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PEEATRAL , 06 JH NGB IREE T 2 40 % HTRS EAT A IS, R FHMOE I IR AL A U i A5 4¢3
Ir )2 A A VEAOR 25 YT D RE L S AN K 25 W) A T HT A OR, o 3 o R PR3 ke I 78 T sl P A
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BAR AT B R4S ) 4 (160.9£5.3) nm F1(163.5£3.4) nm, R HL 4373k (=45.5£2.6) mV Fl
(—48.324.5) mV, QRN ERIE HIr A5 (RSN IS RUED] HTRS 2 RS 40 K 25 ) 1) 43 s
LA I [N B O, ELAOK 259 RE S 35 A0 HL, O, RIS A 200 ML 94 1 A 804k 1 380K SF- (P<0. 05)
Jf-H pl-PN NP % PN NP HAHLFAIRCR . RN S SEB0 45 R B - SRR -4 b, PN NP # pl-PN
NP fE 5 25 B AR A0 R SRR Y (9 i e 3 1 R 8 Sk L 8 808 9 PR 7 (IL-6 TNF-a) 3R IK
(P<0.05) , 38 YU AL RLFAN S H 1 (UCP-1 Nif-2) B8 (P<0. 05) o 44K 2549y al e84 L U A

A LA, SR RGBT, AR AR IR B REAG . 15 PN NP HUA, pl-PN NP fEAR A AR I s R
FUR LR 7 A T R A B O -, S 0L, 33 0 e BRI i 288 i A9 0OR B 2% (P<0.05)
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Construction of self-assembled nanomedicine and evaluation on its targeting role in

preeclampsia treatment
ZHANG Siqi, LI Ke, JIA Xiaoyan, ZHANG Hanwen, CHENG Juan Department of Obstetrics, the First Affiliated
Hospital of Chongqing Medical University, Chongqing, 400016, China

[ Abstract | Objective  To construct nanomedicine with antihypertensive effect and explore its
targeting ability and therapeutic efficacy on preeclampsia (PE) in vitro and in vivo. Methods The carrier
material poly (lactic-co-glycolic acid, PLGA) encapsulated nifedipine was self-assembled to construct a new
nanomedicine (PN NP ), and the placenta-targeting peptide ( plCSA-BP) was linked to the surface of the
nanomedicine (named pl-PN NP) by chemical bonding. Microscopy and laser particle analyzer were utilized
to characterize these nanomedicines (PN NP and pl-PN NP). Confocal laser scanning microscopy ( CLSM)
and flow cytometry were used to investigate the phagocytosis, anti-apoptosis and antioxidant levels in HTR8

cells after treatment of different doses of nanomedicines. The reduced uterine perfusion pressure ( RUPP)
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model was used to explore the targeting and therapeutic effect of PN NP and pl-PN NP in preeclampsia rats,
and their influence on fetal development. Results The nanoparticles, PN NP and pl-PN NP are in a well-
defined spherical shape, in a narrow particle size distribution, at a mean diameter of 160. 9+5. 3 and 163. 5+
3.4 nm, and with a surface charge of —45.5+2.6 and —48.3+4.5 mV, respectively. In viiro cell experiments
showed that HTRS cells phagocytosed the nanoparticles in a time- and concentration-dependent manner, and
they inhibited cell apoptosis and oxidative stress after H,0, stimulation ( P<0.05), with pl-PN NP showing
better effect than PN NP. In vivo animal experiments showed that the PN NP and pl-PN NP treatment groups
had significantly reduced blood pressure ( P<0.05), proteinuria level ( P<0.05) and uterine artery blood
flow resistance index (UARI, P<0.05) and expression levels of inflammatory factors IL-6 and TNF-a ( P<
0.05), and increased expression levels of anti-oxidative stress-related proteins UCP-1 and Nif-2 ( P<0.05)
when compared with the nifedipine group. Moreover, these nanoparticles improved blood supply of the kidneys
and placenta, increased fetal and placental weight, and alleviated developmental disorders of fetus. And
pl-PN NP exerted better effects on blood pressure, proteinuria, UARI, inflammatory factors, oxidative stress,
blood supply and weights of placenta and fetus than PN NP ( P<0.05). Conclusion Nanomedicine loaded
with nifedipine (PN NP) and the placenta-targeted nanomedicine ( pl-PN NP ) are successfully synthesized,
and PN NP and pl-PN NP show efficacy in treatment of preeclampsia at both cell and animal experiments.
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18% 14 7 {ABE Tl IR AT 2 20, IR i IR )
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ARLAL ] IR pICSA-BP, J8 i [ 41 9 K DU LT LA
A NGREAE 1) D BE RN 5 5 40 10 40 K 259 (PN NP,
pl-PN NP) | £ 5 H 2 ) A= W0 R 1 BE 4 24 ) e 13 1
Ik R BEERAL , O NG Ak i AL DS A RE AR
WKV, B 25 W IR T, AT 35 32 de £E 1R 7 R80R
N ET IR B IG BT AR E BE 2 eE

