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FLAXSEED

0% 10% 20% 30% 40% S0% 60% 70% 80% 90% 100%

® g-linolenic acid = Other fat © Protein = Dietary fiber = Lignan © Other (Carbohydrate, water)

FLAXSEED OIL

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

® g-linolenic acid ™ Linoleic acid 1 Oleic acid = Palmitic acid = Stearic acid

Figure 1. Constituents of flaxseed and flaxseed oil.
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Flaxseed oil
Solin oil
Canola oil
Sunflower oil
Corn oil
Olive oil
Soybean oil
Peanut oil
Lard

Beef oil
Palm oil
Butterfat

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

© g-linolenic acid  ®linoleic acid  © monounsaturated fatty acid = saturated fatty acid

Figure 2. Comparison of saturated and unsaturated fatty acids in dietary fats and oils.
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O
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Oleic acid
O
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O
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Secoisolariciresinol diglucoside (SDG)

Figure 3. Structures of e-linolenic acid, linoleic acid, oleic acid, stearic acid, palmitic acid, and
secoisolariciresinol digulucoside.
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Enterolactone
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O-demethylation
dehydroxylation
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I OH

Enterodiol

<
dehydroxylation

Figure 4. Structures of enterolignans and metabolic pathway of SDG to enterodiol and enterolactone.



Table 1. Lignan contents in various foods.

Food and food group Secoisolariciresinol (jg/g)

Seeds

Flaxseed 3699

Sunflower 6.1

Caraway 221

Pumpkin 213.7
Legumes

Soybean 2.73

Peanut 3.33

Pigeon pea 0.5

Urid dahl bean 24
Nuts

Walnut 1.63

Almond 1.07
Berries

Blackberry 37.1

Lingonberry 151

Strawberry 121

Cranberry 151

Red currant 16
Cereals

Oatmeal 0.1

Oat bran 0.24

Rye meal, whole grain 0.5

Rye bran 132
Vegetables

Broccoli 4.14

Garlic 3.79

Carrots 1.92
Coffee and tea

Avrabia coffee 7.16

Green tea 24.6

Black tea 159

SCRRE 520 (k)
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55 2 BCIE, MM AL D SRRy ORI M O REERNR A 5N T 572, HiUR



CICEREND Y 7T L BWBAED FE R OBERREREE I 4 2508 s L, UM R ODR:
I UTz, RIRIC, B 3 T T, HUR - ORREZNR M OB CRERI R B D M EFIBFF O i 2 H )
(2 R OB RERR T O REFEIE M DN Z BA0 2 BAAREEED, IMPIZRE, B ACE JEPE,
BRAEA B L AROBIIECE H L, 2B 2 MU MO8 2l Lz, £72, X hLAMED
T & BRI LIS o5 B b R G L. R b L AMHMZD ROV TR L7,



1%

Gl

HRR{—D DOCA BEAmmEMEET /LT v MIBIT 2 BTN OB RERI R

=S

il

o

=
o

PRREMER AL, IEFEORBESER O E VIR, RSB EDEHZ BV TER 280 T 5, $<
OFSEEMER SO T, HRREEY OFE - Cd DU~ (flaxseed) 1%, ERICA L2 2AR7 240
FHTHRME LT, AEEDORENOIFFINTNS [9], #HRKIX, A A H 3 AMaFEEE TH
% ALA, 7z ) —UULEHO—FETH O FUR(E ChH 5 ) 7 R OIGBNERBEO EFLA4H 5 &
WIBHES ORERENERY 4y 2 B8 1ot (Figure1) [10], AR CIE, MUK ARERIL, BoRIRICL7ZH D
DIGES VTS, Fiz, HURRORE O EHET L 0 15D DR C o 2 MUK iE, ik & 132
720 FRELISN DRy 25 F 700D, R O EAREREMER Y T D ALA 2B EICETe (Figure 2)
[10] Z &AL TED ., HiEtEFRram s LRGeS T D, 2O X H1c, fHMIx, THRICA
FTE HOBREMRO A BB ICETT2), BFEORAEFIHINCIRY A d Z & T, EREHER. 79%
FEHAMEEIZAT 2D FTREMEZ RO TN D,

ORI TeED—o & LT, MR FIERAZET Hivs, SR I, TRIE s iR o5kl
FFMEORIMETT VBN T, IERE FERZRTZ ENRE S TS [22,26), F7-, #
R, BT T VB ORI ARE L CA U 2 Bl e U C O IR ERT 2 2 L sl
HBENTND [26], FIE & BHREREIIBPACBIE L CR Y . MAICET DBIRME, AN EEER
EIRCT % Z LIRE BTV D, FEEE, BRRIIZEZIW T, @l EOETIZIREIC L 0 BiHeR
TOBITOIIH SA D Z EDHLNZ STV D [45], Ziud, MEOw#Y)/e s b a—/Lh B
N~ T2 S EEARFRTHH Z L AR LTV, MLEDOREISEZS & TR OB,
RIS D IO L OMBMERE ~DOME T FBACA & B 2 BB M3, £ OFE T
I R E L CTHOIZIEA LM SN TNy,

DOCA BHiAMEIMTET /L7 » M, b hOBRHRS & i EI L U Fet 2o i B 7
NTHY | MERE FER ORI AW S5 — 723 m Uit 7 /LD 1 > Th 5, F7-, DOCA D
B 5N OB OBENT, BEORMELZFHES S L & bio, FIEIC - - mE B2 5 Xk
29 [37), —T. DOCA BEAMRIMEET /L7 > ME, RAS ZfHFET 5 ACE [HESHER ARB IZ
L DRSS BN &8, FEIDOBRFEEED SR BTN D [43,44], LA T,
AET ML, HRCOBEHNRIZ D D RAS BAEORSZFSNTE D & &bz, ED BA KU
USROS | X 2 S 2 BRERERE T S D R E O A M E DO A B 52N D 72D 72
BTN THD, LOLRn3 5, DOCA BHAMTEMETT VT v ORI R OB RS0 2k
PR A S ORI FA DN T IR S TR,

ZZ T, #1FETlX. DOCA BHEARTEMEETT /LT v b & FWT, R R M QMR —Ih oS-
JER OVBHERERE Ik~ DR B A3 L, MR AR R OSBRI O RS, BRI DN [T oD
B DFERI OV TR LT,
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F28 EBRMEROTTE

1. FEEREW
FERICIL, SEEOLENE Wistar/ST Z >+ (120~140 g)  GE/KERBERESH, 708 2F
U7z, S Y RS CTd D IR + 1°C K OB C BAE & 72 HBREE T CRIE L.
Fetakl CEBREMAEEEIRIME, 4 ) = 2 OVEERF T 36, A ROVKIEKZ B BHEREE72, 1
WL ETREE L7, BEAICH T 21TV, FEREATo 7o, AFRICRIT 2858k,
N CHERSER R FEW R B E ST L, ARE RS- BT R RS IR ISE SRS (2
e CHENE L7z,

2. g
HRM AR O i, BRSSO R KnftEan=b oz LT,

3. ZOfoFEE
DOCA. WV ARF T AFta—AF 7 (CMCNa) KOMAF L/ —A (MC) (4.
FThTAT A HASH G L0, BT M) AR A 7 e TP-7 A MY a—E BL7
o IV DFERERRR A OKPR) &0, Tween-20 13 Santa Cruz Biotechnology (Dallas, TX) Vi
ALT,

4. FEESAHEEIO/ER
AR L S h— (MB-400, HRAGSHEILE, KPR kL. BfHEREEE 35 g &K
1K L2 mL Z{RG Licth, 1.3 g O MR AMA TR L, OSSR LEICHE L TL H
HAR RSB b 02K RS FEREE 129 8h) & Lo, % ORBE &R B
BHITRENL U | RO LA VK 10% DN RIAE D70, FETABHERIRN I,
HEY &4 D ERITHK 10%IN 2 - 8% V-,

5. DOCA ftfiafirmiiEE7 /1 OfER

“FREAHEE [ KX h—L (0375 mgkg. HASIKTHEMASH, 8. I¥Y 74 R

(2 mgkg. V> REESHE, HR) . N RL77—/L (25mglkg. Meiji Seika 7 7 /L~ k&t
W), 5mkg OFERETEREG] T, 7 v NOAARSE % 2 om FEUIB L CHE g S S8, &
P2 B L CRER & IR A B S 1. T EDERIR OMmIRAE A itk L. BIRARbR L7, w5
WZEVPAEL, 5%t B Uik OR AARFEASSRGA S, Kk TheaHiaHm=E L7112, 1EED
[EE R 7=, L%, 7 v NEEEAIC, SIIRRE, MR (1.2 g/day) #f (Low powder
B, K AR (24 g/day) £ (High powder #f) . HfUsk i (0.6 mL/day) A (Lowoil £f) KON
R (1.2ml/day) #F (Highoil #5) @ 5 FHTIRD 43172,

DOCA %, DOCA % 8 mg/mL, CMC % 3mg/mL, MC % 105 mg/mL KOS LT~V o A%
Img/mL & 722 X9 1K SR 2 2R KICUS NG, Tween-20 % 1 UL C—WEpikp L, FARL L 7=,
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FHRIE, HET R Y U 5% 05 WVODIREE & 72 % 12O I/KE/KICER L Cilifd L 7=, DOCA Al
AWEIIEET /UE, 8 mg/mL DOCA &% 5 mlukg OFET 1HEMIZ 18], 3 3[a] (day 0, day7
K day 14) B T#G- (T VSRR 21G Z2fEH) 975 & & bI, BHfEiE% 3 1H[# (day 0~day 21)
HEfKkSE D2 & CERILT-,

6. HEMEOKRE

B E OFEIE, day 0 225 day 21 £ T, LLFD L 3501772, Low powder #£5 OF High powder
FECIE, R RE AR (12 9 &A) 22l B 1ELUL H 2{85-272, Low oil
FER O High oil BRI, BB IHA ZH24 0.6 mUday K& (V1.2 mU/day DART 1 H 1 [aHR A5
U7z, RHREECIE, FIREI TS, @ OREEEZ B RS & L b2, KEKEZH
UK SH7-, Low powder % & Low oil £ OF High powder £ & High oil #i%, 1 HX47=9 @ ALA
BEENEFE L 2D XICHEERE L (F21L, 03 g/day X Tr0.6 glday), Table 2 IZ&HED
AT END T AR LT,

Table 2. Amount of ALA, lignan or dietary fiber contained in the test substance administered to each

group.
Ingredients
Group Test substance Dosage - - -
ALA Lignan Dietary fiber
Low powder Flaxseed powder 1.2 g/day 03g 6.6 mg 0269
High powder Flaxseed powder 2.4 g/day 06g 13.2mg 052¢g
Low ail Flaxseed oil 0.6 ml/day 03g — —
High oil Flaxseed oil 1.2 mi/day 06g — —

ALA, o-linolenic acid.

7. WUHESIIEORIE
Day 0, day 7. day 14 X, U'day 21 (2, i)+ (systolic blood pressure : SBP) %l L7, SBP
13, tail-cuff 7 (BP-98A-L. Mty 7 b A0 (ZTHEE FTHIE L7z, BLFICHIES
DFEMZFEHE L7, 7 v MEMREIROREIRCE v B UTRIK, RE (RESFRE :39°C) L.
77— ZRBOMIRICE Y FLUT, KI5 0FHE L7z, 5 oMOFER, ME2 8 LT 5 [Ei]
& L. 5HEIOHIECHLIZ SBP DNEEHMEZEIRE S LT,

8. AAbFTr—HOWE
Day -1. day 6. day 13 & Ut day 20 |2, {37 — % FIU T 24 B OHIOK B QYR B RIE L=,
HOKEIE, BIERTOFKE EED DRER DK E B A 72 LW TR L, JREVE, BIR
(W= —DOEEZFFNIME L, 24 FFHZEIRED IR + ©—h—] OBEENHE—H—
DOEEZ7Z2LGIWTHRH Uz, BEIUTZIRIE, 0508 (3000 rpm, 4°C, 5 471H) 12 & 0 50
LD Zimih SET %, HIEEFENIL L, EHRFE C-80°CTHFERT LTz R TV), [FIYX
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LTcIRY 7, BHRERE S OFRIE & 72 5 R AFREOREIC Az, R E PRI,
~A 78 TP-7 A MU a—HBORERIE L RV TN ERAE L ORI, SRV S

(SmartSpec 3000, BIO-RAD. Hercules, CA) (27T 600 nm OWEEARIET S Z Lick v EEL
7

9. WAt
FERIE, TR £ EUERE (mean + SEM) T/ L7, M HUEITI, HEa HgT >~ — 1 Stat View
50 (SAS Institute Inc., Cary, NC) Z M\ /=, #UK&E, JKE, SBP KORHE AR EORER Hig
(ZIFRAERIE ST 2 V=, B EZERIEIZIL Fisher’s Protected Least Significant Difference (PLSD)
WA, p<0.05 DHEAIHETHD LHE LT,
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FHIM RER

1. BKELRIREOHER

SHRFEOIUK &L, day 0, day 7. day 14 UV day 21 CTZ#124130.1+ 1.5, 76.0+10.0, 934+158
K 0180.8 +26.4 mliday Tib V. DOCA £ AR L Y day 7 T L, day 14 Thqafiiz = L=
%, day 21 TIEMII L7, Low powder i, High powder £, Low oil #£X Of High oil #EDFIUK &
i, PRI A8 U OB ORUK i & FIRROHERS 27~ L, BERICHGHFHI72 223580 B e i o
7= (Table 3),

KIEREO R L, day 0, day 7. day 14 & (Nday 21 TZALE4 165+ 14, 61.2+8.1, 746+ 138
}Ur634+21.1 ml/day TV, DOCA BHROAMIZ LY day 7 TRIE L, day 14 Themfia = L7z
#%. day 21 THEENTED LT, TRREEOIREOHERIL, HUKEDOHER & —EL TV 2, Low powder
7. High powder #£. Low oil B O High oil BEOREIT, FABREAR 218 L e iaRE & FREOHER 2
AL, BEICHEEER 72 2T b Ve >7- (Table 3),

PLEXY ., oA, FBRAE L CHHECRBE TH D LE SN,

Table 3. The changes in water intake and urine volume in the control, low powder, high powder, low oil,
and high oil group.

