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Effect of Compound Danshen Dripping Pills on distribution of carbamazepine in
brain of normal and refractory epilepsy rats
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Abstract: Objective To investigate the effect of Compound Danshen (Salvia miltiorrhiza) Dripping Pills (CDDP) on the distribution
of carbamazepine (CBZ) in the brain of normal and refractory epilepsy rats. Methods Wistar male rats were divided into normal and
model rats. Normal rats were divided into control group and CDDP group. Model rats were divided into control group, CDDP group
and verapamil group. The animal model of refractory epilepsy was induced by intrahippocampal injection of kainic acid. After the
success of modeling, CDDP group was given CDDP (85 mg/kg), verapamil group was given verapamil (20 mg/kg) for 10 d, then each
group was given CBZ (100 mg/kg) respectively. Brain tissue samples were collected at different time points. After the samples were
pretreated, the concentration of CBZ in the brain tissue was detected by HPLC-MS/MS. Results When using carbamazepine alone,
the concentration of CBZ in normal rats was obviously higher than epileptic rats. Compared with using carbamazepine alone, CDDP
could significantly increase the concentration of CBZ in normal and epileptic rats. For the epileptic rats, the enhancing effect of CDDP
to the cerebral distribution of CBZ was similar to that of P-glycoprotein inhibitor verapamil. Conclusion CDDP could enhance the
permeability of blood-brain barrier to CBZ and increase the cerebral distribution of CBZ in normal and epileptic rats.
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#H [ (P-glycoprotein, P-gp) j&Y55 RE [if 2% J)AH
KIE A, WOUFSEVF 2 PUE 2852 P-gp 1)
SR, kbR (BBB) I P-gp I & 1A L0
(12 2N 25 S MG, ERMBDIRAETR, sl Kk
Jil AEDs Y] A P-gp b J3 2351,

772 M (Compound Danshen Dropping
Pill, CDDP) &3, =-tb. Uk} 3 P2l ik
MR iR 7, HATEMALES . B IRSIh, 7
G IR )28 19097 RS KA . D&
I e I IALRE AN A0 ol A 0 . R g o
(carbamazepine, CBZ) J&Ilfi IR H 2 SLHTURN 24
Y, B A SES P-gp AR L SEPERGGE, 4
HEN A 2R = AR 2 . B I R
] CDDP 5 AEDs At U [F{EH, HXF RE 6
ST, Bhsk 4] CDDP 5 CBZ B4l
LA RE KA S ILAEBE A S0 S RERsAG ). JL
YERBLEI T RS CDDP i P-gp. 141 CBZ fixi 4
I A . {HHRTH < CDDP %} CBZ fixi N 2 A7 )
SEM R WARIE o ASLIGAELL R IR 5 T 1 RE K
AUty F g v 2 R SR K B
MY CBZ WEN HPLC-MS/MS Jiik, FTFH5T
CDDP 5 CBZ BEA{§ Xt CBZ 4 1EH KA RE
PR B A A 2, P4 CDDP X%t BBB I
P-gp WIFIHIYER, 4 RE WA #R ALK .

1
1.1 ARt

CBZ (ILIMEES 2N AR A, A% 0.1 g, it
5 1504011); CDDP CRHEER - IARAR, B
BEH 27 mg, L5 151204); Zidvifk (R g
VAR AT, #A% 40 mg, L5 150801); £
SR (Sigma AT, 585 K0250), 10%/K& 5 (24
PR35 — e Be g R, iS5 160624), L
PR O R 2 R e BE S B, it S
100142-199503, i 70 20>98%), SUAH P4 7 ) et
i CPEE S 2y ketstle, #its 1227-9701,
SR H>98%), HIR HREAN 40 Ry o i 2k 771,
HAbARTA I A o3 B4l o
1.2 #h#)

Wistar EPEAH 100 21, SPF 2%, A (2204
20)g, M T 22 IR 2= SR B by, GRS UE 5 SCXK
(G) 2013-0002, FIFFE T 22 MR 5 1 B 24 71 B
SIS, WFREE N 18~22 °C, HHUUKA
.

