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ABSTRACT

ABSTRACT

Glucose is the main transport form of the Carbon-cycle and energy in the body.
Certain diseases such as cystic fibrosis, renal glycosuria, and diabetes have been
aroused because that the balance of blood sugar is breakdown, which has been seriously
affected human life. Therefore, the accurate monitoring of glucose concentrations is
important foundation in the management and treatment of the diseases such as diabetes

and other disease which associated to the glycometabolism.

However, the finger-stick blood test, which is commercialized, causes pain and
discomfort to patients. Many researchers are putting on the development of
non-invasive glucose sensors to get blood sugar concentration. Among those sensors,
practical non-invasive technology is to measure glucose in a continuously accessible
body fluid, such as tear-fluid or urine, and then get the blood sugar concentration
indirectly based on the relation between glucose content in fluid and blood sugar

concentration.

In this dissertation we select the phenylboronic acid (PBA) as the glucose sensitive

element, and the main results were shown as follows:

1. We present a NIR-PCCA, comprising a crystalline colloidal array (CCA) of
glucose-responsive poly (styrene-co-acrylamide-co-3-acrylamidophenylboronicacid)
microgels embedded within a slightly positive charges hydrogel matrix of poly

(acrylamide-co-2-(dimethylamino)-ethylacrylate).

This newly designed NIR-PCCA can reflect near-infrared (NIR) light, whose
intensity (at 1722 nm) would decrease evidently with increasing glucose concentration
over the physiologically relevant range in tears. The lowest glucose concentration
reliably detectable was as low as ca. 6.1 ug/dL. The characteristic response time

Tsensing = 22.1 £ 0.1 s when adding glucose to 7.5 mg/dL, and the higher the glucose
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concentration is, the faster the time response. Such a rationally designed NIR-PCCA is

well suited for NIR sensing of tear glucose under physiological conditions.

2. We present an AB-PCCA, comprising a CCA of glucose-responsive
Ag@poly(4-vinylphenylboronic  acid-co-2-(dimethylamino)ethyl acrylate) hybrid
microgels embedded in a hydrogel matrix of poly(acrylamide), which is then

incorporated into daily wear soft contact lens (denoted by AB-PCCA lens).

These newly designed AB-PCCA and AB-PCCA lens not only possess good
antibacterial properties, but also can reflect near-infrared (NIR) light, whose intensity
(at 1448 nm) would decrease evidently with increasing glucose concentration over the
physiologically relevant range in tears with high sensitivity, high selectivity at a fast
time response. The lowest glucose concentration reliably detectable was as low as ca.
81.6 pg/dL, and the characteristic response time zsensing Was 11.8 + 0.1 s when adding
glucose to 7.5 mg/dL. When subject to rabbits (act as the model), the AB-PCCA lens
appeared to track glucose well in an intravenous glucose tolerance test (a 90-min period)

up to 91 days.

Key Words: Polymerized Crystalline Colloidal Array; Glucose-sensing Nanogel;

Near-infrared; Tear-fluid; Antibacterial Property
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HRARREGERFEENYIR L —, USRI 2 R FRE Rl 2 SR
fTAE . NAKANRESSY) R B2 8 40 (Glucose) FHEJE (Glycogen) , H
Wl B A TR L RN 20, R BAAAE T AL 2N, o 2 R ) A
2o TR AN s AR . B AR SR, Rk, BEBE. 83 EZ i
FREAE PR RE EA A EWREY . ML REEEAT EEER

A 8 8 T BE RN IR Cblood glucose) » JEAUSAT DUF: 4 b vk
K, £ B S DL I 2 B N TR - G2 b ) 2k
V5O o BESRAEAER AR VN I 50 i s e e N L s At SO PR 4K
LA 450 4 2 S S ok A VAR AR R IR R T N Rl A R RE s B
ANAEREDD AR TR AR . HRNTAE . WUARI DRSS 2 20K A i s
A RE RS R AT A SR B B R (9.0 mMD IN, & BE < kE
HIRBHEH, TRARIRBE

IMBEIR FE 2 BEE . 8305 BTk sl . IE% 2RI (FPG) WRFEAH
SHEE, —RYERFE 3.9 ~ 6.1 mM, 1% 4ERE A A % 2 SURRI A& i 4H 21 0E 1 5 3l A
A E TR S AR IR IR E AR X S A G IR AR R FER B A, X
TENDWHEER . ARG MM BEHAZERDERET . E% AEN AL
VAT IS = AR R RE BN AS AL, X P LT BIRR, K5l k2 R
W AEEDIRAL,  Horb R WA S URPAE - Chyperglycemia)

1.1.1 FERARE I
o MR 25 IR MR RS 7.0 mM,  HORIR R BN R E, AT 20 A B 595
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PP, BEPRIE (diabetes) sl PR b i UL IR0 BRI o OB AE ,  FH R B 3R o WA 2
B A FE R 1 51 R R B A AE, R R mpE, 2R, £
W 28, HEFIAEIR.