Experimental Day
Parameters
group 0 7 14 21
Control 301+15 76.0+10.0 934+158 80.8+26.4
) Low powder 341+09 522+55 79.6+7.9 75.4+10.6
Water intake )
High powder 31.0+24 64.8+8.7 1066 +£11.3 96.0+15.8
(mL/day) .
Low ail 30.6+0.7 88.4+137 109.2+15.7 88.6+10.9
High oil 29.7+15 92.8+16.7 101.0+20.1 95.0+15.1
Control 165+14 61.2+8.1 746+138 634+21.1
) Low powder 198+18 358+37 574+83 542+6.3
Urine volume )
High powder 182+0.8 486+6.1 740+115 79.2+127
(mL/day) )
Low ail 198+13 67.6+13.4 87.0+118 66.8+95
High oil 216+1.2 73.2+14.7 732+144 748 +145

The values represent the mean + SEM of data from 6 animals.

Watanabe et al. Pharmacology. 2019, 105, 54-62. Table 2.

14



2. SGHEHImEDOHER:

% HERED SBP (%, day 0, day 7. day 14 }xday 21 TZFH2H 1059+ 1.4, 1552+50, 196.1+5.9
}1r229.6 + 6.0 mmHg Téd V. DOCA FEHREDAMIT LV #RIC B L7z, Low powder #£. High
powder £, Low oil F£& 0N High oil #£0> SBP %, day 7 DR CEILE41 1283 £6.8, 1354 +54,
124.8 + 9.8 L TN117.4 + 7.9 mmHg Th D, T4 DOCA B OWIHIBRE) &%t il SBP
& U IR AR LT, £72. TR NORED day 14 DR T SBP 131735+ 10.0,170.3 + 11.6,
184.0+12.3 K 1 165.0 + 4.1 mmHg. day 21 DT SBP 1% 192.6 +£10.1, 178.1+11.0, 1925+10.2
KR2075+142mmHg Th D | WIS HREEOXIGT D IRER 0 SBP & bl U CIRfiEZ -~ L Tk
0. XTREHE & OMICHGEH PR 22055880 BTz (Figure 5), Powder #f & oil BEXIHKRAERE L & H
TBHED SBP OHEBIZ, KE72ATRO bivieh Tz,

(A) B)
Powder-treated group Oil-treated group
250 - 250
230 - 230
*
i * 4 *
210 * 210 :_|
%‘190 1 = 190 -
a1 E170 -
] R
& 150 g 150 |
) )
130 130 4
110 - 110
90 90
day 0 day 7 day 14 day 21 day 0 day 7 day 14 day 21
—O-Control -~ Lowpowder —&—High powder —O—-Control —Lowoeil —&Highoil

Figure 5. Effects of flaxseed powder and flaxseed oil on the SBP in DOCA-salt rats. (A) Flaxseed powder
(low, 1.2 g/day; high, 2.4 g/day) supplemented diets were administered from day 0 to day 21. (B) Flaxseed oil
(low, 0.6 mL/day; high, 1.2 mL/day) was administered once daily from day 0 to day 21 by gavage. The SBP was
measured at the indicated time points. Data points and bars show the mean + SEM of data from 6 animals. * p <

0.05 versus the control group. SBP, systolic blood pressure.
Watanabe et al. Pharmacology. 2019, 105, 54-62. Figure 1.
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3. RPEAHEEEOHER

SIFRREDPR FE AP, day 0. day 7. day 14 & U'day 21 T2 23+0.1, 355+14.2,
105.2 +335 &% (*331.4 + 38.1 mg/day T ¥ . DOCA BHEDOAMIZ L 0 #RIFIZ_E5H- L 7=, Low powder
. High powder X O High oil #EDOIRHVER AHRMEIL, day 7 ORFRTENEI63+18, 7.7+17
K88+ 19mg/day TH Y, WLt DOCA BHLAM OAIIELLE) & % HHED /R R At &
bl U CIE A 7R L7z, £7o, TNEIORED day 14 DR CORRTEAYRIEN T 353 £11.7, 64.3
+23.6 }21N43.3 £ 10.9 mmHg. day 21 Df A COJRHER AR 13 181.8 £52.7,151.3 + 315 2 TN171.1
+546 mmHg TH V. W I HBREEORIST 2 RER O R HE AP & g U CTIREZ /R L TR
0 RIEFRRE L ORNHGEHAI72750588D 7z (Figure 6),, Low powder A%, High powder £ O High
oil BFEDIRHE AHREIEDOHERIZ, K& EITERD bV o7, Low oil BEDIRHE HHEIE I,
day 7. day 14 T} day 21 DA TEIZH 141+ 46, 97.4+413 112180+ 467 mglday TH b .
day 7 KOV day 21 ClIkIREEO R PR FPEIHE L 0 HIKEZ R L7223, day 14 TIExBRE & [FIFLE
DIEZR L, BRI A58 U CHIREE L ORI ANR 2= T780 S - 72,

A (B)
Powder-treated group Oil-treated group
~ 400 __ 400
%; 350 A ':ED' 350 -
E 300 £ 300 |
g . < E..
°§ 250 - * uq:) 250 *
2 200 2 200
@ @
£ 150 £ 150 -
s s
=100 2,100 -
S0 S
day 0 day 7 day14 day21 day ¢ day 7 dayl4 day21
—O—-Control & Lowpowder —&—High powder —O—Conirol A Lowoil —&High oil

Figure 6. Effects of flaxseed powder and flaxseed oil on the urinary protein excretion in DOCA-salt rats.
(A) Flaxseed powder (low, 1.2 g/day; high, 2.4 g/day) supplemented diets were administered from day 0 to day
21. (B) Flaxseed oil (low, 0.6 mL/day; high, 1.2 mL/day) was administered once daily from day 0 to day 21 by
gavage. The urinary protein excretion was measured at the indicated time points. Data points and bars show the
mean = SEM of data from 6 animals. * p < 0.05 versus the control group.

Watanabe et al. Pharmacology. 2019, 105, 54-62. Figure 1.
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plth

HAE B

ARETIBNT, 1.2 glday KT 2.4 glday OHFR AT TN 0.6 mL/day K OF 1.2 mL/day R
75 DOCA SBHEAMTRMTEET VT v b Tried Hivl= SBP ORI\ ER-ZHHI2 = & /i
H-EBOHF R AR N F A EO R AR T VT > S OfE BRI VBIEE S v B ieeRE
EEPHITHZ R RH L,

T HZBT D, 110 NOESERINEE 7 5 REENRERRE 238 & LT BEAL T 7 B Rt
MR EEMREGAER (FLAX-PAD trial) (Z35\ T, #iFR( KR (30 glday) % 6 + A IFER L7-#E Tl
77 B ARRE L Hl U USRI K ORI =83 A B R 95 2 i v [22], 7z,
XU Uy H, 87 ADIFERHHRFEIERE 2 G L LizaliE 7 v & MUl TR GBI
BT, A A H 3R EFIRREE Chh D ALA Z ekl (15 mL/day) % 12 BERFHER U728 T,
BEBICHERIMEDK F 27RO 7-0Ix L, A A1 6 AMafliEliitcih b U /) — Uiz &Lk LR

(15 mU/day) Z [FIARICHEER L7 BECIRi =D TR DR - 7o Z EdfiE ST g [24],
ZD & DIz, B COARER O Y, miEE 2T 5 e MIBWCREEERZ R~ 2 EngiE &
LTS, AR TR - AR R OHRR ORI, 7 v FOREZ 2009 & L72GA. £
ALEI 6~12 glkglday JOf3~6 mL/kglday & 720 | RFRmEfEZ AN Lo e MEMIAREIX, 2nZ
A1 1~2 glkg/day }2 T 05~1 miskg/day & 725 ((RRImFEHELRENL 6 [46]) . R DERRHE I, &
FOIKEE 60kg & L7284 WM BRE LC 05 g/kg/day, HEA#R( & LC 0.25 miukg/day %5
LTHEY  AWZE TR CORG-ED 2~4 (G OAREEZER Lo Z &2/ 5, —J5, Al-Bishri
BIE, v 7 B AR Y VEREEOMTE R ERT T v M2 10 wwheD B K% 8 ERHER S5 2
& T, SBP S OMERRHIM LD SRR & i U CHRICIR T 5 2 & 2HE LT\ % [26), AHED
Z v NOWHHBEEEEIT 22 glday THD Z LD, FEEIIR 22g/day & 72D, F7o, Ogawa 5,
10 Wiwe D HUBK IR IIE 2 A PRFERIMTEET /L7 > b (SHR) 12 4 HFHEIREE 5 Z & T, SBP
DSRHRREE L CHBEIR T 5 2 &2 L0 D 27, AEDT v hOFHEEEEIT 16
glday TH5HZ &, F-HUHOLEIZ093 THAH Z Ln, FHGEIFN L7 mUday &725, Zi
HOFIRING, T NET T DREHZNROFHI A 6402 HEFR AR K OSFR —ihoo & X
BE & ARFZE TR L TR 0 . ABE TR LR SE. DOCA BIFARTEIMTET LT v M
%92 MUK AR S OHRR IO A ZIMEORGEEE W 9 T, ZURBDTHDHEEZ bILD,

DOCA A MFEIMEET M, S M ERIEO RO A v T s, Toba &
1T AT IUZRBWTC, WLV DU MMEFERCTH LT L P (Lmgkg) KO /b= (1 mglkg)
25, A RO ALY SBP 5K 10 mmHg [ F &85 Z & Z2#E L C\% [37], Schupp Hid.
RIET/UZBWT, FlIRETHDL AR, Z 7 h (50mglkg) 236 O O# 528D SBP %4
15mmHg [ F &85 2 L 2HE L5 [47], Callens-el Amrani 5%, [RIFET/UZHWT, B HEHER
Thor7n77 /) m— (15mgkg) 737 WHEIOEAEGIZL Y SBP #9730 mmHg [& F &85 Z &
ZHELTWD 48], —J7. AWETIE, MK B R O i, 3 M ORI & 52 L v SBP
Z 20~50 mmHg F T 3872, BE & A8 CIESEHl <ot 7 L OERSE (DOCA FRik<oR:
R D) NERD 12, EBRWE DA% ol L CHBM - OB EN R ORE 255395 Z &1
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FELV, WTIUC L Th, Bl IEREEN A IMEZ R ST 7 /U3, R b [FkR
(7R IEERN R AR Z LGN E 2o Tz, ABIEIZIN T, DOCA A M MILEET /M,
D> ORHee72 SBP O L5 & bICHEOBHREEE 2R L, MUK AR LK OHERK L, Zh
ORI & BRREREE 2 & I L7, R omIE S 28R E LT 2 E TS,
27 ARY VEEFEEMAETT V& T HRR R OB R OV RENR [26]. WONT SHR % H
N BRI OBEEZDR: [49] NG SN TV D8, — D H OWISIZEBIT DxBREEDIMEIFH 130
mmHg. — H OB B xREEO M35 160 mmHg TH Y . W HAFZEDET /L (8230
mmHg) & i U CRIMRREITRE Ch o7z, £, BRI, MED LRI TR T 52 &
DN DI TND Z ED D, BEROTT /VOBHEREREE T, ARFZEDETT /L & il LT HIE
ThoEMESND, ZIHDFGEABFEORER LY | IR, BEOEIMEDI72 63 i)
FEOEIMTIIR U CHREERIRE R T 2 & & bIo, FEORIMEIZEE ST U7 BsiEREEIC
® U T HBENINERT 2 Z LD B & 7r o Tz, el O #UR AR K ORI 2 7 BRERAFSE
TlE, HOEEDORIMES 292 BE %5 L U CHIMETHIZ Thiu Cuass, AEIZBVL T,
AR I, EEORmMLEZ 27 5 BF IS L THBEER OB IRGEN R AT 28T v v L Z2 D
THSREMERAL Ch D 2 L AR T HRERPF O, SHIT, g TR0 KET/VIIRAS
P L DREERRDIIF CE AN & D, BKC2Y RAS DOFHDDIRNFRIERISIZRT LT HHT
PR A RS Z EBRALIE oot AET MSERIORIEZ 9 RS £ EF 1L, ACE
FHESSS ARB &\ o072 RAS BHEESRIC L AR L CilittE 242 Eavmbh g [50], L7z
Mo C, MUK IE, FAEIZ RAS ORG-4 5 EIMEDA72 5T, RAS PHESKIZMM: 2~ 3 S
OEIMEIZR L THOAHTH A AIREMEDS R SV, ol Tld, @SRRI A K7 A AZBWT,
R E PR R - ORSREM R R B L O ZRER I RE I S L B 7 B AR BR D i R D 2 AU HE L T 7
SR WNZZEN D DORMITE ENDEENRE AT DN T 0 R CE RV mn G,
JESEORERLITITAR 57, BRI 2 R 7o K O IThET % & & i, BEIZ DN T
FERA IO 2N 2 ESEEH SN D L 9127257 [3], £DT8, AREOFERIEESNT, TR
OB FREOMEE & U CRI BB I3 L CaD 5 2 L IEYICiizev s, fik - 0fe ki)
AT D Z N TEIZEN D JHTIE, BERBAVEREEB 2 HD,

HERR R S OIRR 1E, AET MR TC, WTROAETHFEEZMH L, £ 7= Low oil #%
R E PR BN AR LT, Al B & 5HE I\ T SBP OHERIC B/ BE M ZE 372 o
7273, day 21 @ SBP | High powder £ Cix b0 > 72, F7-. Low oil BEZERE, JRIPEAPEIHED
HERRALZ & BRI 221370 0 o 7203, day 21 DR R FHEM S 3 High powder # Tl b7, =
NHORER LY | EHEOHFM AR e b IR B L OB RENR AR Z LAV S, — 7,
EHERNE B35 & BEIERSRI ISR R R 58 & R GRECAIT R o Tod, Bk
HFITHR AR GRECOLGRD DIV, T HOFERMNG |, FRM AR, HURR il & i LT
e L M OV BERERR L oot U TV VA 2 J8 32 2 & VR S 47, HUBR A DS disR i & Eb
12 U C i M OVERREREE 1O L C R 0 m WA A 7R LT BIR & LT SRR DEV T D
b, WAL, IBAEE CTH S ALA ITMZTY 7 v RO S B EICETeIlIRt LT,
TR IIREE O 2 CRERC S 41D, AWFZETIL, BB AR & MR IS S 41D ALA OF &N
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—HT D LB REZRE L CWAT2s, B RIZE FLD ALA DISNDRRST OFFEN,

