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Research progress of Alisma orientale-Atractylodes macrocephala herb pair and
its active ingredients in prevention and treatment of atherosclerosis
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Abstract: Atherosclerosis (AS) is a lipid-driven immunoinflammatory disease which can cause serious cardiovascular and
cerebrovascular diseases such as coronary heart disease and stroke. It has the characteristics of high incidence and mortality in the
world. Traditional Chinese medicine theory believes that Piyunshijian and Tanzhuozuzhi are the internal mechanisms of the occurrence
and development of AS, invigorating spleen and resolving turbidity are its main therapeutic principles. Alisma orientale-Atractylodes
macrocephala herb pair is a classic medicine pair which has the effect of invigorating spleen and dispelling dampness, studies have
shown that this pair and its active ingredients have clear anti-AS effects. In this paper, we have reviewed the literature on the anti-AS
mechanism of the 4. orientale-A. macrocephala herb pair and its active ingredients, and reviewed its anti-AS mechanism of action
from the aspects of protecting vascular endothelial cell function, inhibiting macrophage foaming, regulating macrophage M1/M2
polarization balance, inhibiting vascular smooth muscle cell proliferation and phenotypic transformation, delaying vascular smooth
muscle cell migration, inhibiting platelet activation and aggregation, anti-inflammatory, regulating blood lipid levels, and affecting risk
factors related to AS, etc., in order to provide a theoretical basis for the clinical application of the pair in the prevention and treatment
of AS and the development and comprehensive utilization of functional food and drugs.
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AN AR, R NS A= i A R B .
bEAE AR TE 7 U3, e R BRI
B RE RG99 (nonalcoholic fatty liver disease,
NAFLD). il mfilAREE Ry AS (L4 fa s
o AS MR BNk A 78 1
i, HAHEAMRRBER, SO, AR, mE N
241l (endothelial cells, ECs) 3Gt EME4HHE
A AR AH BT B I P W UL4E B (vascular
smooth muscle cells, VSMCs) #5821, AS 1Rl
il E e SR IR T R N R ThRebEG, B
RN 73 A Dy ELE ARG, I 2 e o A e R A B
oAl A 2 M K% FE IR B2 3 (low density
lipoprotein, LDL) JERGEIRAHM, A5 B Ui
VSMCs HFEANITH , 5 25 B0 A AN W 3 2 A3 fik
SFEREERIE . BT, £H%F AS, IRIKREIGIT
FEEPAEREPIR 2 DT, N2 F 25
Ir] PR 2 B T B BRI (low-density lipoprotein
cholesterol, LDL-C) B{ = H i (transglutaminase,
TG), PLHZ5WNIETTHE s BN JORE R+ H 40 f
#%-6 (interleukin-6, IL-6) FlIL-1BMl,

HEEEIS AN AS AT g T« ks Mg
s, MANT BIHER, WEAT, 2
TGP P BUBE R, B RIAEME, Bk
UiRekss, FHEREIRIIRERE, BBISITAR], B
RNIR . RILFR AT TIKIEZ A, B SIET,
BERBUZIL, TR L, BURIEH4S, FHZENKE,
S KAT MSAG DI RE, K S50 . s 2k ik |
FRMBE A 2 AS AL I SCHE . (IR E A AS
AR Z L. FEERABE, MRbh, SRR
<, BIE KR, BEE-E AR O IRAA R
M. BHARFEIIGIT AS i R = 1 2
XA ARG TS - AR 2500, R IR E RS -A R
ZHRTR YT ek Cod A 1 IR O B 7K AR AR VR TT AS fif
FSGEE 30 IR 35 kb2, PRE AT ARAL
FIH A, FENFEERHEYIET Alisma orientale
(Samuel) Juz. () FHELZE, AREZHBHED AR
Atractylodes macrocephala Koidz W) 1R 25, #EFK
RN S — B2 7 . AR K AR A Y ]
TR P i 44 5, FEE AT A ARALY
BIAA R A2 AMES . A2 5 R,
FEIS-E AR 20 R AT Uy Pl 248 5 23848
B AS, ASCIEEARBEETS - EH R 250 IA SCHR,
I3 IR S EEE - R EG 0] RS A FE DT IR AS H

