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SN BRI RIK Inspecskin BYHTS RIS

ERE 4
FRIBABEBREZFERARBL ™M 510623

WE: K4 ESERETAMR (BSC) 584 FHEHMRA TR Inspectskin #iysk, Mkt
BREHRR SRR e L. WRAEARBE T 3-BET B-co-3-2H RBILEY (PHBV)
REZREAEEEIMNES R, REFHE ESC SR 5d, MRABENRTEEANRN. LRR
PR ET 4 MR E BB SCAR S Y, ESC MAIE X RRMMEMMNHEREREER. BEMALE
MERRE N, MR R RT LEERES CK10.CK19 Bt 42K, HSME K Inspectskin
BB KR ESC 4 M s LT B A AL B R B 4590 PHBV LR S5t R RN &R B kA R,
XKEiF: {bks; AR/ TREEK; PHBV

BREEHYIRE A TR R Z A T RREER RS, HFERNBREIL
Y@t OB ARELR. BATEIMIRN RIS A R RA RN TR, EREMARE,
ARAA BRI RARY , BRGRHFERESEOFN. ROVEWNOFARAALBTE R B
SORBAMRIETHR (BS D HMOARERETAR, FETREE TABEMCHETHAE
SRR K B ARM R SRR, T B ERRESAE K BRI HIMNE B RN RIER ML
. RES, ERARETSCEENRASTREK. hitk, APFLLES HERETHR (ESC) X
THM5 PHBV 2 EHR KRB Inspectskin, #ATHIMEFRNER, I T —BHRNA T
Wi B2 R IR % T S YA e F) B AR R B e Bt

1 kLA
1.1 #4% ES-E14 /J\Eiﬂlﬂ‘“ﬂ:%)iﬂ ACEBUR 129 B RN Bt LS W RS —ER. Bk

FHERFB-ER~FEMPLRELLFHYPL0ERME. H5 DMEM B3I/ R A mmNE R T
(LIF) J9 8 GIBCQ . Hoechst 33342 4 SIGMA 2 A7 #h . KRHU/D K B 1 #4 F b Pharmingen
AR NBRBLA CK19, CK10 9 DAKO A . AMELSMETAR 1gG, EWMELELMKX
RHi/ B 1gG, SABC A&, DAB BEARMNANMNARKELEAT. 3-2H TH-co3-RERM
$LEY (poly[3-hydroxybutyric acid- co-3-hydroxyvileric acid], PHBV) [l 3248 45538 T A S5hHkl
R, FLERE>90%, L2 1002000 m, ¥ 0.5cm, & 02cm. LFKZEEEH 1h, EIMTIE
RE& WS 2h 155, $HETS DMEM K3 Bs i is .
1.2 ES EREBTARMES M AEAN 558 BES ARBATEARS, #HCE7ESEE Ekmm
L 5/MR ES AMEESE, 59 ES MM ML ARER TR, BRiES 4d MRS THRTRE,
40g/L TRFBEE, 1781 BAHHEN CK19 SBALRE. —HITEKRENB1 BEE 1:50;
RHLA CK1924 1 100,DAB 865 A4 KT 6 FUMR M3 BB T 41 B0, UL 0.125% BERE-EDTA
4L 1min, . {8 K EDABML IR A AL, VREE R 5X 10° 40 /e,
1.3 129/ BUSRCAF 4 48 M 31 4 - BRI7A UG B012950 N BRSBTS R A B4, B4R
U\ﬁU E(]gﬂ B@Tfﬁ ?éﬂ«/\I%}_ﬁﬂkmﬁ@ .
1.4 ESURR B AT 40 M4 FEBE 5722 (XIACHH) TR 36 58 43 VA VBORY BT 44 40 L 43 AR, % — 52 o 55 ELIF
FIESHR s SRR &, YR MEGF. BFGFEA KR FHBRK R T A RERIZFE (TFIEHL .
1.5 ES AR R B T41 M- PHBV-RAT A AR TR BRI SR B XE R PHBV FET 6
?LWP A DMEM R0, PBS Birbt, B 1X10° 4 fem? S BEM 129 B4 BURSF 44
, BUB/MAR (201 1) BN TR, BHNEESECY 5% CO,37CRERM 3~5h 5, 75m

'BXAAMNERESTE (30670541); ["HREAFHIHRITE (2005B32401010)

834



A 0.5mIDMEM #5354, 12h JEMMAE B RITFRMAKEIEIR. HIF 2d 5, RBEFRB, BHELE.
B 5X10° 40 fiy/em® B RER ES BREHET M, DL 20w 1 fARER TS8R, 5% CO,37CHE
WM 3h j5, BHIBEH ES WREHTHRERITRE, S-BATDBEEF 5d, § 120 3BHRR.
1.6 EARSME BUASESR 7d WATRER, 40gL ZRBPEREE. BIAREHBEAK, AIEEE,
HE 35, SR E R, B8 1 BE&FE. CKI0 M CKI19 RIX.

