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Introduction

Abstract

Aim: Toinvestigate the acute and chronic effects of nateglinide versus acarbose
on plasma asymmetric dimethylarginine (ADMA) levels and lipid profilesin
patients with newly-diagnosed type 2 diabetes. Methods: A crossover trial of
nateglinide and acarbose was conducted on 16 drug-naive patients with newly-
diagnosed type 2 diabetesduring atotal period of 9 weeks. Plasma glucose, serum
insulin, freefatty acids (FFA), lipids and lipoproteins, and plasma ADMA were
measured. Results: The efficiencies of a single dose of nateglinide (120 mg) and
acarbose (50 mg) for lowering postprandial hyperglycemia were similar. Com-
pared to acarbose, nateglinide significantly increased postprandial insulin release
after astandard meal test in patients with type 2 diabetes. Nateglinide acutely
decreased postprandial 120 min FFA concentrations and 240 min ADMA levels
more significantly than acarbose. The fasting high-density lipoprotein choles-
terol level increased and the low-density lipoprotein cholesterol level decreased
significantly, but the fasting levels of triglycerides, total cholesterol, and ADMA
were unchanged after 4 weeks of treatment with nateglinide. Acarbose did not
affect fasting lipid profiles or the ADMA levels after 4 weeks of treatment.
Conclusion: These results suggest that the reduction of postprandial FFA and
ADMA concentrationsinduced by nateglinide may be associated with the partial
restoration of early-phase insulin secretion and may impart a cardiovascular
advantage in comparison with acarbose.

prandial triglyceridesis reduced by nateglinide in adiabetic
animal model, but not in diabetic patients®**. In atype 2

Patients with type 2 diabetes frequently present with
metabolic abnormalities such as postprandia hyperglycemia,
postprandial lipemia, atherogenic dyslipidemia, and d evated
levels of free fatty acids (FFA) and asymmetric dimethyl-
arginine (ADMA). All of these alterations are known risk
factorsfor atherosclerosis. Dydlipidemiain type 2 diabetic
patientsis characterized by increased levels of triglycerides
and reduced level s of high-density lipoprotein cholesterol
(HDL-C), whiletotal cholesterol and low-density lipoprotein
cholesterol (LDL-C) may be either normal or elevated™.
Nateglinide, a D-phenylalanine derivative, has been shown
to beeffectivein restoring early-phaseinsulin secretion and
therefore reducing postprandial hyperglycemiaand glucose
excursion'?, It hasbeen demonstrated that thelevel of post-
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diabetic model, nateglinide reduced FFA levelsin the portal
blood after administration of a single dosd. However, the
effects of nateglinide on FFA levelsin diabetic patients have
yet to be clarified.

Vascular endothelial dysfunction has been demonstrated
asarisk factor for atherosclerosisin type 2 diabetic patients®.
Although endothelial dysfunction wasimproved by using a
single dose of nateglinide®, the contribution of lowering
postprandia hyperglycemia or improving early-phaseinsu-
lin secretion to thiseffect remains unknown. ADMA, a e
cific endogenousinhibitor of nitric oxide (NO) synthase, has
been found to be elevated with the condition of chronic
hyperglycemiad”®. Moreover, high ADMA level is associ-
ated with either chronic or acute endothelial dysfunctionin
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patients at risk for atherosclerosis®®. We hypothesize,
therefore, that the effect of nateglinide on insulin secretion
may be beneficia to the postprandial lipid profiles and other
metabolic parameters as is seen with postprandial hyper-
glycemia. Thiscrossover clinical trial aimstoinvestigatethe
acute and chronic effects of nateglinide versus acarbose on
plasmaADMA levesandlipid profilesin patientswith newly-
diagnosed type 2 diabetes.

