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Preparation and evaluation of quality, targeting and cytotoxicity of triptolide-loaded targeting nanoparticles
YIN Moli', LUO Wenbin', XU Jingzhe', TANG Zebo®, GUO Ni’, LAO Youxing', WANG Huiyan' (1. Jilin
Collaborative Innovation Center for Antibody Engineering, Jilin Medical University, Jilin Jilin 132013, China;
2. College of Basic Medicine, Jilin Medical University, Jilin Jilin 132013, China; 3. National-Local Joint
Engineering Research Center of Biodiagnostics and Biotherapy, the Second Affiliated Hospital of Xi’an Jiaotong
University, Xi’an 710299, China)

ABSTRACT OBJECTIVE To prepare nanoparticle-based targeting preparation loaded with triptolide (TP), and evaluate its
quality, targeting ability and cytotoxic effects. METHODS Polymer nanoparticles carrying TP-targeted folic acid (FA) receptor
(TP@PLGA-PEG-FA) were fabricated using poly (lactic-co-glycolic acid)/polyethylene glycol/FA (PLGA-PEG-FA) as the carrier
by emulsion and volatilization technique. The morphology and distribution were observed, and their particle size, Zeta potential,
polydispersity index (PDI), drug loading capacity and encapsulation efficiency were measured. Their stability, blood compatibility,
in vitro drug release, uptake by RAW264.7 cells (localization with fluorescent dye Cy3.5) , and in vitro cytotoxicity were
evaluated. RESULTS TP@PLGA-PEG-FA exhibited spherical shape and uniform distribution, with particle size of (122.60 +0.02)
nm, Zeta potential of (—17.6+0.6)mV, and PDI of 0.26 +0.02; drug loading capacity and encapsulation efficiency of TP were
measured to be (7.78 +0.05)% and (68.62+0.03)%, respectively. The hemolysis rates of 100, 200, 300, 400 pg/mL TP@PLGA-
PEG-FA were 0.77%, 0.92%, 1.34% and 1.63%, respectively. There were no significant changes in particle size, PDI and Zeta
potential when TP@PLGA-PEG-FA were placed in 4 °C water for 14 days and in DMEM culture medium containing 10% fetal

bovine serum at 37 °C for 12 h. The cumulative release rate of

A BE£THE 7 MA B & TR 5 H (No. YDZJ20240203- .

2024161) ; 35 A K== A=A I 25318155 B (No.S202313706005, at pH5.5 for 72 h, which was significantly higher than the
No.5202413706028) cumulative release rates in phosphate buffer solutions at pH7.4
* B S, o WFFETT I 25 H R L . E-mail;
BARE S L DRI S e and 6.5 for 72 h [(42.37+0.35)% and (63.83+0.29)% ,
80630963 @qq.com
4 OEISEE M L. BRI 2 R Emails respectively] (P<<0.05). Activated RAW264.7 cells took up
zswhy518@163.com significantly more Cy3.5@PLGA-PEG-FA than they took up
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Cy3.5@PLGA-PEG-FA+free FA and Cy3.5@PLGA-PEG. When the mass concentration of TP was=15.63 ng/mL, the survival rates
of activated cells in the TP@PLGA-PEG-FA groups were significantly lower than those of the same mass concentration of free TP
groups (P<<0.05). CONCLUSIONS The prepared TP@PLGA-PEG-FA has high stability, good blood compatibility, active

targeting and cytotoxicity to inflammatory cells.

KEYWORDS triptolide; rheumatoid arthritis; cytotoxicity; targeting preparation; nanoparticles
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AW B B B 60 56 Galaxy-170s B CO. 15 57
A A1 5424R AU 5.0 AL (1[5 Eppendorf 23 7] ) . Cary-3500
AN Y66 EE T (€ [H Agilent 23 F] ) | Zetasizer Nano
TR E Z3 A% (3 [ Malvern 23 @] ) L TS2 R 8] Bl
2% 0 BB T FV3000 78 980k 3R 4 18 3U8E ( H S Olym-
pus 23 1) ) \TM3000 #4734 Hy 5§ 5% ( H 7% Hitachi 23
F)) . 168-1130 BRI HRAX (5 [ Bio-Rad A w] ) .CP214 #4
B, F R (32 F Ohaus A A ) 45,
12 FEHRBSKA

