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[2]



Good Laboratory Practice GLP





1.1.

2

[3�5]

[6�8]

I-

1

[8, 9]

1 kg 1 2 mL



[10] mL/kg

[10]

1.2.

1.2.1.

TiO2 P25 [11�15] P25

I-1 TiO2

P25 20 80

50 ± 15 m2/g

1.2.2.



[16] TiO2

Disodium phosphate DSP [5, 14]

P25 1.0 1.5 3.0 6.0 mg/mL 2 mg/mL DSP

P25

Dynamic Light Scattering DLS Zetasizer

I-2 DLS I-2

1.0 6.0 mg/mL

1.2.3.

F344/DuCrlCrlJ

9 10

6 12

1.2.4.

21 25°C 40 70% 10 15 /

12 7:00 19:00 12 19:00



7:00

W260×D380×H180 mm 2 3 /

W165×D300×H150 mm 1 /

CRF-1

3 5 ppm

1.2.5.

4% 4

000A3467 Rodent WorkStand Hallowell EMC

I-3a 1 mL KN-348

MicroSprayer Aerosolizer® Penn-Century I-3b, 

c



1.2.5.1.

I-3

P25 3 4

2

3.0 

mg/kg mg/kg [3, 11, 12, 14, 15, 17, 18]

1.2.2. P25 3.0 mg/kg

0.5 1.0 2.0 3.0 mL/kg

2.5 mL/kg

3.0 mL/kg

3 50 mg/kg

DISPOSABLE

7 mL 30 cmH2O

2 14 mL

Bronchoalveolar lavage fluid: BALF

90%

BALF ADVIA 120 hematology analyzer

Siemens Healthcare Diagnostics BALF 400×g 10



4°C Lactate Dehydrogenase

LDH Clinical Analyzer 7170 Hitachi Science Systems

1 mL 2

1000 r.p.m.×2

200

LDH 3

1.2.5.2.

I-4

P25 10 30 3

5

1 mL 1 1 v/v 120°C 60

45 m

Inductively Coupled Plasma Atomic 

Emission Spectroscopy ICP-AES Optima 5300 DV Perkin-Elmer, Inc.

TiO2



g/g 3

P25

P25

1.2.6.

BALF TiO2 Statlight

Bartlett

P=0.05

Tukey Kramer Tukey Kramer

F

p=0.05 t Aspin-Welch t

1.3.

1.3.1.

1.3.1.1.

I-4 5 BALF

0.5 3.0 mL/kg

P25 3.0 mL/kg



LDH 1.0 2.0 

mL/kg

P25 0.5 2.0 mL/kg

1.3.1.2.

I-6 BALF

1.0 mL/kg LDH

P25

2.0 mL/kg

0.5 1.0 mL/kg

1.3.2.

1.3.2.1.

79.5%

TiO2 P25 30 3



TiO2 3.0 mg/kg

I-5 250 g P25

750 g/

30 683.1 783.7 

g 92.0 104% 691.0 771.0 g 92.1 103%

30 TiO2

3 532.2 584.6 g 71.4 78.5%

569.1 598.2 g 75.4 79.4%

TiO2

1.3.2.2.

I-7 30 3 TiO2

30 TiO2

0.5 mL/kg

TiO2

3 TiO2

30 0.5 mL/kg TiO2

2.0 mL/kg



3

TiO2

1.3.2.3. TiO2

I-8 30 3 TiO2

1.0 mL/kg 3

30 3

1.0 2.0 mL/kg

30 2.0 mL/kg 3

TiO2

1.4.

P25



P25

[15, 

18, 19]

3 BALF

24 24

[11, 13, 20]

3

30 3 TiO2

3.0 mg/kg P25 BALF

0.5 2.0 mL/kg

3.0 mL/kg BALF

1.0 2.0 mL/kg

[10] 3.0 mL/kg

TiO2

3.0 mL/kg 90%

TiO2



3 TiO2

3.0 mL/kg

P25

P25

[9, 21�23]

TiO2

0.5 mL/kg TiO2

TiO2

3 TiO2

3

3



TiO2 [24, 25]

TiO2 BALF

0.5 2.0 mL/kg

0.5 2.0 mL/kg



2.1.

II

[26]

NiO

2014 2016

30,000 t/ 2017 50,000 t/ 2018 100,000 t/

NiO

NiO

4 NiO



2.2.

2.2.1.

II-1 NiO NiO US3352

NiO A US Research Nanomaterials, Inc. NovaWireNi01 NiO B Novarials 

Corporation I NiO C 637130 NiO D

Sigma-Aldrich 4 NiO

[27]

NiO A SEM SEM

300 4 20 nm

51 m2/g NiO B SEM

240 nm 29 nm 4 180 m2/g

NiO C 4 NiO SEM

140 nm 6.6 m2/g NiO D

SEM

50 mn 93 m2/g,

2.2.2.



NiO

pH 7.4

pH 4.5 200 mol/L

[27]

2.0 mg/mL NiO 1 3 v/v

216

Ni2+ ICP-AES

II-2 NiO NiO A 11% NiO B

100% NiO C 0.7% NiO D 33%

NiO A 2.3 3.7% NiO B 3.5 6.5% NiO C 0.14 0.51% NiO D 3.9

6.3%

2.2.3.

NiO 1 g/mL

6 2 0.67 mg/mL

DLS NiO A C D



49 1600 39 nm II-1 NiO B DLS

2.2.4.

F344/DuCrlCrlJ

10

6 12

2.2.5.

2.2.5.1.

NiO

1.0 mL/kg NiO A

6.0 mg/kg 3

6.0 mg/kg 3 2.0 0.67 mg/kg 3

NiO A C D 30 NiO B

50 30 52 15



104 35 80

2.2.5.2.

3 1

3

30 4 28 20 28 91 10

NiO B

2.2.5.3.

3 28 91 10 8

5 4 EDTA-2K SB-41

NiO B 6 mg/kg 28 91

4 II-3

XT-2000i

3000 r.p.m.×10 II-4

II-4 5 4

2.2.5.5. BALF



2.2.5.4.

10%

2.2.5.5. BALF

5 4

2.2.5.4. 1.2.5.1. BALF

2.2.6.

BALF Statlight

Bartlett P=0.05

Dunnet



Steel

BALF

2.3.

2.3.1.

NiO A C D

NiO B 6 mg/kg 4 23

4 16 70 3 10

20 NiO B 2 0.67 mg/kg 3 15

2 mg/kg 4 5 1 0.67 mg/kg

3 1 NiO B 2 0.67 mg/kg

28 91 NiO B

II-1

2.3.2.

NiO A C

NiO B 6 mg/kg 2 23

2 mg/kg 3 15 0.67 mg/kg

4 8



NiO D 6 mg/kg 3 20

2 mg/kg 7 13

2.3.3.

II-2 NiO A 6 mg/kg 3 7

2

0.67 mg/kg

NiO B 6 mg/kg 1 14 2 0.67 mg/kg 1 7

6 mg/kg 3 35 49 2 mg/kg 3

28 0.67 mg/kg 7 21

NiO C

NiO D 6 mg/kg 1 7 3 56

84 91 2 mg/kg

3 7 7 21

0.67 mg/kg



2.3.4.

2.3.4.1.

II-5-1 12

NiO A 28 6 mg/kg Eosino 6 2 mg/kg Mono

3 0.67 mg/kg RC 28 2 mg/kg Neutro

Lymph

91

NiO B 3 RBC Hb PLT Neutro

Lymph 6 2 mg/kg Ht MCHC Mono MCV 6 

mg/kg RC 28 6 mg/kg Neutro Lymph

91 3 2

0.67 mg/kg WBC 28 2 mg/kg MCV RC

NiO C 3 28 Mono 28

6 mg/kg Hb 91 6 mg/kg PLT 3 0.67 

mg/kg RBC Hb 6 0.67 mg/kg LUC 28 0.67 mg/kg MCH

PLT 91 2 0.67 mg/kg Mono



NiO D 3 6 mg/kgLUC 91 WBC

28 2 mg/kg PLT 2 0.67 mg/kg

Mono 2. mg/kg LUC 91 0.67 mg/kg Mono

2.3.4.2.

II-6-1 12

NiO A 3 6 mg/kg TC TG BUN IP Ca

91 6 2 mg/kg GGT

3 2 mg/kg Na 28 2 0.67 mg/kg Cl 0.67 

mg/kg Glu 91 2 mg/kg BUN 0.67 mg/kg TG Alb Na

TB K NiO A

NiO B 3 TC 6 2 mg/kg

ALT A/G ratio IP Na 6 mg/kg AST BUN Cre TP

K Cl 28 Glu IP

6 2 mg/kg TP Alb Cl 6 mg/kg ALP Cre

28 0.67 mg/kg BUN 91

0.67 mg/kg Na K NiO B



NiO C 3 6 mg/kg ALT Cre Glu 28 6 

mg/kg TP 91 6 mg/kg Ca

3 2 0.67 mg/kg Cl 0.67 mg/kg GGT 91 2 

mg/kg ALP Alb 0.67 mg/kg Glu K NiO 

C

NiO D 3 6 2 mg/kg TC Ca 6 mg/kg

GGT Na K 28 6 mg/kg TP Alb IP

91 6 2 mg/kg TC 6 mg/kg TP

3 2 mg/kg A/G ratio Cl 28 0.67 

mg/kg TC 91 2 0.67 mg/kg IP

NiO D

2.3.5. BALF

2.3.5.1. BALF

II-3 BALF NiO A 3

6 2 mg/kg 6 mg/kg

28



91 6 2 

mg/kg

NiO B 3

6 2 mg/kg 28

91 6 2 mg/kg

NiO C 3 28 6 mg/kg

91

NiO D 3

6 2 mg/kg 28 91

II-4 NiO BALF

NiO NiO II-4

NiO 3 NiO A NiO B NiO D

NiO NiO C



28 NiO B 91

NiO NiO A NiO D

NiO 91

2.3.5.2. BALF

II-7-1 12 3 28 91 BALF TP Alb LDH

NiO A 3 28 91 TP Alb LDH

NiO B 3 28 TP Alb LDH

91 Alb

NiO C 3 6 mg/kg TP Alb LDH 28 6 mg/kg

TP LDH 91 2 mg/kg TP

NiO C

NiO D 3 28 91 TP Alb LDH

2.3.6.

2.3.6.1.

II-8-1 12 3 28 91



NiO A 3 91 6 2 

mg/kg 28

NiO B 3 28 91

3 6 mg/kg

28 6 

mg/kg

NiO C 28 2 0.67 

mg/kg NiO C

NiO D 3 28 91

28 6 mg/kg

91 2 mg/kg NiO D



2.3.6.2.

II-9-1 12

NiO A 6 2 mg/kg 3

10 7 6 0.67 mg/kg

6 mg/kg 6 28

6 2 mg/kg 10 0.67 mg/kg 5

6 2 mg/kg 10 6 91

6 2 mg/kg 10

6 2 mg/kg 6 2 0.67 mg/kg

NiO B 3

6 2 0.67 mg/kg 7 5 2

28 6 2 mg/kg 8 7 10 2

6 mg/kg 8 1 2 mg/kg 10 1

0.67 mg/kg 91

NiO C 3 6 mg/kg 10 1

28 91 6 mg/kg

10 1



NiO D 3 6 2 mg/kg 10 9 8

6 2 mg/kg 8 4

0.67 mg/kg 28 6 2 0.67 mg/kg

9 10 7 6 2

0.67 mg/kg 9 7 2 91

6 2 mg/kg

3 2

2.3.6.3.

NiO II-10-1 12 II-5

NiO A 6 2 mg/kg 3

NiO

6 mg/kg II

28 91

91

II-5A-3

NiO B 3 6



2 mg/kg

28 6 2 mg/kg

91 6 mg/kg

NiO C 3

NiO 28 91

6 2 mg/kg

NiO D 3 II

6 2 mg/kg NiO 3

91 28 6 mg/kg 91

II-11-1 12 II-6

3 NiO A 6 2 

mg/kg NiO D NiO B 3

28 6 mg/kg 91

NiO C

NiO 28 NiO A 6 2 

mg/kg NiO C NiO D 6 mg/kg 91 NiO 



A NiO D NiO C 6 mg/kg NiO B

NiO A NiO C NiOD

II-12 NiO B 6 mg/kg

NiO B 6 mg/kg 3

II-7 2 0.67 mg/kg

28 91 6 mg/kg NiO A NiO C NiO D

NiO B 6 mg/kg 3

2 0.67 mg/kg 28 91 6 mg/kg

NiO A NiO C NiO D

NiO

2.4.

