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A mixture of Salacia oblonga extract and IP-PA1 reduces fasting plasma glucose
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Abstract

At present, lifestyle-related diseases are one of the most critical health issues worldwide, Tt has been reported that lipopolysaccharide derived
from a Gram-negative bacteria (IP-PAI) symbiotic with wheat exhibited several advantageous biological effects, such as the reduction of plasma
glucose levels in NOD mice and low-density lipoprotein (LDL) levels in WHHL rabbits. In this study, the beneficial effects an plasma glucose
and lipids of a tea (SI tea) consisting of TP-PA1 and Salocia {which contains an inhibitor of o-glucosidase) were investigated in the KK-Ay/Talcl
type 2 diabetic model mice and in human subjects with premetabolic syndrome in a double-blind, randomized study. SI tea significantly decreased
plasma glucose levels in KK-Ay/Talcl mice. A clinical tial of S1 tea was performed with 41 subjects between the ages of 40 and 69, who belonged
either to a high plasma ghicose group (HG: FPG 100-125 mg/dl) or to a hyperlipidemia group (HL: TG = 150 mg/dl, or LDL = 120 mg/dl,
or HDL <40 mg/dl). These subjects ingested either Safacia without IP-PA1 (the control) or SI tea. Blood samples were collected at 0, 30, and
60 days after initiating SI tea treatment, and were measured for FPG, HbAle, TG, LDL, and HDL, These results showed that S tea reduced FPG
and HbAlc more rapidiy than the control in the HL group, and also significantly improved LDL and HDL levels in the HG group. Thus, SI tea
may be helpful in preventing lifestyle-related diseases.
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Introduction

Lifestyle-related diseases, particularly diabetes, are rapidly
increasing in advanced countries because of a change in lifestyle
and social environment [1]. In Japan, the number of people
suffering from diabetes is estimated to be approximately 22.1
million, including those with suspected diabetes, and this value
is predicted to increase in the firture [2]. Over 95% of the cases
are type 2 diabetes, a disease that is exacerbated by excessive
dietary intake, lack of exercise, and increased stress [3]. It is

clear that type 2 diabetes, which is accompanied by obesity and
visceral fat accumulation, has a high risk of being associated
with dyslipidemia and hypertension. While type 2 diabetes can
be prevented by healthy diets and adequate exercise, the number
of diabetics is increasing at present because of the difficulty in
maintaining healthy diets or adequate exercise.

Salacia, which has been traditionally used in Indian Ayurvedic
medicine, is effective for the prevention and treatment of diabetes
[4}. The active ingredients are a-glucosidase inhibitors such as
salasinol [5,6] and kotakanol [7]. These substances inhibit the
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breakdown of oligosaccharides and polysaccharides into mono-
saccharides by competitive inhibition of a-glucosidase activity
within the lumen of the intestinal tract, which inhibits the rapid
increase of plasma glucose after meals [8]. Diabetes is often
associated with visceral fat accumulation, dyslipidemia, and
hypertension [,10]. Diabetics with these symptoms use different

medicines for the freatment of each symptom. This gives rise

to many treatment problems because of the synergistic side
effects of the numerous medicines used [3]. For the prevention
of diabetes, it is important to improve not only plasma glucose
levels but to also decrease viscerai fat accumulation, piasma lipid
levels, and blood pressure levels. Salacia was reported to improve
obesity and decrease triglyceride and cholesterol levels in mice
and rats [11,12]. However, not much information on these effects
in humans, except for a report on the improvement of plasma
glucose levels, is available [8].

The innate immmme system plays an essential role in the
mainfenance of animal health and the prevention of various
diseases. The appropriate activation of macrophages plays a
central tole in innate fmmmity and functions not only for defense
apainst infections but also for the maintenance of homeostasis
{such as the elimination of foreign substances and metabolic
control) [13]. We identified a lipopolysaccharide (LPS) (melecular
weight approximately 5 kD) derived from a symbiotic Gram-
negative bactetia, Panlea agglomerans [14]. This LPS was
capable of activating macrophages in a water extract of wheat
flour [15] and was designated IP-PA1, which is an abbreviation
of “immune potentiator from P. agglomerans™ [13]. Under
certain Timited conditions, LPS may act as an endotoxin, causing
severe systeric mflammation, kot more commonly, it has beneficial
effects. LPS finctions that have been recently discovered include
the regnlation of intestinal homeostasis, such as preventing
enteric infections diseases or the regulation of enteric immunity
through interactions with gut-associated lymphoid tissue [16,17],
medulation of proliferation and differentiation of the epithelial
lirieages [18], and regulation of angiogenesis [19] by oral
administration. Thus, LPS is now recognized as an exchormone
rather than simply an endotoxin [20].

