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Background and aims: The present investigation was carried out to determine the levels of blood serum
components and inflammatory cytokines in diabetic rat models [Goto-Kakizaki (GK), Zucker, and strep-
tozotocin (STZ)-induced Sprague Dawley (SD) rats] which underwent abdominal Low-Power Laser Irra-
diation (LPLD and compare them with non-irradiated controls.

Methods: The animals were subdivided into the following groups: diabetic control rats (GK, Zucker, STZ)
and diabetic rats treated with LPLI (GK + LPLI, Zucker + LPLI, and STZ + LPLD (n = 7). The animals were
irradiated three times weekly for 12 weeks in LPLI (830 nm) at a dose of 5 J/cm? for 500 s.

Results: Body weight was significantly lowered in the Zucker- LPLI group compared to control at 10
weeks and this pattern was maintained until 12 weeks of age. TNF-a, IL-11 and IL-6 levels were signifi-
cantly decreased (5.1 £ 1.1 vs 3.3 £ 0.5, p < 0.01; 43.6 £ 8.8 vs 27.1 + 3.8, p < 0.01; 98.3 £ 15.8 vs 02.2 +
12.1, p < 0.0D) in the Zucker- LPLI group compared with the control rats. The small intestinal transit rates
of charcoal meals were significantly decreased (58.1 + 10.1 vs 73.4 + 13.3, p < 0.05) in the Zucker-LPLI
group compared with the control rats. Similarly, the serum levels of glucose, cholesterol and triglycerides
of LPLI groups were decreased in comparison with that of diabetic control rats.

Conclusions: We suggest that abdominal LPLI can reduce body weight and LPLI could be applicable for
use against diabetic-induced inflammatory factors.
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Introduction

Diabetes has been classified into type 1 and type 2 diabe-
tes, caused by failure of insulin secretion secondary to
pancreatic cell destruction in the former and reduced in-
sulin secretion or insulin resistance in latter. Among the
diabetes patients in Japan, 90% have type 2 diabetes, 40%
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of which is developed due to insulin resistance caused by
obesity. V' Its pathogenesis is related to infiltration of in-
flammatory cells in the adipose tissue of obese patients.
This is followed by release of inflammatory cytokines
such as TNF-a and IL-6 which act on adipocytes to pro-
duce glucose and further reduce uptake ability and in-
duce insulin resistance, leading to an increase in risk of
type 2 diabetes. 29

Anti-inflammatory effect of Low-Power Laser Irradi-
ation (LPLD has been established by several authors. We
conducted LPLI experiments on knee synovial cells from
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patients with rheumatoid arthritis and observed a de-
crease in release of TNF-a, IL1-f. It was also reported
that production of chemokine IL-8, which is known to
be involved in proliferation, angiogenesis, and bone/car-
tilage destruction, was suppressed by laser irradiation. In
addition, LPLI was found to suppress the bone resorp-
tion and destruction in the femur and rib cancellous
bones of the collagen-induced arthritis model rat (an ani-
mal model of human rheumatoid arthritis). This was
caused by suppressing the expression of inflammatory
cytokine genes. 1?0

In recent years, Kawano et al have shown that
chronic inflammation in adipose tissue, especially ab-
dominal visceral fat, has a major influence on the devel-
opment of type 2 diabetes. In their experiments, they
gave 60% high-fat diet to mice and observed increased
production of Ccl2 which promotes macrophage accumu-
lation in abdominal fat cells, thereby inducing chronic in-
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flammation in the large intestine. In contrast, the Ccl2-de-
ficient mice model, showed inhibition of chronic
inflammation in the large intestine along-with improved
insulin resistance and 30% reduction in blood glucose
level. 1V

Hence this study was planned to evaluate the effec-
tiveness of LPLI against type 2 diabetes by using a spon-
taneous type 2 diabetes model that is clinically and
pathologically similar to human diabetes.

