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Effect of NaCl in outer water phase on the characteristics of
BSA-loaded PLGA sustained-release microspheres fabricated
by a solid-in-oil-in-water emulsion technique
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Abstract: The aim of this study is to investigate the critical factor affecting the properties of PLGA
microspheres fabricated by a solid-in-oil-in-water (S/O/W) emulsion technique with BSA as a model protein.
Prior to encapsulation, the BSA microparticles were fabricated by a modified freezing-induced phase separation
method. The microparticles were subsequently encapsulated into PLGA microspheres by S/O/W emulsion
method, then Motic BA200 biological microscope, confocal laser scanning microscope, scanning electron
microscope were used to observe the structure of S/O/W emulsion and PLGA microspheres. The protein
content extracted or released from BSA microspheres was measured by Bradford protein assay method. It
was found that NaCl added in the outer aqueous phase effectively suppressed material exchange between the
inner and outer phase of S/O/W emulsion. Then, the structure and permeability of obtained microspheres were
influenced. As a result, with the increase of NaCl concentration in the outer aqueous phase, the encapsulation
efficiency of microspheres significantly increased from 60% to more than 85%, the burst release of microspheres
reduced from 70% to 20%, and the particle size decreased from 103 pm to 62 pm. Furthermore, the rehydration
of encapsulated protein was also retarded and then integrity of BSA was successfully protected during encapsulation
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process.
more than 30 days.

In vitro release test showed that BSA released from PLGA microspheres in a sustained manner for

Key words: BSA; sustained release; microsphere; poly(lactic-co-glycolic acid); protein stability
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HEFARF FMEAEA (BSA) IWH Sigma
I L % [poly(ethylene glycol), PEG], 4;F

NG
24 4 000, 6 000 F1 8 000 Da, Wy [ LA T 1

i

AHl; LN [poly(vinyl alcohol), PVA), 43T Ji
o4 31 000~50 000 Da, T Sigma-Aldrich; L&~
A LRILIRY) (PLGA, lactic/glycolic 75 : 25, 4> F
JRHE: 23 000 Da), 1 ¥ RIS AL MR R R 2 75
Bradford protein assay il H Bio-Rad A #]; HAth
WAL A 3 el

S MFEAEAMREEIE  RRE S BN
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Table 1 Different kinds of protein microparticles

Code  PEG/BSA (w/w) Phosphate buffer/mol-L™" PEG/Da
A 20 0.02 6 000
B 10 0.02 6 000
C 5 0.02 6 000
D 5 0.1 6 000
E 5 0.2 6 000
F 5 0.02 4000
G 5 0.02 8 000

FMFEREAMIKEIGIE H S/O/W FLILHE
FEREO % BSA Tk, Ao w ik o 8 2 s
AE A R IG AR A TER ) 2 T2 b a e T2
T B BSA kL 20 mg i A £ % 300 mg PLGA (1)
SR BT AR, s LK TR A T8 R E 1)
S/O AW, xRS 22181 A3 250 mL
2% PVA MIFMKAY, FEHCE A0 ) Bl eds E3k
1 min B/ S/O/W T3, MIAIJKEWE 250 mL ks,
fIERERE 4 h, A8 SR R, Tk 201
[0S S BSA Tk, FHZSMAETE 3 i, s,
—80 TR, 1F5.0x107° PaJii /3 N ELZS A T4
12 h B2 TEM BSA Bk, ARSI T 4hKAH
NaCl W#KJEDHH 0% 1% 2% 3% 4%F1 5%
BSA ¥k, & EERAT BSA.
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Figure 3 The plot of absorbance change at 280 nm versus time

with 0% NaCl (e) and 5.0% NaCl (o) in outer water phase of
S/O/W emulsion. Data are presented as averages = SD, n =3

Figure 1

Scanning electron microscopic images of BSA microparticles. A: PEG6000/BSA (w/w) 20, Phosphate buffer 0.02

mol-L™"; B: PEG6000/BSA (w/w) 5, Phosphate buffer 0.02 mol-L™'; C: PEG6000/BSA (w/w) 5, Phosphate buffer 0.1 mol-L™"