PIFE AL, DAHADNERYS - R 20 5 SR IR N SR8
B TR PR . FH B AR B i R SR 2%
1 FE-BARGXRER

DUARHIF AR A RS 2 A S oy N =i . 5
P, PEAMEERE B R FERLED.
AR S IANEP), 2 A R, FEEE A
(alisol A). 24-ZEFETERE A (alisol A 24-ace, AA-
24-a) 5 E B(alisol B).23-Z. Mk 5 % B(alisol
B 23-acetate, AB23A) 5 =R NFEIEH K
FEVR MG B« FIIR < Bt 28 A5 F 10 32 2 ROk
U0, AAREF R PR RO, 20
FRNEER Sy, WINEH =M. RO, HEER.
RINZ . W, EET . SAREREY. ARN
fis 1 Catractylenolide-I , AT-I) . H AR K 511
( atractylenolide-I1 , AT-II ) . H KR KN B III
(atractylenolide-III, AT-IID & XKIEPLHR . PiEE. i
N DA IR N R sr, 2 EARI EER
ROy Je AR B s il ) s e An . 2 e AR
ZHE, EARSESPEER S, EEAPUMEE
PEL BERE. TR, PUat. AR RYER .
JH I CRA R F DA R AR AR SR FH U2, 52 w03 lE
it UHPLC-QE-Orbitrap-MS 5 iEHF 5 & BLE 5
A\ 24-CBEFEIERE A PEISEE B 23-LBERVSEE B
AT-I. AT-II. AT-TIE AR i N LSS -

2 FE-BARAWMEMEMEENRS SESIHY
oA

25 R AT 2R R A o F S I ey, 2N
CATL 5 B3 R AR AR A 2 B 7 T 2 AT A1) PR O B
O R S D38 e v RO € T AT AL R IS B
RILHIR 23-ZBEFTERE By 24-LBEPEISEE A 4R
A AR RTINS e ey o SRS A STt
SEES ) UPLC $880ENE, KB 15 #LEGZ T AT-
I, AT-II. AT-NI. PEIEEE AL FEISEE B A 23-4 05
FUSEE B & & 3ME 774 0.031 2, 0.032 6.
0.0172. 0.121 3. 0.581 0. 0.577 8 mg/mL.

250 WO AL B 2580 VAN S I W 2 e A B
PR E B SRt . B 5% T S0 oL I ST v IR IfE
BRY, RIS %477 B AR W% 1 v g L o)
CYP3A4 mRNA FE/KFHIFIGHIER, X RS0
s A — 3, BRI A S AT iR T R
T EARA ., EZHONE R AR A, R
5 RBREEE AL, PEE R 7 LR MIE A AR A
JH[E EE (total cholesterol, TC) 1 TG &, LI
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sfRBOT I, HAAFHITHRNS . FEEHMNE
J7 IS T /N B RO R B A DS FE DR 1)
R, MERERA IR R LT AR BL R
REPFEEARLAEE, MHETHRTEH, F5E
AR ARS8 FHAE R AR 7 T 52 AL, BB
HAR A BRI AR EA o
3 FB-BARAE AS {EANHIMR
3.1 fRIF ECs Ih&E

ECs £ 2 0E N A8 A ORI L 25 L R 52 e
T, M N AT B E e 4 S T Tk SN R
W AT, ECs DIRERERTE AS HIZRBNIATTR, K
ZEEEISE I 100 pmol/L A= A0 MK 2 B2 i 25 1 Coxidized
low density lipoprotein, ox-LDL) &7 I N &7 41 g
FACIE Y, IEWIRTE RE] R ox-LDL
S ECs WITEAS , AEHRF H 08 5 A1 T2 1 ¥4l 5
fifi — 4 AL & (nitric oxide, NO ). —% /L B &8 (nitric
oxide synthase, NOS) HliE S8 AL B A4 B (superoxide
dismutase, SOD) 7KV F+ &, 4ERedi s fb/bt
AR, PRI ECs St Ji A1 08
ARSI SES UE IS RE R 2GE HL0, 15 S 1)
(1) ECs BIEAS, #REHAEES, 30 NO M7,
T+ SOD (13 71, #] ECs #8712, 4Pt Ho0;
Xt ECs I& B A3, o
32 MK