NiO

NiO



[26] NiO

[28]

NiO B

NiO

NiO NiO Ni O

NiO

NiO

NiO C NiO C

NiO NaCl

NiO [28]

NiO C

NiO A NiO B NiO D NiO B > NiO D> NiO A

[29]



[29]

[29] NiO A NiO B NiO D

NiO

NiO A NiO B NiO D 3

[30] NiO 

C NiO A NiO B

NiO D

NiO B 91

NiO B 3 6 mg/kg

28

NiO NiO B



91

[31]

NiO B 52 104

NiO B 91 NiO

[27] 91

NiO B

[32]

NiO B

NiO B 3 BALF



[33]

NiO [34]

[34]

NiO B

NiO A NiO D BALF

BALF

3

BALF NiO B 

NiO 28

NiO B NiO A NiO D

NiO A NiO D

28 91 NiO

NiO A NiO D



in vivo

NiO A

NiO B NiO D NiO B

[35], [36]

NiO B

NiO

NiO B 70

20 4 16 3

6 

mg/kg

[37�39] SD



2

NiO B 6 mg/kg

[40]

NiO B 6 mg/kg 3

[39]

[41�44] Obone SD 13

[44]



F344 NiO 2

[43]

[45]

[41�44]

NiO B

NiO

NiO

4 NiO



NiO



TiO2

0.5 2.0 mL/kg

4

NiO



NiO

NiO



0.5 2.0 mL/kg

0.5 2.0 mL/kg

4 NiO



3 28 91

4 NiO

3

28

2 3 28

91

NiO
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II-7-1 NiO A 3

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 5 

RBC (x104/ L) 886.8± 12.7 894.0 ± 21.9 886.4 ± 17.9 913.6 ± 26.3 

Hb (g/dL) 14.92 ± 0.16 14.92 ± 0.30 14.88 ± 0.31 15.40 ± 0.44 

Ht (%) 44.72 ± 0.37 44.72 ± 0.86 44.34 ± 0.85 46.12 ± 1.18 

MCV (fL) 50.40 ± 0.34 50.02 ± 0.39 50.00 ± 0.39 50.50 ± 0.29 

MCH (pg) 16.84 ± 0.15 16.72 ± 0.25 16.76 ± 0.09 16.84 ± 0.09 

MCHC (g/dL) 33.38 ± 0.31 33.38 ± 0.38 33.56 ± 0.27 33.34 ± 0.11 

PLT (x104/ L) 78.62 ± 4.18 78.96 ± 4.12 79.96 ± 5.26 79.24 ± 2.39 

RC (%) 2.40 ± 0.26 2.04 ± 0.21* 2.30 ± 0.14 2.18 ± 0.16 

WBC (x102/ L) 52.94 ± 3.31 50.04 ± 4.29 48.88 ± 8.13 46.56 ± 4.08 

Differentiation of leukocyte    

Neutro (%) 22.40 ± 3.92 23.96 ± 4.46 24.86 ± 3.85 26.66 ± 1.79 

Lymph (%) 73.70 ± 3.97 71.70 ± 4.97 71.26 ± 4.12 70.00 ± 1.81 

Eosino (%) 1.06 ± 0.13 1.42 ± 0.37 1.18 ± 0.26 0.92 ± 0.18 

Baso (%) 0.42 ± 0.11 0.32 ± 0.08 0.30 ± 0.12 0.30 ± 0.07 

Mono (%) 1.60 ± 0.25 1.54 ± 0.48 1.56 ± 0.35 1.28 ± 0.13 

LUC (%) 0.82 ± 0.22 1.08 ± 0.15 0.84 ± 0.36 0.82 ± 0.15 

RBC Hb Ht MCV

MCH MCHC PLT

RC WBC Differentiation of leukocyte

Neutro Lymph Eosino  Baso Mono LUC

II-7-2 12

±

*: P < 0.05 **: P < 0.01



II-7-2 NiO A 28

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 5 

RBC (x104/ L) 897.2 ± 18.9 888.6 ± 14.8 867.4 ± 34.6 887.6 ± 7.8 

Hb (g/dL) 14.70 ± 0.40 14.58 ± 0.19 14.32 ± 0.52 14.56 ± 0.18 

Ht (%) 43.58 ± 1.23 43.10 ± 0.75 42.20 ± 1. 44 43.04 ± 0.30 

MCV (fL) 48.56 ± 0.55 48.50 ± 0.48 48.66 ± 0.60 48.48 ± 0.24 

MCH (pg) 16.40 ± 0.22 16.42 ± 0.08 16.52 ± 0.16 16.38 ± 0.11 

MCHC (g/dL) 33.76 ± 0.32 33.82 ± 0.23 33.98 ± 0.19 33.82 ± 0.28 

PLT (x104/ L) 75.00 ± 3.22 75.36 ± 2.11 74.86 ± 2.95 71.38 ± 3.75 

RC (%) 2.34 ± 0.23 2.20 ± 0.12 2.14 ± 0.30 2.22 ± 0.18 

WBC (x102/ L) 61.48 ± 4.64 55.64 ± 5.39 62.92 ± 8.31 61.86 ± 5.90 

Differentiation of leukocyte    

Neutro (%) 22.30 ± 4.07 28.46 ± 4.70 29.74 ± 4.28* 27.68 ± 3.39 

Lymph (%) 73.16 ± 4.34 67.22 ± 4.51 65.92 ± 3. 89* 68.72 ± 3.33 

Eosino (%) 1.24 ± 0.17 1.36 ± 0.17 1.30 ± 0.10 0.94 ± 0.15* 

Baso (%) 0.22 ± 0.08 0.24 ± 0.11 0.26 ± 0.09 0.24 ± 0.09 

Mono (%) 1.90 ± 0.23 1.68 ± 0.13 1.54 ± 0.27* 1.50 ± 0.19* 

LUC (%) 1.22 ± 0.16 1.02 ± 0.22 1.24 ± 0.35 0.90 ± 0.12 

±

*: P < 0.05 **: P < 0.01



II-7-3 NiO A 91

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 5 

RBC (x104/ L) 916.2 ± 21.8 898.4 ± 8.4 913.0 ± 22.2 915.6 ± 12.8 

Hb (g/dL) 14.90 ± 0.17 14.58 ± 0.23 14.82 ± 0.28 14.92 ± 0.26 

Ht (%) 44.24 ± 0.68 43.10 ± 0.50 44.00 ± 0.81 44.04 ± 0.76 

MCV (fL) 48.30 ± 0.58 47.98 ± 0.61 48.20 ± 0.60 48.10 ± 0.27 

MCH (pg) 16.24 ± 0.23 16.22 ± 0.22 16.24 ± 0.15 16.30 ± 0.16 

MCHC (g/dL) 33.66 ± 0.40 33.80 ± 0.23 33.70 ± 0.25 33.90 ± 0.19 

PLT (x104/ L) 76.14 ± 4.35 76.48 ± 2.57 80.96 ± 2.35 74.80 ± 3.05 

RC (%) 2.22 ± 0.23 2.06 ± 0.21 2.18 ± 0.29 2.08 ± 0.19 

WBC (x102/ L) 58.20 ± 6.42 52.64 ± 4.86 56.58 ± 4.95 59.76 ± 3.41 

Differentiation of leukocyte    

Neutro (%) 35.76 ± 6.02 31.60 ± 2.38 39.38 ± 5.31 36.86 ± 3.52 

Lymph (%) 59.60 ±6.31 63.92 ± 2.72 56.02 ± 5.23 58.10 ± 3.96 

Eosino (%) 1.16 ± 0.05 1.44 ± 0.36 1.22 ± 0.16 1.62 ± 0.73 

Baso (%) 0.46 ± 0.09 0.42 ± 0.11 0.32 ± 0.11 0.36 ± 0.09 

Mono (%) 2.08 ± 0.44 1.68 ± 0.36 2.14 ± 0.32 2.02 ± 0.30 

LUC (%) 0.94 ± 0.25 0.88 ± 0.16 0.94 ± 0.13 1.00 ± 0.33 

±

*: P < 0.05 **: P < 0.01



II-7-4 NiO B 3

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 5 

RBC (x104/ L) 942.2 ± 11.4 997.2 ± 34.5* 1062.8 ± 24.3** 1110.2 ± 29.5** 

Hb (g/dL) 15.76 ± 0.23 16.52 ± 0.57* 17.70 ± 0.38** 18.48 ± 0.52** 

Ht (%) 46.58 ± 0.86 48.58 ± 1.52 51.58 ± 1.31** 53.46 ± 1.43** 

MCV (fL) 49.44 ± 0.55 48.74 ± 0.48 48.52 ± 0.28* 48.18 ± 0.39** 

MCH (pg) 16.74 ± 0.18 16.56 ± 0.05 16.66 ± 0.11 16.64 ± 0.09 

MCHC (g/dL) 33.84 ± 0.21 33.98 ± 0.29 34.36 ± 0.21* 34.52 ± 0.29** 

PLT (x104/ L) 80.72 ± 3.40 89.86 ± 2.53* 96.14 ± 6.58** 98.32 ± 5.70** 

RC (%) 1.82 ± 0.19 2.08 ± 0.23 1.72 ± 0.16 1.36 ± 0.19** 

WBC (x102/ L) 55.00 ± 5.71 36.78 ± 7.07** 39.58 ± 0.90* 41.74 ± 3.69 

Differentiation of leukocyte    

Neutro (%) 24.36 ± 1.65 36.74 ± 7.19* 50.48 ± 7.16** 65.94 ± 5.33** 

Lymph (%) 70.28 ± 1.50 57.82 ± 7.09** 43.38 ± 6.77** 28.14 ± 4.94** 

Eosino (%) 1.44 ± 0.34 1.66 ± 0.85 1.18 ± 0.50 0.74 ± 0.09 

Baso (%) 0.76 ± 0.15 0.54 ± 0.11 0.74 ± 0.27 0.78 ± 0.22 

Mono (%) 2.08 ± 0.13 2.16 ± 0.53 2.86 ± 0.57* 3.16 ± 0.44** 

LUC (%) 1.10 ± 0.21 1.06 ± 0.23 1.34 ± 0.38 1.22 ± 0.26 

±

*: P < 0.05 **: P < 0.01



II-7-5 NiO B 28

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 4 

RBC (x104/ L) 902.4 ± 12.6 880.6 ± 15.6 882.6 ± 23.4 904.3 ± 26.3 

Hb (g/dL) 15.06 ± 0.22 14.80 ± 0.25 14.88 ± 0.40 14.95 ± 0.33 

Ht (%) 43.70 ± 0.70 42.76 ± 0.86 43.22 ± 1.13 44.15 ± 1.17 

MCV (fL) 48.38 ± 0.26 48.56 ± 0.21 48.94 ± 0.29* 48.83 ± 0.36 

MCH (pg) 16.66 ± 0.11 16.78 ± 0.13 16.88 ± 0.23 16.55 ± 0.37 

MCHC (g/dL) 34.44 ± 0.21 34.56 ± 0.28 34.46 ± 0.32 33.90 ± 0.48 

PLT (x104/ L) 76.58 ± 2.03 78.94 ± 4.67 80.78 ± 2.72 71.75 ± 3.33 

RC (%) 2.40 ± 0.23 2.80 ± 0.12 3.16 ± 0.15** 2.10 ± 1.16 

WBC (x102/ L) 56.36 ± 6.39 51.82 ± 3.79 56.24 ± 6.45 59.48 ± 12.44 

Differentiation of leukocyte    

Neutro (%) 26.24 ± 4.27 36.86 ± 8.51 33.66 ± 4.85 42.08 ± 11.96* 

Lymph (%) 69.48 ± 4.77 58.92 ± 9.08 62.10 ±5.08 53.23 ± 12.04* 

Eosino (%) 1.28 ± 0.19 1.24 ± 0.21 1.50 ± 0.37 1.70 ± 0.39 

Baso (%) 0.46 ± 0.15 0.30 ± 0.14 0.38 ± 0.18 0.45 ± 0.21 

Mono (%) 1.50 ± 0.16 1.60 ± 0.14 1.40 ± 0.22 1.68 ± 0.15 

