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Fig.1 Molecular structure of PLA-mPEG
BHb
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64 500 D 6.4 nm X 5.5 nm x Snm Py,
Hill 3600Pa 2.8 BHb
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1.2 BHb
BHb 0.5 mL
BHb 170 g/L 30 mg PELA  2mL
PELA EtAc 15 s
12 000 r/min - 25 mL PVA  NaCl
BHb BHb 20 s W1/0/W2
300 mL NaCl 5000 r/min 2
min
BHb NaCl 3 9 ¢/L.
NaCl
NaCl 9 ¢/l PVA
20 ¢/L 9 100 r/min
1 5 400 r/min
1.1 1.3
1.1.1 RJTO18 1.3.1 90 mg PELA
Ultrospec 2000 Pharmacia Bio- 6 mL 25°C
tech SWD Coulter 1.S230 Coulter Co.
U.S.A JEOL JSM-6700F JPN 1.3.2 BHb
TCS Medical Prodducts Co. U.S.A. BHb
1.1.2 BHb D L- 85% BHb BHb BHb
PELA BHb EE
ab 1 a PELA BHb Drabkin 2 mL
PLA b MPEG 1 mL Drabkin Ultro-
PVA Mw =22 000 Across spec 2000 Pharmacia Biotech 540 nm
1.3.3 BHb
BHb Doczi ’ Coulter Multisizer Coulter LS230 U. S. A.
16 g/ NaCl 1 9 g/L. NaCl 1.3.4 BHb
2 11 JEOL
30 000g JSM-6700F JPN
0.45 pm  0.22 pm BHb
170 ¢/L. 4.5 ¢/1. NaCl 2
2.1 BHb
30 mg 0.5 mL. BHb 170
1 PELA g/L 2 BHb Py, Hill
Table 1 Characteristifs of PEin copolymerj _ 3 600 Pa 28
Polymer MPEG/%* M, /kD M, /kDP M, /M," P, Hill 3500
PLA20k * — 25.0 19.2 1.3 Pa 2.4
PELA20k 2k 12.3 46.0 17.7 2.6 PLA20k 7.9 MPEG
PELA30k 2k 9.8 76.3 26.3 2.9 BHb 36.6% ~ 93.1%
won s 11 we we o re A
a calculated by 'H-NMR PELA
W/0

b determined by PL-GPC210

* commercial PLA used as the reference.
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2 n=3
Table 2 Influence of polymer composition on protein entrapment efficiencies and particle sizes of microcapsules
Batch Polymer o Apparenf3 BI.—H‘) Entrapment Microcapsule Py Hilll
viscosity/ x 107°Pa s Efficiency + SD/ % size + SD/pm /Pa coefficient
1 PLA20k 0.589 7.9+2.3 7.0+1.9 3532 2.43
2 PELA20k 2k 0.608 91.6+1.2 10.1+2.0 3479 2.48
3 PELA30k 2k 0.686 93.1+0.8 9.8+1.9 3506 2.50
4 PELA60k Sk 0.704 36.6+1.8 9.5+1.7 3532 2.33
5 PELA9Ok 5k 0.782 46.5+1.1 11.1+£1.8 3519 2.37
2 2 PELA9Ok 5k 0.782
MPEG2000  PELA MPEG5000 mP 11.1 pm PLA20k
PELA W/0 0.589x 10 Pa s 7.0 pm
2 3
18 h PELA60k 5k 0.608x 10*Pa s 0.686 x 107’ Pa s
PELA9Ok 5k 10.1 ym  9.8ym 2
1.6 mL PELA20k 2k PELA30k 2k 10 pm
0.6 mL. 0.4 mL PLA20k 7.0 pym 2
PEG MPEG2000
MPEG PLA BHb
MPEG 5000 PELA 2 3
4 5
MPEG 5000 PELA BHb PELA30k 2k PELA9Ok 5k
36.6% ~ 46.5% MPEG2000 1
BHb PELA30k 2k
MPEG2000

PELA  BHb 91.6% ~93.1%

2a  PELA90k 5k

2b

(a)PELA30k (2k )

(b) PELA90k(5k)