TP JFURE 24 (L5 A10261, 4[ & 96.8% ) FlX} R 5 (4t
7 B20709, 4l B 98%) 4 [ LR AR W R A BR A
7] ; PLGA-PEG (4t 5 R-PL1025-10K , BFLIR 52 H 2 R
[ BE /K Lt Ay 85 15) Al PLGA-PEG-FA (4t 5 R-PL1045-
10K, RALIR 52 5 R EE /R Lo 85:15) (9t kel
Cy3.5(4it5 RM0212406) 11 [ P4 2 ik A= Yy FRH A PR
N H) G B K B [poly (vinyl alcohol) , PVA; it 5
P434371] 8 £ BE (41t 5 1L381866) #41 [ 1 kg Bl 47 T 4=
iR B0 A7 R 23 W s RPMI-1640 35 75 5 (it G4534)
FIDMEM #5355 (it5 G451 1) #y [ I FE 4k /R A=)
PHEA R H] 547, 6- kL -2- 28 KL 5| Wt (DAPD) 4 i
(#t5- 28718-90-3) Iy [ 5% [# Sigma /A 7] ; CCK-8 4 g 384
Bl K BRI A (S CA1210) 1 [ AL RS A
HA R ) 5 HoA iR 2 o Hr ali s 52 50 2% HI A
KR ZEIIK
1.3 Rz 5k

fdt BFE SD R, M1 , 7R 180~220 g, 8 JAiY , 4 H
A s 43 R AL S SR A BRA | AR VAT IR S
SCXK (%) 2021-0011, Jr A K B 110 % 76 I & 18~
26 °C AR 40%~T70% | 5 930 KU S 3R BE v
B SG0TT G2 MR 27 BeA 2 Dy ot (G 5
2023-ZYY-005) .

/N BB W2 i RAW264.7 H 7 PRS2 27 B 75
BHUR TR PR A Bt
2 FHik
2.1 TP@PLGA-PEG-FA &40k k1 F R $1 &

KRR K H 45 . BUTP JEREZG 1 mg, % T
% 1 mL ' ; BRI PLGA-PEG-FA 10 mg, i T G W 4
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10 mL 16 B3R 2 Fhigs i i &), FL Ak 1 min, JE S0 AH
H5 I AR A E 3%PVA T 5 mL A5l AL K FLI; 5L
A6 1 min 5, A 2% 5 N BRI 20 mL, T2 00 T R
3~5 h, B WA R T 0% & , 15 TP@PLGA-PEG-FA FL
Wi RFLIZ 15 000 r/min &0 10 min, 72 IS,
TUTE /K BB T eI 3k, LA EBR R (0 TP; F
FHKERIG, T4 °C T R-AE, &

{6 FH [R)RE 7 15 ) 46 PLGA-PEG %5 [ 44 KA1~ (AR
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FA 75 (4 #1 [i] 49 KR F (A I TP) . TP@PLGA-PEG (K
PLGA-PEG-FA ##: }j PLGA-PEG) .Cy3.5@PLGA-PEG
(¥ TP % ¥ o Cy3.5, PLGA-PEG-FA # ¢ JJy PLGA-
PEG) .Cy3.5@PLGA-PEG-FA (¥4 TP %404 Cy3.5) .
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HlbRAERD 2, IF AT A 4L
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25 A [ 40K T-4% 1 mL, 23 7K 10 mL #8830
pg/mL (1) TP AR fE 7k T BRI 540 e e i+
217 num Y ARG A ot V5 VAR ) W' A O 1 SR L R A
S5 A, PR A AR [ T R GO R TP
S R YE N R 5 TP@PLGA-PEG-FA 12825 12 il 4y,
B (%) =9OKK T TP & /40 Kok 1 (1)
Jii i X 1009% 5 FL 5K (% ) = K7 TP & /TP B
A X100%, SCHHE 3K,
2.4 TP@PLGA-PEG-FA HI{RSMNEZS L6

2,173 F TP@PLGA-PEG-FA W 3%, 4 1 mL
(b TP BT Wk BEAR ] ) , B T 48 (B 4+ 5 300
kDa) ", F50 112 A 245 pHT7.4.6.5 . 5.5 B R 5 2% ih i
(pH 22 SCHR[ L1114 ) 50 mL 1Y B LA T B B0 4
T 37 CHEIR TSR . 43T 0.4.8.10,12.16 .24,
30.36.42.48.50,60 .72 h i} NES.CME HEURE 5 mL, [ A
FMINAE pH S SF R TR A B R b 2 v .l SR A1 ok
FEEETT T 217 nim I8 A< A4S 25 Hsf [ s BORE VS T 179 WO
FEAH ACA 23730 F [0 H 5 B TP & i, IH B TP Y
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i) LEEE 3K,
2.5 TP@PLGA-PEG-FA Il &R M ER

