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FFr iR

DREOBRERIT, B WA K% O SRR EY . R E R &R
EM R CEZOHERGOBMNER, TO®HT AV I OREFRICES S
NDOWTRIEICHEAR LTz, 1970 FFLIREICIX, T E TEEBY R H.O7E o 72 B
EFRICMZ T, REEFEOEEY (XY M) 2R e Lo/ NBWEREEROFH
DEED IR, EHESY, BRSH., AREESY., £ L CTITEROFEBIC
ELHETCERFEICIENRL2BRE L WVEZET TWD, 61T, TFOERER
DEEZ, =B TIEAOREEERICILET 28I E THREL TV 5, FKFIC
NEBYOBMRIT LIV BEICRY, FETHE SN TV DLW OFET,
LW THEIEIN T2 T =< (EEBEY) Lo TV 5B,

BE, DREIZHRCHLMmAEEm bt Lo THR Y . milE Ok E
BOAREFLBWTZD, THICEE LR RERENEFMEZ/EHEL TV
Do MOTIE, Az &N T RIVEIC X 2EBPEBEIRD > T8, 20
FO B8 0 I BE IR IR OB AR DRI E SRR S AT & D IERR M A (non-
communicable diseases, NCD) 2342, ZDIBEIZN LB bR TH L (HF
Ff2015), ZAuiE. EYEMERBIIHREDBEDSS T ANV ATHY | EOIRER
TR KR U CHERAIDBM 2 R 2 RE L -olcxt L, EREHEORBEEDOZ L
2, BRI oES S, Bt oB T 7 b Eb(aging)lZ L > TRET H729
Thbd, BILBGIE, MERE X OMEOEITHEOEBILEZ B E T2 EM A
FHTZrEATHY (Nabi 2010), G E Y bHIENER L 20 AW EAT
. ZALOFEIZ, MREIFERVAYHEO T XTOMEKICEEEZEZ S L
ToHd,

BRERIZCEB W TS, AOKRBRERAMMEFAKRT, ZETHBETINTND KRR
MoEA - EE IV BB, N WHERERE S BRE. AMEBEIRE . &
. DR, ITENRE, B X OB AEOEBMERBESHME R A2 RT, KO
Y ERRIR S OFFTIEX, 5L TORDIETCIRE & 72 o 72 ERBE BT,
JRYE LW AL E R, BB TH D Ok L, 10 5LL EO RO T HIR X, fEE

ThEE ., TRERARIEAR. WIRAMEANELIHEML TS (F=a 2FELE 5 5



SHFE 2017) (ZAH 2011), 7 AV B THEINTZROETRIFIZE S 50158
(Fleming 2011128 W T & B K O FE T UK & Z i K o 56 1T 5 KA F# o fH
mElZEAE—FL T,

R KRB, 2 < DI D risk factor £ 725, AZBWTIE, AFZARY v
vy R —niZ, WEEOERS, 22 BRI Lz, o2 ) s iR X
OFEGH . IRERBRE ., fILECEET D~V TF TN X7 7 7 7 2 —JEfE
BT, WRE(EZRBIE LT VWHEEE ERSN 0D (A Z R v s v K
— AZWERERFTEZES 2005), AXARYV v 7 Fe—a0fE, LILE
REBORBY 27 3MREFELRANO 2/ 20 TRBERFOREY X 7 3@
W ANDOSHLEL b LEbT5 (Grundy SM 2004), L TZN 5O
PRI, BAEMEREICNZ, BECHEB L & OEAN R AT E B0 Y
IZE DA TUIERmAEIR L 720 a1 o B L M L W 9 RN O F T
flix OFEEEE L TR Z Y . BHEBEHE., BERE. KRE L TOMmERA X
YIFORIECEDL —HEORBMELLEDL, TOFEMH LT o AL AZRY v
K2/ (Fig. 1) (fFj# 2011;2018) W, Z OB HFIZIANDOFIHERE S
A% ETHERMETLR>TWVD,

FI/HEILOER
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Fig. 1 AZRY w7 FI/ (FFEE#H. BARERK 61 : 1837—1843.2003 LY 5 H)



RIZBWTH, BN A o 2) ARGE, IRERFE., AREOREICX VK
BT AoREOEMTERE & BEENS 5 Z & RME STV % Jeusette IC 2005;
German AJ 2009; Yamka RM 2006), F 7=, & {KE O RITHEIR P ICHEE T 2 6
P23 < (Lund EM 2006), ZAJEICH7Z V& S H 754, B L, RS
Fm DK T IZD72 78 % (Kealy RD 2002), L2>L., RIZHEETHHERKFOIZE A
ERTRPERF T D Z L0, BN WMINDT T 4R F RN

TIEER T T 201k L, RTEEWMRETCL SR T T A AR F U %
SYWL T A Z & (Radin MJ 2009; Ricei R 2012; Brunson BL 2007), CRP @ k
AN, ANZBWTIEAZRY v 7 v Fa—A0—HE L TOLME KRB
JRIFD Y A7 EEBEFE L Tz oI2%t L(Devarij S, 2009), K TiX % OHIH
T8k % Toh 5 Z & D5 (Wakshlag 11,2011 ; Tvarijonaviciute A 2013), K D AL 23
T LHBANDALZRY) v 7 Fr—AE KLYV RATALDLEITFEZ RV
N BRBAEMRIEWHROK 20% N ANDAZRY v 7 v Ra— ML
Z R BB B A BE L 5E & 2 L T Y (Tvarijonaviciute A 2012), fET % Bf
B3 2 2 L I3HEREERHICEET 2EBORFL L OEBENRIETY A7 DT
BHicEERMEZ HDTWDLEEZLND,

TH, BIERICB W TH, BEFMOIEHZBEE LI PHERNER S
NTWs, PHERKIZT-RTH. ZRTPH. ZRTPHEVI B THER I LT
DR, T L E CERERICBT 2 ZOEREBIX, HROBMER, RH2HE
BHERICEAZBEWNTZbD Th o7z (Fig. 2), ZHUTTPHERKOT TIX, =
KFBETH O RFEBETORRICY D, LonL, @FEEMEEMSED720
(ZiE, BT h > THRICR B RN OB 2 PR, $720bb—RTIIT
b LBEFABEME T NEE CH DL, — K PO T, BYEICBE T 2 TBi#
BOFABIEICK T AR RITEFEEBENTETNDLZ EnD, +oRlE%E
EF T2 Lo ATEHLN, BEFMOEMEL T DA A2V VRHE, &
I R AR S A R & L 7 I i B R R B B B L ok D AR Y 72 T
Bixt IR+ Th D, ZHhHOFEICITEERESCEER T2/ K& rnb
STEY, Hrx0BYWOERICIVREKRI ATNRRL LD, EERDZ
FBEREICENTH, BWORELZZELICBEOGWEDZ Y 17 T b & &
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Fig. 2 TRIEWR O &

NE Vs BEE AR B RE PR O R 0 b U A — & LTk, ik, JIEW. Bt L
HERIENRSBEE L TW 5, BIERNZRBRILA M LV X DOEFE D bl Z 1k
Aol Z L, MlgZic X B2 BT D Ll oD 3 RIS AT A Ik

95 & 5TV 5 (Takahashi 2006; Demaria 2014; Imai 2014), = ® —J5 T, I
bl & BICENICER LB MIL, SEISERRIEEYT A ML RFE
A, M~ NY T AR EO WS N H e @3B S A
ZACBE S W BL R (SASP) Z RV AP O Ml O M B 2358 L & £ 72200
WP OFRIERR & 72 5 2 & 3/RIE Z 4L 5 (Takahashi 2012 ; Yoshimoto 2013),

Ko T, AH%OBERICIH W CRFESFMOUMEMAZ BAE L Lz klilng 2z 7B E#
KROPT, RbERTNE/HmEIT, Bl EZBLAREZMEIE LA L
AP HEHBEETHD LHN SN D, B PO ORBEEEIT, A 5%
WLTZbDZEBETH2OTIEIRL, fNENPL G X ONTEEME EEEBRT 5
EICBNTIE, O EAHOERER X OREBICKT 2 BEMAEZNICEY O
fEREH D VITIREET 2HRERBICRESEET IO EIVIFLTH D, £z,

BAED L Z AEYIITITEEZ BRUIZ LICTREE T 2w, DIRT, BRI 7 2
V—AL KU ZUEY Rk /)7 ' (microsomal triglyceride transfer protein:
MTP)ILEFHITH 5 dirlotapide (Slentol) 7% FDA DFRFEZ 5 17, KD BT DR



L LTHREINEZN, TOHROMMAICEDL S FEREIIMEH I TR0,
I WA EOBRKE L THRENRTWE 01, AERER I OCEERETH
D3, BIEZERT D OIFTRS TIERW,

BB ERICKIETHIEIT, KBERL L To—RIKE, BHEcEb5 T 5=
WHERE., £ L CHRFAENICELS b 2 ZRERED =223 T bivd, bAE
TUX, 1984 FFE A KR EFIE TR HERE O RFAIMENT & BBR) ' m =2 R
BHAE S 4L, ZOMFFEREZ %2 T, 1991 RO ZREEREE R & LI-iEf#T
b5 TR ERGEN RSB AT S v, BHPR R B S v R R R & o
MFFRSNTEREM THLEM [ M7 A BAPTHGICHRET HICE>TH
5 (JE/K 2015 ; <F)2 2007; 11H 2017), BREXOFRE TH 5 EHEHF D Ik fif 2
HE & LT, MAERBERIZDT TRIELAEREROEIRITMER S % LT IHH
L7 PRERAZHES D Eap 2 iRid. DEERERICEWTHREET, %
il R A R - BT REEERBIGICB O T, BRI A7 KBOHHFTE S

REMER 7y 2 LW AN EN AR LV ARICRDIbDEEZD,

b Z &t KBTI, BRESSEBMISHENEED X7 OEWIEE RS
[EESLAZRY v 7 Re— AR IEFHICH LEIfFTE 5 RMS & LT,
AR FIETHDRARINT /A RO—FTHDHT AXXH v F o OFH
[COWTHE L7, B 1ETIE, BEEERBEEOELICOVWT, B ok
- R OBUR, IR AER A ER T 2RO ER . FERFIIED A T =
AR ONWTELE L, F2ETIE, 7TAZX VU FUONBERBIC KT TE
BICOWTHATLI2HMT, BBERE—T AL R~ADT RAEZXY U F o OREE
BRAEITWZORREEEL Lz, H3 % TIEHIER - BEERICTAZXH T
AR LETOMEEZLE Lz, H4ETIIHERFOROIER & 7 v > 2 TR
HORDIEFICT A2 XY FrORGEITVEDORREEZL L, F5ET
L. RO EE LD, RARODIaT ) A RTHLITAZ XV U F &I
U, ‘A DERICKIETHEEZFM L, PHEROARIEIZHONTE
217,

V’/
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1—1 @ o e o sk

MG LT X F— WML EEO R NS, KNTRRE L Lol X LF
—MNEAHERIC Y 70 ') RELTBREICERLERELEERSN TV D,
RPN T 2RI, BB L OCEHRRICE D =R F— D RN — &
EINDN, aUN=F T = AOGE ] BV EORRE R EE )RR
WZHZONDDZMTHESHICAFTEL 7RO ESERLIMILE
B OHEOLKE, BEICHTIRBBARLCHE LOXEBEARARICLLZEZAD
RERFERE R D,

ANZEBWTIE, IBREIX, o2 EZ SO EEEZ T TR BER EEIZE W
THHEFICHML TR, 2t RAREER#EE 2> TS, BARTIE, A7
4~ AA T v 7 ABMD)E W BMI=25 Z B & L, iz TR 2B
LT RFEREEEZAT 262 WITREREENS TR SN 2546 CEFIICH & %
WL J DR A EAE & U BEAIRE & XA L T (B AR 2 R E 2
Br L VERGET R B2 2000), £ 0%, EENABBEEONZE N ER L, IR
FUZUERY REEMTLHERMED LD 2l TIER, FHEOT T 4
RYA NIA LRI D ABIEVEME A EA - e L, AR o e
AHOTEY, ZOEMTFHRMEMOFEMBP LIS TELI b, B
e 2 TRERMG M O B Ry R FI1C L2 WiE) & TR &R REFIC X 2 E
WE] D2 2L WD (HAREMFSIEWERETA R 74 AMERER
22 2006) (Fig.3), MO ERNRTE 2255 % 4 7%, NG B AR E
ThHO ARV v 7y Re— HABRGEE & b T, fx OBEF{EZE LT
We s R TFREMRIERE X VR TH O ER LT LR b 2R e S
TwW5 (Fig.4),



BB (BMI = 25kg/m?2)

l—| RIS | l e
- PISSBILEETS
REPEEE L fEEEss - BRI
I i - 1R BB AT

|  momssms@mm=100cm: |
BMI = 35kg/m? _l
(REXBERLE
| mm| =100cm? E213) | S |
1

L

BB E 5
— BSBAHBER D
TYEAEREES, BEEESREAE, SIE, B EIRE
—— SRS, ERRER, RIS, (EFIERIENE, BRIBAE)
BERSAT (NAFLD), Bi25ss, R
ARSRS R s

X)) 2 BUPBERSS - IBRERBEST
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— . BOBIRICBT L2EMOFME LT, BIMEETARAT a7 13
v A a7 (BCS)D 5 By Al (Fig. 5) % 7213 9 B¢ P4 EFfli (Laflamme 1997) (Fig. 6)
DK< HWH A, JRANE U THEKREZ 10% LBl 72 kB2 mERE, 20% L

S TR Z BN & HE L T D,

& WSAVA

© Global Nutrition
Committee

Body Condition

“r*‘*\ ? Sy

VN

© Ribe, lumbar vertebras, peivio bones and all bony O Ribs easily palpable, with (@ Ribe palpable with slight excess fat covering. Waist is discemible
prominences evident from a distance. No discemible minimal fat covering. Waist viewed from above but is not prominent. Abdominal tuok
body fat. Covious loes of muzole mass. easily noted, viewed from apparent.