It has been demonstrated fthat several foods contain Gram-
negative bacteria or LPS, P. agglomerans is found not only in
wheat but also in other food plants, such as rice [21], sweet
potatoes [22], apples, and pears [23]. Moreover, it has been
demonsirated that growth of P. agglomerans is mandatory for
the fermentation of rye sourdough because it produces and
provides folicacid to Laciobacillus. Considering this information
and the long history of human intale, the bacteria P. agglomerans
is befieved to be nonpathogenic. In addition, in Europe, live P,
agelomerans is used as a biocontrol agent for preventing fungal
spoilage of fruit [24]. This suggests that IP-PAL is a safe
substance, and this has been confirmed with a conventional
oral-administration safety test [13].

Previous studies in animals and human clinical trials reported
suppressive effects of IP-PA1 on IgE-dependent allergies and an

analgesic effect on the acetic acid writhing test [13]. In addition,
TP-PA1 was also reported to delay the occurrence of type 1
diabetes in mice [25] and decrease low-density lipoprotein (LDL)
levels in familial hyperlipidemia [26]. However, it is not yet clear
whether IP-PAl is able to suppress type 2 diabetes. This is
becauss the etiology and therapeutic approaches for diabetics are
quite different for type 1 and type 2 diabetes. Also, it is not
yet clear whether IP-PAl improves diabetes associated with
dyslipidemia. Thus, in this study, a tea (SI tea) was prepared
that combined IP-PA1 (a repulator of immunity) and Salacia (an
inhibitor of a-glucosidase), with the expectation that a beneficial
effect would be observed in cases of diabetes and dyslipidemia.
SI tea was first tested to determine whether it decreased the
plasma ghicose in KK-Ay/Talcl mice (type 2 diabetes model
mice). Tt was then tested to determine if it improved HbAlc
values, blood glucose values, or LDL values in blood lipids of
humans. This study used a randomized and double-blind design.
Subjects had a toutine general diet and test tea 2 times/day.

Subjects and Methods

Preparation of a mixture of Salacia and IP-PA1 (SI tea)

Salacia oblonga (Salacia) tea was prepared by Takama Co.,
Itd, Japan, and the fermented flour containing 1% IP-PAl was
prepared by Macrophi Inc., Japan. IP-PA] is a bacterial LPS
that is derived from P. agglomerans. SI tea was a combination
of Salacia tea, fermented flour, and vitamins. The C vitamin and
B-group vitamins were premixed (B, 0.32 mg/ml; B,, 0.27
mg/ml, Bs, 0.28 mg/ml, B]z, 0.75 ug/ml; Bg, 1.63 rng/ml, Bs,
0.96 mg/ml; and C, 7.5 mg/ml). The amount of vitamin premix
was not expected to have any effect by itself on diabetes and
hyperlipidemia [27,28]. In this study, 1 g of SI tea containing
20 mg/g of fermented flour extract (200 ug/g as IP-PAL) was

Table 1. Compostition of experimental samples (mgh g)

Salacla Salacia +

(Control) IP-PA1

(Sl tea)

Hoji tea 80C mylg 655 mglg
Salacia tea 200 mgfg 300 mglg
indigestible dextrin (IP-PAT) ' 0 20 mgig
Vitamin premix 0 25 mglg
Vitamin By : Dibenzoyl thiamine hydrochioride .32 mg/g
(Thiamine hydrochloride) (0.19 mg/g)

Vitamin B, @ Riboflavin sodium phosphate 0.27 moig
(Riboflavin} o my/g)

Vitamin Ba : Pyridoxine hydrochlotide - 0.28 mgly
Vitamin By2 : Cyanocobalamin S 075 ugig
Vitamin B; : Nicotinamide 1.63 mglg
Vitamin Bs : Calcium panicthenate 0.96 myly
(Pantcthenate) ' {0.88 mgfg}

Vitamin C : L-Ascerbic acid 7.5 malg

Other food additives
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used by dissolving in 100 ml of ambient or hot water. The control
was Salacia tea without the fermented flour extract (Table 1).

