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Abstract

ABSTRACT

Controlled-release microchips are designed and fabricated based on
microfabrication techniques, which have the characteristic of subminiature, intelligent,
integration and controllable. They are a new class of controlled-release systems for
drug delivery. Their small size, potential for integration with microelectronics, and
ability to store and release chemicals on demand could make controlled-release
microchips useful in a number of areas, including medical diagnostics, analytical
chemistry, chemical detection, combinatorial chemistry, microbiology, and, more
importantly, therapeutics. Although the microchips have the ability to store and
release multiple chemical substances on demand and the advantage of easy to
industrialization, the process of the fabrication is time-consuming, especially the
process of drugs deposited into the reservoirs. In this paper, we combine conducting
polymers-Polypyrrole (PPy) with microchips to generate a new class of microchips.
Polypyrrole have the ability of controlling drug administration through electrical
stimulation. Devices for this study have the advantage of loading drugs conveniently.
achieving many complex release patterns. having good cytocompatibility. The main
work included as following:

(1). A solid-state silicon microchip, consisting of an array of microelectrode, was
fabricated with microfabrication techniques; (2). PPy film doped with drugs was
electrochemically deposited on each the gold microelectrode on the microchip; (3).
The release of drugs was electrochemically controlled from conducting polymer
polypyrrole coated microelectrode, the relationship between the release potential and
release velocity was also studied; (4). Evaluate the cytocompatibility of the
microchips;

It was found that: (1) A controlled-release microchip, a 6x6mm square silicon
device, containing thirty-six microelectrodes on its surface was prepared. Each
microelectrode made of gold has a size of 150umx150pumx>0.3um. (2) SSA doped

polypyrrole controlled-release microchips. ATP doped polypyrrole controlled-release
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Abstract

microchip were prepared. (3) In the case of step potential stimulation, the release
velocity of drugs incorporated in PPy was not only controlled by adjusting the
reduced potential, but also the controlled-release microchips can work in a pulsatile or
continuous drug release manner. (4) Improvement the stability of the controlled
release microchips by bilayers PPy with PPy-drugs as inner layers and PPy-NaCl as
outer layers, at the same time the release rate of drugs were changed accordingly. (5)
The microchips have good cytocompatibility.

Key words: Microchip; Electrically controlled drug release; Polypyrrole (PPy);

I



H %

BB ZEID st sas e saes 1
Bl B srerrerrnenersessesssssssssssssssssssssssssssstasssssssssessssssssssssessasssssessessssassssssassasssses 1
1.1 BB S BIIR IR G oo vereeeressrsssssssssssssssssssssssssssssssssssssssssssssssens 1
111 BREAERIRE TR GIMEIR oo 1
11,2 BBEIRKEIE I 2 e 1
I IR i o b =3 = 4
1.1.4 BRI BHEARIIVE G oo 6
1.2 W R ARE IR P HIRL A cooveerreerscnrrineissinnisnsnssssssssassssenens 7
1.2.1 BHLE R GEHARREIRE TN e, 7
1.2.2 L R G HRIE 2GR L e, 9
1.3 SBES S FREMUEELMBMTUIREIRA ceeenensnninee, 13
1.3.1 ZRHEn% (PPy) MG HRT s S L] T 25 R S B 14
1.3.2 PAZRAERE A BARBEAT Z9WRETBII ZRIR oo 15
1.3.3 DAZRMLRE A 2 ) A AT 25 WA DR TBURI B e 16
1.4 KSR B EEAREE ccovccrcrcisssssssssssssssssssases 16
1.4.1 HATZE T BIPEP ERR oooeeeeeeeeae 16
1.4.2 AVE SR FEH e 17
143 FE BT TE IR oo 18
BB TTRR cuovvereeerersenssenssssssssnesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses 19

BT A RBSIEREMEEMN e 24
Bl B rrerreernesenserssessssssssssssssssssssssssasssssssssesssssssssssesssssssssessasssssssssesssssssses 24
2.1 SEBEEBIT covrerrersensnessesssenssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses 24
21,1 SEIEART BARR v 24
2.1.2 FES T BT EARBEFUIIHI AR oo 26
2.1.3 [E RS H K BR IK SRS 25085l (PPy-SSAZGHIE ) (11 #%

............................................................................................................................... 27
2.1.4 [E =R MR K R E 25908 7 (PPy-ATPZGHIE ) (1 #%
............................................................................................................................... 28



