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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.
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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
(DPN). Advanced DPN causes serious complications,
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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studies using sonography for entrapment neu-
ropathy such as carpal tunnel syndrome (CTS)*?
have been presented. However, there are few
reports of DPN diagnosis using sonography. We
showed previously that the cross-sectional area
(CSA) of the median nerve in the carpal tunnel of
patients with DPN is greater than that of controls
and correlates with NCS.'° The aim of this study
was to assess the echo intensity of the peripheral
nerve and to evaluate the relationship between
NCS results and sonographic findings in diabetic
patients.

Materials and Methods

Participants

Thirty patients with type 2 diabetes were
enrolled in this study at the Gifu University
Hospital from October 2007 to January 2009 (17
men and 13 women; age range, 36-83 years;
mean + SD, 59.8 + 10.2 years). Our control group
consisted of 32 healthy volunteers without dia-
betes mellitus or CTS (25 men and 7 women; age
range, 24-72 years; mean, 53.7 + 13.9 years).
Patients’ wrists with symptoms of CTS were not
included in the study; those that were included
had negative Phalen test results. Every partici-
pant was able to walk unaided, and none had
received hemodialysis.

We studied a total of 95 peripheral nerves
(including 62 median nerves and 33 tibial nerves)
of 62 participants who received both sonography
and NCS. This study was approved by the
Institutional Review Board of Gifu University
Hospital, and informed consent was obtained
from all participants.

Sonographic Examinations

Sonographic examinations were performed by 1
of 2 experienced sonographers (with at least 10
years of ultrasound experience) using a 6.0- to
14.0-MHz linear array probe (portable real-time
apparatus: EUB-7500; Hitachi Corporation, Tokyo,
Japan; or ProSound Alpha 10; Aloka Co, Ltd,
Tokyo, Japan). Sonograms were quantitatively ana-
lyzed using Image] software (National Institutes
of Health, Bethesda, MD), and only the image
obtained by a specific zoom setting was used.
Computer analyses were performed by 2 other
sonographers who did not have any knowledge

of the electrodiagnostic results (observer A had
15 years of experience, and observer B had 6
years of experience). All participants were in the
supine position on a table with fingers semiex-
tended during examination of the median
nerve and in the prone position during exami-
nation of the tibial nerve. The major axis, minor
axis, and CSA of the median nerve were mea-
sured at the carpal tunnel and at 5 cm proximal
to the wrist (wrist). The major axis, minor axis,
and CSA of the tibial nerve were measured at
the posterior medial malleolus (ankle). The
CSA was calculated by the indirect method
using the formula major axis x minor axis x 7 x
1/4 (square millimeters). There are 2 sono-
graphic measurement methods of the nerve
CSA: the indirect method (ellipsoid formula)
and the direct method (tracing). Recently,
Alemdn et al'! reported that median nerve CSA
measurements are reproducible by either the
direct or indirect method when a standardized
sonographic examination protocol is applied.
In addition, Sernik et al'? also reported a high
correlation (r = 0.99) between the areas calcu-
lated by the indirect and direct methods; con-
sequently, we used the easier indirect method
in our study. The volar wrist crease and pisi-
form bone or medial malleolus were used as
initial external reference points and landmarks
during scanning. Transverse and longitudinal
sonograms of the nerve at each position were
recorded (Figure 1). The peripheral nerve’s
speckled pattern on sonography enabled us to
assess its size and echo intensity.

Of the 62 participants, 26 (42%; 13 diabetic
patients and 13 controls) were recorded as specif-
ic zoom images on the Hitachi EUB-7500 ultra-
sound equipment. The stored images were
further analyzed by 2 sonographers on a personal
computer using ImageJ. Each observer received
training specific to this study before initiation of
the data collection. The images were saved as
JPEG files and transferred to a personal comput-
er for analysis. The monochrome sonogram was
quantized to 8 bits (ie, 256 gray levels). Histogram
analysis on sonography has been expected to
offer an objective index for estimating echo
intensity such as in diagnosis of fatty liver. The
region of interest was set to cover the entire
nerve, excluding its hyperechoic rim. The bright-
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to reference standards, another ROC curve was
fitted using MCV results, and the sensitivity and
specificity of sonography and NCS were calculat-
ed and compared between 2 examinations.

