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W B ShK AL AT 1L (Athereosclerosis, AS)J it B0 JIE S0 b A S TR AL 1) 32
PR EEE . BRIFTH A, ERIZET R SR TR M E 2 F e i SEE D
Wivhssgeit, OIEERREE TERTBEIREAN, B4H954.000 AFET:,
BRI T HEILTCETG. ASIHIIRITIATEJARE, MASL M Fihde L HFR,
M ELAT (K8 AS 259) BURAT RURAFAEVF 2 B REIVER], AT FC w4 4L
ANIELY/

M 28 (OEA) /& NATIAERIE TN A 29 S0 — A r s et g, 252
JUVGE B0 T ARG M A = AR 1K, e H AR AT ) 2 i it A4 00 1l 38 B0 T 2 A
o (Peroxisome Proliferator-activated receptor alpha, PPARw) (44, BlARIGE
[JPPARa ] HEXT HLBN K FEAEAL ™ A5 4T 23 I 4E H . TIOEA 2 PPARaIR) P 1 & 5
FJJlCHE, HECsfH 120 nmol / L, HEWEREN, 2t amis.

ML LB OB PPAR oL A S5 IR, 5 T Ik £ BEf 0 45 ke vk, AR SC
XN A 0 ik L Bl S At AT 1 okdk, & 7 JLANOEARIZRAUY) .
H ). WEOEAR A 75 3 1 Bt i ik N B2 41 il (HUVECs) PPARa#R 1A 1) 5%
Wi, $RFME ] B SRAJOEARIZR B, DUIIERI MO &R, SR BA A0 1k
FNLA S PE IR BT 1 2540 56 30 JoT B B Al o
T B PINBTBL: o, AT S OEA R AR . IR, MRS
B FRIHUVECs7- A1 110+ 50+ 100 uMIKJER AT 2540 G2 h, R RS
i 4 X S v (RT-PCR) M 3 1.k 25 ) % HUVECs [ PPARo-mRNA 35 7K - ] 5%
i o
G5 HIEALILEY2A A P30T B 575 3 HUVECS[FPPARa-mRNA ¥ Rk,
YEHILEAL 51 (OEA) L5 s 1% XUBEE ARG FIER N B AL (AL S B ARML 5 1)
5fF FH ELOEARIE I 551 %
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ABSTRACT

ABSTRACT

Background: Atherosclerosis(AS), the principal cause of heart attack, stroke and
gangrene of the extremities, accounts for 50% of mortality in the USA, Europe and
Japan. The American Heart Association estimates that cardiovascular diseases affect
57 million Americans, and each year cause 954,000 deaths and cost 259 billion
dollars.

Oleoylethanolamide (OEA) is an endogenous lipid that modulates feeding, body
weight and lipid metabolism by binding with high affinity to the ligand-activated
transcription factor, peroxisome proliferator-activated receptor-alpha (PPARa).
PPAR«, has been implicated in variety of metabolic processes, it is expressed in
avariety of tissues, but most prominently in liver, heart, kidney, muscle and brown
adipose tissue. OEA is a natural ligand for PPARa with a half-maximal concentration
(ECsp) of 120 nM.

To study the structural selectivity of PPARa activation, we have synthesized
several OEA analogues.

Object: To observe the influence of OEA analogues induced expression of PPARa in
human umbilical vein endothelial cellstHUVECs) and to investigate the relation
between the structure and the effect, we hope to find better medicine.

Methods: The experiment includes two stages: First, we have synthesized several
OEA analogues. Second, the expression of PPARa in mRNA level was deteced with
reverse transcription polymerase chain reaction( RT-PCR).

Results: The methyl derivative of OEA can increase the expression of PPARa-mRNA
in HUVECs, and the effect is stronger than OEA; While the compounds of
epoxidation and cyclopropanation do not significantly activate PPARa.

Conclusion: When OEA analogues binding to PPARa-LBD, the double bond and the
ethanolamide moiety play an important role. When designing midicine later, we
should only change the ethanolamide moiety and reserve the double bond.

