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The ayu, Plecoglossus altivelis (Osmeridae), is an amphidromous fish with an annual life
cycle, spawning in the lower reaches of rivers in autumn. Newly hatched larvae are
immediately swept downstream to the sea, where they spend the winter months until ascending
rivers as juveniles in spring. This species is distributed from the Panke Pond, Hokkaido (ca.
45°N) to the Ryukyu Islands (ca. 26°N) in the Japanese Archipelago, and from Chongjin,
northern Korea (ca. 42°N), round the Korean Peninsula, along Chinese coasts (Liaoning, Hebei,
Shandong, Zhejiang, Fujian, Guangxi and Taiwan), to the Kalong River (the Bac-Lon River in
Chinese), northern Vietnam (ca. 21°30’N) in the continent. It should be determined whether
the distributional regions of this species are the most latitudinally expanded of all

amphidromous fishes.

The P. altivelis distributed in the Japanese Archipelago had been divided into two subspecies,
i.e., the ayu Plecoglossus altivelis altivelis from Hokkaido to the Yakushima Island and the
Ryukyu-ayu Plecoglossus altivelis ryukyuensis in the Ryukyu Islands. On the other hand, althou
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-gh the Chinese ayu was recently nominated as a subspecies (Plecoglossus altivelis
chinensis), differing from either P. a. altivelis or P. a. ryukyuensis, on the basis of
morphology, this differentiation is problematic because of having too poor characters to

compare among the ayu populations. Thus, the status of continental populations is uncertain.

In contrast to a great attention of molecular studies on the ayu in the Japan-Ryukyu
Archipelago, a limited number of works have applied genetic analyses to the continental
amphidromous population. It was showed that the Korean populations have been found
genetically quite similar to P. a. altivelis in the Japan Islands, but different to P. a. ryukyuensis
in the Ryukyu Islands. However, these works examined only the Korean population as
continental ones so that little information exists for other continental populations.

In Japan, it was found that ayu larvae appeared abundantly in the surf zone of sandy
beaches, and subsequently it was shown that a proportion of ayu larvae and juveniles remain
and grow within the estuary. However, little is known about the early life history in the
continental ayu.

Recently, the ayu population has decreased greatly in Japan, and it was hypothesized that
this phenomenon can be attributed to an increase in sea water temperatures, and more frequent
larval mortality due to higher temperatures because of the global warming. Is this true? |
fortunately was able to collect ayu larvae in the Kalong River, which is probably their
southernmost distributional area. Therefore, | could ask how ayu lead their early life history
in tropical waters.

In the present study, to clarify the early life history of ayu distributed in northern
Vietnam, | tried to examine and compare genetically, morphologically and ecologically the

Vietnamese ayu with those collected from different areas of Japan.
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1. Early life history of the Vietnamese ayu
Water conditions of the Kalong River system
The Kalong River system was vertically well-mixed and received tidal exchange of
water, except for a stratification in temperature in late February. The temperatures and
salinities when the larvae were collected ranged from 12.1 (middle January) to 21.3°C
(December), and from 3.5 (December) to 29.8 psu (middle January), respectively. The
temperatures were lower in the sea than those in the river and estuary. Seasonal relationship

between the temperature and salinity revealed a reciprocal pattern.

Distribution

The early life history of ayu (P. altivelis) was investigated in the Kalong and Tien Yen
River systems, northern Vietnam, which is probably the most southern distribution locality for
this species, during the period of November 2010 to February 2011. A total of 248 larvae
were captured in the Kalong, and none were collected in the Tien Yen.

In the central current: A total of 227 larvae of ayu were collected by a larva net (1 m
mouth-diameter, 0.5 mm mesh-aperture) from December to February, with a peak abundance
in early January.  They were preflexion to flexion larvae (chiefly preflexion with yolk),
ranging from 5.2 to 12.9 mm in size. Larvae less than 8 mm were predominant, and only 30
larvae were larger than 8 mm. The larvae were collected only at the river stations from
December to early January, and gradually expanded to be distributed toward the estuary
until middle February; subsequently few appeared in late February

In the bank waters: A total of 21 larvae were collected by a small seine net (1 x 4 m, 1
mm mesh-aperture) in the bank waters in January and February 2011. They were composed
of flexion and postflexion larvae (mostly postflexion), ranging from 14.1 to 23.8 mm, with a

mode at 18-20 mm. The CPUE increased seasonally until late February, except for no larvae
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in middle January, then subsequently tended to continue to rise after February. The
larvae occurred only at the estuarine stations in January and started to be found at the river
stations in February. No larvae were found at the sea stations. The size and ages of ayu
larvae ranged from 14-16 and 14-18, 20-24 and 30-41, and 16-21 mm BL and 24-40 days
old, respectively; distributed in early January, middle February and late February, respectively.