@ Ribe. lumbar vertebras and psivio bonss sasly visble. sbove. Abdominal tuck @ Rioe palpadie with diffioutty; heavy fat cover. Notosable fat
No paipable fat. Some evidence of other bony PrOMINeNces. ovident depozits over lumbar area and base of tail. Waist absent or
Minimal loss of muscle mass. emmwowmnoan barely visible. Abdominal tuck may be present.

© Ribs saciy paipated and may be wisbie with no palpabie fat covering. Waist cbeerved Gmmmmmmum or palpable only
fat Tops of lumbar vertebrae visible. Peivio bones becoming R D e om

Ohvioie St el sy above. Abdomen tucked up

when viewed from side.

German A et ol arce monk wih cus
h—ut-n‘:':-- cemgouto
Kol POct o, Eouc o o wancoon o o e seam
l. — 1367 870 800 WEWS AR 1 COGB ?ﬁm
o0 Maghue mewrad.

Fig. 5 Body Condition Score (BCS) 5 Ex [ 2E A
(WASVA Global Nutrition Committee 5| H)
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Body Condition Scoring (BCS) Systems

Point Point Description

s 19

1.5/5 2/9

25 39

Dogs: Ribs, lumbar vertebrae, o~
pelvic bones and all bony
prominences evident from
a distance. No discernible
body fat Obvious loss of
muscle mass.

B e
A

K.

Cats: Ribs visible on short-

Dogs: Ribs, lumbar vertebrae and pelvic bones 4/5 719
easily visible. No palpable fat. Some evidence
of other bony prominence. Minimal loss of

muscle mass.

Cats: Shared characteristics of BCS 1 and 3.

Dogs: Ribs easily palpated
and may be visible with no
palpable fat. Tops of lumbar
vertebrae visible. Pelvic
bones becoming prominent.
Obvious waist.

K>
S

Cats: Ribs easily palpable
with minimal fat covering;
lumbar vertebrae obvious;
obvious waist behind ribs;
minimal abdominal fat.

Dogs: Ribs easily palpable, with minimal fat
covering. Waist easily noted, viewed from above.
Abdominal tuck evident.

Cats: Shared characteristics of BCS 3and 5. /s 9l9
Dogs: Ribs palpable without -
excess fat covering Waist m
observed behind ribs
when viewed from above.
Abdomen tucked up
when viewed.

Cats: Well proportioned;
waist observed behind ribs;
ribs palpable with slight

fat covering; abdominal fat
pad minimal.

Dogs: Ribs palpable with

Point Point Description

Dogs: Ribs palpable with slight excess fat covering.
Waist is discernible viewed from above but is not
prominent Abdominal tuck apparent.

Cats: Shared characteristics of BCS S and 7.

difficulty; heavy fat cover
Noticeable fat deposits
over lumbar area and base
of tail. Waist absent or
barely visible. Abdominal
tuck may be present.

et

=
o

Cats: Ribs not easily V':':‘ = 7

palpable with moderate Z A

fat covering; waist poorly t} M '

distensible; obvious

rounding of abdomen;

moderate abdominal

fat pad.

Dogs:Ribs not palpable under very heavy fat
cover, or palpable only with significant pressure.
Heavy fat deposits over lumbar area and base of
tail Waist absent. No abdominal tuck. Obvious
abdominal distension may be present.

Cats: Shared characteristics of BCS 7 and 9.

=~

Dogs: Massive fat deposits

over thorax, spine and base

of tail Waistand abdominal SN
tuck absent. Fat deposits \

on neck and limbs. Obvious M
abdominal distention. E o

Cats: Ribs not palpable
under heavy fat cover;
heavy fat deposits over
lumbar area, face and limbs;
distention of abdomen
with no waist; extensive
abdominal fat pad.

©2010 Journal of the Amedcan Animal Hospal Asscciation. All rights reserved.

s hdalin -

Avalable at 33hanet org/PublicDo A 5p

Fig.6 Body Condition Score (BCS)9 Bt FE Ml
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L L72223 5, BCS ¥ A7 HE gtk R 2y 5 KA R 2 5 GITREF ST &
el INURPLZLSFAET IN TV DARMOEEIRELY; TliX, BCS O & TlLm Ak
HOMEHEEN 2 & b2 2NV ERZ Y, BEHRZCEBEEOZEIC, LK
BIVEA R 722 715 L LT, BCS OHE TN A 1% HE D K 8 ERAL 2 ) E L ARG Vi
3 & B9 % J7 ik (Mawby 2004), BCS 5 B BEGEAM & 5 1A 3812 2 B 5 15 B2 (NEFA),
TR (TG), =L AT 0 —A(TC)7% & OB A #H o H EE % A bt THED
WEZEO D HERELRFINTE (Li2012), THETIE, L0 EMAeE T
NEWG K O g RN o B RE L & LT, BEES CT F0mEZW 2R Lz
FEE A HMESLER STV b (Wilkinson 1991; Payan-Carreira 2015; Otsuji
2016; Koizumi 2016; Kim 2018)2%, H i D2 & THEEIZE T 5 DIXHE L W=,
b b R AE 32 W7k U LT AH 2 2 B IR 7 2 W SV 1 L S LT B D IR &R
W O X BIAAKIRE L TR ABIRTH D, —FH T, BT, RbEMAKOZ
WRBHEEBRTHY . FAEIBIT WL N EREIMICE > TEHEEZRME
FERIE & L CEREk ST 5 (Edney 1986; German 2006) , AV « i {4 & K o> &
A, KETIE 34.1%, 36.4% (Lund 1999; Weeth 2007), A ¥ VU 2, #—A K F
U7 BIOHETIZZENEI 59.3%, 41.1%, 44.4% L HE STV 5D (Courcier
2010; McGreevy 2005; Mao 2013), L3 E TiL, —fxOEBWHEPLICZ 2T 5 KD
#) 54.9% 3 ET - WMIAE CTH H Z L NHEINTWD (Usui 2016) . F 7 JETi
FZBE L Clid, 1986 4 Z A IXIEM R OB AT L CTRED 25% R E AT s h
T2 28, 2005 A2 IEAKD 30-50% (2B R 28 B L T % (Edney 1986; Courcier
2010),

RO IZEAE S 2 BREERIZE T 2078 TITfaRR 1 & LT, EHER R,
BLOOWMFE L, SWEOFEMAEKRRY ZA7HERELTETLNL, 6
BWEDOFTG & W EDOREICH T 2 EMOKRI & RO MmN & BEEL Tt

(Courcier 2010; Montoya-Alonso 2017), RFfIZ K 2 B 4F R IEIZ DWW TiIx XL <
Mo TBY, ayI—ARN=x)b =7, T7T7 =L "= A
—NVT UL R R— Vay h T RY—=T Ry HEOIENN DD K
R R A S 5 & S TS (Lund 2006), ORETIE A7 BAE—7

(RS N AF F8 RAE & HA STy (A 2003), A& FRER, RIZEWTH
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IR HE S IR Em RN A b h, S BOEENEE LTS, SHICRIZEWD
TiX, BEFHCEBFRICLL, MBRALVECOEMNEERRNFTH D
(Edney 1986; McGreevy 2005), HL CAMNAIRSL 7L aa )L F a4 R5 DA,
I B R RE TR E O R IR B BBAR T E 72 & O N AR X R oK EEE N X
VB & B33 23 % VN (Lund 2006),

1 — 2 JEGE & BEIR

MM L, PPERERS (TG) %M - Il L. L BIZISCTHMENTH 5

L BENE ViR (FFA)SL 77 U B v — L 2 i 9~ 2 7200 T2 < VIR OFEREFR IR I B2 7
FHOTT AR A NIA Y (TTAHRIA V) EMEEN D EHIEEYE % ¢
A WL TR AR KON IR TH D (Table. 1),

Table.l1 A X RV v 7 v R —ALDFRRBICHEET D ERT T ARy A N A v

Adipocyvtokines

Functions

Adiponectin

The activation of PPAPa and AMP-activated protein
kinase(AMPK)

Leptin

The enhancement of energy expenditure, the reduction of
feeding behavior

Tumor necrosis factor-a

(TNF-a)

The inhibition of insulin signal by JNK activation

Angiotensinogen

The increase of blood pressure in renin-angiotensin system

Interleukin-6 (IL-6)

The inhibition of insulin signal via the enhancement of the
suppressor of cytokine signaling 3 (SOCS3) expression in
myocytes and adipocytes

Monocyte chemoattractant
protein-1{MCP-1)

The increase of blood NEFA level, and the expression of
mflammatory cytokines such as TNF-a and [L-6

Resistin

The suppression of glucose uptake in myocytes and
adipocyte, the enhancement of hepatic gluconeogenesis.

Plasminogen activator
Inhibitor-1(PAI-1)

The inhibition of plasminogen activator.

13




AEWilx, BT 28 L 0 EHiMRaOMREN B2 %5, B TIN5 23
L7ziEmi D56, MEOEINE & b ICWIMEEN MBI 5, ZIME R E
BmEDOE - BHEREEZIZIC O, KUE. WIS, B~ oE L, KB %K
28 S, PEWLAG . BRIEIE O TES) 2 Ml L. AR R 3B O B R 9 2 REEHR Wy |2 SR
WREEAEL DR EORFE &3, NIBRBHERME OB OEE . NigiEh
HRDT T 4 WY A N A L DREAFIBERFIZED L OFRFZ LTI,
BIZIE, TooAT oy /) =070, AR TEA S, MRIZaW S5
MECEAEGTL2RLVESTHLN, BMENL bW S, 2RIy
WEND EBARMENHEERZEST O T oy v TICEBREN D05
MEZAELC 5, RKAEBVMR»OSWMENDIEETT 4R IA L LTHLR
HREM 72 TNF a R0 L6 [IRIEVEY A MU A T, ZHOIIIEMMEO AR5
T EEEOMEICRETAREMRETHI I~/ a7y —Unb L RWEh
TEY, ZORIFIHEVMBENOEALAEIV BZ N2 LR TWD
(Weisberg 2003; Lumrng 2007), FEAR O @EF &) Tl BRI M2 ~ 7
7y =V EMENDIMRIEFEREROWAEN~ s 77 7 —URFEL ML~
sna 7y —FFE A EIFEE L7 (Fujisaka 2009; Fujisaka 2013), AEJ 2 £V
Ml~2ZB77—VOREERENREZ Ml ~2Z 077 —20 53 TNFa =0 IL6 D
PEAENE LMY 5 (Fig. 7).
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L-6tT 11
| M22HOTr— Mi=zoOTP— |
L oy 7 0 T T — D5
il M1=mM2
FrdATrie =yl PRMROTY |
| mmstne |y oraoz1 1 MCP11
PAL-1 18y TNF-or 1
. FFAT (g W | -6 T
£ ’w} MADPH oxidase | ':\_"gﬁi
Antioxidative enzymes | L=+t
N BERR ARl