Materials and methods

Study design Sixteen drug-naive patients (5 males and
11 females, 49.4+1.6 years) with newly-diagnosed type2 dia-
betes were screened and included in this study. Inclusion
criteria were fasting plasma glucose <11 mmol/L, 6.5%—
10.0% HbA1c, abody massindex of 22-30 kg/m?, and treat-
ment with diet alone for at least 2 weeks and without any
medication prior to enrolment for the study. In addition, 6
age-matched, healthy subjects with normal glucose toler-
ance were used as normal contrals. The study protocol was
approved by the Ethical Committee of Peking University
Health Science Center. All subjects gaveinformed consent.

This study was conducted in a crossover open-labeled
prospectivedesign in order to diminish the statistical biasas
much aspossible. After 2 weeks of diet treatment, all sub-
jectswere randomized into group A and group B (8 subjects
for each group). At theinitiation of the study, the patientsin
group A were assigned to take nateglinide (120 mg, tid) just
before meals; the patientsin group B were assigned to take
acarbose (50 mg, tid) together with meals. At theend of the
fourth week, medication was discontinued. After a1 week
period of washout, the patientsin group A were switched to
acarbose (50 mg, tid); the patientsin group B to nateglinide
(120 mg, tid) for an additional 4 weeks(Figure1).

Nateglinide Nateglinide

I 2 weeks I

Screening

Acarbose il Acarbose

4 weeks T 1 week 4 weeks

Diet only Treatment Washout Treatment

Figure 1. Flow of crossover study design. Sixteen patients with
newly-diagnosed type 2 diabetes were randomized into group A (single
line) or group B (double line). There were 8 cases in each group.

Sample collection Before and after treatment with
nateglinide or acarbose, fasting blood samples were collected
after 14 h of overnight fasting for all subjects. In order to
assess the acute effects of nateglinide or acarbose on post-
prandial lipid profilesand the ADMA levels, a 75 g instant

noodl e ration served as a standard meal test and was con-
sumed with the first dose of medication on the first day of
treatment. Blood samples were collected from both arms at
30, 60, 120, and 240 min after the standard meal tet.

Laboratory evaluation Plasmaglucoselevel swere mea-
sured using the glucose-oxidase method, while HbA1c val-
ues were assessed by HPLC. Insulin was measured by
IMMULITE 1000 (DPC, LosAngeles, CA, USA). Trigly-
cerides, total cholesteral, LDL-C, and HDL-C wereanayzed
using a standard technique. FFA levels were assayed using
commercially available kits (Randox Laboratories Ltd, Co
AntrimUK).

PasmaADMA was determined with amodification of the
HPLC method previously described™ using pre-column
derivatization with o-phthal al dehyde(OPA). Priortoanalyss,
plasma samples and standards (Sigma, St Louis, MO USA)
were extracted on OASIS solid phase extraction cartridges
(Waters, Milford, MA, USA). The eluents weredried over
nitrogen and dissolved in 50% methanol for HPLC analysis.
The analysiswas carried out on a HPLC system (TSP, San
Jose, CA, USA) consisting of Spectra-Physis SP8810 pumps,
a spectral fluorescence detector FL3000, and ThermoQuest
work station. Samples and standards were incubated for
exactly 3minwiththe OPA (Sigma, USA) reagent (5.4 mg/mL
OPA in 1 mmol/L borate buffer, pH 9.5, containing 0.4% -
mercaptoethanol) beforeinjection intothe HPLC. The OPA-
derivatives of ADMA were separated on a 5 um Kromasil
C18 column (Dalian Elite Analytical Instruments,Dalian,
China) with the fluorescence monitor set at Aex 338 nm and
rem425nm. Sampleswered uted from the column with 0.96%
citric acid/methanal 2:1, pH 6.8, at aflow rate of 1 mL/min.
Thedetection limit of theassay was0.1 mmol/L.

Statigtical analyses Values are expressed asthe mean+
SEM. Thedatistical significanceof variation between means
was tested using two-tailed paired Student’ st-test. Values
of P<0.05were consdered statistically significant.

