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ﬁ%i E HM AR RREMMRS 3,4-ZF IR FEL(3,4-DD) A X Rk 2 1 & 28 B8 (BMECs )- K UK LIR854 4a i PC12 3¢
IR R B HER) 4/ A4 2 A (OGD/R) 4t 6 B EAE A ALH) . F7ik R Transwell s F 335/ BMECs 5 PC12 0 e, R JG 4~ *F
FRLL BEANZE | T RAK4E(FAERT AR ,0.1 mmol/L) .3,4-DD £8(0.1 wmol/L) , R st FE 4R 51, H A &-28 3k 3% A4k % 39 2% OGD/R 415
B, B A, 3% 5K R A A8 R 25 4 335 J T 7 BMECs 24 h, & J& 4 MR & 95 B &, 18 (TEER ) vA & PC12 20 i, v $UBL BL 5B
(LDH) 7t | Jis R b Ad 22 & 3 B F (BDNF ) 7K F vA & TrkB  Plc-y \Map-2 .GAP-43 mRNA & ik K, GE8 LHadmimrbss EAam
#3554k & TEER vA % PC12 296, LDH 7%t \BDNF K- 34 2 3% %1K(P<<0.01) ,PC12 28 i ¥ TrkB .Plc-y .Map-2 .GAP-43 mRNA
R AKFHREIZH(P<0.01); A LA ER,3,4-DD 20, T R 5k 20 335 74k & TEER VAZ PC12 f@ e, LDH &% \BDNF 7K F F=
TrkB ,Plc-y . Map-2 .GAP-43 mRNA % i& K3 2 F 5 Z (P<0.05 % P<<0.01), £5if 3,4-DD il if 4F Al T BMECs 8,3 4% 2
OGD/R #i4 , H-AE A HL#] T 4k 5 38 7& BDNF/TrkB 12 5 @35 4 % .
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Mechanism of Gastrodia elata active ingredient reducing oxygen-glucose deprivation/reoxygenation injury
in rat neuron

WANG Jin', XIA Shuangli', YANG Yuan®, DAI Rong' (1.School of Chinese Materia Medica, Yunnan University
of Chinese Medicine, Kunming 650500, China; 2.Dept. of Clinical Pharmacy, First Affiliated Hospital of
Kunming Medical University, Kunming 650032, China)

ABSTRACT OBJECTIVE To study the improvement effect and mechanism of Gastrodia elata active ingredient 3, 4-
dihydroxybenzaldehyde (3,4-DD) on oxygen-glucose deprivation/reoxygenation(OGD/R) injury in rat primary brain microvascular
endothelial cells (BMECs)-rat adrenal chromaffin cells PC12 co-culture system. METHODS The co-culture model of BMECs and
PC12 cells was replicated in the Transwell chamber, and divided into control group, model group, butylphthalide group (positive
control group, 0.1 mmol/L) and 3,4-DD group (0.1 wmol/L). OGD/R injury model of the co-culture system was induced in those
groups except for the control group. After preventively intervention in BMECs with relevant medicine or culture medium for 24 h,
cell transendothelial electronic resistance (TEER) value, lactate dehydrogenase (LDH) activity, brain-derived neurotrophic factor
(BDNF) level and mRNA expressions of TrkB, Plc-y, Map-2, GAP-43 in PC12 cells was detected. RESULTS Compared with the
control group, TEER of the co-culture model, LDH activity and BDNF level of PC12 cells were decreased significantly in the
model group (P<<0.01), while mRNA expressions of TrkB, Plc-y, Map-2 and GAP-43 in PC12 cells were increased significantly
(P<<0.01). Compared with the model group, TEER of the co-culture model, LDH activity, BDNF level, and the mRNA
expressions of TrkB, Plc-y, Map-2 and GAP-43 in PC12 cells were increased significantly in the 3,4-DD group and butylphthalide
group (P<<0.05 or P<<0.01). CONCLUSIONS 3, 4-DD can relieve the damage of neuronal OGD/R by acting on BMECs, the
mechanism of which may be associated with activating the BDNF/TrkB signaling pathway.
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RERARAS . MR I PV 1 451473 (cerebral ischemic reper-
fusion injury, CIRI) &/ J&7 , BMECs . Ji¢ Ji 4 Jitd 4 B4 1%
0 J 3 3 M R A O 2 A2 A T, R BN VU
MRS A, T RE M o 22 RS Dyfie" 7, MHOCHIESE &
L, ZENVU RS, BMECs AV A A2 e {5 fi
[5G B BT R ZE R R A L 38 PT 7E IR O 3 0 B
G 5 #2578 57 M- (brain-derived neurotrophic fac-
tor, BDNF ) Al 22 iV, AR 2 R4 PEIE
I, i 25 %) T WihnsE BMECs 5 0 48 0 22 8] i {5 5 Bk
RUMEHENLA B B IR, X CIRLAIRY T HA E
B

