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Study on 28-day oral toxicity of nano zinc oxide and its effect on intestinal immunity
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Abstract : Objective To study the short-term oral toxicity and the effect of zinc oxide nanoparticles on intestinal immune
in rats. Methods Weaning rats were randomly divided into 4 groups: control group, low, medium and high-dose groups
(10 male and famale rats in each group). Zinc oxide nanoparticles were intragastrically administered at doses of 87.5, 175
and 350 mg/kg BW for 28 days, respectively. Blood samples were collected on day 29 for measurement of hematology and
clinical biochemistry. Animals were euthanized for necropsy, and selected organs were weighed and fixed for histological
examination. Flow cytometric analysis of lymphocyte subsets of Peyer’s patch and the level of secretory immunoglobulin A
(SIgA) in intestinal fluid were detected. Results There were no toxicologically significant changes in clinical signs, body
weight, food consumption, necropsy findings and organ weights, hematological and clinical biochemical values.
Histopathological examination showed an increased incidence of focal epithelial cell exfoliation in gastric mucosa,
inflammatory cell infiltration and edema in gastric submucosa, and villous epithelial cell exfoliation in small intestine.
Compared with the control group, the number of lesions in the high dose group increased significantly. Lymphocytes
phenotyping analysis showed a significant increase in percentage of T lymphocytes and decrease in percentage of natural
killer (NK) cell in Peyer’s patch. The concentration of SIgA had no significant difference between dose groups (P>
0.05). Conclusion The ingestion of zinc oxide nanoparticles can cause gastrointestinal mucosal damage and can affect the
intestinal immune index in rats, at 350 mg/kg BW dose.
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Figure 1  Transmission electron micrograph of zinc

oxide nanoparticles
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Figure 2 Effect of zinc oxide nanoparticles on body weight and weekly food consumption of rats
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Table 1  Effect of zinc oxide nanoparticles on hematological parameters in rats
gy AT TARIEH maEAAR WM hEEME RemR s PSaa
/(x10°/L)  /(x10"2/L) /(g/L) /(x10°/L) /% /% /% RA/ML
X 2 5.0+1.8 6.820.2 138.9+4.7 1 143.1£102.9 12.9+7.5 82.6+7.4 4.5+1.5 58.8+1.7
) KHlE4 4.3:1.7 7.0£0. 4 141.7£7.5 1118.3+126.7 13.245.9 81.5%6. 1 5.2+1.2 58.6x4.0
i A 6.5£2.1 7.3£0.3°  149.5+5.5° 1092.7+122.2 6.8+1.8 88.9x2.0 4.4%1.2 58.2+1.8
EREAl 4.8x1.2 7.020.2 138.5+3. 1124.4+106.7 9.6+4.2 85.6+4.9 4.9+1.8 57.7+2.0
X 2 7.3£1.9 7.1£0.2 146.3+5. 1 1171.7£99.2 10.5+2.3 84.7+2.3 4.8+0.7 60.4+2. 1
e IR 2 7.0£1.5 7.4+0.3 147.4+3.7 1158.4+73.3 11.9+3. 4 83.4+3.3 4.8+0.9 58.5+2.8
hRlEH 9.5+2.2 7.7£0.3%  155.5+4.8* 1154.7+125.5 8.422.3 86.4x3.0 5.2+1. 4 58.1x1.1
EAIEE 7.02.0 7.2+0. 4 141.7+7. 4 1 088.6+158.0 6.5£1.1°  90.1x1.1"  3.4£0.7°  59.0%3.2
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L/ % /g /(L) /s /(g/L) it 6] /' JE I [a] /s
X 2 39.7+1. 1 20. 6+0. 7 349.9+4.0 18.0+1.0 1.5+0.2 20.2+1.6 9.7£0.5
i K74l 40.8+2.5 20.3x1. 1 347.2+6.7 16.9+0. 4 1.5£0. 1 22.3x1.1*  10.1£0.6
it PRIEA 42.5+1.3%  20.5:0.6 352.243.9 17.0+0. 6 1.6+0. 1 20.7+1.0 10. 1£0.5
ERA 40.3£1.0 19.8+0.7 343.7+3.3 18.8%1.1 1.5+0. 1 22.7£0.8*  9.8x0.4
X i 2 42.9+1.7 20. 620. 6 341.2+4. 4 19.1%1.5 1.7+0. 1 20. 8+0. 8 10. 6+0. 5
" RFIEE 42.9+1.2 20.1%1.0 343.7+4.6 17.0+0.8" 1.7+0. 1 22.3%1.3 10.6+0.6
PRI 44.9:1.1 20. 1+0. 4 346.2+4.9 16.9+0.6" 1.70. 1 20.9+1. 4 10.720. 5
R 42.4%2.2 19.7+£0.9*  334.3x4.8 20.0+0.9 1.6£0. 1 23.3+2.8 10. 6+0.7
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Table 2 Effect of zinc oxide nanoparticles on serum biochemical parameters in rats