1.3 435

Ultimate 3000 UHPLC-TSQ Quantum Access
Max (= R0 - = B PUAT % R4 (Thermo
Finnigan A7) ); DY89-11 HLBNHFESI ML CT 38T
YRR AT, TG18-WS mi B LHL (K
VU IR FEAATE B O LA BRA F]D; XK96-A TRIE TS
ay TR R TT 28k IR A F]D; ME2325S Y
HL 73BT R (B E R 2 RS R AT IR A FD:;
68001 K FRUMSZAREAAL CRYITIEIR R A fyRH;
HRRAHD.

2 FHiE
2.1 RE XREEH &

KRR TR e 10%7K & & (0.35 g/kg)
ip BRI (] 5 T S Ade e A b, SR F i Sz AR A7
FE A 1) KB AT I S A N BB RS 0.8 uL (1.0
ug/ul) AHEEIRES RE MY, ARFRANHTXG 5.6
mm. PG ETT 4.5 mm, A R 5 mm.
ARJEREARKE 30d f5, THK 9 00~18 : 00
i WS U & A9, % Racing 4 g brife!™)
VEE IR R AE S, 8 3 UL T ZE Ll BA)
BN SEA UK, DL A by 9800 A5 7R A B P b
e, R ) R T 28
22 NHARSKH

Wistar K BB A4 15 K UK, IE
WA CBZ X2l J. CDDP+CBZ 41, 7k
70k CBZ #iR4H . CDDP+CBZ #H M 4k ik +
CBZ 4, B4 20 HOKR, MRACKR % “2.17 Ty
IERIE R RS, SRR ig 4 T AN 2y
Y. M Meeh-Rubner 23 3051 PR FH B e AR £ i
P R KA 2 HED, IEH KRB B
CDDP+CBZ 41} ig 451 CDDP (85 mg/kg), #:%Y
KEh4ERifk+CBZ 4l ig 4 F4Edrifk (20
mg/kg), CBZ %M CBZ BA4 KK ig 45145
AR K, EEELA 25 9 d; T 10 K524 30 min
JG &4 ig 45 F CBZ (100 mg/kg, CBZ 4525504
A 12h, HEKKD, 30T CBZ 4324)5 30, 60,
120, 240, 480 min CEREANIA] AL 4 FUOKRD, 39
HEWE 1AL ZEfG R, e g2t CBZ Jit
HIRE
2.3 fN4ALRH CBZ EENE
231 &4 kA S Thermo Hypersil
GOLD C g ¥t (100 mmX2.1 mm, 1.9 yum); WzhAH
1 0.05% T EKEW (A) -ZH5 (B, BAEEVEM:



* 3770 ¢ LE X ]

Chinese Traditional and Herbal Drugs

F4a48% F18H] 20179 A

0~1 min, 10% B; 1.1~4.0 min, 10%~70% B;
4.1~5.0 min, 10%~70% B; AF1 & 0.3 mL/min,
FEIR 30 °C, HEFEAAFL S uL.

232 JEiGscfE EmIZEE T (BSD W IEE T
PRIE R SN I (SRMD HiA s HImE 2 i I
3500 V; BAEIE 320 °C; %L S 0.13 Pa;
T 241 kPa; AR UEE 2.3 L/min; SRM
Ky S §-: CBZ m/z 237.00—194.40, R HE 19 eV;
SUETEYE miz 316.01—~270.00, flfFEAEHE 26 eV.
233 WVEIMECH]  ORESAREL CBZ XSS
MG wE I e, %5, MHRIERER 1
mg/mL %, B3 CBZ W SAEW. Bhit
WET 4 CUKFRTIRAE o 15 F I 2 Joll K 35 W s
XSG GG R, ORI RS CBZ X I#
AV o R AR AR SR P P B SR, NS
G E A, B, HIRITEIRE R 0.1 mg/mL
(I, RIS PRI, BT 4 CUKER PRI
234 FEAAEEE KRR SRR TR, A
KR, BRI, I8N TK, 4% 1 ¢
2 JHCRARFEL In N AR R £ K, BEREAT 3, 14 000 r/min

