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IhERHEEE VS, o7, BEsrL
3 ARR T 2 BB RIR OREIZE b A 0% 505

HEDOBRPHEGE L.

BEEAES IS 2 RIERRIRRIEICRAR T B

WFFETid, CT CTEHM L 2-PIBMERmRAs 2 BIR
RBIEDV AT BB ERRLE (K2)2.

KRRV ERBR 2L D 3 TS
IOMERBBIEDI AT LR oTVAEIETH
5. Tbb 2 fTIXABIRIIER GERIE o7
vs 3EHE 116cm?, 1 #RMEEEBEmMS -0 4 v L1

(D BB & 2 BYERBORIE

E & B I NIRBE R T A HE R A BE O B
BFTha 2 EPERORE & RETHE SR TV
52, Fujimoto HiZ & AXKES7 FVARKEA
(2 it 200 & E3 61 5%, 31230 BIFH 40K @

2 BRABALSIIERREEOERRF

HE 2

Characteristic Y8 FRIGFERIE WRIBRIE AvXK (95%Cl) P&

n 211 65 - —

Age {years) 61.1 (56.8) 63.3 (5.8) 1.7 (1.2-2.3) 0.003
Female sex (%) 105 (50) 25 (39) 1.2 {(0.7-2.1) 0,593
Family history of diabetes (%) 74 (35) 34 (52) 2.2 {1.3-3.6) 0.004
IGT at baseline (%4) 82 (39) 53 {(82) 6.5 (3.4-12.5) < 0.001
Fasting insulin  (nmol/L) 74.0 (33.0) 78.3 (34.7) 1.3 (1,0-1.6) 0.067
Fasting C-peptide (pmal/L) 0.86 {0.26} 0.98 (0.28) 1.3 (1.0-1.8) 0.022
Incremental insulin response 46.7 (34.6) 324 (24.7) 0.4 (0.2-0.7) 0.003
Fasting glucose {mmol/L) 53 (0.5) 5.8 (0.6} 2.8 (2.0-3.9) < 0.001
Intra-abdominal fat {cm?) 96.5 (46.8) 1159 (52.9) 1.4 {1.1-1.8) 0.018
Subcutaneous abdominal fat {cm2)  163.1 (78.2) 160.2 (B5.4) 1.0 (0.8-1.3) 0.887
Non-intra-abdominal fat (cm?) 395.6 (66.2) 3845 (145.4) 1.0 (0.7-1.3} 0.758
Total fat (cm?) 4941 {187.6) 500.7 (166.0) 1.0 (0.8-1.4) 0.780
BM! (kg/om?) 24.1 {3.1) 249 {(3.3) 1.1 (0.8-1.4) 0.664

B3

Characteristic BERIGIERIE PRERE +HvXHE (95%cC) P&l

n 182 13 — -

Age (years) 40.0 {4.2) 431 (5.0) 19 (1.13.2) 0.015
Female sex (%) 95 (50) 3 (23) 0.3 (0.1-1.2) 0.079
Family history of diabetes (%) 60 (31} 8 (B2) 3.5 {1.1-11.2) 0.033
IGT at baseline (%) 41 (21) 11 (88) 20.3 {4.3-95.0) < 0.001
Fasting insulin (nmol/L} 83.7 (47.7) 140.8 (70.4) 2.0 (1.3-29) 0.001

Fasting C-peptide (pmo¥/L) 0.80 {0.26) 1.17 (0.29) 27 (1.7-4.4) < 0.001
fncremental insulin response 57.8 (42.2) 68.9 (45.9) 1.2 (0.8-2.0} 0.365
Fasting glucose (mmoVL) 49 (0.5) 5.5 (0.4) 3.9 (1.8-8.0) < 0.001
Intra-abdominal fat {(cm?2) 56,3 (35.4) 117.5 (57.5) 3.4 (1.9-5.9) < 0.001
Subcutaneous abdominal fat {cm2)  149.5 (80.1) 205.9 (63.0) 1.7 (1.1-2.8) 0.018
Non-intra-abdominal fat {(cm?) 337.3 (178.2) 4986 (186.3) 1.8 {1.1-2.8) 0.019
Total fat (cm?) 427.3 {195.8) 616.0 (214.5) 21 (1.3-3.3) 0.002
BMI (kgiem?) 237 {(3.2) 27.7 (34) 2.8 (1.6-4.7) < 0.001