Results

Five male and 11 female patients with newly-diagnosed
type 2 diabetes were sdlected to enter thisstudy. The mean
fasting plasma glucose and HbA1c level s of 16 diabetic pa-
tientswere8.2+0.4 mmol/L and 7.6%+0.3%, respectively. Six
healthy subjectswith normal glucosetolerancewereenrolled
as normal controls, and their mean fasting plasma glucose
and HbA1c levels were 4.9+0.1 mmol/L and 5.0%0.1%,
respectively. The mean ageof the 16 diabetic patientsand 6
normal controlswas49.4+1.6 and 48.8+5.3 years, repectively.

Acute effects of nateglinide ver susacarbose on plasma
glucoseand seruminsaulin levels Theefficienciesof asingle
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Figure 2. Effects of a single dose of nateglinide (120 mg) or acarbose
(50 mg) on postprandial glycemia (A) and insulin secretion (B) after
a standard meal in 16 patients with type 2 diabetes. Six healthy
subjects were used as normal controls. Data are presented as
mean+SEM. °P<0.01 nateglinide versus acarbose treatment at corre-
sponding times.

dose of nateglinide or acarbose for lowering postprandial
hyperglycemiawere similar in the patientswith type 2 diabe-
tes (Figure 2A). Nateglinide seemed to be dightly more effi-
cacious at lowering postprandial 120 min hyperglycemia,
while acarbose seemed to be better at |lowering postprandial
60 min hyperglycemia after a standard meal test, but there
was no significant difference between these 2 medications.
Compared to acarbose, a single dose of nateglinide signifi-
cantly increased postprandial insulin releasein patientswith
type 2 diabetes (Figure 2B).

Acute effects of nateglinide ver sus acar bose on post-
prandial lipid profiles Triglyceride levels were slowly
elevated with time after a standard meal test in normal sub-
jectsand in the type 2 diabetic patients taking a single dose
of nateglinide or acarbose. There was no significant differ-
ence between nateglinide and acarbose treatment (Figure
3A). Thelevelsof serum FFA were remarkably decreased
and reached anadir at 120 min after the sandard meal testin
normal subjects. Fasting FFA levelsintype 2 diabetics were
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Figure 3. Effects of a single dose of nateglinide (120 mg) or acarbose
(50 mg) on postprandial triglycerides (A) and FFA (B) after a stan-
dard meal in 16 patients with type 2 diabetes. Six healthy subjects
were used as normal controls. Data are presented as mean+SEM.
P<0.05 nateglinide versus acarbose treatment at corresponding times.

significantly higher than in normal subjects. Nateglinide
decreased postprandial 120 min FFA concentration morepro-
foundly than acarbose (181.7 mmol/L vs 257.8 mmol/L, P=
0.019; Figure 3B). LDL-C and HDL-C levels after the stan-
dard meal test were unchanged by these 2 medications (data
not shown).

Chronic effectsof nateglinide ver susacar bose on fast-
inglipid profilesafter 4 weeksof treatment FastingHDL-C
levelsincreased and LDL-C levels decreased significantly
after 4 weeksof treatment with nateglinidein asum of 2 arms
of the study (P<0.05). Thetriglycerideand total cholesteral
levelswereunchanged by nateglinidetreatment. Nateglinide
led to the decrease of fasting FFA by about 10% after 4
weeks of treatment, but there was no statistically significant
difference between pre- and post-treatment. Acarbose did
not affect fasting lipid profiles after 4 weeks of treatment. In
addition, there were no significant differences of fasting
lipid profil es between nateglinide and acarbose treatments
(Tablel).

Acuteand chronic effectsof nateglinide ver susacar bose
on plasma ADMA levels Thefasting plasmaADMA level
was significantly higher in the patients with type 2 diabetes
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Table 1. Chronic effects of nateglinide or acarbose on fasting lipid profiles after 4 weeks of treatment. Data are presented as mean+SEM.

n=16. °P<0.05 vs pre-treatment in nateglinide group.