B
‘ m/z: 237.00—~194.40 [ m/z: 237.00—~194.40
|

NL: 58.7 | NL: 202
MM\:“ Ji\m . : L ' L h ) LJ,J»J [ S ST WY U VN W
DAV WP IR —_ /—r S e
miz: 316.01~270.00 AIHPE 5160127000
| NL: 2.52X10°

NL:23.9

s nihin

B0 5 mine AHEEMIUK RUINA 519 B3GR 200
ul, A 20 pL [ AFREH A 300 uL SN, il
VR4 30s, 14 000 r/min 2.0 10 min, B8 A,
WY ST, I LB s RE 10 55
28 0.22 pm FFLIEREIERL, B S pL MEFES AT

235 HEMTREME 7E B E g &k &
N, B 200 pL iEHE KR AMA LR EEWRL R
AInAr CHZBEAREE) 4b, 4% “2.3.47 TRy
EEAE, R T, 1525 I AL 2R il ]
¥ 20 pL WAREINA 200 L 25 (2R i
W, VAR IR 2 I L 23+ A A i ]
Y5 A AR CBZ X U2 1 i 4121
W RNEEAE, B AMAZ+CBZ X+
WAR I ;. B CBZ X HE4145 T CBZ 120 min
Jo TR AR BRI AL AR &, [RVESRAE, RIEW
K25 T CBZ Jia I 41230 i + 4 bR £ 135 ] . SRM
PR L 1. i 1 A %0 CBZ Fl A ki B
INF 18] 3 ) 4 2.50 F1 2.55 min. CBZ Fl N brI&IE
R AR DR BB ) Ak 38 TG P 90 A2 2% o 00 5
HAREE gk

C CBZ D CBZ
| miz: 237.00—194.40 ‘\ miz:237.00~194.40
| NL: 2.53X 10° }\‘ NL: 127X 10
e psn e
SURH PG RE SR VGRE
1 iz 31601-270.00 [ m31601-27000

l NL: 2.60% 10° | NL:2T6X 10°

\\\\\\\\\\\\\\\\\\\\\\\\\\

0 1 2 3 4

\\\\‘\M\\\ oo
3 4
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t/min

1
A#R (D) SRM 13 & it E

TAMKEL (A). TAKEL+REF B). THEMKAL+CBZ MBS+ AR (C) FIESEARLTF CBZ EhBLER+

Fig. 1 SRM scan chromatograms of blank brain tissue (A), blank brain tissue with internal standard (B), blank brain tissue

with reference substance and internal standard (C), and brain sample after oral administration of CBZ with internal standard (D)

2.3.6 FrdfEHZE  HX 200 uL A5 AR L EIETR 1K
DMAAR BB R BE 1) CBZ X6 B S 20 uL, i
HRTRIREE 4> 0.054 0.1, 0.4, 1. 5. 10,

20. 40. 80 pg/mL KR FIN S, 73 I
PRV 20 uL A 280 uL Z S5 a4 “2.3.47 iR J5ik
AEBE, dsk CBZ (il ] iR . L CBZ FINHR
Yy Lo PARFR (YD, L CBZ [P
FE AR (XD BATZREDA, THEH CBZ 75K
U ZHZA bR E -hZ6 7 FE A Y=0.141 3 X—0.022 9,
r=0.999 6. T NN 0.05 pg/mL. 255K,

CBZ £ 0.05~80 pg/mL ZMEXR R KIT,

237 #axtEli R SRR RCF AN B
W 200 puL, 4% “2.3.67 TR JriERCH] CBZ AR s

3 ANREIRE (014 5. 40 pg/mL) [RJFRAEFEA,
T JRIREE S S 0, 4% “2.3.67 T T JrikAbEE,

HEREN R, AN AT 7 R v SR e, LA
RES IMAE AT R, f3K.

