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Abstract: Microspheres based on polylactic acid-glycolic acid (PLGA) copolymer have unique advantages in
pulmonary controlled drug delivery. However, the clearance mechanism dominated by lung macrophage phagocytosis
greatly limits the long-term retention of drugs in the deep lung. In order to avoid the scavenging effect of lung
macrophages, the PLGA microspheres coated by polyethylene glycol-distearoyl-glycero-phosphoethanolamine
(PEG-DSPE) was designed in this study, and the effect of chain length of PEG-DSPE and its ratio on the macro-
phage uptake was investigated. With coumarin 6 as a fluorescent probe, the coumarin 6-loaded PLGA microspheres
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was prepared by premix membrane emulsification/solvent evaporation. The particle size was controlled to 3-5 um
and the encapsulation efficiency was over 90%. After incubation in the cell culture fluid for 48 h, the in vitro
leakage of fluorescein from the microspheres was less than 1.5%, eliminating the interference of free fluorescein
on the cellular uptake. Murine macrophages RAW264.7 cell line was selected for the in vitro cell study. The
preparations showed little toxicity to cells in the cytotoxicity study. Results of the macrophage uptake study
showed that PEG;,,,-DSPE and PEG,,,,-DSPE coated groups with both high and low proportions (PEG-DSPE/
PLGA 1:1, 0.25: 1) could significantly reduce the phagocytosis of macrophages to microspheres compared with
the uncoated PLGA group. For PEG,,,,-DSPE coated microspheres, the effect of escaping macrophage phagocytosis
could be achieved by increasing the ratio of polyethylene glycol (PEG) on the surface of particles. Overall, the
chain length of PEG-DSPE and its ratio are the key factors affecting the macrophage uptake. In pulmonary controlled
drug delivery, high molecular weight of PEG-DSPE (PEG;,,-DSPE and PEG,,,,-DSPE) and the high ratio (PEG-
DSPE/PLGA 1:1) of PEG,,,-DSPE can be selected to escape the phagocytosis of alveolar macrophages and
prolong the drug retention in the lungs.

Key words: drug delivery system; inhalation; polyethylene glycol-distearoylphosphatidylethanolamine;
polylactic acid-polyglycolic acid copolymer; phagocytosis

XTI R G, I 2 ikt R AR & 5
1 25 R G AT B AR H, HLRENE K 245 B e i ik B
it A, 502 T 4 24 55 B BV AT R T AL, TR BRAIR T 2454
XT 4 5 A RAE M. SR, B AT T E RN 5
DR TR ) R, 2 )L it P A5 B IR R A0, R e A
YRR AR T IR IE, RORFEAR T 5835 A AR,
BRI, BN G2 20T i iR 22 45 e 2 Wit 1k R 48, LA
WIAE K 25 W06 I I A, BRI 45 25 A0, 2 i B8 DI
m:[‘é[“,ﬂo

DL FLIR F2 2 B W) (polylactic acid-glycolic
acid, PLGA) Ay B A4 2 ) Sl Bk A 25 7 il 357 92 478 R 38
iR G B MR AT, PLGA BARLF AP HH
AR W] B A, T 50 R W LA AR A 6 N TE 4
LA A7 AE 35 18, 8] B 72 /N B P9 A B8 O 2 4 PR
S5 G R NRL T E il 9 DO A, B ELAR BUR IRL T
(>5 wm) 2 5 PURRAE VIS, 177 458/ R F- (<0.5 pum)
Sy BT, RN R TR IE B B E 1~5 pm A, DA
ST S B AR B i OB AR Y. AR, LA R 2
Wiy = 3 1A I 3 B AL ) PR 1) 17 RN 245 20 6 il 1 7 o
e R 2 it P 4 Y P e R VS ok IO L R I S 2 4 R
il 77 1 3 PR U0

