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Abstract: Objective To investigate the effects of borneol combined with astragaloside IV (AST IV) and Panax notoginseng saponins
(PNS) on promoting the active components into the brain and anti-brain injury through the regulation of transporter proteins of
blood-brain barrier (BBB) in the state of cerebral ischemia-reperfusion. Methods Focal cerebral ischemia-reperfusion model in rats
was established, borneol, AST IV, PNS and the combination were administered by gavage, brain infarction rate was evaluated by
2,3,5-triphenyl tetrazolium chloride (TTC) staining, the expressions of efflux proteins such as p-glycoprotein (P-gp), multidrug
resistance protein (MRP)-1, MRP-2, MRP-4, MRP-5 and uptake proteins such as organic cation transporter (OCT)-3, organicanion
transporting polypep-tides (OATP)-2 in brain tissues were detected by Western blotting. The expressions of multidrug resistance
(MDR) such as mdrla, mdrlb and mrp-1, mrp-2, mrp-4, mrp-5 mRNA in brain tissues were determined by real-time PCR method.
Results The results of TTC staining showed that brain infarct was found after cerebral ischemia-reperfusion. Each drug could
significantly reduce brain infarction volume and decrease infarction rate, and the effect of AST IV + PNS was better than that of AST
IV and PNS alone, the effect of borneol + AST IV + PNS was better than that of single drug and AST IV + PNS. The results of major
efflux proteins and genes detection showed that the protein expressions of P-gp, MRP-1, MRP 2, MRP-4, and MRP-5 were
significantly increased in rats after cerebral ischemia-reperfusion. Borneol could significantly down-regulate the expressions of P-gp,
MRP-2, MRP-4 proteins, PNS could significantly down-regulate the levels of MRP-4, MRP-5 proteins; AST IV, AST IV + PNS and
borneol + AST IV + PNS could significantly down-regulate P-gp, MRP-2, MRP-4, MRP-5 proteins, and the effects of borneol + AST
IV + PNS were significantly better than those of single drug and AST IV + PNS; The effects of AST IV + PNS were significantly better
than those of AST IV or PNS alone. The results of gene expressions were similar to those of protein expression. The results of major
uptake proteins showed that the expression of OCT-3 protein did not change significantly in the model group and drug groups after
cerebral ischemia-reperfusion; However, the expression of OATP-2 protein was significantly decreased in the model group. PNS,
AST IV + PNS and borneol + AST IV + PNS could significantly up-regulate the expression of OATP-2 protein; Furthermore, the effect
of borneol + AST IV + PNS was significantly greater than that of single drug and AST IV + PNS, and the effect of AST IV + PNS was
significantly greater than that of AST IV and PNS alone. Conclusion After cerebral ischemia-reperfusion, brain tissues were damaged,
the expressions of major efflux proteins and genes on BBB were significantly increased, while the expression of uptake protein such as
OATP-2 was significantly decreased. Borneol combined with AST IV and PNS can enhance the effect of anti-ischemic brain injury, which
may be related to the down-regulations of the expressions of efflux proteins such as P-gp, MRP-2, MRP-4, MRP-5 and corresponding
genes in BBB, as well as the up-regulation of the expression of uptake proteins such as OATP-2, thus promoting the absorption and the
enrichment of borneol, AST IV and the effective components of PNS in brain tissues, playing a better role in pharmacology.
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4 “CE0» 10 min, B 3%, BCA &N & & & H
o FFEAHL 80 ug 5, 100 C/K¥ 10 min 4%
P, T 110 V fEEHIK 90 min, 200 mA #4HE 2 h,
S%MLAE AW 1 by HRE P-gp HIEDUA
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%1 mdrla. mdrlb 5 mrp-1. mrp-2. mrp-4. mrp-5 mRNA 3|¥]5%