Animal experiments

Five-week-old male KK-Ay/Talcl mice were obtained from
CLEA Japan, Inc. (Tokyo, Japan), and the experiments lasted
for 12 weeks after 1 week of acclimatization. The mice were
maintained in a temperature-controlled room at 24427 and
50%-70% humidity with a 12-h light cycle (light from 06:00
to 18:00). The mice were housed (1 per cage), and had access
to tap water and laboratory food ad libitum (CE-2; CLEA Japan,
Inc.}. The mice were divided into three groups: distilled water
(DW; n=10), Salacia tea (control; n=10), and SI tea (n=11).
The oral daily dose administered for IP-PA] was 10 pg/kg body
weight and for Salacia was 3 mg/kg body weight, accomplished
by drinking SI tea for 12 weeks. Body weight and fasting plasma
glucose (FPG) levels were measured every week during the
course of the study for 12 weeks. FPG was measured after an
overnight fast of at least 10 hours. Mice were immobilized with
a stereotaxic apparatus. Blood glucose levels were determined
by measuring the absorbance using an Accu-Chek Aviva (Roche).
This study was approved by the Laboratory Animal Committee
of Kagawa University, the mice were maintained in accordance
with the Guide for Animal Experiments at Kagawa University,

Clinical study subjecis

Forty-seven subjects (age range, 40-69 years) from a clinic
in Kagawa participated in this study. The high-plasma glucose
(HG) group consisted of 14 subjects whose FPG levels were
100-125 mg/d]; the hypertipidemia (HL) group consisted of 33
subjects whose triglyceride (TG) levels were higher than 150
mg/dl, or whose LDL levels were higher than 120 mg/dl, or
whose HDL levels were lower than 40 mg/dl (Table 2). This
study was randomized in each group, and conducted using a
double-blinded design. Of these, 3 subjects being treated for
hypestipidemia or hypertension were excluded from the study
because of their poor physical condition or deconditioning during
the intake period. The study protocol was approved by the Fthics
Committee of the Non-profit Organization, Linking Setouchi

Table 2. Characteristics of the subjects before examination

HL @ Hyperlipemia
(TG: =150 mg/d or LDL: =
120 mgldl or HOL : <40 mg/dh

HG : High Plasma Glucose
(FPG: 100-125 mg/dly

Control Sl tea Controt Sl tea
Number 6 7 14 14
Age 48.7+65 49757 48.1+8.2 497+72
Helght (cm} 1655+9.1 1634126 163.6+9.2 163.1+9.0
Body weight (kg) 71.1+86 635184 64.5+9.7 61.7%128
Bedy fat (%) 300£75 245198 248+37 26347
BMI 26.1£37  239+17 23.0£3.0 240424

MNalues are mean + 8D,

Innate Imimune Network, and was cartied out in accordance with
the principles of the Declaration of Helsinki. Procedures were
carefully explained to the participants, and written informed
consent was obtained from them.

Study procedure

This study initiated on October 1, 2008, and continued for 60
days. It was conducted by a double-blinded method, randomized
by envelopes. Subjects ingested the routine general diet and test
tea 2 times/day, and their intake time and physical conditions
were recorded each day. To measure glucose metabolism markers
(FPG and HbAlc) and lipid metabolism markers (TG, LDL, and
HDL), blood samples were collected on days 0, 30, and 60.
Subjects fasted after 22:00 on days before blood collection,

Statistical analysis

Data are expressed as mean - SD, Statistical analyses were
performed using Excel Statistics 2008 (Microsoft, USA). In the
animal experiment, differences between the DW group, the
Salacia tea’ gpptrol group, and the SI tea group were analyzed
using the Tukey-Kramer multiple comparison post tests. In a
clinical trial, differences between day 0 and day 30, or day 0
and day 60, were compared using the Tukey-Kramer muitiple
compatison post tests. Differences with P < (.05 were considered
to be significant,

