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Reproductive and Neurobehavioural Toxicity Studies of Amaranth Administered to Mice in the

Diet or in Drinking Water.

TOYOHITO TANAKA®, OSAMU TAKAHASHI®, SHINSHI OISHI”

The colour additive amaranth was given in the diet at levels of 0 (control), 0.03, 0.09, and 0.27 %, or in

drinking water at levels of 0 (control), 0.025, 0.075, and 0.225 % from 5 weeks of age in the F, generation until

weaning of the F, generation to mice, and selected reproductive and neurobehavioural parameters were

measured. Amaranth produced few adverse effects on either litter size or litter weight and sex ratio at birth.

There were no significant adverse effects of amaranth on the average offspring weight during the lactation

period. In neurobehavioural parameters, swimming direction on postnatal day (PND) 4 and olfactory

orientation on PND 14 were significantly affected in male and female offspring in a dose-related manner in the

diet study. In drinking water study, swimming head angle on PND 4 and olfactory orientation on PND 14 were

significantly affected in both male and female offspring in a dose-related manner. The dose levels of amaranth

in these studies produced some adverse effects on neurobehavioural parameters in mice.

KeywordsU 0 0 0 00O O Food Red No.2, 00 00O amaranth, 00 0O O reproductive toxicity, 0 0 0O O

behavioural development, O O O mice
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Table 1. Average Daily Food and Chemical Intake of Mice Administered Amaranth in the Diet in Two-generation
Toxicity Study.
Dose Level (%)
0 0.03 0.09 0.27
Food intake (g /kg/day)
pre-conception
male 167.0+ 6.71 167.9+ 10.45 168.6+ 9.56 168.5+ 8.81
female 196.7+ 13.52 232.4+ 33.00* 217.6x 24.56 220.8+ 30.70
mating 141.9+ 17.72 154.0+ 7.16 150.6% 22.82 152.9+ 1741
gestation 149.7+ 11.27 164.9+ 18.02 157.7+ 18.29 163.6+ 31.24
lactation 619.3+ 59.16 614.4+ 82.39 654.2+ 86.19 581.6+ 145.06
Chemical intake (mg/kg/day)
pre-conception
male ad 50.4+ 3.13 151.7+ 8.61 455.0+ 23.79
female 0 69.7+ 9.90 195.9+ 22.11 596.1+ 82.90
mating O 46.2+ 2.15 135.6+ 20.53 412.8+ 46.99
gestation ad 49.5+ 541 142.0+ 16.46 441.8+ 84.35
lactation H] 184.3+ 24.72 588.8+ 77.57 1570.3+ 391.56

Each value represents daily intake during each period (mean+ SD). Significantly different from controls: *P<0.05.

Table 2. Summary of Data of Litters at Birth in Two-generation Toxicity Study of Amaranth Administered to

Mice in the Diet.
Dose Level (%)
0 0.03 0.09 0.27
No. of females examined 10 10 10 10
No. of pregnant females 10 10 9 10
No. of litters 9 10 9 10
No. of offspring 109 124 109 97
Average litter size 12.1 £ 0.93 124 + 2.80 12.1 £ 2.67 9.7 £ 212
Average litter weight (g) 18.96+ 1.23 19.12+ 3.79 18.68+ 3.50 14.95+ 6.33
Sex ratio (male/female) 0.91 (52/57) 0.88 (58/66) 0.98 (54/55) 0.76 (42/55)
FEach value represents the mean+ SD.
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Fig.l Average body weight of offspring during the lactation period in two-generation toxicity study of amaranth
administered to mice in the diet. Each value represents the mean+ SD.
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Table 3. Summary of Number of Offspring and Survival Index (%) during the Lactation Period in Two-generation
Toxicity Study of Amaranth Administered to Mice in the Diet.

Dose Level (%)
0 0.03 0.09 0.27

Male offspring

PND 0 520 100.000 580 100.0L 540 100.000 420 100.00

PND 4 450 100.00 490 92.500 440 97.80 320 100.00

PND 7 450 100.00 480 90.6F 440 97.80 320 100.00

PND 14 450 100.00 470 95.900 440 97.80 320 100.00

PND 21 450 100.00 470 95.900 440 97.80 320 100.00
Female offspring

PND 0 570 100.000 660 100.0C 5500 100.000 5500 100.000

PND 4 530 100.000 480 92.3[F 490 100.00 390 97.50

PND 7 530 100.000 480 92.3[F 490 100.00 390 97.50

PND 14 530 100.00 480 92.3[F 490 100.00 390 97.50

PND 21 530 100.00 480 92.3[F 490 100.00 390 97.50

Each value represents number of offspring; survival index in parentheses. Significantly different from controls: *P<0.05.
Survival index is calculated with exception of litters that died.
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Fig.2 Score frequencies of behavioural development in the lactation period in two-generation toxicity study of amaranth
administered to mice in the diet. Significantly different from controls: *P0 0.05, **PO 0.01, ***P0 0.001.

gboobodboboobooboboooboboboo gboobodboboobooboboooboobobon
gbooooooooobooobooboooboooooo gboooooooobooobooboboooo

gbooooobobooboobobooobobobon O00000000Table 500000000000
gboooboobobooooobobooobooboboon gbooooboobobooboobobooooboobobon

gboobodboboobooboboooboboboo 0000000000000 0o00o0o000o0oo0OFrig.



goooooooooooost,

2000

283

Table 4. Average Daily Fluid and Chemical Intake of Mice Administered Amaranth in Drinking Water in

Two-generation Toxicity Study.