Results

Detailed demographic data for the diabetic
patients and controls are shown in Table 1. There
were no significant differences in age, height,
weight, or body mass index (BMI) between con-
trols and diabetic patients. Intraobserver repro-
ducibility was high for both observers (observer A,
intraclass correlation coefficient = 0.998; observer
B, intraclass correlation coefficient = 0.987); inter-
observer reproducibility was also high (interclass
correlation coefficient = 0.995). Results of the sono-
graphic examinations and NCS of the diabetic
patients and controls are shown in Table 2. Cross-
sectional areas in the high-MMCV group were 8.8
+ 2.1 mm? in the carpal tunnel and 6.7 + 1.4 mm?
in the wrist. Cross-sectional areas in the low-
MMCV group were 14.0 + 6.1 mm? in the carpal
tunnel and 9.8 + 3.7 mm? in the wrist. Cross-sec-
tional areas in the controls were 8.3 + 1.8 mm? in
the carpal tunnel and 7.1 + 2.0 mm? in the wrist.
There was a significant increase in the median
nerve CSA in the low-MMCV group compared
with that in the controls (carpal tunnel, P < .001;
wrist, P < .05) and the high-MMCV group (carpal
tunnel, P < .001; wrist, P < .01). Cross-sectional
areas in the ankle were 15.0 + 6.1 mm? in the low-
TMCV group, 8.8 + 29 mm? in the high-TMCV
group; and 8.9 + 2.8 mm? in the controls. There was
a significant increase in the tibial nerve CSA in the
low-TMCV group compared with that in the con-
trols (P <.01) and the high-TMCV group (P < .05).

The percentage of the hypoechoic area was sig-
nificantly increased in the low-MMCV group
compared with that in the controls (P < .01) and
the high-MMCV group (P < .05). Sonograms and
histograms of the diabetic patients and controls
are shown in Figure 4.

The MCV and CMAP of both the median and
tibial nerves in the low-MCV group showed a sig-
nificant decrease compared with those in the
controls and the high-MCV group. On the other
hand, latency was significantly slower in the low-
MCYV group than in the controls and the high-
MCV group.
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Table 3 shows the correlation results between
several sonographic findings and characteristics
in the median nerve. The CSA in the carpal tun-
nel showed a significant correlation with age (r =
0.306; P<.05), MCV (r =-0.655; P <.001), latency
(r=0.552;P<.001), and CMAP (r=-0.311; P<.05).
In the wrist, the CSA was also significantly corre-
lated with age (r = 0.266; P < .05), body surface
area (BSA; r = 0.271; P < .05), MCV (r = -0.502;
P <.001), latency (r = 0.296; P < .05), and CMAP
(r=-0.285; P<.05). The percentage of the hypoe-
choic area showed a significant correlation with
MCV (r=-0.624; P < .001) and latency (r = 0.595;

- P<.01).

Table 4 shows the correlation results between
several sonographic findings and characteristics
in the tibial nerve. The CSA in the ankle showed
a significant correlation with age (r=0.493; P< .01),
weight (r=0.359; P<.05), BMI (r = 0.454; P < .05),
MCV (r =-0.532; P < .01), latency (r = 0.525; P <
.01), and CMAP (r=-0.414; P<.05). The percent-
age of the hypoechoic area showed a significant
correlation with weight (r = 0.432; P < .05), BMI
(r=0.432; P < .05), BSA (r=0.435; P < .05), MCV
(r=-0.565; P<.01), and latency (r=0.466; P< .05).

The latency period of the median nerve was
divided into 3 groups: latency of less than 3.5
milliseconds, latency of 3.5 to 4.0 milliseconds,
and latency of greater than 4.0 milliseconds. The
MCV of the median nerve was also divided into 3
groups: MCV of less than 50 m/s, MCV of 50 to
55 m/s, and MCV of greater than 55 m/s.

Table 1. Characteristics of All Participants

Parameter Controls Diabetic Patients
n 32 30
Male/female 25/7 1713
Age, y 53.7 + 13.9 59.8 + 10.2
Height, cm 164.9 + 6.9 161.2:% 7.7
Weight, kg 62.6+9.5 62.6 + 10.2
BMI, % 226+28 241+29
Duration, y NA 154 +10.7
HbA1c, % NA 89x19
CVRR, % NA 1.96 + 1.19
Presence of sensory symptoms, n (%) NA 47 (14/30)
Bilaterally decreased or absent NA 66.7 (20/30)
Achilles tendon, n (%)
Decreased vibratory sensation, n (%) NA 66.7 (20/30)

CVRR indicates coefficient of variation of R-R intervals; HbA1c, hemoglobin

Alc; and NA, not applicable.
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Table 3. Correlation Between Several Sonographic Findings and
Characteristics in the Median Nerve

Correlation Coefficient
CSA Percentage of

Parameter Carpal Tunnel Wrist Hypoechoic Area
Age 0.3062 0.2662 0.358
Height -0.041 0.187 -0.020
Weight 0.131 0.217 0.232
BMI 0.186 0.189 0.328
BSA 0.123 0.271° 0.182
CVRR -0.050 0.125 0.101
HbA1c -0.251 -0.098 0.301
Duration 0.298 0.173 -0.219
MCV —0.655P -0.502b -0.624P
Latency 0.552° 0.2962 0.595¢
CMAP -0.3112 -0.2852 -0.336

The CSA and percentage of the hypoechoic area were compared with the
participant’s age, physical parameters, coefficient of variation of R-R inter-
vals (CVRR), hemoglobin Alc (HbA1c) level, duration, and nerve conduc-
tion study by Pearson correlation coefficients.