T (REEE) FAEE (%), Fo i 1EEESY A THE. Intra-abdominal fat * PIRZASEEEM,
Non-intra-abdominal fat : FEFRIEFFETE. Total fat @ #20805. 830, ARBLAADCTEEGLIVERL K
(Z@k2) £43(8)
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14) PHERRBRBED ) A7 E LB h, B TR
(163vs160), BMI (24.1vs249) i3V A2 L7
Lz, LA L 3HCiE, AIBEER (56vs
118, #F v Xl 34) 72 Tid%<l, BETRBEH
(150 vs 206, v Xt 17), BMI (23.7vs 277,
v A28 IR ERoTWE, &6 |THEE
DI B, 2HETIRERRA YA BT
RIGRIEDEREF (740vs 78.3nmol/L) & %
LFOLLAEEARMBEA 2 VMo E
(46.7vs 324, F v XK 04) BREHRRFELA
P, SWTIIERERFA 2 VB EE R RE
DRERETF (83.7vs1408, +v XH20) 4D
WAWNEA Y20 23 LAMMLTw2 (578
vs 689).
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PERHASARER & VA U V9

NBEREE T, WIREE ORI AR
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MEiA" 2 BSEIRFRBIED )V A 7 L 2 5 L3Rk
PREDVEORF LT LIAL I TRV, BT,
EMEIERLRE & £ DEFRERITH A PR O3 T
DEFREE (REFIEME) AUICH M0 L 2o iR IR
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L7z». SO, PeRFEtE B R B I MR
FAEICBID AW REME R RIS T 5 %%, IR S
RIERRTAEARAS, R R AT A0, A
v AN PRUEICE S R B ETH A0
LTIV, EIZR o Fujimoto & D HRNE A
OIFFET D, HERENRTNEE & SRR SE OBRIc o
WTEREATWaRW, UL, HE2 #omER
IR E CEMERRIERA W S cdn b
BUR L TB Y RRIHEEUC & 200, +hbbik
HERETHER DB AR I BAfR T B 2 & 2R
BELTwae,
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MAEERE R ER AN % (B EEERs T BE IAE).
EFRREOHEMEEE (F 7212 acyl-CoA)
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DA ) v 4w (glucose-stimulated insulin
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LT B, BEREIRIIRE LR EmET 5. W
HERERNEE (1~2mM) 3, EEEMORES 7N
NYABTEES Y2 T REFHEINER 5.
BERERSREERIC & b GSIS 8 acm+ 2 4%
SENET Y 5 0. BHERA £7 )V Th s ZDF
F v T, BERHEEERN TR ) vy
WEAIMET L, GSISAEET 5. EFHPTI
HeRENRAGEEAS GSIS #RET A &, HERKBOR
EZERZ boNe, BEEHBROL A0 V50
BEDIEENM R ENELGND, K
- MRS E B A R R EORER, KK
ERoOREBEHEROERE L L (HET S,
MmAH» SR Y A E N7 EMENER I, acyl-CoA
Lot bary FYTAHATERILEINS D,
YRR & 2 DIl EMICER S h S, LaL,
HREREIABR O FIHEENH L L, acyl-CoA b
BT FEEIR OB/ LAY e RE
59,

Kashyap 53, IEFWEGEDEEE T2 A
RIFORBERDSH DD ERVE DT, 4 HHIEY
B A ARIEST L& & (GERENEDIEE 05~0.8
mmol/L) DA ¥ AN Uil EiRet Lz (E3)w.
PERARFI AR + BFAW TR C-RTF FO—H
PERE BRI RIERE 4 LTET 28 %I LR IKEES
BT3%ETLE A0S Y TDLE
DA YA AW RANEFEE 1A
(+75vs—60%), 8240 (+25vs-35%) &b
REESHDHECTET LA Dl i3, mis
ERFERIAE AR IR B DBEFEEZ L 2B TA
YAV HMERET LI ERL, BERNZE
EROTFELREL TV 5,