H %

2.1.5 TEMEIE 2500 A BB R e 28
2.1.6 ZRMEIE 250 B R A s 28
217 AEIRARZEMIR oo 28
2.1.8 FEEE K BAERBRUE I ZEIIRIVE oo 28
2.1.9 =R IR FRAE BRIV oo 29
2.1.10 FFE KR FELIZ BRI TC oo 29
2.1.11 TESE KGRI ERETBUTE T oo 29
2.1.12 = RR IR L BRI TE oo 30
2.2 SEIRZEIR ...t sass s s st s s n s s seees 30
221 EEMBEF TR oo 30
2.2.2 kS R S R B S A RS T BRI 31
2.2.3 ZEMERE 254 R oA AR T BB IR 31
2.2.4 FRMERE W00 A AR IR 33
2.2.5 AEIRRZEHLE oo 35
2.2.6 TEFEIKIIR TAEBHZR oo 37
2.2.7 ZREERIREF TAEHIZE oo 38
2.2.8 PPy-SSAZHWI FIREZIIIFTT oo, 38
2.2.9 HJZPPy-SSAMIXUZPPy-CI/PPy-SSA (JEFELL 1/10).
PPy-CI/PPy-SSA ~ (R 1/2) HITEBEIHE T oo, 49
2.2.10 PPy-ATPZGYIES FrBE LG T cooeeeeeeeeeeeeeeee e 50
2.3 ZEBRITIL oot sssssss st sssssssssssessssssssssessssssasssasses 54
231 RSB ZGPI IR IR oo 54
2.3.2 TMEME I R 45 2 BT B 55
2.3.3 SEMA B LS AR 29D TEUI R 3R 56
2.3.4 BT EE oo 57
BEZETTHER cooverererrressnssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 59
FoE BRI oeereerressssresssssssssssssssssnns 61
Bl B eeeereeersessnsesssssssssssssssssssssssssssssssssssssssssesssssssssssesssssssssessassssssssessassssses 61
3.1 SEIEEBAY couverrerressenssenssssesssessssssesssessssssessssssssssessssssssssssssssssssssssssssssssssssess 61



H %

3L S R T A ettt 61

3.1.2 ZHBEIE TR T T ARFUTEI oo 63

33 TR oottt et 63

B LA IVITTSZIE oot e s s s es s saeaes 64

3.2 SEIEZERR .oooeoeeeeeeeeeeesesessssssssssssssssssssssssasasssssssasssssssssasssssssssssssssssans 65

3.2.1 ODIE S REBEEEETTZE oot 65

3.3 T ceeveeerrensensnsnssssssssnsassssssssssnsasssssssensassssssssssnsassssssssnsssssssssensasssssnssontios 69
] U e o e L ] - 71
B0 TEZELEI oo eeeteassssssesssssasassssssssssasssssssasasiesassesentasssedsnsasassssssnsase 71

4.2 FFTT IR IER cooeeeeeeeeeeeseaseesssssnsasessssssssssasassssssssnssssssssesenstanssssssnsasssssssnsasans 72

AR HAIB) L FRIB STIE I cveeevenreenesssenssensssenssssssssssensasssssssssnsassnsasas 73
BIET oeveeeeeeeeeeeeeseeeeseessesessessessessossossessessonsesssnsensensessessenssssssnsnssns 74

VI



H %

Contents

CHAPTER 1 INTRODUCTION.....ccccvveereeereemseemmessssssssssssssssssssssses 1
PREFACE ..uuuinueininiuensnesnessnnsuessnnsssssssssaesssssasssassssssssssasssassasssasssssssssssessassasssassssssns 1
1.1 THE REVIEW OF INTELLIGENT DRUG CONTROLLED RELEASE SYSTEM ....... 1
1.1.1 General summary for intelligent drug controlled releae systemi............ 1
1.1.2 The category of intelligent hydrogels ...........ccceevieeniinciiininniiiiieie, 1
1.1.3 Intelligent drug controlled releae System..........ccceeeeiiecieiiniieeciiieennens 4
1.1.4 Current problems and proSpecCts..........cccueeeueeriieiuiinieriieeeniieeieeneeeeveenns 6
1.2 THE APPLICATION OF MICROFABRICATION TO DRUG DELIVERY .ccecueeesesesnees 7
1.2.1 Introduction of the Micro Electro Mechanical System ™% .___......... 7
1.2.2 MEMS technology for drug delivery.........ccccveeeiieeiiieeeiiecieeeee e 9
1.3 THE APPLICATION OF POLYPYRROLE(PPY) IN DRUG DELIVERY SYSTM.....13
1.3.1 The structure characteristic Of PPy ......cccocovviiiiiiiiiiieeeeee e, 14
1.3.2 Controlled release devices based on PPy.........cccoccvveiiiiniiiniiniicceee, 15

