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Preparation and in vitro evaluation of methoxy polyethylene glycol-polycaprolactone nanoparticles loading a
water-quenching fluorescent probe

JIANG Si-fan', HE Hai-sheng?, LU Yi*, QI Jian-ping*, DONG Xiao-chun’, ZHAO Wei-1i*, YIN Zong-ning'* , WU Wei*"
1. Department of Pharmaceutics, West China School of Pharmacy, Sichuan University, Chengdu 610041, Sichuan, China
2. Department of Pharmaceutics, School of Pharmacy, Fudan University, Shanghai 201203, China

[Abstract] Objective To prepare methoxy polyethylene glycol (mPEG)-polycaprolactone (PCL) nanoparticles
loading a water-quenching fluorescent probe and to evaluate its in witro characteristics and stability. Methods PCL
nanoparticles and mPEG-PCL nanoparticles with different mPEG chain lengths (mPEGs, . mPEGy,.) loading the water-
quenching fluorescent probe P2 were prepared by an emulsification/solvent evaporation method using PCL. and mPEG-
PCL as materials. In wvitro characteristics such as morphology, particle size and distribution were evaluated. The P2
probe displayed fluorescent signals when encapsulated in the matrix of the nanoparticles, but quenched immediately when
released into water. Based on this properties of P2 probe, the stability of various nanoparticles in different aqueous media
was investigated. Results The prepared mPEG-PCL nanoparticles showed a particle size of about 200 nm. narrow size
distribution, polydispersity index below 0. 06 and near neutral surface potentials with spherical morphology and smooth
surfaces. In buffers of different pHs and simulated bio-relevant media, all nanoparticles showed very good stability
without significant change in particle size, polydispersity index and fluorescence intensity. Conclusion mPEG-PCL
nanoparticles have promising in vitro characteristics and robust stability. It is fast and convenient to monitor the stability
of nanoparticles by using the water-quenching probe.
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Fig 1 Scheme of rationale of water-quenching dyes as probes to monitor structural alterations of nanoparticles

mPEG: Methoxy polyethylene glycol; PCL: Polycaprolactone
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state simulated intestinal fluid, FeSSIF) , 28 EIR S
L B W (fasted-state simulated gastric fluid,
FaSSGF) #liR &4 K (J2 [ Biorelevant /A #]) 5 Hifth
BRI R o bt
1.2 mPEG-PCL 4 k#6941 & 5 %42 RAFL-
VR RIEN T HEF T £ . 200 mg PCL 5 mL
THEH B IIA 1 mL R N 100 pg/mL 1)
P2 BB A P e it 2 W SR HLAH 5 200 mg PVA
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IKAHTERR K B A R TR oI 3L M1 AL = iR T
Wl 14 PEBR R AL RIS PCL 4Kt
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PEICHF NI EE TN AE DR EE WO & S 73l
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HIFC

pH 6. 8 HYBEMR £h 52 vk (PBS) : B 0. 2 mol/L
WER A A 250 mL, il 0. 2 mol/L A A LahiE
W 118 mL, F/KFEBEE 1 000 mL. #2457, i,

pH 7. 4 B9 PBS: BUis g — &40 1. 36 g,
0.1 mol/L & A AL #h ¥ W 79 mL, HI K #i B &
200 mL, Bpf5 .

pH 1. 2 (3R (HCD 2% vhif - K5 % LB 9 mL
WeEL R AR F B2 1 000 mL, RIFS,
L4 BBMAERARGERS SIREEZMR)
(USP-37) Jf 8 J7 1, 2838 4 o4 4% e ) A 40 B )
(SGF) :Ht 2. 0 g FALANFN 3. 2 ¢ H A (250
800~2 500 ANTERERANL) L AIA 7. 0 mL Eh R AR
Ffr 2 1 000 mL, Bif5,

% F] FaSSIF FeSSIF, FaSSGF ik & ¥y 7 #%
HESCHRC T3 75925 « G838 Y R B F i B A o (4 43 B ik
R D,

%1 FaSSGF,FaSSIF #0 FeSSIF &Y 4H A,
Tab 1 Compositions of FaSSGF, FaSSIF and FeSSIF

Simulated Concentration of component ¢p/(mmol « L™1)

{luid Sodium taurocholate Lecithin NaCl NaOH HCl NaH, PO, CH;COOH oi
FaSSGF 0.08 0. 02 34.2 0 25.1 0 0 1.6
FaSSIF 3.0 0.75 105. 9 8.7 0 28.4 0 6.5
FeSSIF 15.0 3.75 203. 2 101. 0 0 0 144. 1 5.0

