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Abstract: Objective To investigate the anti-tumor effect of Ligusticum chuanxiong volatile oil in combination with temozolomide
(TMZ) in the treatment of glioma, and illuminate its possible mechanism. Methods After C6 glioma animal model was successfully
finished, changes of body weight, survival status, tumor volume, and the tumor inhibition rate of rats were detected in the TMZ group
and the compatibility group of the volatile oil of L. chuanxiong and TMZ. The concentration of TMZ in the internal and external fluids
of U87-MG cells was measured by HPLC after the administration of TMZ and the combination of volatile oil of L. chuanxiong and
TMZ, and the differences of the content were analyzed statistically. Western blotting was used to study the effects of TMZ monotherapy,
L. chuanxiong volatile oil and TMZ on the expression of P-gp protein of U87-MG cells.Results Compared with TMZ group, the tumor
volume of rats in the compatibility group was significantly decreased (P < 0.05), which was positively correlated with the amount of
volatile oil. At the same time, the weight gain of the rats in the compatibility group was increased and the survival status was better.

Volatile oil of L. chuanxiong can promote the entry of TMZ into U87-MG cells, and with the increase concentration of volatile oil, the
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promoting effect was stronger. Volatile oil at 6.25 x 1073 uL/mL can significantly increase the accumulation of TMZ in the internal fluid

(P <0.05). Western blotting analysis showed that P-gp expressions of cells treated with combination treatment with TMZ (20 pg/mL)
and volatile oil [(3.125 x 1073), (6.25 x 107%) uL/mL] were markedly down-regulated (P < 0.01), when compared with TMZ group.

Conclusion The volatile oil of L. chuanxiong can promote TMZ entry into glioma cells and then enhance TMZ-induced anticancer

efficiency in vivo by inhibiting P-gp expression.

Key words: Ligusticum chuanxiong Hort.; temozolomide; glioma; synergistic effect; P-gp
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P SRR TE, o R TR A R N 3~6 A/10
TiNs SEFETANEOE 3 5N IR R A K,
AR H RS0 BB AR, DL SE V)RR, XK
7 WITAREUR, ERBERER, 25TRES
e b T S B 2 IR 2 — . PR 2 5 51 &
ZIERAH, WG AR X PR, AR SN
e R IR TT AR A T B . T MEEU2UR B B-
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F-actin (L[ B& (AERGE A A, MR =5 i 1 3
JEfE (BBTB) fiEEME .

JIE Ligusticum chuanxiong Hort. FHE @ <
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TMZ, fit'5 K19A9B58889, J5 MR A B
AT VO, fitS 20170614, Horbs pysF 5%
N 5027%, BEANERFESEN 30.67%, BEIER
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E XL, Sciencell 2AF]; Ham’s F-12K B;7pd%E. o
Ify%, %[ Hyclone A#l; FBS, [ Gibco A H];
JEE ARG, RV (DMSO). Hanks 22
A B, BEIRERZZ 0 (PBS). 4XEA
FREGEM . 0.22 um PVDF fi5. 1.5 mol/L Tris-HCl
pH 8.8. 1 mol/L Tris-HCI pH 6.8 10X HEFEW 5X Tris
2R VKGR A= 135 F 2R (BSAD 20 X TBS.
ML 245 plus |71 5 1 Marker, Solarbio A &; P-gp
Fifk (Abcam AT]); GAPDH #ifk. BAREFFRIC L
FPi/MR 1gG. HRP BAREF R IC L EHi R 1gG, b
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%%, F[E KD Scientific AF]; RM2255 B4 AL IH AL,
EG1150H #47) Al HI1210 AU HHL. HI1220 %Y
B L R EEESE-R AR =0 BX43 BUR Rl
5%, HZA Olympus Aal; A-35 84 J]F, HZ Feather
AF]; DNP-9052 HLHVEHIRREFRM, LR 22905
WRABRAT: GL-6250A i /14iHE#%. TS-8 fiith
REIR, WM DURACERHE AR AR s 1645050
YK YR, 1658001 FE B FLPKAE, BioRad AF;
Chemiscope 6000 Pro % M5 R SME 74, Lifg
R E R A A

1.3 ‘AR E)

KR Co RFImAME, Lilgrh T ERH:
AIRAF]; U8T-MG 4iijf, JbidbghIBRAH A
W7kt SPF Zhfilt Wistar KR, 745 220~240
g, MR ARHEMRHAA R AR, SERMVEATIE S
SCXK (") 2013-0016, FHYLFE 1[5 245 K 245256 5)
Yt i% SPF bR 7% .

