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Table 1-1. Relative Organ Weight and Hematological Examination Data from Mother Mice ~ (Mean + SD)

Material Control 4CI-iBF
mg/kg bw/day 0.0 0.37 (L) 1.1 (M) 3.3 (H)
Number of mother mice 15 15 12 12
Liver (%) 4.62+0.68 4.59+0.31 4.47+0.30 4.47+0.22
Kidney (%) Right 0.37+0.04 0.40+0.07 0.41+0.09 0.39+0.03
Left 0.35+0.05 0.37+0.06 0.36+0.01 0.35+0.03
Total 0.724+0.09 0.78+0.12 0.78+0.12 0.74+0.05
Spleen (%) 0.24+0.05 0.25+0.07 0.25+0.04 0.25+0.04
Ovary (%) total 0.03+0.01 0.03+0.01 0.03+0.01 0.03+0.01
WBC (x10%/pL) 51.0+16.3 51.8421.0 49.549.8 53.1+15.1
RBC (x10%/uL) 732.6£119.1 767.5+74.1 770.9+58.4 781.7+47.8
HGB (g/dL) 12.0£2.0 12.7£1.4 12.7+0.8 12.8+0.8
HCT (%) 39.1£6.6 41.144.2 41.54£2.5 42.5+3.1
MCV (fL) 53.4+2.0 53.6x1.5 53.9+1.7 54.3+1.1
MCH (pg) 16.3£0.6 16.5+0.6 16.5+0.6 16.4+0.4
MCHC (g/dL) 30.6+0.5 30.8+0.6 30.5+0.49 30.2+0.7
PLT (x10%pL) 137.9+£31.7 133.8+25.5 133.9+17.5 146.9+15.1

Abbreviation: WBC ; white blood cells, RBC ; red blood cells, HGB ; hemoglobin HCT ; hematocrit, MCV ; mean corpuscular volume,
MCH ; mean corpuscular hemoglobin, MCHC ; mean corpuscular hemoglobin concenyration, PLT ; platelets
[Statistical analysis] Relative Organ Weight date : Dunnett-test, Hematological Examination data : Steel-test

Table 1-2. Relative Organ Weight and Hematological Examination Data from Mother Mice (Mean + SD)

Material Control 4Cl-iBF 4F-iBF p-Methoxybutyryl  Isotonitazene
fentanyl
mg/kg bw/day 0.0 33H) 3.3(H) 33H) 33(H)
Number of mother mice 15 12 12 16 8
Liver (%) 4.62+0.68! 4.47+0.22 4.57+0.291 4.59+0.41M 5.28+0.50" 1188
Kidney (%) Right 0.37+0.04 0.39+0.03 0.40+0.03 0.37+0.07 0.43+0.04
Left 0.35+0.05 0.35+0.03 0.37+0.04 0.39+0.11 0.41+0.05
Total 0.72+0.09% 0.74+0.05 0.77+0.07 0.84+0.13" 0.84+0.08
Spleen (%) 0.24+0.05 0.25+0.04 0.24+0.08 0.22+0.05 0.23+0.05
Ovary (%) total 0.03+0.01 0.03+0.01 0.03+0.01 0.03+0.01 0.03+0.02
WBC  (x10%pL) 51.0£16.3 53.1£15.1 44.0+13.4 49.4+14.3 40.6+17.3
RBC (x10%uL) 732.6+119.1% 781.7+47.8 783.0+50.0! 831.8+54.07l 706.4+36.518%
HGB (g/dL) 12.0£2.0 12.8+0.8ll 12.60.71I 13.0+0.9!ll 11.240.67TH88
HCT (%) 39.1£6.6 42.543.1! 42442 4l 43.7+2 8lll 38.042.018
MCV (fL) 53.4+2.0 54.3+1.1 54.3+1.5 52.6+1.9 53.8+2.1
MCH (pg) 16.3£0.6 16.4+0.4 16.2+0.4 15.6+0.7 15.940.8
MCHC (g/dL) 30.6+0.5 30.2+0.7 29.8+0.4 29.7+1.1 29.6+0.8
PLT (x10%pL) 137.9+£31.7 146.8+15.1 143.1£21.4 147.5£10.1 156.9+18.9

[Statistical analysis] Relative Organ Weight date : Tukey-Kramar method, Hematological Examinatio data : Steel-Dwass method
Control vs. ; * P<0.05, **P<0.01 / 4Cl-iBFvs.;tP<0.05, 7fP<0.01 / 4F-iBFvs.;{P<0.05 1iP<0.01
p-Methoxybutyrylfentanyl vs. ; § P<0.05, §§P<0.01 / Isotonitazene vs. ;| P<0.05, |[|||P<0.01
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Table 2-1. Prenatal Observation Data for Mice Intraperitoneal Administration Treated with 4CI-iBF on Days 7-12 of Gestation

