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Abstract

Gut hormone gastric inhibitory polypeptide (GIP) stimulates insulin secretion from pancreatic B-cells upon ingestion of nutri-
ents. Inhibition of GIP signaling prevents the onset of obesity and consequent insulin resistance induced by high-fat diet. In this
study, we investigated the role of GIP in accumulation of triglycerides into adipocytes and in fat oxidation peripherally using insulin
receptor substrate (IRS)-1-deficient mice and revealed that RS-/ =/~ GIPR™'~ mice exhibited both reduced adiposity and amelio-
rated insulin resistance. Furthermore, increased gene expression of CD36 and UCP2 in liver, and increased expression and enzyme
activity of 3-hydroxyacyl-CoA dehydrogenase in skeletal muscle of IRS-1 =/~ GIPR™'~ mice might contribute to the lower respira-
tory quotient and the higher fat oxidation in light phase. These results suggest that GIP plays a crucial role in switching from fat
oxidation to fat accumulation under the diminished insulin action as a potential target for secondary prevention of insulin

resistance.
© 2005 Elsevier Inc. All rights reserved.
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Glucose homeostasis is tightly controlled in vivo by
the levels of insulin secretion and peripheral insulin sen-
sitivity. Insulin is released from pancreatic B-cells in pro-
portion to increasing concentrations of glucose,
lowering blood glucose levels by stimulating glucose up-
take into skeletal muscle and adipose tissue and by
decreasing glucose production by the liver. Type 2
diabetes is characterized by both decreased insulin sensi-
tivity and impaired insulin secretion, which results in
persistent hyperglycemia of sufficient magnitude to
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E-mail address: yamada@metab.kuhp.kyoto-uv.ac.jp (Y. Yamada).

0006-291X/$ - see front matter © 2005 Elsevier Inc. All rights reserved.
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produce diabetic complications such as retinopathy,
nephropathy, and neuropathy [1,2].

Glucose is metabolized in pancreatic B-cells, resulting
an increase in the ATP/ADP ratio, closing the ATP-sen-
sitive potassium (K tp) channels, causing plasma mem-
brane depolarization, influx of Ca®*, and insulin
exocytosis [3,4]. In addition to this direct effect of glu-
cose, hormonal factor(s) called incretins transmit signals
from the gut to the pancreatic p-cells and play an impor-
tant role in glucose homeostasis by promoting insulin
secretion immediately upon meal ingestion [5,6].

Gastric inhibitory polypeptide (GIP), an incretin also
called glucose-dependent insulinotropic polypeptide, is
released from duodenal endocrine K cells to stimulate
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insulin secretion from pancreatic B-cells upon absorp-
tion of nutrients {7} Homozygous mice lacking GIP
receptor (GIPR™/~) exhibit impaired initial insulin secre-
tion and hyperglycemia after oral glucose loading [8).

The GIP receptor is expressed in various tissues
including the pancreatic islets, adipose tissue, and brain
[9] In adipocytes, GIP stimulates cellular uptake of
2-deoxy-p-glucose and increases heparin-releasable lipo-
protein lipase activity in the presence of insulin [10,11].
However, GIPR™'™ mice have similar body weight [8]
and the physiological role of GIP is, therefore, little in
fat uptake into adipocytes under the normal diet.

Insulin signaling is responsible for fat uptake both into
adipocytes where fat is stored, and into liver and skeletal
muscle where fat is utilized as energy. We have previously
shown that high-fat feeding in mice with normal insulin
sensitivity results in extreme visceral and subcutaneous
fat deposition and insulin resistance, and inhibition of
GIP signaling protects from such obesity and insulin
resistance [11]. As plasma GIP levels are exaggerated by
high-fat diet, increased GIP signaling promotes fat accu-
mulation into adipocytes rather than fat oxidation in
such a situation. Therefore, GIP signaling is a potential
target for primary prevention of obesity and consequent
insulin resistance induced by high-fat diet.

In the present study, we investigated the role of GIP
in the accumulation of triglycerides into adipocytes un-
der diminished insulin action using insulin receptor sub-
strate (IRS)-1-deficient knockout mice [12] and revealed
that GIP plays a crucial role in switching from fat oxida-
tion to fat accumulation in the state with the diminished
insulin action and that GIP signaling is a potential tar-
get for secondary prevention of insulin resistance.

Materials and methods

Animals. The generation of GIPR™~ and JRS-1"/~ mice (C57BL/6
background) has been described previously [8,12]. Heterozygous mu-
tants for the IRS-1 gene (IRS-IJ"/") were crossed with heterozygous
mutants for the GIPR gene (GIPR'™), and then IRS-1'/~ GIPR™~
mice were further bred. Genotyping was done by PCR. Only male IRS-1 7/~
GIPR** and IRS-17'~ GIPR™'~ mice were used in the experiments.
Mice were bred on normal chow and maintained using standard pro-
cedures. Animal care and procedures were approved by the Animal Care
Committee of Kyoto University Graduate School of Medicine.

Glucose tolerance test. Male mice (10-20 weeks of age) were fasted
for more than 16 h before the study. Glucose (2 g/kg body weight) was

then loaded orally. Blood samples were taken at the indicated times.
Blood glucose levels were measured by the enzyme-electrode method.
Plasma insulin levels were measured using an ELISA kit (Shibayagi,
Gunma, Japan).

Insulin tolerance test. Male mice (10-20 weeks of age) were fed ad
lib and intraperitoneally challenged with insulin (0.3 U/kg body
weight). Blood samples were taken at the indicated times and measured
as described above.

Measurement of leptin and free futty acid levels. Blood samples were
collected in heparinized capillary tubes from the tail vein and centri-
fuged at 3000 rpm. Plasma leptin levels were measured using an ELISA
kit (Morinaga, Yokohama, Japan). Plasma free fatty acid levels were
determined using a NEFA kit (Wako, Osaka, Japan).

Energy expenditure. Oxygen consumption and respiratory quotient
were measured by indirect calorimetric system every 13 min for 24 h in
mice under fed condition, as described previously [11,13]. Briefly, air
from the room was pumped through the chamber, and the expired gas
was filtered through thin cotton, which was dried and subjected to a
gas analyzer (Alco System model RL-600, Chiba, Japan). The O, and
CO; concentrations were measured and the respiratory quotient was
calculated using software for analysis (Alco System). Fat oxidation
was calculated in a formula of 1.67x (1 — respiratory quo-
tient) X oxygen consumption as described previously [13].

Quantitative RT-PCR. Total RNA was isolated from liver and
muscle with Trizol reagent (Invitrogen), and gene expression levels
were corrected for GAPDH mRNA level and were examined by real
time quantitative RT-PCR using a PE Applied Biosystems prism
model 7000 sequence detection instrument. Primers and a TagMan
probe for each gene were designed using PRIMER EXPRESS software
package (Applied Biosystems, CA) from gene sequences obtained from
GenBank (Table 1).

Activity of 3-hydroxyacyl-CoA dehydrogenase. The muscle was
quickly removed, weighed, and immediately homogenized in 20 volumes
of ice~cold 5.4 M glycerol, 5 mM 2-mercaptoethanol, 0.5 mM EDTA,
0.02% bovine serum albumin, and 20 mM phosphate buffer (pH 7.4).
The homogenate was centrifuged at 600g for 10 min, and the supernatant
was used for enzyme assays. All homogenate operations were performed
at 0-4 °C. The assay system of 3-hydroxyacyl-CoA dehydrogenase (HD)
activity contained the following: 95 mM pyrophosphate buffer (pH 7.3),
0.2mM NADH, 4.7mM acetoacetyl-CoA, and supernatant of
homogenate. The supernatant was added, and the rate of decrease in
extinction at 339 nm was measured for 2 min at 25 °C[14].

Statistical analyses. Data are expressed as means + SE. Statistical
analyses were performed by unpaired 7 test.

Resuits
Development of IRS-1""~ GIPR™'™ mice
IRS-17!= GIPR™* and IRS-1"~ GIPR™/~ mice were

generated by intercrossing /RS-/ *- GIPR™~ mice. No
significant difference in body weight was observed

Table !