% . 4k (PEGylation) 1 Jy il ik 5 8% 505 41 i
RATERI“Ba B A (stealth), 4 4525 R G 155
Tz MM HIE R KA = KA 5 R ORI ES T
RL- 5 MRS (i 3 3R B ARRE S A, 40 b
PR RGO, R AR R, AT RE S 4 S0 0% R SE T
BrU2, 2% 2 Z B (polyethylene glycol, PEG) iX —
B G T BR AL, B R B 22 1) AT e 2 L N T i 2
R IR 0314,

ARG AE DL PLGA NEAR I M BRAR R, 5] N5R

o - N IR WL IR Ik £ BE % (polyethylene glycol-
distearoyl-glycero-phosphoethanolamine, PEG-DSPE), ]
% VRN ZEA PEG 1 PLGA 3Bk . 18 L3k H A [F 4
T # ) PEG-DSPE #1 ¥, % %¢ PEG-DSPE # K [z A [A]
£, LI ELE ST (RAW264.7 41 i 3R ) 5 UKL 7 1)

AR

MR5 R

{28 Ultra Turrax T25 =# BT P) 28 [IKA® (M)
1 H W& PR Al AR X EFL AL 35 (H A& SPG £
[1); HELOS/KP 30t RL B A (48 B Hr A 22 50 A 7)); 42
WK £ Tl BE B A5 AX (35 E Thermo Scientific 23 #]);
XDS-1B 5| & B st (FE PO A R A F]); Quanta
SC i A 4n f 4 (3£ & Beckman Coulter 2 7).

MRl RBAR-BAE LRI EY) [PLGA, Resomer®
RG 503H, fis O f [ 38 (b ) B3 A7 R 7 LifE o 2
H]; B OIEEE (PVA 205, H AW R #k N 4); K 4
i P R Tk — el IR T % JIE 7 £ B2 % (mPEG-DSPE, I
W AR R 2R A IR A F); 7 % -6 (coumarin 6).
RPMI-1640 £ 753 (RPMI medium 1640). S35 K B
(5B R/BEE RV ) BEIR 522 ph R (PBS, 41 i 85 7%
9%)D-Hanks Vi #1 i W (NS B 4L) (REXR AN
BARABRAAD; B Al (Trypsin, 35 [E Amresco 2 H);
Fr 1 IR 48 1L 75 (fetal bovine serum, FBS, % [ SeraPro
ANHE]); i S AR (LR S ESLIARA
), Hopt Ak ), JoREpR UL, 08 0 A A 2

MR SIETE A SCHTIE 40 i R O RURPE B
41 RAW264.7 (H B R} B 20 i ) K 4t B
FhF B3R, N RPMI-1640 1% 32 (& 10% FBS)



P B2 TR O R A R LR R A LR RR By LA I R A N A - 1305 -

F37°C.5% CO, 55 3246 h 15 9%

BEHRARTESZ-6 MAMBKOHIZ Ak
A0k 1 508 7L A TG A 9 R4 R 3 1l 4% PEG B iR
BN PLGA TR, M & TR -6 Wi T Hrh, Bk
TR BRI 6.0 mg 5 © R-6, 5 600.0 mg
PLGA K — & &) PEG M if — &2V T 3 mL & H %
HASEM A . 7E 8 000 r-min BY I 4 4E R, K% AH
ZEMVEN 50 mL & A 0.1% (w/v) PVA Fa 5 771 19 KA
FA 40 s, B 5, I ALAE — € AR S N HR IS SPG
JEL (FEEFL S wm) 3% FTf5 £ AL PUE #5525 2 250 mL /K
AR, 76 25 CTE I K i I S5 BE 4 h DL R T
B0 (2 000 r-min) W EE [E AL PLGA Bokr, I FH /K 78
U3 BUG AR T IR TR

WA ERIBILESHAZRWERME @
WOGRLEE SO 2 % 4k 75 HoRi 1 R4z, B AR S ki
1 (Dyso) FRBLF WL B 42, IF1H 58 FE {5 (Span)
DA R AR A A RAS, A (1) W R

Do - D,

Span = ————"— (1)
DV,SU

U, Dyog F1 Do 52 KA B AR 43 A1 S 22 £E 90% FHI
10% AL FRPREAZ o

B 1) & A 2580 1% B 4% (mass median
aerodynamic diameter, MMAD) #H X4 - ¥4 %5 [ 7F &
b7 A Y 2 i B2 R TR [ R ER AR B B4,
K Q) THEG M.