The hatch-date distributions never had overlapped over the occurrence period.

Description of the Vietnamese larvae
Flexion larvae were identified to the species based on the myomere counts (62-65),
distinctive pigmentation on the dorsal margin of the caudal peduncle, and formation of dorsal
and anal fins. Identification of larvae at a stage earlier than flexion was verified by
melanophore patterns traced back from the flexion-stage larvae. Additionally, my larvae
could be distinguished from salangid fishes, whose larvae morphologically and meristically
resemble ayu larvae, but with closely located dorsal and anal fins.

The larvae are very elongate and have 60-65 myomeres (40-45 + 19-21). The
straight, long gut reaches to 76-78% BL, and the anus hardly migrates throughout the larval
period. Most of larvae smaller than 8 mm remain some the yolk, which is completely
consumed by about 9 mm. Larvae less than 9 mm have only the pectoral fin placed low on the
body. Incipient pectoral rays are present at ca. 24 mm. The caudal anlage begins to
develop at ca. 9 mm, pushing up the notochord tip during 14-15 mm, with notochord flexion
and the rays being completed at ca. 16 mm. The anal and dorsal anlagen are present at ca. 12
and 14 mm, respectively; their incipient rays start to differentiate in larvae smaller than 16
mm, and the full complements of these fin rays are present at ca. 20 mm. The pelvic bud
appears slightly anterior to the dorsal-fin origin (myomere 20-21) at ca. 21 mm.

The operculum does not cover the posterior-most gill filaments at least until ca. 24 mm.
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The nasal pit is differentiated by ca. 14 mm, and starts to divide at 20 mm.

Initially melanophores are distributed behind the cleithral symphysis, dorsal to the anus,
along the dorsal and ventral margins of tail posterior to the anus; a single row of
melanophores is found along ventral midline of the gut; and two rows of melanophores at
long intervals dorso-laterally on the fore- and midgut. The latter rows are gradually denser

with growth.

2. Comparison of the early life history of the ayu between Vietnam and Japan

Genetic: The genetic results based on the coding region ND4-tRNA>" genes in the
mitochondrial DNA of seven populations of the ayu from Vietnam, the Japan Islands and the
Ryukyu Islands indicate that no haplotype was shared geographically among the populations.
In the ND4-tRNA>*" gene region, one fixed substitution was detected between the Vietnamese
ayu and P. a. altivelis, and none of fixed substitutions between the Vietnamese ayu and P. a.
ryukyuensis. The Vietnamese ayu has been found genetically quite similar to the P. a.
altivelis in the Japan Islands, but not at all to the P. a. ryukyuensis in the Ryukyu Islands.
This discrepancy can be resolved by paleogeographic considerations.  This study also reveals
the genetic variability of the Vietnamese population to be very low, in contrast to that of

populations in the Japan Islands.

Ontogeny:  There was little difference in morphology and pigmentation during
developmental sequence between the Vietnamese ayu, P. a. altivelis and P. a. ryukyuensis.
Furthermore, comparing development in proportions to the body length of the larvae
ranging 5-30 mm BL in size between the Vietnamese ayu and P. a. altivelis from the
Shimanto estuary facing the Pacific, Muko estuary facing Seto Inland Sea and Niigata coast

facing the Japan Sea, there also were few differentiations in morphometrics through the
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ontogeny among the four sites. The turning point of the proportional changes in the
Vietnamese ayu is at ca. 12 mm BL, and in P. a. altivelis at ca. 10 mm BL. Additionally, the
ratio of snout length to body length has a little difference in growth between the Vietnamese
larvae and the Japanese larvae. The snout length increases with growth in the Vietnamese
ayu, whereas this value increases markedly from ca. 1 to 4%, until ca. 10 mm BL,

subsequently becoming constant up to 30 mm BL in the larvae of P. a. altivelis.

Distribution: The larval occurrence in the Kalong River was 1-2 months later than for
P. a. altivelis in Japan and P. a. ryukyuensis in the Ryukyu Islands probably because of the
delay until a reasonable photoperiod for the start of spawning in the lower latitudinal region.
Considering the delay occurrence, it is conceivable that the Vietnamese larvae aggregate in
the bank waters in March and April like the P. a. altivelis in Japan. The larvae were never
collected from the sea, where the temperatures were lower than in the river and estuary in

January and February, unlike in Japan.

