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[ Abstract | Objective; To study the protective effect of gastrodin on primary cortical neurons damaged by
oxygen-glucose deprivation and reperfusion ( OGD/R), and the impact on expression of inflammation-related
signaling pathway. Method: The primary cortical neurons of rats were randomly divided into control group, model
group, and high, middle and low-dose gastrodin (80, 60, 40 mg-L ') . The OGD/R damage model was built by

oxygen-glucose deprivation and reperfusion. The survival rate of nerve cells was determinated by 3- (4, 5-
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dimethyl-2-thiazolyl) -2, 5-diphengl-2-H-tetrazolium bromide ( MTT) method, and the leakage rate of lactate
dehydrogenase (LDH) was measured by colorimetric method, high-throughput RNA-Seq transcriptome sequencing
analysis was used to detect the differential expressions of all genes in the treated cells, and the OGD/R damage or
protection-related genes or/and metabolic pathways were screened by functional annotation and enrichment
analysis. Result: The activity of cortical cells decreased and the release of LDH increased after OGD/R, while
gastrodin pretreatment increased cell viability and significantly lowered the LDH leakage rate. The sequence analysis
revealed that the molecular mechanism mainly involved the inhibition of NF-kappa B signaling pathway ( NF-xB,
18 gene ), and tumor necrosis factor signaling pathway ( TNF, 21 gene). Compared with the model group,
gastrodin inhibited expressions of NF-kB, Toll like receptor 2 ( TLR2 ), tumor necrosis factor receptor 1/2
(TNFR1/2), interleukin-6 ( IL-6 ), intercellular cell adhesion molecule-1 ( ICAM-1), interferon-inducible
protein-10 (IP-10), monocyte chemoattractant protein-1 ( CCL2/MCP-1), CXC-chemokine 1/2/3 ( CXCL1/2/
3), CXC-chemokine 9 (CXCL9/Mig) , and other inflammatory signaling molecules. Conclusion: Gastrodin has a

protective effect on the cortical neurons of rats after oxygen-glucose deprivation and reperfusion, and its mechanism

is mainly related to the inhibition of TLR-NF-xB-TNF inflammatory cascade-related signaling pathways.
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1 #FHE
1.1 zh¥ SPF 2% SD KRR, A4 24 h (N, BERERY

F H AR s A Bl BB A RS R R, S A IR S
SCXK(J1])2015-0030, 545 34 1 IF J& M A 1 i 4R
WEZ R LR E R S (R
ACCDU-2015-116) ,
L2 50 SRORR 2R X IRl Gt 3 25 S8 AR W Rk 4
AR A S 62499-27-8) s J4E H i, DMEM 55 5%
B& R 4 1 (HyClone 23 W], it % 43 5 24 J160030,
AB214657, GYKO119 ); Neurobasal Medium, B27
Supplement ( Gibcobrl 23 &], it 5 43 5] & 1806043,
1813319) 5 FLMR i &0 A ( LDH ) Il 1K & (19 5t A ik
P TR, 5155 A020-2) ; 1 P AR R A ( L
B T AR A F] L LS 7775-14-6)
1.3 fUg% 31384 AUEG TAES 3111 8 — S fb ik
B2 5546 ( 35 B Thermo Fisher Scientific 2 &) ) ; HVE-
50 B E K # A ( H ZK Hirayama 23 5] ) ; Allegra®
X-12R centrifuge & ik 3 2 .0 #1 ( 32 E Beckman
Coulter /A H] ) ; CFX1000 % i} 52 %¢ Y 22 £ PCR ( Real-
time PCR) ¥ ( 22 [H Bio-Rad A #]) ,
2 AFiE
2.1 FEMAAME T Bk 24 h SD KRR
W 75% L BEEAE, B BB JZ &8 73, A H% 1Y)
D-HanksiA W, 7K &0 1 R B3 I 158 K it %87, B A, Je il
AL 20 min, I9 1k 58 0I5 W 3 R B, 0 AT S
10% FBS ) DMEM £ 3% B 28 1198 4k, 9F [ 2 AT 73
BUAM 20 B T 22 200 H 41 i 3k 0 5 v , 44t i g
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BB EROA 1100 romin = B0 5 min, W FE LT
W, A GE 5 DMEM 15 5% 48 (% 10% FBS) & &, it
B, 4% 5 x 10°4~/mL % BE R0 T Wi 28 0. 1% 2 F #
FIR AL P () 20 ML B S AR b, AL E T 37 °C 5%
CO, M FEMh 58,6 h e & 2% B27 1y
Neurobasal #fi 22 4fl i 3% 55 Je Ak 2L 15 3% . LA B33 2
SRR SR R T RiFITEE
2.2 MK AA” OGD/R BEA i 45 R A&
8 mmol-L ™' Na,S,0, W JCHH Earle’s i 55 77 /F 4
AFLAF 1 h JFHE KN 2% B27 i) Neurobasal
WFR BT AR S G 95 2 W AR S LA B S St g oy
54, A E 6 N L, BRS04y 5 it
DIWE SR 20 B2 A b 3, 25 1 4 () e B 4 R B AR
Wi Earle’s W, &2 {1 4b B0 [R) A RU 2 FISC 00 20 . 523
2z JZ A M AE RS AR AT 2 h TS 45 T KRR 3R oL et Wk
40,60 ,80 mg- L~ A5 SR
2.3 KRR
2.3.1 EIJZMMTEME AETERNE R P L
£ (MTT) B0 5 40 Jf A7 75 52, d e 52 it 2 b 5 B AL
A MTT (& 5 g+ L™')20 wL, 737 C 5%
CO, MIEFA AL BE R 4 h, W 3% MTT, & fL I A
Z I EE (DMSO) 150 wL, 5252 52 35 5% 378 B 1 T
E 7840 T Je B AR ACAE 570 nm JU5E OB A