Dose Level (%)
0 0.025 0.075 0.225

Fluid intake (g /kg/day)

pre-conception

male 245.6+ 17.86 236.3+ 41.19 234.6+ 17.09 2417+ 27.35

female 2970+ 2148 311.2+ 40.01 293.2+ 30.65 299.6+ 32.06
mating 2254+ 2118 230.7+  30.92 215.7+ 23.87 216.7+ 33.62
gestation 207.0+ 19.83 2175+ 19.55 198.0+ 21.61 220.2+ 2742
lactation 878.0 £ 123.52 721.5+ 232.35 961.2+ 137.37 759.6+ 162.52
Chemical intake (mg/kg/day)

pre-conception

male 0 59.1+ 10.30 175.0+ 12.82 543.7+ 61.54

female 0 77.8+ 10.00 219.9+ 22.99 674.0+ 72.14
mating 0 57.7+ 7.73 161.7+ 17.90 487.7+ 75.65
gestation 0 544+ 4.89 1485+ 16.20 4954+ 61.70
lactation 0 180.4+ 58.09 720.9+ 103.03 1709.1+ 365.67

Each value represents daily intake during each period (mean+ SD).

gbooooooooobooobooboooboooooo
gboooooboboobooboboooboobobon
gboooobobooobooboboooboobobon
ooooOoobo4000000O0O0OO0O0OOO0OOOOn
gboooooooooooobooboooboooooo

goboooobooboooobboobboooboo

Table 600000000 DOCOOOOODOOOOOOO
gbooodbobobooodobobooo

OO000000O0O0O0O00OO0O0O0OO0OFig. 4000
gbooooobobooboobobooobooboboon
OO000o0oO00ooo00DooOooooPp<o.05Oo0n
gboobodbobooboobobooooobobon
ooboo0oooobbOooooboooooboooooobooag
00000pPo0IMopol4oooooooooon
gboooooboboooboobobooooobobon
000000 0ooooooopoob@m4aooooon
gboooooooooooobooboooboooooo
O0o0o0O00oo0o0oooooDoOonooP<Ko.0500
pLO0IMOO0O0OOOODOO0OOUOOODOooonO
gboobodboboooobobooooobobon
gbooooooooobooobooboooboooooo
gogoboooooboboobooooo

goooad

ubobooboboboobooboboobaba
gbooooooooobooobooboooboooooo
gboooooboboobooboboooboobobon
gbooboobobooobooboboooboobobon
gboobodboboooobobooooobobon

16
*k
14 -O- CONTROL
R -A- 0.025%
& 12 O 0.075%
[_‘ ! (]
E = 0225%
&)
Z
&
=9
75
<9
&9
o
o0 A ! )
0 4 7 14 21
POSTNATAL DAYS
16
14 | **
| -0~ CONTROL
® 12 F | A 0.025%
E ’ I+ 0.075%
© 10F ‘ - 0225%
=
QO
5
2 6
w
=
5 4
2

POSTNATAL DAYS

Fig.3 Average body weight of offspring during the
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Table 5. Summary of Data of Litters at Birth in Two-generation Toxicity Study of Amaranth Administered to

Mice in Drinking Water.
Dose Level (%)
0 0.025 0.075 0.225

No. of females examined 10 10 10 10

No. of pregnant females 10 9 10 10

No. of litters 10 9 10 10

No. of offspring 126 91 134 105
Average litter size 126 = 1.78 10.1 = 3.82 134 + 2.32 10.05% 3.63
Average litter weight (g) 20.09+ 3.33 16.20+ 5.44 20.83% 3.03 17.22+ 4.97
Sex ratio (male/female) 1.171 68/580 1.120 48/430 1.161 72/620 1.561 64/410

Each value represents the meant SD.

Table 6. Summary of Number of Offspring and Survival Index (%) during the Lactation Period in Two-generation
Toxicity Study of Amaranth Administered to Mice in Drinking Water.

Dose Level (%)
0 0.025 0.075 0.225

Male offspring

PND 0 630 100.00 480 100.00 720 100.00 420 100.00

PND 4 660 97.10 450 93.80 700 97.20 320 100.00

PND 7 660 97.10 420 93.30 700 97.20 320 100.00

PND 14 600 96.80 310 91.20 700 97.20 320 100.00

PND 21 530 96.40 300 88.2L 610 93.80 320 100.00
Female offspring

PND 0 580 100.00 430 100.00 620 100.00 410 100.00

PND 4 570 98.30 370 86.0CF 600 96.80 410 100.00

PND 7 570 98.30 370 86.0CF 600 96.80 360 100.00

PND 14 490 98.00 220 75.90¢* 590 95.20 360 100.00

PND 21 410 91.10 210 72.40F 530 94.600 310 86.100

Each value represents number of offspring ; survival index in parentheses. Significantly different from controls : " P<0.05,
"7Pp<0.01.
Survival index is calculated with exception of litters that died.
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Fig.4 Score frequencies of behavioural development in the lactation period in two-generation toxicity study of
amaranth administered to mice in drinking water. Significantly different from controls: "P0O 0.05, ""PO 0.01,
**P0 0.001
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