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A R AR I 7 22 1K 1) RS 17 52 B RE 24 SRR HEA T P DRA R
TR TR A 180 S VR T VA PR )T B R AN A R T N A I ) ) S A v v
ACHER AT, BRI AS RE NER . R NER TR Z IR 0~8 h A RS A% Weibull
SIRTHATIIA, DAIRALR SRR HICRECH T SabR, LIRS RT L3 )ik%, fiidkih
BeAEAL Ty o RRAREAEA, R EL Eudragit S 100 ZKHBAEA, Hil4 KRR
DR RGN AT REZ R 58 o A3 0 K Bl P71 Dk S 2 1 IR 24 S R ML 240K, R 2
PR SRR /N ER B AL P I FEREA TR VRAY LIRS NBR i R 22 IR R 28 1
Fir Weibull 22 AR, AHSCREON 0.952 9. FLAEM A RILERT DRI 79.88%., 1 1 il
BHA T AR L0 AEPIR H BEACR 5.23%. LAY R 2 RGN 2 IS 2 v B i
A

REBUE T A
o iR TR R MRSV, WEBEIRESRE: iRy RSN
R94 A

2 AN E IR 25 ) 1 s AE S il 5 T AL A B A . RIS, SR 25 U i )
T . S5 AL p I vk, AN A B D, R IXSR I . AR R BEIR
2y A, R TG RE 2 UK I 5 P R 25 IR B RS AN B, H AR TR iR
2 Ik 11 ey 24 (¥ A= A T JBE

S /N BT — SIS AT B 1 1 20 AL RHR I /N BRCER Bl ARl 37, AR T IR B oK AN
EARAED mmZe A7 IR/ NER RSO, o FRR R ORI, BAT IR R R iz Sy A AE
H e A, A8 28 A R E B v O D R 25 ot 18 I T PR A, TR I A Tl e e 1 R
A2 BRI S A RS, 2RO B ST it R S s R 1K) v 1A R
W Ja BAT— @ AR L, PR BN AE I TERG AR, 28 )5 ml o AR T, [ I REZE 45 B K
I ) o LR 48 P S Tt e /N Tk = [ 45 4 [ 22 SLE B Ko PR 25 it (2 R BRI

VR 2R R AR5 2 IR BB T A, SR PV 1 il SR R B I /N ER I LU 4
B pH>7 4% AF M i) T A<, DUIIE IS5 e AR i BEvt H o 205 i 2 PR, 2y

: 2002-11-20
s RN (19590, 5 (BUB, L THEIEN, BdR, WA, T NFHEA YR BLR £ ik
PP RS I, Tel: (024)23843711-3687, E-mail: c¢dw2002yd@sina.com.



22 moE o R & 1

P deRm, i W2 R % B RY, A O = T 291 8 A e PR R
1

11

WETEIRURE (VLIRE T 7 B e, ASSEIGZREHDD; B (CAERUE RSO LA, e
R (IRt 446 1) ); Eudragit S100 (f#[E Rohm A 7)), &ALAS (rbrat, Jba iRk anik
HEMABRARD: MHFERE AR AR g AR AR AR E 1 SR B 1gG-HP . 4R
K pH 7.4 BERRERZZ MR (SR Sigma AW AR, BER (EERAEDIKAIAFD: & (4
Mrati, PRI =) ) HaAR-BHAR] GRFH 2R U =) iENTLE (Pore size 10 A, Nom.
MWCO 3500 Fisher Scientific
1.2

RE—52A Rl 25 R AN (g W AR AEAAL AR ) ) SHB M /K 2 2 FH B 58 O MR T 57
AR D IY92— 11 4l Jio 8 75 b el Tl 2 AR A 1) D s Amray—1000B 48 B 1 Wt Gl BE
C R B RHF AR IEAUIT s ALPHA 1—2 AU T80 (B2 CHIST 2 #)); Model 550 ELISA
bR (£ BIORAD Aw)); 96 fLERA LM TALEEFRI (SE1E Costar A 7)); MH—1 B
e o (VLIRS 2545 2%) ) WGP—300 AR /K X Va5 954 (LI 2e s Rl 2 3
] ): Cool Snap fx S AHHL (H A Nikon A ); ZDR—6B Z44% Hl i A (b 3 i 2 A0 A3 2%
J s
1.3