Materials and methods

Experimental rat model of diabetes

This experiment was approved by the Experimental Ani-
mal Ethics Committee of the Nihon University School of
Dentistry at Matsudo (approval number 04-0034) and was
conducted based on the laboratory animal guidelines of
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Figure 1: (A): Schema of experimental method. (B): Low-Power Laser Irradiation (LPLD
system. (C): LPLI system image. Photograph of LPLI in GK rat.
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the institute. The experimental animals used were
7-week-old GK/Crlj male rats (non-obese, spontaneous
type 2 diabetes model rats), 8-week-old Zucker (fa/fa)
male rats (obese, spontaneous type 2 diabetes model
rats) and 7-week-old Sprague Dawley (SD) male rats
(SPF-specific pathogen-free animals) were purchased
from Shizuoka Experimental Animals (Shizuoka, Japan).
The animals were kept at room temperature (23 + 1°C),
humidity 60 + 10%, light/dark cycle every 12 hours and
fed on solid feed (MF®, Oriental Yeast Co., Ltd., Japan).
The animals were freely allowed to use filtered tap water
for drinking. After initial period of 1 week, the general
condition was observed, and body weight was measured.

Streptozotocin-induction for diabetes in rats

Streptozotocin was dissolved in 0.1 M citrate buffer and
administered into the jugular vein of SD male rats at a
dose of 30 mg/kg. STZ rats were confirmed for diabetes
onset after 2 days to 2 weeks of STZ administration with
serum glucose concentration of 300 mg/dl or more and
positive results for sugar in urine. STZ rats are experi-
mental type 1 diabetes model rats > ¥ in which STZ se-
lectively destroys pancreatic B-cells, reducing the insulin
secretion. They were divided into Control (Non-LPLI)
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group and LPLI group for the present experiment.
Low-power laser irradiation (LPLI)

Low-power laser (LPL, ZH-M153DJP, wavelength of 830
nm, 5 J/cm?), distance between LPLI and rat abdominal
digestive tract was 25 cm. Irradiation area was uniform
with a diameter of 12 cm centering on the rat abdomen.
The field and irradiation time were 500 seconds. The la-
ser irradiation period was 12 weeks, and irradiation was
carried out 36 times without anesthesia (Figure 1A, B;
Figure 2A).

Thermographic images of abdominal digestive
tract using infrared thermography

The Infrared Thermograph (ITh) (TH9100MR, NEC Sanei
Co., Ltd. Japan) was used to image the skin temperature
of digestive tract in pseudo color. The distance between
rat and ITh was always kept constant (30 cm) and its
temperature was set to an upper threshold of 40°C and
lower threshold of 28°C. The measurement was per-
formed 30 minutes after LPLI at 25°C to 1°C in a room
without air (Figure 2B). To maintain the uniformity of
measurements, two points were indicated on abdomen as
a and b were used as the average skin temperature in the

Zucker rat
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Figure 2: (A): Photograph of LPLI in GK and Zucker rats. (B): Thermographic images of
abdominal digestive tract in rats at 2 weeks using infrared thermography.

Low-power laser irradiation on diabetetic rats
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abdominal digestive tract, once every two weeks.

Blood serum components and inflammatory cy-
tokines

1 ml of blood sample was collected from the external
jugular vein once a week. The sample was stored in cen-
trifuge tube at room temperature for 30 minutes, immedi-
ately after collection. It was then centrifuged at 1,500 rpm
for 15 minutes. Serum Glucose, total cholesterol and tri-
glyceride concentrations were measured by enzymatic
method (Test-Wako, Wako Pure Chemical Industries, Ltd.
Japan). Blood insulin levels were determined using the
Morinaga rat insulin measurement kit (Morinaga Institute
of Science, Japan) and TNF-a, IL-1f and IL-6 levels of in-
flammatory cytokines were measured using ELISA Kit (R
& D System, Japan) before and after 12 weeks of LPLI.

Experimental methods

GK and Zucker rats were divided into 2 groups (n = 7/
group): non-irradiated (control group), and LPLI group
(LPLI 3 times a week for 12 weeks). STZ rats were divid-
ed into 3 groups with 7 rats per group. The first group
(control) had SD rats not treated with STZ, the second
and third groups comprised of STZ-induced diabetic
groups. The second group was non-irradiated diabetic
group and the third was LPLI diabetic rat group. In all an-
imals, the abdomen was shaved completely, and LPLI was
irradiated mainly around the abdominal fat and pancreas.
During the experimental period, the general condition of
the animals was observed and daily food intake and wa-
ter consumption, weekly body weight, serum glucose, to-
tal cholesterol and triglycerides were measured.

