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Teratogenicity study of morpholine salts of fatty acids (oleic acid, 50% water solution)
in rats by oral administration

Kazue Sakemi®, Makoto Usami, Hideo Kurebayashi and Yasuo Ohno

Teratogenicity of morpholine salts of fatty acids was examined in Wistar rats (Crj : Wistar). Morpholine
salts of fatty acids (oleic acid, 50% water solution) was given to pregnant rats by gavage once a day from day 6
through day 15 of pregnancy at doses of 0, 234, 468 and 936 mg/kg/day. The pregnant rats were sacrificed on ‘
day 20 of pregnancy and their fetuses were examined for malformation. Morpholine salts of fatty acids caused
nasal discharge, dirty nose and salivation in pregnant rats at doses from 234 mg/kg/day. However, fetal effects,
such as malformation and growth retardation, were not observed even at 936 mg/kg. It was concluded that mor-
pholine salts of fatty acids has no teratogenicity in rats when given by oral administration. The no-observed-
adverse-effect level was 936 mg/kg/day for rat fetuses and less than 234 mg/kg/day for pregnant rats. '

Keywords: morpholine salts of fatty acids, food additive, Wistar rat, teratogenicity, developmental toxicity
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Fig 1. Body weight of pregnant rats treated with morpholine
salts of fatty acids
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‘Table 1. Clinical signs in pregnant rats treated with morpholine salts of fatty acids

Dose (mg/kg/day)
0 (control) 234 468 936
No. of pregnant rats 21 21 21 21
No. of dead pregnant rats 0 0 0 0
No. of pregnant rats with toxic signs 0 (0.0%) 7 (33.3%)** 20 (95.2%)** 21 (100%)**
Nasal discharge or dirty nose 0 (0.0%) 5(23.8%)* 13 (61.9%)** 15 (71.4%)**
Salivation 0(0.0%) 2 (9.5%) 18 (85.7%)** 20 (95.2%)**

*, **: Significantly different from the control group at p<0.05 and p<0.01, respectively.
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Table 2. Fetal growth in pregnant rats treated with morpholine salts of fatty acids -

Dose (mg/ke/dav)
0 (control) 234 468 936

No. of litters 21 21 21 21
No. of corpora lutea* 17612 17419 17.6 £ 2.6 16.7+1.6
No. of implants* 169+ 1.9 162+2.1 162+1.8 158 +2.1
Implantation rate (%) 96.0£9.1 93.3+7.7 93.1£10.6 943482
No. of live fetuses* 157+25 150+24 149+2.1 148+24
Sex ratio (male/female) 145 1.29 1.28 1.29
Fetal weight (g)*

Male 4.04+0.20 4.11+0.16 4.06+023 4.01+0.21

Female 3.79+£0.23 392+0.15 3.84 £0.19 3.80 £ 0.20
No. of dead implants 24 27 28 21

Early death 24 26 28 21

Late death 0 1 0 0

Mortality (%)* 72+84 79+87 7.8+12.1 64+8.0

a: Mean + S.D. is shown.

Table 3. Gross malformations in the fetuses from pregnant rats treated with morpholine

salts of fatty acids
Dose (mg/kg/day)
0 (control) 234 468 936
No. of litters 21 21 21 21
No. of litters with malformed fetus 0 (0.00%) 2 (9.52%) 0 (0.00%) 1(4.76%)
No. of examined fetuses 330 314 312 310
No. of fetus with malformation* 0 (0.00%) 2 (0.62%) 0 (0.00%) 1(0.34%)
Polydactyly 0 (0.00%) 1(0.30%) 0 (0.00%) 0 (0.00%)
Club foot 0 (0.00%) 1(0.30%) 0 (0.00%) 0 (0.00%)
Dwarf 0 (0.00%) 1(0.32%) 0 (0.00%) 1 (0.34%)

a:Mean £ S.D. is shown.
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Table 4. Skeletal variations in the fetuses from pregnant rats treated with morpholine salts of fatty acids

Dose (mg/kg/day)
0 (control) 234 438 936

No. of litters 21 21 21 21

No. of fetuses examined 1 162 163 160

No. of fetuses with malformations* 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%)

No. of fetuses with variations* 62 (36.4%) 76 (47.4%) 75 (46.5%) 63 (40.7%)
Hypoplastic supraoccipital 26 (15.5%) 21 (13.3%) 20 (12.3%) 18 (12.1%)
Cervical rib 0 (0.00%) 0 (0.00%) 0 (0.00%) 3 (2.43%)
Fused cervical vertebral arch 0 (0.00%) 1 (0.53%) 0 (0.00%) 0 (0.00%)
Deformed cervical vertebral arch 16 (8.83%) 7(4.75%) 9 (5.42%) 9 (5.56%)
Deformed sternebrae 8 (4.12%) 8 (4.78%) 5(2.93%) 8 (4.99%)
Deformed thoracic vertebral body 14 (7.96%) 31 (20.1%) 25 (17.0%) 13 (8.84%)
Wavy rib 4 (2.40%) 6 (4.30%) 14 (8.73%) 10 (6.29%)
Lumbar rib 19 (11.4%) 25 (14.7%) 32 (19.0%) 20 (12.9%)

Extra 0 (0.00%) 2 (1.12%) 4 (2.40%) 0 (0.00%)
Rudimentary 19 (11.4%) 23 (13.6%) 30 (17.9%) 20 (12.9%)

Others 1(0.60%) 1(0.95%) 2 (1.19%) 1(0.43%)
No. of sacro-caudal vertebrae® 8.32+0.51 8.41 +0.46 8.50+£0.56 8.50+£0.31
No. of metacarpus® 7.75+0.30 7.84%0.18 7.86 £0.30 7.90£0.23
No. of metatarsus® 8.09+0.17 8.22+0.34 8.25+0.39 8.23 +0.37

a : Total number and mean incidence are shown.

b : Mean + S.D. is shown.
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Table 5. Visceral malformations in the fetuses from pregnant rats treated with

morpholine salts of fatty acids
Dose (mg/kg/day)
0 (control) 936
No. of litters 21 21
No. of fetuses examined 159 150
No. of litters with malformed fetus 8 (38.1%) 11 (52.4%)
No. of fetuses with malformations* 11 (6.72%) 17 (10.8%)
Thymic remnant in neck 8 (4.85%) 12 (7.45%)
Dilatation of cerebral ventricle 0 (0.00%) 1 (0.68%)
Diaphragmatic hernia 0 (0.00%) 2 (1.28%)
Hypoplasia of spleen 0(0.00%) 1(0.68%)
Dilatation of ureter 2(1.19%) 1(0.60%)
Left-sided umbilical artery 2(1.28%) 2(1.47%)

a : Total number and mean incidence are shown.
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