BV IR S OVE RN D FEHL ’%%i)\otk?ﬁ SINTe, EER VU 7T U R ORI E i%a%%m‘i
RN A RS Z L NS STV D28 [19, 35], AWFZE TRV - Ak RO EHrhic & %
DY 7F ROEWIREED, RET NVOFIEIRIETHEIIANATH D, ROV TIE, FH2 =

THEMZ IR~ D, T/, HR R L O L, AAET VORI & BEERE O 516t L TH
BNEAFRBOTZDN BRFENFDE ~DOEEERITER T2 b D258 VI ERIEh SR IS < [
TAERICERT A H ODNIHONTIE, 3 B TELET 5,

ALA %5y &3 DKM IIE, ARET TR TR R R OVB R 2R LTz, HiFR
i, BEEETEE L LT, A AT 3 AREIFIIENIEE T D ALA DT, 7 A 77 6 A AAaFlENE
ThdY J—) ik, —AREFIENEE CTh DA LA I ONZEFAREE T 5 7 UL L T U K TVA
TT7 U UG ENTEY (Figure 1 2 OFigure 3) [14, 24], #HM Il ClX, b e 7V ko—
NWIRTZATNVEER LI M) 77 Ve — 3y 7 o7 Ve — & LTIFELTWD
Bl ZHOHOfEMEED 5 B, AEFIER CHD Y / —/Ulik L A LA UL, BES MBS XX
BIEET VT v MOHT 5 ALA & DOHEEAERIZIO T, ALA &RERZFE L THBEERIRZ RS
RN ERHE ST D [24,27], £T-. BRI Z 2% < AT 2 RMOEMZERIL, Ein
JEU A2 %ei@i6h H AIREMEAVRIEZ AL TV D [62], YA EDFIR. LY | AET/UTIIT 2 sk il DR E
OB RN T A 53 DHENIFRIL ALA TH D L& 2 b,

F AT 3 ZAMAFSFIENIERI DU TIE, BRARMIZEIZ I CE OB SERES LT Y | =
v he—nEHRE LTEBAETEOUEO—ER L LT, 4 A H 3 A fafligiia 4 S I E e d
BEDMERE ST D [53, 54, 55], F/eA A T 3 ZAMAAEFIENAE & LC, ALA IFONCZ DI EE
MCThHDHTA AP (EPA) KON Ra~xHx g (DHA) (Figure 7) 23 Hiv5,
TNSBIE, A AN 6 HMABIFNEEE CH D U ) —/UE, y-U J LR O 7% R (Figure 7)
X0 1587372 ACE BIEERZ T Z i ST d [66), F7-. EESI7- EPA <° DHA (&
AR NEEOT Z% RUigLE X5 Z L1280 | AT 2 mAEIHEED b a R

HEOIKT & MBI T 0 A2 YA 7 ) HED FRAERET D 2 LA ST (Figure 8)
[67), bR E Y ACE HEMEHSCT 7% RUEEL OEHUZ L D7 0 A% ) A RNT U ADEAL
D, A AT 3 BMABIRINRIARE ORI B D MBS & HEZR XD, ALA X, ACE FHE/EM

(ZHEADWTREEN R A TIET D Z EAVRIBINL TS [26], F7-. ALA [FAEARNTRE ST EPA
S ONDHA ~EHEN DT80, T AR ) A RNT U A~ORBEB I SND, Lichi-> T, #iR-
DIFERNR M O RERN R OFHHIZ B H1EII T O— & LT, R L7z ALA DIERIOBE 3R
BRI 5, HIRCORET /BT 2NROFBULTD D EETFIZ OV TR, 5 3 = Tilla iR~
A

PRI, MERE FEFLAMC b a2 L AT o— s FYER [18] SoHFERECGEER [19] A3t &
NTWD, BEEFETH, MM~ (30g/day) ¢ 40 5 &V ERIEI S L TR A R4 2
& [58]. F7=. HUFM~ (30 g/day) @ 12 EEEHBESI LV IET L a— UAEREIAMERTRER [59] (2L
THMMEZ TR Z MG SN TEY . hoBERIZH LT, @IiE & FEOHETHMZ /42
ENMIR SN D, BFM ORWERC WL, R ORERAFZE L ONEINEBE R B 5% 5 0
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FIR O 5 X 2BEZRRIWERIZRD b THE LT, B MIBWTITESIR G T B4 2 %
RTZEDRHLNE RS TS, — T, v U AEHWEFERIZIBW T, 0.6~1.4 mUday O HEDH#R
{IMOHEERR OB LD | FHKDESEINT 2 Z LSS TRY | AERIZLAA D Y Vg
AHPCEESWAERTH D Z EAVRE S TS [60], ATEH T 72AF%E Cld, HAR oIz L 5
B 507 FTRIOFEFITRD LILTE LT, HRME CH MHOFE AR TS T2 2, #iRK o
BIUZL D THIO U A7 138D Th7an LB b, LnL, BT 5 L0, A5 CH
IR AW R S FEF AR CEOE(ESRD B2 & WO, HKCERIZ O TE
A UGET DRDPME SN TNAH Z L [61] 25 ET 5 &, MEREFEORSIEORE N E MIBW
TiE. TR 2B A S TGs LB OF = » 7 50 [ DS BEAWVELN G LA,
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3 fatty acids 6 fatty acids

(@]
0
~ OH
z OH
CH3
X CHs;
o-linolenic acid Linoleic acid

Desaturation l

Stearidonic acid

Elongation l

Eicosatetraenoic acid

Desaturation l

Desaturation

v-linolenic acid

Elongation

Dihomo-y-linolenic acid
Eicosapentaenoic acid (EPA)

Elongation Desaturation
Desaturation

Docosahexaenoic acid (DHA) Arachidonic acid

Figure 7. Structures and metabolic pathway of fatty acids.
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o3 fatty acids w6 fatty acids

‘ Eicosapentaenoic acid (EPA) ‘ ‘ Arachidonic acid ‘
PGI; TXA; PGI, TXA,
(Vasodilation ++) (Vasoconstriction + *) (Vasodilation ++) (Vasoconstriction ++)

*: The vasoconstriction of TXA; is about 1/10 of TXA, [62].

Figure 8. Effects of metabolites of EPA and arachidonic acid on blood vessels.

Ingestion of ALA changes the proportion of fatty acids that make up the membrane phospholipids (increase in
EPA and decrease in arachidonic acid). The change results in increased production of PGls and TXA;,
prostanoids derived from EPA, and a decrease in PGI, and TXA;, a prostanoid derived from arachidonic acid.
Decrease in TXAy, a potent vasoconstrictor, and increase in PGls, a vasodilator, result in dilation of blood vessels

and lowering of blood pressure.
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FHEHI /ME

ARE T, DOCA HEAMEMIEET VT v b T, B A K OFRRmA3, Ly B
IR SRR OVERSRERE I LT BEER R OB R R A~ Z BN Ui, Fio, AET
JUTIUNT, JFRRRAS, BRI & b LT L 0 @V B R OV (R R 2o~ 2 & A R
L7z, ZAud, HFM RICE D ALA LSO Y OFFAEICEER 85 T D LR &=,
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2 &

Rl

HEFR DR K OB PRI RN Z 36 1 D AR REN Ry DB -

=S

il

o

=
o

R I, A AN 3 REEFENIEE CTHD ALA, 7 =/ — LA CTH D Y 7T o LORDiE -
W ToRREMER 2 B E I CE T (Figure 1) [10], AR O FEopREME > Th 5 ALA IXVZEEN
R CHY ., ZOERITHR OB 23%% 55 [14], £7-. HRKIZE, U 7TV KO
BYREHE OKIRMER OREAME) 322 01~2.6% KN 28% DOEIETEEN TS [14],

ALA %, RN CHUOIEIERE/N D AT D Z E N TE RN, BN L CERT 208N H 5

(AR CThY ., ZORZIZEY | RIREEHR, HIMPERER, MR, R ESEL
HEUDHTENFBILTND [16], U 7 AT EEND T = ) — /LA O—FETH Y | iR
IZEENDRFENRY 7 )& LTSDG AT Hbivd [17], SDG (Figure 3) i, BHPMIEEIZ L - T
TTa ) SFrUTHhLITL T u U LRI T u Ty NATEBENS Z L T A ha gk
OVEFZFIE L (Figure4) . SEFEHIEESEOIARSROIERIIR LR, £, i@175iEA
g e E b, AL AT a—/URETEA [18] SONHSEESGEIER [19] 2F 75 Z ERE 6T
Do VITTF UL, #RAREBMICEENDD, BB IO & ik U CIERIZZ< D) 7w

(SDG) MEENTWD (Table 1) [20], EWHHEL, MR OERH MRSy ORIR L BRI, R
EHERRRE CH DL m—20Y 7= IKEMERHRHE T D0 FLoROT X DL T D,
BYIHE I, B RIS ARG TRADML, (CFEZE Y A7 OIKF, fEE FS-oRH), g
DAL AT O—VEEDIK R Y, %< OAFMEREA R Z LAVRIBES N TV D [21],

HRCICE D 2O ORE, EN NN M TR TERZ TR Z LG ShTns,
Ogawa ©1Z, ALA % 0.8 g/day DHETEREES Z L12X Y, SHR Tid HILD AL S b
L EHRELTCWD [27], Sawant HiE, HF U 7L OfEkE 2 80~160 mg/day o CREH$%
H94% 2 L1250 . DOCABIAMEIMTEET /LT v hOFIERIH S5 2 & &2#t LD [63],
F T BRIHE DT, A3 2 HEROBWREHES T 1 A5 R D BWRIAEDS . Z 41241 1.6 g/day
K ON0.75 glday DHE T, SHR OFEAHIHIT 5 Z & A3HE SiuTD [64, 65], 55 1 FOFHEIRHMm
Tt L= RO 5 a b ALA, U 72 ROBYEO BT, A B (1.2
glday) DHEITENZEN 0.3 g/day. 6.6 mg/day K (00.26 g/day, &M (24 g/day) DEAITE
ALVEHL06 glday, 13.2 mg/day & (r052 giday & 720 . AWML BEROHEL T 5 & BERTIE
ALA [F 13~27 fi5, U 7T A3 12~24 £5, BRIHET 3~6 fEm R G-E 2 L T\D 2 &2k
B, ZOXEIT, BEROFEBRIZEBIT D ALA, U 72 R OBRYREHEO B G2 32 < . dip =
(ZEAH S35 BEOMREMR ) ORI K OB REEIC OV TR, 2 E TSN T L3R
Thd, H1EOFERLY ., ALA ZFhksr & 2HCihiE, SRR RICIHENTS D DD,
IR A /R LT 2 L s HRMCOMRIEBUZ I T ALA DNEELREERI A2 5 & & 13usne
SHDHM, HIRE LTY 7)o L BYREHEO T 5B L CIIARCh 5, B OMREMR 2 B Te R
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ATV C, RIS 5 RIS 5 = &, (ETARITIC 0 R/ & 72 5.

% 2T, 27T, DOCA BHEARTIEE T LT » N fioC, MR B OMAEs T
Y 27 B O R AED T FE S OV WA 3R 2 BB P LT, %72,
WY 27 B ORI s ie & TR ROBES TR OB R A I L, 21502
RIBID S BRIV TERLE,
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F2E EBRMEROTTiE

FERE)
H1EIIHET D,

=

HERR AR, HRR Y 27 R OSBRI 3. B ARG L v kG aniz b o
ZAEH U, #R( Y 7 RO CHOREIAE L. & b ARSI Ol s Tz
BT 7V Th D, LUNICHEREARIZEE L= (Figure 9),

HURK U 7 o HURR P 300 g & k=4 —/Uil (70 B, 3HHHE) L. MR L
TH7= (MU 90 %),

HRRK R - BB 7 OfhHRE R, Al (80 FE, 4 W) 12 X 0 KIEERY)
e & AR CRUAMERHE) (o L7, SR HENK 300 g 7 B oy S 7o ki
PERYHIME & SRHERIHREI L, 225799 MN173g ThoTz, LI=A-> T, ARBA T
P92 MR H R AIRHE X AR E BARHE & ARBRHERDI R 2 657.9 X 173 TEA T DIREW
Th D,

no

i)l

PEim

7S s

h 4

BB AR AR

gk R/ —NLEH
70°C, 305R3

BHZY 7 F o HHTRE

Y

GELE
| AKkH
ﬁﬁ*{: U 7“# ~/ SOOC, 4H:T|:]'FEﬁ
(HLE : 50%)
ACEME B
s
Y Y
773 ) R o KB RE
(35 : 90%) (RBEE )

Figure 9. Purification flow of flaxseed lignan and flaxseed fiber.