LUC (%) 1.02 ± 0.28 1.08 ± 0.81 0.96 ± 0.37 0.88 ± 0.32 

±

*: P < 0.05 **: P < 0.01



II-7-6 NiO B 91

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 4 

RBC (x104/ L) 903.8 ± 21.4 872.6 ± 18.9 904.6 ± 13.7 907.3 ± 29.5 

Hb (g/dL) 14.98 ± 0.18 14.68 ± 0.23 14.82 ± 0.40 14.78 ± 0.53 

Ht (%) 44.34 ± 0.81 43.06 ± 0.50 43.88 ± 0.79 44.13 ± 1.75 

MCV (fL) 49.08 ± 0.30 49.34 ± 1.04 48.52 ± 0.48 48.65 ± 0.66 

MCH (pg) 16.56 ± 0.25 16.78 ± 0.33 16.36 ± 0.27 16.30 ± 0.29 

MCHC (g/dL) 33.76 ± 0.40 34.02 ± 0.18 33.76 ± 0.30 33.50 ± 0.29 

PLT (x104/ L) 72.36 ± 5.22 69.66 ± 2.41 74.42 ± 2.20 74.83 ± 5.16 

RC (%) 1.92 ± 0.70 2.22 ± 0.15 2.30 ± 0.17 2.18 ± 0.40 

WBC (x102/ L) 55.42 ± 10.51 49.44 ± 6.91 51.00 ± 3.61 44.03 ± 6.13 

Differentiation of leukocyte    

Neutro (%) 37.36 ± 4.76 35.22 ± 6.53 34.78 ± 6.00 39.80 ± 5.17 

Lymph (%) 57.96 ± 4.83 60.42 ± 6.67 60.88 ± 5.61 56.30 ± 4.52 

Eosino (%) 1.42 ± 0.18 1.46 ±0.27 1.14 ± 0.15 1.08 ± 0.34 

Baso (%) 0.34 ± 0.17 0.28 ± 0.08 0.36 ± 0.17 0.38 ± 0.10 

Mono (%) 1.70 ± 0.16 1.36 ± 0.36 1.72 ± 0.25 1.63 ± 0.13 

LUC (%) 1.20 ± 0.14 1.26 ± 0.18 1.12 ± 0.29 0.83 ± 0.39 

±

*: P < 0.05 **: P < 0.01



II-7-7 NiO C 3

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 5 

RBC (x104/ L) 896.4 ± 15.2 866.6 ± 25.9* 874.4 ± 14.9 868.2 ± 10.2 

Hb (g/dL) 15.28 ± 0.23 14.82 ± 0.38* 14.96 ± 0.29 14.94 ± 0.17 

Ht (%) 43.92 ± 0.79 42.78 ± 1.11 42.96 ± 0.77 42.88 ± 0.25 

MCV (fL) 49.02 ± 0.38 49.38 ± 0.47 49.12 ± 0.16 49.44 ± 0.33 

MCH (pg) 17.04 ± 0.05 17.12 ± 0.13 17.12 ± 0.13 17.20 ± 0.07 

MCHC (g/dL) 34.78 ± 0.13 34.62 ± 0.19 34.84 ± 0.26 34.82 ± 0.16 

PLT (x104/ L) 69.36 ± 4.10 69.92 ± 4.14 69.50 ± 2.41 71.46 ±2.58 

RC (%) 1.94 ± 0.17 2.10 ± 0.19 1.98 ± 0.31 2.08 ± 0.16 

WBC (x102/ L) 48.38 ± 9.39 54.76 ± 8.51 51.18 ± 6.68 49.22 ± 4.29 

Differentiation of leukocyte    

Neutro (%) 27.16 ± 4.86 23.88 ± 1.69 22.24 ± 2.91 24.12 ± 2.64 

Lymph (%) 66.58 ± 6.08 71.84 ± 2.12 73.02 ± 4.53 71.78 ± 2.63 

Eosino (%) 1.28 ± 0.15 1.20 ± 0.12 1.18 ± 0.20 1.14 ± 0.21 

Baso (%) 0.58 ± 0.15 0.56 ± 0.17 0.42 ± 0.19 0.56 ± 0.15 

Mono (%) 1.84 ± 0.17 1.36 ± 0.22* 1.32 ± 0.40* 1.26 ± 0.29* 

LUC (%) 2.52 ± 1.21 1.10 ± 0.25* 1.80 ± 1.19 1.10 ± 0.12* 

±

*: P < 0.05 **: P < 0.01



II-7-8 NiO C 28

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 5 

RBC (x104/ L) 880.6 ± 21.5 880.6 ± 20.1 869.4 ± 21.9 857.2 ± 15.0 

Hb (g/dL) 15.36 ± 0.19 15.12 ± 0.45 15.02 ± 0.28 14.80 ± 0.22* 

Ht (%) 42.92 ± 1.14 42.68 ± 0.97 42.12 ± 0.79 41.54 ± 0.50 

MCV (fL) 48.70 ± 0.31 48.48 ± 0.19 48.46 ± 0.41 48.44 ± 0.34 

MCH (pg) 17.46 ± 0.23 17.16 ± 0.15* 17.30 ± 0.19 17.28 ± 0.11 

MCHC (g/dL) 35.86 ± 0.54 35.42 ± 0.33 35.68 ± 0.19 35.62 ± 0.27 

PLT (x104/ L) 67.52 ± 1.96 73.02 ± 1.92* 69.98 ± 2.88 71.06 ± 4.24 

RC (%) 2.30 ± 0.25 2.38 ± 0.34 2.40 ± 0.16 2.34 ± 0.19 

WBC (x102/ L) 60.44 ± 4.08 68.28 ± 11.93 57.54 ± 6.04 57.30 ± 4.36 

Differentiation of leukocyte    

Neutro (%) 31.32 ± 6.13 30.82 ± 3.82 25.66 ± 4.16 30.42 ± 3.25 

Lymph (%) 64.22 ± 5.91 65.06 ± 4.02 70.40 ± 4.31 65.88 ± 3.56 

Eosino (%) 1.20 ± 0.21 0.94 ± 0.22 1.12 ± 0.27 1.12 ± 0.34 

Baso (%) 0.34 ± 0.13 0.32 ± 0.04 0.22 ± 0.08 0.28 ± 0.08 

Mono (%) 1.78 ± 0.28 1.36 ± 0.18* 1.38 ± 0.20* 1.22 ± 0.16** 

LUC (%) 1.10 ± 0.34 1.48 ± 0.91 1.26 ± 0.11 1.08 ± 0.26 

±

*: P < 0.05 **: P < 0.01



II-7-9 NiO C 91

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 5 

RBC (x104/ L) 898.0 ± 35.0 874.6 ± 14.9 871.4 ± 22.7 890.2 ± 23.6 

Hb (g/dL) 14.60 ± 0.37 14.34 ± 0.30 14.24 ± 0.32 14.54 ± 0.31 

Ht (%) 43.00 ± 1.20 42.42 ± 0.81 42.16 ± 1.04 43.26 ± 0.92 

MCV (fL) 47.94 ± 1.11 48.50 ± 0.32 48.40 ± 0.51 48.62 ± 0.43 

MCH (pg) 16.28 ± 0.38 16.40 ± 0.12 16.32 ± 0.11 16.34 ± 0.18 

MCHC (g/dL) 33.90 ± 0.12 33.84 ± 0.38 33.74 ± 0.26 33.58 ± 0.27 

PLT (x104/ L) 65.88 ± 3.17 71.12 ± 5.43 69.08 ± 1.53 70.76 ± 1.38* 

RC (%) 2.24 ± 0.17 2.20 ± 0.20 2.08 ± 0.19 2.22 ± 0.18 

WBC (x102/ L) 60.38 ± 6.41 56.24 ± 8.19 52.44 ± 5.90 60.62 ± 8.29 

Differentiation of leukocyte    

Neutro (%) 30.82 ± 1.01 28.92 ± 2.54 31.28 ± 2.63 31.30 ± 3.84 

Lymph (%) 64.46 ± 0.76 67.20 ± 2.49 64.94 ± 2.93 64.42 ± 3.65 

Eosino (%) 1.02 ± 0.24 0.96 ± 0.11 0.92 ± 0.18 1.08 ± 0.16 

Baso (%) 0.42 ± 0.11 0.30 ± 0.10 0.28 ± 0.11 0.30 ± 0.07 

Mono (%) 2.04 ± 0.35 1.48 ± 0.13** 1.52 ± 0.33* 1.78 ± 0.11 

LUC (%) 1.24 ± 0.34 1.16 ± 0.15 1.06 ± 0.11 1.08 ± 0.16 

±

*: P < 0.05 **: P < 0.01



II-7-10 NiO D 3

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 5 

RBC (x104/ L) 892.8 ± 37.0 892.6 ± 19.2 897.0 ± 19.3 914.0 ± 31.4 

Hb (g/dL) 15.46 ± 0.60 15.42 ± 0.29 15.44 ± 0.48 15.78 ± 0.51 

Ht (%) 44.60 ± 1.97 44.42 ± 0.94 44.32 ± 1.13 45.34 ± 1.35 

MCV (fL) 49.98 ± 0.45 49.74 ± 0.29 49.42 ± 0.36 49.62 ± 0.44 

MCH (pg) 17.30 ± 0.26 17.26 ± 0.09 17.18 ± 0.19 17.26 ± 0.13 

MCHC (g/dL) 34.66 ± 0.44 34.68 ± 0.13 34.80 ± 0.31 34.80 ± 0.24 

PLT (x104/ L) 75.54 ± 2.65 72.66 ± 2.37 74.34 ± 4.73 74.92 ± 2.32 

RC (%) 2.20 ± 0.20 2.08 ± 0.16 2.10 ± 0.19 1.98 ± 0.30 

WBC (x102/ L) 60.44 ± 14.98 52.74 ± 4.38 51.46 ± 8.33 52.04 ± 3.38 

Differentiation of leukocyte    

Neutro (%) 26.36 ± 7.35 25.58 ± 6.17 31.38 ± 6.72 35.00 ± 3.50 

Lymph (%) 69.46 ± 7.29 70.58 ± 6.09 64.74 ± 6.87 61.60 ± 3.65 

Eosino (%) 0.98 ± 0.22 0.82 ± 0.04 0.94 ± 0.17 0.90 ± 0.20 

Baso (%) 0.44 ± 0.15 0.48 ± 0.13 0.40 ± 0.16 0.42 ± 0.08 

Mono (%) 1.80 ± 0.17 1.48 ± 0.20 1.46 ± 0.29 1.56 ± 0.26 

LUC (%) 0.96 ± 0.25 1.04 ± 0.18 1.06 ± 0.23 0.58 ± 0.16* 

±

*: P < 0.05 **: P < 0.01



II-7-11 NiO D 28

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 5 

RBC (x104/ L) 869.2 ± 21.2 869.4 ± 20.0 858.8 ± 7.6 872.8 ± 16.5 

Hb (g/dL) 14.86 ± 0.29 14.70 ± 0.23 14.68 ± 0.15 14.92 ± 0.30 

Ht (%) 42.34 ± 0.89 42.08 ± 0.88 41.92 ± 0.57 42.74 ± 1.22 

MCV (fL) 48.72 ± 0.38 48.42 ± 0.35 48.78 ± 0.52 48.98 ± 0.61 

MCH (pg) 17.12 ± 0.18 16.92 ± 0.08 17.08 ± 0.18 17.10 ± 0.10 

MCHC (g/dL) 35.10 ± 0.17 34.94 ± 0.23 34.98 ± 0.19 34.92 ± 0.38 

PLT (x104/ L) 70.04 ± 3.25 68.70 ± 1.89 65.98 ± 2.52* 67.32 ± 1.51 

RC (%) 2.40 ± 0.16 2.36 ± 0.24 2.42 ± 0.04 2.60 ± 0.34 

WBC (x102/ L) 55.78 ± 3.77 59.82 ± 8.02 58.60 ± 3.83 54.64 ± 6.50 

Differentiation of leukocyte    

Neutro (%) 28.26 ± 2.23 31.82 ± 3.17 34.26 ± 4.74 36.56 ± 10.25 

Lymph (%) 67.42 ± 2.54 64.90 ± 3.03 62.66 ± 4.90 59.70 ± 10.66 

Eosino (%) 0.94 ± 0.11 0.82 ± 0.22 0.84 ± 0.15 0.74 ± 0.09 

