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Research of wogonin on neuronal damage induced by hypoxia/reoxygenation based
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Abstract. Objective
injury based on the C — C chemokine ligand 2 — C — C chemokine receptor 2 ( CCL2 — CCR2) pathway. Methods
PC12 cells were cultured and divided into five groups, control group (normal culture), model group ( H/R injury) ,

To investigate the effect of wogonin on hypoxia/reoxygenation ( H/R) - induced neuronal

experimental group (H/R +50 pmol - L' wogonin pretreatment for 1 h) , antagonist group ( H/R +10 pmol + L™
CCR2 antagonist RS102895 pretreatment for 1 h) , and agonist group (H/R +50 pmol - L ™" wogonin +20 pmol - L'
CCL2 recombinant protein pretreatment for 1 h). Cell viability and cytotoxicity were assessed using the cell counting kit
-8 (CCK -8) and lactate dehydrogenase ( LDH) assay kits. Apoptosis was detected by Annexin V - fluorescein
isothiocyanate/propidium iodide ( Annexin V — FITC/PI) double staining and terminal deoxynucleotidyl transferase —
mediated dUTP nick — end labeling (TUNEL) staining. Oxidative stress and inflammatory responses were evaluated by
enzyme — linked immunosorbent assay (ELISA) and quantitative real —time polymerase chain reaction (RT — qPCR).
The
viability of PC12 cells in control group, model group, experimental group, antagonist group and agonist group were
0.89+£0.06, 0.32 £0.04, 0.69 +0.05, 0.65 = 0.07 and 0.46 + 0.04, respectively; the SOD activities were
(45.11 £3.02), (10.05+1.05), (33.62 +3.15), (30.15+2.87) and (21.05 +2.17) U - mL™", respectively;
the Annexin V FITC/PI double staining apoptosis rates were (3.21 + 0.68 )%, (29.65 + 1.59)%,
(8.99+0.82)%, (9.87 +0.85)% and (18.65 £ 1.06 )% , respectively; the TUNEL positive rates were
(5.66+0.89)% , (33.65 £2.42)%, (13.25 +1.05)%, (11.66 + 1.87)% and (24.06 = 1.16 )%,
respectively ; the relative expression levels of tumor necrosis factor — alpha ( TNF — o) mRNA were 1.02 +0. 15,
3.05+0.32, 1.59 0. 16, 2.98 £0.24 and 2. 66 +0. 20, respectively; the relative expression levels of interleukin — 6
(IL-6) mRNA were 1.05 £0.12, 4.54 +0.39, 1.87 +0.15, 1.75 £0. 14 and 3.08 +0. 32, respectively; the
relative expression levels of CCL2 mRNA were 1.01 £ 0.07, 3.99 +0.32, 1.64 £ 0.15, 3.90 = 0.33 and
2.84 +0.23, respectively; the relative expression levels of CCR2 mRNA were 1.03 + 0.10, 5.21 = 0.51,
2.03 £0.26, 2. 11 £0.20 and 3. 85 £0. 32, respectively; the relative expression levels of phosphorylation (p) p65/
p65 were 0.12 £0.02, 0.75 £0.06, 0.24 +0.03, 0.22 +0.01 and 0. 52 £0. 05, respectively; the leakage rates of
LDH were (18.32 +1.15)% , (58.64 £5.16)% , (29.02 £2.16)% , (26.98 £3.02)% and (40.24 +3.54) % ,
respectively; the malondialdehyde ( MDA) contents were (50.16 £5.24), (169.65 £10.16), (91.32 £7.12),
(86.21 +5.16) and (134.16 +11.87) nmol + mL ™'

between model group and control group, between experimental group and model group, and between the

Protein expression levels related to the CCL2 — CCR2 signaling pathway were measured by Western blot. Results

, respectively. The differences of above indicators

antagonist, agonist group and experimental group were all statistically significant (all P <0. 05). Conclusion
Wogonin exerts a protective effect against H/R — induced neuronal injury by inhibiting the CCL2 — CCR2

signaling pathway.

