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Abstract: Objective To prepare and characterize ginkgolide K-loaded mPEG-PLGA [poly (D,L-lactide-co-gly-colide)-block-poly
(ethylene glycol)] polymer nanoparticles (GK-mPEG-PLGA-NPs) and to evaluate its neuroprotective effect on the H20z2-induced
PCI12 cells injury in vitro. Methods The PLGA-PEG-COOH polymer was selected as carrier and double emulsion solvent
evaporation technique was employed to prepare the stealth nanoparticles. The encapsulation efficiency (EE) and drug load (DL) of
GK-mPEG-PLGA-NPs were investigated by HPLC. The size distribution, zeta potential, and surface morphology of
GK-mPEG-PLGA-NPs were characterized by dynamic light scattering (DLS) and transmission electron microscopy (TEM),
respectively. The in vitro release of GK-mPEG-PLGA-NPs was examined using phosphate buffer solution (pH 7.4) as the releasing
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medium for 24 h. The H202-induced PC12 cells injury models was established for the investigation of the protective effect of
GK-mPEG-PLGA-NPs on nerve cells in vitro. Results EE and DL of GK-mPEG-PLGA-NPs was (83.40 + 2.85)% and (3.26 +
0.24) mg/g, respectively. The average diameter of GK-mPEG-PLGA-NPs was (93.19 + 2.77) nm and zeta potential was (—11.93 +
1.71) mV. The cumulative rate of drug release was (90.5 £+ 4.0)% after 60 h in phosphate buffer solution. GK-mPEG-PLGA-NPs
significantly inhibited the apoptosis of PC12 cells and the release of lactic dehydrogenase induced by H202. However, the protective
action of GK-mPEG-PLGA-NPs on the H202-iduced PC12 cells injury was significantly weaker than that of GK. Conclusion Our

results proved that GK-mPEG-PLGA-NPs had a sustained release behavior in vitro and the neuroprotective effect of
GK-mPEG-PLGA-NPs on H202-induced PC12 cells, which indicates that GK-mPEG-PLGA-NPs has the prospect of application and

deserves further research.
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RIS SH-SYSY 4 -1, B 5 2 GK &
HCRETT sk A 252 —, %A1, GK #ApfR
I HAZ9 9 3 w7, i PR A i 0 A A ¥ 9 B 1)
£ 3~6 h, YW GK RN AIA, N T e
I R L FH BRIE ST ROR 7R B m R N ER IS ]
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H202, Sigma AF]; A4, VL75am3EAEMRHE
BIRAF] K'Y EIRERA R PC12 4w
P, FHEAEDBHAR AR RPMI 1640 8577
(10%iE4- My 100 U/mL H8 2. 100 U/mL 4% %
#, pH7.2), BOMPUZEEEY TR R A A
HARRF N2, KRNEBET K.
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FHAE CTEP e, BRIl s A T8 M
HY 2.00 ¢ PLGA-NHS ¥ T 6 mL & {j, 4kmiinA
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KA, MEBEWIFLIER A, VKA (150 W, 90s)
e W/O/W 3., FILEABFE (200 t/min) 1 h,
B (5 000Xg) 60 min, YWEHKFRL, PLEET
IKE B 3 KGR AT R 24 h, HISEZFEESG
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1 mPEG-PLGA (A).GK (B) #1 GK-mPEG-PLGA-NPs
(C)i& &Y HPLC

Fig. 1 HPLC diagram of mPEG-PLGA (A), GK (B)
solution, and GK-mPEG-PLGA-NPs (C)
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FEF B ELE 0.01~0.20 mg/mL 5 B IF£kEL &
223 HWARMBHEMNE KBERI GK-
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2.3 RRIAIHIRFRAE
2.3.1  RARMIGEKRL B RR 2 (PDD BIIE B
U T 2R MG ToRRLE R, WAoo T EZK
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TR CERE RS L, 1.0%BE SRR Y,
R H 15 A5 S B R, AR ILE 2.
GK-mPEG-PLGA-NPs 4rHUi 4y, kiR Ay —,
BEREE.

