Hans Journal of Biomedicine Z¥JEE%Z, 2026, 16(3), 359-368 Hans X
Published Online May 2026 in Hans. https://www.hanspub.org/journal/hjbm
https://doi.org/10.12677/hjbm.2026.163038

ETHRENRWEMERMERST: “SFE”
ENER ARG

E &, RS, W%, HEBE, ALK
g T A EY) S TRE B, IR PR

Weks H i 20264E3 H8H ;s A HM: 20264F4H30H; KA HB: 202645712 H

HE

IR, HWER. WERREEENEEZRERNEM, SBSEFRGRRGRET. H8T
I PRA2 i E BRSSP T AR R 2V, EREFERERNNBEFRARGESR. AR
R SBORE, BEREHTRETRNL. REFRANRESHBEZHEHSEER, SRR
TRISIT R B R A0 . ABFFURRIIIT R T — P2 TR BN (C=N) e 3 L. i iy 7 243G 41 4
(NIR)ZEHREY, T R NSRS R AR AL . G RIUH R R et . R REE . HErDs
FaEVE R B pHIN Z VSR SURRY, THEA RN B A5 S5 (LPS)¥5 - i SRR T b 40 HURS L RO 7
#, HETIRL T3 2. BHE Z B (APAP) 5 5 A T 1 U A5 24 o 4 A K 2 4 S BB S » 2 EREH AT 5T
YRR AR AR B AR, RRAI RN ST B0 0 B R R TR A F B

XK ia

SR, O, B, KB, AR

Construction of Viscosity-Responsive Probes
Based on Carbon-Nitrogen Double Bonds:

A Study on “High-Fidelity” Monitoring of
Acute Liver Injury

Sheng Wang, Jianqi Yan, Chaoshun Nj, Yabing Gan®, Libo Nie*

School of Biological Science and Medical Engineering, Hunan University of Technology, Zhuzhou Hunan

Received: March 8, 2026; accepted: April 30, 2026; published: May 12, 2026

EIREE .

XESIH: &, PUER, (ReAsE, B, Tarsh. FETEOSEEA E R N AR TR M S R A AT ).
HMBE R, 2026, 16(3): 359-368. DOI: 10.12677/hjbm.2026.163038


https://www.hanspub.org/journal/hjbm
https://doi.org/10.12677/hjbm.2026.163038
https://doi.org/10.12677/hjbm.2026.163038
https://www.hanspub.org/

Tt A

Abstract

In recent years, the incidence rate of acute liver injury has been continuously rising due to the com-
bination of pathogenic factors such as drug abuse, viral infection, and excessive alcohol consump-
tion. Current clinical diagnosis mainly relies on serum biochemical indicator testing and imaging
assessments, but these methods often lead to missed diagnoses in the early stages due to insufficient
sensitivity and limited specificity, resulting in patients missing the optimal intervention window.
Developing early diagnostic techniques that are both timely and precise has become a core issue
urgently requiring breakthroughs in the field of clinical liver disease diagnosis and treatment. This
study successfully developed a novel near-infrared (NIR) fluorescent probe based on the rotation
mechanism of carbon-nitrogen double bonds (C=N) for ultra-sensitive response to changes in mi-
croenvironment viscosity. The probe exhibits excellent selectivity, ultra-high sensitivity, outstand-
ing photostability, and wide pH tolerance. The results demonstrate that it can effectively monitor
the increase in cell viscosity in an inflammation model induced by lipopolysaccharide (LPS) and has
been successfully applied to real-time imaging monitoring of intracellular viscosity in a liver injury
model induced by acetaminophen (APAP). This probe provides a powerful tool for studying physi-
ological and pathological processes related to cell viscosity, especially for the early monitoring of
acute liver injury.
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Table 1. Near-infrared probes for viscosity

F 1. FHERVILLISMAS

Probe structure Jem Detection range Biological applications Ref.
Q % Y
/2 W L /\\\/\/ .
A 680 nm 1.2 cP to 430 cP Cell/Mice [32]
O
P 626 nm 3 ¢P to 647 cP Cell/Mice 33]
)

