SH4EEFEREFRREBEE HX35) 3-3
AZRY w7« TaT7yA Y TEICLDBBETORE REERED AL

WIFEAREE AN 4 R

WFFEHA AFn 3 AR~ Fn b A
WEREES N E
LFERTZEE S SRR HE

. [FLC®HIT

ABRY w7 Ra—h (AZR) ZNEIENTEREZ F0RE & T 2EhiRE(CPER B (iEZE
ROEZE) OfERET (MHARE R, &, mE&EE) PEEHELRETH D, EREW %
W7z invivo WFZEIZ K 0 | A X2 RBIETBHCEH 5T A BME T OBEEIMThIL, ZiHvE TIgHEE<
DALEMR RSN TETWD, < OREA F 51T, Pk, TR J OVEH& A 03 RE F8 e
TG - WO A T = X LD RIS L 72 505, T U M AL (REGEER) OF —2 B BfGEhs
FErcdH, 7 M LEGHT DA D= X LORKMHIIRECTH D, HeEE IR & FE
ERTITEEE (B T0) PICEENLRD ZOENCEHT 2 AZ R v 7 - Ta 77 A1
VRN BT, AFRERETIEAZRY v - Tua Ty AU U EICEDRBMATORT bk
BEORPULAE BIET & & b2, ML SNTNA A~ — D=3 T MU OIRBONA F~—T1—I12H 7
0I5B0, TOREEMEE LM Z & 2R A D,

ZHOBEENIFP TRALINTEY | 21 6I3EWFRRRR O EHE S ITIG U CRBESE (s
ELTHHBND) EMAIEEED 2 DI I D D, WOElBEE & 138K &K O 7 DA RERIZ
A D BRI DG RAEMBEDORIR CTH D Dy MBI RIEY & el L CHRAImAEH 720 O
APEMED R < ARA BRSO A b E <L HIHEE ORI N D, Bk UL TRENO
PEZERHRIIRF STV D 1D, F 72 OB I 3Rt rTRE 72 BUBHILAS & BBt O L RIREOBLEN G |
k%wm%i%%zgkLﬁwﬁﬁﬁ®5yﬁymﬂzﬁﬁ%%ﬁ%ﬁkLT%EHéhTw
BE, R OBMBEET SO KEDIE, ALY Fer7alL IR bB#IIB N Tar ¥ I 12—

U R BIRL MTTRE ST ﬁﬂ%&&ﬂﬁﬁﬂ@ﬁuﬁméﬂTW5ao*ﬁ\@ﬁﬁﬁ
MIEEEII I v T ) A R0 n-3 BEAMAREFINENIER & o Te AR AL S R O S WV EPERE ) 2 A
L2 EHHBNTND Y, HERENERCHIEEEE AR (M &l LT AR W2, EEEICK
DAGGLND 72 B ST EERR T CARRE S D AR DREIIEFRIC R & R EE RN L »<
DINDOHENH D Dy ZHNHDZ LD, W< OH O UG EE MM SO T E G F Sk AR 28
EU OF MY A MIEENTWD 9, Chaetoceros gracilis (LLF Chaeto & W) 13 PEMEIGHEE
HDO1OTHY, 7en7 ()vacl, 2R EONAMEARITINZ, # o R_IE, 7axhrFuo,
EPA [CE UM AR/ T2 470, 7axHhrF g b7 v7 7V —ICBL, 7L oS
%0#7Dt&:/Awm7/4FT%@\ﬁ%@Kﬂﬁéﬁﬁmﬁﬁi@YﬁP~VX%§¢%
210 FUEREM D, B X OHUERFIER 22 F3 52 & 2 b OAMEEERIICT L oSN
BES 2 Z Enidd STV 5, £72 EPA I FIEEIR TEM S RIEERAZA L, DilERED
VAZIETFIZET D2 ENHMBITND 419, Chaeto 1THIAE, EU OFHAEMY 2 MIIFEENT
WL REIROAFIEMELEMICECL I L RER S L TCOIEHRHIGF SN D, & 2 TR