Baso (%) 0.30 ± 0.07 0.26 ± 0.13 0.32 ± 0.08 0.26 ± 0.09 

Mono (%) 1.94 ± 0.19 1.36 ± 0.11** 1.26 ± 0.24** 1.82 ± 0.23 

LUC (%) 1.16 ± 0.26 0.80 ± 0.16 0.70 ± 0.16* 0.90 ± 0.30 

±

*: P < 0.05 **: P < 0.01



II-7-12 NiO D 91

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 5 

RBC (x104/ L) 909.6 ± 13.8 890.6 ± 19.0 899.0 ± 6.7 912.2 ± 20.6 

Hb (g/dL) 15.00 ± 0.16 14.76 ± 0.26 14.76 ± 0.17 15.02 ± 0.40 

Ht (%) 44.02 ± 0.61 43.48 ± 1.08 43.42 ± 0.46 44.44 ± 1.26 

MCV (fL) 48.42 ± 0.28 48.80 ± 1.07 48.28 ± 0.34 48.72 ± 0.40 

MCH (pg) 16.48 ± 0.15 16.58 ± 0.18 16.40 ± 0.10 16.48 ± 0.19 

MCHC (g/dL) 34.04 ± 0.38 33.92 ± 0.52 33.96 ± 0.33 33.86 ± 0.30 

PLT (x104/ L) 67.86 ± 4.93 65.90 ± 2.51 68.26 ± 0.78 66.68 ± 2.02 

RC (%) 2.14 ± 0.32 2.06 ± 0.19 2.04 ± 0.21 2.10 ± 0.23 

WBC (x102/ L) 74.50 ± 13.52 54.06 ± 4.18** 59.70 ± 6.53* 57.98 ± 5.66* 

Differentiation of leukocyte    

Neutro (%) 33.62 ± 4.40 33.26 ± 1.08 30.20 ± 2.64 36.44 ± 2.81 

Lymph (%) 61.74 ± 4.11 62.68 ± 0.85 65.74 ± 2.71 58.92 ± 2.64 

Eosino (%) 1.10 ± 0.19 1.24 ± 0.13 1.08 ± 0.16 1.32 ± 0.35 

Baso (%) 0.44 ± 0.18 0.36 ± 0.22 0.38 ± 0.08 0.32 ± 0.08 

Mono (%) 2.06 ± 0.19 1.64 ± 0.24* 1.68 ± 0.29 2.06 ± 0.23 

LUC (%) 1.06 ± 0.18 0.80 ± 0.12 0.92 ± 0.25 0.96 ± 0.22 

±

*: P < 0.05 **: P < 0.01



II-8-1 NiO A 3

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 5 

AST (IU/L) 60.8 ± 4.1 58.8 ± 4.3 59.2 ± 2.0 63.8 ± 1.6 

ALT (IU/L) 28.6 ± 0.5 28.6 ± 2.1 26.6 ± 0.9 31.8 ± 2.6 

ALP (IU/L) 453.0 ± 22.6 436.4 ± 30.2 444.2 ± 17.3 444.4 ± 27.6 

GGT (IU/L) 0.68 ± 0.13 0.84 ± 0.18 0.78 ± 0.33 0.78 ± 0.23 

TC (mg/dL) 46.8 ± 0.8 45.2 ± 2.8 45.8 ± 3.1 52.4 ± 1.8** 

TG (mg/dL) 24.2 ± 7.0 25.6 ± 4.9 24.8 ± 7.0 38.4 ± 8.4* 

BUN (mg/dL) 15.02 ± 0.90 15.86 ± 0.68 14.68 ± 0.95 16.70 ± 0.79* 

Cre (mg/dL) 0.184 ± 0.009 0.180 ± 0.012 0.192 ± 0.008 0.184 ± 0.021 

TP (g/dL) 5.36 ± 0.05 5.40 ± 0.21 5.38 ± 0.08 5.52 ± 0.15 

Alb (g/dL) 2.56 ± 0.05 2.62 ± 0.08 2.58 ± 0.04 2.66 ± 0.05 

A/G ratio 0.914 ± 0.022 0.942 ± 0.016 0.922 ± 0.043 0.930 ± 0.030 

Glu (mg/dL) 122.6 ± 5.0 122.4 ± 5.5 122.8 ± 8.7 116.6 ± 8.1 

TB (mg/dL) 0.040 ± 0.000 0.042 ± 0.004 0.038 ± 0.004 0.042 ± 0.004 

IP (mg/dL) 8.20 ± 0.32 8.54 ± 0.33 8.56 ± 0.11 9.00 ± 0.21** 

Ca (mg/dL) 9.58 ± 0.19 9.76 ± 0.11 9.70 ± 0.12 9.88 ± 0.11** 

Na (mEq/L) 142.8 ± 0.4 142.2 ± 0.4 141.8 ± 0.4* 142.4 ± 0.5 

K (mEq/L) 3.70 ± 0.07 3.70 ± 0.14 3.58 ± 0.15 3.76 ± 0.05 

Cl (mEq/L) 107.32 ± 0.67 107.82 ± 0.92 107.96 ± 0.78 106.62 ± 0.48 

AST ALT

ALP GGT -

TC TG BUN Cre

TP Alb A/G ratio A/G Glu TB

IP Ca Na K Cl

II-8-2 12

±

*: P < 0.05 **: P < 0.01



II-8-2 NiO A 28

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 5 

AST (IU/L) 67.6 ± 5.7 64.8 ± 3.8 66.4 ± 2.2 64.8 ± 5.5 

ALT (IU/L) 34.2 ± 5.9 33.8 ± 4.7 36.2 ± 2.2 34.2 ± 1.3 

ALP (IU/L) 340.6 ± 31.2 353.8 ± 25.1 343.0 ± 21.2 355.0 ± 22.6 

GGT (IU/L) 0.70 ± 0.21 0.58 ± 0.22 0.72 ± 0.16 0.76 ± 0.17 

TC (mg/dL) 56.2 ± 2.2 54.8 ± 1.9 54.8 ± 3.1 54.0 ± 2.9 

TG (mg/dL) 59.0 ± 13.7 46.8 ± 13.9 59.2 ± 16.9 60.0 ± 16.9 

BUN (mg/dL) 17.90 ± 1.59 17.70 ± 0.93 18.08 ± 0.53 18.88 ± 1.51 

Cre (mg/dL) 0.206 ± 0.011 0.224 ± 0.013 0.206 ± 0.013 0.208 ± 0.008 

TP (g/dL) 5.68 ± 0.08 5.72 ± 0.19 5.66 ± 0.15 5.56 ± 0.09 

Alb (g/dL) 2.64 ± 0.05 2.62 ± 0.08 2.62 ± 0.04 2.62 ± 0.08 

A/G ratio 0.870 ± 0.021 0.846 ± 0.023 0.864 ± 0.025 0.892 ± 0.037 

Glu (mg/dL) 131.2 ± 10.9 119.8 ± 5.5* 123.6 ± 3.9 131.6 ± 4.0 

TB (mg/dL) 0.044 ± 0.005 0.048 ± 0.008 0.040 ± 0.007 0.040 ± 0.007 

IP (mg/dL) 7.04 ± 0.19 7.46 ± 0.34 7.36 ± 0.36 7.22 ± 0.28 

Ca (mg/dL) 9.64 ± 0.09 9.78 ± 0.08 9.78 ± 0.08 9.66 ± 0.15 

Na (mEq/L) 142.4 ± 0.5 141.6 ± 0.5 141.8 ± 0.4 141.6 ± 0.5 

K (mEq/L) 4.06 ± 0.18 4.08 ± 0.11 4.08 ± 0.08 4.02 ± 0.19 

Cl (mEq/L) 107.76 ± 0.64 109.32 ± 1.00** 109.24 ± 0.69* 108.44 ± 0.25 

±

*: P < 0.05 **: P < 0.01



II-8-3 NiO A 91

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 5 

AST (IU/L) 93.8 ± 15.2 88.8 ± 18.5 99.4 ± 21.9 91.4 ± 15.9 

ALT (IU/L) 54.0 ± 7.8 54.6 ± 10.4 60.6 ± 15.3 55.2 ± 7.4 

ALP (IU/L) 258.6 ± 9.4 242.2 ± 24.4 247.4 ± 12.0 254.2 ± 12.2 

GGT (IU/L) 0.46 ± 0.15 0.56 ± 0.09 0.74 ± 0.17* 0.74 ± 0.15* 

TC (mg/dL) 63.6 ± 5.0 61.2 ± 3.3 61.4 ± 3.0 63.6 ± 1.9 

TG (mg/dL) 73.2 ± 17.2 42.4 ± 8.8** 56.2 ± 12.2 67.2 ± 15.0 

BUN (mg/dL) 20.60 ± 2.29 18.24 ± 1.65 17.88 ± 0.73* 19.22 ± 1.40 

Cre (mg/dL) 0.266 ± 0.044 0.252 ± 0.029 0.248 ± 0.015 0.244 ± 0.011 

TP (g/dL) 5.84 ± 0.17 5.76 ± 0.09 5.80 ± 0.00 5.92 ± 0.16 

Alb (g/dL) 2.64 ± 0.05 2.54 ± 0.05* 2.60 ± 0.00 2.66 ± 0.05 

A/G ratio 0.826 ± 0.035 0.790 ± 0.030 0.810 ± 0.000 0.816 ± 0.040 

Glu (mg/dL) 149.2 ± 22.4 133.6 ± 11.6 130.0 ± 15.9 135.6 ± 6.2 

TB (mg/dL) 0.046 ± 0.005 0.060 ± 0.000* 0.046 ± 0.005 0.046 ± 0.005 

IP (mg/dL) 6.24 ± 0.30 6.56 ± 0.22 6.42 ± 0.35 6.52 ± 0.25 

Ca (mg/dL) 9.70 ± 0.10 9.72 ± 0.13 9.80 ± 0.07 9.74 ± 0.09 

Na (mEq/L) 142.8 ± 0.4 141.2 ± 0.8** 142.6 ± 0.9 142.4 ± 0.5 

K (mEq/L) 3.90 ± 0.00 4.18 ± 0.08* 4.02 ± 0.31 3.90 ± 0.10 

Cl (mEq/L) 106.62 ± 0.57 107.44 ± 0.67 108.02 ± 1.39 107.40 ± 0.50 

±

*: P < 0.05 **: P < 0.01



II-8-4 NiO B 3

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 4 

AST (IU/L) 63.4 ± 3.4 61.4 ± 2.9 74.6 ± 11.8 76.6 ± 5.0* 

ALT (IU/L) 27.2 ± 2.0 35.2 ± 7.8 41.0 ± 5.1** 40.6 ± 3.1** 

ALP (IU/L) 415.6 ± 20.7 418.2 ± 27.6 391.2 ± 16.2 429.4 ± 31.0 

GGT (IU/L) 0.48 ± 0.20 0.48 ± 0.16 0.84 ± 0.39 0.78 ± 0.37 

TC (mg/dL) 45.8 ± 1.5 63.4 ± 5.3* 81.6 ± 3.0* 96.4 ± 13.8* 

TG (mg/dL) 32.6 ± 4.8 39.2 ± 6.8 39.2 ± 4.8 40.0 ± 10.8 

BUN (mg/dL) 18.04 ± 0.93 18.68 ± 1.28 20.24 ± 1.28 33.78 ± 10.42** 

Cre (mg/dL) 0.212 ± 0.008 0.218 ± 0.016 0.218 ± 0.011 0.264 ± 0.055* 

TP (g/dL) 5.54 ± 0.11 5.54 ± 0.17 5.54 ± 0.09 6.06 ± 0.24** 

Alb (g/dL) 2.70 ± 0.00 2.64 ± 0.05 2.60 ± 0.00 2.84 ± 0.11 

A/G ratio 0.950 ± 0.037 0.912 ± 0.040 0.888 ± 0.027* 0.882 ± 0.011** 

Glu (mg/dL) 131.2 ± 6.6 136.2 ± 14.3 135.2 ± 18.1 154.0 ± 22.9 

TB (mg/dL) 0.048 ± 0.004 0.044 ± 0.005 0.044 ± 0.009 0.050 ± 0.000 

IP (mg/dL) 8.06 ± 0.53 7.56 ± 0.68 7.02 ± 0.47* 6.78 ± 0.23** 

Ca (mg/dL) 9.58 ± 0.15 9.60 ± 0.27 9.50 ± 0.16 9.58 ± 0.22 

Na (mEq/L) 142.6 ± 0.5 140.8 ± 1.5 139.6 ± 1.8* 137.4 ± 1.7** 

K (mEq/L) 3.96 ± 0.18 4.14 ± 0.15 4.30 ± 0.41 3.46 ± 0.27* 

Cl (mEq/L) 109.20 ± 0.70 104.66 ± 3.40 102.68 ± 2.00 94.70 ± 4.52** 

±

*: P < 0.05 **: P < 0.01

.  



