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Abstract Diabetes mellitus is defined as a group of metabolic disorders characterized by hyperglycemia, which is
one of the most serious health problems of the 21st century. Tight glycemic control is crucial for preventing diabetic
complications. For more than 50 years of research, a considerable amount of glucose sensors is successively
developed, and different innovative detection strategies are constantly developed. For blood glucose monitoring

system, we review the history, expound the principles and advantages, discuss the recent developments and current

status, and outline key challenges and opportunities in the future.
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Fig. 1 Pancreas’s glucose regulatory pathways
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Fig. 9 Schematic illustration of detection principle of LSPR-based optical enzyme biosensor

uwotrh PAH

—

wash

2 @,\;\-"".

}o

P%Cj

[73]

® 0Ds Y
. --éE!.-r

wash

Cose,
,fg"l PAH: poly (allylamine hydro-chloride;
PSS: sodium polystyr-enesulfonate;
GOD: glucose oxidase;
QDs: quantum dots

} (@)
wadpth PAH

i cop

<

wodpth PAH
wofpGh PSS

Cj :

Pl 10 T FH ek S S A A e ) ) A 40 A D R s IR T

Fig. 10 Schematic illustration of detection principle of H, O,-based optical enzyme biosensor

G 0 ] 5 W VR B L 285 SRR IR X R R I =
M E B ME R EE &2 M. Ak, 2008 4 Chaudhary
LTS PR OB IR IR 9 GOx A Sy 58 S T X6 40 1 76 45
BRI 20, AR R G, U R P B S
FURR R - AT B AL B (TRITC-GOx) 5 S 57 FUIR %
6 E A TEBEIRF (FITC-Dex) 2 8] 7] PL & 4= 98 6 4
RERE ML, M A MM A L& A& NG, eSS
Ak 2 [ B 0 A AR A5 R A R VR RS . A
| 1 25 AR5 AR 5 1 DK 52 3 T L A
AR Y AR Ak

9 6 2 VR R 32 1 3 57 96 ol L R B 1 A% 3 R
B 1% G030 3 A R A O 7 5 343 F 2 A TR
T AR ) G R R 5 8 A B o F B B Ok
G I 48 5 5 1k B AR A, A T SERER 1 (ConAD RN
WESE 19 35 20 112 1 45 0 me R Ah R BE 4R L

Brownlee £l Cerami 7 1979 4F 1§ R IE R H . F)
FHRE DD GERER A AR FURR S 1 0 7 RO AR A 2 Y
PENCILPR e B AL 18 R 4 T 4 2 A T R 452
Tt IER G HIR IR T, ConA HHEEER G )
Z AR A DOLIRAE R AL AR A R FOLAL
THIRE . &R AR, BT 58 4 VE 1 i
P AR TR THERERAYNE A0S, 5
ConA HHEZE G N FH R E MV . XFPBEE
A B AT 5 | /2 B AR 5 2w UL T e D
AR BE (AR AL . AR AR X AL L Liang 5557 $2 11 T
—FhFIHARICH Alexa568 F A7 HEMH I 1E A 98 6 45 14k
MFRICH Alexab647 i) ConA VE hy fE 5 32 14 04 4 2 B
Kl 245, Cheung 25 AR 4 X AN AL, 57 1 — Fb
K BRI T S FH 46 2 W R P A I R 8 (A BT 11 B R .
Tang 5 $& N E ML & 7 & - 18 ) O ERE A

0207003-8



h =] 7 it
o glucose
®%eses  polysaccharide
=
ecmmeegs  dextranwith reporter dye (R)
o
£ 7@  concanavalin A with
< ol y quencher dye (Q)
e Y =]
R-
o . )
28 o Porf-a * interfering molecule
ok é p0-Lgd ____~ negative polyelectrolyte
R ER —_~  postive polyelectrolyte

& 11 W Q-Con A/R-dextran %¢Y:3L R fE

{2 32 25 2 1A X 1) 4 9 O L 2R 90 7 T R

Fig. 11 Schematic diagram of a layer-by-layer hydrogel pad and the entrapped Q-Concanavalin

A/R_dextran glucose-sensing system™"

(CdTe-ConA) 5 4 40 A FURL-FF M KE (AuNPs—FFH
D) S B O i AL PO BE R R B (FRET) )
ZPREASIN ZR T . S B 45 S 3R WY X b 4 K 495 4 7 4 B
R R I R B A BRAT S5 R A

5 ConA H A H5 5k 45 & £ 5K [\, 2K 0 1R
(PBA)E AFFIFA G AL, 0] 2 DR o 28 6 R e HC AT
AT LA B RS A R BT o) 1R T 8 A
AW T FRE > T B RS A L B LRI R K
FOAT A= Wy TR T R A A A I R e AR
i S, Woa S B R R R TR 5 2 R A
S5 IR SR AR IR A J5E 1 X ke ST 30X 4 2 W R R 1Y
JEF AN o 2 VA R R A % W A B T R N AR CdTe/
ZnTe/ZnS FoHL i ¥ 5 2 HE i (Y9 R 01 R 7T LA S 4

