H14% 5% 1 B 2 4 o iR A A Vol. 14 No. 11
2023 4 6 J Journal of Food Safety and Quality Jun. , 2023

XN P EHE L R R q4EE Ledld ) g

(1. PO AR X 25 SR IR WE e Be, $IE%  850000; 2. KHAFAAL T4%Fe, K 300350;
3. Rl B E e S TR LA S E IR, REE 300384)

W E: KiERheum)EEFH(Polygonaceae) ZAFA BAKHY), &% B2 24 2 U Hlfe ) 12 M B2 22— ok
BRI B R RIS . S . BE2E . S WRTIE . BMASSRIOR TN S AE ) Be R WU 5if YT
e B I B I AR 1A 8 G LAY o AR SCERIR T R ¥ b R85 W B R i AR AR FH A AL, 22 S
SRR P AR FRIBLE DL I SR AR ZE A SR ARG MBS A T R G A . R Y 3 R I B AR T I K
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flavonoids and phenylbutazones in Rheum may be effective bioactive components in preventing or treating
hyperlipidemia and its complications. This review focused on main bioactive components of Rheum and their
mechanisms of hypolipidemic effects. For each bioactive component, this paper summarized an overview of the
experimental model, dosage, effects, and mechanisms, as well as the underlying chemical monomer structure. The
main hypolipidemic bioactive components in Rheum can be divided into 4 categories: Anthraquinones, stilbenes,
polysaccharides and others. The mechanisms of these components focus on effects such as inhibition of exogenous
lipid absorption and of endogenous lipid synthesis, regulation of lipid transport and metabolism, and of intestinal
flora to exert hypolipidemic effects. These mechanisms mainly involve important hypolipidemic targets of adenosine
(AMPK), (PPAR),
cholesterol-7a-hydroxylase (CYP7A1), sterol-regulatory element binding protein (SREBP), low-density lipoprotein

monophosphate-activated protein kinase peroxisome proliferator activated receptor

receptor (LDLR), ATP-binding cassette protein A1 (ABCA1), recombinant proprotein convertase subtilisin/kexin type
9 (PCSKD9), and niemann-pick type C1 Like 1 (NPC1L1). This review will provide new ideas, references and methods

for the study of hypolipidemic biological activity of Rheum, and provide theoretical and scientific basis for the

development of safe and effective hypolipidemic functional products.

KEY WORDS: Rheum; bioactive components; hypolipidemic; anthraquinones; stilbenes; mechanism of action
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JRAEIRYT R IR IUAE 97 Lk X455 975 25 T i s HE AR A
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TEIC, 67 B 25 A A TR B i o 0 LB 2
LR HepG2 4 g 28 A 1 A8 AR DFA7r A ¥ 80 i 2 A

OH (6] OH
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Fig.l Structural skeleton of anthraquinones in Rheum
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Sy RERRTE R, SR 200 0 53 A0 40 33 2k O 308 DA T AR 25 A
JH S AR, LA e AROHAR 3 - O B A R AT I ) B
(high performance liquid chromatography-quadrupole time-
of-flight mass spectrometry, HPLC-Q-TOF-MS )il % 5E 7%
FIRLSY, G5HRAESE 5 PR B RS o 1 HAT RSN R T
P, JRFA M RER . RER . Rl RERHEL
SRR AR R, T B R AT REARE A 25 R RIE A%
fig. eI, MISHRA S5UI7ER # ) £ B4R B rh 3 s %
FE T AFPERRATA Y, BIREW KR KH W -8-0-p-D-
EE e 46 % 1R B 2R -8-B-D- ML A A W 1, 7 = R R IR
/N SR R Rl LU 2 AR TC /R, R 5o ) e
MR TEHEFAPTAAATE P HAh, DRI R — Ry 2R
R R R Y KRN R ]
JIFRE R IR R 4R, B ML H TC TG \LDL-C il HDL-C
R KP4 ke R 3 B Il AR 1

DR T 2 T 1 2 o I A A A AT RE A B — i
PO MARE 250 Y IR S5 20880 — SRR A 98 45 R i /s AR

WBE(12.5 pmol/LY ) KB &K AR F K U (ezetimibe, —
v IR IR 24, 100 pmol/L)SE A5 R ] HepG2 44l
Xt JEL P P P AR, TR 7 Lk 3 I i A T i P2 A, A
KHE R G RG24 ot T % Fo A = B /N B i S 56 v
FH 10 mg/kg R F AL FE 5 /N B AT i 2 R L3 Hh i TC
A LDL-C 7K, 48 i S Ak B A WS Pk, FAP I A i
TN TEKE, HBURIET 10 mg/kg BIEARABITVER, I
H 5@ AR FE AP L, R R S S B ik
PR AR R A

MoK, AR AN RN S I 5T B 2R E B K R R 2 1Y
Rk IR 1 Y, LR v 39 ek BRI A A5 0 10 B A At 2 R
AN, —LERIF5E R BH = 70 Sk 1) BRI 1 o 2o % R
T AR BN, JTANG 2P oy @R MM SR R
iK% 8%}, 4t (Carassius auratus)IFLHLVRIRY] H A
BT e SRR, N RS I B, RIS
FIERE R e At A —E M EERIVER . H AT C 2nt
FERY R BB A R AR AR FE A An2e 1 FoR .