Primers and probes for real time quantitative RT-PCR

Target Forward primer Reverse primer Probe

CD36 GAGCCCACAGTTCCGATCA CTGGGAGTTGGCGAGAAAAC CTCCTCGTGCAGCAGAATCAAGGGA
UCP2 TCCCTTGCCACTTCACTTCTG TCTCGTCTTGACCACATCA ACAG  TTCTGCACCACCGTCATCGCCTC

ACO/AOX TCACAGCAGTGGGATTCCAA

TCTGCAGCATCATAACAGTGTTCTC CACGTTTACCCCGGCCTGCACC

HD AGACAGGTAAGGGCTGGTATCAGT AACTCAGAAAGCCAGGGATCAG TGACAAGCCACTGGGTCGCATCC
CPT-1 TGGCAAAGGTCTTATCAAGAAGTG CCTCTCGGAACATTCTTGTCATC CAGAACTTGCCTTTGTCCCGGAAATG
PPAR« CCCTGAACATCGAGTGTCGAA TTGCAGCTCCGATCACACTT TCGCCGAAAGAAGCCCTTACAGCCTT

PPARY TGTCGGTTTCAGAAGTGCCTT

GCTCGCAGATCAGCAGACTCT

CCCAAACCTGATGGCATTGTGAGACA
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between IRS-17~ GIPR™™* and IRS-17~ GIPR™/~
mice fed a normal diet, although both mice exhibited
about 34% less body weight than wild-type (IRS-17*
GIPR™) mice (data not shown), consistent with the
previous finding [12].

The fasting blood glucose did not show a significant
difference between IRS-1~/~ GIPR™* and IRS-17/~
GIPR™'~ mice. After oral glucose loading, IRS-1~/~
GIPR™'~ mice had similar blood glucose levels com-
pared to IRS-1 ~/= GIPRY™ mice, except for the early
phase (15min after glucose loading) (Fig. 1A).
IRS-17'= GIPR~ mice exhibited significantly
decreased plasma insulin levels in the early phase of
glucose loading (Fig. 1B). These results indicate that
GIP also functions as an insulinotropic signal under
diminished insulin action.

Disruption of GIP signaling ameliorates insulin resistance

Intraperitoneal insulin tolerance test was performed
to determine the influence of GIP signaling on insulin
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resistance. Expectedly, /RS-/ =/~ GIPR™™ mice showed
marked insulin resistance, compared with IRS-I*/T
GIPR™* mice. The drop in blood glucose levels in
IRS-17/= GIPR™'~ mice was more obvious (Fig. 1C),
showing that disruption of GIP signaling partially ame-
liorates the insulin resistance in IRS-1 knockout mice.
These results indicate that GIP has the antithetical ef-
fects in glucose tolerance.

Fat used as the preferred energy substrate

We reported previously that interruption of the GIP
signaling pathway prevents high-fat diet-induced obes-
ity [11]. Dissection of the fat mass of JRS-] ~~ GIPR™
~ mice revealed that disruption of GIP signaling elicit-
ed a significant reduction in both visceral and subcuta-
neous fat mass even under the normal diet (Fig. 2A).
Consistently, plasma leptin levels, which correlate well
with body fat mass, were significantly lower in RS-
17/~ GIPR™~ mice than in IRS-1~~ GIPR** mice
(2.23 + 0.29 ng/ml vs 6.64 4 1.49 ng/ml, P < 0.05).
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Fig. 1. Glucose tolerance test and insulin tolerance test. (A) Oral glucose tolerance test in age-matched IRS-17/~ GIPR** {open circle) and
IRS-17/~ GIPR™~ mice (filled circle). (B) Plasma insulin levels after oral glucose loading for age-matched IRS-171~ GIPR*!* (open bars) and
IRS-17'" GIPR™'~ mice (filled bars). (C) Blood glucose levels during insulin tolerance test in JRS-1""~ GIPR*'* (open circle) and IRS-17'~ GIPR™~
(filled circle) mice. Values are means + SE. *P < 0.05 for JRS-1™/~ GIPR™'~ mice vs IRS-1"/~ GIPR*/* mice. **P < 0.0].
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(filled bar) mice fed normal diet. Respiratory quotient (B) and calculated fat oxidation (C) under normat diet in IRS-/~/~ GIPR*'* (open) and
IRS-17'~ GIPR™ (filled). *P < 0.05. **P < 0.01.
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We then evaluated energy expenditure by measuring
respiratory quotient and oxygen consumption by indi-
rect calorimetry. Under the normal diet, respiratory
quotients (Fig. 2B) of JRS-I"/~ GIPRY" and
IRS-17~ GIPR™~ mice were 093+0.02 and
0.87 £ 0.02 in the light phase and 0.98 +0.02 and
0.98 £ 0.01 in the dark phase, respectively, and the
calculated fat oxidation was increased in the light phase
by disruption of the GIP signal (Fig. 2C).

Increased B-oxidation in liver

We examined the expression levels of genes for fat-
ty acid transport and B-oxidation in liver and found
that the expression of CD36 and UCP2 was signifi-
cantly increased in the liver of IRS-I7/~ GIPR™/~
mice compared to IRS-1~/~ GIPR™™ mice (Figs. 3A
and B). Gene expression of ACO/AOX, CPT-1,
PPARa, and PPARY in liver did not differ significant-
ly. We also found that the addition of fatty acids,
which are natural ligands of PPARa [15-18], increased
the expression level of UCP2 using primary isolated
hepatocytes (data not shown), consistent with the reg-
ulation of CD36 and UCP2 by PPARa [19-21]
Although plasma free fatty acid levels were not signif-
icantly different between IRS-I /= GIPR™" and
IRS-I7/~  GIPR™~ mice (0.88+0.10mEg/L vs
0.77 £ 0.08 mEq/L), an increase in the flow of fatty
acids into hepatocytes may stimulate B-oxidation in
liver through activation of PPARa.
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Increased f-oxidation in skeletal muscle

We also examined the expression levels of genes
for fatty acid transport and B-oxidation in skeletal
muscle, and found that expression of HD was
significantly increased in skeletal muscle of IRS-17/~
GIPR™~ compared to IRS-17/~ GIPR™" mice
(Fig. 3C). In contrast to the liver, expression of
CD36 and UCP2 was not increased in skeletal muscle
(data not shown).

Enzyme activities for skeletal muscle HD were also
examined (Fig. 3D). HD activity in JRS-1~/~ GIPR™~
mice (0.120 + 0.005 U/mg) was significantly higher than
in IRS-1"/~ GIPR™* mice (0.101 + 0.006 U/mg).

Discussion

Impaired insulin secretion and insulin resistance are
the major etiologic factors of type 2 diabetes. GIP
receptor knockout mice showed mild glucose intoler-
ance associated with impaired insulin secretion [8]
and IRS-1 knockout mice showed normal glucose tol-
erance associated with insulin resistance [12,22]. How-
ever, double knockout mice had increased blood
glucose levels only in the early phase of oral glucose
loading, indicating that GIP signaling plays another
role in glucose tolerance.

Glucose and fat metabolism are closely related. In
addition to its insulinotropic effect, GIP plays an impor-
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Fig. 3. Gene expression and enzyme activity Gene expression of CD36 (A) and UCP2 (B) in liver. JRS-1~/~ GIPR™'* (open) and IRS-1""~ GIPR™/~
(filled). Gene expression (C) and enzyme activity (D) of HD in skeletal muscle of IRS-17'~ GIPR™'* (open) and IRS-17/= GIPR™~ (filled).
*P <0.05, **P <0.01.
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tant role in nutrient uptake into adipocytes. However,
GIP signaling is little involved in fat accumulation into
adipocytes under the normal insulin sensitivity, as
GIPR™'~ mice show similar adiposity to wild-type on
control diet (Fig. 4A). In contrast, GIP signaling is re-
quired for effective accumulation of nutrients under
high-fat diet, and inhibition of GIP signaling not only
prevents obesity but also insulin resistance. Therefore,
inhibition of GIP signaling primarily prevents the onset
of obesity and consequent insulin resistance [11].

In this study, we have investigated the role of GIP
signaling in triglyceride accumulation into adipocytes
under normal dietary conditions under the diminished
insulin action (Figs. 4B and C). Insulin receptor sub-
strate (IRS) proteins are the major substrates of insu-
lin receptor tyrosine kinase and mediate pleiotropic
effects of insulin including regulation of cell metabo-
lism, survival, growth, and differentiation [23]. Disrup-
tion of the IRS-1 gene results in insulin resistance [12,22].
It has been reported that insulin-induced phosphatidyl-
inositol-3-kinase activity in the adipocytes of IRS-1~/~
mice is about half that of wild-type mice [24]. IRS-1~/~
GIPR™~ mice show significantly reduced adiposity
compared to IRS-1 -/~ GIPRY™ mice, indicating that
GIP plays an important role in fat accumulation into
adipocytes under the diminished insulin action.