FaSSGF: Fasted-state simulated gastric fluid; FaSSIF: Fasted-state simulated intestinal fluid; FeSSIF: Fed-state simulated intestinal fluid

FaSSGE 1Y IC ] « K %5 FR IAL J7 & NaCl i T
900 mL B 4tizk . A& & HCLiESY pH £ 1. 6,
FAKEZZE 1 000 mL, FRHL 0. 06 g FaSSGF il i
HEMAICHE T 500 mL ERIEB A R A& ERGE
5% 1000 mL,IBA5TRIFE,

FaSSIF (il : 3 FREUE 7 i NaH, PO, « H, O,
NaOH 1 NaCl, % F 900 mL Zi7k 71, ] 1 mol/Li¥)
NaOH 5§ 1 mol/L HCl #47¥%W pH £ 6. 5, 4l
JKEZEZE 1000 mL, FREL 2. 24 g FaSSIF HiR-4#)
AIMA 500 mL iR, %l T BbE (o0 42 % i
Jo HRIAERCE R Z 1 000 mL JRAJ T,

FeSSIF 1y i « 73 5 AR IBULL 75 £ 79 NaOH., 9K
fit iR F1 NaCl, % F 900 mL 4K 1, A 1 mol/L (¥
NaOH 8¢ 1 mol/L HCl B W pH & 5. 0,9 )5
4K EZEZE 1 000 mL, FREC11. 2 g FeSSIF ik
BBAMA 500 mL F iR A, & R e
VRS BRI WOE A2 1 000 mL B RITE .
L5 ERBRANRTREDEFREEGFN I
1 mL {33 P2 ¥4 i PCL 44 K ki, 43> 51 /im A [
pH {HZ% AR B A B4 7 10 mL, IR A G
T(37.0£0. 5) CARBEHIER 2331 T 0.2.4.8,12,
24,3648 h BUKE, FHZEOG/r 06006 BE TN E e K&
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2.2 RAMmBETAEME 3 HYRBAEAR pH 4
2 A BT P B AR PR A SR LR 3, FE AN TRl R 40 A 3
A Eh iR E LA 4, G5 REBIR 3 R YRRLEEAR
] pH {ELZ% th A BRI AN [R) B ADL A B A B vh 2 HA R
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A A UL s . 25 SRR E S v A A
BEALL A FAY BT oKL 45 4 RE DR 47 58 2 L EREH 40 ik
T Al D KA 253838 A9 AKRL S 3R h F 8000k
VK 7K HR B S - R % TRV M 5 ) JoT AN 3 PR 1Y)
SERRNDE R B 77 RS . X EG 3 R gl R AT I
PCL.mPEG:,-PCL #l mPEG,,-PCL 4 K ki 75 & Fh
A bR H e L B2 mPEG &M (1 40 K ki A4 5
PERE AL T-4E mPEG &1 19 44 K A7, mPEG 4§ % kL
FRUE I WA B B

% 2 PCL 71 mPEG-PCL K #i (3R L 45 1E
Tab 2 Physicochemical properties of PCL and mPEG-PCL nanoparticles
n=3, rts
Nanoparticle Particle size d/nm PDI Zeta potential ¢/mV Fluorescence intensity
PCL 199. 2344, 61 0.0340.01 —3.15%0. 26 494, 00£15. 87
mPEGs;-PCL 213.70£3.32 0.0340.01 —3.59+0. 39 455.00+8. 19
mPEG2-PCL 207.60+3.28 0.06=40.01 —4.1140. 12 459.67+11.02

PCL: Polycaprolactone; mPEG: Methoxy polyethylene glycol; PDI; Polydispersity index
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Fig 2 Particle size distributions (A-C) and TEM photographs (D-F) of various nanoparticles

A, D: PCL; B, E: mPEGs-PCL; C,F: mPEGu-PCL. PCL: Polycaprolactone; mPEG: Methoxy polyethylene glycol; TEM: Transmission

electron microscope
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Fig 3 Stability of PCL (A-C), mPEGs.-PCL (D-F) and mPEG,,-PCL (G-I) nanoparticles in buffers of different pH values

PCL: Polycaprolactone; mPEG: Methoxy polyethylene glycol; PDI: Polydispersity index
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Fig 4 Stability of PCL (A-C), mPEGs-PCL (D-F) and mPEG,,-PCL (G-I) nanoparticles
in different simulated gastric or intestinal fluids
PCL: Polycaprolactone; mPEG: Methoxy polyethylene glycol; PDI: Polydispersity index; SGF: Simulated gastric fluid; FaSSGF: Fasted-state

simulated gastric fluid; FaSSIF: Fasted-state simulated intestinal fluid; FeSSIF: Fed-state simulated intestinal fluid
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