II-8-5 NiO B 28

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 4 

AST (IU/L) 60.0 ± 4.8 68.6 ± 7.9 70.4 ± 7.5 62.8 ± 3.1 

ALT (IU/L) 30.8 ± 2.4 36.8 ± 6.6 34.4 ± 5.2 28.5 ± 2.1 

ALP (IU/L) 332.8 ± 24.1 360.2 ± 27.5 370.6 ± 16.4 430.0 ± 49.4** 

GGT (IU/L) 0.52 ± 0.13 0.56 ± 0.11 0.52 ± 0.28 0.55 ± 0.06 

TC (mg/dL) 57.6 ± 3.0 55.6 ± 4.6 51.8 ± 3.4 52.0 ± 5.8 

TG (mg/dL) 43.6 ± 12.4 38.2 ± 22.0 27.8 ± 7.7 39.5 ± 14.8 

BUN (mg/dL) 18.42 ± 0.27 20.20 ± 1.10* 18.94 ± 1.26 18.23 ± 1.36 

Cre (mg/dL) 0.294 ± 0.025 0.272 ± 0.013 0.278 ± 0.019 0.245 ± 0.017** 

TP (g/dL) 5.66 ± 0.11 5.68 ± 0.13 5.44 ± 0.09* 5.28 ± 0.15** 

Alb (g/dL) 2.72 ± 0.04 2.72 ± 0.04 2.54 ± 0.05** 2.48 ± 0.13** 

A/G ratio 0.924 ± 0.025 0.918 ± 0.034 0.876 ± 0.064 0.885 ± 0.054 

Glu (mg/dL) 158.4 ± 6.9 138.6 ± 5.7** 137.0 ± 9.6** 128.3 ± 9.8** 

TB (mg/dL) 0.040 ± 0.007 0.040 ± 0.000 0.046 ± 0.009 0.038 ± 0.005 

IP (mg/dL) 6.94 ± 0.18 7.58 ± 0.16** 7.66 ± 0.28** 7.78 ± 0.19** 

Ca (mg/dL) 9.76 ± 0.11 9.86 ± 0.15 9.78 ± 0.08 9.63 ± 0.17 

Na (mEq/L) 141.8 ± 0.4 141.0 ± 0.7 141.2 ± 0.4 141.8 ± 1.0 

K (mEq/L) 3.88 ± 0.13 4.02 ± 0.19 4.06 ± 0.11 3.95 ± 0.13 

Cl (mEq/L) 106.66 ± 0.34 107.46 ± 1.21 108.30 ± 0.91* 108.35 ± 0.51* 

±

*: P < 0.05 **: P < 0.01



II-8-6 NiO B 91

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 4 

AST (IU/L) 79.8 ± 14.8 73.8 ± 19.3 73.8 ± 19.0 84.5 ± 15.6 

ALT (IU/L) 54.0 ± 11.3 45.8 ± 15.1 42.4 ± 13.7 53.8 ± 13.9 

ALP (IU/L) 216.8 ± 23.0 226.0 ± 42.0 215.8 ± 38.6 270.5 ± 22.8 

GGT (IU/L) 0.80 ± 0.10 1.00 ± 0.17 0.60 ± 0.14 1.08 ± 0.54 

TC (mg/dL) 55.6 ± 1.3 51.4 ± 13.4 47.8 ± 11.0 57.3 ± 8.2 

TG (mg/dL) 49.2 ± 26.6 40.8 ± 18.0 30.2 ± 3.0 31.3 ± 12.2 

BUN (mg/dL) 15.70 ± 2.16 16.14 ± 1.21 14.72 ± 2.26 19.53 ± 3.18 

Cre (mg/dL) 0.230 ± 0.014 0.234 ± 0.026 0.238 ± 0.045 0.283 ± 0.031 

TP (g/dL) 5.08 ± 0.30 5.06 ± 0.84 4.82 ± 0.99 5.55 ± 0.47 

Alb (g/dL) 2.32 ± 0.13 2.34 ± 0.41 2.18 ± 0.40 2.53 ± 0.17 

A/G ratio 0.840 ± 0.026 0.858 ± 0.029 0.832 ± 0.056 0.838 ± 0.031 

Glu (mg/dL) 130.8 ± 12.6 114.4 ± 15.6 115.2 ± 17.6 138.0 ± 32.3 

TB (mg/dL) 0.046 ± 0.009 0.048 ± 0.011 0.042 ± 0.008 0.053 ± 0.010 

IP (mg/dL) 4.88 ± 0.27 5.38 ± 0.91 5.26 ± 0.99 6.10 ± 0.50 

Ca (mg/dL) 8.44 ± 0.50 8.70 ± 1.33 8.32 ± 1.51 9.25 ± 0.50 

Na (mEq/L) 143.0 ± 0.7 141.8 ± 0.8* 142.2 ± 0.4 142.3 ± 0.5 

K (mEq/L) 3.68 ± 0.04 3.86 ± 0.09* 3.68 ± 0.04 3.78 ± 0.15 

Cl (mEq/L) 110.06 ± 0.74 110.38 ± 0.64 109.00 ± 1.08 110.28 ± 0.62 

±

*: P < 0.05 **: P < 0.01



II-8-7 NiO C 3

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 5 

AST (IU/L) 57.6 ± 7.7 51.6 ± 12.2 55.4 ± 8.0 43.2 ± 6.6 

ALT (IU/L) 27.4 ± 5.6 23.0 ± 4.6 26.6 ± 4.6 19.2 ± 3.4* 

ALP (IU/L) 372.8 ± 44.0 356.4 ± 73.1 392.2 ± 54.1 312.8 ± 56.5 

GGT (IU/L) 0.58 ± 0.11 0.84 ± 0.09* 0.56 ± 0.09 0.50 ± 0.20 

TC (mg/dL) 40.0 ± 5.9 37.4 ± 6.9 43.4 ± 4.6 33.8 ± 7.7 

TG (mg/dL) 28.0 ± 12.6 23.0 ± 7.3 35.0 ± 9.7 32.8 ± 8.5 

BUN (mg/dL) 17.26 ± 1.40 13.98 ± 2.42 15.96 ± 2.24 13.66 ± 2.75 

Cre (mg/dL) 0.228 ± 0.018 0.198 ± 0.034 0.218 ± 0.041 0.172 ± 0.025* 

TP (g/dL) 4.94 ± 0.61 4.62 ± 0.80 5.02 ± 0.53 4.00 ± 0.73 

Alb (g/dL) 2.38 ± 0.34 2.20 ± 0.43 2.42 ± 0.28 1.92 ± 0.33 

A/G ratio 0.928 ± 0.037 0.904 ± 0.051 0.930 ± 0.019 0.928 ± 0.044 

Glu (mg/dL) 122.6 ± 10.2 107.4 ± 25.4 113.2 ± 13.3 94.6 ± 14.2* 

TB (mg/dL) 0.038 ± 0.008 0.032 ± 0.008 0.036 ± 0.013 0.034 ± 0.005 

IP (mg/dL) 6.88 ± 0.58 7.42 ± 1.20 7.70 ± 0.76 6.22 ± 0.99 

Ca (mg/dL) 8.78 ± 1.03 8.56 ± 1.51 9.36 ± 0.80 7.32 ± 1.21 

Na (mEq/L) 142.6 ± 0.5 142.8 ± 0.4 142.8 ± 0.8 142.0 ± 1.0 

K (mEq/L) 3.82 ± 0.15 3.72 ± 0.15 3.64 ± 0.17 3.66 ± 0.05 

Cl (mEq/L) 106.76 ± 0.37 108.50 ± 0.25** 108.16 ± 0.76** 107.46 ± 0.49 

±

*: P < 0.05 **: P < 0.01



II-8-8 NiO C 28

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 5 

AST (IU/L) 65.8 ± 7.4 58.8 ± 1.9 61.6 ± 5.7 60.0 ± 2.9 

ALT (IU/L) 32.2 ± 3.0 29.4 ± 3.0 31.8 ± 4.4 29.8 ± 1.1 

ALP (IU/L) 333.6 ± 19.5 335.4 ± 10.4 333.4 ± 10.1 330.4 ± 22.0 

GGT (IU/L) 0.78 ± 0.18 0.84 ± 0.18 0.74 ± 0.38 0.50 ± 0.07 

TC (mg/dL) 56.8 ± 5.7 54.6 ± 1.5 55.2 ± 5.0 54.0 ± 3.5 

TG (mg/dL) 46.4 ± 11.4 42.8 ± 8.6 45.0 ± 7.6 46.0 ± 5.9 

BUN (mg/dL) 17.40 ± 1.44 17.74 ± 1.32 16.50 ± 1.20 16.60 ± 1.19 

Cre (mg/dL) 0.246 ± 0.009 0.246 ± 0.015 0.256 ± 0.011 0.246 ± 0.005 

TP (g/dL) 5.62 ± 0.04 5.48 ± 0.11 5.50 ± 0.10 5.44 ± 0.15* 

Alb (g/dL) 2.66 ± 0.05 2.60 ± 0.00 2.62 ± 0.08 2.60 ± 0.00 

A/G ratio 0.900 ± 0.030 0.906 ± 0.033 0.912 ± 0.056 0.918 ± 0.045 

Glu (mg/dL) 136.6 ± 10.1 138.2 ± 8.5 129.0 ± 8.0 132.8 ± 6.5 

TB (mg/dL) 0.040 ± 0.007 0.036 ± 0.005 0.040 ± 0.007 0.042 ± 0.008 

IP (mg/dL) 7.06 ± 0.34 7.28 ± 0.53 7.22 ± 0.33 7.14 ± 0.11 

Ca (mg/dL) 9.82 ± 0.08 10.02 ± 0.24 9.98 ± 0.15 9.82 ± 0.11 

Na (mEq/L) 142.4 ± 0.5 141.4 ± 1.1 142.6 ± 0.9 142.2 ± 0.4 

K (mEq/L) 3.90 ± 0.10 4.02 ± 0.34 3.80 ± 0.07 3.84 ± 0.13 

Cl (mEq/L) 105.78 ± 0.46 105.86 ± 0.60 106.76 ± 1.04 106.48 ± 0.34 

±

*: P < 0.05 **: P < 0.01



II-8-9 NiO C 91

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 5 

AST (IU/L) 83.8 ± 11.0 87.8 ± 13.3 79.0 ± 13.3 82.6 ± 9.5 

ALT (IU/L) 51.2 ± 11.0 47.8 ± 7.3 45.4 ± 6.2 47.8 ± 6.2 

ALP (IU/L) 275.8 ± 27.1 246.6 ± 20.1 237.4 ± 15.8* 246.0 ± 26.5 

GGT (IU/L) 0.86 ± 0.17 0.90 ± 0.19 0.80 ± 0.25 0.60 ± 0.22 

TC (mg/dL) 62.4 ± 4.4 66.0 ± 4.4 66.4 ± 3.4 68.4 ± 5.6 

TG (mg/dL) 42.8 ± 19.3 36.6 ± 10.7 41.2 ± 9.5 61.8 ± 24.2 

BUN (mg/dL) 18.96 ± 1.53 18.96 ± 1.76 17.92 ± 1.08 19.84 ± 0.99 

Cre (mg/dL) 0.246 ± 0.021 0.252 ± 0.020 0.250 ± 0.014 0.260 ± 0.020 

TP (g/dL) 5.90 ± 0.14 5.82 ± 0.04 5.78 ± 0.19 5.92 ± 0.11 

Alb (g/dL) 2.66 ± 0.11 2.58 ± 0.04 2.54 ± 0.05* 2.66 ± 0.05 

A/G ratio 0.824 ± 0.065 0.796 ± 0.022 0.784 ± 0.029 0.816 ± 0.037 

Glu (mg/dL) 149.4 ± 10.3 128.2 ± 7.5* 132.8 ± 14.8 146.8 ± 12.9 

TB (mg/dL) 0.046 ± 0.005 0.058 ± 0.013 0.050 ± 0.007 0.052 ± 0.004 

IP (mg/dL) 6.56 ± 0.30 6.64 ± 0.42 6.82 ± 0.18 6.82 ± 0.15 

Ca (mg/dL) 9.82 ± 0.16 10.02 ± 0.15 9.98 ± 0.11 10.06 ± 0.05* 

Na (mEq/L) 142.6 ± 0.9 142.4 ± 0.5 142.4 ± 0.5 142.4 ± 0.5 

K (mEq/L) 3.80 ± 0.07 4.28 ± 0.16** 3.98 ± 0.16 3.92 ± 0.15 

Cl (mEq/L) 106.38 ± 0.38 107.66 ± 1.30 106.86 ± 0.38 106.84 ± 0.84 

±

*: P < 0.05 **: P < 0.01



II-8-10 NiO D 3

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 5 

AST (IU/L) 62.8 ± 9.4 69.6 ± 6.9 66.6 ± 5.3 66.2 ± 4.8 

ALT (IU/L) 28.4 ± 3.2 32.2 ± 5.4 29.6 ± 2.7 29.6 ± 2.1 

ALP (IU/L) 441.8 ± 27.5 444.4 ± 21.6 424.4 ± 35.9 407.6 ± 24.2 

GGT (IU/L) 0.64 ± 0.18 0.62 ± 0.11 0.60 ± 0.16 0.96 ± 0.18* 

TC (mg/dL) 47.0 ± 0.0 46.4 ± 3.6 52.8 ± 2.4* 55.0 ± 3.6** 

TG (mg/dL) 28.8 ± 8.8 39.6 ± 9.1 33.8 ± 5.1 33.2 ± 6.8 

BUN (mg/dL) 16.34 ± 1.76 18.56 ± 2.29 18.28 ± 1.43 18.02 ± 1.22 

Cre (mg/dL) 0.210 ± 0.022 0.204 ± 0.005 0.216 ± 0.011 0.208 ± 0.015 

TP (g/dL) 5.42 ± 0.11 5.36 ± 0.09 5.44 ± 0.09 5.44 ± 0.15 

Alb (g/dL) 2.72 ± 0.04 2.72 ± 0.08 2.66 ± 0.05 2.72 ± 0.04 

A/G ratio 1.008 ± 0.018 1.032 ± 0.044 0.954 ± 0.013* 1.002 ± 0.025 

Glu (mg/dL) 136.6 ± 13.1 129.8 ± 7.5 134.0 ± 8.0 129.6 ± 6.5 

TB (mg/dL) 0.040 ± 0.007 0.046 ± 0.005 0.044 ± 0.005 0.044 ± 0.005 

IP (mg/dL) 7.90 ± 0.55 8.40 ± 0.16 8.40 ± 0.52 8.34 ± 0.17 

Ca (mg/dL) 9.98 ± 0.04 10.08 ± 0.08 10.32 ± 0.18** 10.20 ± 0.10* 

Na (mEq/L) 143.0 ± 1.0 144.0 ± 0.0 143.4 ± 0.5 144.4 ± 0.5* 

K (mEq/L) 3.76 ± 0.11 3.80 ± 0.07 3.90 ± 0.12 3.96 ± 0.05* 

Cl (mEq/L) 105.30 ± 0.81 105.82 ± 0.54 103.82 ± 0.62* 104.18 ± 0.81 

±

*: P < 0.05 **: P < 0.01



II-8-11 NiO D 28

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 5 

AST (IU/L) 63.8 ± 2.5 64.0 ± 1.4 68.2 ± 14.0 66.4 ± 1.7 

ALT (IU/L) 30.2 ± 3.8 31.8 ± 1.8 35.4 ± 7.4 31.2 ± 2.2 

ALP (IU/L) 346.6 ± 14.7 346.2 ± 11.3 352.0 ± 28.1 369.4 ± 24.0 

