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Figure 1 The structure of berberine
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R /NBERRI R AR FEAL £ 2 . 1) B
25 R 11 521K (1ow density lipoprotein receptor,
LDLR) # %, 3 5 B 4 6F IR % 2 IR 2 1 (low
density lipoprotein, LDL) )75 BR g /10 ;2) BT
T TR R 384 7% 25 1 94 ¥ ( AMP-activated protein
kinase , AMPK ) {53 % , 41 il JFFFUE g i 5 1!
3) 4 A 7 48 At oAk, 820 B 1D 2H 2R E I AT AR
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£ R A= 9 A1) B I A e B, FR 1 LI PR
Mo RT3 E/ NEERR R REARRBOR , BIFFE & T 5E
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MRS A T R . A SCYEE A R G NEETR Y
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TERRAGG/ NEE A W W B RR AL, T &
B AL KRR 245 ) B A T AR 2 AT A S
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AL Nt
o IlI\Cl
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1

O

HO | NN
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! OCH;

2

1 NEERB SRS R BERE TS 1

1.1 3H/NEER A FREIE

TERTAHM 22 10, LDLR 92635 8345 B A 1L
T LDLC AY-F-HRRAS , 4 LDL RERSHE A [
5k e i 2 R R B SR AR S TN B e
g B3 LIFIFAE+ LDLR B3Rk, HES &N
FEAR E RGP s 1 2 L JNBERR A IR L AFAE
H AU, Song TRARR T A 35 C2 Fl
C-3 o7 HUAR 3 19 A8 b X /I B 1 28 9 98 P 1 52
W20 RS IR 2 R A T &A1 H
ik a9 3a ~3e, AWIEHTRGE R BN, T A
AiAEHIT LDLR 235 MY M 578 4055 (£ 1) .
X—25 LRI X /NEERR A 3 C2 il C-3 il AT
SERIIEM , 2234 5 58 4 11 55 HE X LDLR &3k 1)
VAR, H ST R, C-2 A C-3 LAY E
SR/ INBERS I LDLR 235 1 G B 45 4358 43
NG

Reagents and conditions:a) phloroglucinol ,60% H,SO,,90 -95 C; b) RX,NaOH,CH,OH, reflux.

Figure 2 Synthetic route to compounds 3a —3e

Table 1 The structures and activities on LDLR expression of compounds 3a —3e

Compd. R' R’ X LDLR mRNA*/(5.0 pg-mL™")
3a OH OCH, I 1.0£0.1
3b OH OC,H, Br 0.9+0.1
3¢ OCH, OCH, I 0.8 0.1
3d 0O-n-C;H, 0O-n-C,H, Br 0.9+0.1
3e OCH, Ph OCH, Ph Br 1.0+0.1
berberine - - - 2.2+0.3

a:The level of LDLR mRNA in cells of the untreated group was defined as 1.

FRAE A 35 L T 4589181, Song IR 1 —
BT A FH D R FES BT %S
DA RIS R 28 HH A 1 JORk, #e BRIRT 3
el A R BU NG =R IR YIRS 2 S 7 N
RAPARIE, HIRE T 12 1> A B F D HAE
MR/ NBERAT A= 0 (9) o At 73 BT R W] X R
FITTEEDI R A FRBUEE 5/NBERS 22 55 102, 1T D
PRIUOR B 2 /N BERR S A= Pk C-9 A3 T C-10 57 Y

F A 3nl C-10 7 A1 C-11 7 Y H 4 kBl C-10 137
FRIEGEAAAE . ARG PE I E 25 R R ], A
P AR B R I A W% LDLR Rk )
PAAE I TR, 245 R SRR R — A B
MBS —3, EAE RN, PG Wor
FC PN 5 22 B8 ( thalifendine, K] 4) [ A SR8 W
F AR5 H, H D 35| 9-FAR LA 10- 585
MY A | 9% LDLR mRNA 4 %% 5% K %, 54 hn
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LDLR % [H %3k, if fE b I % 5 & Z K (insulin
receptor, InsR) mRNA 1) 15 &, $#£ 5 InsR FE [H
e, AN LEY 10(& 4) BR A BRI H
TR ISR (G I 27 R 3-SR A U
FRAEM , [FRE R LDLR 1 InsR (9 5L PR 33k 7K
F, 10 wg-mL '¥E T ,LDLR mRNA X} ik
M (1.5 £0.2), InsR mRNA # X} £ ik & K
(1.7+£0.1),