IR IG 3 = U A/% Y A x100%
2.3.2 LDH J M H 240 % bk vk i
FEAh T 48 fLAk, 597 40 2 Mol AL R AT, A i A2
At 24 h J5SC A 20 M R U, BT I 40 L 3R WO
A =20 CUKAR,6 h J5 WHEVRREW . #% LDH 5]
& (A020-2) Ud BT 45 I 5 240 A 1% 5% W A0 R il
LDH %M, 115 LDH s i 58,

LDH ¥ i 3 = 41 iRy LDH 3% ¥/ (40 ffi % LDH 75 #: +

ZRALE LDH 3% ) x 100%

2.4 BRI R JEMLAMELL S5 x 10° 4 /mL
BT 6 fLbR, AL 2 mL, 3R 24 7 d JH TS5 Ak
PRS0 7 o 2S [ 4H (control, C) , 5 U 20 ( model ,
M), 5255 20 (test, T, K K R i & W & H
60 mg- L") b B 5E B JA S7 B R A M M 91 1k e 4 4m
P, DR A T WA, JH T3 HL RNA

i RNAiso™ Plus ( TaKaRa) i3 B 42 B iz )2 41 iy
&L RNA, 707 Oligo (dT) (Y % 2k & 48 mRNA , Jf- £ 47
BEALFT Wr, I 5% 5 B cDNA B, Bk 47 A ui & 2
A RBIFIEH WY #% , R AMPure XP beads #17
FBE R /NGRS, i@ ok PCR P73 5 445 3 ¢<DNA 3¢
J o SCPE BUAS 58 5 R F HiSeq X-ten HEAT /& i &
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2.6 SEHEFRIXN RIS PAH BRI S
0 2L [ B PR 3R 3K 7K S 2 5, O i 1 22 S ROGA R .
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Y 0 e AR UE N : False Discovery Rate (FDR) <0. 05
H log, IFC| > = 2, FC(Fold Change, FC) £/~
PRIRE i [H] 238 1 A LU ARL . % 28 S 3R GR B R 8 1
B, COG 732, GO Ty 70 2K 5 W 4, KEGG i i &
T
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el 3 ] R g 105 B AR 1, 515 il i #B
BHEY R AT 5E K, 7E Bio-Rad CFX 1 000 Real-
time PCR ~F- 55 b, LAZH BB 9 cDNA A 4 Oy
M, PCR & & & 25 L. SsoFast™ EvaGreen
( Bio-Rad, USA ) 10 pL, 3| ¥
(10 nmol-L™") 1.0 plL, i £ & 5 W # K, PCR
FEIF 195 CHEE 20 5,40 MG (94 C 5 s, Tm i
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0.5 C-s™") SLEIE 3 RFERESL L2k
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hEFBAG R E L
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F1 XEERAEEE Real-time PCR 3| #ER
Table 1 Primer information of Real-time PCR of key inflammatory genes
514 i i Ko i
53" Tz 5'—3" /bp /C
NF-xkB ENSRNOG00000023258 CCCTCTTCGACTACGCGGTT CCCTCACGAGCTGAGCATGA 2919 60
ENSRNOG00000019311 ACGCTCTGCCCCAAATGTTA GTGAGGGTTGGGGATCCAAG 2 697 62
IL-18 ENSRNOG00000004649 ATGTCTTGCCCGTGGAGCTT ATGGGTCAGACAGCACGAGG 807 62
1L-6 ENSRNOG00000010278 AGCGATGATGCACTGTCAGA GGAACTCCAGAAGACCAGAGC 636 59
ICAM-1 ENSRNOG00000020679 TGGTGAAGTCTGTCAAACGG CCCGCAATGATCAGTACCAA 1 638 58
1P-10 ENSRNOG00000022256 TGCAAGTCTATCCTGTCCGC TCTTTGGCTCACCGCTTTCA 297 60
TLR2 ENSRNOG00000009822 CTGTGTCTCCACAAGCGGGA CAAAACAAGGATGGCCGCGT 2 355 62
B-actin ENSRNOG00000001408 AGGTAGCTGCACAAATGCCC TGTCGATGTCACACATGCCG 1 281 61