3P < .05; °P < .001; P < .01.

raphy than NCS, but the specificity was similar
between sonography and NCS (Table 5).

Discussion

Diabetes mellitus is becoming a major cause of
premature disability in Japan, and peripheral
neuropathy is a common complication of dia-
betes.!® The diagnosis of diabetic neuropathy is

Table 4. Correlation Between Several Sonographic Findings and
Characteristics in the Tibial Nerve

Correlation Coefficient

Parameter CSA  Percentage of Hypoechoic Area
Age 0.4932 0.062
Height -0.079 0.182
Weight 0.359° 0.432°
BMI 0.454° 0.432°
BSA 0.229 0.435P
CVRR 0.115 -0.038
HbA1c 0.241 0.156
Duration 0.018 -0.109
MCV -0.5322 -0.5652
Latency 0.5252 0.466°
CMAP -0.414° -0.321

The CSA and percentage of the hypoechoic area were compared with the
participant’s age, physical parameters, coefficient of variation of R-R inter-
vals (CVRR), hemoglobin A1c (HbATc) level, duration, and nerve conduc-
tion study by Pearson correlation coefficients.

3P < .01; °P < .05.
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Figure 5. Cross-sectional area stratification in the median nerve
by combining tertiles of latency and MCV. The CSA increased
from 7.1 mm? in participants in the first tertiles of both nerve
conduction study parameters to 14.6 mm? in participants in the
third tertile of latency and MCV. The latency was divided into 3
groups: latency of less than 3.5 milliseconds, latency of 3.5 to
4.0 milliseconds, and latency of greater than 4.0 milliseconds.
The MCV was also divided into 3 groups: MCV of less than 50
m/s, MCV of 50 to 55 m/s, and MCV of greater than 55 m/s.

based on its characteristic symptoms and can be
confirmed with NCS.!3-'6 However, NCS is time-
consuming, slightly invasive, and generally not
well tolerated for repeated evaluations.'” In con-
trast, sonographic examinations can be per-
formed to assess peripheral nerves with less
discomfort and have already been used for the
evaluation of disorders of the peripheral nervous
system.*-1°

Figure 6. Cross-sectional area stratification in the tibial nerve by
combining tertiles of latency and MCV. The CSA was 16.3 mm?
in participants in the highest tertile of both latency and MCV.
The latency was divided into 3 groups: latency of less than 4.5
milliseconds, latency of 4.5 to 5.0 milliseconds, and latency of
greater than 5.0 milliseconds. The MCV was also divided into 3
groups: MCV of less than 40 m/s, MCV of 40 to 50 m/s, and
MCV of greater than 50 m/s.
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Conventional motor and sensory NCS has been
widely used to diagnose DPN.'#-2* Symptoms of
DPN appear bilaterally from the toes or the soles
of the feet. Thus, NCS in the lower limbs should
be more suitable to assess DPN severity. However,
NCS in the lower limbs is time-consuming, and
the action potential in the lower limbs sometimes
cannot be evoked in cases of patients with
advanced DPN. Some previous studies have
reported that nerve conduction velocity slowing
in the upper limbs is similar to that in the lower
limbs of diabetic patients.?>?® Skin temperature
and humidity, however, easily affect the sensory

Watanabe et al

nerve conduction velocity at the time of mea-
surement. Mizumoto et al*” reported that they
chose instead to look at distal motor latency and
the MCV because the sensory nerve conduction
velocity was not measurable in many patients
and appeared to be an unsuitable parameter. For

the reasons above, we performed only the motor
nerve conduction study.