@ BAsIEs & VAU ViR

BEOREEIU, 28O ARELET
28D (A VB, S IR RA
 ASHEEFHRIEAT A LA v 2 VREHET
EEBITA YR VB, BlEERT Y. B
OB BEASEBE NS, B 1545 glucose-6-phos-
phate ® ERE#HGIL, DWTHEREE, 7V a—
T EREEIT S . Perseghin Hix, R
DRFEZH T HEFEETNMR 2 AV FI8485
DFRRL AP RERE & & & b i 8 R R B IR BE A
BbLAVA) VRSN (EFOEIRYAAR) L
Moz Lamlize,

W v MIEMWHEIER BEMiginEE) HiH v
BREIRN (REaffERiER) * 4 BEAWH T2
&, BRI AT TOABRG A OB EIR
BREMBLTS YA VEEE MME) MMET
5. BRBNORIERE, 1 vR) YSEK
PO 7 F N2 84 FVCHET S, TRIER
AIEHER, b MERH Tl phosphatidylinositol 3
kinase (PI3K) &AMl s s v, PI3K Mo
KT, BA8A5 diacylglycerol (DAG) &, FE4H
PKC-SU B LUTPKC-s & 4HBE L, IkB-a &4
LM A Y, IR AROEEEEMHE T
7oA R A2 F VARERS Tl LS MET
Ta, TTARF7FERORTA, BRHT
ERERERBE D 2 ) 7 5 v AR T SRR
BUEEOER AL TS A VIEHEEERL
TOHAEENH B .

PAE X b e RRhER 2 & IS BEA CRBRIT,
BEA VR YERENLET SERHREEEZE
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B e BRI RBUOTHEN & < IS IR & &
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introduction

Abstract

Aims  This randomized crossover placebo-controlled study aimed to assess the
efficacy of nateglinide, a phenylalanine-derived insulin secretagogue, on forearm
endothelial function in diabetic subjects before and after an oral glucose load.

Methods Forearm blood flow {FBF) was measured using strain-gauge plethys-
mography during reactive hyperacmia before and after an oral glucose load (75 g)
with a prior use of placebo or nateglinide (90 mg) in 15 diet-treated Type 2
diabetic patients or age-matched controls with normal glucose tolerance.

Results The peak FBF response and total reactive hyperaemic flow (flow debt
repayment: FDR), indices of resistance artery endothelial function, were decreased
after an oral glucose load in diabetic patients, but unchanged in controls. Nate-
glinide administered to diabetic patients accelerated insulin secretion and reduced
post-challenge plasma glucose, and also abolished the post-challenge impairment
of endothelial function. The peak FBF and FDR were well correlated with 120-
min glucose levels and 30-min insulinogenic index.

Conclusions A single challenge of glucose was shown to impair endothelial
function in diabetic patients, and the post-challenge endothelial dysfunction was
improved by a prior use of nateglinide. Long-term effects of nateglinide on endo-
thelial function in Type 2 diabetic patients need to be clarified in future studies.

Diabet. Med. 21, 983-986 (2004)

Keywords endothelial function, nateglinide, post-challenge glucose metabolism,
Type 2 diabetes

[3] showed that elevated 2-h glucose was a better predictor of
mortality from cardiovascular diseases than fasting glucose

Post-prandial hyperglycaemia has been associated with increased
risk of macrovascular complications [1-3). A meta-analysis
including 95 783 people from 22 studies demonstrated the
association between post-challenge hyperglycaemia and cardi-
ovascular events [1], Analysis of the prospective DECODE (the
Diabetes Epidemiology: Collaborative Analysis of Diagnostic
Criteria in Europe) data [2] and the Honolulu Heart Program

Correspondence to: Dr Michic Shimabukure, Second Department of Internal

+ Medicine, Faculty of Medicine, University of the Ryukyus, 207 Uehara, Nishi-

- hara, Okinawa 903-0215, Japan. E-maif; mshimabukuro-ur@umin.ac.jp or
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alone. In a screened multicentre cohort, the Diabetes Interven-
tion Study showed that poor control of post-prandial glucose
increased the risk of myocardial infarction or mortality up to
3-fold, even under good control of fasting glycaemia [4]. Vas-
cular endothelial dysfunction plays a pivotal role in the patho-
genesis of atherosclerosis [5] and enhances the risk of furure
cardiovascular events [6,7]. The presence of vascular endothelial
dysfunction has been demonstrated in Type 2 diabetic patients
(8], but the contributions of post-prandial hyperglycaemia to
endothelial dysfunction is largely unknown [9]. This crossover
placebo-controlled study aimed to assess the efficacy of post-
challenge hyperglycaemia reduction by nateglinide, which
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rapidly enhances insulin secretion and reduces mealtime glucose
excursions [10], on forearm endothelial function in Type 2
dizbetic subjects.

