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Berberine and Its Lipophilic Derivatives Inhibit Proliferation, Migration and Invasion of
Malignant Glioma Cé6 Cells

FU Sheng-nan', ZHANG Guo-guang', TUO Jue', YANG Xiao-xiao®>, ZHU Wen-bo?,
YAN Guang-mei*, HU Hai-yan'*
(1. School of Pharmaceutical Science /R & D Center of Pharmaceutics, Sun Yat-sen University, Guangzhou 510006, China; 2.
Department of Pharmacology , Zhongshan School of Medicine, Sun Yat-Sen University, Guangzhou 510089, China)

Abstract; [ Objective] To evaluate the effect of berberine and its lipophilic derivatives on proliferation, migration and invasion of
rat C6 glioma cells. [Methods] Four berberine derivatives, 9-O-dodecyl-berberine (B3), 9-O-cetyl-berberine (B4), 9-O-octadecyl-
berberine (B5), and 9-O-benzyl-berberine (B6) were synthesized and confirmed by 'H NMR, “C NMR, and ESI-MS. The effect of
the derivatives at various concentrations on proliferative capability of C6 cells was detected by MTT method after treated for 24 h, 48
h, and 72 h. Effect on migrating capability was evaluated with the wound scratch and transwell migration assays. Effect on invasiveness
was investigated with transwell invasion assays. [ Results] Compared with the control and berberine itself, berberine derivatives could
significantly inhibit the proliferation of C6 glioma cells (P < 0.05), among which B3 shows the strongest action. Compared with the
control, both berberine and its derivatives could obviously suppress the migration and invasion of C6 cells, supported by wound-
scratch, transwell migration and invasion assays (P < 0.05), among which B3 and B4 are the strongest ones. [ Conclusion] Lipophilic
berberine derivatives could effectively restrain the proliferation, migration and invasion of C6 glioma cells, which provided a novel
strategy for the malignant glioma therapy.
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SEE R 5 JRE (malignant glioma ) & HAX # 48 &
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Sigma 2\ T 3 S5 HIK Ry 4K R B BT Co 4
MLk A 3£ [E ATCC 40 /% . Millicell Cell Culture
Inserts (8.0 wm PET) SR 3&[E Millipore 23 &) 7= i o
Avance™ 400 MHz #% # 3L R 1% L 4 35 [ Bruker 2%
F R OB 3 H TS X UPLC-MS/
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(0.0269 mol), 7E N, L4 190 C i 24 f#% 5 h,
BENZE I, IR 50 mL 506, AH40 (0 Ak 7.48 g,
F=# 87% ., 'H NMR (400 MHz, CD;OD) &: 3.05-
3.14 (t, J = 6.3 Hz, 2H), 3.86 (s, 3H), 4.52—
4.62 (t, J=6.3 Hz, 2H), 6.02 (s, 2H), 6.81 (s,
1H), 6.83 (d, J=8.3 Hz, 1H), 7.39 (s, 1H),
7.48 (d, J=8.2Hz, 1H), 7.96 (s, 1H), 9.22 (s,
1H); “C NMR (101 MHz, MeOD) &: 28.96,
55.53, 56.79, 103.25, 105.81, 108.17, 109.20,
119.63, 121.71, 122.90, 124.21, 130.66, 133.74,
135.54, 147.31, 149.47, 150.85, 151.11; ESI-MS
m/z: 322 [M+H]*,
1.3 /NEEESTAEY B3, B4, BS M1 B6 AR S
LFE
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Fig.1 Synthesis of berberine derivatives
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9-0-—F —hE E/NBERH (B3)'H NMR (400
MHz, DMSO) §: 0.85 (t, J=6.7 Hz, 3H), 1.39-
1.22 (m, 16H), 1.42-1.52 (m, 2H), 1.81-1.94
(m, 2H), 3.24 (1, J= 6.7 Hz, 2H), 4.05 (s,
3H), 4.28 (1, J=6.7 Hz, 2H), 491 (1, J= 6.7
Hz, 2H), 6.17 (s, 2H), 7.09 (s, 1H), 7.80 (s,
1H), 7.99 (d, J=9.1 Hz, 1H), 8.19 (d, J=9.1
Hz, 1H), 8.95 (s, 1H), 9.76 (s, 1H); C NMR
(101 MHz, DMSO) &. 13.87, 22.03, 25.21,
26.30, 28.65, 28.77, 28.97, 29.43, 31.23, 55.30,
57.00, 74.22, 102.03, 105.38, 108.35, 120.16,
120.37, 121.61, 123.26, 126.62, 130.58, 133.01,
137.36, 142.84, 145.20, 147.62, 149.76, 150.34;
ESI-MS m/z: 490 [M-Br]*,