Y\HLNQB o1

H OH
ZIIS
i ¥ OHop
+glucose HOI%/OH
O
9 Q Q g

O
> ] OEL@O Ny €
O S O~
+ gty /- covalent bonding < ZZHS P

-
coulomb repulsion o ¥

HWRIY B A1 . el 5] R R A O R ORI & S
iR gh . RiIE PBA-QDs J6 28 K 2 48 a] L S2 31
XoF 240 b PN R A W VR B R I Can Rl 12 R, B C
RFWE A RFWK T RFENE . Cordes ™
i LB AT R A I 28, B AR R T R 5 A R
Gt R 2 A s ) A Y Y el A ok S R
Xt 2 B e B 114 Y A AR I L FE AR I B 48, CdSe
TCHL I 05 55 AT AR 1) 45 2 3 2o 5 el WO o 322
PetE—ilL, i ORI R AL A, i
TR THEICIRAS . SR Z A 0% 7 45 0 5 R 00 1R
T2 A I B R 1) 2 8] 44 AU Hy = A1 T 28 BROE DY
HARZER . T 07 BELAE T % 2¢O 3k 4k fg % 3
SUN DS e A N D /S - I T B B
(@
TZXIO“-

1X10°h7

500 600 700
Amhm —s
(b) &0 l 10.8
glucose, - T
T 605 /.” = B 10.6
E 600} L =)
£ - 10.4 I
~ P95 Al
lactate 0.2
50 F oo e
sl B |
0 5 10 15 20

C /(mmol - L) —

analyte

Pl 12 35T 4% 09 1 0 T 3L 194 O 2 1) 76 A A R s R T

Fig. 12 Schematic illustration of detection principle of PBA-based optical glucose biosensor

[89]

0207003-9



H |

i P

56 JIE A 5 19 23 A B AT (i 2 G 0 9 9 A R Y
A3 e S S AW\ R S | IR O e 2
UL N SEE S I S S S 5 NS B ok 1 TIN5 T 3 ¢
O RIZAE B B R A AR 0 T RLE Y
JRAZ D7 TR AT AR BB e e gk T
WG IR R I AT A AR B4 A R A A T
ST Yam SRR 2 BE AR K Bl R (BA)

boronic acid

OH :
R—@—E{
oH Y

SC/SWNT FL quenching

HOH,C

oo on s OH
OH ;
OH

Ry BALRE Bk 4 K A (SWNT) JF & H 3T 20 Sh 5% L T LU
S PR i ] B 5 A 2 AR v R Ak e B (i 1A 13
FEaR) . TEEEARMAR R b, Y A 5 45
R R AN E G WG . 5 RE bk 40 K
BRI R B RE . R IE BA-SWNT J%
A A 55 A 2O v B 0 R DG L AT LA R b R
HE VR W v o A W T v B

glucose

Q

SC/SWNTs: sodium cholate
suspended single-walled
carbon nanotubes

FL modulation

P13 T IR TN TR - B BE A 24 K 4 30T £ A A A SR R R

Fig. 13 Schematic illustration of detection principle of PBA-SWNT-based near infrared optical glucose biosensor

A EE T AL G H Al A G T B, 2 T O S A I 4
ENIBE K 2 Al E SR SR 2 U AN GN R T LN
GG H= A T AR Y R ARS8 %8 AR HA R
% Shibata 550U IR AR (4 U0 J5 2 B o
w1 AT B 2 O 0 I 7K T IR R R T 2T 4
R A o PR A B AR K B I AR A B B2 R X
ZIN BRPAR PA  7) E ) e JRE E AT R B Y 3 006 o
CUnPe 14 P . FETCH A BE 2> TAATERI RS OL T L B
NRGH TN AL S THE (PET), 8k
PO TRICRZ . HEMEEMA L ZRE PR

glucose-responsive
fluorescentdye

glucose-responsive ﬂuorescenthydrogél beads

transdermal detection

injection

[99]

IR B0 S M AL U S W) . [ PET i
P IR ECHE KRS W K . 2RO IR 5 6 % 4 O
T A Wy i ik 78 = AT 395 1Y, BRI i o K A A
F 58T LU A B () 328 82 3 4 0 ) . S22 Al
Bk 1 i AR R TEAE AN R TN B L AT
LA /I B P ol AR S 304 303 82 ) [ A 2 1o
RN AR B, Yetisen 251 Bt T — Fh 2 Al
1% ) e At 114 7 2 A 50 K B8 IS Y £ M L o 3K b
BHE A R U5 7T LAAR R A5 5 19 48 16 52 B4
PR ] 2 VR B 10 i S MR

o 7 39 2
220 35
=< 38 3.2
0 5 2R
=S 200 N
es 37 82
= £a
/M =

g 100 - blood glucose concentration {36 é

§ — fluorescence intensity

5
g 30 60 90 120 150 18%
Time /min

T4 O FH R 2 5 0T i I 9 O K B G Bl A A A DAY 3 5 AR M O £ 7 R e

Fig. 14 Schematic illustration of the injectable fluorescent microbeads for in vivo CGMM"