Table 1 Primer sequences of mdrla, mdrlb and mrp-1, mrp-2, mrp-4, and mrp-5 mRNA

B st IRitegd! Fi B bp
mdrla 5’-TTTGACTCGGGAGCAGAAGT-3’ 5’-AAACCGGAAACAAGCAGCAT-3’ 151
mdrlb 5’-ACTCGGGAGCAGAAGTTTGA-3’ 5’-AGTTCTCGTGCCACCAAGTA-3’ 173
mrp-1 5’-CTGCATTGTGCTGTTTGCTG-3’ 5’-ACACAGAGAGACCCACCAAG-3’ 80
mrp-2 5’-CGAGAGAGGCTGACCATCAT-3’ 5’-TCACCACCCTCTGTCACTTC-3’ 185
mrp-4 5’-AGGACTTGCATTCAGAGGCT-3’ 5’-GGCAACGACGATGACAAAGA-3’ 101
mrp-5 5’-TGTGCAGTTAACCGGACTCT-3’ 5’-GTGAACCGTGCTTCTGTCTC-3’ 66
GAPDH 5'-GAGACCTTCAACACCCCAGC-3’ 5'-CCACAGGATTCCATACCCAA-3’ 446




b 2]

Chinese Traditional and Herbal Drugs %5 50 3% 55 18 3§ 201949 A

© 4393 -
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TR K B 24X P-gp+ MRP-1. MRP-2. MRP-4.
MRP-5 & ARKIEKFHEZE TR (P<0.01). Hii
R LREE, VKA 2R R 414 P-gp. MRP-2. MRP-4
EAFLKFEZERL (P<0.05. 0.01); AST IV
“H. AST IV+PNS 050Kk} +AST IV+PNS 4K
R ZLZH P-gp. MRP-2. MRP-4. MRP-5 &£k
KPR ZEREMK (P<0.05. 0.01); PNS ZH KR4
Z1 MRP-4. MRP-5 HHAREKFEZEFK (P<
0.05); HLZHH KR, MRP-1 HEARIEKTFERA
B3 MORRLZE N &AM B BRI AR

(P<0.01). BEZHALLE, VKA +ASTIV+HPNS
%} P-gp. MRP-2. MRP-4. MRP-5 & &k N
fEF B 25 T Uk . AST IV, PNS J AST IV+
PNS (P<<0.05. 0.01); AST IV+PNS X} P-gp.
MRP-4, MRP-5 & HEI& N F/EH 2 EE T AST
IV J% PNS (P<<0.05), X} MRP-2 & H&IA N
fEF BT PNS (P<0.05),
3.3 kB 5 ASTIV. PNS E{xt MCAO/B#E
AR R MR R IMEE B mRNA RIZHIFZM0

X3 GRER, SEFARALE, BAHKKR
M2l 2 mdrla. mdrlb. mrp-1. mrp-2. mrp-4. mrp-5
mRNA KIAKFHREFE (P<0.01). SHAIA
P, vk HAR IS fr 25 20K BRI ZH 21 mdrla.
mdrlb. mrp-1. mrp-2. mrp-4. mrp-5 mRNA Fik/K
FREEZERK (P<0.05. 0.01); ASTIV 41, ASTIV+
PNS 40 5 UK i 4+ AST IV +PNS 2 K §s i 41 241
mdrlb. mrp-2. mrp-4. mrp-5 mRNA FiE/KF 5
F{% (P<<0.05. 0.01), HUKH +AST IV+PNS
AEYZ 3 T mrp-1 RiE/KF (P<0.01); PNS 4
KT ZH 2R mrp-4+ mrp-5 mRNA FiA /K- 52 %
ik (P<<0.05. 0.01). #2525 4H IR LLEL, UK +AST
IV-+PNS T~ i mdrlb. mrp-1. mrp-2. mrp-4. mrp-5
mRNA FiLF/EHSEE R T VK. ASTIV. PNS