TE:NF-xB. 5P 7 1L-18. AN R -18; ICAM-1. 40 ] FH K 43 715 1P-10. T4 H % S E A -105 TLR2. Toll £ 24 2,

P A4  [R) IF R I LDHL s i 3R, 55 480 8 41 LE £
HARZFME(P <0.05), W*E2,

K2 XAREMNEEMELEREFE.FEER LDH FH XN
(xxs,n=6)
Table 2  Effect of gastrodin on activity, survival rate and LDH

leakage rate of cortical neurons(x +s,n=6)

x3 HFRANFHESIT

Table 3 Data of transcriptome sequencing

13 Fﬁiﬂ?&? 21 it 3% 1 PG LDH
/mg-L~ A /% R/ %
A - 0.558 6 +0.122  90.96 +9.93  30.10 +1.503
i) - 0.350 7 £0.094" 62.26 +3.72"  68.73 £3.785"
KEEZE 80 0.383 4 £0.093  68.36 +2.26> 52.49 +2.488%
60 0.4121+0.109  73.20 +4.02% 48.72 +1.053%
40 0.375 6 +0.088  67.06 +1.45> 51.16 +1.821%

GC Content  =0Q30
M 48+  Clean reads Clean bases /;: en /(;0
2 H Cl 25 364 985 7 456 485 128 52.53 91.22

Cc2 32 778 360 9 688 663 884 51.51 90. 92

C3 25 302 802 7 462 207 974 51.10 91.01

iR M1 22 586 683 6 645 642 526 52.45 91. 19

M2 27 709 560 8 187 876 416 51.68 91.05

M3 33711658 10 042 647 704 51.74 90. 32

u T1 27 034 269 7 996 592 032 51.26 90. 69

T2 35346 476 10 501 267 816 51.51 90. 57

T3 30 263 290 8 961 635 418 51.69 90. 45

EHEAALE P <0.05; HEMA LHED P <0.05( 5
&) o
3.2 BESRAMNY R ANVEAL AR IS8 AL 9 A
SR S M, 3Kk 18 76. 94 Gb Clean Data, £ 4% i
Clean Data ¥ ik %] 6.65 Gb, Q30 i 3 b K ¥&
90. 329% K LA b 0Ny $ 4l Ge i H 4 R W3R 3. 43 i
KA Clean Reads 548 % 1) 2 % A K 40 i 17 )7
B HE X, HE X 25 % 81, 98% ] 83. 21% A%
3.3 ERFREN K P A BERE R
AT R B O L, 34 1T OGD/R i) J¢ 2
PREE A 3 S A 25 S AR B ARG R . T A
PRIk & 1) FPKM Jp A 8 £ B, 531 2 391 A5
HREA R, 525 04 i, BR824 40 g
944 ANFEHFE A LU, 1 095 ANFE R kT, 5
RUZH P, KRR 3R 100k B ST 56 26 40 v 749 A i A
ik BH,789 A EEHRIET M, 2 R R KW
E3J

