< 152 - EMFESE MR ER

Prog. Biochem. Biophys. 2001; 28 (2)

L5 % 2 B2 Rz B9 A 53 3t E
X BRET

( o LR 5 3 U 9 7 2B 0 T A 930 5,

WE DU ORI ( arachidonoylethanolamide, ‘mdnddmide. ANA)
I, EFESAGETREMNERS . RIERG LT HE
THC) [MZ5ELTfE. ANA A7 PRS2 44, H i 25 52 {4 (CBI) i 5 7

db 5t 100080)

AT R A 522 1D KRR 3 52 A 1 Py 9 G
AT IR IR 25 B0 kbl 3 —— % DY S0 KRR ( a™
24k (CB2), AL GTP fRIBEm §s s

R, ANA IR A S &R, R B K % 8 (fatty acid amide hydrolase, FAAH) J& ANA FF 5t 0

R 7K f g,
EBEE AEEDURS SR, RBREZ A, S
ZRSHES 0492.1, Q516

£ 19 HAYIY, A7 LA 7 [E K B A 2

Jiiitﬁ%ﬁi%ﬂ]Eﬂf}‘iklﬁﬁﬂ%?ﬁﬁ'—*h?ﬂ}é . gk
oI I TS TN (BN E2E TNV VNG |- PE AN A D

UNEEC }IIT‘:—"’lﬂ"fE'J'XEU[EI«J\frEQ‘L, JIT AT KRR
PERC WF S HERE DT, HL 2 19 T2 40 240, 3
FE 1) Todd FI5EE ) Adams 735 9 25 H 6 fhee A
JEH 55 4E H I 4> —— KK Z /) ( cannabinol) /%
TR PERI KRR ZE 8 (cannabidiol), 4% I BRI
WA FHIIEIF M. 1964 5 H1 Gaoni 43 &t T K
JBE 1R 35 Tk B 4y —— A% P4 A K KB (a*-THC).
1992 4EA RO WA —Fi 5 A THC [ 4E I 2
I R, X A 4 VG S WEE ( anandamide,
ANA)'Y, ananda ‘Xf]ﬁ.lﬁ, R # (bliss) [
BOE. ANA FLAT T2 1 A B A A R 9% A 10 1 R
fﬂfﬁﬁ B ANBURT BLE Y o R A 28 R G A 3

MG IZIhRE, 0 HAE R N . R RS
&ﬂii’ilﬁﬁﬂPﬁfﬁ?’iﬁgﬂ{]iﬁEI}JﬁE

AL FTMN ANA WAL A . ERALE . &
PRIy e R A IS 5 5% 355 2 7 I SR ST

1 ANA BYEL S H S5KEHRE

ANA SERE VUG RR IRT A8, ek
\/ \~ "\~ CONHCHL HOH

/NN

ANA FEAR IR oA iz, H AT 32 v s
A 5 1% ( high pressure liquid chromatography,
HPLC) . “{UHH 1% (gas chromatography, GS) M

B R LA Y ANA FEAR A I A, i A e 1 2 B A .

Jiil (mass spectrometry, MS) AH&5 G55 J7 K
+.".J'!J€H A ANA 5 3 H au A kBT i 41
gl KB B A2 ANA i s TR
29 pmol/g Mk 4123, 1 A M 412 h d v N
148 pmol/ gl 14, /MR 5 ANA [ d5 75 4t
20 nmol/ g Aﬁ»éﬂ?”’ FyAMAE RN BUE L B L
I g e R NG E - FLG 3 PG 12 4 b 43
BIE] T ANA A