3 AN TR R A6 IR AR 92.95%

95.28%- 97.44%. B FUNALZR FIG R 200 uL, %
“2.3.6” TN J7ikECH CBZ 1%, . W 3 AR
WRE (0.1, 5. 40 pg/mL) [MRIEFEA, & JFkE
WREES S 4%, % “2.3.6” TR ik Ab B, EFED
PL1d WA BURIR LS S RS I3 CBZ it &
WEEVHE H AR B BRI BRI E S 5
PIFESESENE 3 d, WA HIREEE. 4REHN
K5 RSD 014 6.59%. 3.81%. 4.22%; H ]
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K525 i RSD 2014 8.09%- 4.74%. 5.57% (n=5).
2.3.8  HREUANACR U 2L BRI 200 uL,
% “2.3.6” TR J7kRCH] CBZ k. . @& 3 MR
IR (0.1, 5. 40 pg/mL) MRIEFEA, &R
HIRES 50, A WARE R 20 L & 280 pL
CREIE T “2.3.47 TR ALEE, BEFENISE, 9 CBZ
ENRRETR LAY (4); S AL R 3,
ey BN N ARETE 20 uL K 280 pL )5 4#%
“2.3.47 T FACEE, BN S FEA B SRR K
FEAR IR 3 AN 47 e J55 2 JTOnT HL it v B R R 8 42 R
Qb PR PRI AH N T B R BERRUES M, EFE ST, 13 CBZ
SRS LY (B), DL A/B THEARERICER,
3 CBZ 7t 3 ANFURIRSE N FE i I E %53 )
) 87.8% 92.4%- 90.9%; [RIVETHE N bR IGHEE A
WEh 91.5%.
239 fREtkFEE moH CBZ k. . w3 AN
BRI (0.1, 5. 40 pg/mL) FREEFER S 3 45,
I3RS (25 C) FE 12h, —20 CUKi 15d
20 CRERL 3 &M FIR7JE1E “2.3.47 T
N ERRE S IATRN, %55% CBZ fEMNZR
FESHRS A ME . % s TR IR B N 2 SR S A
IR SR T E E Y RSD 34 <15%, & HIAE T
7E B3R 3 Ak M RaE v R 4F.
24 FitHtR

KH SPSS 19.0 Gevt- # Aoy M idis, =4
Phx+s #ox, KHPRETZDH (One-way

repeated measures, ANOVA) VA B, K
H LSD V&7 PR A TR L8R
3 4R
3.1 {TAFWNE

FRIEAT A 2R I, I i S AR R 5
T RE BBK B — ARV S 24 h WS, 78
30~120 min P HHILREEG . UL dhEE,
PR 5 b, XU S SR, SRR W L,
TP BIVR, 5 RSN EoRES. 2
Ji RAE IR FIFE B W AR, KA E:, #F
ZEIN 4K, 6~9 h Ja RAVEZ Wk, KEIZEHTK
HIEW . 2~14 d AR, K BREEAR DL &
o 15 d FFERA MBI, IR IE B Ak AR
WL AANIF] Racine 2548, % 4~5 JA5E4a ffk. A5
56 R FUA e U A R G IRAE T %0 10.7%, 4
SRR R, IS S Th %08 84%.
3.2 EEFREBREKXEAP CBZHRALSHES

XA CBZ, 1EH KRS RE AR R4S
T CBZ J&, HAFRE STEUR 4120 CBZ it
IR EX, WK 1. CBZ XHHAI7E 60 min
I CBZ i 2594 B 18 2] im0, CBZ ALY ZH7E 120 min
I o 2459 FE 5 B =, 7E 30, 60+ 480 min i, CBZ
P4 5 CBZ X R AL AH Eb CBZ BRI 15 1 35 [,
120 % 240 min I 2 4250 W& PE 25 o 45
FEoR, KRTE RE MR HRRAS PN CBZ iU
FEAR T IE W AR BORAS NI CBZ Rk

#1 EEMREZREKXREM CBZHRADHITLL (X £s,n=4)
Table 1 Concentration of CBZ after giving CBZ alone in normal and refractory epileptic rats (X *s, n = 4)

CBZ/(ugrmL ™)

A5 . : : .
30 min 60 min 120 min 240 min 480 min
CBZ %1 I# 0.9840.15 1.2840.11 1.0840.12 0.8440.13 0.4940.08
CBZ 17 0.7240.10" 1.0540.12" 1.21+0.21 0.7040.17 0.2840.10"

