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Abstract: Objective To investigate the protective effect and related mechanism of ginkgo diterpene lactone (GDL) on platelet-
activating factor (PAF)-induced neuronal injury. Methods A cellular model and an animal model of PAF-induced neuronal injury
were constructed, GDL or PERK agonist CCT020312 were administered. The cell viability and apoptosis of HT22 cells were
determined using CCK-8 and Annexin V-FITC apoptosis assay Kkits, respectively; Activity of lactate dehydrogenase (LDH) in HT22
cell culture supernatant was measured using a LDH assay kit, and calcium level in HT22 cells was determined using a Fluo-4 calcium
assay kit; Molecular docking was used to explore the relevant molecular mechanisms; Western blotting was used to detect the
expressions of apoptosis-related proteins [cystein-asparate protease-3 (Caspase-3), cleaved Caspase-3, B-cell lymphoma-2 (Bcl-2),
Bcl-2 associated X protein (Bax)] and endoplasmic reticulum stress-related proteins [protein kinase R-like ER kinase (PERK), p-
PERK, eukaryotic initiation factor-2a (elF-2a), p-elF2a, activating transcription factor 4 (ATF4), C/EBP-homologous protein
(CHOP)] in HT22 cells and brain tissues of mice. Results The results of in vitro cell experiments showed that, compared with control
group, cell activity was significantly reduced in model group (P < 0.001), release rate of LDH was increased (P < 0.001), level of
calcium ions was increased (P < 0.001), number of apoptotic cells was significantly increased (P < 0.001), the expression levels of
cleaved Caspase-3 and Bax proteins were significantly increased (P < 0.001), the expression level of Bel-2 protein was significantly
decreased (P < 0.001), and the expression levels of endoplasmic reticulum stress-related proteins were significantly increased (P <
0.05, 0.001). Compared with model group, GDL significantly increased cell viability (P < 0.05, 0.001), significantly up-regulated Bcl-
2 expression (P < 0.05, 0.001), and significantly down-regulated the expression of cleaved Caspase-3, Bax, p-PERK, p-elF2 a, ATF4
and CHOP (P < 0.05, 0.01, 0.001); The effect of GDL after CCT020312 treatment was reversed (P < 0.001). The results of in vivo
animal experiments showed that compared with control group, the expression level of Bax protein in brain tissue of mice in model
group was significantly increased (P < 0.001), the expression level of Bcl-2 protein was significantly decreased (P < 0.001), and the
expression levels of endoplasmic reticulum stress-related proteins were significantly increased (P < 0.001); Compared with model
group, GDL significantly up-regulated the expression of Bel-2 (P < 0.01, 0.001), and significantly down-regulated the expressions of
p-PERK, p-elF2a, ATF4, CHOP and Bax (P < 0.001); The effect of GDL after CCT020312 treatment was reversed (P < 0.001).
Conclusion PAF can active PERK/ATF4/CHOP pathway of neuronal endoplasmic reticulum stress to induce calcium overload and
thus neuronal apoptosis, whereas GDL can inhibit endoplasmic reticulum stress, calcium overload and apoptosis by inhibiting
PERK/ATF4/CHOP pathway to attenuate PAF-induced neuronal injury.
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& MR Ginkgo Folium WHHEEXAAL TS 16 P
B, BIARAT RS A (ginkgolide A, GA). A
Pk B (ginkgolide B, GB)- R4 i K (ginkgolide
K, GK). GDL {EA—MRJE T 1% 5t b 25 i v &
7y, BHERZERTIR. PrE e Ry 52t
PEAED T, WETERIL, GA AT A — A %5
SRR, R F AR EE RS GB X
BRI T R R, ATLMR & 7T
Fo TPITZ0; GB AT i %80 1 <F/ 5 % (oxygen and
glucose deprivation/reperfusion, OGD/R) 545 5!
ZTCAIMIG /), BCEAN AR GK R RO A
[K-¥ E2 #H2=[KF 2 (nuclear factor-E2-related factor
2, Nrf2) SR 20> 5 i o 40 it Py 4 R 12210 PR e
GDL K Bk iy HAT WA B4 T4 FH {5 GDL
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2, RAW B BN, B Zamnd 2 Fhig e p
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A RCIE K Ca?t Mg~ = B R IR B ( adenosine
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AT R4, PAF 235 A 453, Ca®t5 ERS
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Zeeti i EIfER, #E—PRAIE GDL fEiX — i #2
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FRG P A B8 7] 25 255 R s 5 8 sl
TEF A A4 [ T S = ) £ PAFOTL &= 50N 98%,
ft5 P4904) T H X E Sigma AFE]; K
(dimethyl sulfoxide, DMSO, fit5 01028A). PBS (4lt
5 MA0020). DMEM (#it'5 MA0212). 4 i 4 i
B IS PWL0OD) . FHRMERERIEHR (T
MAO110). JiERG (b5 PWL215). 4HM3 5 K 5 1%
R & (CCK-8, #ib'5 MA0218) W KiEED
EERAERAFA; FLERMAR (lactate
dehydrogenase, LDH) 4 A7 & (it
C0016) 58T AREN Fluo-4 AM (2 mmol/L, Ik
5 S1060)BCA & H FEM & 17 & (5 P0010)
RIPA 2@ (#1t'5 P0038). PMSF (#it'5 ST505).
H H BB SRS (S P1045). SDS-
PAGE & [ AR (L5 PO015L). ECL fh22 K
JE (5 POO18FMD . HiiAFEIR (k'S5 AZ050)
ARGy (it PO216) M H R = RAEME AR L
;3 NC (L5 57444203)1 5 32 [H Pall Corporation
ATl B Uk EESE-2 (B-cell lymphoma-2, Bcl-2)
PUA (1:1 000, #t5 WL01556). Bel-2 156 X &
1 (Bcl-2 associated X protein, Bax) HiifA& (1 : 1000,
fit'5 WL01637) . bt 24 R Kk & 2z R & H 1 -3
(cystein-asparate protease-3, Caspase-3) ik (1 :
1000, fit'5 WL04004). cleaved Caspase-3 FifA (1 :
1000, #it'5 WL01992) W HIkBH T RAEMRHA R
AF; EEEEE R FEN NS (protein kinase R-
like ER kinase, PERK) #Hif& (1 :1 000, fit*5 bs-
2469R) W F B ARAEMHE ARG IR AT p-PERK i
& (1:1000, #t5 3179T) WEEE CST Ad); &
MENFEAZ IR A F-200 Ceukaryotic initiation factor-2a,
elF-20) $ifAk (1:1 000, 5 RM8047). p-elF-2a
Pufk (1:1000, #it5 AF5803). HFEIER T 4
(activating transcription factor 4, ATF4) Hiffk (1 :
1 000, fit5 T55873). C/EBP [FlJEZE A (C/EBP-
homologous protein, CHOP) Fifk (1 :1000, fits
T56694). HimEE-3-B5 L A (glyceraldehyde-3-
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phosphate dehydrogenase, GAPDH) #iifA& (1 : 4000,
flt'5 AF1186). B-actin H4£& (1 1 10000, k'S5 81115)
T R = TS AR ARG IR AR HRP Fric =
P/ 1gG Pk (1120 000, fib5 P9132). PERK
W] CCT020312 (fit'5 Y4071115B) 19H LR
WRHE A AT