MEH EE, ANA B TREEERY I, kN
] LA N BRI e K ffé i ( fatty- acid amide hydrolase,
FAAH) IR AL VUGS RN SR, DR Al
S RGP B, HAT ANA Ak & —Fp
PREEIB . 5 A NG A RN A S A i 2 T DLy i
ANA. ENE K41 ( human mast cells, HMG 1)
. 5 MRS TSI ANA T 2R BRI 7= 4w L4 1
FAAH & [R [ 6 0%, 1M B 4 A Il 35 A7 3 Fh oy figl ).
ANA D& A R 1R, NS ANA 1
AT ——4e A= DU o6 12 )15 Bk & W2 % ( N-arachidonoyt
phosphatidylethanolamide, NArPE), 7] LL7E i fig & D
W] R KR B ANA; B —Flg e k. ik )
{65 VUL AN 2 RS AE ANA £ BI04 ] R o
% ANA, XFERAUHE ATP F4fRE A, J5 kA X
il A L2320 A« Bl pH {8 R 55 3 Vi B 4 vk st
ITWEFE, I ANA G H0H 5 FAAH JE R —FhEg, =
7/ BT TR ] AN TR (R

" ST RIS LI (G1999055903) . R R < FOANE
R RS A A A A A 1 T e R BT H

ORI RN

Tel: 010-62631831, E-mail: duane@ panda. ioz. ac. cn

e 1. 2000-04-03, 25 [1J8): 2000-06-07



2001; 28 (2) S FES5EMEHERE

2 ANA {EfA RIS FHIE

ANA A7 P9 B I5E 52 44, B i 7 52 48 (CBI-R)
MR Z 44 (CB2R). CBI-R EE 44 T2 &
g, AT ANA AEFRER 22k, it H
RIRFFCR # 5, T CB2-R = 40 A 76 40 8 4 9% &
e, XPERIGE TAREUD. PR B I R
H, HY Gy, HEMEE, P24 4% 1
FIETE. ANA — 7 1 ] $095 524k, -S4l
MIfE S5 S, 5 — 7, ANA W] DL 34 40 o i
NEAAF 3L, a0 Mo g AR B h fig. o A,
I LT fEAEAE ANA (O35 = F32 4k CBal”!, (H
HATME BB R, 540 ANA X H 34 —F R
WERATEA, CBI-R % ANA B35 )5, "TLLER —
AL E A (NO synthase, NOS) B3, dEi 5]
BN NO AP T E, NO L] LLE ANA
MRS, 8 ANA WIS IZEF 4, 2R
JGft FAAH . M50 A0 B B i 460 A0 5 19 46 T 4>
A

3 ANA B94%32/EH

HH ANA BOBF9E = 248 R e 2 PR . &5
FSIEPEI G R (structure activity relations, SAR)
Jri, ik e A B AR B A, ST fig
T ANA 5 A P9 Bl bRt e At 1) Dt e, i o
FEHE RS E N ANA KA H e A VUG &
% ( methanandamide) 1EM8F5E T 5, 1 CBI-R
(RIE 5 M5 45 HUA ——SR141716A 11 Hi 3L 4 BF 50
ANA E @Rt 7 5 @, (HS N 2,
KT ANA FERE— A PR op (1 5 B S i R g 1)
WEPER IR 2 L.

3.1 MPR\MERFEIER

ANA o] Db s b i Ca® IH, SEu 2R

FRAVREIR,  BET PR ZE [ DhfiE. ANA B i

IR R LB (adenylate cyclase, ACase) [PIRGTE .

PRI P e e i 52« S o 8088 J3 ) 5 IR A 42 T

SR 2 ¢ A (BN Tl BN BN 1D S SN 4 TN 3

PR R /N i R % A R B ) CBI-R 24K . ANA
FFAAH, b ANA 723X 26 547 n] fig i 22
YERL. ANA ] BLA DK BLECIR R i i s i 1 2
CLRG (R0 R I, 40 £ S R BOIR A 2 2 i 1) 4 ™
JF B ok g om 2 g e val Bk T R (v
aminobutyric acid, GABA) fEM4LiE, KR KZ
i) Z 2 ME, fEE AR E, ANA AT LLEE 5

