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Summary

The main components of oyster extract (Crassostrea gigas) include zinc, glycogen, and taurine, and oyster extract
powder is currently being marketed as a supplement. However, few studies have investigated the effects of dietary
oyster extract on the gut microbiome. The present study demonstrated the effects of oyster extract on the compo-
sition of bacteria in the cecal contents of rats fed a high-fat diet. Male Wistar rats were divided into three groups
and fed an AIN-93G diet (LF diet), AIN-93G modified high-fat diet (HF diet), and 5 % (w/w) oyster extract-containing
HF diet (HFOE diet) for four weeks. The composition of gut microbiome species were compared in samples using
high-throughput 16S rRNA gene amplicon sequencing with the Ion PGM system (Thermo Fisher Scientific). The
relative abundance of Lactobacillus in cecal contents was significantly lower with the HF diet than with the LF
diet, whereas no significant differences were observed between the HFOE and LF diets. Therefore, oyster extract
may increase the abundance of Lactobacillus, which was reduced by the HF diet. These results suggest the poten-

tial of oyster extract supplementation to improve the composition of gut bacteria.
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Table 1 Composition of experimental diets

Groups
LF HF HFOE
g/kg
Dextrinized corn starch 132 92.1 92.1
Corn starch 3975 2714 2353
Oyster-extract 50
Sucrose 100 100 100
Cellulose 50 50 50
Casein 200 230 216.8
L-Cystine 3 3 3
Choline bitartrate 25 25 25
AIN-93G mineral mixture 35 35 35
AIN-93 vitamin mixture 10 10 10
Soybean oil 70 70 70
Lard 130 129.3
Cholesterol 5 5
Cholic acid 1 1

TOyster-extract was provided by Japan Clinic Co., Ltd. (Kyoto,
Japan). The composition of oyster-extract was as follows (% w/
w): carbohydrate, 61.0; protein, 22.4; fat, 1.2; moisture, 3.5; and
ash, 11.9.

AIN, American Institute of Nutrition.

2. BMRER

ARV R AL Ay TR R W SRR R 2
HRIBZ 2T CTHEM L 720 FEEBRBWIZI 4 i Wistar S
7v b (HARZZZ )V —phXatt, #E) 2 Hwv, 18
VL% 6 PUg™ D PIREAEIC AR B £ 912 3FITH T 720
7y MIER2TCT+1C, WK 12K/ %4 7 v (8:00
~20:00) DOFHTTHE L, EHRUEHDS XOKIIA
I E L, 28 HIMEH Lz, SEMHE&E TR vas
NRYFIV RIS, W) X ARMBTCTT
REFIR & DRI, HBFhE, B B Sk X oaflE
Ak (WAT) Z8RIL 720 IMiFE, M % 2,000 x g,
15 Jr s Lo B L TS 720 B X OB B IR E RIS
TS L, —80C THRAE L7

3. MmiEMMF
MEDTANSFUVBRTI ) NFI VA7 25 —F
(AST), 79=v73I/ b 53V A7x5—% (ALT), W
PN (TG), V) YIRE (PL), IV ATa—N, &%
BV E&EE (HDL) 2L A7 U — VD40 & HARE Sk
R&H (KRB TR L 720 15 o IE T 2 7 v RUR Wi
(NEFA) &, NEFA CF A7 a— (BL74 Vit
FSEMR A, KR THM L7z, M2V ATu—x
AT Ve Fa~xut 3y F (CE-OOH) &, #MH T a%
MwzEdiifk s o~ b 75 712 TlE L2,

4. FFEEBEES T

JIFIi > #0521 Bligh and Dyer:™® 12 & 0 $ilii L 72,
PL %, #IRE %&b, #EELA-Y Y22 TT
By e AIEDIME L, H5BkER (UV-1800 : #
NEHBERER, =8) 2HVeCTllELZ. I VAT
O—)iZbo-IVAY Yy ENEE#EL L, A7~ b
757 (GC-14B: MRS BEHEIENT) 2 v e L7z,
TG M) ZVES54 FE-FAMTa— (BEL74 V2L
bR A4 2w TllE L7z,

