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SHORT REPORT

Synergistic effect of a-glucosidase inhibitors and
dipeptidyl peptidase 4 inhibitor treatment

Yukio Horikawa, Mayumi Enya, Katsumi lizuka, Gui Ying Chen, Shin-ichi Kawachi, Tetsuya Suwa, Jun Takeda*

ABSTRACT

Monotherapy of a-glucosidase inhibitor (o-Gl) or dipeptidyl peptidase 4 (DPP4) inhibitor does not sufficiently minimize glucose
fluctuations in the diabetic state. In the present study, we evaluated the combined effects of various of oGl inhibitors (acarbose,
voglibose or miglitol) and sitagliptin, a DPP4 inhibitor, on blood glucose fluctuation, insulin and active glucagon-like peptide-1
(GLP-1) levels after nutriment loading in mice. Miglitol and sitagliptin elicited a 47% reduction (P < 0.05) of the area under the curve
of blood glucose levels for up to 2 h after maltose-loading, a 60% reduction (P < 005) in the range of blood glucose fluctuation,
and a 32% decrease in plasma insulin compared with the control group. All three of the combinations elicited a 2.5-4.9-fold
synergistic increase in active GLP-1 (P < 0.05 vs control). Thus, combined treatment with the a-Gl miglitol, which more strongly
inhibits the early phase of postprandial hyperglycemia, and DPP4 inhibitor yields both complementary and synergistic effects, and
might represent a superior anti-hyperglycemic therapy. (J Diabetes Invest, doi: 10.1111/.2040-1124.2010.00081.x, 2010)

KEY WORDS: Postprandial hyperglycemia, Insulin, Glucagon-like peptide-1

INTRODUCTION
Although active intervention for postprandial hyperglycemia by
acarbose, an o-glucosidase inhibitor (a-GI), prevents develop-
ment of cardiovascular events', it is also important to flatten the
postprandial glucose fluctuation to prevent macroangiopathy.
o-GI not only inhibits the rapid elevation of postprandial
blood glucose level without excessive insulin secretion, but also
enhances active glucagon-like peptide-1 (GLP-1) secretion.
In contrast, the dipeptidyl peptidase 4 (DPP4) inhibitor, sitaglip-
tin, increases insulin secretion and reduces late-phase elevation
of postprandial blood glucose level. We hypothesized that a
combination of a-GI and sitagliptin might yield a greater mini-
mizing effect on blood glucose fluctuation while conserving
insulin secretion and enhancing active GLP-1 secretion to
prevent atherosclerosis® . Recently, the combined effects of
voglibose, an o-Gl, and a DPP4 inhibitor on plasma insulin
and active GLP-1 levels were reported in mice®’. How-
ever, comparison of the combined effect of various o-Gls
and sitagliptin on blood glucose fluctuation has not been
reported.

In the present study, we showed that combination therapy of
o-Gls and sitagliptin can yield complementary and synergistic
beneficial effects in mice.
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MATERIALS AND METHODS

Because o-Gls are inhibitors of a-glucosidase, which converts
disaccharide to glucose, 7-9-week-old male C57BL/6] mice
(Charles River Japan, Tokyo, Japan) were subjected to an over-
night fast and orally loaded with 2.5 g/kg of maltose. Blood was
collected from the end of the tail just before loading until 2 h
after loading, and blood glucose level was measured using
the glucose dehydrogenase method. The area under the curve
of blood glucose levels for up to 2 h after maltose-loading
(AAUC_, ,,) was calculated using the trapezoid method. The
range of blood glucose fluctuation was determined as the differ-
ence between the maximal and minimal blood glucose levels for
up to 2 h.

To evaluate initial insulin-secreting capacity, plasma insulin
concentration in blood collected from the end of the tail at
0.25 h after loading was measured using an ELISA kit (Morinaga
Institute of Biological Science, Yokohama, Japan).