Fig.7 : [RMIAIIE DB LIS v/ n T 7 =V BLOT 7 4 KR 27 F - O%EA{L

GEFHB . BERIH 56 & 775 (2003) p.4l18iBFE L THIH)

DX TRRIEMEY A NI A OEATLEN BT IS D BMRIEZ K LA
YAV OEMEREST D2 OmEEREE O RRKIZ 2 5, ARV & R 6
WZRMWMEINDT T 4 AR T T ik, A¥KiL AMPK(AMP-activated protein kinase)
ZE R K O CIE M35 Z Lok » T, IENIBOBREBE L FEOI Y A %
BEL, A2V VIR EZLETLIBEET T AR IA TR, MBS
Pl KN ERE IS &, HERF UL X alb—va a2, 774
WA F o DRWE TN A LAY AW EZFERT 5, =L X —mELKRE
AR RRICAR 2 D EE A RO MR kO LT T b RRITEET T A
RAA L ThHHY, EEIREBOMEAR TR OIS O V7 F LD
WA HICHELLT, V7 TF KT 2 ERMOISHERNR TS 5, T2
H, WIRIEMEREIZEY T T A RR 7 F ROV T F o OERKT L 7214~
2y U EZ @O LRE E 2> TS, 6T, BRIV BEVME L IZ 8
FUCERB SN TWD TG IE M ST FFA & L CARFICH I Shv, IFlig T
% & VLDL(very low density lipoprotein)lZ & ik S 4L, £HIZHH S E TG M
EE 2D, NTIE, WIRIEIEEIC X 28 TG MiE IZIEERH R oRM T H
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DOIMEREBY A7 @b b, £z, BN TERIZA K 4172 VLDL

X, FRRNICERE ST L 72 21350 ©72 <. VLDL 231 A4k L2
A& L BEMEkZe oMMz o 5a. FET 3 — L PEIE I PEIT 28 (non-

alcoholic steatohepatitis, NASH) & W\ du, AFEEZ, FFE~OBITHLEE I

Do RTIEFIEWMICER T DA AU CARFUMEIT. TR THE- T IK-5818 O 75 M
BIZ 27223V (Jeric6 MM 2009), 7 74 7 > FATAEDOEM KB L NEa v
—/VILSE D RIZF T 2 @ AEMIEDfFTEIL, VLDLS°LDL 72 E D7 71— A4
VR Z RO EFICEE LTz, (Jericd MM 2009) AICE®H BN D
E5 %7 7o — AEBIREEEX. RTIEMmARWETH D03, B, @M
SE. A AU RIS KV EEE S TN wkRe. BB, RIEMEY A
NUA L DFWERFITE D RAEIX, IFIICIBERN AL 525 2 &10R 5,

JIE 1A M i G 1 3% 1 8 35 i (reactive oxygen species, ROS)FELEHZED — DO TH 5
NADPH # % v & —EB{EMERRBD L TE Y | FFA 2L &ICE TR Tl
NADPH # % v Z — BN EMAL T DR R, I A bV A2 RAET D5, JEIiHH
JG AT © NADPH B2 OTEPELIC X D IS EA L7 ROS 28, S b= FUT
WO ROSTHEMRE TUE L ENehrolca . WFR & 7572 ROS 12XV
TNFa 5 DRIEMEY A N IA N EBITWINL., BET T 4 R A 0 HNERE
TEJIEEZIL, A VAU VRPMERER SN D L FERFICEIA b L 2RE L
725, IBWET N~ T AINADPH A% v ¥ —BHERTHL TR = 2 &
H U723 BRT, BEEOEBRBILIEEEDOKRT., 77 4 "X 7 F L ORE L
5, INFa OF LT 2RO b, FERFLEEIUEDOSENRBD NI &
DA & 40T B (Furukawa 2004), = O 1E 2>, B & BB R ARICH BEN H
Y (Lund 2006; Weeth 2007; German 2010)., {4 & K K& QR K O Faix, EH
REEOZTN LR LT, FEAETATORBIZEWTHEWEHE NS > 72
(Kealy2002; Salt 2019),

PLbo & 5 Ic, BRI & 0 BEREIEC S R M N2 LT T 4 KA b Ao
DAYUF L 2 B 2 & R BRI R T C OIS MR EE N T T 5 2 &
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AZRY w7y Fue—L0RAER L OAHEEEFHEBOEITIZRKESEL LT
W,

1—3 BERIFOBIEA T =X L

WERFIIEEOBBRR L BRBEERNERY H > THIET 5 (Imamura 1998;
Catchpole B 2005; Fall 2007), RO BERIF IF, JRE O MMNIZ L & F RN S O A
AU DL WA FHIET HA VAU AMEKFRTH D 1 RPERPI L0,
PERITERZME LR B MR E T 5720, WERMEA A Y UREIETHZ &
X< SRED A R Y TR T OMER D D, — 7. MO BEIR I
%, B RRK LR, EEARR R CAEEEBICIOREER MDY, 1~
A2V o ORWERTERO SN, KB MANL 507k AV VR FgiISiLT

CHBEbLLT. ERRNA R CEPIEEERTHI LT, AR
OAEA R FHEE SR VIRREE 25 2 2 BUBERE 232 U (Lusby 2009), £ D72,

ZL DU RIBEEERIZEI VAR A AU UREET H, B eSO 2 A
PR OLBORFHE L L THBICB T 2T I v A4 NENH D (Kirk 2006;
Jurgens 2011; Kamata 2014), fEfER EIC L > TA R JREEREZ 5 & B
MIEA A U WEBEMESETHINT 208, ZAICKVERBICKITL7 3
A FAEBADOILEZEZ LET I uA FENEET D, B A ML X0k
TAHZEIZEY BN AR N— A2 L, BMENRAHRL L)L E
THEEZZTEEE. BMRENEI LS LR A A WRERDOIKRT % 5]
TEILUIBERFICBIT T2 LD RBONKREZEST L, WTho
FIDOFERIFICB N TS, RIMIZE T DHERFOFIEICIL, BAEHOR L HEH)
R, ME X ONDWMARLE L RINIC L 2MNEEEDIK T EfEx 2 A b L
AWFERLEIETEIE, 77 4 KA MO A OB WERR LRI ML 2R HEE
SETBHERIENEIFRO—KREZH-> TV,

BERIFIEIED A T = X LB WT, RO G IIHEFICEETH D, 5t
(R L2 K90y TR MR 3G Wi ek oo AR 720 T2 < 2 o fth o #L k2 B DR
HCHETICHLELS B LEEEZ 52 VI BB ER->T0D, BT s
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2R, REAL LR NS W ENDT T 4 R A NI A o DOREARRE
WA A2 R E R, 72, BRI UZZAE M2 & 1% FFA (GIERENR G
f2) N EICHEAINMIET~OKRMBHEMNT 5, FFA OREIC X > TA v &
VU DERZRE Th DB, IR H RN AR ORE Th D FA-CoA 13 H#
AL B R Tl IRS-1 OMEREME H 4 | JIT e Tld IRS-2 DR REREE 28 = L T,

A A KB A B S %5 (Okuno 1998; Dresner 1999), ZHubH DA A Y
VHEHIHIREE N R L. S OICERE LB MIRIZEIEA L AR s Z b
ICR D IRERN R E K ORIEAN B & U, @il E, &k & e, &8 mE»
Bl S5 (Witztum 1991), & ML FEV L £ ligids ~ D 5 E Al il 00 1= & T P i
FOEEBEMBEL, FIBEHICB O TEE A b L RREBO R B g ~0 &
AT BRIET D, BEIEIZ I W TR E N R < Z LIk B
DT TN ABGIZBT DRIEKRCBLA N L ANDE | KIEERERETE,
AN VWA S E DR PEIRIE & HAET D

1—4 /N

YOI I, AOEWHFRESZ OBERZRERT L) A7 KL LTl T
HERRETH D, BHONEWIREDOFMIT. AT 4 27 129 Z2=a7 (BCS)
N T, KSFAESNTWD EZATIES D0, BB & A5 o &1 #R
WROEMRFICEDIEMIELE DT 2ZW T 7 e —FIIREEEI LTV,
WNIEIEN & L CMRBICE B SN RB ORI IL, SEBICHE~ 2B BE RIET
RIEZ G & 2T B, = R L X —ORFEE & L COMEE T TR <,
KROMWRTEICEEREART T 4RI A M IA U EEAZWL TV D, IEH
PWHERZERT2AD=ALE L THbEEREHRIT, NWRICEFTHEICEREL
TR R SN D e M okiEZl (VETY 7)) Tho, IERILLIE
A2y b REICHELA SN D SO RIEEY A M A > WERENR Vi FE FFA, N5
WA REEICRE T 2 EMD M1 v~ 2 2 77—, 2T NADPH Be{bE25 D
TGP PUERLEE R OIEMIR FIZ X 2 b2 b L 2RED R 2 0 AR
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RKI W L, A4 > AU RPirE, MR, SsimE, BERFIE/REA
AR w7 Ra—LDRIEICORND, LLEOZ 5, IEHImHNIC &S
AEWEF A OFPRRIZE, EFEmecHET ELTCEETHLI EE LN,
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F2E
B RA~T A Z FH 0 F o (ASX)E G B RN K IE T

2—1 I

RIE Tk _7z K 51T, BRI XV EMMIa OBREE{ R AE T, 77 1KY A
N A Do EE N Z D 2 & ONE NGk R P C O 7E M R 3R (ROS) EE £ 23 L
ETAZZERAZRY v 7oy Fr—AD%AER L0 OMEFEBOETIZA
E<HEELTWD, 22T BBEX ML AREEZEET 5 ROS 2 FBEMBHYIZFRE
THZET, AXRY v 7y Fa—ADORFETPGONE A #H B & B o HE
b PSS Z ERHER SN D,

TAL XY F 2 (3,37 -dihydroxy- 8,8 -carotene-4,4° -dione) (ASX)I&, [
S RRICHFHET DHRODOINT ) A RO—FEThH 5 (Fig.8) (F ] 2012,2014),

harFr 8 *Hv b7 40V

(Carotene) (Xanthophyll)
Hydrocarbon Carotenoids Oxygenated Carotenoids

B-HATY | chy HiC Giis H3C B-2V7hEY TV
3

CHg

Yoy CH; CIH; ClIl; ETEY VT

ClH; Cl; CHy;  CHj

o

H
EDZL T2 T NP PP ©
cH, CH, CH, H,C CH,

o
o

OH
H CH, CHs CH,

NN

TREXYV TV CH,
o Hy CHj CHy
o
o1l
HO_- OYQOH
X
LF OH O
on O—Cll.,
O,
CH, OH

HO OH OH OH

Fig.8 MR RRRINT /A4 R
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OTAZXHUF UL, KRB, FICEBHEICSFETL2RAOBRET, ¥
Do INT ) A REERENDZ DD, BIEEME., HOFEORERE, #wlE
BMEWC Lo THEASND ZRRBEDTHY . LR ERRO T RYHEH
ZBLUT, mERV = EORFBE, V7, a4, T ¥ aFICHBENE I
WZENTHAET D, BRICEENDLIBIRT OV T 4 28I B D&
HARBHEFFIC O R AT R REBER L THONTWDN, ENHDOHINLVT /A K
IR CE BRI A G S ERKRICEE L, AR oMb & LT
RELTWD, BT NT /A FEERRTERVO T, BIWITHFIET DL
T4 RE, TRTEYWHI»LERSNSOICHEKT LM 2007), Thobb
WL EWEBETOLRTINT ) A4 RERV AR, BWHORIRLIZANT 7 A
REBRNTRERLE L, “HEEGOBRBR EHM oI b P EmE 3252 LR T
. RN THAEICRBEAHE L TS (Fig.9),

(175> b | amz;égrv BT
X

H. H.
CHy CHy H3C CHy HeC OH

B-Aho7v =

ci
; ; ; 2 _OH
ClL - ci -l cud Y

7 Aadai- o S 4 TAREYVF

VAREFY U F

,U BT BT

LT7EHF E{LMRHZER

VFEG T

Fig.9 WEOBWEEHE INVT /A4 R
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ASX DALZAEE I B T oo T 4 v DOF R E D THEMBLL TWw5 (Fig.10),