Prog. Biochem. Biophys. * 153 -

GABA, /TR EAER, 1f1 SR141716A Al
XA

ANA X2 ] R IZ Thfig th A7 56w, 3t v fig
SR H W R BRI N ACAZ I wGR RN 2, T
SR141716A A $2 Wk 5 2 sh Py it i1z o g™, X
AR N R fE AL BT 0 T £ TR ) R BT 51k
M. NLHE ANA K04 WINSS, 212-2 AL
FI £ T RE ek 1F) B 5, 10 SR141716A 1] LAk 59
WINS5, 212-2 (194 H. 53 4h, ANA it w] BL i
CBI-R A~ 5 b 1M W03 g 15 #f 28 0 £ 50RY 25 3
(focal adhesion kinase, FAK), IXZ&W] ANA XJ 5 fih
AR — s Y,
3.2 W TERBIER

FrMi, ANA 250D, (HANA W]
CAME o fos JE PR IE, (7] B ik m DL i 2 4 14 3
R, W ANA 2= EH G, w7 PG (e
B bR R oI 2R TS R (VR T B AR L N B T
R HAMNEN ST R A2 ARG, 8
ATLAAMEI e FL 2 . LH . FSH . B K& 1
Eﬁl 10]‘
3.3 WMRERKEMR

ANA 5 CBI-R . CB2-R 324G, il
il CAMP (1) JE 1 B 00 i 20 24 5035 4k B 1 s
(mitogerr activated protein kinase, MAPK) F1# fIif
i A2 ( phospholipase A2, PLA2), T]LLYEAS[H] [ 41
PEANMD . G EF 4 K i 40 i 2 )AL 2 45 5 1 .
TERFER PR, Ca™ WA IgE 52 442 16 AT LU
WEH AL A0 AN AR A i, g AR N- AR AR
B . ANA R4l . SR @mEa =m' . G
FLAT 0B MR E L. ARk £ BB S g
P L 40 P R AES K 4 P 28, e T A X
LA 1) 2 BRI, BT CAZE AR N R BT ST A R KA
FI. ANA oTULH B Bl AR, () i 5 0 kR
S L RE AN i B WA I B 1 0 R 8 R 2

-E2 (prostaglandimrE2, PGE,), I P R o AT Y 55

TR ThREN . S AN, ANA AT LAy 15 i
IHEE R NO A RESANENE SR NO A EER I B
BEAH L NO [ fr i, ASCIE ik o0 9pk O 40 it 1y 444 B
BN RR DA, ANA B AT LU0 ] 4
A 1174, 11-6 . 11-8 . TNF-a M THp &P,
3.4 MEBERFZHIER

fEMEYEAESTT I, HEfL/hRIFRMEZ, 5
FAbA UM L, /D BRI R 7 5 ANA 5 i 5
mr, I HRAT AR5 ANA RES). 7EA R AT



- 154 - EMLE SE YRR
ANA T HEBAR, 0 AEARA R A0S BB . /) B

A 2- 40 Jf %5 IR 35 5 4 CB1 A CB2 3244, {44k
SCH KB, R ANA (7 nmol/L) 7] LI
-2 1 R Jify v U 1) A% Ak, {H AT DLBE i DY R
(D4) R REBPE 0 0 2% 2 40 I 1 4 AL R
Ji&, XYL ANA LEA SR 0K BRI A T T
AT R ShfE Y. E ) ANA BEAE IR REOAR
i A A48 4k, UEgE D1~ D4 % RHK, D5~ D8
TR, X RN SR ANA {23 D4
JU 6 1) 288 PR R 0 7% I A M Ak, A R T
RN 45 A — B, DS 75 ANA i,
EAE A0 8 R P A, X B 5 PR A 32 50 vk 3 1)
ANA AR FIRBE T8 7 ANA IS
TE R MRS UIA . ANA ] g 12 8 45 IR iR
FEN B g — AR 21