GGT (IU/L) 0.74 ± 0.52 0.68 ± 0.15 0.64 ± 0.17 0.54 ± 0.09 

TC (mg/dL) 53.6 ± 3.3 49.0 ± 2.6* 51.6 ± 1.8 50.0 ± 2.1 

TG (mg/dL) 38.4 ± 12.3 40.8 ± 13.5 44.4 ± 9.3 37.6 ± 11.6 

BUN (mg/dL) 17.50 ± 0.98 17.96 ± 1.65 18.48 ± 0.53 19.46 ± 2.01 

Cre (mg/dL) 0.232 ± 0.013 0.228 ± 0.008 0.234 ± 0.015 0.226 ± 0.025 

TP (g/dL) 5.56 ± 0.05 5.48 ± 0.08 5.42 ± 0.16 5.30 ± 0.12** 

Alb (g/dL) 2.74 ± 0.05 2.70 ± 0.00 2.66 ± 0.05 2.64 ± 0.05* 

A/G ratio 0.972 ± 0.048 0.970 ± 0.030 0.962 ± 0.025 0.992 ± 0.033 

Glu (mg/dL) 142.8 ± 7.3 139.8 ± 6.2 131.6 ± 12.1 140.0 ± 15.0 

TB (mg/dL) 0.048 ± 0.008 0.046 ± 0.005 0.046 ± 0.005 0.046 ± 0.005 

IP (mg/dL) 7.44 ± 0.40 7.84 ± 0.24 7.94 ± 0.51 8.04 ± 0.18* 

Ca (mg/dL) 9.86 ± 0.09 9.92 ± 0.08 9.92 ± 0.11 9.84 ± 0.13 

Na (mEq/L) 144.0 ± 0.7 143.0 ± 0.7 142.6 ± 1.3 142.6 ± 0.5 

K (mEq/L) 3.90 ± 0.16 4.02 ± 0.08 4.08 ± 0.13 4.10 ± 0.00 

Cl (mEq/L) 105.94 ± 0.11 106.48 ± 0.88 106.30 ± 0.85 105.82 ± 1.24 

±

*: P < 0.05 **: P < 0.01



II-8-12 NiO D 91

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 5 

AST (IU/L) 90.8 ± 21.6 83.0 ± 11.6 75.8 ± 7.5 83.8 ± 18.8 

ALT (IU/L) 49.8 ± 7.3 48.8 ± 10.4 42.8 ± 3.6 46.2 ± 12.9 

ALP (IU/L) 272.0 ± 13.2 247.0 ± 16.6 269.4 ± 18.6 284.6 ± 17.3 

GGT (IU/L) 0.78 ± 0.13 0.82 ± 0.08 0.78 ± 0.35 0.48 ± 0.08 

TC (mg/dL) 62.8 ± 3.7 58.8 ± 4.7 56.8 ± 2.6* 50.6 ± 3.2** 

TG (mg/dL) 55.8 ± 22.0 45.2 ± 20.1 42.4 ± 3.9 39.6 ± 1.8 

BUN (mg/dL) 18.44 ± 0.94 18.72 ± 1.66 18.44 ± 1.24 19.10 ± 1.34 

Cre (mg/dL) 0.246 ± 0.029 0.256 ± 0.021 0.260 ± 0.012 0.264 ± 0.017 

TP (g/dL) 5.94 ± 0.11 5.74 ± 0.15 5.76 ± 0.11 5.70 ± 0.19* 

Alb (g/dL) 2.80 ± 0.07 2.72 ± 0.08 2.70 ± 0.07 2.70 ± 0.07 

A/G ratio 0.892 ± 0.016 0.900 ± 0.021 0.882 ± 0.016 0.900 ± 0.021 

Glu (mg/dL) 143.2 ± 9.3 137.0 ± 12.6 133.2 ± 8.8 134.8 ± 9.7 

TB (mg/dL) 0.046 ± 0.005 0.044 ± 0.005 0.042 ± 0.004 0.040 ± 0.000 

IP (mg/dL) 6.34 ± 0.34 6.90 ± 0.24* 7.02 ± 0.36** 6.64 ± 0.22 

Ca (mg/dL) 9.98 ± 0.04 9.96 ± 0.17 9.98 ± 0.16 9.80 ± 0.16 

Na (mEq/L) 143.6 ± 0.9 142.2 ± 0.4 142.4 ± 0.9 142.4 ± 1.1 

K (mEq/L) 3.74 ± 0.17 3.90 ± 0.19 3.92 ± 0.08 3.90 ± 0.07 

Cl (mEq/L) 103.92 ± 0.91 104.30 ± 0.74 104.70 ± 0.85 105.30 ± 1.09 

±

*: P < 0.05 **: P < 0.01



II-3 BALF

*: P < 0.05 **: P < 0.01.
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II-9-1 NiO A 3 BALF

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 5 

TP (mg/dL) 3.88 ± 0.40 7.68 ± 0.31* 16.00 ± 5.55* 33.92 ± 3.79* 

Alb (mg/dL) 1.07 ± 0.04 2.43 ± 0.11* 4.15 ± 1.29* 8.66 ± 1.27* 

LDH (IU/L) 15.2 ± 1.3 62.6 ± 2.1* 172.4 ± 72.6* 375.4 ± 14.3* 

TP Alb LDH II-9-2 12

±

*: P < 0.05 **: P < 0.01

II-9-2 NiO A 28 BALF

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 5 

TP (mg/dL) 3.38 ± 0.31 10.82 ± 3.76* 23.08 ± 1.37* 51.98 ± 10.06* 

Alb (mg/dL) 1.03 ± 0.05 3.45 ± 1.03* 6.24 ± 0.34* 10.94 ± 2.44* 

LDH (IU/L) 11.2 ± 0.8 71.2 ± 26.6* 222.2 ± 15.9* 558.8 ± 85.8* 

±

*: P < 0.05 **: P < 0.01

II-9-3 NiO A 91 BALF

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 5 

TP (mg/dL) 4.36 ± 0.24 5.92 ± 1.29* 16.58 ± 1.13** 37.64 ± 9.98** 

Alb (mg/dL) 1.06 ± 0.09 1.88 ± 0.44** 4.44 ± 0.23** 8.96 ± 2.26** 

LDH (IU/L) 8.8 ± 0.8 19.2 ± 8.3* 112.6 ± 7.7* 340.6 ± 104.2* 

±

*: P < 0.05 **: P < 0.01



II-9-4 NiO B 3 BALF

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 5 

TP (mg/dL) 3.62 ± 0.66 118.30 ± 30.25** 124.14 ± 29.52** 218.70 ± 71.34** 

Alb (mg/dL) 1.21 ± 0.20 49.29 ± 14.24** 50.73 ± 12.62** 59.74 ± 12.94** 

LDH (IU/L) 14.8 ± 2.6 624.2 ± 129.0** 827.8 ± 117.3** 1028.4 ± 220.6** 

±

*: P < 0.05 **: P < 0.01

II-9-5 NiO B 28 BALF

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 4 

TP (mg/dL) 8.80 ± 0.34 14.48 ± 1.43** 17.80 ± 3.73** 23.95 ± 4.61** 

Alb (mg/dL) 1.35 ± 0.11 3.68 ± 0.57** 4.68 ± 1.23** 6.24 ± 1.23** 

LDH (IU/L) 10.6 ± 1.7 38.0 ± 4.1** 65.2 ± 23.5** 145.75 ± 43.1** 

±

*: P < 0.05 **: P < 0.01

II-9-6 NiO B 91 BALF

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 4 

TP (mg/dL) 6.68 ± 3.61 5.84 ± 0.49 6.50 ± 0.51 6.25 ± 2.04 

Alb (mg/dL) 1.14 ± 0.12 1.92 ± 0.15** 2.15 ± 0.23** 2.07 ± 0.63** 

LDH (IU/L) 11.2 ± 1.6 9.8 ± 2.2 11.6 ± 1.9 12.0 ± 2.9 

±

*: P < 0.05 **: P < 0.01



II-9-7 NiO C 3 BALF

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 5 

TP (mg/dL) 4.28 ± 0.72 3.88 ± 0.87 3.98 ± 0.70 7.06 ± 0.67** 

Alb (mg/dL) 1.23 ± 0.05 1.24 ± 0.16 1.24 ± 0.23 1.95 ± 0.31** 

LDH (IU/L) 14.0 ± 0.7 12.4 ± 0.9 14.8 ± 2.9 41.2 ± 8.6** 

±

*: P < 0.05 **: P < 0.01

II-9-8 NiO C 28 BALF

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 5 

TP (mg/dL) 4.70 ± 0.58 4.28 ± 0.70 4.62 ± 0.64 6.30 ± 1.64* 

Alb (mg/dL) 1.28 ± 0.21 1.20 ± 0.11 1.12 ± 0.18 1.64 ± 0.43 

LDH (IU/L) 13.8 ± 3.9 10.0 ± 0.7 13.8 ± 1.6 27.4 ± 11.3** 

±

*: P < 0.05 **: P < 0.01

II-9-9 NiO C 91 BALF

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 5 

TP (mg/dL) 5.40 ± 0.23 5.52 ± 1.38 4.74 ± 0.56* 5.6 ± 2.35 

Alb (mg/dL) 0.33 ± 0.07 0.95 ± 1.34 0.30 ± 0.04 0.47 ± 0.48 

LDH (IU/L) 12.6 ± 1.3 11.4 ± 0.5 10.8 ± 1.5 18.8 ± 15.8 

±

*: P < 0.05 **: P < 0.01



II-9-10 NiO D 3 BALF

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 5 

TP (mg/dL) 3.54 ± 0.62 23.20 ± 3.60** 51.72 ± 11.53** 144.14 ± 29.99** 

Alb (mg/dL) 1.58 ± 0.11 8.08 ± 1.37** 20.50 ± 6.70** 62.73 ± 10.40** 

LDH (IU/L) 13.2 ± 3.1 267.6 ± 29.2** 513.4 ± 41.2** 583.2 ± 145.2** 

±

*: P < 0.05 **: P < 0.01

II-9-11 NiO D 28 BALF

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 5 

TP (mg/dL) 3.90 ± 0.63 25.64 ± 5.69** 44.98 ± 20.32** 37.64 ± 7.96** 

Alb (mg/dL) 2.23 ± 0.17 9.59 ± 2.04** 13.17 ± 5.28** 10.27 ± 1.84** 

LDH (IU/L) 11.4 ± 2.1 260.6 ± 52.0** 526.6 ± 244.6** 467.8 ± 126.1** 

±

*: P < 0.05 **: P < 0.01

II-9-12 NiO D 91 BALF

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 5 

TP (mg/dL) 4.64 ± 0.46 13.92 ± 0.78** 42.68 ± 9.14** 66.56 ± 17.09** 

Alb (mg/dL) 1.58 ± 0.15 4.51 ± 0.24** 12.18 ± 2.19** 16.71 ± 3.58** 

LDH (IU/L) 9.4 ± 2.9 90.8 ± 15.2** 361.8 ± 66.1** 623.2 ± 174.6** 

±

*: P < 0.05 **: P < 0.01
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II-10-1 NiO A 3

0.67 mg/kg 2 mg/kg 6 mg/kg 

5 5 5 5 

g 0.950 ± 0.051 0.998 ± 0.064 1.072 ± 0.043* 1.330 ± 0.097**

g/100 g 0.401 ± 0.019 0.423 ± 0.018 0.455 ± 0.022* 0.571 ± 0.038**

g 6.412 ± 0.410 6.552 ± 0.446 6.312 ± 0.567 6.416 ± 0.459

g/100 g 2.702 ± 0.105 2.778 ± 0.084 2.673 ± 0.095 2.752 ± 0.088

g 1.660 ± 0.139 1.688 ± 0.086 1.650 ± 0.102 1.648 ± 0.100

g/100 g 0.699 ± 0.025 0.716 ± 0.010 0.700 ± 0.005 0.707 ± 0.023

g 1.966 ± 0.058 1.960 ± 0.035 1.910 ± 0.185 1.918 ± 0.036

g/100 g 0.830 ± 0.052 0.832 ± 0.019 0.809 ± 0.055 0.824 ± 0.025

g 0.588 ± 0.043 0.588 ± 0.022 0.610 ± 0.024 0.584 ± 0.038

g/100 g 0.248 ± 0.015 0.250 ± 0.006 0.259 ± 0.007 0.251 ± 0.013

g 237.34 ± 12.84 235.68 ± 9.65 235.84 ± 13.57 232.98 ± 10.92

±

*: P < 0.05 **: P < 0.01

II-10-2 NiO A 28

0.67 mg/kg 2 mg/kg 6 mg/kg 

5 5 5 5 

g 0.992 ± 0.047 1.110 ± 0.060* 1.282 ± 0.067** 1.438 ± 0.073**

g/100 g 0.363 ± 0.008 0.403 ± 0.010** 0.465 ± 0.012** 0.527 ± 0.025**

g 7.118 ± 0.531 7.150 ± 0.225 7.260 ± 0.164 7.118 ± 0.273

g/100 g 2.601 ± 0.072 2.598 ± 0.052 2.636 ± 0.066 2.605 ± 0.025

g 1.772 ± 0.119 1.788 ± 0.073 1.818 ± 0.107 1.808 ± 0.055

g/100 g 0.648 ± 0.018 0.649 ± 0.016 0.660 ± 0.031 0.662 ± 0.011

g 1.992 ± 0.043 1.966 ± 0.045 1.984 ± 0.023 2.020 ± 0.039

g/100 g 0.729 ± 0.025 0.715 ± 0.022 0.721 ± 0.017 0.740 ± 0.023

g 0.626 ± 0.043 0.656 ± 0.011 0.610 ± 0.049 0.628 ± 0.037

g/100 g 0.229 ± 0.006 0.239 ± 0.011 0.221 ± 0.013 0.230 ± 0.009

g 273.42 ± 12.80 275.32 ± 9.39 275.46 ± 7.60 273.18 ± 8.87

±

*: P < 0.05 **: P < 0.01
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II-10-3 NiO A 91