HaC CHa HaC HaC HsC..__+._-OH

g R R .:;:-‘..-"/-;r;\\*:./";:i";j - ‘\:?.;-/'/"\.t- Ny ~
I R T,
ST Ha H
7~ “CHs CHa CHa 3C CHa
(0]

HO
Fig.10 72X X% FofbFiEidE

HNT A RIZE, RIBKEFETHLZ T v EBERTEHET LIV N7 ¢
Vi D, ASX ORMELIE (CaoHs204) T, BRI TR, 3 FHIiz 2 8
@KM%(Om&Zﬁ@ﬁwﬁ:w%GQ%»)%%Okb\ﬁm?/4F7
7V =X h T MBI ND, SHICHBEZEHESE 136 (U M E
2 HEET) Fio, ZOBMNRHEENS, TAXFHUF UL, ML &
HWT AW THEETELZ 0D, MRKEONEICHEAET L7 Y —T P NARIE
P (ROS: reactive oxygen species) & Ml Jd 2 i (2% 4295 ROS O i 5 %
HIRT 22N TEDL AREOMELZ{LEE D Z &7 < ROS 72 & Dk A
FLANBRESND Z LI, BBIEA ML RITERT 28k 4 2B O THHICHE
T 5, B, B ONEMIZER LA L AICRICHET CTH D, BEIR
7 DA PHIE T & D HEBE-CBE X, B ME NI O A b L 2B L
TWAH 72, MO A L 22T 5 2 & BREOHEDERTIZ DR
MWD, Flo, ZRAF—EADOEGEINDI ha v R 7 TlE, BLETCKS
MBI ROS DREEANEET GV, ASX 1L, =R VF—APFEDYTH
5 har N7 OREEEMZETCIREBICHREE L. BICKREICBITT 502 il
THIENRREZINTVDH(WoIf2010), I Fa> RUTET I 70D
F—Sy R THY, IbarFI7oBREAFUEET L2 ZLIE, T bbE
EBIEDBEERERTHDH, I 5T ASX 1L, fEx OERZR» D LIBELIEE O
Ak 2 9 D A ST b (Lim 1992; McNulty 2007) . 4 JR % D5 FE T
T, KN CTIEMMEOELEDNRTEDLZENDLIr>TEY ., ZNANAEMHEZ§|
BoTHEKEICR>TWS, BERFET L~ 22 W2 ERTIE, ASX & 512
L0 2o flemib A N U AAE RIS X0 OBE R M B E R E S I S T
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A BEMEA R & T D (Uchiyama 2002; Naito 2004) , ¥T4E CTlX., b b DK
WFZED B < Fefi S v, ASX DR E L IEIEN 23R Sh T % (Kim 2011;
Nakagawa 2011) ,

NEE @B AR D —>ThH~1 7 LT B F(MDA)(C3Hs02) 1%
TREBIbEE~— I — L LTAS< AL TN D, %fﬂﬁﬁﬁ@%nﬂaﬂﬁ@z(mm)
EHEBRBESLT7 V) =T VAN EABIEEZTRT < 8 RrX v T Y/ (HO-)
ERZFICKIE L TIRESAVA XV T UV HAV(L00) &R T 5, ZORE L4
X7 VANIEFRIDO PUFA &S LIEE B R ~)L A% 2 F(LOOH) & (LOO-)
EIRT 5, S5, (LOO)EFWN 2 \EMEAICKI LT, Bk RoULA
FUREEMRL, RS HICHMEINTYRr YT AT B RMDA)R K S
L% (Janero DR 1990) , it E &G OMEZ ¥ ET 5 BT, MDA %l
E LT ROBEICENT, FLB{EYE O 5% MDA fEABEEICH A LT
72 &h 5. MDA MR EEELE & 3 S BRI EEE R GV~ — B — T
B bHHE z 5T (Kawasumi K 2013; Muranaka S 2013; Kawasumi K 2018),

ASX 1%, oW kRO E (74 oI AV) e L T, LV
Bl b Re 2 £ > 2 & 2Nl S 4L TV 5 (Ikeuchi 2007; Bhuvaneswari
2010) . F 72 ASXAZIEHURRALIGMETZ 1T CTld 722 < . SURAEMEH . S i iEH |
DNA EEIEM I Ek A2 R ABIEERNH S Z ERWME I LTV 5D, (Kurashige
1990; Shimidzu 1996), B # EFIC KA X S 5720121 B %2 T T 5 F.
BAESEEEBENOAET OBIEA P LA LW ERRVBRET L FNRE L 22
2o

RO T, B b I KDL A b VAT o etz dE i 2 H
F)C, EFERIZASX 285 L =3 X =R b 2 ik o E
NEY, BRBEAELL, ZNODORRE S LIT, ASX KGN EERRICE

HPURRALIER & 22t E Ak LT,

2 —2 FEEEHiE
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2—2—1 ZZBREWY

HARR R R EHEARTR(BCS3) 2 RO B — 7L R 10 BHAZ ARFEBITHEM L7,
fEEE 72 B — 7V RO FE I 2 5% (1-3 %), FHEEIL 10.4kg (9.7-11.1kg) T
bole, TNOLDORERE—I7NVRE, BRFEOFHEREIZERDECRNVE D
12,2k — LEE(No. 1-5) & RERFE(No. 6-10)D 2 BEIZ 43 ) 7=, MERE D B & 1%,
oy ha— UREICHE 3B, M2 5, RERAEIC, HE3EE, 2B TH T, FEB
ISt 2O O RITEBRBBRETO 2 2> H B, B UBREE(NAS #FZErT. R H
i, TEBTHRBICADELETBROSYy h7—F (AAXy h7—RNE& 5z
TEB L7z, Fo, ABRMIEPIT 1A G CEEIEZITV., KRG DbET
m ) —EBEREICRD XD ICHEICER LT,

2—2-—2 ¥
T AKX F L LT Hematococcus pluvialis H 3K D /3 A 4~ A (AstaReal®
AW1011; AstaReal Inc., WA, USA)%Z W\ 72,

2—2—3 #H5HE
REREE DR/ B — 7 L R(No. 6-10)I21%. 0.3mg/kg ASX Z 1 H 1 [l &% L
EHICHEEG L-, 1HEBEICIAEL BCS ZHIT L ASX DR EZFHE L -,

2—2—4 HFrTILRM

ARBR AT & BRBRPA A 6 B RS, AT AT O & F g G o> 22 I IR I 9 A BRI L 72
BREL L 2 MU~ S U O MEZERMAF I L Y mHICELAELZ0L, M
THRAEREIEH T 5 £ T-80CICTHRE L7z,

2—2—5 WEHEHLWETE

7' )b a—A(GLU), ¥ 2 L A7 1 — )L (TC). TGN (TG). ¥ &E A (TP), I
HIRFEFZRBUN), VLT F=2(CRE), 77=VT I/ T RAT7=2T7—F
(ALT), 7T AT X U@BT I ) 5720 A7 =25 —F (AST), 7IAH YV 74 A7
7 % —%¥ (ALP). HLEeMi/kFER:FE (LDH) 1X. Bt 7 4 v a® /U AR EH
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12 C A B3 %8 (JCA-BM2250; JEOL, Tokyo, Japan)Z W CHlllE L 7=, IiEH o
W BENE R (NEFA) L, TR WE ¥ » h NEFAC-7 A b U 22— (FfehlidE T3
FRA S, KRB 2 HWTHIE L7z, 4 > AU 2 (NS), 75 4 R+ 7 F > (ADN),
JE R SE IR 7 (TNF a ) I Z N ZENTHIK D Z » b A > A U > ELISA kit (AKRIN-
O10T, Fot i T ¥ =t KR), ~UV A/ T 77 4 AR 7F L ELISA
X v M(REREE RS 4L, ), TNF o X ELISA kit (LS-F1347-1, Life Span
Bioscience, Inc, Seattle, WA,USA) # W CHIE L7, Mff~o o Y75k K

(MDA ) (%. NWLSS™ Malondialdehyde assay kit (Northwest Life Science
Specialties, LLC, Vancouver, Canada)% H\ CHIE L 7=,

2—2—6 T

M EfE X, Windows Microsoft Excel D341 — /v % W CTHEEHLE 2 L 7=,
T E 8 1 2B HE R 25 (mean £ SE) THR L, WMl t REIC L Y o8 L. Mgt F#ef
EKHEZ p<0.05 35 L U p<0.01 ([ZF%E L 7=,

2 —3 fEiR

ERE— 2 A RICBWT, 2 ha— L L7 ASX JE# 58 & ASX %
H U7 B0 AR EHE B O R Z /8 L7 (Table. 2 ), B EE Tl TG. MDA,
LDH (Z5W T, ASX #&5.1% 6 H ORI EEIXK 5810 HOE & L L THE
IZIRF L7z (p<0.05,p<0.01) (Fig.10). & & (2 MDA, LDH (%, 6 #[H % ® Hl E &
Faribo—ABERBREEL OB TR LE L&, RBRFEOMBA RN -
72(p<0.01), — 4. KEF L OV AST, ALT, ALP, TP, BUN, Creatinine, Glucose

FEOAFEREMIZIZ, WML bRBOFIE 2. 6 % OmMEEMOE!
BEREAITR O v dr o 7=, [AERIZ NEFA, Insulin, Adiponectin, TNF a ®
PEMICEA LT, WMAEOOME & 6B IZBWTIZE W TRER ORI THRD
TREEERDRNoT-, £72, BW & BCSIZOWTHREKIZOMEE & 63
HCTHERZMTBEDONT. 6 BHEZOMBEMICHAEREMITRD bk
no iz,
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Table.2 Comparison of biomarkerslevel of healthy dogs with and without astaxanthin supplementation

without ASX (n=5) with ASX (n=5)
Parameter 0 week 6 weeks 0 week 6 weeks
Body weight (kg) 105 = 0.2 11.3 = 0.3 10.3 = 0.2 11.1 = 0.3
Body condition score 3 3 3 3
Glucose (mg/dL) 874 = 18 798 = 2.1 90.6 = 2.5 874 = 23
Triglyceride (mg/dL) 306 = 1.3 380 = 6.6 372 = 13 236 = 41°
Total cholesterol (mg/dL) 1448 = 20.0 131.6 = 89 1138 = 6.5 133.6 = 9.1
NEFA (mEq/L) 0.7 = 0.1 0.7 = 0.1 0.8 = 0.0 1.0 = 0.1
Total protein (g/dL) 71 £ 0.1 7.0 = 0.1 68 = 0.1 6.6 = 0.1
Blood urea nitrogen (mg/dL) 134 £ 0.7 120 = 0.7 124 £ 0.7 102 = 0.6
Creatmine (mg/dL) 0.7 = 0.0 0.7 = 0.0 0.7 =+ 0.0 0.7 = 0.1
Malondialdehyde (j/mol/L) 1.5 = 0.2 1.5 = 0.1 1.5 = 02 0.9 = go ™
Insulin (ng/mL) 02 = 00 03 = 0.1 03 = 0.1 0.3 = 0.1
Adiponectin (ng/mL) 184 = 4.0 275 £ 33 270 * 6.3 30.5 = 43
TNF-a (pg/mL) 0.1 = 0.0 0.1 = 0.0 0.1 =+ 0.0 0.1 =+ 0.0
AST (IU/L) 322 + 1.8 352 = 24 372 = 13 336 + 1.5
ALT (IUL) 285 = 4.1 302 £ 52 316 = 1.2 364 = 29
ALP (IUL) 1840 = 46.3 166.6 =+ 36.0 1524 = 8.7 1526 =+ 8.7
LDH (IU/L) 834 = 57 113.6 =+ 126 894 = 63 574 = 24"

Notes: Data are presented as the mean + SE. Statistical significance is indicated by asterisks. *Significantly different (p<0.05) from the value at O week in the test
group with ASX (paired t-test). **Significantly different (p<0.01) from the value at O week in the test group with ASX (paired t-test). ***Significantly different (p<0.01) from
the value at 6 weeks of the control group without ASX (paired t-test).

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ASX astaxanthin; LDH, lactate dehydrogenase; NEFA,
non-esterified fatty acid; SE, standard emror.SE, standard error.
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Fig. 11 Comparison of TG, MDA and LDH levels on healthy Beagle dogs

Notes: Statistical significance is indicated by asterisks.

* Significantly different (p<0.05) from the value at 0 week in the test group with ASX (paired ¢-
test).