MMAD =d ( plp,x )% (2)

3, d R A% W TR 1 0 DR 1 LA AR,
p ARFRHE S (VI PR S B (015 B KR AR 48 fili iy 500 7K
PRARIE BUNE SE & 18 L), p, 9 AL S5, y 9 UK ¥ 2
TR RA, RAKT TEAR S ERIE BE I 22, AL RE
AL I ERIE o

RIFAINTAMERAE S AR 56 [E 245 28 <601>
8 N A o SR AT I (1 AF G P 2%, RN KL T [ 4
s R B0 AT S I e N AN T S 48
— X ## 5 %% (next generation impactor, NGI) # 17 1'F
sl BAK TR BS54 10% (viv) Tween-20 ) 2
WA VI N NG I 25 AR B Hp, 4 R 43 75 7R T e
WE . 35 HPMC IR ELH G0 oK, 45 I %
% N Cyclohaler 45 25 %5 B . 7 2 NGILX 2%, & il %
9100 L-min!, AN ZE ) fil A N 1R) Ay 2.4 50 kLT
DURE SRR, WO & A vh 25 W ok, W e LN 2 &
B (M). MR NGI & YK+ IR 8 H 4 b, Rl NGI
B A5 1 T 55 MMAD 5 JL A b #E fi % (geometric

standard deviation, GSD), Wi 4} 7] #& (emitted fraction,

EF) 50 N4l ¥y & (fine particulate fraction, FPF)
syl A 3) AR (4) THER U

( Induction port + Pre - separator + all stages )
EF% = 3)
M( Capsule + Induction port + Pre - separator + all stages )
M
stage 1 - 5
FPFY% = “)

(Induction port + Pre - separator + all stages )

BELR-6BHTENMNE ST ETE-61E
TR ) 0, 3 7 F 4 DR 7 VR R AT I R - R PR
10.0 mg # i, B H A M T 1 mL & ke, JEH
B A% P 25 50 mLo K59 A 49 LA 10 000 r- min™ 55 .0
10 min, BCEIEBEES BEAR N 2 5 G9RE (A, = 466 nm,
Jem = 504 nm). L3} =2 (encapsulation efficiency, EE)
A (5) A

EE (%)=

actual drug loaded

i x100% (5)

FRMER @I S-3400N 237 4 v 1 B 1 sk W
SGUERTES . /> 500 Rl 57 i A3 LT R P 5 o 4%
HE FHESBS. E—THE T, WP R
TEAF R

BEIEZR-6IMNERAMNE R EAER AR
FEAH 10.0 mg 70 80T 2 mL AU 5 72 (R &y an) o, J9F
BTRBEERG ST ESLEF (37 °C, 80 r-min').
TE T0UE BT 8] 50 P BCHH 5 o, B8 oM B b3 VR AT Bl
LAY BT (A = 466 nm, A, = 504 nm). F£ %4 ik
W, FHEANINRE FRI 2 mL, I8 e DA RE 5 2T B i
NIRRT a4 E .