B R e Ab B %) B A BRUA/I ) I o, i A A= 3R
7K, LA 3 000 r/min B.0> 10 min & 3§ G, I L1240
JiL 5 1 A 3R 7K 5 o TP AN [a] J5i &t vk B2 (400,300,
200,100 pg/mL) Y TP@PLGA-PEG-FA 54 2141
JL BB T, RIS ARE it o 5 B B BEARE i (LK
TR A 2T A0 380 AN B X R AR i (A AR BRER K TR A 4T
AN EW) . FiAFES T 37 °CFALE 2 h)5, L 3 000
r/min #.0> 10 min, B35 W, 8 H 48 66 T F
541 num Y8 A AGH I HC I ' FE A, P53 4% A o B 1L
R I (%) = (R 4 WO B2 A — B X R
st A WSO AL )/ CBEL P o B it P W2 D' B L — S xR
FERIOEEE) X 100%
2.6 TP@PLGA-PEG-FA HIF&E 2R

HL“2.1" 5 F TP@PLGA-PEG-FA i &, T4 °C/k
JCE 14 d, BERR 2 d HUFE 1R ; 95 TP@PLGA-PEG-FA
BT 10% I 2E 5 1) DMEM K5 53k, T 37 °C R ik
12 h, BERE 2 hHURE LR (O RL BE 2 A A SRS
hif% PDI.Zeta HLAT , LAPFAR 4R T e e
2.7 RAW264.7 4R 40 Kb F B EUS R 25

TP@PLGA-PEG-FA il TP@PLGA-PEG %A &t
BT, 7 B GR L SR THTRRIR FA J& 75 2348 1 4 oK kL
TR 1) P AR GRS G KR rf e 2% TP B4k ¢
Fegekl Cy3.5, H L% 52 RAW264.7 4il g X 44 K i 1 1)
BB B . B RAW264.7 40, LA 1 X 10°A4>/FL 2% Fh 3
24 AL R AEIE M D FR S WG BE T o 4 S s
M (LA 1 wg/mL B 15 22 W5 3 24 ) R B0 40 7
23 9 &% Cy3.5@PLGA-PEG . Cy3.5@PLGA-PEG-FA+
I #5 FA . Cy3.5@PLGA-PEG-FA (Cy3.5 Jit & ¥ & #1 K
500 ng/mL) fi RPMI-1640 15 37 FE 05 75 2 h (AR 4% & 3
AL s AR AR, P IR 3 22 Wil e 3 U5 N A 4%
22 5 W AR [ 5 30~ 40 min , PR £ 22 wh i vE 4%
3R A DAPT YL e {5 min , i OG5 A s
L5 240 B Xk 9 AR Y B8 JBURE 50 (4 A% 28 DAPT k£,
J& S5 (966, 1 Cy3.5@PLGA-PEG Hl Cy3.5@PLGA-
PEG-FA 221 645510) i ic k.
2.8 TP@PLGA-PEG-FA WK 5MNARRS 22

HOGHEUAE R RAW264.7 i1 i, LA 2 X 10" /L%
FhE] 96 FLAR T, FF o MG RE I K H A RS 40 (L 1
pg/mL IR 20 24 h) AR BOE 400, H & 8% JiG 4

il
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LY () RPMI-1640 555 565555 24 h, WsmkER 5L, 430
T Er AS ) 5 Mk ¥ TP@PLGA-PEG-FA . TP@PLGA-
PEG. ¥if# 2 TP (TP Jit & ¥ & ¥4 43 5l 250,125, 62.5,
31.25.15.63.7.82 ng/mL, Jii f v B AR L2 00 il e B
31.25 ng/mL P& ) (1) RPMI-1640 15 35 5, 1 Ry 52964
T35 ORI AN Jin 25 9 0 X6 BE L RUAS i 4 e A Jn 25
YIS . Rl 3R fL. 555 24 h, BALIMA
CCK-8 ¥ 10 pL, T 37 °C F#EHEE 30 min J5 , ff
it A T 450 nm AR AFLI IO BE 1, 4 T =X
T O3 48 A7 16 o AR T R (%) = (A4—A0)/(4e—
Ay) X100% (KHT, Ao A Ay 5T R SE B X BRZH 25
ZHANARL WO BB
29 HitFEFE