9-0- T S ke FE/NEERK (B4) 'H NMR (400
MHz, DMSO) &: 0.85 (t, J= 3.4 Hz, 3H), 1.24
(s, 24 H), 1.48-1.58 (m, 2H), 1.87-1.96 (m,
2H), 3.23 (1, J=6.7 Hz, 2H), 4.05 (s, 3H),
429 (t, J=6.7 Hz, 2H), 4.95 (1, J = 6.7 Hz,
2H), 6.18 (s, 2H), 7.09 (s, 1H), 7.80 (s, 1H),
8.00 (d, /=89 Hz, 1H), 8.20 (d, J= 8.9 Hz,
1H), 8.94 (s, 1H),9.75 (s, 1H). C NMR (101
MHz, DMSO) &. 13.87, 22.03, 25.22, 26.31,
28.64, 28.78, 28.99, 29.43, 31.23, 55.29, 57.01,
74.21, 102.05, 105.39, 108.36, 120.18, 120.40,
121.63, 123.24, 126.68, 130.62, 133.02, 137.40,
142.86, 145.23, 147.65, 149.78, 150.36; ESI-MS
m/z: 546 [ M=Br]*,

9-0-1 /\ Lt 5L/NBERK (B5) 'H NMR (400
MHz, DMSO) 3. 0.86 (t, J=4.9 Hz, 3H), 1.39-
1.25 (m, 28H), 1.42-1.52 (m, 2H), 1.83-1.92
(m, 2H), 3.23 (1, J=5.3 Hz, 2H), 4.05 (s,
3H), 4.28 (1, J= 6.4 Hz, 2H), 4.95 (t, J = 6.4
Hz, 2H), 6.17 (s, 2H), 7.09 (s, 1H), 7.80 (s,
1H), 8.00 (d, J=9.0 Hz, 1H), 8.19 (d, J=9.0
Hz, 1H), 8.94 (s, 1H), 9.75 (s, 1H); C NMR
(101 MHz, DMSO) &. 13.87, 22.01, 25.21,
26.31, 28.62, 28.75, 28.95, 29.41, 31.21, 55.30,
57.01, 74.22, 102.04, 105.39, 108.37, 120.18,
120.40, 121.65, 123.26, 126.70, 130.63, 133.03,
137.44, 142.87, 145.22, 147.66, 149.80, 150.37;
ESI-MS m/z: 574 [M-Br]*,

9-0-"FIL/NEER (B6)'H NMR (400 MHz,

DMSO) &: 3.21 (t, J= 6.7 Hz, 2H), 4.08 (s,
3H), 4.91 (t, J=6.7 Hz, 2H), 5.36 (s, 2H),
6.17 (s, 2H), 7.08 (s, 1H), 7.38 (dt, J = 8.5,
5.1 Hz, 3H), 7.59 (d, J=7.3 Hz, 2H), 7.78 (s,
1H), 8.00 (d, J=9.0 Hz, 1H), 8.21 (d, J=9.1
Hz, 1H), 8.93 (s, 1H), 9.73 (s, 1H); “C NMR
(101 MHz, DMSO) §: 26.31, 55.33, 57.03, 75.32,
102.04, 105.39, 108.36, 120.15, 120.32, 121.77,
123.71, 126.49, 128.31, 128.37, 128.75, 130.57,
132.89, 136.40, 137.30, 141.95, 145.24, 147.63,
149.78, 150.66; ESI-MS m/z: 412 [M-Br]*,
1.4 ZHREEESR

