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All reagents used for synthesis were obtained from Aladdin without further 

purification. Column chromatography was performed on silica gel (200–300 mesh). 1H 

and 13C NMR spectra were recorded in DMSO-d6 at room temperature on Bruker DRX-

500 (500 MHz). Mass spectra were obtained at the Mass Spectrometry Facility at 

Shanghai Jiao Tong University. Fluorescence studies were carried out with F-7000 

Fluorescence Spectrophotometer. UV spectrum was treated in UV-2550 ultraviolet 

spectrophotometer. Fluorescence imaging was conducted on microscope (Nikon 

Eclipse). In vivo imaging was carried out on PE IVIS Lumina XR III. The stock solution 

of the probe NNP was diluted at 1 mM in DMSO for further testing. 

All spectroscopic measurements of the probe (20 μM) were performed in pH 7.4, 

10 mM phosphate buffer with 10% DMSO. All the spectroscopic reactions were tested 

at 37 ◦C. Unless otherwise noted, for all the measurements, the excitation wavelength 

was 490 nm, the both excitation and emission slit widths were 5 nm. The emission 

spectrum was measured and scanned from 550 nm to 800 nm.

1.2. Preparation of various analytes

Reactive oxygen species were prepared as follows:

H2O2 and ClO−: Dilution of commercially purchased solutions to the experimental 

concentration (100 μM) by PBS (pH 7.4). NO: Sodium (III) nitroferricyanide dihydrate 

was dissolved in deoxygenated ultrapure water and stored at 4 oC to prepare NO. 1O2 

was produced by addition of ClO- solution (100 mM, 1 mL) into H2O2 solution (200 

mM, 1 mL). O2•- was generated from KO2 (35.5 mg), which was directly added into 

DMSO (10 mL) at a final concentration of 50 mM. ·OH was produced by addition of 



ferrous chloride (0.1 M, 1 mL) into H2O2 solution (1.0 M, 1 mL) through a Fenton 

reaction. NO2
-: Dissolving NaNO2 in ultrapure water to prepare NO2

-. ONOO-: ONOO- 

was synthesized by the reaction of NaNO2 and H2O2 under concentrated hydrochloric 

acid condition and stored in sodium hydroxide solution, and concentration of ONOO- 

was determined by UV-Vis spectrophotometer (ε was 1670 M-1 cm-1 at 302 nm).

Other testing analytes were prepared from the Cysteine, Glutathione, 

Homocysteine, NaCl, KCl, Na2CO3, NaHCO3, NaNO2, Na2SO4, Na2S, MgCl2, MgSO4, 

CuCl2 in the doubly distilled water. 

1.3 Determination of fluorescence quantum yield

Fluorescence quantum yield (Φ) of PNDP and Compound 1 was measured by 

using rhodamine B (Φf= 0.97 in ethanol) as a fluorescence standard, and referred to the 

following equation:

Φu = [(AsFun2)/ (AuFsn0
2)] Φs.

Where As(the standard) and Au( the sample) are the absorbance at the excitation 

wavelength (A is kept between 0.01 and 0.05), Fs (the standard) and Fu(the sample) are 

the integrated emission band areas under the same conditions, n is the refractive index 

of the solvent( the sample), n0 is the refractive index of the solvent (the standard. Φs  is 

fluorescence quantum yield of the standard.

1.4. Cytotoxicity

HepG2 cells and HK-2 cells were cultured in Dulbecco’s Modified Eagle Medium 

media (DMEM, Gibco) containing 10% fetal bovine serum (FBS, Gibco) and 100 

U/mL penicillin and 100 μg/mL streptomycin (Gibco) at 37 ◦C and 5% CO2. The 

HepG2 cells HK-2 cells were seeded in the 96-well plates at the density of 5 × 103 



cells/well and cultured overnight. Various concentrations of PNDP were added to the 

wells at final concentrations of 1, 5, 10, 20, 30, 50 μM. After co-incubation for 24 h, 

the cell viabilities were measured using CCK-8 assays. Cells treated with PBS were 

used as controls. 

