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Experiment section

Chemicals and Materials
Heptamethine cyanine dye IR780 and Triptolide (TP) were purchased from sigma company (USA). 
Bis-(2-aminoethyl) disulfide dihydrochloride and Triethylamine (TEM) were obtained from J&K 
scientific Ltd. (China). N, N’-Dicyclohexyl carbodiimide (DCC), 1-hydroxy-5-pyrrolidinedione (NHS) 
and 4-(dimethylamino)-pyridin (DMAP) were purchased from Shanghai Aladdin Bio-Chem 
Technology Co., Ltd. Cell Counting Kit-8, Mitochondria Staining Kit and DAPI were purchased from 
sigma company (USA). All solvents and reagents were analytical grade and used without further 
purification. 1H NMR and 13C NMR spectra were recorded with a Bruker 400 MHz. UV-visible 
Spectra was recorded on Varian Cary 50 spectrometer. Fluorescence spectra were recorded on FP-
600. 

The Synthesis of TP-COONa
To a solution of Triptolide (TP) (360 mg, 1 mmol) in pyridine (2 mL) were added succinic anhydride 
(400 mg, 4 mmol) and DMAP (24 mg, 0.2 mmol). After stirring overnight, the mixture was diluted 
with ethyl acetate, then washed with saturated copper sulfate, water and brine, respectively. The 
organic layers were dried over Na2SO4 and filtered. The filtrate was concentrated using a rotary 
evaporator to give a residue. The residue was purified by silica gel column chromatography 
(CH2Cl2/CH3OH, 15:1) to give TP-COONa ( 80%) as a white solid.1H NMR (400 MHz, MeOD) δ 5.49 
(s, 2H), 5.08 (s, 1H), 3.96 (d, J = 3.1 Hz, 1H), 3.63 (d, J = 3.1 Hz, 1H), 3.46 (d, J = 5.6 Hz, 1H), 2.67 (d, 
J = 5.8 Hz, 2H), 2.26 (dq, J = 18.3, 6.1 Hz, 2H), 1.97 – 1.84 (m, 2H), 1.51 (ddd, J = 12.6, 5.6, 1.6 Hz, 
1H), 1.37 – 1.21 (m, 5H), 1.04 (s, 3H), 1.00 – 0.84 (m, 6H).

 
13C NMR (101 MHz, MeOD) δ 176.09, 

173.82, 173.63, 163.87, 125.55, 72.98, 71.98, 64.89, 64.33, 62.67, 61.01, 56.22, 54.78, 41.47, 
36.81, 32.72, 30.83, 29.15, 24.18, 23.67, 17.90, 17.84, 14.40, 14.14.

The Synthesis of Cyss / Cycc
Bis-(2-aminoethyl) disulfide dihydrochloride (50.67 mg,0.225 mmol) was dissolved in anhydrous 
DMF (2 ml) with TEA (91 µL). Then, IR780 (30 mg,0.045 mmol) dissolved in anhydrous DMF (1 mL) 
was drop-wise added to the above solution under N2 atmosphere at room temperature. The 
solvent was evaporated under reduced pressure to get crude product Cyss after 4 h later. The 
product was further purified by silica gel column chromatography with dichloromethane and 
methanol. Yield: 56% 1H NMR (400 MHz, CDCl3) δ 7.79 (d, J = 12.9 Hz, 2H), 7.34 – 7.28 (m, 7H), 7.08 
(t, J = 7.5 Hz, 2H), 6.88 (d, J = 7.9 Hz, 2H), 5.66 (d, J = 12.9 Hz, 2H), 4.20 (t, J = 6.1 Hz, 2H), 3.81 (t, J 
= 7.4 Hz, 4H), 3.37 (t, J = 6.0 Hz, 2H), 3.17 (t, J = 6.4 Hz, 2H), 2.96 (t, J = 6.3 Hz, 2H), 2.49 (t, J = 6.4 
Hz, 4H), 1.85 (p, J = 7.3 Hz, 6H), 1.74 (s, 12H), 1.05 (t, J = 7.4 Hz, 6H).13C NMR (101 MHz, CDCl3) δ 
171.66, 143.46, 140.58, 140.57, 138.02, 138.02, 127.90, 122.68, 122.21, 122.06, 120.41, 108.18, 
68.11, 47.65, 44.57, 39.04, 38.03, 29.83, 29.06, 25.74, 25.38, 21.72, 20.17, 20.05, 11.89, 11.86.