Growth: Comparing larval growth among Vietnam, the Shimanto estuary, Muko estuary
and Niigata coast, it was highest in Niigata coast, being located most northerly, and there was
little difference among the other three sites. The higher growth in Niigata coast was due to
larvae born in October, when the water temperature was higher and the ayu larvae were

seldom born in the other sites.

In conclusion, it is important that temperatures of the river and estuary were much
higher in the Kalong River than in any of the Japanese rivers during early life period of the
ayu, and the present study could reveal that they are still breeding in the tropical region. The

results from comparison of the ayu larvae between Vietnam and Japan suggest that the early
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life history of ayu is externally not so valuable, but internally different among latitudinal
locations. High variability in genetic and reproduction would be potentially associated with
increasing ability to cope with environmental change during the ayu evolution.  Accordingly,
the present study demonstrates convincingly why the distributional regions of the ayu are the

most latitudinally expanded of all amphidromous fishes in the world.
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[Purpose]

Modernization of lifestyle, people adopt a modern western diet (such as; fast and instant food) for saving time.
The problems of these foods have quantitative and qualitative effects, for example: a high proportion of fats,
high calorie density and high glucose intake. Unbalanced food intake, mainly total calories contribute to obesity
and type2 diabetes mellitus (T2DM: type 2 diabetes). Type 2 diabetes, T2DM is a complex genetic disease
comprised of many metabolic disorders with a common phenotype of glucose tolerance or disorder of
dysregulated energy metabolism because of failure to produce sufficient insulin and insulin resistant. Effective
management of type 2 diabetes cannot be achieved without proper attention to activities and nutrition. Here, |
used edible algae to ameliorate type 2 diabetes.

This dissertation highlights the studies of gametophytes of Ecklonia kurome on the regulation of blood
glucose and lipids in mice. In Japan, Ecklonia species have been believed to improve the circulation of blood.
Indeed, bio-active compounds from edible algae have been reported not only in the prevention of hypertension
but also in anti-diabetic activities.
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[Material and Methods]

On this experiment, two type of mice models, wild type mice (C57BL/6J), and IFN-y KO mice (C57BL/6J-
tm1Ts

Ifng™" ") were employed. On the other hands, the db/db mice model was used for comparison with the results

of this experiment. The db/db mice are leptin receptor deficient and are used as the model of type 2 diabetes.
C57BL/6J mouse is common inbred strain that is susceptible to diet-induced obesity, type 2 diabetes and
atherosclerosis, in a manner analogous to most cases of type 2 diabetes in humans. IFN-y KO mice have a
genetic background of C57BL/6J mouse with disrupted Interferon-y (IFN-y) genes. IFN-y is a cytokine
involved in inflammatory responses that induces fever and enhances thermogenesis.

Three marine algae consisting of two brown algae, Ecklonia kurome (E. kurome) and Cladosiphon
okamuranus (C. okamuranus), and a red alga Poryphyra were used in this experiment. Especially,
gametophytes (n) and sporophytes (2n) of E. kurome were compared in terms of their activity to ameliorate
prediabetic condition of C57BL/6J mice. The E. kurome and a red alga Porphyra species (Porphyra sp.) were
isolated as strains and have been kept as culture collections in Usa Marine Biological Institute, Kochi
University. The thalli of these algae were cultured using the “germing cluster” method and deep seawater

supply developed by Hiraoka and Oka (2008).

The micro gametophytes of E. kurome were cultured in a glass flask containing 500 mL ES medium developed

by Provasoli (1968).

The schedules of the experiments are described in Table 1.

Tablel. Schedules of administration of diets and algae

Group No. Strain ~ Stage 1 (8 weeks)  Stage 2 (4 weeks) Stage 3 (3 weeks) Stage 4 (3 weeks)

Serum l

Flow cyto. ﬂ ﬂ X
OGTT ﬂ
1 (C57BL/6J) ND (CE-2) ND ND ND
2 (C57BL/6J) HFD (HFD32) HFD + DW ND + DW
HFD + DW
3 (C57BL/8J) HFD (HFD32) HFD + E. kurome G ND + E. kurome G HFD + E. kurome G
4 (C57BL/6J) HFD (HFD32) HFD + E. kurome S ND + E. kurome S HFD + E. kurome S
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5 (C57BL/6J) HFD (HFD32) HFD + C. okamuranus ND + C. okamuranus HFD + C. okamuranus

6 (C57BL/6J) HFD (HFD32) HFD + Porphyra sp. ND + Porphyra sp. HFD + Porphyra
sp.

