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13-week Subchronic Oral Toxicity Study of Ammonium Sulfate in Rats

Hisayoshi Takagi*, Hiroshi Onodera, Liu Yun, Kazuo Yasuhara, Takatoshi Koujitani,
Kunitoshi Mitsumori and Masao Hirose

A 13-week subchronic oral toxicity study of ammonium sulfate was performed in both sexes of F344 rats
by feeding them a CRF-1 powder diet containing concentrations of 0%, 0.38%, 0.75%, 1.5%, and 3.0% of
the substance. Rats were randomly divided into 5 groups each consisting of 10 males and 10 females. Male
animals in the 3% group exhibited diarrhea during the administration period. No changes indicating
obvious ammonium sulfate toxicity were observed in the body weights, organ weights, hematological,
serum biochemical, or histopathological examinations. Based on these results, the NOEL (no-observed-
effect level) of ammonium sulfate for F344 rats was judged to be 1.5% in males (886 mg/kg/day) and 3% in
females (1975 mg/kg/day), and the MTD (maximally tolerated dose) for 2-year carcinogenicity studies in

F344 rats was concluded to be 3.0% or more in the diet.

Keywords : ammonium sulfate, rat, subchronic study
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Fig.1. Body weight curves and rats fed containing ammonium
sulfate for 13 weeks

Table 1. body wéight, food intake and chemical intake in rats
containing ammonium sulfate for 13weeks

Group(%) Finat body Fooed intake Total chemical intake
weight(g) (grat/day) (mg/kg/day)
Male 0 297.8£13.0" 14.2 0
0.38 273.4+148° 14.0 222
0.78 286.7+21.4 143 441
1.5 282.0+17.7° 141 886
3.0 283.9%15.2° 13.8 1792
Female 0 150.8+7.5 8.2 0
0.33 157.0£9.68* 81 239
0.75 151.6£7.7 9.3 484
1.5 161.2+£8.0° 9.3 961
3.0 1568.1:10.4° 84 1975

a) : Mean+S.D.
* : Significantly different from the control at p<0.05
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B, BIE, MR BR BXUMBoERZIELL.
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Table 2. Hematological changes in male rats fed diet
containing ammonium sulfate for 13 weeks

Dose level (%) 0 0.38 0.75 15 3.0
No.of animals 10 10 10 10 10
RBC 107/} 8.87+0.20" 9.36+£0.24 " 9.0910.41 9.13+0.51 8.93+0.29
Hb g/di 14.8+0.3 15.6+0.5* 15.2+0.7 15.2+0.8 15.020.5
PCV Y% 43.1£1.0 45.541.3" 44.4+2.0 44.5+2.4 43.6x1.3
MCV fl 48.5+0.3 48.6x0.5 48.9+0.4" 48.7+0.2 48.9+0.3
MCH ofe] 16.7+0.2 16.4+0.3* 16.720.2 16.7+0.1 16.8+0.2
MCHC g/l 34.4:0.4 34.2+0.8 34.1+0.4 34.2+0.3 34.4+0.3
PIt 10" 0.73+0.03 0.80+0.05* 0.77+£0.05* 0.74+0.03 0.73+0.04
Ebl count/200 WBC  1.2x1.1 0.8+0.9 1.9+2.0 1.2+1.4 0.840.9
WBC 10°7 3.85+0.30 3.16x0.63* 2.94:0.47* 3.00+0.37* 3.36x0.20"
Differential cell count (%)
Eosino 0.8:0.5 1.1£0.3 1.0£1.0 0.920.5 1.010.7
Neut-S 222422 24.315.2 26.6¢5.2’ 24.7+54 25.3t5.4
Lympho 74.6+2.4 73.415.7 71.9+5.3 71.0+£10.4 72.4+4.9
Mono 1.2+1.1 1.4+0.9 0.9+0.7 0.8+0.4 1.31£0.8
a) Mean £ S.D.
* : Significantly different from the control at p<0.05
Téble 3. Hematological changes in female rats fed diet
containing ammonium sulfate for 13 weeks
Dose level (%) 0 0.38 0.75 1.5 3.0
No.of animals 10 10 10 10 10
RBC 10" 9.34:0.32°  8.64:0.18"  8.60:0.31"  8.90:0.27" 8.7210.34*
Hb g/l 16.3:0.5  152:04*  153:05"  15.8:0.5" 15.5:0.6"
PCV % 47.7+1.4 44.5£0.7* 44.2+1.5* 45.3+1.5" 44.1+1.6"
MCV {i 51.1£0.9 51.5+0.4 51.3+£0.5 52.8+0.4" 50.620.2
MCH pg 17.5+0.2 17.5£0.1 17.7:0.3 17.7+0.2" 17.7£0.2"
MCHC g/d 34.21+0.4 34.1£0.5 34.7+0.5" 34.910.3" 35.1£0.3"
Pt 10™ 0.95:0.05  0.84x0.05*  0.77:0.03*  0.83:0.04" 0.8120.03"
Eb! count/200 WBC 2.5+1.3 2.5+2.0 2.8+1.5 3.0x2.4 4.6+2.8
WBC 10 3.85:0.36  3.71:0.32  3.27:0.44* 3.35:0.51" 3.45:0.51
Ditferential cell count(%)
Eosino 0.9+0.8 0.8+0.8 1.0+0.8 1.1£0.6 0.8+0.3
Neut-S 16.3+4.5 13.8+4.9 17.7+5.1 16.0+3.7 14.4+22
Lympho 81.1£5.4 83.615.1 79.3+6.1 81.2+3.6 82.8+2.0
Mono 1.6x1.6 2.5£2.0 1.8x1.2 2.1+1.7 1.7+x1.4