Material Control 4Cl-iBF
mg/kg bw/day 0.0 0.37 (L) 1.1 (M) 33MH)
a  Number of female mice mated 15 15 12 12
b Number of female mice died 0 0 0 0
¢ Number of female mice gestated 13 13 12 12
d  Number of mother mice with live fetuses 13 13 12 12
e  Number of corpora luted Mean 13.7£2.1 13.9+2.8 12.9+2.1 13.7+1.9
f  Number of implants Mean 134425 132434 12.4+1.8 13.3£1.9
g Percent resorption of fetuses (%) # total 1.23 £1.36 0.77+1.09 1.00+1.41 0.92+0.79
1) early 0.69+0.85 0.62+0.77 1.00£1.41 0.75+0.75
2) late 0.54+0.88 0.15+0.38 0 0.17+0.39
h  Number of live fetuses 12.1£3.1 12.5£3.6 11.4+£2.4 12.3+1.6
i Sexratio J&/Q # 165.5+£122.7 131.5+65.9 118.8+83.6 106.0+£67.7
j  Body weight of live fetuses Mean # Male 1.46+0.10 1.46+0.11 1.44+0.12 1.44+0.07
Female 1.40%0.09 1.394+0.13 1.39+.012 1.40+0.05

a. Number of female mice confirmed for vaginal plug

b. Died cases up to the killed time after copulation

c. Number of female mice with implantation sites

d. Number of dams with more than one living fetus

e-j. Calculated with the dam(d) with living fetus (Mean + SD)

g-1). Cases showing implanted sites and amorphous germinal mass (Mean + SD)

g-2). Cases showing the head and limbs (Mean + SD)

i. M/F+M)*100 (Mean = SD)

# Value of group was obtained by averaging the percentages of each litter
[Statistical analysis] a-d: Fisher’s exact test, e-j : Dunnett test

Table 2-2. Prenatal Observation Data for Mice Intraperitoneal Administration Treated with Illegal 4 Drugs on Days 7-12 of Gestation

Material Control 4Cl-iBF 4F-iBF p-Methoxy Isotonitazene
butyrfentanyl
mg/kg bw/day 0.0 33H) 33H) 3.3H) 3.3H)
a  Number of female mice mated 15 12 12 16 8
b Number of female mice died 0 0 0 0 0
¢ Number of female mice gestated 13 12 12 15 8
d  Number of mother mice with live fetuses 13 12 12 15 8
¢ Number of corpora luted 13.742.1 13.7£1.9 13.3£1.8 14.7£2.7 15.1£1.5
f  Number of implants 13.4+2.5 13.3+1.9 12.3+1.5 13.1+£3.2 13.9+2.1
g Percent resorption of fetuses (%) # total 1.2+1.4 0.9+0.9 0.9+0.8 1.2+1.1 1.9+£1.7
1) early 0.7+0.9 0.8+0.8 0.8+0.7 1.1£1.1 1.8+1.8
2) late 0.5+0.9 0.2+0.4 0.1+0.3 0.1+0.4 0.1+0.4
h  Number of live fetuses 12.243.1 12.3+1.6 11.3£1.2 12.143.5 12.0+£2.8
i Sexratio 3/Q # 165.5+122.7 106.0+67.7 109.7+55.7 172.4+168.7 117.9468.1
j  Body weight of live fetuses Mean # Male 1.46+0.10 1.44+0.07 1.41+0.10 1.50+0.16 1.2840.17
Female 1.40+0.09 1.40+0.05 1.38+0.15 1.42+0.15 1.224+0.18

[Statistical analysis] a-d : Fisher’s exact test, e-j : Tukey-Kramar method

LR RIKE T, P (H) BE& ik LEEOIRIAE 81 (13) RSN, ¢ (H) EOF (H), P (H), 1
DEEIZHD L. (H) BEOTXTORETHBE LT Z N0 R GHEMIC
@) BT, ER HKIEOINEHT, EH%E Table 3-2 HEEHHEHEMICH BRI D b o Tz
\RT. CL(H) BECIEB~L =71, U2, R 65) BREE, EERMEEEITE REOBKRFEL

1 (BfE#12), P (H) B2 (15) ,F (H) BETIX Table 4-2 {2779, Cl (H) (EBEEBE 1 (B 12),
AEHFRITMHER N2 -7, 1 (H) BETIXBR 1, i F (H) MEsomiicsl&ZaE, 1 (H) 24 1, #HEERAE 1
1, BO& 1, FFAHIMm 2 (8) AR LN, XBEETIEZ (8) 72 EMWB ST, RBHES 2 D GREM CHER



o

@ 2 W ' FE O, 72,2021

321

Table 3-1. External Observation Data for Mice Intraperitoneal Administration Treated with 4Cl-iBF on Days 7-12 of Gestation