3. ZOfthoiREK
1 EICHES D,
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4. BB SR OMER
EHEEER A 2 L 2 S — Tl L, AR 359 & KGEK 1.2 mL 2RA Li=#, 1.3g Ol
AR, 7.3 mg DFEFRZY 7 F 45 L < 1% 0.29 g DORFKM SR EWIMER N2 TR L., FFOVE
Ttk LRI AR L C 1 B B S 72 b 0% 2SNl R e AR (129 &4) .
) 7 o EA AR (6.6 mg &) UK HSkEWRHE S A I AE (0.26 9 &F)
& LTz, BB ORBRIE A EIATEH IR 235 1) | FEARFOETEHRIH LA Y 109% D08 A
IANEND T, EREEHERIRRCIX, B E T8 &S0 10%1 % 722 vz,

5. DOCA ftfifafim =TT /L D

SFERREARIE T, 7 NOAMHRYHZ 2 om FREEEIBA U CA R A SR S, B IRA R L <
Rl & B A Bl SE T, BEIERIR MRS b2k L. BlsARIR L7, fESic i VAL,
5%t BT AR CHEGTER AR L%, LIAMOBEM A5 7o, 1%, 7 v MEEESIC, b
FEHE, Low powder ¥, HEFK( Y 72 (6.6 mg/day) #E (Lignan ) K ONHURK - Ha Skt (0.26
g/day) B (Fiber #) @ 4FETIRY 73T 7=,

DOCA #ifZlZ., DOCA % 8 mg/mL, CMC-Na % 3 mg/mL, MC % 105 mg/mL K O¥E LT NV &
L% 9 mgmL & 725 K 5 ISR AARBIKICIRINGG, Tween-20 % 1 N L C MR L,
U7e, BRI T R Y O A% 05 WO DIREE & 72 % 2 9 IZAGEZKICER L CIiE L 7=, DOCA
RYGANFEIEET /WE, 8 mg/mL DOCA ¥4 5 mL/kg O%E T LEMIZ 1A, §3[E (day 0,
day 7 & (Nday 14) 2 F#E (TEEHER 21G ) 95 & & bic, Athiks 3 HE (day 0
~day21) HHEAOKSESZ ECER-LT,

6. RBEmEOEKE:

Low powder #£, Lignan #£M& ONFiber BEIZIE, EEiL, RS A ER AR (129 54A).
k) 7 o EAEER 6.6 mg &A) KO HREVHkHES A AL (0269 5A)
Z 1 H UE5-Z 7z, SRR R UE I I T3 B OEEEZ A BB S E D & & b,
KK E B UK &H7=, Lignan BEL N Fiber BEO &L, Low powder BEOEHETHDH 1.2 g D
TR IIRICER SND Y 7T v RORYEHED B4 U CRRE LTz, Table 4 |Z&FEORBRWE 5
FNDR T EE R LT,

Table 4. Amount of ALA, lignan or dietary fiber contained in the test substance administered to each

group.
Ingredients
Group Test substance Dosage - - -
ALA Lignan Dietary fiber
Low powder Flaxseed powder 1.2 g/day 03¢ 6.6 mg 0269
Lignan Flaxseed lignan 6.6 mg/day — 6.6 mg —
Fiber Flaxseed fiber 0.26 g/day — — 0.269g

ALA, o-linolenic acid.
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FHIM RER

1. HUKEROIREOHER

KIRFEOMUK &L, day 0, day 7. day 14 &, U'day 21 CTZ41241354+2.2, 91.6+10.2, 93.0+9.2
K %66.0 + 145 mliday TV . DOCA BHIOARIC LV day 7 CAUM L. day 14 ChE 7= L=
. day 21 CHEENIE L7, Low powder A%, Lignan R O Fiber BEORRKEIL, aRBREARI 258 L
CRIFEOIOK & & [FIREOHERS 27~ L, BERICHG PR 213580 B e -7z (Table5),

SHERED SRR L. day 0. day 7. day 14 Z (N day 21 TZFH-Zh 188+ 17, 768+ 130, 71.2+938
K768+ 11.3ml/day TH Y . DOCA BHREOAMAZ LY day 7 TR L7, day 21 F Tt —iE
DIEZR LTz, SHBEEOREOHERIL, FUKEOHER L ia—E LTV /=, Low powder £, Lignan
FEMON Fiber FEDREN L, BRI 208 U O BalE & [FRROHERS 2~ L, BERRICHEGE TR 72 22 368
DN T (Table5),

PLEX Y fEoAmRE, B Z2E L CREECRRE Th 5 LIBE SN,

Table 5. The changes in water intake and urine volume in the control, low powder, lignan, and fiber group.

Parameters Experimental Day

group 0 7 14 21
Control 354422 91.6+102 93.0+9.2 66.0+ 145
Water intake Low powder 355+31 795+9.0 93.6+10.8 899164
(mL/day) Lignan 36.1+14 837135 939+838 67.2%6.1
Fiber 345+22 69.3+3.6 920+9.9 66.4+9.5
Control 188+17 76.8+13.0 712498 768+11.3
Urine volume Low powder 179+27 56.5+8.0 80.5+6.1 771+55
(mL/day) Lignan 190+13 635+3.2 744+6.2 726+79
Fiber 178+24 499+37 734+84 788+8.6

The values represent the mean + SEM of data from 6 animals.
Watanabe et al. Pharmacology. 2019, 105, 54-62. Table 3. (—#BiENN)
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2. B EOHER

SHERED SBP 1L, day 0, day 7. day 14 & (X day 21 TZH 241206 £ 15, 133.1+4.0, 167.6+75
J 12201+ 02 mmHg T Y, DOCA EHEDAMIZ L 0 #RHIIZ A L7z, Low powder #£7> SBP
I%, day 7. day14 & (Nday21l TZIZE411224+3.7, 1526+53 & (N189.1+65mmHg THY |
1 E R LTRER &[RRI, RABRIIH] 20 U CORIRED SBP 10 BIKIEZHER L. S L DR
R 7225035388 H vtz (Figure 10), —J7. Lignan £ SBP 1Z, day 7. day 14 & (Vday 21 CT%
NEIN 1274130, 181.6+5.8 & 1)218.8+89mmHg, Fiber # SBP L, day 7. day 14 U day 21
TENZH 1285428, 169.6+58 K(N2135+85mmHg T 0 . BRI %8 L CxHiEEED SBP
LFEROHERE 2~ L, R & ORICHEHFHIZ22ETZ8D biveino T,

250

day 0 day 7 day 14 day 21

—O-Control —4&Lowpowder —<C—Lignan —< Fiber

Figure 10. Effects of flaxseed powder, flaxseed lignan and flaxseed fiber on the SBP in DOCA-salt rats.
Flaxseed powder (1.2 g/day) supplemented diets, flaxseed lignan (6.6 mg/day) supplemented diet, and flaxseed
fiber (0.26 g/day) supplemented diet were administered from day O to day 21. The SBP was measured at the
indicated time points. Data points and bars show the mean = SEM of data from 6 animals. * p < 0.05 versus the
control group. There was no significant difference between the control group and the lignan or fiber group. SBP,
systolic blood pressure.

Watanabe et al. Pharmacology. 2019, 105, 54-62. Figure 2. (—&5ENN)
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3. RPEAHEEEOHER

SSHIRIE D FRAFVE IR . day 0. day 7. day 14 % U day 21 TZH241 352 0.7, 39.0 £4.7, 1343
+16.0 }(1223.6 +38.6 mg/day Td> ¥V, DOCA BHEDAMIZ L U FRIFANIC - L7, Low powder ¥
DORPEAYEIEIT, day 7. day 14 KX OVday 21 TEILZEI21.2 26, 865+ 14.2 L (r151.9+12.1
mg/day TH V. # 1 TR LSRR E RIS, BRI 28 U Ot fRPE AR E LD §
RAEAHERE L, it & ORICHGE PRI 2205388 bivlz (Figure 11), —J5, Lignan FEOJRHEE
HPEEIL, day 7. day 14 & (Nday 21 TZ4€4149.2+7.0, 101.3+19.2 XX 243.4 +23.7 mg/day.,
Fiber BEDFR I AHEIHEIL, day 7. day 14 & (N day 21 TEAE4136.1£8.3, 107.2+21.1 K& 11228.0
+18.7mg/day TH Y | FERHAR 418 L CHEREO R TP AR & FRROHES 2R L, *HREEE O
SRR3R e o T,

300 -

(A=)

n

=
1

Urinary protein excretion (mg/day)
—
7]
=
L

day 0 day 7 day 14 day 21

—O—Control - Lowpowder —<—Lignan —>%Fiber

Figure 11. Effects of flaxseed powder, flaxseed lignan and flaxseed fiber on the urinary protein excretion in
DOCA-salt rats. Flaxseed powder (1.2 g/day) supplemented diets, flaxseed lignan (6.6 mg/day) supplemented
diet, and flaxseed fiber (0.26 g/day) supplemented diet were administered from day O to day 21. The urinary
protein excretion was measured at the indicated time points. Data points and bars show the mean £ SEM of data
from 6 animals. * p < 0.05 versus the control group. There was no significant difference between the control
group and the lignan or fiber group.

Watanabe et al. Pharmacology. 2019, 105, 54-62. Figure 2. (—FiEhN)
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plth

HRM ARIL. ALA, U 7T U RO 2S5 A TR Y . SO [27, 63-65] L0, =
D OBEREMER I N EN D EERNRIC T 59 2 FIREMED VRR STV D, 8 1 BEORSREY |
ALA % ERRSy &3 5 MUK SR R R A R LT 2 & D, BRI BUZ T ALA
PKRE L FET D AHEMH IR SN DN, IR E LTV 70 L BMIHEO T HZB L IR TH
%, AEIZBWT, #EFM ORI, 5 1 3 L[S DOCA Bt ARTmIETT /LT v MO LT
JER O R R AR Uiz, — 5T, MR 70 RO A SR B . ATTLVOFEK
OVBHRSRERE 6 L TR IR 2 R & o T, LD~ TCL R TIcEEns U 7
FOBWIHET, IR CIIR R OB IR R SN2 E B BN E 72D | ALA ASHERRD%h
FHBUTEE D 5 EEEREMR ) Th D Z L AVRIB STz,

HRK IZEEND ) 7T ThD SDG 1E, =R ha o o—fEThY . JiLERZET%
WE T D, Sawant HiE, HUFKM U 73, 400 mglkg/day K 0f800 mg/kg/day £ Cld DOCA
BHAMSIETT VT v FOFEEIHE 523, 200 mgkg/day o & CIIBAMEHIHIE 76
SN EEHE LTS [63], 7. AMFIETIL, Low powder AEIZH G- L7l E o & &
nonY 7 REFER (6.6 mgday) ZHURK Y 7 URHCES LTRY . TOMEX, RO T
v NOIKEZ 2009 & L7284, 33mglkg/day & 725, L7c3> T, RETHWZY 77 O &I,
B [63] (2B D Y 7T O E L LTI LMNEL . AREOFEFIL, U 7 Aok
SR A TR CE QUVRWRTEEMERS S 2 b, —J7, MUY 7> Th D SDG % 5 mg
ORETHBERHRNZE G325 Z 212k 0 Ang | OFARNEEGIC L 0B SN D FIERDE (B RAS
DOBIGT HHIERIL) D S 415 2 &S STV 5 [28], A SDG O &I, AFTH
WEHRKM =Y 7 D& THS 66 mg LIRRETHD Z &b, BEREKIC LD MAIREOZA
ETAOEN (FIEICRT 2168 RAS OG-OHME) 23U 7)o OB R 2 i3 % rTREME HHE
RN, WTAUT LT, HURK RS DOCA BHARTEMETT /LT v MW TR E
KON ARIE L T2 2 &0, B CMRICEENDED Y 703, RET /MR 5 iUk
R ROIRFEBUNT E A ETFE LR Z B b e 72 o7z,

EYREHEZEI L CiZ, Obata 5723, 16g/day DHEOEWISMA G T 52 LT T M) vADHE
HHEIOIEEICIE SN T, BRIEAR SHR TRO LD FIESUEMIH S Z & 23 LT
[64], F7-. Sanchez HiE, T4 A DD B NTIKIEIERYHER 0.75 g/day DR TG T 5 2
& T, SHR OFJEITx LTI 2 T 5 2 L2 HIE L T D [65]. LR odiis & ARFIE i,
FEIRHI N TN D BYREHEOTEEEA B2 B 723D, [HEEHET 5 Z LI T&E 20, LvL, AFET
F =B & TdH 5 0.26 glday & i LT BERIZFU TR 3~6 fi5m\ VHEDS W BT
WD 728D, A TR R Z R0 20> BN D—o & L CRGEN 43 Tl T2 alHE
PN B, F-. ABFZE T L7~ DOCA BHatiEEET /1T~ ME, SHR & i LT
A OEERMTED FRERTDHET N THDHI-0 [66,67]. ET/LOIFREDZEN, ARZE & BEH
CTRYRHFHEDONFITBENE U T2 S 9 —DOER LB 2 Sz, WITUZ LTS, M RICE E
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NWAOBRYIBHME L, U 7 LRERIC, RET /UTIIT 2 R MR OMFHBUTIT L A L% 5 L2
ZEMHBINEZR ST,

ARET IS\ T, BB AR TR il & LR U Cr B R R OV R i e s 2 L 25
1ETHOMNI LI, 31 BEROKREDFERNG, MK HRICER S5 U 7T o RoRPHELS
DA, HF AR ONFIZ A 5T D AR E 2 bz, B, ALA, U 7 ) ROk
HMELISN DR D k3 28 DWW TIARIZS3 < 2305 OREEZNE:, BRI~
DHFGOFFIICDONTIL, FRDHFIENNETH D,
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H5HT /IME

AFETIL, B 1 ECHIMEZ R LT HEOTFHM RICER SNHHM Y 7 RO H 3k
BYIEMEDS, N ZNHIRTIX DOCA R AMTEMEET VT v O R OB BRI LT
PR A2 RO INZ L BN L, AT /U 2 R ORE K OB REh RO R B,
V73U ROBRMRHETI T L A LT L2 L2 i LT, 55 1 R OREORR LY | AET L

(23T 2 MR DR KX OB RaERNIRIZ B0 5 TREMEREMER DI ALA TH D Z L AVREE STz,
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3EE