- — —/———————— — ——— —— — ——————— ______—— — ]

a) Mean £ S.D.

*: Significantly different from the control at p<0.05
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Table 4. Serum biochemistry in male rats treated with
ammonium sulfate for 13 weeks

Dose level (%) 0 0.38 0.75 1.5 3.0
No.of animals 10 10 10 10 10
P g/dl 6.4120.14" 6.280.11" 6.35+0.17 6.34+0.20 6.48+0.18
AG 2.400.18 2.68+0.27* 2.4810.25 2.52+0.28 2.360.11
Alb g/d| 4.52+0.18 4.5610.14 4.51£0.10 4,53+0.08 4.5410.11
TCho mg/dl 6116 695* 73+11* 73+11* 6617
BUN  mg/dl 18,90+2.58 17.22+2.15* 16.61+1.35" 16.61+1.18* 17.40+1.01
Na mEQ/ 14541 146:£1* 146+1* 146+1* 146+1*
cl mEQA  103:0.8 107+1.0" 106+0.7* 10520.8* 10310.8
K mU/dl  4.42:0.17 4.5610.18 4.73:0.19* 4.79:0.14* 4.60+0.25
Ca mg/d| 10.10.1 10.1:0.3 10.120.2 9.91+0.2* 10.1£0.2
P mg/dl 5.9+0.4 6.010.4 5.7+0.6 5.6+0.3* 5.320.4*
GOT 1un 8311 688" 7516 8316 7745
GPT 1UA 4818 467 6119* 67+10* 50+4*
ALP  1UA 410428 294:+59* 295:76* 288x81* 390121
a) : Mean£S.D.
* : Significantly different from the control at *p<0.05
Table 5. Serum biochemistry in female rats treated with
ammonium sulfate for 13 weeks
Dose level (%) 0 0.38 0.75 1.5 3.0
No.of animals 10 10 10 10 10
TP g/di 6.1820.15" 6.1320.11 6.120.19 6.14£0.14 6.11£0.17
AG 3.05+0.20 2.8340.27 2.87+0.19 2.70£0.18* 2.70+0.22*
Alb g/d! 4.65+0.11 4.52+0.14* 4.52:0.12* 4.48+0.09* 4.4510.14*
TCho mg/dl 9318 9445 9418 8716 8718
BUN  mg/d 21.14:1.32' 19.45+1.90* 21.44£1.70 19.65+1.20 19.87+2.64
Na mEQ/I 1460.9 145:0.8* 14641 14510.5 146+1
o] mEQ/I 108+0.9 107£1.2 107:0.5* 10740.5* 106+1.2*
K muU/dl 4.14:0.18 4.15+0.31 4,2020.22 4.20£0.17 4.17+0.26
Ca mg/dl 9.910.2 10.1£0.2 9.910.2 9.910.2 10.120.3
P mg/d 5.6+0.3 5.8+0.4 5.640.3 5.840.3 6.0+0.5*
GOT 1un 86+11 685" 74+4* 76+3* 695"
GPT IUN 4547 364" 37+4* 39+2* 39+3*
ALP " 1UA 240+14 255435 227116 287+25" 278227*
a) : Mean+S.D. :

* : Significantly different from the control at *p<0.05
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Table 6. Organ weight of male rats treated with
ammonium sulfate for 13 weeks