#1 FEERIEAMARE RS 1A A SZIE I FIHLHI
Table 1 Experimental assessment and mechanism of the hypolipidemic effect of anthraquinones
HERREIE W S FNE1E M SCik
PIERME, KME . KHE . TERFEHETLE N, KN TG &t
02, 1.0, 5.0, 25.0 L HepG2 4 !
KEEPEE, KR he/m CPOZAML st sty e 1e]
K. KEE. KB L NEUEN
80D A A B 200 me/ke kR R e TORIR R
-8-0-B-D-ML I W AR 1 R
1%?&&?%@%(;*5 j@i&?\; X HEPk Sprague-Dawley AR i HH & BEAI LDLC, 5% Him =
WR . RIEE . REBMKEE 150 mg/kg e B 7 HDLC AT [26]
) 1) — 4 R AR = A
AT L3 2 T g 14 JIEL R B, b 9
HepG2 4l
B 30 ymol/L @A pRop e 0
= s 0.08% 0.8% *ﬂ 8% _{Tz\ﬁ(Carassius Jﬂl{ﬁt*ﬁ“{m jlﬁﬁ*ﬂﬂﬁﬁﬂ@ﬁﬁ&i [25]
R A . auratus) TR, FHL R Rg D>
T TC. TG, LDL-C #1 HDL-C
A (9K, TR ML AT £
125, 0.25, 0.5 pg/ i I fh ’ 5
0.125. 0.25, 0.5 pg/ml. S R
1] 1L 487 v P 4T 26
100, 75, 50, 25. 12.5 ) T 3 S S A A AT A X
wmol/L HepG2 A U208 AL vty i [22]
FA I35 34 TC F1 LDL-C. RE £33
10, 30. 100 mg/kg Sprague-Dawley K il WA B2 T BRI EE L LR ) [23]
MUBE . 3% TG 1 TC 7K T i AR,
PN I7% HDL-C ¥ E W] B 7, B 1R
1.5 mg/kg C57/BL6J /N, FERERIIE 4141 PPARy i mRNA [27]
Fik K

40 mg/kg, 80 mg/kg

10 mg/kg

Huh-7/SRE-Luc 4tiJifi

BELIE TOREE RS I, BT mAg . JHE
TGHITC & i, B T 2 s,

SiR VNSRRI AN L E PN [28]
Ne FFEFIAR D414 H SREBP-1 Al
SREBP-2 mRNA /KB i F&A%

i SREBP-2 fty#% sitid 1, M4 fil

a4
AR AT T A

[29]
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BEZAEAY W SR [ e Sk

i IE AR K B 3% TG . TC I LDL-C

3T3-L1 40 Fnkfitt: Wistar

1 pmol/L 120, 40, 80 mg/kg

TR, AT U 180 AMPK SEIEH [30]

KR K BB S R
40 mg/kg It Sprague-Dawley K FEARILTE FOJHEIE TC, 8/ g 1D i FL [31]
4 U, DRI
40 pmol/L Huh-7 41 F‘fﬁ,ﬁﬂﬂﬂm TC. TG W&, Wl -4 [20]
ST i o A
’ 10 malk HEPE Sprague-Dawley e f IR BURTE  IBERI TG AP, SFdRE
mg/kg prag YRE yprcokor [32]
/0T N A £ SR €8 T 2 i Y
100 mg/kg C57BL/6T /ML KN, FFRE/NR AL TG, LDL-C /Ml [21]
23 W K
- 150 mg/kg ELWI/INER, FEAK{ATE . W%, TG, TC fl LDL-C [33]
i ZSIIMBE. TG, TC 3T, SIRTI
75, 150, 300mg/kg RHI/NR mRNA J% 2 (142 ik 2 Ham [34]
o TR SIRTI KA, MRS R ALHT
50, 100, 150mg/kg ek Sprague-Dawley K i IR L 52 [35]

