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Toxic Effects of Alumina Nanoparticles in Rat Cerebrums and Kidneys
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ABSTRACT

Objectives: Alumina nanoparticles (Al,O;, AI-NPs) are used for various purposes, including as coating agents
and paint additives. Their potential toxicity has raised concern for human health. This study focuses on exploring
the toxic effects on the brain and kidneys caused by AI-NPs exposure in rats.

Methods: The animals were orally administered AI-NPs at 10, 50 and 100 mg/kg body weight for 28 days
following OECD TG 407. To determine the targeted toxicity of AI-NPs, histopathological examination and gene

expression analysis were conducted on the rats.

Results: The AI-NPs treatment induced kidney tubular dilatation. In the rat cerebrums, the expression
levels of 126 genes experienced two-fold or greater increases in response to Al-NPs, including other
genes encoding proteins involved in cell differentiation, transcription and signal transduction. In the rat
kidneys, the expression levels of 152 genes also showed two-fold or greater increases in response to Al-
NPs, including other genes encoding proteins involved in apoptosis, transcription and signal

transduction.

Conclusion: These results suggest that exposure to AlI-NPs influences cellular signal pathways of kidney and
cerebrum, and it can be a toxic indicators of nanometrials.

Keywords: Aluminum oxide, nanoparticles, toxicogenomics
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Fig. 1. Body weight changes in SD rats exposed to Al-
NPs. Table 1. Absolute organ weight changes in
SD rat after oral administration of Al-NPs for 28
days.
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Table 1. Absolute organ weight changes in SD rat after oral administration of AI-NPs for 28 days

Unit (g) Control 10 mg/kg 50 mg/kg 100 mg/kg
Brain 1.94+0.12 1.96+0.08 1.96+0.05 1.95+0.07
Liver 12.96+1.41 11.76+1.81 12.44+0.83 12.16+1.08
Spleen 0.78+0.05 0.91+0.19 0.78+0.11 0.83+0.12

Kidney(L) 1.42+0.04 1.51+0.16 1.48+0.26 1.41+0.15
Kidney(R) 1.38+0.10 1.48+0.11 1.49+0.28 1.42+0.14
Testis(L) 1.61£0.10 1.65+0.13 1.60+0.15 1.66+0.06
Testis(R) 1.60+0.09 1.67+£0.09 1.61£0.11 1.66+0.05
Epididymis(L) 0.03+0.00 0.03+0.00 0.04+0.01 0.03+0.01
Epididymis(R) 0.03+0.01 0.03+0.00 0.03+0.01 0.03+0.00
Table 2. Biochemical blood values in SD rat after oral administration of Al-NPs for 28 days
Control 10 mg/kg 50 mg/kg 100 mg/kg
WBC 7.14£2.10 6.42+2.04 6.16+2.44 4.92+0.67
Neutrophil(%o) 27.37+2.81 29.24+2.95 28.08+3.90 28.68+5.56
Lyphocyte(%) 66.88+3.74 65.36+2.93 66.19+4.83 65.42+5.61
Monocyte(%) 5.48+1.82 5.18+1.03 5.48+1.74 5.64+0.88
Eosinophil(%) 0.26+0.33 0.21+0.11 0.21+0.18 0.24+0.16
Basophil(%) 0.02+0.05 0.01+0.01 0.03+0.03 0.02+0.02
RBC 6.95+0.19 7.12+0.38 7.34+0.15 7.04+0.32
HCT 39.28+1.77 41.74+3.38 41.28+2.04 40.26+1.07
MCV 56.55+2.61 58.56+2.51 56.24+2.31 57.28+1.22
MCH 20.08+0.80 20.22+1.15 19.42+1.08 20.10+0.68

MCHC 35.45+1.04 34.60+3.22 34.52+1.55 35.08+0.56
RDW 16.45+0.34 15.60+0.64 16.18+0.36 15.84+0.56
PLT 892.75+56.00 908.00+130.71 997.80+126.50 953.25+31.85

WBC(Wite blood cell, K), RBC(Red blood cell, M), HCT(Hematocrit, %), MCV(Mean corpuscular volume, fL.), MCHC(Mean

corpuscular hemoglobin concentration, g/dl), PLT(Platelet, K)

AsAQ] K= gzl Hjal] BE Fowtollx] 7t

a9 53] 10, 50 mgkg TN ooz

S7Fske ol #FEA. AN Kb 57 A

A5A, FA92 71FAS, B, L= 52
)

delA A A 7t dEel 9l

29k th(data not shown). L1} AF= 10 mgkg
Fote] suiE] A= & 3ukE] A= AelA Al
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Table 3. Biochemical serum values in SD rat after oral administration of AI-NPs for 28 days