Small intestinal transit rates of charcoal meals
in rats

The small intestinal transit rate was determined in rats by
measuring the disappearance of charcoal from the small
intestinal according to the method described by Portha et
al. "™ 2.0 ml charcoal meal (10%, w/w) in 1% car-
boxymethyl cellulose was administered intragastrically us-

ing an orogastric canula. 30 minutes after receiving the
charcoal meal, rats were sacrificed, and the small intes-
tine was carefully removed. Small intestinal transit was
measured from the pyloric sphincter to the ileocecal junc-
tion (A) and the distance traveled by the charcoal
through the intestine (B) were measured. Small intestinal
transit rate was calculated as the percentage of the dis-
tance traveled by the charcoal relative to the total length
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Figure 3: Effects of LPLI on body weight in GK, Zucker
and streptozotocin-induced diabetic (STZ) rats.
Data were shown as the mean = SD of 7
animals in each group. *: p < 0.05 vs. no
irradiation group.

Table 1: Effects of LPLI drinking water intake, food consumption and food efficiency in GK, Zucker and
streptozotocin-induced diabetic (STZ) rats. Data were shown as the mean + SD of 7 animals in each group.

* p < 0.05, vs. no irradiation group (control).

Group Drinking water intake (g/day/rat) Food consumption (g/day/rat)  Food efficiency ratio (g/day/rat)
GK control 15.2 £ 3.2 122+ 3.4 126 £ 2.3
LPLI 19.1 +5.3 123+ 39 10.8 £ 2.2
control 33.8+ 6.8 26.8+5.6 14.8 + 3.1
Zucker
LPLI 30.2 + 6.7 244+ 6.6 10.1 + 3.1*
control 17.8 £ 3.9 14.3 £ 3.8 154 £ 3.3
SD LPLI 96.7 + 23.8 26.8 + 4.7 3.0+21
STZ+LPLI 933 +31.1 26.1 +4.9 3.8+22
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of the small intestine using the following formula: Small
intestinal transit rate (%) = (B/A) x100.

Statistical analysis

Experimental results were presented as mean + standard
deviation (Mean + SD). The comparison between each
group was tested for equal variance by F-test, and then
the significant difference from the control group was test-
ed by Student t-test or Welch t-test. A risk rate of less
than 5% (p < 0.05) was determined as a statistically signif-
icant change.

Results

Body weight gain, drinking water intake, food
consumption and food efficiency

The changes in body weight during the experiment have
been shown in Figure 3. Both the GK and Zucker rats
showed a smooth weight gain from the start to the end of
the experiment. In the GK rats, there was no significant
difference between the non-irradiated group and LPLI
group. However, the body weight gain in LPLI group was
less than non-irradiation group after 12" week (final body
weight) in the Zucker rats (non-irradiated group: 706 +
83 g; LPLI group: 588 + 71 g. p < 0.05). In the SD rats,
STZ group showed weight loss immediately after STZ ad-
ministration compared to the control group. At 12 weeks,
the weights in SD rats showed no significant difference
between the non-irradiated group in the STZ group and
LPLI STZ group (SD group: 478 + 58 g; non-irradiated
group: 352 + 47 g; LPLI group: 375 + 48 g; SD vs. p <
0.00D).

Table 1 shows the average water consumption,
feed intake, and feed efficiency (weight gain/feed intake)
for each group during the experiment. There was no sig-

Table 2: Effects of LPLI on abdominal digestive tract
temperature level in GK, Zucker, and
streptozotocin-induced diabetic (STZ) rats at 2
weeks using infrared thermography. Data were
shown as the mean + SD of 7 animals in each
group. * p < 0.05, vs. no irradiation group

(control).
G Abdominal digestive tract
roup Temperature (°C)
control 313 +3.2
GK
LPLI 35.8 + 3.9%
control 31.0+3.3
Zucker
LPLI 35.8 + 3.6*
control 324+ 3.1
SD LPLI 30.7 £ 3.8
STZ+LPLI 36.5 + 3.3*

Low-power laser irradiation on diabetetic rats

nificant difference between the non-irradiated group and
LPLI group in both Zucker and STZ groups. However, the
results showed a significant decrease in LPLI group in
feed efficiency compared with non-irradiation group in
Zucker rats (non-irradiated group: 14.8 + 3.1 g; LPLI: 10.1
+ 3.1 g; p <0.05). In SD rats, the feed intake was approx-
imately doubled, and the drinking water was approxi-
mately 7 times, showing a significant (p < 0.001) increase
in the STZ group, and the feed efficiency decreased to

5:1.