T 8S BER Y JCME4E A 5 A (sterol-regulatory element binding protein, SREBP); VTER {5 B JH4Y[EF 1 (sirtuin 1, SIRT1),

1.2 EXKEY

R YL R O AR 2T A 5 T8
I RIRAE Z Bk &, BB . bisAfb, i, B
MRS . IS . GRAT . P 5K IR A R B A FR IO,
REFTE R, KPS P B I SR L
HEEWEMASER . 5 X5 B A AR Ath 77 4k B2 AH Hr,
M2 P AL BE AT B 2 PR S & 1 E (apolipoprotein E,
apoBE) LA R /N BR M3 A i TC. TG M LDL-C /K, &
FTHE HDL-C /KF, 3 HAHZURR ¥ TR (2 ]
DA 00 I TR R T A 2 sh DK R 5 4 80, &M 1 shlikota i
WEAEES peAh, I RIR I — R T 3 EEX A ARG
AR VE R . TIMMERS 25539 42 50 #1150 mg/d
MR R I 11 44 e e IR B AT T 3 30 d Y
HLUBUE 28 B9, 45 R s A 22 A i i 5 R T I 9 IR
J . IS . TG RN 2R 2 R 5 Bl A5 o i, RS
YNNI AW TR SR =Y (A

AL B 11 (3,5,37,4 - DU F2 3k B -37-0-p- 1) A Wi AT ) & it
B R TR AR s S PR U A R 2 —, BTk
fEA PO g 2% BRI AL B AT LA v L 11 R £
S0 /0N BUR 2 B0 Ik b A R T M T e AT M R
R TH s, AT LA O] ) 5 4 P B ) i R A 1 g 2
SEREAEA T e nT L, AL R DA Sk T o A A
FHHMRBIRIA BT . oAb, K@y b+ ki
TR R A L HIE S B R R, FE .
e RO AR 3 g i XU i T A Ry LSS TR 1
KEAF AR,

SRR, X SEERA A WL I 35 IR AE
R 2), HEYZ RN EPE T HPU A RE T A

B SR RE D, TR B PP B2 AL 5 W A e LA 165 7 5
PUEALBE I IS BR A th 2R RE T BOINC . BER B XS
B A W s e S A A S R i — 20 B, %261k
YRR AR L A SR BOR B R . H TS 28T R
BB AL S W R MR VR T AL A2 2 s

1.3 KEZHE
RPN LG 2 —, BARRMAS . B
B SR GE  PURLL . BURIE | Fh Bk BERE AL S /R ),
K LW N HIA T ROR AT AR T, FE R y7 f e
b A S AT BAT 12 R . WANG Z5B00F 58 1k
B 22X B0 O A A Ak R R m B A R 32 B KO A4 10
S, S5 EOR, ERBEZHEMIERT, Shikos R fb X
M TG. TC. LDL-C /K°F-H SR AR, & 2038 T s ikl
FERE TE I B I A A5 5 8 A B AR . Ak, G5 R
TN K 22 W 1A R TR 2 R A AR A DG A I 0 19 285
L4y N HALHI e TR 20T IR L e g X Z ik

AL RS

Jii 4 £ R

K2 BAREMARVE I AL T R i AL & W I AR
Fig.2 Basic structures of stilbenes that have hypolipidemic effect
and are found in Rheum
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Table 2 Experimental assessment and mechanism of the hypolipidemic effect of stilbenes
EXRLEY e SLEG Y [ eV Sk
B RS AR/ B3 H A9 TC. TG AITLDL-C 7k
0.02% apoE B fi /N -, & E T HDL-C KK, a3 P F (a @pgfs  [38)
AL BE B, XD = s bk E A R
/INERUBR 1D 2L rb 0 B HE B 2 2, I A A I ]
HEVE/NER
n 400 mg/kg M /N B AR AT B [45]
A W T IMENE RS, WD T AR R, R
o AR RSEL, Wb EAE [ B R, 4
200 mefkeg CSTBLI6 1/ T MBI BRI AN, BEESFEIE CYPTAL mRNA ik 4O
200, 400 mg/kg C57BL/6 J /N TR T RS BAIRHL, A I A2 4 A AR R Kk [47]
FEAR TP IR . PPN . TG, WRRAREH
2 ) 1A
150 mg/d A Je 55 1 (1 ) W T b o [39]
% TC. TG. LDL (& AL, FLmMER . Wk
125 mg/kg KK/Ay 2 BRIV 350 . R AR BR TG A AN N 2 BRGNS Bea ME [43]
— i 2R
HEHE Sprague-Dawley K QIR =35 it e i Y 2 (A B B i d B G
10 mg/kg T oprs o YO T R B R IS MK B A E  [44]
a (G ER A
FEAL KRB 50, 100, 200 umol/L Aﬁﬂﬁéiﬁm% 0034 200 B A g 5 R 5 R ) 3 [48]
— etk C57BL/6) F MG E S apoE /N BB Y Hh 32451 4 I S BE R D g "
L pmo apoE™ /N W5 2 BT A [41]
NESIE=X s . : = ) EAR 5
40 pmoliL HERE CSTBLIG /ML AR AR 08 Jr =X il DA /DN SR O 0 U 2 40 e ol [42]