1.3 Y&

Flex Station3 HYfifAR1X (Z€ [E Molecular Devices
AF)D); DM6B P B (fEHE Leica AF]);
PowerPac HC & [ FIIE#EEI 245 . Chemi Doc XRS
System %R 1R &4t (£ [E Bio-Rad A F]);
Multifuge X1R B 5i# A% 250 ML (3€[E Thermo
Fisher Scientific A ] ).

2 &
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XTREZH ., BIAYZH . GDL K7 &E 2 (GDL-L). GDL
A E4 (GDL-H) 1 GDL+CCT020312 4., &F4
6 H. RI\EWMLILLER, i T PAF. GDL Al
CCT020312 (K45 245575 Ko IRZE XU £2.45 F 20
ulL AEFEEE/K; GDL St RO 245 F 20 uL 4
FHEEIK, ip GDL (25 mg/kg): HAthdl /N EES: 7d
WM 22 B N\ 20 uL PAF (20 pmol/L), % [H] i}
GDL-L 4 ip GDL (5 mg/kg), GDL-H #1 ip GDL (25
mg/kg), GDL-+CCT020312 4 ip GDL (25 mg/kg)
A1 CCT020312 (5mg/kg). RIRGZAER)G, ik
TR B RERIRZS R A/ SRR A8, B i B R
F—80CIRAF-