AS J& — P8 S8 RE 1 I B, RIELE AS i
FERI T A MBS R FE AR, BB IR S0E & —FlA
J7 AS MEZEIRAE . BN AT DATERE SR SE 1Y
TR B A 9 & AR, 22 M1 Y B g4 g A
M2 BEWRANE, 70 KA R AT R AE 2, A
I 20 L R S A 5 i g ] AsZm 2 MR A R 2 i
A THPIRAS . BEFURI, M1/M2 R E R4 i b 5
e AS M ROFI A R, 2 AR 2l i 4
I I N v 1T IR S G I R R
(lipopolysaccharide, LPS) 531 M1 & EIg 40y
KIEFRCY) CD8O FI CD1lc Kik, it L4 %5
i) M2 B ELRE AR R T RGP CD206 B3RS . PTG
T A5 2 28— S A & S B8 (inducible nitric oxide
synthase, iNOS ). IL-6. IL-1B. — &AL & & 1 (nitric
oxide synthase 1, NOS1). %4 &4k 85 -1
(monocyte chemotactic protein-1, MCP-1). & &
2 (cyclooxygenase-2, COX-2) %5 M1 B! E k4L
JARIRAE R K 7355, et M2 B E R4 I AR DG A
RIS Z B2 ME-1 (arginase-1, Arg-1). IL-10 Al YM-1

mRNA Fik. Ak, 20 e i N o Seie e sk
FIS 7 RE B p-AKT/AKT & 4R IL, IEHRE
R OSBRI VLR -3 -2 =R/ 7 AR R
¥ B ( phosphatidylinositol 3-kinase-protein
kinase B, PI3K-AKT) {5 5 i i i 1 B % 40 i
M1/M2 A -4 .

PIRGE M (dendritic cells, DCs) £ AS HIFF
AN FENT BCER e HEA A, Al A e i R 1
SR 5 FoAth G 72 20 P PR35 223 E 58 I DCs B T
VTR e M G B IOBEAL, 347 ) L e A QU 0 T I
TP ASU7, Sun SERGETT RS SRS 23- 2Bt
FERE B i o i ) AR 1 TE ) IO 2 A
(peroxisome proliferators-activated receptor, PPAR)
Y/ X 324& o (liver X receptor-alpha, LXR-0) 155
i FE AR 3 DCs H ATP 25 & & 4% 1875 A1(ATP binding
cassette transporter A1, ABCA1) Fll ATP &4&6
121k G1 (ATP binding cassette subfamily G member
1, ABCG 1) HIRIEHRALHE DCs RHERE A, FEAR
FEALZMEM.E S/ (major histocompatibility
complex, MHC) II. CD80 Fl CD86 [J#ik, il
CD4 T ABiH LA R ARG IR 5 IL-12 ATy TR
(interferon-y, IFN-y) W74 . B FUIE 8L A4 Py S
IAIESE 23- ZBEAET5EE B 7] LAREARHE ) AS /N BUfiL
HH TG K, Hmsa G E B HERE Chigh
density lipoprotein cholesterol, HDL-C) 7KF-LL A 3
BNk b iH A REAMERE RIS, $EoR 23-CBEEETS
BE B 7] LA EE DCs [1)1H RSN F, B0 S 20E
L, BEMES] AS KRR . FEE HARBCAL AT
#] ApoE-/-/)N B L% o MMP-2. MMP-9. s A4E
[X|¥-a (tumor necrosis factor-a, TNF-o) 1 IL-1B 43
W, BRERIE [N, Wang SEROE R vE g P} R
FEH) ApoE-/-/NRONBEAY, RINFEERE A B E0E
OB BRI E WS L B MM ( adenosine
monophosphate-activated protein kinase, AMPK) /it
BB AHTA T 1 Csilent information regulator 1,
SIRT1) 88 40 1) 3= B ok B ke o 28 240 o IR P 2
MO B 7311 (intercellular cell adhesion molecule-
1, ICAM-1). IL-6 A5 &)@ & M 9 (matrix
metallopeptidase 9, MMP9) J3&1&, MIHIH] /N R
AS BEITE e 24- LB RE A W] ReIE IS e
R T A AP < B VS 3 AT CD147 1M
/> MMP-9 (1235 DL BSGE B R4 B sk AL e i v
(R 9E VT tAh, AT-T #UESE AT #0] VSMCs
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# TNF-o, fil IL-6 F k281,
3.3 IFTBERAS
331 NI ENRAMAT ARG AE AS i
PR, VOUREE M TR B E R AR LA VSMCs HiiE
] P ) £ H L 2 B P A AN e e s ] o M i o
VAR B2 AS HISUFRE, R4 M et
&) LDL J& AS 3R T i< i P PR . ABCAL
—MEGEER, HABERAN b RIAHnEE
il ox-LDL 53 ELWR 4 HuiE [ e 2 A, dEm4ERE
A I B AR A I3, T FU R LTS ¥ RE I I O
LXRw/ABCA1 #4538 /1 LXR-o Fl ABCA1 FIFRIA,
BELIKT 1 LA B A R IR BT R ). il iR
AN (fatty acid translocase, CD36) SZ{A e ELVE4
s b A S A AR AR B B B E R A, 2
BRI B e ity —, HRE BRI
LM PR B RIBEIE, TFFURI 24- LA RS
A BRI BRI ABCAT [5RI%, FAfiK CD36
[Pk, PEARIHMEIREEN, 4ERFlaifast, itk
b, AT-1 05 {0 PR 20 M R T F A 4l £ I 281
332 VAR AL R R AR IR
RINE MAF R RIEAE AS KA K R E K,
(Rl o o E I P A A O s A mT DA 2
i AS B E B 7 AU BEZE 2R r i) g o 4 s
XF AS H g B A AT 2 . Wang S526NE i m flE 1
K FE ApoE /N ST AS MR, R LEVSIE A AT
BEAS E BN KSR AR AR /K-, W2 AS (RS B
R RSN SEI R RS E A R O
AMPK/SIRT 1 B A1 PPARo/S LA AT4H A P4 fiE
AR . ZE22 JE U A OR BEThRE N [, ECR 20 WA UK
A FEMARS 5, EAS KR INEH, Yu 55653
TR 23-LBEEIEEE B 1R b m R ik & i
FEHIGP EIBR ApoE /N A 7 ) AS BESLTHIFR AN
JEPIARER, BB MRS i R . ARSIt FTiE
S8 23- LTSI B AT DU R LXR a5 i
A-JIH [ B ok 44 A2 g 2 Cactin alpha 2, ACAT2) -ATP
gh A @12 | H GS5/G8 ( ATP binding cassette
transporter subfamily Gmember 5/8, ABCG5/G8) il
2 S Pkl 7l s I DL L

