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A Microfluidic Interfacial Capacitive Biosensor for
Inflammatory Bowel Disease Diagnosis

WANG Tiangi,ZHANG Jian, QI Haochen,LU Li

( Wenzhou University , Wenzhou 325035 , China)

Abstract: At present,the diagnosis of inflammatory bowel disease (IBD) mainly relies on inter-
ventional techniques such as colonoscopy and biopsy, which make it difficult to realize quantitative
assessment and accurate diagnosis. A non-invasive, fast, and easy-to-operate microfluidic immu-
nosensor is developed. Combining microfluidic enrichment with interfacial capacitive sensing, the
intestinal fatty acid binding proteins in serum are detected for non-invasive diagnosis of IBD. The
experimental results show that the sensor can detect the target protein concentration in serum within
30 s, with a detection limit as low as 5.29 x 10 * pg/mL in standard solutions. The response within
the detection range is semi-logarithmic linear, with a selectivity of 8 130:1 against the interference.
The clinical deviation in serums is only 5. 01% between the results from the sensor and those from
the enzyme-linked immunosorbent assay ( ELISA) . The developed sensor provides an effective solu-
tion for serological diagnosis of IBD and has high noninvasive diagnostic application value.
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Fig.1 Equivalent circuit
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Fig.2 Interfacial capacitive sensing mechanism
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Fig.3 Internal flow field of electrode microchannel
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Fig.6 Schematic diagram of sensor detection
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Fig.8 Normalized capacitance transient curves
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Fig.9 Sensor dose response and calibration

AL E 9 PRHEL S REZL (y = -3.21) 1
2 1T i A A B H A AR A A FR (5. 29 x
10 ~* pg/mL) , e S (i R 75 S50 A M OB ) T -
B oA riE 258, BeAh, KL ThRetb iy B L
TSI 45 2 22 B FL T % 1-FABP bR o 3 7™ A=
Fofs BE M 1, 1 — 25 B AIE T PUAAR X B bR E R
YEM .
3.3 RESBRERG

FI D RE AL AT B A U 7S b TP, 45 5 an
B 10 o, AU A B X 14 4y %) i 1z {28 /)
FXF [ 55k B T-FABP (i {8, HAS HL & vk B
MERREE TR b R K R A A O BB T R 45
FEATE 1 pg/mL I B0 AR, - 2. 13% /min, %5
[6]F I-FABP fE¥ ¥ 1. 23 x 10 ~* pg/mL B =4
{4 e WL, O T S35 A5 3] 92 A% R 1 BE B L Ry
8 130:1,

'rr

El
O LR ms A e
I AERRENG

T EEw 10°

BH—thB AR (% 'min'j)

107 10™ 10°
W/ (pg-mL™)

E 10 fZRESFFRE
Fig.10 Sensor specificity

3.4 fRESRTEG AR M e AR A Rz A

R B AT SRR A D 1M 3 I-FABP [PERE, XF
6 # WA IBD i A A9 LTS REA A 3 4 fd fE N
FR) I 975 R A R A R, 2 e T S 6 56 E, >R
0. 05 x PBS XFIMIEFEASHEAT 1 000 f5F0 RS, AT ffiAs:
A HARYHR B A AL AR Y RS N, R
AR5 R 5 BELISA R 25 Fxt b an&l 11 iR,

P L 11 AT I DA LV A A v e A T 2% 2
25 R K2 HC3, H ELISA ¥ 45 3 K
310. 3 pg/mL, & B A5 M 45 4 24 338. 8 pg/mL,
PIE RN 9. 2% VR RN 45 R 22 5 R /MY
FEARJE UC2, £ 7 H N -2.5% ;9 I RFEA 1)
ELISA 5{&Edn kil 25 53422 548 5. 01% ,
— M R AR, AR, IR 0I5 Y 1-FABP ¥
B TR X IBD AR 3% B (s IR AT
VIR IR HLas RAFIII RIZ W0 (A