Cycc was obtained in the same way. Yield: 58%
 
1H NMR (400 MHz, MeOD) δ 8.11 (d, J = 6.9 Hz, 2H), 

7.96 (s, 1H), 7.77 (d, J = 13.0 Hz, 2H), 7.43 – 7.34 (m, 2H), 7.30 (t, J = 7.7 Hz, 2H), 7.17 – 7.04 (m, 
4H), 6.96 (d, J = 6.9 Hz, 2H), 5.84 (d, J = 13.0 Hz, 2H), 3.92 (t, J = 7.3 Hz, 4H), 3.79 (t, J = 7.0 Hz, 2H), 
3.23 (s, 6H), 2.95 (q, J = 7.8 Hz, 2H), 2.54 (t, J = 6.5 Hz, 4H), 1.82 (q, J = 7.3 Hz, 6H), 1.67 (d, J = 4.2 
Hz, 12H), 1.03 (t, J = 7.4 Hz, 6H).

 
13C NMR (101 MHz, MeOD) δ 169.21, 144.57, 141.21, 140.17, 



129.36, 123.89, 123.09, 121.48, 110.16, 108.21, 95.71, 51.64, 40.69, 40.19, 32.41, 30.71, 29.24, 
28.48, 27.49, 27.28, 26.03, 22.96, 21.12, 11.81.

The Synthesis of CyssTP / CyccTP
Under N2 atmosphere, the TP-COOH (20 mg,0.043 mmol) activated by NHS (6 mg,0.052 mmol), 
DCC (10.74 mg,0.052 mmol) and TEA (54 µL), was added to Cyss (32 mg,0.052 mmol) dissolved in 
2 mL DMF. The reaction was going overnight at room temperature. Finally, the CyssTP was purified 
by silica gel column chromatography with dichloromethane and methanol. Yield: 45%. The 
structures were analyzed by HRSM and NMR, respectively.

 
1H NMR (400 MHz, CDCl3) δ 7.74 (dt, J 

= 15.1, 7.5 Hz, 2H), 7.34 – 7.17 (m, 6H), 7.03 (dt, J = 11.9, 7.4 Hz, 2H), 6.84 (dd, J = 14.8, 7.9 Hz, 2H), 
5.62 (dd, J = 13.1, 9.4 Hz, 2H), 5.05 (d, J = 7.3 Hz, 1H), 4.66 (s, 2H), 4.12 (t, J = 6.4 Hz, 2H), 3.80 (dq, 
J = 10.6, 7.3, 6.0 Hz, 4H), 3.68 (d, J = 16.1 Hz, 2H), 3.59 – 3.49 (m, 2H), 3.42 (d, J = 10.0 Hz, 2H), 3.32 
(t, J = 6.2 Hz, 2H), 2.89 (dd, J = 12.5, 6.3 Hz, 2H), 2.78 – 2.67 (m, 4H), 2.67 – 2.53 (m, 4H), 2.50 – 
2.40 (m, 4H), 2.29 (dd, J = 15.4, 7.5 Hz, 2H), 1.80 (h, J = 7.6, 6.9 Hz, 7H), 1.67 (d, J = 15.1 Hz, 12H), 
1.23 (s, 3H), 1.04 – 0.99 (m, 6H), 0.91 (t, J = 6.5 Hz, 3H), 0.80 (t, J = 6.7 Hz, 3H).

 
13C NMR (101 MHz, 

MeOD) δ 179.70, 176.21, 174.43, 174.27, 173.58, 170.64, 170.05, 164.05, 163.90, 144.68, 141.63, 
141.00, 131.00, 129.56, 126.27, 125.68, 124.33, 123.25, 121.86, 110.51, 101.54, 96.41, 73.06, 
72.74, 72.12, 65.01, 64.94, 64.54, 64.37, 62.86, 62.75, 61.15, 56.88, 56.80, 56.38, 56.31, 54.95, 
45.75, 41.62, 41.55, 39.80, 38.96, 38.69, 36.94, 36.68, 36.31, 33.20, 31.97, 31.05, 30.96, 30.87, 
30.76, 30.60, 30.46, 29.47, 29.33, 29.27, 29.23, 28.25, 27.05, 26.02, 24.32, 23.87, 23.12, 18.07, 
18.05, 17.32, 17.27, 14.59, 14.40, 14.33, 11.93.