Ten-week-old male C57BL/6] mice freely fed a high-fat diet
(D12492 Rodent Diet; Research Diets, New Brunswick, NJ,
USA) for 6 weeks were orally loaded with 10 mL/kg of enteral
nutrition (Ensure H; Abbot Japan, Tokyo, Japan) to stimulate
GLP-1 secretion. To analyze the delayed effect of GLP-1 secre-
tion by o-GI, blood was collected after 0.5 h from the abdomi-
nal vein using a syringe containing diprotin A and EDTA at a
final concentration of 3 mmol/L and 0.15%, respectively. The
concentration of plasma active GLP-1 was measured using an
ELISA kit (Millipore Corporation, Billerica, MA, USA).

o-Glucosidase inhibitors (acarbose 10 mg/kg, voglibose
0.1 mg/kg or miglitol 3 mg/kg) was given orally at the time of
maltose or enteral nutrition-loading, and sitagliptin (0.3 mg/kg)
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was given 0.5 h before oral loading. Test doses of o-Gls were
determined from the ED., doses of the inhibition effect on
sucrose or maltose-loading in normal rats, respectively.

The experiment was carried out according to the guidelines of
Gifu University. Results are expressed as mean + SD. Signifi-
cance of difference among groups was analyzed using Dunnett’s
or Tukey’s multiple comparison test based on Anova. P-values
of <0.05 were considered to show statistical significance.

RESULTS

In the maltose-loading test, treatment with each of the three
o-GIs alone significantly suppressed the blood glucose peak
level at 0.5 h. Administration of miglitol alone significantly sup-
pressed the blood glucose elevation as early as 0.25 and 0.5 h,
and delayed the blood glucose peak until 1h after loading.
With administration of sitagliptin alone, the blood glucose level
peaked at 025 h and was significantly lower at 0.5 and 1 h.
Consequently, a complementary suppression of blood glucose
elevation was observed at 0.25, 0.5 and 1 h in the combined
miglitol and sitagliptin group (Figure 1c). As a result, the
AAUC,_,}, of the blood glucose concentration of the group
receiving miglitol alone was almost equal to that with acarbose
or voglibose alone. The rate of decrease of the AAUC_;}, of
the blood glucose concentration in the miglitol and sitagliptin
combination group was 47% (P < 0.05) compared with the
control group, which was larger than that observed in the
combined groups with acarbose or voglibose at the tested doses
(Table 1). Similarly, combined treatment of miglitol and sitag-
liptin showed a 60% reduction (P < 0.05) of the range of blood
glucose fluctuation compared with the control group, and also
a significant decrease compared with miglitol or sitagliptin alone
(Table 1).

Enhancement of plasma insulin occurred with sitagliptin. at
0.25 h after loading (1.6-2.0-fold). In contrast, miglitol alone or
combined treatment with miglitol and sitagliptin decreased the
plasma insulin concentration by 39 or 32% compared with the
control group, respectively (Table 1).

When enteral nutrition was orally loaded in mice fed a high-
fat diet, the plasma active GLP-1 concentration was increased
by 1.5-19-fold after administration of sitagliptin compared
with the control group. In contrast, a synergistic increase in
the GLP-1 concentration was observed after treatment with a
combination of o-GI and sitagliptin (2.5-4.9-fold, P < 0.05 vs
control; Table 1).

DISCUSSION

Recently, suppression of postprandial hyperglycemia has come
to be considered important for prevention of atherosclerosis’.
Repeated episodes of blood glucose fluctuation accelerate the
adhesion of monocytes to vascular endothelial cells and enhance
the development/progression of atherosclerosis®. In the present
study, the combined administration of a-GI and sitagliptin com-
plementarily lowered the blood glucose level. Furthermore, the
combination of miglitol with sitagliptin significantly minimized
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Figure 1 | Blood glucose profiles after oral administration of
o-glucosidase inhibitor (-Gl) and sitagliptin (03 mg/kg) in maltose-
loaded normal mice. (a) Acarbose, 10 ma/kg; (b) voglibose, 0.1 mg/kg;
(©) miglitol, 3 mg/kg. Each value represents mean + SD of 8-10 mice.
*P < 005, ¥*P < 001, ¥*P < 0001 vs the control group using to
Dunnett's multiple comparison test.

blood glucose fluctuations. Thus, such combined treatment
should reduce the risk of atherosclerosis.