2 GK-mPEG-PLGA-NPs f0iE St E &
Fig. 2 Transmission electron microscope photograph of
GK-mPEG-PLGA-NPs

2.4  RINGIRERUEEE

SRS EFREL GK JEEIZ8 K F1 GK-mPEG-
PLGA-NPs %% T-#1& & (%25 1.5 mg), /il 2 mL
BB CED pH 5.8 PBS Z20tili, & 1%5 1134
80D, ZE AT A FL AT BT S, %4 5 B T 200 mL
BB, F (37.0£0.5) CIEEKBIRG (75
r/min), ERTHUFE 1 mL, 4078 RS & B R .
FEA A 0.22 pm AL IEREEE, HUSRuEW% “2.2.17
TRt S AR RE T, THE R AR, iR
2y, WL 3. AIH0, GK JERIZGIERN R
LR, fE 4 h WILTRAeRIN, SBRREN
94.6%. 1fi GK-mPEG-PLGA-NPs 7E 8 h 2R
N 54.17%, 1t 24 h REUREBCRILR] 75.93%, EfA
IR R e B RFAE . SR OriginPro 8.0.6 B, 437
MERS) 15 TR — %) /15772 Higuchi 772
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HHATIE, GRAE 1. IEHEBRGITNGE
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Fig. 3 In vitro accumulate release curves of GK and GK-

mPEG-PLGA-NPs (X £s, n=3)
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Table 1 In vitro accumulate release curves analysis

AT [ EiEAY r
TR 1% M=aT+b 0.764 1
VAL Mi=a(l—e™) 0.9323
Higuchi M;=at'?+b 0.949 8
Weibull Mi=a[l—e -1 0.994 3

2.5 {SMERRS AR

2.5.1 ZHfERE AL BN EERK IR PC12 41
i P Bl AL, B9, ] PBS VRTE 3 i, RN
R 1X10° AN /mL. K4 o s FZH (A e I
& DMEM B 7R FEFp IEH 55 9%, 24 h J5 #5370
H,0, 41 CKANAES 3% 24 h J5 5 0.3 mmol/L H,O, 3%
7% 24 ). GK 4 C4ife A 0.02 mg/mL GK 1577
24 hJ5, M 0.3 mmol/L H,0, 3£1%3% 24 h) BIAN
mPEG-PLGA-NPs 4 C¥ 41 0.6 mg/mL
mPEG-PLGA-NPs }53% 24 h J5, fIA 0.3 mmol/L
H,0, 3£3% 9% 24 h) A1 GK-mPEG-PLGA-NPs 4 (¢
4HH A 0.6 mg/mL ) GK-mPEG-PLGA-NPs 1537 24
hJ&, JIA 0.3 mmol/L f] H,O, F£555% 24 h).

252 YIfAEiER A Wb s, AL
A 20 puL 5 mg/mL MTT ] PBS &2, & 4 h,
FpaREFREE X MTT, &FLFIMA 150 uL DMSO,
PR 10 min, A H BRI AR, B AR OGN 2
HFLLE 570 nm AEIIROEIE (As70). 24 PC12 4
0.3 mmol/L H,O0, /£ 24 h J& , 4l 473 5 5 0} e 2
AL B K (P<<0.01). 5 H0, A H#, H GK
X PC12 4HAE AL 24 h, F5 0.3 mmol/L H,0, 3%
¥R E 24 hJ&, Al$EE PCI2 QIRMAFIG %R (P<
0.01). mPEG- PLGA-NPs X4l /735 K B — e i
W, {HREGH2E L. GK-mPEG-PLGA-NPs X
YHMAETE R B BE MR, (1 GK A BRI,
X 2 LA TS 2R 52 B R AIK T GK 4H.(P<<0.01, & 2D
2,53 LDH EMMME  YdE 100 pL 85377, 0
A1 mL & 70%FLEEN 3L BTN 0.2 mg B4 1
RTINS, FERRE SR T 2,4- AR R,
WI5E 440 nm ARG E (44400 0.3 mmol/mL H,O»
fEFF PC12 41fig 24 h, 7] LAf4HAE LDH MR E
(DL 50 IRZH ) LDH (I 43 Ee ) Euxt iR 4L
N 1.57 f%. H GK X} PC12 4H g kb 24 h, I
AR LDH B (8 2). mPEG-PLGA-NPs
XTI LDH 300 B2 50, GK-mPEG-PLGA-
NPs %14 fs LDH BiCEA B EHHIERH, 25 GK
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HILE R, X4 LDH BEaciil /e H o BAL T
GK .