FE - 2 P o A ) 2 7=, o 4
FRAHEREARS 2R H S, VLJEelE X 2K (farnesoid
X receptor, FXR) JZ i BRACHT A OCHEHE .
JHFIE FXR 235 A3 0T LA 15 BBy R A, PR
NEREEE, 2 ASPH. Yu SEBWT AL 23- 4

FEIEEE B ATHG N FXR 72T i 8 Rk, #li
Z: 5 IR IR VT BR & I 4H i (5 3 P450 1§ 7A1
(cytochrome P450 enzyme 7A1, CYP7A1) & HME
5. 23- LTS EE B R AR T IS TC MLEE
71 (total bileacid, TBA) f#& &, HInFE(EH TC
FTBA 1 E & UESE 23-ZBEETERE B il 22 fd e
U7 AR PE AR, 38 e JHE A v M 07 2% T 1)
JERARBE J, BETT T AR KF,  KIEHT AS 1)
ER . TERFAEA, 24 FXR #E T EREGER, &k
W R AR (small heterodimer partner,
SHP) HJZRIARIFIENBIT IR & R, FXR BUEHE
thim 7 (bile salt export pump, BESP), HiJfH
TR ) 3 3 A0 HE I, 25 R R[] 7 A 1 7, A 2%
¥ ASBS), Fu 5B RIN 23- AWt FEIERE B B0
G EL IR /N T IE FXR/BSEP 55, #E4 HTR[E B
B IR AN BR b HE . FEAASL, 23- L8
FEISEE B A2 L02 4 M i BRI 5 5, $En FXR
BSEP HI SHP {3534, 1EW] 23-LWtEERE B i
WOE IR0 /N BRAT FXR-SHP {5 5B Al FXR-
BSEP 15 5 4% 4G NS5 AR VR 5 ORI HE R P
I 2% AR FE K TR TR AS. BEAk, B 5T R IEES
AREA AT BEERL SIRTI-LXRa-ABCA1/i% 1 % 52 4
B 2RI (scavenger receptor class B typel, SR-BI)
T A R A ] e 1 e d, DRI IR BT UTAR, 2
¥ ApoE /I BRUSUM S5 i 50 Jok A B JE ANV Jis LA
BEMRIEDT AS AEFSY. sl FEEmE R & mT
et ApoE /) BRI 5 I AR IR LBt 2 s 3R
#¥ (heparan sulfate proteoglycans, HSPG) fJ3KiA,
HETT FARIMYS TC. LDL-C FIA/K B,
3.4 %5 VSMCs Ifge
VSMCs 52 AS R e 2 535, HiE

