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Abstract. Matings between normal young adult a®/a® female mice and heterozygous Quinky BALB/c
males were used to study reparted teratogenic and/or preventive effects of retinoic acid (RA) utilizing u
mutation that produces ncura! tube defects (NTDs). The prenatal administration of RA at 10 or 20mg'kg
body weight increased the incidence of exencephaly and other malformations in fetuses with the Quinky
gene. Neither curative nor beneficial effects of RA were observed on tail abnormalities at any dose rale
used on day 8 or day @ of gestation. On the vontrary, RA proved o have, in addition to its teratogenic
effect, lethaj effects on fetuses.

Introduction

The semidominant Quinky gene of the mouse arose as a spontancous mutation in the
Q inbred line [1] and has variable effects on the skeleton, pigment and behavior of its
carriers [2]. The gene is lethal in the homozygous state and most of the homnzygotes
either dic soon after implantation or sometime later in pregnancy [1]. The heterozy-
gotes, on the other hand, are viable and fertile, but have a kinky tail, shaker or cir-
culating hehavior, as well as pigment restriction that results in white hind toes [1,2}.

The teratogenic effects of retinoic acid (RA} in rats [3-6], hamster {7-11] and
mice [12-18] are well documented. However, some investigators have reported that
RA might have a teratogenic and/or protective effcct in fetuses genetically predis-
posed to neursl tube defects (NTD) when administered to pregnant mice in various
doses at differcnt times during gestation [19-22]. Hence, an attempt has been made
in the present study to investigate the effccts of RA on mouse fetuses carrying the so
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called Quinky gene (genctically predisposed for NTD), when given at two dose levels
to pregnant mice on day 8 or day 9 of gestation. This period is selected as it is the
prime time for the drug to have its effects on the fetal developing neural tube.

Materials and Methods

Normal young adult a®/a® female mice and heterozygous Quinky (Q/+) BALB/¢
males were used in the study. They were housed in plastic boxes in an environmen-
tally controlled room with a light/dark cycle of 14/10 hrs. In each box 3—4 a%/a® females
wcre caged together with a BALB/c heterozygous Quinky male.

The commencement of pregnancy was determined by the detection of vaginal
plugs in matcd females and the day the plug was detected was counted as day zero of
gestation. These females were then injected ip with [0 or 20 mg/kg of RA in corn oil
on da¥ 8 or day 9 of pregnancy. Control micc were injected ip with corresponding vol-
umes of the corn oil vehicle. On day 17 of pestation, the mice were killed and the
number of live fetuses and resorptions was noted in each mouse. Each fetus was then
examined microscopically both externally and intemally for gross developmental
aboormalities. Ten fetuses from each group were then cleared and stained according
to a slight modification of the method of McLeod [23] for skeletal examination.

The results were statistically analyzed using a 2 x 2 contingency table (x2) and
the Student t-test [24,25],

Results

The cifects of RA on the fetuses obtained from pregnant a/a® inbred mice are
shown in Tables 1-4. Comparisons between RA-treated and control groups on day 8
of pregnancy are given in Table 1. The results of these comparisons shown that there
was a significant increase in the proportion of resorption in the RA-treated groups at
20 mg/kg but no such effect was noticed at 10 mg/kg. The results of these comparisons
also showed that there was a significant decrease in the mean litter size at the two dose
levels used but no such effect in the mean body and placental weights.

Comparisons between RA-treated and control groups on day 9 of pregnancy are
given in Table 2, The resuits of these comparisons showed that there were no signif-
icant differences betwen the RA-treated and the control groups in the proportion of
tesorption, mean litter size or mean body and placental weights for the two doses
used.

Comparisons between RA-treated and control groups on day 8 or day 9 of pre-
gnancy are shown in Table 3. The resutls of these comparisons show no significant dif-
ferences between the RA-treated and control groups in the percent of Quinky fetuses
for the two doses and the two days of treatment used.
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Table 1. Effects of Treatment with 10 or 20 mg/kg retinoic acid on day 8 of gestativn un fetal parameters.

Dose (mg/kg) Control 10 20

Na. of fitters 6 8 8

No. of implantation 53 63 61

No. of live fetuses 51 58 23

No. of resurptions (%) 2 (3.77) 5 (7.94) 38 (62.30)**

Mean litter size + SE (live) 850+ .34 1.35£0.717 2.88 +052°

Mean body Wt. + SE () 0.77 0,015 081008 0.78 £ 0.020

Mean placental Wt, = SE (g} 0.181 £ 0.018 (.168  0.010 0.166 = (.007

Abns. observed? None None 3ex.;lum her;
2 abn. hind.
2ske. abn.

* Asterisks indicate values significantly different (* P < 0.005. ** P < 0.001) from the corresponding
contred.

+ ex. = exencephaly, um. her. = umbilical hernia; abn. hind. = abnormal hindlimb; ske. abr. = skeletal
abnormality.

Table 2. Effects of Treatment with 10 or 20 mg/kg retinole acid on day 9 of gesiation on fetal parameters.