Figure 2 The pictures of S/O/W emulsion droplets with 0% NaCl (A) and 5% NaCl (B)
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T 3k 2 5 A KR T NaCl ik B 0 sk P9 A AR ) 5t
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LR, R Fh B KAk, TR B 1 g
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i il @ e S e S D N R A 1 i R =4
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TP A 40 S AC e Al e AR Ol TE R,
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Ko DAL E T AN FER ISR . 25 LRI, Tk
(1) 58 T R BE A A KA NaCl ¥R JSE [ 184 o it 328 37 B
fiGe XELE KR T Rk HENT .

32 WEKMEREMESMEBENE Wb FEM
B 5 2 R R AR /K A NaCl ¥ i I il 4% (R A ER 22 1

EAFAEAR R 2 5, S/IO/W FUAL T HI4% BSA Tk
MR B IR A WL 4A. AT, SERER A
IRZ AL AMKH NaCl ¥R EE A 1% I, il & 1 piek
KLV Rk . B NaCl 3REEMIHE m, MEkE
THT P FLIA S22 320 7 sk 2 (1) a3 o 40 /K AH NaClR 2k 3%
I, Pk R IAE D VAL (B 4B); 2% NaCl g
2] 5% N, MERERINLFE AR (B 4C).
Ik K 2 TR 1) LR gl e 2 Bl BR [ Ak 3ok R o A A AH )
JEASH B R I o ANKA IR K T DLJE i B
“HBTE” O NSRRI S K P I A
A DA I X 2 i RGNS KA . AR K AR T
NaCl 05K Py SN AH 14 A8 e, 338 i 400 sl ff sk 2
[0 A B« THIE BT R, 3 SRR 2R T 1 L W
B

N T JE— P AR 9 SRR ) A e i
W7 WAELE, TEMEKE s G, AhKART I T
GebHmifit 2 -T, MEEIOGGRHEE NGk A 8 115 .
ZERURIL, AN NaCl B EER A K208 (K
5A), BfiFE AN KAH NaCl o JE 2 i, Bk 3B 1) 94
S IEWRAE KA NaClLIREEA 3% B, i
i zR-T HbHEATERNEE (8 5B); 44h/KAH NaCl
WEEIEE] 5% I, R E-T JLPAfeE NGk 3
(B 5C). xeepfpiash s FAR B SN R0 2L,
SCRET WAMHP AL e “TIE T AL
3.3 HEKEORIFZR A I WOGRLEE 23 A A
BRI RAR R Lo A, RIRAM/KAH NaCl i 5 3
R T RER PR /N3 A . ATFSMKAR NaCl
TR T A R R P 3R A S A Wk 2. S5k
L, AMKAHAS N NaCl I Ao 42 9 K 147K AH R
I NaCl Jrifil #& ik, Bl 7R KA NaCl o f5% (148 =,
BRIV T R0 A7 B 2 4M KA NaCl iR 32 3 2 5%

Table 2 The characteristics, insoluble protein and particle size distribution of BSA-loaded PLGA microspheres. Data are presented as
averages £ SD, n =3. A to F: Salt concentration in outer water phase are 0%, 1%, 2%, 3%, 4% and 5%, separately; EE: Encapsulation
efficiency of microspheres; LE: Loading efficiency of microspheres; BR: Percent of BSA released from PLGA microspheres in the first
24 hours; IPr: Percent of insoluble protein in BSA microspheres; d 10, d 50, d 90: 10%, 50%, 90% of the particle size is smaller than the
stated diameter; Vmd: Volume mean diameter of BSA-loaded PLGA microspheres