Rl

R DR K OB PR RAZ B30 D A E IR

=S

il

o

=
o

R I, ARG & LTALA, U 70 0 ROEYRHEZ S E S G Tens [9]. 55 1 EAUNE 2 =D
FERL D ALA SRR OBRIEBUC B 2 17 DEEEEMER Y CH D Z E N LN 2p o7, B
{20, MEFO L= AFESS ACE 1EMHEABAET 5 Z & CTlER FMERZ "3 2 E3iEshTtng
[26, 27], L7=73>T, WU ORENR OVETRERNRICEAD D ETO—> & LT, fliEE RAS DI
FERIVR IS, £, ALA OGEIEY TH 5 EPA ° DHA 1E, AR Y U IR-E DT 7% K
RLBEESHDOLZLTTRRY ) A RNT A (hayR¥Yy [ FaxgH A7) ) ZiEn
SRMEICIRI S5 Z LBV TU S (Figure 9) [57], 7R AK ) A RNT U A~OFBLZEI LTI,
R & DIERE 72 BN 2 7R DS IT72 S, ALA DSHERR - OREFSEIZ B D HEREMERI Y
ThdHI D, B CORMEOHNCTGT 5 EHEENS, L, |millECE, 1E5R
RAS DISMZ HBELORRIRBE G- LT Y . 23 HIZxd 2 B ORI DWW BTz,
BEREME R OB U I OR IO D ERE SN TWD DL H Y | EO%E, 1ERET O
WAA5372 2 E LD, BEARIGHRF O EVERCRIER 2332 9 2 CTIERIFI IR AT R 22 G &
IRDT280, EFSFRR AT O IV &5 2 b,

BEERERIC DN T, JEBR RAS LUNOIERIT 2% 2 2856, 08T o287, [RAS) &
& HIZRMTEDTFREF AU EEEEIZAE S AR OEIER)) CTh b [42], Fio. FaL T,
WNIIENEILEIZ 1) 2 AR ROEIE ORI D—o>TH D E SN TVD [31], HIT, RAS (2
3, MUESAGRENC B 53 5 28 MEOIEER RAS (DINZ T, IlgFrRAN CIEH1 L THRETRE- O R
HERRICE 5T 2 RAS 2MAE L T Y [29]. Ml e T T, Bligioo RAS 2VISZ L CIEM L L
FR(LA R UASRCRIEZ ST U OB E 255855 2 EAHBILTWN D [32,33), ZALHLD T &b,
AETIE, OFEZEDD TIHNAE & AEAH TSRy IONCOBHEREREICED S T RAS &
bR b LA ROGIERDS ) (2 B UCHERBSIPRRT 2175 2 & & LTz,

Fo, IWHETIE, A MU REEIMEE OBENEH SHLTERY . A X TORER, BREEA ML A%
(KD A b L AMEEIIEAS DA X b U A7 IS 2 E DAL E > TWD [3, 6]
ZOX D IRRPLT T, A b L AOREFNZIEN HEEREMER M OBEU L, A N L AMEEIEIZIT 5 )T
BEICAMEEZZ DD [68], LA L. THETIS, HFM DA b L APED UM G695 5
(ZOWTIEERE ST TR, FES DRSO RT KGUTNYE 5 RIS E L OB ARTE A b 72 H 9 BRER
A I LR EDMERBOIIE T OED O, DA b L AR O & 2 OB ORI )
JTBEHIARH EE 2 B,

DOCA &HiAfiEMEET /LT~ ML, DOCA OFE K OEHOBEICZ LD F U 7L L KO
BEk L, EEORMTELZRTE EBIZ, FEICHEL T, RAS O, BlgORIEr NI E L
A NV ABRED R E A 9D [36-38), Fio. ARET U, AR DOUEEE) &AM OO
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EHIEFHECdo HPUR T PYN) ORIEZTFHET 5 Z L RME S TS [39-41], 51T,
AET VTR HILAHFEIL, G5 RAS ORRE CIIH SN2 ERF LTS [43], D7
D, RET UL, HEEOTEER RAS FHEAAHWERIBSTICEE DU TR S 1L D B R O A 2 7]
SINTTHIDITHEATH S,

% 2T, ARFETIL, BB RAS FHEAFAI 2 FIE R OIS ) B ksRER# 2 2% DOCA Bt At
EILEET VT v b HWT 6B RAS BIEAERLSN OB & LT, & ACE 1EME, BlML A kLA
H AR M ONC B S O AL R R 22 C BB OB K OV RN S 2 B D 1ERI 7 %
it UTce F7o. A N LAMEOFE L AHEFRERIZ IS 2B 0 TRl L. & b L AT
BHRICOW TR LT, 72038, 3 1 RO 2 ZRIZR\W T, AT /MR 2 UK ORI R OVBH R
SR G T DRI ALA ThHhDH Z L& R L7280, RETIE, ALA Z 5%y & 72 fip i

(L2mU/day) % FVCIEFIBSFFOf#T 2175 72,
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F2E EBRMEROTTiE

=

no

FERE)
BRI CHET D,

B E
AR, AR S LV it SN b D& L,

Z DAt 7S

DOCA. CMC K UXMC 1L, T U T7A T AI7MASHI VA LT, Wb P o AE §E7
o IV BFEHEERE AR XV | Tween-20 13 Santa Cruz Biotechnology & ¥ B A L7, TBARS Assay Kit
Id, Cayman Chemical Company (AnnArbor, MI) LV, Pierce BCAProtein Assay Kit (L, —E~7 «
YA T T 4y 7S G LV EEA L7z, Hippuryl-His-leu 1%, #Ett~7’
F REFZERT OKPR) &0, ISOGEN 1E, #E&th= v R o—r R L WEEA L7-, PrimeScript
RT reagent Kit with gDNA Eraser 2 X SYBR Premix Ex Taq Il &, % 5 731 S () X
BEA LT, SEY T2 A L PCR M7 T4 ~—i3, MASHT 7 A~ v 2 (#)I) TEKLTE
HDOEREA LT,

DOCA A= i EET /L DfER

=FHREGHENT. 7> FOGARTEZ 2 em FREEOIBH L CHE IR SR H S, B ARIEE L T
i L BB A o ST t%, BEIERIR QMRS sk L. BIRARPR L7z, ST ZVPAIEL.
5%t BT AR CREGTI AN L7k, 1A OBHES A 7‘710 LM%, 7 v MR, Xt
FEREL OY High ol BED 2 BECRI LTz, 7o, =FEEAMEE T, AEMAfd2 2 &<, 55

YIRS UE DA & fi LT=7 ~ MR L. %ﬁiﬁﬁik L7,

DOCA ifZlZ. DOCA % 8 mg/mL, CMC-Na % 3 mg/mL, MC % 105 mg/mL K O¥E LT NV &
L% 9 mgmL & 725 K D ISR ZZRBKICERING,, Tween-20 2 1 VSN L C—WhisiR L, 7l
Uiz, B AT B Y 7 A% 05 WV DIREE & 722 K 9 I TKEZKIZIRS# L“C?Fﬂ;@ L7z, DOCA
RYFARFEIMEET /WE, 8 mg/mL DOCA ¥ifi% 5 mL/kg OZE T LI 1A, §3[E (day 0,
day 7 e O%day 14) 2 T#5 (T/VEEREE 21G ) T5& L bic ﬁi’ﬁ{fﬁz% 3 JEfH] (day 0
~day 21) HHfUKSESZ & THER U7, (BTINREZIE, 288K % 5 mUkg OFET LI
[l 530 (day 0. day 7 &Otday 14) FZ Feh- (T7/VEIERNSEE, 21G M) 55 & & bic, 7J<
JE/K% 3R (day 0~day 21) HHEUKSH7-,

RERE DR

High oil BEi21%, #UFKM iM% 1.2 mU/day A& T1 H 1[0], day 0 2>5 day 21 £ CREHA#S- LT,
AFEIL, 5 1 FO Highoil BEZ G- L7z & LRI U TH D, TR OSTIREHZIE, AGEKE 1.2
ml/day DZ5EC1 H 1[8l, day0 75 day 21 £ CRAKE L7,
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WA = D HIE
F1TEHEST D,

IGHEBIIE, SPIBIIRE & ONCAAE OB AR E N ON A TR ORI R
Day 21 @ SBP & 71412, “FEREAFEL FCT7 v bOEEFRE 1.5 om FEEDIEE L CAKER
FRZZH ST, 7 L2 AR Rz (O TEEZYBR L, RV =FLrFa—7
(PE10 fused into PE5S0, Becton Dickinson Co.. Franklin Lakes, NJ) DO—#lZ~ U o KU o7 AR
W T65UML, T H 7 AT A7) ZF LI ImL Y UL, Fa—TNIZ~
U F h U ARKRE TS 60D (I=a—L) 2B L, MEOURREHLY h=a—1D
fimZfRA L, AR ThH=a— L EMAFIZEE LItk 7 Lo A &4 LTz i Sz, 7
Za— L OIS TS 1ImL VU Va4 L THRE T A L2, jﬁjﬁ&?é‘m LT
SEICRH S, Gk SRS FEEER T e T A7 T A =38 F—=30 HR)
IZCHEE LTz, Fo, EREEHRERAICLVIES, 5%t B 7 AR CHRAHZERE LT, —BtoR
w\]O%, 7> NEZEE, BEITEN N C, SEEMICEH ST =2 — L EE N T VAT 2 —
— (TruWave, = RV —XT A 7H A X FUL) [THHL. A ML T 7 (AS1202, NEC
SHRGSAE, D) AL C, MEREE ST A= —fifiT 7 by =T 777 by b (2, £
IS, foi) (2T, LR SBP, FEJENRE (MAP) KOV (HR) ZidskL7-
(Figure 12), =Dk, /IMRE 9B (NR-1, XA 7 v 7Sk, BE) 2y LI —2IC
7 v Ne#ith, 557 150 RIOMEOIRENA b L 2% 6 s3fE A L7ZER0 SBP, MAP X OVHR %3t
FkL72, A b L AATIFD MAP 7B 255D MAP 275 L5 W %, A b L A AT T MAP
DEfLEE LT,

h=—a—L

759Lvbk 2

E AL T7UT
: f (AS1202)

- ErSYRFa—H—
(Truwave)

INERESHR
Systolic blood pressure (SBP) Heart rate (HR) (NR-1)

r
140

URRENAmE
100

i m i .

Figure 12. Schematic diagram of measurement of SBP, MAP and HR.
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FREOEBROY, —FHEA Y T CREMAREIIRE V £Rif L, BEERREIR L O KERIRZ B L C,
UG X 0 ZHFE S e, RSk, AL O 2R L, BMd 0 UK k2810 L=,
TR FEROIRAFREI L, Paxinos & Watson OfMHIX] [65]1ZfE-> THRE LTz, B, 7L ~L 0tk
7700~4.0mm (A: 0.0~-4.0 mm) DOIKEIA ALY H L7, Figure 131~ 9 &30, IEFRND
fll~25mm 3> (L:-25~25mm), fMZEHD 5 6.0 mm O DIKERE T H:-6.0mm~) @
fEIkZ )0 U7z (Figure 13, ZRFOFEIR) . FRELL7-Miflx, T~ U ) b U 7 AV (153
UmL, 74 74 7 A7 #Ett) 20N L7I=F 2—71 8 L CHURHEER 2 /i L. 3 /0558E (3000
rom, 4°C, 1553 4. MSERy A B U7z, M, Esi OMRR FEiid, fHiHREE C-80°C Tl
FeEPRAT LT

Interaural 7.20 mm Bregma —1.80 mm

A 1 I , ' A A A A A A ' A
¢ D ‘4 3 F | 0 1 2 3 s s

Figure 13. Schematic diagram of the storage area in the brain.

The brain region surrounded by the red line was cut out and stored frozen.

8.

SCHRTE 569 (—HekZs)

H AR SR OHIE

TEBRENRE NT A —F —fiftfTY 7 h o =7 757 Ly F&HWT, SBP ORERYIT — 2 WL O
HR @ R-R [HMRDIRINT— 2 P JE At 2 it L . SBP 2B & Y R-R FRIRZAEEN D/ ST — A~
7 N TV A LTz [70], SBP ZEBIOIRE ARy (025~0.75Hz) D/ T —AT [TV
FE (mmHgVHz) % A4S EhOfE, R-R MRAEhOREEEEs 0.75~3Hz) O/87—2~
7 N TV (msec\Hz) % BISSSHHITEIORIE & Uiz, ARISEN & ORIASRARE B,

39



LEREE A B L RAAMEED SBP KOV HR /B ZNZFVEH L, A b L A ARIEOMETREN ) S 226
RFOMRIEEN 2 722 LB W fiZ, A b L AAMRITR COMBEEEIOZ L& L LTz, BRI EENH
TEOREEL % Figure 14 (R LT,

Systolic blood pressure Heart rate (HR)
(SBP)
HMET—% HET—&

U AREIA i

FRERNAME
60 8

SBPEEIDIFRTI T — &K R-RERZEIDOIERTIT — %K
110 = 1600 A
o 1059, hr g 1400 }
E j00d | """]miﬁ i = \ W d, 1 \
% 100 .' ,..'\qi ' ’ ||' f'.‘.r“j -\J 5 00 J‘ M Mﬂw ’A‘ 4 '1' W‘*}
@ 959 N - £
90 T T T T T 5 1000 T T T T T
0 1 2 3 4 5 0 1 2 3 4 5
Time (min) Time (min)
R A J, RS AR A J,
ERERET (LF) =EREE (HF) EEIRECE (LF) =REIREGE (HF)

SE SEE

Power spectral density
(mmHg/vHz)

Power spectral density
(msec/VHz)

l l [ [ I | [ l

Frequency (Hz) Frequency (Hz)
SBPZEIDIERIR 7 R-RERZE D ERIKK S
= RREAPRIEE = BIRRAMREE

Figure 14. Schematic diagram for assessment of autonomic nervous system.
Power spectral densities of the low-frequency band (0.25-0.75 Hz) of SBP fluctuation and the high-frequency
band (0.75-3 Hz) of RR interval fluctuation of heart rate were calculated as indices of sympathetic nerve activity

and parasympathetic nerve activity, respectively.
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9.