A insulin GIp insulin

Adipocyte

Fig. 4. Schematic models for GIP signaling, adiposity, and fat
oxidation. (A) Insulin signaling is responsible for fat accumulation in
adipocytes and fat oxidation in liver and skeletal muscle. The effect of
GIP signaling is trivial. (B) Under the diminished insulin action, the
effect of GIP signaling becomes relatively increased and fat moves
toward accumulation in adipocytes. (C) Under the diminished insulin
action and inhibition of GIP signaling, fat moves toward oxidation in
liver and skeletal muscle.

Inhibition of fat oxidation is correlated with in-
creased intracellular triglyceride content and decreased
insulin action [25]. The JRS-1~/~ GIPR™/~ mice exhibit-
ed a lower respiratory quotient and a higher fat oxida-
tion than IRS-1"/~ GIPR' mice, especially in the
light phase, with similar free fatty acid levels in serum,
indicating that fat is not accumulating in adipocytes or
in blood, but is being utilized as the preferred energy
substrate (Figs. 4B and C). Liver and skeletal muscle
where GIP receptors are not expressed are the major
sites of whole body fat oxidation. CD36, also known
as fatty acid translocase (FAT), is a multispecific inte-
gral membrane glycoprotein that has been identified as
a facilitator of fatty acid uptake. UCP2 dissipates the
proton electrochemical gradient by uncoupling fuel oxi-
dation from ATP production. CD36 and UCP-2, both
of which are transcriptionally regulated by PPAR« in
liver, were increased in JRS-1 /= GIPR™'" mice com-
pared to IRS-1"/~ GIPR'* mice. These results suggest
that fatty acids activate PPARa transcriptional activity
and stimulate fat oxidation in the liver. In contrast to
the liver, gene expression and enzyme activity of HD,
the rate limiting enzyme of fat oxidation in peroxisomes,
were increased in skeletal muscle. The molecular mech-
anism of such induction is unclear at present.

Overweight individuals frequently develop hyperten-
sion, dyslipidemia, or hyperglycemia. Clustering of these
symptoms with insulin resistance constitutes metabolic
syndrome [26]. Accordingly, improvement of obesity is
crucial in treatment to prevent the vascular complica-
tions. Reduced adiposity in IRS-/ ~/= GIPR™~ mice
should contribute to ameliorated insulin resistance and
its related diseases associated with similar glucose intol-
erance and decreased postprandial insulin secretion.

The present study suggests that GIP plays a crucial
role in switching from fat oxidation to fat accumulation
under the diminished insulin action and inhibition of
GIP signaling ameliorated insulin resistance. GIP signal-
ing is a potential target for secondary prevention of
insulin resistance.
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Abstract

Thorough mastication has the potential to affect postprandial plasma glucose concentrations by improving digestibility and absorption of
nutrients. To evaluate the effects of mastication on postprandial plasma glucose concentration, we compared usual and thorough mastication
in subjects with normal glucose tolerance (NGT group, n = 16) and subjects predisposed to type 2 diabetes (first-degree relatives of type 2
diabetic patients, subjects with impaired glucose tolerance. and type 2 diabetic patients) (predisposed group, n = 10) in a crossover trial of
52 test meals. Plasma glucose and serum insulin concentrations were measured for 3 hours postprandially, and the insulinogenic index (the
ratio of incremental serum insulin to plasma glucose concentration during the first 30 minutes after meal) was calculated. In the NGT group,
thorough mastication reduced the postprandial plasma glucose concentration at 90 minutes (5.8 + 0.3 vs 6.5 + 0.4 mmol/L, P < .05) and
120 minutes (5.4 + 0.2 vs 6.3 * 0.4 mmol/L, P < .05) and the area under the curve (AUC) from —15 to 180 minutes (19.1 + 0.6 vs
20.6 £ 0.8 [mmol/L] - h, P < .05) without an increase in the AUC for insulin. In the predisposed group, thorough mastication significantly
augmented plasma glucose and serum insulin concentrations and the AUCs compared with usual mastication. Thorough mastication elicited a
significantly higher insulinogenic index than usual mastication in the NGT group (205.0 * 27.6 vs 145.6 £ 17.7 pmol/mmol, P < .05),
whereas the predisposed group showed significantly less early-phase insulin secretion than the NGT group. In the NGT group the
postprandial plasma glucose concentration upon thorough mastication of meal was significantly lower, most probably because of the
potentiation of early-phase insulin secretion. In the subjects predisposed to type 2 diabetes, thorough mastication did not potentiate early-
phase insulin secretion and elicited a higher postprandial plasma glucose concentration,
© 2005 Elsevier Inc. All rights reserved.

1. Introduction monplace worldwide [4] that the physiological importance
of thorough mastication is barely recognized.

The major physiological function of mastication is the
mechanical disruption of food into small particles suitable
for gastrointestinal absorption of nutrients [5]. Preabsorp-
tive or cephalic-phase insulin release, a vagally mediated
response, occurs within the first few minutes of food
ingestion [6] and is thought to be required for normal
postprandial glucose tolerance [7]. Thus, mastication plays
a crucial role in determining the postprandial plasma
glucose concentration. Modified sham feeding, in which
food is chewed and tasted but not swallowed [8], has been
shown to elicit cephalic-phase insulin release [9], but few

* Corresponding author. Tel.: +81 75 751 4210; fax: +81 75 751 4211. studies have examined the relation between thorough

E-mail address: fkts@luke.orjp (T. Fukui). mastication and postprandial plasma glucose concentra-

Fletcherism, the practice of chewing food slowly and
thoroughly as an aid to digestion [1], was advocated by the
American dietician Horace Fletcher (1849-1919). He found
that prolonged mastication both inhibited overeating and
contributed to reduced food intake [2]. Under laboratory
conditions, it has been found that when people enjoy softer
food, they masticate less and bite with less vigor [3]. Fast
food such as hamburgers is highly palatable by clever
seasoning and flavoring, but soft and airy and with a
generally homogenous consistency, and is now so com-

0026-0495/§ — see front matter © 2005 Elsevier Inc. All rights reserved.
doi:10.1016/j.metabol.2005.06.006
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tions. Read et al [10] found that thoroughly masticating
food rather than merely swallowing it increased plasma
glucose concentrations after the ingestion of 4 kinds of
carbohydrate (sweet com, potato, rice, and apple) in
-6 healthy subjects, mostly because of improved digest-
ibility and absorption. However, no variables other than
the plasma glucose concentration during the early post-
prandial period were examined. The aim of the present
study is to evaluate the effect of thorough mastication on
postprandial plasma glucose concentrations. We used a
mixed-nutrient meal of hamburger steak and rice as the
test meal. Hamburger steak is a kind of processed meat,
the frequent consumption of which is reported to increase
the risk of type 2 diabetes [11]. The hamburger steak and
rice used in this study were both readily swallowed
without thorough mastication.

2. Subjects and methods
2.1. Subjects

A total of 26 volunteers (17 men and 9 women; mean
age, 38.9 + 11.5 [SD] years [range, 25-71 years]; mean
body mass index [BMI], 21.8 + 2.8 kg/m® [range,
16.8-26.8 kg/m’]) participated in the study. Sixteen had
normal glucose tolerance (NGT), 6 were first-degree
relatives of type 2 diabetic patients, 2 had impaired
glucose tolerance (IGT), and 2 had mild type 2 diabetes
mellitus without pharmacotherapy. None of the subjects
were taking medication known to influence glucose
concentration. Subjects were classified into 2 groups, one
with NGT (NGT group) and the other with a predisposition
to diabetes (predisposed group), which comprised IGT, mild
type 2 diabetes, and first-degree relatives of type 2 diabetic
patients, and underwent 1 session of each mastication pro-
cedure. Fourteen of the 16 NGT subjects and all 10 subjects
in the predisposed group underwent 75-g oral glucose
tolerance test (OGTT). Subjects with fasting plasma glucose
(FPQG) of less than 5.6 mmol/L and HbA, .. of less than 5.0%
and/or with FPG of less than 6.1 mmol/l. and 2-hour

Table |
Clinical characteristics of the 26 subjects
NGT group Predisposed group
n (male/female) 16 (9/7) 10 (8/2)
Definition 16 NGT 6 First-degree relatives,
2 1GT, 2 type 2 diabetes
Age (y) 35.6 £ 2.1 44,1 £ 4.4
BMI (kg/m?) 212 £ 0.6 230 £ 1.0
HbA,. (%) 46+ 0.1 54104
FPG (mmol/L) 52+ 0.1 5.8 + 02
Fasting insulin (pmol/L) 574+ 50 495 + 43
Total cholesterol (mmol/L) 51 £02 50+ 02
HDL cholestero! (mmol/L) 1.8 + 0.1 1.5+ 0.1
Triglyceride (nmumol/L) 1.0 £ 0.1 1.0 £ 0.1

Data are means (of 2 sessions) * SE. There were no significant
differences between the NGT and the predisposed groups. HDL indicates
high-density lipoprotein.