C6 Jie Jot 94 40 i 4% 5% T 100 mL/L fify 4= 1l ¥
(FBS) 1 DMEM = Bl 3G 52 55, TER B340 5%
€O, .37 CHZM T 557, HIR 48 h #dE IR, 1%
REEFR
1.5 MTT iZteldpmp EFER

TN R Je 4 SRR EE 254, R4 3
fL. BOFHCE I co 4iaifl T4k, FHean i gk
10000/FLAERP T 96 fLAR , 5535 T 37 °C 5% CO, 55
FEHE 24 h 5 AR EE 250 TR dRekht o
24 48 72 h Ji , BEALIA DUBRER S (MTT, 5 mg/
mL) 20 pL 48ZL 5557 4 h, W% BIEW, LA
DMSO 100 L, #&#% 10 min, BEHRY A 570 nm
FIMREIE (A) o AIBEAFIE R =A smn/A sy X 100%,
1.6 ZHREXIRIXIE

BOSEA AR IR Co i If 8270 T 6 FLik, &
TR, FrAMA IR RIE 2 900% 5, HIKEI)
20 WL A Sk ¥ 5 M An i R, R R 22 PR
(phosphate buffer solution, PBS) L4 idfE F 3
Y, B TC I TE DMEM 15 557, 1% % IR 24 Fin 2y
YL, 25 R 25 MR BE R S pmol /L, 24 h
Je F8) B S (B (x40) ILER 41 Y 1 7% 72 9 4A
B8 FH Tmage J2x (2.1.4.7 R BAFI0 & 41 T R R
B, R AXHT A B =(0 h QYR SEE 24 h
KR TERE ) /0 h RIJR 58 B x100% , 1545 20 A A Xt
TR E, SR DL B 2 A0 A X 1 A B B ol
100% , T8 25 AT IR RS %
1.7 Transwell F#i% 16

JBRAE U AL T I SE 4R, 7% 100 mL/L FBS
() DMEM $5F2WBE % 3 1K, LIS Y DMEM 3553
W (AR 1 x 10° /mL) o ATAIA 200 wL 48
M & = R ACH R v B2 (5 pumol /1) 1Y
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AR AW ; FEIMAE 100 ml/L FBS 1Y
DMEM }5 377 700 pl,37 CH;3% 24 h, BUE 5,
MR L =AM, Z R B E S min, 7 [E
FEWL ,0.1%%5 i 22 e W G (1 30 min, PBS ¥t 3 i,
IR (x 200) 48 IR 32 R RAPEAR B
A MR 96 FLARHEST MTT #:30, FE40F17i% 3
AL SRR A 3 IR, R A T R fE )
TR, B R= MM W E T MTT
SRR x 100%, £ AR R 5 X AT B R
() FEAB BR AR TR 2

1.8 Transwell 2Z&iXI&

4 CH# Matrigel +%, FH 4 CHIE 1Y TCIMLTH
DMEM 5 F2 M B 2 1 mg/mL, B B (1) Matrigel
50 pL A ¥4 B Transwell |28 ,37 CHLH 4 h
FEEERIE I, DL NERAER] 1.7 Prids, 28, 4 iy
1R8I MR ZE RN, RIBR=(Z22 M/ 55
WS MTT MU BE(E x 100%, £ 4RERS
X HRZE A2 28 34 1) LA BV AR R 28R
1.9 SitZE5HR