Dose level (%)

0 0.38 0.75 1.5 3.0
Body weight (g)  297.8£13.0 273.4+14.8* 286.7:+21.4 282.0+17.7* 283.9£15.2*
Absolute (g)
Brain 1.832+0.061%  1.903:10.034 1.907+0.062 1.932+0.034 1.905+0.040
Lung 0.930+0.078 0.921+0.056 0.9421+0.093 0.905+0.056 0.893+0.076
Heart 0.847+0.049 0.806 +£0.046 0.85510.080 0.848+0.061 0.838+0.059
Spleen 0.561+0.034 0.522:£0.023* 0.554 £0.044 0.540+0.052 0.516+0.044%
Liver 7.051+£0.397 5.702+0.497* 6.039+0.871* 6.082+0.879* 6.834%0.393
Adrenal 0.03810.006 0.040+£0.002 0.036£0.003 0.041£0.004 0.036+0.004
Kidney 1.8041+0.063 1.716+£0.088* 1.819+£0.155 1.873+0.139 1.956£0.121"
Testis 2.952+0.116 3.043+0.107 3.083+0.086 3.019+0.075 3.052£0.127
Relative (g/100g B.W.)
Brain 0.64910.025 0.698+0.035" 0.668+0.046 0.687+0.038* 0.673+0.042
Lung 0.312£0.022 0.338£0.030* 0.329+0.022 0.322£0.023 0.314+0.016
Heart 0.28410.012 0.296+0.023 0.2981+0.021 0.301£0.011* 0.2951+0.011
Spleen 0.188+0.007 0.192+0.016 0.193+0.008 0.191£0.010 0.182+0.011*
Liver 2.3670.070 2.088+0.187* 2.09710.160* 2.147£0.187* 2.40810.078
Adrenal 0.013£0.002 0.014+0.001 0.01310.001 0.014£0.002 0.013£0.002
Kidney 0.606£0.024 0.629+0.037 0.634+£0.015* 0.664+£0.025* 0.689£0.025*
Testis . 0.962+0.039 1.115+0.057* .1.079+0.062*  1.074+0.069* - = 1.077+0.058*
a): Mean+S.D.
* : Significantly ditferent from the control at p<0.05
Table 7. Organ weight of female rats treated with
ammonium sulfate for 13 weeks
Dose level (%)
0 0.38 0.75 1.5 3.0
Body weight (g) 150.8+7.5 157.0+9.6" . 151.6%7.7 161.2+8.0" 158.1£10.4"
Absolute (g) :
Brain 1.770+0.051" 1.7711£0.044 1.766+0.052 1.776+£0.029 1.773+0.039
Lung 0.708£0.066 0.683+0.050 0.717+0.121 0.699+£0.037 0.692+0.051
Heart 0.515+0.045 0.542+0.037 0.515+0.032 0.528+0.021 0.545+0.042
:Spleen 0.34810.020 0.361£0.032* 0.351£0.018 0.369+0.015" 0.370+0.027
Liver 3.043£0.215 3.366:£0.254" 3.189+0.157 3.460+0.139" 3.357+0.301
Adrenal 0.040+0.005 0.039+0.005 0.0401+0.004 0.039+0.004 0.039+0.004
Kidney 1.000+0.057 1.041+0.078 1.015£0.050 1.081+0.030*  1.126+0.065"
Relative (g/100g B.W.)
Brain 1.175%0.046 1.12910.047* 1.166+£0.063 1.104£0.050* 1.125%0.066
Lung 0.46910.054 0.435+0.034 0.476+0.095 0.435+0.030 0.438+0.031
Heart 0.3411+0.017 0.346+0.022 0.3401+0.020 0.328+£0.019 0.345%0.020
Spleen 0.231+0.009 0.230::0.013 0.232:0.020 0.229+0.009 0.235+0.020
Liver 2.01610.075 2.14210.095* 2.104+0.081* 2.149+0.073" 2.237+0.096"
Adrenal 0.027+0.004 0.025+0.003 0.027+0.002 0.035+0.002*  0.025:0.002
Kidney 0.66310.020 0.663+0.033 0.670+0.033 0.672+£0.030 0.713+0.017*
a) : Mean+S.D. :

* : Significantly different from the control at p<0.05
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BICBE T2 50 Tidho /. #D RBC, Hb, PCV Bk&
UPIZ1SBUTOHRESHTHLHERIIEALER, 2hd
HARIZEETIHO T aho 7.