2 &R

HEBEIIEF 4G, WHEEBRANREEARBEE LK, EFEEXN N —HRESMHE
o, A%EW (F D, Aankn, 21 BAREMM (B2), CKI9 M. PHBV FRL 4
WRRSHHEE, FEORKREASESE (B3). S-RATEESRMN ES HHE L T4 55X 48 M
B, FEXERAMMERERER. BRERNALUREESEN, 2B, REEREEFILHE
(E4, 5. &BALERALKEERF L EEREMNHE CKI0 ¥t (B 6).

3 g

BRAME RRPAL T AIMNEE IR 7d B, RAEL R PHBV AN EiBFam4eR
FERIRAF%, ES AREHNEEETHAREOHRER, FTEsL. YHEEREERKEH. B
REBKPHFTFAR. RAEBMETREAHAMRT ERERLEH . FHEIEHF RS EHKA
ESC 4/, BAMEER, HERHERLEARERNARKIRE, 2 =435 K2 B R W ER
18, EMRFEERLYT, REASESN, B0l T R4 nsmRE.

PHBV RELETHMEMARPORARBHKER S4YWEALHAENERE, THATHEBES
BERREFHAESEME . 23 FHBMKN PHBY XY EHRIFHEEAENOMMAER, 7L
BRI 0.85 %, RAVBIFUESE PHBV EAR M FTASMAKEL, AMRNZM. BEEEETD,
BT A e iRre 5 B RO, Ei%bhel TR R 00 A B B M BOR R IRE, AR
iESE, PHBV WJ{E AR RNE LT E.

ARTHG . SRR ARBRIGTT, AR R R RN TERL
i HEBNHRNEREEETINIMRE, R EHEERGAREH. ERALEE. &
BRMEIRE. FRERUEIEEN. EENSTERENER. FRSEEERNBSUEEHEAR
INCAREFIR R, ABFFT M YRR ES SkIER ESC A FE AR EM MRS, I T—%
AT RGN . QRNAALERSIIET, RTREE BEmR% . EEmﬁ%m#ﬂ
E7. SEYERHE SN AR E T 2.

2% 3R
(1] Huang YC, Wang TW, Sun JS, et al. Cultured keratinocytes and dermal fibroblasts on a double-layer
scaffold with bi-medium culture system. Biomed Sci Instrum,2003, 39:500-5.
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2004,35 (1): 69-73.
[ﬂﬁﬂ%%£§$ﬁﬁmwﬁ%ﬁ&#?%%&ﬁﬁ&Tﬁ%@%%@iﬂ%*mt##
#%,2004,25(1):15-8
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[81 Hu SG, Jou CH, Yang MC.Protein adsorption, fibroblast activity and antibacterial properties of
poly(3-hydroxybutyric acid-co-3-hydroxyvaleric acid) grafted with chitosan and chitooligosaccharide after
immobilized with hyaluronic acid. Biomaterials. 2003, 24(16):2685-93
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2006,16(6)327-329

[10]McKenna D S, Samuels P, Zimmerman P D, et al. Interleukin-1 alpha, epidermal growth factor, and
transforming growth factor-beta exhibit differential kinetics on endothelin-1 synthesis in aminion cells[J]. J
Soc Gynecol Investig,1998, 5(1):25-30

[11] Le Poole IC, Boyce ST. Keratinocytes suppress transforming growth factor-betal expression by
fibroblasts in cultured skin substitutes[J]. Br J Dermatol,1999, 140(3):409-16.

Ve i
BWZE, 5, @t, BIBIRRA, A5 : $rEEE5HRTREER, BA7: TREARBAR
PR, EIRMaE: 7™M BRIIETIRAECKIE 66 5

i

B 1 ES ROFBH T AINERE (81X 200) B2 ES VMR BERETAIN B L AR RRAL (X200)

B3 32 R PHBY ZLG %4 (HE X 100) B4 %7 ROBEEE HE X 100)

BlS i 7 REEROBIIRL (X100) B 6 g7 RERHEA CK10 4L (X100)
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AL — P RR e MR MR SE B R B R RO RERF =X
BELY BEE™ BES KE® HEE EHRE' Hx’
'HEASEETESERESLERE (W)X, WK 610065

CEAFHAEYREHRAR, {LHIE 214400
‘PN kEESG SRR, DUIRE 610065

WE: AR T OmM. 10mM. 20mM. 30mM. 40mM. S0mM. 100mM Bk =7k = s T st
HRAMREEERMEAYRE. T REY: BE EDCIRENNS, OaaESEER, REE
Eigl, FHET—EE, FFETRERYN, REEmAREARRA, BKEREKELTREK, 9
B ERKIERRARER; PARBERALRMNERY, REARESESILERASEEWN, W
MR, PPREHEIIR, PR eI MMM, ME—EHEE, BEThRN, R
JEREWR EERE— B A R TR A RS T R . Z49WREE R 30mM I B B i i S N I R AT i A P B
XA BT, BRI R R, oot MEAE