7 : Clean reads. Clean Data ¥ pair-end Reads Jjl %% ; Clean bases.
Clean Data B §f 3£ % ; GC content. Clean DataGC &, Bl Clean Data
G FI C 2 Fhpd AL & AR 1 L2 ; = Q30. Clean Data Jii i fH K T 2} 4%
T30 A B AT 7 Y L

60
Down Normal Up 30 Down Normal Up
2 40 2
1y
=
&0
= 20 10 j
0 - s L S
-5 0 5 -8 -4 0 4
CvVsM M VST
log2(FC)
Bl CVSMEMVSTERERFEAL

Fig.1 Differential expression volcanic map of C VS M and M VS T

3.4 RBRFENIETREME LT HES

Fik W 5 NR, Swiss-Prot, GO, COG, KOG, KEGG

SO LB PR L, ARAT TR ) B I b 22 R R A
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BENTRAE R, 762 GO fpfridf2h,C VS M 2 M
VS T 73547 1 405, 1 074 A~ 22 53 K38 i A 3R 45 13
R 22 RBEED GO TIREF A4 R IWLIE 2, B
A 2= S B R R R AR W ek B M Oy
Uige% GO 43251y 60 W) pe /325, TEAEY it
Bk, 5154 & 4 (anatomical structure

formation involved in morphogenesis ), #% B & &

L]
100 mEmAllgene [ 16026

DE gene | 1406

Pecatage o gnen

s ;ggﬁgg / Sg% 7

ik
/ jg// //@" / gfﬁ%
is

C VS M
2 ERREERE GO FTHHHGIT

0 o

a0z §
\ 3
I 160 =
‘ 1

(organ development) , # 2 & 4t & & (nervous system
development) A 5C i 5 Y & £ 45 20 5 1 4 L 4H 7 —
v, 5 40 i B N 40 i #8 (intracellular membrane-
bounded organelle) , 4 3 3 8 7 S8 & £ 7640 T
fe— 2k, 525 4 (protein binding, ATP binding,
protein domain specific binding, binding) #H 5 A% %k
HERZ.,

Percentage of genes
g8
Number of genes

3

M VST

Fig.2 GO annotation classification statistics of differential expression gene

HEHHALE,0GD/R BB A 2 039 EEN
Rk KA EIRECT M, W b 261 25 KEGG Ui i %,
FEALFE Calcium signaling pathway (37 gene) , Ras
signaling pathway (41 gene) , cAMP signaling pathway
(37 gene),
MAPK signaling pathway (59 gene)

TNF signaling pathway (25 gene ),
SRR A,
KIRER T IALA 1 538 DEEN R IK & EIRET

istics of Pathway Enri
Hypertrophic cardiomyopathy (HCW) - c
‘Synaptic vesicle cycle -
Calcium signaling pathway - ®
Ras signaling pathway - ®

Insulin secretion ~

gene_number
CAMP signaling pathway < @ 20
Dopaminergic synapse . * 30
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Focaladhesion~  ® ® 50
‘Cocaine addiction -
Morphine addiction . qualue
Glutamatergic synapse | ] TS
Oxytocin signaling pathway .
GABAergic synapse - . 0.50
Cholinergic synapse ~ . 025
Gircadian entrainment - L PP

Nicotine addiction ~
Retrograde endocannabinaid signaling -
Axon guidance - .
MAPK signaling pathway ~ [ ]
T

3 3
Rich factor

CVSM

VAL M 253 4% KEGG R i i
signaling pathway ( 18 gene )
(21 gene) ,

e, FEALHG NF-«B
TNF signaling pathway
Ras signaling pathway (36 gene) , MAPK
signaling pathway (48 gene ). PI3K-Akl signaling
pathway (32 gene), C VS M K& M VS T 225 £ k3

