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AR JIE 4 2 40 g AR ((CIK) | 48 R Ji7 A0
7 104 R (GCRV104) l A LI EIR 17, 13
BRI T R LAEIRN ) 52 R (2 BE 2k
BE >90% ) W4T LI anE AR Al . HAthik
B | 7= A 28
2 Jik
2.1 E&EHMBEMAEREEEE

¥ CIK 40 fufZAEE 3% ,24 h J5 400 A K RIE
EHE, KRR, mEEFRMPMA 1 mL
GCRV it 32K B WM 10 wL Polybrene ( 3% &
710 pg/mL) o Xf B H A S & T I MEM
BE SR ARG o ARG S B 28 CHEFRAH
HI R 1 b, BRI 4 20 min FRERIE IR — IR, A0
M SRR TS AR AR B . | h JFIRFE
AR R VR, TSN 4 mL & 2% 3 A I VE Y
MEM #5572k, & T 28 CHFRMH R, 4
I 90% 7B i , W IR FE B BL. B - 80 CHEAR
VKRS 2 IR VR 3 4 M A% ,4 000 r/min
B30 30 min, HL FYE BRI GCRV Je 8 W, 371
{8 TCID, /mL = 10°°, A3 K 0. 2% Ky
BEE W ,37 CKiE—JE. 5 000 r/min B .0 30
min, B _F15 ,4 CURFERIFEH.
2.2 WBEHEHE

SHRFFA EHEMEERT X
a8 AR AR TR e, BUE B
REH A BN BRI, B RS . AEM9
SRSk T S A R I D E E B 2R TR A B AL
VW RN SRR B W o 1E P A
MR B FE4Y , EIREE , KR 2R MRS BIE,
BN RS- R IR IR R, I8
HRZEBKREZRE . BHEHT -80 CHIR 1 h,
HAERGTH, RS IREY .
2.3 BERXK

Gy B B v ) FE R R
BEBRINR BE 70 TOWh ok BE | SR AL 5 K BE I i e
HR BB R KA RIKF, DS e
BRFEIR, B 5 & R X R i B R
EHEMZW,
2.3.1  A[E)EBERR AR BE X T T A0 B 2R IR e

BRI EDHNER 0. 5%, 1. 0%,

1.5% 2.0% .2.5% , TR E N 1. 0% , &
YR BN 4. 0% , INAFEE AT 1 mL 5544
TR IR T, 5 AUk BE R T B v
R
2.3.2  R[RIFE RO BE X U B AL B R e

S BBEYR BE A %K 0.25% .0.5% \1.0% .
1.5% 2.0% ,7EMG BERR AR EE N 1. 5% , FALES
B 4.0% , N ARERRFR R 1 mL f 5504
RIATRE T , B A IYR BE X T B v R R
R
2.3.3 R[AIEALES R BEX R AL B R e

FACEER B3 B R 1. 0% 2. 0% 3. 0%
4.0% .5.0% ,FEMGBERRPAWRE N 1. 5% , 2 R
WEER 1.0% , N ARERRFR R 1 mL 5504 T
RIATRE T , B A IYR BE X T B v R R
R
2.3.4 RRPEH A B XA E RN

IMARE® A& 4510 1 mL.2 mL.3 mL.4
mL.5 mL, 7EG BERREMVEFE N 1. 5% , EACESYR BE
J4.0% e RBERRE N 1. 0% BT i &1 de
REW , AR BE X R L B R
2.4 EFREEIT

DABRL IR 3% S 36 Dy A, 98 BT T R A VAR B
FERMVR B RIS E ER A4 AEER R
¥ Ly (3") BRI 3, 347 4 & 3 KFik
5, DMLE R IR HE 4R, R K GCRV 4y i
W B A8 5. ERRIRIEE R K TR
1,

F1 EXHBERKFR

Tab.1 Factors and levels in orthogonal experiments

TEHRRARIE  AACERIEE SRR BERTAR

K /% /% /% /ml
A B c D
1 0.5 2 0.5 1
1.5 3 1.0 2
3 2.5 4 1.5 4

2.5 MENEZENE

Ve REE A% SR G250 Yuf )5 il
BNEE, AP BBERDSEME, R TRER
1, F 50% Hr i EUS FE G AF BAEE T HEHL I B
30 MR FERORL , B A I AR B B R AR K