** Significantly different (p<0.01) from the value at 0 week in the test group with ASX (paired ¢-
test).

*** Significantly different (p<0.01) from the value at 6 weeks of the control group without ASX

(paired z-test).
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2 —4 £z

FARR 72 AE, BCS b ofEFE 2 — 7 A RICx L T6 @M O ASX DAk
T LIERR. MEB LT BCS [TITZITRBO o lh, &5 ORIE T
TG. MDA RBAZEIZIK T L7, TG X EFHEHEANTOR FThHo7=H DD,
MDA 28 & HIZER T L TWEZ & T, ERR~D ASX fifa N IEER# 2 65T
PR ETEEZ @O TV D 2 L 330> 72, MDA (X, IEE O b S5 2 o
T, &7 iEE e b S (Lipid peroxidation: LPO)D A D —>THh 5,
AR, B IS oD 1 BT B R 49 13 28 A AS Bl Fi S B3 2 (Polyunsaturated fatty acid:
PUFA) T, REERSCI EF I ERNMER CTIGHEBEERE/ 7Y —F VL, R
—HERBICL2EGEFELZIRT V., FEOMILICKL s TELESINDLIT LT E
RToH % MDA 1, iR Em< ELZ WD, IREEBLS O FE i~ —
A= LTHWOERTWS, T2OBLAFERIZIH VT, MDA A EIZIEK T L
ZliE. ASX O GICEXVIEEEBRICEIS I ST L 2R LTV D,

ASX IE, KICHD IAEND & ZORERNZALFRHIED T2 ML DN
B _EEEBE®T O CHEET D70, MO NI AT 5 IR #FE
V=V hNORHE LT EREIZHEAET D ROS bilifET 252 &N TE 55
%%ofméoéEmwawﬁﬁﬁbﬁ\%%mmnwwLHWWMmumn

BUIDLBILARNLZ2ZFEHL, &5 MDA BEZK T EE., FERBOBHY

CRERWTHRFEBECHEFHREBRLZEESIEL LR RESNLTVD
(Naito 2004), JEWGZ et SE 2 mEMEIC ASX 2N L EHHKE LIz~ T X
DEBRIZIBNT, 60 HH D ASX WG, ITEERE 2N PRFE S AL E BN 23 41
fil & THY (Ikeuchi 2007) . £/~ T A~D ASX IR EGIZ LV | (KEH
. EAEMAE, mA > AU U IiE, TNF a 72 5 ONE IL-6 BT xh L C ok 346 1)
MDD bV Z & STV % (Arunkumar 2012),

EBEY E T2 ASX OEIFRE~ONRZRFTT 5 ASX # 5 %5 TIX
ASX O # 5 &1, F v bW EBRT 25mgkg/day(Alam 2018) .
10mg/kg/day(Islam 2017), ~ 7 A % I\ 7= %8B T, 6mg/kg-30mg/kg (Ikeuchi
2007; Arunkumar 2012)HWH L, BRROEEZ EFTns, ATEB W T
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6mg/day (Spiller GA 2003), 20mg/day(Res PT 2013) ¢ 4—8 il i D fk#g 0 5T
BWEETREO N THRY, S HIC, ASX &, BEMEHIERRICHMESNT
WDHEBEICHEG LIERABRICB W TLE RN R STV 5 (Kpscinskas L 2008),
RA~OFKHREBETIE, K 8 ke®RIZ 10 mg-40 mg/day D ASX # 5 & TH&EIHE
NEESTZ L OMENDH H(ChewB2011), ZHHDHEEZBEICL, SHOE
BrClIf G5 & L LT 0.3mg/kg/day (30mg/10kg BW) & W 72728, #& 52 B L 7=
HEBIBO LN >7c, ASX OWAMIZE L TIX. EFSA Panel on Additives
and Products or Substances used in Animal Feed (FEEDAP)IZE W TH U X > K
ELTIRWLE IR Z R oMREMER Y TH D Z i S Th by, Fiotka
& T DLZEMEIZ DOV T S 41TV % (European Food Safety Authority 2014;
Brown 2018),

R D AR B0 B [ X I 2 & 0 . TR IR O IE KA X o THE MR 3R 2
WRNCEAR S NAMMICEBERENEEIND, it > HiEg{bEE DK
THHRMEBORIEICLND->TWVWD, T72D5, ASX Z kA IC BT 5 F
T, AR SHBALETS 1 TR TE R WIEMHESR (Bl —HERBRR) L H
E L., IBE®BLRISZIMET 5 2 &1, @WERESIEEER O RO H R
HRRIZBWTHEFHR TPHOETAKR THDL EEX BN D,

2 —5 JhE

TAZXY T ASX IE, MO HIRIEME L L THMbNS, ASX ITEE
WAL OSIEIEN  —EEBREEEEICENTERBEME CH L 2 b,
b FOREMERRE R ZFF OB MRS E LT, I BORIMER EKE
ERAEFETHILSHM STV D, 1 Rl 70 1 M 2 55 7 reactive oxygen species (ROS)
PEAEIC L DB A ML ARBHRIEZSSEZ T, ZO—#EORISIE, BiE
PE lipotoxicity & FEIZAL, A X ARV v 7 v Ru—Apkk# L s, 4ln, AR
FRAL (BCS 3)Dfd s 72 K (fEFER) 10 BEZ H V>, 0.3mg/kg/day @ ASX % 6 i
., OB ST LEREIT o R, ASXELSHIZBWTIX N Z7UEY R
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TG, vr Y7 L7t N MDA, #MH/AKFEEEFHE LDH OHIEMEA, & 501 & &
H 6B %A L TRERICABIIETLEZZ GG, #ELRRIZBITD
ASX DA IC L 0 IFHRED M LT 5 Z LB MNER ST, THIEL, ASX Ot
MALTERIC L DR RIS EDRIC L2 b0 EZ LN, T OMO AL
REMICHIC B 72 B LT A S by o To, ASX O RF-O 5 E i3 B2 AL #1111
L. B 2EWICEB VDT 5T, ASX IXREREMERF. IR 2 5358 X 5 RN
TEiDO BB TR ATREZRBEREME R T D 2 & NHERI S Tz,
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% 3=
ASX $& 553 AR KA R FE T 5%

ZHB

A4
=

ANSY

3—1 Lol

fEE RIZBWTASX IZEVIRERBNLEZET D ENRWALNE R ST,
ARG RIZBWTH RO ENE LN D 0 ERGT LT,

3—2 FEBEHiE

3—2—1 JMHH#IHY

— R LR OBPFE B KEE L2 B RO H 26 LRI R T8 E S %
i7=9 5 BAA 3 L 7= (Table 3), |ESMIX. BCS N 4 £7001F5 OmAKE - B
MRCTHDHZ &, CBC fEATN CRP EANEFEHE THDLZ &, BIEEA T
FEBRENDL2HA1T. TORBOBKIERPNEE RO TR, BE—
F OB IR NN AT O RIER DN EFHE SN EHRENLE L
TWHRTHDHZ L, HEERREBIESFAYFECED 2L, BHERBICK LEW
INLOMERFAENGONDIEF L Lz, BREANESH SR EOEFEIEIC
DWNWTIE, fx DIEFEOEEFBY OA&TFEE L, BELZMA RN LE2HERL
7=

3—2—2 K
Hematococcus pluvialis B O 7 A % ¥4 F > (AstaReal® AWI1011; Real

Inc., WA, USA) & HW 7z,

3—2—-3 #&hHEFHIE
TAAFHF L 03mgkg a1 H1EARFLE L LIRS Lz,
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Table.3 Profiles of clinically overweight and obese dogs

Case Number 1 2 3 4 5

ow |sw ow sW ow sW ow 8W ow 8W
Breed Miniature Dachshund Mongrel Miniature Schnauzer Kishu dog Labrador retriever
Age (years) 10 14 11 8 3
Sex NM NM NM NF NM
Clinical complication Hypothiroidism Cushing syndrome Hypothiroidism, Arthritis Arthritis None
BW (Kg) 10.0 113 154 l15.6 7.3 |72 255 |25.5 59.5 |59.6
Ideal weight (Kg) 7 11 6 15 35
BCS 5 _m 4 _& 4 _A 5 _m 5 _m

Abbreviations: BCS, body condition score; BW, body weight; NF, neutered female; NM, neutered male; W, weeks.
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3—2—4 BT NER

R AT & ARBRBH A 8 MR IC., FRTORFRIOZEMERFM K 2RI L 7=, B
L7 igid~ U UINEZERLEICE Y, BEHICEOHBELZOb, IR
BEREICHEHT HET—60CITHRE LT,

3—2—5 JEmEA &METE

EEBW), RTF 4 aFT 4> arZ2aT7BCOHITMZ., & 2 BEDERRTHE
L7 — A e 10 5 E . EBEAE R (NEFA), 1 > AU U (INS), 77 4 K
%27 F 2 (ADN), ~ 17 /LTt R(MDA)Z R o ik TllE Lz,

7 )V a3 — Z(GLU), #& 2 L AT 1 —/(TC), TR (TG). #E A& (TP), i
FIRFEZFEBUN), LT F=2(CRE), 7T7=VTI /) 7 RAT=TF7—F
(ALT), 7T AT X U@BT I ) I A7 =25 —F (AST), 7L H YV 74 A7
7 % —%¥ (ALP). HLWeMi kFEE:FE (LDH) 1X. Bt 7 4 v a® /U AEAEH
12T B 8T % (JCA-BM2250, JEOL Ltd., Tokyo, Japan)Z VN CTHllE L 7=, i
o AR B ER(NEFA) X, TTEIRO M E S v h NEFAC-7 A2 b U a— (FgHige
TR S, KK) 2HVWCTHIE L, £ AU (ANS), 7T 4R 7 F v
(AND)IZZNZNTHID T » A > AU > ELISA kit (AKRIN-010T,Fi Y i 3
TEKRE, KB, ~7 A/ T v 75 4 K% 27 F > ELISA KIT (KI5 fl 3K
e, HRO)2HAWTHE L, Mt~ Y745 ke K (MDA) 1.
NWLSS™ Malondialdehyde assay kit (Northwest Life Science Specialties, LLC,
Vancouver, Canada)% H W CHIE L 7=,

3—2—6 AT
B EAME L. Windows Microsoft Excel D5 #r>Y — /L2 H W CTHEEHALE 2 L 7=,
HIEAEILX mean £ SE. CTE/R L, MMl t REICK D oA L. MetFHAEEKEE

p<0.05 3 X T p<0.01 (TR E L 7=,

3—3 fHEE
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ASX Bt hpi & G 8 % OWEMORE R %~ L7z (Table.4), TG IRE B X
OV ALT {EPEIL S SEBI O X T TIR T L7z, LDH {&MEIX 5 EFIH 4 JEFI TR T
L. MDA JBEIX 5 5ER P 3HER TER T L, TOMOPEMICIT, K& &k
RO SN o Tz, FAERIZ, TG, MDA B L OV ALT, LDH I&H 1%, IR -
WAERBORICEBWTHBEICKT LA, KEAR EO—BREKRT RIS /FET
REBITHED 0o 7= (Fig.12), 723, Fig.12 IZ/k L7 TG, MDA, ALT,
LDH O 7 7 7IZi&, 3 2 ETHRI@EE R~D ASX6 #EKGHi%DEEZES%
DBl L TERRLT,

B GBI U2 BRRAI ISR K%, RFE, Fin, SRS LUORFECHE
B EOETREEME 2 2 Bieb Z b, REMKREORGOOIETITD
o,

34



Table.4 Changesin biomarkers level of clinically overweight and obese dogs with astaxanthin supplementation