Research design and methods

Diet-treated Type 2 diabetic patients (six male and nine female,
60+ 3 years) without a history of cardiovascular complication
were enrolled in this study. Age-matched healthy subjects with
normal glucose tolerance were used as controls. The study pro-
tocol was approved by the Ethical Committee of the University
of the Ryukyus and carried out in accordance with the princi-
ples of the Declaration of Helsinki. All subjects gave informed
consent. No subjects were taking medication, and all abstained
from alcohol, tobacco and strenuous physical activity for 24 h
and caffeine-containing drinks overnight.

The acute effects of oral glucose loading with placebo or
nateglinide on forearm blood flow {FBF) was studied in a double-
blinded placebo-controlled crossover design. Studies were done
on two separate mornings at least 1 week apart, After overnight
fasting, either 90 mg nateglinide (Yamanouchi Pharmaceutical,
Tokyo, Japan) or placebo was ingested, followed by an oral 75 g
glucose load (Trelan-G, Takeda, Japan). We measured FBF during
reactive hyperaemia using a mercury-filled silastic strain-gauge
plethysmograph (EC-SR, D. E. Hokanson Inc., Issaquah, WA,
USA) before and 120 min after a glucose load [11-13]. Before and
after release of a 5-min upper arm cuff occlusion at 200 mmHg
(reactive hyperaemia), FBF was measured by repeated inflations
of the upper arm at 40 mmHg during a wrist cuff inflation at
200 mmHg [11,12]. We used peak FBF as a combination marker
of shear stress and local metabolic factors at eatly phase of RH,
and total reactive hyperaemic flow (flow debt repayment: FDR),
as a relatively NO-dependent marker at mid-to-late phase of
RH [13}.

Values are expressed as the mean + sem. Two-tailed unpaired
Student’s s-test and two-way analysis of variance {anova) for re-
peated measures on one factor followed by Bonferroni’s correction
for multiple-paired comparisons, were analysed using StatView
J-5.0 {SAS Institute, Cary, NC, USA) software package.

Results

The baseline characteristics of the 15 diabetic subjects are as
follows: body mass index 26.1 £ 1.13 (kg/m?); heart rate 73 +
3 (beats/min); blood pressure 129/72 + 4/2 (mmHg); total cho-
lesterol 5.39 £ 0.20 (mmol/1); triglyceride 1.63  0.21 (mmol/
1}; HDL-cholestero] 1.42 +0.05 (mmol/l); and glycosylated
haemoglobin A;, 7.53 £0.30 (%).

With a prior use of placebo, plasma insulin levels were low
at 30 min and peaked at = 350 pmol/l between 90 and 120 min
after an oral glucose load, and plasma glucose levels remained
=12 mmol/l at 120 min (Table 1). With a prior use of nategli-
nide, post-challenge insulin levels increased rapidly at 30 min
and glucose levels significantly decreased to = 15 mmol/] at
120 min, All medications were well tolerated and no adverse
events were observed during the study. Systemic haemody-
namics and metabolic parameters at baseline were comparable
between two study days.

VI

Table 1 Plasma glicose and serum insulin levels after an oral glucose
load during a prior use of placebo or 20 mg nateglinide in 15 diaberic

patients

Pasma glucose (mmol/f) Serum insulin {pmol/1)
Time
{min) Placebo Nateglinide Placebo Nateglinide
0 88404 8204 85114 64%11
30 146406 13.1£0.5 198119 34525
60 18.1+0.8 14.9+0.8 309+37 35151
90 194 £0.6 15.7£0.8 358+51 403 £ 60
120 12.2+0.8 149+ 0.6 350+£45 431170
P-value P <000t P=0.056

Data represent the mean + sem. The P-values for curve difference by
two-way ANOVA were shown.