SD KH, MEYE, 190~210g , HAGATITSERZ PR, GRAES: Bl 022057 (LB
RERZEZNYIRD) o
2
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FH VA vk B i (PO PSS IR TR . KR RIIE Y (8:2) ¥R T ih, FH ek
7% o 22 S, BT S 21 T B, AR5 I 10 mmol- L™ Tris-HCl / 2 mmol-L ' EDTAZE
(PH 7.4) PRI 5 B W e 5 » HER 75 8 26 2l 74 15 min 173 . llpH 7.4 Tris (10 mmol L") / EDTA
(5 mmol-L™") / NaCl (100 mmol-L")ZEr & Bc 0.1 g L' W&, #—2 el in NI ik, B
FURIE 7 — BEIR R G, INAE R ORI, 4°CTHBES®H, &H.

2.1.2 (2]

Ko AR SRR A G B, IANZERK, B4 h JEZ RARMITmR S —EIRE. ¥ ik
YR TR S BRI SR A T, TR (554 KRG WZBHF M — ¢ &
[f1CaCl, (100 mmol L™ NaCl/5%l A ¥ f, AWk 52 I IR] i, 78 1 1 0 0 M 45 gt e /N Bk L £,
FEANERFYE, FHZEIRKYE3ME, A kT8
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FESp DR 200 2 S R b, B 225 g L) MR BRI FILL 250 g L e ) &, %
Y R R BN S S e 2 R AR B S P R IE A BT Lo(3) AR 3 R 3R 3K PR B0 i d 44 F 21,27
G ITVER R NER,  LLBEIS /N Bk v 25 1K) L 1 0~8 W 24 1t 2k 19 Weibull 73 4 AH OG22 Ok 56
SITEFRARET, 25 5% 0 7 e Y S IR S VR R /N BRI AR KR T

2 SRS [RIR I b 7 1) 24 ) 6 2 0 RURE 24 11 2% () Weibul 123 A AH 55 R B B3 72 5, P2y
LR A R RO TV ARG i, Forh S5 RIS Ab 77, AH oA J3E 1) 8 T M Vs Y0k &2
MRK (95477, Tl LB R, T A O P55 40 77 (R 93.1%, MK RECH0.976 2).
Wb T75FNO M) FEAC L e W2 1

Tablel Optimum formulation of calcium alginate gel beads

Component Amount/g Function

Na-alginate 2.5 Matrix material

Honey bee venom 0.04 Drug

PC 0.95 Liposome carrier

Chol 0.26 Liposome carrier

A 0.25 Protection agent

Calcium cholide 11.1 Gelling cation

NaCl 29 Homogeneous agent

M 25 Hardening agent
214 W

4 1E AT AR I 07 8 110 F5 A0 1) e A Ak 7 113 46 Vi B PR 5 5 e /N BRFE A 10 g5 IR = R AT ALK
A, PRSI 0.2 MPa, 1HRZE 54 20 r-min ', W RS (2941) °C, H]Eudragit S100
IR BAATEAT A, A RERS N BRI 20 % .

2.2

WO ELAC I BERRAT LR /N R, EENTAS T, BT I I B Wbty , BRI T, /KA B 1E
SEAE (37£0.5) °C; THERHH100 r min ', (EBHUAAE IS pH BEIET, HAEMK-BE S
590 % P B A B W R 22 SO AN [ B D £ B SE HE AT I 52 Y, BRI R B W18 0.1 mol L R R VA
(pH1.2) 100 mL, ## 41001 - min ™', 2h J5H2 mol-L"' NaOH 354 A B ffpHAE b6.8, 4h
i pH A 7.4

