) was added; and the

formation of platelet aggregates was monitored for 5 minutes.
For this experiment, we determined the peak level of
aggregate formation.

2.5. Statistical analysis

Values are presented as means = SEM. Correlations were
assessed using Spearman rank cotrelation test. Multiple
regression analysis was performed to assess the combined
influence of variables on percentage change of plasma PAI-1
levels. The Wilcoxon signed rank test or the Mann-Whitney
U test were used for comparison. Differences were
considered significant at P < .05. All the statistical analyses
were performed using StatView J-5.0 software (SAS
Institute, Berkeley, CA).

3. Results
3.1. Clinical characteristics of the patients

The clinical characteristics of the enrolled patients in the
study are summarized in Table 1. The mean FPG was
165.0 + 7.0 mg/dL (reference range, 70-110 mg/dL), and
HbA,, was 7.4% £ 0.2% (reference range, 4.0%-~5.4%).

3.2. Change of platelet aggregation and metabolic factors
after switching to gliclazide

After switching from glibenclamide to gliclazide,
platelet aggregate formation induced by serotonin was
significantly reduced (P = .0107, compared with glib-
enclamide treatment) after 3 months and (P = .0469,
compared with glibenclamide treatment) after 6 months,
although the ADP-induced platelet aggregate formation
was not changed at all (Fig. 1). The switch from
glibenclamide to gliclazide did not modify body mass
index (BMI), FPG, IRI, homeostasis model assessment of
insulin resistance (HOMA-R), HbA ., T-Chol, TG, and
HDL-Chol (Table 2).

HbA1c HbA1c HbA1c
improved aggravated improved aggravated improved aggravated
" group group o Oroup group 9  group group
o
40
= 20
0 0 0
-2
-20 40 0
-40
0 -80 L~.___..I 60 l i
<0 P=.0196 P=.0063
10uM serotonin-induced 0.5uM ADP-induced Plasma PAI-1 level
platelet aggregate formation platelet aggregate formation

Fig. 2. Percentage change of platelet aggregate formations by 10 umol/L serotonin or 0.5 umol/L ADP and plasma PAI-1 level depend on the change of
glycemic control after switching to gliclazide. Data are expressed as mean = SEM.
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Fig. 3. A, Correlation between percentage change of HbA,. and platelet
aggregate formations by 10 umol/L serotonin after switching to gliclazide
(r = 039, P = .1712). B, Correlation between percentage change of
HbA,. and platelet aggregate formations by 0.5 wmol/L ADP after
switching to gliclazide (r = 0.56, P = .0370). C, Correlation between
percentage change of HbA,. and PAI-1 after switching to gliclazide (r =
0.65, P = .0115).

3.3. Change of the levels of coagulation factors and PAI-1
after switching to gliclazide

After switching from glibenclamide to gliclazide, PT,
APTT, Fbg, TAT, PIC, and PAI-l1 were not changed
significantly, although PAI-1 would tend to decrease
(Table 3).

3.4. Relationship between platelet aggregate formation,
plasma PAI-1, blood pressure, and glycemic control

At the end of the 6-month gliclazide treatment and
compared with the group of patients with aggravated levels
of HbA,. (n = 9), patients with improved HbA,. levels
(n = 5) had significantly reduced ADP-induced platelet
aggregate formation (P = .0196) and plasma PAI-1 levels
(P = .0063) (Fig. 2).

Linear regression analysis showed that percentage
change of HbA,. correlated positively with both percent-
age change of platelet aggregate formation by 0.5umol/L
ADP (r = 0.56, P = .0370) (Fig. 3B) and percentage
change of PAI-1 (r = 0.65, P = .0115) (Fig. 3C) after
switching to gliclazide.

The mean systolic blood pressure (1359 + 3.9
mm Hg) in the group of patients with aggravated
levels of HbA,. was not significantly different from the
mean systolic blood pressure (124.0 £ 9.2 mm Hg) in
the group of patients with improved HbA;. levels. The
mean diastolic blood pressure (76.7 = 2.4 mm Hg) in
the former group was not significantly different from
the mean diastolic blood pressure (70.2 = 6.2 mm Hg)
in the latter group. Percentage change of mean systolic
blood pressure (—5.6% =+ 4.3%) in the former group
was not significantly different from percentage change
of the mean systolic blood pressure (2.1% + 2.5%) in
the latter group. Percentage change of mean diastolic
blood pressure (—2.0% * 3.1%) in the former group
was not significantly different from percentage change
of the mean diastolic blood pressure (6.8% = 2.7%) in
the latter group.