7 (IFN-y KO) ND (CE-2) ND (CE-2) ND (CE-2)

ND (CE-2)

8 (IFN-y KO) HFD (HFD32) HFD + DW ND + DW

HFD + DW

9 (IFN-y KO) HFD (HFD32) HFD + E. kurome G ND + E. kurome G HFD + E. kurome G
l?BIeeding for serum collection; X : Bleeding for Flowcyto. (Flow cytometr@: : OGTT was performed at the end of

each stage as indicated. To prepare sera, 100 pLblood was collected from orbital sinus of each mouse eleven days before being
sacrificed. Lymphocytes for flow cytometry were collected one day before being sacrificed and stained as described in Materials
and methods. E. kurome G: gametophytes of Ecklonia kurome, E. kurome S: sporophytes of E. kurome, C. okamuranus:
Cladosiphon okamuranus, Porphyra sp: species belonging to genus Porphyra. In groups 1, 7, 8, and 9, each group consists of 5
female mice. In groups from 2 to 6, each group consists of 8 female mice. From group 1 to 6, eight weeks old femaleC57BL/6J
mice were used. IFN-y KO mice were 8 to 15 weeks old female mice. All algae homogenate suspended in distilled water (DW)

was administered using capillaries as described in Materials and methods.

Normal diet (ND: CE-2) and High Fat Diet 32 (HFD: HFD 32) were purchased from CLEA Japan. CE-2
contains 4.8% crude fat and HFD 32 contains 7.1% saturated fatty acids (4% palmitic acid and 2.4% stearic
acid), 21.2% monounsaturated fatty acids (20.5% oleic acid), 3.3% polyunsaturated fatty acid (3.2% linoleic
acid). HFD 32 contains 27.4% carbohydrates and CE-2 contains 54.6% carbohydrates. For Oral Glucose
Tolerance Test (OGTT), one drop of blood was collected from a tail vein of each mouse hourly (0, 1, 2, and 3
hours) after oral administration of glucose (2 g/kg body weight). Blood glucose was measured with Accu-Chek
(Roche Diagnostics K.K., Tokyo, Japan) in all experiments. Interpretation of OGTT status was defined
according to recommended diagnostic criteria by World Health Organization and International Diabetes
Federation (2006)

Serum was prepared from the blood collected from orbital sinus of each mouse using a glass capillary. Serum
levels of glucose, triacylglycerol, and cholesterol were measured by Hitachi Clinical Analyzer S40 (Hitachi,
Ltd., Tokyo, Japan) using S-Test Cartridges for glucose, triacylglycerol, and cholesterol (Alfa Wassermann,
Inc., West Caldwell, NJ). Serum levels of insulin and leptin were measured according to the manufacturer’s
protocol. TMB (3, 3’, 5, 5'-tetramethylbenzidine) was used as a chromogen. The levels of both insulin and
leptin in the sera were evaluated by measuring the absorbance at 450 nm using a microplate reader ThermoMax
ROM v102 (Molecular Devices, Sunnyvale, CA).

12
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The percentage of Treg cells among lymphocytes of each group was evaluated from the pooled peripheral
blood. Ten million lymphocytes were collected from pooled blood from each group by using Lympholyte-M
(Cedarlane, Hornby, Ontario, Canada). Treg cells were stained using Mouse peridinin chlorophyll protein
(PerCP) conjugated anti-CD4 antibodies (PerCP anti-CD4 Ab) and fluorescein isothiocyanate (FITC) or
phycoerythrin (PE) conjugated anti-CD25 antibodies (FITC-anti-CD25 Ab or PE-anti-CD25 Ab) according to
the manufacturer’s protocol (Bio Legend, San Diego, CA). Five million stained cells were analyzed with a
FACSCalibur (Becton Dickinson and Co., Mountain View, CA), using Quadra Stats of BD Cell QuestTM Pro
\ersion 5.2.

For the OGTT, analysis of variance (ANOVA) was performed and significance was determined using
Tukey-Kramer’s post hoc test. For serum glucose, triacylglycerol, cholesterol, leptin, insulin, adipose tissues,
body weights, and food intakes, one way ANOVA was used to evaluate the statistical significance. A P value

of < 0.05 was considered statistically significant.