A
10+ NGT

8 4 —e— thorough mastication
~O - usual mastication

Glucose (mmol /L)

15 051530 60 90 120 180

400
300-

200+

Insulin (pmol /L)

100+

15 0515 30 60 890 120 180
Time (min)
Fig. 1. Plasma glucose (A) and serum insulin (B) concentrations in the NGT

group at various time points in usual and thorough mastication. Data are
means + SE, n = 16, *P < .05.

glucose of less than 7.8 mmol/L in OGTT by 1998 World
Health Organization diagnostic criteria [12] were classified
as NGT. IGT and type 2 diabetes also were defined
according to World Health Organization criteria. Table 1
shows the clinical characteristics of the NGT and the
predisposed groups. The study protocol was approved
by the Ethics Committee of the Faculty of Medicine,
Kyoto University, and was conducted in accordance with
the Declaration of Helsinki. All subjects gave written
informed consent.

2.2. Experimental protocol

The study was a crossover experiment that included
52 sessions. After overnight fasting for at least 12 hours, the
subjects began each eating session at 8:00 AM. A butterfly
needle was inserted into an antecubital vein to draw blood
samples at —15 minutes and was kept open by a slow drip
of physiological saline. Immediately after a blood sample
was drawn at 0 minute, the test meal of 130 g hamburger
steak of 962 kJ (230 kcal) (Tokiwa Kanpo Pharmaceutical,
Osaka, Japan) and 100 g rice of 649 kJ (155 kcal)
(Hagoromo Foods, Shizuoka, Japan), with a total energy
content of 1611 kJ (385 kcal) comprising 51%, 15%, and
34% carbohydrate, protein, and fat, respectively, began. Each
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food item was sealed in a retort pouch and heated in a
standard microwave oven for 2 minutes before the meal. The
hamburger steak and rice were divided into 8 equal portions.
Each subject underwent both mastication procedures. In the
“usual mastication” sessions, the subjects took 16 teas-
poonfuls of food, chewing each teaspoonful for 10 seconds
before swallowing. In the “thorough mastication” sessions,
each teaspoonful was swallowed only after 30 seconds of
chewing. The rate of mastication was maintained at about
I cycle per second in each session. Thus, thorough
mastication involved 3-fold more bites than usual mastica-
tion. As the difference in the time taken eating might be a
confounding factor, the subjects in usual mastication
paused for 20 seconds after every 10 seconds, during which
they were permitted to drink nonenergetic water, equalizing
the duration of all meals at 8 minutes. The succession of
mastication procedure was randomized for each subject. The
average duration of the experiment was 9.9 days for
male subjects. Female subjects participated only during
the follicular phase of the menstrual cycle, with the
interval fixed at 4 weeks to reduce variations in insulin
sensitivity [13].

Blood samples for glucose and insulin were withdrawn at
—15 and 0 minute before each meal and at 5, 15, 30, 60, 90,
120, and 180 minutes after each meal.

2.3. Analytical methods

Plasma glucose was measured by the glucose oxidase
method using a Hitachi Automatic Analyzer 7170 (Hitachi,
Tokyo, Japan). Serum insulin was measured in duplicate
using LS regand Eiken insulin (Eiken, Tokyo, Japan) by
automatic chemiluminescence enzyme immunoassay ana-
lyzer BCS 600 (SRL, Tokyo, Japan). The cross-reactivity to
proinsulin, C-peptide, and split insulin was 0.01%, 0%, and
0%, respectively.

2.4. Data analysis

Values are expressed as mean *+ SE unless otherwise
noted. Statistical analysis was performed using StatView
5.0 (Abacus Concepts, Berkeley, CA). The area under the

Table 2
Comparison of the total AUCs (~15 to 180 minutes) for glucose and insulin
in the NGT and the predisposed groups
Glucose AUC
([mmol/L] - h)
(—15 to 180 min)

Insulin AUC
(f[pmol/L] - h)
(=15 to 180 min)

NGT group

Usual mastication 206 £ 0.8 7225 £ 60.3
Thorough mastication 19.1 + 0.6* 722.5 £ 50.9
Predisposed group

Usual mastication 237+ 1.7 5747 £ 65.3
Thorough mastication 249 £ | .5%* 755.5 £ 91.8%*

Data are means + SE.
* P<.05, significantly different from usual mastication in each group.
*% P < .01, significantly different from usual mastication in each group.
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Fig. 2. Plasma glucose (A) and serum insulin (B) concentrations in the
predisposed group at various time points in usual and thorough mastication.
Data are means + SE, n = 10, *P < .05.

curve (AUC) was calculated according to the trapezoid
rule. FPG and fasting serum insulin concentrations are the
average of 2 premeal values (—15 and 0 minute). The
insulinogenic index (IT) [14], the ratio of the incremental
serum insulin to plasma glucose concentration during the
first 30 minutes after glucose ingestion calculated by
OGTT (llggrr), has been commonly used as a measure of
early-phase insulin secretion [15-18] since it was proposed
by Selizer et al [19] in 1967. In this study, the 11 during
the first 30 minutes after meal tolerance test (MTT)
(Iyrr) was calculated as the serum insulin concentra-
tion (30 — 0 minute)/plasma glucose concentration (30 —
0 minute) (pmol/mmol), and Iyt and g were
compared. To estimate differences between 2 means,
Student paired ¢ test was performed with paired variates,
To compare unpaired variates, Student unpaired ¢ test with
equal variances or Welch test with unequal variances was
used. Multiple comparisons between differences among
individual time points were done by analysis of variance
(repeated measures) followed by Student r test with
Bonferroni correction. Pearson » was used to evaluate
univariate correlations. P < .05 was considered statisti-
cally significant.



1596 H. Suzuki et al. / Metabolism Clinical and Experimental 54 (2005) 1593-1599

3. Results

All 26 subjects completed all sessions of the test meals.
Fig. | shows the plasma glucose and serum insulin
concentrations in the NGT group in usual and thorough
mastication. The plasma glucose concentration in both
masticatory procedures increased in the first 30 minutes to
7.4 and 7.3 mmol/L, respectively. On the other hand, plasma
glucose in thorough mastication decreased more rapidly
than in usual mastication and was significantly reduced at
90 and 120 minutes (90 minutes, 5.8 + 0.3 vs 6.5 +
0.4 mmol/L, P < .05; 120 minutes, 5.4 + 0.2 vs 6.3 +
0.4 mmol/L, P < .05) (Fig. IA). The AUC for glucose in the
NGT group from —15 to 180 minutes was significantly less
in thorough mastication than in usual mastication (P =.017)
(Table 2). Insulin secretion was increased in thorough mas-
tication from 5 minutes to nearly 90 minutes (the major dif-
ference occurring at 60 minutes: 397.5 & 294 vs 332.2 +
39.5 pmol/L) (Fig. 1B). The AUC for insulin in the NGT
group from 90 to 180 minutes was significantly less in
thorough mastication than in usual mastication (228.9 +
20.1 vs 268.3 + 23.0 [pmol/L] - h, P = .044). The total
AUCs for insulin in the 2 mastication procedures were the
same (Table 2).