Key words: Oleoylethanolamide; human umbilical vein endothelial cells; analogue;
peroxisome proliferator-activated receptor-alpha; reverse transcription polymerase
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B LRI IR A MR AE TG 7 AR S, B SR AR b P JE
PRSI g LA 45 P8 Ay 7 T J 1 A 2R A B 1) — S50 o 7 S A ) I A 38 B 71
BT 5% 4 (Peroxisome proliferator-activated receptors, PPARs) A M & B /i,
17 DURES (Fibrate) F14&% 51 i 25 (Glitazone) 24 4 F -1 V&7 e H Wil = Jig IR AN 1T 2694
I, ARENTIE AR FILE AT 28 . 15 5119904 Issemann /1 Green'!, 7
Nature bR R SCFARTE R T — g (0 48224k, R R 20 4E FHpLEE
AR o 752 BRI, X BB R Z Rl — R B e & —id
AL A S TR R0 T IORE DR At i 44 Ay T LA I A T R S 52 145 (PPAR)
DURE RIS S 2405 0 53 53l /e PPARaFIPPARY 138051 WEFLK B, PPARTE
PR TR A0 M oA 28 B 2 25 e ek R R DGR 1 1 1 T Y. PPAR
B T IR TTRE R« E IR i g MURE S5 25 W) VR RTEERR A, Bl 5 Bl Bk Al
o SR JRRE B A A DI R

BT ALY A R 52 AR

1.1.1 BZEEKIE

PPARS & T2 S MG MG 0 5 1R B A — IS S DNA N B e 45 5 I
B A B SR 7, BRI R AN &5 AR iy e R P ke JE A i
PERUO o B G Sl s 0 S K PR . NE S AR B IR R R
HEMASFB RIS — R BB R AR, b — KR E A
WA, RIS R AT 2 1R 32 A, 2 AT 25 R 2 gAY, A AT 48 %
B2 AR 21 R U SO I L LR B K /N S AR L AR IR
T MRWTR A =R B B B S B2 A, AT L S AR A R AT L2 AR
M4 NucleaRDB (#1325 )5 100, mT LUK AZ 32 4640 S 128 1. BRI 36 8F 32 44
(Thyroid hormone-like receptors), L4 H R 2552 &(Thyroid hormone receptor,
TR). B2 32K (Retinoic acid receptor, RAR). i 484k 4) ity 1 184 5 741) i 32 4k
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(Peroxisome proliferator-activated receptor, PPAR). Mt iz i 2 5% {£&(Ecdysone recep
-tor, ECR). i )i HESHE A X2 4A(Liver X receptor,LXR). EWEREXZ 1A
(Farnesoid X receptor, FXR ). 442 5 D2 #&(Vitamin D receptor,V DR), 22%EX 52 14
(PregnaneX r eceptor,PX R). HMEJE 52 4 (Constitutive androstane receptor, CAR) R4},
RS2 AR AN L 32 /8 (RAR-related orphan receptor, ROR)%%; 2. T4 fiut% X 14
Ff 32 /R (HNF4-like receptors), L5 /H4Hii#% 5 -1-4(H epatocyten uclearfa ctord ,H
NF4) IR 5 X 52 /K (Retinoicac id X receptor, RXR)%%; 3. MW 22k 52 14 (Estrogen
- like receptors), 1 $5 M 2 52 14 (Estrogenre ceptor,ER) . M 2% 411252 {4 (Estrogen
- related receptor, ERR), ## 57 Jit¥# 2% 52 1A (Glucocorticoid receptor, GR) , #h 7 il
232 &(Mineralocorticoid receptor, MR), 4l {£(Progesterone receptor, PR)FI/
%52 K (Androgen receptor, AR)ZE; 4. M K] 17 G AL R BRESZ Mk (Nerve
growth factor - induced gene B —like receptor); 5. Fu shitarazu-FIFES244; 6. 458 40
JA% DXl 74 52 48 (Germeell nuclear factor-like receptor), 4% 2EFE40 MuA% A 1 7.
Knirpst: (JCHC 445 4r5%) MIDAXAY: (JEDNAZ; &35) 5244
1.1.2 APPARs R HZ M T He

