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W E: RAAMAACFATIBL S T 0N SRR AR, UEASSER R TE A RifR. 2Ry
REEFRFAHAT T 2 T4, BRBEREE s DRk ek g RiF, R, FHRAAL 15 um, BEEN
78.98%, HZHEN 4.78%. FFLL 30 d MZWIRRSLIR R I, ANEEGR T TR T SRR R k. R A A ORI e T ek
X} 3 PR E BRI JE IR A EIVE L, 5 pg/mL Bk T in S5 90 B (Alternaria solani) (4 B 2R 1A 65%.
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BRAR S ARG, Ok AR 253 U AT B i T 43
ER(Microsphere) e LA & 70 TR0 BME ) BERE S BEE, it
i VBB B I TV KA O AR 2 T
YRR, TERA A BIE RO R, I
A5 FL DAIE 4 B A 20 0 VR AR I S AH 7K .
HAALAAE T HO P T 5 SRR B, AT 52 4k
PRI, LETE 244 0F Rl LA 2 R e ok,
BRI R AL AL 0 N AR IE R >, (HEREL
W 22 A R W R R ) EE 7 )
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AV E RV ED R R, BRI, e A R IR ME
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Ui H#A: 2008-03-28, f&[E HEA: 2008-06-19
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2.2.1 FUA—Ab 22 AT A 4 /INSE B e SR B Ak sk
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30 min JEIERUKIMAR. BRI 50%)% "B 1
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2.3.2 /NEEGR S SR BETIOK I R A
MCBEMEE: W T IRIMERI SRy b, fEAEY)
AT 400 £ FOMLIEL A, THEL 500 AMEERKRECTI4
o, RIS KT RMOERE SRS G b, S
I Jm L W4, FH 3 RIS L 3 A il L B U S A Bk
Iz
2.3.3 /NEEGRSC SRR I 2 24 2
FH 2% ISR 43 50l C AN [R) 3k 52 (C) - INBE R, A
29%WETR A, RSN G RETHIN E 345 nm T T
JGEE A, b4 A=0.0511C+0.0227, R?=0.9997.
W5 B3 AT /INBER ) 78 B TR, (it B 1
JEHE R 2% OFR% R, FE B R, M%)
DGO RE VI e N BERR I A B, AR T Ut S e SR IR
L% S KB S,
R L5 Sy =(CER P 2 50 26 M) 4 241 100%,
THERE A 28 Sy=(THak PN 25 /A Bk 5 BT EE) X 100%.

2.3.4 THERVRMRE TR I

HERFR I E Tt/ INRERR e SR BRI Bk 25 B T IE AT A Y,
BT pH 6.8 IR Eh 2 M, A E I xUHR 3 s rh i Y
B34 100 r/min, LR AR KA BRI BE[(3040.1) C], T
SE I TRV ERORE, TR I ) S B e AR R . 84 6ok
FETHIIE 345 nm NRETBOR P R /NBEBIBOG L, B
WRE, VHE/INEERIY ST R TS5 (Release rate, RA):

RA(%)=CV/(mS,)x100%,

A, C M /NEEBRIR B2 (ng/mL), VRO A
BUmL), m R# 2T BRI E(mg), S NEZIH(%). HIfE
BRI [ th 2k, 25 SRARERRE 25 1 g
2.3.5 fcEkoxt 3 Bl S B AR A FH 1 0 s

B % Atk 1.5 g 55 300 mL KAL) PDA 5%
FRELIRA], IO cm), AHECFHR. LHEE&LET,
fL#% 0.6 cm [FTFLas IR & 1 2 A KIS T IR R N
PDA TR, SR MCEEE A 5K, LA 3L Tl 7
BRAT A2 L 27 ‘CIER B 9%, RFRG 24 h P 1 K
HHEAE, HRABCPR M EE KRG RIA S, T Em
il

VA7 T4 (o) =45 14 VK 1A 1.4 ST P4 -0, 6 (B B EL %),
4 P KA = ) R 2 0 R b B 0 K <1009,
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3.1.1 /NEERE T T ORI AH Rk 4

WK RS (Rt A AE ARl 4 R kG
JEA R B AH - 50 mL,  FAh il 46 45 F 5 2.2.1 5L,
AR, ORISR 1. 2B R, T AN
TAHRRG LA, MO 22 5, KR A A )
JREENE d s 0% R K S A A
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Table 1 Effect of oil phase on the appearance of microspheres