1 i

JRMME BB (acellular dermal matrix, ADM) EEEFEM. BIFNAEWAARE. ATk
B EHESEE, ATHEATRRKRSARTREIEME ., ADM ERERBSFERS, 23AETE
BRAZHTER, EdZEESMASRRRIEREEHSGR . 20 SRS U — 5 B EHE v,
W RARIER, REEHAER. 1-28-3-(-THERNE) - - Tk (ED0) B BRIFHkEtt,
BRI ASINSNEY R, HRASCERONARER", RAENEE, EZM8 AM s
H. REFANNABEBENSLEENY, B5ROBSHEHL, 5 —HRmARR KR .

2 K5 T

(1) pADM FZERE: %% 1 3¢ pADM B 50mM MES (pH5.5) ) 40% (V:V) (RS ¥ 20m] & 30min, IOA
EDC 1 NHS f£PyZEWRERIA (0. 104 20, 30. 40. 50. 100uM), ZEZME FAHE 6 if. F5H 95%H 5
FEE UL 20~30min BE7K, PBS Wyt 24h MR, A EHRTIRE TIRSPEE.

(2) B EE SR HERE: RANSEE, eS8 MR EaEEaE, FEH%
HiEg. RS- AR S E SN AR SR /M hER S,

(3) W EERBERITE . RRAE IR T0mm X 5mm, WCAEIRE DI 52 25 % A W 45 i (3L BE (Ts) ™.

() BSEARA NPT : SRR, L6 28K BRI T2t pADM b, CRu0% 5M e miat
BRI EMR, MRS, SAREMREE 10 W K TFME.

(5) HUMESR AL A MR KAl B RS ELRARE S5 2SI 48h, RSSTER ML L 100mm/min oy 85 2e )
LZE SN OEA TN Wil LR A

(6) RMFEHMBE SRR OME: Wit R BEWBR . LR RN REFILRLIE,
REFMED RN, PHPBESE, WiERORE, 10 565 FMENA, KA inage-pro plus E&
SHRARAT 0T, HHEW 10 KB A HTEHILE.

3 4R5vH

2.1 HHEE SRS EDCIREMEER EDC RUZM TR E RIS, 625 ADM LB R
LA O-BEEERR P E 44, NHS Be A8 i f AR 0 o 1) 44785 BB 5 [0 7 (6] ¢ NHS BE, 55 ADM LI
ERNE BB . AT

'EEHEARTRARBETR (863 HE1) FE %5 (2001AA326090)
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(o8 o] o

" NHS " ADM-NH, "
EDC+ADM-COOH —EDC —O — C—ADM NHS—0O— C—ADM ADM—O— C— ADM

e
o
{8
s
8
2
g

0.096 ™ if: £
o H

0.085 & J10
o | o

0070 a —v— modifing index ::

° 20 “ % ® 0w s . - o . .

concentration ot EDC(mM) o 20 L] ] . 80 100
. concentration of EDC(mM)
B1hEXASES EDCREMXR B2 W45EE S EDCREMXFR

A 1 AT, BEE EDC WREMNHM A AEENEERD, SEREEMm. EDC MMM, RN
FAAT, FYIREBIEIN, pADM PRRE SEEE KBRS, MW EBEESERD. 3 EC K
FEM 10mM 33 30mM B, SEsR¥ied 0. 8%IME 25. 0%, HBEESEREME, kEMBENBT
P& XREHT pADM PRESRERERNKNAMEEMEERE, TEBRTFHEE QAN SRR
FHEWER, RESENBEBRENEBRENEEAEHERN. EDC RERIEN, XNy
REBE5RN, MNNEMEHRRAPYE, RN EESE. 4 EC 3B —cBEE, BuR
A IR BERR AL (R S B L AR ZIAT, TN EDC BRI, RIVERMIE. BT ADM
FREERNGRZENEELEELERY, BURNEEEF—MERME. /SRS EDC i
wE, HHERROHTEE.

2.2 WAERAE S EDCIREMXR M 2 AT, ZE@AMMKHT, B EDC 7k M OmM 3403 100mM,
Bt pADM HIMIARIEAE (Ts) M 59CHIR EFH] 79°C. M OmM 3 30mM e 3in BE R RS TE, 40mM
DU TFE, MR RGSERERM. AR L, RESEERNARBIER, RT AM
ZREZEER, EREWEMIEE, =W RN EDC-pADM B BIFRHEHEEH . R, BENE
DBEEATs 2 M AHFENBHENXR, BRERFAROTBREE (RINEENRKD), HREE
FEERIBEHIATs . BRI S RASBRE RSB X, RRR ST REREEERT ADM ZHiiase
BRI — R . — AN, TR R Ts MRER AR, 34 R IR B EDC
BMERY, BEERIEMRENEXATRROR NI, AR RBRE RSN, SHER.