AR B PRI R, ] oW PR 25 23 LAy DU KA . | BOBB IR (B 34t
XPBRZ, B AE5% ~ 10%) 5 1 BUREPRE CRLIE IR By 3R ART A R AR XS AN
B, R ANEL 90%LA D BEARAUNE R R IA] T R IR IR R ko B
FEIRIRRAE, ZHUEE DS MAERE L, H29F 30 %HIHEETES5 3 10 4£)5,
B N0 BRI « RER 2 U RS CRLAE 4b 5 1 DA K, — 22 15 DR B 100 R SR )

46%

undiagmosed

Bl 1-1: 2013 4F, IDF %t 5 & X BRI B (20-79 %) Siilar AP,

2013 4F, [EERHEREIRE (IDF) XFRAEN (20-79 %) WK B3 B 4t
T 1-1 s AERBE R O 30N 8.3%, i NKLCLik 3.82 12 3] 2035 4E,
BB NBCR 21X 5] 4.1 40 BEIRIR T4 BN ™ B B A 3R\ R R 12 1 R A e 1
PIRZ — o BEPRRHIEfEFHAE T O . EmE k. TRISEAuE o, g1 K2
FERIE, Flan: FERR R JEERRE L S LR G E SRR T fE A . A 2013 4%
FEDRI B BET A 510 77, XA 6 s —hrE#HSETS. IDF GritPIR b
B PR o N BRI 2, B A RIE S A T ks R UTE fh4H
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1.1.2 BERRRISHIIRHE

IR P T SR S 0 B2 W 1) R 3 B AR R {8 5 0 PO I R %
W PR IS AR AR B O Z kb e - H HTH 2 Wibs HERN 2328 WHO (1999 4F) Frifk
A1 ADA (2003 4F) trifE. HRESEEE R 2 (ADA) 2013 S K Aite S, ¥
PRIFZWIFRHE (2003 4F) 58R1E H L3k 1-1.

o RIS WHO (1999 45) FERRIRIZ Wibauel, gk 1-2 s a. &M
MAAE R 75 g DR PN =AM (OGTT) J& 2h PG {H AT LA FitAT
R A B AT A . (HIRE TR BRI E S R, BERRIR S R 50m, BEAE
) 2 2 R R A 2 PR IR &2 OGTT J& 2h PG {H.

R1-1: SLEBEIRIA IS WrbRED

O W EA AIC>6.5% . WRIGNAE LT NGSP WAiE, H H DCCT i3txr
AR5 AR S B 25 5

P
@ ZEIHE FPG > 126 mg/dL (7.0mM) . =325 fr &/ 8 /i,
i

® IR 75 g & i X% OGTT 2h PG > 200 mg/dL (11.1 mM) . X5 4%
et A DA HZ (WHO) BIBRHEREAT, F 75 g Jo K& & B T 7K iR g b £t
i o
af
@ B MR G R, BEVLILEE > 200 mg/dL (11.1mM) .

2013 SEEPEIRFI 2 (ADA) o R ATHRFE, * QRGBT BIWR R R, ARvE 1~3 N I 5 S AR 1 2

121

TE R AR S 2 PRI 2 2 BB Bk & E 2R 21 (CDS 2013) X & [ #i R
2 Wt R

1. EAK HbALc FEARERF WUl
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S [EHE R IR F 2 (ADA) Al 57 PAHS (WHO) ¥k 4T & H (HbAle)
K > 6.5%F N2 W) s o LR A, ZEFRE HbALc 512 Wk FR 95 1) BB X A 2
HHEARE AN

2. SZEEHIE:

I I ) H RSO 4.4 ~ 7.0 mM; IR 30 H Froich <<140/80 mmHg. H
=S HARN <15 mM; &30 MR, K% ENE&E A EEEE (LDL-C)
R HFRA<1.8 mM; REIHOMER, HFEER>40 A= 1 Mol i ek K
%, LDL-C il H 58 <2.6 mM.

3. FEIRAIBERIR -

CWAREAR S A 2011 AR E PA R A AT W ARAE . B 75 g OGTT ikde
HRBE S 3 /NS IBE K, HAA M B R = 5.0 mM, ARbE 5 2 /N i s b
BN > 8.5 mM, 3 AN IE] AR R TG = 1 AN A] SURF A bs v BRI 2 W 0 U SR PR o

R1-2: rPEKERIAIS WrbR

ZWikrifE P K LI 8 25 B
A (mM) ©

© BEEBER (R SEmEZR. 28 LR KET
B BOPORE . ML A SRR AL R DD I EREL >11.1
IS

&

@ =fEIMkE (FPG) , >7.0
1%

@ G 2h T TCRERTREIR S, R HERRE >11.1

E: BPCREHEEIEL8 hicH I BENLIIAEE A58 LR AR (8], — PR I (B IR, AN RE
FIRAZ Wi I MUE 52458 (IFG) BRBETR Sk (IGT) 5 " RAMXS L2 h B LA MRS (EAT AT ASIR], B PR -

2h IfifE 12.2 mmol/L, IGT: 2 hifilfE<8.9 mMMH <12.2 mM.
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