3.5. Relationship between plasma PAI-1 and various factors

Multiple regression analysis showed that, after switch-
ing to gliclazide, the percentage change of ADP-induced
platelet aggregate formation (r = 0.540, P = .0401) was
independently associated with the percentage change of
plasma PAI-1 level in addition to the percentage change
of HbA,, (r = 0.657, P = .0310) (R = 0.939, P = .0188)
(Table 4). The other independent variants including the
final dose of gliclazide, HOMA-R, percentage change of
PT—international normalized ratio, APTT, and T-Chol
were not significantly associated with percentage change
of PAI-1.

Table 4
Multiple regression analysis with percentage change of plasma PAI-1 level

Regression SEM  Standardized P
cocfficient regression

coefficient
Percentage change of 0.539 0.207  0.540 0310
ADP-induced platelet
aggregate formation
Percentage change 1.809 0.645  0.657 .0401

of HbA, .
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4. Discussion

We found that platelet aggregate formation induced by 5-
HT was significantly reduced after switching from glib-
enclamide treatment to gliclazide under the same conditions
of metabolic control. Serum advanced glycation end products
(AGEs) are significantly higher in DM subjects compared
with healthy subjects [14], and our previous study indicated
that enhancement of 5-HT—induced platelet aggregation in
DM is dependent on the increased level of AGEs [15].
Gliclazide may therefore decrease the effect of AGEs on the
enhancement of 5-HT—induced platelet aggregate formation
in type 2 DM patients. When we switched from glibencla-
mide to gliclazide, BMI, FPG, IR, HbA ., T-Chol, and TG
were not changed at all. These results indicate that gliclazide
inhibits platelet aggregation via the serotonin pathway,
independently of the metabolic and/or glycemic control per
se. Although gliclazide is a more potent ADP-induced
platelet aggregation inhibitor than glibenclamide [16],
ADP-induced platelet aggregate formation was not changed
in our study when we switched from glibenclamide to
gliclazide. We reported that ADP-induced platelet aggrega-
tion is increased by AGEs; but this increment is diminished
by addition of sarpogrelate, a selective 5-HT receptor
antagonist [15]. In the group with improved HbA,., ADP-
induced platelet aggregate formation and plasma PAI-1 level
were significantly reduced compared with the group with
aggravated HbA, .. Although a relationship between the level
of blood pressure (particularly hypertensive levels) and
platelet activation has been reported, there was no significant
difference of hypertensive levels between the groups with
aggravated and improved HbA,. levels. The percentage
change of ADP-induced platelet aggregate formation was
independently associated with the percentage change of
plasma PAI-1 level in addition to percentage change of
HbA . after switching to gliclazide by multiple regression
analysis. In some reports, an improved metabolic control of
type 2 DM could significantly decrease the elevated
concentrations of PAI-1. The decrement in PAI-1 is induced
by drugs with dissimilar effects on insulin secretion (ie,
glipizide gastrointestinal therapeutic system and metformin),
emphasizing the important contribution that metabolic
control has on this process [17].

Furthermore, in patients with improved glycemic control,
gliclazide could inhibit ADP-induced platelet aggregation
and PAI-1 level. Gliclazide rather than glibenclamide has
been reported to attenuate the progression of carotid intima-
media thickness in subjects with type 2 DM [18]. Further-
more, in a population-based case-control and follow-up
study, the risk of myocardial infarction would appear to be
higher among users of old sulfonylureas including glib-
enclamide (adjusted odds ratio, 2.07; 95% confidence
interval, 1.81-2.37) than among users of new sulfonylureas
including gliclazide (adjusted odds ratio, 1.36; confidence
interval, 1.01-1.84) [19]. Recently, in the ADVANCE trial
(Action in Diabetes and Vascular disease: preterAx and

diamicroN modified release Controlled Evaluation), an
intensive glucose-control strategy using gliclazide (modified
release) and other drugs as required lowered the average
HbA, . value to 6.5% in a broad range of patients with type 2
DM and reduced the incidence of the combined primary
outcome of major macrovascular or microvascular events
[20]. We should have listed the limitations of the study in the
interpretation of the results. All patients were switched from
glibenclamide to gliclazide. Although we have claimed that
the subjects were under the same conditions of metabolic
control, at the end of the 6-month period, there was a group
with aggravated levels of HbA . and a group with improved
HbA . levels. To compare the 2 drugs, half the patients
should have continued on glibenclamide; or, more practicable
with the small number, a cross-over design could have been
used. This would permit comparing the 2 drugs in the patients
with matching HbA . levels.