CyccTP was obtained in the same way. Yield: 48%
 
1H NMR (400 MHz, CDCl3) δ 8.02 (s, 2H), 7.66 (d, 

J = 9.6 Hz, 2H), 7.29 (dt, J = 15.4, 7.5 Hz, 6H), 7.07 (t, J = 7.4 Hz, 2H), 6.87 (dd, J = 8.0, 4.1 Hz, 2H), 
5.63 (d, J = 12.7 Hz, 2H), 5.08 (d, J = 5.9 Hz, 2H), 4.70 (s, 4H), 3.83 (d, J = 3.2 Hz, 4H), 3.75 – 3.72 (m, 
2H), 3.72 – 3.69 (m, 2H), 3.67 (s, 1H), 3.49 (d, J = 5.6 Hz, 2H), 2.75 – 2.67 (m, 8H), 2.47 (d, J = 6.5 
Hz, 4H), 1.92 (d, J = 13.9 Hz, 3H), 1.83 (p, J = 8.6, 7.3 Hz, 7H), 1.24 (d, J = 6.9 Hz, 6H), 1.04 (d, J = 8.0 
Hz, 12H), 0.94 (d, J = 7.0 Hz, 6H), 0.82 (d, J = 6.9 Hz, 6H).

 
13C NMR (101 MHz, CDCl3) δ 176.40, 

173.41, 172.17, 167.41, 162.79, 160.28, 143.13, 139.93, 137.87, 128.14, 125.46, 122.83, 122.19, 
122.13, 120.06, 108.51, 71.27, 70.16, 63.56, 63.30, 61.23, 59.75, 58.35, 55.41, 54.94, 49.99, 47.74, 
40.34, 39.37, 36.63, 35.65, 31.53, 30.99, 29.81, 29.69, 29.36, 29.11, 29.06, 27.96, 26.01, 25.43, 
23.41, 21.43, 20.08, 18.38, 17.49, 17.05, 16.69, 13.73, 11.76.

Cell Culture
MCF-7 human breast adenocarcinoma cells, HeLa cells, L02 human hepatocytes cells, were 
cultured in Dulbecco’s Modified Eagle’s Medium (DMEM) medium containing 10% fetal bovine 

serum (FBS) and 1% penicillin-streptomycin at 37 ℃ under humidified environment with 5% CO2. 

Flow cytometry 
Flow cytometric assay was employed to investigate cell viability. MCF-7 cells were seeded in 6-well 
plates at a density of 2-5 105×cells/well in 2 mL of media and grown in a humidified 5% CO2 

atmosphere at 37 ℃ for 48 h. Then, the medium was replaced with fresh medium containing 
different concentrations of CyssTPN (TP and CyccTPN as contrasts) for 15 min at 37℃. After 2 h 
incubation, cells were washed thrice with PBS, gently digested by trypsin and harvested by 



centrifugation then resuspended in PBS. Infrared channel (APC-Cy7) was used with excitation at 
633 nm and collection in the ranges of 750-810 nm.

In Vitro Cytotoxicity assay 
In vitro cytotoxicity of TP, CyccTPN, CyssTPN was evaluated by the Cell Counting Kit-8 assay. MCF-7 
cells were dispensed into 96-well plates at a final concentration of (8×103cells/ well in a culture 
medium (200 μL) and incubated overnight before treatment. The culture medium was replaced 
with different concentrations (0-5000 nM) of TP, CyccTPN, CyssTPN. After 4h, rinsing three times 
with PBS, cells were incubated with new culture medium. CCk-8 assay was carried out to 
investigate the cell survival of different groups after 24 h. 

LSCM fluorescence imaging 
Laser Scanning Confocal Microscope (LSCM, Leica TCS SP5) imaging was applied to observe the 
distribution of CyssTPN in tumor cells under different conditions. MCF-7 cells were seeded in eight-
well chambered cover glasses. The old medium at 24 h was changed by the medium with 
CyssTPN，the medium of contrast group (TP, CyccTPN) was changed by the medium containing 
equal concentration. After 2 h, cells were washed with PBS for 2 times, then with mito-tracker at 

37℃ for 20 min and rinsed thrice with PBS. Finally, LSCM was used to observe cellular uptake and 
subcellular distribution. Both channels were excited at 633 nm and 747nm, respectively, and 
collected in the ranges of 670-800 nm and 750-800 nm.