B~ U7 T e REORE

gl 31T Db A N L ADRIEE BRIZ, b A L A~—H—& LTHW LS IREEREL
AR ChH D~ U7 T R (MDA) DOE®RET-T, BilfA/NTT)CHiti#, 1mL Ofifitt
W% [25 mmol/L Tris-HCI, 150 mmol/L NaCl, 1% NP-40, 1% T4 %> 22—/ /Uig+ hU 7 A, 01% R
T Ui B U D A Protease Inhibitor Cocktail (7771 7 A 7 2 7 #2i&#t) L pH 7.6] HC TissueLyser

(QIAGEN., Venlo, Netherlands) % VTR L7-t4, 1m0y (1600 rpm, 4°C, 10 7>f) L.
HEEY TV E LTEI LT,

T T IVERIEH D MDA &3, TBARS Assay Kit z v, /L FF L7 L— K1 7 22— (Wallac
1420, ARVOMX, Perkin Elmer, Waltham, MA) (27T 530 nm OWSEEEARET 5 Z LIk 0 Es
L7z, B 7 VBRI O MDA =13, BT L7 o 7 VIR O R VB IREE CffiiE L7l

(mol/mg protein) TFHL L 7=, BV 7 WVIEIR O B OMRIE 21X, Pierce BCA Protein Assay Kit
% e,

10. B OuSE ACE IEMEORIE

A/ NS ) CHIEI%, 1 mLOfHE (20 mmol/L Tris-HCI, 5 mmol/L Eifit~ 7 % 7 4, 30
mmol/L KCI, 250 mmol/L A7 m—&_ 0.5% NP-40, pH 8.3) "' CTissueLyserz IV CTHE L L, 4°C
C2ARFHFHE L7, 1m0 (10000 rpm, 4°C, 15%3fH) L. EiEZEEEY 7 vk s LT
X L7,

ACEFEMEIL, ARAYE Cd HHippuryl-His-leu (HHL) 7BAERR SN B BRI 895 Z & Tl
TE LTz, 25 nLOREEM OMILEY 7 VR Z250 uLOFEEYAE (5 mmol/L HHLZ &7 5PBS,
pH8.3) ZUINL, 37°CTLOMIEHE LT, D%, 3% A X U VBRI A N2 TG ZAS 1L ST
. =05 (10000 rpm, 4°C, 1043f#) L, HEZFEU L7z, BiGZ20ED 7 2 (NEE 4.6 mmx250
mm, B —RREt, 1) ([T L7, 10 mmol/LOKHPOM UCH:OH (1 : 1, pH 30) T
W U, BUSERMI CH L EIRIEE. UV (UVD-120, EICOM, 5U#) A H T, JR218
NMOERINTRIEE A FRREI AR L7, Lunit (U) OACEIEMEIE. 157872 Y 1 mmol D IREA % ARk
T HERIGHEE U CER L, MY 7 VIR P OACETEEIRE T Uizt o 7 VO 8 Cff
EL7AE (UmL) | Bt o 7 VSR OACETE M RRIE I L7 B Y o 7 WV ERIR O VB IR
THHIE L7 (Ufg protein) TFHLL7-, B> 7/ VIAHR D E FE I ORIEIZIE, Pierce BCA
Protein Assay Kit% V7,

11. RNA ORI O cDNA DA%

Rl M O 50D total RNA 13 ISOGEN 7% FHV N TRSHL L 7=, 100 mg O IE I JHRAR %/ N5l
JICHGI#%, 1mL @ ISOGEN H1°C TissueLyser 2 FV N THE L L7=4, Z81EC 5 ZfdlEfE L=, 0.2
mL D27 ma AL LA IRINL T 15 B L <TEA L. IR T 15 ofliEE Lo, #0508 (12000
rpm, 4°C, 1553f#) L7z, EEEEEE, SuL O p-7aE7 =Y —/v (FL7 ¢ VARG
K&t Z2FIML T 15 B L <IEA L, IR T 3 0MERE L7=t. =00 (12000 rpm, 4°C,
15 55f) L7, HERENE. 05 mL DA Y F a8 — L2, SIET 10 4 fEaE L.
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Lo (12000 rpm, =R, 10 43f) L7, HIEZBREH. 05 mL D 75%T % ) —/L &L,
RIVT 7 AT, mO058E (5000 rpm, ==iE. 3 /M) L7z, HiEZFREE. 50 uL
@ diethylpyrocarbonate UK (DEPC ALBEK, T T A 7 A 7 #itt) CibleavaiE L. total RNA
YRR L L7=, Total RNA DFEFEEL, UV/Vis Spectrophotometer (DU730, BECKMAN COULTER, Brea,
CA) THIE L7z, cDNA %, PrimeScript RT reagent Kit with gDNA Eraser 2 VYT, 0.5 ug @ total RNA
F VAR LT, DEPC ALK T 0.5 ng/7 uL OPLFEEIZHEL L 7= total RNA VRIRIZ, 4i%% v MPED
5x gDNA Eraser Buffer & U* gDNA Eraser Zz%AL€412 uL KOV WL iIIL, —<hAf 75—

(BIO-RAD) 2T 42°CT 2 pfisth, 4°CTHIE LTz, IRWT, RUSEDEIRIC, %y MYJE
@ 5 x PrimeScript Buffer 2, PrimeScript RT Enzyme Mix I, RT Primer Mix X U* RNase free water % %41
ZFR4pL, 1pL, 1pL HO4 pLIRINL, $—~ /WA 2 5—|2T37°CT 154y, 85°CT 5D
BRGSO ZATUN, UG 4°CTHEL LT,

12. EEMY 7L A LPCR

Iz Db A R L ADOFHIZ BANZ, {EHERTEOAERKICE L2 FHARMER TH D
nicotinamide adenine dinucleotide phosphate (NADPH) 73 % —E D##1%S57- [gp91 phagocyte oxidase
(gp91phox) : EESRTEMEAYA, p22 phagocyte oxidase (p22phox) : MMM ZAFAES DAHBIA . pa7
phagocyte oxidase (p47phox) : ARIPNICAAET D AHBNE -] OBEFHBAER LT, £/, BlE
JOWUR TEZH61T D RIERUGORHiI 2 BRI, SFRIEMES A R A v [ o2 —uAF 1B
(IL-1B). A Z—rmA % 6 (IL-6) MONEFEIR F-a (TNF-o) ] SWONZTEI A > [HEKGE
{EPERF-1 (MCP-1) ] DR 8L A ER L7, 2415 mRNA FEi&I%, SYBR Premix Ex Taq Il
ERAWTY T AEA LR Y AT —BHEES (Y 704 A 5 PCR) IZCHIE L7-, SYBR Premix Ex
Tag I, EEEETFOT7+T— KT I7A~v—, EEEIL DY /N—RAT T A ~— cDNA IERLEN
DEPC #LHK % 440 12.5 L, 0.5 L, 0.5 L, 2.0 pL %2 OV 9.5 pL Az CIRAHZ TS L, Thermal
Cycler Dice Real-Time System (TP850, # 71 7 /34 Ak tt) 1oy LT, [95°C T30/ D%
Jina LA 7 b, IRUWNT [95°CT5 R, B5°C T30 70, 72°CT30FP) DEIGE 40 Y1 7 v, itk
12 195°C T 150, 60°CT30H), 95°CT 15 DRUSE LA 7 /UTolz, ZURBATATE R
3-U T e Frs ) —E (GAPDH) BInFAPHMERE S LIZAACT 1T K 0 SFNg s OFExt
FERELZEM L, BFNEEZ 1 & LI BEORHEOMEEZ RO, AR THW AT T 1 ~—

OFECFNIE, Table 6 |25k L 7=,
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Table 6. List of primers used for real time PCR.

Gene Forward (5'-3") Reverse (5'-3")

GAPDH GGCACAGTCAAGGCTGAGAATG ATGGTGGTGAAGACGCCAGTA
gp91phox CCAGTGAAGATGTGTTCAGCT GCACAGCCAGTAGAAGTAGAT
p22phox GCTCATCTGTCTGCTGGAGTA ACGACCTCATCTGTAACTGGA
p47phox TCACCGAGATCTACGAGTTC ATCCCATGAGGCTGTTGAAGT
IL-1B CAGCTTTCGACAGTGAGGAGA GTCGAGATGCTGCTGTGAGA
IL-6 TCTCCTCTCCGGACTTGTGAA CTCTCCGCAAGAGACTTCCA
TNF-o TAGCAAACCACCAAGCGGAG TGAAATGGCAAACCGGCTGA

MCP-1 TGTTCACAGTTGCTGCCTGT GATCTCACTTGGTTCTGGTC

GAPDH, Glyceraldehyde-3-phosphate dehydrogenase; IL-1p, Interleukin-1 beta; I1L-6, Interleukin-6; TNF-a,
Tumor necrosis factor-alpha; MCP-1, Monocyte chemoattractant protein-1; gp91phox, gp91 phagocyte oxidase;
p22phox, p22 phagocyte oxidase; p47phox, p47 phagocyte oxidase.

13. Hratalt
AR, TN T + FEHERZE (mean £ SEM) T/ L7, s MBI I3, R 7 | Stat View
50 Z vz, MAP, ~EeEEh, BIAEARREESE), MAP 2 L&, AR EIE LR, BIRRK
PREEZ LR, B ACE TEME, M ACE IEME, B MDA &, K UVEFIR{R 8B iz 2
IFERS BT IV, FEZEREICIE PLSD 4V, p< 005 DBAICEE THS LHIEL

7’9
—o
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FHIH AR

1. EAENRE

LEHHRAZ 3T DIATFINHE L OSHIRIED MAP |, 11241 119.2+6.8 & 1*203.1+ 1.5 mmHg Tk
V. DOCA BHEDAMIZL Y B L, BERICHEH PRI 2580 b, ZERHRHZIs1T 2 High oil
DO MAP 11 167.8 £ 13.6 mmHg T&H 0 . *IFREED MAP & bl U IR Z 7~ L, BERNCHERHF1 72
=TRSO Bz (Figure 15A) ,

Z kU AASRRTE TOBTFHRRER O HERED MAP Z{v &1L, #2134 + 0.7 K091 + 09
mmHg T&H Y, DOCA BIHEOAMIZIVHIML, HERICHEH PR bitle, A NV AG
A% T High oil BEO MAP {1339 + 0.7 mmHg TH V. &FERED MAP 2L & & Ll L C
IKfEA R L, BERICHGE PR30 Hiviz (Figure 15B).

A (B)
Freely moving, awake conditions Shaker stress conditions
250 - 12 -
# #
200 - * 5107
I i
o ER
T 150 | =
hat
g 1 = 6 -
*
Z 100 | £
= % 4 [
= I
50 A ~ o9 ]
0 0
Sham Control High oil Sham Control High oil

Figure 15. Effects of flaxseed oil on MAP in DOCA-salt rats on day 21. Flaxseed oil (1.2 mL/day) was
administered once daily from day 0 to day 21 by gavage. On day 21, MAP was recorded under freely moving,
awake conditions. Then, rats were placed on a reciprocal shaker, and MAP was recorded under shaker stress
conditions. The changes in MAP was calculated by subtracting the value obtained under shaker stress from the
value obtained under free-moving, awake conditions. (A) MAP under freely moving, awake conditions; (B)
Changes in MAP induced by shaker stress. Columns and bars show the mean = SEM of data from 4 or 6 animals.
# < 0.05 versus the sham group. * p < 0.05 versus the control group. MAP, mean arterial pressure.

Watanabe et al. Pharmacology. 2019, 105, 54-62. Figure 4.
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2. TR E)
LRI 1T D AR TANTHE X O IREE OZAeTS B L, £ 24 06 £ 01 XU 14 + 0.02
mmHg~NHz TH Y., DOCA BIEDOATAZL Y FH- U, BHENCHEHANRZEDGE0 Dz, 2
([ZF1F % High oil FEOAZEREENE 1.1 £0.1 mmHgNHz TH Y . RO AT & Lok L
TIRfEZ R L, BEHEISHE AR08 Hiviz (Figure 16A),
Z b L AARHITE TORTFITRENR O RRFEO SR LRl L, £ 24105+ 02 KU 14+
0.1 mmHg/\/Hz THY ., DOCA BHOARHNC I 0 HINL, BERNCHEHAR2 =00 bz, A b
ATRRT% T High oil FEDAZAPIEENZ A3 0.5+ 0.2 mmHgNHz TH Y . SHREED Ak
n&/ﬁ@ﬁ%ﬂ b & bl U TR Z 7~ U, BERNSHSE P RI72 22053 a7z (Figure 16B) .

(A) (B)
Freely moving, awake conditions Shaker stress conditions

<16 7 # . 1.6 - #

Z 4 Z 14

Eh £ L

E 1.2 * S 1.2

H . T et

B 14 =N 1

0.8 A £ 208 *
2 I = £ [

E 0.6 - Féﬂ 6 -

=

204 2 04

= s

= =

= 0.2 1 = 0.2 1

g S

LI 0

Sham Control High oil Sham Control High oil

Figure 16. Effects of flaxseed oil on sympathetic nerve activity in DOCA-salt rats on day 21. Flaxseed oil
(1.2 mL/day) was administered once daily from day 0 to day 21 by gavage. On day 21, SBP was recorded under
freely moving, awake conditions. Then, rats were placed on a reciprocal shaker, and SBP was recorded under
shaker stress conditions. A power spectral density of the low-frequency band (0.25-0.75 Hz) of SBP fluctuation
was calculated as an index of sympathetic nerve activity. The changes in sympathetic nerve activity was
calculated by subtracting the value obtained under shaker stress from the value obtained under free-moving,
awake conditions. (A) Sympathetic nerve activity under freely moving, awake conditions; (B) Changes in
sympathetic nerve activity induced by shaker stress. Columns and bars show the mean + SEM of data from 4 or 6
animals. # < 0.05 versus the sham group. * p < 0.05 versus the control group.