1 #RExHZ®

L1 A5 A

K G G ( Lecithin) W H H 4% Tokyo Chemical
Industry 23 7] s A5 i e iR 9% £ Mt Mg - PP 4R & — -
#4L ( DSPE-PEG-COOH) Iy B %+ Corden Pharma 7y
Al RILR-R I CTRILIR Y (PLGA ) (1-256-(3-—
SEE LN L) BRIt Vi (EDC) (N-J2HETT Bk JHe
(NHS) 4,6- " pKIL-2-Z8FL05| U ( DAPT) ¥ty H Sigma-
Aldrich 23 5] s fif A H1°F- ( nifedipine ) JFORH2G 1 H 23K 5
A WIBHAT IR ) 5 Cy3-NHS 5 AL I A 7 4 Hifs A=
WRHEATBR A W) 5 i it CSA 255 ik (plCSA-BP , EDVK-
DINFDTKEKFLAGCLIVSFHEGKC) 4 B _F ¥ 5m ¥ A= 4
FHEATBRZA 5] s RPMI 1640 £ 53k I 4= L7 75 % R -
R R L JBERE I [ Gibeo 23 7] 3 SYBR Green iy
H Bimake 2 ] ; %5 5537 &5 B Med-ChemExpress
(MCE) 23 ] ; DHE , CCK-8 #5178 & 5 H Beyotime;
Lyso-tracker green DND-26 i H Invitrogen 75 ] ; TNF-o
IL-6 . UCP-1 Nif-2 g H 3% [# Proteintech 23 7] 5
1.2 7%
L2.1 HAERGRAYNERERE B4 mg I
W5 6 mg DSPE-PEG-COOH # T 0.4 mL Z i,
MEBEFI/KE 10 mLL,65 CFRE I3+ 30 min £F 7K
#H;50 mg PLGA F1 10 mg i 75 # -7 JURF 25 % T 2 mL
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CIEAE AR , 218 mAE KA, 2R 2 h, 153
TEA 9K 259 (PN NP ) 4% 1 mg Cy3 5 Jukt
VSR A L aR v AR v [ AL B S RT3 Cy3 25k
kKL (Cy3-PN NP), M 18 mg FRAKGYE T
6 mL 0.1 mol/L f MES ZZ wpif (pH=5.5) , [Al i} Jini
A 15 mg 1) EDC F1 5 mg i NHS ei#i% R 5, & iR
F£ 15 min J5 A S A 3 mg plCSA-BP #y 2 8 17K
(500 pL) , B EY) pH 2 7.0~8. 0, iR fi HE i
W o 274 16 000 r/min B§.0 B 2RI AT, i Ja
133384 plCSA-BP B4k 254 (pl-PN NP ), [a] #:11)
JrEmA Cy3 641 kL5 3] Cy3-pl-PN NP, i i3
JERLEEAL (DLS ) I 2 44 K 245 Wi A KN oA S % T
WL o SR FH I L B U ( TEM) 4 He - S
(SEM) WA K IE A . BCA 35 5E plCSA-BP 4
12,2 ZeReGPE R M- m e FREURS R b
- 25 mg, LA 100 mL JG/K Z 85, A kiR 80 7K I& Wi
(0.4%) FFE 2 50 we/mL, e B A [m] 4 B2 B 45 -
FRAER (5.10.15.20.,30.35 pg/mL) £ 333 nm 4bJ 5
ANRRUE SO BE TR AR EI 2. FRIGE & PN NP
F1 pl-PN NP, ] pH=6. 8 FBEIRER 52 i B L3S 24 1Y
WRE DN S0 BETHARHR BE (C) |, I iF 2R P 7E 48 K
APPSR