In conclusion, the study results demonstrate that
gliclazide inhibits serotonin-induced platelet aggregation
independently of glycemic control, although being less
effective on ADP-induced aggregation, and may have a
better effect on the reduction of platelet aggregability than
glibenclamide. Very importantly, this study supports
previous results showing the reduction in platelet aggreg-
ability and reduction in PAI-1 level with the improvement
in glycemic control. Therefore, gliclazide may be more
useful for the prevention of diabetic vascular complications
than glibenclamide via beneficial and pleiotropic effects on
the hemorrheologic abnormalities.
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¥ GRBE) 2 5REEAR Y 72 H VT b GLP-1 D#EE
THEHA @AM, H50II8EM. 2 bu—VEIERE
HAkOE) #1707 ZOKE, NOD< 2D [MHE
PR GLP-1 DIBEE 1335 AY 250 ~ 60 pmol/I FREE LT HERF X
h, BERFILEEMED L5 23], BRFRFBEOIHD 5\
EEAFED b7z (mem). GLP1iZX ANOD~ 7 ADIf
BERE D L OCRERRBERIHISI RIS AR A FIZ L 5
DA, BEARRE REARENCHRET AL, KR
(relative B -cell area) 2MEMLTHB Y, GLP1H%EETIL,
BEA7 pHIRR DM FEARHE (BrdU labeling ¥5) 2z, A#iR
BB (7R b= ) O (TUNELEE) s b, &5

120 @ ATEERA BIE 1 7LF

—
(mmol/1) I
o ERGLP-1 ;
sl  EERERBERE TS sk /[
N.S./ *
/ )
Tr % *,(* o **‘_,./ \%
el | ooNs I R B
ﬁ N%S. =
i ‘™
5p A 1 5
4r —o— £ERIEK (N=18)
3 —o— GLP-1 (N=18)
1 1 1 1 1 1 1 J (ﬁﬁ%)
8 9 10 11 12 13 14 15 16 17
*p<0.05,*p<0.01,***p<0.001,VS control of the same age
S

NOD 77 AIZ#1F 2 GLP-1 #iE T R S ORRF i EOHS CTR7 HE)

2, BEEEMRRESICBT AL - IrAEFERS L EML
T (EE-~amm 7. Thbb, BRHRAERNOD
YT AT LT b GLP1 DR Tix5- %2179 &, B
BRABLDIEFEIFVERER, 7R — > ZAOIPHI, BEALRREH
R 7z UG RTBERERE IS X3 5 3L - BrAE SR A5
20, BEpHRREASEM UM, WAL Y2 V5
BB E L CtE LA S h, BRRRBEOHHH
VIBEIEZ o72bDEEZON. bboA, K3
ADBERRFIERERRITIE SRR T 2 BOREDSHFIET
A7:%, GLP1¥x52dL7 5 L pHRIEENETT 572
B, BRINIMEED FAPERRBEI DD ON 5 &
IR DA, BEBREWE 12, GLP14#5-rk# & Rk
FEEIZA % L H5AMIChA ) ERSIH EhTnwiz(F
2). GLP1ZD b DLz Y, GLP1ZBMEBHEO VL
DTHAHALF L) FF, X+ F FEHY ¥ 5kiik
(anti-lymphocyte serum ; ALS) & 5\ 3$H L CD3E / 7 0 —
F WHiAk (anti-CD3 monoclonal antibody) % # A b 1) ¥ Off
R & %5 NOD ~ 7 A¥ERRFEAE B O FERREERRICD
WTOHENA SIS,

GLP-1 DR ERADER

GLP1Z&MIZ) Y RIS ERLTEY, SEED
GLP-1%° GLP-1 Z B #HEHENZE L ) HEREHR
CHEEZRIETHEEDTETE 2. £, GLP1AS
RERICDAERERZETHALPHALR LR O0ODH
D, BEDOWEICX 5L, BHERERIRERBEICBTS
BRIREEREICHEL S X TV AT REhTY
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= B {1 4IEREK (N=6)
GLP-1 () '~ pefia o SIEREK QhO-N) . Ed GLP-1 (N=6)
e X VA e ele T *p < 0.05

o
i &

08 * N.S.

