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Arachidonic acid metabolism in liver glucose and lipid homeostasis
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Abstract: Arachidonic acid (AA) is an -6 polyunsaturated fatty acid, which mainly exists in the cell membrane in the form of
phospholipid. Three major enzymatic pathways including the cyclooxygenase (COX), lipoxygenase (LOX) and cytochrome P450
monooxygenase (CYP450) pathways are involved in AA metabolism leading to the generation of a variety of lipid mediators such as
prostaglandins, leukotrienes, hydroxyeicosatetraecnoic acids (HETEs) and epoxyeicoastrienoic acids (EETs). These bioactive AA
metabolites play an important role in the regulation of many physiological processes including the maintenance of liver glucose and
lipid homeostasis. As the central metabolic organ, the liver is essential in metabolism of carbohydrates, lipids and proteins, and its
dysfunction is associated with the pathogenesis of many metabolic diseases such as type 2 diabetes mellitus, dyslipidemia and non-
alcoholic fatty liver disease (NAFLD). This article aims to provide an overview of the enzymatic pathways of AA and discuss the role
of AA-derived lipid mediators in the regulation of hepatic glucose and lipid metabolism and their associations with the pathogenesis

of major metabolic disorders.
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F T ) B RRE 8 B Y AA

TiE B I AA JE I DL DU K Bl 2 S B A2 3R AT AR
W, IFERCRER A IZAYE R TIRER AA AR
WrE. (1) AA RJ{EIRE A B -1 (cyclooxygenase-1,
COX-1) I -2 (COX-2) HIfEH T AE AT B IR (pros-
tanoids, PGs), 43 % §7 %] I 2 E2 (prostaglandin E2,
PGE2). PGD2. PGF2a. Hi%|# % (prostacyclin, PGI2)
FOIfL A% A2 (thromboxane A2, TXA2) ; (2) AA E/N
g & B (lipoxygenases, LOX), H 15-LOX. 15-
LOX-2, 12-LOX. 12R-LOX. Elox-3 #1 5-LOX ]
£ H R A B = %5 (leukotrienes, LTs) 1 fig & &
(lipoxins, LXs) %5 2 MAEYIE LY« (3) AA FE4H
fifd 5 2 P450 FLA AL i (cytochrome P450 monooxy-
genase, CYP450) I4E ] N AR BOA S8 — ik =I5 1R
(epoxyeicoastrienoic acids, EETs) 5l % & — 5 PU 45
& (hydroxyeicosatetraenoic acid, HETE) ; (4) 24414
Y A0 I, AA L BT AE I 7 R T i K i 1 (fatty
acid amide hydrolase, FAAH) [ 1F F F 7= 4 KR &
(anandamides), #Hid 5 KB 1 BY5Z24K (cannabinoid

receptor 1, CB1) #HHEAEH, {22k2H 23 P A R0 2t ffa 1
I | 0 P { = K A AY i PR ) DR N N
T P SN PR PTG AR R S N R A AA AR
A2 AT A i 3R (isoprostanes) AP A 4 — % VU 443
g, (ERbmAE U, PR Y. iR AA
R P25 — B NI E IR (eicosanoids), J& 6
R E o WA 55 0 W EE NS E N T, T2 2 S50UE
(5 SRR 2 A 3 R (T )