AR RUR R E I Y B RN LA B>, SR T B . IR B BHE . BUE R
RIBERESEXT ADM (ST - A B EE U 25 EDC Sedtk 77 100 MR, 3L Ts IE—MERIE.

a
]
s

{2
g

>
3
A1 / i i -1
&
elongation at break(%)

8
]

Labidadada)
2 &

SN

@
3
snslie strength(MPa)
CunLLNBNACIIRNBEGRSRD
PEAARARRRARARART
3

L
Aad o
)

—A-llon?alon atbreak
—e— Wnsile strength

y — - T
20 “ 0 0 100
50 T 1 — T ¥ —— . concentration of EDC{mM)
[4 20 40 80 80 100
Concentration of EDG(mM)

B3 sl EDCIRBERIXA Bl 4 EDCWRESTIKISE. MR KR FAXR
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2.3 Bfifa 5 EDC WREEMIER AWM EHINRTDRESS AR A REZKEH. AMETRA
FRBATIR, MEZA. BEZAEEBRKNES, MTHESEMELY M= EREWH. B
B3 EEY, BATS, Silfbis EDC MM NTIgnmkas, ERERERNERAK. B
F ADM H—2 R, BERFRFIEREENER T hshmpiy 8, FEEE RN . EDC B
S {3 ADM R (75 HEEEE

R, MR ADM BOYREEAES R, MRS R R NAEIMA. BT EDC R RA, ERRRET, &
TR EMEEEE FERNEL. TIRERRENEELNSEKRENRRTEE—EEZHM. &
KERREINOBRE, BT ADM O KETREBAL S, BTABKRERRMAEEDSFER. B
_ 8 (RN B B R T RS K MR, XPAPRMERER=AE T AR M, Hba LEZ B E Tkl
| REMERE, FHENE AR ENRE.

2. 4 HikIR . WiBMB KR 5 EDCIREEMXR T EDC St RN 2tk RE, BRMALE—. AA
A", EDC BbEREB AR IIBIIKIRAE . PGS TE R T B i BbcEE, 3n T AR A EEIOIRES .
BENANBESEES, —M R AREIRER EDC S THEIKEE, BETSHERE; 5
fRFR N R T T S BN S8 . BB 4 ATLUEH, EDC IREERMRR (0~20mM), Bl EDC ¥k
BERUBGIN, HISKIREERIN, BES (20~40mM) EA(RIFHXHEREME, BJREEKT 40mM 55 B FFK.
TR R AT AE Y, B WTR R R AR, R, FORHETER . ADM 2 IR AT 4
MATR, BEEARMENRES. 2 EDC REEBARRT, Hrim4 i@ s ESEM, gt
WINT B4 FRACBERE, FAESSEWEMRE, ISR, ATPiTKkERENE
M. SRR — R EmEE R TR, LR AR R, G4z 9% KA
FEAE RN R IR, M N SR B AR o 3 T AL T SO BE X T AR

2.5 EDC-pADM (RS MILE BB BRI R, ADM HRRBRA LA PIREH, FHK
B AT GBS, YR RIFEE A KAV IZER, FERIRASHN T HE ARG FLAE . ZTBR A AR
FHRRIAELRYMN, EAREE. ZERIMEZ MR E LA FERRERN, XFERAEE
Wi sE BT R . — RS, S RHFLERY SN JeaE A BR LS R, OnM. 30mM. 50mM.
100mM EDC FLEE4> 5K 36. 44%. 34.30%. 36.49%. 36.77%. HHyEM5 0~100mM EDC-pADM FIFLEE
351K 33%. 36%. 40%. 36%. 40%. 36%. 36%. I OmM FIFLEIRIK, RIAERHTHHA EDC STHRAE
i, EREEREEPEETWYE. RERE EDC St ADM FLERERIA K, AT HER FE bk e &
BN EE R, M ARE EDC ¥R BE R I =4 B BRI R LSRR A SRR LR AR
B HELEHIE ADM 2@ N iRALEE, DMERERSRA e, RAmILE.

