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Effects of Licorice on Embryonic and Fetal Development in Rats
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ABTRACT. The developmental toxicity of water extract of licorice (Glycyrrhiza glabra) was evalu-
ated in rats. Licorice extract (500, 1,000 or 2,000 mg/kg) was dissolved in drinking water and orally
administered to male rats from 9 weeks before mating to the day of copulation, and to females from 2
weeks before mating to gestational day 19. On gestational day 20, the animals were sacrificed for
Cesarian section, and maternal and fetal abnormalities were examined. Licorice extract neither induce
clinical signs, nor affect the body weight gain, feed and water intake, estrous cycle, copulation and
fertility rates, blood 17@-estradiol level and organ weights of dams. Alsg, the implantation and devel-
opment including body weights, absorption and death of embryos and fetuses were not influenced by
in utero exposure to licorice. In addition, there were no increases in external, visceral and skeletal
abnormalities of fetuses. Taken together, it is suggested that no observed adverse effect level of lico-
rice extract is higher than 2,000 mg/kg, and that long-term in utero exposure to licorice might not
cause developmental toxicities of embryos and fetuses.
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Fig. 1. Change in body weights of dams treated with lico-
rice from 14 days before mating to final day of gestation. @,
Vehicle; ¥, 500 mg/kg; ., 1,000 mg/kg; 4, 2,000 mg/kg.
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Fig. 2. Daily feed intake (g) by dams treated with licorice
from 14 days before mating to final day of gestation. @,
Vehicle; ¥, 500 mg/kg; B, 1,000 mg/kg; €, 2,000 mg/kg.
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Fig. 3. Daily water intake (ml) by dams treated with licorice
from 14 days before mating to final day of gestation. @,
Vehicle; ¥, 500 mg/kg; B, 1,000 mg/kg; 4, 2,000 mg/kg.

Table 1. Estrous cycle, copulation and fertility rates in dams
treated with licorice for 14 days before mating

Licorice Licorice Licorice

Treatment (mg/kg) Vehicle (500) (1.000)  (2.000)
No. of rats examined 28 29 29 28
No. of rats with 4-day 23 21 23 22
estrous cycle (%) (82.1) (72.4) (79.3) (78.6)
No. of rats paired 28 29 29 27
Copulated 26 22 25 22
Copulation rate (%) (92.9) (75.9) (86.2) (78.6)
Pregnant 26 22 25 22
Fertility rate (%) (100.0) (100.0) (100.0) (100.0)
YHEFI|, nolg ¥ THE :
237k 22T Foid e WHFY) A A 4d
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Table 2. Organ weights (g) of dams on gestational day 20 following treatment with licorice from 14 days before mating

Treatment (mg/kg) Vehicle Licorice (500) Licorice (1,000) Licorice (2,000)
Liver 1433+ 1.37 13.93+2.21 13.20+1.83 12.93+1.48
Kidneys 1.87£0.24 1.89+0.23 1.86+0.19 1.85+0.19
Spleen 0.75+0.11 0.72+0.21 0.67+0.10 0.66 £0.09
Adrenal glands 0.0670+0.0128 0.0665 +0.0129 0.0981 £ 0.1412 0.0837 + 0.0095
Brain 1.61+0.30 1.56 £ 0.25 1.56 £ 0.29 1.60+0.28
Pituitary glands 0.0136 + 0.0032 0.0136 £ 0.0057 0.0134 £ 0.0024 0.0168 + 0.0105
Lung 1.35+0.15 1.24+0.19 1.27 £0.16 1.24 +0.11
Heart 1.03+£0.12 1.05+0.16 1.01+£0.10 1.03+0.13
Thymus 044 +0.12 049+0.12 044 £0.12 042+0.11
Thyroid glands 0.0251 + 0.0227 0.0195 +£ 0.0073 0.0170 + 0.0038 0.0166 + 0.0060
Ovaries 0.1530 + 0.0295 0.1488 + 0.0202 0.1545 + 0.0215 0.1543 £ 0.0315
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Table 3. Fetal implantation, mortality and external appearance examined on gestational day 20 following treatment with

licorice from 14 days before mating

Treatment (mg/kg) Vehicle Licorice (500) Licorice (1,000) Licorice (2,000)
No. of dams 24 25 21 20
Placenta weights 0.48 £0.08 0.49+0.05 047 £0.07 0.58 £0.53
No. of corpora lutea 442 421 398 387
No./litter 184 +£3.0 17.5+3.2 19.0+£4.0 194+44
No. of implantations 332 332 296 264
No./litter 138+14 13.8+22 141136 13.2+34
Implantation rate (%) 7661128 806+15.8 78.0+232 69.6 +22.1
No. of fetal death 10 17 10 12
Early resorption 9 16 9 1"
Late resorption 1 1 1 1
Death 0 0 0 0
Fetal mortality (%) 32146 51+69 3.3+41 4357
No. of live fetuses 320 313 286 252
No./litter 13.3+16 13.0+24 143+16 13.3+1.4
Fetal body Male 3.94 £0.98 414 £0.40 418 +0.27 4.01%£023
weights (g) Female 3.83+048 3.98 +0.47 402062 395049
External anomalies (%) 0.00 £ 0.00 0.00 +0.00 0.00 £ 0.00 0.00 £0.00
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Table 4. Visceral abnormalities of fetuses from dams treated with licorice from 14 days before mating

Treatment (mg/kg) Vehicle Licorice (500) Licorice (1,000) Licorice (2,000)

No. of dams 24 25 | 20 19

No. of fetuses examined 151 163 138 127

No. of variations 7 (4.6%) 16 (9.8%) 12 (8.7%) 2 (1.6%)
Dilatations of renal pelvis & ureter 3 (2.0%) 6 (3.7%) 4 (2.9%) 0 (0.0%)
Thymic remnant in the neck 4 (2.6%) 10 (6.1%) 8 (5.8%) 2 (1.6%)

Table 5. Skeletal abnormalities of fetuses from dams treated with licorice from 14 days before mating

Treatment (mg/kg) Vehicle Licorice (500) Licorice (1,000) Licorice (2,000)

No. of dams 24 25 20 19

No. of fetuses examined 157 162 139 114

No. of abnormalities 24 (15.3%) 23 (14.2%) 13 (9.4%) 23 (20.2%)

Malformations 2 (1.3%) 3(1.9%) 1(0.7%) 0 (0.0%)
Asymmetric ribs alignment 1(0.6%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Cleavage of sternum 1(0.6%) 3 (1.9%) 1(0.7%) 0 (0.0%)

Variations 22 (14.0%) 20 (12.3%) 12 (8.6%) 23 (20.2%)
Delayed ossification of sternum 17 (10.8%) 17 (10.5%) 5(3.6%) 15 (13.2%)
Bipartite ossification of vertebral centrum 4 (2.5%) 2 (1.2%) 3(2.2%) 4 (3.5%)
Dumbbell ossification of vertebral centrum 1(0.6%) 1(0.6%) 4(2.9%) 4 (3.5%)

(Table 4).
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