B (RAS S BRI 1 AN TT AT 1

(farnesoid X receptor, FXR)/JFHE X Z4&(liver X receptor,
LXRs)f5 5, Setig i, w40 e .

5 IS A L, SRS HAT R . 43
T R AR P2 A A A S P AT TR A A S K
w20, RO ZRE. KR, SHEOS SRS
WNREY) . K e PRI T i K SRR s 2
EE L ORIE, RTINS AN . R R
BTRLAEoBE . BRAEME . THERml . MR | LRI RR S, It
Hb, K 8 OB 2 B RS 0 LE A BB 0 1l A
J& B R AR AT B 22 57 ) X nT g S BOR 2 b
R I N 1 A 22 576

1.4 XEHMEREMER S

Bk R K i M B BEBR TR R Ab, i & iR
A S B R TR JLZE KDY, WAk 4 Pt
F 011 Z 0T H A M Bt Bl K BLEAT VAT AR I
I MAH SRR AE A, R b FaxX Se s P e R i
T ARMR B LA A3 2 T WA gAY . A, AR
B RAE I A S2 86 o, — SRR R R W REIR M A
TFTHBE G4 5B, 25 BT & B 27 4 5 R Xt
/NEUMAE R TG M TC KA 25, AT 2
WFFE B R B A9 B R e VR F 0 A 2 b & P i 5
ALER N 3 FR

OH

OH
BRTR

LR
3 HAGEAFREM IS AR T RE R e G i R4

Fig.3 Basic structures of other compounds that have hypolipidemic
effect and are found in Rheum

Zi bRTIR, HRTCA —ERIPIIGE T RE
PRI B RERRAE L, R e RS AL S A AW
JAENIE, TYIRATAE —SER AR DR IR, 5] i P i 1Y
R i A1 P 0 T 20 M sl sh R LA TR S, T 0
KRR F TR RN R G AT A Fr il AT o IZh
ey b7 R B v g TECRR 2R 0y it DR o A A ] B i LA 3
[ EIRERR G TR, 53— 7 KBl . PR KB,
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RERRRUCH AL | R WESE | BRIy R
EY, AR SCRE S5 3 BUX AL G W RO R LR R 47
TE—REZE 5w, 1 H AT 5 B s 83k Ao itboh,
TGP AR RN R Bz | A AR Rk L 25 45,
o 6 ] A R PR ) 1 R R ) A B T R IR D £
Ko I, A J5 NSRS 16 VY B 45 . TR
VA e K28 2R BRI S, Ko 2 ) e L R 7 P ) S B

2 KEIEMR T RIBEREHLH

L P L4389 g B A e — A AR il A, W
KRR A MR R o AT, WFFEE — A SRR
W, A N DRPERR S . SRR B 0 s A
TET AR AT R 0 T P B 4 e B R LR O v, IR T s
T = AR AR BB T B B T QO ) W9 S 2
A L P ) s e L M S2 A R O ]
bR | R A T AL

2.1 HPHISNIR I BE SR

L ] 2 O A2 AL B AR o ) B R U, 7 T 40 i
ME W EEafrp Rk g —ILy C1 BERED 1
(niemann-pick type C1 Like 1, NPCI1L1)/ 45 i [ H g ik
LA O B ST R, g R [ R S e A
R LDL-C /KPP, Ak i i MUY . MENG
A2 PR [ WS4 Yot Filipin, 76 HepG2 1 U208
AR Z ENPCIL1 Fib B 22 ) e ] TR R HA
il NPCIL1 AR RSz MR RE S), IF B 73l 2 scss
8 e ] LU S se PR E ] T ix — il 7
2.2 HIEIRIREMEBE A R

5§ PR U456 25 F (sterol-regulatory element binding
protein, SREBP)5 3-3#23L-3-H L3 —BEAHEE A 8 )5
(3-hydroxy-3-methylglutaryl coenzyme A reductase, HMGCR)
265 5 Ay L T ) AR R [ 100 B g R, K
ORGP T 23 T 8 SREBP-2 RPN AR IX,
AR A B2, AN, K EE A T DL [
{& HMGCR 7K, b iFMK% I8 & [ 3 4 (low-density
lipoprotein receptor, LDLR), ATP #5&&45i2K Al (ATP-
binding cassette protein Al, ABCA1)LI M ATP 454 &kkia
G1 (ATP-binding cassette protein G1, ABCG1)Fik/KF,
4 L A A