Thermographic images of abdominal digestive
tract

Figure 2 shows a thermal image of ITh of rat abdomen
after LPLI in GK and Zucker group after 2 weeks. From
the temperature distribution display image, comparing
the non-irradiated group and LPLI in the GK, Zucker and
STZ groups (31.3 £ 3.2 vs 35.8 £ 3.9, p < 0.05; 31.0 + 3.3
vs 35.8 + 3.6, p < 0.05; 30.7 + 3.8 vs 36.5 + 3.3°C, p <
0.05), LPLI groups showed significant increase in abdomi-
nal skin temperature (Table 2).
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Figure 4: Effects of LPLI on serum glucose levels in GK,
Zucker and streptozotocin-induced diabetic
(STZ) rats. Data were shown as the mean + SD
of 7 animals in each group. * p < 0.05 vs. no
irradiation group.
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Blood serum components and inflammatory cy-
tokines

The changes in blood glucose concentration during the
experiment have been shown in Figure 4. In the 12-
week GK group, the non-irradiated group and LPLI
showed 282.4 + 38.1 and 230.6 = 31.8 mg/dl (p < 0.05),
respectively, and LPLI showed a significant decrease. In
the Zucker rats, the non-irradiated group and LPLI group
showed 168.3 + 28.3 and 126.1 = 22.1 mg/dl (p < 0.05),
respectively, and a significant decrease was observed in
LPLI. The blood glucose concentration of SD rats, STZ
non-irradiated group and STZ-LPLI group was 78.3 + 11.2
mg / dl at the start of the experiment. Two days after STZ
administration, it was 415.6 = 88.2 mg/dl. After 12 weeks,
the non-irradiation group and LPLI showed 520.8 + 138.3
and 483.3 + 106.4 mg/dl, respectively.

The blood total cholesterol levels are shown in
Table 3. The level in GK rats in the non-irradiated group
and LPLI after 12 weeks was 373.8 + 40.5 and 290.8 *
32.9 mg/dl (p < 0.05). In the Zucker group, there was no
significant difference between the non-irradiated group
and LPLI at 622.7 + 73.3 and 553.8 + 72.7 mg/dl (p>0.05).

Table 3: Effects of LPLI on serum cholesterol and
triglyceride levels in GK, Zucker, and
streptozotocin-induced diabetic (STZ) rats. Data
were shown as the mean + SD of 7 animals in
each group. * p < 0.05 vs. no irradiation group.

Blood triglyceride concentration in LPLI decreased in all
groups compared with the non-irradiated group during
the experimental period, but this difference was not sta-
tistically significant (Table 3).

Table 4 shows the blood insulin concentrations af-
ter 12 weeks. In the GK rats, non-irradiated group and
LPLI group showed 6.2 + 1.7 and 5.1 = 1.5 ng/ml (p <
0.05), highlighted a slight decrease in LPLI. In Zucker
rats, the non-irradiated group and LPLI showed 11.8 + 2.5
and 8.2 £ 1.8 ng/ml (p < 0.05), with significant decrease
observed in LPLI. For the non-irradiated STZ group vs
LPLI STZ group and non-irradiated STZ group vs non
STZ treated SD rats, the insulin levels were 3.0 + 0.5 vs
1.1 £ 0.2 ng/ml (p < 0.001); 3.0 £ 0.5 vs 1.3 + 0.4 ng/ml
(p < 0.001). Compared to the STZ untreated SD group,
the STZ treated groups (both non-irradiated group and
LPLD showed a significant decrease. When the insulin
levels in non-irradiated group and LPLI group were com-
pared, the later showed an increase.

Blood TNF-a levels were 5.1 + 1.1 and 3.3 = 0.5 pg/
ml (p < 0.0D) in the non-irradiated group and LPLI in the
Zucker rats, which showed a significant decrease in LPLI
group. For the non-irradiated STZ group vs LPLI STZ

Table 4: Effects of LPLI on serum insulin levels in GK,
Zucker and streptozotocin-induced diabetic
(STZ) rats. Data were shown as the mean + SD
of 7 animals in each group.
* p < 0.05 vs. no irradiation group.