1.2.3 4RGPS

1.2.3.1 4RGN EET IR BOBIEER
A2 BRI HTRS 20" 2" % PN NP pl-PN NP [
AW 1 mL(1x10°/mL) 41 i B i 3 A 7E 4 Ie A |,
WEE R, A &4 50 pg/mL Cy3-PN NP Fl Cy3-pl-
PN NP [y 35 95 5L, W% & A [ o) (6] ), AR I 1
50 nmol/L Ay E#ASRIC Lyso-tracker green DND-26 }f
ML a 1 b, DAPL S 34 B )5, R O R AR i
T L2 44T i Xof 290 K 245 400 1) ) [ AR A 14, Zen 1Ak
PG . R R4 UU5E HTRS 41 g%} PN NP |
pl-PN NP [ : 2 mL (2% 10°/mL) 2 i £k 7 B2 F 72
6 LR B E A, A & A AR BE Y Cy3-PN NP
8¢ Cy3-pl-PN NP 555305 5 & 2 h, RG0S, Wi
A E %, 1 000 r/min 3.0 5 min f5E &, I 200 uL
S SV AL 200 XS 4 K 245 0 A Wk ) e B A 5
A EF 50 pg/ml Cy3-PN NP #1 Cy3-pl-PN NP, i
BT, BREHE LS , WA A i, R A i
ASCASETUN 240 JHL %o 290 2K 24590 0 e 14 B TR

1.2.3.2 4R 254 0 A0 i 40 i 08 T 850 R 1E
6 fLA P A 2 mL HTRS 4 Jif1(2x10°/mL) , RPMI 1640

Wi (A 10% 54 10035 ) W & 217, 25 bR 85 77 4
JG,MA 2 mL &4 10 weg/mL A A 735 55 0 & A
10 pg/mL fi§ 2R #1°F- (%) PN NP pl-PN NP 3% 37 3 5l 23
FI5FR A (Model 4H) , 0% 6 24 h J5, s LG4, A
2 mL #4150 wmol/L [y H,0, 35353083 12 h, IR
H, O, 3577 B % 20 AR A B A X6 BE ( Control 241) o WK
F= B3 R (AN EDTA) 144k, FITC-Annexin-V £ PE-
PG, i X 20 M ARSI 240 R

1.2.3.3  ZUpstEaUK e 1 mL(2x10°/mL)
HTRS 4 ffl 4 Fp 7E 12 Ltk b, J R % A & f
1 mL 10 pg/mL AEAHF- R F5 5L 5A 10 pg/mL A
PR PN NP pl-PN NP 3% 52 3585025 15 77 2 (Model
1) 055 24 h,PBS UL/, A 1 mL 150 pmol/L f4
H,O, 5557 36 5 12 h, LR H, 0, 55 5= B il 4 g
VE R B XS R ( Control 2H ) s PBS W5 UL , A S umol/L.
DHE {5848 (3 2 K) KGR AR E 30 min, fA
A0, it =X 40 M AR M (Ex/Em: 535 nm/610 nm) ,
1 mL(1x10°/mL) HTRS £ it 43 26 40 MO IC - |, 85 5%
AR, FIRAGRIE SRS, 5 wmol/L DHE {4 48
Fryufa, DAPL 52 4y | FIE [ 3 R J OB LR £ B
BT SR .