No
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2.6 MBERHEHEHEAENE

B 6 32 15 mL B0 B IR KRGS , & EHMRIK
P R BE 0 4 1M V6 2R AW % S 18 G-
250 £ H i, ¥ 5), BUE 2 min, K5 7E 595 nm
B T IEIFICTE Asso LA EXS NP HERR 5
BB (pg) ABTARHR, Asos HNARFR , 2 1 45 o Hf
Lo PFrigMiZEIH )y ¥y =6.08x + 0.0114,
R*=0.9998,

B 100 mg RT3 T 50 mL .08, A
0.06 mol/L [T IR =4 W 10 mL, E R E
5 ~10 min, yKIE, BE B ,4 000 r/min B> 30
min, f_FEWR (A LER DA REY, SR ERR)
1 mL, R SHREENE LERP R EER
TR, BEAKXITEMBENCIR(B) MBEER
#(2):

B=W/] x100% (1)

Z=W/M (2)
KA :WAHMBNNERESE; ] FIMAKLAER
M HELS R,

2.7 RWBEREPOEIMER KR

SHEAF RS J7 ¥k, FREL 100 mg T4 1
EHEE M, 577 mMA 10 mL pH 7.4 f PBS %
W EFE KW S, BT 37 C,#% 3 100 r/min
FERRGE T . 2451 F1h3h7h1d34d7
d.14 d.21 d MERHE P WED S &, HIERK
S

3 GRS

3.1 BERNREXNRESHENIE

71 [7 6 30 R 4 B % o 2 B0 B R A 2 i) AL
Bl 1o A, e &R FAERELT,
IR ER AV B R I, A R RSB W
ARG BT T s M BEBR NI B 1. 5% B, Bk
BB R R o T HR P AT BE Dy - 2 BE R
YR BERLARI , A BB -5 AL ES 52 R FE 0 OB
SECLFTE B T 2 R, 5 W, e
SRV 5 2 7 0 TR A R B2 B2 1 i, T B R M 9 R
HORBERE N, AR T H SRE BB T RE; F
i, BT JF) O B AV , S 5 WO, T B L B R
Befiko BB, Bof BRI BETE 1.5% /24
3.2 RREREXHMESHZNMME

7 [R) 7 3R M e B2 0o ok 28 0 3 3% ) 2 ) AL )
2, TEH BB & A A LN, I R
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Fig.1 Effect of concentration of sodium alginate

on encapsulation rate of microcapsules

80

60
N /\\

20

AR /%

00205 1 L5 2
FERBEIR /%

B2 ERERENBESHROZE
Fig.2 Effect of concentration of chitosan
on encapsulation rate of microcapsules
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Fig.3 Effect of concentration of calcium chloride

on encapsulation rate of microcapsules
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Bl 4 R R A Bx e R i
SR o E AT R, A B AR B e AR
POHREHE B, ETRMERNRE
BRI (B S) , & AR R AR, 432
EABREARFFAZECFHRETRS. 1 mg/g,
RSD =0.27%) . N, 7ER (RIAFERE i i K E
RIFMFT 6l &3 B B A BB RFFTE 2
mL 2245, DAGRIE S B RN RS
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Fig.4 Effect of dosage of vaccine
on encapsulation rate of microcapsules
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Fig.5 Effect of dosage of vaccine
on loading dose of microcapsules

3.5 EXRRAWER

AR BN RIS R, BUF BRI 5E
TRV BE | 8 A 45 ok B2 FOBE v i A B D i R
LM Ly (3") IERRRHAITIRE, AT %
AR R AR E GCRV 3 52 v i £ 0 fie fE T
Lo EXRREERINE 2,