NS MHER R MTT 7 Hrik b4l &
PEG T 5 £, B 0K 5T RAW264.7 [ W 41 i 7735 R 1 52
Wi, FF RAW264.7 40 450 1) 96 LR 1 (BEAL 5% 1044
4 ), 1 77 DA FUE W (0.2 mg - mL) AN F &AL,
HEVRHMILHEE 24 he FER MTT &) (5 mg-mL™")
BINE L, kS0 E 4 h, BT 100 pL — 3L W AR
Bk 775, FF1E 570 nm Ab F BE AR SO 2 18 '
PEAH (A). 28 4H (experiment) AN 2555 & 40 G, X}
HEZH (control) R INZ5 0 & M4 A, 25 4 (blank)
AN AR . B E, IRAE A S (6) T A M A7
K (CV):

Aex eriment A an.
—opemen I % 100% (6)
Ammtru[ - A blank

BN R B ENSEIS  H o A K I O A
(RAW264.7) LAEEZZ TH 5x 105 > 40 2 7 T 6 FLAR
I\ RPMI-1640 £% 7% W (£ 10% FBS), 7+ & T 37 °C.
5% CO, 3572 F 11 24 h A FL MG BE A= . Bl J5 B
B, B BB R IR . B R IR TR -6 KA
Ji ¥ 5 oy R A R SR (LS T4 pg &9

CV(%)=



- 1306 - 2% %R Acta Pharmaceutica Sinica 2019, 54(7): 1303 1311

#-6), FHTE3TCTFHEMRAMMILITE . o HTE4.12
24 h)5, BRI 5L, F PBS Pk 4w 3 1k, B0l
LA 35 LIEWR, B0 R E S ECE PBS 1, AR
A B 2 SRR EE . A, A8 O B T 82
FH% 24 T 55 200 A X 45 o) 550 P B AR 40 o

GIrFEHE HdE U E D 3 R
bR 1EZE (x £ 5) oo ffH Prism 5 (3¢ & GraphPad
W) LR & 2 MR AT i 40 AT, P<0.05
IWAHRBA G %2 Lo

FER5V
1 EKAVERL MR

A S TR A 1 TR S L Ak — 3 R 4 R )
PEG-DSPE £ ¥ PLGA ¥k . i i sLigx 1.2 %
B IR, i 2 T2 2 08 PLGA 600.0 mg- 7 : 7K A
EL 5] 32300 BT 47) %% 3% 8 000 r- min™ 34 5 5} 7] 40 s i
FLAE S pm AL R R 3 K.

M5 BRALE R A RAESE RN 1 . Ll i
HORL, &) AR TRAR B AR HITE 3~5 um N, H 2
Bk A . BT ESE 1 R (GEIUCR a2
PLGA 13k & PEG,,-DSPE/PLGA 1: 1 33k #1751 A 4K
), WE B HIRLT KRR AT SR 145 FIEAR—
BRI E R HAAX & T R-6 MEEHF N90%
Fekio 4% b, PEG-DSPE 4 ¥ & K LGl i A [) o 0 il
BRER A 5 P AR R R

PLGA MP

PEGi00-DSPE/PLGA 1:1
r Y | .
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Table 1  Physicochemical properties of coumarin 6-loaded, PEG-DSPE-coated PLGA microparticles prepared by premix membrane

emulsification (PME)/solvent evaporation. n = 3, x = s. PEG-DSPE: Polyethylene glycol-distearoyl-glycero-phosphoethanolamine; PLGA:

Polylactic acid-glycolic acid; MMAD,: Theoretical mass median aecrodynamic diameter

. PEG-DSPE:PLGA Particle size/um Encapsulation MMAD,
Formulation . .
/mol:mol (span value) efficiency/% /um