2
2.1 ‘ApAIEFE R AR

Co MMMNERETH 15%L1MiFE. 2.5% FBS
() Ham’s F-12K #5782, BT 37 C. 5% CO, ¥
FFRRFE. BOTEORAIIE, iR T4 0.25%/HE
THAL,  WRFT A AT R, RN B TR0
B, TSR, A I HE R SRR E A
JAETE R, FTAETEE>05%. &5 08 T 4 40 LL
1 000 r/min B50» 3 min, 2% LG, VRHEGH % T
N TX10" AN /mL i FH#:M . UST-MG 4iiEE; 7738 N
4 10% FBS (¥ DMEM, 4377156 C6 40 .

2.2 KERMRBREERAHIE

ARHET 12 h KREE R K, H 10%KE
(3.5 mg/kg) ip BRI, RN 2 T KBRS AR E AL
0 BBk B, WREHATARXHER, DIAE
2 5L EIEH JORTEAZ S B AR 3 mm, [9)5 %
2915 em WA, B VAL SEE, 785
FEFRITE o P Batker V5B E A RIS, T bR
48 5 EH RS S AT 1.0 mm. R4 3.0 mm 4b
FH LR B —/NFL, AN AT A5 B R A R S i 444 25 il
TR T S 8 TR B 2 94 % e ) A FH C 6 At PR 15 ul
(Z) 1X 108D, HCE ThEES IR b, WS
BRI FLEE M2 H LA 2T 6.0 mm, 1.0 min
JEFENR 1.0 mm (EERERE N 5.0 mm)o 40 R
WHEN 1.5 pL/min, 10 min #3585, FHEEEH S
min, ARV, FHEBIBE, BEEE N 2

uL/min, B fLH B REREATE F. 486 1)1 5 HBUR
PR B K o
23 KRPES%H?A

KM Co i 2 FlJE, BENLHE 5 X, HL
9o X ZH 2O BT s TSRS & ) 7 B ) o
e T DR TR 4 M S A, 4 e 2R A
B3 2 0, MU EE, H0fa
LSRRI, R BHIER ST . BB ) 25 B )
(IR KRR A AR 4 (25 T XKD TMZ 4 (25
mg/kg). TMZ+VO K5l (TMZ/VO 2.5, 25
mg/kg+2.5 mg/kg) TMZ+VO HE4H (TMZ/VO
5, 25 mgkg+5 mgkg), BH 15 R, igéhdh, &
BRen?i 5 d, BB 10 mLkg.
2.4 KEREFRIIN

MIEREES 1 RITIE RS 445G, & HUEE,
R BRI HROL WGBS IEOL . R, 17
N AR A AT G DL o
2.5 KERMEREFHR

WAZER KRB 3 H, 10%/K & & i
SRR, SOHEDCE ARBE, B, AR B KTEBE T,
52 T 10%F B E e 2 d, AiaiE. U (2
FE29 3 um), HE B4th, S65% B a1
DN
2.6 KERBRBAFRRINEERNE

B KRR E 10%7KE AR RRIE, P EM[EH
&, VABEIRALAE AR A I WIAIZH 2]
£, VI NEIL, RO By,  FH ik i e
B A S5 RS, DMERERONE, HETE
O 52 , A FEVEAE NS O == 48 N E B ik 5 2 4R,
FH LE A [ OS2 82k, B A O E, Je 300
mL 37 ‘CAEBR /KA T POE T, 1 200 mL 4%

5 F I ] 52 9 20 min N S)EEVE . ETE SRS,
FEAL, KA e R, 1E 4% % R BEEHRA
[ E 1. F I NI N T8 BRI, R
R, BN (o) MKE (b)), THEMR
R (V) R R R 2, R AR R A ) R >
30%, < B IR0 25 R
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JH SR AR AN R = (V o — V )/ V s
2.7 US87-MG A 54 %