1.3.3 The controlled release mechanism of PPy based drug delivery system

............................................................................................................................... 15
1.4 MAIN FOCUS OF THIS THESIS «.ccovuerueesuessuessasssessaessassssssassssssssssssssassasssassssssns 16
1.4.1 advantages and disadvantages of the controll-release microchip ...... 16
1.4.2 The pursuit of this thesiS .......ccccccvieriiieriieeeecee e, 17
1.4.3 Main focus Of this thesis .........ceoveriiriinenieniieceee e 18
REFERENCES ..cciiisuietnssnnssesssessessaessassssssssssaessassassssssssssssssassssssasssssssssssessassssssace 19

CHAPTER 2 PREPARATION AND PERFORMANCE

TESTING OF THE CONTROLLED-RELEASE MICROCHIPS

......................................................................................................... 24
PREFACE ..cuueiiiiuiiininnicnsnnicssnnicsssnecsssncssssessssssssssssssssssssssessssssssssssssssasssssssssssssssnes 24

2.1 EXPERIMENT ucccueicsuecsssecssnsssancssecssncssasssassssassssssssssssassssasssssssassssassssassssassanss 24

2.1.1 Main reagents and apparatus..........cceeeeveerueerieenieenieerieeneeesseeseeenseenenes 24

Vil



H %

2.1.2 Fabrication of gold microelectrodes array on a silicon chip................ 26
2.1.3 Preparation of SSA/PPy miCrochip........cccceeevieviieniiiniieniieieeieeeeee, 27
2.1.4 Preparation of ATP/PPy microChip .......cccvveviiieeniiiieiieecie e, 28
2.1.5 Digital photos of PPy microchip........cccceecvierieiciieniiiiieiecieeeeeee 28
2.1.6 SEM images of PPy microchip......c.cccceeeiiiniiiiiiiieie e 28
2.1.7 Cyclic-voltammetric curves of PPy .......cccooviiiiiiiiiiiiieiee i 28
2.1.8 standard curves of SSA by fluorospectrophotometer................c...c...... 28
2.1.9 standard curves of ATP by biolum inescence..............ccccceeiveiureninnee. 29
2.1.10 Cyclic-voltammetric curves of PPy ......ccccooviiiiiiiiiniciiiie e 29
2.1.11 Electrically controlled release of SSA from the microchips.............. 29
2.1.12 Electrically controlled release of ATP from the microchips............... 30
2.2 RESULTS ecueeesueessnecsaenssnesssnsssnssssnsssnssssnsssasssecsssasssassssasssassssssssassssssssssssassssasses 30
2.2.1 The schematic of microelectrodes array on a silicon chip................... 30
2.2.2 Digital photos of microelectrodes array on a silicon chip ................... 31
2.2.3 Digital photos of PPy controlled-release microchip .........ccccveeenneennee. 31
2.2.4 SEM images of PPy controlled-release microchip ..........cccceveevuennnenne. 33
2.2.5 Cyclic-voltammetric curves of PPy doped with drugs ........................ 35
2.2.6 standard curves of SSA by fluorospectrophotometer................c......... 37
2.2.7 standard curves of ATP by biolum inescence............cccceecvveerveeenreennne. 38
2.2.8 SSA controlled-release microchip release studies .........c.cccceevveennennee. 38

2.2.9 PPy-SSA and PPy-CI/PPy-SSA controlled-release microchip

Spontaneous release STUAIES. ........oeviiiiieriieiiieiie et 49
2.2.10 ATP controlled-release microchip release studies.........c.cccecveeeennennnee. 50

2.3 DISCUSSION tuuersuesssecsssesssnssssesssacssassssssssassssasssssssasssssssssssssssssassssassssasssssssases 54
2.3.1 Mechanism of electrically controlled release drugs from the PPy ...... 55
2.3.2 Caculation of the thickness and the mass of dopant of PPy ................ 55

2.3.3 Influencing Factors on electrically controlled release drugs from the

PPY-SS A ettt ettt 57
2.3.4 Application prospect of PPy controlled-release microcip ................... 58
REFERENCES...cccsstesssesssecsssesssnsssaesssacssassssasssassssassssssssssssassssasssssssassssassssasssssssases 59