BFEAR i) VKA ASTIV

PNS ASTIVHPNS UKH +ASTIV+  Rikhi %
PNS

X OIFELL, L0 X O IE R AR
White area is infarct, and red area is normal brain tissues
E1 SJEKRKERTTC &
Fig. 1 TTC staining patterns of brain tissues of rats in each group
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B 2°P<0.01; SHAAHE: *P<0.05 **P<0.01; 55 AST
IVAHPNS 4L *P<0.05 **P<<0.01: S5UKA+ASTIVHPNS 41
t#: *P<<0.05 *P<<0.01, FEIF
A-Sham group B-model group C-borneol group D-AST IV group
E-PNS group F-AST IV + PNS group G-borneol + AST IV + PNS
group H-edaravone group ““P < 0.01 vs Sham group; *P < 0.05
**P < (.01 vs model group; *P <0.05 **P <0.01 vs ASTIV + PNS
group; *P <0.05 #P <0.01 vs borneol + AST IV + PNS group, same
as below
2 FZHEARMIERLE (X Ls,n=5)
Fig. 2 Brain infarction rate among each group of rats
(X £s,n=5)

Je AST IVHPNS (P<0.05. 0.01); AST IV+PNS
ZHF 14 mdrlb. mrp-4. mrp-5 mRNA FIAM/EH &
Z9BT AST IV J2 PNS(P<<0.05), | mrp-2 mRNA
FIEMER B3 5T PNS (P<<0.05).
3.4 JkKH5 AST IV. PNS E{Ex MCAO/BH#EE
HRBY K R A 2 LR EN R B ARk RO 201

iR (B 4 SR, H5EFARALE, HEH

%2 kB 5 ASTIV. PNS E{AxT MCAO/BETEE KR IRNALIIEEARIA

A B C D E F G H

3 KR5S ASTIV.PNS ECfixf MCAO/BEFERI AR
FLARSMNAEER B RIK B SN

Fig.3 Effect of Borneol combined with AST IV and PNS on
efflux protein expressions in brain tissues of MCAO/

reperfusion rats

KM OCT-3 EHRIAZRAEZE, OATP-2
FEARLKEEE TR (P<0.01). SHAILEE,
PNS 4. AST IV-+PNS 20 J2 UK H +AST IV+PNS 41
KEMNHZ OATP-2 HEHRFRIXAKFEZE i (P<
0.05.0.01), H ASTIVA+PNS fJRN & 3 58 T AST
IV. PNS #f] (P<0.05. 0.01), ¥ +ASTIV+
PNS il OATP-2 & RIS 3 50 T %2540
B f ASTIVHPNS (P<<0.05. 0.01),
4 g

PUERIWTE AW, AST IVHPNS fic (i B A5 1850
YU IS FE RS, AWF7ERE, AST IV+

G828 (X £s,n=75)

Table 2 Effect of Borneol combined with AST IV and PNS on efflux protein expressions in brain tissues of MCAO/

reperfusion rats (X xs, n=5)

5] Pl BN REE

(mg-kg™) P-gp MRP-1 MRP-2 MRP-4 MRP-5
(EEN — 0.10£0.02 0.1140.02 0.20£0.02 0.13£0.03 0.15+0.03
iR — 0.40+0.04%*  0.35+0.05°" 0.39+0.07°°  0.3940.03"" 0.40+0.03""
K 15 0.3640.03**%  0.3340.03 0.29+0.03**#  0.354+0.03** 0.3840.06*
ASTIV 20 0.36-0.04**#  0.33+£0.04 0.30£0.03**#  0.34£0.03***#  (,351+0.03%*#
PNS 50 0.37+0.03**%  0.3340.02 0.35£0.04°%  0.34£0.02**  0.3410.03%*#
AST IV+PNS 20+50 0.32£0.04**  0.32£0.03 0.29£0.03***  0.30£0.03***  0.2910.04***
VKA +ASTIVHPNS 15420450  0.2740.03**  0.31+0.03 0.23£0.04**  0.26£0.02** 0.240.02**
Wik hr 2 4 0.28+0.02**  0.28+0.03** 0.24+0.02**  0.24£0.03** 0.26+0.04**

5BREARMLS: “P<0.01; SHAALE: *P<0.05

HEH: *P<0.05 "P<0.01, FEM
42P<0.01 vs Sham group; *P<0.05 **P<0.01 vs model group; *P<0.05 **P<0.01 vs ASTIV +PNS group; *P<0.05 #P<0.01 vs borneol + AST