5 s on ——
3 & _ ' -
WX A FIVREE T EDC Btk pADM ZEAMEREAI LB R BL, Bl EDC IRBEMMEIN, Betkiesk. W4mimE
BEFE, RIERREAERRETABRRN. AfE6. AERALRNE RS, NEWKE EDC Sttt
FALEZHAAE. BAKE, FRAKRMEE, S 208, RUT EDC ZTHE HI ADM 5RK
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REH BTREAR, X0 B FARHA R P A AR . St G AR T S SR R Bt 1, T dik R
FENRSEHEIMIE AR . il R MR ERNGRE S, BRFMFEEE, LA EDC R,
FLWHILERRY, MR 30mM B RA BB RN E R IF W44 A . BT EDC Btk fer=
A K B B R AL SRR BN A R AT B, BRI O B PR . LR FRATAT LRI EDC 35 AL B0 5t (s 5,
MARARERLBMYR, FXBEEETREEENRE KA. Bf DESASE KRR TE
AL, 33— 3% EDC-ADM 35K PR .

7 e Som B8 g 100n

SR

(1] 5K SO T 40 P e JR B SR (R T S 0 B . L 1 B 2 A M B 2 TR 4311, 2004,27(2)2:127-130

(205K 3L, W30S AR 40 2 B 6 IR (T S P L 1S 2 A W B 2 AR 411, 2005,28(4):241-245

(3] B4 23500 IR 0 55, J IR R HLE 4 T AR p O RE R B 346 T, 2004, 21(5):24-29

(4] {514 T bk, 0 28, S e SR 1) B 2 I FR L % B Tt A B 2 T2 5516 5K, 2004, 8(1): 45-48,52
[5] Heather M.Powell,Steven T.Boyce. EDC cross-linking improves skin substitute strength and stability.
Biomaterials. 2006, 27: 5821-5827
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= HBHMS S FREKRIE R A FTIE
MR BWNE RER
ETERNEEYERP L, BRAATER 710049

WE: AGIAEFTAENTE, AREESEFNRZ X Fe0 BEM: SR F T RIS, I
TR T 5150 (KPS) MR Z0%, KRABSUEMIBREEHIE T URLE. WEBE. WG
SBRY AR S TR B RS FHER, HARFEME. PHEEE BN (SPD., 4
SEMAMRE SN (FTIR). FRBIAEDBREIRTT (VSM) DLRIREIAL (TGA) IPHEHESER it g8k
ITTRE. FRER: ZEHERHER S THEREWRAN, B08ET, BMEERA 1~6um,
FHRARY 3. Tums BN, WHBALREN 11.962 emu/g, MESER, 4 21%; REAEF
R R AE B R AR

XKW BMERSTHER: =oRE; AERE

1 515

B R T985R (Magnetic Polymer Microspheres, PMMS) & —Fb¥i R MIThEE R4 FHEEL,
EEEDEAN T EEREIRS FS TS AL SRR NS — BBt RSB &1 %
R, BHHEFINMHREER S THEROASF MBS, EHRFNAEYTRE. EYEXTR.
SEITE. BREFZUREMIESHESTIRE RN MONEN R, W2IENIEEREE.
EERFRAT, MRS FHRFESAR. BAK. FUE. did. ERESEYYREE, HLE
BN HIRBAT RE B, X LREIMRENT R, BENRD: BidThae Akt RTT U EEE 3
RETHDRENHSER S THER, BRFEHMETUEBESEMYREE, hkRery, Himk
AR A. BET, SHREOFEREY. B2, BEY. SE" 1685 ORPEMER 1A S
B. REEDEN, BRRESEYMRNGSEXNE: BRESEYYIRBELNEAREER, BiE
B BERNEERE, BEBEIRE. RERMUTHTIA™Y, EEEEFRNESES, RELS
EVYRNEEER, RETE. RESRE, BERNESTHEES TRERNERE, $9157
LA Fe:Os BEMEGUKRL T MK, K2, BB . MBS THEBY AN E BREENRE W
R THER.

2 SERFY

2.1 ARG Fe0 MK (20nm, MERAE), RIUMEERTFSARRME, X284 (St), CP,
BEARILERNERAT, WERBREMEN; WEBE (A, AR, #0453 Anresco;
PR (AL, AR, REBALSRF = i BRMH (KPS), AR, 76 222535, 32 Z R 4000( PEG4000),
LR, #AGHET.T.R.C; T4 HBAN (SDS), AR, Xiamen Sanland Chemicals Company Limited;
FTKZEE, AR, FHLR=JHRAILT); NaCl, AR, FFHAEXUITHBATIRFM; NaOH, AR, Foit
RS RF B BT h —IREHK.

HEFEEYES: (KS-3200DE, {THELD; Yo EBHEE (OLYMPUS BX40, HZ); st B
(NTEGRA Prima, RZFHi); (@M AL I (IRpresitge—21, HA); Wk RSt
(Lakesshaore 7307, E[E); HEHT{X (TGA/SDTA 851, H+).

2.2 HMRYFHIRNER

2.2.1 FeOa AN FIIBALE # 0.2g Fe0u My RFE—ERENRZ _BKERES, BES
B 30min J5, A 4mlKPS KW (5%), HA4E 5min, BE 20h 2245, MMAJLE 1% f SDS LK
St WZEEHW, BEEHS, £H.