0207003-10



th i

i ot

TERBOCA MR P A LR IR R G — 2K
S U SN S TR SO S S N & ST I i
RRETOSION BT AR DR O 2 W AT TRT L A R Y 2Ol
RO PR A S RO R A R X B 5
AR 27 1 o 015 T T A oK O kL T AR
K EHHNIZ AT HIRANIE T ARSI
i RS AR Y B A U T R N . A LT AR
GER DI CH LY R DO E B AL E 1 5D,
AW T I O B R AR
RS CE YIS LS R R T B R AR
T 6 i 45 i A2 AT LSS B SR 5 W B 1 X 45 Bl A= )

subcutaneous
implantation

~

R5eA
¢ small molecules :‘;ﬂ:f_;, polymer dot
&4% transducer

[\
=

—=—glucose 20000

g 0
S concentration =
‘é _20r —*—fluorescence {18000 § g
§ = 16+ 1GOOO§ —C%
£ - 1140002 3,
13 E 12 r o
Q é 1200052:5 a
8 8 (Dinjection of glucose T 410000 3
g 1 ©@jection of insulin k=]
5 4k, . . . ., ., 18000
0 30 40 50 60 70 80 90

Time /min

A3 RAFAG I Sun 2100 FI] B a1 S
BT 5 v 72 BORE A A Y 7 AL IRl T B
A E AL RV Y R G W 9 't it 3 T A BEK A 4
S AT 9 75 =X A B R SO 5 B 0 e A A% R
. M T Y AT b R R R R
VAN e N R R B SR N R o R
J A WUAR | TR S R 2R R RE AR Ak, SRR 4
RRW] 2 AL A B RO Ry S v R B
A FE K UL S mT 2k & 2 A 2 R AR . b
ANKG AL IR AE A /N BB R 4040, AT DL AR P i A v
B SR 22 W 30 d PA B CaniE 15 FraR) .

blood glucose level
NOrmal ==——p high == normal

—a— glucose

-
24F

§ F concentrate 20000 ‘g
‘5 20t —e— fluorescence {18000 § g
§ =16l 16000§ g
=3 1 140008 3
o = P>
S E12y 120002 @
of g g
0w~ - Q
o 8§ EEg =TI E T A 410000 £
g + @injection of PBS (pH=7.4) =
] 4t 8000

0 380 40 50 60 70 80 90
Time /min PBS: phosphate buffered saline

F15 BT RAG YT 5 R Y RGO A 2 A 2 0 R s B e

Fig. 15 Schematic illustration of the formation of Pdot-GOx bioconjugates for in vivo glucose monitoring

SR 5 Hh1 T H RO 3 4 Bl 12 AR DOt 52 L
S S U R I P L AR A A S T T Y SR FR
P il g AR R AR O 2 A2 SRR R B S B A R
LIRS R RIRESTN R O NUE L 19 S S5 i
oK Y 12 5 4R 40 W OIG 2 G I 2R 48 T LS RO 22 A &
GE VR RE 2 Wik AR GEAHEE A 5L B0 DY I R i
SRRV H, BR T L 3R A S A S A
AL H At A I 7 3 Bl AR 4k 4 38 B 2 TR
FEUOT R s gD A BOB AR 1
@R SR R AR i B 5 Sy O e B 4
RGN 22 GE BBt 1A [a) 19 S8 3%

4 LR

A 2 ik Al AR, o ) B AL Iy — O — BT
TN o R A TR 12 S T 5 e O TR AR
RNTIZ W AP AL AR . F R Al A A

[106]

WA CLOR B B T I RORE RO (12 BT AR T . 4R
oA T 2R PR A B AR L O PR R 15 B WS
B HOCHE 1) T 1 2 4 A MR I BRI KL B AR
SEE PR ST I A o bR e R Rl L i A A
W A BTSSR FITR N, B2 R ) T 25 4
Bl I T5 SR AS BB 5T 5 Bz A AT R R RE L
52 U WE M 00X PR 932 W R 7 B AT
M. BRI, H T 32 o A H b 2 3 5 A 4
2 TR PR PN A7 L BB Al B A 5 B A% S M L e
A R, I EL A R 20 7 i o A T P A 7 R AT 0
FOT A, Xt 4 R Ok AR B R0 BB A R
REGATE I 1A, Tl o A% 4] 40 0 A% S A% o A7 72 A6
K B2 AR L ) 3 g B S e o . TF DY A R A 2 1 TR
RGATAEVE Z2 B IG B 585 T 1 8 F O 5% m R &
A ARSI 7 35 P T 480 200 M 0 M BT . O g
AR FE A BB T 42T Y LB S 0 JEL B A (S

0207003-11



h | W bl
K R F) G 23 AR AT DL SE B4k 6] 8% TS B G I, 5] B diabetes mellitus[J]. The New England Journal of
e 4 RN FLRE B R L KR Medicine, 2012, 366(14): 1319-1327.
AR L B R R R 1 T B 2 [10] ponath MY, Sh(')elson S E. Type 2 diabetes ds an
U By TR 010 003697 7 6 B e e
W) o A SRR TR N R B e R 5 [11] Marathe P H, Gao H X, Close K L. American
54l R R AL AL I R R R T 8 diabetes association standards of medical care in
FE A B A AR AR . H 9O 2 WAL AR diabetes 2017[J]. Journal of Diabetes, 2017, 9(4):
B NCHEIE A S K T 6 R L B 320324,
W AT 17 E — 52 Jo B o P80 O ) 4% 8l 1 T A A 2% [12]  Pickup J.C. Mzmagement of (?)iabetes mellitus: 1s the
PR R IR 2 e e e e
1 22 IRIME 5 A, RO T LR 3 S5 00 5 1 26 A 4G [13] Brown L, Edelman E R. Optimal control of blood
RO MWOGCERI RS, LU GE 25 Wik ik R G AH 45 glucose: the diabetic patient or the machine? [J].
é?ﬁl‘l:ﬁg/l\“)\—r-ﬂﬁﬂ%”%%ﬁo 38 3 P 2 i s Science Translational Medicine, 2010, 2 (27 ):
il BB R 2R A SR AR BT S IR A Y I W A 3 2k 27ps18.
WO RS EE R AR B S A, Ol [14] Langerhans P. Beitrage zur mikroskopischen
RN A1
5 2 X # [15] Opie E L. On the histology of the islands of
Langerhans of the pancreas [M] [S. 1.]: [s. n.].