The data on the predisposed group are shown in Fig. 2.
During the first 30 minutes, both plasma glucose and serum
insulin concentrations showed a similar pattern in the
2 mastication procedures. At 60 minutes, there was a
significantly higher glucose response in thorough mastica-
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Fig. 3. Hyry in the NGT group (n = 16) (A) and the predisposed group
(n = 10} (B) during the first 30 minutes after meal in usual and thorough
mastication. Data are means £ SE, *P < .05,
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Fig. 4. Serum insulin concentrations in the NGT group (black bars, n = 14)
and the predisposed group (gray bars, n = 10) measured by OGTT (A)
and MTT in usual mastication (B) at 4 time points. Data are means + SE,
*P o< 05,

tion than in usual mastication (9.4 + 045 vs 84 =
0.55 mmol/L, P < .05) (A), as well as a significantly higher
insulin response at 90 minutes (370.9 + 78.9 vs 226.0 +
40.2 pmol/L, P < .05) (B). The AUCs for both glucose
(P =.008) and insulin ( P = .002) in the predisposed group
were increased significantly in thorough mastication com-
pared with usual mastication (Table 2).

Fig. 3 shows the II measured by MTT for the 2
mastication procedures in the NGT (A) and the predisposed
group (B). In the NGT group, Hyrr in thorough mastication
was significantly higher than in usual mastication (205.0 £
27.6 vs 145.6 £ 17.7 pmol/mmol, P = .02) (Fig. 3A). On
the other hand, there was no significant difference in Iprr
between the 2 mastication procedures in the predisposed
group (B).

Fig. 4 shows the serum insulin concentrations at 4 time
points in OGTT (A) and MTT in usual mastication (B) in
the NGT group (n = 14) and the predisposed group (n = 10)
in subjects who underwent both OGTT and MTT. The
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Fig. 5. A, Correlation between the Il estimated from OGTT and MTT in usual
mastication in 24 subjects who underwent both OGTT and MTT. B, Il g7t
(I1 during the first 30 minutes after OGTT) and Myt (1] during the first
30 minutes after MTT) in usual mastication in the NGT group (n = 14) and
the predisposed group (n = 10). Data are means = SE, *P < .05, **P < 0.

serum insulin concentrations in the NGT and the predis-
posed groups showed a general similarity in both OGTT and
MTT. The fasting serum insulin concentrations in both
groups were similar in both tests. The peak serum insulin
concentration occurred at 30 minutes in the NGT group and
at 60 minutes in the predisposed group in both tests. The
serum insulin concentration at 30 minutes was significantly
higher in the NGT group than in the predisposed group in
both tests (OGTT, 482.9 * 55.2 vs 246.8 + 34.4 pmol/L,
P < .05; MTT, 4262 £ 48.1 vs 2274 + 30.9 pmol/L,
P <.05). There was no significant difference in the serum
insulin concentration between the 2 groups at 60 and
120 minutes in both tests.

Fig. S shows the correlation between gyt and Hypr in
usual mastication (A) and the IlIs (B). Iyt was signifi-
cantly correlated with Hogrr in the 24 subjects who
underwent both tests (r = 0.53, P < .01) (A). llpgrr
(276.6 + 28.0 vs 60.1 + 11.3 pmol/mmol, P = .004) and
Hyrr (145.8 £ 17.8 vs 94.0 £ 17.6 pmol/mmol, P = .046)
were significantly higher in the NGT group than in the
predisposed group (B).

4, Discussion

In this study, we compared the effects of thorough
mastication on postprandial glucose and insulin secretion in
subjects with NGT and subjects predisposed to type 2
diabetes. Thorough mastication was especially effective in
reducing the postprandial plasma glucose concentrations in
the NGT group, probably because of greater early-phase
insulin secretion.

Surprisingly, the AUC for glucose was significantly less in
thorough mastication compared with usual mastication,
without an increase in the AUC for insulin. Mastication
breaks food into small pieces, stimulates salivation, and
mixes food with salivary enzymes, improving hydrolysis of
carbohydrates in the mouth and stomach [10] and enhancing
glycemic and insulinemic responses. Thus, thorough masti-
cation should be expected to increase both postprandial
plasma glucose and serum insulin concentrations. However,
regardless of the mastication procedure, the plasma glucose
and serum insulin concentration reached a peak at 30 minutes
in the NGT group. In addition, Iy in thorough mastication
was significantly higher than in usual mastication. Appar-
ently, NGT subjects have sufficient early-phase insulin
secretory capacity to lower the plasma glucose concentration
after the more rapid absorption of glucose in thorough
mastication. Thorough mastication was especially effective
in NGT subjects in potentiating insulin secretion from
5 minutes (the cephalic-phase) to 90 minutes, resulting in
lower plasma glucose concentrations after 30 minutes.
Insulin secretion from 90 to 180 minutes was thus reduced,
resulting in the same AUC for insulin in the 2 mastication
procedures in the NGT group. Thus, the present study sug-
gests that people with NGT can reduce postprandial plasma
glucose concentrations by masticating food thoroughly.

In contrast to the NGT group, thorough mastication was
not effective in reducing the postprandial plasma glucose
concentration in the predisposed group. Compared with
usual mastication, the glycemic response in thorough
mastication was significantly enhanced at 60 minutes, and
the insulinemic response was enhanced at 90 minutes. In
addition, the AUCs for both glucose and insulin in thorough
mastication were significantly greater than in usual masti-
cation. In addition, in contrast to the NGT group, there was
no significant difference in the Il between the 2 mastication
procedures in the predisposed group. The fact that thorough
mastication did not potentiate insulin secretion in the
predisposed group during the first 30 minutes suggests
inability of the beta-cells to respond promptly to glucose
stimulation. Thorough mastication might be expected to
promote satiation with reduced food intake in ordinary life.
Food intake can be reduced by a number of monoamines
acting on noradrenaline, serotonin, dopamine, and histamine
receptors within the hypothalamus [20]. The rate of
40 masticating cycles per minute has been shown to
increase the firing rate of serotonergic neurons in cats
[21]. Moreover, thorough mastication enhances satiation
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independently of energy expenditure by activating neuronal
histamine in the hypothalamus [22]. Accordingly, thorough-
ly masticating food might also benefit similarly predisposed
individuals in daily life.

Early-phase insulin secretion is known to be disturbed
in patients with type 2 diabetes, IGT, and normoglycemic
first-degree relatives of patients with type 2 diabetes
[14,23-27], so first-degree relatives of type 2 diabetic
patients were included in the predisposed group. Early-
phase insulin secretion in both OGTT and MTT was
significantly less in the predisposed group than in the NGT
group. Thus, the correlation between Iyt and Upgrr
observed in the present study suggests that Ilyrr
calculated by the same formula as llggrt can be used as
an index of early-phase insulin secretion. The Iyt in the
NGT and the predisposed groups of the present study were
clearly different, most probably because of the difference
in early-phase insulin secretion, which may underlie the
altered postprandial plasma glucose concentrations. Early-
phase insulin secretion is commonly referred to in both
OGTT and MTT analyses [15-18]. Although the relation
between the first-phase insulin response to intravenous
glucose challenge and the early insulin response to oral
glucose has been investigated recently [28-30], further
studies are required to distinguish first- and second-phase
insulin secretion sufficiently for in vivo comparison of
mastication procedures. Because the plasma glucose
concentrations increased gradually in this study, we used
the term early-phase insulin secretion.

Thorough mastication was found to reduce the postpran-
dial plasma glucose concentration mainly in the NGT
group. Although the most important substance in physio-
logical regulation of insulin release is glucose, incretin
hormones (gastric inhibitory peptide [GIP] and glucagon-
like peptide 1 [GLP-1]) also play important roles in
postprandial insulin secretion in healthy subjects [7]. GIP
and GLP-1 are released from the gut to the portal vein and
are diluted when entering the systemic circulation. Only
10% to 15% of GLP-1 reaches systemic circulation and the
pancreas in the intact form [31,32]. In the present study,
thorough mastication elicited at most a 1.2-fold increase in
the peripheral serum insulin concentration at 60 minutes in
the NGT group compared with usual mastication. In a
rodent study, intraportal injection of a pharmacological dose
of GLP-1 was reported to evoke a peak of only a 2-fold
increase in the peripheral insulin response to portal glucose
compared with the control condition [33]. Accordingly, the
slight change in GIP and GLP-1 in systemic circulation that
may correspond to the difference in peripheral serum insulin
concentrations in the NGT group would be difficult to
detect by peripheral blood sampling. Further studies are
required to determine whether differences in the rate of
mastication affect incretin concentrations. In addition, other
hormones, including glucagon, growth hormone, and
cortisol, and other nutrients (amino acids) are also involved
in insulin secretion upon meal ingestion {30,34]. We also

measured the plasma arginine concentration. Insulin secre-
tion is stimulated by amino acids after the digestion of
protein in meal [35]. The AUC of incremental arginine from
0 to 120 minutes in thorough mastication was significantly
greater than in usual mastication (data not shown). Thus,
increased absorption of arginine in thorough mastication is
at least partly responsible for the increased insulin secretion
in NGT subjects.