APPARFTPPARa. PPARBFIPPARy=F W (K1.1) , ZHldifiF22. 3
65 Jettfh b =N E LR 4L, PPARaFIPPARPS) I 4175 468 F1441 /7
RIEMYR KL M AH —=MPPARy mRNA: PPARyl. PPARy2. PPARy3!"™ 2, ix
= PmRNAZw S —Fh A [H FIPPARYER [, 4379 B & 505 F147 5 2 L IR ik 3L
EATENGG A 2530k . PPARE W AYAEA AL B AR ERIE, /A A
A E AL 5. PPARa/EACIHE B IALER AT . oS B R i L
FiFik; PPARyEEAENRIIA LI ik, PPARBIIFRIALLE) 2, JLTAEESK
LT RIE, AHAEFFIE s RIE AP RARD 212,

FIAB IR ZARIAL, PPARSTT AN ERA-F)4Lk (K1) B -2 N

i 1) A/B 45 A6 38 BA ARBCAA A 11 S XS ThRE(AF-1), 4 R IAE = Ffr 7 Y v
TRAFHEAG . A/BES IR B CTRERR AL AT 2, PPARYIF) S X0 76 PR nT (i 7
A5 L (MAPK) A 5 I A/BIRUT) — A 22 S TR TR SE IR B R AT ARG, 17
PPARa ) B 8 44 7T 1 15 52 A - FC AR IR S A g o o IE) 1R C 45 4 12 DNA &5 45 35K
(DNA binding domain, DBD), ‘& & A I MFREE M, Refi =2 (R4 e PEH 455 2148
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FRDNA |, R I X e0d 2 A 59 10 — SR/ o % DX DR sr PR i (£4985%) o
DI BURES, B IEHDNAZS O R FHESR A J I BC AR 25 50 . ESS H IR
JR LA 45 45 (Ligand binding domain, LBD), ‘& A7 Be A # (1) S 2380 Th fig
(AF-2), AF-27EX AR A R s o v e G BEE T o LBD & R s A B M &
TG [, LBDEZ AR A A AL, 11— SR A & M A ok
WO T T T 1 o AR SRAT R RIS (4970%) .« CoinFI[r1 D) it

ATERIERE -

AF-1 DD Hinge LBD A2
PPARa T AT i 1 .
| S8
PPARy T T e
| S05(475)
PPARS - ‘ .
I 441

1.1 PPARHI=Fh A K A& REE

PP AR i 55 JL L D] G 9 A B A S8 AL B (A X O) IR 17 R 45 & B2 11 (Ap2)
(K3 J5 37 Hh (10 i S04 ) i 189 5 5] S B JTA'F (Peroxisome  proliferator response
element, PPRE)4: 75 1] A 45 5 R 25 ThRE . PPRE AN 41, e T2 AN [
B P, TSR W DR-1 ) W J6F(Direct Repeat-1 response element).
AL HT 5 AGGTCA AN AL AT BR AL, P9/ (R AH B — M X AT IR

PPAR 5 9JIii 2 M1 25 185 32 /4 (RXR) JE i PPAR/RXR 75 — 28 44 5 45 45 FIPPRE |, H:
T PPARYS & fEPPREMS A7 |, RXRESATEPPREMI3 i P07 . *4PPAR/RXR
RSB RIGA R, NI G IR A AR, BB K7 (Corepressor) 1
553305 I 1 (Coactivator) fH 45 &, BE TR #EIE K 1) 5% . 7ERXR AR Z B,

PPREANS5PPARa 4 &, HAWIE RIINAEAE hRIVERIN, A 688 shft kit
e (E1.2) P,
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BEaE Taerad casra

El1. 2 PPAREEHIFE R r~E

PPAR LBD LR 45 & # 47, KX PPAR LBD4E ¥ T il A7 Bh T FoAl 1 5 47
HuBEAT I TS5 I 25 B
1.1.3 PPARa LBD 514 K H 5k B A B AR F

PPARo [, S IX SRR, VF 22 SR AN [R] 1) TR AR R A5 J (R TC A4 24 ] LA
52 gty mi RV AR, PPARa RILE RO AL FF, 78 LBD ({1 F 34047
AU B EAR S G A%, IXSeSE S ARAE AN T a5t B W AN, X )ik
M EERS . tetln, PPARo 5 HEhH ] GW9544 454 1) —4e ik gt (K
1.3) iRl