JEEEEGEH , Song IRARALAT R HIE 3 i &
BB Z LT T 14 /130 /N B el i {1 /) B i
A, I RGN E T % R ATE WS AMPK
A LDLR 3% [N Rk M3 vE™  T6EF
MaE R BN, SRR SR —3, A ek a
BERAT A YL e e, A R REE T

FH A R 1 B/ BE B ( pseudoberberine , K] 4) | 1)
LDLR FEFFRIAMIEHE T/ NI, 7€ 10 pmol - L™
WeRET , Wi# HY LDLR mRNA A% ik 4351 4
(3.23 £0.50) F1(2.35 £0.30) . [a] i, {5 /)N 5 B
GNP TR @R R B R S = W @
AMPK {55 5 [, L 300E 1% M 5 /0 BE B i
(10 pmol -L ™" ¥EER , PIF I T25 X RELL Y
p-AMPKa/AMPKa L {8 43 51 7+ 55 2] 2.6 1% Fil
3.2 M%) o FET LIRTE AR B/INEER AT LLAE K
2 A AW, T IS SR AR RV K
PLHIAESE .

LA IR A SR AT A 4510 /N B A IR
RSP FP A L A A B MR T P ) 0 i R AT XoF
T2 A AT Ok 38 2 I 55 2 e e RN TE P

O
A H R20 (ﬁ/\/NOZ R20 (ﬁ/\/NHz
a - —_
HO—: \ — K,\’ X —»b K&\/ |
X R R
4 5 6
(6]
H
~ 20
c ’ R! Z L R3
\ 1
8

Reagents and conditions:a) i. BnBr,K,CO,,DMF,4 h; ii. CH;NO, ,CH,;NH, ,MeOH,4 h; b) i. NaBH,,1,4-dioxane,
reflux,2 h; ii. Zn,HCl; ¢) i. 100 C,8 h; ii. NaBH, ,MeOH, reflux,5 h; d) i. glyoxal,formic acid,CuSO, ,HCI1,100 C,5 h;

ii. MeOH/H, 0, Ca0,,r. t.,2 h; iii. MeOH/HCI, r. t.,0. 5 h.

Figure 3 Synthetic route to berberine derivative 9

thalifendine

OCH,
pseudoberberine

Figure 4 The structures of thalifendine ,compound 10 and pseudoberberine

1.2 XH/NEERE C TR 1ELH

Xf/INBERR C IR E AT 25 F0 8 1 8 S i3 L R
JE TS P R RN . Li IR X NBERR C B
C-8 i FF b A B I 5%, BT & B T — &5
C-8 Nl dor HE A G /INBEBATT A 9 (13, R Wiy
BRAE R BN 10 ~ 20 M, 81 5) P80 PRAME R TS
PEVEA 45 R B C-8 IS4k K BE Al 34 m
ZER A Y B A L R

(hydroxy methylglutaryl coenzyme A reductase,
HMGR ) FHI i 3 4 32 i 49 56, W] 1) LD, .35 7
o Ho b &% 13a 16, 7£ 8 wmol - L ™' ¥k
JE T X HMGR RYI 3Rk (42.7 £2.7) % , B3
DL T BHEXS IR 2538 FRABTT #Y (20.2 £1.4) % . {H
B W R R AUTE S 165 YT HMGR
TS PR RR B A B T R, Sh iR N R
THPEER SRR R VAT AR W I REA R e
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VAT R IR A AL S i i Ag K-, Hoh b B Y
13a IR N RS 1 PEAT B AL, 76 15 mg-kg ~'-d ™!
FH R, HF% TG #1 LDLC f9%R5 4 mg-kg +d ™'
FEE ¥ FR A VT AR XS, AT RI R Zh ) TG /K FA
SELE(1.58 £0.39) mmol-L ™", LDLC /K F-Fa 5

7E(2.02 £0.44) mmol -L~', A4, LAY 13a
AT LAAE 52 DR 300 v g v L T B £ 15 () AR 7Y
SRS . UL, LG 13a B4 T & T
RIRENR 2500 77

b <(()) O

JE—

Br
o

. OCH;
OCH;

12

Reagents and conditions;a) RMgBr,THF,N,; b) Br,,AcOH,reflux; c) AgCl,MeOH.