AV AR R W], KRR FZE MR ) 3, 4-—
2 FEOR S (3, 4-dihydroxybenzaldehyde, 3, 4-DD) B4
I % R P 31 Ik P 2 P 1 (middle cerebral artery oc-
clusion/reperfusion, MCAO/R ) #5751 K BB #6473 , PR 477 32
P o E AT EAE FPLE AT . TR L
M 2201 BMECs HE5; FR B NVU™ , (HE iy 7 AR
I E KW, TCIE S AR, SR e B R
BB E RS SR A PC12 AU ph & oo AT IE Y, T
I, ASBIFSE R ] Transwell /N2 457 BMECs-PC12 38557
S M 25 /42 B 52 4R (oxygen and glucose deprivation/re-
perfusion, OGD/R) it i 5 74 , #4153, 4-DD X CIRI 4 2
AR R AL, PAA CIRI VAT 25001 & HE 5 2%
1 ##
L1 EEMNHE

3111 7 CO. A i35 5746 . QuantStudio 5 %I SEH 2
FE R A E R B (PCR) X A 52 [ Thermo Fisher
Scientific 23 ] ; Ti-S %L {8] & AH 22 1 G814 F H A Nikon
A ) ; Infinite M200 PRO B! 54X A 5+ Tecan A A ;
ERS-2 I 40 g e, BHAY  Transwell /N2 (FL4% 0.4 um , 54
FEEIRIFR 0.33 em”) 1 H 3 [E] Millipore 3 F]
1.2 FEAmRSEA

3,4-DD (L5 256775) W Tt 5t H R ERH A BRZA
w3 T2RBE(NBP, it 5 118170230 ) 1 T 47 24 42 A1 ELph 3
2i\b A B2 7] 5 PrimeScript™ RT reagent Kit with gDNA
Eraser(fIt'5- AGH1533A) ¥ [ H A< Takara 23 7] 50.25% Jif
TR R4 11075 (fetal bovine serum, FBS) (#5735 k1
03-050-1A, 04-01-1A) It [ L) & %1] Biological Industries
INT] s A 1MTE P 3 (bovine serum albumin, BSA) (L5
033100g) 1y [ & [ Amresco 2 /] ; DMEM/F12 £ 7 3 |
DMEM/RPMI 1640 %% = 3t (41543 51 & CLL330500B .
58903 )14 [ 3 [ Gibeo 24 Al 5 Gt LA - e B hi A4 (it
B NB10091761Cy) 1 [1 25 [H Novus Biologicals 23 ) ; L1
EPRIIE R T PR (P, L5 €2306) 14 H 9 [F
Sigma /A w5 LR i A i (1actate dehydrogenase, LDH){l]

TEZED; 2023455 34 45 23 1

& (5 QS1001) Wy F P Ul S A2 W) TR bk 5 o 5
BDNF fiff I 4 2 W% BF 9 5 (ELISA) ik 71 & (4t 5
K2401874) 1 H iDL RA ) TREABRA R . BRI
fit} 5Z & B (tyrosine kinase receptor B, TrkB) . i I fiff c-y
(phospholipase c-v, Ple-y) 5% £ 1 2 (microtubule asso-
ciated protein-2, Map-2) , #f 42 9 15 % 43 (growth associ-
ated protein-43, GAP-43) 75 | 1) th B AR AL W e R AT
B F) AR BAARF R ER 1,
=1 SIYFFIRYIEMKE