é .
=
k=TT
WEEFER
I

g k3 NODVY Y ARBICHT
3GLP-1 8K TiaE (4:8mH)
DRF (A7)

AINOD v AREBOZTL. %
122> /B ARERO
254t (morphometric analysis)

12 B
(RERTER) (]

g

(%)
03[  kkx

F1EBEREK (N=6)
EA1GLP-1 (N=6)
*%%< 0.001

GLP-1 OB F LA
(X BT REER (8548
%) (XXm7)

ANODY 9 2B OE 1t
(GLP-13#548#%). a~c:
GLP-1 (+) B (a: BEBAD
FELEVES, b EER
DEETHHE, ¢ BEX
#®) /d-e:GLP-1 ()&
(d: BBAOBFEHEL T VR
B e BBADHEETIHE
B). Blue-gray: 121>,
— + p : BrdU BB14%4BA2.

B:NOD < ™ Z & B 0 BrdU 5
% g RENZEL

0.1}

BrdU labeling index

B A A R N

g

(%)

OB F [ 4IEREK (N=5)

Ed GLP-1 (N=5)

*%< 0.01
02k 0.0

@EEM NODY T A0 Bl
RICRIETGLP-1EHERT
) BEOHR REKLTSAE,
GLP-1 or saline treatment : TUNEL:E) (X#R7)
8~12 Bt v e % .

AR 42X, # . TUNEL
PRMEMRE, B TUNELZEICE D
apoptotic B -cell DFEH

TUNEL 3% B #ka

50um
——

*x

(/cm?2)

t14BEREK (N=5)
Ed GLP-1 (N=5)
*%< 0.01

§5E8 GLP-1 #51C k5 8
RS - FAEREER (TR 7)

A BERBEIA (@), Hu
UEBELTHEET 2H% 5 Mk
). F:1>2U>, #, BE
R R 8 cytokeratin ./ B : #
ERBPENA BVWLEBELT
FETHHELMBDLIRERE

Newly formed B
cell number/field

ATiERE EE A 70F @121
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| 1 OB RE N O T RETE

5. BRFEREEHONODY Y AIZLX L+ F M5
T2E, T7x27%— THIl (Teff) OWEELLHEEOED
b TWAR L INBEREHET VY 258k (regulatory
T cell ; Treg) DHEREAHEIRZ > LEABEMT 2 A H
bhn, T/, IL-100EAZEML TThl/Th2,55 » 2
REMEELTWERENEH LY. GLPIZEK, v 7T
b= ABROGIEHE YR E W CTREBERITET) &,
I ¥+tJF FiZSDF-1a (stromal-derived factor -1a) OFF
ETTY Y NHROBEEEZEDD L) THBY.

CDEH, PREBHPWEF VBT, HDS
FEME 1 BV IR 12 BV T GLP-1 %2\ L GLP-1 R A4k
BRICE AWM REEEERAIELESN, BOREICLS
BRI ERE IO E L FRCHSTa0b Ll
WEWIHRLRWAEEhoohsZ thb, © M1AME
RIF~DERISEHOTRREICOWT S KFE L BERE &
LR ENANERBICETVEEE:Z bR Y,

b b BEERRBICE TS GLP-1 2BH4E
B EDIREKRSHR

L PHOAREHIBERBOTFRH 5 vidEE (=
cure) #DETh b, WEOEBE 25 MBI T
LPHORERRZHEIET2LERD B0, BELHED
WERZOBIGEL TV RV, BEBICREDLS L RA
BRTWADIE, HMCDIE/ 7 u—F L¥ifks Huwi:
immunomoduration therapy T& 5 7%, Z0O%E b K
BN 135547 pHERAARRE (= B cell mass ?) ICEHERT
LEv, ShOATIEBRRY? S5, fidoNOD <
AEHRLE LZETFVEIYORE T, HEREREIZ
FHIETELZWIZLTY, f-cell massD¥IN~HERED 2
VIR OWEIHHFESh, 5124 Y2 LF VERM
NoOZEMERO—, T4bdb, «MBRICXZ7VAH
TV RWIHB LY, ThICEE L FR» SO 7V a—
ABRELEOMF, BIHEESMHEIER, KKWHER

122 @ ATIERR BB 1 70F

I, 1HERKBIBVTHENTHBIZTTHA.