The pancreas has rich innervation from both the
sympathetic and parasympathetic nervous system. Sympa-
thetic fibers are found primarily in the splanchnic nerve,
whereas parasympathetic fibers are found in the vagus nerve
[36]. According to the study of Rasmussen et al [37] and our
previous report [38), neural factors play important roles in
the normal pattern of insulin secretion. There are 2 neural
stages before the late enteric stage when nutrients are
absorbed [37]. During the cephalic phase in thorough
mastication, the release of acetylcholine is considered to
be stimulated more strongly than in usual mastication
through activation of vagal-efferent fibers. Thus, during
the early enteric phase, when the neurons of the enteric
nervous system are activated by nutrients entering the
intestine {37], thorough mastication may promote stronger
release of cholecystokinin by augmenting gastric emptying.
Accordingly, acetylcholine and cholecystokinin might
contribute to potentiating early-phase insulin secretion in
thorough mastication in the NGT group. In contrast, in
the predisposed group, potentiation of early-phase insulin
secretion in thorough mastication was not observed, most
likely because of the poor response of the beta-cell to
neural stimulation.

In addition, mastication mixes food particles with saliva.
In studies comparing normal and diabetic subjects, the flow
rate of saliva, the volume of saliva secreted per minute, is
diminished significantly in diabetic patients [39]. Diabetic
neuropathy may well account for this decrease [40]. Because
the concentration of amylase in diabetic subjects has been
reported to be lower [40], higher [39], and similar {41] to
healthy subjects, whether improved exposure of food
particles to amylase in saliva affects postprandial plasma
glucose concentrations in persons with NGT remains to
be determined.

Although the predisposed group was composed of
3 subgroups, first-degree relatives of type 2 diabetic
patients, IGT, and type 2 diabetes, it was clearly distin-
guished from the NGT group in terms of early-phase insulin
secretion. However, further investigation of the effect of
thorough mastication in each of the subgroups with more
samples would be informative.

In conclusion, in the present study, thorough mastication
elicited lower postprandial plasma glucose concentrations
than usual mastication in the NGT group, most probably
because of the potentiation of early-phase insulin secretion.
In contrast, in the predisposed group, thorough mastication
did not potentiate early-phase insulin secretion and elicited
higher postprandial plasma glucose concentrations.
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Soluble TNF Receptors and Albuminuria in
Non-obese Japanese Type 2 Diabetic Patients

Abstract

The aim of this study was to investigate the relationships be-
tween albuminuria and tumor necrosis factor (TNF)-a or soluble
TNF receptors (STNF-R1, sTNF-R2) in eighty-eight non-obese Ja-
panese type 2 diabetic patients stratified into two groups accord-
ing to albuminuria status-microalbuminuria or normoalbumi-
nuria. Patients with microalbuminuria were older and had sig-
nificantly higher concentrations of sTNF-R1 and sTNF-R2 than
those with normoalbuminuria. There was, however, no signifi-
cant difference in sex, diabetes duration, smoking, BMI, systolic
and diastolic blood pressure, HbA;., serum creatinine, and lipid
profile between the two groups. Although serum TNF-o. was pos-
itively correlated to serum sTNF-R1 and sTNF-R2, serum TNF-o.
level did not differ with respect to albuminuria. Univariate re-

gression analysis showed that urinary albumin concentration
was positively correlated to age (r = 0.380, p < 0.001), serum crea-
tinine (r=0.214, p<0.05) and concentrations of STNF-R1
(r=0.364, p<0.001) and sTNF-R2 (r=0.342, p<0.005). Other
variables, including TNF-a, were not associated with albuminu-
ria. Multiple regression analyses showed that urinary albumin
concentration was independently predicted by the level of
STNF-R1 (F=32.1), which explained 26.3% of the variability of
urinary albumin concentration. From these results, it can be con-
cluded that serum soluble TNF receptor is an important indepen-
dent factor associated with albuminuria in non-obese Japanese
type 2 diabetic patients.

Key words
STNF receptors - TNF-alpha - Albuminuria - Diabetes

Introduction

The major clinical consequence of type 2 diabetes is mortality
and morbidity from atherosclerotic vascular disease, especially
coronary heart disease (CHD). The risk of CHD appears to be sim-
ilar in patients with type 2 diabetes and impaired glucose toler-
ance [1,2]. Thus, factors other than the level of glycemia seem to
accelerate the development of CHD in type 2 diabetes. This idea
is supported by the observation that duration of diabetes and
level of glycemia are not risk factors for atherosclerosis including

CHD in type 2 diabetic patients [3,4]. Atherosclerosis can be
evaluated by urinary albumin excretion rate. Increased urinary
albumin excretion rate is not only used as an index of diabetic
nephropathy but also as an independent risk factor for athero-
sclerosis, including cardiac disease, in type 2 diabetic patients.
An association between microalbuminuria and cardiac disease
in type 2 diabetic patients has been demonstrated [5].

A number of studies published have shown that age, smoking,
blood pressure, blood glucose, and abnormalities in lipoprotein
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particles may lead to the development of micrealbuminuria. in-
flammation has also been implicated in the evolution of albumi-
nuria. Festa et al. [6] recently demonstrated that diabetic pa-
tients with microalbuminuria had significantly higher levels of
C-reactive protein (CRP) and fibrinogen compared to those with
normoalbuminuria. Both CRP and fibrinogen are considered to
be inflammatory markers. Stehouwer et al. {7] also documented
that increased urinary albumin excretion, endothelial dysfunc-
tion, and chronic inflammation are interrelated processes that
develop in parallel, progress with time, and are strongly and in-
dependently associated with risk of death in type 2 diabetic pa-
tients.

Tumor necrosis factor (TNF) is a potent proinflammatory cyto-
kine involved in the pathogenesis of atherosclerosis. TNF is
known to induce a cascade of inflammatory reactions involving
production of other cytokines, thus participating in the develop-
ment of atherosclerosis. TNF binds two receptors so far identified
referred to as TNF-R1 and TNF-R2. Both of these receptors exist in
soluble forms. The two receptors share almost no homology out-
side the ligand binding domain, suggesting that they signal for
different biological functions [8-10]. Elevated soluble TNF-R1
levels have recently been shown to be predictive of cardiovascu-
lar mortality in patients with chronic heart failure [11]. However,
the studies investigating the relationship between soluble TNF
receptors and vascular complications in diabetic patients are
limited. Zoppini et al. {12] very recently demonstrated that solu-
ble TNF-R1 level is higher in type 1 diabetic patients with micro-
albuminuria than those with normoalbuminuria. To the best of
our knowledge, however, the relationships between urinary al-
bumin excretion rate and the levels of the two soluble TNF recep-
tors have not yet been examined in type 2 diabetic patients.

In this context, a major problem is that albuminuria itself has
been associated with atherosclerotic vascular diseases such as
renal failure, cerebral infarction and CHD. Moreover, overweight
condition or hyperglycemia per se may affect albuminuria, TNF-
o, and soluble TNF receptors concentrations in humans {13,14].
We therefore recruited non-obese, well-controlled unique Japa-
nese type 2 diabetic patients without evidence of vascular com-
plications including CHD, cerebral infarction, or renal failure,
taking into account of body mass index and fasting glucose level.
This is the first finding that albuminuria is independently asso-
ciated with serum level of soluble TNF receptor in non-chese
well-controlled unique Japanese type 2 diabetic patients.

Subjects and Methods

After informed consent was obtained, forty-five diabetic patients
with microalbuminuria (twenty-nine men and sixteen women)
and forty-three patients with normoalbuminuria (thirty-four
men and nine women) were enrolled in the present study. They
all were non-obese (BMI < 27 kg/m?) Japanese type 2 diabetic pa-
tients [15]. Type 2 diabetes mellitus was diagnosed based on the
WHO criteria [16]. All subjects had ingested at least 150 g of car-
bohydrate in the three days before the study. Forty-one patients
(91%) with microalbuminuria and 37 patients (86%) with nor-
moalbuminuria were taking sulfonylureas, respectively. The rests
were treated by diet alone. They all have not received insulin ther-

apy. Blood pressure was measured according to a standard proce-
dure and hypertension was defined as systolic blood pressure
> 140 mm Hg and/or diastolic blood pressure =90 mm Hg or cur-
rent use of antihypertensive medication. Twenty-two patients
(49%) (Ca antagonist 11, ACE-1 8, ARB 3) with microalbuminuria
and fifteen patients (35%) (Ca antagonist 5, ACE-1 6, both 2, ARB
2) with normoalbuminuria were treated with antihypertensive
drugs, respectively. Fourteen patients (31 %) with microalbumi-
nuria and seventeen patients (40%) with normoalbuminuria
were treated with lipid lowering agents, respectively. Cigarette
smoking was dichotomized into “never” and “ever” (including
past and current) using a questionnaire. There was no significant
difference in gender, smoking, or medication status between the
patients with microalbuminuria and those with normoalbumi-
nuria (Table 1). They did not consume alcohol or perform heavy
exercise for at least one week before the study.