5. 16SUKRY—LRNAZ>7VUIALY—JI R
FRROEHNEY % 20 mL O G A A KIS £
BEH L7 COXHERBNEWBREW LY, LF B 3k
HF B X ' HFOE #£1d 5 Mufk % SR CHE L, QIAamp
DNA Stool Mini Kit (Qiagen, Venlo, Netherlands) % /i
WTHE DNA &l L7zo $ilii L7248 DNA 2 5 o [6
EERAT 7212, 16S 1)KV — A RNA (rRNA) iz T
® V2-4-8 £ V3-6, 7-9 4 1 %, Ion 16S Metagenomics
Kit (Thermo Fisher Scientific, Massachusetts, USA) %
VT PCRIC X ) H§E X &7z, PCR #¥1Z AMPure XP
¥ — 2 (Beckman Coulter, California, USA) % v THg
L 72, HH® L 7 PCRJE ¥ X, Ton Plus Fragment
Library kit (Thermo Fisher Scientific) £ & ¥ Ion
Xpress Barcode Adaptors 1-16 kit (Thermo Fisher
Scientific) % W, Ion PGM system TOENFIZ LT 2



T & Ty —RH B X ORI D 72D DN — T — FRELH| %
&+, DNA 94 779 Z/F R L7z, #0° AMPure XP
E— X% HWTDNA 5477 2L, IK\\T% DNA
TATITVREENA LT F T4 — (Agilent 2100:
Agilent Technologies, California, USA) 12X b & L7,
#%DNA 54759 % 10pM IZAHML, =< ¥ 3~ PCR
BLOZY) v F 2y MLELEZ ZNZ 1 Ton OneTouch 2
(Thermo Fisher Scientific) & Ion OneTouch ES systems
(Thermo Fisher Scientific) Tf7 -7z, ## L7z 16S rRNA
BIZFT7ITRAY N TAT IOy — 7 I AT,
Ton PGM System, Ion PGM 400 sequencing reagents,
Ton 318 v2 chips B & OF Torrent Suit Software ver.56 (3
~C Thermo Fisher Scientific) % M7z,

BS5N72EH 7 — 7 1%, MicroSEQ 16S Reference Library
v2013.1 (Thermo Fisher Scientific) & Greengenes v13.5
(The Greengenes Database Consortium, http://greengenes.
secondgenome.com/) % % M A% & 3 % Ion Reporter
Software 16S Metagenomics Workflow ver.5.6 (Thermo
Fisher Scientific) % M \» T f# #f L 7z Ion Reporter
Software I2& - T, &% ¥ 7o, FBXOEDGHE
P CRIE S NIME & 20 — FEDOT— 7 21572, 1%
N7z — FEEHWT, &5ERTOMKN ORI
ERD7z,

6. #EEtLIE

O NI I + FEEERRE TR L7z, BEM o2
122w\, Tukey’s multiple comparison test THE %
T, HEKREIX <005 & L7z #EEMNT X GraphPad

Prism ver. 7.0d (GraphPad Software, California, USA)
72 )EH ) T '?—? D f: o

BREER

Table 2 IZJKE/$T X — ¥ — B X ORH B2 B2 2 R
L7zo #fkE, RSB X OKGEIEEICOWTIE, &#
MTHEZIIR SN %572, HF 3 X OFHFOE %2 5
W, LF #E &L TRAAEoBMMBEm A G S Nz (2
NZEhp=0158 £ 7019), HF B & ' HFOE i #} 1,
LF R X 0 b RiRDAZ Vo ERH 72 ) DT RV
F—mDPHVA, FHOMEHEREICIZEV SO NG
otz ZD7 HF # B L O HFOE # 2 S F MM b o
BT AV F—ED S h o220, BAKE, REBNES
X ORI RIS I A R sz b E 2 b b, ThE
TIZ, Wistar 7 v MICEREER FE AV ¥ -1k
45%) % 17 EMEARES 5 2 & TRBHFEEEME T VO
VERLASHRGE ST B, AIFETid, BiRRs Lk
B ANVF—IL30% DR 2 HwTwbZ e e, FEHEH
284 BB & EHRTH o722 D5, IKEIZEDBN
LETICREL Lo/ EZONL, IR E R
BT, HFOE HORH LKA WAT HmiL, LFEL
W L7236, AR 6 N7:225, HF #f & ik
HEABEIBDOON Lol TD7280, EIRIEE
(HF 3 X " HFOE i #1) OB X o THEHE R4 P
WATERLPEHLZEEZONL, —F, I, &k
WL, B, EHEE B WAT B L OB WAT EE
DWW, FHMTHEAIA SN Do 72,

