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Figures and Captions 

 

Figure S1. Zeta potentials of ZnO, ZnO-Gd and ZnO-Gd-DOX NPs in water. 

 

 

Figure S2. Dynamic light scattering (DLS) data of ZnO-Gd and ZnO-Gd-DOX NPs 

in water. 



 

Figure S3. X-ray diffraction patterns of ZnO-Gd NPs. 

 

Figure S4. Energy Dispersive X-ray (EDX) spectrum of ZnO-Gd NPs. 

 

 

Figure S5. DOX release profile of ZnO-Gd-DOX NPs at different pH values. 



 

 

Figure S6. T1-weighted images of (A) blank BxPC-3 cells and (B) BxPC-3 cells 

incubated with ZnO-Gd-DOX NPs (corresponding to 0.06 mM of Gd
3+

 ions) for 1.5 h. 

The marked area in (B) is evidently brighter than that in (A), which shows the 

precipitation of cells in a centrifuge tube after centrifugation, indicating that 

ZnO-Gd-DOX NPs can serve as effective MRI contrast agent. 

 

 

 

Figure S7. After incubation with ZnO-Gd-DOX NPs for 1.5 h at 37 
o
C, the CLSM 

images of BxPC-3 cells in (A) bright field, (B) fluorescence field under 488 nm of 

excitation, and (C) the overlay of (A) and (B). Each scale bar represents 10 µm. It is 

apparent, that the ZnO-Gd-DOX NPs have entered the cells and decomposed to 

release DOX, and the DOX has penetrated into the nuclei. However, the nucleoli 

inside the nuclei are not stained by DOX. 

 

 

 

 



 

 

Figure S8. H&E stained images of major organs collected from the tumor-bearing 

mice treated with different agents (DOX, DOXIL and ZnO-Gd-DOX are at the DOX 

dosage of 2 mg/kg; Control is injected with 200 µL of saline). 

 

 

 

Figure S9. Viability of the BxPC-3 cells after 24 h incubation with (A) ZnO-Gd NPs, 

(B) ZnO-Gd-DOX NPs and DOX, respectively. 

 



 

Figure S10. (A) Tumor growth curves and (B) Body weight evolutions of the BxPC-3 

bearing mice with ZnO-Gd solution and saline (control) injected, respectively. The 

dosage of ZnO-Gd is 1.25 mg/kg of Zn
2+

 ions in each injection.  

 

 

 

 

 

Figure S11. H&E stained images of the major organs collected from the 

tumor-bearing mice after 36 days’ treatment by ZnO-Gd solution with 1.25 mg/kg of 

Zn
2+

 ions in each injection. 

 

 

 

 



Table S1. Comparison of relaxivities of T1 contrast agents based on Gd
3+

-ligand 

complexes. 

 

Composition r1(mM
-1
s
-1
) r2(mM

-1
s
-1
) r2/r1 Field(T) 

Gd-AuNC
1
 41.5 49.6 1.2 0.55 

GO−DTPA−Gd
2
 10.8   11.7 

h-P(CPTM-co-DOTA-(Gd))-b-P(OEGMA-co-GP

MA) 
3
 

3.12   1.5 

Added 2 µM DTT in the above solution 
3
 4.04   1.5 

Added 10 mM DTT in the above solution 
3
 29.92   1.5 

Added 20 mM DTT in the above solution 
3
 35.97   1.5 

HSP-BP-DTPA-Gd 
4
 25   0.73 

gold nanorods-GdDTPAA
5
 21.3   9.4 

PbdEO/PEOCL: Gd-DTPA-G3
6
 7.5   1.41 

Gd-TREN-bis-HOPO-TAM-ethylamine-EA
7
 38   1.41 

Gd-TREN-bis-HOPO-TAM-ethylamine-PLL
7
 21   1.41 

DNA-Gd
III

@AuNP-13 nm
8
 16.9   1.41 

DNA-Gd
III

@AuNP-30 nm
8
 20   1.41 

DNA-Gd
III8

 8.7   1.41 

MS2-HOPO-Lin
9
 29.7   1.41 

MS2-HOPO-SS
9
 38.2   1.41 

MS2-HOPO-RR
9
 25.4   1.41 

Gd-DTPA (this work) 3.7 4.2 1.1 0.55 

GdCl3 (this work) 8.12 9.28 1.14 0.55 

 

 

 

 

 



Table S2. Comparison of relaxivities of T1 contrast agents based on inorganic 

nanoparticles. 

 

Composition r1(mM
-1
s
-1
) r2(mM

-1
s
-1
) r2/r1 Field (T) 

GHC-1
10

 34.8 40.6 1.17 0.55 

a-NaGdF4:Yb
3+

:Er
3+

/NaGdF4
11

 1.4   1.5 

PGP/dextran-K01
12

 13.9 15.0 1.1 0.47 

Gd0.6Eu0.4VO4/SiO2
13

 2.52 3.03 1.2  

Gd0.6Eu0.4VO4
13

 2.97 3.47 1.17  

GdVO4
13

 0.95 1.31 1.08  

GdVO4
cit13

 4.6 5.52 1.2  

Gd0.6Eu0.4VO4
cit13

 8.18 9.38 1.15  

GadoSiPEG
14

             8.8 11.4 1.3 7 

Gd2O3
15 

         9.9 10.5 1.1 1.5 

HMnO@mSiO2
16

 1.72 11.3 6.6 1.5 

HMONs
17

 1.42 7.74 5.5 3.0 

Core@NaGdF4
18

  6.18   3.0 

KGdF4
19

 5.86   9.4 

UCNPs
20

 1.40   1.5 

UCNPs@mSiO2-ZnO
21

 4.78   1.5 

Gd-doped ZnO QDs
22

 16   1.5 

ZnO-Gd (this work) 49.5 63 1.27 0.55 

ZnO-Gd-DOX (this work) 52.5 66.5 1.26 0.55 
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