1.2.3.4  {RHPGOK W% 2R TE CCK-8 41 i
FEPERGIN : HTRS 41 (1x10%/mL) $% #0796 FLAR
IWES®, MA 0.2.4.8.16.32.64,128 256,512,
1 024 pg/mL PN NP ¥, pl-PN NP {55573, F 24 h
Ja, A CCK-8 & 1 h, 7E 450 nm b & S6%
JE o PRAIES I S 3 A DU - M SD K BRUBR B 5 B T
EDTA it 9,1 000 r/min .0 10 min J5 5 F 2140
P, B 200 L 1) 2141 if L i 800 L AN [R] VK FE 1)
K ZGYNR S EIRIEE 24 h J5,1 000 t/min 2.0 10 min,
PBS FIRLZEIK (water ) 5 21 40 B TR A5 Ry B A BH PR X6
W W B b VS 2 HAE 541 nm FYGREEE | IEaE Hys
1538 = [ D (541) sugp =D (541) yyppy 1/ [ D (541) g =

D(541) 0 1 X100%
1.2.4 4R3I Y7 S0FE
1.2.4.1 s2sahdy 58 HUIVC 2% SD M 5L &

BERLR 2 S 4y 52 56 Hp O SR AL [ nlHIE S« SCXK (HT)
2018-0003 ], FR#% 12~ 16 J&, & i & (250+20) g,
SRR M S5 R B A O A 2+ LR B3 8, B R
WE S BHTE S U P Ji A S el e T SR, LK 13
JE N0 d(EO0) o

1.2.4.2 SCshWBREEs NSRS IR
907 ot ) Sh AR P B G T e,
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WEVERLT (reduced uterine perfusion pressure, RUPP)'™
AT LUER X P 5 | 24 Jif 28 ke o sl 40, B30 I PR b8 DL 1Y)
TR A pILR] O B AR DR A2 T30
FEPR R 5 0 AR AT DA/ A 2 x4k 254
PRI, P, AT SR SR RUPP R A
BIVE 22 14 R (E14) S U BRI s 8 T 1E I T R
G PEIETP TP, 282 S KT s, 1 R
YR ELEK , TR S IR Bl % gl Bk o0 SR i b iCE
B 1 MU M A, 2o A PN 5 Bl K AR — 0 SRy
T — MR e WIFFE 2 W1 7 kw1 I R T D
D] 40% B IR SEAL T B B AUIR A R AE S
JULJZ F B IR I HLH B G o
1.2.4.3 SLm@hWordl REURIRBEILEC AR %
I3RS 4 ARF AL (Sham 41, (IR 5 MG, AR5 #
kS Rl A A PBS) (RUPP 2 (- Aij 01 K B
R, R 5 w5 WK 5 ) S5 (B0 PBS) |, il 4 3t - 41
[ RUPP 3 H8)525F 0. 75 mg/ (kg + d) fifd % - 7 Jik
TS, 1 /d, 41 J& ] PN NP 20 [ RUPP 345 45 7
0.75 mg/ (kg - d) i 7R H P19 PN NP &Ik iE 5,
1/d, £ 18], pl-PN NP 4 [ RUPP ¥4 # J5 45 T &
0.75 mg/ (kg « d) fiff A H1 °F- (19 pl-PN NP i Jik i 5,
Lk/d, 361 B0 6 Ko Wit 1 G, TRk
55 20 R (E20) 475 7 I T IR 259256
1.2.4.4 ApygEad it 5 E15( RUPP #4%)5
1 d) #likid:5F Cy3-PN NP 1 Cy3-pl-PN NP, A [w] 5 &
PBS #kiESHE AN IR, 24 h 5 UG £R2H2 OCT {1
HLU)E 8 pm YU YRR, 4% F I 1A 1]
52 0. 1% Triton X-100 ZbFE. 10% BSA it [A 2% 3§
F, 5315 CKT HURAE 4 °C E P, FITC- 1L =41 e
IgG —HiEtH] 2 h, DAPT Jei%, 50 Wi n sk K14
1.2.4.5 IR EEK GER EIRE RN
JE(BP) i FUR RS 19 K (E19)20:00-21:00 J
£20 8:00-9:00 ¥ BER S Jo O & 3h bk i s, P
Y{E . JREEH (proteinuria) : E18 & K BACHEHE, B
B 24 h JRifE, BCA YA 24 h JREEFE . HA
A £20 R R BUSER B 6 , {58 FH /N8l Wy 7 28 e ) 6 3L
=" 000 AT 447 J9H 0 1 U 3 ( peak systolic velocity,
PSV) Fi&Tak A #1758 (end diastolic blood flow velocity,
EDV) , i 2 5575 S Bk EH 1 465 £ (uterine artery
blood flow resistance index, UARI) = (PSV-EDV)/PSV,
0 FRCIR AR W - E20 E4 7 A5 I 2 5 701 7 WU, WL
5 B TCIRHE , 23 00 Jie BUFT R 2 AR OB &, — &R0 fif
BEUA LB BRUANIG BRI T A% B O TV [, — &R 4

B BIAAE G —80 CARAEI TG 22525 .