Key words; wogonin; hypoxia/reoxygenation; neuronal damage; C — C chemokine ligand 2 — C — C chemokine

receptor 2 pathway
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4HRE  PC12 40l (CRL - 1721. 1), ) A 3£ [®
ATCC 4%

HRERA DTSRI 55 20 mg, 4l
99.92% ,#lt'5 : HY — N0400 ,CCR2 F5H15 RS102895,
B - 5332 20 mg, 2% :99. 97% , 5. HY - 18611A
3107 A — 8 (cell counting kit — 8, CCK - 8) £
DR G R 1V — S LR 9 't R/ AR T e
(Annexin V - fluorescein isothiocyanate/ propidium io-
dide, Annexin V = FITC/PI) , i T i) & A 3
AR TR A S 1Y dUTP Bk 1R b5 10 (terminal
deoxynucleotidyl transferase — mediated dUTP nick end
labeling, TUNEL) 4 8,33 &1, # i 22 [ MCE 2\ 7] 4=
77 CCL2 A 1, BUAK - 152 50 pg, 2HE: >95%,
b5 :202524 A, b 5T Sino Biological 2\ &) 4 = ; #8 A4k
Y15 Ak i ( superoxide dismutase,SOD) .NAD(P) H: i
SEALBJEREF 1 [ NAD(P) H: quinone oxidoreductase 1,
NQO - 1] KN & ( malondialdehyde , MDA ) , ¥ /1 i
b EE B 2 /) A2 775 fe bt CCL2 ,CCR2,S0D
NQO -1 Jz MDA, ¥ 1 38 [ CST 24w A= 7 s FLAR I 2
fiff (lactate dehydrogenase , LDH) #MRF &, FiG2 %
INFIHETE s ALK R (ribonucleic acid , RNA ) 32 UL,
I 3 RS S i) 6 R S I o i SRS I S
(real — time fluorescence quantitative polymerase chain
reaction, RT — qPCR ) A 2050 &, 5 fy g By 50 T 28
AR,

2§ SpectraMax M5 Z I REREFR AL, 2 w9 K 1H
FHEE 28 Rl il s Beckman CytoFlex i xUAH AN, 71545 DL
T PR IR A W BXS3 A, H AR BUBRDT Y
FRON ) P2 s ABI QuantStudio 1 Plus PCR Y 2%, 35 [H 5%
R UBHEZ A ™ ff ; GenoSens 2000 BERE AR AL, 11
BB A F T
2 KWHE
2.1 @RS HESLEREY

PCI12 20 g FH v W AL 2R DL 0 RO A R B 37 2k
(Dulbecco’ s modified eagle medium, DMEM ) ¥ 3% 3T
37 CHREFRM PR IE , RS L1k 70% ~80% I Kt
HOrog 5 4, % B AL 20 M 0 B 7 5 455 10 4 A i 22
H/RA S 5 5236 20 40 i 76 i S8 AT 1 h I AR By
50 wmol + L™" (PB4 2 Uk B0 (A48 A AR 56 3
FRAIE , U 8 X IE H PCL2 N ] R |, Bl S

PEAT H/R AR T ; 355070 41 40 i AE B4R 1 b i A&k
FER 10 pmol - L' {1y RS102895 T4k #E' | bii J5 F
H/RAL 3 5 35 ) 770 2 40 M AE Sl 420RT 1 h ISR BNy
50 wmol + L™ AL #5421 20 wmol + L™ fi CCL2 H
AW R H H/R 43, H/R LbFE 5
W 20 M S 45 R JORE T I T DMEM R 556, 8 37 C |
95% N, +5% CO, A5 R4 T ik 5 5 6 h, Bl 5
B O IEH DMEM 553558, B FIE W B = b 2 A
24 W' A AN b3 48 b S AT IS SRR ST .
2.2 CCK -8 %£#il& 4 PC12 ZhpniE "

W X B KW PC12 40 L AEAL S x 10° /4Ny 2%
FERERIT 96 LA, 4% i 4 4Lt A7 A BES , 7
CCK -8 i 10 wL % 2 h, FHEFFRILAE 450 nm i
P AR 7 A FLI L% FE (optical density, OD)

2.3 LDH #FI&%&il& A PC12 Arasu"

¥ PC12 4 LA FL 2 x 10* 4~ [y 255 B 3 Fp T 24
fLARH, r AL F S AL EIE TR, S i B LDH
A7) G UE B AR, AR A b o 2R 25 45 25 LA T
i) OD {i 1145 LDH J i %,

2.4 Annexin V — FITC/PI X7 75 28 B K 3% 46 )
£4H PC12 fEpA TR

¥ PC12 ZHALAAFL 5 x 10° MRV F 6 FL b,
S PRI AN IR . BINES A 2% R 100 WL
A, A Annexin V — FITC F1 PL 5% 5 L, it
JEIFE 15 min, $hFELE G52 il 400 wL J5 , A o =04
JHLA SRS I 240 JpL o T %