PPARat F 7 T — MR SE — WA 45 A — DM 4E T S 4 %, {ELBDN A —A
21400 A AR LS 548, N IR LU 5 2 44 (nE1.3A) o £E (&
1.3B) AT UG BVEMT L 2% B . AR DL —ANUM R 85 SR AL &
S, P RRIE SR EHS L Tyr-314 FIAF-2025E L Tyr-464 TR EE (i
KIARIC) , lil FIRZUBEM 4, GW409544 1] LUREF 456 (ELBDIY 148K, [F]
e A B T [ AF-2/ B HIVEH, Glu-462F1Lys-292 27 [H]JE /8 (1) — AN i 45 74
A LXLLAR AR 45 G (E 52 PRI 3R T o R G W409544 | (1) 72 JEFIPPAR 0K [
()T BSCHR SUBREAE by — AN 20 TR R 5 . GWA09544 L (1 IR EEHE AN AF-21R
HEMMIH3 HORH 10/ M MIHi KA Py o B 0 LA /) R SR H3HE N FTH 2 . H3FIB
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&]1.3: PPARa LBD)X-rayi k451 &

(A) B2 g fCRPPARGAE [1; ZL 101K N AF-2020E; IR 2N NI IR (K292), R4
(R LXXLLAE IR 4001 JE TR GWA09544 R 1A, ZR1H0 I 1 (B A s 1R JE e AR &%
o4 IRJEH2. H3. H9. H2 MHI10C R Rt 24 5K Phe-273, Lys-292, Tyr-314, Glu-462
MTyr-464H = 6K H . (B) WECHEFIZAAL EHRIR T o5 K. (C) GW409544, PPARaE
FIRUK > IR AR R AR, LRk B K
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#£-%  PPARq [HHC/E

M4 PPARe FEAACKIR RANR], 4 353 S AR BCAARFN 5 e 4
1.2.1 PPARe & EC 1A & AE
B I G 245 4)) WY-14653 5 PPARa [R)-Er ICAA, A% T Ja ) e i A 249 DURE
e, WEIURy, ARFLIURE, PR UURE, ZEMP, B LR, )2 PPARa G
PR, PR b2 T VA7 v H i = s U hE AV & 2 s R . AR, R
JUMEEBER IS R M) CnmgIWesEr, HUKIR, FRECRNIR, Mmiksr) Wl
PPARa 454, EMTMIPLR AR E R B S PPARe 4545 5 T A4 1L i
2(CoX-2) ) FIE J G I s,
L PPARaL 12645 R C 4 1) 45 4 B0,

0] CO,Et
T LT
N
Cl /@)J\H
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clofibrate
Bezafibrate

S~ COOH
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W-6471 CF,
1.2.2 PPARa W RARACE R AEH
R, KALARREY T AT EY) 2 PPAR [RARICAR, Horh it

AL AR 7 IR W ey R, U RRIR , 18 A DU M 98 #8 fe 78 S e /K1 B 0
PPARa. b4 DU IR 0 I R4 & Wi & A2 & UM AT AR ) 8-S FR 5L T ik DU 1R
(8S-HETE) 1 4 =/ B4«(LTB4)5 PPAR« [R5 A1) LR A & i 5y, LTB4 42
RAEWI AT, g PPARo HIRIRECAAR . "E¥0E PPARa, w] ML S AL
ARG 1 =S5 RIES ) B Ak, U] PPARa X JE AT IEEAT 47 S At 1
B, OEA J&—Fh It g, X PPARa (K54 &, i H AR &R
f&d\[ﬁ]o

HT PPARa 2RI EZLME A, B K& e RN R AR (O 1 T B2 A
MR AL 2B TAERHITLR T4 PPARa ZAARIIRE, BRI
PPARG. 1343 771 K Hox PPAR IR HIBE J3 e 1 i3,

F1: BRI G RPPARaH) BB FIX PPARI/E H &8

Compound ECso (UM) Ref.
OEA 0.120 [34]
GW7647 0.006 [35]
WY-14643 0.650 [36]
Oleic acid 10 [34]
EPA 10 [37]
Linoleic acid 7 [38]
Clofibrate 50 [36]
Fenofibrate 30 [35]
8(S-HETE 0.2 [39]

EPA, eicosapentaenoic acid; 8(S)-HETE, 8(S)-hydroxyeicosatetraenoic acid. Results are
from references listed in brackets.
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