0.67 mg/kg 2 mg/kg 6 mg/kg 

5 5 5 5 

g 1.082 ± 0.093 1.148 ± 0.051 1.436 ± 0.113** 1.750 ± 0.130**

g/100 g 0.331 ± 0.028 0.347 ± 0.011 0.437 ± 0.032** 0.535 ± 0.056**

g 8.056 ± 0.742 7.910 ± 0.424 7.822 ± 0.697 8.146 ± 0.423

g/100 g 2.460 ± 0.079 2.389 ± 0.045 2.375 ± 0.103 2.481 ± 0.063

g 2.036 ± 0.167 2.042 ± 0.143 1.972 ± 0.151 2.034 ± 0.096

g/100 g 0.622 ± 0.012 0.616 ± 0.016 0.599 ± 0.020 0.620 ± 0.022

g 2.008 ± 0.031 2.050 ± 0.034 2.046 ± 0.021 2.054 ± 0.037

g/100 g 0.615 ± 0.031 0.616 ± 0.016 0.623 ± 0.033 0.626 ± 0.020

g 0.674 ± 0.047 0.688 ± 0.057 0.676 ± 0.047 0.678 ± 0.041

g/100 g 0.206 ± 0.010 0.208 ± 0.007 0.205 ± 0.008 0.207 ± 0.009

g 327.16 ± 21.96 331.12 ± 18.58 328.84 ± 15.68 328.34 ± 15.12

±

*: P < 0.05 **: P < 0.01

II-10-4 NiO B 3

0.67 mg/kg 2 mg/kg 6 mg/kg 

5 5 5 5 

g 0.914 ± 0.049 1.514 ± 0.107** 1.574 ± 0.051** 1.702 ± 0.173** 

g/100 g 0.386 ± 0.009 0.640 ± 0.072** 0.702 ± 0.037** 0.802 ± 0.074**

g 6.356 ± 0.479 6.470 ± 0.366 6.012 ± 0.302 5.816 ± 0.291

g/100 g 2.692 ± 0.078 2.734 ± 0.055 2.678 ± 0.042 2.738 ± 0.085

g 1.686 ± 0.133 1.706 ± 0.094 1.602 ± 0.070 1.620 ± 0.058

g/100 g 0.716 ± 0.025 0.720 ± 0.017 0.714 ± 0.005 0.762 ± 0.013**

g 1.950 ± 0.053 1.960 ± 0.035 1.918 ± 0.026 1.954 ± 0.018

g/100 g 0.828 ± 0.022 0.828 ± 0.035 0.856 ± 0.032 0.922 ± 0.037**

g 0.558 ± 0.031 0.568 ± 0.033 0.500 ± 0.041 0.468 ± 0.061*

g/100 g 0.238 ± 0.004 0.232 ± 0.015 0.224 ± 0.013 0.222 ± 0.022

g 235.68 ± 12.25 236.72 ± 13.54 224.26 ± 9.58 212.38 ± 8.92

±

*: P < 0.05 **: P < 0.01
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II-10-5 NiO B 28

0.67 mg/kg 2 mg/kg 6 mg/kg 

5 5 5 4 

g 0.906 ± 0.036 1.392 ± 0.088** 1.498 ± 0.103** 1.605 ± 0.126**

g/100 g 0.326 ± 0.009 0.504 ± 0.036** 0.566 ± 0.061** 0.673 ± 0.082**

g 7.266 ± 0.540 7.176 ± 0.384 6.726 ± 0.349 6.208 ± 0.472**

g/100 g 2.618 ± 0.087 2.608 ± 0.065 2.540 ± 0.060 2.588 ± 0.044

g 1.792 ± 0.118 1.848 ± 0.082 1.802 ± 0.098 1.705 ± 0.158

g/100 g 0.646 ± 0.021 0.672 ± 0.022 0.682 ± 0.030 0.710 ± 0.029** 

g 1.984 ± 0.043 1.994 ± 0.068 1.968 ± 0.040 1.968 ± 0.040

g/100 g 0.716 ± 0.022 0.726 ± 0.024 0.744 ± 0.021 0.810 ± 0.054**

g 0.622 ± 0.034 0.636 ± 0.057 0.648 ± 0.041 0.613 ± 0.050

g/100 g 0.224 ± 0.005 0.234 ± 0.015 0.246 ± 0.009 0.255 ± 0.026*

g 277.28 ± 12.61 274.92 ± 9.05 264.64 ± 10.66 240.43 ± 22.39

±

*: P < 0.05 **: P < 0.01

II-10-6 NiO B 91

0.67 mg/kg 2 mg/kg 6 mg/kg 

5 5 5 4 

g 1.092 ± 0.015 1.262 ± 0.035** 1.382 ± 0.059** 1.358 ± 0.043**

g/100 g 0.334 ± 0.023 0.396 ± 0.009** 0.416 ± 0.026** 0.423 ± 0.029**

g 7.776 ± 0.893 7.630 ± 0.381 7.902 ± 0.436 7.673 ± 0.595

g/100 g 2.366 ± 0.134 2.394 ± 0.038 2.376 ± 0.043 2.380 ± 0.083

g 1.918 ± 0.072 1.978 ± 0.033 1.998 ± 0.107 1.920 ± 0.171

g/100 g 0.588 ± 0.028 0.622 ± 0.018 0.602 ± 0.018 0.598 ± 0.036

g 2.052 ± 0.023 2.046 ± 0.035 2.038 ± 0.041 2.013 ± 0.010

g/100 g 0.626 ± 0.039 0.644 ± 0.025 0.614 ± 0.021 0.625 ± 0.034

g 0.636 ± 0.042 0.658 ± 0.052 0.714 ± 0.058 0.688 ± 0.124

g/100 g 0.198 ± 0.004 0.206 ± 0.011 0.214 ± 0.011 0.210 ± 0.027

g 327.64 ± 20.79 318.66 ± 12.05 332.86 ± 19.64 322.23 ± 17.71

±

*: P < 0.05 **: P < 0.01
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II-10-7 NiO C 3

0.67 mg/kg 2 mg/kg 6 mg/kg 

5 5 5 5 

g 0.936 ± 0.051 0.966 ± 0.043 0.942 ± 0.024 0.966 ± 0.046

g/100 g 0.394 ± 0.013 0.400 ± 0.012 0.392 ± 0.004 0.403 ± 0.010

g 6.314 ± 0.345 6.276 ± 0.293 6.430 ± 0.115 6.380 ± 0.358

g/100 g 2.659 ± 0.030 2.601 ± 0.053 2.676 ± 0.081 2.664 ± 0.061

g 1.684 ± 0.131 1.726 ± 0.093 1.704 ± 0.077 1.718 ± 0.096

g/100 g 0.709 ± 0.019 0.715 ± 0.007 0.709 ± 0.026 0.717 ± 0.018

g 1.940 ± 0.041 1.972 ± 0.036 1.950 ± 0.039 1.940 ± 0.014

g/100 g 0.819 ± 0.039 0.818 ± 0.027 0.811 ± 0.014 0.811 ± 0.025

g 0.568 ± 0.033 0.572 ± 0.027 0.588 ± 0.040 0.592 ± 0.038

g/100 g 0.239 ± 0.007 0.237 ± 0.005 0.245 ± 0.015 0.247 ± 0.013

g 237.52 ± 14.22 241.34 ± 10.79 240.36 ± 4.48 239.42 ± 8.95

±

*: P < 0.05 **: P < 0.01

II-10-8 NiO C 28

0.67 mg/kg 2 mg/kg 6 mg/kg 

5 5 5 5 

g 1.032 ± 0.056 0.990 ± 0.053 0.990 ± 0.022 1.080 ± 0.042

g/100 g 0.368 ± 0.013 0.344 ± 0.011* 0.348 ± 0.008* 0.376 ± 0.005

g 7.118 ± 0.468 7.446 ± 0.329 7.342 ± 0.509 7.416 ± 0.546

g/100 g 2.524 ± 0.062 2.586 ± 0.048 2.572 ± 0.070 2.572 ± 0.083

g 1.828 ± 0.115 1.900 ± 0.060 1.852 ± 0.112 1.846 ± 0.065

g/100 g 0.648 ± 0.013 0.660 ± 0.019 0.648 ± 0.013 0.638 ± 0.018

g 2.034 ± 0.039 2.014 ± 0.036 1.978 ± 0.038 2.042 ± 0.028

g/100 g 0.722 ± 0.019 0.700 ± 0.026 0.694 ± 0.023 0.706 ± 0.036

g 0.614 ± 0.053 0.650 ± 0.060 0.666 ± 0.040 0.660 ± 0.026

g/100 g 0.706 ± 0.036 0.228 ± 0.013 0.236 ± 0.018 0.232 ± 0.004

g 281.90 ± 11.83 287.84 ± 11.10 285.46 ± 12.94 288.36 ± 12.49

±

*: P < 0.05 **: P < 0.01
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II-10-9 NiO C 91

0.67 mg/kg 2 mg/kg 6 mg/kg 

5 5 5 5 

g 1.166 ± 0.059 1.176 ± 0.043 1.156 ± 0.080 1.204 ± 0.046

g/100 g 0.354 ± 0.015 0.344 ± 0.009 0.344 ± 0.019 0.344 ± 0.011

g 7.904 ± 0.228 8.384 ± 0.564 7.878 ± 0.327 8.742 ± 0.406

g/100 g 2.400 ± 0.037 2.440 ± 0.058 2.344 ± 0.068 2.492 ± 0.037

g 2.082 ± 0.118 2.090 ± 0.126 2.110 ± 0.100 2.160 ± 0.105

g/100 g 2.492 ± 0.037 0.608 ± 0.015 0.630 ± 0.029 0.616 ± 0.017

g 2.068 ± 0.054 2.060 ± 0.041 2.082 ± 0.033 2.112 ± 0.040

g/100 g 0.626 ± 0.009 0.602 ± 0.023 0.618 ± 0.018 0.604 ± 0.030

g 0.704 ± 0.080 0.720 ± 0.032 0.712 ± 0.016 0.714 ± 0.031

g/100 g 0.214 ± 0.022 0.210 ± 0.007 0.214 ± 0.005 0.202 ± 0.008

g 329.46 ± 8.03 343.28 ± 18.85 336.16 ± 12.28 351.00 ± 14.68

±

*: P < 0.05 **: P < 0.01

II-10-10 NiO D 3

0.67 mg/kg 2 mg/kg 6 mg/kg 

5 5 5 5 

g 0.956 ± 0.036 1.076 ± 0.073* 1.420 ± 0.066** 1.580 ± 0.063**

g/100 g 0.400 ± 0.013 0.460 ± 0.019** 0.599 ± 0.009** 0.688 ± 0.018**

g 6.532 ± 0.347 6.370 ± 0.293 6.368 ± 0.296 6.180 ± 0.290

g/100 g 2.733 ± 0.042 2.727 ± 0.056 2.684 ± 0.032 2.689 ± 0.080

g 1.716 ± 0.083 1.698 ± 0.069 1.744 ± 0.103 1.652 ± 0.100

g/100 g 0.718 ± 0.017 0.727 ± 0.017 0.735 ± 0.008 0.718 ± 0.019

g 1.942 ± 0.041 1.980 ± 0.032 1.970 ± 0.043 1.960 ± 0.047

g/100 g 0.813 ± 0.026 0.848 ± 0.025 0.831 ± 0.030 0.853 ± 0.028

g 0.614 ± 0.043 0.566 ± 0.015 0.588 ± 0.029 0.574 ± 0.063

g/100 g 0.257 ± 0.012 0.243 ± 0.009 0.248 ± 0.007 0.250 ± 0.025

g 239.02 ± 11.58 233.56 ± 8.18 237.28 ± 12.18 229.86 ± 9.46

±

*: P < 0.05 **: P < 0.01
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II-10-11 NiO D 28

0.67 mg/kg 2 mg/kg 6 mg/kg 

5 5 5 5 

g 1.036 ± 0.024 1.368 ± 0.063** 1.612 ± 0.069** 1.664 ± 0.137**

g/100 g 0.374 ± 0.022 0.496 ± 0.017** 0.602 ± 0.024** 0.630 ± 0.060**

g 7.116 ± 0.346 7.094 ± 0.252 6.872 ± 0.400 6.798 ± 0.383

g/100 g 2.556 ± 0.033 2.578 ± 0.045 2.566 ± 0.079 2.568 ± 0.048

g 1.846 ± 0.109 1.836 ± 0.077 1.836 ± 0.077 1.792 ± 0.056

g/100 g 0.664 ± 0.023 0.666 ± 0.015 0.680 ± 0.017 0.678 ± 0.013

g 2.002 ± 0.030 1.976 ± 0.034 1.996 ± 0.009 1.976 ± 0.017

g/100 g 0.678 ± 0.013 0.678 ± 0.013 0.744 ± 0.023 0.748 ± 0.029

g 0.656 ± 0.011 0.650 ± 0.025 0.644 ± 0.030 0.606 ± 0.022**

g/100 g 0.236 ± 0.013 0.236 ± 0.005 0.240 ± 0.010 0.232 ± 0.013

g 278.62 ± 13.06 275.34 ± 6.60 267.90 ± 7.84 264.66 ± 10.64

±

*: P < 0.05 **: P < 0.01

II-10-12 NiO D 91

0.67 mg/kg 2 mg/kg 6 mg/kg 

5 5 5 5 

g 1.128 ± 0.050 1.404 ± 0.036** 1.782 ± 0.169** 2.050 ± 0.138**

g/100 g 0.354 ± 0.015 0.432 ± 0.013** 0.534 ± 0.044** 0.654 ± 0.054**

g 7.898 ± 0.199 8.146 ± 0.268 8.214 ± 0.077 8.214 ± 0.077

g/100 g 2.468 ± 0.047 2.500 ± 0.063 2.460 ± 0.045 2.426 ± 0.036

g 2.008 ± 0.052 2.092 ± 0.052 2.102 ± 0.106 1.960 ± 0.108

g/100 g 0.626 ± 0.009 0.644 ± 0.027 0.632 ± 0.026 0.622 ± 0.029

g 2.044 ± 0.036 2.080 ± 0.021 2.110 ± 0.045* 2.052 ± 0.023

g/100 g 0.640 ± 0.012 0.638 ± 0.018 0.630 ± 0.007 0.650 ± 0.040

g 2.052 ± 0.023 0.686 ± 0.038 0.686 ± 0.038 0.654 ± 0.034

g/100 g 0.650 ± 0.040 0.210 ± 0.016 0.212 ± 0.008 0.212 ± 0.008

g 320.06 ± 5.03 325.92 ± 9.86 333.70 ± 6.58 315.52 ± 18.62

±

*: P < 0.05 **: P < 0.01



II-11-1 NiO A 3

 0.67 mg/kg 2 mg/kg 6 mg/kg 

2a/10b 0/10 6/10 7/10 

 (0/10) (0/10) (2/10) (4/10) 