Sonographic criteria for the diagnosis of neu-
ropathy have been proposed by several studies.
Cartwright et al?® evaluated the CSA reference
value studied for nerve sonography. In their

~ study, the mean area of the tibial nerve at the

Figure 7. Receiver operating characteristic curves fitted for difference modality. A, When the ROC curve was fitted using sonographic
CSA results, the CSA of the carpal tunnel was most effective. B, When the ROC curve was fitted using the sonographic hypoechoic
area, the area of the tibial nerve was most effective. C, When the ROC curve was fitted using NCS MCV results, the MCV of the tib-
ial nerve was most effective. D, When the ROC curve was fitted using NCS latency results, the latency of the tibial nerve was most

effective.
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ankle was 13.7 mm?, which was greater than the
value of 8.9 mm? that we obtained. They also
reported that age and height showed weak corre-
lations with the nerve CSA, whereas weight and
BMI showed stronger correlations with the nerve
CSA. Their study participants’ mean BMI and
weight were 26.5 and 74.5 kg, respectively, which
were markedly greater than those of our partici-
pants, explaining the discrepancy with our find-
ings. Mean normal median nerve CSA values
cited in the literature vary between 6.1 and 10.4
mm?; the difference between these normal val-
ues constitutes 51% of the normal median nerve
CSA (8.4 mm?), which is similar to our result of
8.3 mm?”.? The aim of our study was to evaluate
whether the sonographic findings in the median
and tibial nerves corresponded to the results of
motor NCS in diabetic patients. We found that
the CSA of both median and tibial nerves in dia-
betic patients were significantly larger than those
in controls. Carpal tunnel syndrome and tarsal
tunnel syndrome (TTS) are the most common
entrapment neuropathies. A cross-sectional
study of diabetic neuropathy reported by Dyck et
al'® found that polyneuropathy was the most
common form of diabetic neuropathy, followed
by CTS. It is well known that diabetic neu-
ropathies are frequently asymptomatic. Kim et
al'® reported that 6.8% of diabetic patients had
asymptomatic electrophysiologic CTS. The most
common etiologies of TTS are mass lesions in the
tunnel such as lipomas, ganglions, osteochon-
dromas, varicosities, and synovitis because of
rheumatoid arthritis or chronic uremia; however,
to our knowledge, TTS is a rare complication of
diabetes mellitus. Using sonography in the medi-

Table 5. Comparison of Sensitivity and Specificity Between
Sonography and NCS

Parameter Sensitivity, % Specificity, %
Sonography
CSA (median nerve, carpal tunnel) 68.2 85.0
CSA (median nerve, wrist) 54.5 70.0
CSA (tibial nerve, ankle) 75.0 70.6
Hypoechoic area (median nerve, wrist) 50.0 91.7
Hypoechoic area (tibial nerve, ankle) 54.5 87.5
NCS
MCV (median nerve) 67.5 955
MCYV (tibial nerve) 87.5 93.8
Latency (median nerve) 57.1 76.9
Latency (tibial nerve) 87.5 68.8
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an nerve, Sernik et al'? showed decreased
echogenicity of the median nerve in symptomat-
ic CTS wrists. Although sonography provides
excellent detail of peripheral nerve parenchymal
changes, there is currently a lack of quantitative
examinations of peripheral nerve echogenicity.
We therefore attempted to create a standardized
quantitative analysis of sonographic images to
allow a more objective assessment of nerve
echogenicity in diabetic patients. This study was
not designed to compare sonographic findings
with histological changes; rather, the intent
of this initial study was to develop a method of
computer quantitation of echogenicity changes
and to assess for a correlation with NCS. In our
data, it appears that the percentage of the hypo-
echoic area of the peripheral nerve was signifi-
cantly greater in lower-MCV patients with
diabetes mellitus compared with controls and
higher-MCV patients with diabetes mellitus. It is
likely that these findings reflect pathologic
changes, although the pathogenesis of nerve
enlargement and an increasing percentage of the
hypoechoic area in peripheral nerves are uncer-
tain because affected median or tibial nerves
have rarely been biopsied in patients with dia-
betes mellitus.

Diabetic neuropathy is characterized by axonal
loss combined with demyelination, which is
reflected in typical neuropathophysiologic find-
ings, including reduced CMAP amplitudes com-
bined with slowed nerve conduction. With regard
to the relationship between sonography and NCS
in this study, we found an increased CSA of the
peripheral nerve in diabetic patients, especially
those with a low MCV, compared with healthy
controls. Moreover, the percentage of the hypoe-
choic area in the median nerve increased signifi-
cantly compared with the controls and diabetic
patients with a high MCV. According to ROC
curve analysis, to investigate whether using
sonography and NCS could judge the diagnostic
accuracy for DPN, we compared the sensitivity
and specificity of different modalities. Both the
sensitivity and specificity were higher for NCS
than sonography. These results are consistent
with current widely accepted status of NCS as
being more sensitive than sonography in the eval-
uation of polyneuropathy and CTS. However,
although sonographic measurement had insuffi-
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cient sensitivity, its specificity was similar to that
of NCS. In addition, sonography was able to
directly show morphologic change in the periph-
eral nerve. Compared with NCS, sonography
caused less discomfort to patients and took less
time. For these reasons, we have insisted on the
possibility of using sonography to diagnose DPN.