B US7-MG #H i s 2, RN 2.0 X
10°~2.5X10° 4~/mL, T 6 fLAH, 4L 2 mL,
Fraffum & 2 80%J5, 738 TMZ 4H (20 pg/mL)
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M TMZ+VO K. H. =ik (20 pg/mL+1.562 5X
1073, 3.125X1073, 6.25X 107 uL/mL) #H, #te
WAL IRE IR 43 BN 2 mL AHRLE R -
9% 24 h J5, WCEERS IR _LIER RN N o . R
200 pL %F I EEZRBdEAT AL, YHAL 5 min, 1 200
r/min 250 5 min, #E 3 min, 1 200 /min 20> 5 min
JE B EIE R A A . R 100 uL 4R A
SN, BRI\ 100 pL BERR B8, )€ 5 min f5, FFEA
12 000 r/min F 4 ‘CE» 10 min, H_EiEWBCERA
HPLC &

2.8 HPLCMZEHEA. IM&+H TMZ 7KF

28.1 GiE%&MH  BiffE: Phenomenex Kinetex
NB-Cig ¥ (100 mmX 3.0 mm, 2.6 um); REIAH L
E-0.1%H /K 109, A E 1 mL/min; AR
30 'C; dEFEE SuL, AP KN 329 nm.

282 FHiEHEEE

(D) TR MEEEL: W HL TMZ % 18 & . Hanks
T P N VRS A AN s F “2.77 TR J7 2
BEAT AL, FE “2.8.17 BT i Sk AF T HERE 5 L
BEATREI, 8L JEIE. TMZ FEILBAEE T, 12
At 18]}y 5.5 min /245, Hanks J06 TMZ (930 &
Tk

(2) BHEERK: BUEER TMZ 4R 5%
W, AU IR N 1.25. 5. 104 20 pg/mL ¥R,
2 “2.8.17 TN G AR E , LR 6 IR,
ME TR, 255 TMZ [T FL RSD 45K
2.17%- 0.76%- 0.86%- 1.05%, I B HIKE 25T
R4f.

(3) SRR B TMZ SR FIEW, I
ZOKELHI AR By & 3 DMREKRE; B TMZ Xt
HEH VAT, N Hanks WRCHI AR . & 3 DA
JREIR T, 4% “2.77 TR ALBE 5B T HRAE,
SEATHCH 3 6y, 1% “2.8.17 Wi, KR
FES pL, Mg, tHEEWEFI RSD EH, 45
R TMZ K. H SRR ECER 0 83.0%.
85.3%-85.1%, RSD {73 51l 4 2.34%-4.66%4.28%.
LI RICE B .

2.9 Western blotting ;A1 P-gp EHFRIA

US7-MG 4 jifa fil] i 4 i 23, BA 1.0 X 10° 4/mL
HAT 25 em? BiFEiH, BT 37 C. 5% CO, 41
BRFRAE R 9, MR KRG & 90% )5, 4y G
4. TMZ 241 (20 pg/mL) Al TMZ+VO k. . &
WE (20 pg/mL+1.562 5X 1073, 3.125X 1073,

6.25X107° uL/mL) #H. Z¥{EH 8 h J5, RIPA V%
RIEHHEEEE, 20 CLRFF . K Western blotting
R P-gp BRERIE, KT Image J A
AT
210 ZitESh

KH SPSS 21.0 Geit #Aror#r, HARLAx +5 %
N, 2 HIMGRIVEBCRA ¢ 1050, 2 4 1R ek
AR F T 24381 (One-way ANOVE).
3 #R
3.1 KERNFREBTUREFERSSH

SERIE 1, IEBETS KRR E LS
ZEgt, GG YREGE TR LR, 52 RWEKR
CHEBEITRE. YK, REXREWAKITEAN
BB AW . BEAHKFA G ISR S
FEAHR, BARAREE. BRIt RABHL, 1§53
B, RERMESERIL, IR IS SRR,
AR TR, 7~14d KR BB SR, Bt i
5, KA BRGS0 45 IR HE ] B
I S8 HA Ll 0 68 P PN v s FRDEE AR  TMIZ . TMZ/VO
2.5 M1 TMZ/VO 5 HREARJE 14 d WREHUIRAS S il
R IR R I SRR A ], &SR8 5 d A,
53 R R LA b DB B 2R, BRI B
Hise: 14d FHEZIH KRR S %2 EARNE
#, TMZ/VO 2.5 Fl TMZ/VO 5 4K R 425 5145
IR & TMZ AR B R, SHAZ L
BrEREE (P<0.05).