H %

CHAPTER 3 EVALUATE THE CYTOCOMPATIBILITY OF

THE MICROCHIPS ...cuuuuiiiiiiiiiiiiiiinnnnnnnntnicccssssssssssssssssssssssssssses 61
PREFACE ..uuuciuiernensnennesnnnsuessnnssnsssnssnessessasssssssssssessassssssasssssssssssessassssssassssssssssaess 61

3.1 EXPERIMENT wuuceesueesuecssecssncsssnsssnssssasssassssssssassssssssssssassssassssasssasssassssassssasssns 61

3.1.1 Main reagents and apparatus.........cccceeeeeuveeerieeesiuieeniieeesieeeereeesree e 61

3.1.2 Preparation of regents for cell culture...........ccceeveviiniiiiinieniiciiinn. 63

3 1.3 Cell CUIUTE ... e 63

3oL MITTT Sttt ettt 64

3.2 RESULTS ceuueerueesucsnnssesssessacssessasssassssssssssaesssssasssasssssssssstossossassssesssssasssassssssase 65

3.2.1 OD value and evaluate the rank of cytocompatibility ............cccoene.. 65

3.3 DISCUSSION ueeeuceserssesssessacssessaessassssssssssassssssasssassasossossassssssassssssassssassassssssace 69

4.1 MAIN CONCLUSION auuueeeeeeeeessvecscscessssssssssssssscssssssssssssssssssssssssssssssssssssssssssee 71

4.2 EXPECTATION ..cceeeeeeeeseeeceerecoseeeeecosessssssssssssssssssssssssssssssssssssssssssssssssssssssssnss 72
PUBLISHED DISSERTATION...cuucctttcereeereeecreeecreeeesseecsseecssssosaes 73
ACKNOWLEDGEMENTS . ...ttiittcertecereecreeceseessseesssnscssesons 74

IX






B A

il

5l

2P IR T B BN T A T T, FEZ AL RZGRIRE . 60
FIH IR R A GURY e, 70 FAFHITG A Tt Ko T &4 (ko 1
BTG 80 SEARTTURAIT FE A5 O LA 25 ) (RO 25 0B TR i 21, 90 SEAR A T4 v 4 fiE
VEIEHIREE S . BEERIABORM Gl g, BRI E . DA,
BOAEL B L2 AWK et 178 REVE 2B REEOR I A, B e MRS
TR T B A2 R T T e T T vt gt 2 — 1

1.1 EERATHRMRS

1.1.1 EaEEHRBMREEE

PR 2y — A BN R 25 W U I SR 25 B S R T A R 24K & th
ANBE AL I RIATT IR IR 75 22, A PRI A IR 5 3K e OV EEANSEm AT
BREL . ERAGIEES E . B ERERT T Ak, iR
B2 AT TER Y], AP AR Eon A BT 2R AR L. DAL, (R 2 RE
AR A T B RSO S 24 ) AR 4, BT AR LA RE TR 24 R 4t
RS 20 A gt ] 1R AR BT 0 R R B AW IAORE 2 R, X AT I 254 i it
Sk, P R R OB, TR B R A T R
BRER G RGBEN SN T SRR BAE 5, Wikdds . 6. IREE. Wz KR Er
WEEVIREE, MmN, ARYERIBAE S IVE BT GR 99 AEZGMIIRORES . AR
SN, B RES 25 ARGt n] Lo A s VR G DRI AR gt DB
R 2 IR TBU R G R AE A5 -5 R S 2 R R

A A 25 WD RE T AR 48 5 A0 EE pHOR O N 29 MR R AL
W0 SR L 25 R TR 8 RS o

1.1.2 SaEkBRRESH
BREE T TAME SOR A RE R AW HUBUER A JEm NI R AV, s

1



B Re T TR 2505 e B & S R RERIT AT

BRI EY, & PR A4, 1T HLA 3 20 58 R AL A BE R H i N2 3o
I TR SNEMIERIMR R A . pHY 570, AL BT B
ST ve7 R e pepil: G e SR Ry CLINA RSN : AP a7/ = B= 4 DO 1Y
RS St J15a, iy, RIEAR . OBCE AR TERESFRE 2 ARt B RE = 70
THREME N REF BN — R QAR RS RS (it ididot
TR, RS . NGNS ALl ds 70 BAR &L IR TERE I E . AT
P A LA R Tz R AN, SRR R A 2 RGP