BE MR AU AR AN E R HLAR 8 RBP4 R 455 22
KELMEH. PERRACHZEELZ 802 205 IR
AE 7 A% 14 Hig 5 V£ BT 99 (nonalcoholic fatty liver disease,
NAFLD). FEME. i i e 0 3l ik s i i 4x
S E AR AR Y B R K AR e TR 4 b
JEAU S FE R XSS B, £ 2 PR R AU AL MR
W R AR R R FEEEAER - R, 24 hik
JHF A7 I A A 2 TR 428 B ATL o) i O 5 4 e BT o BBOR
2 R R, AA AR COX iE12. LOX ik
12N CYP4A50 145 5 HNERE I AC A =G &
FEUIME R, HAWES 225 7 HEAREHEE
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Fig 1. Metabolism of arachidonic acid (AA) and biological functions of its metabolites. When needed, AA is mainly released from
cell membrane phospholipids processed by phospholipase A2 (PLA2) and phospholipase C (PLC). AA is mainly metabolized by four
kinds of enzymatic pathways involving cyclooxygenase (COX), lipoxygenase (LOX), cytochrome P450 monooxygenase (CYP450)
and fatty acid amide hydrolase (FAAH). AA can be converted into a set of bioactive metabolites including prostaglandins (PGs),
leukotrienes (LTs), lipoxins (LXs), and hydroxyeicosatetraenoic acids (HETEs). In addition to these enzymatic pathways, AA is also
processed by non-enzymatic reactions to form isoprostanes and nitroeicosatetraenoic acid by reactive oxygen species (ROS) and reactive
nitrogen species (RNS). AA-derived metabolites are highly bioactive and play diverse functions in the body.
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COX N FRNATFI IR & G/H &R, 45 COX-1
AT COX-2 WA, Ml AA Ak % Fh PGs 1%
g 7, BRI, COX-1 NALEA COX, Hia
ERBI AT 2R S NHL, FlE B miE
AL M/NMRAVE R, 25485 B BRI
Bk, PRI ATAR . ML/MRRAR KB ThRe s
COX-2 N S A COX, HFIAFEIEFHL FIL
SRR, R 7R 20 i 52 1) & R 1 B
JRRNBUE A =k SRk, COX2EHT AATIAE
J PGs, EB{RR RAE S SR L e

I I 3R D A IR 2 SRR R A AR S T A 5%
R K —, HEEEHP (insulin resistance, IR) 7&
2 TUKE PR 93 A NAFLD S5 AR5 05 1) 50 1o 75
KIFEEAEN . CAPRERY, IR SHLMK1E
AR RADIRES A K, 8 RIE2 IR RAEFIK e
MEEER . 24 Rk, REZ NI
B COX AR 35 1 400 1 77 ] ) DL AR A B ARB PR
I BB s 4 Y, A% Rl B (nuclear factor-
kappaB, NF-«xB) 1L 1f§ &t T 5 # K7 «B 1 il 22 H
(inhibitor of NF-kB, IkB) 4 & 4b T K iE R4, MLk
FEZ BN FERIHUR (BN RAEEE ) R, 2 — R
H IS 5 A% 3661 20 B A 1RO B IR A 5 T B I3 (1B
kinase, IKKs) ( 4% IKKo IKKB Fl IKKy =/NF 3 )
Wod, R IkB, Rl NF-xB RAERZ AL, HEif
et — ZRHBEHE B (I JORE S NS ) R IA N
T A BT 70 2 W] v 771 P ) ) AR K /K A R B T AT
o A IKKPB (352, A4 NF-«B 38 5 T il
RIER P&, RIEF G IR (OFER ",

S LA SOE T BRI R A0 P R 7 O AR SR AT
PARIIE COX-2 Hy 3Rk, fHAE BT 52 o 41 i Hh 42
R FURIBENJETE 75 5 COX-2 [15R1A . Francés 55
NNA, T SEJ5 40 B b COX-2 Toi ki 48 i 15 3
AT RESE IR R AR JE I S6 P ok« £E /N BRUH-4H
Ji AR S M Rk COX-2 R JE, AR AA 7=
A1) PGs W] R o 3 40 B s o S A m iR TR |
MR I (high fat diet, HFD) 512 1AL SO0 A4 5
PR RAERY A . HBTE R - ME A = R
(methionine- and choline-deficient diet, MCD) MEFE A]
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DATE Jo B[] PR A 3 4 A5 28 4 40 P b B s 8 A 4%
JiE %, Motino &5 8iF 78 38 B, I A I 1tk 0 ik
COX-2 [/ KR BE & HKPT MCD X &5 5 1) NAFLD
KR+ HHMUEI AT RES PGs 774 1 i ik 4 44 A
) 28 IR TR A 9% U f/y RNA (microRNA,
miRNA) /& JEgmt RNA, A {E N R RIA MFE 55
KRR . A0 53R COX-2 nl i@ i PI3K/
p300 15 5 i 4% 1% il DEAD-box fi# Ji i p68 (DDXS5)
(7K, ] HF40 H  miR-183 381k, 4k K H%
o IR AR