FEMEPEZETE 1R, ANA AL RS 710 A 2k,
L i AEORS 40 MR E 1 CB1 24K Ls &, Wl LA
R FEL PR T 2 I8, 575 it R 1 LA e A A
ANA [Ifie s, XA HEX B IE 2 K 1 52 Kk — s 1
HI, RAEMFLB AR W ABL o F o it )

4 ANAFENESES

ANA [P FNSZ AR K G iy B SR 0 K 52,
ANA 532k g5 &5, mTEL T ACase 1935 1,
HEMTRE I PKA 7K-F. IEaE kA AL CB1 %2
A5 Gs R FAHMRIPE S ERl 4 6 — B
TGN SHMEIEN S, R fAELednH
WZHEFE B A b Gs B AP0S4 e R L
KU ANA I AT LA o 7 R 2 440 MAPK &
%5 Krox-24 [F3Rik.

i B2 WL 3 W ( phosphoinositide 3'-kinase,
PI3K) A4 K A7 9 45 1 4 A KRR 1 bl T
BAEH, A G HEM By WAL LGS PI3K, 1M
PI3K [ T4 6 B ANA 5 5 1) MAPK (14K
B, JTLA PI3K 49 AT fiE/r G MAPK frig4e! ', ¢
555 3 A i v, BieEE (sphingomyelin,
SM) JKfFEtEE KL IR —, ANA 5 CBI-R %2
gt )a, w LB IR H (sphingomyelinase,
SMase), /K SM A= 48 BEIE ( ceramide), 1M
P W Jie S ik ok SO Raf-1, /% MAPK il
UV e R AT MEAN M b, ANA FOIXFh I fit Ll
TR R S AR E . AN, ANA BT LL
Wk N ek P/Q M ca®, WG KY

',

Prog. Biochem. Biophys. 2001; 28 (2)

5 RO2

ANA BN K & — R i, 76 KPP e R
GirpR B, W R AE R T S It 205 S
WL S ER % . GABA . % L% 2 1) [ AH H K &,
Y S — S 20 PR R 0 36 9T B R 0 S
ANA W] LU LG8 40 0 fr 3 >0, Sk o ML
FRGERTT, AT 64 8 10T i 4 H — ST 1) SR s
546, ANA T 5 op o AR A m, O] LS R
FLAEAE, R T AR R, iRk
JEE ST LA R R 3 R B, 38 e SERR A T A LB
(i, T fE S e B2 2 I LA BT ST

2 % X W

I Devane W A, Hanus L, Breuer A, et al. Isolation and structure of
a brain constituent that binds to the cannabinoid receptor. Science,
1992, 258 (5090): 1946~ 1949

2 Mechoulam R, Fride E,
Phamacol, 1998, 359 (1): 1~ 18

3 Maccarrone M, Fiorucei L, Erba F, et al. Human mast cells take

Marzo V D. Endocannabinoids. Eur ]

up and hydrolyze anandamide under the control of 5 lipoxygenase
and do not express cannabinoid receptors. FEBS Lett, 2000, 468
(2~ 3): 176~ 180

4  Marzo V D. * Endocannabinoids” and other fatty acid derivatives
with cannabimimetic  properties:  biochemistry and  possible
physiopathological relevance. Biochim Biophys Acta, 1998, 1392
(2~ 3): 153~ 175

5  Sheskin T, Hanus L, Slager J. et al. Structural requirements for
binding of anandamidetype compounds to the brain cannabinoid
receptor. ] Med Chem, 1997, 40 (5): 659~ 667

6 Hillard C J. Muthian S, Kearn C S. Effects of CBI cannabinoid
receplor activation on cerebellar granule cell nitric oxide synthase
activity. FEBS Lett, 1999, 459 (2): 277~ 281

7 Marzo D V. Melck D, Bicogno T, et al. Endocannabinoids:
endogenous cannabinoid receptor ligands with neuromodulatory
action. Trends Neurosei, 1998, 21 (12): 521~ 528