2.2.2 WHRITHERNEE E— B ZERKMASIHE S, FRE 70C, BES, ER
FT A 1gAAM. 0. 1gKPS R JL# 1% £ SDS, 20min J5, MA _LARFUALEE AR SR ELR 0. 2gNaCl,
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BEHHEE 300rpm. 30min f&, HIA 0.5gAA, F Imol » LNaOH YW pH M, {745 70°C RN
10h. PYRIFREIM, B BB BV, JEH ZRR = RSk R Yk, FAvkEhRE i 24h
PABRE R BN Fes0s, BRI ZREBAKKZEFHE, T4, HF.
2.3 HEMERA TIERFRAE
2.3.1 REEERIKREMIE FAFESMEF SPM WERMER IR TA &AM 0 5 R
Koo FeHEVER S FROR O BIRRORAEI N b, TR, 2 B RSRAE 2 S0 2236
R R TR, KATKZERER, AFRS, B 10u L BT =R, SETFRE, F SPH
2.3.2 GHRHERMIGEBMIE A FTIR (KBr EH) KRB RD FREROSEH R LR
ThReEEE, HRE T FesO HEEDAAL T LUK PSt/AAM/AA R FHERGH, 1ERRH. .
2.3.3 WAHRED T3 MALRMNE MR FHEROBLIRE ARSI BREEH (VS M
‘ W, B3R BEBERAL A — 10KG~ 10KG; FF HEE AT (TGA) U 5E T BEER ™ Fes0s
KEE, ERSSERT, M 25CHERS 700C, BEIFHEEE R 10°C /min,
SUIERE A 30ml/min.

3 ZR5itie
3.1 MRS THERIEE. REXDRESE B 1 ABIRE BMER K (1) L& SP
MOMRE ), NETATLUES, BERPREANN, 2R, RELE, BABME. B
SPM BRI HHEM, KBRS H 1~6un, FHRBEL 3. Tun.

Fig. 1. Optical micrograph and SPM photograph of magnetic polymer microspheres

3.2 WIMERA THIRMGH RLRTINEEREE ME 2 (b) SR LLES], Ta M B 5 FHORTE 540cm™
R — AR, GEBIMIER T & Fe—0 B, FRA FesOs (NFEEE, T 2 (a) A Fe-0 [RITg i,
Bl 2 (o) O FesOuBEHEGARRLT 1) IR I, IH7E 561cm™ kb —ANERIG Fe0 Wlicie, HoBER] 2 (a)
M 2 (b), ATLIFER], PSt/AAM/AA BEHERSS TE4ERES T 75 540cm™ kb —A Fé-0 Wb, Hee
WA ERGREES PSt/AAM/AA B4 FRIGREEAMML, WOARIRSE M5 /N THMERMEE, 7
698cm F1 756cm ' &b BN K IR, X EIRIG C-H M5 MRZhIE, FIRZE 1450cm™ F1 1490cm™ &b
BRBAIR B, X E 4RI, 7E 2850cm™ &1 2920 o Ab PR Wi 0 Ky AN C-H B
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Fig. 2. FTIR spectra of (a) PSYAAM/AA microspheres, (b) PSYAAM/AA magnetic microspheres and (c) Fe;O, magnetic
nanoparticles
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Novel Delivery System Based on Sanguis Draxonis: Preparation and

characteristics of the Insulin-loaded Sanguis Draxonis Nanocapsules

Zhenging HOU  Xinjuan WANG  Shefang YE Qiqing ZHANG
Research center of biomedical engineering, Medical college, Xiamen university, 361005, P. R. China

Abstracts: The Sanguis Draxonis (SD), a traditional Chinese herb, have been proved to be a good
material for oral insulin delivery system, the insulin-loaded Sanguis’ Draxonis nanocapsules (ISDN) elicits a
long-term hypoglycemic effect significantly after oral administration in STZ-induced diabetic rats; however,
the preparation of ISDN remains to be further improved. This study was performed to investigate the
characteristics of ISDN obtained by the modification of deposit technique, the new method is avoid of
costly step of ultracentrifugation via using the B-Cyclodextrin as excipient and dispersant. Results show
that the average diameter and insulin-loading efficiency of ISDN were 134421 nm and 74.6%,
respectively. ISDN demonstrated gastroresistance and disintegration in the intestinal fluid at 37°C. The in
vitro ISDN exhibited a controlled insulin release for 2 days. In conclusion, ISDN prepared by our modified
method had well defined characteristics and the new method is very easy and less costly way for the large
scale of ISDN preparation.