Figure 5 Synthetic route to 8-alkyl berberine derivatives

Brxr A S TE5 B4, Song PR [F]
TFRE T Rp/INBERS C 3R N-7 v F C-13 f 194515
WERFFE ) AL LG A /)N B el i A1 /) BE i
FIE AW, o AR R 6 FT s A % 26 i
HHT 9 A N-T A U/ INBERAT A9 (16 ) J2 10
ASHTRL/NEEG 1382 3640749 (18) . LDLR 3%

CI

—

15

NP IS TEPE 25 3R, BT N-7 67 B C-13 £
A AT A 00 1 36 P ) S KT X 1 1) S e
W, AR N7 7 U BETE 1 i 2 ]
PEBARE/ N, Y 2B A S W ()T TR 254, 1T R
HOLFENRTEE N e, L, 7E/NEERE C 34 N-7 {7
ol C-13 5| AfEr 73k ¥4 SEEIR TR NI,

g R! —b>
OCHj;

dore

OCH;4 OCH;4

Reagents and conditions:a) NaBH, ,K,CO,,80% EtOH,reflux; b) RX,K,CO,,CH,CN,reflux; ¢) NaBH,,K,CO,,
MeOH,r. t. ; d) RCHO,AcOH,80% EtOH,85 -95 C; e) PhCH,Br,Nal,CH,CN, . t.,reflux, NBS.
Figure 6 Synthetic routes to N-7 and C-13 substituted berberine derivatives

Hu PR B8 /B g S — 20/ N BE s ) )
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2, g fr/NEER C PR C-8 i 5] AGE FLAE K Y
Ktk , U BT — U NBE I 7 A Al AR, I
BHUT 8, 8- K /N B A R T

(22) ) IR . O T TR KR T
FRAE S A WA H B 2 AR T, AN i RE AT S0 25
RN G Y 22a 19 A4 YA TR FAS E MR Y 2
FINT I RE Y/ N BN — A /NEERR, 7E SD
KEWAANTL T LG 22a L1 10 mg-kg ™' (5]
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A ZGRE, YR IA 10. 03% i T AU
BERH 20 mg - kg ' I E T 2.65% AR HE
LA A BRL i 2 v A A T 2] /) B ik 2 — S/ BE
i, 150 B A 1l 3R PR s vh A AR e . B
TSR I AL A 22a FEH B T S RIS

e
o I N

O OCH; —
OCH,
1
CI10
R
o) N
_°cy | R 4o
O OCH3
OCH,
21

AN, AT e A R B R IR K R 2L TG
FE 7£50 mg-kg '-d ' EELL L HE )G,
AR K FZH Y TG K V- F#A% 38% , 1Mo 4
SENARSEAR IR (AR A A R | e s 1L
SiE ) BIETT BRAE T B A SR -5 25 R 1)

22a: R= CH
<O & I; 22: R=C Ii
OCH;4 : 2
O 22¢: R= C3H,
OCH,4
22

Reagents and conditions:a) 20% KOH; b) POCI,; ¢) RMgCl; d) HCI/EtOAc.

Figure 7 Synthetic route to 8,8-dialkyl berberine derivatives

Xiao WHEIZHFEFFJ/NEERE D ¥4 C-9 (i 2541
W AR ARSI T 3 4 C BRI/ NS
PR 19 23 24 (&1 8) P IZ IR DL 3T3L A5
YA HepG2 R AN N IEM AR RGEME T 3
Rk & W 1E 5 TC, TG . LDLC 7K 3 DL K Tt i
HDLC /KEr mifiG T, PEEs R s kA9 24
(IR AR /N 35 4 5 . 7610 pumol -L ™!
WEER IZAGE Y AT 25 A% 3T3L 4H L F1 HepG2
AL TC K-, I 28530038 78% F140% ., It
A, HaA GER#AIK 3T3L 4PN LDLC )7 & (4
H38% ) , 3Tt HepG2 4ifdr HDLC & & (J+