6 % om o ® I XK % F R % 44 %
-6.1% -3.9% _4.4% ~4.1%
—5.2% 9.2% -2.5% —6.2% -3.5%
2067.01 95 3
313.6 1378. 7 1373.
1310312539 1280.9 13183 1
1 117.01 971.5
HC1 HC2 DC2 C3
ELISAJIﬁW!J%ﬁ'E/(pg-mL b -%@%ﬁﬁW%ﬁ'ﬁ/(pg-mL b §E$ - -B%L
B 11 AR E IR ELISA 2R3tk
Fig.11 Comparison of sensor and ELISA detection
results for clinical samples
Pathogens,2022,11(12) :1526.
4 #EE'I»E (7] ZE50, IR, R TV MEREAE G I 1 e 16 75908 V3 46 0 8
=R A ML NG 1T R 45 4 2 11 D-FLRR AN 1] B R -1 2K
SRR B A BUS R SCELT]. e IR AR e 25
P e e
. Correlation of serum intestinal
S . = &g B At B S s ’ 3
m%‘] ’ 7’< M T ﬁ: = iﬁﬁ S TH CI:TJ‘# Ié R H—J‘ l]ﬁ m fatty acid binding protein, D-lactic acid and intercellular adhe-
E/‘J I-FABP 7‘&‘()“ 11?,.4\%&;5’\]6)}%!] ,ﬁﬁiy/ﬁ‘mﬁlﬁ sion molecule-1 levels with intestinal mucosal injury degree
[T - N By RE VA and prognosis in patients with sepsis complicated with intesti-
TR A A IR T T TBD 12 W 4 v 132 g PIOSTIONS 1 P WH TEHs SOmpHEL e
nal ischemia-reperfusion injury[ J]. Journal of Clinical Inter-
PEFNRT S, AR RS 10 EE B R B A HE T A nal Medicine,2025,42(1) :39 —43. (in Chinese)
e AL B B B (B A 2 SR T 2 [8] OLUKA G K,NAMUBIRU P,KATO L, et al. Optimisation
and validation of a conventional ELISA and cut-offs for de-
E/‘J %ﬂi j]l] B ]Z‘S % ﬂ“ 1;;.‘ ﬂf‘ EE fL E,:J m ZIK ﬁl: ;7111 © . tecting and quantifying anti-SARS-CoV-2 Spike, RBD, and
JHS jijt%EILH B/J 4’3‘,@%‘%&@@“ ﬁ/f%*ﬁ,ﬂﬂﬁﬁj nucleoprotein IgG,IgM, and IgA antibodies in Uganda[J].
)ﬂﬁﬂmﬂ@%ﬁﬁfﬁh{ﬂﬂ&ﬁ , Xﬁﬂ‘ﬁﬁﬂikﬁi LJ& Frontiers in Immunology,2023,14;111.3194. N
e 5w ELA [9] OUESLATI R,CHENG C,WU J et al. Highly sensitive and spe-
Eﬁ/ﬁﬁ Izai‘ﬂl [Z/Iﬂ‘ﬁ/ < ’fjl:% o cific on-site detection of serum cocaine by a low cost aptasensor
[J]. Biosensors and Bioelectronics,2018,108 ;103 - 108.
S E 3k ( References) : [10] CHENG C,CUI H C,WU J,et al. A PCR-free point-of-care
capacitive immunoassay for influenza A virus [ J ]. Micro-
[1] KIKUT J,MOKRZYCKA M,DROZD A, et al. Involvement chimica Acta,2017,184(6) :1649 — 1657.
of proinflammatory arachidonic acid ( ARA) derivatives in [11] CUIHC,WU J,EDA S, et al. Rapid capacitive detection of
Crohn’ s disease (CD) and ulcerative colitis (UC) [J]. Jour- femtomolar levels of bisphenol A using an aptamer-modified
nal of Clinical Medicine,2022,11(7) :1861. disposable microelectrode array [ J ]. Microchimica Acta,
[2] ESTEVINHO M M,MIDYA V,COHEN-MEKELBURG 8§, et 2015,182(13/14) :2361 —2367.
al. Emerging role of environmental pollutants in inflammatory [12] LIN X G,CHENG C,TERRY P,et al. Rapid and sensitive de-
bowel disease risk , outcomes and underlying mechanisms|[ J]. tection of bisphenol a from serum matrix[ J . Biosensors and
GUt72025 ,74(3) 1477 - 486. Bioelectronics,2017,91 :104 - 109.
[3] ASE. RIEMEWMESHT? B LA B R A E [13] ZHANG J1,JIANG Y,XIA X, et al. An on-site, highly specific
BRI N]. h E R4, 2025 -01 -16(3). immunosensor for Escherichia coli detection in field milk
[4] LILL,CHENG R,WU Y S, et al. Diagnosis and manage- samples from mastitis-affected dairy cattle[ J]. Biosensors and
ment of inflammatory bowel disease[ J]. Journal of Evidence- Bioelectronics 2020, 165 : 112366.
Based Medicine,2024,17(2) :409 -433. [14] QI H C,HU Z W,YANG Z L, et al. Capacitive aptasensor
[5] SUNDL,CENY Y,LIS M,etal. Accuracy of the serum in- coupled with microfluidic enrichment for real-time detection
testinal fatty-acid-binding protein for diagnosis of acute intes- of trace SARS-CoV-2 nucleocapsid protein [ J]. Analytical
tinal ischemia:a meta-analysis[ J]. Scientific Reports,2016,6 Chemistry ,2022,94(6) ;2812 —2819.
(1):34371. [15] NIUJQ,LIN SJ,XU Y C,et al. A stepwise multi-stage con-
[6] TYSZKO M,LIPIONSKA—GEDIGA M,LEMANSKA_PEREK tinuous dielectrophoresis separation microfluidic chip with mi-

A et al. Intestinal fatty acid binding protein (I-FABP) as a
prognostic marker in critically ill COVID-19 patients [ J].

crofilter structures[ J]. Talanta,2024,279 :126585.

(TG4 ARAH)