1.2.4.6 HE Zefq IO [T 47 19 iR 8 B BRI
0 R AR, BB TS K A S U0 R
W TRAKE PTG o, PR BE oK | [ 3, 70 R AsE T
pUE=SIEEN:

1.2.4.7 RT-qPCR #5l] TRIzol 77 #& B 4% ZH e
FEHZ D RNA WREEFNAERE o SO sidn) & 5 i
cDNA, F %< )6 44 B} & SYBR Green i# 47 RT-qPCR,
27N R HRA K 55 RS LR 1

&1 X PCR3I¥FT

SR 751 PR/ b

1L-6 5'-AGGAACGAAAGTCAACTCCA-3’ 141
5'-TTGTGAAGTAGGGAAGGCA-3’

TNFo 5'-TTCATCCGTTCTCTACCCA-3’ 138
5'-GAGCCACAATTCCCTTTCT-3'

UCP1 5'-AGACAGAAGGATTGCCGAAAC-3’ 169
5'-TTGGACCGTATCGTAGAGGC-3’

Nif2 5'-GGCACGGTGGAGTTCAATG-3’ 151
5'-GTGTTGGCTGTGCTTTAGGTC-3’

1.3 %itzEodr

SR SPSS 20. 0 GEi i, 45 R DL wes FoR, 4541
BRI AIE A0, X T 22 2 ] 22 53 He SR P B N %
ST, P R] FEBCR AR RCXT ¢« R . P<0. 05 R 22
SAGIFE L

2 HR

2.1 peFE¥e b g K 2 M e AL R

AR RGN S R B (&1 1) W2 s PN NP F
pl-PN NP 2344151 3K, %5 2 57 PN NP 1 pl-PN NP
RS AL PDI AR B RS &3, Ik
JECEE MR H-F-7E PN NP Hl pl-PN NP (2545
R 40. 3% 36. 8% (it Lh) |, i R P B 3
I3 AIh 64. 2% F1 56. 8% (it [t ) . plCSA-BP 1454
RS IR 0 FI(51.324.3) % (i IL) -
2.2 HTRS Zmfext 4k 25 4 9 B A A

WO R AL BTG 25 ] B - B A 1) a] 1Y) 3
i, Cy3 ZEAHAAR N R AL O H 5 RS e A (&1 2)
T A REGOK 25 2 8 L i B AR AR o e T
A%t PN NP Fl pl-PN NP {75 W E 7 & 0« 40 f XoF
pl-PN NP {5 Wi e ) w25 Lot R A O =X 4 e A3 A
I HTR8 %} PN NP F1 pl-PN NP ({7 W5hE /7, n &l 3 pF
7 : HTR8 g 24 K 2440 52 Wk J3E Rk ] () 44 Ve , O L
7 pl-PN NP 41 3R 90 1 B 5 ) R W RUCR (P<0. 05) L iE
W] pl-PN NP Z1XF T i3 8508 77 40 M )22 A 8 [ 42k o
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A~C:PN NP #9525 A R 424 w50 54 0 AL D~ Fpl-PN NP #9452 5 A7 & 424 w451 B 4 AL LI

1 FREEEMEMAK YR LR

R2 RREEEMMHRGWEELER (n=3, x=s5)

PKZ5H) Hi4%/nm Zeta Hifi7/mV PDI (%) R (%) LEA ()
PN NP 160.9+5. 3 -45.5+2.6 0. 133 64.2 40.3 -
pl-PN NP 163.5+3.4 -48.3x4.5 0. 156 56.8 36.8 51.3x4.3
2.3 YR BRI Ao B RA B 2.4 WRBYIRIN G LIRS

