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A 90-day Repeated Dose Oral Toxicity Study of Magnesium Chloride in F344 Rats

Tamotsu Takizawa, Kazuo Yasuhara #, Kunitoshi Mitsumori,
Hiroshi Onodera, Takatoshi Koujitani, Toru Tamura,
Hisayoshi Takagi, and Masao Hirose

In order to examine the toxicity of magnesium chloride hexahydrate, four groups of 10 male and 10 female
F344 rats received the compound by dietary supplementation at 2.5, 0.5, 0.1 or 0% for 90 days. No treatment-
related death was observed during the study. Transient soft stool and sustained increase in water consumption
were observed both in males and females of the 2.5% group and slight reduction in body weight gain was noted
in the high-dose males. There were no toxic changes in food consumption, organ weights, hematology and bio-
chemistry, and histopathological examinations in any treated-groups. Based on these results, the no-observed-
adverse-effect-level was estimated to be 0.5%, and 2.5% is considered to be appropriate as highest dose for a 2-

year carcinogenicity study.
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Table 1 Food consumption and the amount of magnesium
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the substance for 90 days

Dose level Food consumption

Intakes of MgCl,

(%) (g/rat/day) (mg/ke/day)
Male 0 13.4 -
0.1 13.6 62
0.5 13.4 308
2.5 13.7 1600
Female 0 8.1 -
0.1 8.3 59
0.5 8.3 299
2.5 8.5 1531
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Fig.2 Water consumption in rats fed diet
containing magnesium chloride for
90 days
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Table 2 Hematological changes in male rats fed diet containing magnesium chloride for 90 days

Dose level (%) 0 0.1 0.5 2.5
No. of animals 9 10 10 10
RBC  10'/L 919 + 28 899 + 14* 867 + 200 % 877 + 3¢*
Hb g/dL 15.2 + 0.4 14.7 = 0.2* 14.2 + 0.4°* 14.6 = 0.6°
H % 44.0 + 1.4 43.3 = 0.3 41.7 + 1.2 42,5 + 1.8
MCV  fL 47.9 + 0.4 48.2 + 0.6 48.1 + 0.7° 48.4 + 0.5
MCH pg 16.5 + 0.1 16.3 = 0.3 16.4 = 0.2° 16.6 + 0.2
MCHC g/dL 34.5 + 0.3 33.9 + 0.5*" 34.1 + 0.5° 34.3 + 0.4
PIt  10Y/L 7.1 + 7.0 83.6 + 9.7**  89.9 + 8.6°™  73.5 + 4.6
Ebl  count/200 WBC 1.9 + 1.3 2.4 + 1.8 1.9 + 1.5 1.7 £ 1.7
WBC  10%/L 39.8 + 4.4 41.6 + 8.6* 34.7 + 3.5° 39.6 = 5.2
Differential cell count (%)
Band 0.1 + 0.2 0.0 = 0.0 0.0 + 0.0 0.0 + 0.0
Seg 20.0 + 5.5 25.0 + 6.0 24.6 + 2.2 24.0 + 5.0
Eosino 1.8 = 1.0 0.9 + 0.5 1.1 £ 0.5 0.8 + 0.6"
Baso 0.0 = 0.0 0.0 + 0.0 0.0 = 0.0 0.0 = 0.0
Lympho T7.7 + 5.9 73.8 + 6.1 74.0 + 2.2 74.8 + 5.1
Mono 0.5 £ 0.5 0.3 + 0.5 0.3 + 0.4 0.5 = 0.3

Each value represents the mean+S.D. (a: 8 animals, b: 9 animals).
%, *%: Significantly different from the control at p<0.05 and p<0.01, respectively

Table 3 Hematological changes in female rats fed diet containing magnesium chloride for 90 days

Dose level (%) 0 0.1 0.5 2.5
No. of animals 10 10 10 10
RBC 101 850 + 37 842 + 26 844 + 24 877 + 34
Hb g/dL 14.9 + 0.5° 14.9 = 0.4 15.0 = 0.3 15.6 + 0.5
At % 42.6 = 2.0* 2.4 = 1.1 42.4 + 1.2 4.3 = 1.8
MCV  fL 50.1 + 0.1° 50.3 = 0.5 50.2 = 0.2 50.5 = 0.3
MCH pg 17.5 = 0.2° 17.8 + 0.3 17.7T = 0.2 17.8 = 0.2
MCHC g/dL 34.9 = 0.6" 35.3 = 0.5 35.4 = 0.3 35.3 £ 0.6
PIt  10Y/L 75.7 + 2.7 75.7 = 4.0 76.9 * 3.1 76.4 + 2.4
Ebl  count/200 WBC 3.6 + 2.0 5.3 = 2.3 4.2 + 2.5 5.1 = 2.7
WBC 10%/L 28.7 = 5.8° 30.5 = 7.8 30.4 = 3.7 34.8 = 5.0
Differential cell count (%)
Band 0.0 £ 0.0 0.0 = 0.0 0.0 = 0.0 0.0 = 0.0
Seg 19.5 = 4.8 20.4 = 6.1 18.8 = 4.3 18.6 = 4.8
Eosino 1.4 = 1.0 1.7 £ 0.6 1.2 = 0.9 1.4 = 1.0
Baso 0.0 £ 0.0 0.0 = 0.0 0.0 = 0.0 0.0 = 0.0
Lympho 78.6 = 4.9 77.4 = 6.2 79.6 = 4.1 79.6 + 5.5
Mono 0.5 = 0.3 0.5 £ 0.5 0.4 = 0.3 0.4 = 0.3