Key words: drug delivery, Sanguis Draxonis, insulin, nanocapsules, preparation

1. Introduction:

A successful formulation for oral delivery of insulin would have to overcome two main barriers
against the drugs: the enzymatic barrier of the gastrointestinal tract and the physical barrier made of the
intestinal epithelium. For such a reason, the design of drug delivery systems, which allow for overcoming
these problems, represents one of the most innovative aspects of modern pharmaceutical technology. In
particular, micro- and nano-particles have been found to succeed in preparation of sustained drug delivery
systems 2 many biomaterials have been evaluated for the development of insulin carrier for oral
administration™®),

In our previous work, we have developed an oral insulin formulation based on the Sanguis Draxonis
(SD), a traditional Chinese herb also called Dragon’s Blood or Resina Draconis processed from the
resinous extract of Dracaena cochinchinensis (Lour.) S.C. Chen (Agavaceae) in China. we investigated the
preparation of insulin loaded SD nanocapsules (ISDN) by deposit technique ', ISDN are shown to be
promising candidates for oral insulin administration, the effectiveness of this system in delivering insulin
was evident from the observed hypoglycemic effect upon oral administration of ISDN in the diabetic rat
studies. The blood glucose levels in diabetic rats were lowered by up to 47.3% for more than 2-4 days.
However, the process of preparation of ISDN include ultracentrifugation step, which often results in the
adhering of ISDN, the aggregation of ISDN is difficult to redisperse in aqueous solution, because the
outside shell of nanocapsules is made of SD, which shows a little bit of soft and sticky in the fresh prepared
ISDN.

Aimed at resolving this problem, we select the f-Cyclodextrin as dispersant and excipient in order to
prevent the aggregation of ISDN from each other. B-Cyclodextrins are torus-shaped cyclic oligosaccharides
made up of several a-1,4-linked D-glucopyranose units. These molecules are capable of forming inclusion
complexes resulting in increased aqueous solubility, enhanced drug stability, and masking of unwanted side
effects. B-Cyclodextrins are also reported to convey controlled release properties to certain active
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ingredients 18],

2. Materials and Method

The Sanguis Draxonis (SD) was obtained from Xia’men Guanghua pharmaceutical company.
Dextran-70 was from Pharmacia (Uppsala, Sweden). Short-acting porcine insulin (26.8 IU/mg) was from
Xuzhou biochemical plant (Xuzhou, China). B-Cyclodextrin purchased from Xi’an HongChang
Pharmaceuticals Co., Ltd. All other chemical substances are of analytical grade.

ISDN was prepared by modification of deposition technique. In brief, SD powder (3 g) was dissolved
in 100-ml ethanol (95%), and then filtered. Such SD ethanol solution (6 mi) was added slowly to a 100-ml
milk-white colloid suspension (pH 5.6), a mixture of insoluble insulin nanoparticles (4 YU/ml), Dextran-70
(0.25% wiv) and Tween-20 (0.25% v/v). The gentle agitation was kept under room temperature and aseptic
condition for 30 min followed by addition of 20% (w/v) of B-Cyclodextrin and further stirring for 5 min.
The mixture froze at -20°C and lyophilized, then oral formulation of ISDN was obtained. Insulin-free SD
particles were prepared in the same way in the absence of insulin and used as control.

The quantitative determination of insulin in ISDN was performed by reversed phase HLPC method.
Chromatographic conditions included phenomenex C18 (4.6 mmx250 mm, 5 pum) and mobile phase
consisting of a mixture of 0.1 mol/l trifuroacetic acid (pH 3.0) and acetonitrile in the ratio of 30:70. The
detection wavelength was 210 nm at a flow rate of 1 mV/min. The temperature of column was 30°C. A
standard curve was constructed for insulin in the concentration range of 5-200 pg/ml. A good linear
relationship was Y = 19400X-61400 with correlation coefficient (r = 0.9999). The standard curve was used
for estimating the content of insulin in the ISDN and the dissolution medium.

The insulin encapsulation efficiency was calculated as follows:

Insulin encapsulation efficiency = Xt/Xi X 100%

Where Xt is the total amount of insulin capsulated in nanocapsules; Xi represents the initial amount of
insulin added in the suspension.

The average size of ISDN (sample is the ISDN solution before adding the B-Cyclodextrin) was
estimated by using a laser particle size analyzer (LS-POPIII). The morphology of the nanocapsules was
observed by transmission electron microscopy (GEM-2000EX, Japan) after being stained with 3% (w/v) of
the phosphotungstic acid.

The in vitro release of insulin from ISDN was carried out by using a shaker under physiologic
conditions at 37°C with a shake frequency of 50 times/min. The lyophilized ISDN powder (1 g) was
transferred to 100 ml volumetric flask containing 50 ml of 0.05 M phosphate buffer (pH 7.4). At appropriate
time intervals (1, 2, 4, 8, 12, 24, 36, 48, 96 h), the sample in 1 ml of aliquots were withdrawn, the flask was
replenished with 1 ml of fresh aqueous phosphate buffer, each sample was ultracentrifugated at 20 000 rpm
for 60 min. The supernatant was separated and assayed by HPLC for determining the amount of insulin
released from ISDN. The following procedure was carried out according to the method mentioned above.