15 CBZ *#ALLE: "P<0.05
*P < 0.05 vs CBZ control group

3.3 CDDP X} CBZ fEIE & K R AN 4R 7 F RO 2 i

S IEH KR, 5 CBZ #HR41AHLL, CDDP+
CBZ 4 KRAEIES:ZS T CDDP 10 d i, HAS[R] i)
MTEINALZA T CBZ sk EH W B2k, W
K| 2. 7F 30 min [f, CDDP+CBZ 415 CBZ X} 41
{10 2 5 T P A 2 e (B T e, 15 60120,
240. 480 min I}, CDDP+CBZ 41 /i 24 ik A W)
T (P<0.05. 0.01). Z5REIR, T 1EH KR

CDDP ¢ BBB X} CBZ [{iliE 1, #4in CBZ £+
i 3 1) 23 A

3.4 CDDP %t CBZ 7£ RE &8 X R ixELR 5 80
A1)

X1 RE B KR, 5 CBZ BIZHAHLL, CDDP+
CBZ M AE#ELLEL T CDDP 10 d, 4ifuifk+CBZ 41
FEFELEAS T AR 10 d J5, HAS[E IS ] 55 5 Y )
iZHZR CBZ ik EA W w2k, WK 3. 78
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- I CBZ *} 1
201 CDDP+CBZ
: 4| P
B
B
V 30 60 120 240 480

t/min

5 [F]— i) CBZ X4 tbE: "P<0.05 “P<0.01
*P<0.05 “P<0.01vs CBZ control group at the same time

2 CDDP ¥ CBZZEEE KRBALHHIIEN (X s,
n=4)
Fig. 2 Effect of CDDP on distribution of CBZ in brain of

normal rats (X X5, n=4)

2.57
-CBZ izl
77 CDDP+CBZ
2.0 = dihriik +CBZ
s *
15 %
=
on
>
N 1.0
)
O
0.5
0.0 — T

120
in

)

5 CBZ BMALLE: "P<0.05 TP<0.01; 5
Yehriik +CBZ 41 LL: “P<0.05

'P<0.05 “P<0.0l vs CBZ model group at the same time; “P <
0.05 vs verapamil+CBZ group at the same time

3 CDDP % CBZ 7 RE A XRINALR S HEIFID
(X*s,n=4)

Fig. 3 Effect of CDDP on distribution of CBZ in brain of
refractory epilepsy rats (X xs, n=4)

30. 60. 120. 240 min i}, CDDP+CBZ #41. 4+
MK+ CBZ 45 CBZ A i 249K JEAH ELA T
mta#y, Ho 30, 60. 120 min i}, CDDP+CBZ
Zha s S CBZ BIAIM LA E 2R (P<
0.05. 0.01), 30. 60 min I 4ERIM12K+CBZ 411N
kIS CBZ BAYAMI LA I B 25 (P<<0.05.

0.01), {HIL)5 480 min i CDDP+CBZ 41 4Ehzil
K-+CBZ 415 CBZ B o 24 S AH LS (2

AL, LEFEMZES . T CDDP+CBZ A4
MK +CBZ 4, AR ] s ZH%F CBZ in 259 54
A3, £E 30, 120, 240, 480 min i F4H 0]
TR E 25+, 60 min i CDDP+CBZ 4] CBZ Jit &
WP S YEhrifk+CBz M LAY BT (P<
0.05). g5 Wor, X1 RE #AK f CDDP %} CBZ
i 245 % 5 () SR A FH AT e 5 e b i K] P-gp 1)
YEFIAHAL, CDDP #f# RE kK BBB % CBZ i
N, BN CBZ A8 A K5 AT o
4 i1ig

HPLC-UV s H i H ) CBZ 5E skl Jr
W, RS ST HPLC-MSMS TR T
SRM W 5 VAT B T PRI 2% T 4, 1% 772
(100 36 PR RN R BIORE W3 B IR A R T A K
A, & CBZ I 25k BERINE I A4 FH
eI LTI