Results

The beneficial effect of SI tea on plasma glucose levels in type
2 diabetic mice

Before these clinical experiments, antidiabetic effects of SI tea
were investigated using KEK-Ay/Talcl type 2 diabetic model mice.
The mice had free access to tap water and laboratory food. The
body weights for each group before intake were as follows: the
DW group, 26.39% 1.07 g; the control group, 26.69+ 1.19 g;
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Fig. 1. Change in body weight by Sl tea in KK-AyiTale! mice. The values are
mean == 8D,
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Fig. 2. Change in plasma glucose levels by Sl tea In KK-Ay/Tadel mice. The
veluies are means = 3D @) Differences between the DW group and the Sakciz tea
control group, of the DW group and the Sl tea group were analyzed using the
Tukey-Kramer multiple comparison post tests at 2< 0,01, b} Differences between
the Safaciz tea conirol group and the Sl tea group were analyzed using the
Tukey-Kramer multiple comparison post-tests at 8l, <00,

and the SI tea group 26.84 + 1.81 g After 12 weeks, the body
weights for each group increased in all groups as follows: the
DW group, 45.64+3.45 g; the control group, 4547+322 g,
and the SI tea group 44.75+£3.18 g (Fig. 1). FPG levels for each
group before intake were as follows: the DW group, 93.6+ 17.6
mg/dl; the control group, 95.7 + 18.1 mg/dl; and the SI tea group,
103.5+609 mg/dl. After 2 weeks from the start of the
experiment, FPG levels for each group were as follows: DW
> control > 81 tea, and this order did not change during the rest
of the experiment as shown in Fig. 2. The average FPG level
of each group in all petiods of intake was: DW group, 118.5
+24.0 mg/dl; control group, 108.9 +24.0 mg/dl; and SI tea
group, 98.5+21.5 mg/dl (Fig. 2). FPG levels in DW and the
control (Salacia tea) group showed a tendency to increase; while
in the ST tea group, they decreased slightly. These results ndicate
that a combination of fermented wheat flour with TP-PA] and
Salacia effectively decreased FPG in type 2 diabelic mice more
than with Salacia tea alone.

Changes in metabolism markers in humans

The above-mentioned animal data indicates thai SI tea
improved blood glucose levels in KK-Ay/Talcl type 2 diabetic-
model mice more than Salacia tea. Moreover, we previously
found that IP-PA1 decreases LDL levels in hyperlipidemic rabbits
(WHHL) [26]. We then investigated the anti-diabetic effect of
ST tea in human volunteers with high-plasma glucose (HG group)
or hyperlipidemia (HL group). Characteristics of each group
before the clinical trial are shown in Table 3. While this study
was randomized to the control or 8T tea in the HG group and
HL group, the body fat in the HG control group was higher than
in other groups. However, the change of body fat was not
significantly different for all groups.

Table 3. Change of measured values in the subjects

Day 0 Day 30 Day 60
Body fat (%) HG: Coentrol 30075 30,790 208+79
HG: Sl tea 245+9.8 271£10.8 271+105
HL: Controf 24837 26.1+£4.0 285244
HL: Sl tea 26.3x4.7 27850 28958
BMI HG: Control 265139 265+ 4.4 26543
HG: Sl tea 23.9x4.0 24137 242136
HL: Centrol 23.0£3.0 232x29 231230
HL: Sl tea 240%2.4 24323 24224
FPG (mg/dl) HG: Control 106276 1027 £11.0 98.7 +6.3*
HG: Sl tea 1064+568 103.1+9.4 103.7x16.2
HL: Coentro 92.3+3.0 89975 87.2+6.2*
HL: Sl tea M.8+55 87.1 £ 5.5% 85.0£ 6.7
HbAlc (%) HG: Centrol 52408 51+08 50+06
HG: Sl tea 52403 51402 50+04
HL: Contral 4.9+ 0.3 49+02 49+0.3
HL: Sl tea 50£0.2 49201 49+02*
TG {mgidly HG: Control 30,7473 1260621 133.0+47.9
HG: Sl tea 102.6 +37.4 78.0+21.1 1034 £41.7
HL: Centrol 152.5+80.3 147.1£95.7 115.4+525
HL: Sl tea 134.5+£64.9 1324+ 67.8 124.9 +64.6
LDL (mg/dl) HG: Control 140.0£26.9 137.5+254 130.7+21.6
HG: Sl tea 136.1£29.9 13531370 122.1+£34.6*
HL: Control 140.8+31.7 1411+ 41.6 134.1£289
HL: Sl tea 1481+ 32.2 147.7 £ 443 1421 £39.1%
HDL (mg/dl) HG: Control 57.2£10.3 57.0£11.7 53.5+123
HG: 8§l tea 54.7£13.7 58.1 +£13.0° 56.0£19.2
HL: Centrol 55.0£13.1 57.4 £ 13.9 58.3+15.7
HL:SI tea 61.1+125 59.0+13.6 52.0+10.8