2 PGs 25 7 HMERERR AU Rz 2. A
T 3% B COX-2 36 3 4 400 1) 771 2 ok 5 A5 mT LA o 25
HFD 55 59K 8RR i 53 JUARURT IR B0, Hsieh
28 R I AL AT 6 2 3 o #  HFD 75 5 16 K BRUR
Il 41 21 Ff COX-2 1) 2R I& Al PGE2 & i, #E 1M Xt 47t
HFD # SRR R MEm s IR P2, [, COX-2
Ty A —FhRs S 1 0 ) ) D6 36 B R A A O B RE L
HFD % 5 1)/ i NAFLD A1 IR f A9, FHALH AT
RAE & 18 I PR COX-2 AR AA =4 (1) 15d-PGI2 [
K, I FRAR PPARY 3 MR 48 H g /e 0
Chan 2 NWFFUREL, 45T db/db /N AR F 26Kk A
g EP3 11 fil] 751 &b 22 ] DL R 25 1 2038 db/db /)N BRI
IR, % B COX-2-PGE2-EP3 i % 7F IR (1) & I it 2
WK A /R B 5 gkAh, EP3T/NEL HFD i
S 09 HF B TR A IR hnEE, 3R B COX-PGE2-
EP3 25 7 NAFLD f&JmalfE 7. 2 RU A i
1% KRR -3 AT DAE 1 0] COX-2 1 R IK 7K~ 4%
FHLALPT HFD 7 T A9 HF AR I R DO 1 20 Bk
ZAb, 2R Ll #if] COX-2-PGE2 1 i 3
HFD %5 S (0 BT A B0 R P Py iz 4 it A S 1 ok
ik AMPKal [/ R % 5 COX-2 IR IE K
T E HFD 5 5 1 F BE AR 5 R B Yan 25 A A
TR, COX-2-PGI2-IP il & £ 111k /N i« HFD g
F/NERAN oblob /NEATFEH SRS N, P /NG HFD
751 NAFLD Al IR &4 & 2V 03%, PGI2-IP i
B PKA {5 538 B A0 6] AKT 15 538 B 0 3%
JckE AR B, [FIRE, Wang 28 AR, COX-PGE,,-
FP 3l % 75 111k /)N 5. HFD M2 3% /)N i A ob/ob /)
JH U o 3 1 3G 0, R SR R R ob/ob /)N BRI I
FP, DLV oblob /NI IR, PGF,,-FP i
I E FOXO1 {5 538 B 12 FF R ks 53 A i e B

DL RS SE L0, COX iR 5 I Ag i 48
AR AS W T 08 R K& HLAE IR A1 NAFLD & A4 A1 1)
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EFEAEE S, TWEE—DIHR. HEBE,
5OE Yo A WA RO, BN PGE2 %24k
EP3 7E 1 37 AT 0 [ AR R I SR, AR
EP3 it g AT DL 550 m BH [ B2 A 5 0 =8 30 Jhk ks 5 it
TR R AL, SRS RTIE EP3 A AEAE VAT i G IUAE
AN Zh kol RERE Ak g = A B

2 LOXig&&

LOX s A& A ML R PXUMA R . 75 NFEH/N
AR, C4/SF LOX WY, EP 15-LOX. 15-LOX-
2, 12-LOX. 12R-LOX. Elox-3 1 5-LOX. LOX #J
AL Z AR R TR ( L R AT AA) T A B )
L H 4k Y (15-HETE. 12-HETE 1 5-HETE), %A
Ja g Fe it — P A O AR iE PERR S/ 5 ( 4n LTs i
LXs %), H—750f, LOX &4 REbit)Eif
SHENE, MEMIE RS R R RE R
HEH Ay, LOX FERIAE RN, g
AR 4B A, FAA 22 Fh AR AL B AR BRI BE, AE
RIE F WA R e B p R EAE A B4
SRSk, ORI Z BT ST B LOX 5 A B I 4 14
ORFECESICE SR