Blood was drawn in the morning after a 12 h fast. Plasma glucose
was measured using the glucose oxidase method. Triglycerides,
total cholesterol, and HDL cholesterol were also measured. The
LDL cholesterol level was calculated using the Friedewald formu-
la [17]. Serum insulin was measured using a two-site immunora-
diometric assay (Insulin Riabead II, Dainabot, Japan). Coefficients
of variation were 4% for insulin>25uU/ml and 7% for insulin
<25uUfml, respectively. Serum TNF-o concentrations were
measured by enzyme immunoassay kit (Quantikine HS Human
TNF-¢ immunoassay kit, R&D systems. Inc, Minneapolis, MN,
USA) and serum concentrations of STNF-R1 and sTNF-R2 were
measured by enzyme-linked immunosorbent assay (ELISA; BIO-
TRAK, Amersham Life Sciences, Uppsala, Sweden) as described
previously [18]. The limits of sensitivity for TNF-q, STNF-R1 and
STNF-R2 were 0.5 pg/ml, 25 pg/ml and 50 pg/ml, respectively.

Urinary albumin concentration was assessed in a morning spot
urine sample using a commercial enzymatic immunoassay. Uri-
nary albumin concentration was measured in duplicate and the
mean of the two values was used for the study. Intraassay and in-
terassay coefficients of variation were less than 7% (Orion, Espoo,
Finland). Several reports have indicated that early morning spot
urine is usually sufficient for detecting the presence of microal-
buminuria [19,20]. In the present study, we calculated urinary
albumin excretion rate as a ratio of urinary albumin and urinary
creatinine that markedly enhances the accuracy of the single
spot urine sample in the assessment of microalbuminuria [21].
Microalbumiuria was defined as a urinary albumin concentra-
tion greater than 30 mg/g creatinine but less than 300 mg/g crea-
tinine. Normoalbuminuria was defined as urinary albumin con-
centration less than 30 mg/g creatinine {22].

Statistical analysis

The statistical analysis was performed using the StatView 5 sys-
tem (Statview, Berkeley, CA). The differences of mean were deter-
mined by the Mann-Whitney U-test. Data were expressed as the
mean * SEM. Simple (Spearman's rank) correlation coefficients
between urinary albumin concentration and measures of vari-
ables were calculated, and a stepwise muitiple regression analy-
sis was then used to evaluate the independent association of
these variables with urinary albumin concentration. Values of
p<0.05 were considered significant. In multivariate analysis,
F >4 was considered significant.
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Table 1 Characteristics of patients with type 2 diabetes stratified by albuminuria status
Microalbuminuria Normoalbuminuria p

Urinary albumin (mg/gCr) 90+8 107 0.001
Number of subjects 45 43

MJF 29/16 34/9 0.159
Age {yrs) 65.6+1.2 59.8+1.3 0.001
Systolic blood pressure ( mm Hg) 140+3 13343 0.940
Diastolic biood pressure ( mm Hg) 81%2 832 0.570
Smoking (yes/no) 9/36 13/30 0.328
Duration of diabetes (yrs) 11.7£1.1 10.2%1.1 0.314
BM! (kg/m?) 226403 231403 0.301
Fasting glucose (mg/d!) 144+3 138%4 0.256
HbA,. (%) 7.120.1 7.0£02 0.654
Fasting insulin ( pU/ml) 6.6+0.6 6.5+04 0.540
Triglycerides (mg/dl) 119+8 124+9 0.705
Total cholesterol {mg/di) 2046 204+5 0.929
HDL cholesterol (mg/dt) 58+2 59+2 0.715
LDL cholesterol (mg/dl) 1265 1265 0.984
Serum creatinine (mg/di) 0.77+0.03 0.75+0.02 0.537
TNF-a (ng/l) 35104 3.2£0.2 0.479
sTNF-R1 (ng/) 1272471 1084+33 0.018
sTNF-R2 (ng/ml) 217219 1933+49 0.022
SU/diet 40/5 35/8 0.094
HMG-CoA reductase inhibitor 7/38 5/38 0.284
Bezafibrate 7/38 1231 0.090
Ca antagonist 11/34 7136 0.147
ACE inhibitor or ARB 8/37 8/35 0.500

Results

The clinical characteristics and clinical profile between the pa-
tients with microalbuminuria (n=45) and normoalbuminuria
(n=43) were compared (Table 1). Urinary albumin concentra-
tions in patients with microalbuminuria and normoalbuminuria
were 90 8 (range, 35-282) and 10+ 1 (range, 0.6~ 24.9) mg/g
creatinine, respectively. There was no overlap in the urinary con-
centration of albumin between the two groups. While age was
significantly greater in the patients with microalbuminuria than
those with normoalbuminuria, no significant difference was ob-
served in systolic and diastolic blood pressure, smoking, diabetes
duration, BMYI, fasting glucose, hemoglobin A, or fasting insulin
levels between the two groups. The two groups did not differ
with respect to concentrations of serum trigiycerides, total,
HDL, or LDL cholesterol. Although there was no significant differ-
ence in the levels of serum creatinine and TNF-¢, soluble TNF-R1
(1,272 +71 vs. 1,084 +33 pg/ml, p=0.018), and soluble TNF-R2
(2172 £ 91 v5.1933 £49 pg/ml, p=0.022) were significantly high-
er in patients with microalbuminuria compared to those with
normoalbuminuria.

Spearman’s rank correlations of urinary albumin concentration
with measures of variables were calculated for all our diabetic pa-
tients (Table 2). Urinary albumin concentration was positively
correlated with soluble TNF-R1 (r=0.364, p<0.001), soluble
TNF-R2 (r=0.342, p<0.005), age (r=0.380, p< 0.001), and serum
creatinine (r=0.214, p <0.05). Other variables including systolic
and diastolic blood pressure, TNF-¢, and serum lipid profile in-
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cluding triglycerides were not associated with urinary albumin
level. Multiple regression analyses were carried out using the
stepwise procedure.

The analysis included urinary albumin level as a dependent vari-
able and candidate risk factors (soluble TNF-R1, soluble TNF-R2,
age, serum creatinine) as independent variables (Table 2). The
concentration of urinary albumin was independently predicted
by serum concentration of soluble TNF-R1, which explained
26.3% of the variability of urinary albumin concentration in our
patients. Other variables including age, serum creatinine, and so-
luble TNF-R2 were not independently associated with urinary al-
bumin concentration in our non-obese Japanese type 2 diabetic
patients. On the other hand, in a model incorporating BMI and
systolic blood pressure, soluble TNF-R1 was also independently
associated with urinary albumin concentration in our patients
(Table 3).

Discussion and Conclusions

This is the first published observation that soluble TNF-R1 is in-
dependently associated with urinary albumin concentration in
non-obese japanese type 2 diabetic patients.

