
Supplementary materials 

Figure S1. TEM images of 10 (a), 20 (b) and 40 (c) nm of Fe@Si NPs in diameter confirmed the 

successful synthesis of Fe@Si NPs with different diameters. 
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Figure S2. OPLS-DA scores plots (left panels) and the corresponding volcano plots (right panels) 

derived from 1H NMR data of the plasma obtained from the different pair-wise groups including 

C6-40L6、C48-10L48, C48-20L48 and 20L48-20H48. C, L and H represent the control group, low and 
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high-dose group, respectively; 6 and 48 represent 6- and 48-hour post-treatment, respectively; and 10, 

20, and 40 represent the Fe@Si NPs size in 10, 20 and 40 nm, respectively. The marked circles in the 

color volcano plots represent the metabolites with statistically significant differences. Keys for the 

assignments are shown in the notes of Figure 1. 
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Figure S3. Photomicrographs of representative sections of the livers from control (A), 20L6 (B) and 

40L6 (C) groups. Fe@Si NPs induced the increased inflammatory cells (B) and focal hepatic 

inflammation (C) in the rat liver. 
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Figure S4. OPLS-DA scores plots (left panels) and the corresponding volcano plots (right panels) 

derived from 1H NMR data of the urine obtained from the different pair-wise groups including 

C6-10L6, C6-40L6, C24-10L24, C24-40L24, 20L24-20H24, C48-10L48, C48-40L48 and 
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20L48-20H48. C, L and H represent the control group, low and high-dose group, respectively; 6, 24 

and 48 represent 6-, 24- and 48-hour post-treatment, respectively; and 10, 20, and 40 represent the 

Fe@Si NPs size in 10, 20 and 40 nm, respectively. The marked circles in the color volcano plots 

represent the metabolites with statistically significant differences. 
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Table S1. OPLS-DA coefficients, VIP values and the corresponding p values of the characteristic 

metabolites in rat plasma obtained from different pair-comparison groups at 6 h and 48 h post-dose 

 

A: 6 h post-dose 

Metabolites  C6-10L6        C6-20L6              C6-40L6     20L6-20H6 

ra VIPb pc r VIP p r VIP p r VIP p 

3-Hydroxybutyrate / / / -0.806 2.072 / / / / / / / 

Acetoacetate 0.859 / 0.015 0.755 1.490 0.034 0.930 1.601 0.008 / / / 

Acetone 0.831 / / / / / / / / / / / 

Allantoin / / / 0.759 / 0.042 / / / -0.774 / / 

Asparagine 0.847 / / / / / / / / / / / 

Betaine / 1.724 0.037 / / / / / / / / / 

α-Glucose / 2.929 0.001 0.947 1.879 0.024 / / / / / / 

β-Glucose / 3.348 0.025 / 3.546 / / / / / / / 

Choline / / / / / / / / / 0.843 2.406 / 

Citrate / / / / / 0.041 -0.827 1.507 / / / / 

Creatine / 2.116 / / 2.072 / / 2.154 / / 3.410 0.050 

Deoxyuridine / / 0.021 / / / -0.774 / 0.017 / / / 

Ethanolamine / / / / / 0.033 / / / 0.915 / / 

Formate -0.786 / / -0.805 / 0.016 / / / 0.761 / / 

Glycerol -0.855 1.877 / / / / / / / / / / 

Isoleucine 0.791 / / / / / 0.810 / / -0.831 1.983 / 
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Lactate -0.982 14.725 0.0008 -0.952 12.663 0.002 -0.984 13.443 0.0007 / / / 

LDL / / / / / 0.014 / / / -0.769 1.952 / 

Leucine / / / / / 0.019 0.774 / 0.017 -0.961 2.574 0.004 

Lipid / / / 0.771 2.035 / 0.833 2.003 / / / / 

Lysine / / / -0.811 1.820 / -0.760 1.421 / 0.833 1.642 / 

Methanol / / / -0.809 1.701 0.011 / / / / / / 

Methionine / / / / / / / / / 0.829 1.753 / 

myo-Inositol / / / -0.840 3.347 0.002 / / / / / / 

N-Acetyl glycoprotein / / / 0.810 1.983 / 0.826 1.983 0.045 / / / 

Phenylalanine / / / / / / / / / -0.825 / / 

Succinate -0.893 1.609 0.022 -0.839 1.498 0.016 / / 0.027 / / / 

Tyrosine / / / -0.865 / 0.022 / / / / / / 

Valine / / / 0.800 / / / / / -0.910/ / 0.010 

VLDL 0.785 2.929 / / / / / / / / / / 
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B: 48 h post-dose 