SUROACRUR/NERAE pH 1.2 ShIRW T 25 W KRE TS 00, MpHK 16,81, 18R IR 1A T
URGRTEREG JF HEAT RAFIOR B DUME . 45 R L.
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% “2.1.47 ik, AEBIR RN RE O S NERINIE RS o 4L AL T3 10 1 B e e /N ek
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Fig.1 Therdeaseprofilesor (A) peevenom ana () 1pasOmMeETrom tnree parcnes or caicum aiginate gel beads coated
with Eudragit S100in thesmulated gastrointestinal pH conditions (n=3, error barsare smaller than symbals)
TS KA BN BRI 4 F B I D ER R TR A, W 3. MR ARG 28
Mo 2R ) R TR AR /N ER I B 5e, K/ ST THRJA BB BN 1/3, 2R A 2B 45
%4, AR R.

T IRy

Gel beads before dried Dried gel beads

Fig.2 Morphology of gel beadsobserved by Nikon digital camera (magnification, x10)

Dried gel bead (magification, x500) Coated gel bead (magification, x500)

Fig.3 Morphology of gel beadsobserved by ECI
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ARG R T I G088 W B A0 A1 CELISAD 5 e 2 MR A K B Y 1 i 29k P, ik e
A EE 20.1 pg - L7y 7£0.000 1~10 m g . L GBI A B2t 6 R AT, brrfE gl 5 fe
InC=7.501 1 n(OD/3)+20121, HECERECH0.998 1, FIBIEEA100.7%, ARHMERHA1.51%.

fe FEMETESD A F40 5, I HTE M FR3 do SATIAEE12h, HBTOK. BENLS A4l
105 o AYUAE K B B 5 06 29 S (1 mg - kgD BALAE FUK BRI Al g 7 SR} (1
mg . kg, 555 T0. 100 20, 40, 60, 90. 120. 180. 240 . 360 min, HREEHCIMO.5 mL;
CHLAE IR R IR I3 45 o s R B 20770 R T 31 mg - kg™, DALAEFUK R D iR 5 45 W
PRI M4 T 55 me - kgD, M0 T4 25)50.5. 1.04 2.05 3.0, 4.0, 5.0, 6.0, 8.0, 12.0,
24.0 h, MKEHRIERIMO0.5 mL. MLFEE 1.0 mL Ephedoff 4573 IRHCE 1 h)5, 4 000 r . min™ 0>
10 min, 23 B§HHILE . H] “ELISAVE” W5E, SRKAF KA Py 5 I 8] A0l 23 (10 L 2 R B, BLZS 2 ()
N REAE R, I BT (R 6 B0 B g AR BRI 25 I 2 (L IEI4) o BB TR0 SR A5 24 - I i 28 T Tf A
T VAR R M o (R 24 R G R RER TR (1.0 mg - kg™ )4t =R T JEE 4 591 4 79.88% 11
5.23%.

0 500 1000 1500
t/min

Fig.4 Mean bee-venom plasma concentration-time profiles

¢-iv(1.0mg - kg_l); - po raw powder(1.0 mg - kg_l);

A-po gel beads(1.0 mg - kg'l); o- po gel beads(5.0 mg - kg'l)

a. WL — R KRR TR AT, S — MRIERE A S M B B TR
o R A R A B SO, B A R IR L Y 2 IR LR AT R AR . AR
AR P 168 i 23 A K 0 23 22 IR R e I B, AN 1 3R i WL, [ I L8 1 IR AR ARG e R 5
RFUIRRRE L5 3 BRI W SR 5, T 25 RER 20 20 Al o

b. ZHRE. EE A KIS 12500 IR 5 76 Wil i 5 1 A I A e, i 45 o A7 i
T pH AR, ACEEED, PR RIXIRGYIIRGE L, [N Al 22 Tk 245 W 76 44 A i B I ) S g
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PERMBR R . AIRIE I pH P 25 R OE I AC, R TR S IR B 1) AR R PR, BIRAR T
LS IIR 2 IR e 75 T I A 8 PR Ve 1) 10 e P s 1 R 48 ARG 22 IR 25 S 52 F5 1R % 6 T
Wi AS A 45 i A 22 IR 25 ) LA B AR TE OB TBOT R, 3R i 2 K25 IR A . 2
RS2 IR B AT e fe gt T R B AR