N FH SPSS 13.0 Geit=f 3543 A . S4B 55 R
225001, P < 0.05 HESAGIFE L,

2 & 3R
2.1 TR E A 0N

B 2 A R AN R R BE 1) /N BEdl B L AT A= 9
(B3, B4, B5 1 B6)/EH 24 h J5,C6 4 il i A= A7

+ Berberine

AR, Fh BT UL /NSRS S AT AE Pk Co 4 i
F1A) 1 B 0 o P S22 500 e Ao v, R TR MR R4 (0.5,
10,20 .40 pmol/L) Z [B] 41 i A7 %25 5+ HA G it
RSP <0.05), S5XF LA LG, /NSE R 7F Uk
KF 20 wmol /L, B} 12 B BH 55 () 34 FE 90 skl VE H (P <
0.05), /NEEBRATAW (B3, B4, BS il B6) X 41 iy
Bt G A IR R /INBER B (P < 0.05), Hirr,
B3 HY3EF I HIVE FH %58, S wmol /L BV 40 g Aty 184
BTG A A, HLAS R AR M A AT R Y
A S A T/ INBE R S A AT A= 9 (P < 0.05) , /INEER
R HCATT A 1y ) 338 BE A AR H i 31 554K R < B3
> B6 > B4 > B5 > /NEERESXTHRZH (P < 0.05)

K2 B.C.D.E NAFWEER B3, B4, BS Al
B6 1EFH T C6 41l 24 h 48 h 2 72 h J5 4 a2k 77
RIKARAY, , /NBEBRAT A= X CO 4 284 5 A4 il 4
FH 522 BH S 1% 7] 2 RN (B AR (P < 0.05)
2.2 (TEWITHETE BRI E

PR SR 45 9 (K] 3 A) R, X R4 K/ NBER,
HAAMMERVIE T 24 h J5 JLF- 8 A ok i 4 i fir
6, R HALE 90% L) I Wi A4 A P 4L i KR
DX AT HH S AT UL, L AS A ] AR X RS 6 (A 3
B), 254 5% B R A o S e 22 5, WA A= ik
T RS 1 1V B 5 R 2N B (P <
0.05), Hrp, B3 X} C6 20 A i) B W il VF H ik
AIXT T RS 2R (13.75% + 4.86% ) W] A% T HoAh 137 4=
P (P<0.05), B4 AMAXTIER RN 23.56% +
8.67% , Xof 4 3 i A A AR T B3, i o T

. 1207 ~24h
s
___ B g
-0, E
E
-+ . =
S g
- " u uw
'3) S T N ;
] 30 40 ) 2 0 0 20 30 40
A o . molfLy B ef( p mol/L) C
120 ; 120 - > N s
100 100 b 2 MTT & 4R R Y S8 38 5 1
3 R . . . oy
“.E 80 - ":;_? 80 2h Fig.2 Cell proliferative capability
e 60 F 60 evaluated with MTT
E 40 E 40 A: Survival rate of C6 cells treated with
* 20 “ 20
D 31 E  different compounds at various concentrations ;
0 0
40 a 2 4 6 8 10 B, C, D, E: Survival rate of C6 cells treated
el mol/L) of{ p molfL)

with B3, B4, BS5 or B6 respectively at various

concentrations for 24 h, 48 h and 72 h; B3. 9-0-dodecyl-berberine; B4. 9-0-cetyl-berberine; B5: 9-0-octadecyl -berberine; B6: 9-0-

benzyl-berberine; ¥ +s, n=3. 1)P < 0.05, versus control ;2)P < 0.01, versus control ;3)P < 0.001, versus control.
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Conlrul Berberine

0h

24 h

)

Relative migration ration/%

40+ 3) 2)
3
. m BB
B Control  Berberine 133 B4 Bs

B5 Fl B6 (AHXT TR Z 5300 35.46% + 2.33%Fil
46.89% + 10.56%) ,

Transwell 1ITF8 5250 45 5% (K] 4, W 2) B,
B3 5 B4 iR 2 N E MU MEER D, i /NBER |
B5 . B6 ZH 4RI 24 (P > 0.05) , {HI/bF- % BR4H
(P<0.05), 1M B3 5 B4 [T 4N 5k 0] 22 55 AN B
HEil2#E X (P>0.05),
2.3 FTEYIXTAREZEN I