Fof, s OUEHE CHBHICLUERREENE
HENEM, INSIBHRICEEL WD, H 5 WIEEEEH
FR—E TR, BRNREHTH7.

MEECFRETIIHED P MR 15BULRERTHER
WAL, GPT A 0.75% A EOFERCHEIIHEMU /.
Na B2 TOREHTHERIZHMU/Z (Table 4). #ETIX Alb,
GOT BLU GPT ML TOHREET, ClA0.75% LA EDEE
T, AG M 15% A LB TR L. PR 3.0%%T,
ALP R 15% L LOBTENETNERITHMU = (Table 5).

FOfl, W OhOHEEE THBHICHLEERZED
MHENEL, INSIIARICEARELZVD, HH50WREE
MmN —E TR, BROBEHTH- .

AR ER

WD 3.0% X 5R T, AEOEIMHICHS U THEET
%2, M ERLICHEERRDMNED Sz, BT, 3.0%
HTHE, HMERKICEERMNASNE. HROMEN
BRIZRSESBTERICHMUZ (Table 6). M TIIFFED
HMEERETOREHTERIIEMLZ. BRI, %
M ERIC 30%FHTHERICHEMLUL (Table 7).

Zofl, W< DhroFERE THEHICELAREED
RHoNEN, INSIIARIEELZWS, H0ERE
PEMMN—E TR, BENREHTHH /L.

5. RIBHEEEFIFRR

B0 3.0% B E5RIZBNT, HETLRICOMREL, B
RAEOHEEMH LB X UMROB RSN, M TEHRRER
HE OIS LB I UREOBRLENAR SN,
BRI LERSEECBLWTERAZDIZD sk
=

% £

Sy MEOFRSICBIT M HEERRICBNT, BRRT
TEZY LDOBIERIT 3000-4000mg/kg TdH D EOWMED
H2Y. Fi=, Salmonella 3 & U Saccharomyces \Zxd B %
REMIIRETH D ZEMHERINTVS YO, SET-
B Y R LAQOEBHEERRTIE, 2 ARMTHER
ERD 5.0% BECHEZE I N/ REBMINEAS, H#0 3.0%FIC
BNTHRBUMZEC A 5N, BREABETI, 15 BXY
3.0%BEQHETIIMMME, HETIHmAEDLoNE. I
13, REOZHICHBER R, HOD 038%ETOHE
HMNBOLENBRAROZTNLOHSATH > EMn
5, HBICKBEETROEHBIL. i, O 3.0%H
TRTHEAEELTHONEIEMS, ThidHPHEOHE
HEREE AT, MECFHRETE, RSREICHE
THEEDLhAEELT, #TIE WBC OB, BT

RBC, Hb, PCV, MCV, Pit D4 &, MCH, MCHC D3
maERica s D, ChoRERT—579 oXH)
DHEHERNIZAZ HDOTH D, HMOHFBHSFENICEMIEHR
IZRASBRERASNEN I ENMG, BEICERTS
EleEidaiaIahol.

MFBECFHIRETIE, RFBECEETSEEDNS
BELT, ®TIIP OXD, NaBXUGPT DM, K
Tl Alb, GOT, GPT, Cl BXU A/G tLDE4D, P, ALP
ORISR HE SR, choRERT—Y™ 0
EEOHBENICAD DO TH D, HOFBHSFMICER
BRIIBALRERASHEN - ENS, BEITER
TEEEFRRI RN,

1.5% Ammonium chloride % 1 EMARETH I LICL
D, REELEOEXEFEEEDIHBEAMNERIND L
WO BENRH DY, SERLIMTORRIZBNTD, B
BEROBMAHED 3.0% TR LU 1.5 BLU 3.0%HTH
5Nz LML, AEAMENICRSICKIBREZED
FRIZABONT, FlmiEEFHREICBWTREAE
BizaohiaholzEndZEMS, ThSITHEE¥ENE

CBITZLWLWHOTHIEEZI LN,

HORKREOHAMERS, RSB THRICHEML TV,
ULirl, BERFENAONT, EXEROBDBHAON
T, HSENICREFREASNRWI ENS, BRI
e L.

UEOERID, O 30XBHTTHAASNIZT ENDG,
FEREZG TR IZHBT >ESVLOEZLR
(NOEL) 13# T 1.5% (886mgkg/day), HET 3.0%
(1975mg/kg/day), AR (MTD) I3REHESLIZ 3.0% TH
rEEZSNIZ.
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