IV + PNS group, same as below

**p<0.01; 5 AST IVHPNS 4lLH#: *P<<0.05 **P<<0.01; 5¥KH+AST IV+PNS
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7KE5 ASTIV. PNS EL{ixf MCAO/BEFRE AR ANLALAIMEE R mRNA FTIEAMEN (X £5,n=5)

Table 3 Effect of Borneol combined with AST IV and PNS on efflux protein mRNA expressions in brain tissues of

MCAO/reperfusion rats (X £s, n =5)

1) i/ mRNA X} Rk 5

(mg'kg™") mdrla mdrlb mrp-1 mrp-2 mrp-4 mrp-5

TR — 1.00+£0.25 0.95+0.16 0.95+0.15  0.78+0.39 0.96+024  0.97+0.22
iR — 2.87+0.38"" 3.38+0.47"" 2424048 2.52+0.53"" 2.85+0.58"" 3.23+0.47""
VKH 15 227+0.52% 2.85+£0.49** 1.95+0.31% 2.06E0.26%* 2.35+0.30% 2.79+0.34*#
AST IV 20 2414038  2.91£0.30%% 2.09+0.36" 2.040.38%# 2.314£0.33%# 278 +0.32%*#
PNS 50 2431040 2.99+0.34%F  2.05+0.35 2.2320.33%%F  2.30£0.35% 2.76+0.24*#
AST IV+PNS 20+50 2401039  245+0.33*%* 200+£0.23" 1.760.30%*% 1.84+£0.20%** 233+0.33**
VKA +ASTIVHPNS 15420450 236043  1.98+0.19** 1.48+0.38** 1.29+0.25** 139+0.25** 1.924+0.24**
ik hi g 4 2.2440.39*% 1.89+037** 1.46+0.42** 1354+033** 1.3740.33** 1.91+0.33**
ocrs B e T e TS - Hiatp AR RIEANT, P-gp FIRELZ WIHBAL AR M-
HEPERR, 1 BBB. L5 AU bE R A i G 5 B 8,
OATP-2 e n o e G G G s TERH LR, P-gp FERIA T BBB BANIME N &
N S %Hﬂﬂ@“”i xEéA:TP Wﬁﬁ'f@:ﬁ‘]\éj&%ibﬁkﬁ, %ﬁﬁ%i
R -B -C 'D c r 6 n Bl RO HE NI N R 5 2 A (e i 0 ) If A A . P-gp
PEMAET Tz, AFER R, O I 254
03 vocrs  DUBSLZEM B GV FURS SR 2 . 4 T P-gp
. LW cow AR SESAURIZSME, ALY PR
3 . BN B, T EL AT LABCR LRI M I3 15 B8, 3
g N T i U R RO, SRR, JolE. UL
w ! R SR n] B P-EE 0ARE, MR T
i AhHENS 22, MRP S ABC BX IR A —iia &

o M1 L]

A B C D E F G H

4 2kF5 ASTIV.PNS B A MCAO/BEFREAR
BALBIE A RAHIEN (X +5,n=5)
Fig. 4 Effect of borneol combined with AST IV and PNS on
uptake protein expressions in brain tissues of MCAO/
reperfusion rats (X s, n=5)
PNS FCATLBE 23 PRI MCAO/ P JE A5 4 K B i A
4L, AST IV+PNS BCfh RN 5E T AST IV 5
PNS L[], HUKA M ASTIV I PNS 5, Hbish
ML 453475 B A o T & 25 5 J AST IV +
PNS Fiiff, BEHAUKF 5 AST IV, PNS FCffiS af ik
— 5 B G e L P AR A

P-gp J& T ABC #iz{k. \ P-gp tuffi MDRI1 1
MDR2 &K Z i) 2 MR & H, A2 k22
Yy, %t P-gp 195 HA mdrla. mdrlb 1 mdr2 3 Fh.
S UEEH, N MDR1 2 [F 4 B P-gp 551428 mdrla
H mdrlb FEH 4t (1) P-gp DhReAHE, =5 2 2t 2
P, 1 MDR2 1 mdr2 & [K 4% ¥ 25 1 /£ BBB £54)