THNA4FEZREEMEARKEE HX3S) 3-3

2EHTIX, AR v o Ta7y A4 TiEE AW HEEMSCEEE Chaeto D RFFFHERE DR
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Table 1. Amino acid contents of Chaetoceros gracilis
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Aspartic acid
Threonine
Serine
Glutamic acid
Proline
Glycine
Alanine
Valine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine
Histidine
Lysine
Arginine
Cystine

Tryptophan

4140 mg/100 g
1830 mg/100 g
2020 mg/100 g
4200 mg/100 g
1520 mg/100 g
1930 mg/100 g
2500 mg/100 g
1790 mg/100 g

560 mg/100 g
1650 mg/100 g
2970 mg/100 g
1490 mg/100 g
1860 mg/100 g

710 mg/100 g
2240 mg/100 g
2090 mg/100 g

790 mg/100 g

=4mg/100 g
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Table 2. Fatty acid contents of Chaetoceros gracilis

Myristic acid (C14:0) 1352 mg/100 g
Palmitic acid (C16:0) 2520 mg/100 g
Heptadecanoic acid (C17:0) 425 mg/100 g
Stearic acid (C18:0) 789 mg/100 g
Palmitoleic acid (C16:1n-7) 3256 mg/100 g
Oleic acid (C18:1#n-9) 1157 mg/100 g
Linolenic acid (C18:2n-6) 97 mg/100 g
Arachidonic acid (C20:4n-6) 104 mg/100 g
Eicosapentaenoic acid (C20:5x-3) 2535 mg/100 g
Docosahexaenoic acid (C22:6n-3) 180 mg/100 g
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Table 3. The contents of photosynthetic and accessory pigments in Chaetoceros gracilis

Pigments Content (mg/g dry weight)
Chlorophyll a 15.2+0.6
Chlorophyll ¢; 5.73+0.06
Chlorophyll ¢, 0.868+0.014
Fucoxanthin 11.8+0.1
Diadinoxanthin 0.650+0.009
Diatoxanthin 0.455+0.009
B-Carotene 0.540+0.014

Values are means + SEM (n = 4).
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Table 4. Composition of experimental diets in this study

Control 2%Chaeto 5%Chaeto
Ingredients (g/kg diet)
Sucrose 449 442.10 431.75
Casein 200 190.32 175.80
B-Cornstarch 150 150 150
Cellulose 50 50 50
Corn oil 100 96.58 91.45
Chaetoceros gracilis --- 20 50
Mineral mixture (AIN-76) 35 35 35
Vitamin mixture (AIN-76) 10 10 10
DL-Methionine 3 3 3
Choline bitartrate 2 2 2
Cholesterol 1 1 1
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Table 5. Effects of Chaeto feeding on morphometric variables of rats fed high-sucrose and

cholesterol-containing diet.

Control 2%Chaeto 5%Chaeto  p for Trends”
Initial body weight (g) 185+3 1863 1863 N.S.
Final body weight (g) 428+ 6 424+12 419+4 N.S.
Food intake (g/day) 24.8+0.4 245+0.8 24.1+£0.6 N.S.
Food efficiency (%)* 35.0£0.6 34.5+£0.7 345+0.3 N.S.

Organ weights (g/100g of body weight)
Liver 443+0.13 444+0.17 425+0.11 N.S.
Soleus muscle 1.02+0.03 1.09+£0.02 1.09+0.03 p<0.05

White adipose tissue (WAT) weights (g/100 g of body weight)

Epididymal 1.33+£0.08 1.22+0.03 1.30+0.16 N.S.
Perirenal 1.59+0.08 1.56+0.14 1.54+0.30 N.S.
Mesenteric 1.57+0.09 1.39+0.16 1.19+0.18 N.S.
Abdominal 448+0.18 4.17+0.30 4.03+0.63 N.S.

Brown adipose tissue (BAT) weight (g/100 g of body weight)

0.147+0.007 0.182+0.017 0.163+0.014 N.S.

Values represent the mean = SEM (n = 67 group). *Food efficiency was calculated by applying the

following formula: Food efficiency (%) = body weight gain (g)/food intake (g) x 100. TAbdominal WAT
weights were calculated by summing the weights of the epididymal, perirenal, and mesenteric WAT.
#Jonckheere—Terpstra trend test. “p < 0.05 (vs. control group) according to Dunnett’s multiple comparison test.