‘ 676 nm 1.5 cP to 1099.5 cP Cell/Zebrafish [34]
i
%@\A;PW 667 nm 1.29 ¢P to 937 cP Cell/Mice [35]
|
NN 650 nm 1.05 cP to 945 cP Cell [36]
T
o~
‘ N O 700 nm 1.05 cP to 695.4 cP Cell/Mice [37]
T/
N\ eN
d Ao A@ 650 nm 0.59 cP to 945 cP Cell This work
Vo

'
|

BEXT RIS, ABTFB 1 R R RO e AL B R BOL LN PO IRE, I 1o RS =
R FEA Sl 71 W B IRALE, 520G om R & 19 58 [29] [38]. AWTFLE G KM AA = RBUL.
LR RROCRRENE . TE pH MR 3V SR BUR A AP BN TG IRE , X ST 15 075 40 A AR AR ol 2 AR
PRI E . ST IR, DA SRR R HE ST R Bt — R 1 LR

2. KBS MRS A

A S5 BT AL 2GR B R T (R B i), AT G R Al . SCIR AN MR E I SR R 7R
B RO P ERB), HHEH 10%062F 3% (Grand Island, Gibco BRL, NY, 3[H). 1%HE% (100 U/mL)
H1 1% 82 2 (100 ug/mL) ) DMEM 57803 7 96X S0 /KR AT 27K (18.25 MQ-em) . SUSE#)K
M E LT IR, AR (200~300 B)BHATHZEHr4if. 966k R M H 2 F-7100 70 6aEETt
(Hitachi Ltd., HA)HEAT /047, {1/ 10 mm FrvE A S LG MPMT %, 650 Vi FHG#E: 1200 nm/min;
ZERF, Oss WM, 2s). DAPYHIERERE(TMS) NN AR, 7 BRUKER AVANCE-500 Y X F3k7% '"H NMR
1 BCNMR . KGR B RS (Leica SPS, [F) i3k 17 40 i A% 5256

DOI: 10.12677/hjbm.2026.163038 361 A=


https://doi.org/10.12677/hjbm.2026.163038

Tt A

i » Highly selective

» High-quantum yield

» Real-time monitoring

630 660 690 720 750

E NC _CN i
: 0"\ CN |
b = High ]
P Viscosity i
i 1 g NS i
E e — N— :
! / |
E » Near-infrared fluorescence — o Control APAP i

Wavelength (nm)

______________________________________________________________________________________

Figure 1. Design of the probe
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2.1. IRETSRRRAE

G ¥ 900 mg 3-FRIE-3-HIE-T WAL 1.2 g A HEM 71.41 mg LBEEENIR S IIN 100 mL /I [R R Be
o, N 10 mL SFEEE, E RS 0.5h, THEE 50C N R MR, i, ETES 122 mg X - ZH
REEFEERE, M 8 mL LEEEE, 1F95°C MERR MR, IET, HENHAMES 50 mg X} -
THEERFERS, BN 10 mL ZEEEMBIESEE, £ 60°C N ER R NS R, @A R alifl,
JETARERE 1 (I 2), BATZRERE.

~ i
| N !
NH, N ;

Probe 1 |

Figure 2. Synthesis route of fluorescent probe 1

2. TRIRET | AR
2.2. IRSTHOSSEIERESCIE
TREE 1 AR AEVE (1 mM)K ] — I EA(DMSO)RCH .« 5256 F BIRVE TR TETEG . 2R, &8
R T AR IR HE VA (10 mM) A F 25 B9 T /K IC ) o 3 b o VO 0 s 4 s 22 P PO 0 R . M0 R

HOTEEAT R : 45 20 uL 4REF 1 QL MRS R T BL— R, SRR R AR IR
WK R R 2 mL. ZESIE R SREN T, JCRIO0LHE.
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2.3. YHpaIESE