2.5 TUNEL #:f&8i:#711% 48 PC12 4848 TUNEL g
Mg pm R

¥ PC12 40 LAAEAL 1 x 10* N80 24 FLAR, 43
YIS, F 2 5 W RS [ 2 , R Triton X - 100 %1k
AR 10 min; ™ 4% $ #8 TUNEL e 6838057 & 158 ] 45 4%
TSN 33k 6 Ab #E 60 min, Bifif5 I 47,6 — K3k -
2 - ORIEM|EYL R 5 min, P W AU WL AR, I X
TUNEL BH 20 S 550 i 4 i 5k A 53 4
2.6 FEgEx % & KM% ( enzyme — linked immunosor-
bent assay, ELISA ) # il & 28 PC12 40 Bfl & 14 hz i8035
ﬁ[ﬂ

¥ PC12 4R LAARRSL 1 x 1040 T 6 fLAC,
AL FR IS WSS A . ™ A% F IR SOD (NQO — 1 I
MDA F6: 751 5 U B A5 E A , 43 500l %8 IO B 4 Ah DU
OD {5, 25 A ARt 2T B A5 T8 An i 7 s ko
2.7 RT - qPCR %# il & A PCI12 41 4 fiE B F
mRNA FixKkEM

W PC12 A0 ABEAL 1 x 10° M F0 T 6 fLiR
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AR AN . A RNA SRR S 4%
AN RNA 5 50 cDNA. L cDNA Jytbiti,
Wi B E R g ¥ k4T RT - qPCR i, DA
GAPDH N2, i 2 ™ Sikilb A7 00t TR R 3
A+ — o( tumor necrosis factor — alpha, TNF — o) . H 4l
A2 - 6(interleukin —6,IL —6) .CCL2 F1 CCR2 mR-
NA FAX 235K, TNF -« E3H7514:5" - GCGTGT-
TCATCCGTTCTCTACC — 3', F i8] #: 5' — TACT-
TCAGCGTCTCGTGTGTTTCT - 3'; 1L — 6 L5 9.
5" — AGTTGCCTTCTTGGGACTGATGT -3', N #5149 .
5" —= GGTCTGTTGTGGGTGGTATCCTC -3';CCL2 | Jif
B14):5 - GTGTCCCAAAGAAGCTGTGA — 37, F 2]
.5 — AATCCTGAACCCACTTCTGC -3’;CCR2 |
5|47.5" — GACCAGGAAAGAATGTGAAAGTG -3',
W5l 9.5 - GCTCTGCCAATTGACTTTCCTT - 3';
GAPDH |75 |4 .5 — ACCACAGTCCATGCCATCAC -3’,
T#E 14 R.5" — CGCCTGCTTCACCACCTTCTT -3,
2.8 EARMTEERNEAHAMEM CCL2 - CCR2 {7
EEmAxEaRIE"

¥ PC12 AR LARAL 1 x 10° 48R F 6 FLAH,
IR AR PSSR AR, R 4 e 1T 0 TN 7 2 i 2%
WL B0 AR I BV R, IS R R M S R AT
TREIEBRIR AN - RN RIS F Uk . FUK S R
FFR 2 R R SR, B 2 h J5 % CCL2
(1:1000) ,CCR2(1:1 000) . #f&1L ( phosphorylation,
p) —p65(1:1000),p65 (1:1 000) F1 GAPDH
(1:5000) — 4l e Hs Fr o AR 1k E ALY AR IC
M =HL(1:5 000) FRRIFE 2 h 5 @52, Al Imagel 4K
RO A A 2 2R Y K AL
3 GFitEsE

JH SPSS 26. 0 ¥ #4743t o b iR
x x4, R T 20 M Al LSD — o Ko

# R

1 XNEZRZER W/RIFSH PC12 HRiE N THEHF
> LDH %

S0 BRZE AR LG, B ZH Y PC12 4N ) 3 K
%, LDH i 5 535 Thi (33 P <0.05) 5 S 4L A
Fb , SEBG A FIFE PRI 00 PC12 405 134 8 2 Th i,
LDH i th 52 B 2F BRI (2 P <0.05) 5 5 5L 21 A
LU, SRR PC12 2005 ) 2 PR, LDH Js i 5
BETHE (¥ P <0.05) 3P AL PCL2 41T )

J LDH Jg R AE G it ¢ E 2 S W RG24 (3
P>0.05), %1,

R 1 #5441 PCI2 IS I S FLIRIG S (LDH) I 4 14 FE 4%
(x xs)

Table 1  Comparison of cell viability and lactate dehydrogenase
(LDH) leakage rate of PC12 cells in each group(x +s)