Metabolites  C48-10L48  C48-20L48            C48-40L48         20L48-20H48 

r VIP p r VIP p r VIP p r VIP p 

1-Methylhistidine / / / 0.757 / 0.001 0.836 / 0.010 / / / 

3-Hydroxybutyrate / / / / / / / / / -0.812 1.970 / 

Acetate / / / 0.814 1.675 0.039 0.789 / / / 2.406 / 

Acetone / / / / / / -0.836 1.805 0.003 / 1.411 / 

Alanine / / / / 1.750 0.009 0.797 2.056 0.004 / 4.441 / 

Allantoin 0.842 / 0.024 / / / / / 0.020 / / / 

Asparagine / / / / / / -0.801 / / -0.841 / / 

Arginine / / / / / / / 1.413 0.003 / / / 

α-Glucose / 1.504 / 0.934 3.487 0.033 0.834 3.025 / / 1.495 / 

β-Glucose / 1.461 / 0.930 4.227 0.011 0.933 3.490 0.036 / 2.572 / 

Choline / 1.600 / / 2.070 / 0.809 3.000 0.010 / 2.384 / 

Citrate -0.867 1.999 / / / / / / / 0.781 1.718 / 

Creatine / 1.559 / 0.750 1.590 / 0.816 1.848 0.008 / 2.508 / 

Ethanolamine / / / / / / 0.754 / 0.009 / / / 

Formate / / 0.049 / / / / / / 0.761 / / 

Glutamine / 1.907 / 0.813 1.794 / 0.889 3.195 0.002 / 2.030 / 

Glutamate / 1.573 / 0.806 2.531 / 0.882 2.336 / 0.760 1.886 / 

Glycine / 1.951 / / 2.199 0.013 0.789 2.662 0.009 / 1.821 / 

Glycerol / 1.361 / / 1.567 / / 1.662 / / / / 
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GPC 0.754 3.268 / 0.799 2.199 0.035 0.855 3.343 0.007 / 1.336 / 

Lactate -0.819 11.573 / -0.971 9.899 0.0004 / 4.303 / 0.980 13.706 / 

LDL 0.781 4.210 0.035 / / / -0.792 5.747 / / 5.067 / 

Lipid / / / -0.763 / 0.168 -0.876 / 0.004 -0.828 / 0.042 

Lysine / 1.667 / 0.924 2.431 0.012 0.930 2.370 0.0005 0.807 1.621 / 

Methionine / 2.577 0.039 0.817 3.151 / 0.901 3.844 / / / / 

myo-Inositol / 3.570 / 0.824 2.869 / 0.838 3.647 / / 2.926 / 

N-Acetyl 

glycoprotein  

 

/ 

 

2.798 

 

0.037 0.792 

 

2.128 

 

 

/ 

 

0.802 

 

 

2.183 

 

 

/ 

 

/ 

 

/ 

 

/ 

Phosphocholine / 1.611 / / 1.923 / / 2.716 0.027 / 1.954 / 

Pyruvate -0.766 1.583 / / / / / / / 0.756 1.534 / 

Serine / / / 0.775 / 0.030 / / / / / / 

Tryptophan / / / / / / / / / -0.783  / 

Valine / / / / / 0.032 0.761 / / / / / 

VLDL / 3.593 / / 4.147 / -0.806 5.124 0.008 / 4.395 0.049 

 

a Correlation coefficients, positive and negative signs indicate positive and negative correlation in 

the concentrations, respectively. The correlation coefficient of│r│> 0.750 was used as the cutoff 

value for the statistical significance based on the discrimination significance. ‘‘-’’ means the 

correlation coefficient│r│ is less than 0.750.  

b Variable importance in projection. The VIP values at the top 10% were used as the cutoff values 
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for the statistical significance. 

c p represents for p-Value, which is obtained from t-test, p < 0.05 mean statistically significant 

difference. 