Case Number 1 2 3 4 5
oW lsw oW [sw oW sw oW [sw oW W
Breed Miniature Dachshund Mongrel Miniature Schnauzer Kishu dog Labrador retriever
Age (years) 10 14 11 8 3
Sex NM NM NM NF NM
Clnical complication Hypothiroidism Cushing syndrome Hypothiroidism, Arthritis Arthritis None
Body weight (kg) 10 11:3 15.4 15.6 73 12 255 25.5 59.5 59.6
Body condition score 5 S5 4 4 4 4 5 5 5 5
Glucose (mg/dL) 87 87 102 87 91 92 74 83 93 104
Triglyceride (mg/dL) 89 57 270 73 450 99 21 18 117 41
Total cholesterol (mg/dL) 162 148 360 297 178 188 224 230 173 179
NEFA (mEq/L) 0.54 0.54 0.58 0.63 1.15 0.39 0.58 0.60 0.46 0.54
Total protem (g/dL) 82 8.1 5.8 5.7 7.6 6.8 7.4 73 6.6 6.6
Blood urea nitrogen (mg/dL) 23 24 16 21 14 11 16 15 14 11
Creatiine (mg/dL) 0.6 0.6 0.4 0.4 04 0.3 0.7 0.7 0.9 0.8
Malondialdehyde (p/mol/L) 1.63 2.74 3.85 1.95 10.97 3.06 1.73 1.89 3.06 242
Insulin (ng/mL) 3.6 55 3.5 1.0 4.7 32 43 3.8 0.5 0.7
Adiponectin (ug/mL) 10.8 13.9 2.0 1.5 NT 0.14 4.8 34 9.7 133
AST (IUL) 31 39 25 24 211 32 21 18 52 38
ALT (IUL) 250 99 270 215 123 74 72 61 135 97
ALP (IUL) 1460 352 4714 4215 348 404 2122 2130 118 126
LDH (IUL) 68 173 74 64 7417 177 73 34 187 76

Abbreviations: ALP. alkaline phosphatase; ALT, alanine amimotransferase; AST, aspartate aminotransferase; ASX astaxanthin; LDH. lactate dehydrogenase; NEFA, non-
esterified fatty acid: NF. neutered female; NM. neutered male; NT. not tested: W, weeks.
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Fig. 12 Comparison of TG, MDA, LDH and ALT levels on healthy dogs and obese dogs with before and after ASX supplementation
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3—4 &z

FEAFLRR I, =R VX = b IR X —DRFEE & L COE & DR
53, TIWRXEZHOGEMBRERINTEY, NOWA T =X LB LU
T4 VR EN L TCRGORMEEHT L2 LN TE LEERBERE &
LTORBNEFL, TN OIFMENIC X > TRE2EEL % T %5 (Huby 2015), B
BNV ER S e WIgNE N 1, i o0 NEFA MR AEVEE 5 E (CRP)EB
X O MDA % pEA ¥ % (Okamura 2018; Ormazabal 2018), AREBROWHIETH 5
5 EEOEMRD S B, EF 1~ 3IXEEICEFES LTV D BN W TR D FEHE%E
BRHVBFEELRMA L TWLER T, JEF 4 & 5ITFREH L Tu 2 Ak 13
DIRNIERI T - 7o ASX G- RT O RIEME D T HES] 1 ~ 3 D TG I LTV ALT
X, JEF 4, S L TEMERL TV, fEF4 &5 2T 5 &, TG,
ALT 3 & O LDH @ ASX & G-mii O RIEME 1L, AL BE 25 B EE DEH] 5 0 J57 75 i il
oL TWe, ©72bb, EEICIEM L RTiE, Ao REERERZMNE ST
W< &b BIERITHITIRO BN A 00> TV DHIREETH 5 2 & 23 HEH
SN,

I35 B OB X, ERNO S S ERMNHMALIEET 08, T
TN D ME e g% L AT & RS K& e ZH 2 R LT D, IFMIERIX
R LIZENZ2Y) REAEOR T o L, KIgHE#EICIEE 2 B%ET 5
WEaHoTWnD, £z, BREZRESE XL X —2# G T M#TLH
D ALERIFICIIAE AR IS 2 LT T2 TG Do i S 4v. JHlig~HE 1 B 23 i
EINBELICL Y s, BIICLYIER LB T 0 A
A MAA L WREZITCOIRN o MRERORENECTEY @R 722
HE NG 23 fR W2 L IR 3~ 2 18 PE Y 72 il P FFA ¥R E O B2 B -CHFlig ik 1T 5 A
YAV UG EEET D Z LR o TV D (Tanaka2007), 7205 AR
LTWHEMOGE . IR IZ@MER 2 ARG 0025, EE O NRBE A i
Tk, HIgICH T 25 TG OEMICHE Y . il ~0BIA L A3 Mb 5 2
T L0 FET v 3 — VPR B AT (nonalcoholic fatty liver disease: NAFLD)X°3E 7
Jv = — )L PEfIE IS BT 4% (nonalcoholic steatohepatitis: NASH)2A FEIET 5 &\ 9 & 2
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FREE SN TS (Day1998), B EBRET LVICEWTIX, 77 4 KX 7 F
YRR O BRI - ML A T2 2 ERRE N TV DA (Xu2003), AR -
A A B OHE KIZE b 22w, AT T TORIEMEY A R A D
RERHML., MIRIEEROH L7 7 4 AR 7 F o OFBPE T LI R E
AREST D, TNODORIELFET LR FITIT, BIEA FL A RELDND
S TW5, BEORETIZ. MK OB b L RIS IEEEER L o

PO (Fig. 13) IC X 2 EE BB O EEN. OBl 2FE T2 L5
bhTWd, (E#E# 1991)

o HHEEDOEHEETIE. A—/—FFLF(0,) &, XBFHARILEFOFLSDHIL
(HOO- ) ELTHEELEMMAREIEZRIET S

LH _L>L- %Loo-

X LOOH

e EE (LHIX, ZU—SihILOeEET . BESHIL (L) p~LeERFOfxLS2hIL
(HOO- ) ELTHEEL., BIEOBIETHEE~NILAFLSUHIL(L00), BEHEFOA
LAFR(LOOH) Z4L, BB REAINET S

Fig. 13 : JEEHBEREHFHRISTEL DEERR

(BB RK b EW 29 & 12 5 P.799 &)

ASX 1. 2 gkl 7 UV — T P H IV HEE K ISIC X A IEEIm B LE S & v 9l
ERICBWT, X I E D250 %05 500 (F058 2P ibiEtEZ R L TL
TW5 (Miki 1991) . ARZFEBRIZIHB W THEN RO ALT O EE 2 ASX OFEHH W
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FTHOIEFNZEBNTHET L7 Z &1, ASX O IIC X v b Rl 722 15 & E2 1k 23
Ml ST OREENRE IO TholzctEx2 NS, o, M
WIRESND Z EIZLY, IR S E L. TG, LDH, MDA % & i # M m) 12
FEINT BRI, AFERIZB W T, ASX DG IX, BEOBAEIL
O TR o725, JEWISHE S fla L ~L TOBEEEII L, FrIZATHGE
DHEFELWVWI R THIKE ThH T,

WARE - B E 2o TWDRIZ, RESCEBMIERE., T X 2 REEED
RTFCx, BMEOMEZINEITL TR, BEMNAZRY v 7R
n—AEMICHD, BHORAEOHR T, Bl —LHE I Y — 2
T292T, BEOEOME 21T T BWMME GEHEMET A MY V),
BHEMBEAZIE TS a-7 L3 v X —E R D-allulose 72 & D4y O F) H (Sako
2010; Nishi 2016, 2017) b FEMAIICE 2 TV RETH 5D, FRIFFICERILA L A
IRREZJRIET 2 Z L0, R EHEARLBELZRT ZLicoRn D, @E
OHEEALIEA & £72> ASX 1%, JE - AR ORI W T, FEIEE R H U E 2R
TR E L CRIAME O & WSS Th D L E X b,

3—5 /I I

ARG O RE T, BRI E & B A b L RIS HE S R R {b o H 8 X
JSIZ R, SHICENMROYET U I RBEIN5, ASX X, E¥ IV E
D 250 f5 6 500 fi5 DR ) R HIEEALIEEE AT D, ATEORET R~D ASX &
BIZ XD ROFIEICB T LNEERRDNLET L LBHALNIR2T2ZEND,
B RIZFB T D BIZHOWTHE L, —ROEWZ M 2 kET L 72 BCS 4
F721% BCS 5 DB KIZ ASX0.3mg/kg/day & 8 R O &5 L7,

ZORER, M TG IR E R LN ALT IGMEIX, SHEFO T X TTIE T L7z, LDH
TGRS AEGI T 4 JEH] T, MDA IREEIX SUEGI P 3 JER TR T L7z, K&

BCS filt — X BEIR AT AT, B> 2B LT b ko 7c, KRERIZEWT
T, BRI R IEEII T R o 728, JEW RO BIER] T ASX & 5-#% (12 ALT O
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EIEMER W T NOREFICB W T HIE T Lz 2 &%, ASX 1T X v @ Fl 7e 5 2 i
{3l SN HFMROFREENRB LD ThreFxbNDL, £, Fik
NRESND Z EICED . AFEREN SE L. TG, LDH., MDA % &t EH [ (2
FEHINTZbLDEEZEZ N, FENTEHBEINDLIRDL T, MNEDOT A
TALANLBEREL, WMERAFEEZONTHNTH, EHARENE L, B
r ) —LHBEI ) —DORT UAREARL TV, &EOHBLIER % R
ASX V&, B c BB AXARY v 7 v Rr—AREOTHHE LT, &
TERICHEAT 3 2 AE WA M B D B RE AR 42 % B 1 LSRR BRI L B 2 (R T R ikl oy &
L <. FBMGIE D & DRI R MR Th 2 LB X bz,
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WA4E
FERI R LT v v TREGRRED RIZK T 5 ASX & 5

4—1 PERFIEFK~D ASX O£ 5 4
4—1—1 JERIOERE ASX &5 HiEB L OBIE ik

JEFNL, v v F—X EBRE 11 wilin, AH 4.4kg., BCS 3 T, 201443 A
Rr, RERA (3.7kg) & E R 2 EFFICZZ L. BERF LK OEBWHRIE &2k S
A AL DIERP TH o7, FFET7TH DO ASX & 5B IR S8 W T, IE
HWRAEICEE L TR Y, BEHUERM. 12U SIREKGET Th o 72,
2014 42 7 H 28 H., FERISEH O 720 E M2 IR L2V, BERIE A
BELTWDLIREZTAZXH U FraikET20BICOVWTHM L, FmICX
DIRIEZG, FA., ZEFIEZHERL ., MERE - bFmda, BEk
fid, ACTH BITHFER 2 %0 L 72, £RHEX L 72 % © — 8 % NEFA {5, MDA fi ]
ED T2 —60C THGMPrAF LTz, MR IZEYHEEAN O BB ML EKGHF 2R 12T
HEL, MEIEERERB L2 LF Y =V EONE IS T 7 ) 2o E
L 72, NEFA fE D JIE 1%, NEFA C-test 7 22— (FEMi3E T3NS0, #HA0)
MDA i ® ] 7£ 1%, Malondialdehyde Assay kit (Northwest Life Science Specialties
LLC, Vancouver, Canada)Z TN HWHIE L7z, ML THEE 35 ASX 1%,
TAZXFY L F 7 —RK3mg a2 G HT LT ALZR—T (T AZ Y —LRAS
0 ) (0.68mg/kg)ZfEH L. 1 H1HEEHFLE L HIZ60 HEHESL Lz, ASX
BB 0 A H., &E5BHM%Z 60 HE, &E/&TH% 60 HHICHEBRAS LU
i 2 320 Lk 2 Bl gt L,

4—1—2 HER

BLLE U 72 P E A5 5L % Table 5, Table 6 (278 L 72, ASX # 5Bl #A I 1%, Glu 173mg
dL!, #7722 (GA)14.0%, 7 /v 7 FH I 2 (FRA) 269 umol L' T, HIK
RSO JR IR 2S5 CHER AR O BERFE R IZR O S 3, BERFBITEICER IR T
W7z, ACTH BITHERBROERIIAR—F—TF 4 T, EHBEEEREICEX D AIF
DY A XNIEA L BITHRKRIED 6mm &AL TWen, L8 LR - %
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B - MEEIE - BEAER - R TS0 7 v v v FE BRI B 9 B PR E R