N.S., not significant.
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Table 6. Effects of Chaeto feeding on hepatic lipid and glycogen contents, and serum biochemical

parameters of rats fed high-sucrose and cholesterol-containing diet.

Control 2%Chaeto 5%Chaeto  p for Trends”
Hepatic contents of lipids and glycogen (mg/g liver)
TG 49.8+5.2 334+£56" 18.8+24" p<0.05
T-Chol 8.29+0.61 6.84+0.72 426+0.27" p<0.05
PL 27.1+0.7 272+2.0 29.3+1.3 N.S.
Glycogen 33.2+6.1 27.3+£4.2 25.6+4.4 N.S.
Serum biochemical parameters
TG (mg/dL) 181+21 156 +33 134+24 N.S.
T-Chol (mg/dL) 95.0£2.6 124+4° 138+4" p<0.05
HDL Chol (mg/dL) 439+2.4 62.7+5.0° 80.8+5.1°" p<0.05
Non-HDL Chol (mg/dL)  51.1+2.6 61.5+5.4 57.7+4.9 N.S.
PL (mg/dL) 193+10 213+16 217+7 N.S.
NEFA (mmol/L) 0.609+0.055 0.630+0.060 0.654+0.054 N.S.
Glucose (mg/dL) 131+6 128+6 121+4 N.S.
C-peptide (pg/mL) 229+ 68 222+22 164 +23 N.S.
Insulin (pg/mL) 273+ 134 141+29 148 +£26 N.S.
Adiponectin (ng/mL) 1.69+0.15 1.54+0.16 1.55+0.15 N.S.
ALT (IU/L) 8.42+0.69 7.64+0.68 7.24+0.45 N.S.

Values represent the mean = SEM (n = 6-7 group). “Jonckheere-Terpstra trend test. p < 0.05 (vs. control
group) according to Dunnett’s multiple comparison test. ALT, alanine aminotransferase; Chol, cholesterol;
HDL, high-density lipoprotein; NEFAs, non-esterified fatty acids; N.S., not significant; PL, phospholipids;

TG, triglycerides.
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Table 7. Effects of Chaeto feeding on activities of hepatic enzymes related fatty acid metabolism, serum
levels of steroids, and relative levels of hepatic mRNA related to cholesterol metabolism in rats fed

high-sucrose and cholesterol-containing diet.

Control 2%Chaeto 5%Chaeto p for Trends”

Hepatic activities of enzymes related to fatty acid synthesis (mmol/min/mg protein)

FAS 10.9+£0.6 9.22+0.90 8.49+0.96 ?~00865 5 < (.05
G6PDH 35.0£3.9 27.7+£8.2 189+2.8" p<0.05
ME 41.3+4.8 383+7.8 30.5+4.3 N.S.

Hepatic activities of enzyme related to fatty acid f-oxidation (mmol/min/mg protein)

CPT 5.34+0.13 5.32+0.23 5.05+£0.27 N.S.

Cholesterol synthesis marker in serum (mg/dL)
Lathosterol 0.136+0.028 0.163+0.023 0.170+0.024 N.S.
Cholesterol absorption markers in serum (mg/dL)
Campesterol 541+£0.21 482+0.14" 434+0.07" p<0.05
[-Sitosterol 9.83+0.45 7.04+£033°  6.86+0.15" p <0.05

Relative levels of hepatic mRNA related to fatty acid synthesis and cholesterol metabolism (arbitrary unit)

Fasn 1.00£0.40 0.792+0.350 0.452+0.128 N.S.
Goépd 1.00+0.08 1.21+0.24 1.07+0.21 N.S.
Hmgcr 1.00£0.13 1.07£0.15  0971+£0.177 N.S.
Soatl 1.00+£0.07 1.14+£0.21 0.786 +0.199 N.S.
Scarbl 1.00+£0.06  0.886+0.049 0.683+0.105" p<0.05
Abcal 1.00+0.15 1.20+0.13 1.06+0.20 N.S.