The stability of ISDN in simulated intestinal fluids was appraised by the amount of undegraded insulin
in nanocapsules after 30-min incubation of ISDN in simulated intestinal fluids at 37°C. Three simulated
intestinal fluids were prepared as follows: (i) pepsin (10 BAEE.U/ml) in 0.05 M glycine buffer, pH 1.4; (ii)
trypsin (7500 BAEE.U/ml) in 0.05 M phosphate buffer, pH 7.9; (iii) a-chymotrypsin (26 BAEE.U/ml) in
0.05 M phosphate buffer, pH 7.9. Standard ISDN powder was dispersed in an equal volume of each
enzymatic solution and incubated at 37°C for 30 min. The incubation mediums contained 15 IU/ml of
insulin. The amount of undegraded insulin in nanocapsules was determined by HPLC method as previously
mentioned. The result, the remaining amount of undegraded insulin, was expressed as a percentage of the
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initial amount of insulin in nanocapsules and calculated as follow:

Percentage of the initial amount of insulin= Yu/Yi x 100%

Where Yi represents an initial amount of insulin in nanocapsules; Yu is the remaining amount of
undegraded insulin in nanocapsules.

The free insulin mixed with insulin-free SD particles, considered as control, was dispersed in the same
volume of each enzymatic solution at an insulin concentration of 15 IU/ml in the same experimental
conditions as mentioned above.

The results were expressed as mean + S.EM. and were analyzed by Student’s t-test or Dunnet’s
multiple comparison tests. Differences between groups were considered significant when P < 0.05.

3. Result and discussion

The nanocapsules were generally spherical in shape. The nanocapsule consisted of two components: the
outside shell of nanocapsule and the sphere-like core (Figure was not shown), similar to those obtained by
our primary method. The size measurements demonstrated a normal distribution profile characterized by a
moderate size distribution. The average size of ISDN was 134 + 21 nm with a range of 62 + 13 nm as
compared to 184 + 24 nm with range of 69.6 + 16 nm of ISDN obtained with our previous method (p =
0.03 n = 3). The insulin encapsulation efficiency was 74.6 + 10.8% as compared to 69.6 + 5.6 % of results
of our previous work (p = 0.08 n = 3), this fact could be explained assuming that the majority of ISDN
prepared by the new method were single dispersed spheres, instead of being conglutinated together in the
form of aggregation, because the new method is avoid of using ultracentrifugation step. Besides, the new
method also omitted the step in which the deposits from ultracentrifugation were washed with an acidic
aqueous solution (pH 3.0) to get rid of insulin nanoparticles, because the SD was added enough in our new
method to encapsulate insulin nanoparticle completely.

The stability of ISDN was shown that free insulin mixed with insulin-free SD particles was markedly
degraded after incubation with proteolytic enzymes for 30 min at 37°C. However, when ISDN powder was
incubated in three enzymic solutions, majority (86.3-92.4%) of the initial amount of insulin was preserved
(n = 3), which slightly higher the previously reported results, but no significant different indicating that
ISDN was gastroresistance and disintegration in the intestinal fluid at 37°C and the insulin must be located
in the core of ISDN and protected by the outside SD shell.

The release profile was characterized by a low burst release, with 4% released within 1 h, 10% within 2 h,
42% within 24 h , 84% within 48 h and near zero order drug release after a lag of 2-3 days (n = 3). The
release is somewhat biphasic with an initial burst effect, followed by a subsequent slower release. The
encapsulation efficiency of insulin was 74.6%, but the raw suspension was used without further purification
for preparation of ISDN formulation. This means that the ISDN formulation contained 25.4% free insulin.
The fast release during initial stages is attributed to free insulin attached to the surface of ISDN and the
B-Cyclodextrin, which was different from the release characteristics of ISDN (no initial burst release)
prepared by our previous method, this might be due to the reason that free insulin attached to the ISDN
surface was washed away with an acidic aqueous solution (pH 3.0). Both release profiles of ISDN before
and after storage did not show much variation suggesting the physical stability of the ISDN (data was not
shown here).

4. Conclusion

In conclusion, the results of this work suggest that ISDN prepared by our modified method had well
defined characteristics and the new method is an easy and fast way to improve the aggregation of ISDN,
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using the B-Cyclodextrin as dispersant and excipient. The main advantage of using B-Cyclodextrin is
capable of absorbing residual solvents concluding surfactant, so the lyophilization of ISDN solution was
carried out very easily. Moreover, in the preparation of ISDN the ultracentrifugation step is not necessary,
thus the process is less consuming in terms of time and energy compared to our previous method.
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