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Abstract: Diabetes mellitus is a major challenge in the global public health field, and its early diag-
nosis and dynamic monitoring are of great significance for disease management. In this paper, a glu-
cose sensor based on laser-induced graphene (LIG) electrode modified by carbon nanotube—enzyme
complex was constructed. A 3D patterned graphene three-electrode system was prepared by laser di-
rect writing technology. The aminated multi-walled carbon nanotubes (N-MWCNTs) and glucose oxi-
dase(GOx) were covalently bound and modified to the surface of the working area of the LIG electrode
by glutaraldehyde. The current response of glucose on the composite electrode was determined by
chronoamperometry. The results showed that the cross-linking of N-MWCNTSs could effectively im-
prove the sensitivity of glucose sensors. The prepared composite electrode had a good current re-
sponse to glucose solution in the range of 0. 5x10°-5X10" mol/L. concentration, and the detection
limit was 0. 5107 mol/L. The sensor exhibits high sensitivity, good precision, repeatability, selec-
tivity, stability and flexibility, and can be used for glucose detection in biological samples such as
serum, sweat, urine, etc. The preparation of the LIG immobilized enzyme electrode is simple,
green and low-cost, and shows broad application prospects in portable blood glucose detection.
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Fig. 3 EDS elemental analysis of LIG electrode surface(A) and MWCNTs/GOx/LIG electrode surface(B), their XRD spectra
(C) and Raman spectra(D)
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Fig. 4 Infrared spectral analysis of modified electrodes(A) and cyclic voltammetry curves of different electrodes in potassium

ferrocyanide solution(B)
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Fig. 5 I-t curves(A) and working curves(B) of MWCNTs/GOx/LIG electrode for detecting glucose at different potentials
the concentrations of glucose from low to high are 0, 0.5x107°, 0.5x107, 0.5x107*, 1x107*, 2.5x10™, 5x107,
1x107°, 2.5x107, 5%107° mol/L, respectively
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Table 1 ~ Recoveries of glucose in biological samples

Sample Added/(mmol - L") Measured/(mmol +1.") Recovery/%
Urine 0.05, 0.5, 2.5 0.026, 0.552, 2.204 52.7, 110, 88.2
FBS 0.05, 0.5, 2.5 0.036, 0.649, 2.524 72.9, 130, 101
Sweat 0.05, 0.5, 2.5 0.041, 0.538, 2.379 82.2, 108, 95.2
LY
3 & it

AR EHBEAR, Sl Ethae a8k, K CA ZCH Y GOx 5 MWCNTSs iy %5
V1) [0 4% 2 4 o] 28 AE AT M AR R TR, A A 1 — s R M (S SR R A A AL s . Pl A i
MW CNTs/GOx/LIG HLAR X} ) % Ve i A 90 th B I 0 Ak 2535 P, MW CNTs B fEAEfE i TS P o0 5
HIAR 0] ) LR L T, 2 ARG I REUE R ENE . 2GR ARIETEREMIR . B S RS T



512 1 BRARAEE . FET MWCNTS/GOX/LIG HLBR I 4 Bl AL 4% R 9T 2515

800 3 L B A A e G D00+ B 808 DR O e ) AR TSP RE L 0 80 2 B L R I 9 BT L4 0. 5%107°~ 5%
107 mol/L, REGSEH 1 589. 07 pA-L-mmol ™+ em™, AL It & WAMTEE, ARG AR & 5 H
Tods FORMIBRAE, RREEALS, FITRDALE)

Sk

Wang Y, GaoLY, SunY Y. China Meas. Test (JEFT, ST, IME2%E  JENGR), 2025, 51(5): 1-11.

Hwang D W, LeeS, Seo M, ChungT D. Anal. Chim. Acta, 2018, 1033: 1-34.

Zhang C, Ge XY, Chen D W, Wu Y N. J. Instrum. Anal. (3K, &S, FRikH, %AT . 0HNGRZR) ,
2024, 43(7): 1058-1062.

Liang X S, Zhang S, MengS, Tan R J, Zhang K, Hu]J L. Microchem. J., 2024, 207: 111690.

GeDH, LiMW, WeiDL, ZhuNF, WangY, LiMF, ZhangZ, Zhao H J. Chem. Eng. J., 2023, 469: 144067.
Hambly B P, Sears C, Pendley B D, Thompson L L, Lindner E. ACS Sens., 2024, 9(3): 1199-1207.

Tong X L, Jiang L, Ao Q, Lv XX, Song Y, TangJ. Biosens. Bioelectron., 2024, 248: 115942.

Wen XY, Yang X H, GeZ X, MaHY, WangR, Tian FJ, TengP P, GaoS, LiK, Zhang B, Sivanathan S. Bio-
sens. Bioelectron., 2024, 253: 116191.

Kulkarni M B, Ayachit N H, Aminabhavi T M. Biosensors—Basel, 2022, 12(10): 892.

LiTX, TanglL, LiK, LiuBZ, XiaoMM, LiuN, NiW, LiYT, ZhangZ Y, Zhang G J. Anal. Chim. Acta, 2023,
1273: 341511.

XuDQ, AnX, WangY Y, QianLS, Qiu WW, Zhang X J, Liu G D. Anal. Chim. Acta, 2023, 1260: 341511.
Schroeder V, Savagatrup S, He M, LinS, Swager T M. Chem. Rev., 2019, 119(1): 599-663.

Henry P A, Raut AS, Ubnoske SM, Parker C B, GlassJT. Electrochem. Commun., 2014, 48: 103-106.

Gergeroglu H, Yildirim S, Ebeoglugil M F. SN Appl. Sci., 2020, 2: 603.

Kashyap B K, Singh V V, Solanki M K, Kumar A, Ruokolainen ], Kesari K K. ACS Omega, 2023, 8(16): 14290-
14320.

Zhang W, Singh R, WangZ, LiGR, Xie Y Y, Jha R, Marques C, Zhang BY, KumarS. Opt. Express, 2023, 31
(7): 11788-11803.

LuYY, LiXT, Compton R G. Chem. Sci., 2022, 13(5): 1355-1366.

Sabaté Del Rio J, Henry O Y F, Jolly P, Ingber D E. Nat. Nanotechnol., 2019, 14: 1143-1149.

Fang G Q, He Y X, JiSP, Liu A P.J. Zhejiang Sci~Tech Univ.: Nat. Sci. Ed. (JFE PR, MW, ZEEMS, XZH.
WL T RS540 B, 2023, 49(1): 9-16.

Kumar TH V, Sundramoorthy A K. Anal. Chim. Acta, 2019, 1074: 131-141.

Adeloju S B, Lawal A T. Anal. Chim. Acta, 2011, 691 (1/2): 89-94.

Chen F R, ZhangZ K, He SH, YuX X, Li Y X. J. Instrum. Anal. (BEI50, kK, i, RTWIR, BHE.
SIHTIREAAR) . 2023, 42(2): 150-157.

(WiEHRE. T 2#)