2.2 ‘ApEEESE

HT22 M 10% 064 MG 1%75 8% 2= /5%
BRI SN DMEM K98, K598 2~4d 5, difEmk
HEEILR] 70%0, AR REEFR. SEIR R ILINIE 1)
EAE2 T PAF BIEH 308, BRI AR SRS R 2
HRE IR 10% 824 IS 1% & R/ E R K
DMEM H; 338, s 26n & 1% 5 &=/
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2.3 HREENSEHMRN

2.3.1 CCK-8 ¥l GDL % HT22 3% /1150
HT22 4B LL 1 X 10*Ay/mL $#F0F 96 FLER A, 155%
24 ho IIAA IR SE (6.25. 12.50+ 25.00+ 50.00-
100.00 ug/mL) K] GDL 4b¥E 24h, BREAZTHY)
IXtEL . BEFLINA 10 uL CCK-8 k55, #5397 2h,
FH B AR R 450 nm AL IS (4D {E, THE

MIAFIE 2

ZHIAETE = A ss/A e
2.3.2 CCK-8 Al LDH &A% PAF X HT22 4H
W& 1 5 #B AR HT22 4Ll 1X 104 4S/mL
BT 96 FLHH, B53% 24 he IMAARFENRIE (614
2. 4. 8. 16 umol/L) ] PAF KbELA[FEIRS[H] (3. 6+
12 ), FRENEAPINIEA. %] CCK-8 i
FUENE A H, THEAHMAEE 2
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(1) PAF 4038 3 h, FHEEAN AW RRA. bk
B ARG 490 nm AL A 18, 115 LDH
2.3.3 CCK-8 1 LDH i5f| &4l GDL X} PAF
T HT22 A0Sy 5 svemssm B E X 2
(AEZREFRED . ALZH A GDL (6.25. 12.50,
25.00 ug/mL) ZH, FEAIZAF GDL 41NN 8 umol/L
PAF, GDL AN AR &k FE ) GDL, [ 53
3ho %M CCK-8 F1 LDH A &lE 4 {8, 540
W A7 1% A LDH B8 .
2.4 Annexin V-FITC/PI % 0 4RAE 1=

HT22 #fifa LA 1X10° A~/mL 0T 24 LAk,
BRFE 24 he F% “2.3.37 WUR AT o HAAL B,
FEEREFRML PBS Pk 14K, M 195 uL Annexin
V-FITC 454+ 5 uL Annexin V-FITC il 10 uL PI
et iy, WREJE, =i (20~25 C) #BXEEF 20
min, BEEE TUKGS, (EHEHEETEDE. f£50
SR TS S IR, Annexin V-FITC N5,
13 WSARER &
2.5 HBEFRARTN A5 ST KF

2 “2.3.37 WURJUEAT / HAAR B, FE 55
W, PBS ¥elk 3 K, MM Fluo-4 AM TAE# (5
pumol/L) ZE a4, 37 CHFE 30 min #H4T2¢ HR
BHARd. PBS Yilk 3 Ik, HZOGEMERI Fluo-4
(R, DA & 4 A 45 B8 17K P B 224k
2.6 Western blotting #&M|/\ R X AXZHZRF0 HT22
ZMf@ Bax. Bel-2. Caspase-3. cleaved Caspase-3+
p-PERK. PERK. p-elF-2a. elF-2a. ATF4. CHOP
EA=ES

f 2337 TR kAT o A AR, gk
HT22 2o HX“ 2.1 700 &4 /N BROK X 41 280 HT22
UM, NS A AR B AT R ) RIPA 22
TR, VR A, {4 BCA 2 AR Sl
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B REE o B PR S T o S 0 R N - 58 TR s Tk
el Hyk, #4 PVDF B, O 5%BifEdhks, =
IEA 2h, TBST P, MA—4i, 4 CRIKEE
R A EERTVNR 1gG =90, =R E 2h. 0
A ECL RMGAFEE, EEREBIE RS T
f&,  JFAdF Image J AT 0 H7 .
2.7 DFXIES