HERAR A5 -3 K Ebp

GAPDH |#%: GATGGTGAAGGTCGGTGTGA 7
Vi AACTTGCCGTGGGTAGAGTC

TiB i ATCGATATCCGTGCCGGTTTA 113
Ti#:GGCTGCATGGTCCTATACGC

Pley |}##: TACTCTACCGCACCCGGTTA 7
Fii#:CGTACAGTTTCAGCATGGCG

Map-2 FiE: AGCCAGAACATACCACCAGC 123
T CCTCTCGTCAGCCATCCTTC

GAP-43 [§##: CAAGATGGTGTCAAACCGGAG 157

Fii#: TGGTGCATCACCCTTCTTCTC

1.3 4Hp8

B BB B 40 PC 12 1 11 b 5L gh B AR 4
AR ST B, ¥ L L)L DMEM/RPMI 1640 5% 55 55 (&
10%FBS, 40 U/mL 7 %55 2 W4T ) T 37 °C .5%CO. M it
FNERE 3 FRAA Th HEA T 7
14

AWFFE T 308l SPF 2% SD K L, 4 8 250~300
g, W AL T RAE B AR A R, e =1 al
UE5 2 SCXK (i) 2015-0001, HUMAFE M B 1 2 Mk L 2
T ARSE, T4 2 KRR Z RS AR, T
DL BARE Z H K B i B ) 5, AR e BRUAE 7
T FE IR 3R B 22~24 °C B 50%~60%, 12 h W 532
o WSR2 i R 2R AR S Y IR & B st
Y (15 R-06202003 )
2 FHik
2.1 FERBMECs# B EHMEE

B A 7 d L BRI B 5, JC B A 20 84 2 )2
ZHLABTHE, 1 000 r/min 2.0 3 min; R FIERGHE1:1
AT LI A BSA VR, IF 7843 WA TIR ), 2 500 r/min
250 8 ming 5725 FIE W, WO B IR UL A B TE , SRS
10T DMEM/F12 85 37 55 (4 20% FBS . 40 U/mL 75 4
TR ML) IR SR, T 37 cCAl s FRA
HEATHEFR 5 24 b J5 SO BE G T, A0 AR KRS TR
JE 2 A3 1 IR, RRAHMIAE A B FE TR 90% , A TR 4R4l
b, B 225 3AR A AL T35 5% . BG4 BMECs LAV
ARG J5 7RO e ™ WER, 2 H VI B
PEFIA (R L@ )BT, R EA BMECs K592 1)
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2.2 BMECs-PC12 £ F K R E 1 OGD/R #Hi {5 1%
il 0=

4y 9 B PC12 41 il il BMECs, LA i 2 £h 2% vh i
(PBS) ¥ 2 K, A 0.25% [ BT 37 °CHE 74 Hh il
k.5 min; >4 80% 4t L e 4 2% B - BRI 5, 1] PC12 4 fifd
7 BN A 10%FBS Y DMEM/RPMI 1640 15 55 KL 2%
1R 7H 4k, 1 BMECs H il A 7% 20%FBS #Y DMEM/F12 1%
FEILL AL K I AR I L 1 000 r/min .0 5 min, 4
LA R AN I UTVE , I A S R L B, I PC12 4 i
BMECs ) %% B 43 5] & 1.0X10°, 4.0X 10° ~/mL, ¥
PC12 40P T 6 fLAR T, Fp L AE K 1 dJe T akkE %
SEEG . ¥ BMECs #2870 T C AR A9 47 BIZ 1Y) Transwell
AN I A A Z A CL R PCL2 41 6 FLAR 3t
A2 do YA A A 4 2 B A 909% I, A5l BMECs-
PC12 H:15 354K £ 14 1% i B, BH (transendothelial electronic
resistance, TEER) \ PC12 4fl il ' LDH i % ; 4 BMECs-
PC12 335 52K & i TEER A1+ PC12 411 i+ LDH 7%
L ER S R il D B T A o= |
BMECs-PC12 45 35K A )"

4 LR BMECs-PC12 H:RFFR IR R U | s RE 5%
JE, LA PBS IE R4S , e A JCHE G LI 1 97 0%, B T
190, (1) 37 °CHH IR E IS TR A kA 140125 ;8 h 5 L
7 LT TC MG B R0k e AR e (1) 78 A b R0k B
T 5%CO. 1) 37 °C e R 1E 18 55 7248 v #1724
10 h; B WEE E 4505, K BMECs-PC12 537K % 4 h
BImWOE 22 \ TEER \PC12 41 fifd b LDH i, 24 4 h B IR
W 2£ 34K, TEER \PC12 411 fifg Hp LDH 1 M PR AIG ST, B
BMECs-PC12 355 3% OGD/R 5 /75 AU Fy i s 2h ™
2.3 DHE5%YH