L AL FR)S , CO AN 2 ad T AN T 3L IS
(4 I E I /> X BB AL, (R 2B RE 12 B
EREAGIHFEN(P<0.05, K5, WE2), H
o, B3 5 B4 (FHXHZZE R4k 40.78% + 3.72%
F120.36% + 5.84% ) X 4= 28 i 6l 4 FH W 5 1
SR /NBEGR (A XS RS R R 56.17% + 4.00% ),
1M B4 X = 22 A il 4 FH S inid 2 . B5 \B6 Xf {2
Z20YAHRIVE S /NBERRAR >, X 22 A AR
SR 2 55K A . B4 > B3 > B5~ B6 ~ /NEEf>
X HE

3 it i

5k T A% 5 AR 2R R 0 e i 28k I U A

B3 XRSEIRACMAAEAIEREE
Fig.3 Cell migrating capability detected with scratch—
wound assay
A : Micrographs of cells moving within the scratch (x 40); B
The relative migration ratio relative to control which was set at 100%
was quantified as described in Methods;  B3:9 -0 —dodecyl —
berberine;  B4:9 -0 —cetyl —berberine; B5: 9 -0 —octadecyl —
berberine; B6: 9-0-benzyl -berberine. ¥ +s, n = 3. 1)P < 0.05,
versus control; 2)P < 0.01, versus control; 3)P < 0.001, versus

control.
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SR IHE . AT IE L I A,
XHREALE , /NBERRAS (L BEA R 1 2 FUR €6
200 M Py 1 B, I R[] AN A 28 4 o) 4 L ) TS
RARAEST,

B2 B2/ NSEG A A TR 22, ARMEA B0t
B A Y ik B AL A AT P, X T AR
SN TR R, AR A
ST SRR R AT (R be R R 2 ) SR
50/ NBERR A BRSSO IRV PR AT A2, d i
SN S L LY

LR LW, C-9 AR T Il A A+ ke
(B3)Ja , X5 C6 2 it i) 384 7 400 1l Vi e o W ., i
HREESG R VR HTZ s (B 158 T REAR 259 /1N
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BB ; 5T ZbE gk (B3) BTN ek (B4 ) s, X
BANHER S Eor S, 5IAE KRN
FEXF IR AR S5 R 24 W /N BE RS Eb TG B
kR 1A N KERE (B4) I xR 22 A i 4
R, 5 AR R AE B R 28 A 7R
SRR ZG Y/ INEERA LT B A

AL, NEER Y C-9 AR T 5 AEH K
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DLW S R A A A RV E T (B RS SR 22 n i
YERITCRA 0l . SCHEI , ik & W i A e w v
5 IR AR 22 IR Z [0 JCAH OGP

TEXPR LI 26T, /NBERS S AT AR W g W]
SANHI AT RS RE 1, HIIF AR T A
FET- (K 2), I H, A B BUREE A 5 /N BE R B
1% Z 1) DA TR B 02 PR N ARG R, o0 7 A8
RGP i AT RN

AW Gy A BT DU /N BE B R AR 1 A AR
Yy, A B TN B e ) 3 B 1 T 1G58 X Ce
JKE SEUIRE A PR A 1 L S SR BRI E R, B
Ji PRI AT RE Ay, AEDRE /N BER, A07 A % A W RS 15
JEGON A B3G5, N4 R T AR B M /NG
C—9 AT AR AR XTI e 4 L35 5 . B SR 28 ME
FHPIRE RO R AR PR, DL RAG AP 22 4
PP IE AR — R

(B0t RO L R 2 B
P [N [ k=i oS N i e o S S 2 R NG
Ll R Ll B AR B 1 R R A | SR SRR ] 2 7 5
SRR R LA TCRAEE B )

(AXLH 4. BS5R32)
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