Material Control 4Cl-iBF
mg/kg bw/day 0.0 0.37 (L) 1.1 (M) 3.3H)

k  Number of fetuses examined 158 163 137 147
1 Malformation Percent malformation # (%) 1.3+4.6 2.9+7.1 0.8+£2.6 2.1+£5.4
m  Type & number of affected

1) Exencephaly 0 1 0 1

2) Open eye 0 1 0 0

3) Omphalocele 0 0 1 0

4) Polydactyly 1 0 1 0
n  Other anomalies Percent anomalies # (%) 0.51+0.02 2.49+0.05 0 1.31+0.03

1) Club foot 0 4 0 1

2) Petechia 1 0 0 1

n. Direction anomalies of tail and limbs, hematoma, edema and others (Mean + SD)
# Value of group was obtained by averaging the percentages of each litter

[Statistical analysis] I: Steel test, m,n : Fisher’s exact test

Table 3-2. External Observation Data for Mice Intraperitoneal Administration Treated with Illegal 4 Drugs on Days 7-12 of Gestation

Material Control 4CIl-iBF 4F-iBF p-Methoxybutyryl  Isotonitazene
mg/kg bw/day 0.0 3.3 (H) 3.3 (H) ;e;t?:ll) 3.3H)

k  Number of fetuses examined 158 147 136 182 98
1 Malformation Percent malformation # (%) 1.3+4.6 2.145.4 0 1.0£2.6 5.1£5.9
m  Type & number of affected

1) Exencephaly 0 0 0 1 1

2) Open eye 0 0 0 0 0

3) Omphalocele 1 0 0 0 0

4) Polydactyly 0 0 0 0 1
n  Other anomalies  Percent anomalies # (%) 0.51+0.02 1.31+0.03 0 0.51+0.02 3.04+0.04

1) Club foot 0 1 0 1 1

2) Petechia 1 1 0 0 2

[Statistical analysis] I, n : Steel-Dwass method, m,n-1, 2) : Fisher’s exact test
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Table 4-1. Skeletal Observation Data for Mice Intraperitoneal Administration Treated with 4CIl-iBF on Days 7-12 of Gestation

Material Control 4Cl-iBF
mg/kg bw/day 0.0 0.37 (L) 1.1 (M) 3.3 (H)
k  Number of fetuses examined 158 163 137 147
o Malformation Percent malformation # (%) 0 0.02+0.04 0.02+0.04 0.01+0.02
p  Variation
Type & number of fetuses affected
1) Isolated ossification site of the thoracic vertebral arch
2) Fused & branched rib 2
3) Fused lumbar vertebral centra 0 0 0 1
q  Other anomalies
1) Unossified Skull 0 1.242.8 0 0.8+2.6
2) Asymmetry of sternebra 10.5+10.2 14.4+13.0 6.7£7.5 15.7+11.6
3) Accessory of sternebra 1.243.0 15.843.0 7.1£12.6 4.948.5
4) Cervical rib 17.9£22.9 18.5+14.7 21.4+21.4 24.8+26.4
5) Thoracolumbar ribs 1.5+5.5 18.7£29.6™ 30.2£22.5™ 25.0£19.8™
6) Isolated & branched of atlas & cervical 7.2+11.2 4.0£10.2 7.5+8.3 8.3+8.4
7) Absent & supernumerary lumbar vertebrae 12.2+17.2 0 0 8.4+14.4
8) Separated or defectived development sternebrae 1.3£3.2 4.247.1 4.7£5.2 13.0+20.2
r  Ossification
1) Mean number of ossified fore limb phalanx 2.6+0.5 2.9+0.4 2.8+£0.5 2.6+0.3
2) Mean number of ossified hide limb phalanx 2.6+0.4 2.9+0.6 2.8+0.5 2.5+£0.2
3) Mean number of ossified post lumbar bertebrae 12.0+1.3# 11.2+2.4 12.2+1.4 11.6+1.4

p-2). Cases showing deviation over 1/2 of length of maximum sternal nucleus between left and right nuclei (Mean + SD)
g-5). Definition of lumbar rib was based on Kimmel and Wilson (Teratology, 8, 309-316, 1973) (Mean + SD)

r-2). [(Pro.+Mid.)/2] (Mean+ SD)

r-3). Sum of numbers of ossificated sacral and coccygeal vertebrae (Mean+ SD)