HRT9% ) o (ERERERE, BT 3 4> C BT
AR AR TG KP4 JCW] A AR —
SUNEERSAT AR LG 24 JRBLI RLAF R
81, MR 3 A AL (EAS i — 2D 5T

i LIRWTITA R nT A 2598 . /NBER C 2R
N-7 57 2 Bl AR FIREAZ U A B 2% 1) F T 45 44 2
MR NS TR LT A E R . 18 C8 g A
AR PRI (4 3 23 S AL I /N BERATT 2R 40, W] 3
A A A R P R e R P, T C-13 7
FIABERE IR, 2 FEAR N-7 37 F= 5 1) L 170
P, TS BRI 1 T e

Reagents and conditions: a) DMSO, NaOH,50 - 60 C,12 h; b) 5 mol - L ™' NaOH aqueous solution, acetone,?2 h;

¢) NaBH, ,pyridine,2 h.

Figure 8 Synthetic routes to compounds 19,23 and 24
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1.3 XP/NEERE D IARI1E1H

INBERSI) D IR 2 R i 0 A8 i 1) DG B
A WFSE R, K D B C9 i BN R, TR N
— ARG CWEE T, TR S A
B, DA SR CsE B A% 10 A 9 R R O 4 v ARk
SR, T I, Nechepurenko %°' %} C R 74
B E R B IS, % D 3 C9 i fil C-12
AT T S5 A AT A A, I 3R ARk A 4 25 ~ 30
(K19), IRINFMENRTEHEEM 45 R R, C ik

O | + 1
O ’

OCH;

JEAUEA Y 26 F129 i HepG2 41/l LDLR mR-
NA FikAYRE S UL T X R A C S5 A &4 25
27,7620 pg-mL "VWKE T, KA LIEE S
B 1.2(25) 2.1(26) .1.0(27) .2.8(29) . It
G AW 30 F 26 1 R G T P A O g AR
100 mg-kg ~'-d "' FELSLL ) 4 K, 0] 4 HIH
Triton WR1339 55 1 = B IL5E K B TC 7K1 %
fi$ 33% 1 27% , TG K-NF-F&AK 25% #126% , H [
B 25 R & B4 T W TE A e L 590

CIY

LI OCH,4
Br ‘ OCH;
26

<o

0 l{‘J\X
OR
OCH,

lb
I I
0 N ) 0 N 0, .0
SO Sis!
OCH; OCH; CH,
29 30

Reagents and conditions:a) Br,, AcOH,120 C; b) NaBH,,MeOH,r. t. ; ¢) 30 mmHg,190 C,15 min; d) p-TsCl,

NEt,,CH,Cl, ,r. t. .

Figure 9 Synthetic routes to compounds 25 —30

Song IRLIFE T M/INEESR A FRFI C IRLEH
BRI 1R L E— 2L JF & T /NBERS D PR HL
RILMBHERTFIE ™ Z IR R 10 B
B L, AT 19 4~ D 3 C9 ~ C-12 fii i AN
[Fil ot S 5L AR A /N BE B AT A2 4 (37) ol 3 A A
TWHYEVEN % 5 T % R 51k A Y%t LDLR 3R %
KA BRIV, 25 R R0, D PR EA A A
FREEH RAT A P R B AR A 7 v . Ho B
BERF ) LDLR JE R R IK R M i, 20 R /N B
BlAY 1.6 £, %EE RS IR T g 45 e —
B, BER BN TT LAAE R VA 4 B N Ao 1k Ak A
YA T — 2 1 S SE R 5T