[Results and Discussion]

Effect of gametophytes of E. kurome on Oral Glucose Tolerance Test (OGTT)

The glucose tolerance test is usually used to differentiate individuals with impaired glucose tolerance and those
with type 2 diabetes from normal ones. Overnight fasting is useful for studies where the focus is on glucose
utilization in mice, because it nearly depletes glycogen stores in the mouse. For these studies, C57BL/6J and

IFN-y KO mice are fasted for 18 hours as recommended by Ayala et al (2010).

At stage 1, mice were administered with either ND or HFD for 8 weeks. The results of OGTT of IFN-y KO
mice at stage 1 (Figure 1b) showed different results from those of C57BL/6J mice (Figure 1a). During the
administration of ND, the OGTT showed a higher level of blood glucose in IFN-y KO mice, compared with that
of C57BL/6J mice.  Although HFD induced a higher level of blood glucose compared with ND group in the
OGTT of C57BL/6J mice, this effect of HFD was not observed clearly at first but appeared three hours after
glucose administration in IFN-y KO mice.

20 - ! 20 -
S g
g 15 \ 215 1 N
g . E
~ (5]
2 10 - 3 10 A
S /——N ——ND i —a—ND
s (=2}
W O T -8-HFD 3 51 —8—HFD
'§ o
= 0 0
0 1 2 3 0 1 2 3
Hours after glucose Hours after glucose administration
adminstration
Figure la. Effects of HFD on the OGTT in C57BL/6J Figure 1b. Effects of HFD on the OGTT in IFN-y KO
mice at stage 1. * indicates that there is a significant mice at stage 1. * indicates that there is a significant
difference at each point between groups (ANOVA, difference at each point between groups (ANOVA,
Tukey-Kramer’s post hoc test, P < 0.05). Tukey-Kramer’s post hoc test, P < 0.05)
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These results indicate that IFN-y is involved in the regulation of blood glucose.

Gametophytes of E. kurome were administered orally to prediabetic C57BL/6J and IFN-y KO mice and
OGTTs were performed to evaluate the effects of the algae. The two prediabetic strains of mice were
adminsitrated with gametophytes of E. kurome together with HFD for four weeks and the administration of
gametophyes of E. kurome did not have any effects on the OGTT in either C57BL/6J or IFN-y KO mice at stage
2. At stage 3, gametophytes of E. kurome down-regulated the level of blood glucose in OGTTs of both C57BL/6J
and IFN-y KO mice, when ND was administered after making them prediabetic (Figure 2a and b). Therefore,

gametophytes of E. kurome can be used to improve glucose tolerance.

Effect of gametophytes of E. kurome on the regulation of blood glucose and lipids

The next step was to determine the effects of adiministrating marine algae on the glucose and lipids when mice

were fed with HFD. At stage 4, serum levels of glucose, triacylglycerol, cholesterol, leptin and insulin were

measured.
15 - 15 4
_ " —8—HFD-ND _ 8— HFD-ND
= =
3 S *
£ 10 —e—ND +E. kurome G E 10 —6—ND +E. kurome G
s | x 3
] 8
= =
o 5 4 > 5 1
g f:
o m
0 0
0 1 2 3 0 1 2 3
Hours after glucose administration Hours after glucose adminisration
Figure 2a. Effects of gametophytes of E. kurome on Figure2 b. Effects of gametophytes of E. Kurome on the
the OGTT in C57BL/6J mice at stage3. * indicates that OGTT in IFN-y KO mice at stage 3. * indicates that there
there is a significant difference at each point between is a significant difference at each point between groups
groups (ANOVA, Tukey-Kramer’s post hoc test, P< (ANOVA, Tukey-Kramer’s post hoc test, P< 0.05).

There were significant differences between the group administered with gametophytes of E. kurome and that
with sporophytes of E. kurome, or with C. okamuranus at the serum glucose level in C57BL/6J mice. Only
gametophytes of E. kurome lowered serum level of glucose to normal level in C57BL/6J mice at stage 4. This
effect of gametophytes of E. kurome was not observed in IFN-y KO mice.
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The serum levels of triacylglycerol in control HFD group and sporophytes of E. kurome-treated group were
29.6 + 6.5 mg/dL and 34.6 £ 9.7 mg/dL, respectively. These values were lower than the level of ND group (67.5
+ 10.4 mg/dL). The serum level of triacylglycerol in the group administered with gametophytes of E. kurome
was higher (51.8 + 17.1 mg/dL) than the level of HFD group in C57BL/6J mice. In contrast, gametophytes E.
kurome did not have any effect on the serum triacylglycerol in IFN-y KO mice.