Diabetic nephropathy has rapidly become an important public
health problem since it is the leading cause of dialysis in Japan.
Early detection of risk factors causing diabetic nephropathy be-
fore advanced renal damage occurs is therefore an urgent prior-
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Table 2 Correlation of urinary albumin concentration to measures
for variables in diabetic patients

Univariate Multivariate

r p F
TNF-o 0.127 0.236 -
STNF-R1 0.364 <0.001 32.1
STNF-R2 0.342 <(.005 0.2
Age 0.380 <0.001 1.9
Serum creatinine 0.214 0.046 0.1
Gender -0.083 0.440 -
Diabetes duration 0.202 0.060 -
BMI -0.191 0.076 -
Systolic blood pressure 0.189 0.097 -
Diastolic blood pressure -0.079 0.488 -
Fasting glucose 0.104 0.334 -
HbAT, 0.136 0.203 -
Triglycerides -0.081 0.452 -
Total cholesterol -0.077 0.471 -
HDL cholesterol -0.109 0.310 -
LDL cholesterol -0.094 0.383 ~

Table 3 Determinants of urinary albumin concentration by multi-
variate analysis

Model 1 (F) Model 2 (F)
STNF-R1 32.1 31.0
STNF-R2 0.2 0.2
Age 1.9 0.7
Serum creatinine 0.1 0.2
BMI - 0.1
Systolic blood pressure - 1.8
R2 0.263 0.280

ity. Microalbuminuria has been shown to be not only an indicator
of incipient nephropathy but also an independent risk factor for
cardiovascular disease [5]. The mechanisms underlying the evo-
lution of microalbuminuria in diabetic patients are not fully clar-
ified. Genetic factors, insulin resistance, glycemic control, blood
pressure, smoking, and lipid abnormalities have been implicated
in albuminuria development in diabetic patients [23].

Inflammation seems to be associated with urinary albumin ex-
cretion in diabetic patients. Gabazza et al. [ 24] showed high con-
centrations of serum fibrinogen in type 2 diabetic patients with
albuminuria compared to those without albuminuria. Microal-
buminuria has been shown to be associated with fibronectin
and sialic acid in type 2 diabetic patients [25,26]. Furthermore,
Festa et al. {6] have reported an association of CRP and fibrino-
gens with urinary albumin excretion in the microalbuminuric
range of type 2 diabetic individuals. Stehouwer et al. {7} con-
firmed that increased urinary albumin excretion, endothelial
dysfunction, and chronic inflammation are interrelated proces-
ses associated with risk of death in type 2 diabetic patients.
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In the present study, we investigated the relationship between
albuminuria and TNF-o system after carefully matching the par-
ticipants for smoking, BMI, blood pressure, glycemic control, and
lipid profile. We used serum TNF-q, soluble TNF-R1, and soluble
TNF-R2 as the index of TNF-o. system activity and found, for the
first time, that soluble TNF-R1 was independently associated
with albuminuria in type 2 diabetic patients. However, we could
not find the relationship between albuminuria and TNF-o. The
reason is not known, but may be due to circulating TNF receptor
levels remaining elevated for a longer time than TNF-o itself and
reflecting the degree of TNF-a activation more accurately than
the measurement of TNF-a itself. TNF receptor levels might be
considered to be a more valuable factor for monitoring the de-
gree of TNF-o. system activity. Thus, the TNF-o, system could pre-
dispose to the development of microalbuminuria in type 2 dia-
betic patients. Baud and Ardaillou [27] have shown that TNF-a
induces glomerular infiltration by leukocytes. Klein et al. [28]
have demonstrated that TNF-o influences the metabolism of gly-
cosaminoglycans, which are components of the vascular endo-
thelium and the glomerular basement membrane and are in-
volved in the etiology of microalbumninuria.

The mechanisms for the increased activity of TNF-a system in
type 2 diabetic patients with microalbuminuria are unknown;
however, elevated synthesis, reduced catabolism, or both must
be present. In vitro investigations have shown increased TNF-a
messenger RNA expression in glomeruli from diabetic rats {29].
Recent studies have demonstrated that advanced glycation end
products binding to specific cell-surface receptor molecules
expressed on kidney cells may induce local cytokine and initiate
local inflammatory reaction [30]. Angiotensin II, a substance
associated with development of renal injury in diabetic patients,
has been shown to upregulate TNF-¢ expression [31].

Interestingly, soluble TNF-R1, but not soluble TNF-R2, was asso-
ciated with albuminuria in our diabetic patients. The reasons for
the discrepancy between the TNF-R1 or TNF-R2 relationship to
albuminuria in our diabetic patients are not clear. These two re-
ceptors seem to differ in terms of signaling and functional prop-
erties [8 - 10]. Several studies have demonstrated that obese sub-
jects overexpress TNF-alpha and TNF-R2 in adipose tissue and
have higher concentrations of serum TNF-R2 levels in relation
to lean controls [32,33]. TNF-a. can upregulate TNF-R2 expres-
sion in humans {34]. In contrast, the majority of biological re-
sponses classically attributed to TNF-o such as cytotoxicity and
nuclear kappa B activation are mediated by TNF-R1 [35]. Pichler
et al. [36] have shown that sSTNF-R1 may play an important role
in the onset of the acute stage of Graves’ disease.

Nevertheless, the present study that TNF-R1, but not TNF-R2, is
associated with albuminuria in diabetic patients suggests that
TNF-R1 may play a role in the evolution of vascular complica-
tions in our non-obese type 2 diabetic patients. This idea is sup-
ported by the recent study by Rauchhaus et al. [11] demonstrat-
ing that elevated soluble TNF-R1 levels are predictive of cardio-
vascular mortality in patients with chronic heart failure. Further-
more, Zoppini et al. {12] have reported that TNF-R1 is associated
with the progression of microalbuminuria and retinopathy in
type 1 diabetic patients.

Horm Metab Res 2005; 37: 617621



In summary, although our present study was performed among
the limited patients that were well-controlled in terms of BMI,
HbA,., blood pressure, LDL cholesterol, triglycerides, total and
HDL cholesterol, serum soluble TNF-R1 seems to be associated
with albuminuria in non-obese Japanese type 2 diabetic pa-
tients. Further study should be undertaken to clarify whether or
not serum soluble TNF-R1 is reflective of early stage of athero-
sclerosis in non-obese Japanese type 2 diabetic patients.
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Abstract

The aim of the present study was to investigate the relationship between insulin resistance and tumor necrosis factor o (TNF-u) as well
as soluble TNF receptors (sTNF-R), body mass index (BMI), leptin, adiponectin, and serum lipid profile including triglycerides in
nonobese Japanese patients with type 2 diabetes. A total of 88 nonobese Japanese type 2 diabetic patients were studied. The duration of
diabetes was 11.0 + 0.8 years. In conjunction with BMI, glycosylated hemoglobin (HbAlc), fasting concentrations of plasma glucose,
serum lipids (triglycerides, high-density lipoprotein cholesterol, and total cholesterol), serum leptin, serum adiponectin, serum TNF-x, and
soluble TNF receptors (sTNF-R1 and sTNF-R2) were also measured. Insulin resistance was estimated by the insulin resistance index of
homeostasis model assessment. Insulin resistance was positively correlated with BMI, triglycerides, leptin, and total cholesterol and
negatively correlated with adiponectin and high-density lipoprotein cholesterol. In contrast, insulin resistance was not associated with TNF-
%, nor sSTNF-R (sTNF-R1 and sTNF-R2) in our diabetic patients. There was no significant relationship between the 3 measures of TNF-x
system (TNF-x, sTNF-R1, and sTNF-R2) and BMI, serum triglycerides, leptin, or adiponectin in these patients. From these results, it can
be concluded that peripheral levels of TNF-2 system activity are not a major factor responsible for insulin resistance in nonobese Japanese
type 2 diabetic patients.
© 2005 Elsevier Inc. All rights reserved.

1. Introduction shown to be associated with subcutaneous fat area, serum
concentrations of triglycerides and adiponectin are linked to
visceral fat areas in nonobese Japanese type 2 diabetic
patients [7-9]. Thus, the adipose tissue—linked substances are
hypothesized to be associated with insulin resistance in
nonobese Japanese type 2 diabetic patients.

Tumor necrosis factor o (TNF-2) is | of the most
important candidates expressed in human adipocytes [10].
Adipocytes of obese subjects are reported to have higher
rates in TNF-2 messenger RNA expression and TNF-x
protein production as compared with those of nonobese
subjects, thus resulting in a greater serum TNF-x concen-

* Corresponding author. Fax: +81 6 6458 6994, tration in obese subjects [11-13]. The increase in TNF-o

E-mail address: k-58403@kepco.cojp (A. Taniguchi). messenger RNA levels is positively correlated to the degree

Type 2 diabetes mellitus is a heterogeneous syndrome
characterized by insulin resistance and/or defective insulin
secretion [1]. In contrast to white populations, nonobese
Japanese patients with type 2 diabetes are unique in that they
are divided into 2 variants: one with insulin resistance and
the other with normal insulin sensitivity [2-9]. The former
group is characterized by higher body mass index (BMI),
higher triglycerides, higher leptin, and lower adiponectin as
compared with the latter group. Whereas serum leptin level is
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