IO LN oTe, HEERLR O CICIEERBHBEDHEE X, TG 443 mg dL',
ALT 180 IU L', ALP 3884 IU L*!, y -GTP 26 IU L', NEFA 2.5698 mEq L!, MDA
7.3333umol LT Th o7, AXE 5% 60 HH ORAfEIZ, ALT107IUL!, ALP
3166 IU L', y-GTP 17.7 IU L'}, NEFA 1.6129 mEq L*!, MDA 5.7666 1z mol L' & i
DU T2, BEIRIE B E O A E X Glu 148mg dL', GA 15.5%, FRA 257 umol L' &
LZELTWE, AXBEEHRIE30 A%, BKENRHEZ TWLHEDZ L THREEL
7o, ZOMOEKRERICEFTIZRD SR o72h, FRAEIZEFEEFETH
> 7278, Glu34l mg dL', GA17.0% & MBEfEDO 2> Fa— LR RZETH Y |
ACTH RIBRBR DN, a2 /F ) — VED pre 2.4 u g AL, post 22.1 u g dL' &
EHLTWES, BERFOBREICMZ 7 v v ZIEBEBROBRKE L TR B
2B 10mg (7 R A& TSR 3 OoWNkREEB LI, A 2T &
DRI A ., 7 v TIEBEEOIRR 2 AT L THEM L 72 30 HE T, AX
1k 60 A #% O HEMIZ, ALT. ALP, vy -GTP &, £ £ 10510 L, 3499 IU
L', 22,6 IU L' THHERBICKRE RZBNIIBD bNRDoTZR, a /LT Y —LHE
L pre2.6 ugdL!, postl19.1pugdl! TR TH-7—FH T, RRED R,
S - ZIR - ZREOBEBIERITRD DR o 7203, BRI B E O R i 23
ZHEI Glu 361 mg dL', GA 19.1 %, FRA 313 umol L & EHMEHm Z 7R L 7=,
ASX #5-H 1k 60 H H @ NEFA 3 L X MDA O JIEMEIX, ASX 57 60 H
H o #|7E 5 NEFA 1.6129 mEq L', MDA 5.7666 x mol L' & (bt L C, ThZFh
NEFA 4.043 mEq L', MDA 22.1666 y mol L' & L < #EinL 7=,
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Table. 5 Changes in blood chemistry profiles (TC, TG, ALT, y GTP, ALP, Glue, GA,
FRA, NEFA, MDA) before and after astaxanthin supplementation

Before 60 days 30 days 60 days
Reference
taking after taking after stop after stop
range
ASX ASX taking ASX taking ASX
TC (mg dL) 85-337 333 324 301 239
TG (mg dL™) 26-137 443 533 415 353
ALT (IU L) 20-99 180 107 127 105
y-GTP (IU L) 0.0-20.0 26 17.07 22.2 22.6
ALP (IU LY 49-298 3884 3166 3424 3499
Glu (mg dL) 63-118 173 148 341 361
GA (%) 8.8-14.5 14.0 15.5 17.0 19.1
FRA (umol L) 167-308 269 257 271 313
NEFA (mEq L) 0.9£0.3 2.569 1.612 — 4.043
MDA (pmol L) 49*2.2 7.3333 5.7666 — 22.1666

Table. 6  Results of ACTH stimulation test and clinical signs

Serum Cortisol Value (pug dL™!)

Clinical signs

Pre Post
Before taking ASX 2.1 21.8 NAA
60 days after taking ASX NT NT NAA
30 days after stop taking ASX 2.4 22.1 PD
60 days after stop taking ASX 2.6 19.1 NAA

NT: not tested, NAA: no apparent abnormalities, PD: polydipsia
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4—1—3 #%

ROFERPIL, VIO @O R2MEEO 2 b — AR LERERTH
5o ETCFERFC, FERPIGHEO BARE 72 BRI, QOL & D 7= (24 OHE - OF
RIEH TBiT 22 & Thd, AERNL. ASX £ 5 BHAGRT O RE R Tk, i E 1%
HWIEICEH I TV, & TG ME, & ALP iEME EA. ITEOREO L5

IZhi %, NEFA fiils KO MDA fED ERARRO b, Z OEFRKRIER Tl W%
DIFEPD ASX OZRENIAL, BEMICHET R VWERER SN TNDLE
2> B (Brown D 2018; Park JS 2010), 2 &L FHE I EICHE -T2 ASXOHELVZ
VY 0.68mg/kg 3mg/day)® 1 H 1 [HIEH L7, TOEEIZEL > THELZH O
AL, iTlEs# & NEFA, MDA TOEDOERMER EFKTH -7z, 60 HE D ASX
DAMBKEIZ LY ALT, -GTP 2 EDFHERMENME T L7722 & T, ASX &5 M
FERH L OHEEORBICHER L 52T EBRBENG, SOLICHER
EREmEY, BHPRLS 2528, A EOHFELWELRD B, PR
WO~ T AT ASX ZERM S ERIZB W T, AST, ALT RAEICK T L, JIF
g7 v 2 T4 BORTRIME S, ECERRBEIERT LI ENHESR
TW5 (fH 1996), & SICAER TOH G EBRT ASX 111k 30 H BIZE MK
DRERIZIM A . ACTH RIIHARBOMAMES EF L TWeZ b HRHOE
HICMZ 7 v v TIEBRFEORBE OB LA, S 512 30 HEOMAE TlE=
T = VERLE L, ALT, TC, TG MEF L TWAHIZ b b 57, mbEE®
T b= VR RFERITR S TV Z &k, ASX O£ 5 H1 1300 IR 9 JiE 51l K D A
YA RIS TR R L TS b0 EHERI L 72, ASX
WA LAY T T FIRERICKIETRELZRE L. UM v b lkE:
FHIE Lo BB MM 2 W 7 invitro D EBR T, 7 A X X% > F 78 TNF-a &
NNV FUBEELY A b IA B X OEBEIERIC LD A > A2 VKb %
WETDLNEIDEPTRIZERT, ASX ITBILA ML A0S MIBE R#EST 5 2
LWk oTA 2 U REIMEZSHEL, ZROoOEEICL > THFEIND IV
A= 2O IAB ORI A EE S A RFIZIE MR FEFE(ROS)D A ik % i &
HeFLREL TS (Ishiki 2013) . HERAS Tld. @& MAEIZ & > TROS DAL
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M2 D721 T7Z < NEFA @ EF-Z 729725, NEFA ~Oia Rl 72 gz 1k, Bl
BRI D DA AV o3 WhaE72 9 Z LI K DBEIRFFFEESHIEIC L - T
BEMICEE CTHDL EREIN TS, ASX F1EL726 0 H#% D MDA i’ 5
NMZINEFAfER EFH L TWimZ &id, SWHEZIVZHEERBFO a2 ha— L R4
M. NEERH~—H—ThH % NEFA fE., @RILIEE~—7—ThH % MDA fEIC
BEREELZRILTEbDLEZEIZOND, ZALOFTRNG | FERIF KO E

#Bl221Z NEFA fEX° MDA fE2NEM T& 5 & RIKFIC, BERFEIBIEIZE W TITAOF
SEDQ T ORI T, A A AARFUEZ I35 BB W TS ASX Off
MG IFARTHDL EB X b,

4—2 vy TIEBEERSD ASX O 54
4—2—1 JEFIOERE ASX &5 HiEB L OBILE ik

JEGNEL, S=FaT7 ¥y 7 A7, BEAEME, 11 mkilin, A5 7.3kg. BCS 4,
Iy TRERED T N m A Z A TIREE R 4 0 A B BRIRIER DL E
LTWDRRIEMENDOI=F 2T ¥y 7 A7 RTh o7z, Hematococcus
pluvialis R D ASX (7 2% U — 8R4 L) 2mg/day (0.27mg/kg) % #
H L. ASX &5/, ASX &5 30 H#&. AX %5 120 R & OTEEFE 2 5 ONZHE
HARHEIE O IH B IZ DT, total cholesterol (TC), triglyceride (TG), alanine
aminotransferase (ALT), alkaline phosphatase (ALP), non-esterified fatty acid(NEFA)
B2 E Le, Mgk 2 a BB N o Il E #5 (CE L. NEFA {1 O #lE
I¥. NEFA C-test UV == — (FOOLHiSE TR A4 B0 ICTHIE LT,

4—2—2 FEiR

ARG R 4 Table. 7 127" L7z, NEFA X, ASX & G-fil. ASX &5 30 A%,
ASX #5120 H#%Z CTZENZE 4 2.98 mEq L, 2.82 mEq L', 0.97 mEq L' T, ASX
BhH 120 B OfEIZ EF#HEAK CH o 72, TG OfEIX. AX #5071 & ASX &5
120 H#% T 4. 676 mg dL' & 315 mg dL! TEHE 2K FTHE AR O 51
72, ALT, ALP, TC OfEIZIEL, ASX #&L-fll, ASX #& 5 30 H# . AX &5 120 A
% CHERZEFIRD LN 20>, BCSDEITRD N2 5T,
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Table. 7 Changes in blood chemistry profiles (TC, TG, ALT, ALP, NEFA,) before and

after astaxanthin supplementation

Reference  Before taking 30 days after 120 days after

range ASX taking ASX taking ASX
TC (mg dL™") 85~337 338 357 337
TG (mg dL™") 26~137 676 642 315
ALT (IU L 20~99 29 76 31
ALP (IU LY 49~298 1351 2512 1516
NEFA (mEqL')  0.9%£0.3 2.97849 2.8172 0.96774

4 —2 —3 #z

ASX X, 7 v v U ZIEBEREOIRBEICH ML THEE T2 2 ik v RERH
DNNAF~—H—TobDHNEFAHELZEK T SEDZ L RBEINTZ, BCS ~DH
HMMREACITRD SN2 oo FAVWFEORENGIL, AW Yy 7]
Dl L7 ERBO b, IEHDOFRE, HEEELEBMOUE., K OEKOW
BERCEBKEROUFBICIAR ThH oo, RERFER TIX, ASX O H &%
2mg/day & L7272, BIKEDOAEF DL AEREL -V OFK 5B 0.27mg/kg
ooy, 120 HIE & W) MR 2 ke L TG LZ O BEBIE L5,
NEFA 723 30 HH & LT, 120 HEOWRFAR CTEFE TH-o72Z &, TG I
DNWTHLEMHEBREHOENEFE RN LIS, il T&EETLHL

THRERBICHEEZ LRI T ZENRBRINTZ, £/, ASX E NI x &0
OFH T —BRESCMERE ETOWLRIBMERIZRO bR o702 L 1T
ASX DREREMER ML & L TCOLEMEICH L THLARRIGEHR TH -7,
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4—3 /I FE

WERP I L O v v ZHEBREOFEFNIIXT L, FREAPEEICERI LT
HIRHETASX ML THEE L, ZORELHF /-, BCS3, FHEMRT, 1
YAV EEICKVEERBIREF O 11 Bl o~ T — X EBEIC ASX
0.68mg/kg/day Z # 5 L, MK B FEY . NEFA, MDA B2 lIE L7-, ASX &
560 Ho ALT fE, y GTP £, NEFA £, MDA fE23ek# L7z, TDH%, ASX &
HZzdik L.60 HLMFERER Z2HE LS BIRERICEIZ R D o T2 D3
MDA fER S E LTz, £D%, ASX &L a2 T 1L 60 A& HFEREE 2 H&E L
iR ERRE R IT A o 7243, MDA 28 % L < 8§ L, NEFA fE. v GTP
EHHEML7, ASX OEHIL, A AU U IRPLEZIH T2 ETHLHETH S
EEZ BN, BCS 4, BKE, 11 kils, I=F 27Xy 7 X7 8, kit
DY vy ZIEGRE ORI T OFEFIZ . 0.28mg/kg/day & # 0 H L, MiKA
LA, NEFA 4 HE L7z, &514% 30 HEIZRBWT TC, TG, ALT,
NEFA fEIZIZRE B MIERBO 2o/, 120 HAIZEWT TG B LW
NEFA fEN L7z, LLEDZ E0vd | ASX O 5 I EICAFIC R 2 IRH i ik
bzl L, L ET 5 LI HERFRS T v v TR DB
AN THDLZERHLNE oz, IREEBRZME L, TEELdET 5
Z LTRSS AE D BERIF A2 X U o & T D HE 2 DR MER B O T LE O A TE
DOE QOL DHMFFICEHEETH D, L - T, IBEBERIEZ AT 5 ASX 72 &

DOHBALWE ITIER ., THICH A X R v 7 Fe—aDFHIcERTH
2o
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RO & FERE M ZPHAE LR, BWEOEMPREETHY , hEiRo
FERNZ D72 BN DB DL <A, AIEFBEO TR Y IZ &0 4 U7 s BhE
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ARN TN A U 7236 Ml R FE(ROS) X, ALY & Bk 2 1T G L, ARG E
FEHIXBI X T, KD, B LA R L ADOER L 725 O, M O R Rk 5
ThdUUIRE., FIZBREINSTWABFEB ch D, BT Ltk
DRI RENCE R S 2B S £ 72 ROS O 8 & = 1) | A KN R & il ik
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AN RO 2Ry R BB E ORI b RIS 2 %
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LM 2 ®mOD5 ENEETH D,

