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Supplementary Figure 1 | FT-IR spectra of PVP, PVP-coated Pd and PdHy » nanocrystals.

Supplementary Discussion

Measurement of hydrogen release behavior of the PdHy.» nanocrystals by in-time UV monitoring. As to the
UV monitoring, put 3 mL 0.04 mg mL™! PdHy» nanocrystal solution into the cuvette, irradiate the solution using an
808 nm NIR laser (1 W cm2), and immediately measure the UV spectra of the solution once every minute. From the
change of the UV spectra (the band intensity below 410 nm increased firstly (Figure a) and then decreased (Figure
b) with hydrogen release), we primarily decided that there could be a critical intermediate phase (PdHc).
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Supplementary Figure 2 | UV absorption spectra change of PdHo» nanocrystals under the NIR irradiation.

Therefore, the decomposition process of PdHo» was divided into two steps as following.

PdHa — PdHc + “2Hz 1 (1)
c
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PdHc —» Pd + =Hz 1 )
2

According to the Beer—Lambert law,

I =X heC 3)
For the first reaction, the increase in the intensity of 235 nm band with reaction is

Al1 = (g, — g4)AC1 4)

where ¢ and gqare the molar attenuation coefficient of PdHc and PdHa, respectively, 4C; represents the decrease
of PdHa and the increase of PdHc.

I-I, Ipan.—Ipdn, 5)
CH1 (a—b)/2

where Cui, Ipata, Iparc and [ are the released hydrogen amount, the initial intensity of 235 nm band, the critical
intensity of 235 nm band when PdHa decomposes completely into PdHc, and the measured intensity of 235 nm
band, respectively.

The release percentage of hydrogen in the first reaction process is

__ Cuy
Q- ©)
0. = _Sm _ I-ledug
U (a-b)/2 Ipanc—IpdHg
(7

In the second reaction process, the release percentage of hydrogen is

Q= Cta et
2 b2 Ipare—Ipd

(8)

where Cprand Ip; are the released hydrogen amount and the final intensity of 235 nm band when PdHc
decomposes completely into Pd, respectively.

According to the in-time detected UV data (Fig. 2a), the release percentage of hydrogen can be calculated by
using Equations (7) and (8), and plotted as a function of reaction time, as shown in Fig. 2b.
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Supplementary Figure 3 | Real-time monitoring of hydrogen release from PdHo, nanocrystals under the
continuous irradiation of 808 nm NIR light at the power densities of 0.5 W ¢m™ (a) and 0.2 W cm? (b),
respectively.
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Supplementary Figure 4 | The hydrogen detection mechanism of the MB probe based on the color change
during the redox reaction.
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Supplementary Figure 5 | Absorption spectra of MB at different concentrations (a), and the linearly fitted
standard curve of absorption intensity vs MB concentration (b).
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Supplementary Figure 6 | Time-dependent absorption spectra of the PdHo>+MB solution with NIR irradiation
(a), and the PdHo»+MB solution without NIR irradiation (b).
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Supplementary Figure 7 | The linearly fitted standard curve of absorption intensity vs MB concentration, which
was measured in 96-well plate using the microplate reader.
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Supplementary Figure 8 | Stability evaluation of PdHy» nanocrystals in the PBS by UV monitoring.
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Supplementary Figure 9 | The NIR-accelerated decrease in blue color of MB-labeled cells with incubation time,
reflecting the intracellular NIR-activated reducibility of PdHy > nanocrystals. Scale bar, 100 um.
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Supplementary Figure 10 | The dependence of PA imaging signal of PdHo, nanoparticle solution on its
concentration. Figure B is the quantitative statistical analysis of Figure A.
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Supplementary Figure 11 | Histological examination of main organs (heart, liver, spleen, lung and kidney) from
mice treated with the PBS-NIR blank control, the PBS+NIR control, the Pd-NIR group, the Pd+NIR group, the
PdH,>—NIR group, and the PdH»+NIR group, respectively, by the H&E staining method (Scale bars, 100 um for
all panels).
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Supplementary Figure 12 | In vitro combined hydrogenothermal therapy efficacies of PdHy.» nanocrystals

against various cancer cells. (a, d, g, k) Only hydrogen therapy by PdHy» nanocrystals without NIR irradiation.

(b, e, h, m) Only thermal therapy by simulating with Pd nanocrystals plus NIR irradiation. (c, f, i, n) Combined

hydrogenothermal therapy by PdHo. nanocrystals with NIR irradiation, against various cancer cells (4T1,
B16-F10, HeLa cells) and HEK-293T normal cells (n = 8). Mean value and error bar are defined as mean and s.d.,

respectively.
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Supplementary Figure 13 | Maximum respiration and spare respiratory capacity of HeLa cells (a,b) and
HEK-293T cells (c,d) (n = 4). P values were calculated by two-tailed Student’s 7-test (***P<0.005, **P<0.01,
*P<0.05) by comparing other groups with the control group. Mean value and error bar are defined as mean and

s.d., respectively.
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Supplementary Figure 14 | The synergism and attenuation mechanisms of hydrogenothermal therapy by PdHq.»
nanocrystals under the NIR irradiation. NCinfla, Hreduce and HEATinflam represented the inflammation response to

PdHo> nanocrystals, the counteraction of bio-reductive hydrogen against inflammation and the inflammation
damage from heat, respectively.
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Supplementary Figure 15 | Blood biochemical analyses including liver functions (a) and kidney functions (b,c).
ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate transaminase; CREA, creatinine; BUN,
blood urea nitrogen (n =4). Mean value and error bar are defined as mean and s.d., respectively.
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Supplementary Figure 16 | The evaluation of standard haematology markers including RBC (a), WBC (b),
MCHC (c), HGB (d), MCV (e), LYM (f), HCT (g) and RDW-SD (h). RBC, red blood cells; HGB, haemoglobin;
MCHC, means corpuscular haemoglobin concentration; LY M, lymphocytes percentage; MCV, means corpuscular
volume; HCT, haematocrit; WBC, white blood cells; RDW-SD, red blood cell volume distribution width (n = 4).

Mean value and error bar are defined as mean and s.d., respectively.
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Supplementary Figure 17 | 4T1 tumour therapy efficacies of PdHo» nanocrystals (1.0 W ¢m 2 NIR irradiation).
(a) 4T1 tumour volume change during treatment. (b) 4T1 tumour weight comparison after 22 day treatment. (c)
Digital images of corresponding 4T1 tumours. (d) The weight change of 4T1 tumour-bearing mice during
treatment (n = 3). P values were calculated by two-tailed Student’s 7-test (***P<0.005, **P<0.01, *P<0.05) by
comparing other groups with the PdHo,+NIR group. Mean value and error bar are defined as mean and s.d.,

respectively.
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Supplementary Figure 18 | The weight change of 4T1 tumour-bearing mice during treatment (n = 6). Mean
value and error bar are defined as mean and s.d., respectively.
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Supplementary Figure 19 | The weight change of B16-F10 tumour-bearing mice during treatment (n = 6). Mean
value and error bar are defined as mean and s.d., respectively.

Page13 / 13