o g A5 T e S Tl 4 B o 1 R REH JULF NN ol =T
/(U/L) /(U/L) /(U/L) /(mmol/L) /( pmol/L) /(mmol/L) /(mmol/L)

Xif A 2 26.9+5.6 125.2£20.2 121.3+27.0 5.3£0.5 30.5+2.7 1.5£0.3 0.37+0. 10

) il RRzil 29.0%6.5 98.8+18.5 122.4+68. 4 5.7£0.7 33.123.2 1.4£0. 4 0.29+0. 07
. R A 24.5+3.3 138.5+22.8 104.1+18.8 5.7+0.6 34.222.9 1.7£0.2 0.40%0. 14
=Rl 22.0+4. 6 101.0+23.6 111.2+35.0 5.3+0.7 29. 8+4. 4 1.5+0. 4 0. 46+0.29

Xt e 2 31.2+3. 4 120.8+21.2 205.3+64. 4 4.4£0.7 24.1+3.3 1.5+0.2 0. 85+0. 46

i R B 37.5+5.6 117.0+24.5 218.4+66.0 5.7+0.9* 29.5£2.2* 1.4£0.3 0.70=0. 20
e k2 36.6+7.8 123.4+24.5 208. 0+52. 1 5.5+0.7 29.7£1.9° 1.5+0.3 0.75+0. 37
A 28.0+3. 4 96.8+14.5 210.4+27.5 3.9£1.0 23.5+2.9 1.3+0.3 0.70+0. 27
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/(mmol/L) /(g/L) /(g/L) JikHg/ (U/L) /(mmol/L) /(mmol/L) /(mmol/L)

Xif A 2 6.6+0.7 54.3+2.9 29.6+2.3 0.8+0.5 100. 7+1. 5 4.2+0.3 137.6+0.9
' AR 7 21 7.2+1.0 54.8+3.7 30.2+2.3 0.8+0.4 103.7+1. 4" 4.120.2 139.0+0.6 "
i Rl A 7.0£0. 6 54.2+2. 1 30.2+1.2 0.8+0.3 103.9+1.8" 4.2+0.2 139.2£1.3"
= Rlbe] 6.5+0.9 50.6+2. 3 27.9+1.5 1.2+0.5 101.7+1. 4 4.4+0.3 137.6+1.0

Xt 2 7.0£0. 6 51.3%1.9 27.7+1. 1 0.920.5 101.4%1. 1 4.4%0.2 139.50. 4

" ) = 41 7.7+0.7 53.7£2.8 28.6+1.6 0.80. 4 102.7£0.9 4.520.2 139.9+1.5
rf R A 7.7+0.6 52.9+2.2 28.9+1.0 0.6+0.4 103.0+0. 8 * 4.4+0. 1 139.5+0.9