DAEIZBTIE, 1RBRFICBT S ERERELR L
BRYZ 5205 FRICBWTIR/MEBE RS 1 BUE
RIFCBIERBBIZOVTORENALNS. WE
TAYAY) VY HUWHBITLAEHELTY S 1 BB RHE
FIBIIHL, =%+ F FEHRFMES L, MEE
BAVEVGUWRTE T3 72RO Bkt
DELEWET L= 25, EBMBEMEINIIZERLL,
BREBOREI DD iz, AERIB 1558 OF4t
TO003 ug/kgHEDI R DHENT, ThULOHRSE
Zhdl, A VR VESHBEZEE Lo kBE, K
MEEASHEAT 2 BEVFA SN, MEEOHEIZE,
TNH T WOMHE L UZFORKREE LTOFKICE
FA7 N a—2BRELONH, BLUBEHLESOW
fZLBbDEHERNSH, NRMEAS ¥ 2 VFUEEDR
MR ShTwARNT,

BT, ROWBHRE QL3L1074F) 2435, WEEA ~ 2
U Y WEEA DT AL 0 BEEAFE LT A 1 BURER R B E 20
% (3951114, HbAL73+11%) XAt F+
FORMBZRE LzME s n®, E@EzVLE
BEW, HIVETAVFVARBOCRTF F=03ng/
ml) Lh2BEZBRLTL» AL YR VikEL 5
ToTmEIY Pu—VEREOREIZLTEE (Runin
period), FATHHEEL 2072142 LT, 6 » A (Study
period A), A: £ YAV Y DH B: 4 VA v+
Daclizmab, C: 4 YA) v +x %%t FF K, D: 4 v AY
v+ X ¥t FF N+ Daclizmab DE 551 THE L7 4,
3526 » A (Study period B), &HZ A: 4 YAV ¥
+I¥EFFF, B: A4 YA ¥+ Daclizmab + =¥t F
FF, C:AYAY YDA, D: 4 A" ¥+ Daclizmab
DHETEH7UAF—N—REZERBL, BTH Rk
DA=2—T3» AOEEIM (Extension period) #%\}
TELIHEEMRLBERL VD (=m8). BB
Mg CmEa > ba—n, Yuh Ty, GLP1, BEEH
BLUOTVF=VAFHBEOCKRTF FRIE (fHK#EED
Z{b), BRREHURICHT 2 T Y V53R RUSHE: ( f ¥Rk
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§ 11 141 §388§8 11 Smxoneem
(1 (] (] '] § euaEaR
T T T T T : T cell reactivity
 BAVAUYDH "
® Dacrizmab N
© IFEFFRE) R
® I-’-F'fzj'?‘f‘(+) 558 RV ERELY SHEM
R + Dacrizmab N A AYFREIDTPICE
(4n8) 61 A) (618) (35A) FLTOS 1 BRRERENT
Run-in period  Study period A Study period B Extension period BIFEFFFOBR (XM17
SV R
LA ) &3
(Units/kg/ B) (kg)
8or E]4E 1%°
(ng/ml)
. 5 T T
06l TYAVAER | 90 8.0 § 1 Basal C-peptide
; ' H Stimulated C-peptide
2 ! ; {85 C osf
Y o4l 5 & 3
o L '|- % f 5 ; 04t
- § 180 e & I#£FF KOmE
£ | g ; | IV PO-NEEHREED
' $ i {75 02 + 1. T I (SR 1 7 )
E g _ H Ei Ei A IxEFFEHAOHE
0.0 £ R - 1E 70 0.0 F &322 HE5RB &
T A4U-Z¥4 Rundn  IFEFFE I ' Rundn  IFEFFK IFEFFK UHEOLHE,/ B PLX=
) &8} =) CEFRBICHEITICARTF
F B RIENEE