Ui e S IR S 5 AR X 2 RS AR 22 RERR o s STV 5 2%,
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P, TAAXY U F U OEHEICOWTHRRF Lz, TAEZXH UF 320
e 7o i b, MIIIENZ BB 2 CHEET 22N TE 5720, Mk
RI Py FITRTTZ ) =2 L, BE OB LM 72 & O
UV UNBEOMBLEER IS ZHIET 52 ENTEL70D, oxH o 7 41
I LRI PIBMILREZ RIET D Z E R0 -> T 5D, IEEBERLIE DB
BT, x0T AT e REMEESRDI D, KENRERYTH D
MDA . JEEHB M ZRET HEHEEOS VRN R AAA A~ —T—L L
THHLNTWD, #HIEZR BCS ZFFOMERRICT A Z X4 o F o2&k b Lkl
Fo ASX 25 LRI E G Lo B L i L C MDAER BRI F L
THY, AR TG, LDH b AR T Lz, T4 ORI, M X 51R
AT RE O AKX RS KA IR 72 & CHEN Lo WEY IS & L. Je il 5912 i B i
ML X DMREEZMIMET5L VW) BT, BFEITAZFF F 2R/
THZLEERWIIETE L TRETELHARRMELRHDL Z AR LTZ, 70,
FTTITIERAE L7 NENG A 2 2 S 2R A L T 2 RIGIRIE D BT RIZ ASX %
B LIZERMDLIE, MDA ~DOEBIZ LI L T, TG, ALT ~O FE)NHE T
by, IFMEAREIND Z LIV TR dE LIEEMAR#M A EE LT 2 2
ENRGgols, SHIT, PERFESCY v v TREBERICEE L TS RICR LT
ASX ZAPIIL CHEH L7=Z 212k W, MDA, NEFA OJIEMAIEFHL L,
RAKBEL TN LD, TTITHIPRETH 2RI LTS ASX 2K E
THZET IREEAMEFET L2272 QOLEZm®H DL Z L bholz, FERIFIEN
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1. BEREE MR E O E 7

B ONERIL. AORRRES < ORFEZERT LY A7 /F L L THHD T
HERFETH D, B O PRI DOFMIL. AT 27 3 227 (BCS)
N T, KSFAESNTWD EZATIES D0, BB & A5 o &1 #R
WROEMRFICEDIEMIELE DT W T 7 e —FIIREEEI LTV R,
ANICRENCERE SRR & 2o 2RI, IEARICER ~ 28 % KIF L RIE
Rl EE T, BIAMIRIE., =X X —OfFE S L COMRERIT TR, K
DOERERHEICEHEREFEDOT T 4 RV A NI A ZEASWL TWD, JEH D
IR 2 KT 2 A N = A LI b EERER T, NIBENERE O R IZB T
HRE A OEEZ b TH D, I RAE LIZAE M2 B R EICEALE I 5 &
DRIEVEY A b Ao > FFA, IEMAMRMEICRBES 28K DO M1 ~ 2727 7
— ¥, A T NADPH Mftl% & O AL, iR biER O B IR TIC X 2 (k=
KU ARRE S FEGEAICEBMICR Z VB R 7 S L, A > A U EHiE
o, MR, mimE, FEREFEREAZRNY v 7 Fr—LAD3
JEIZORN 5, LEDZ b, 3o THHERICE - T, B TRAICER
AEWZ R TPHAERIT, REEFLZHET LTHROTEETHLILEEZLN
72

NS

2. R~DOT AL X4 F o (ASX) #5235 B AT K IF 4 55

ASX &, IEE WAL RS ENEIEA 72 & QN — EHIHEE R H B0 MEICEN - iig
EWETHDLZ b, b hORFEMERIREDRZFFOBEER WS & LT
FETMOEMR ERKEERETHLSAMAEN TS, WwHl 7 ROS pEAIC X
HEEALA R ARBEBITEBEREZSI SR L, BWMb E0EERIELS S
L.ENDIFAEFEEEROY R 77y 72— b Z ERBHLNZINTND,
Al BB O 22 R 10 8542 Vv, 0.3mg/kg @ ASX % 6 JE i OB H
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EED ., BERTEREG 6 BE%AZ LKL TRERICABIIETLEZZ G2 D,
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fEFE 72 RIZIB 1T 5 ASX (0.3mg/kg BW/day) OAfifaic &0 fTFtres m L. 5
Hin AL OS2 33 2 MEBRILIE 2 BT 2R D O L Z B holz, £
ez OO AL PR EEICEL 2 KT S o Tolosd ASX T L A7 5 5 il sy
EFZ A BN, ASX OFFONEE I BALIHIE T, @FE 2BMICBS W TAHKET
HoloZ b ASXITREFEHMERF, B T 0 BB TR T & 2 BEREME £ i pk
NTHDL T ENRHER ST,

3.7 AL X4 U F U (ASX) G- M B RIC K IF T 55

B DI REAZ I TUE, B YERY 22 I M f s & FR Ak 2 b L T D R E i e
LOHEBEISITN S, S HICFMaoEELRET 5, ASXIZ, eI ED
250 %225 500 5 ORI BPALIEEZ A L TV 5, AT OREE R~0 ASX #
HREICEIDRCBT OEERBHPUEST LI EBHALNICR AT END,
AN RIZIH T DB OWVWTHF Lz, —RF2HiERICRkEE L7z BCS4 £7-1%
5 OREN R IZ ASX0.3mg/kg # 8 &G L1z, ZO/HE TG RE K O ALT %
P, 5 EBIOT RTICEB WK F L7z, LDH {&¥EiE, 5 JEGIF 4 fEH] T,
MDA % 5 JEFIH 3 FEGI CTIR T L7z, IREM—MRERRPT RIS, FFET
EEMTRD bR o T, REBRIZEW TR RO ALT O &2 ASX D
BT HOEFIZB N THE T L &, ASX RIS XV it 72 i & i
AL S FRoBEER N S-ied ThotBEx b D, £,
JFMfa AR S D 2 Lic kv, IFiE SE L, TG, LDH, MDA % ¢ i #
HEICHFESINTEbDEEAL AT, FENTHEESIN L RIT, MHNEDT A
TAZA NS RESEEL, BEREFLZEZONL TN TH, HEARE - {FH)
ARENEZL, BRI Y =BT ) —DONT U ARRNLRT WV, mEDOH
FEALAEH &2 F> ASX 1. JEW - KB ICE) A XA Y v 7 v Far— LK ED
TBIE LT, BAERICEIT T 2R Ma OB RE R 2 2 Bh 1k UBENEE Rl o %
/Mg SE LT, FIAMEO RO EEERMRY THDIEEZ LN,

4. WERF. 7 v U TIEEREDO R~DT A2 XV F o 0Eb
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RHeT ASX AP L T#HH L7-, BCS3 TG L TW AW RBEIAE T O 11
Wi, ~ L F— X EBHEIC ASX 0.68mg/kg A G L, Mk AL E A
NEFA f&, MDA iz #lE L7z, 60 A% o ALT f&. y-GTP f&. NEFA &,
MDA fENe#E L7c, D% ASX ZHIEL 60 HEBERBEBZHE LT & Z

ERIRER I I Ao 7oy MDAENZE L < #N L, NEFA &, y -GTP
EHEML 7z, ASX D& G1Z, 4 A2 ) SEREEOIH O EW®W TH A %)
ThdLBERZLNL, BCS4, WkE, 11 i, I=F2T7 ¥y 7 A7 K,
WELEME D 7 > o v TIEEREIG R P OSEHNIC ASX 0.28mg/kg & 5 L, mig41k
TR, NEFAEZRE L7, &51% 30 HRIZEBWT TC, TG, ALT, NEFA
ICiE, REAZERD bAoA, 120 HAIWICEW S T TG kO NEFA
AW ELEZ, UEDZ Lt ASX O EIIHERFERL 7 v o v TIEGEDIE
P I, IRE oW ZmE L, PFRIE T QOL OMRICHA ST ST
G T= VRN i oY g W el
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Summary

1. Epidemiology of glycolipid metabolism

Obesity is one of the crucial risk factors impair the health of dogs, same as it is noted
in human obesity. The rates of the obesity are increasing. Body condition score (BCS)
is widely used for obesity assessment in dogs and cats. However, the diagnostic
approach of obesity among simple overweight, pathological obesity from fat amount
abnormality or fat qualitative abnormality is not established. Excessive amount of fat
accumulated in the body become trigger to cause inflammation to the organs.
Adipocytes is not only the energy storage but also have functions produce and secrete
various kind of adipocytokines that are important for regulate the body functions. The
cause of obesity leading to diseases is a change in the function of enlarged adipocytes.
Excessively secreted inflammatory cytokines and FFA produced from enlarged
adipocytes, proinflammatory M1 macrophages infiltrating between adipose tissues,
activation of NADPH oxidase and decreased expression of antioxidant enzymes
provoke oxidative stress. These conditions lead to insulin resistance, impaired
glucose tolerance, hypertension, dyslipidemia and accelerate the flow of the metabolic
syndrome process. From the above, prevention of obesity is crucial to achieve healthy

longevity in companion animals.

2. Effects of astaxanthin (ASX) administration on lipid metabolism in dogs

ASX is the potent anti-oxidant that shows inhibition of lipid peroxidation and singlet
oxygen scavenging activity. It has been used as a functional food ingredient that act
maintaining and preserving good health condition in human. It is also widely used in
the fishery industry such as fish farming. Oxidative stress causes chronic inflammation
and has been shown to be a risk factor for lifestyle-related diseases. ASX was
administered experimentally to healthy dogs that have ideal weight and the effects to
biochemical profiles and hormones relating to lipid metabolism were examined. The

values of TG, MDA and LDH were significantly decreased in the group received ASX
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6 weeks compared with the value before the administration. The result suggests that
supplementation of ASX (0.3 mg / kg BW / day) in healthy dogs improves liver
function and suppresses lipid peroxidation. In addition, ASX was considered a safe
food ingredient because it did not alter other biochemical values. Since the lipid
peroxidation inhibitory effect of ASX was beneficial in healthy dogs, it is suggesting
that ASX is a functional food ingredient that can be used for maintaining the health

condition and prevent the diseases encounter in the aging process.

3. Effects of astaxanthin (ASX) administration on obese dogs

The hidden chronic hepatocellular damage and lipid peroxidation by oxidative
stress in obese conditions promote potential hepatocytes damage. As ASX has 250
times to 500 times powerful antioxidative activity of Vitamin E, ASX was administered
in 5 clinically obese dogs. ALT values were decreased after 8 weeks administration of
ASX in all 5 cases. It is considered that ASX inhibit excessive lipid peroxidation and
suppressed further hepatocyte damage. Protections of hepatocellular damage by ASX
improve liver function and thereby TG, LDH and MDA also ameliorate simultaneously.
Household dogs are affected by owner’s lifestyle, the balance between calorie intake
and calorie consumption is easily lost even with ideal food content. The result of this
experiment of ASX administration in obese dogs showed ASX could prevent
potentially advanced adipocyte dysfunction and promotes improvement of glycolipid
metabolism. ASX was expected as highly useful functional food that prevents

glycolipid metabolism impairments associated with obesity and overweight.

4. Administration of astaxanthin to the dogs with diabetes and Cushing's syndrome
ASX was administered to the cases of diabetes mellites and Cushing's syndrome that
has been properly managed. Administration of ASX did not significantly affect the
values of TC and TG in diabetic dog with normal BCS. Positive effects were seen in
the values of liver enzymes, NEFA and MDA. In the case of diabetic patient receiving

insulin, 60 days after discontinuation of ASX showed deterioration of NEFA and MDA
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values and fail to control diabetes. The contentious administration of ASX was also
considered to prevent suppressing insulin resistance.

ASX administration to the overweight dog affected Cushing's syndrome, the patient
showed dramatic improvement in TG and NEFA levels. During the 6-month dosing
period, the dog gradually gained vitality, improved skin texture and hair density, after
all the dog got better appearance. These results suggest that ASX administration not
only contribute to the management of diabetes and Cushing's syndrome, furthermore
ASX supplementation is effectively prevent complications and improve QOL through

suppressing lipid peroxidation.
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