M PubChem #i#f £ 11 3R HX PAF. GA. GB
GK 12> T#%L, FIA AutoDock T.E. 1.5.6 #4 Ny
QDBQT %3, 5 HFRAHNT N (1AL 1 S50k
JiT PDB 5%, M PyMOL 2.3.0 #F47Ab#E,
Hodr K RIEC A 7> F 42 Bk - B J5 {8/ AutoDock T
B 1.5.6 BIMEMTERIEIR T, FE0 24465071
JRF RT3, AR5 LA PDBQT M RAF. X
PEWE 7248 AutoDock Vina 1.2.0 #47, Ffi it
PyMOL SEHL T &5 ST At . BCAR RS2 4k 2 18] 1)
SEAREBUK, R RRE MR SRR K AH FLAE
FAMLE . 454 g/ T—5.0 keal/mol (1 keal/mol=4.182
kJ/mol) Wit T FCAA R Z R 2 [H) R 4 ISR 7).

2.8 PERK H#h5%t GDL 1EFTF HT22 {RBEAYENT

WENA ., GDL A, B84, GDL 4
A1 CCT020312 2H, XFHEZHIN A 255 774 5
GDL fHE4L NN GDL (25 pg/mL) 4bFE 3h; A%
M PAF (8 pmol/L) H¥# 3h; GDL AN PAF
(8 umol/L) Ml GDL (25 pg/mL), FL[FEHI# 3 h;
CCT020312 4 PAF (8 pymol/L). GDL (25
pg/mL) A1 CCT020312 (5umol/L), F&[H ¥ 3 h,
F“2.57 TN J7 A A A 45 B KT, #:42.67
TR 72 R T A ERS M52 A £k .
29 GitEFESH

e b #AE ] GraphPad 9.5 K A#E47 G it 2
BT, FTAE0E DA X £ s 38R o PR 2H 1] bR R FXURE AR
M7 Students’t K3, 2 4H1A] ELAECR FH BRI 207 22
43HT (One-way ANOVA).
3 %
3.1 GDL % PAF iFSH) HT22 4R S 4

Wil 1-A Fras, FANE B &R E (6.25~100.00
ng/mL) ] GDL Ab¥ HT22 #4HjiiY 24 h Ji& , #E47 CCK-

A B —e—3h C
150 120 & 6h 400
= | = 100 —— 12h = 300
¥ 100 = [ 2 580 5
o 4 = 200
& & 60 %
2 0 2 40 = 100
& § 20 -
O————T 71 7 T T 01— | — | 0
S 6.25 12.50 25.00 50.00 10.00 N 1 2 4 8 16 ME 1 2 4 8 16
GDL/(ug'mL™") PAF/(umol-L™") PAF/(umol L)
E
150 400
X < 300 G-
B 100 sokok B
VT « Hokok _ = L EEE e
e o * a 200 :
=2 50 e
= S 100 l—l
0 T T T T T 0 T T T T
MR MR 625 12,50 25.00 PR MR 625 12,50 25.00

GDL/(ug'mL™)

GDL/(ug'mL™)

AR R R EE ) GDL %t HT22 4IME SIS0 B-ASRIVR EE R PAF {5+ HT22 GUARASFI 8], SH4upisE /) fsen; C-AS[RIR EE () PAF i
HT22 4iifs LDH B M52 ; D-GDL % PAF 51 HT22 40/f7E /I I540; E-GDL X PAF 55 (1) HT22 40 LDH BCR M5z ; L5

L #P<0.01 #*P<0.001; HHRIALE: *P<0.05 *P<0

.01

**p<0.001, KA.

A-effect of GDL with different concentrations on viability of HT22 cells; B-effect of different concentrations of PAF on viability of H22 cells at different
time; C-effect of different concentrations of PAF on LDH release rate in HT22 cells; D-effect of GDL on PAF-induced HT22 cell viability; E-effect of

GDL on PAF-induced LDH release rate in HT22 cells; #P < 0.01 ##P <0.001 vs control group; “P < 0.05

same as below figures.