G Cholesterol Tryglyceride Group Serum insulin
roup (mg/dL) (mg/dL) (ng/ml)
ok Conol 373.8 + 40.5 128.1 + 16.6 GK control 6.2+ 17
LPLI 290.8 + 32.9* 98.7 + 13.3 LPLI 51+15
ek control 6227 +73.3 520.6 + 68.7 Zucker control 118 +25
cker
Y e 553.8 + 727 468.3 = 65.8 LPLI 8.2+ 18"
control 483.5 + 55.6 168.8 + 233 SD control 3.0+05
SD LPLI 337.5 + 40.2 131.6 + 17.2 LPLI 1.1+0.2
STZ+LPLL 3115 £ 39.9 110.8 + 13.7 STZ+LPLI 13£04
Table 5: Anti-inflammatory effects of LPLI on serum TNF-a, IL-11 and IL-6 levels in GK, Zucker
and streptozotocin-induced diabetic (STZ) rats at 12 weeks using infrared thermography.
Data were shown as the mean + SD of 7 animals in each group.
* p < 0.05, *: p < 0.01 vs. no irradiation group (control).
Group TNF-a (pg/ml) IL-1B (pg/mD IL-6 (pg/ml)
6K control 3.9+0.5 53.2+10.6 106.5 + 23.8
LPLI 3.3+06 451+ 6.7 78.1 + 14.4*
control 51+1.1 43.6 + 8.8 98.3 + 15.8
Zucker
LPLI 3.3 + 0.5% 27.1 + 3.8 62.2 + 12.1%
control 1.9+0.3 18.1 £ 2.3 41.8 £5.2
SD LPLI 58+1.1 69.2 + 11.1 120.0 + 26.2
STZ+LPLI 5.6+ 1.2 66.8 + 21.3 116.6 + 15.3
262 Bhawal U et 4l.
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group and non-irradiated STZ group vs non STZ treated
SD rats, the levels were 1.9 + 0.3 vs 5.8 + 1.1 pg/ml (p <
0.001); 1.9 £ 0.3 vs 5.6 = 1.2 pg/ml (p < 0.001). There
was a significant increase in both the non-irradiated
group and LPLI. However, there was no significant differ-
ence between the non-irradiated group in the STZ group
and LPLI (Table 5).

Blood IL-1p levels among the Zucker rats, were 43.6
+ 8.8 and 27.1 + 3.8 pg/ml (p < 0.01) in the non-irradiat-
ed group and LPLI respectively, with LPLI showing a sig-
nificant decrease. Blood IL-6 concentrations in the GK
rats at 12 weeks were 100.5 + 23.8 and 78.1 + 14.4 pg /
ml (p < 0.05) in the non-irradiated group and LPLI. In the
Zucker rats, the non-irradiated group and LPLI showed
blood IL-6 levels of 98.3 + 15.8 and 62.2 + 12.1 pg/ml (p
< 0.01), which decreased in LPLI group. Zucker's rat with
LPLI showed significant suppression of blood inflamma-
tory cytokines levels (TNF-a, IL-1f, IL-6) levels (p < 0.05,
Table 5).

The small intestinal transit rates of charcoal meals
were significantly decreased (58.1 + 10.1 vs 73.4 + 13.3, p
< 0.05) in the Zucker-LPLI group compared with the con-
trol rats. The small intestinal transit rates showed no dif-
ference in GK and STZ rats (Table 6).

Discussion

The experimental designed involved GK (non-obese) and
Zucker (obese) rats for Type 2 diabetes model and
STZ-induced diabetic rats for type 1 diabetes model. The
changes in body weight, blood biochemistry, inflammato-
ry cytokines and temperature of abdominal wall were
evaluated. The final weight in the Zucker rats was 706 +
83 g and 588 + 71 g in the non-irradiated group and LPLI,
LPLI showed a significant weight loss. Extrapolation of
this numerical data to the human body weight is decrease
of 80 kg body weight to 66 kg. The LPK diet efficiency

Table 6: Effects of LPLI on small intestinal transit rates of
charcoal meals in GK, Zucker and
streptozotocin-induced diabetic (STZ) rats. Data
were shown as the mean + SD of 7 animals in
each group.

* p < 0.05 vs. no irradiation group.

Group Small intestinal transit (%)
control 61.8 +15.3

GK
LPLI 70.4 + 12.6
control 58.1 = 10.1

Zucker
LPLI 73.4 + 13.3*
control 613+ 127

SD LPLI 60.8 + 13.3
STZ+LPLI 66.7 + 18.5

Low-power laser irradiation on diabetetic rats

was low in both GK and Zucker rats, but no difference
was observed between the non-irradiated group and
LPLIL The rats did not show any loss of appetite or abnor-
mal eating behavior after LPLI.

In STZ rats of type 1 diabetes model, the amount of
insulin secretion from P cells was 1.1 + 0.2 ng/ml in the
non-irradiated group, whereas LPLI group showed an in-
crease to 1.3 + 0.4 ng/ml. This finding highlights that LPLI
may have improved the function of islet f§ cells. The de-
crease in body weight and blood glucose level in LPLI
group was also observed.