IAh I R IR IR 3 TR A iR 4R 7E /N

BER, D 25 C9 ~ C-12 i LB A & LR FE
HRE, G T —RIMLEY (£ 2)  JFE TR IE
SEG %57 HON HepG2 41 ifd LDLR mRNA Eik
(s> SRR BT A LA % LDLR mR-
NA LITEHEST/NEE, 256 bR DL KT
SR BT T, C-9 1 C-10 o WU 48 L HUAR
ol C-10 11 C-11 3 X H AR AR 2 AR/ N BE R A
1A% LDLR b 836 7 i 0 75 25 M B iE 1 —
2 5% R NG W RN N BE AR 0 A ke
AMPK By GG, S5 R B A &P
AMPK (S TGP 55 T /NEEO . 27 13RI, %
D FRHEAT fA] B A0 B R B T 4 i/ NEE AT A
YIRS Pk
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<o:©/VN\ 0 N
R RC |
X N
33 34
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HCO; - -
_°, 0 N2 4 0 NOH -« .0 N
| | orf,d, e |
S A S
| IR | IR | TR
= > =
35 36 37

Reagents and conditions:a) 100 C,8 h; b) NaBH, ,MeOH, reflux,5 h; c¢) glyoxal, formic acid,CuSO, ,HCI,100 C,
5 h; d) MeOH,H,0,Ca0,r. t.,2 h; e) EtOH,HCl,r. t.,0. 5 h; f) DMF,K,CO, ,RBr,r. t.,2 h.
Figure 10 Synthetic route to C-9 — C-12 alkoxy groups substituted berberine derivatives

Table 2 The structures of compounds 38a — 38f

Compd. R! R? R’ R
38a H OCH, OC, H; H
38b H -OCH, O- H
38c Cl OCH, OCH, H
38d Cl OCH, H H
38e F OCH, H H
38f OH OCH, H Br

ANBERRZE I ek A 7 A DU AR
W8, 3 e INBE LT (27 ) 55 TG A B
T R/ NEERE (2) IR, RSN 4
SRR e Bk AR ™ Y, 27 F i LDLR
mRNA Ik HIE PR o BT S NEEd o 4
EALE Y 27 WSE N AAE YR, Song TR
HUAH AR IR IE 11 FER A N4 76 D 31
C-9 AT IR AL Bk AT, BT I 6 T 2
HIZSATAEY) (39,40) , JF#EAT T &R 40 i B0 it
FIERVEY LG A Hodr, C-9 i M
FRTR AL A1 39a I IS A BB 7K 43 i 2R B0FN
MK R A R A a2y 8, SD
KR I BERR I T S2 30 45 R R W A5 39a 16
100 mg-kg ~'-d ™'l T iELL4G 245 28 K4 TC i
LDLC YRR 533K 35. 8% 1 45. 5% , 5 /N5

BRAHY R, 2 AR R iZ AL A Xt
R DIRETC I R8540, HA R4 i A N 22 4
Mo 2 b ATy ieit SR RE it /N BE R A Y 2
YISl J 2 RS s AR R I, TR
Byt — L ARA/NBER S 25 W B AR TG PR 3t 1
AR A RS ST 1A

PR AN BT P 2GS T T A W 2R R
FHBECh 254, H 32 225580 5 o3 531 Dhg /1N BRE i A
%2 (baicalein) , BFFEIESE, —F KGN IS, 7]
NG NI (N A 7 7 SR = R g
SR BT MG, Hao 4570 44
P12 7R iU 2R TE/NSERR ) C-O (37 I R 4R
ESIANRIWIEEE 5 , @ 2B 5SS R
TAEER, A T A e S 42, AW
PR S5 R R LAY 42 X 3T3-L1 Jig 17 240
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48 5/ 3 A B 00 S 3 A T TR o B e o B /N B
B BTSSR, =8 1Y 1C,, B2 (9. 42 £0.60) |
(21.84 +1.67) F1(29.81 £0.90) wmol-L~', £

WA IR ) BA S 5 BRI 1 I oE 4l
o 25 2555 R A I R A AL B 5 E LA R R 2
A BARARTT A AR T 28 0 R RN 5 7%

Reagents and conditions; a) 4 000 - 5 000 Pa, 195 - 210 C, 15 min; b) RCOCI, pyridine, CH,CN, reflux, 4 h;

¢) RCOOCH,1,K,CO,,CH,CN,60 C,5 h.