¥ BMECs-PC12 L35 F2 1K 2 73 A % BRAH AL |
NBP 21 (B X FEZH , 0.1 mmol/L, ¥ BE 2% SCHk[11]1%
) .3,4-DDZH (0.1 pmol/L, ¥ EAR IR IRF 7 "B &) |
TRV E AN EFL, NBP A3, 4-DD 4145 FHHN 24
)T 1l Transwell /N2 NI BMECs 24 h, X} B 2H Fiipx 71
2H DL R TR IARES SR T X R A, A 45 gl 34
“2.2" K J7 ¥ 4 i BMECs-PC12 3£ 8% 7% OGD/R i i
Y
24 BMECs-PC12 #1Z 5K Z &) TEER 1 PC12 40 ff1
o LDH i& 4 B 46 )

SEEHIZE 8 h/E KA 410 h , R ERS-2 AU i FH
{SCK M BMECs-PC12 3t 1% 57 14 & () TEER, BCF- 21 o
IRETINZE S HUA R TR o PCL2 0 MR 1 T 5467, R
S B0 I, #e iR i Y 43 U7 B R M PC12
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b LDH 151
2.5 PC124ifa s BDNF 7K F R4

“2.A47IUT I AE S  BONRJIS PC12 AR5 57
SR 5 #% ELISA 250 & U W] 43 07 i 454, A6l PC12 41 i
1 BDNF /K-,
2.6 PC12 4fifE & TrkB . Ple-y,.Map-2 . GAP-43 mRNA
FIEIKTHIRE T

K DG AE B PCREHEATAI . “2.47 TR SE 40 245
HE W4y PC12 41 M A T 2467 , SR FAE v ) 4
B RNA, 3% 554 B cDNA, F: ) cDNA #£47 PCR, JZ
N 264Ky 50 °CHALBE 2 min; 95 °CHIZEYE 2 min; 95 °C
APE 15 5,60 °CiB K 1 min, 72 °CHEH 7 min, JHFF 40 7K .
PLGAPDH AN Z R 27 YLK PC12 ZH A TekB |
Plc-y . Map-2 . GAP-43 mRNA fJZRIiAKF- .
2.7 HFitFEFHE

& H GraphPad Prism 8.0.1 Z {4 #1740t 41 o
Bl Ll x + s FoR , Z 4] LBCR FHERL R R 07 25 0 4
GRS A HoJ7 22550, 4R W H 5K Dunnett”s ¢
K5 s ANAF A IE A5 A B, SR I BR FUR 36 0 K 365 7K o
a=0.05,
3 #R
3.1 FERBMECsHNBELELER

ZER IR, B VA 2406, 7 BMECs K
FeI) . AR 1,

100 pm 100 wm

A. DAPI B. VIl[A -+

100 pm

C. Merge
Bl ERBMECsHIHOBYTELER
3.2 3,4-DDXF #1255 R OGD/R #Hi {7 2 f) TEER
LR PC12 4B A LDH i& 1% & BDNF 7K B9 220
5%k PR ZH AL, BRI ZH BMECs-PC12 15 35K 2 1
TEER L) K& PC12 4 it 4 LDH 75 4 F1 BDNF 7K F-3) i 2%
AR (P<<0.01) ; 5 M4 R 2 Ho 4, NBP 44 . 3, 4-DD 4
BMECs-PC12 285 531K R v FaRda 4R34 il 3 i e (P<
0.058 P<<0.01), #5HILE2,
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K2 HBAHIEFEZRL TEER MUK PCI12 0B LDH
A A BDNF K PRI MER (x £5,n=4)

45 TEER/({)-cnr’) LDHifH/(Ulg) BDNF K F/(nglL)
TR 364.8429.68 3004030 4294043
A 2353£2607 2201022 2501047
NBP4i 209311144 273017 4384049
3,4DD4 3498+ 18.79° 3184022 3974055

a: ST IR HLAR , P<<0.015b: SHETULT HEE , P<<0.05;c: SHETIL]
[As, P<0.01,

3.3 3,4-DD X FRKZE OGD/RIZHEE PC12 4HAf
i1 TrkB . Ple-y .Map-2 . GAP-43 mRNA &A1
X B 4H He A, B ZH PC12 40 i b TrkB | Ple-y
Map-2 ,GAP-43 mRNA ik /K- 18 3 T (P<<0.01) 5
SRR H s ,NBP 4H .3, 4-DD 41 PC12 il Jifd v |k 4R
Fr 3B K- i — 20 3 T s (P<<0.05 5 P<<0.01) ,
IR 3,
%3 PCI1248M 9 TrkB Plc-y.Map-2 . GAP-43 mRNA
FKIXKEHRMER (x £5,n=4)