Control 10 mg/kg 50 mg/kg 100 mg/kg
ALT 27.75+2.22 27.00+3.16 28.20+2.28 31.80+5.89
AST 56.00+7.96 83.60+35.76 90.80+30.31 61.20+1.30
ALP 690.50+222.23 620.20+139.22 578.20+79.40 701.60+128.21
GLU 198.25+20.07 154.20+50.41 181.80+44.10 164.40+£27.54
BUN 14.83+1.19 14.30+1.81 14.68+1.95 13.58+1.50
CRE 0.20+0.00 0.20+0.00 0.18+0.04 0.20+0.00
TBIL 0.45+0.06 0.54+0.15 0.56+0.15 0.46+0.09
TCHO 59.00+11.92 67.20+12.38 62.20+17.08 59.80+3.70
TG 65.75+20.39 53.40+35.19 68.20+31.41 54.60+18.04
TP 5.00+0.71 5.68+0.27 5.40+0.29 5.44+0.21
ALB 3.15+0.47 3.62+0.11 3.52+0.24 3.46+0.17
LDH 236.00+241.86 587.20+411.48 735.80+254.46 130.20+21.96
Ca 8.78+1.09 9.74+0.18 9.42+0.54 9.56+0.36
Na 128.75+12.55 137.60+3.65 135.00+1.41 137.40+1.82
K 3.68+0.33 4.26+0.40" 4.26+0.35" 3.74+0.38
Cl 93.75+10.40 100.40+3.58 97.00+2.12 100.40+1.67

AST(Aspartate aminotransferase, IU/L), ALT(Alanine aminotransferase, IU/L), ALP(alkaline phosphates, IU/L), GLU(glucose,
mg/dl), BUN(blood urea nitrogen, mg/dl), CRE(creatinine, mg/dl), TBIL(total bilirubin, mg/dl), TCHO(total cholesterol, mg/dl),
TG(triglyceride, mg/dl), TP(total protein, g/dl), ALB(albumin, g/dl), LDH(lactate dehydrogenase, IU/L), Ca(calcium, mg/dl),

Na(sodium, mEq/L), K(potassium, mEg/L), CL(chloride, mEq/L)

Mean#SEM, ‘p<0.05 vs. control.

Table 4. Histopathological changes in SD rat after oral administration of Al-NPs for 28 days

Group Control 10 mg/kg 50 mg/kg 100 mg/kg

Animal No. examined 4 5 5 5
Kidney

No specific lesion 3 (75.0) 0 (0.00) 5 (100.0) 4 (80.0)

Tubular dilatation, diffuse 0 (0.00) 3 (60.0) 0 (0.00) 0 (0.00)

Tubular degeneration, CM junction 0 (0.00) 1 (20.0) 0 (0.00) 0 (0.00)

Hyaline droplets in tubules 1 (25.0) 0 (0.00) 0 (0.00) 0 (0.00)

Cell infiltration, interstitium, mononuclear cell, focal 0 (0.00) 1 (20.0) 0 (0.00) 1 (20.0)

Focal nephropathy 0 (0.00) 2 (40.0) 0 (0.00) 0 (0.00)

(), numbers in parentheses represent the percentage of the lesion.

o H]s] Myh3, Ctsr, Ddn, Rprml, Cspg5 gene 5
837119] f-AE<] significant over expression(2 fold
o]/}, p-value < 0.05)2 YEFHT ES Prpr,
Tmprsslle, Ptger3, Six4, Avp 5 43712 FAA=
o] Tzl H|) significant down expression(2 fold
o], p-value < 0.05)2 UEMAT. A= AAoA =
Bardl, Tnf, Zbtb16, Slcl16al4 gene 5 617]2] 3
Aol tFF HUY significant over expression(2
fold ©]7%, p-value < 0.05)2 YERAI Ccll2,
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Table 5. Selected microarray results of SD rat after oral administration of AI-NPs for 28 days

Genes* Brain

Kidney

cell Milph, KIf10, Tulpl, Zbtb16, Fhi2, Robo3, Cspg5, Lgals7, Fst/

Zbtb16, Tnf/

differentiation Prrxl1, Six2 Poulfl, Kctd11,Csflr
transcription e ng(z)li(LIr’I:r)jl’ Z];)rtrtzl}tz,Z Fll;z/’ i Zbtb16, Tnff
Prrxl1, Six2, Ovoll Rasdl, Zfp84, Prim2, Nfe2l3, Poulfl
transport Mlph, Kennl, Slcl17a7, Slc8a2, Nup98, Cplx3/ Slc43al, Sh3gl2, Tnf,Bardl/
ransp Slc43al, P2rx6, Clic4, Six2 Poulfl, Trpm4, Kctd11, RGD1310507
tosi KIf10, Birc5, Greml, Zbtb16, Lgals7, Ptprv, Plekhg5/ Fgdl, Zbtb16, Tnf, Bardl/
ApOPIOsIS - Stk17b, Ect2, Fnl
cell evele Birc5, Rprm, Psrcl, Ptprv, Fam5b/ Tnf/
4 Ovoll Espll, Ranbpl
sional RGD1564327, Per2, Bst2, Greml, Plekhg5, Fgdl, Tnf, OIr932, Olr836, LOC683581/
transﬁuction Agap2, Gpr27, Fst, Gperl2, Olr7, Hrh3/ Stk17b, Rasdl, OIr1229, Ect2, Gfra2, Rap2b,
Cartpt, Calcr, Tas2r114, OlIr522 Rgsl, Hertrl, Csflr
cell KIf10, Zbtb16, Lgals7, Ptprv, Hrh3/ Zbtb16, Tnf,Hyall/
proliferation - Poulfl, Kctd11, Csflr

* Genes with more than 2-fold change(up/down gene).
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