TG 18 & NAFLD # 35 if /& NAFLD /)s B A 44
W H#AEAE 5-LOX F1 15-LOX K% ; Hr, 5-LOX
AR5 7= ¥ K 7 5 NAFLD ™ 8 2 5 H A M 5% 1,
5-LOX ARt AA 174 LTs 2 5 T NAFLD [ K
AR P, NAFLD 4 & Tk E, A
JUE UG J5 AR B S gk 2D 1 [ B B 5-LOX AR i 7= 4
S5-HETE 257K FREAI% ™, @t 40 5-LOX 4R 4
WA, WEER ApoE” /N R I 5-LOX Af & 3% i 3%
HFD 53 I 4547 A1 IR s [\ B AR AL/ BRAH EE, 5-LOX
U4 LB, 3244 LB1 @R[ /) B 7] LA HT HFD i
S AT AR B UCRURD IR Y250, phah, 5B AR RN
A EL, oblob /INERTHE 5-LOX i 1 K2 LA 72 4
LTB4. LTC4. LTD4 £ LTE4 # &1 %5 ; 45T ob/
ob /INER 5-LOX R S P #fi| 77) 4b BEJ 5 W] 380 1
JH U i 19 B 3 i 25 1 MTTP A1 apoB PA K FAICH
JIE 15 1% %% 32 AH 5% 55 K] LEABP il FAT/CD36 (1) 3% i%
RSP BRAR PR AR R DA

MCD % 5 ) NAFLD /)RS RA Y 12-LOX K
T S AR ) 12-HETE /K-35 00 & i @,
CL i A] A B, (pentoxifylline, PTX) (3% NAFLD &3
100 JHF JUEE s B 27 e A 1) ] IS £ i 44 4 19 12-HETE 7K
SRR Y B AR RN R EL,  ApoE BRFE /N R

JHFJE A 12/15-LOX 136 M 2 7= %) 12-HETE & 3
PER I, I Bk A BB AT 0 s R B A, T
ApoE 1 12/15-COX [ i 6t [ /I~ Bt F4) JHF I i Jot 255
BERAL ; FRE, 45T HFD M35, 584 ApoE
BRBE/N ARG, DU SR FE/N BR HFD i 5:/f) NAFLD
AR &2 piess 7,

i LRTiR, AA ) LOX ARBHEF 0S5 8Ot
B AU G, H B IR R NAFLD 2, [ &
YRR FRIVER AL, R DIMLE S A i B . B 1)
WEE 27~ LOX A 2 A IR #1 NAFLD Hi& £ I7
BN

3 CYP450i1&F

CYP450 ;2 —RLLRJEAE CO 454 J5/E 450 nm
Kb LA e v W AT U P L 4T 3 P BB B B X
o CYP450 & —4H 8 B 1) R I Al R, FHEER
TR R, ORRNR M SRS, EAEYIR N
BASANIEENR R DI RE, FELmi K ) 4R )
i % CYPAS0 H AL J5 AT T BOik 1 5 s 1 47 Joit B
I 5K IE YR 456 T AR AR . AA @I
CYP450 &A% 7= A AR =) 3 2452 19-HETE, 20-
HETE M1 EETs™. #EAMRP, 2 50%~75% ] 20-HETE
F1 13%~28% [f1 EETs 7= 4= 4 i T T IF AA-CYP450
FARIEHE R ™, SR ILAE PRI ZhAE, HE a2 S b
REARBHAZEM K RS IA B R,