Ivalues are mean + 8D,

2 Normal range: body Tat (%) male, 179%-23%; femae, 20%-27%; BMI: 18.5-<25;
FPG (mg/dl) <110 mg/dh HBATC (%) 4.4%-56.8%; TG (ma/d): <150 mg/d; LDL
{mg/dd): <120 mgfdl; HDL {(mg/dl): = 40 mg/d

? P value s for treatment differences in 30 day- or 60 day-values adjusted for
variation in 0 day-values using the Tukey-Kramer Multiple Comparison post tests,
*P<Q05, *P<001,

Changes in glucose metabolism markers

First, the effect of SI tea on the improvement of FPG levels
in human HG and HL groups was examined. Fig. 3 shows the
change in glicose metabolism markers over the 60-day period.
FPG levels in each group before initiating the intake were as
follows: the HG control group, 1052+ 7.6 mg/di; the HG &I

tea group, 105.4 + 5.8 mg/dl; the HL control group, 923 +3.0

mg/dl; and the HL SI tea group, 91.8+5.5 mg/dl. Sixty days
after initiafing the intake of teas, the FPG values were as follows:
the HG control group, 98.7 + 6.3 mg/dl; the HG S tea group,
163.7 = 16.2 mg/dl; the HL control group, 87.2=6.2 mg/dl; and
the HL SI tea group, 85.0+ 6.7 mg/dl. Thus, the level of FPG
in the SI tea group did not change. However, the FPG level
of the HL group that consumed SI tea showed a significant
decrease earlier than the control. HbAlc levels in each group
before initiating the intake were as follows: the HG control group,
5.2% + (.6%; the HG SI tea group, 5.2% =+ 0.3%; the' L control
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Fig. 3. Change in glucose metabolism markers, Effect of Sl tea on FPG and
HbA1c in humans during a 60-day period. Il HG control; 4: HG Sl tea; [
HL control; <> HL Sl tea, Values are mean + SD, Differences in 30 day- or 60
day-values adjusted for variation in O day-values using the Tukey-Kramer muttinle
comparison post-tests. *F< 008, *F<001,

Time (day)

250 | B0
200 7 f 1.6/
S I S b
E 150 v o l_tphht\\‘ E 1.2 -
o  § % ol
g 5 08
‘ , . F
50 0.4
o 200 = 1 .
s = L
g 5 11 f {
15 - ® ,
:3, 160 % 1.00 [ }-- ‘:":‘l-:’ri
o p
- Z 0.9
120 © ki : i
2 o \
20 ! = o7
80 ¢ a 1.2
— T
S - ) :
o 60 [ g 1 AL
E g ey
:’ = 1LO7 l"!m:."‘:.-:-bqw“"‘.
=] & T
T 407 k] i T
+ (.9
2
20 (l 5 i b= g ] b 1
0 30 60 087y 30 60

Time (day) Time (day)

Fig. 4. Change in lipid metabolism markers. Effect of Sl tea on TG, LDL, and
HOL in humans during a 60-day period. Il HG control; #: HG 8l teg; [ HL
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day-values adusted for variation in 0 day-values using the Tukey-Kramer multiple
comparison post-tests, *P<005, *F<001,

group, 4.9%+03%; and the HL SI tea group, 5.0% + 0.2%.
Sixty days after the intake of teas, the HbAlc values were as
follows: the HG control group, 5.0%=0.6%; the HG SI tea

group, 5.0% = 0.4%; the HL control group, 4.9% + 0.3%; and
the HL. SI tea group, 4.9% +0.2%. As with FPG, the level of
HbAlc in the HG group was almost the same in the control
and SI tea groups. In contrast, the level of HbAlc in the HL
group significantly decreased after 30 days in the SI tea group.
These results suggest that TP-PA] promoted a decrease of this
ghucose metabolism marker when combined with Salacia tea. In
addition, this combination effect of IP-PAI with Salacia was
more prominent in the HL group than in the HG group.