Lipid profiles Nateglinide Acarbose
Pre-treatment Post-treatment Pre-treatment Post-treatment
TG (mmol/L) 1.98+0.21 2.02+0.21 2.00+0.19 1.85+£0.15
TC (mmol/L) 5.57+0.19 5.40+0.22 5.40+0.16 5.26+0.17
HDL-C (mmol/L) 1.22+0.06 1.31+0.07° 1.29+0.06 1.22+0.05
LDL-C (mmol/L) 3.60+0.17 3.33+0.18° 3.43+0.16 3.39+0.17
FFA (umol/L) 576+33 519+34 545+43 501+47

TG, triglycerides; TC, total cholesterol.

than in normal subjects. Compared with a single dose of
acarbose, a single dose of nateglinide decreased postpran-
dial plasmaADMA concentration 240 min after the sandard
meal test in type 2 diabetic patients (P<0.05). However, the
leve of fasting ADMA was not significantly altered after 4
weeks of treatment with either nateglinide or acarbose

(Figured).
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Figure 4. Acute and chronic effects of nateglinide or acarbose on
plasma ADMA level in 16 patients with type 2 diabetes. Six healthy
subjects were enrolled as normal controls. Data are presented as
mean+SEM. PP<0.05 vs control group. °P<0.05 vs acarbose treat-
ment at corresponding times.

Discussion

This crossover study showed that, as expected, insulin
secretion after astandard meal test is delayed in type 2 dia-
betic patients, and that a single dose of nateglinide could
partially restore early-phaseinsulin secretion. The dataalso
indicated that nateglinide and acarbose had similar hypogly-
cemic effects on postprandial hyperglycemia.

It iswell known that insulin inhibits the production of
FFA from lipolysis. An increased hepatic FFA flux is postu-
lated to be a magjor contributor of diabetic dyslipidemia
because it leads to the overproduction of triglyceride-rich
lipoproteins by the liver™. On the other hand, there are
convincing data that show that plasma FFA levels modul ate

the severity of insulin resistance in type 2 diabetes™**, Most
humans are non-fasting throughout most of the day, and
prolonged postprandial hyperlipidemiaisan important char-
acteristic of diabetic dyslipidemia®™. Therefore, therapeutic
effect of antihyperglycemic agents on postprandial lipemia,
if any, may play arolein the prevention of atherosclerosis.
In this study, a single dose of nateglinide significantly de-
creased the postprandial 120 min FFA level after a standard
meal in comparison with acarbose. Thelevel of fasting FFA
after 4 weeks of treatment with nateglinide had a trend to
declinefrom the basdine, although no significant difference
was presented. In parallel with these results, nateglinide
was found to acutely increase portal insulin levels and
decrease portal FFA levels 15, 30, and 60 min after sucrose
loading in diabetic rats®. Since nateglinide had similar
effects on postprandial hyperglycemia as acarbose (which
did not alter postprandial FFA levels), the reduction of post-
prandial 120 min FFA levels by nateglinide was likely to be
the result of the partial restoration of early-phase insulin
secretion rather than from the improvement of postprandial
hyperglycemia. In fact, in a previous study, peripherally-
administered insulin resulted in early insulin augmentation
that reduced the glycemic and FFA responsesto ameal in
diabetic patients®®. Furthermore, theimprovement of post-
prandial FFA concentrations by nateglinide in diabetics was
demonstrated to be associated with suppression of hormone-
sengitive lipase, which induces FFA release from adipose
tissué™”. All these results suggest that the defect of early-
phase insulin secretion might be one of the reasons why
hyperlipidemia developsin type 2 diabetics.

In agreement with previous reports™, this study showed
that nateglinide had neither acute nor chronic effects on
serum triglyceridelevelsin type 2 diabetics. The analogous
resultswere also found in subjects at risk for type 2 diabetes™.
Insulin has potential effectson postprandial lipid metabolism.
It can affect either production or removal of triglycerides
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andtriglyceride-rich lipoproteing™®®. Sofar, thereason why
nateglinide has no effect on triglyceride metabolism, despite
sgnificantly increasinginsulin secretion and improving post-
prandial hyperglycemia, remainsunclear. 1t hasbeen specu-
lated that the acute increase of insulin by nateglinide might
be not enough to overcome insulin resistance and then to
substantially lower triglyceride concentrations in diabetic
patients™,

The present study al so showed that nateglinideincreased
HDL-C levels and decreased LDL-C levels after 4 weeks of
treatment. Similarly, repaglinide, another rapidly-acting pran-
dial glucose regulator, was reported to decrease serum total
cholesterol concentration in type 2 diabetic patients.
Whether nateglinideaffectsserum HDL-C and LDL-Cleves
in this manner deserves further investigation asit may indi-
cate a cardiovascular advantageif it can be confirmed.