‘‘/’’ means the correlation coefficient│r│ is less than 0.750 or VIP value is not at the top 10%, or 

p>0.05. 
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Table S2. OPLS-DA coefficients, VIP values and the corresponding p values of the characteristic 

metabolites in rat urine obtained from different pair-comparison groups at 6 h, 24 h and 48 h post-dose 

 

A: 6 h post-dose 

Metabolites C6-10L6 C6-20L6 C6-40L6 20L6-20H6 

r VIP p r VIP p r VIP p r VIP p 

1-Methylhistidine / 1.555 / -0.922 1.776 0.0005 / / / 0.813 1.765 0.003 

2-Hydroxyisobutyrate / / / -0.842 1.397 / / 1.959 / -0.706 1.462 / 

3-Aminobutyrate / / / / / / / / / 0.911 / / 

3-Hydroxybutyrate / 3.430 / / 5.469 / / 5.587 / -0.704 5.695 0.143 

Acetate / / / -0.767 / / / 1.602 / / / / 

Acetoacetate / / / / 1.422 / / / / 0.876 1.706 0.131 

Acetylcholine / 6.213 / -0.850 5.956 0.026 / 5.657 / / 5.512 / 

Alanine / / / -0.836 1.346 / / / / / / / 

Aminoadipate / / / -0.955 / / / / / / / / 

Benzoate / / / / / / / / / 0.800 / / 

Betaine / / / / 1.355 / -0.791 / 0.038 0.725 / / 

Butyrate / / / -0.760 / / / / / / / / 

cis-Aconitate / / / / / / / / / -0.820 / / 

Citrate / 5.435 / 0.731 8.134 / 0.828 7.330 / / 5.651 / 

Creatine / 1.785 / / 2.166 0.047 / 1.582 0.007 0.809 4.245 0.041 
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Creatinine / 2.146 / -0.910 1.841 / / 1.974 / / 2.259 / 

Ethanol / 2.323 / / 2.081 / / 3.304 / -0.713 2.230 / 

Ethanolamine / 2.712 / -0.781 2.166 / / 3.288 / 0.744 2.937 / 

Formate / / / / / / / / / 0.835 / / 

Fumarate -0.723 / / / / / / / / -0.858 1.616 0.006 

Guanidoacetate / 2.050 / -0.940 1.913 0.011 / 1.461 / 0.725 1.656 / 

Hippurate / 3.459 / 0.775 1.507 / / 1.491 / -0.872 3.149 / 

Isoleucine / / / -0.820 / / / / 0.042 0.891 / 0.031 

Isovalerate / / / -0.788 / / / / / / / / 

Lactate / 1.909 / -0.862 1.742 / / 1.666 / 0.813 1.522 / 

Leucine / / / / / / / 1.817 / 0.746 / / 

Malonate / / 0.005 / / / / / 0.035 -0.740 / / 

meta-Hydroxyphenylacetate / / / -0.863 / / / / / / / / 

Methylamine 0.818 4.451 / / 4.134 / / 5.808 / / 1.481 / 

Methylmalonate:  / / / / / / / / / 0.959 1.481 / 

N,N-Dimethylglycine  / / / / / / / / / / / / 

N-Acetylglutamate  / 4.741 / -0.808 3.413 / -0.715 5.668 / -0.896 1.759 / 

N-Methylnicotinamide -0.727 / / / / / / / / -0.701 / / 

ortho-Hydroxyphenylacetate / 2.516 / / 2.407 / / 1.447 / 0.804 2.284 0.045 

Pantothenate / / / / / / / / / 0.764 / / 

para-Hydrxoyphenylacetate  / / / / / / / / / 0.849 / 0.030 

Phenylacetylglycine / 2.601 / -0.894 1.970 / -0.712 1.785 / 0.849 1.962 / 
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B: 24 h post-dose 

Picolinate / / / -0.791 / / / / / 0.774 / 0.046 

Propionate 0.715 / / / / / / 1.440 0.030 / / / 

Trigonelline / / / / / / / / / -0.799 / / 

Valine / / / / / / / 1.620 / 0.717 / / 

α-Ketoglutarate / 2.712 / 0.711 5.312 0.033 / 2.875 / -0.735 4.647 / 

Metabolites 

C24-10L24 C24-20L24 C24-40L24 20L24-20H24 

r VIP p r VIP p r VIP p r VIP p 

Aminoadipate 0.707 / / / / / / / / 0.714 / / 

Alanine / 1.690 0.024 / 1.541 / / / / / / / 

Benzoate / / / / / / / / / 0.807 / 0.0004 

Betaine -0.772 1.549 / / / / -0.791 1.477 / / / / 

Citrate / 5.560 / -0.727 7.439 / / 7.162 / / 5.203 / 

Creatinine -0.726 2.218 / / 2.019 / / 1.769 / / 1.850 / 

Hippurate / 3.351 / 0.708 3.629 / / 3.444 / / 3.495 / 

Isoleucine / / / / / / / / / 0.734 / 0.024 

Isopropanol / / / / 1.397 / / / / 0.822 / / 

Methylamine / 2.120 / / 3.831 / / 3.701 0.043 / 4.132 / 

N-Acetylglutamate  0.830 3.207 0.019 / 2.489 / 0.909 2.869 0.005 / 3.310 / 

ortho-Hydroxyphenylacetate / 1.666 / / 1.436 / / 2.350 / -0.711 1.841 / 
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C: 48 h post-dose 