TR HT I R AR AL TR NIRRT R
YK 250 A AR 2, B HL0, 55 HTRS ¢
SEARINAA N B R, AR 2 b PR S R R 5
Model ZHA EE , 9 i 44 2K 24 49 34 e v 20 240 M O T2 7K1
(P<0.05, & 4A B) 3. pl-PN NP &Rt PN NP
FoR 2 (P<0.05), pl-PN NP 41k PN NP 41 F& 1%
5.08%.,

iz FE P S AR BT ( DHE ) A6 0 41 Ji Py 4804k 1 38
(ROS) 7K, ot 20 A I8 A R = 4 A 43U 0 45
RYIF B 4K 25 1 8 B 0 AR 40 i ROS 119 77 A= 4
(E14C.D), 5 Model £ b%:, PN NP 4 ROS F=AEAf X}
A 36. 96% , 1 pl-PN NP 2H ROS y=4: #H % & P4
49.42%

K Fi CCK-8 A5l i b 4 K 25 % HTRS 4t it i) 75
PE, SR BR UK Y BETHE 3 1 024 wg/mL A
X A B P AR S e (L SA) o AARAIN I S Bt 3R
BGoK 25 & N3] 1 mg/mlL i), R LS 33 1 3
Z(EISB~E) , WFMASMEIGEIIEY] PN NP il pl-PN NP
A RAFHEY S et o] TR I SE B RIESE o
2.5 HhRBYMERGETR

AT Cy3 SOEARIC AR 25 5 |, 83 77 2 br &
YA A 2R 1 (CKT) X R S50 ) PR 725 4, 45 R i
71 : Cy3 GHK 245 = B2 G 5% )2 A it g 46 (181 6A)
FH. Cy3-pl-PN NP £ 7%¢ 5% & B & & F Cy3-PN NP
ZH(P<0.05,[5 6B) . ] plCSA-BP ] 25438 1%
WHFRZ
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100 100 1209 ;
n =0 pg/mL ﬂ | =0 pg/mL D PN NP 4] T
g 507 J — 5 pg/l. & 80 ] H | — 5 g, & 100 B PN NP YL
3 ' s =
10 pg/mL. =2 10 pg/mL X
%60- H ZOH/L E‘E\[GO- }‘ 70”/1 M
_’D’? ( pg/m! _1»‘_{ ‘ 20 pg/mL ,:fjlﬂ
oo 40 4 50 pg/mL 40 ] J 50 pg/mL '}H
. I = | 2
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20 I =200 pg/mL 20 4 ] \ — 200 pg/mL —;\H_
| [
-/1 Tr TrTY Ty TrTY T 1/ \. T Try Ty TrTy
100 102 104% 108 ‘ A105 1010 A 100 102 104 +106 'IU8 1010 B 0 5 10 20 50 100 200 C
Cy3 DR : Cy3 DGR WP Ing mL
1004 \
\ —0h g \ —oh 359JpNNP 4
wd | —osh o] || —osi 30 HEpl-PN NP4 Toor 2
H Ih \ Ih S
£ N ] [ < 254
"5.% 60 4 H 2h % 60 / ‘ 2h @/ R
8 I o g 1 ol B
< 40 ‘ ' = 404 \ ot 15
E ‘ ‘ —38h 52 I | —8h #L%
20 | o] || 107
] [ 1 | =
/J | J} ‘ B 54
. ).\
Ll | Ty LA | ™Y Ll | v TrIr Ty Ty Ty 0-
100 102 10; 100 0r 0 100 102 104 %10[6 100 1o 0 05 10 20 40 60 80
Cy3 ZOEIRE D Cy3 FOLIRAE E [l /h

a:P<0.05,%5 PN NP 21145
Az tmfigxf PN NP v 69 58 BAR A 5 B - 2 At pl-PN NP v 69 3% AR MR 5 Co 2 R 3 7 b 2 K 2 ) vl 8 IR AR B 1
RAE I D 2n B AT PN NP Bt 6 it I 4R b s B : 29 S0 xT pl-PN NP Borit 6 i ) 4R b s F 2 B 75 A 20 K 25 4 ikt
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