 (1/10) (0/10) (3/10) (1/10) 

 (1/10) (0/10) (0/10) (0/10) 

 (1/10) (0/10) (6/10) (7/10) 

 (0/10) (0/10) (0/10) (0/10) 

 0/10 0/10 0/10 6/10 

a: 

b: 

( ): 

II-11-2 NiO A 28

 0.67 mg/kg 2 mg/kg 6 mg/kg 

0a/10b 5/10 10/10 10/10 

 (0/10) (3/10) (7/10) (10/10) 

 (0/10) (1/10) (5/10) (10/10) 

 (0/10) (0/10) (0/10) (3/10) 

 (0/10) (3/10) (10/10) (10/10) 

 (0/10) (0/10) (2/10) (3/10) 

 0/10 0/10 6/10 10/10 

a: 

b: 

( ): 



II-11-3 NiO A 91

 0.67 mg/kg 2 mg/kg 6 mg/kg 

0a/10b 0/10 10/10 10/10 

 (0/10) (0/10) (6/10) (10/10) 

 (0/10) (0/10) (5/10) (10/10) 

 (0/10) (0/10) (1/10) (4/10) 

 (0/10) (0/10) (10/10) (10/10) 

 (0/10) (0/10) (0/10) (10/10) 

 0/10 0/10 2/10 6/10 

a: 

b: 

( ): 

II-11-4 NiO B 3

 0.67 mg/kg 2 mg/kg 6 mg/kg 

0a/10b 10/10 10/10 10/10 

 (0/10) (8/10) (7/10) (10/10) 

 (0/10) (5/10) (5/10) (3/10) 

 (0/10) (4/10) (5/10) (3/10) 

 (0/10) (10/10) (10/10) (9/10) 

 (0/10) (6/10) (8/10) (8/10) 

 0/10 2/10 5/10 7/10 

a: 

b: 

( ): 



II-11-5 NiO B 28

 0.67 mg/kg 2 mg/kg 6 mg/kg 

0a/10b 0/10 2/10 7/8 

 (0/10) (0/10) (0/10) (6/8) 

 (0/10) (0/10) (1/10) (5/8) 

 (0/10) (0/10) (2/10) (0/8) 

 (0/10) (0/10) (0/10) (8/8) 

 (0/10) (0/10) (0/10) (0/8) 

 0/10 0/10 1/10 1/8 

a: 

b: 

( ): 

II-11-6 NiO B 91

 0.67 mg/kg 2 mg/kg 6 mg/kg 

0a/10b 0/10 0/10 0/8 

 (0/10) (0/10) (0/10) (0/8) 

 (0/10) (0/10) (0/10) (0/8) 

 (0/10) (0/10) (0/10) (0/8) 

 (0/10) (0/10) (0/10) (0/8) 

 (0/10) (0/10) (0/10) (0/8) 

 0/10 0/10 0/10 0/8 

a: 

b: 

( ): 



II-11-7 NiO C 3

 0.67 mg/kg 2 mg/kg 6 mg/kg 

0a/10b 0/10 0/10 0/10 

 (0/10) (0/10) (0/10) (0/10) 

 (0/10) (0/10) (0/10) (0/10) 

 (0/10) (0/10) (0/10) (0/10) 

 (0/10) (0/10) (0/10) (0/10) 

 (0/10) (0/10) (0/10) (0/10) 

 0/10 0/10 0/10 1/10 

a: 

b: 

( ): 

II-11-8 NiO C 28

 0.67 mg/kg 2 mg/kg 6 mg/kg 

0a/10b 0/10 0/10 1/10 

 (0/10) (0/10) (0/10) (0/10) 

 (0/10) (0/10) (0/10) (1/10) 

 (0/10) (0/10) (0/10) (0/10) 

 (0/10) (0/10) (0/10) (0/10) 

 (0/10) (0/10) (0/10) (0/10) 

 0/10 0/10 0/10 0/10 

a: 

b: 

( ): 



II-11-9 NiO C 91

 0.67 mg/kg 2 mg/kg 6 mg/kg 

0a/10b 0/10 0/10 1/10 

 (0/10) (0/10) (0/10) (1/10) 

 (0/10) (0/10) (0/10) (0/10) 

 (0/10) (0/10) (0/10) (0/10) 

 (0/10) (0/10) (0/10) (1/10) 

 (0/10) (0/10) (0/10) (0/10) 

 0/10 0/10 0/10 0/10 

a: 

b: 

( ): 

II-11-10 NiO D 3

 0.67 mg/kg 2 mg/kg 6 mg/kg 

0a/10b 0/10 8/10 9/10 

 (0/10) (0/10) (8/10) (6/10) 

 (0/10) (0/10) (2/10) (6/10) 

 (0/10) (0/10) (0/10) (1/10) 

 (0/10) (0/10) (7/10) (9/10) 

 (0/10) (0/10) (2/10) (1/10) 

 0/10 0/10 4/10 8/10 

a: 

b: 

( ): 



II-11-11 NiO D 28

 0.67 mg/kg 2 mg/kg 6 mg/kg 

0a/10b 7/10 10/10 9/10 

 (0/10) (6/10) (10/10) (8/10) 

 (0/10) (1/10) (1/10) (1/10) 

 (0/10) (0/10) (0/10) (0/10) 

 (0/10) (5/10) (7/10) (6/10) 

 (0/10) (0/10) (0/10) (1/10) 

 0/10 2/10 7/10 9/10 

a: 

b: 

( ): 

II-11-12 NiO D 91

 0.67 mg/kg 2 mg/kg 6 mg/kg 

0a/10b 10/10 10/10 10/10 

 (0/10) (6/10) (10/10) (10/10) 

 (0/10) (5/10) (8/10) (10/10) 

 (0/10) (0/10) (4/10) (6/10) 

 (0/10) (10/10) (10/10) (10/10) 

 (0/10) (0/10) (8/10) (8/10) 

 0/10 0/10 2/10 3/10 

a: 

b: 

( ): 
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II-12-1 NiO A 3

0.67 mg/kg 2 mg/kg 6 mg/kg 

5 5 5 5 

- - ±5a ±4 +1 

- - ±5 ±4 +1 

- - ±3 +2 +5 

- - ±1 +1 +3 

- - ±2 ±2 +1 

- - - - 

- - - - 

II - - - ±2

- - - - 

- - - - 

- - - - 

- ± + ++ +++

a
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II-12-2 NiO A 28

0.67 mg/kg 2 mg/kg 6 mg/kg 

5 5 5 5 

- - ±5a ±4 +1 

- - - ±4 +1 

- ±1 ±4 +1 +4 ++1 

- - - - 

- - ±2 ±1 +1 

- +3 +4 ++1 +2 ++3 

- - - - 

II - - ±2 ±1

- - ±1 - 

- - - - 

- - - - 

- ± + ++ +++

a
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II-12-3 NiO A 91

0.67 mg/kg 2 mg/kg 6 mg/kg 

5 5 5 5 

- - ±5a ±5

- - - - 

- - ±2 +3 ±1 +4 

- - - - 

- - +3 +3 

- ±3 +5 +5 

- ±2 +3 ++2 ++5 

II - ±1 ±1 +3 +4 

- - ±1 ±1 +2 

- - - - 

- - - - 

- ± + ++ +++

a
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II-12-4 NiO B 3

0.67 mg/kg 2 mg/kg 6 mg/kg 

5 5 5 5 

- - - - 

- - - - 

- ±2a +3 +4 ++1 ++5 

- ±3 +2 ±1 +3

++1 

+2 ++2 

- ±3 +1 ±1 +2

++1 

±1 +2

++1 

- - ±1 +4 +4 

- - - - 

II - - - - 

- - - +1 

- - - - 

- ±1 +1 +1 +2 

- ± + ++ +++

a
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II-12-5 NiO B 28

0.67 mg/kg 2 mg/kg 6 mg/kg 

5 5 5 4 

- - - - 

- - - - 

- - - ±1a

- - - - 

- - - ±1

- - ±3 +4 

- ±3 ±5 ±1 +2 

II - - - - 

- - - - 

- - - - 

- - - - 

- ± + ++ +++

a



123 

II-12-6 NiO B 91

0.67 mg/kg 2 mg/kg 6 mg/kg 

5 5 5 4 

- - - - 

- - - - 

- - - - 

- - - - 

- - - - 

- - - - 

- - - ±2a

II - - - - 

- - - - 

- - - - 

- - - - 

- ± + ++ +++

a
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II-12-7 NiO C 3

0.67 mg/kg 2 mg/kg 6 mg/kg 

5 5 5 5 

- ±1a ±5 +5 

- - - ±4

- ± + ++ +++

a

II-12-8 NiO C 28

0.67 mg/kg 2 mg/kg 6 mg/kg 

5 5 5 5 

- - ±4a ±4 +1 

- - - - 

- ± + ++ +++

a

II-12-9 NiO C 91

0.67 mg/kg 2 mg/kg 6 mg/kg 

5 5 5 5 

- - ±3a +5 

- - - ±1

- ± + ++ +++

a
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II-12-10 NiO D 3

0.67 mg/kg 2 mg/kg 6 mg/kg 

5 5 5 5 

- - ±3a +5 

- - - - 

- ±3 +2 +5 +4 ++1 

- ±2 ±3 +2 ++5 

- - ±3 +1 +2 

- - - - 

- - - - 

II - ±1 +1 +2 ++5 

- - - - 

- - - - 

- - - +1 

- ± + ++ +++

a
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II-12-11 NiO D 28

0.67 mg/kg 2 mg/kg 6 mg/kg 

5 5 5 5 

- - ±1a +5 

- - - - 

- ±2 ±3 +2 ++5 

- ±2 ±3 +2 ++5 

- - ±3 +1 ++2 

- ±1 +2 +5 +3 ++2 

- - - - 

II - ±2 - - 

- - - - 

- - - +1 ++2 

- - - - 

- ± + ++ +++

a
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II-12-12 NiO D 91

0.67 mg/kg 2 mg/kg 6 mg/kg 

5 5 5 5 

- - ±1a +5 

- - ±1 ±1 +3 

- ±1 +3 +4 ++1 +2 ++3 

- +2 +1 - 

- - - - 

- ±5 +3 ++2 ++5 

- ±1 +4 +5 +5 

II - - +1 ++2 - 

- +1 +1 +1 

- - - +3 ++2 

- - - - 

- ± + ++ +++

a



II-5 NiO 6 mg/kg

II

A-3 D-3

NiO D NiO C NiO B NiO A 

3

28

91



II-13-1 NiO A 3

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 5 

 - - - - 

 - - - ±1a +1 

- ± + ++ +++

a

II-13-2 NiO A 28

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 5 

 - - ±1a +1 ±3 +2 

 - - ±1 +2 ++1 ±1 +2 ++1 

- ± + ++ +++

a

II-13-3 NiO A 91

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 5 

 - ±3a ±1 +4 ±2 +3 

 - - ±1 +5 

- ± + ++ +++

a



II-13-4 NiO B 3

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 5 

 - - - - 

 - +5a +5 ±2 +1 ++1 

- ± + ++ +++

a

II-13-5 NiO B 28

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 4 

 - - - - 

 - - - +1a

- ± + ++ +++

a

II-13-6 NiO B 91

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 4 

 - - - - 

 - - - - 

- ± + ++ +++



II-13-7 NiO C 3

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 5 

 - - - - 

 - - - - 

- ± + ++ +++

II-13-8 NiO C 28

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 5 

 - - - ±4a

 - - - - 

- ± + ++ +++

a

II-13-9 NiO C 91

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 5 

 - - - +5a

 - - - - 

- ± + ++ +++

a



II-13-10 NiO D 3

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 5 

 - - - - 

 - ±3a ±1 +4 +5 

- ± + ++ +++

a

II-13-11 NiO D 28

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 5 

 - - - +5a

 - +1 ±1 +3 ±2 +2 

- ± + ++ +++

a

II-13-12 NiO D 91

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 5 

 - ±2a ±1 +4 +3 ++2 

 - +1 +4 +4 

- ± + ++ +++

a



NiO A NiO B NiO C 

NiO D 

II-6 NiO 91 6 mg/kg



II-14 NiO B 3

 0.67 mg/kg 2 mg/kg 6 mg/kg 

 5 5 5 5 

 - - - ±3a +2 

 - - - +5 

- ± + ++ +++

a

 NiO B 3 6 mg/kg  

II-7 NiO B 3 6 mg/kg