KEGG &M WA 3,

ics of Pathway Enrich
Lysosome | ©
NF-kappa B signaling pathway -

Other glycan degradation -
Glutathione metabolism ~
Cocaine addiction ~ gene_number
Oxytocin signaling pathway - ® .~ 10
Synaptic vesicle cycle .20
TNF signaling pathway . ®30
Hepatitis C - . @ 40
Glutamatergic synapse -
Ras signaling pathway - @ qVIl‘“e %
Chotergc sapes . | |
Morphine addiction - (e
Axon guidance -~ . 030
Po—— . 025
Gircadian entrainment - . 0.00
GABAergic synapse -
Nicotine addiction
MAPK signaling pathway ~ [ ]
Retrograde endocannabinoid signaling - L]

3 3
Rich factor

MVST

—ANEEERIR 1A KEGG 38 %, 38 % 44 R ILA 00 P41 o A% 2 bR O & 46 IR 7 (enrichment factor) , 7R 22 57 4 PR Hp i A8 30 4L 3 Jk 7y 2 TR LE 09 55

JIt A e DR r i A 80 A I 0 A DR LU B B AR TR B, R 22 S AR ik DR TR 9 v ) R AR KT MR

YA FR N logl0 (Q value) ,

Hopr Q value g ZHEARAG WAL IE Z )5 9 P value, R, GhAR AR, 37 22 57 4 i Bk PR 70 2 e v 199 8 46 1 35 kbl ol

B3 =RFREEREKEGG E£H S

Fig.3 KEGG enrichment scatter plot of differential expression gene
3.5 RERRNRIEMLFESHMEm 5 OGD/R

FERVZH WAL, RERR T 1 SE 30 2 mRNA ik & b

1 K Ry 749 A, T I Y B R R 789 A, B & NF-
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TRYs @, ﬁSTQ{ 1P10 F4 RKE OGD/R B RAEXRBERMFM
i MIG
\ - / ~ S Table 4 Effect of gastrodin on inflaimmatory genes in OGD/R
o IL-IR =
3\ damage
" IL-1 IL-6
i DNA Fas Cafl
KK —> ¥ — o __, & < KEGG
IxB Cel2 Cxell - - =) R
" Cxel2 Cxeld KM entry 5 AN 5 LongC Ee
Cxell)  VCAM1
AKUPKB — \ TRAF2/S eMyb  ICAMI PI3K K00922 00000016846  1.201 238 581 301 08 up
~— TNFR1 LB
PI3K V\_j Akt K04456 00000021497  1.085 075 834 550 35 up
\TRM-? <«——— TNFR2 Fas K04390 00000019142 - 1.458 323 943 255 98 down
4 FREH OGD/RBGAEESES CD14 K04391 00000017819 ~2.759 407 278 813 26 down
Fig. 4 Inflammation signal transduction pathway of gastrodin TLR2 K10159 00000009822 -2.500 587 887 306 08 down
against OGD/R injury MyD88 K04729 00000013634 -2.129 614 239 198 36 down
Tf%iﬁ?*ﬁ 9‘31%‘%@ E% EP , %%?’Eﬁ: q: ?ﬂ@@éﬂﬁ@i’ﬁ NF-xB K02580 00000023258 -1.667 676 613 085 74 down
HJ‘L@]:: 3_2){{1}}((@@(13131{) % E{&% B( Akt/PKB) %‘%i}li K04469 00000019311 -2.104 676 316 854 51 down
b
ij%] ‘{}ﬁ ]‘: )FE ?é ? Fas. TLR2. NF-«B. TNFRI1 TNFR1 K03158 00000031312 -1.085 524 125597 1  down
’ ’ ’ ’ ’
TNFR2 . IL-6 . ICAM-1 . CCL2 .IP10/CXCL10.CXCL1/ TNFR2 K05141 00000016575 -3.035 271 112 880 61 down
b ’ 9 9 9
2/3 ,f%‘%i?@lgi? %?ﬁ(ﬁ?( STAT) %ﬁ%,ﬂ: TRAF2/5 K03173 00000006238 - 1.097 856 889 529 57 down
’ i ’
%( MyDSS) CD14 %1—%%%%%%‘,{‘% %%ﬁ%m IL-1B8 K04519 00000004649 -2.552 866 186 776 41 down
b ’
%ﬁ%ﬁ{%%\ ﬁ%@ 4, /ﬂ\: ,:P u 1P10/CXCL10 , CCI2 , IL-6 K05405 00000010278 - 1.698 335 818 069 27 down
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Fig.5 Transcriptional activity of key inflammatory genes(x +s,n=3)
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