[1] Zimmet P, Alberti K G M M, Shaw J. Global and 1900.
societal implications of the diabetes epidemic [J]. [16] Opie E L. The relation oe diabetes mellitus to
Nature, 2001, 414(6865): 782-787. lesions of the pancreas. Hyaline degeneration of the

[2] International Diabetes Federation. Diabetes Atlas islands oe langerhans [ J]. The Journal of
[M]. 7" ed. 2015. Experimental Medicine, 1901, 5: 527-540.

[3] XuY, Wang L., He ], et al. Prevalence and control [17] Frederick  Grant Banting ( 18911941 ),
of diabetes in Chinese adults [J]. Journal of the codiscoverer of insulin[J]. Journal of the American
American Medical Association, 2013, 310(9): 948- Medical Association, 1966, 198(6): 660-661.

958. [18] Stylianou C, Kelnar C. The introduction of

[4] Waldron-Lynch F, Herold K C. Continuous glucose successful treatment of diabetes mellitus with insulin
monitoring: long live the revolution! [J]. Nature [J]. Journal of the Royal Society of Medicine,
Clinical Practice Endocrinology &. Metabolism, 2009, 102(7): 298-303.

2009, 5(2): 82-83. [19] Kimball C P, Murlin J R. Aqueous extracts of

[5] Tamborlane W V, Beck R W, Bode B W, et al. pancreas III. Some precipitation reactions of insulin
Continuous glucose monitoring and intensive [J]. Journal of Biological Chemistry, 1923, 58(1):
treatment of type 1 diabetes[]J]. The New England 337-346.

Journal of Medicine, 2008, 359(14): 1464-1465. [20] Cabrera O, Berman D M, Kenyon N' S, et al. The

[6] Klonoff D C. Continuous glucose monitoring: unique cytoarchitecture of human pancreatic islets
roadmap for 21st century diabetes therapy [J]. has implications for islet cell function [ ]J].
Diabetes Care, 2005, 28(5): 1231-1239. Proceedings of the National Academy of Sciences,

[7] Lieberman S M, DilLorenzo T P. A comprehensive 2006, 103(7): 2334-2339.
guide to antibody and T-cell responses in type 1 [21] El-Khatib F H, Russell SJ, Nathan D M, et al. A
diabetes[J]. Tissue Antigens, 2003, 62(5): 359- bihormonal closed-loop artificial pancreas for type 1
377. diabetes[J]. Science Translational Medicine, 2010,

[8] Berenson D F, Weiss AR, Wan Z L, et al. Insulin 2(27): 27ra27.
analogs for the treatment of diabetes mellitus: [22] Nichols S P, Koh A, Storm W L, et al.
therapeutic applications of protein engineering [J]. Biocompatible materials for continuous glucose
Annals of the New York Academy of Sciences, monitoring devices [J]. Chemical Reviews, 2013,
2011, 1243: E40-E54. 113(4): 2528-2549.

[9] Ismail-Beigi F. Glycemic management of type 2 [23] Veiseh O, Tang B C, Whitechead K A, et al.

0207003-12



th i

M

ot

(24]

[25]

[26]

(27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Managing diabetes with nanomedicine: challenges

and opportunities [ J ]. Nature Reviews Drug
Discovery, 2015, 14(1): 45-57.

Wu Q, Wang L, Yu H J, et al. Organization of
glucose-responsive systems and their properties[J].
Chemical Reviews, 2011, 111(12): 7855-7875.
Scognamiglio V. Nanotechnology in glucose
monitoring: advances and challenges in the last 10
years[ J]. Biosensors and Bioelectronics, 2013, 47
(17): 12-25.
Clark L C, Jr,

continuous monitoring in cardiovascular surgery[J].

Lyons C. Electrode systems for

Annals of the New York Academy of Sciences,
1962, 102: 29-45.

Updike S J, Hicks G P. The enzyme electrode[]].
Nature, 1967, 214(5092): 986-988.

Guilbault G G, Lubrano G J. An enzyme electrode
for the amperometric determination of glucose[]J].
Analytica Chimica Acta, 1973, 64(3): 439-455.
Schlapfer P, Mindt W, Racine P. Electrochemical
measurement of glucose using various electron
acceptors[J]. Clinica Chimica Acta, 1974, 57(3):
283-289.

Cass A E, Davis G, Francis G D, et al. Ferrocene-
mediated enzyme electrode for amperometric
determination of glucose[J]. Analytical Chemistry,
1984, 56(4): 667-671.

