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Table 1. General conditions of F344/DuCrj rats treated with titanium dioxide for 4 weeks
Dose (mg/kg bw/day) 0 10 100 1000

Findings Day
Male

No. of animals 5 5 5 5
Loose stools 9 - - 1 -

18 1 1 - -
23 - - 1 -

Low activity 16 - - - 1

Female
No. of animals 5 5 5 5

Loose stools 9 - - - 1
Low activity 14 - 1 - -
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Table 2. Haemaology of F344/DuCrj rats treated with titanium dioxide for 4 weeks
Dose (mg/kg bw/day)
Male

No. of animals
RBC (×106/µl) 8.90 ± 0.53 8.91 ± 0.25 8.90 ± 0.42 9.03 ± 0.21
HGB (g/dL) 15.5 ± 0.8 15.4 ± 0.4 15.5 ± 0.6 15.5 ± 0.2
HCT (%) 45.2 ± 3.0 45.1 ± 1.6 45.3 ± 2.0 45.7 ± 0.7
MCV (fL) 50.7 ± 0.7 50.5 ± 0.4 50.9 ± 0.6 50.6 ± 0.4
MCH (pg) 17.5 ± 0.2 17.2 ± 0.2 17.4 ± 0.2 17.2 ± 0.1
MCHC (g/dL) 34.4 ± 0.5 34.1 ± 0.4 34.2 ± 0.3 34.0 ± 0.1
RET (%) 3.16 ± 0.35 3.03 ± 0.20 2.97 ± 0.18 3.01 ± 0.20
PLT (×103/µl) 512 ± 289 751 ± 60 730 ± 76 774 ± 22
WBC (×103/µl) 6.75 ± 1.10 4.73 ± 0.83 * 5.89 ± 1.21 5.10 ± 0.74
Differential Cell count
NEUT (%) 19.7 ± 5.18 23.7 ± 4.05 28.6 ± 7.14 26.5 ± 2.03
LYMPPH (%) 75.8 ± 5.50 72.9 ± 4.13 66.8 ± 6.95 69.8 ± 2.49
MONO (%) 2.78 ± 0.99 2.56 ± 0.46 3.30 ± 1.80 2.72 ± 0.49
EO (%) 1.52 ± 0.99 0.72 ± 0.15 0.98 ± 0.45 0.76 ± 0.20
BASO (%) 0.20 ± 0.06 0.12 ± 0.10 0.24 ± 0.10 0.26 ± 0.12

Female
No. of animals
RBC (×106/µl) 9.06 ± 0.22 9.05 ± 0.25 9.23 ± 0.31 9.17 ± 0.10
HGB (g/dL) 16.1 ± 0.3 16.1 ± 0.5 16.3 ± 0.5 16.1 ± 0.2
HCT (%) 46.8 ± 1.0 46.4 ± 1.6 47.4 ± 1.7 46.8 ± 0.6
MCV (fL) 51.6 ± 0.6 51.2 ± 0.4 51.3 ± 0.4 51.1 ± 0.5
MCH (pg) 17.8 ± 0.1 17.8 ± 0.1 17.7 ± 0.2 17.5 ± 0.1 **

MCHC (g/dL) 34.4 ± 0.3 34.8 ± 0.3 34.4 ± 0.1 34.3 ± 0.3
RET (%) 2.52 ± 0.16 2.62 ± 0.24 2.58 ± 0.27 2.53 ± 0.40
PLT (×103/µl) 707 ± 43 670 ± 184 598 ± 237 740 ± 98
WBC (×103/µl) 4.35 ± 1.26 4.04 ± 1.07 4.18 ± 1.11 4.90 ± 1.97
Differential Cell count
NEUT (%) 17.6 ± 2.76 17.7 ± 4.36 16.9 ± 4.83 18.1 ± 5.89
LYMPPH (%) 77.4 ± 2.79 74.4 ± 10.86 78.1 ± 4.14 77.2 ± 6.29
MONO (%) 3.24 ± 0.48 3.26 ± 0.80 3.24 ± 0.48 2.80 ± 0.53
EO (%) 1.52 ± 0.45 4.34 ± 5.78 1.56 ± 1.03 1.64 ± 0.44
BASO (%) 0.18 ± 0.10 0.36 ± 0.32 0.20 ± 0.11 0.30 ± 0.11

Values are mean ± S.D. *P  < 0.05, **P  < 0.01 compaed with 0 mg/kg bw/day group.