# Value of group was obtained by averaging the percentages of each litter
[Statistical analysis] o, q, r : Steel test, p : Fisher’s exact test / Control vs. : * P<0.05, **P<0.01
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Table 4-2. Skeletal Observation Data for Mice Intraperitoneal Administration Treated with Illegal 4 Drugs on Days 7-12 of Gestation

Material Control 4CIl-iBF 4F-iBF p-Methoxybutyryl  Isotonitazene
fentanyl
mg/kg bw/day 0.0 3.3 (H) 3.3 (H) 3.3 (H) 3.3 (H)
k  Number of fetuses examined 158 147 136 182 98
o Malformation Percent malformation (%) 0 0.01+0.02 0.01+0.02 0.01+0.02 0.01+0.03

p  Variation

Type & number of fetuses affected

1) Isolated ossification site of the thoracic vertebral 0
2) Fused & branched rib 0
3) Fused lumbar vertebral centra 0

q Other anomalies

1) Unossified skull ol

2) Asymmetry of sternebra 10.5+10.2
3) Accessory of sternebra 1.2+£3.0
4) Cervical rib 17.9£22.9
5) Thoracolumbar ribs 1.5£5.5
6) Isolated & branched of atlas & cervical 7.2+11.2
7) Absent & supernumerary lumbar vertebrae 12.2+17.2
8) Separated or defectived development sternebrae 1.3£3.2

r  Ossification

1) Mean number of ossified fore limb phalanx 2.6+0.5
2) Mean number of ossified hide limb phalanx 2.6+0.4
3) Mean number of ossified post lumbar bertebrae 12.0£1.3

1 1 0 0
0.8+£2.6 2.9+£7.5 ol 5.9+8.1"
15.8+11.6 15.8+11.6 12.0£15.6 23.2+12.8
4.9+8.5 2.3+4.0 1.0+2.5 0

24.8+26.44 10.1£10.9* 19.2422.5 44.6+26.3
25.0+19.8 26.3£23.0 16.7+15.1 43.0+£30.3
8.3+8.4 5.6+£5.8 4.1+£5.7 17.1£18.7
8.4+14.4 12.5+14.8 9.1+17.4 0
13.0+£20.2 12.74£26.3 8.8+19.4 24.8432.5

2.6£0.3 2.7£0.4 2.9+0.5 2.8+0.9
2.5¢0.2 2.6+£0.4 2.8+0.6 2.3+1.3
11.6+1.4 12.0+1.3 12.1+1.7 9.9+1.7

[Statistical analysis] o, q, r : Steel-Dwass method, p : Fisher’s exact test
Control vs. : * P<0.05, ** P<0.01 / 4Cl-iBF vs.: +P<0.05, ¥+ P<0.01 / 4F-iBFvs.:1P<0.05, {f P<0.01
p-Methoxybutyrylfentanyl vs. : § P<0.05, §§ P<0.01 / Isotonitazene vs. : || P <0.05, |||| P <0.01
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A Preliminary Study for the Teratogenic Effects of Four Illegal Opioids in Mice

Yuko HASEGAWA?, Hiroshi ANDO?, Yoshikazu KUBO?, Motoki HOJO?, Jin SUZUKI?, Akiko INOMATA®? and Takako MORIYASU?

Since 2005, the Tokyo Metropolitan Government has been cracking down on many illegal drugs. The Tokyo Metropolitan Institute of
Public Health has also conducted biological effects tests as evaluation materials for regulating unregulated drugs, as designated by the
governor. however, these tests do not include teratogenicity. As such, we studied the fetal teratogenic response to four types of illegal
opioids in pregnant mice during the critical periods of central nervous system organogenesis.

Mice were given 4CI-iBF repeated intraperitoneally at 0.37, 1.1, and 3.3 mg/kg body weight /day and 4F-iBF, p-methoxybutyrylfentanyl,
and isotonitazene at 3.3 mg/kg body weight /day ; this was repeated six times from 7th during gestation to 12th. All fetuses were removed
from the uterus on day 18th of gestation, and examined for external and skeletal anomalies.

The group of mothers treated with p-methoxybutyrylfentanyl during days 7th—12th of gestation had an increased amount of red blood
cells in their blood, and those treated with isotonitazene had a reduced liver weight, compared to the control group.

The group of fetuses treated with isotonitazene had a reduced fetal body weight, compared to the control group, and skeletal
malformations in the thoracolumbar ribs were increased with all four drugs types, compared to the control group. Moreover, the group
treated with isotonitazene had more delayed ossifcation (unossified skull and accessory of sternebrae) and cervical rib. however, all types

of illegal drugs tested in this study had no effect on external malformation.

Keywords: illegal drug, opioid, fentanyl, teratologencity, 4Cl-iBF, 4F-iBF, p-methoxybutyrylfentanyl, isotonitazene, mice
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