Eib) TrkB mRNA Ple-y mRNA Map-2 mRNA GAP-43 mRNA
BopiEi 1.00£0.00 1.00£0.00 1.00£0.00 1.00£0.00
i 8184123 816+121° 8834028 20194129
NBP# 1363 1.60° 1473£0.88" 12384123 26834145
3,4DD4 1155%1.85° 12614217 1035082 26,05+ 168"

a: X IRZL LA, P<<0.01;b: SHEAIZ LA, P<<0.01;c: SRR
4, P<0.05,

4 itig

CIRI A A& A= & FH NVU b Z2 50 240 fdAH BAF H S 30y
IR N, 1T 5 AR 28 RE I & A \BMECs 1] 5 % % 1%
MR GO B AR R IE M g2 . BMECs J2 Il
ki ¢ . 1) &5 A4 S Ay, 7= A= () BDNF mI/E ] T3 %E, o0
ISR, TEER ST 5% 7 1% D0 6 A 1 i
[ R 20 M0 25 532 19 5 157" LDH A7 AE T Fir A 4l o, 24
1 0 A A s P P R T A S R, R AR
A e 200 R 7 T A Y AR AR, AR SR A5 R R
BMECs-PC12 #1537 & % 24 OGD/R J& , TEER . PC12 4
Jit i LDH 3 #4: A1 BDNF 7K-F- 3 R#AIC, #27R8 BMECs-PC12
ILRRFRAR R MY B DI BER IR , PC12 40 i 32 % 5 4 3, 4-
DD )5 , 255 354K £ i TEER LA &2 PC12 411 i LDH
15 £ F1 BDNF 7K-F-34 745 , %W 3, 4-DD A] a4 BMECs-
PC12 3853716 2 19 OGD/R #1473 , I fi¢ # BMECs . PC12
A O TR BDNF

BMECs [1)5% 3 D) € W] il 13 4% BDNF/TrkB {5 5
T %, B 22T A I E Ple-y . Map-2 . GAP-43 £ [
1235, Horh Ple-y 7] 41 5 2 P C 8 7 28 i w] 98
PET Map-2 & 2H Bl A 28 041 B 2R 00 B B2 R Ay, L
FRIKT-RE S WA 2 TR S M NG L™ GAP-43 1] 2
S dn s A K K o fih & B Y S 2 40 i A L B

TEZED; 2023455 34 45 23 1

PR S A AE AR L 5 5 G AR PRI Y 2 Ik i iz

YEFRM, {23 Ple-y \Map-2 . GAP-43 [ 335 1 4 35 41 22

JUH IS TR 5 0 A A RS M 2 sl 5 L &, Dz

MATTHIB . ARFFELA R, BMECs-PC12 255

FiKk & 4 OGD/R J5 , PC12 2 i v TrkB . Ple-y . Map-2.,

GAP-43 mRNA 3k KF-THis , frm 3G TR R AEZ 5

OGD/R U , 4 A S fih & W IRMEAE S AR T 5 283, 4-

DD il , PC12 4 rh iR brg ik /K-t — 20 T

& . $& 78 3, 4-DD Al i A ] T Transwell /b % B2

BMECs, fi i/t BDNF 431, Ji ) BDNF/TrkB {55 5 18 #%

P PC12 15 fih T A, 314 98 BMECs 5 #1420 Z [A]fY

AR UM HENIEEE S, SRR R 20T

Zi L Fig, 3, 4-DD Al@E 1A T BMECs 2 b 22

JC OGD/R #5477 , FeAt: ALl BE-5 i BDNE/TrkB

SR PEA G T ARSI IO 5 g3 S e 240 ) A 2 i

HMEETT YA BAE T J5 S230 5 EWEE 21 A Z [A) FR AH

AR, #E— A 5 3, 4-DD 3R 28T i/ AL
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