—e
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Fig. 1 Changes of body weight of rats in each group
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B, WMARERCR, A, AERK,
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A TMZ/VO 5 2K SR 2H 23 Hp g A R BH 2 4 /)
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2 KREMAEE HE & (X200)
Fig.2 HE staining of rat glioma (x 200)

TMZ/VO 2.5 Fl TMZ/VO 5 41k 5 15 57 788 4 o
VIR EREE R E R TRHMA, 5 T™MZ g
B PR

33 KEMERTRREANSIZE

HEGZ 5 d JE, SEMANE, TMZ.

TMZ/VO 2.5 F1 TMZ/VO 5 45K 5 Fe i 983 4 A 1
W/~ (P<0.05. 0.01), W& 3. TMZ. TMZ/VO
2.5, TMZ/VO 5 K B M4 2253 3N 55.23%
63.56%- 74.66%, T 25 25 2H Mg AR R ) 22 48 >
30%, FEHMREXHAITBUR . TMZ/VO 5. TMZ/VO 2.5
HE T™MZ HAEREE (P<0.05, $#&r5 VO
Bofh e vl LA R TMZ BT IR R,  HE &0
P, R VO 158 TMZ U R 545 255784 5.

300+

2501

200
1504 *
100+
50
0 kit T™Z

SEMA LR "P<0.05 “P<0.01; 5 TMZ AL#H: P<0.05
"P<0.05 *P<0.01 vs model group; P < 0.05 vs TMZ group

3 BAKBEEFRFTE (X £s,n=10)

Fig.3 Changes of tumor volume in each group (X *s, n=10)

bR A4 A /mm3

#*
I #**

TMZ/VO 2.5 TMZ/NVNOS

3.4 VO X} US7-MG #fEA. S TMZ iRER
A

x 1 ERTUEH, VO WTLME#E T™MZ 3EA
UR7-MG AN, HBEE VO IRBERIH N, {2
HEHERBEE . HA VO 6.25X 107 uL/mL A i3 21
o T™MZ FEA R N I E R (P<0.05).
3.5 TMZ Bt{f VO ¥t U87-MG 48Af P-gp EB R
N OEAL

US7-MG 253 #1425 1 Hanks i~ TMZ. A
R VO B TMZ Ab3E 5, A | P-gp B E
TR K 4. SRR, SHHBALLLE, TMZ
X} P-gp HHRIE TR E LN . 5 TMZ HELE, TMZ
5 v03.125X107, 6.250X 107 pL/mL Eih o 7] &

#*1 VO Xt TMZ 7£ U87-MG #fIA. IMNEHFRERFN (X £5,n=3,)
Table 1 Effect of VO on concentration of TMZ in internal and external of U87-MG cells (X *s, n=3)

TMZ/(ug'mL™")

A e S it AR
T™™Z 20 ug~mL’1 3.18+0.27 8.741+0.63 2.76+0.24
TMZ+VO 20 ug-rnL“ +1.5625X1073 p_L-rnL_l 3.60+0.33 10.57%+1.55 2.95+0.54

20 ug‘mL71+3.125 X 1073 pL'mL71 3.591+0.25 10.09+1.14 2.82+0.36
20 ug~mL’1+6.250>< 1073 ptL'H‘lLf1 3.39+0.21 11.84+0.55™ 3.514+0.39"

5 T™Mz #tb#: "P<0.05 *P<0.01
"P<0.05 ""P<0.01 vs TMZ group

K P-gp AKX /KF (P<0.05. 0.01), FKH
VO AN A P-gp BREERIE, N TMZ
HENRR IR AR MR P R B, AT B2 e R SR8 (1)
SRR FRNZAHIER S vO FEEIEMER, H
K, HPHIAE R .