Each value represents the meansS.D. (a: 9 animals).
%, *#x: Significantly different from the control at p<0.05 and p<0.01, respectively
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Table 4  Serum biochemistry in male rats fed diet containing magnesium chloride for 90 days

Dose level (%) 0 0.1 0.5 2.5

No. of animals 10 10 10

TP g/dL 6.6 + 0.2 6.6 + 0.1 6.5 + 0.2 6.5 = 0.2
Alb g/dL 4.5 = 0.1 4.5 = 0.1 4.5 = 0.1 4,5 £ 0.1
A/G 2.1 = 0.1 2.2 0.1 2.3 = 0.1 2.2 £ 0.1
T-Cho  mg/dL 74.9 + 5.5 68.4 + 3.9 70.7 = 4.6 65.2 = 4.9"
yGIP  1U/L 2.0 0.0 2.0 £ 0.0 2.0 = 0.0 2.0 £ 0.0
ChE IU/L 5.9 = 0.6 5.2 = 1.0 4,6 + 0.7 4,7 £+ 0.7
AlT 10/L 57.7 = 6.2 57.5 = 5.0 58.8 + 8.4 58.3 = 4.6
AsT 1U/L 86.2 + 12.3 82.6 = 10.0 85.4 = 10.1 79.6 £ 9.4
LDH 1U/L 880.3 = 151.0 759.9 + 330.4 607.0 = 269.3 371.8 + 226.9"
ALP 1U/L 395.9 = 23.8 382.7 = 24.0 346.2 = 19.2" 360.6 + 18.7"
BUN ng/dL 21.0 = 2.6 22.4 = 1.5 21.7 = 1.2 22.1 = 1.2
Cre mg/dL 0.3 = 0.0 0.3 = 0.0 0.3 = 0.0 0.2 = 0.1
Ca mg/dL 10.0 = 0.2 10.1 = 0.1 10.2 = 0.2 10.2 = 0.2
iP mg/dL 5.1 = 0.4 5.2 » 0.3 5.9 + 0.3" 6.1 = 0.4*
Na mEQ/L 143.4 = 0.9 142.8 = 0.8 142.8 + 0.8 142.6 = 1.1

K nEQ/L 4.5 £ 0.2 4,5 = 0.2 4.7 £ 0.3 4.5 = 0.2
Cl nEQ/L 103.8 =+ 1.4 104.5 = 0.9 104.9 = 0.7 103.8 = 0.9

Each value represents the meansS.D.
%, xx: Sienificently different_from the control at p<0.05 and p<0.01, pespectively .. . __.

Table 5  Serum biochemistry in female rats fed diet containing magnesium chloride for 90 days

Dose level (%) 0 0.1 0.5 2.5
No. of animals 10 10 10 9

TP g/dL 6.7 = 0.3 6.5 £ 0.2 6.4 + 0.2 6.4 + 0.2
Alb g/dL 4.8 + 0.2 4.7 = 0.2 4.6 + 0.1* 4.7 = 0.1
A/G 2.7 £ 0.2 2.7 £ 0.2 2.6 £ 0.2 2.7 0.2
T-Cho  mg/dL 91.6 = 7.3 90.8 = 5.3 90.8 + 6.6 94.7 + 5.3
vGIP  IU/L 2.0 £ 0.0 2.0 = 0.0 2.0 £ 0.0 2.0 = 0.0
ChE /L 9.0 + 0.8 8.4 = 0.7 8.6 + 0.8 9.1 =+ 1.2
AlT IU/L 46.9 + 4.5 42.1 + 4.0° 44.3 + 5.4 43.6 = 2.9
AsT 1U/L 75.2 = 6.7 71.4 = 5.0 72.7T £ 7.6 72.4 * 6.7
LDH 1U/L 591.5 = 234.1 407.5 = 240.6 391.0 + 257.4 315.4 = 155.9*
ALP I0/L 212.7 = 26.2 217.6 = 25.0 227.6 = 29.2 223.1 + 24.7
BUN mg/dL 20.0 = 1.7 19.0 + 0.8 19.1 + 3.8 19.5 = 2.5
Cre mg/dL 0.3 = 0.0 0.3 = 0.0 0.3 = 0.0 0.3 = 0.0
Ca mg/dL 10.3 + 0.4 10.2 = 0.3 10.1 = 0.1 10.1 = 0.1
IP mg/dL 6.1 = 0.8 5.4 + 0.5 5.7 = 0.5 5.6 + 0.3
Na nEQ/L 144.1 = 1.1 143.6 = 1.0 143.6 = 0.7 143.4 + 0.7
K nEQ/L 4.4 + 0.7 4.1 = 0.5 4.0 + 0.3 4.1 + 0.2
cl nEQ/L 105.9 = 1.7 105.9 = 1.2 105.3 * 3.5 105.7 = 0.9