[ i), SREBP (% 3 ik 52 i 1 W2 % 1k 2 1 G
(adenosine monophosphate-activated protein kinase, AMPK)
AT AMPK B IA A 2 40 Hh A 3 2 Al
RN S B 5 2R YT S, dERERE T . AR A
RMEEAL . ST B R, ISR AMPK @i ]
ARSIk, 1 SREBP-1, B/ g F 4 o7,
TZENG 45 PO 52 o 28 0] U o #00%  AMPK, 1)

SREBP-1 8 F % ik, I 5 B0 005 AR ot 5% R i 1
(carnitine palmitoyltransferasel, CPT-1) i . Z Bt4iME A &
Ak 1 (acetyl-CoA carboxylase, ACC)HINg N5 R & i i (fatty
acid synthetase, FAS)¥% EiG A%, MBI/ IR & B, 1
TR NIRR A, SR, KB AMPK A& E]IE
MIVETEVER . S RALAR L, /N RN R R T AT A AU i =
JRIKE S50 AMPKo BEIRIE AN SIRT MFAFRMIE, 2o es
BRSSO IE AN S RER
2.3 IR RE BRAER I AR

B I o3 AR S R — T v R 3 R R AR T 2R 0 1 i I
ENS PR P, o S PR A0 M e S ke g AR U iR
[T BT L1 BB T A A Sy 2 T 2 ik ok A R 25O L AR 1Y)
— R A AR T YR E RSN B B RS, B
W 240 i Py 2 AU K R [, 8090 VR A0 B 4 T 7
LIU 2535 DAk R 3 v B335 1 43 Rl LA 30 2ok 805 L T
BEIE R A0 A 4053 fE TR 36 (cluster of differentiation 36,
CD36). ABCAL. ABCGI a{—2Z 5 g B iy 5 Bl anid
S AE Py i 1A% 18 5 ) U T 37 K (peroxisome  proliferator
activated receptor, PPAR), SREBPs., LXRs. JE/ifR4: &
% M (fatty acid-binding protein, FABPs){e /b g /i (1 1 2,
B FIG 97 sh kR FERE AL . A, IR [E S -7o- Y2 AL
(cholesterol-7a-hydroxylase, CYP7A1) 214k 3%y fiF ik A
[#6] LA A R T R P Rt U4 . CHEN 25191 % Iy
AN AN CSTBL/6) /N E CYPTAL (3
ik, BRI - TC A1 LDL-C M . 5 M BEXA,
REFE WAL IE CYPTAL L, I [ EE4% 4k
AR AR

AR A FEALEE AL B4 B & 9 (recombinant proprotein
convertase subtilisin/kexin type 9, PCSK9)J2& g Fi i 15 15}
P B 5 5 PCSKO AT LU St b 4% 45 JIT 4 Jf 2 T 114
LDLR, ‘3#{LDLR [H&EHARE AR, B | &b 2H
ZUy LDL-C /KP4t SU A5USIE # 7 f AR K B
HhOR B 2SR R AT SREBP-2 -4 i % 1A ¥
(hepatocyte nuclear factor-la, HNF-1a)/™ 509 PCSK9 {55
%%, ¥l55 PCSK9 FEHY LDLR /KF FFF, Mife ik
LDL-C £, B 25 K8 2 i 7 i i PCSK9/LDLR i i
PH5 g B

PPARy J&—FBC A A2 5% S IR, A6 79 4 26 o
Fads . MR CU R AR 7 40 i oAk rh R Se e FR U7 K E R
MR B R B Rei it PPARy R ¥R M ASSOT, (AA4E A Jr =20
25 . ZHANG 25PN /NS RE TR & B . %k
FRR WG TE A R B IR RB W, BRI KRG 1T
PPARy (155 5 L AL IR (FAS . ACC Fl CD36)#Kik, %
B E R v REFE R PPARy MFEHTARI B Mg B A 25l . A1
JZ, XUE ZEPREge & BR # 3R IR 48 T /NRUF I
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PPARy R4 R FE/KE, HR /N2 T A 05 40 e A 44T
Z Il FABPs %63 PPARy JA#: 1 T F 19 mRNA Fibk
Vo EREEREY, @it [F—ig S 5IR RN 2 g
PR A, TEERMLE BT Re A 25, Bk, K#iEL
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