It ispossible that gametophytes accumulate triacylglycerol or carbohydrates by converting glucose as energy
sources before fertilization, because it is common for plants to accumulate energy sources at a certain stage
of the lifecycle such as when producing seeds. This hypothesis may be supported by the fact that gametophytes
but not sporophytes of E. kurome up-regulated the serum level of triacylglycerol to the level of ND group
in C57BL/6J mice. This effect of gametophytes of E. kurome was not observed in IFN-y KO mice, suggesting
that IFN-y may be involved in the regulation of the metabolism of glucose and lipid.

At the serum levels of total cholesterol, there were also significant differences between ND group and HFD
groups only in C57BL/6J mice. Gametophytes of E. kurome did not have significant effect on it in either strain of

mice.

At the end of stage 4, fat tissue around uterus was measured. Fat tissue accumulated in the groups of HFD-fed
mice in both C57BL/6J and IFN-y KO mice. Obesity is the natural result of a diet rich in fat. Administrating
gametophytes E. kurome together with HFD significantly decreased the amount of fat tissue around uterus in
IFN-y KO but not C57BL/6J mice

There were significant differences at serum levels of leptin between ND group and HFD group in both strains
of mice. The weight of fat tissue around uterus was correlated with serum level of leptin in both strains of mice.
This is consistent with other studies that leptin is produced in adipose tissue and circulating levels of leptin
directly correlate with adipose tissue mass. Fat tissue around uterus in IFN-y KO mice was higher than that of
C57BL/6J mice.

Insulin resistance was observed in prediabetic HFD-fed mice in overnight-fasted C57BL/6J but not IFN-y
KO mice. Gametophytes of E. kurome, sporophytes of E. kurome and C. okamuranus had a tendency to
ameliorate the insulin resistance in C57BL/6J mice. Serum insulin level in IFN-y KO mice fed with HFD was
lower (1.0 = 0.8 ng/mL) than that in C57BL/6J mice (1.4 + 0.3 ng/mL).

Gametophytes of E. kurome had a tendency to reduce the Treg cells compared with control group in both
db/db and IFN-y KO mice. De Rosa et al. (2007) reported that leptin down-regulates the Treg cells and
stimulates the proliferation of IFN-y secreting Th1 cells. This may suggest that gametophytes of E. kurome may
replace the function of leptin, in part, in regulation of Treg cells.

There was no significant difference in body weights among HFD groups either in C57BL/6J or IFN-y KO
mice, although groups of HFD-fed mice had higher body weights in average compared with those of ND-fed
mice in both strains of mice.

These results suggest that gametophytes of E. kurome have bioactive molecules which may function to
reduce the blood glucose and white adipose tissue by regulating immune system and endocrine system associated

with life cycle and cell differentiation.
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Gametophytes of E. kurome are useful in down-regulating blood glucose and are good candidates to be used

as an alternative medicine, because they are one stage of an edible alga.
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TIT TR, EF, TEMEBFEORCKIZ L0 FERFEOAIEEER N SEITHEM L T\Wb, Z0
R D T BHC L 7 B & B 2R A ORI OB A EX D Z ENEE LB 25N TS, K
WEZED B BT E AR~ 7 A CHTBL/GJ I m NI B 2 b L, 2 BUFEIRIA O R FEORBA/FR L, 20
MFERE R &2 B C X D2 RMEMFEN GIINL, Z O - RERE~OEEEZMTT 5L TH D,
A —7xur—y (IFN-y) #Efaf+x#E (IFN-y KO) ~ 7 2, C57BL/6J- Ifngtm1Ts% i /- FH 13,
2DV T ARPRM T HCETBLBJIZH AR THENELS =X F— B RMER DD L EZ TN
Thbd, £lo. BEMEMERLVE Y TH D U7 F U MiItE O SIEETHR 2 S, 4 & —
7 xnr -y (IFN-y) EAEZ A 71~ N—THEZE IS5 Z EPRESN TS, ZoL7 T
VEFRRIZKERH Y . ZORNVE DY T FIABRE IR\ db/Ab~ U A TR R T, EEIAR TR

V. 2BIBERIG A FIET D,

AWFZECHEF U7z Ecklonia kurome (7 & A )EMBIRI Z 0 2 BUBERIFE T V., db/db~ 7 A Tk %
BFESED2REFETILIZLEE2BERLTHRE LTS, £, FRFICY 0 ARMBIKIL db/db ~ 7 A
OFIEPE T MR A2 D S5 2 E2HE LTV D,