PLGA - 34+0.0(1.2) 93+2 3.8+£0.0
PEG,,,-DSPE/PLGA 0.25:1 0.25:1 32+0.1(1.0) 95+2 3.6+0.0
PEG,,,-DSPE/PLGA 1:1 111 3.4+0.0(0.9) 96 £ 1 3.6+0.0
PEG,,,-DSPE/PLGA 0.25:1 0.25:1 4.6+£0.1(1.5) 89+1 4.7+0.0
PEG,,,-DSPE/PLGA 1:1 1:1 4.7+0.0(1.5) 89+2 4.8+0.0
PEG,,,,-DSPE/PLGA 0.25:1 0.25:1 4.7+0.1(1.6) 90 £2 4.8+0.0
PEGs,,-DSPE/PLGA 1:1 1:1 4.8+0.1(1.8) 89+ 1 4.8+0.0
PEG, 4,-DSPE/PLGA 0.25:1 0.25:1 47+0.2(1.7) 92+1 4.8+0.0
PEG 440, DSPE/PLGA 1:1 1:1 4.7+0.0 (1.0) 91+1 4.8+0.0
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Figure 2 In vitro aerodynamic diameter distributions of PLGA
microparticles coated by PEG-DSPE with different molecular
weights of PEG in low molar ratio (PEG-DSPE/PLGA 0.25: 1)
(A) or high molar ratio (PEG-DSPE/PLGA 1:1) (B) as measured

by next generation impactor (NGI). n=3,x s
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Figure 3 In vitro drug release behavior of coumarin 6-loaded
PLGA microparticles coated by PEG-DSPE with different molecu-
lar weights of PEG in low molar ratio (PEG-DSPE/PLGA 0.25:1)
(A) or high molar ratio (PEG-DSPE/PLGA 1:1) (B). n=3,x s

Table 2 Aerodynamic parameters of the tested formulations. n = 3, x % s. MMAD,: Practical mass median aerodynamic diameter; GSD:

Geometric standard deviation

Formulation Emitted fraction/% Fine particle fraction/% MMAD /um GSD
PLGA 64.8+1.2 443+03 4.0+0.1 1.5+0.0
PEG,,,-DSPE/PLGA 0.25:1 68.9+0.9 29.7+0.2 4.0+0.1 1.6 £0.0
PEG,;,-DSPE/PLGA 1:1 66.4+0.8 36.5+0.3 3.9+£0.0 1.6 £0.0
PEG,,,,-DSPE/PLGA 0.25:1 73.5+£0.7 322+04 3.9+0.0 1.9+0.0
PEG,,,-DSPE/PLGA 1:1 65.2+0.6 373+0.5 3.8+£0.0 1.9+0.0
PEG;,,,,-DSPE/PLGA 0.251 73.8+£0.8 30.5+0.3 3.9+0.1 1.6 0.0
PEGs,,,-DSPE/PLGA 1:1 68.4+0.6 355+0.3 3.8+0.0 1.7+0.0
PEG; 440,-DSPE/PLGA 0.25:1 71.4+0.6 29.4+0.3 3.9+0.1 1.7+0.0
PEG 440,-DSPE/PLGA 1:1 69.2 +0.8 36.7+0.5 3.8+0.1 1.9+0.0
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Figure 4 Cell viability of RAW264.7 cells incubated with

coumarin 6-loaded microparticles for 24 h. n=3,x+s
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Figure 5 Mean fluorescence intensity in RAW264.7 cell line as
quantified by flow cytometry after 4, 12 and 24 h of incubation at
37°C with PLGA microparticles coated by PEG-DSPE with different
molecular weights of PEG in (A) low (0.25: 1) or (B) high (1:1)
molar ratio (PEG-DSPE/PLGA). n=3,x+s. "P<0.05 vs PLGA MP
group
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Figure 6 Images of RAW264.7 cells cultivated with coumarin 6-loaded PLGA microparticles coated by PEG-DSPE with different molecu-
lar weights of PEG in low molar ratio (PEG-DSPE/PLGA 0.25:1) after 24 h at 37 °C (scale bar = 100 um)
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Figure 7 Images of RAW264.7 cells cultivated with coumarin 6-loaded PLGA microparticles coated by PEG-DSPE with different molecu-
lar weights of PEG in high molar ratio (PEG-DSPE/PLGA 1:1) after 24 h at 37 °C (scale bar = 100 um)
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