HepG2 £ 37°CHIE 5% CO, FIfHIREEFRF Y, HEH 10%/G 4 i (Grand Island, Gibco BRL,
NY, FEE). 1% £ (100 UmL)F 1%7 % % (100 ug/mL)#) DMEM 195 05% 75 AT 40 (HepG2), &
2~3 RiATHEAR
2.4. ‘ARSI

YA PEET MTT (3-(4,5- - JE-2-MEMR )2, 5 — ZR L POy £5)i 5E 34T 9F Ak« HepG2 (e
96 fLIR i ¥57R, HZEILE] 60%~70% MG A, A5 A FRKREIRE 1 (0~10 uM)IFE 24 h. Bi)5
B 200 uL MTT (0.5 mg/mL), 7E37C R E 4 h, HZIEERMILKIEEE(SpectraMax i3, FE[E)7E 590
nm Kb ERIERE

2.5, LRSS IRSEIR

PR FCAN [R5 40 B TR FE 52, DA S ERAET A T AR : HepG2 IIBTEAN IR (4°CL 25°C. 37°C)
T5 5 uM #REHHE 30 min J5 R .

FIF G2 BE(LPS) B FANL 4ORE, R A AIE R AER AR ARG Atk XHRAL: 405 5 uM 3REH
H 30min; LPS 41: H LPS TALEE4H M 30 min, A5 FIREMHFE 30 min. LPS+NAC (N-Z Bt 1R,
SRR A RS2 H LPS + NAC TRACHEANAE 30 min, FFREMIE 30 min, Bl 5 AT 986l -

FIF X 2 S Y (APAP)YEE S AR A5 400 R A, VPR ET F T 2 M A5 A5 2 1y S i B I g = 3o
FRZH: FIREF L3R 30 min; APAP 2H: 45 AN[FIREET APAP (200/500/1000 pM)FLGEE 8 h, X5
FHEREF AL EE 30 min; NAC 4H: F NAC (200 uM)TiiALEE 1 h 40, 2RJ55 APAP (1000 uM)JLiE & 8 h,
b8 J5 AT e e R
3. BRE R
3.1. RERRERIE

N T EORIRE B0 IERA S B, BATRHREREAT 1 ARMERAL, 3B MEE s 3. WU R B0 IR/ &
J, CLR AR IR B 2R e, T LA IR SR 73 S
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Figure 3. (a) "H NMR spectrum of probe 1; (b) *C NMR spectrum of probe 1
B 3. (a) RET | OERRHGE; (b) BRE 1 AOBARELE