& LT 4.8%DIEE 2 & Tl & CE-2 & 32%DIEE 2 & temis i HFD32 %z v -, & Mk
E LT v ARMEIR, 7 v ARa11K, Cladosiphon okamuranus (4 7) VX7 ), Porphyraspecies

(T~ VD 1FE) ZZEFAKF TR br A THEBEL TARA Yz 3x— & LT 80 FECT 1 IRt
% 2 Al VK LT 10 mg/0.2 mL/mouse TX¥ 7 U —%2HW\WT 1 HBXIIROEEG LTz,

E9. mE & HFD32 % 8 HfH#& 5 L CRIbERWFIKEE (MHFERERH) % C57BL/6J ¥ L O, IFN-y KO
~ 7 ATERL U7z, BTBERPIRAEIL 18 BERIMa R L 7o, R B AnaABR CMesl L=, RBEIRIE OIRNE
I% World Health Organization(WHO)® 2006 4F2:#E%4F| ] L 7=, Impaired Glucose Tolerance (ffif 4
RERE): MR/ L 22— 2:<7.0 mmol/L and F¥& Wt 2 FFROIMIEs /L2 —2 : >7.8 and <11.1
mmol/L, Z Z CIIHEARIL 2 glkg body weight T 5, BRI D C57BL/6J ~ 7 AZlFHREZHE L
75 A T 18 i te . WEAMZ{To72 & 2 A, MFHEIX 0 hi5.1; 1 h:8.3; 2h:8.0; 3h:6.7 (HAL
mmol/L, 8 JEDEBIE ) Th o 7=, milENi &% 8 &G L6 MRk O M EIXZ 24 0 hib.9;
1 h:16.1; 2h:10.8; 3h:8.9 (HiiZz mmol/L. 8 JED M) Th-7-, Ziuixt LT, IFN-y KO w7 %
TILiE A CIPEEIZZ 24 0 hi6.3; 1 hi11.8; 2h:7.2; 3h:6.3 (FE(Z mmol/L, 5 VED FH#)E) T -
To BURIERNZ L ICm BN B2 G Lz L &5 ZOfEIX 0 hi6.9; 1 hi12.2; 2h:9.1; 3h:8.9 (HLAZ mmol/L,
LD WLE) TIELAEE L L7, UL, BARMEAR C57TBL/6 ~ 7 A L XIHIIZ, FEATRT 3
FefEl 2 Ch ZOMEIXIFE A SIERTET., 2oL &0 TEERICHENTHREICEWIMEHEZ 7R L7,
ZOZ LIXIFN-y A MO E I CEE R EE 2RI L TWDH I EaRLTWD, 70, mIEE#&R %
O M FEA R RER CREAM 1 BRI ED EF-32 2 &1 IRNyBE5- L TnbH 2 L2 RIB LT
W5,

BRI R Z B LN DFEAETY = % — b 4 BEEEG L TCHLORITRBD N0 o7, KRIZ,
BRSO EE BRI EZE 2 SHMWERFT Y =32 — b5 Lz, ZORMOELIZH 1D 5T,
ATBERIFDIRBE X R D~ 7 A TEIZHERF ST, 2 OFE, C57BL/6J CRIFHIVEREAE Y = % —
Naefh LizE 2 A, BROMAMREBR CHEAN 1 REREI%ZICY o A BURAER 533 TR 5B
TIHFEEIME > To, S HIT 3 M, AEEITRO LR STENEAEY =X — hDOH, 71
A BB REE 5REDME— 7 mmol/L LT O IHEE 2 7~ LTz, 2 OFERIZ 7 1 A BB 5-03 Ak R IR e
DIERDOSFEICEN TH D o fEEEZ TR LT D, IFNYyKO ~ 7 A TH 7 1 AFUBAKRE Y = 21— b
I, KRR (BRI R -mE R, DWES) 12 U CRIERPIREDIER 2 ST 5,
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ATBERIPDIRRE A HERF T 5720, FEE, @FEELOEBEMRICL E Lz, 2o, 3 BiEEAEY
F— b E&RE Lz, REICEIICLCmEHE, VT van—L ol 27— &I,
VIFFo A VARY UERIE LTz, C5TBL/6J TiL, 7 v A BB 58D 2 TS E O A E /KT 23
WO HIL, 7 v A TR KO OWEEREARE Y = 31— MG TIXRABERDRITFED N2 hoTz, =
D7 T AFRIRIC LD IMHEE O TIX IFN-y KO v~ 7 A TIERO LN oT=728, IFN-y 287 1 A
BB O MPHEIK FIZIZNETH D B NS, WIEN & LTI, & Tfh o Rk o & & % 1
E L. RE 100 g H7= 0 ORENHAME &4 et L7,

