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Viscosity Fluorescent Probes Based on Quinoline Group and Its Applications
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Abstract As one of the important parameters of biological microenvironment, viscosity is closely related to many life ac-
tivities, when diseases appear in the organism, such as pneumonia, diabetes, Alzheimer's disease, atherosclerosis, malignant
tumors, etc., the cytoplasmic viscosity in the organelle also changes, the new crown pneumonia is becoming more and more
serious, and it is urgent to detect the viscosity in the organism. Based on the fluorescence mechanism of twisted intramolecu-
lar charge transfer (TICT), a viscosity-mediated fluorescent probe QUI-VI is rationally designed and constructed, and its
related properties are explored and applied to detect physiological viscosity changes in vivo to achieve the purpose of disease
monitoring. The two conjugates were connected by the carbon-carbon double bond formed by the condensation of aminotri-
nitrobenzene and benzopyridine quaternary ammonium salts by methyl and aldehyde groups, forming a large conjugated
system. This not only increases the free transfer of electrons in the conjugated system, so that the constructed probe mole-
cules have a long emission wavelength, but also regulates the fluorescence signal of the probe molecules because the freely
rotatable carbon-carbon double bond can respond to the change of viscosity. The regulation process is: when QUI-VI is in a
high-viscosity environment, the free rotation of the carbon-carbon double bond is greatly limited, so that the two conjugated
systems on the molecule are in the same plane, at this time, the probe molecule is the lowest energy state, when irradiated by
450 nm light, absorb one photon energy. The molecule is excited in the excited state, and can emit long-wavelength fluores-
cence when transitioning back to the ground state. On the contrary, when it is in a medium with low viscosity, the free rota-
tion of the carbon-carbon double bond is no longer hindered, and when the two conjugated systems rotate to the same plane
perpendicularly, they are in the highest energy state, and the molecules emit shorter wavelengths of fluorescence when ab-
sorbing the energy of a photon and transitioning back to the ground state, that is, it is blue-shifted by 10 nm on the fluores-
cence spectrum. All in all, the fluorescence change of the probe QUI-VI constructed based on the TICT mechanism is con-
trollable.
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Scheme 1 The mechanism of QUI-VI
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Scheme 2 Synthetic route of QUI-VI

Reagents and conditions: (i) Compound 1, tetrahydrofuran, aqueous ammonia,
25 °C, 1 h. (ii) Compound 3, iodoethane, acetonitrile, 85 °C, 12 h. (iii) Com-
pound 2, compound 4, methanol, 65 ‘C, 1 h
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Figure 1 (A) UV absorption spectra of QUI-VI (10 umol/L) in different
polar solvents. (B) Fluorescence emission spectra of QUI-VI (10 pmol/L)
in different polar solvents (A, =450 nm)
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Figure 2 Fluorescence emission spectra of QUI-VI (10 umol/L) in glyc-
erol-water mixed solvent system (le, =450 nm)
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Figure 3 Fluorescence emission histograms of QUI-VI (10 pmol/L) in
solution systems of different inorganic ions and amino acids

The numbers represent: 1. NaClO; 2. L-Cys; 3. NaF; 4. GSH; 5. H,O,; 6.
DL-Hcy; 7. KI; 8. MgCly; 9. MnCly; 10. Na,S; 11. NaySOq4; 12. ZnCly; 13.
L-Met; 14. TBHP; 15. L-Arg; 16. L-Lys; 17. Na,SO3 (Ae =450 nm)
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Figure 4 (A) Confocal imaging of four different cell lines treated with
QUI-VI (10 pmol/L) and OA (400 umol/L) (Aex=580 nm, Ae, =610~750
nm), scale bar=30 pm; (B) the relative fluorescence intensities of the red
channels of (A) (*p<<0.05)
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Figure 5 (a~c) 3T3 cell imaging after treatment with probe QUI-VI (10
umol/L) and Nys (20 umol/L); (d~f) 3T3 cell imaging after treatment
with probe QUI-VI (10 umol/L) and Mon (20 pmol/L); (g~1) 3T3 cell
imaging after treatment with probe QUI-VI (10 umol/L); (j) fluorescence
intensity comparison chart of three groups of cell imaging

4T1+

4T1+
20 pmol/LMon 20 pmol/L Nys

10 pmol/Lprobe 10 pmol/L probe

Mean FL. Intensity

8
6
4
2
0

Probe  Probe+Mon Probe+NYS

4T1+
10 pmol/L
probe

B 6 (a~c) QUI-VI (10 pmol/L)LA K& #IF B (20 umol/L)ALFE 5 i
AT1 1%, (d~1) QUI-VI (10 pmol/L)LA K B A8 E 25(20 pmol/L)kk
FHJE IR 4T1 0 A% (g~1) QUI-VI (10 umol/L)AbFE 5 (1) 4T1 4L Ak
%; () =R L RS L