Frew ] E, Hill H A. Electrochemical biosensors
[J]. Analytical Chemistry, 1987, 59 (15): 933A-
944 A.

Zhang S X, Yang W W, Niu Y M, et al.
Multilayered construction of glucose oxidase and
poly (allylamine) ferrocene on gold electrodes by
means of layer-by-layer covalent attachment []J].
Sensors and Actuators B: Chemical, 2004, 101(3):
387-393.

Zhang S X, Wang N, Yu H J, et al. Covalent
attachment of glucose oxidase to an Au electrode
modified with gold nanoparticles for use as glucose
biosensor[J]. Bioelectrochemistry, 2005, 67 (1):
15-22.

Piro B, Dang L A, Pham M C, et al. A glucose
biosensor based on modified-enzyme incorporated
within electropolymerised poly (3, 4-ethylenedi
oxythiophene ) ( PEDT ) films [J].
Electroanalytical Chemistry, 2001, 512 (1): 101-
109.

Bean L S, Heng L Y, Yamin B M, et al. The

electrochemical

Journal of

behaviour of ferrocene in a

photocurable poly ( methyl methacrylate-co-2-

hydroxylethyl methacrylate) film for a glucose

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

0207003-13

biosensor [J]. Bioelectrochemistry, 2005, 65 (2):
157-162.
Zhang S X, Yang W W, Niu Y M,

Multilayered construction of glucose oxidase on gold

et al.

electrodes based on layer-by-layer  covalent
attachment[]J]. Analytica Chimica Acta, 2004, 523
(2): 209-217.

Alonso B, Armada P G,

Amperometric enzyme electrodes for aerobic and

Losada J, et al.

anaerobic glucose monitoring prepared by glucose

oxidase immobilized in mixed ferrocene-

cobaltocenium dendrimers [ J |]. Biosensors and
Bioelectronics, 2004, 19(12): 1617-1625.

Patel H, Li X, Karan H I. Amperometric glucose
sensors based on ferrocene containing polymeric
electron transfer systems-a preliminary report [J].
Biosensors and Bioelectronics, 2003, 18(8): 1073-
1076.

Pandey P C, Upadhyay S, Shukla N K, et al.
Studies on the electrochemical performance of
glucose biosensor based on ferrocene encapsulated
ORMOSIL and glucose oxidase modified graphite
paste electrode [J]. Biosensors and Bioelectronics,
2003, 18(10): 1257-1268.

Delvaux M, Demoustier-Champagne S.
Immobilisation of glucose oxidase within metallic
nanotubes arrays for application to enzyme
biosensors[]]. Biosensors and Bioelectronics, 2003,
18(7): 943-951.

Pan D W, Chen ] H, Yao SZ, et al. Amperometric
glucose biosensor based on immobilization of glucose
oxidase in electropolymerized o-aminophenol film at
copper-modified gold electrode [J]. Sensors and
Actuators B: Chemical, 2005, 104(1): 68-74.
Warren S, McCormac T, Dempsey E. Investigation
of novel mediators for a glucose biosensor based on
metal picolinate complexes[J]. Bioelectrochemistry,
2005, 67(1): 23-35.

Bai Y, Sun Y Y, Sun C Q. Pt-Pb nanowire array
electrode for enzyme-free glucose detection [J].
Biosensors and Bioelectronics, 2008, 24 (4): 579-
585.

Kang X H, Mai Z B, Zou X Y, et al. A novel
glucose biosensor based on immobilization of glucose
oxidase in chitosan on a glassy carbon electrode
modified with gold-platinum alloy nanoparticles/
LJ1.
Biochemistry, 2007, 369(1): 71-79.
Wang J. Electrochemical glucose biosensors [J].
Chemical Reviews, 2008, 108(2): 814-825.

Wilson G S, Gifford R. Biosensors for real-time in

multiwall carbon nanotubes Analytical



th i

M

ot

[47]

(48]

[49]

[50]

[51]

[52]

(53]

[54]

[55]

[56]

[57]

(58]

LT Biosensors  and
Bioelectronics, 2005, 20(12): 2388-2403.
Albisser A M, Leibel B S, Ewart T G,
Clinical control of diabetes by the artificial pancreas
[J]. Diabetes, 1974, 23(5): 397-404.

Shichiri M, YamasakiR, Kawamori Y,

VIO measurements

et al.

et al.
Wearable artificial endocrine pancrease with needle-
type glucose sensor [J]. The Lancet, 1982, 2
(8308): 1129-1131.

Bindra D' S, Zhang Y N, Wilson G S, et al. Design
and in wvitro studies of a needle-type glucose sensor
for subcutaneous monitoring [ J ]. Analytical
Chemistry, 1991, 63(17): 1692-1696.

Wilson G S, Hu Y B. Enzyme-based biosensors for
in wvivo measurements [ J .
2000, 100(7): 2693-2704.
Gough D A, Kumosa L. S, Routh T L, et al.
Function of an implanted tissue glucose sensor for
animals [ ] ].
Translational Medicine, 2010, 2(42): 42ra53.
Zisser H,
glucose monitoring: professional and real time[]].
Frontiers in Diabetes, 2014: 81-98.