BATR AR & AR E R R R, S
B %o W& 20 #H Eb, NAFLD & 3% i I CYP2EL. CY-
P2C19. CYP1A2. CYP4All. CYP2CI8. CYP4A22
LI CYP2CY (R K KA FFEEZ R i B, Park
2 DU 2 AU RIF /N BRASTY db/db /) B 78 b A
WESZ T F24E 19- F1 20-HETE [£) CYP4A10. CYP4AI2
1 CYP4AL4 fEFARAH A RIA R . 45T db/
db /)RR G e 5 /N B HET0016 (20-HETE 45 53
it 750 B2 ) ab S, R A O 3 A 3R KT
TG IR BRIRAR ; R 7 ERUIK db/db /)N BRIk
CYP4A FRiE/KVJa, IMFEK-F IR G, By R
FIF 8 0, IR B & 36 B 5 20-HETE A] LA i3
IR [ & A AR R B AT W FE Rt R B,
6] B A2 RN ERAE EG . CYP4AT14 R BB/ B AE i@
Tt 47 il FAT/CD36 K 3£ ik & 2 i % HFD 5 MCD
75 5 10 T 0 i R 3T FR % MCD 75 5 1 Al T R 1 g
JI5 1% JFF 28 (nonalcoholic steatohepatitis, NASH) F, L)
T R 7R AA-CYP4A-20-HETE 4R ig 42 7]
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RETE I WS M AR 2 v ok 45 B AE T, FHIB
T2 EE A B RO R A IR YR YT (1R SR

% CYP4A V5 e 4h, CYP HiAt WV 5% it 12 JF
WERE T AQ U 4 fE rh R EEAEH . CYP3A4 A
IXAE NAFLD FURE JR % 838 I IE R R R A 7K P i 3
N %, 7E HFD % 5 ff) NAFLD /) B I 1 1 2234
W] R, #s CYP3A4 AlRES 5 T HTAERE AR
W RE P2, CYP2BI £E MCD 7 511 NAFLD
/I BRUJFF U o 2R OA B IR B AR, {H 2 7E HFD 5 5 (1)
NAFLD /) B E A (1) 208 /K 6 I B o A8, i 0F
FLEERA BT i R 7T CYP2B1 A 3 (AR i 2
%f NAFLD ff52m, M 5t #8 7 FF & NAFLD i
CYP2B V.55 ik 245 W I 0 110 2 4 PR R0 245 AR 3 ) 2 1
i B A I Y, CYP2C 20 W R F E
AA AN BB PR AE K EETs. 2 I 78 K BH,
T Bk EETs B fif B 7K 7 M 38 S840 5 W0 /K e B 2
(soluble epoxide hydrolase 2, sEH2) ki f# Ff TPPU ]I
) HE I 3 N BRUFF I EETs 7K ~F 7] 5% 23% MCD
IR BT GEqL © S, [FRE, Rz gn it
ik CYP2J LR R/ R n] R il 14,15-EET 4L
H A B3 % HFD 5 5 1) NAFLD & 2E ™. ik,
— Wi NAFLD 3% (5} 40 &K I ¥F EETs. DHET
N CYP 25 B v 1 1 T B4 5 g 10y 1 AR 1
FMoe, #F—B R CYP2C #1 CYP2J F=4: ) EETs
it P BB A S AR 1 R T 4 s

Sk Bk 22 [ BF 95 E 52 CYP2EL 2 5 T NAFLD
IR R AEMKIE, CYP2EL Jh & FFE = A i 1tk
AN g 5 S A 1 IR &R Y Isabelle 25 5T
RPN, TE4 T MCD WEFE )G, [FEF A2/ BRAH L,
CYP2E1 R [ /I 53 i o &5 AR 72 258 B 2 n =,
Al BE 5 4K N [A] I A7 7E () CYP4A Jil £ MCD % &
CYP2E1 i/ BT i 5o S pb KA 56 17 4%
M, A NS, 45T HFD 4bFR R #0405 CYP2E]
e /N B NAFLD IR ()& 2B F1R Jg 5%, i HL
JHF J e S ok 235 CYP2EL AT LN 6 /0N B FF U 17
FROUBAI IR V72, H AT, EANE R A AR S
|7 ORFI R AR AL 2 8] CYP2EL VE R £ 5.

Y24 N1k, AA-CYP450 X U i 76 BT % i ot
R I E R AL R 2 £/, B EA FIERE 2oR
CYP450 RGTENNE AA R ERE 4. &
RT3, #%) CYPAA-HETES J8 §% fll 1458 CYP2C/J-
EETSs J&@ #% nJ fe 75 T 0% HE A8 2280 50% (a0 IR Fl
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