Dose (mg'kg) Control 10 20

No. of litters f 8 8

No. ofimplantation 50 69 60

No. of live fetuses 49 64 54

No. of resorptions {%) 1 {2.00) 5 (7.25) 6 (10.00)

Mean litter size = SE {live) 8.17x070 8.00 =084 6.75£0.62

Meanbody Wt. % SE (g) 0.74 +0.041 0.75 + 0016 0.81 £0.026

Mean placental Wt. = SE (g) 0.164 £ U).023 0.15] +0.012 0.144 £ 0.0

Abns. observedf None lum. her.; labn, hind. 1 railless ferus;
1ske. abn. lmic. 2ex.;2ske. abn.

* ¢x. = exencephaly; um. her. = umbilica hernia; abn. hind, = abnormal hindlimb; she. abn. = skeletal
abnormality.

Table 3. Effects of treatment with 10 or 20 mg/kg retinoic acid on day 8 or day 9 of gestation on number

and genotype of fetuses.

Dase Dayof Ne. of MNo.of No. of +/+ No.of Q/+
(mg/kg) treatment litters live f fetuses ¥ (%)
Control - 12 100 48 52 (52.00)

10 [ b1 8 5% 31 27 (46.53)
20 D8 8 23 14 9 {39.13)
10 D2 R 64 31 33 {51.56)
20 DY 8 54 8 26 (48.15)

D8 = Day 8 of gestation; D9 = Day 9 of gestation.
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Comparisons between the control groups and RA-treated groups on day 8 and
9 of pregnancy are given in Table 4, The results of these comparisons showed that
there was a significant difference in the proportion of resorption and mean litter size
between day 8 and day 9 at the dose level of 20 mg/kg of RA,

The results of this study, however, indicate that RA does induce some abnor-
malities (Tables 1 and 2) such as umbilical hernia, exencephaly, micrognathia and
hindlimb and skcletal abnormalities, especially in some fetuses obtained from
females treated with the 20 mg/kg dose level. However, no protective effects of the
drug were noticed.

Table 4. Effects of treatment with 10 or 20 mg/kg retinolc acid on day 8 and day 9 of gestation of fetal
parameters.

Dose (mg/kg) Control 10 20
Day of treatment DS [ ni n ns [1,]

Meanlitrersize + SE 852034 8172070 7.25+0.71 8.00+0.84 288052 6.75%0.62°
Resorportion (%) 2 (3.77)  1{(200) 5 (7.94) 5 (7.25) 38 (6230) 6 (10.00)
" P <0001

Discussion

The present study has clearly demonstrated the deleterious and non-preventive
effects of retinvic acid on developing mouse embryos whose mothers were treated
with the drug during gestation. These dams were not obviously affected by the drug
at any time of gestation. As in the observations of [12, 14-18], RA triggered the pro-
duction of neural tube defects (NTDs) in the form of exencephaly and tail abnor-
malities, especially when administered at the dose of 20 mg/kg cither on day 8 or day
O of gestation, Moreover, and in line with the observations of [13, 15, 17}, a signifi-
cant increase in fetal mortality, as measured by resorption per implantation site and
a significant decrease in the mean litter size, was observed in the RA-treated groups.
This lethal cffcct was cspecially conspicuous when the drug was adminsitered at the
rate of 20 mg/kg on day 8 of gestation. However, a lower mortality rate occurred
when the drug was administered on day 9 of gestation. This might indicate that some
cructal and essential events might have taken place in the process of development on
day 8. Moreover, it is known fact that most fetuses have elevated sensitivity to terato-
gens during organogenesis, making embryos highly vulnerable to death, but such sen-
sitivity decreases as development proceeds [21] and this might be accounted for the
difterent results noticed in the percent of resorption and the decrease in mean litter
size between day 8 and day 9, especially at the dose level of 20 mg/kg of RA.

Abnormalitics similar to those observed in the present study, as well as other
types of malformations, have been previously observed with RA [12-14, 16-18].
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However, contrary to the observations of [19-22], no preventive effects on tail abnor-
malities produced by the Quinky gene have been noticed at any dose rate nor at any
day of drug administration in the present study. The discrepancy between the present
resutls and those of [19-22] could well be due to the nature of the mutant used. This
is because many genes affect the mouse tail differently [26]. Hence, not all NTDs
spontaneously induced by various mutatins could be corrected or prevented by an
exogenons agent such as RA. Similar observations have recently been made [27]. The
preventive effects of the agent might be dependent on the nature or causation of the
mutant investigated and on the time on which the defects are first initiated.

The primary effects of RA are not known, but it has been observed to kave many
secondary effects such as promotion of cellular differentiation, stimulation of epithe-
lial hyperplasia, alteration of cell-cycle time and glycolipid synthesis, as well as the
modification of cell-membrane integrity [20]. Such secondary effects might be
responsible for the deleterious effects observed in the present study. Moreover,
recent studies also indicated that RA can modify the pattern of cell differentiation in
the central nervous system [28, 29].
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