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Table 1. Real-Time PCR Primers

Gene name Fwd primer (5°—3°) Rvs primer (5°—37)
h2a CGTATCACCCCTCGTCACTT TCAGCGATTTGTGGATGTGT
ke TGTCAGTGCCTGCAGACCAT CCTCGCGACCATTCTTGAGT
il-1p CCCTGCAGCTGGAGAGTGTGGA TGTGCTCTGCTTGTGAGGTGCTG
tgf-b CACCGGAGAGCCCTGGATA GCCGCACACAGCAGTTCTT
tnf-a CACCACGCTCTTCTGTCT GGCTACAGGCTTGTCACTC
ho-1 CACTCTGGAGATGACACCTGAG GTGTTCCTCTGTCAGCATCACC
sod-2 TAACGCGCAGATCATGCAGCTG AGGCTGAAGAGCGACCTGAGTT
muc5ac CAGGACTCTCTGAAATCGTACCA AAGGCTCGTACCACAGGGA
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Fig. 3. Particle Size Distribution of the Ammonium Hydrogen
Sulfate aerosol
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3. WiEBAET VES T ADIEL BRE
T VR NRRERKFE T =T AYREOKREE, f
RE R OVERE O EIL, i, 04 mg/imd, 4.7
mg/m3 & 42,6 mg/m3TH v, Fisieda HIERRIE 2 RS
5 Z LN TE T2 (Table2)
Table 2. Exposure Concentration

Concentration in the

Concentration of_the Target_ chambers during the

NH4HSO4 solution concentra;tlon experimental period

oL (mg/m’) mean + SD (mglm3)
Low 0.07 0.5 04 + 0.1
Middle 0.54 5 4.7 + 13
High 45 50 42.6 + 7.1
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(Table 5)

Table 3. Body Weights and Absolute Organ Weights in BALB/c Mice Exposed Ammonium Hydrogen Sulfate (mg)

Control Low Middle High
Male
Final Body Weight (g) 259 £ 15 254 + 0.98 264 + 1.2 256 + 1.8
Lung 1269 + 11 129.2 + 15 1359 + 9.6 140.0 + 21
Brain 4289 =+ 21 4305 = 7.0 4193 + 9.6 4319 + 10
Liver 1336.5 + 120 1337.0 + 86 14085 * 55 1330.6 + 140
Kidneys 377.0 £ 22 3829 £ 15 379.3 + 10 3875 + 33
Heart 1164 + 6.6 1181 + 12 1135 + 64 1134 + 89
Spleen 874 + 14 844 + 11 782 + 6.6 88.7 + 43
Adrenal glands 46 + 1.1 45 + 0.82 4.1 + 0.60 48 + 0.64
Thymus 337 £65 298 £ 65 314 £ 50 291 £ 70
Testes 157.1 + 8.7 164.0 + 10 168.9 + 9.3 160.8 + 11
Female
Final Body Weight (g) 204 £ 14 204 %11 20.8 = 0.74 196 * 1.1
Lung 1164 * 45 1118 * 9.1 1176 + 13 1123 * 13
Brain 4241 + 16 4217 + 25 4175 + 16 4141 + 14
Liver 1007.6 + 54 10416 =+ 98 1048.3 * 73 986.4 * 34
Kidneys 273.0 * 14 264.6 + 28 269.9 * 16 269.2 + 14
Heart 944 £ 11 881 £ 76 905 * 4.9 915 + 7.0
Spleen 85.1 * 11 795 £ 88 77.0 = 8.0 826 * 8.4
Adrenal glands 6.1 + 0.46 65 + 15 7.3 £ 052 73 £ 15
Thymus 461 = 7.1 414 + 83 403 + 6.9 375 + 6.8
Ovaries 6.6 + 0.86 6.7 £ 14 6.0 = 1.0 6.8 = 1.7
Uterus 36.3 + 14 419 + 29 346 + 12 36.6 + 20