"P<0.01 " P<0.001 vs model group,

1 GDL %% PAF 558 HT22 ARSI (X+s,n=6)
Fig.1 GDL attenuates PAF-induced cytotoxicity of HT22 cells (X £ s, n=6)
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S MsE, #EFE N, FM{EA GDL X HT22 4
JIEAHE R, W 1-B fR, RRIKE (1~16
umol/L) ¥ PAF {EF]+ HT22 U AR /] (3

6. 12h), HMRAATEFRAFAEV W75, 8 pmol/LPAF
YEFHZ0 3 h I, ZHfAEIS 4T 50%; Wkl 1-C
JJi7, 4~16 umol/L PAF 551 HT22 41ifiid LDH B¢
R IR A B BT (P<<0.001), [K )5 425K
493%4% 8 umol/L PAF 55 HT22 4iiffd 3 h. Wi 1-
D Fi7x, 8 umol/L PAF HI¥I1) HT22 4 fuid /187 it
TP (P<0.001); 25 T ANETEWEE (6.25. 12.50,
25.00 ug/mL) () GDL 45, Z0ARis /i Bt
(P<0.05. 0.001). WIE 1-E fii7n, 8 umol/L PAF ]
PR HT22 40l LDH BRI (P<<0.001);

Xof R il

= xR

O B

PAF — + + + +
GDL/(ug'mL™) — 625 1250  25.00

- l1.9x 10

Bax| =~ . -

3.2X10%

2.1X10%

!. A . - < 10

B-aCHN | ————— | 42 > 10

Bcl-2

3 GDL 6.25 pg'mL"! £3 GDL 12.50 pg'mL"! £3 GDL 25.00 pg-mL"!

)
S
S
=
3
@]

—

® o

S S

BT RFEFEIRT (6.25. 12.50. 25.00 pg/mL) ) GDL
AbHJE, LDH FEHCRIHERE (P<<0.01. 0.001).
R S5 R PAF X u A AR EEE, JEREE ML
GDL frifif% .
3.2 GDL il PAF iFSH) HT22 4HRRET

U1 2-A Fizs, 8 umol/L PAF W% S HT22 44
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A-GDL 41| PAF i 5 () HT22 4 T: (X40); B-Annexin V-FITC FI¥ERAIZHE; C-PIEHTERSHE; D-GDL #i#] PAF % S/ HT22

YT MR E AR .

A-GDL inhibits PAF-induced apoptosis in HT22 cells (x 40); B-statistical graph of Annexin V-FITC positivity rate; C-statistical chart of PI positivity rate;
D-GDL inhibits PAF-induced apoptosis-related protein expressions in HT22 cells.

2 GDL i PAF 5S4/ HT22 HBEAT (X+ts,n=3)
Fig.2 GDL inhibits PAF-induced apoptosis in HT22 cells (X £ s, n=3)
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o, cleaved Caspase-3 fll Bax H HFRIA/KFHEF  PERK/ATF4/CHOP (5 ‘5l i AH G M R IA ) i

= (P<<0.001), Bel-2 fR HRIEK P EEFE (P< (P<<0.05. 0.01. 0.001). PN J5T [ 2 41 A o 25 L 1475

0.001); SR LA, GDL (12.50, 25.00 pg/mL)  J#, ERS £33 Ca?*kffif, i AMT . 8551
2H cleaved Caspase-3 Fll Bax £ [13R 1A /K 12 35 BFAIG WICIREN et 25 S DL 3-B, 8 umol/L PAF HI L

(P<0.05. 0.01. 0.001), &ZhZi4H Bel-2 EEHFRIL HT22 Zifiih Ca? /K F @& Thm (P<<0.001), ifi

KPR E TR (P<0.05.0.001). FREEHREFLW PAF GDL (12.50. 25.00 pg/mL) &340 PAF 551
AILLIA S HT22 400 TS, i GDL mI LA PAF HT22 4iffi CaZ /K (P<<0.001). _FiR45REM

FESHFET. PAF 7] LA it % 1) PERK/ATF4/CHOP 15 538 %,
3.3 GDL | PAF 5580 HT22 4Aiih PERK/ S8 Ca¥ @4k, HRMZLcHils.
ATF4/CHOP 1B 34 SFXESH

ERS I ¥ 4 8 54 173845, (BRI [A] () ERS % PERK /& 3 K ERS % — K LiFE A

FESUMFE T, W 3-A Fian, PAF JIIBH) HT22 . W 4-A s, PAF Xf PERK R I H #5855
4HfeH+ p-PERK. p-elF20. ATF4. CHOP FHKIE  FlJy, XH0F5N—-6.0 keal/mol (1 kcal/mol=4.182
K EEH R (P<0.05. 0001) M GDL (12.50. kJ/mol), ZIEFREE AL N ASP-898. VAL-652.