The suppression of postprandial hyperglycemia by o-GI alone
and combination treatment with sitagliptin enables insulin secre-
tion to be conserved, and therefore can be expected to mitigate
dysfunction of pancreatic P-cells’. In contrast, sitagliptin
decreases the blood glucose level by enhancing insulin secretion.
Thus, long-term administration of this agent might create a
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Table 1 | Incremental blood glucose, range of glucose fluctuation and plasma insulin in maltose-loaded mice and plasma active glucagon-like pep-
tide-1 in enteral nutrition-loaded mice

Test compound Blood glucose

concentration AAUCy_,

Range of
glucose fluctuation

Plasma active GLP-1 at
30 min after EN loading

Plasma insulin at 15 min
after maltose loading

(h*mmol/L) Inhibition rate (9%) mmol/L pmol/L pmol/L
Control 209 + 46° - 153 + 26° 1119 + 448%° 218 + 090°
Acarbose, 10 ma/kg 156 + 26° 254 100 + 25° 895 + 258 237 + 076°
Sitagliptin, 0.3 mg/kg 123 + 33° 417 109 + 1.7° 1739 + 534° 333 + 144°
Combination 138 + 23° 340 85 + 23° 1188 + 689°° 1076 + 634°
Control 209 + 32° ~ 172 + 24° 1137 + 482° 223 + 186°
Voglibose, 0.1 mgy/k 161 + 32° 230 123 +17° M9 +172° 278 + 123
g /kg
Sitagliptin, 0.3 mg/kg 127 + 29° 392 116 + 24° 2290 + 930° 354 + 233*
Combination 136 + 13° 349 107 + 18° 1429 + 4312 552 + 234
Control 179 + 36° - 155 + 26° 1589 + 448° 237 + 133°
Miglitol, 3 mg/kg 144 + 17° 196 97 +13° %4 + 189° 329 £ 113
Sitagliptin, 0.3 mg/kg 115 + 16™ 358 100 + 18° 2525 + 861° 462 + 306
Combination 94 + 13¢ 475 62 + 13° 1073 + 207° 1122 +972°

Maltose-loading tests used for normal mice. Enteral nutirition (EN)}-loading tests used for mice fed high-fat diet for 6 weeks. Each value represents
the mean + SD of 8-10 mice. Means with different letters (a, b, and ©) are significantly different at P < 005 by Tukey's multiple comparison test.
AUCq. n, the area under the curve of blood glucose levels for up to 2 h after maltose-loading; GLP-1, glucagon-like peptide-1.

burden on pancreatic B-cells. In addition, a correlation between
hyperinsulinemia and the level of high-sensitivity C-reactive
protein (CRP), a marker of inflammation, has been reported”’.
Because the CRP elevation is related to coronary heart disease,
stroke and mortalitys, insulin secretion should be reduced as
much as possible. In the present study, when o-GI and sitaglip-

. tin were used in combination, insulin secretion was suppressed
to a level almost the same as that with «-GI alone. Furthermore,
after chronic combined treatment of miglitol and sitagliptin for
8 weeks in high-fat diet fed mice, the elevation of fasting plasma
insulin level was significantly suppressed compared with that of
control mice (normal diet group: 137.8 + 84.4 pmol/L; high-fat
control group: 253.1 + 72.3 pmol/L, P < 0.05 vs normal diet
group; miglitol alone group: 189.4 + 110.2 pmol/L; sitagliptin
alone group: 359.9 * 187.7 pmol/L; combination group: 161.9 +
84.4 pmol/L, P < 0.05 vs high fat control; Y.H. and ].T., unpub-
lished data). Thus, combined treatment might reduce risk of the
development/progression of atherosclerosis as well as dysfunction
of pancreatic B-cells.