5 5 5 5

0 10 100 1000

5 5 5 5



 

 
 

20 

   

Table 3. Serum biochemistry of F344/DuCrj rats treated with titanium dioxide for 4 weeks
Dose (mg/kg bw/day)
Male

No. of animals
TP (g/dL) 6.02 ± 0.17 6.10 ± 0.11 6.18 ± 0.15 6.02 ± 0.07
ALB (g/dL) 4.26 ± 0.16 4.34 ± 0.05 4.40 ± 0.09 4.26 ± 0.10
A/G 2.42 ± 0.10 2.48 ± 0.17 2.48 ± 0.17 2.44 ± 0.19
BUN (mg/dL) 21.82 ± 2.74 20.68 ± 0.72 20.56 ± 1.09 20.16 ± 1.59
CRE (mg/dL) 0.348 ± 0.047 0.296 ± 0.022 0.282 ± 0.017 * 0.280 ± 0.020 *

Na (mEq/L) 142.6 ± 0.8 143.4 ± 1.0 143.8 ± 0.7 142.6 ± 1.0
K (mEq/L) 5.06 ± 1.41 4.30 ± 0.38 4.02 ± 0.19 4.28 ± 0.10
Cl (mEq/L) 100.8 ± 2.0 101.6 ± 0.5 101.2 ± 1.2 101.2 ± 0.4
Ca (mg/dL) 10.56 ± 0.72 10.54 ± 0.28 10.44 ± 0.26 10.24 ± 0.27
IP (mg/dL) 8.24 ± 1.43 7.26 ± 1.07 6.92 ± 0.54 7.18 ± 0.24
AST (IU/L) 100.8 ± 25.2 108.6 ± 46.3 88.0 ± 9.5 80.4 ± 2.9
ALT (IU/L) 41.6 ± 1.6 43.2 ± 2.1 42.2 ± 2.5 39.8 ± 3.8
ALP (IU/L) 809.8 ± 42.3 790.4 ± 51.2 815.6 ± 32.2 796.6 ± 12.0
r-GT (IU/L) <3 <3 <3 <3
T-CHO (mg/dL) 58.2 ± 3.7 55.2 ± 6.5 56.0 ± 4.1 56.4 ± 4.2
TG (mg/dL) 61.6 ± 13.4 47.8 ± 6.6 54.0 ± 9.7 54.4 ± 4.5
T-BIL (mg/dL) 0.048 ± 0.007 0.048 ± 0.004 0.056 ± 0.008 0.050 ± 0.011
GLU (mg/dL) 157.0 ± 38.9 139.2 ± 15.7 136.0 ± 10.9 145.2 ± 11.4

Female
No. of animals
TP (g/dL) 5.80 ± 0.21 5.86 ± 0.12 5.96 ± 0.33 5.94 ± 0.15
ALB (g/dL) 4.24 ± 0.14 4.30 ± 0.11 4.36 ± 0.23 4.34 ± 0.05
A/G 2.74 ± 0.10 2.80 ± 0.11 2.76 ± 0.17 2.72 ± 0.26
BUN (mg/dL) 20.82 ± 1.19 19.52 ± 1.75 21.04 ± 1.44 21.08 ± 1.24
CRE (mg/dL) 0.324 ± 0.019 0.312 ± 0.021 0.338 ± 0.050 0.318 ± 0.017
Na (mEq/L) 143.4 ± 1.0 143.4 ± 0.5 143.2 ± 0.7 143.0 ± 0.6
K (mEq/L) 3.90 ± 0.11 3.92 ± 0.07 3.96 ± 0.29 3.92 ± 0.12
Cl (mEq/L) 103.8 ± 0.7 103.2 ± 1.2 103.6 ± 1.0 103.6 ± 0.5
Ca (mg/dL) 9.80 ± 0.46 9.90 ± 0.30 10.14 ± 0.08 10.10 ± 0.17
IP (mg/dL) 6.44 ± 0.22 6.80 ± 0.50 6.58 ± 0.61 6.82 ± 0.39
AST (IU/L) 106.0 ± 28.8 88.0 ± 12.5 87.8 ± 9.2 77.0 ± 4.6
ALT (IU/L) 35.4 ± 2.2 32.6 ± 2.3 33.0 ± 2.8 34.6 ± 3.6
ALP (IU/L) 567.6 ± 25.0 589.0 ± 56.6 585.2 ± 24.1 592.2 ± 33.5
r-GT (IU/L) <3 <3 <3 <3
T-CHO (mg/dL) 74.0 ± 6.5 78.6 ± 8.0 75.8 ± 8.7 78.8 ± 3.2
TG (mg/dL) 21.4 ± 8.3 24.8 ± 7.7 21.2 ± 7.8 42.8 ± 10.2 **

T-BIL (mg/dL) 0.054 ± 0.010 0.056 ± 0.008 0.046 ± 0.015 0.056 ± 0.016
GLU (mg/dL) 92.8 ± 9.1 89.2 ± 4.3 92.4 ± 15.6 102.6 ± 5.1

Values are mean ± S.D. *P  < 0.05, **P  < 0.01 compaed with 0 mg/kg bw/day group.
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Table 4. Organ weights of F344/DuCrj rats treated with titanium dioxide for 4 weeks
Dose (mg/kg bw/day)
Male

No. of animals
Body weight (g) 209.5 ± 6.1 207.6 ± 8.5 207.8 ± 14.6 209.2 ± 9.7
  Absolute (g)