Watanabe et al. Pharmacology. 2019, 105, 54-62. Figure 4.
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3. RIAFEAHRRIEE)

BHHRFI 31T D AFITEE M O IRBE O BI AR RIEEN L, £41E4 22 £ 01 KTV 17 + 0.1
msecAHz CTd . DOCA BHOARIC L VIKT L, BERICHGEHAN2ZE0 50 v, EHEC
BT % High oil BEDEIAZEAHPIEENT 2.0 + 0.1 msecNHz T V) . SHEREDBIASRAHRER) & Hoi L
THEfEZR LT2AS, BERISHSE - rr07e 213388 bivien 72 (Figure 17A),

A b L 2B LHITE TORTFINE R ORI ORISR Ll X, Z41€4102+ 0.1 X TM0.8
+0.1 msechNHz TH V. DOCA BIEOEFHNZ L VI L, BEICHE A0 E0d bz, A K
L 2B RT% TO High oil BEORIASEAHEEIZE L8l E 0.9 £ 0.2 msecNHz T Y | *HRREORIZI
PREBZA bR & [FFEEOEZ R U, BERICHGE IR 213580 biv/en -7 (Figure 17B),

(A) (B)
Freely moving, awake conditions Shaker stress conditions
2.5 - 1.4 -
L >
£ S 1.2 -
= 2 - # T S [
= o
2 €8 1
; EE i
£ 5 - 2 <
2g 19 £208
o [ b4
ZZ £ £ o
58 11 &%
2 = £
E z 2 0.4
05 1 g I
g _; 0.2
-
0 0
Sham Control High oil Sham Control High oil

Figure 17. Effects of flaxseed oil on parasympathetic nerve activity in DOCA-salt rats on day 21. Flaxseed
oil (1.2 mL/day) was administered once daily from day O to day 21 by gavage. On day 21, heart rate was
recorded under freely moving, awake conditions. Then, rats were placed on a reciprocal shaker, and heart rate
was recorded under shaker stress conditions. A power spectral density of the high-frequency band (0.75-3 Hz) of
RR interval fluctuation of heart rate was calculated as an index of parasympathetic nerve activity. The changes in
parasympathetic nerve activity was calculated by subtracting the value obtained under shaker stress from the
value obtained under free-moving, awake conditions. (A) Parasympathetic nerve activity under freely moving,
awake conditions; (B) Changes in parasympathetic nerve activity induced by shaker stress. Columns and bars
show the mean + SEM of data from 4 or 6 animals. # < 0.05 versus the sham group.
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4. B LOMNEE ACE 1EPE

{BTAEE R O HRIEO B ACE TR, 27 7.3+ 05 %11 9.8 + 0.3 mU/g protein Td» ¥ . DOCA
BHOAMIZE Y EF- L, BERICHEHFR7 205580 b/, Highoil #EOE ACE 151X 6.8+ 05
mU/g protein T&H V) . XFIREEORS ACE 15 & bl U TR EZ 7~ L, BERNCHSG A2 220580 H i
7= (Figure 18A)

AT L O FRREOIMAE ACE 1EEIX, Z41E741 1438 + 102 KN 1157 + 32 pU/mL TH Y |
DOCA HEOAMIC L VKT L, BERICHEE A7 725035388 H L7z, High oil B2 M4E ACE IEMEIE
114.6 £ 5.6 UL T YV | x#EOMAE ACE IEME & [FIFEDEZ R L, FERICHEH P72 221358
DL -7- (Figure 18B),
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Figure 18. Effects of flaxseed oil on renal ACE activity and plasma ACE activity in DOCA-salt rats on day
21. Flaxseed oil (1.2 mL/day) was administered once daily from day 0 to 21 by gavage. Rats were sacrificed on
day 21, the kidney and the plasma were collected, and the ACE activity in the kidney and the plasma were
measured. (A) ACE activity in the kidney; (B) ACE activity in the plasma. Columns and bars show the mean +
SEM of data from 4 or 6 animals. # < 0.05 versus the sham group. * p < 0.05 versus the control group. ACE,
angiotensin-converting enzyme.

Watanabe et al. Pharmacology. 2019, 105, 54-62. Figure 3. (—&%ENN)
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5. B~ulrIT7TE K&

LA N L ADIREEE LT, IRERI Lo ERd C o 5 MDA OBIBING &4 Uiz, AT
THER OSHIRIEO MDA &1, #1724 1.1 + 0.02 } 1 2.6 + 0.4 nmol/mg protein T& ¥ . DOCA
BHOAFIC I 0EINL, BERICHEHFR7EM890 i/, High oil #EOE MDA #i%2.8 + 05
nmol/mg protein T V) | xHEHEDE MDA & & FIFREOEA R L, BEMICHEH IR 2233080 b
727 (Figure 19),
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Figure 19. Effects of flaxseed oil on renal MDA level in DOCA-salt rats on day 21. Flaxseed oil (1.2 mL/day)
was administered once daily from day 0 to 21 by gavage. Rats were sacrificed on day 21, the kidney was
collected, and the MDA level in the kidney was measured. Columns and bars show the mean £ SEM of data
from 4 or 6 animals. # < 0.05 versus the sham group. MDA, malondialdehyde.
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6. & gp9lphox, p22phox Az TF p47phox mRNA JEHi &
TEVERE S 2 AR LR A b L 2D #FHEICE P % nicotinamide adenine dinucleotide phosphate
(NADPH) Ao X —F O )1 T2 gpdlphox, p22phox MUY p47phox OIS 1-F8HL
EAIE Lz, B TFITEEOR gp9lphox, p22phox & Uf p47phox mRNA JELEZ 1 & L7-BRoxt ke
D% MRNA OFBIEIL, FNF 71420, 147+48 %1142+ 0.7 ThH Y. DOCA BHEDARIC
K OHEINL, BEEISHEHFFIO72503538 Bz, High oil B gp9lphox. p22phox K TF p47phox
MRNA FeHLEE, ZH2H 45+ 14, 129438 KUN35+09 Th D, RHEREDHS mMRNA &8t L
P UCTHEDNCARAE 27 L7223, BERICHESR P07 21 358 binZeis- 7= (Figure 20),
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Figure 20. Effects of flaxseed oil on the increased gene expression of gp91phox, p22phox, and p47phox in
the kidney of DOCA-salt rats on day 21. Flaxseed oil (1.2 mL/day) was administered once daily from day 0 to
day 21 by gavage. Rats were sacrificed on day 21, the kidney was removed, and the gene expression of
gp91phox, p22phox, and p47phox was measured using quantitative real-time PCR. Columns and bars show the
mean + SEM of data from 4 or 6 animals. # < 0.05 versus the sham group. gp91phox, gp91 phagocyte oxidase;
p22phox, p22 phagocyte oxidase; p47phox, p47 phagocyte oxidase.
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7. BZFIL-1B, IL-6, TNF-o & MCP-1 mRNA FHiE:

RIEMEYA R A > THD IL-1B. IL-6 KT TNF-a W ONZHERAE R 1 TH 5 MCP-1 DOk
PIBL SR EAHIE Uiz, (ATHREOR® IL-1B. IL-6. TNF-a & MCP-1 mRNA &4 1 &
L7=BRO%HREED mRNA OFBLENT, £ 108+27, 40+04, 48+05 % (N11.0+16 T
&V, DOCA BHEOAMIZ I VEINL ., BERICHEH P72 2205588 bz, High oil BEOE IL-1B,
IL-6, TNF-a ZTO'MCP-1 mRNA J&Bil&i%, £+ 32+10, 20£02, 20+03 X (N56+16 T
BHY | HEOA mMRNA FEBLE & Hl U CIREA 7~ L, BERICHER R7e 2233880 Bz (Figure
21),

Expression of cytokine and chemokine genes in the kidney
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Figure 21. Effects of flaxseed oil on the increased gene expression of IL-1p, IL-6, TNF-a, and MCP-1 in the
kidney of DOCA-salt rats on day 21. Flaxseed oil (1.2 mL/day) was administered once daily from day 0 to day
21 by gavage. Rats were sacrificed on day 21, the kidney was removed, and the gene expression of IL-1p, IL-6,
TNF-a, and MCP-1 was measured using quantitative real-time PCR. Columns and bars show the mean + SEM
of data from 4 or 6 animals. # < 0.05 versus the sham group. * p < 0.05 versus the control group. IL-1p,
interleukin-1 beta; IL-6, interleukin-6; TNF-o, tumor necrosis factor-alpha. MCP-1, monocyte chemoattractant
protein-1.

Watanabe et al. Pharmacology. 2019, 105, 54-62. Figure 5.
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8. fREE TP IL-1B, IL-6. TNF-o 2O MCP-1 mRNA FHi &
RIEMEYA R A > THD IL-1B. IL-6 KT TNF-a W ONZHERE MK TdH D MCP-1 DK
TR PR B A E LTz, AFINFEOGR T IL-1B, IL-6, TNF-o 2T MCP-1 mRNA F§3
w4 1 & L7CBROXEEO%S mRNA OFBLEIT, Z41€1 1.8+03,78+11,44+09 K (r91+12
THY ., DOCA BIEOARHZ L VI, FERICHRH 220588 Bz, High oil FEOTUR T
HIL-18. IL-6, TNF-a 2O MCP-1 mRNA 81T, Z4124108+0.1, 29+13, 1.9+0.2 & (*32
+14 THY . FBEEOS mRNA FEER & ol U TR 2R L. BECHEEHRR072 25038 B
(Figure 22),
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Figure 22. Effects of flaxseed oil on the increased gene expression of IL-1p, IL-6, TNF-a, and MCP-1 in the
hypothalamus of DOCA-salt rats on day 21. Flaxseed oil (1.2 mL/day) was administered once daily from day
0 to day 21 by gavage. Rats were sacrificed on day 21, the hypothalamus was removed, and the gene expression
of IL-1p, IL-6, TNF-a, and MCP-1 was measured using quantitative real-time PCR. Columns and bars show the
mean + SEM of data from 4 or 6 animals. # < 0.05 versus the sham group. * p < 0.05 versus the control group.
IL-1B, interleukin-1 beta; IL-6, interleukin-6; TNF-a, tumor necrosis factor-alpha. MCP-1, monocyte
chemoattractant protein-1.

Watanabe et al. Pharmacology. 2019, 105, 54-62. Figure 5.
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plth

DOCA RHFARTRIMEET /L7 v ME, DOCA KOMBHEONUEIZ X v M & R P& A PR
LW ERZRT, —HT. RET/VOIME L = AR ONC AT Ang | LT Ang Il 51T, JHRREIER
7w FEHIUTE T2 Z EBHE ST D [44, T1], ARFZE T H | RHIREEDMAE ACE 1EPEIL,
BEMTREL o U TIR T LTV e, BT KET /LT v b TR0 b A FEIL, ACE BHERESS ARB
2D RAS IZVERT BB B3RO 2 5 CIIH CE 72\ 2 LB TWD [43,72], TNHDZ &
B, RETNVOFTE R OEIULE D BHHEREIL, f58R RAS FHRIFH BRI SO TR
SIAHIERE SN TWD, 5 1 BTN T, HUBR L, ARET VORI R OB RRERE | o LT
TR AR LT, L3> T, BRI 2 H0hEIE, 58 RAS OHFILIAO/EFIRER
IZFADNTND ERESND,

AEARRI G B ORI 2 TE M b & BIAE RSO ML, & hOmIMERIEIC I T 2 HEREHED
— DT D, RBAHRHTH 2 FAHMEREIMIE (RVLM) 2D S B im O R osER
1, IR D 2 VT BT U R A ST LT, Ol B SRR XK 2 It
KIOMAE o ZRAEOFPNC X A IMEHEEZFHE L, Mtz EASE5 [73]), £/, Sz /v
7 RUF U A%, BERERIAHIN B 2RO & D L= pEAE & ZHUARE L 72 Ang Il LU v
R 2T 1 EEAEOTUHECE JRAVE L o ZRAEOFKIC L 27 U o AFRINOMEEIZ SRS
[73], 6 DAIEMFIEIEE L O U <BIGIE, BIAZEARRRE D OIRTIZ LD S 51T
N5 [74., ZDOX ) Ao N, DOCA BEAmmEIEET /LT v b ThEEHC, I
JED_EF-LHEFFO—R & 72D Z ENHHILTUV D, Reid Hi%, AT /UIBW T O 7 2—/1
TIVENERATLZEHE LTS [75), Mu HiE, RET /U T, BAsiG i) s i3
LT EHEMELTND [76], F/o. RMIEMRROBRMREZ LV . DOCA BHEAMIC L VIFFHR SN
LEEEMEE VT NG CEOBANTIH SND [75], AEOBRFHIIBWT, DOCA KU
BRI LT v MCIL, RIS C, 28RS Eho 5 & FIZERRIEEh O RS MAP 0 5HC
o CRRO B, BIITERE & [AEEOFRIEZ R Lz, ZHUSK L C, M M, BB REEEN D
ETITITRE L 22D o 72y, MAP O 5 R OAEARREEN D -2 B i L7z, L72h3> T,
AR OIBTEB ORI & . ZAUABET D 2 VT R LT U Vb (i p 2 =42 L
T DGR R OB, M/ o ZAAHINE AN U= M IEORIH], M OV PRAVE RN o S22
2 LTe b U O AFRRINOIE]) 1, HRR ORI B 2 EI T O—D LB X b, T
B, ARET NV CIIETIFICIEER RAS BIENE G- L2 &b, BEHRERUSHIE B S A A% %
LT L= PEAE L ZHUSHBE LT Ang Il KON /L R AT 11 L BEA O TCHEIC B Uik, Bk Oh R
(ZBE- L72 b O EHEEL ST, ARPNICHRLY IA F 4072 ALA VT, I € EPA <° DHA IZE &5,
RHFEMDO—DOTHLEPAIL, TA YA NIBITLTuRZ 75V E (PGE) DR
FI LT ENRE SN TWD [77], PGE 1T 7 L FFRICHNTE e b= Ol 2405 RIA
PEWE T 5T, EPALL, BEERIC T LT 2000 n b= it insSE 5 [77), F2BE.
b MngEFO EPA B, EERERTT O e F = GEY & EFIREY S 2 E BTV D [78],
5 —ODNHIFEM TH S DHA L, RA T FTATOR R b= RGNS, ka b
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SUMRMREL ) ESHE D Z ENHRE S TWD [77], Bt Ehict e =0, AR HREORIZH
Bl9 % 5-HT1B/AD ZAARDIEMAL 2 L TSRO D/ VT LU Uit b S, fER
HIN AR BN A2 HI S5 [79, 80], L7eh3~ T, B MO EEIHIERIZIX, EPA
R DHA 2 & 5w b= AR B ORI BT G- L QD L HEE ST,