In patients with type 2 diabetes, miglitol has been reported
to increase plasma active GLP-1 levels™!. GLP-1 has several
physiological activities, including a trophic effect on the pancre-
atic islets and suppression of gastric emptying and appetite”,
in addition to enhancement of insulin secretion and inhibition
of glucagon secretion. When combined with sitagliptin, each
o-GI tested increased the active GLP-1 concentration synergis-
tically. The GLP-1 secretion induced by o-GI might result from
delayed absorption of carbohydrate into the lower parts of the
digestive tract'?, although the details of this mechanism remain
unclear.

© 2010 Asian Association for the Study of Diabetes and Blackwell Publishing Asia Pty Ltd

In conclusion, combined treatment with o-GI miglitol, which
more strongly inhibits the early phase of postprandial hypergly-
cemia, and sitagliptin can yield complementary and synergistic
effects and therefore might represent a better antihyperglycemic
therapy.
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Sonographic Evaluation of the
Peripheral Nerve in Diabetic Patients

The Relationship Between Nerve Conduction Studies,
Echo Intensity, and Cross-sectional Area

Tsuneo Watanabe, MT, Hiroyasu Ito, MD, PhD, Ayako Sekine, MT,
Yuriko Katano, MT, Takashi Nishimura, MT, Yoshihiro Kato, MD, PhD,
Jun Takeda, MD, PhD, Mitsuru Seishima, MD, PhD, Toshio Matsuoka, PhD

Objective. Early detection of nerve dysfunction is important to provide appropriate care for patients
with diabetic polyneuropathy. The aim of this study was to assess the echo intensity of the peripheral
nerve and to evaluate the relationship between nerve conduction study results and sonographic find-
ings in patients with type 2 diabetes mellitus. Methods. Thirty patients with type 2 diabetes (mean +
SD, 59.8 = 10.2 years) and 32 healthy volunteers (mean, 53.7 + 13.9 years) were enrolled in this study.
The cross-sectional area (CSA) and echo intensity of the peripheral nerve were evaluated at the carpal
tunnel and proximal to the wrist (wrist) of the median nerve and in the tibial nerve at the ankle.
Results. There was a significant increase in the CSA and hypoechoic area of the nerve in diabetic
patients compared with controls (wrist, 7.1 + 2.0 mm?, 62.3% + 3.0%; ankle, 8.9 + 2.8 mm?, 57.6%
+ 3.9%; and wrist, 9.8 + 3.7 mm?, 72.3% % 6.6%; ankle, 15.0 + 6.1 mm?, 61.4% + 5.3% in con-
trols and diabetic patients, respectively; P < .05). Cross-sectional areas were negatively correlated with
reduced motor nerve conduction velocity and delayed latency. Conclusions. These results suggest that
sonographic examinations are useful for the diagnosis of diabetic neuropathy. Key words: cross-
sectional area; diabetic neuropathy; echo intensity; median nerve; sonography; tibial nerve.

Abbreviations

BMI, body mass index; BSA, body surface area; CMAP,
compound muscle action potential; CSA, cross-sectional
area; CTS, carpal tunnel syndrome; DPN, diabetic poly-
neuropathy; MCV, motor nerve conduction velocity;
MMCV, median motor nerve conduction velocity; NCS,
nerve conduction study; ROC, receiver operating char-
acteristic; TMCV, tibial motor nerve conduction velocity;
TTS, tarsal tunnel syndrome

he World Health Organization estimates that
more than 180 million people worldwide have
diabetes mellitus. This figure is estimated to
more than double by 2030.! In Japan, the num-
ber of diabetic patients has increased and reached 8
million, and it is assumed that 35% to 45% of diabetic
patients have symmetric diabetic polyneuropathy
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such as diabetic foot ulcers, gangrene, and Charcot joint,
all of which worsen the quality of life of diabetic patients.?
Therefore, early detection of nerve dysfunction is impor-
tant to provide appropriate care for patients with DPN.3
The diagnosis of diabetic neuropathy is based primari-
ly on characteristic symptoms and is confirmed with a
nerve conduction study (NCS). Although imaging analy-
ses for neuropathy have not been used for diagnosis,
high-resolution diagnostic ultrasound equipment has
improved greatly, making revelation of minute peripher-
al nerves by sonographic evaluation possible.* Recent
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