25.00 pg/mL) B FEINH PAF 551 HT22 4iffd  LEU-643, $&/x PAF fEAR/NG TRl ES i I

A
Xt [ et [ GDL 6.25 ug'mL™' 3 GDL 12.50 ug'mL™' E=1 GDL 25.00 pg'mL™!

PAF — + + + +
GDL/(ugmL™") — - 625 1250  25.00 12 6

m
[=9)
PERK | M A A S e | % i 3 2 T
g-‘-i 4- H , skokok rl H ! n
-eIF-2 ¢ ;
peu|-...03-80xw oL )
elF-2a |! ! — - -|3.60><10“
5—
ATF4 Ms.oox 0

p-elF-2a/elF-2a

T
- a » E
criop [ - - 00 2 0] . &
E 2 - : g
GAPDH | A —— (370 [0 < | - 5
O—
Bactin | MEEGEGEGCGE—_—G_————— |20 < 10°
B
o HE it GDL 6.25 pg'mL™" GDL 12.50 pg'mL~" GDL 25.00 pug-mL™"
100
. Hith
HHZE 30

60 eskeosk

K40 || e
3 3
Fluo-4 AM 5 20
200 pur 0

A-GDL #i1fi] PAF /53] PERK/ATF4/CHOP {5 5 iii#; B-GDL #ifi] PAF 155 85 & 18 (X40).
A-GDL inhibits PAF-induced PERK/ATF4/CHOP signaling pathway; B-GDL inhibits PAF-induced calcium overloading (x 40).

SRR

3  GDL ##| PAF 558 HT22 4R+ PERK/ATF4/CHOP j#i& (X+s,n=3)
Fig.3 GDL inhibits PAF-induced PERK/ATF4/CHOP pathway in HT22 cells (X + s, n = 3)
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A-PAF 5 PERK )5y FXt e nf A4 s B-GA 5 PERK 47X AL 45 R C-GB 55 PERK [4r FXH A MALAS R D-GK 5 PERK )

T RHE A R

A-results of molecular docking visualization of PAF with PERK; B-results of molecular docking visualization of GA with PERK; C-results of molecular

docking visualization of GB with PERK; D-results of molecular docking visualization of GK with PERK.

4 DFIEER
Fig. 4 Results of molecular docking

L/ PERK #E A EHHZ4 A . WE 4-B Fix, GA X
PERK FE I H R 58 26 A J7, X 42 VF 43 N 6.5
kcal/mol, ZIEMREE AL A ASP-955. GLY-603.
PHE-604. W1 4-C fii7R, GB X} PERK I H R 51
HIZERI 1, XHEE45) N—6.4 keal/mol, ZIEFREE &4
RN ASP-955. GLY-603. LYS-635. W& 4-D Jfi7s,
GK *f PERK LRI H ARG T, XN
—6.6 kcal/mol, ZFEMREE A AN ASP-955. GLY-
603. GLY-957. LYS-622. GDL /& GA. GB. GK %}
RORIFIECEE, 770 R R7R GDL Hi) 3 F
AR B M R A RO S, PR AR RS, PR
ASP-955. GLY-603 {7 miA[fig2 GA. GB. GK 5
PERK RS G AL A
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A-CCT020312 reversed protective effect of GDL and promoted ERS; B-CCT020312 reversed protective effect of GDL and promoted calcium overload
(% 40); C-CCT020312 reversed protective effect of GDL and promoted apoptosis; 4¢P < 0.001 vs GDL group.

5 CCT020312 %% 7 GDL BRIPIRFH(ZEE HT22 4B ERS RIFFFT (x+s,n=3)
Fig. 5 CCTO020312 reversed protective effect of GDL and promoted HT22 cell ERS to induce apoptosis (X + s, n=3)
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Fig. 6 In vivo experiments verified that GDL inhibits PAF-mediated PERK/ATF4/CHOP pathway (X + s, n =3)
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meglumine, GDLM) & % % (1 4R A 4 By il 551 2.
—, A—WZH0. L XCE IR TR B
GDLM A $2 & Stk P i 254 Cacute ischemic
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