Group n Cell viability LDH leakage rate( % )
Control 8 0.89 +£0. 06 18.32 £1. 15
Model 8 0.32+0.04" 58.64 £5.16*
Experimental 8 0.69 £0.05* 29.02 2. 16"
Antagonist 8 0.65 +0.07* 26.98 +3. 02*
Agonist 8 0.46 +0.04% 40.24 +3.54%

Control group: Routine culture; Model group: Hypoxia/reoxygenation
treatment; Experimental group: Pretreatment with wogonin at a final
concentration of 50 wmol + L™! for 1 h before H/R; Antagonist group:
Pretreatment with RS102895 at a final concentration of 10 pmol + L~! for
1 h before H/R; Agonist group: Pretreatment with wogonin (50 mol + L")

and CCL2 recombinant protein (20 ng - mL™") for 1 h before H/R;

Compared with control group, *P <0.05; Compared with model group,

#P <0. 05 ; Compared with experimental group, P <0. 05.

2 NEZEZEME H/RFSH PCL2 AUAT

E R RELHAH HE , B PC12 4 IR fY) Annexin V —
FITC/PI WYL JH 1238 & TUNEL FH R I 8 T 5 (1
P <0.05) ; SR H, SCEG 4 s a4l PC12 41
Jf1f#) Annexin V — FITC/PI 3L -2 &% TUNEL BH 4
R AR P <0.05) ; 5254 L, #sh
ZH PC12 ZH g i) Annexin V — FITC/PI WYL | 17— % &
TUNEL FHPE 28 3 i 2 T+ (3 P <0.05) , #5505 41
PC12 4 ffg /) Annexin V — FITC/Pl X Yt 1= % K&
TUNEL FHHRAE G 22 R G 2# 2 (1
P>0.05), 1032 fE 1,
3 NEZERZMR H/RIFESMN PCI2 @RS

5% AH G, BARIZH PC12 4 %) SOD F1 NQO
-1 IEPE B E AR, MDA S & EF A m (8
P <0.05) ; SEAVAAH L, SEE0 4] FE BRI PCI2 4
Jfaf¥) SOD 1 NQO — 1 & M4 8 2 J+ /&5 , MDA & & i
FIRN(Y P <0.05) ; 55050 4 e, Jsh i 41 PC12
YL i) SOD F1 NQO — 1 & P34 g E R AIK, MDA % &
WEFF (P <0.05) , F5PrFI4l PC12 4 i) SOD
FINQO — 1 {1k Jz MDA & EGe it 2% b2 R s
2B (¥ P>0.05), L33,
4 NEZZEMH H/RIFESH PCL2 ARKERT
mRNA Fik7kF

St AR LG, BRI 4] PCI2 40 LY TNF — o,
IL -6 .CCL2 F1 CCR2 mRNA X} 325 K F 44 &5 & T}
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1 A AR A 5 41 PC12 2 i -4
Figure 1

Annexin V-FITC

R2 A4 PCI2 MK E V- FBUR IR PO R/ LN
WE (Annexin V — FITC/PT) X I T 4 K A s Jlid S8 H BR e 7%
B S 319 dUTP R H A SR iC (TUNEL) B RAY AL (v £ 5)

Annexin V-FITC

Annexin V-FITC Annexin V-FITC

The apoptosis rates in PC12 cells of each group detected by flow cytometry

(¥ P<0.05); SR AL, S28 4 FE A4
PCI2 4 ) TNF — o IL — 6 . CCL2 (L SZ 5 41) F
CCR2 mRNA A X} & ik /K F ¥ 8 & K (¥

Table 2 Comparison of apoptosis rate of Annexin V — fluorescein

isothiocyanate/propidium iodide ( Annexin V — FITC/PI) double

P <0.05); 5 5250 4 8, Bsh M 40 PC12 41 i i)
TNF — o IL - 6 ,CCL2 FiI CCR2 mRNA #H %} 2 3% /K F-
BTt (¥ P <0.05) , 550 M 41 PC12 41 Jf 1)
TNF - o AL -6 .CCL2 F1 CCR2 mRNA #H X} 3¢ ik 7K -
fEgiit 2 EER W ILGEIHHE X (¥ P >0.05),

staining and terminal deoxynucleotidyl transferase — mediated dUTP
nick end labeling ( TUNEL) positive rate of PC12 cells in each
group(x £5)

Annexin V - FITC/PI  TUNEL positive

Group " apoptosis rate( % ) rate( % ) ﬂ%‘:{ 4o

Control 8 3.21 £0.68 5.66 +0. 89 5 NEZEWH H/RFSH PCI2 485 CCL2 -
Model 8 29.65+1.59" 33.65+2.42° CCR2 5B BRI EE