Phenylacetylglycine  / 2.099 / / 2.413 / -0.712 2.304 / 0.906 1.874 / 

Picolinate / / / / / / / / / / 1.861 0.022 

Succinate / 1.632 / / 2.170 / / 3.104 / / 5.866 0.010 

Metabolites 

C48-10L48 C48-20L48 C48-40L48 20L48-20H48 

r VIP p r VIP p r VIP p r VIP p 

1-Methylhistidine / 2.652 / 0.799  / / 0.786  / / / / / 

3-Hydroxybutyrate / 2.652 / / 3.446 / / 4.387 / 0.773  2.793  / 

3-Hydroxyisovalerate / 2.176 0.037 / / / / / / / / / 

Acetate / 1.520 / / 1.937 / / 4.183 / 0.788  2.516  / 

Acetoacetate / 1.414 / / 1.599 / -0.762  / / / / / 

Aminohippurate / / / 0.718  / / / / / / / / 

Benzoate / 0.704  / / / / / / / 0.859  / / 

cis-Aconitate / / / / / / / / / -0.743  / / 

Hippurate / 2.825 / 0.722  1.948  / 0.802  1.643  0.018 / 2.008 / 

Isoleucine / / / / / / / / / 0.838  / 0.005 

Isopropanol / 1.725 / / 2.118 / / / / 0.857  / 0.001 

Leucine / / / / / / / / / 0.721  / / 

meta-Hydroxyphenylacetate / / / 0.722 1.566 0.040 / / / / / / 

Methylmalonate / 1.963 0.016 / / / / / / 0.764  / / 
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aCorrelation coefficients, positive and negative signs indicate positive and negative correlation in the 

concentrations, respectively.  The correlation coefficient of│r│> 0.700 was used as the cutoff value 

for the statistical significance based on the discrimination significance. ‘‘-’’ means the correlation 

coefficient│r│ is less than 0.700.  

b Variable importance in projection. The VIP values at the top 10% were used as the cutoff values for 

the statistical significance. 

cp represents for p-Value, which is obtained from t-test, p < 0.05 mean statistically significant 

difference. 

‘‘/’’ means the correlation coefficient│r│ is less than 0.700 or VIP value is not at the top 10%, or 

p>0.05. 

  

ortho-Hydroxyphenylacetate / 1.838 / 0.723 1.419 / / 1.829 / / 1.570 / 

Pantothenate / / / / / / / / / 0.800  / / 

para-Hydrxoyphenylacetate / / / 0.720  / / / / / / / / 

Phenylacetylglycine / 1.606 / 0.753  2.270  / / 2.316 / 0.887  1.453  / 

Picolinate / / / / / / 0.800  / / / / / 

Propionate / / / / / / / / / 0.878  / 0.003 

Valine / / / / / / / / / 0.826  / 0.026 
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Table S3. The involved metabolic pathways in response to the metabolic differences of high- and 

low-dose Fe@Si NPs exposure 

 

Metabolic pathways Corresponding differential metabolites 

Central carbon metabolism in cancer α-ketoglutarate, succinate, methionine, fumarate, 

leucine, valine, lactate 

Propanoate metabolism acetate, succinate, acetoacetate, lactate, 

isopropanol, methylmalonate 

Biosynthesis of amino acids α-ketoglutarate, lysine, methionine, leucine, 

valine, N-acetylglutamate 

Phenylalanine metabolism succinate, fumarate, benzoate, 

ortho-hydroxyphenylacetate, hippurate, 

para-hydroxyphenylacetae 

2-Oxocarboxylic acid metabolism α-ketoglutarate, lysine, methionine, leucine, 

valine, N-acetylglutamate 

Butanoate metabolism α-ketoglutarate, succinate, fumarate, acetoacetate, 

3-hydroxybutyrate 

ABC transporters lysine, choline, leucine, valine 

Microbial metabolism in diverse environment acetate, ethanol 

Lipid metabolism choline, ethanolamine 
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