il EREICIBNT, MEPORIERNER T [IL-6. TNF-a X TNCRP (C-reactive protein) ] i
EIMEIZIEOMREZFED D Z L v ST 5 [81, 82], Fo. MAEF OARAERHERX 1D,
i N2 2 EIMERIE Y A7 ORI E BET 2 Z ERH LTV D [83], ITHTIE, N, FRZ
TEERFHEITHE T D PVA DORIED EMROETEBRDFFE & 2 O%OIMERIENZ B 532 2 & NFEEE
SHUTIY [84]. IRANIIEIZ EeADU N A RIS 7S R )£ OISRl D—> & LTHEE S31T0
%o REOKFHIIT, DOCA B2 A LI HREECIL, AT U CTRIR BT 528
JEVEA T 4 =—%— (IL-1B, IL-6, TNF-o. & ¥ MCP-1) OiFfn - FELEOHENMMNTED LI TERY |
BEHR [27, 28] & RBEOFERGF LTS, EIEET /VEMIOMR T, FEZ PVN TiL, &ML
270l YT OREORIEES A A L BOBNNINTED HivD [84, 85, KIEMEY A M A AT,
B E T A I NZ I VRO T A h A "B OFEAZET = & T, MaEs T
EHDHZ ENFESNTND [86], L7o3>T, 2717 U T OIEMAL & ZAUrHlE U7 Ev 1
N1 A L OFEAIE, R FOMIRBEM AL, KRR E A AR T D LB bD, AR
SRR T, BRI IR CRIER SV RIENE A T ¢ = & — D35 BB IN % B B
L7z, ALA 1, #HEIIER PE D AR ZEMEREBE T VBV, 27 a7 ) 7 oiE ke 2otk
DRIEVESA N1 A VPEAZID SEHIEREZAT 2 Z EHE ST Y [87,88], invivo (280
THMRIIEIZR U THIIER 277" 2 L VRIS IU TV D, LI EL D | DOCA Bt Adffmii =t
VT MR 2B OREIREOERMT & LT, ALA (22 DN CTOHSIEIER & Zhucit
DN AR RRRTEEN OO B 573’ ST,

AR VAI, BERRSOATTEE &, SIEORER O T Y Ay 77 72— &
TS [89], BEDA N U AAMI, AR OB, WO ZIUSAHRE L7 Ok in,
CNSHE S DR, A G ORIBHREE & MR B DI T 23—V T I 53D NN % 7575
L. ME%E B, #ERFEE5 [90], #REHA F L AL, BRIEA FLADO—FflE LT, LLTL D Epod A
b ARV BT & 72, REORFHZIV T, DOCA KON 2 A LR FREECIL, 2o
RENA b L ADOARIZE Y AR TO MAP ZX b OSEAHRIEEZ LAY, (& TFARRE & Hhlg
LTHMLCRBY ., EIERIE FICRIT 28R b LA 5 Bt 878o bz, %
7o SHRREORIARARIEEN L, ZFHRe CIRA TN & Hle U IR 7R L7223, A b b A AT
CTOXIRREDRIAIRAIEENZ LR T4 TAHTRE & el U TN L Qe ABSUT, BMEA F L2 A
TR D1 HSRAIEPE DRI RIS E T D LB 2 bivle, —J7, B HE. MAP Z2{bE&k
OSSR EBIZ L OB A Bl L, i FIeie T A b LR REITR L CHIHER 256489
LT ENTRRE N, ALA ORGEFEW T 5 DHA K OVEPA (X, 1 b= AEE R mE A 15
b3 Eick, A NVRBIGHRSCY 7 v 7 2R % b7 b9 AlgetEn & % [79, 80, SEFE.
Hamazaki &1, FRARRIZEZIT, DHA RONEPA Z1EET 5 Z LIk 0 DFRAYR b L AHMEH S
NDHZEEIFELTWD [91, 92), ABFFEIZHWT S, HRKMIZH A 41D ALA DAERNTEPA X°
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DHA [ZZ ST AER, A N VAN S EHEERE SN D, DERAZERSC B 2R
HAOEREEA P LRI, IEE—EC ER-S 57200 T Wikt 7ehgiz |2 & 0 LA -~ b
DIJEV AT % FR-IELZ ENHMLNTND [6], FRT, KERHZIT, < DBREEA L A |THEE
ENDHZ LD, FsiZelt ER GESEMTE) 2MEUS [93], D7z, DfifEA X kY A7
DIFEDT=DIZA N VAT T P L7022, dRIE, A N VAR E AT 504057, fFHix
KRR B EE I, T U ADRVEFEERNRETH D, £, BIRKESREEGIT CO A K
L AMEDF IO IREN IR CE . AORERATRER G, KERLE L THAHTH L EEZ DI
Do

RAS I%, 2HORIRE L EDOFPHEICBIH D168 RAS & s /mpmIREL L, HERERE>RREN
IO 204k RAS (2335 [29], BTl L=, L= OB ERDT oA Ty )
—7r . KOVANg | % Ang 1| ~ZEH9~% ACE 2NN IRIE IR CRELL Tl v | ITAIRMEPIC T
RAS N5EfET 5 Z ENHGLMIEN TV D [94], D% RAS DIEMAIL, KIE &L A b L AD
EAN LT, MEELZS X ITZ LMo TS [32,33], Ang IHiE, VoA R A =07 Eh
A L OFEAZRET 5 Z LI X0 SIEMSHIROMRRA~ ORI & R CORIE AL, Dai HId,
Ang 1l 2SEEERDNS O MCP-1 OPEAZFRES 5 Z L 2HIE LT\ [95], Guo HiE., Ang Il 23~ 1
77 = NHD IL-1B, IL-6 KON TNF-a FEAZAET Z L A ME LTS [96], £72. Angllid, E |
R PRAIE IR C U T, ATL 5228582/ L C NADPH A% L 4 —PiEM %2 HE- S8 TELA h L 2%
4% [97], ACE FHAESKOAH#EIL, Bk X 912 DOCA At ESiEET /LT v FDFIE
(TR AT S 700, BHERERE 2 HIHI92 2 LN ST D [98], FEBR, ARRFETH .,
DOCA K OMBIHEONEIZ LV | fifE ACE TEMEIHMK T3 223, B ACE iEHE EF- L, S HICEHEME
IZBT DRIEVEAT 4 =—%— (IL-1B, IL-6, TNF-a KX MCP-1) D& FEEROHNN, 1HPH%S
DHERUZESD % NADPH 73 o % —B 2§~ 2457 = | (gp91phox, p22phox A U p47phox)
DL BB, WONTFEA N L A~——TH 58 MDA BEOHINERDT-, Lizn->T,
AETILTIL, BREAE RAS 14, 78ER RAS &N L CRYBREZHIME L TR . AL RAS O3
EHRERREE ORI IR 5 LB 2 HILd, RFEIZBW T, MBI, ATT /L TR LIZE ACE
TEMED EAROPRIEMER T =& — DI FEELOHIN T LTI ER A7~ L7225, NADPH 7
X 3 H— B BBER - O s 7B OHNIIE MDA &OHNIN % U CIIAME 8% MIE X7k T=,
L7ehio T, B OBRENFICIE, BIERRIC IS < MEE7ZRERNCINZ T, ACE FHEMER &
PIEMER 2 LT~ OB A EH OB 52V’ STz,

CHETITR~ZEBD . ALA IZ, in vitro |2 T ACE [HEEM A R~TZ L [26]. REEMTH D
EPA X° DHA 73t k= AFEM Rz ORMEER A~ 2 & [77] BlESh 0D, Lizhio
T, ARE TR BV HR I X 558 ACE BHEFHC @B EIL, ALA 22 O G
PEMIDIIRE S 30 T DT NT I ATHES L. IEHIEIEOREE CIIikigER 2/ L C RSkl %
TL, SRR CHEBINCRE S NIAERCTH L LESND, £, ALA OB KUWUR FHICE
TAPSIENERFBA I =X L L LT, OAFT U By (IRER ) (R CH 5 AR
X Rt k7 —8 (EH) OFHE (Figure 23) . QFEIBAS A Td % GPR120 A1 L 7= S b
~DOEZEERORS5 135 2 Hhb, sEHIE. U/ —/UiED cytochrome P450 M) T D =R
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* 7 25 A% (EPOME) KON 7% RO cytochrome P450 RE#FEM) T D Tl oA = K
Vx Mg (EET) %, T ZENTk Raxv 47 Z78U% (DIHOME) KW e Rrfimaf ot
cU =P (DHET) (SRR DEERTH 5 (Figure 23) [99], ZIHDAFT U ELDH B
EET IXIIEE 2 G35 Z L5 T [94], EET I, in vitro (28T, LPS iz k5~
7077 =B LB, IL-6 KO TNF-o OFEAZINIT 5 Z & A3HE ST\ 5 [100]), 7z,
SEH BHEANL, in vivo IRV TC, M EET EA4HNsE5 & & bic, LPS &5 L 2 Mgt IL-6
O FRAIMIT 5 2 LA STV D [101, ALA (3 e hO sEHTEMEZHNIT 5 Z &5 [102].
ALA 73 SEH IEMEABRE L, AARNTO EET &% ER-SHE7-ERE LT, MIREEREZ S L- L HE
£z, GPR120 24 L7AAEAIC DU CI, ALA, EPA, DHA &\ o 7oA A 77 3 ZAM A Eafnighig
23GPR120 [Zx} L CT7 =& MNEHZAETHZ &, F7=, invitro [ZBW T, DHAX> GPR120 7 ==
A N TéH D GWIS08 23 LPS HIIZ LB~ 1 77— B D IL-6 KON TNF-a FEA ZATHI5 = L3
S ST D [103,104], GPR120 (X, #HHE FHEED 7 1 7' U 7 CHREIHER ST Y . GPR120
D7 Z ALY IL-1B, IL-6 FEDORIEMEYA N A L OPEERIIHISID Z LB TN D
[105], DA EDFNRMNG | FHERES U7 ALA BOWNIEA ST TARAS 1172 EPA U DHA 73, RIEME
AR BT 5D GPR120 A4 L CHIRIE - AR FIREME £ B 2 bz, —J5C, sEH IHMEIHIER
R°GPR120 7 F =& MEMEZ, A AW 6 ZMAEFIEEECTH L Y/ —/MERT 7% BT
BN ERRIESNTEY [102, 104, ZHHOERIL. A A A 3 ZABAEFI RN iR R 721 E
MThdZ ehmmesing, LLEXY | RECHIEE S VBRI K 2 2& RIS EIHIER ., &
ACE BHEAENE N R OMUR IR I1T D HIIEERIE. ALA XUTE ORGHPEMIC K- THIHE
N5 Z EnHEE ST,
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Figure 23. Metabolic pathway of oxylipins.
EpOME, epoxyoctadecenoic acid; DIHOME, dihydroxyoctadecenoic acid; EET, epoxyeicosatrienoic acid;
DHET, dihydroxyeicosatrienoic acid.
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FHEHI /ME

AREECIE, B DS, DOCA BHTEAMN TRE DAL LR OZIFATRIEENI O L5, HHR D%k
JEMERA T 4 2 B R ETEOBIN, B ACE {EMED_EFW N BEIROIIENEA T ¢ =2 —&
(BHEBLREROEINT S U TR A~ 2 & 2 A Ulc, AFER LY . SRR C ORI,
r“T HCOHIIENE K ORI RIEB OIIHIEF OB G0 e Sz, 7o, HRM - OBMRENR

i, BEERh R AN LI RIBEAZERIINZ T, B RAS M OVEIEIZ- Dk ER OB 543
mﬂﬁénf:o S BT, ML, AET VDR N AARIT L DA & 2 AU D ARG
(3t LTI ER 2R3 Z ERH B E 720 (A b VAR A F8 T 5 2 L AVR &7z (Figure
24),,
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Figure 24: Schematic diagram for the mechanism of action related to antihypertensive and renoprotective
effects of flaxseed.

Ang 11, Angiotensin Il; ALA, a-linolenic acid; DHA, Docosahexaenoic acid, EPA, Eicosapentaenoic acid; PVN,
Paraventricular hypothalamic nucleus.
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1L, BURBIORORE - CTH Y . ALA, U 7 R OB Z B E IS TR T
%o MMEICHDOWTIE, BEDRMTEL B9 5 BE k5 & UTEARMEIZBW T, R AR L
R AR ERR A RO D Z E NG ST D, £, HFM ORI OMERST & L, 1§
Bt RAS HEIERAVRIR STV, LavL, B ORISR OR I B D DR -0, Bk
(= DREERN R E 59 DB RAS BLEVEFI LIS OREFEI W TR 372 < . RIS 350,

ABFFETIE, HRR OB L OB & 2 O I B D/ EREFOfiEIl 2 BIZ, EEO
ST & B RE R A R R EORER R IIREW)TT L Th U | D OfEER RAS Ol L 5%+
BRI TERUORZ R E T2 DOCA BiAMEMEET VT v P2 HAWT, FIEAOEEE
B o3 2 MK OORSREMER Y OB Z W5 & & I, il M OV HSRERE E ORIE M OV
(ZRE5- 2% HAMRRGES, M OV AIE, ACE JEMEIFONCEREA R LA Z N, VEFRSF OfRA
[ZRET DR R T o7z, Fi2, A b LAMEOLIAFIEN I3 D HRM ORI DN T H O TRt
L7z,

51 T, WM AR UBARIRIC L2 b 0T, BREMER Y & LT ALA, U 7 U ROBRYHE
M BT DR AR & BB ORI L VSO DRIl T, BEREMER Y & LT ALA OHF
BT HHEE I, WIS ARET VOB 7 M OVBHSRERE 5k L TR A 92 & 29
BIMNT Uz, F7o, HRM RS, HUK I & e L C R 0 @ O EE R O R R 2 R L & R
HU7e, HUBRCRRIZ. ALA LISMT SO TR ST Y . 2O RS il &t LT
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