pH N VEBERE : I IRBERE & A KR 5 KR B AL IR . R, ik
SRR H . X PR B 32 SN S pHASE N . S AN S pHARALI ,  IX S ] ) i
BRI ANEAR s T3 4h, TSRk D PRt R0 3 2 BB U A AR B (Y B, s A 1Y
EX AT IR D s I R X 2 S AR R AR, SRR AR o pHEEUOK IR
W EH AR TACEE ], AT N E TR B AR A e B B T A pH
BRI AT T AT BRI AR I R S %2 LA R KB B — A AE pHAHL
BARKI o AL TR AEIRES . fEpHAEAL T 5518 S 99 A1, AR R SURIIE K,
A RIS, BRSO A AA RS BB T RUKEBER M pH UK T 2ok B
Bk _E R AL B4, SR ARHLEE R B8 1 R pHEURK B AR L s iy 2
pHEUR K BB BE 50— LW RR . BRtESE 4], A 50 3 B LA B8 pHYE L
A —EREIKE, ReRlEEpHE R MEHRAL, BWIKERK, MrEH RpHiE
FEN RN o 3 T B O IR B MRS AT 2 R A LA A, FES9IR . 99TaeF T, X
PR R REINDUE RIS s (B AE BRIk Bl A sy, P VE AR B S AR R (B B
BT A K P e o

R AR « R P BRI I B 2 TR E (R B N AR A AR AR A AL T IR A L &
JUs X IR AR B I AR, A TR e A (Y T P PR D 7 I PR A e A
I o H T C RS 1R BUBOK B & T IR IR AT E I 3 =Y, & (N,
N-Z ZEE PGB ME (N— ARG SRR T RKE R . UN-2A
LGN (NIPPAm) SR IRMIAILIN B, X0 E RER R BAR I 5%
i R, 2R T e B R ARG SR (LCST) BLE 2o A VA AK 3% ]
ISR A IE BRI AL, HARBIAA T B A8 L, I B bRl i
AR ORI A B H FF IS B2 S NTPPAmBEAT Bl dn AR A& i, FIR T %A1 )



B A

ANE R . — MU, ISR i o] T A AR R, R AR A8 S
IKAE RSB T GE 2% T AR5, WIPNIPAAmM-NH2 AIPNIPAAmM-OH. i I\ B
KR S T BRAR A AR IR, WIPNIPAAm-C18h35. I FH X S84 b i (0% 24 22 48
FOR 2GR S5ANREEA G, T SRR S S5/ T8¢, WA T#E). £ R4,
S0 B L AR A 5] RS PR S LR T

WY VBN AW R M K B I 48 FL U IR AT Dy 22 BRI R 52 P ot
CUTEZE) BRIBATT R AR, 0. K B ik 55 3 2 B S AL B AL S A E Ve VOoIRES
NEEIE, TR 2 A B A B KRR . LB IRIR N BRI, T
)08 A O & WE IR fEpHAEL T %, T S BURUE R i AR A BV I, HL
Ve AR I R T A YOOV PS8 8 DT 1 K o R TSR R AR AR L S R ML )
Ji CBAERAE 5 AR AGHEAT B S i, S vt PSS PR K 5 AU 48 R 4% 24 e L 3
Wro 5540, FIFEAHFE AR B f A BVEVERG . 2R elgn i B B N &, AR
b 437 S5 T 5 R A RAR AR 1T e 1 F

T 37 e SV KB « B A R A TORE T 1D v B K P 5 P TR g i 3 o [ P
o SAEERMETE “Fh7 7 ORI AR B PO B TR, BRRERRME N A A
BRI SRR B, SRR S 4E, Rk, BERA HIWRE R Rk
No IR BT IEAT . PRI T R IR 45 i B T 05 T it I v
— R UR SRR E TROKR R b, 5 R OR G )5 PR G RUEER .

P I 3 M KR - AR R B R O S PR AR, LA TR M 5 2 i (B
HLD) sem . iU EEREE B I ER T, RAEBKGNRSR. X&HTH
HI 8 F-1E U AR R P2 A 8 R B 23 18 BUBE IR N A B IR BEANSY, TR B IE IR AR
WREB AT . FH—ANE R B BT R )2 i st N A R pH (E
ANT] S AT 5 M0 458 2 5 P AR PR BOIR S, (IR G 4 R AR AL, T BB T AR
HLERE L — MO A SR A LRI (O 78 B A vl B TR T i 1) 4%
. EULSERR T, 7 R BT B e I T RS, R I 2 AN ES T
WREER AR, SEURRAFRBURAR M SCE . B BURBHRAE B A~ R AE
FELIC A 11 [RD B JSCHS T & KK o R4 s IE FRL IR, FE IR R, 7K AABE AR
TR, IR, K BRI, RN R A F A I AR



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