Fig.2 Scanning electron micrographs of BHb-loaded microcapsules
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2.2 10
4b NaCl
3 NaCl BHb
30 mg 45 mg 55 mg PELA9Ok 5k 2mL
PELA9Ok 5k
BHb g 100 — — — 5
3 ’§ 80 1
% - 60 ] I/I\I @
£ %40 — a
S 3 B . 3
90 . . . g 207 ft
J = 0 T T T T T T T T
g0 14 M0 5 10 15 20
. - e —=— PELA9O0K(5k )
§ A % 2 30+ —e— PELAGOK (5k)
g 70 = E E —a— PELA30k (5k) (b
g r12 § 5 207 —v— PELA20k (5k)
E’ ] { 3 E 104 = ey .
é 50 1 §/ 10 %‘3 0 I 5 i 10 T s T 20
£ E Concentration of NaCl/(g/L)
3 401
J 8
30 —o— Entrapment efficiency/% 4 NaCl
i —n— Particle size/(pm) - . . . . .
50 6 Fig.4  Influence of concentrations of NaCl in outer aqueous solution
15 225 215 on protein entrapment efficiencies and particle sizes of microcapsules
Concentration of PELA/(g/L)
3 § 100 — — —
Fig.3  Influence of concentrations of PELLA90Ok Sk on protein g 304 B *
2 J
entrapment efficiencies and particle sizes of microcapsules £ 607 S @
g 40 — - T .
£ 20 ———
3 BHb ] 0 10 20 30 40 50 60
=
Table 3 Influence of concentrations of PELA90k 5k - } 2 ] —a— PELASOK(5K)
on the bioactivity of bovine Hemoglobin ERRVE —e— PELA30k(2k) ®)
C ion of § 129 T |
oncentration of 15 75 275 % 10 \5\1
PELA9Ok 5k / g/L g 8 T — — — — T T T
8 0 10 20 30 40 50 60
Psy/Pa 3519 3479 3519 Concentration of PVA/(g/L)
Hill coefficient 2.37 2.42 2.40 5 PVA
Fig.5 Influence of concentrations of PVA in outer
aqueous solution on protein entrapment efficiencies
2.3 NaCl { varticle sizes of mi
and particle sizes of microcapsules
NaCl 4a
NaCl BHb 2.4
NaCl 4.5 g/LL PVA
BHb 4.5 g/L
PELA20k 2k PELA30k 2k 5b
90 % NaCl PVA Sa
4.5 g/L BHb PVA 10 ¢/L.
4.5 g/ NaCl PVA
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PVA 1007 (a) s PELA90K (5k )
B8 PELA30K (2k)
BHb
< g0
o
5
PVA 2
— 60
5
£
PVA BHb g
£ 40
20_‘ S RN ot D S
2.5 7300 8600 9800
* Primary emulsion stiming rate/(r/min)
6a 12
(®) ELA90k (5k)
| B8 PELA30K (2k)
BHb
10 £
6b 5]
N
°
£
4 £
BHb
2.6
7300 8600 9800
Primary emulsion stiming rate/(r/min)
Fig.6 Influence of primary emulsion stirring rate
on protein entrapment efficiencies and
particle sizes of microcapsules
4 BHb
Table 4 Influence of primary emulsion stirring rate on the bioactivity of bovine Hemoglobin
PELA90k 5k PELA30k 2k
7300r/min 8600r/min 9800r/min 7300r/min 8600r/min 9800r/min
Psy/Pa 3572 3466 3506 3506 3452 3479
Hill coefficient 2.48 2.45 2.39 2.45 2.43 2.40
ml, PELA9Ok 5k
BHb
25 mL 5
7 PELA30k 2k BHb
5 BHb
Table 5 Influence of re-emulsion stirring rate on the bioactivity of bovine Hemoglobin
PELA90k 5k PELA30k 2k
5400r/min 7300r/min 86001r/min 5400r/min 7300r/min 8600r/min
Psy/Pa 3519 3452 3466 3506 3479 3572
Hill coefficient 2.47 2.43 2.41 2.50 2.48 2.45
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() #5PELAYOk (5k)
100 A SSEPELA30k (2k)

Entrapment efficiency/%

5400 7300 8600
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12 q (b)

ELA90k (5k )
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=

Particle size/um
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Fig.7 Influence of re-emulsion stirring rate

on protein entrapment efficiencies

and particle sizes of microcapsules
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3~5 pm

NaCl
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Influence of Wall Polymer and Preparation Process on the Particle Size
and Encapsulation of Hemoglobin Microcapsules

QIU Wei MA Guang-Hui MENG Fan-Tao SU Zhi-Guo™
National Key Laboratory of Biochemical Engineering Institute of Process Engineering
the Chinese Academy of Sciences PO Box 353  Beijing 100080 China

Abstract Methoxypoly ethylene glycol -block-poly DI-lactide PELA microcapsules containing bovine hemoglobin BHb

were prepared by a W/O/W double emulsion-solvent diffusion process. The Ps, and Hill coeffcient were 3466 Pa and 2.4 respec-
tively which were near to the natural bioactivity of bovine hemoglobin. The results suggested that polymer composition had sig-
nificant influence on encapsulation efficiency and particle size of microcapsules. The encapsulation efficiency could reach 90%
and the particle size 3 ~5 pm when the PELA copolymer containing MPEG 2000 block was used. The encapsulation efficiency
and particle size increased with the concentration of PELA. Increasing the concentrations of NaCl in outer aqueous solution re-
sulted in the increase of encapsulation efficiency and the decrease of particle size. As the concentration of stabilizer in outer
aqueous solution increased in the range of 10 g/L. to 20 g/I. the particle size reduced while encapsulation efficiency was in-
creased further increase of the stabilizer concentration would decrease encapsulation efficiency. Increasing of primary emulsion
stirring rate was advantageous to the improvement of encapsulation efficiency though it had little influence on the particle size.
The influence of re-emulsion stirring rate was complicated which was not apparent in the case of large volume of re-emulsion so-
lution. When the wall polymer and primary emulsion stirring rate were fixed the encapsulation efficiency decreased as the parti-

cle size reduced.

Key words PELA microcapsule bovine hemoglobin
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