IFN-y KO ~ 7 A Cld7 v ABUBEIIAE BEISHEIEN 286 LTz, UL, C57BL/6J TIiEZ v Al
RO NN EEIMHZD RITRO S otz, L7F b IFNy KO ~ 7 A Tld7 o A FlEAE
HRETHBICED LTz, IFN-yMFEE LRV EN 7 a A FEEO RN LTV 2 &1 IFN-y A3 5
NFEREDBROIHEK - L 72 > TNWDHZ L ZRB L TWNDE D0 E LIV,

C57BL/6J TiX b U7 L7 Ut w— VIt (FlE B E—-mENE, DW&5) Tl
BFELVEKTFTLTREY, 7o ARBEEGHETEIANEERIEIGES 2o TWnD, ZOEiTsm
A WA ERBEGRETIIRD DR o7, £2, 207 v ARBIKROEIT IFN-y KO TIEEdH 57
Mol TOZ EE, BENENEGEINTZHE. Z7a ABRBEKRT7va—ZXnh6 N T A7k

0 — )L ~DORH M L T D AREMEZ RIB L TV DA, FEm a3 D ICIX S B2 2R 0B TH D,
a L AT — X C57BL/6J ~ 7 A TIHiEFHRE LV AZEIZE N> T2N IFN-yKO ~ 7 A TILZ D%
IO Lo T2, WRM~ T AT, WINOHRAEY =2 — MELRaIL AT — L EEZE
L& /2o,

MR D A AU IREL CBTBL6d ~ 7 A TIkm i &k 5Bt (BiER s g—-miEN
. DWE) THEICE L 72> T2, Prophyrasp.UST X COWEEFRETY = 32— MMEEHETIIA
VAU PEEDME TEIC S Y | Prophyra sp LS OUWFEER T Y = % — MIA AU SAPIHEOSEIC
B THHARENEND D, ZOMEIL IFN-y KO ~ 7 A TIEBH 5o 7-, IFN-y 23A AV
BHEOREFNIKETHDH Z L E2REB LTV D,

BRI, RIEZMHE L, RIEVEYA b4 > TH D IFNyOEARM & #EHTr0C @ < HIEPE T Hife
(Treg) ®$'J/E|\’£’7 g ABEEME T S50 E ) D ERE LT, AR O C57BL/6d ~ 7 A TlE”
2 A OSBRI TR AR HIHNRN S Treg Ml 2180 S5 ENA LT, LT=R-> T,
MEEEZAE T S5 2 & & Treg MlILEREIIESR 2V E bt s, IFN-y KO v 7 ZIZB W T, 7
7 A EE AR GHET Treg Ml OZE LWME TRA LN Z Enb, 7 v ABMBIRN Z oMU LT
VFFUROERZ R T ZE0NEZLLND, L, HilRE, KEICEEENLWVWI 67 0 Al
AR TRNVEEINHIER 252 L i3E 2 6120, IFN-y KO ~ 7 A B\ T 7 v AR [E CIE
HEFONE I DBETT 2 MENR & D, IFN-y DL L2 WGEEIZ, Treg Ml L T\ 5729
7 8 ABUBIROHED LT < 2o TNDDONE LIt
AL REIE TR MO —i& & 72 & 2 ATEE IR O—2, 2 BUEIRIF O RS OIRED NDSHER
JHIC R RN BE CABT T AR EFIH L CEORIEL T+ 5 REM 2 & 2. SHEED
b - BREHTIEERZ T L7 b D TH D, BT X DR O T TR O 5305 FiETidd 573,
EIREEBEZREL T, ZORIADBIEZELELIAREN 2 HIETLH D, ERLEHBEDOTIC, KKE
THIOBM 2> TAFEZSET D Z LI X 2RO THHIZRBER ORI S OB 2 1A BT
HHDTHDH, Jha—A 5, avxTa— LFFr IFN-y, A > AU > #lEE T 2
ED% L OIREAEBEICANTANFHT S V523, FEA OB EIIWE ZHBRIZIZ R > T, L

L% OWFGEDO T4 0 28l U7z & BAETE OUGE CATFEIER O THHICERCX 2B 2182
L7722 ENFHIECE 5,
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