ERBE~OPE) RLPERLT, =% &5 F ol
Y P O— VEERR L ZOREICOVTHRIELTWS .
ZORER, TXEFFF (+) HO6 » AROBKRE (7142
126kg) & =¥ FF F () BROKE (7841121 kg) 12
230, RERVERAPBREIN:. ZORRITHILER
BER CThAELOFEL (FEMBRT ERETEHRCE
230LEZ N FBROMBET ¥ ba—Varih
BiFChHot7200, X FFN(+) By FFF
(- BTHEELRZIRD SN h - 72(6511056 % vs 664
1064 %) A%, ERIBEOHELZHMIEHZ 2L, S
YA EREENWBETSETWS (@EEs-A). 7TLV¥
SVARRBRIZEIACRTF FORGIZB O ICEREL
ALY GLP-1 ZEAEBI DT RET 5 f IR
JH4 VAR YU EHERL D A2 EAMERRS NI L
L, =%t FF F2HS(+)RIENT 2EmsALN
B0, TXFEFFFERS(-)E23 EHREFHMOLANVIT
RoTLE) 2 Lhb, HIfFENIz B -cell mass DHMIZ
DVWTOFUIE Lo (R8B). T2, EHAW

REOKRETE, =X+ F F(+)BTEEIRLESOM
FAzRDbh, TOKREEZONS 7V a—ARIX (L
O ER) 3G ENiA, IV h TSROl 2
RBERFR CALNA I LIRS h TRy (Es-A
~(C). EIRFEWC &1, WEHGLP1E =%t +5 F(-)
BCIREELYREITRVA, TF:EFF F(+) BT
HEIIHESATWS (K9D). D EofErs, 15
RIRCBT 5 GLP-1 A MEBEIC L 2 My bu—L
HHVIZHREE Y — v O%EE, FICAK - BARK
TYER, BHOZ VAT auaEleR, HiEicB 57
Va— ZBREEANMEERLZEICL2DDEEZ LN,
LAL, DERTEEL, 4 7 LFVITST % fAll
DHEEDEETHS. ThIToOBmFNCLBL, B MIE
BRFIBOTE, BEMOEHYEFVTHLLIZEN
Twb B cell mass DEMIOWTOREEIZBFE SN TV
WA, ZSHEPRBFEORBELIFEETLI EHD,
ZEVCBEENLHDOTIRENVES).

ATisERA EIR 1707 0123
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68 1 mpHRARRA O R

£ (me/) (me/dD)
2B o THEFFK () 400 -
—a— ITFEFFK (-)
7 20F o @wavio-u
b 300}
b o
15 7
i v
Z 10 :11200
7 2
I p -
Y 5 100 <
0 L 1 1 1 i 1 1 L L 1 1 (5}) O 1 N L 1 1 1 1 1 1 1 1 (ﬁ.)
-10 0 15 30 45 60 90 120 150 180 24 -10 0 15 30 45 60 90 120150 180 24
B RS
38 (pg/ml) £B (pmol/l)
400 r 30
300+
Jal: - 20+
5200} 5
3 L)
> 10k
100} 5D aEanRBORR
: & (S8t 17 %)
T A EBHEEBOT B
0 1 1 1 1 L 1 1 1 1 1 1 (ﬁ) 0 1 1 1 i 1 1 1 1 1 A : (ﬁ}) mﬁfﬁ(d}b:—lﬂﬂﬂ)@g
-10 0 15 30 45 60 90 120150180240 -10 0 15 30 45 60 90 120150180240 £/ C: FIhITPR0E
3 =] it/ D : Total GLP-1 4 ®
L paid

POERDOOE D25 P -cell mass¥EMEHTH 5758, ]
HEbVIc ' RTRZEDL ) LHED L P TRWIEERWELTY,
FRAF p AR AR I B OMBF TIFE LR 2 BiE
LTw 2 it BEBHIC BT 2R H0 b S
AV VT VREE, L ICGLP 1 ZAKIEE %I, na. ¥, HCRECLZ SHMKEERELZHOLH
mEay be—VEEICHLTINE TICRVWEEDE bLlitkwiw) JREICIA T, GLP-1ARD<LVF
BERERETAI LS, BRBHRICEEZ LD K7V e VR, 1EBERBICBITLZL YAY ¥
FTOTRRVPLRELHFRVFEOLATVS., £Z0% LORAREOTEELZ T ARoTWEEEZLNAS.
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