HIFR 2 AT, A PR (R B R R
JBE R EW /MU Ay - Mg BEPR AVE BE (A) > B2
AB(D) > 5eRBEW B (C) > AU HE(B),
B R B HE B 45 07 58 - A, By G, D, , BV VAR R BR BA VK
BN 1. 5% , BACHE WLy 4% , 72 RFEWRIE N
1.0% BER AR 2 mL, ZERS5HER
LR AR —B o
3.6 WEEENAE.GHE HEQE

AR ESCRA B P A5 Fe A il 45 5 58, F B 4%
3 AR, AR A B RLAE N (7. 02 £3.95)
pm  JEEE T A] DL IR I B R B 3, 2 R Bk
BT . % % 5 B 32 H Ry 60. 53%
(RSD=1.31%),FHHEEHEN 8. 12 mg/g
(RSD=0.33%) .

F2 EXRBER
Tab.2 Results of orthogonal experiments

.. WK/ % RCERIE % FORMKIE% ARBY .
1 1 1 1 1 19.76
2 1 2 2 2 43.28
3 1 3 3 3 36.93
4 2 1 2 3 50.67
5 2 2 3 1 47.21
6 2 3 1 2 56.39
7 3 1 3 2 42.68
8 3 2 1 3 22.16
9 3 3 2 1 36.32
Ky 99.97 113.11 98.31 103.29
K, 154.27 112.65 130.27 142.35
K; 101.16 129.64 126.82 109.76
k, 33.32 37.70 32.77 34.43 T=355.4
k, 51.42 37.55 43.42 47.45
ks 33.72 43.21 42.27 36.59
R 18.10 5.66 10. 65 13.02

K FR — AR R — KT LSRR B A sk 208 B—/K P b B,
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3.7 HFIMERERER

FERETETE pH 7. 4 [ PBS YW .0. 75% K
AR BER PR EILE 6.7, HEW
ML HBRETAE 3 h N BB R 30% £
4L FFE 14 d WEAR ST 2, R Z MR
1E pH 7. 4 f# PBS ¥ .0. 75% B 4= B AR K v R
A RIFRIREERE. AT, MM BEET
pH 2. 3[R RV, 7258 3 /N B, AU TR RE | 1)
BERBEHR R 15.57% (& 8) , KRG HESE
I BA —E R

RIPBIE/%

th 3h 7h 1d 3d 7d 14d 21d
1]

E6 MTEEE PBS Ak (pH 7.4) hEIRE LR
Fig.6 Release curve of microencapsulated
vaccine in PBS solution (pH 7.4)
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Fig.7 Release curve of microencapsulated
vaccine in physiological saline solution (0.75% )
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Fig.8 Release curve of microencapsulated

vaccine in hydrochloric acid solution (pH 2.3)
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24 h B2t 825 63.9% , RODRIGUES %) 41
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S RRSE A, LAY BE R B 7 IRWE S BE AL, B
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Preparation and in vitro release of microencapsulated killed vaccine against
grass carp hemorrhage

LI Rui-wei', ZENG Ling-bing"?, ZHANG Hui’, XIAO Yi’, ZHOU Yong’, FAN Yu-ding’, LIU Qiu-feng',
SUN Jian-bin’

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 2. Yangize River Research
Institute, Chinese Academy of Fishery Sciences, Wuhan 430223, Hubei, China; 3. College of Fisheries, Huazhong Agricultural
University, Wuhan 430070, Hubei, China)

Abstract: A complex co-acervation method was applied to microencapsulate killed vaccine against grass carp
hemorrhage by using sodium alginate and chitosan as the wall materials. The single factor test and the
orthogonal experiments were conducted to optimize the conditions of preparing the microcapsules. The optimal
conditions were as follows: 1.5% sodium alginate, 1% chitosan, 4% calcium chloride and 2mL inactivated
vaccine. The influence of factors that affect encapsulation efficiency was sodium alginate concentration >
vaccine dosage > chitosan concentration > calcium chloride concentration. The microcapsules have an
average diameter of (7.02 +£3.95) um, the average encapsulation rate is 60. 53% and the average drug-
loading rate is 8. 12 mg/g. The microcapsules have good release properties in PBS (pH 7.4) and saline
solution.

Key words: grass carp hemorrhage; killed vaccine; sodium alginate; chitosan; microcapsule preparation
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