Experimental 8 8.99 +0. 82" 13.25 +1.05% 5% B4 AR F , A 4 PC12 4 ffe /¥ CCL2 .CCR2
Antagonist 8 9.87 +0. 85* 11. 66 + 1. 87% . . NN
Agonist 8 18.65 1. 06% 24.06 +1. 16 Flp — p65/p65 B FI AN 18K F 59 8. Tk i (49

P <0.05) ; GBI AN L, SCER 2 (F5 PR 4l PC12 2
JfiR) CCL2 (X 525541) \CCR2 Ml p - p65/p65 H HAH

Compared with control group, *P <0.05; Compared with model group,

#P <0.05; Compared with experimental group, ¥P <0. 05.

®3 KU PCI2 4 A ALY B AL (SOD) NAD(P) H:  FRAALIR 5T 1 (NQO — 1) 3% P4 Ko P 8% (MDA) & B HLEL (& £5)
Table 3 Comparison of superoxide dismutase (SOD), NAD(P)H: quinone oxidoreductase 1 ( NQO — 1) activities and malondialdehyde
(MDA ) content of PC12 cells in each group (x +s)

Group n SOD(U - mL™1) NQO - 1(ng - mL™") MDA (nmol - mL.~")
Control 8 45.11 £3.02 34.16 +3.05 50. 16 +5.24
Model 8 10.05+1.05* 6.25£0.98* 169.65 +10.16 *
Experimental 8 33.62 +3. 15* 26.16 +2. 02* 91.32 +7. 12*
Antagonist 8 30. 15 2. 87* 25.87 1. 64* 86.21 +5. 16*
Agonist 8 21.05 +2.17¢ 18.65 +1.20% 134. 16 £11. 87%

Compared with control group, * P <0.05; Compared with model group, *P <0.05; Compared with experimental group, ¥P <0. 05.

Fd  HUPCI2 AVEHIIIRIAIEN T - o (TNF - ) \FAIAT 3 -6 (IL - 6) JAfLIH TRk 2(CCL2) Fl C - C R felH 132 1k 2
(CCR2) mRNA AR KK A L (x £ 5)

Table 4 Comparison of the relative expression levels of tumor necrosis factor — alpha( TNF — o), interleukin -6 (/L -6), C — C chemokine
ligand 2( CCL2) and C — C chemokine receptor 2( CCR2) mRNA in PC12 cells of each group(x *s)

Group n TNF — o mRNA IL -6 mRNA CCL2 mRNA CCR2 mRNA
Control 8 1.02 +0. 15 1.05 0. 12 1.01 +0. 07 1.03 £0. 10

Model 8 3.05£0.32* 4.54 £0.39* 3.99 +0.32* 5.21+0.51*
Experimental 8 1.59 0. 16* 1.87 0. 15* 1.64 0. 15* 2.03 +0. 26"
Antagonist 8 2.98 +0.24 1.75 £0. 14* 3.90 +0.33 2.11 £0.20%
Agonist 8 2.66 £0.20% 3.08 £0.32% 2.84 £0.23% 3.85 +0.32%

Compared with control group, * P <0.05; Compared with model group, *P <0.05; Compared with experimental group, ¥P <0. 05.
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KT BRI (3 P <0.05) ; 54l 1
W41 PC12 41 A CCL2  CCR2 Fl p — p65/
P65 B [ MR F ik /K 71 35 T4 (1 P <0.05) 4

L4 PC12 4iHuny CCL2 .CCR2 Fl p — p65/p65 FE
X R K PG T EERB LG E X
(¥ P>0.05), W3S MK 2,
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Table 5 Comparison of the relative expression levels of CCL2, CCR2 and phosphorylation( p) — p65/p65 protein in PC12 cells of each

group(x £5)

Group n CCIL2 CCR2 p — p65/p65
Control 8 0.24 +0. 03 0.32 +0. 04 0.12 £0.02

Model 8 0.87 £0.05* 0.85£0.05* 0.75 £0.06 *
Experimental 8 0.39 0. 02* 0.50 0. 04* 0.24 £0.03*
Antagonist 8 0.80 +0. 04 0.47 0. 06" 0.22 +0.01*
Agonist 8 0. 65 £0. 06% 0.71 £0. 06% 0.52 £0.05%

Compared with control group, * P <0.05; Compared with model group, *P <0.05; Compared with experimental group, €P <0. 05.
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