Changes in lipid metabolism markers

Next, we investigated the changes in lipid metabolism markers.
Table 3 shows that before the experiment, the TG level in the
HE control group was high, 152.5+ 80.3 mg/dl. Also, the LDL
level was high in all of groups: the HG control group, 140.0
+26.9 mg/dl; the HG SI tea group, 136.1 +29.9 mg/dl; the HL
control group, 140.8+31.7 mg/dl; and the HL SI tea group, 148.1
+32.2 mg/dl. The TG level did not change in any of the groups.
However, the TG level in the HL group that consumed SI tea
and Salacia tea showed a tendency to decrease (Fig, 4). The
LDL level for those who consumed SI tea decreased both in
the HG group and the HL group after 60 days, 122.1 =34.6 mg/dl
and 142.1 4 39.1 mg/dl, respectively. The HDL. level significantly
increased in the HG group after consuming SI tea for 30 days
(58.1+ 13.0 mg/dD). As a result of the study on TG, LDL, and
HDL. values, it was confirmed that LDY. values, which were
higher than notmal levels before the trial, had decreased significantly
after administration of SI tea.

Discussion

In Japan, over 95% of diabetics have type 2 diabetes. While
suppressive effects of IP-PA1 on the occurrence of diabetes
development in NOD type 1 diabetic-model mice have been
reported [25], the effect of IP-PA1 on type 2 diabetes is still
unclear. This is why we investigated the beneficial effects of
SI tea on FPG levels in a type 2 diabetic mouse model (KK-
Ay/Talel mice), which is based on a lifestyle disease. The result
of body weight change was confirmed to increase in all groups,
and it was not different among the groups. It was reported that
there was a slight weight loss in mice and rats that were fed
with Salacia [11,12]. In another study, after Salacia intake for
3 weeks, it was reported that body weight did not differ between
the control and Salacia groups [29]. Thus, the addition of IP-PA1
did not induce abropt body weight change similar to Salacia
alone, and if our study was prolonged, it may have been different
between the control group and the SI group. The results indicated
that levels of FPG in DW and control {Salacia tea) groups
graduaily tended to increase but slightly decreased in the SI tea
group {(Fig. 2). Since FPG levels of the control Salacia tea group
showed a tendency to increase, this suggests that SI tea has the
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potential to improve type 2 diabetes and that this effect is superior
to Salacia tea alone. S

Salacia tea reduces high blood glucose levels because it
contains safacinol and kotalano!, both of which are inhibitors
of a-glucosidase. It is known that guava polyphenol, mutberry,
and Gymnema also have similar inhibitory activity against a
-glucosidase but Salacia is the most effective [30]. While the
antidiabetic mechanism of IP-PAl, a macrophage-activating
substance, rémain elusive, macrophage activation has been
reported to be effective in treatment of type 1 and type 2 diabetes
[31-34].

Type 1 diabetes is caused by the progressive loss of insulin-
producing pancreatic B cells by inducing auto-reactive cytotoxic
T Iymphocytes [35]. Moreover, it has recently been demonstrated
that killer T cells initiate an inflammatory cascade within the
adipose tissue, and that this induces insulin resistance in type
2 diabetes [36,37]. Therefore, type 1 and type 2 diabetes are
similar inflammatory diseases.