¥ JH GraphPad Prism 5.0 4% £ 48 i 17 48 1147
Mo P SEEER I LA x + s R, 21 1H] HU SR BRI &
J7 25508, i — P LU R T LSD- K 3. A S /K
a=0.05,
3 HR5ITE
3.1 TP@PLGA-PEG-FA HJRAE

I T AR 2 R (K 1) R, PLGA-PEG-FA %%
F# [ 409 KR F TP@PLGA-PEG-FA ¥ 5K, H M
P15 P R P- 34k A 5307 2Ry (106.20 +0.03) | (122.60 +
0.02)nm, Zeta HL{ 7351 (—18.3£0.5) . (—17.6 £ 0.6)
mV,PDI/351 4 0.28 +£0.04.0.26 +0.02(n=3) , #5535
H, <200 nm [ GAKHLT BT 25 5 0k sk UER P4 B2 3R 4 1) Al
A IF AT AR B b R S T 5 RS 32 a2 e i S R B K
JOE T AE B s 57 R, 11T RA 908 AR (o A8 2 41
£7 76 5 I 00 A LR B e T A R &,
TP@PLGA-PEG-FA A g fif B 2 355 38 5 S O B 2800 7
RA G RAEH LU REL, LA, i Zeta HLAv RS 25 1
AlHN, TP@PLGA-PEG-FA fif it H , HL ey B AP AN AT
G AR SR T EL AT DAYs/ D 55 67 e g 200 A A )
1A 4 S AR AR ™Y, A T TP@PLGA-PEG-FA 5
AR TE 1) FR 2565, DN A 4% F2 2 ) 1k .

A. PLGA-PEG-FA 75 [ L[5 4 K T

Bl #XtrreiameFEaEEE

B. TP@PLGA-PEG-FA

3.2 TP@PLGA-PEG-FA WHZAE B HE
LHMEIEE (K 2A) 7R, TP@PLGA-PEG-FA H A
TP FEAE W WL , 1d B TP 4% i D) 43, 28 A PLGA-PEG-FA
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25 PR [ AR rh o R [R] BT S B TP A I TR 11 25
HMERER (B 2B) iR , 217 nm P AN O RE (5 TP
R R IEMIE . DL TP B R AR AR (x) Ot
FEM AR () , Gt/ e A5 45 31 14 [ )3y e
1 y=0.120 6x+1.006 1(R*=0.993 7) , TP il J5i 8 Vi Jif
(LT L O 2.5~30 pg/mLs i 77 3k MRS 8 REE
PE S | RICR IR S5 SRR A 2020 A R E 2y
B) (PR ) A AH LR, A <2373 N A KA
TP@PLGA-PEG-FA ' TP 11 3% 2} 1 Fl 40 £ 5 43 H1 o4
(7.78 £0.05)%H1(68.62 + 0.03)%(n=3).

5 5
PLGA-PEG-FA % 1 —
N — WA T 30 pg/mL
~— TP@PLGA-PEG-FA — 20 pg/mL
o g g — TPRUEA E 3 4 — 10 pg/mL
ﬁ = == 5 pg/mL
X 21 =21 — 2.5 pg/mL
14 14
0 T T T u i 0 T T u y 1
200 220 240 260 280 300 200 220 240 260 280 300
P mm P /mm
A. TP@PLGA-PEG-FA B. TPFRUEZ I

B2 KK FF1 TP ARAE R R A ZE SN AT WS E

3.3 TP@PLGA-PEG-FA 2B HE

AR 2 S50 25 3 (1] 3) /R , TP@PLGA-PEG-FA
(B 24 47 S FLAT B B 0% pH AR #S M, ELBE R pH(ERY
R, 25 R R B @ om ik . Hob, TP@PLGA-PEG-FA
7 pHB.5 ) R +h 22 vp i v 72 ho i i R RRURE i R
(84.83 +0.29) %, # pH7.4 .6.5 B RREL 2% WPl 72 hishr
SBR[ 20 3 M (42.37+0.35)% . (63.83 +0.29)%]
TR (P<0.05) o 43T JE R AT RE & , PLGA MR ]
SO R G M ANARLF I B2 PERE AR IR T R G
F14) 4 238 T2 B0 Wi A 20 AR - I R I T & A AR A (K
P [t = ) e B 360, T TP@PLGA-PEG-FA &4 3%
JKIEH PEG, FEOL B/ M B2 e ek, it
AF R BREA AR F P RR PR W A 251 5, A
TMHN % PLGA A",