2.5.4  HHMfIk% Hoechst 3334 Jefty K4Hp LR FE Ny
1 X108 /N/mL #M T 6 fLIR, R,
FH PBS ¥k 2 IR, 4% 2 P =R E 15 min.
PBS ¥ 3 X, N\ Hoechst33342 Heta il e 4L
10 min, i PBS 3% 2 K, PUod e K F ks
RGBT T EE. U T IES PC12 41
Jues S P 2 4 5

HHE 4 F15% 3 v] L, H.O, TilALERAHM 24 h )5,
PC12 A T2 48, J8id GK kb EE PC12 4
Refs I D PR T % . fEF—ERE T,
GK-mPEG-PLGA-NPs % PC12 40 s i) T F B AF
% GK /53
3 e

PLGA 1E AR 2 KL, #35 [E FDA ik itk
TEZ3WH R O 30 240558, T K1 F1/N
T BLK 3 TSR KA -0 mT DA 1) 28 g oKk

%2 GK #1 GK-mPEG-PLGA-NPs 31 PC12 R ;E%F1 LDH BRI (X £s,n=06)
Table 2 Effects of survival ratio and LDH release of PC12 cells induced by H202 (X %5, n = 6)

285 Filks IAFIER % LDH B /%
X i 98.671+2.94 98.33+ 2.73
H202 0.3 mmol-L™! 49.504+4.23"" 252.37+12.46™"
mPEG-PLGA-NPs+H20: 0.6 mg-mL'40.3 mmol-L™! 56.17+3.19 241.50£19.01

GK-mPEG-PLGA-NPs+H:0>
GK +H02

0.6 mg'mL'+0.3 mmol-L!
0.02 mg'mL"'+0.3 mmol-L!

197.77412.06"#
183.43+ 7.79%

68.6713.50%
73.83+3.60"

XA E: *"P<0.001; 5 H0, HE: #P<0.01; 5 GK+H,0, AL $P<0.05, K[
"*P <0.001 vs control group; #P < 0.01 vs H,O, group; *P < 0.05 vs GK + H,0, group, same as below

X R

Hy0, mPEG-PLGA-NPs—+H,0,

GK+H,0,

GK-mPEG-PLGA-NPs+H,0,

E 4 GK #1 GK-mPEG-PLGA-NPs % PC12 ARET-HIS.ME (Hoechst 3334 #:fa)
Fig. 4 Effect of GK and GK-mPEG-PLGA-NPs on H20:-induced PC12 apoptosis (Hoechst 33342 staining)

23 Hoechst 33342 & 75351 GK 1 GK-mPEG-PLGA-NPs X PC12 HBEAT-RISNE (X 5,1 =6)
Table 3 Effect of different groups on H20:2-induced PC12 apoptosis by Hoechst 33342 staining (X xs, n = 6)

ZH Falliss THT-3/%
Xof HEt - 6.38+1.23
H202 0.3 mmol-L™! 74.40+3.79"
mPEG-PLGA-NPs—+H20: 0.6 mg'mL™'40.3 mmol-L™! 45274330

35.65+3.58%%
13.03+2.23%

GK-mPEG-PLGA-NPs—+H:20:
GK+H202

0.6 mg-mL~'+0.3 mmol-L™!
0.02 mg'-mL"'+40.3 mmol-L!
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