c. LeREXSAETT A AR TN B A, AR . R K/ SRR R N TR b,
VL E T S REI N BRI DN 38 S JEHT R VE o AR LR L REAT 1 A J7 A1 A i IE AT e v ik
DA 3 R MUAN (] IS TR TR AT £ Weibull 20 A1 AH G R BN FE HR b, X IEAT vl i6 4% 4k U5 k4T
WE , DIAIREEAR . MR ARBBOOBE, . WRIEEAS BRI SR K7 22700, AR A 7 241 By s
HENER OB R MM R RO B 25, A i ATy 4. i i R AR T2
6, R MHTEA Bl Eudragit S 1007K 7> BUAELAC, % T RIRIETS 2 Ik 1 AR 45 i € AL R 25 R 4¢
IR IZRGEATBAUE B pHAAT AN IR RS, 45 RAEpH 120 AN TR H2 hW B IER £
IR B CRR AR AEpH>6. 81N 2y W) T I SRR ;. #EpH>7.4)5 29ROk, 25 Wk 2 S AL,
AR AR B RE o, MR ST A il 8 1 2 AR 2D, U B 0 g 22 Ok PR R T ARG E 1) I o 1A 7 3 OB
T OXF IR R o iR R 2GR AT B AU S, A R AR SR 25 8)) ) 2 R AR AT 5 Weibull 23 A7
M, MRARHON0.952 9, BUF LR T UYL S R e v o G 2R AR K B AR AN B A
A L TR A AT 5 4T

d. ZARRZ5Wh 15 kg W IR D) S e R AR, SO Py I 28 98¢ S8 (R R+ 20 PR HE . Ak
K FHELIS A5 200 58 1 W33 5 V00 SR 7 o P A 08 R SRl R e A 0 DR 5 0 A /N R B A Al AL o
A FRES 25 ) KIS IR L, S 4G R AR WY, g I 249 52 1) 70 A 5 V2% RE 6 BB AS I 1 44
WIS 258, R LU 0500 SR i AR A DA, 38 BITIOUI S 36 H o AR LAY SC b R A4 Py 2
WEh 1A SUaRaE -
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Design and evaluation of bee venom oral colon delivery system

CHEN Da-wei', LIU Xing', ZOU Yan-shuang', ZHANG Rong-qing®, ZHANG Ru-hua'
(1. School of Pharmacy, Shenyang Pharmaceutical University, Shenyang 110016, China; 2. Department of Biology,

Tsinghua University, Beijing 100084, China)

Abstract: Objective To prepare oral colon delivery system of bee venom and evaluate
pharmacokinetics by ELISA. Methods Alginate gel beads (approximately 1 mm in diameter) were
prepared by dripping concentrated sodium alginate solution containing bee venom liposome into
concentrated calcium chloride solution including a hardening agent and followed by frozen drying.
The release rates of total venom peptides from the gel beads were determined over an 8 h time period
and the release model was simulated according to the Weibull’s distribution equation. The
formulation was optimized on the basis of orthogonal design by the criterion of the encapsulation
efficiency, the release rate constants and the linear correlation coefficients. Gel beads coated with
Eudragit S 100 were dried over fluidized bed under optimal conditions and formulated into an oral
colon delivery system (OCDS). The pharmacokinetics of OCDS are determined in rats by determining
the plasma concentration of bee venom by ELISA. Results The dissolution data of the bee venom from
OCDS were nicely fitted to Weibull equation with a correlation coefficient of 0.952 9. Absolute
bioavailability of bee venom after oral administration of a single dose of OCDS and bee venom
powder are 79.88% and 5.23%, respectively. Conclusions The colon delivery system will pave the
basis for the oral absorption of polypeptides drugs.

Key words: Pharmaceutics; bee venom polypeptide; liposome; calcium alginate gel beads; colon

delivery system; evaluation in vitro and in vivo