8 Cadogan A K, Alexander S P H, Boyd E A, et al. Influence of
cannabinoids on electrically evoked dopamine release and cyclic
AMP generation in the rat striatum. Neurochem. 1997, 69 (3):
1131~ 1137

9  Castellano C, Cabib S, Palmisano A, et al. The effects of
anandamide on memory consolidation in mice invelve both D1 and
D2 dopamine receptors. Behav Pharmacol, 1997, 8 (8): 707~
712

10 Wenger T, Toth B E, Juaneda C, et al. The effects of
cannabinoids on the regulation of reproduction. Life Sci, 1999, 65
(6~ T): 695~ 701

11 Bisogno T, Maurelli S, Melck D. et al. Biosynthesis, uptake, and
degradation of  anandamide and  palmitoylethanolamide in
leukocytes. ] Biol Chem, 1997, 272 (6): 3315~ 3323

12 Marzo D V, Petrocellis L. D, Bisogno T, et al. The endogenous
cannabimimetic eicosanoid, anandamide, induces arachidonate

release in J774 mouse macrophages. Adv Exp Med Biol, 1997,



2001; 28 (2) Sk 5 MYRiER Prog. Biochem. Biophys. + 155 -

407: 341~ 346 Ther, 1998, 284 (1): 291~ 297
13 Berdyshev E V, Boichot E, Germain N, et al. Influence of fatty 17 Guzman M, Sanchez C. Effects of cannabinoids of energy
acid ethanolamides and delta% tetrahydrocannabinol on eytokine and metabolism. Life Sci, 1999, 65 (6/7): 657~ 664
arachidonate release by mononuclear cells. Eur ] Pharmacol, 1997, 18 Sanchez C, Galve Roperh C, Rueda D, et al. Involvement of
330 (2~ 3): 231~ 240 sphingomyelin hydrolysis and the mitogemr activated protein kinase
14 Paria B C, Zhao X, Wang I, et al. Fattyacid amide hydrolase is cascade in the Delta% tetrahydrocannabinol induced stimulation of
expressed in  the mouse uterus and embryo during the glucose metabolism in primary astroeytes. Mol Pharmacol, 1998,
periimplantation period. Biol Reprod, 1999, 60 (5): 1151~ 54 (5): B34~ B43
1157 19 Wang J. Paria B C, Dey S K. et al. Stage specific excitation of
15 Calandra B, Portier M, Kerneis A, et al. Dual intracellular cannabinoid receptor exhibits  differential  effects on  mouse
signaling pathways mediated by the human cannabinoid CBI embryonic development. Biol Reprod, 1999, 60 (4): 839~ 844
receptor. Eur ] Pharmacol, 1999, 374 (3): 445~ 455 20 Melck D, Rueda D, GalveRoperh 1, et al. Involvement of the
16 Felder C C, Joyece K E, Briley E M, et al. LY320135, a novel cAM P/ protein kinase A pathway and of motogemr activated protein
cannabinoid CBI receptor antagonist, unmasks coupling of the CB1 kinase in the antiproliferative effects of anandamide in human
receptor to stimulation of ¢AMP accumulation. ] Pharmacol Exp breast cancer cells. FEBS Lett, 1999, 463 (3): 235~ 240

Advances in the Anandamide

LIU WerMin, DUAN ErrKui”
( State Key Laboratory of Reproductive Biology, [nstitute of Zoology, The Chinese Academy of Sciences, Beijing 100080, China)

Abstract Anandamide ( N-arachidonoylethanolamide), an arachidonic acid derivative, is an endogenous ligand
for cannabinoid receptors, which are members of the G protein ( Gi) -coupled receptors family. Ananamide is
mainly found in central nervous system, immune system and uterus ete and mimics most of the effects of (- )
A’-tetrahydrocannabinoid [ (- ) A-THC], a psycoactive derivative of marijuana. Fatty-acid amide hydrolase
(FAAH), which is invelved in hydrolyzing anandamide to arachidonic acid and ethanolamide, may quickly

regulate level of anandamide in vive.
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