Heikenfeld J.
leap for sweat sensing [J].
(7587): 475-476.
Tamada ] A,

Noninvasive

Chemical Reviews,

more than 1 year in Science
Lane ] E, Shivers J P. Continuous

technological
2016, 529

Bioanalytical devices:
Nature,
Garg S, Jovanovic L, et al.

glucose monitoring: comprehensive
clinical results[J]. Journal of the American Medical
Association, 1999, 282(19): 1839-1844.

Rose D P, Ratterman M E, Griffin D K, et al.
Adhesive RFID sensor patch for monitoring of sweat
electrolytes [J]. IEEE Transactions on Biomedical
Engineering, 2015, 62(6): 1457-1465.
Bandodkar A J, Molinnus D, Mirza O,

Epidermal

et al.

tattoo potentiometric sodium sensors
with wireless signal transduction for continuous non-
invasive sweat monitoring [ J]. DBiosensors and
Bioelectronics, 2014, 54(15): 603-609.

Coyle S, Lau K T, Moyna N,

biosensing

et al.

BIOTE:
textiles for personalised healthcare
management[J]. IEEE Transactions on Information
Technology in Biomedicine, 2010, 14(2): 364-370.
Jia W Z, Bandodkar A J, Valde's-Ramirez G, et al.
Electrochemical tattoo biosensors for real-time
noninvasive lactate monitoring in human perspiration
[J]. Analytical Chemistry, 2013, 85 (14): 6553-
6560.

Schazmann B, Morris D, Slater C, et al. A
wearable electrochemical sensor for the real-time

measurement of sweat sodium concentration [J].

[60]

[61]

[62]

[63]

[64]

[66]

[67]

[68]

[69]

[70]

0207003-14

Analytical Methods, 2010, 2(4): 342-348.

Lee H, Choi T K, Lee Y B, et al. A graphene-
based electrochemical device with thermoresponsive
microneedles for diabetes monitoring and therapy
[J]. Nature Nanotechnology, 2016, 11(6): 566-
572.

Gao W, Emaminejad S, Nyein H Y Y, et al. Fully
integrated wearable sensor arrays for multiplexed in
situ perspiration analysis [J]. Nature, 2016, 529
(7587): 509-514.

Du XS, Li Y], Motley ] R, et al. Glucose sensing
using functionalized amorphous In-Ga-Zn-O field-
effect transistors [J]. ACS Applied Materials &
Interfaces, 2016, 8(12): 7631-7637.

Du XS, Li Y], Herman G S. A field effect glucose
sensor with a nanostructured amorphous In-Ga-Zn-O
network [J]. 2016, 8 (43): 18469-
18475.

Steiner M S, Duerkop A, Wolfbeis O S. Optical
methods for sensing glucose[J]. Chemical Society
Reviews, 2011, 40(9): 4805-4839.
Ding Y, Yao Q K, Deng L ], et al.
blood glucose noninvasive measurement based on
L1
Optoelectronics Progress, 2018, 55(3): 031701.
T, MYl XBEE A, A TR B R Y il B
T MO T]. WOt 5t 723 R, 2018, 55
(3): 031701.

Su Y, Meng Z, Wang L Z,

analysis and calibration of noninvasive blood glucose

Nanoscale,

Research in

photoacoustic ~ technique Laser &.

et al. Correlation

monitoring in  wivo with optical coherence
tomography[J]. Chinese Journal of Lasers, 2014,
41(7): 0704002.

S, dk, EIERR, 5. OGS TR T IC A i B
A6 I TR AR S AT R (U] R EOG, 2014, 41
(7): 0704002.

C E, Wolf B. Current
development in non-invasive glucose monitoring[J] .
Medical Engineering & Physics, 2008, 30(5): 541-
549.

Vaddiraju S, Burgess D ],

Technologies for continuous glucose monitoring:

Ferrante do Amaral

Tomazos 1, et al.
current problems and future promises[J]. Journal of
Diabetes Science and Technology, 2010, 4 (6):
1540-1562.

Wolfbeis O S, Oehme I, Papkovskaya N, et al.
Sol-gel based glucose biosensors employing optical
oxygen transducers, and a method for compensating
for variable oxygen background[]]. Biosensors and
Bioelectronics, 2000, 15¢(1/2): 69-76.

Yang X F, Zhou Z D, Xiao D, et al. A fluorescent



th i

M

ot

[71]

[72]

(73]

[74]

[75]

[76]

[77]

(78]

[79]

[80]

[81]

glucose biosensor based on immobilized glucose
oxidase on bamboo inner shell membrane []].
Biosensors and Bioelectronics, 2006, 21(8): 1613-
1620.

Cella . N, Chen W, Myung N V, et al. Single-
walled carbon nanotube-based chemiresistive affinity
molecules: ultrasensitive

biosensors for small

glucose detection [J]. Journal of the American
Chemical Society, 2010, 132(14): 5024-5026.
Cordes D B, Gamsey S, Singaram B. Fluorescent
quantum dots with boronic acid substituted
viologens to sense glucose in aqueous solution[]].
Angewandte Chemie International Edition, 2006, 45
(23): 3829-3832.

Endo T, lkeda R, Yanagida Y, et al.

responsive hydrogel-silver nanoparticles composite

Stimuli-

for development of localized surface plasmon

resonance-based optical biosensor [J]. Analytica
Chimica Acta, 2008, 611(2): 205-211.