particle size distribution /um

Code EE/% LE/% BR/% IPr/%
d1o ds0 doo Vmd
A 63.8+8.3 2.5+£0.8 72.5+4.5 0.84 £0.1 13.4 99.5 145.5 103.9+19.3
B 72.1£6.5 2.8+0.9 68.4+43 0.66 £ 0.1 14.6 92.7 132.3 87.2+21.2
C 76.2+5.8 3.1+£0.7 61.7+4.7 0.49+0.1 15.1 91.3 127.2 83.2+19.6
D 78.8+£6.7 32+0.8 414+52 0.42+0.1 15.9 88.2 122.1 81.2+£19.5
E 83.9+7.5 33+£0.6 23.5+2.8 0.35+0.1 15.7 75.1 107.9 69.7+16.7
F 85.8+8.4 34+0.7 204 +4.5 0.26 0.1 16.8 73.9 107.1 62.4+13.2
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10 pm B 10 pm C

Figure 4 Scanning electron microscopic pictures of microspheres prepared with 0% NaCl (A), 3% NacCl (B), 5% NaCl (C) in external

water phase

L ——
10 pm

Figure 5 Laser scanning confocal microscope photos of microspheres prepared with 0% NaCl (A), 3% NaCl (B), 5% NaCl (C) in outer
water phase which were fluorescently labeled with thioflavin T during late period of preparation

I, S0%MIMERRIARE T 70 um, FAERAIRIE S A 5
JESD, JFHAFIRARA R 62 pm, IXFHUERE ST
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M S/O/W FLAGZ: % A sk fi b, B
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FH NaCl ¥4 5 Fl BRI IR 45 K 5 i (R [ I, 52 T
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AP

g Bradford AT AW PEE A SR, KU
VA VR R A 23 B2 BT o A TR B JTOBORE T AN I R
FRIE & 2R 0.28%, AFEAMKAH NaCl 34 5 fir
HlMRERPABEEEANE ST BT 1% (&
2). Rl AN KAH NaCl W JEHE m, Bk p A g ok

A G BB IR, AR ACH F AN I NaCl,
oA i 7K w] LE NGRR3R A 1 2R B 5 K
b, Pk R HT P S 2R T K AT, IXRE )
FATRE S KA. T NaCl a] LAE] 22K A i
IKHEANTIER NS, $0a E BTE KA, Wb Tl
BRI R BT g K S TR Bl AR, 9D AR R
EHE.
5 WEkEHEIEPINKIE NaCl iR E X REkRZAud
Eavgm

AR KA NaCl 53 0% 3% Fl1 5% [¥) BSA
THER 30 RAAESN RV TRO 2 W18 6. AEEIHmT L

120
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—6— NaCl 5%
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40

Cumulated release/ %
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Time/ day
Figure 6 The cumulated in vitro release of different formations.

The external water phase salt concentration (e) 0%; (A) 3%; (o)
5%. Data are presented as averages = SD, n =3
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F i, HMKAH NaCl 9K BEW] 2 52w T sk (1) B 24547
Mo AMKAAI NaCl I, BRI 60%; 4hKAH
I NaCl J5, S8R 28 Bimib; ShKAH NaClLiR ik
5%, FEBERBAREIRL 20%. 3 FIALER 0 2 TR X
BB EA, Bl T AEE O TSR 90%. 44
JKAHA I NaCl B, FhER AR N AMAY) TS 3/ N
(1 “aEIE 7, R O TR S WX SETE A
2, SR E S O R POE R AN KA A
NaCl B, fhER S A2 N AMAY) TR AS H 1“0 " sk
b, B E ARSI COEE” POy, S E
0,35 1 2 1 5T BN AR R

&g

S/O/W  FLAR I I S il 2% B (1 Bk 1) i 2
AR KARES INAS [RIAR BE TR NaCl X Akt o fi 45 44
AL . A sk B R AR KA NN NaCl,
S AR K AH KT HOE N Sk N R, A
bR R CRL P R R O K AL, BET LR T R
FErp R A R E M . TR AR KA N NaCl ik A e
O sk Bk e ) B ST BRI AR K AR, 98D T R A
SMAHI P BT 4, T i T IR B 2, JF oo
TR AR SMRETBAT J, WIS PRAG TR 2R, R Ah S
RTINS ]Gk 30 K.
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