3.2. IRETHUTESCIEAE

HAE, NIIEZARE PR e N, RATTHE IR N T H S PBS (pH = 7.4, 10 mM, viv = 5:5){K &
WFAR ORI . 4 4(a)fir, FEBUR K 600 nm T, #REFAE T Erk BEH I 7E 652 nm Ak HYEL Y
W) “HOETFIR Y 8L MAE PBS L LSS . 5 PBS ML, H il R ok i Eibom 625 fif,
RS T S (5 e LU RS FEAT I . 32 TR, N T DI IERET FEAS [FIVA R R G2, 3RAN
XFREHFEA VA P R G HEAT 1 0 #r . W& 4R, ZRERAE T A FERE R, REFEUR OG5
JEATE; 1R M EREN AT H b e, LR TR R s, R UNZIRE TR S A A AR
Tk, ROPRGRE BARRAE R, BRSO UK B AR ST IR I . SE P, FRATRHREEAR
A pH 251F FF PBS AH iR A& AT T 0. I 4(0)Fn, 4IREHET PBS i, 7EASIH pH 4%
P ERENEOR 58 e FE AR AR e HLBRAR: MREH b T Hl R, 7EARF pH 45 0F FERENEUR 158 i
FESSIa e, UL BAIRE AR G EARE] pH 260 N POGSRE AR, BB A B IR FE AR . v T RSB PRA R4
DI FE ARG BE R PE G R, 1B A0 1) FEE — A 3 o S 00 ok U SR I IR B, HEAEA RS BE R
W03 THEREF IO . BEAE R EE AN 0.59 cP RUIE 3] 945 cP, IZIEEZHHE R, HE— LM Hr
W 4(d)Rn, POGTEREERE L Z AAFLE S BELRVEAR DG TE o KRG BEAR RTE 0.59~945 P Y lH NEE 8 y =
249.52455x+3.03032 (R2=0.9911), FIHIZDICIREM W RGE BRI 7RI/ R . 2 1ok, AT EREN 3
1T TR e EE, Wi 4(e)fin, TE 650 nm &b, MiZIRENALT PBS Wi, 2RJ65RIEAE 0 2 1800 s 1)
i 1) 9 R P AR e A LB R B A D Y6 IR s iR e A T H i P, WA %9 e 5k B T 2 1 i,
b J BB I TR HERS S B 55 Je e TAe e o 45 IREW], IREHER S, BEEN RS, T RA BT
WIS, FEMESL T iR RSB e . &5, N T VPR EAE B 293R8 b ot bt A8 1k 13k
PEVEWA N ST, BATHFFL T Ao e e ik isgm, AFEEER. W, &5 FmaE
FREEZ P, WP AT, SERET AL TR FE R AV P s v] 5 3 B SR 0 28 6 T e IO, T AE 5 oAt
ST RN A R B R AT, X R REI AL B, B R RERE, AT
JRIEDL R, EREHTREBS HE RS I & 2% RS0 IR
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Figure 4. (a) Fluorescence spectra of the probe in glycerol and in PBS; (b) Fluorescence intensity of the probe in different solvents;
(c) Effect of pH on the fluorescence intensity of the probe; (d) Linear relationship between log(fluorescence intensity) and log(vis-
cosity); (e) Photostability experiment of the probe under continuous laser irradiation for 30 minutes at different viscosities; (f)
Fluorescence intensity of the probe towards the analyte (1ex = 600 nm)

[E 4. (a) EREEHIAAIRET7E PBS HRIRAAIE; (b) RETERERFIPHZRIIRE; (o) pH EXIRETRNBRERF
WE; (d) log(RAIERE)S log(REE)MNZME X FR; (o) IREHETRREE THESACLIRSS 30 min FLIREMEE; ) &
F 33 TR IS TRE (Aex = 600 nm)

3.3. ApRs

BEFAZIRET G R BRI LA LS e 2R, BRATE — i 5 SR AR D AR A EL M U0 20 B P R
FERACHIEAERN o 1 SR MTT iEVPAE IR B AR BE 1 . S5 RR W, E<10 uM 26 F T 4RI AAE 52
T 90%, Ut HIREN G TE AR S A Rk, AT T R SRS (A 5). RS, BAITERE S uM
WA T 4R R .
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Figure 5. Cell survival rate under different concentrations
(2,4,6,8, 10 uM) of probe
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3.4. HARTIERIE

DT B BORS FE B A4, K HepG2 A A I FZ N SHREHIF H 30 min Ja % . a1l& 6(a)ir
sy BEEREREAR, 27 i2s2 R, MIRAMBDREEIEIN, JO6ME S ZBHge, BIPRE AT R E0h
RARMIRG AR - BB R, AT LPS i A SOER, S5XF IR LE, LPS R 4 9615 5 158k
I NAC FHU, PO6HRBEIRES, Ui SOME IR vl SRR 40D A RS BE T B NAC "R W8 (1] 6(b)).
B, ONVEAERE H T SRR R SEI HE DN RE 0, RATTEESE T APAP 5 3 ¥ HepG2 4l 5147
R, AR EZ R APAP ALBE G, R DOEE 5. 45 R ER(E 6(c)), RILfE 5 HE APAP
WREETF G55 /£ NAC FALEERAE T, APAP 3 PO il B & 155, R WIRET T EOWAS I 4H A
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Figure 6. (a) Change in probe fluorescence intensity with temperature in cells at different temperatures; (b) Fluorescence imaging

maps of viscosity in a cell inflammation model induced by lipopolysaccharide; (c) Fluorescence imaging maps of viscosity in
a cell inflammation model induced by APAP
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