Figure 11 Synthetic routes to compounds 39 and 40

o

HO
OH O
baicalein

b

Reagents and conditions:a) 1,6-dibromoethane, DMF, microwave irradiation (400 W) , reflux, 15 min, or acetonitrile,
86 C,1 h; b) DMF,EN,reflux , microwave irradiation(240 W) ,10 min.
Figure 12 Synthetic route to compound 42

KRR BT B, Xiao R4 VL BA
E BERRFRE A& WIAE B 1 e B, X/ INBE BRI
CO (A TE BN, 5 LT 10 ASH R BERR i
Yy (43, & 13) 7, IF 3 T 3T3L A5 7 40 fig Fn
HepG2 F 40 T M #5580 5 52 T H bk & W ¢
%Ik TC TG .LDLC L) K Tt = HDLC J5 T A 4EH
B, SRR, ZHE LS YL A BEIR TS
PEOLT/NBEm, Horb {65 ¥ 43a 43b 5P RAL
f£ 10 wmol - L™" ¥R £ F, 43a X 3T3L 4f ig #1
HepG2 #fififl TC il #5351k 67% F1 53% , TG

IR A>3 4 20% F1 70% |, [5) I % HepG2 41 fifl
() LDLC #1| %84 34% ,HDLC F} 5 % H 64% .,
43b X 3T3L 4 HI HepG2 41l TC #1451 %43 51
H 85% F139% , TG Ml 253510 5% F 73% ,%F
3T3L 4fiffl HDLC F+m %8 50% , %F HepG2 #iffl
() LDLC | #2 4 58% ,HDLC J} & % H 34% .
R AE R, S 9-0- P REBE IS5 FY G /N
BRI RILERE s 25 W) & i B K 8 07,
T B AR /INEER S R G 245 0 B AL T 8T A5 O
lia] 5 4 T A
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Figure 13 The structures of compounds 43a and 43b

Xiao PR 4> W ¥ BRI 14 .15 B & i %
2R BRI T — R 7, 9- il k3L B 4
SUNEEREATAE Y (47) D7 A 7B R L ECC % Y
/EVJ EERRATAE W (49) , X EIRTIA RAME A Y

TTIRSNERR WG PETE A, 25 R 3R W 7F 3T3-L1 iR
Hﬁéﬂiﬂ@%ﬂ HepG2 A& 40,7 , 9-RUf ik 3 B A
T HE A i 88 R 00 0 3 0L T 7 - B T 5 AR A

¢

NH2

OCH3

46

Cl
| B
O NH OCH,
OCH,

W, T 9- XU Y b A ) 47a £
AR BE AR R, 7 10 wmol - LY EE R, X%
TC B4 ] 2R 48 1 60% , XF TG 041 1§ 2 4 i
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Figure 15 Synthetic route to 7-sulfonyl tetrahydroberberine derivatives
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Figure 17 Synthetic routes to compounds 55 and 56
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Figure 18 SAR analysis of lipid-lowering effects of berberine derivatives
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Progress on the structural modification of berberine and the
plasma lipids-lowering effects of its derivatives

YIN Mengxuan' ,XIAO Guizhi* ,ZHAO Xiangxiang' ,DENG Yanru'* ,MOU Jiajia'
(1. School of Chinese Materia Medica ,Tianjin University of Traditional
Chinese Medicine , Tianjin 301617 , China;
2. Tianjin Institute of Pharmaceutical Research Co.,Ltd., Tianjin 300301 , China)

Abstract ; Hyperlipidemia is a highly prevalent metabolic disease in modern society. Its clinical treatment
mainly relies on statins and lipid-lowering traditional Chinese medicine. Berberine, as a naturally occurring
quaternary ammonium isoquinoline alkaloid,has shown promising application potential in the lipid-lowering
field in recent years. However, the poor water solubility and low bioavailability limit its clinical translation
and application. Therefore, researchers used diversified structural modification methods to optimize the
structure of berberine, in order to enhance its lipid-lowering effect. This review systematically summarized
the structural modification methods of berberine, the lipid-lowering effects of its derivatives, and the
corresponding structure-activity relationship, aiming to provide theoretical reference and practical guidance

for the development of new lipid-lowering drugs with berberine scaffold.
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