Oil Phenomenon and result
Soya oil A lot of orbicular spheres
Paraffine No product
Salad oil Almost no product

Peanut oil A little spheres

3.1.2 ¥ pH X /INBER SRR 1) 5% )

M2 L, pH KR ER AT AR KR . pH
AN i 57 SRR vy Ay (1 S IR 5, T EL S Jir (3
Y0 23 (A G RIS B . e B g9 R, AR
W Pka=6.3, 4 pH<Pka I, 7e58BE>T4% a5
FELU—NH" TSR, BEE pH BT, —NHg b,
NV pH HE Pka IF, SR SRR 2T 0 A R
X, B TEMmR, T UE A a5 N,
TE L i LA T R AR, S A PMOER I EAR pH
45,

F2 IR iBoHITRERTS 5 B0 5200
Table 2 Effect of pH of solution on appearance of microspheres

pH Phenomenon and result

35 A little small spheres, inhomogenous particle size distribution
45 More small spheres, narrow particle size distribution

5.5 Narrow particle size distribution

6.5 No product

3.1.3 MR BERTINBEG 5T SR ME S BRIV 52
SEG I, AT B AR TR B (K s R A
BURFIIACTE, BEA 5 TH = ek AR sk N, Rift
IR TE, PR R, SR IR AR PRI [ DA
HE TR BT A Ak, 3% 3 by /N [ 1L S A e i R 11
SN, A TR Y F AR By 45 °C.
FT3 RELRE Mk

Table 3 Effect of reaction temperature on appearance
of microspheres

Temp. ('C) Phenomenon and result
25 A little small spheres, inhomogenous particle size distribution
35 More small spheres, narrow particle size distribution
45 More small spheres, narrow particle size distribution
55 No product

3.1.4 AZIRINS (XS /INBE Bl 7 SR R [ 52

H13 4 W5, BEATAZICIN T AE A, RORIZ A AZ 13
e R, T PR AT B 2 AT TN ) BRI, AZ I ERLAIR
BRI S5 EEAGR AR, AR R P BIRIR 5, SRS
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Table 4 Effect of reaction time on appearance of microspheres

Time Phenomenon Embedding Drug
(h) (%, @) loading (%, @)
1 Inhomogenous particle size distribution 45.2 1.78
2 Inhomogenous particle size distribution 43.1 1.93
3 Narrow particle size distribution 61.2 2.75
4 Narrow particle size distribution 54.1 2.89

3.2 EXRIHR

H12 5 AR 22 70 B 45 SR T, % DR 3200 BT sk &%
G AR bR W IR kot R OB & (A)> 2tk
(Chitosan/berberine, B)>AZ 171 H #8(D)>7K/K il HE(C).
il ORI B A AgBLCoD,. AL A1 R 5K
B0 45 (3 YCTAT S 0) At 26 78.98%, # 2% 4.78%,
RPARA S A AT ).

*R5 EXKWARKL
Table 5 Design and results of orthogonal experiments

No Mass of chitosan, A (g) Chitosan/berberine, B (g/g) ~ W/O, C (mL/mL) r;g)esrft,“an(m?_) SP (%) S? (%) S1+S; (%)
1 0.25 5 30 1 43.52 3.78 47.30
2 0.25 10 70 1.2 62.91 2.88 65.79
3 0.25 15 50 0.8 49.09 1.93 51.02
4 0.2 5 70 0.8 68.91 5.75 74.66
5 0.2 10 50 1 75.37 3.47 78.84
6 0.2 15 30 1.2 73.59 1.94 75.53
7 0.3 5 50 1.2 54.42 4.16 58.58
8 0.3 10 30 0.8 66.71 3.15 69.86
9 0.3 15 70 1 59.09 1.94 61.03
K1 164.11 180.54 192.69 187.17
Kz 229.03 214.49 201.48 199.90
Ks 189.47 187.58 188.44 195.54

Kmax—Knmin 64.92 33.95 13.04 12.73

Note : 1) Embedding rate; 2) Drug loading rate.