1.5. Cell imaging

HepG2 cells and HK-2 cells were cultured in Dulbecco’s Modified Eagle Medium 

media (DMEM, Gibco) containing 10% fetal bovine serum (FBS, Gibco) and 100 

U/mL penicillin and 100 μg/mL streptomycin (Gibco) at 37 ◦C and 5% CO2. For cell 

imaging assays, HepG-2 cells were pretreated with PBS, 3-morpholino pyridinimine 

hydrochloride (SIN-1) (100 μM, 1 h), and lipopolysaccharide (LPS) (1 μg/mL, 10 h) at 

37 °C, respectively. HK-2 cells were pretreated with PBS, SIN-1 (100 μM, 1 h), and 

cisplatin (30 μM, 24 h) at 37 °C. After washing thrice with PBS, the cells were 

incubated with PNDP at 20 μM for 30 min. Cells without any treatment were used as 

controls. The cells were then imaged respectively by a fluorescence microscope.

1.5. In vivo imaging of DILI and DIKI in mice

All animal experiments were approved by the Changhai Hospital and complied 

with the Guide for the Care and Use of Laboratory Animals. Acetaminophen (APAP) 

induced ALI model was performed by giving the mice APAP at the dosage of 400 

mg/kg via intraperitoneal (i.p.) injection. Cisplatin induced AKI model was performed 

by treating mice i.p. with cisplatin (20 mg/kg). The ALI or AKI model mice and normal 

mice were randomly divided into two groups. One group of mice were intravenously 

injected (i.v.) with PNDP (100 μM) at 10 mL/kg and the others were injected with equal 



volume of saline. The mice of each group were imaged with PerkinElmer IVIS 

spectrum (Waltham, MA, USA).

1.6. Hemolysis assay

The whole blood was obtained from mice in an anticoagulation tube, and the 

supernatant was removed after centrifugation at 1500 rpm for 5 min. The red blood 

cells were resuspended in saline to a 2 % RBCs suspension. Different concentrations 

of PDNP were added to the above suspension and incubated at 37 °C for 1 h. Blood red 

cells incubated with water and saline were used as positive and negative controls, 

respectively. After incubation, the samples were centrifuged at 1500 rpm for 5 min, and 

the absorbance of the supernatant at 540 nm was measured to calculate the hemolysis 

ratio according to the following formula:

100; 
𝐻𝑒𝑚𝑜𝑙𝑦𝑠𝑖𝑠 𝑟𝑎𝑡𝑒% =

𝐴𝑠−𝐴𝑛
𝐴𝑝−𝐴𝑛

where As, An, Ap represent the absorbance of the sample group, negative group, 

and positive group, respectively.



Fig. S1. 1H NMR spectrum of 2-(3, 5, 5-trimethylcyclohex-2-en-1-ylidene) 

malononitrile



Fig. S2. 1H NMR spectrum of Compound 1



Fig. S3. 1H NMR spectrum of PDNP



Fig. S4. 13C NMR spectrum of PDNP



Fig. S5. The mass spectra of PDNP.

Fig. S6. Fluorescence intensity of ONOO− PNDP (20 μM) toward (100 μM) at 665 nm 

in different PBS buffer for 20 min. λex = 490 nm, slit widths = 5 nm/5nm



Fig. S7. The mass spectra of 3-TCA and the intermediate product formed by ONOO- 

and 3-TCA

Fig. S8a.b Cytotoxicity of PDNP towards HepG2 cells(a) and HK-2 cells (b).



Fig. S9. Images of blood red cells after incubation with saline, water and various 

concentrations of PDNP for 1 h.

Fig. S10. Hemolysis rate of blood red cells after incubation with various concentrations 

of PDNP for 1 h.

Table S1. Comparison of fluorescent probes for ONOO−  in recent 5 years

Probes λex/λem (nm)
Stokes shift 

（nm）

LOD

(nM)
Application References
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