With placebo, FBF response during reactive hyperaemia
decreased significantly after a glucose load (P < 0.001 for trend),
but, with nateglinide, post-challenge FBF response remained
unchanged (P = 0.137). The peak FBF response and FDR,
indices of resistance artery endothelial function, were both
decreased after an oral glucose load in diabetic patients, but not
in healthy controls (Fig. 1a). A single ingestion of nateglinide
prevented the post-challenge decrease in the peak FBF and FDR.
The peak FBF and FDR were well correlated with 120-min
glucose levels (Fig. 1b). Peak FBF was negatively correfated
with area under the curve for glucose (AUC, | o5 R = -0.423,
P=0.017) and insulin (AUC, ., R =-0.387, P=0.034).
Peak FBF and FDR were positively correlated with 30 min
insulinogenic index {Ainsulin/Aglucose) (R = 0.450, P = 0.012
and R = 0.438, P = 0.015, respectively),

Discussion

This is the first study demonstrating that endothelial function
was impaired by acute post-challenge glucose excursion in
Type 2 diabetic patients, and a single dose administration of
nateglinide abrogated the post-challenge endothelial dysfunc-
tion by decreasing the glucose excursion.

The peak FBF and FDR were both decreased after an oral
glucose load in diabetic patients, but not in healthy controls
with normal glucose tolerance. Kawano et al. [14] showed that
endothelium-dependent flow-mediated dilaration (FMD) of
the brachial artery were decreased after an oral glucose load in
patients with Type 2 diabetes or impaired glucose tolerance,
As there was a close negative correlation between indices of
endothelial function and plasma glucose levels, post-prandial
hyperglycaemia itself could be the culprit for post-prandial
endothelial dysfunction [9,14]. Williams et al. [15] demon-
strated thar effects of acute hyperglycaemia on endothelium-
dependent vasodilation were similar afrer blocking insulin
release with octreotide, supporting this notion. A potential
mechanism by which post-prandial hyperglycaemia impairs
endothelial function could be generation of reactive oxygen stress

© 2004 Diabetes UK. Diabetic Medicine, 21, 983-986
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Figure 1 {a) Peak forearm blood flow (FBF) and flow debt repayment
(FDR} before (0 min, open bats) and after (120 min, closed bars) an oral
glucose load during a prior ingestion of placebo or nateglinide in 15
diabetic patients. For comparison, values in healthy subjects with normal
glucose tolerance (NGT) were shown. Data represent the mean £ SEM.
*P < 0.05 vs. NGT and 1P < 0.05 vs. 0 min. (b} Correlation between
120-min glucose and insulin levels and peak FBF and FDR after an oral
glucose load in diabetic patients. An ingestion of either placebo {open
circles) or 90 mg nateglinide (closed circles) was followed by an oral
75-g glucose load. Pearson’s correlation coefficients (R} and P-values
were shown,

{ROS) [9,14,16], as antioxidants can restore post-prandial
endothelial function [17,18].

A single administration of nateglinide abrogated the post-
challenge endothelial dysfunction in diabetic patients. As
reported [10], nateglinide recovered early phase insulin secre-
tion and decreased post-challenge glucose levels (Table 1),
This raises the question whether the improvement of post-
challenge endothelial function by nateglinide is the result of a
suppression of post-challenge hyperglycaemia, a rise in insulin,
or an effect of the drug itself. As 120-min glucose levels and
AUC,, o5 Were well correlated with peak FBF and FDR, sup-
pression of post-challenge hyperglycaemia seemed to be the
most likely factor. As peak FBF and FDR were negatively
correlated with AUC, _ ., insulin resistance also might be
involved in the endothelial dysfunction of diabetic patients.
Nateglinide significantly increased insulinogenic index, but did
not alter AUC, .. and 120-min insulin levels. This suggests
thar suppression of post-challenge hyperglycaemia by a recovery
of early insulin secretion, but not an increase in insulin-mediated

© 2004 Disbetes UK. Diabetic Medicine, 21, 983-986
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vasodilatation [19,20], explained the improved endothelial
function,

In summary, a single glucose challenge impaired endothelial
function in Type 2 diabetic patients, which was improved by
prior use of nateglinide. Long-term effects of nateglinide on
endothelial dysfunction in Type 2 diabetic patients need to be
clarified in future studies.
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