(a) Microspheres under optic microscope (400x) (b) Single microsphere under electron microscope

(c) Microspheres under electron microscope

K1 /B SRR R &
Fig.1 Appearance of berberine-loaded chitosan microspheres

3.3 WIRREHASMNERRIE D

FRARA S5 A 4% 1 T ATk Dl 27 8 e R 4
B (E 1), nTULGokE, Rieh, S5HRE
B, BRI T, A B, HOHENRE A N
B, BERENSEIRBE, TR RAF. ARYE G
bR A (B 2), “FEITARL) 15 um 245
3. 4 THERIRSNERR 2%

INBET A S U ERAE B AN A B (pH 6.8 IR
) PR A L 3 TR, BB &
Higuchi 777%: Q=0.1413t"%+0.0699, R?=0.9846. Zj¥kt
AT EE bR, £ 1d ARITIE 209%; Bt I a] (RIS
B B AR ZE, 30d JE R UL F] 80%, HJ L/NEE
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Fig.2 Particle size distribution of berberine-loaded chitosan
microspheres
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Fig.3 In vitro release curve of berberine-loaded chitosan
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Control, without berberine  PDA plate containing berberine
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Botrytis cinerea Colletotritrium capsici Alternaria solani
Pathogen
Kl 4 /NBERE SR BERRT 3 B9 S VA (140 ) %
Fig.4 Inhibiting effect of berberine-loaded chitosan
microspheres on mycelium growth of plant pathogens

Control, without berberine  PDA plate containing berberine
(b) Botrytis cinerea

K15 7 d IR Py /N 58 SR DMK N 78 5 7 5 T R 8 0 A 1R 40 A 2 R
Fig.5 Inhibiting effect of berberine-loaded chitosan microsphere against Alternaria solani and Botrytis cinerea in 7 d
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FLREATIHIE TS, DI RRET 5, wl [R] Il
V2 G018 SRR (2) STRME T S AR U
PE(Induced resistance)®®, 1 i S HitE ISP s
N, SEIACRAWERIEN; (3) HT ¥R
MIAETFRIRYE, AT Y GG, T HAa s AN gk, itk
A FIR AR 25 2 24 A R GIER HOJT 1), /NBERR AN 52 58
WA RAR =), HAN BRI, s — 2 46 R ) 2

AU BREE AT, T ELPH EC R S TR b, AT
FRAR T HAR,
4 % B

(1) RHAFMAA AR, Ll s g Al 4 PRIE 3

AP IEAZSESR:, RHELEE S WA pHL AR TR] B2 bl
2y WIO AHELAE 2 bR b AT 100k, e TR
TR NS SR SRR, R DU ERTE R
RIDGHE, ~FEIRAEL) 15 pm, A 78.98%, 2y
HHy 4.78%.

(2) FF8:30 d ZERESLIRR ], ANEERRSC SR B ek R
ARG IR REBOR.

(3) HARTABKA (/IR AL, EX 2 R )
T TR AT W S RSO X i 5 BRRT 8 K
B AR PR T 600, S I MERAE M A it
AR AT N .
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Preparation of Berberine-loaded Chitosan Microspheres and Their Fungistasis

HOU Dong-yao®, GE Xi-zhen?, LIU Jun-feng’, TIAN Ping-fang', TAN Tian-wei

(1. College of Life Science and Technology, Beijing University of Chemical Technology, Beijing 100029, China;
2. Bioengineering College of Beijing Union University, Beijing 100023, China)

Abstract: Berberine-loaded chitosan microspheres were prepared by emulsion—chemical crosslinking technique. The preparation
conditions were optimized by orthogonal experimental design with respect to particle size distribution, embedding rate and drug loading.
The prepared microspheres showed perfect spherical geometry, smooth surface and suitable size distribution while observed under optic
and scanning electron microscopes. The average diameter of microspheres was 15 um, with drug loading of 4.78% and embedding rate
of 78.98%. Subsequently, their drug release in vitro was tested in the phosphate buffered saline (pH 6.8) for 30 d, and the release curve
demonstrated an appropriate speed. In addition, inhibitory rates of the microspheres against Alternaria solani, Colletotrichum capsici and
Botrytis cinerea were determined using growth rate method at microsphere concentration of 5 ng/mL. Exhilaratingly, the microspheres
showed 65% inhibitory rate against Alternaria solani, one predominant pathogen causing post-harvest disease of tomato.

Key words: berberine; chitosan; microsphere; fungistasis