Each value represents the mean+S.D.
%, *x; Significantly different from the control at p<0.05 and p<0.01, respectively
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Organ veight of male rats fed diet containing magnesium chloride for 90 days

Table 6

Dose level (%) 0 0.1 0.5 2.5

No. of animals 9 10 10 10

Body weight (g) 324.1 + 16.44 322.0 + 14.53 319.9 + 9.08 307.3 = 19.65

Absolute (g)
Brain 1.927 + 0.031 1.933 + 0.039 1.942 + 0.031 1.807 = 0.050
Thymus 0.197 = 0.033 0.200 = 0.035 0.192 = 0.029 0.174 + 0.033
Lung 1.006 = 0.068 1.027 = 0.072 1.060 = 0.136 0.929 + 0.076
Heart 0.945 + 0.065 0.956 + 0.098 - 0.950 * 0.047 0.901 = 0.057
Spleen 0.606 = 0.027 0.619 + 0.018 0.601 + 0.017 0.552 + 0.045™
Liver 7.871 + 0.494 7.506 + 0.467 7.467 + 0.283 7.192 + 0.553"
Adrenal 0.039 = 0.006 0.038 = 0.009 0.034 = 0.003 0.038 = 0.005
Kidney 1.958 + 0.128 1.901 + 0.167 1.909 + 0.060 1.908 + 0.152
Testis 3.161 = 0.110 3.073 = 0.168 3.136 = 0.104 3.071 = 0.181
Relative (g/100g B.¥.)

Brain 0.596 = 0.028 0.601 = 0.024 0.608 = 0.022 0.622 = 0.028
Thymus 0.061 + 0.010 0.062 + 0.012 0.060 + 0.009 0.057 = 0.010
Lung 0.310 + 0.012 0.319 = 0.011 0.332 * 0.045 0.302 = 0.020
Heart 0.291 = 0.015 0.296 + 0.019 0.297 = 0.015 0.294 + 0.016
Spleen 0.187 + 0.004 0.193 = 0.010 0.188 + 0.007 0.180 = 0.008
Liver 2.428 + 0.078 2.330 = 0.061* 2.335 = 0.069° 2.339 + 0.062°
Adrenal 0.012 + 0.002 0.012 = 0.003 0.011 = 0.001 0.012 = 0.002
Kidney - 0.605 = 0,041 0.590 = 0.030 0.597 = 0.014 0.621 = 0.022
Testis 0.976 + 0.033 0.955 = 0.044 0.981 + 0.040 1.001 = 0.042

Each value represents the meanzS.D.

%, s%: Significantly different from the control at p<0.05 and p<0.01, respectively

Table 7  Organ weight of female rats fed diet containing magnesium chloride for 90 days

Dose level (%) 0 0.1 0.5 2.5

No. of animals 10 10 10 10

Body weight (g) 170.8 = 6.76 171.8 + 5.45 171.1 + 12.82 170.3 + 6.81

Absolute (g)
Brain 1.762 = 0.047 1,748 = 0.032 1.738 + 0.036 1.737 = 0.065
Thymus 0.169 = 0.021 0.158 = 0.014 0.163 = 0.023 0.156 + 0.007
Lung 0.729 = 0.028 0.696 = 0,034 0.724 = 0.089 0.664 = 0.056
Heart 0.575 = 0.037 0.565 = 0.032 0.562 = 0.053 0.595 = 0.025
Spleen 0.384 = 0.031 0.369 = 0.030 0.362 = 0.024 0.358 = 0.024
Liver 3.766 + 0.195 3.581 + 0.121 3.607 = 0.238 3.508 + 0.184"
Adrenal 0.040 = 0.008 0.035 = 0.007 0.039 = 0.007 0.036 + 0.006
Kidney 1.069 + 0.051 1.059 + 0.065 1.065 = 0.085 1.077 = 0.060
Relative (g/100g B.W.)

' Brain 1.033 = 0.051 1.018 = 0.031 1.021 = 0.085 1.021 = 0.035
Thymus 0.099 = 0.013 0.092 = 0.008 0.095 = 0.011 0.092 = 0.004
Lung 0.427 = 0.026 0.405 = 0.021 0.430 + 0.098 0.390 = 0.025
Heart 0.337 = 0.024 0.329 + 0.022 0.329 = 0.019 0.349 = 0.012
Spleen 0.225 = 0.016 0.215 = 0.019 0.212 + 0.014 0.211 + 0.014
Liver 2.207 = 0.119 2.087 + 0.108 2.113 = 0.112 2.060 = 0.057°
Adrenal 0.023 = 0.004 0.020 = 0.004 0.023 * 0.006 0.021 = 0.004
Kidney ~0.626 = 0,019 0.617 + 0.043 0.622 = 0.025 0.633 = 0.024

Each value represents the meansS.D.

%, *%: Significantly different from the control at p<0.05 and p<0.01, respectively
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