Xia Y S, Ye ] J, Tan K H, et al. Colorimetric
visualization of glucose at the submicromole level in
serum by a homogenous silver nanoprism-glucose
oxidase system[]J]. Analytical Chemistry, 2013, 85
(13): 6241-6247.

Bukowski R M, Chodavarapu V P, Titus A H, et
al. Phase fluorometric glucose biosensor using
oxygen as transducer and enzyme-doped xerogels
[J]. Electronics Letters, 2007, 43(4): 202-204.
Wu X J, Choi M M F. An optical glucose biosensor
based on entrapped-glucose oxidase in silicate
xerogel hybridised with hydroxyethyl carboxymethyl
cellulose [J]. Analytica Chimica Acta, 2004, 514
(2): 219-226.

Li XY, Zhou Y L, Zheng Z Z, et al.

biosensor based on nanocomposite films of CdTe

Glucose

quantum dots and glucose oxidase [J]. Langmuir,
2009, 25(11): 6580-6586.

Chaudhary A, Srivastava R. Glucose sensing using
competitive binding assay co-encapsulated in uniform
sized alginate microspheres [J]. Sensor Letters,

2008, 6(2): 253-260.

Brownlee M, Cerami A. A glucose-controlled
insulin-delivery system: semisynthetic insulin bound
to lectin [J]. Science, 1979, 206 (4423): 1190-
1191.

Sato K, Anzai J. Fluorometric determination of
sugars using fluorescein-labeled concanavalin A-

glycogen conjugates[J]. Analytical and Bioanalytical
Chemistry, 2006, 384(6): 1297-1301.

Cheung K'Y, Mak W C, Trau D. Reusable optical
platform  with

bioassay permeability-controlled

[82]

[83]

[84]

[86]

[87]

[88]

[89]

[90]

[91]

(92]

0207003-15

hydrogel pads for selective saccharide detection[]].
Analytica Chimica Acta, 2008, 607(2): 204-210.
Tang B, Cao L H, Xu K, e al.

nanobiosensor for glucose with high sensitivity and

A new

selectivity in serum based on fluorescence resonance
energy transfer (FRET) between CdTe quantum
dots and Au nanoparticles [ J]. Chemistry-A
European Journal, 2008, 14(12): 3637-3644.

Ballerstadt R, Evans C, Gowda A, et al. In vivo
transdermal

performance evaluation of a near-

infrared fluorescence resonance energy transfer
affinity sensor for continuous glucose monitoring
[J]. Diabetes Technology & Therapeutics, 2006, 8
(3): 296-311.

Liang F, Pan T S,
of FRET in a

system with frequency-domain

Sevick-Muraca E M.

Measurements glucose-sensitive
affinity lifetime
spectroscopy[J]. Photochemistry and Photobiology,
2005, 81(6): 1386-1394.

Billingsley K, Balaconis M K, Dubach J] M, et al.
Fluorescent nano-optodes for glucose detection[]].
Analytical Chemistry, 2010, 82(9): 3707-3713.
Suenaga H, Yamamoto H, Shinkai S. Screening of
boronic acids for strong inhibition of the hydrolytic
activity of a-chymotrypsin and for sugar sensing
associated with a large fluorescence change[J]. Pure
and Applied Chemistry, 1996, 68(11): 2179-2186.
Suenaga H, Mikami M, Sandanayake K R A S, er
al. Screening of fluorescent boronic acids for sugar
sensing which show a large fluorescence change[]].
Tetrahedron Letters, 1995, 36(27): 4825-4828.
Yamauchi A, Sakashita Y, Hirose K,
Pseudorotaxane-type fluorescent receptor exhibiting
unique saccharides [ ] ].
Communications, 2006(41): 4312-4314.
Kataoka K, Hisamitsu I, Sayama N, et a/. Novel

et al.

response to Chemical

sensing system for glucose based on the complex
formation between phenylborate and fluorescent diol
compounds[J]. The Journal of Biochemistry, 1995,
117(6): 1145-1147.

Shibata H, Heo Y J, Okitsu T, et al.

hydrogel microbeads for fluorescence-based in wvivo

Injectable

continuous glucose monitoring [J]. Proceedings of
the National Academy of Sciences, 2010, 107(42):
17894-17898.

Wu W T, Zhou T, Berliner A, et al.
mediated assembly of phenylboronic acid modified
CdTe/ZnTe/ZnS quantum dots for intracellular
probing [ J ]. Chemie
International Edition, 2010, 49(37): 6554-6558.
Guo Z Q, Park S, Yoon Juyoung, et al.

Glucose-

glucose Angewandte

Recent



th i

M

ot

(93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

progress in the development of near-infrared
fluorescent probes for bioimaging applications [J].
Chemical Society Reviews, 2014, 43(1): 16-29.

Iverson N M, Baronel P W, Shandelll M, et al. In
vivo biosensing via tissue-localizable near-infrared-
single-walled carbon nanotubes [ J].
Nature Nanotechnology, 2013, 8(11): 873-880.

Barone P W, Baik S, Heller D A, et al.

infrared optical

fluorescent

Near-

sensors based on single-walled
carbon nanotubes [J]. Nature Materials, 2005, 4
(1): 86-92.