Animals and Tumor Model
All experimental procedures involving animals were approved by the Ethics Committee of 
Shenzhen Institutes of Advanced Technology, Chinese Academy of Sciences (SIAT). Female BALB/c 
    nude mice (5 weeks old and weighed 18–20 g) were purchased from Vital River Laboratory 
Animal Technology Co. Ltd (Beijing, China). To set up the tumor model, MCF-7 cells (0.5 × 106) in 
0.2 mL of saline solution were administered by subcutaneous injection into the hind leg region.

In Vivo Monitoring the Activation of Prodrug
Mice with tumor sizes about 300 mm3 in volume were used and injected with 50 µl CyssTPN (1 
mM). For fluorescence imaging, the above prodrug carriers were excited with two laser 
wavelengths at 740 nm. The semiquantitative analysis of fluorescence imaging were taken at 
0.5/12/36/72 h. Histopathological analysis by hematoxylin and eosin (H&E) staining of heart, liver, 
spleen, lung, and kidney sections isolated from nude mice after treatment with control, TP, 
CyccTPN and CyssTPN.



Figures and tables

Fig. S1 Schematic diagram of TP transformation(a). Schematic of synthesis route of prodrug CyssTP 
and CyccTP (b). GSH response process diagram of CyssTP (c). 
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Fig. S2 High-Resolution Mass Spectrometer, 1H NMR and 13C NMR of TP-COONa.
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Fig. S3 High-Resolution Mass Spectrometer, 1H NMR and 13C NMR of Cyss.
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Fig. S4 High-Resolution Mass Spectrometer, 1H NMR and 13C NMR of Cycc.
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Fig. S5 High-Resolution Mass Spectrometer, 1H NMR and 13C NMR of CyssTP.
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Fig. S6 High-Resolution Mass Spectrometer, 1H NMR and 13C NMR of CyccTP.
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Fig. S7 The particle size(a) and TEM image(b) of CyccTPN.

Fig. S8 The dynamic laser scattering (DLS) size of CyssTPN is 0-160 μM (a-e) due to the influence of 
GSH concentration. The maximum particle size (f) corresponding to the GSH concentration.



Fig.S9 Solubility of TP and CyssTPN in PBS buffer. (a)TP; (b)CyssTPN.

Fig. S10 The rate value of absorption of CyssTPN (787 nm/654 nm) (a)/ CyccTPN (787 nm/654 nm) 
(b) as function of GSH.



Fig. S11 (a) UV-Vis absorption of CyccTPN (100 µM) in the presence of GSH in the DMSO/PBS (1/1, 
v/v, PH = 7.4). (b) Fluorescence spectra of CyccTPN (100 µM) to GSH (λex = 646 nm/λem = 757 nm. 
GSH:0-250 µM.

Fig. S12 Chromatograms of different reaction systems. (a) CyssTPN (100 μM); (b) CyssTPN (100 
μM) treated with GSH; (c) CyssTPN (100 μM) treated with GSH for 50 min. The peaks eluted from 
the column were monitored at 254 nm with acetonitrile and water as eluents.



Fig. S13 the absorbance of CyssTPN (DMSO: H2O = 1:1, 100 μM) in different pH buffer. 

Fig. S14 the absorbance of CyssTPN (DMSO: H2O = 1:1, 100 μM) in different concentration of Na+.



Fig. S15 Diameter mean of CyssTPN at different times (0-60 min) under illumination.



Fig. S16 Time-dependent Fluorescence confocal microscope images for tracking the activation of 
prodrug CyssTPN and CyccTPN. (b)Images were obtained at 10/15/20/25/30 min after cultivating       
CyssTPN with cells for 30 min. Scale bar: 20 μm.

Fig. S17 Time-dependent Flow cytometry analysis of cellular uptake of CyccTPN real-timely 
tracking TP activation and the shift of fluorescence intensity after activation. Cancer cells: MCF-7.



Fig. S18 Time-dependent Flow cytometry analysis of cellular uptake of CyssTPN (a)CyccTPN (b)real-
timely tracking TP activation and the shift of fluorescence intensity after activation. Normal cells: 
L02.

Fig. S19 In vivo inhibition using CyssTPN on MCF-7 tumor xenografts. H&E staining histological 
sections of tumor at 3 d after treatments with saline, TP, CyccTPN, CyssTPN. Scale bar:100 μm



Fig. S20 In vivo biodistribution and NIRF imaging of CyssTPN in tumor-bearing mice at 0.5/12/48/72 
h. The groups injected by CyssTPN excited by 740 nm.