Brain 1.801 ± 0.063 1.839 ± 0.044 1.831 ± 0.024 1.816 ± 0.024
Thymus 0.279 ± 0.025 0.282 ± 0.019 0.291 ± 0.016 0.276 ± 0.035
Lungs 0.739 ± 0.052 0.772 ± 0.054 0.756 ± 0.055 0.783 ± 0.044
Heart 0.717 ± 0.059 0.719 ± 0.047 0.715 ± 0.058 0.702 ± 0.047
Spleen 0.480 ± 0.024 0.498 ± 0.017 0.476 ± 0.033 0.481 ± 0.026
Liver 6.007 ± 0.984 5.573 ± 0.269 5.500 ± 0.515 5.518 ± 0.435
Adrenals 0.034 ± 0.003 0.035 ± 0.002 0.036 ± 0.005 0.038 ± 0.003
Kidneys 1.417 ± 0.098 1.439 ± 0.085 1.377 ± 0.088 1.369 ± 0.090
Testes 2.652 ± 0.097 2.754 ± 0.032 2.700 ± 0.208 2.620 ± 0.264

  Relative (%)
Brain 0.860 ± 0.019 0.887 ± 0.021 0.885 ± 0.061 0.870 ± 0.046
Thymus 0.133 ± 0.011 0.136 ± 0.008 0.141 ± 0.008 0.132 ± 0.015
Lungs 0.352 ± 0.020 0.372 ± 0.014 0.364 ± 0.007 0.374 ± 0.012
Heart 0.342 ± 0.020 0.346 ± 0.014 0.344 ± 0.016 0.335 ± 0.009
Spleen 0.229 ± 0.006 0.240 ± 0.005 ** 0.229 ± 0.004 0.230 ± 0.002
Liver 2.858 ± 0.383 2.685 ± 0.061 2.642 ± 0.082 2.634 ± 0.087
Adrenals 0.016 ± 0.002 0.017 ± 0.001 0.017 ± 0.002 0.018 ± 0.001
Kidneys 0.676 ± 0.029 0.693 ± 0.021 0.663 ± 0.014 0.654 ± 0.019
Testes 1.267 ± 0.051 1.329 ± 0.053 1.299 ± 0.039 1.257 ± 0.149

Female
No. of animals

134.0 ± 5.5 131.8 ± 2.8 133.4 ± 3.8 131.0 ± 4.4
  Absolute (g)

Brain 1.693 ± 0.046 1.678 ± 0.057 1.680 ± 0.042 1.699 ± 0.031
Thymus 0.228 ± 0.014 0.233 ± 0.009 0.225 ± 0.017 0.214 ± 0.012
Lungs 0.625 ± 0.032 0.611 ± 0.054 0.586 ± 0.025 0.566 ± 0.023
Heart 0.504 ± 0.007 0.507 ± 0.034 0.492 ± 0.023 0.497 ± 0.010
Spleen 0.347 ± 0.016 0.342 ± 0.008 0.356 ± 0.017 0.344 ± 0.021
Liver 3.421 ± 0.094 3.446 ± 0.111 3.326 ± 0.134 3.267 ± 0.150
Adrenals 0.041 ± 0.004 0.043 ± 0.004 0.040 ± 0.003 0.040 ± 0.002
Kidneys 0.928 ± 0.067 0.929 ± 0.046 0.949 ± 0.030 0.956 ± 0.033
Ovaries 0.053 ± 0.004 0.055 ± 0.008 0.055 ± 0.016 0.048 ± 0.010

  Relative (%)
Brain 1.266 ± 0.076 1.273 ± 0.026 1.259 ± 0.018 1.298 ± 0.052
Thymus 0.171 ± 0.011 0.177 ± 0.004 0.168 ± 0.014 0.164 ± 0.011
Lungs 0.466 ± 0.015 0.463 ± 0.036 0.439 ± 0.016 0.433 ± 0.019
Heart 0.377 ± 0.014 0.384 ± 0.019 0.369 ± 0.023 0.380 ± 0.013
Spleen 0.259 ± 0.003 0.260 ± 0.006 0.267 ± 0.008 0.263 ± 0.017
Liver 2.556 ± 0.095 2.614 ± 0.052 2.493 ± 0.100 2.494 ± 0.102
Adrenals 0.031 ± 0.003 0.033 ± 0.003 0.030 ± 0.001 0.031 ± 0.001
Kidneys 0.692 ± 0.023 0.704 ± 0.022 0.711 ± 0.024 0.730 ± 0.028
Ovaries 0.040 ± 0.002 0.042 ± 0.006 0.041 ± 0.011 0.037 ± 0.007

Values are mean ± S.D. **P  < 0.01 compaed with 0 mg/kg bw/day group.
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Figure 1. Comparison of solvents for TiO2 

TiO2 AMT-100 (primary diameter 6 nm) 
Concentration 100 mg/ mL 
Solvent 0.2% Na2HPO4 (DSP) or distilled water (D.W.) 
 

 
Figure 2. Scattering intensity distribution (a) and calculated number distribution (b) of titanium dioxide 
suspended in 0.2% disodium phosphate measured by dynamic light scattering.  
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Figure 3. Body weight (a) and daily food intake (b) of male and female F344/DuCrj rats orally 
administered titanium dioxide for 4 weeks. 
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Figure 1: Human drug product submissions to FDA 
containing nanomaterials between 1970-2019. 
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