i a2 9.7+3.6 50.5+2.3 27.7+1.2 0.6+0.3 100.8+1.0 4.5+0. 4 139.0+1.3

VT R G IRAL IR, P<O. 05
2.5 R BUMERS EE A SN L

H % 3 T UL, A% 0] ek 4R B S R A R A
o N R IR AR LE 5 3 B L A, 22 SR B e gt
£ X (P>0.05),

3

ST

2.6 R F B 4LV B A A

DR ) P IR W2 R e B A% 4% S o X R
ZH RN g ) e 2R B A A SR L 3R 4 2 R
B SR R AR M v, BT R LR IR



KA EE 28 d 28 1 BE M B H X i T G 2 B o T 50 HhAE L —419—
3 YORE AR XS R BRI &5 T R IR LE 1952 8 (x5, n=20)
Table 3 Effect of zinc oxide nanoparticles on absolute and relative organ weights of rats
S AT A JT JiL e 5
51 253 o
Bikd/g £ NE4 He s 9% Fht/g T4 L6/ % Fht/g JIEAA e/ %
X HE 21 239.9+12.9 7.76+1.13 3.24+0.50 0.59+0. 08 0.25+0. 04 1.79+0. 14 0.75+0. 04
‘ R =4 240. 6+28. 1 7.41+1.28 3.09+0. 49 0.55+0.11 0.23+0.03 1. 84+0. 27 0.77+0. 06
it T 7] 2 234.3+23.3 7.13+1.09 3.03+0.25 0.55+0. 11 0.23+0.03 1.71+0.22 0.73+0. 05
AR 227.2+23.3 7.15+1.01 3.14+0.24 0. 60+0. 04 0.27+0. 03 1.77+0.23 0.78+0. 05
X R 20 366.5+24.5 11.72+1.24 3.20+0. 28 0.76+0. 09 0.21+0.02 2.76+0. 19 0.75+0. 04
e A E4  373.9+26.4 11.57+0.99 3.09+0. 13 0.70+0. 15 0. 19+0. 04 2.63+0. 19 0.70+0. 04
) A 369.4+31.0 11.25+1. 16 3.04+0. 12 0.78+0. 14 0.21+0. 04 2.62+0.22 0.71+0. 05
EFlE 371.3+23.5 12.62+1. 14 3.40+£0.29 0.84+0.12 0.23+0.03 2.98+0. 19 0. 80=+0. 04
P51 1) ST P T T N
Fift/g /g JE A LE /% fh/g JEAA HE/ % Hh/g JEAA HE/ %
popiisil 239.9+12.9 0.20+0. 06 0.08+0. 02 0.66+0. 10 0.28+0. 05 0.90+0. 07 0.37+0. 02
. flF a4l 240.6+28. 1 0.16+0. 02 0.07x0. 01 0.56+0. 18 0.23+0. 06 0. 84+0.09 0.35+0. 01
e th 4 234.3+23.3 0.19+0. 04 0.08+0. 02 0.57+0. 14 0.24x0. 04 0.89+0. 11 0.38+0. 04
R 227.2+23.3 0. 17+0. 04 0.07+0. 02 0.65+0. 16 0.28+0. 06 0.84+0. 10 0.37+0. 02
POt 366.5+24.5 2.93+0.51 0.80+0. 11 0.70+0. 11 0.19+0. 03 1.34+0. 16 0.37+0. 04
p Rl 373.9£26.4 3.100.35 0. 830. 07 0.63x0. 14 0. 170. 04 1.310.22 0.35+0. 05
h =4 369.4+31.0 3.27+0. 35 0.89+0.07 0.59+0. 14 0.16+0. 04 1.30+0. 18 0.35+0. 05
A 371.3+23.5 3.31+0. 34 0. 89+0. 08 0.66+0. 16 0. 18+0. 04 1.32+0. 17 0.36+0. 04
F 4 KENESRAH LR A G A 45 R
Table 4  Histopathological findings in rats
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Figure 3  Photomicrograghs of histomorphological examination of stomach and small intestine in rats
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Figure 4 Results of lymphocyte typing in male rats
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Table 5 Effect of zinc oxide nanoparticles on percentage of lymphocyte subsets in Peyer’s patch of rats
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Figure 5 Effect of zinc oxide nanoparticles on the

concentration of SIgA in the intestinal fluid of rats
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