Table 2 Growth parameters and organ weights in rats fed experimental diets for 4 weeks

Groups
LF HF HFOE
Growth parameters
Initial BW (g) 821 = 16 824 = 29 820 = 20
Final BW (g) 2952 = 84 3200 = 95 3175 = 84
BW gain (g/day) 710 = 027 792 = 028 785 = 025
Food intake (g/day) 151 = 09 153 = 08 149 = 09
Food efficiency (g/g) 0447 = 0017 0495 =+ 0018 0500 = 0.016
Water intake (mL/day) 339 = 17 349 = 22 343 = 21
Organ weights (g/100g BW)
Liver 539 =+ 043 606 =+ 042 675 =+ 040
Kidney 072 = 001 067 = 001 070 = 001
Spleen 018 = 001 021 = 001 021 = 001
Cecum* 114 = 010 091 = 005 101 = 004
Epididymal WAT 132 = 007° 158 = 008* 179 = 012°
Mesentery WAT 145 = 007 149 = 005 168 = 012
Perirenal and retroperitoneal WAT 121 = 013 147 = 0.14 135 = 022

Data represent means = SEM (n = 6). Values in the same row not sharing a common superscript are significantly

different at p < 0.05 using Tukey’s multiple comparison test.

" Food efficiency (g/g) = BW gain (g/day) / food intake (g/day).
* Cecum contains the cecal content.

BW, body weight; WAT, white adipose tissue.
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Table 3 Serum and liver lipid parameters in rats fed experimental diets for 4 weeks
Groups
LF HF HFOE
Serum components
AST (IU/L) 713 = 35 703 = 30 720 = 51
ALT (IU/L) 403 =+ 18 390 = 37 362 = 19
TG (mg/dL) 630 = 1L1° 742 = 57 1020 = 105°
PL (mg/dL) 145 = 4 133 = 5° 163 = 6°
Total-cholesterol (mg/dL) 745 = 21° 758 = 31°% 970 + 58°
HDL-cholesterol (mg/dL) 530 = 19 442 = 29° 553 *+ 34°
NEFA (mEq/L) 217 = 12° 370 + 18" 368 + 26°
CE-OOH (umol/L) 1.04 = 033 077 += 025 088 =+ 024
Liver lipid content (mg/g Liver)
TG 458 =+ 47° 1913 =+ 83° 1957 = 106°
PL 117 = 06 116 = 06 97 = 06
Cholesterol 519 = 057° 109 = 059° 1247 = 087°

Data represent means = SEM (n = 6). Values in the same row not sharing a common superscript are significantly

different at p <0.05 using Tukey’s multiple comparison test.

ALT, alanine aminotransferase; AST, aspartate aminotransferase; CE-OOH, cholesteryl ester hydroperoxides; HDL,
high-density lipoprotein; NEFA, non-esterified fatty acid; PL, phospholipid; TG, triacylglycerol.
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Fig. 1 Relative abundance of gut bacteria in rat cecal contents at phylum and family levels

A) At the phylum level. B) At the family level.

The numbers of rats in the LF, HF, and HFOE groups were 3, 5, and 5, respectively. At the family level,

families less than 0.1% were included in “Others”.
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Fig. 2 Relative abundance of Lactobacillus and Lactococcus in

rat cecal contents

Data represent means = SEM. Values not sharing a com-
mon letter are significantly different at p <0.05 using
Tukey's multiple comparison test.

The numbers of rats for LF, HF, and HFOE groups are
3, 5, and 5, respectively.
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