ox-LDL RS iS40 S R 2R~ Rk A 7w
HEGE . TR AR A, BB AS KR,
341 #0if| VSMCs #BHAL 24 VSMCs ZFJ
PR RS, 7] S8 VSMCs S AE TR 57
7, I VSMCs BB, RN VSMCs 7] A&,
L e B A R B A Oy B R Y, R AR AR Y

“CRILEAR” 91, XL [H BH A& TR LTS i W
R AR EE A FIE L 22 alpha (smooth
muscle 22 a, SM22a) HIFKIE, ] VSMCs F A%
b Wei ZEHIE T T ox-LDL 53 (1K B VSMCs
RIAVEACFLT B AIE TR, R ILEETE AR B e
JE TR ] p128 FEK N H] miR-5-21p, #I] T VSMCs
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MR AL, BHFURIL 23-AMEIERE B fe
I HOE SIRT1-LXRa Gl B 0] VSMCs AL
142, 24-Z WEFEVEERE A JEIEHE A0 AME S
P4 1/2 (extracellular signal-regulated kinases 1/2,
ERK1/2){5 5@ #% 1 SM22a {131k, #1] VSMCs
RIEFEALI,

3.4.2 0 VSMCs 3#54  VSMCs i FE 78 2 i idk
AS KRR ) — N EERK K. VSMCs H5H 5T
KPR AS BEHIE RS S st JU AL ) 32 2%
PRILANBST, A f 3 B e 10 i 24 e ) R AT A= 1,
T 48 A &) 1A 38 E O ) O T R 4 B R B R B
(Cyclin)D1 F1 Cyclin E #1471 [7] 15 K F P21 1 P27
LRIV, BFFLRRI, VS A R BT AT Dhd i
fleidt P21 Al P27 [FRIKIEMIHIH] ox-LDL 531K B
VSMCs FE5EM, SETEAAIAZ PR (proliferating cell
nuclear antigen, PCNA) JE4H I FE 135 M 8 ),
BT RN 24- LIS RE A I HIH] VSMCs Hi )
PCNA. Cyclin D1 1 Cyclin E [{)381%, LA et P21
P27 ik LABH IE VSMCs M G1 #iIid i 21 S #,
BT AH] ox-LDL 5 F IR VSMCs $5EMeT. 1
FESEWIE AR A T I A 9K R (angiotensin 1T,
AnglD) 753N BT LA 3G 58 . 3T iR
AL, RIAARSE I @ S ] miR-96 F
CyclinD1 HJERL, {2 p21 KL, ] VSMCs
HE . I e RS TE o AR A S5 R I R 22 B e ad
o ) 22 2 JFEB0E I R H (mitogen activated
protein kinase, MAPK) {55 i@, ] VSMCs
ROS. 5 % (malondialdehyde, MDA) [k,
$E 15 SOD &M, | VSMCs H4FH AN A AN I
21255 AEE 1 (heme oxygenase-1, HO-1) BT/ S
BMAREGH, £ MRS M RN, HACH
VIR By il 2 FLEI AS BA ORIE T,
Li S8 70 A B AT- 1 77 B AR S ME b0 ox-LDL
731 VSMCs 185, X5 HO-1 §J_ Al p38 £
K VEE A (p38 mitogen-activated protein
kinase, p38 MAPK) 4% #% 5% [ -F--xB (nuclear factor
kappa B, NF-xB) {& 5 ili%H XK.

343 ELVSMCsiE# H I T VSMCs
R A P9I R TRIBRE AL 2 AS B BRI Y 2R
N AS RAKESRE, MIIMER (extracellular
matrix, BCM) & X Pl #% () 5 22 A4 3 Jf [ B8,
MMP-2 F1 MMP-9 72 Ffiff ECM {1 5 55 52 F) i J5 <5
J&EK 1 (matrix metalloproteinase, MMPs). 7£ AS