Recenily, two different states of macrophages have been
defined: the M1 {or classically activated) and M2 (or alternatively
activated) macrophages [38]. Ml-activated macrophages typically
produce pro-inflammatory cytokines (tumor necrosis factor
(TNF)-q, interleukin (I1.)-18). M2 macrophages increase anti-infla-
mmatory cytokines (IL-10) and arginase { activity. Functionally,
M2 macrophages down-regulate inflammatory responses and
promote tissue repair. Adipose tissue macrophages in obesity
induce an inflammatory reaction {such as TNF secretion} in
cytokines, whereas macrophages in healthy adipose tissue release
anti-inflammatory cytokines such as IL-10 and TGF-3 [39,40].
We found an anti-inflammatory response to TP-PA1 in atopic
dermatitis experiments [13]. Porta ef al. {41] repotted that M2
macrophages are induced by a small amount of LPS for a long
period. In animal models, nicotine treatment reduces the incidence
of type 1 diabetes animal models by increasing the pancreatic
levels of the M2 cytokines IL-4 and TL-10 [42]. These results
suggest that M2 type macrophages released IL-10 from
macrophage activated by IP-PA], suppressing the inflammatory
response. Details of the mode of action for the anti-diabetic effect
of IP-PA] requires further investigation, such as the measurement
of diabetes-associated markers (TNF-a, IL-13 and IL-10),
insulin, and leptin.

The improvement in human plasma glucose levels is shown
in Fig. 3. To examine the preventive cffect on diabetes, non-
diabetic subjects were chosen with high FPG levels (HG: FPG
100-125 mg/dl). The results indicate that SI tea did not change
FPG levels, although it showed a tendency to reduce HbAlc
levels. Type 2 diabetes is often accompanied by obesity and
dyslipidemia. The most common pattern of diabetes is chara-
cterized by the secretion of TNF-a from adipose tissue because
of dyslipidemia, which leads to impaired insulin sensitivity and
impaired glucose tolerance (IGT) [43]. As stated above, in
healthy individuals with normal body weight, macrophages are
present in moderate quantities in adipose tissue, in which

inflammatory sigpals are low or nonexistent. On the other hand,
the adipose tissue macrophages in obese individuals produce
pro-inflammatory cytoldnes and induce IGT [44]. It is suggested
that macrophages are either suppressors or enhancers in the
development of diabetes. However, several issues are still unclear
about the mechanism that regulates the differentiation of macro-
phages, and the refationship between the onset of diabetes and
macrophage behavior.

Our previous study showed that the serum cholesterol level
in WHHL rabbits decreased with the uptake of IP-PA1 [26].
Kishino ef af [12] indicated that Salacia improves obesity and
decreases plasma lipid levels by lipase inhibition in mice and
rats. Thus, it was expected that herbal tea containing Salacia
and IP-PA1 would improve not only plasma glucose but also
serum cholesterol levels in subjects with dyslipidemia. We
investigated the ST tea effects on plasma glucose levels and
plasma lipid levels in a group of subjects which consisted not
only of a high glucose group but also a high lipid group (TG:
> 150 mg/dl, or LDL: = 120 mg/dl, or HDL: <40 mg/dl}. As
shown in Fig, 3, sipnificant changes in levels of FPG and HbAlc
were observed in the HL group as in the HG group. Especially,
the FPG level of the HI group that consumed SI tea was
significantly lower than that of the HG group. In this study, the
FPG level of the HL group stayed within the normal level
However, even if the FPG level is normal, Japanese people tend
to develop IGT because their insulin secretion ability is lower
than in other ethnic populations [45]. High IGT levels increase
the risk of occurtence of diabetes and arteriosclerosis to a greater
extent than high FPG levels [46,47]. Moreover, a correlation
between a decrease in IGT and FPG was reported {48]. Since
a significant effect of decreasing plasma glucose levels due to
SI tea was observed in the HL group but not the HG group,
it is believed that SI tea may be effective for IGT. This would
not be obvious from the FPG values alone. S tea significantly
reduced LDL levels in the plasma lipid of both HG and HL
groups. In addition, there was a significant increase in the HDL
level of HG groups that consumed SI tea. LDL levels of all
subjects from ail groups before the experiment were high (Table
3). While in the present study, a change in obesity was not
observed with Salacia (Tahle 3), Akase ef al. [11] reported that
Solacia decreased body weight and visceral fat in mice and rats.
The difference in the results was most likely because of the
difference between a regulated rodent mode! and a human
experiment in which it is difficult to congrol food and life style.

In conclusion, SI tea not only decreased FPG levels meore
effectively than Salacia tea alone but it also improved LDL
values. Thus, it can be anticipated that SE tea will be used as
a preventive food for lifestyle-related diseases, such as diabetes,
obesity, and dyslipidemia.
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