Values represent the mean = SEM (n = 6-7 group). *Jonckheere-Terpstra trend test. “p < 0.05 (vs control
group) according to Dunnett multiple comparison test. Abcal, ATP-binding cassette protein A1; CPT,
carnitine palmitoyltransferase; FAS, fatty acid synthase; GO6PDH, glucose-6-phosphate dehydrogenase;
Hmgcr, 3-hydroxy-3-methylglurary-CoA reductase; ME, malic enzyme; N.S., not significant; Scarbl,

scavenger receptor class B member 1; Soat!, sterol O-acyltransferase 1.
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Table 6. Effects of Chaeto feeding on levels of identified water-soluble metabolites in the liver and soleus

muscle of rats fed high-sucrose and cholesterol-containing diet.

Control 5%Chaeto

Levels of water-soluble metabolites in the liver (arbitrary unit®)

Glycerol 402 +22 239+40"
Hypotaurine 32.5+53 10.6+1.67
Inositol 247+1.3 17.6+13"

Levels of water-soluble metabolites in soleus muscle (arbitrary unit")

2-Aminoethnol 10.3+0.7 17.8+0.8"
3-Hydroxypyruvate 194 +17 283+18°
B-Alanine 23.0£3.0 54.8+7.2°
Cadaverine 17.6+1.8 262+3.5°
Creatinine 52.7+3.6 762+3.7"
Glycerol 189+ 16 275+ 14"
Glycine 500+ 69 727+£49 "
Hypoxanthine 39.5+6.5 63.8+8.6"
Iminodiacetate 14.0+2.2 28.5+43"
Isoleucine 72.6+3.1 129+14
Leucine 142+9 237+27 7
Lysine 154+ 16 282+45"
Nicotinamide 31.0+14 359+1.6"
O-Phosphoethanolamine 5.34+0.41 7.59+£0.55"
Oxalate 176+ 1.4 13.1£1.5°
Phenylalanine 11.2+1.2 23.4+£35"°
Serine 24.6+2.5 51.0+£5.7°
Threonine 234+25 39.0+£3.7"
Uracil 4.42+0.61 7.11+£0.98"
Valine 81.3+3.3 142+19°°

Values represent the mean = SEM (n = 6-7 group). “Relative quantity of each metabolite was calculated
using the peak area of each metabolite relative to an internal standard (2-isopropylmalic acid). p < 0.05 (vs

control group) according to Student’s #-test. /p < 0.05 (vs control group) according to Welch’s -test.

13



T4 FEZREEFRHRREE HHX38) 3-3
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Figure 1. Macroscopic changes in the abdominal cavity of rats fed Chaeto.

14



THNA4FEZREEMEARKEE HX3S) 3-3

(a) Overview of Pathway Analysis

74
@ <— Aminoacyl-tRNA biosynthesis
@ €— Valine, leucine and isoleucine biosynthesis
6
5|
e
s ,]
[-d
_? Pantothenate and CoA biosynthesis
3 [ ] Glycine, serine and threonine metabolism
Valine, leucine and isoleucine degradation
. beta-Alanine metabolism
2 [} Glyoxylate and dicarboxylate metabolism
@ ® .(— Glutathione metabolism \ . .

s oo © !

Phenylalanine, tyrosine and
6 tryptophan biosynthesis

0 0.1 0.2 0.3 0.4 0.5
Pathway Impact

(b) Metabolite Sets Enrichment Overview
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Figure 2. (a) Summary of MetaboAnalyst 5.0 pathway analysis for metabolites significantly different
between the control and 5%Chaeto groups. The pathway impact on the x axis from 0 (low impact) to 1
(strong impact) represents the values from the pathway topology analysis. The circle diameter covaries with

pathway impact, and the fill color intensity (white to red) reflects statistical significance (decreasing p-value).

The black drop with 1.3 on the y axis indicates the threshold of significance at p < 0.05. (b) Summary of
MetaboAnalyst 5.0 enrichment analysis for metabolites significantly different between the control and
5%Chaeto groups. The enrichment ratio is calculated as the number of hits within a particular metabolic
pathway divided by the expected number of hits. Each bar shows a pathway, and the fill color intensity
(white to red) reflects statistical significance (decreasing p-value). The pathways above the dotted line
indicate significance at p < 0.05.
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