IR AR B REF, /% ECM £Fi% VSMCs KA
Wit s iR =R, PR MMPs/ZH 2L TR 4B B A
fiiE ) #0175 X % ( tissue inhibitor of matrix
metalloproteinases, TIMPs) Fuf5i ™8 2k, Miff—
RN VSMCs (IG5 ST, it AS IKAER
J2 150, 2445 S IS 3 ik 41 3 6 R B 1 B g8 EL
i, KIS R S i d] MMP-2. MMP-9, %
i 4 JB B A B0 & 7 -1 tissue inhibitor of
metalloproteinases-1, TIMP-1) & [ )R IE K S 4
FF MMPs/TIMPs ~F#, il ox-LDL 531
VSMCs L%, 105 BN 53 — IO 7t 3 B S
ORI B 8 1) p128 BRI miR-5-21p,
MMM ox-LDL #5511 VSMCs [1iE#. 4k, Xue
SEWIE TR I 24- CBEAETERE A Rl ERK1/2 13
SIEFEL MMP-2 1 MMP-9 36k, 465
VSMCs LR ES . o — WA 70 KL 23- LTS
fZ B AEIE I #E SIRT1-LXRa i@ # i MMP-9
A MMP-2 [J5Rik, i ox-LDL %55 VSMCs [
TR, PERIE AR @S N miR-96 Al
MMP-2 [R5, it B-£5%5 5 A (epithelial-
cadherin, E-cadherin) )31k, #EM#H] Angllifs T
1) VSMCs iERH7, thabh, AT- T #EESZ A 4] ox-
LDL %51 VSMCs iE #1281,
35 HpFIm/NRGEFIRSE

MARTE 2 AS BIR PG —, 2 B 24
MBEHE 2L, N R FHSUREER, /MR I
ANBRCTE AR 0 BB TR A5 ) ECs AR T,
TE RSB B I A, 38 R O B 43 R A R T4
HE AL A0 M ) I R R SRR AT RS, R R
SN R A R A T 520 R s 0 ) i /) AR Ak A
BT E AS JRIT Hbro BFFL KB AT-IILHR ]
U46619 53 F M IML/MRE) RS ik 5iEk, 7]
e 2l i MAPK A PI3K-Akt 18 % & ¥4 1F H
F 131, AT-TRE 38 1 #01 PISK-Akt {55 5 3 ¢ 410 1] i
JE 5 5 00 /N BRI I /N B4, S N il /N A F
Bl R4, AT-1 X LPS 55 4K P9 A0 R S50 1f A A
&1 DIC BA R EH, s #IH] NF-«xB (55
PSR SO PR AR N AR R B, SRS AT
R, WO ERME, SRR, % TNF-
o FiEBS), 2 b, AT-I. II. IORES 0] /MR SR
. IEIEE R, BAPAS 1. Hi5-
FIAR 20 S HA R Biia AS e R pL) L
1 ik 1,
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Fig. 1 Mechanism of action of Alisma orientale-Atractylodes macrocephala herb pair and its active ingredients against AS
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Table 1 Mechanism of action of A. orientale-A. macrocephala herb pair and its active ingredients against AS
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OVX-ovariectomy; FFA-free fatty acids; VEC304-vascular endothelial cells; HepG2-human hepatocellular carcinoma cells; p-AMPK-phosphorylated adenylate-activated

protein kinase; IkBa-nuclear factor-kappa-B inhibitor alpha; CYP8B1-sterol 12a-hydroxylase; CDCA-chenodeoxycholic acid; Caco-2-human colon carcinoma cell line;
p21-cyclin-dependent kinase inhibitor; p27-cyclin-dependent kinase inhibitor; HUASMCs-human umbilical arterial smooth muscle cells; Ang-angiotensin; c-Myc-cellular-
myelocytomatosis oncogene; APTT-activated partial thromboplastin time; PT-prothrombin time; FDP-fibrinogen degradation products; p-PKA-phosphoprotein kinase A;
3T3-L1-adipocytes; ATGL-adipose triglyceride lipase; perilipin A; ALT-glutamic pyruvic transaminase; AST-glutamic oxaloacetic transaminase; ACADS-acyl-CoA
dehydrogenase; CPT-la-carnitine palmitoyltransferase-1a; CPT-1B-carnitine palmitoyltransferase-1p; UCP-1-uncoupling protein-1; ACSL-1-long-chain acyl-CoA

synthetase-1; NRF-1-nuclear respiratory factor-1; p-ACC-phosphorylated acetyl-CoA carboxylas;“1” means increase or enhance ““|” means decrease or reduce.
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