4 Vg
i F2 SRR A e DL 4D P PN S e T A e i e R

BObHRR, BTHREEREK, MEWKARKE
R TR, FARMEZ 2V, X80T 7 AR
&, DAL 5 R 22 A AT 4 e v TR i 22 1Y
IR 22— WIFFE A MR R T e iR R K 52
PRAE N 23k R G RE A — R ) 13055
ARG, VLRAE — LA AR A L3 i #2 f £) —
AL U, BRI PR AT LI 45 R R T I LT
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BBB/BBTB A:# J5 [ 4 ] J A HE e i 245 1V 52
ro IR | <=voae w0 R R 25 R

= 13.90X 10

GAPDH | o o S m—

XtHE TMZ 1.5625 3.125 6.250
TMZ+VO/(X 1073 pL-mL )

E@ 1004
: Hit*
® 80
.,; HH*
Z 60
o
K 40
2 |

X HE T™MZ 1.562 5 3.125 6.250
TMZ+VO/(X 1073 pL-mL 1)

f=)

(=]

Hxt4Lbse: "P<0.05 P<<0.01; 5 TMZ L4 #P<0.01
*P<0.05 "P<0.01 vs control group; #P < 0.01 vs TMZ group

4 TMZ R VO 5T US7-MG 4RAf P-gp & B RIARIFNG
(X £s,n=3)

Fig. 4 Effects of TMP and VO on P-gp expression in
U87-MG cells (X s, n=23)

B PR, (HH T RS A R & A R
WA, nEME, fFEReEHEZ R, ur
fie 2> BRI AR A4 N B S A eIl R R A Ak . 24
TEVRYT G g i WO AR 07 B P25 24, R 5
FITE5#5%F BBB/BBTB 115 /E I T $& s e {1 24
YIIT R, IR ZAE VLRI B, e
2S5 R EVE R, BORIR T iR
A &R BT TR (005 & T 75 2540 B-4H+F
it KK DEBFHERM BERSE, IR
IOECATL 25 B o T8 2 R P

I AT R A B A RIR R JCAE i 4121
HRITREE,  FF IE SR AR i 2 2P AR 021, I
H )R] LUE I PR A8 (occludin)y A
/INREEE (ZO-1) Fik iGN BBB Hi@EZE R,
N E e ()18 2 3 P-gp FIAMIE, (25 HALZG)
BCARLASE FHE, 1 E5 e s $] P-gp [ERIA KA
25iE it BBB®24, VO Hif1) 3 AN B A AN
Bis. V)= ABE A FIEE)I= N EE 1T T4 BBB |
P-gp A MSMHER, $IMECARZMATZH . R
RiBEEE, FRER LAIH] ZO-1 A1 Claudin-5
wAMFIEL, BN BBB MmiE M, M imic s
VI I A s . i T R BRI YR 9T R I 32 2

E{J,ﬂ;ﬁﬁ [12,25-26] R

T, AWFAHET Co BRI K R,
HEHAZ55d f5, TMZ. TMZ/VO 2.5 F1 TMZ/VO 5
IR KR LI P IZHTE K, BRICE B
RN ES; SEAH KRR EH %8 EAW
#a#, TMZ/VO 2.5 Fl TMZ/VO 5 4 KB Eb R4
N TMZ Ak B R, SEERH L ZE R
# (P<0.05). 74t 5 T™MZ HIE, TMZ/VO 2.5,
TMZ/VO 5 41K UM ARFA N (P<0.05),
FE7R VO B TMZ 45 24505, 7] LA 58 TMZ 12530,
P v P J PURE () 2, HL R IR AR

TMZ Je VO Xof i 53 988 240 3% 14 R s ok, 1
RIGHT, TMZ 20 pg/mL HAPIAFIE RN 97.85%.
MR RIS 40 pg/mL W, 40 M 775 L B =
77.64%; 1 VO 6.25X1073 pL/mL FfH TMZ 20
ng/mL B, AN 73.70%, 4 VO HEnE|
12.5X 1073 uL/mL I, 4HMIAAIE 05N 52.65%, A
PRFAAATE SR, H RN . /MR T™MZ
IVREE, VO TEMRSMH M S50 R BE e 45 b Ak A 5
IGHHEAR 2 . HPLC Al TMZ Bt ff VO it 4 i 3 4+
TMZ & &5, 455 278 VO 1] LUEHE TMZ 48
Mt N U87-MG 4ifa N, HBEAE VO IKFERIY
s ERHER SR . o VO 6.25X 1073 uL/mL 7]
B TMZ EARNETRER (P<0.05).
Western blotting SZIGE5 SRR, VO @i ) 7 HE
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