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for Polarity Detection and Its Imaging Applications
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Abstract Polarity is one of the important factors in cell microenvironment. Polarity, to a large extent, is involved in various
physiological activities and has an important influence on many life activities of organisms. Studies show that many meta-
bolic diseases in the body can cause polarity changes, such as diabetes, fatty liver, atherosclerosis, and so on. Therefore, it is
important to detect polarity changes in living organisms. In this paper, a novel polar fluorescent probe COM-PO with large
Stokes-shift was designed and synthesized by altering the push and pull electron groups on coumarin to alter the intramolec-
ular charge transfer (ICT). The fluorescence intensity and wavelength of the probe changed with the polarity of the test sys-
tem. In polar solvents, the excited state energy of COM-PO dissipates in the solvent through dipole-dipole interaction, and its
fluorescence emission intensity decreases. On the contrary, the fluorescence emission intensity of the probe increases signifi-
cantly in low polar solvents. Since the probe has a large Stokes shift, it can avoid the relatively high signal-to-noise ratio and
the serious fluorescence self-extinguishing in the imaging process. Therefore, we applied the probe to cell diagnosis and in
vivo disease diagnosis. It is well known that cancer cells are less polar than normal cells, and when the probe enters cancer
cells, their fluorescence intensity increases by two to three times compared to normal cells. The fluorescence intensity of the
probe COM-PO was also twice as high as that of the normal mice. The COM-PO probe was tested by solution spectroscopy,
cell imaging, tissue imaging and mouse in vivo imaging. The experimental results show that the probe COM-PO has the
advantages of high polarity sensitivity, high selectivity, strong pH adaptability and good biocompatibility, and can detect the
polarity changes of abnormal states of cells, tissues and even livers, which is expected to realize the early diagnosis of polari-
ty related diseases.
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Reagents and conditions: (i) Compound 1, compound 2, ethanol, 85 °C, 4 h. (ii) Compound 3, compound 4, ethanol, 85 C, 8 h
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Figure 1 (A) UV absorption spectra of COM-PO (10 pumolsL™") in
different polarity solvents. (B) Fluorescence emission spectra of
COM-PO (10 pmol-L™) in different polarity solvents
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Table 1 The spectroscopic characteristics of the probe COM-PO
in different solvents
o M (HFETE
Solvent g/(moleL'ecm™)  A,/A, (nm) (88 /nm
1,4-Dioxane 5.45X10° 460/564 96
THF 2.36X10° 465/590 125
MeOH 5.78 X 10* 475/620 145
DMSO 8.25X10* 480/625 145
Acetonitrile 7.77X10° 468/580 112
PBS 6.73X10° 479/627 148

&: Molar extinction coefficient; 1,: extinction maximum; Ap: emssion

maximum.
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Figure 2 Fluorescence emission spectra of COM-PO (10 umol-L™") in
dioxane-water mixed solvent system (percentage represents volume frac-
tion of dioxane content in mixed solvent)
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Figure 3 Fluorescence emission histograms of COM-PO (10 umolsL™")
in different inorganic ions and amino acids

The numbers represent: 1. CaCly; 2. NaClO; 3. CuSOy; 4. L-Cys; 5. NaF; 6.
GSH; 7. H,0y; 8. DL-Hey; 9. KI; 10. MgCly; 11. MnCly; 12. NayS; 13.
Na;SO4; 14. ZnCly; 15. L-Met; 16. TBHP; 17. L-Arg; 18. L-Lys; 19. L-Val; 20.
Na,S0; (p<<0.05)
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Figure 4 (a~c) Imaging plots of 3T3 cells treated with probe
COM-PO (10 umolsL™"); (d~f) imaging plots of 4T1 cells treated with
probe COM-PO (10 umolsL™); (g~i) imaging plots of HL-7702 cells
treated with probe COM-PO (10 pmolsL™"); (j~1) imaging plots of Hela
cells treated with probe COM-PO (10 pmolL™"); (m) comparison of the
fluorescence intensity of the four groups of cells imaged (*p<<0.05)
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Figure 5 Different fluorescence intensities of probe COM-PO when
using in (a) normal liver and (b) fatty liver; (c) comparative diagram of
the fluorescence intensity of probe COM-PO in different livers
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Figure 6 Fluorescence imaging of living mice. (A) The image of hepa-
titis mouse injected with COM-PO; (B) the normal mouse model injected
with COM-PO; (C) the relative fluorescence intensities of mouse model
(Aex=480 nm, A, =570 nm)
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SOWEEETH(H AN E R, 966152 M H AL F4700 %
JEBETH(HA) IS, R L3027 Leica SP8
DIVE ¢ 5 s (4 ) HEAT 1. S8 At R pH
2 BACRREAE R G IR AR PHS-3C Wl &
Y. 7N e SIS /N BRI SE B I EERER . /N R RRUE S
5% |l PerkinElmer IVIS 15 2532,
42 REEMK
421 Hbdh 3 a9em

7E 100 mL [ EH I &P 1 (4-— L FHEK
¥, 3.8 g, 30.3 mmol) LA AL 5 2 (L1 4. FR 2.1, 3.9
g, 30 mmol), I 50 mL ) Z s ik [l AL Hva . S
N4hfg, HEEOERERMNEE, RNEEE, W
I 12 h JEAEOSEENTE, HIEERLEY 3 (5.2
g, 20 mmol), ZZ 66.7%.
422 COM-PO %4 &

REULEY) 3 (259 mg, 1 mmol) BT 150 mL ) H
JERSH T, IIALEY) 4 (4-(Z IR -ZFE TR, 208
mg, 1.4 mmol), [MARRZRFHIIAN 8 mL WTL/KLEE, B2
JE PRI B S Ak, EE SR TR, R
N8 h. FHEE ISR N, RN SEA )R, fFIER
Ri WHI B ER, BOEMIE, BIRE, AR AT A,
Ve A B8 CBR(ARFRLEE 10 1 1), 285 3T K
TR, &S5 COM-PO 192 mg, %% 51.1%.
'H NMR (500 MHz, CDCl;-d) 6: 8.54 (s, 1H), 7.97 (d, J=
15.5 Hz, 1H), 7.84 (d, J=15.5 Hz, 1H), 7.60 (d, J=8.8
Hz, 2H), 7.41 (d, J=8.9 Hz, 1H), 6.68 (dd, J=35.3, 5.6
Hz, 2H), 6.61 (dd, J=8.9, 2.5 Hz, 1H), 6.49 (d, J=2.3 Hz,
1H), 3.45 (q, J=7.1 Hz, 4H), 3.04 (s, 6H), 1.24 (t, J=7.1
Hz, 6H). 3C NMR (125 MHz, CDCls-d) J: 186.18, 160.93,
158.44, 152.63, 148.15, 144.56, 131.53, 130.73, 117.51,
109.66, 108.68, 96.60, 45.11, 40.21, 12.49. HR-MS (ESI)
caled. for CaHxN203 [M+H]" m/z 391.2016, found
391.2016.
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