H, A 134G, SER. 1. B BBB N
4iffs b, 5 BBB Zi¥)i%ia X RE VI MRP-1,
MRP-2. MRP-4, MRP-5 %%, F Bz N IR R
JARYD, SRS A B R B A h R S
G AT PUSHSREGZ Y SES24, MRP
5 P-gp —FEEAGIMEZAYINIER, MRP 2 F ik
(/0N BRCS BP AE R/IN BRI B, R el R 2 0 1 i P R
N FEE

KRB LR JS, S FPAMER AR
EHEENZ, PRk BBB 4MEE A
Tk, (LT 29 I ZY, 2 N
AR . UK BERE R P-gp. MRP-2. MRP-4
RARIEKF, PNS A i MRP-4. MRP-5
E ALK, AST IV. AST IV+HPNS S5ikH+
AST IV+PNS #¢E3#% ~ 1 P-gp. MRP-2. MRP-4,
MRP-5 A FIiEKF, HUKFr+AST IV+PNS R i
P-gp. MRP-2. MRP-4. MRP-5 & %k HI1E ] &
Zon T R 2 5 H K AST IV+HPNS. X 4MEEE AR
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[ [A mdrlas mdrlb. mrp-1. mrp-2+ mrp-4. mrp-5
FIEPRIIAE 5 FaR & B Ak g5 R AH R . R EFUK
F+ AST TV HI PNS o figq i 1P v I o 2H 23 4 HE
HEEM RIS R EE — S WMHER, K
AST IV 5 PNS J&, nJH§5axf 2o E R
R, $ER 3 M YIBCATLS Rl 21 A HE,
fER 4R AST IV 2 PNS A U7 & &8hm, M
T 184 B8R 470 A e 0L 2 3 4% O 1

OCT J& T s R X, F2A 3 ANIAY
OCT 1~3. OCT-1 EE /34 T, OCT-2 &7
T BNE, W OCT-3 A iz, 1Elk. Mg, &
B I RFRESRA b o042 75 OCT3
e ) N B 30 HeLa 4, OCT3 ] #%iz Py i1
FANEVERIBAE 7, BRI FERRE . g
M. S-FR M Z EESE. OATPs & —HRA 32
PR SEM L S HE NI R R 12 B AP, His
PUHZ B E T IRRRIER, AT ATP fEERE%IE K
VIBSHE . P OATP-2 |2 20 A T ks A 1 fe 4m it
JIBE % J A T A7 P R 40 R 27281

AWFFER I, Wask P 5 OCT-3 BRIk
KT R FEAA, 1 OATP-2 | A REKFEET
B, SRR TSR 1 OATP-2 RIAWR/D,
T AT REATI 1) 245 M0 B S L S5 R, S i 2H 23 2454
W . PNS. AST IVHPNS K&K +ASTIV+
PNS fg& 3 L] OATP-2 HHFRIA, HIKF +AST
IV+PNS [N 2 3 58 T % 25 5 H X AST IV+
PNS. FHIUKHEAL AST IV 5 PNS A fgidid Fif
Fii 1ML PV & OATP-2 R A 3RIE, {23 T ASTIV
J% PNS A5 28R 53 e o P AR AL, a2k 281) 18 i et of 2
Fii 45493 14 £

gE L RTIA, sk i B R N4 43547, BBB
BN R ORI (R SR A 48 R A, T BRI
HH OATP-2 Fik B EFFK. VKA B AST 1V K&
PNS J&, REXGampTE R G ER, HAERT
#t 5 N ifl BBB H1 45 4 P-gp. MRP-2. MRP-4.
MRP-5 JE[K KA, FIR_EIE#EUE H OATP-2 F£ik,
MR R AST IV 2 PNS A 20845 F U
HE g, MM iRk B Ok
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