Figure 6 (a~c)4T1 cell imaging after treatment with probe QUI-VI (10
pmol/L) and Nys (20 pmol/L); (d~f) 4T1 cell imaging after treatment
with probe QUI-VI (10 umol/L) and Mon (20 umol/L); (g~1) 4T1 cell
imaging after treatment with probe QUI-VI (10 umol/L); (j) fluorescence
intensity comparison chart of three groups of cell imaging
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Figure 7 (a~c) HL-7702 cell imaging after treatment with probe
QUI-VI (10 pmol/L) and Nys (20 pmol/L); (d~f) HL-7702 cell imaging
after treatment with probe QUI-VI (10 umol/L) and Mon (20 umol/L);
(g~1) HL-7702 cell imaging after treatment with probe QUI-VI (10
umol/L); (j) fluorescence intensity comparison chart of three groups of cell
imaging
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Figure 8 (a~c) HepG-2 cell imaging after treatment with probe QUI-VI
(10 pmol/L) and Nys (20 pmol/L); (d~f) HepG-2 cell imaging after
treatment with probe QUI-VI (10 pmol/L) and Mon (20 umol/L); (g~1)
HepG-2 cell imaging after treatment with probe QUI-VI (10 pmol/L); (j)
fluorescence intensity comparison chart of three groups of cell imaging
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Figure 9 Different fluorescence intensities of probe QUI-VI in (A)
normal lung and (B) pneumonia; (C) comparative diagram of the fluores-
cence intensity of probe QUI-VI in different lungs
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138.13, 135.51, 134.50, 130.52, 129.36, 128.99, 127.30,
126.94, 123.84, 120.51, 119.41, 117.26, 116.08, 52.43,
15.60. HR-MS (ESI) caled. for CioH;sN3;O," [M]* m/z
320.1394, found 320.1396.
4.3 HiEath

I 22 B A HERREL 1.28 mg 9% 64T QUI-VI
R R, KSR T 4 mL 9 B I AR BT 4l v T
(DMSO), 33| 1 mmol/L Hj#R%H QUI-VI [ B

BWAMEIR: BB 1,4- 50N, TUSRm, HEE,
CHE, “WEK, 28, NN-—F 3R Z 980 pL £ 5
O, EGENRRATEIIN 20 uL ZeaBREH BRI, #2257,
B R FFEE 1 pmol/L, 2251573 BN B I,
18 F R A0 Y66 BE T DLR 5 9 43 e B .

Hil-PBS BABFBIRIERE ik IEAFL
B0 H M -PBS TR A& R (H H AR 20 0%~ 100%)
1980 uL, 7EGEEMERFT A 20 pL MK B, #2251, f#
FH 7R 5 Y6t BE -3k AT S itk .

pH X3 GIREE QUI-VI FIBma: SZIG i B AR
pH %5, SREHIEFETEOES, A LIRS Er
BEB, #8250, 265 0B BT kAT e il k.

T IBIA BN OB IRE QUI-VI KB m: & HUH
1980 pL Fi43 A1 1980 L #E 47, 1A A i 20 L 1
TERE, A3 2O Y6 BETHEAT G K.
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RAARE QUI-VI [P o R U i &
NaClO. L-Cys. NaF. GSH. H,0,. DL-Hcy. KI. MgCl,-
MnCl,. NaxS. NaxSOs4. ZnCly. L-Met. TBHP. L-Arg.
L-Lys. NaySO; S, RGN FidEREr, #5),
PIGAIEICEE T HEAT Y DA
44 ‘RSN

B4 55 KT 90%0%) 3T3.4T1.HL-7702 HepG-2
YRR 5 S35 S MR TE 96 FLAR . 537 24 h JEWGE LIk
W, TERRANFL AR AN TR B2 I BR A R 77 2R TR B VA T
100 pL (GRAHE 0~50 pmol/L), 4k&L:5E9% 24 h, FHIA
0.1 mg/L I MTT EWFE 4 h, iEHSE TR, f/5
FERTFEM, N 100 pL Y DM SO ¥ 0K TS BB 45t A iR v
filt, FABEAR DGR ILAE 492 nm T WO,

RRE DUR 2 2R T S5 20 L 1) A7 5 30 4l BRI 2
(%)= (ODsample — ODplank)/(OD¢ontrot — ODplank) X 100%

ODsample 275 FEAN [ (1R FLAR AN [R] 94 FE (R 4t
% 7 0 P BT B O 45 B, ODpjame 2678 45 1 55 55 5 B I &
FRIZE R, ODecontrol 75 55 77 55 T I B (1) &5
45 YHRARRGSCIR

¥ 3T3. 4T1. HL-7702. HepG-2 4Hfuys)Hukiife
+ AU A, 1 mL () DMEM =R R 77
BLHEE 24 h R B A BT RURILF, 2 BB RE
R HIEREZR 20 pmol/L, FIIAE QUI-VI (10
umol/L)E5 F2 % & 30 min J& 2E47 AR SL 5.

4.6 HFheHLRRRIGSEI

TE /N BRI s P9 B2 R0 G 22 B (LPS) ¥ ¥ (100 pL, 0.1
mg/mL) 48 h PLEESL/NEUIT A AR, 53 H— R/ B
PEJoxs HEAL S8 /N B K 3 /0N BRURRIE J T 3 B3,
I, F PBS BEEANEILIK, 73 iRIEAESE 10
umol/L #R% ] PBS ¥ 1 h, f# | PerkinElmer IVIS 47
ik
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