mean + SD



w®

e

o %

BB, 73,2022

Table 4. Relative Organ Weight in BALB/c Mice Exposed Ammonium Hydrogen Sulfate  (mg/100 g Body Weight)
Control Low Middle High
Male
Lung 329 35 327 £ 30 358 * 25 35.7 + 54
Brain 1112 + 95 109.4 + 5.0 1106 * 55 1104 + 9.1
Liver 3474 * 46 3402 + 35 3720 = 29 3419 + 59
Kidneys 97.9 + 98 974 £ 175 100.0 * 5.0 99.5 + 15
Heart 30.2 + 34 300 + 3.1 300 = 238 29.1 + 43
Spleen 226 + 35 215 + 3.2 206 = 2.1 226 £ 16
Adrenal glands 12 =025 11 + 025 1.1 + 0.18 12 + 0.16
Thymus 87 + 138 76 + 138 83 + 14 75 + 22
Testes 40.8 + 4.3 417 + 4.1 446 + 3.9 411 + 45
Female
Lung 239 £ 22 229 £ 25 245 * 34 222 = 3.7
Brain 86.5 * 8.6 86.3 * 9.0 86.8 = 5.9 814 = 7.0
Liver 205.6 + 23 2137 £ 31 2181 + 23 193.9 =+ 17
Kidneys 55.7 % 6.6 543 + 84 56.1 * 5.1 53.0 = 5.6
Heart 19.3 % 35 181 * 25 188 * 1.6 18.0 % 2.2
Spleen 175 * 34 16.3 * 2.0 16.0 = 1.7 16.3 = 24
Adrenal glands 12 £01 13 +04 15 +01 14 03
Thymus 95 + 2.0 85 + 2.0 84 + 16 74 + 16
Ovaries 14 + 0.2 14 + 03 13 0.2 14 + 0.3
Uterus 116 + 10 87 + 6.1 72 + 25 73 + 46
mean +SD
Table 5. Hematology in BALB/c mice Exposed Ammonium Hydrogen Sulfate
Control Low Middle High
Male
WBC  (x10%/uL) 37.2+13 432+ 12 44.7 £ 16 40.7 £ 12
RBC  (x10%uL) 946.8 = 60 973.2 £ 37 944.7 + 27 962.8 + 46
HGB (g/dL) 13.8 £ 0.93 143 + 0.35 13.9 + 0.27 14.0 + 0.59
HCT (%) 468+ 29 481+21 470+ 15 476 £ 2.7
MCV (fL) 495+ 14 495+ 12 49714 494+ 14
MCH (p9) 146 + 0.21 14.7 + 0.18 14.7 + 0.37 145 + 0.35
MCHC (g/dL) 29.5 + 0.64 29.8 + 0.81 295+ 0.73 29.5+ 0.93
PLT (x10%ul) 1185+ 9.2 116.5 + 13 1121+ 7.1 1139+ 8.3
Female
WBC (XlOZ/p.L) 37 £9.6 36.2 £85 40.0 £15.8 338 +£84
RBC (X104/p.L) 9488 £63.6 930.8 £239 949.7 +33.1 934.0 +56.7
HGB (g/dL) 141 +0.73 13.8 +£0.43 14.0 + 0.66 13.8 +0.82
HCT (%) 473 +35 46.3 +1.8 472 £238 46.1 +3.0
MCV (fL) 498 +1.1 498 +1.4 49.7 £1.6 494 +13
MCH (p9) 149 +0.36 148 +0.19 148 +0.28 147 £0.19
MCHC (g/dL) 29.8 +£0.84 29.7 £0.77 29.8 +0.47 29.8 +£0.84
PLT (x10*uL) 104.1 +9.7 1132 +10.1 1135 +14.7 1050 +13.2
mean £SD
7. BALFH 0 H MER DR 2 12
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Fig. 5. Number of Leukocytes in the BALF
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Fig. 7. Total Protein Concentration of the BALF
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Fig. 9. Gene Expression of Lung Tissue
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Evaluation of pulmonary effects of ammonium hydrogen sulfate (ammonium bisulfate) in
mice following 28-day inhalation exposure

Aya SAIGA?, Motoki HOJO?, Kiyomi IKUSHIMA?, Ai MAENO?, Sakiko NOMURA?, Kyoko HATAOKA?, Mari NAKAMURA?,
Kyoko HIRAMATSU?, Katsuhiro YUZAWA?, Akemichi NAGASAWA?, Yoshimitsu SAKAMOTO?, Yukio YAMAMOTO?, Fujifumi
KAIHOKO?®, Yukie TADAP, Aya OHNUKI?, Tsuyoshi IGARASHI?, Michiro MAKI¢, Shiho HORIUCHICS, Kyohei MAEDAC,

Jin SUZUKI?, Akiko INOMATA?, and Takako MORIYASU®

Of the inorganic components in fine particulate matter (PM2.5) in the atmosphere, sulfuric acid has been reported to affect animal and
human exposure experiments, but very little data is available on the biological effects of sulfate. Ammonium hydrogensulfate has a low
concentration in the environment but is highly acidic, and it is estimated to have a relatively high stimulating/damaging effect on the
respiratory epithelium. Therefore, the subacute toxicity of ammonium bisulfate on mice was investigated in this study.

First, an aerosol was generated by changing the concentration of ammonium hydrogensulfate using an aerosol generator, and the
concentration in the exposure chamber was calculated. Based on this, 8-week-old male and female BALB/c mice were exposed to
ammonium hydrogensulfate for 3 h/day for 28 days at the concentration of 0.5, 5, and 50 mg/m?® by using a nasal inhalation exposure
device and mode particle sizes of the aerosols at each concentration of exposure were 0.32, 0.50, and 0.50 pum, respectively. Autopsy was
performed the day after the final exposure and no significant adverse effects were observed despite of the exposure concentration being
about 10 times higher than the reported value. The aerosol inhalation toxicity of ammonium bisulfate was found to be very low despite
its high acidity. Detailed studies based on repeated exposure of mice have not been reported; therefore, these results provide useful
information.

Keywords: ammonium bisulfate, PM2.5, 28-day repeated inhalation study, BALB/c mice
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