In the present study, nateglinide was found to decrease
postprandial ADMA concentrations. To our knowledge, this
isthefirst description of the effect of nateglinide on ADMA
in type 2 diabetics. ADMA, an endogenous competitive
inhibitor of NO synthase, is synthesized in many tissues,
including vascular endothdial cdls. Inconsistent changes
in ADMA levelsin diabetes have been described in the
literature, most of which showed that ADMA levels were
elevated™, asseen in our study. Moreover, the improve-
ment of hyperglycemia was associated with lowered plasma
ADMA concentrations®®*1, However, there was 1 study
reporting that ADMA levelsin diabetic patients were lower
than in healthy subjects and were inversely correlated with
HbA1c levels®. In that study, the selected diabetic pa-
tients had increased glomerular filtration rates compared to
healthy subjects, and the lowered ADMA in type 2 diabetic
patients was accordingly attributabletoincreased GFR. This
specul ation, however, needed to be clarified, as the differ-
enceof GFR between 90 mL/min/1.73 m?and 98 mL/min/1.73
m?might have no dinical significance. Therefore, thereason
of inconsistent results of ADMA levels in diabetes was
unclear. Thereisanintriguing reationship between insulin
resstanceand ADMA levelsreported in some of theliterature.
Plasma concentrations of ADMA have been demonstrated
to be dlevated in several clinical syndromes associated with
insulin resistance and in apparently-healthy insulin resis-
tant individual§*?". Rosiglitazonetreatment or weight loss
by non-pharmacol ogical meansin these subjectsresulted in
both an enhancement ininsulin sengitivity andafal in plasma
ADMA concentrations?#, On the basis of the above-men-
tioned data, it is reasonable to think that the plasmalevels of
ADMA were elevated rather than decreased in the patients
with type 2 diabetes characterized by hyperglycemia and
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insulin resistance.

Reduced production of NO in endothelia cdlsby e evated
ADMA leadsto the abnormality of endothelial cell-mediated
vasodilation!®!, which has been demonstrated in patients
with established atheroscleros§*. Interestingly, it has been
shown that post-challenge hyperglycemia caused the alter-
ation of vascular function, but did not lead to elevation in
ADMA concentration in patientswith impaired glucosetol -
erance®. Indeed, our data also suggested that acarbose
did not affect postprandial ADMA concentration. In this
regard, we speculate that diminished postprandial ADMA
levels produced from nateglinide might result from the par-
tial restoration of early-phase insulin secretion or from
nateglinide per se. Thelatter is yet to be dlucidated. More-
over, several clinical studies have demonstrated that nate-
glinideis capable of improving insulin senstivity in patients
with established diabetes®*. Therefore, it isconceivable
that the effect of nateglinide on postprandial plasmaADMA
concentration is possibly associated with its ability to
improveinsulin sensitivity aswell. However, the results of
our study also indicated that nateglinide did not alter the
fasting ADMA concentration after 4 weeksof trestment. The
reason for this phenomenon remains unknown. Theresults
of this study need to be confirmed in alarger clinical trial.
Nevertheless, the fact that nateglinide not only lowers post-
prandial ADMA level, but also improves endothelial dys-
function®¥ suggests its therapeutic advantage in the pre-
vention of atherosclerosis.

Taken together, the results of our study demonstrate that
nateglinide partially restores early-phase insulin secretion,
decreases postprandial serum FFA and ADMA concentra-
tions, and possi bly modul ates serum HDL-C and LDL-C ab-
normalities indicating that nateglinide has a cardiovascular
advantage over acarhbose.
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