Severinsen and Andersen® reported that the
nerve conduction velocity may be reduced not
only because of loss of the fastest conducting
axons but also because of demyelination and
acute metabolic dysregulation, which may
cause lower nerve conduction velocity. Suzuki et
al®! reported that sorbitol itself and secondary
sodium accumulation caused by an increase in
sorbitol may be major contributors to the
increase in intracellular hydration using a 'H-
nuclear magnetic resonance study. It has further
been hypothesized that the peripheral nerve is
swollen in individuals with diabetes mellitus
because of increased water content related to
increased aldose reductase conversion of glu-
cose to sorbitol.¥> We hypothesize that an
increased hypoechoic area of the peripheral
nerve in diabetic patients may occur because of
increased water content, which is also a cause of
an enlarged peripheral nerve. Furthermore, our
data showed that CSAs were negatively correlat-
ed with both a reduced MCV and delayed laten-
cy. Our findings may reveal that asymptomatic
CTS or TTS exists in diabetic patients, and both
entrapment and other factors such as metabolic
or vascular causes affect DPN.

Finally, our study was an sonographic exami-
nation only; therefore, it remains unknown
exactly what causes increased the hypoechoic
area or CSA. In addition, there were some limita-
tions of our study that warrant discussion
because advanced sonographic techniques such
as color and power Doppler imaging were not
used. However, sonography is a noninvasive
method that can be used to evaluate detailed
nerve structures. Further studies are needed to
confirm these findings in larger groups of diabet-
ic patients and in other types of neuropathy.
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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 e-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 a-Gl 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 < 0.05) 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 oGl 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 ant-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 a-glucosidase inhibitor (a-GI), prevents develop-
ment of cardiovascular events’, it is also important to flatten the
postprandial glucose fluctuation to prevent macroangiopathy.
a-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 o-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-GI, 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
0-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 o-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,_, 1) 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 a-Gls were
determined from the EDs, 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-Gls 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 1 h 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,_»y, 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 AAUCy,), 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 1.5-1.9-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 «-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 (o-Gl) and sitagliptin (03 mg/kg) in maltose-
loaded normal mice. (@) Acarbose, 10 ma/kg; () 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 B-cells’. In contrast, sitagliptin
decreases the blood glucose level by enhancing insulin secretion.
Thus, long-term administration of this agent might create a

© 2010 Asian Association for the Study of Diabates and Blackwell Publishing Asia Pty Lid



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 AAUCq.5 1

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 (%) mmol/L pmol/L pmol/L
Control 209 + 46° = 153 + 26° 1119 + 4487 218 + 090°
Acarbose, 10 mg/kg 156 + 26" 254 100 + 25° 895 + 258° 237 £ 076°
Sitagliptin, 03 mg/kg 123 + 33° 411 109 £ 17° 1739 + 534° 333 + 144
Combination 138 + 23° 340 85+ 23° 1188 + 689%° 1076 + 6.34°
Control 209 + 32° - 172 + 24° 1137 + 482° 223 + 186°
Voglibose, 0.1 mg/kg 16,1 + 32° 230 123+17° M9 172 278 + 123°
Sitagliptin, 0.3 mg/kg 127 £ 29° 392 16+ 24° 2290 + 930° 354 + 233
Combination 136 + 1.3° 349 107 +18° 1429 + 431° 552 + 234"
Control 179 = 36° - 155 + 26° 1589 + 448° 237 + 133
Miglitol, 3 mg/kg 144 +17° 196 97 +13° %4 + 189° 320 + 1.13°
Sitagliptin, 0.3 mg/kg 115+ 16 358 100 + 18° 2525 + 861° 462 + 3.06°
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 < 0.05 by Tukey’s multiple comparison test.
AUCq_, 1 the area under the curve of blood glucose levels for up o 2 h after maltose-loading; GLP-1, glucagon-like peptide-1.

burden on pancreatic f-cells. In addition, a correlation between
hyperinsulinemia and the level of high-sensitivity C-reactive
protein (CRP), a marker of inflammation, has been reportedm.
Because the CRP elevation is related to coronary heart disease,
stroke and mortality®, 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 o-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 + 1102 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 J.T., unpub-
lished data). Thus, combined treatment might reduce risk of the
development/progression of atherosclerosis as well as dysfunction
of pancreatic f-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 a-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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