Abdominal skin temperature was measured using
ITh. LPLI groups showed a significant (p < 0.05) differ-
ence from non-irradiated group in GK, Zucker and STZ-
SD rats. ITh displays the thermal energy emitted from the
living body as skin surface temperature and is widely
used for testing various diseases that affect the body sur-
face temperature, such as superficial acute inflammation,
blood circulation disorders, chronic pain, inflammation,
and tumor. ' In the present experiment, LPLI improved
blood flow in deep tissues and abdominal adipose tis-
sues, this resulted in an increase in abdominal skin tem-
perature.

Blood glucose levels were found to be lesser in
LPLI groups as compared to non-irradiated groups. In the
GK and Zucker rats, LPLI suppressed the increase in
blood glucose levels compared to the non-irradiated
groups from approximately 8 weeks of irradiation. GK rat
is a naturally occurring non-obese diabetic animal model
established by selective mating from Wistar rats. It is a
type 2 diabetes model that develops diabetes at 8-10
weeks of age with abnormal pancreatic insulin secretion
and insulin resistance. '

In the present experiment, blood glucose levels of
Wistar rats and GK group at the same age were 73.5 +
15.9 and 282.4 + 38.1 mg/ml, respectively, and GK group
developed hyperglycemic diabetes. The blood insulin lev-
els in Wistar rats and GK groups were 2.5 + 0.5 and 6.2 +
1.7 pg/ml. Despite the fact that GK group secreted a suf-
ficient amount of insulin, insulin resistance was observed.
Zucker rats are type 2 diabetes with obesity, an animal
model of type 2 diabetes that accounts for more than 90%
of diabetes patients. Obesity is observed by weight gain
and appearance from around 4 weeks of age which pro-
gresses rapidly by 10 weeks of age. Obesity leads to po-
lyphagia, hyperlipidemia, hyperinsulinemia, hyperleptin-
emia and high fasting blood glucose level. Insulin
resistance is a characteristic of type 2 diabetes and is re-
sponsible for hyperglycemia and hyperinsulinemia. 171

In the Zucker rats used in this experiment, the body
weight at the end after 12 weeks was 706 + 83 g, approx-
imately twice that of normal rats of the same age, and the
blood insulin level was 11.8 + 2.5 pg/ml, approximately
four times that of normal rats. The patient with type 2 di-
abetes show high insulin levels with obesity. In contrast,
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LPLI significantly decreased blood glucose and blood in-
sulin levels in both GK and Zucker rats, suggesting that
LPLI has the effect of improving insulin resistance.

Obesity is the most common cause of lifestyle-relat-
ed diseases such as diabetes. In obese conditions, macro-
phages infiltrate between enlarged visceral fat cells, re-
sulting in chronic inflammation. Hotamisligil et al.
showed that TNF-a is a kind of adipocytokine secreted
from adipocytes and is secreted excessively from fat cells
of obese people or obese animal models and phosphory-
lates the serine residue of IRS-1. We reported that insulin
resistance was induced as a result of decreasing tyrosine
phosphorylation of the insulin receptor and inhibiting in-
sulin action. 2V Clinical data have also reported that
macrophages are activated under hyperglycemia in type 2
diabetic patients and produce excessive amounts of in-
flammatory cytokines such as TNF-IV and IL-6. 2> 2 In
obese individuals, blood levels of adipose tissue-derived
TNF-IV and IL-6 increase, and their blood levels decrease
with decreasing body weight. 2>

In obese visceral adipocytes, the expression of mul-
tiple inflammatory cytokines such as IL-1f 2 and 1L-6 ?7 is
also increased, synergistically suppressing insulin signal
and enhancing insulin resistance. In this study, TNF-a lev-
els in Zucker rats were about three times higher than nor-
mal rats, LPLI significantly decreased TNF-IV by 25%, IL1-
IV and IL-6 by 30% as compared to the non-irradiated
group.

The evaluation of various inflammatory model ani-
mals has revealed an anti-inflammatory action of LED 252
and LPLL 3V In the oral region, LPLI (wavelength 660
nm) in the salivary gland of STZ diabetic rats suppressed
the increase in HMGB1/AGE/RAGE gene expression by
the NF-xf pathway, which is a transcription factor of in-
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hibiting this activity. It also reduced diabetes-induced
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