Lukinavicius G, Umezawa K, Olivier N, et al. A
near-infrared  fluorophore for live-cell super-
resolution microscopy of cellular proteins [J].
Nature Chemistry, 2013, 5(2): 132-139.
Choi H S, Gibbs S L, Lee ] H, et al.

zwitterionic near-infrared fluorophores for improved

Targeted

optical imaging[J]. Nature Biotechnology, 2013, 31
(2): 148-154.

Amerov A K, Chen J, Small G W, e al. Scattering
and absorption effects in the determination of
glucose in whole blood by near-infrared spectroscopy
[J]. Analytical Chemistry, 2005, 77 (14): 4587-
4594.

LiuZ P, Liu LL, Sun M H, et al. A novel and
convenient near-infrared fluorescence " turn off-on"
nanosensor for detection of glucose and fluoride
anions[]]. Biosensors and Bioelectronics, 2015, 65:
145-151.

Yum K, Ahn J H, McNicholas T P, et al/. Boronic
acid library for selective, reversible near-infrared

fluorescence quenching of surfactant suspended

single-walled carbon nanotubes in
glucose[J]. ACS Nano, 2012, 6(1): 819-830.
Shibata H, Heo Y J, Okitsu T, et al. Injectable

hydrogel microbeads for fluorescence-based in wvivo

response to

continuous glucose monitoring [J]. Proceedings of
the National Academy of Sciences, 2010, 107(42):
17894-17898.

Heo Y J, Shibata H, Okitsu T, et al. Long-term
in vivo glucose monitoring using fluorescent
hydrogel fibers [J]. Proceedings of the National
Academy of Sciences, 2011, 108 (33): 13399-
13403.

Yetisen A K, Jiang N, Fallahi A, et al. Glucose-
sensitive hydrogel optical fibers functionalized with
phenylboronic acid[J]. Advanced Materials, 2017,
29(15): 1606380.

Friend R H, Gymer R W, Holmes A B, et al.
Electroluminescence in conjugated polymers [J].

Nature, 1999, 397(6715): 121-128.

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

0207003-16

Wu H B, Ying L, Yang W, et al. Progress and
perspective of polymer white light-emitting devices
and materials[J]. Chemical Society Reviews, 2009,
38(12): 3391-3400.
Wu C F, Chiu
semiconducting polymer
medicine [ J].
Edition, 2013, 52(11): 3086-3109.
Sun K, Tang Y, Li Q, et al.
monitoring of small
polymer-dot transducer [J]. ACS Nano, 2016, 10
(7): 6769-6781.

Ramanathan K, Jénsson B R, Danielsson B. Sol-gel

D T. Highly

dots for

fluorescent
biology and

Angewandte Chemie International

In vivo dynamic

molecules with implantable

based thermal biosensor for glucose[J]. Analytica
Chimica Acta, 2001, 427(1): 1-10.

Gao X J, Yang W Y, Pang P F, et al. A wireless
magnetoelastic biosensor for rapid detection of
glucose concentrations in urine samples[J]. Sensors
and Actuators B: Chemical, 2007, 128 (1): 161-
167.

Beyer U, Fleischer A, Kage A, et al. Calibration of
the viscometric glucose sensor before its use in
physiological liquids-compensation for the colloid-
osmotic effect [J]. Biosensors and Bioelectronics,
2003, 18(11): 1391-1397.
Kuenzi S, Meurville E,

characterization  of

Ryser P. Automated

dextran/  concanavalin A

mixtures-a study of sensitivity and temperature

dependence at low viscosity as basis for an

sensor | J|]. Sensors and
Actuators B: Chemical, 2010, 146(1): 1-7.
Lee M C, Kabilan S, Hussain A, et al. Glucose-

holographic

implantable glucose

sensitive sensors for monitoring
bacterial growth [J]. Analytical Chemistry, 2004,
76(19): 5748-5755.
Kabilan S, Blyth J,
holographic
Molecular Recognition, 2004, 17(3): 162-166.
Nakayama D, Takeoka Y, Watanabe M, et al.

Simple and precise preparation of a porous gel for a

Lee M C, et al. Glucose-

sensitive sensors [ J ]. Journal of

colorimetric  glucose sensor by a templating
technique [J].
Edition, 2003, 115(35): 4329-4332.

Asher S A, Alexeev V L, Goponenko A V, et al.

Photonic crystal carbohydrate sensors:

Angewandte Chemie International

low ionic
strength sugar sensing[J]. Journal of the American
Chemical Society, 2003, 125(11): 3322-3329.
Alexeev V L, Sharma A C, Goponenko A V, et al.
High ionic strength glucose-sensing photonic crystal
[J]. Analytical Chemistry, 2003, 75(10): 2316-
2323.



it

| i

ot

[116] Tierney S, Volden S, Stokke B T. Glucose sensors [117]

based on a responsive gel incorporated as a Fabry-

Perot cavity on a fiber-optic readout platform [J].

Biosensors and Bioelectronics, 2009, 24(7): 2034-

2039.

0207003-17

Tierney S, Falch B M, Hjelme D R, et al.
Determination of glucose levels using a functionalized
hydrogel-optical fiber biosensor: toward continuous
monitoring of blood glucose in wivo [J]. Analytical
Chemistry, 2009, 81(9): 3630-3636.