RE &MU AT 7T 1) — KU R, RE B
XTI AEDs 7 AE T 25 AL oA e 4 A, o
% 2 2 R ) 3ok 5 2 08 TT 8 2 R MR A T 24 1)
—FPEENLE], ERIRA YRR 2 2l 25 s
AU BRI RE 3% BBB P {EmiERIA M Z
2y yfia g, AR Z AR AEDs Jf52
&G AEDs %2 BBB LAAL, BREARILLEMRG A 1)

AN 1B 5% b 2 R = N1 T s ML

AT I P-gp 1 MRP. P-gp 1 MDR &[]
gitish, KEBYH 0 —% AEDs #82 T IEM 254,
U1 CBZ. 7t LRI B 2 1 L AT A sz iy vt
T RE KEANE® AEBRES T KR 2054 CBZ
Jei s 5 ANIIE AN R[] s 3 NI R) A T RE
K CBZ MM 259K LI B PG, R4 2 ANIRHR] AT
TRFEMZER, KA RE KR HERE TN
CBZ it W BEAR T A BIDRAS R I A CBZ BTt i o
LR O] B8 A2 tH T RE K RUBUIR AL P 3 P-gp (1) 5
FIRE R CBZ AN I i P9 < B B A

FEFIRANE R GE, P-gp | IZAFAE T I S o 1) A2
TS S A0 L DA R i B 40 0t 7 oA B2 i i b, Ik e g
L1 P-gp 257 BBB EH, 2R 25)i%
it BBB [N ZEZ . 4RIk H i
]z 1) P-gp FiIF, AT LA CBZ 554+ P-gp 11124
WSS, P> P-gp XEIAMEE, N CBZ 11
A ke, —serh 2k K rp 2 AT O
S ULk, B O 22 PO el o B AT
P-gp MILhfiE, 45 AEDs BEA8 Al A 2ot h
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RE H&AE, $#E5 AEDs 1972 . CDDP [ 3= 220 i
St BRKR, kR e “ieflizy” A
B E R B e, (k2
W&t BBB 254E ] . BWTST R BLUK T ] B s
BHEWEWCT CBZ WP, (HuK iR 2
it BBB IR A FIBLHIAEE S AN R, At
FONKIKF S P-gp a4t 4i & nT g2 AR
FBLH B2, AR Szg R g4t S oot T IE# kK
fl1£4L ig CDDP 10 d 5477 CBZ 5 5./ CBZ MLt
WAL ZR CBZ Wik A W Tt iy, RUINTIE
W KB CDDP w415 BBB X} CBZ HiEiEME, B
CBZ 7EK N IR 347 5 X 140 B B 75 7 19 RE KB,
HELLYS T CDDP 8i4ER7 K 10 d J545 7 CBZ S5
F CBZ HILLKZl 2 CBZ W EH W BT s, R
Xf1 RE K CDDP s 4Eh7 K nl$e = BBB Xt
CBZ [idiEvE, ¥ahn CBZ EMiM M504 s X1
JW K, CDDP X CBZ iz ik EMI 5 P-gp 1
HIFILERIR NS CBZ o 243 P I AR A AR —
#r, 7 60 min N HXF CBZ W T mfE FH AL T
Yk, Ui RE K CDDP %f CBZ fisi 24
FEE 1 5 AR ] e AE R ORI P-gp BOAE FIARAL, B
ML AT BE S0 BBB L P-gp I3k, A P-gp Xt
CBZ AMIAE, Mgl CBZ % id BBB i i
L AT

zi LTk, WA CBZ, IEW KRN CBZ ik
EH 2T RE KR, SRR RE K RUBUH
JEBUT P-gp (1) R IR IE % CBZ AMIAEIL o 3 ¢
[E &4 5%; CDDP 5 CBZ &, LA BH# S
CBZ fEIEH A RE KEUMA 5340, $& BBB Xt
CBZ iz, HALH A58 CDDP 4111 BBB |-
P-gp HIRIE, (it CBZ i#Eik BBB 1y jinH i py i
FEA7 0% A5 CBZ 5 CDDP BEA1RYT RE 44t
TS .
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