100 1
—— pH5.5

80 - == pHES

—e—pH7.4
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1
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s
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O r 1 1 1
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fisf i) /h

a:72 hif 2R a] L4, P<<0.05,

3 TP@PLGA-PEG-FAWIFERBL (x +5,n=3)

3.4 TP@PLGA-PEG-FA {JiA I %
IMBAR 251 % 2245 (L 4) o, 5 1 X6 R
A HE, BIE 2 400 pg/mL i) TP@PLGA-PEG-FA A 5|
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A MG, M H IS W g &V . 100,200,300,400
ug/mL # TP@PLGA-PEG-FA I I %43 %} 0.77% .
0.92%.1.34% .1.63% , 3K T 3%, % ] TP@PLGA-PEG-
FA BAT RAFA IMBARZME, AT AR 5

Y
B
P

KEEXTHE 100 pg/mL 200 pg/mL 300 pg/mL 400 pg/mL
NI 5 e P ) 3

B4 FRERERE TP@PLGA-PEG-FA MikA 4%
BRI E

3.5 TP@PLGA-PEG-FA BT E 4

e84 1 (K 5) R , TP@PLGA-PEG-FA 7E
4 °CoK H il B 14 d FIAE 37 °C & A 10% i 4 1l 1 Y
DMEM K5 25U E 12 h k4% \PDI . Zeta HLv 34 JCHH
ARk, W TP@PLGA-PEG-FA B A B i1y Fa &1 .
X A] BEIH P TIZ N KORL - T Y £ £ A PEG X 49K
BT Y23 [ AP PR
3.6 4HAE3T TP@PLGA-PEG-FA HIBEUE R

258 (B 6) Bor , 7RIS 1 RAW264.7 4 rh , 48
Cy3.5@PLGA-PEG-FA 4b 1 [¥) 21 Jifd 4% J&] Bl H 20 B S 1)
L, TR iF 25 FA Fil kb 3L 5 75 28 Cy3.5@PLGA-
PEG-FA 4b B i) 41 i A2 )] R 2T € 5 6 B B 55 , LG 4
55 Cy3.5@PLGA-PEG ZbBRAN L th AR WA B 25 5% . 7
AT 1 RAW264.7 4 il h, 28 Cy3.5@PLGA-PEG .
Cy3.5@PLGA-PEG-FA+ i & FA. Cy3.5@PLGA-PEG-
FA Qb 3511 240 B A% Jo] B 1A 3 55 M £ 40 5 R =48
Wl 25 . BREE SRR W i L 0 A e T A Rl
I Cy3.5@PLGA-PEG-FA ; # &1 i FH] FA Tiiib 34, FA
WU AT 29 5508005 1Y RAW264.7 4 i 36 i 4 FR 454, 1T 5
3 Cy3.5@PLGA-PEG-FA [ ¥ i) 7 HI Uk 55 , % B FA &
AT Y A0 s A Kok Y S S
3.7 TP@PLGA-PEG-FA Bk 5h RS

BT X R 80HE RAW264.7 41 it () 4 41 75 1 52 16 4%
(K 7A) ¥ 7n , 24 TP Jii & ¥ ¥ =62.5 ng/mL i,
TP@PLGA-PEG-FA 4 . TP@PLGA-PEG 4 4 183 24 Jits
7 B 4715 2R 35 /N T 50%; 117 >4 TP Jit 2 ¥k FiF =15.63
ng/mL, JiiF 2§ TP ZH AT AR A V- A2 TE 235/ N T 50%
24 TP JF I = 15.63 ng/mL I, J7 25 TP 410 40 M A7T5
R K T A 5 Wk B TP@PLGA-PEG-FA 41 il
TP@PLGA-PEG 41 (P<<0.05) ., iX F=ZH P Tl TP 0]
WA P HOE B VR T AIM ; T TP@PLGA-PEG-FA |
TP@PLGA-PEG W23 =) 41 it A PR 2536 A A
GO0 O NS €1 RO RALP S AR R UL AN
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