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ABSTRACT
Purpose: To identify the types of malformations resulting from the administration of retinoic acid (RA) to Swiss mice 
on different days of pregnancy. Methods: Twenty-four pregnant Swiss mice were divided into 4 groups of 6 animals 
each. The experimental groups received a single intraperitoneal injection of RA (70 mg/kg) on gestational days 7, 8 and 
9 (D7, D8 and D9), while control animals (C) received only saline solution. Results: Were obtained: exencephaly (C:0; 
D7:16.1%; D8:25.4%; D9:0), myelomeningocele (C:0; D7:25.8%, D8:30.9%, D9:0), spina bifi da occulta (C:0, D7:29%, 
D8:41.8%, D90), gastroschisis (C:0, D7:6.4% D8:5.4%, D9:0), omphalocele (C:0, D7:6.4%, D8:14.5%, D9:0), lower limb 
alterations (C:0, D7:74.1%, D8:80%, D9:0), imperforated anus (C:0, D7:100%, D8:100%, D9:100%), and tail agenesis/
alteration (C: D7:100%, D8:100%, D9:100%). Conclusion: The experimental model using Swiss mice proved to be 
effi cient in the induction of the different types of defects, with the eighth gestational day being the one that most favored 
the induction of neural tube defect, omphalocele, gastroschisis, lower limb defects, imperforated anus and tail agenesis/
alteration. On this basis, this is a useful model for future investigation of neural development and of the formation of the 
appendicular skeleton.
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RESUMO
Objetivo: Identifi car os tipos de malformação resultantes da administração do ácido retinóico (AR) a camundongos 
Swiss em diferentes dias gestacionais. Métodos: Foram utilizados 24 camundongos fêmeas, linhagem Swiss, prenhes, 
divididos em 4 grupos com 6 animais cada. Os grupos experimentais receberam uma única injeção intraperitoneal de AR 
(70mg/Kg) nos dias gestacionais 7, 8 e 9 (D7, D8 e D9), enquanto que os animais do grupo controle (C) receberam apenas 
solução salina. Resultados: Foram encontrados: exencefalia (C:0; D7:16.1%; D8:25.4%; D9:0); mielomeningocele 
(C:0; D7:25.8%; D8:30.9%; D9:0); Espina Bífi da Oculta (C:0; D7:29%; D8:41.8%; D90); gastrosquise (C:0; D7:6.4% 
D8:5.4%; D9:0); onfalocele (C:0; D7:6.4%; D8:14.5%; D9:0); alterações do membro inferior (C:0; D7:74.1%; D8:80%; 
D9:0); imperfuração anal (C:0; D7:100%; D8:100%; D9:100%) e agenesia/alteração de cauda (C: D7:100%; D8:100%; 
D9:100%). Conclusões: O modelo experimental utilizando camundongo Swiss mostrou-se efi ciente na indução dos 
diferentes tipos de defeitos, sendo o oitavo dia gestacional o mais propicio na indução de DFTN, onfalocele, gastrosquise, 
defeitos de membro inferior, imperfuração anal e agenesia/alteração de cauda, tornando este um modelo útil para futuras 
investigações do desenvolvimento neural e no processo de formação do esqueleto apendicular.
Descritores: Defeitos do Tubo Neural. Tretinoína. Camundongos.
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Introduction

Vitamin A and its metabolites, collectively called 
retinoids, are essential for adequate embryo development. 
Retinoids are important signaling molecules for the 
regulation of cell differentiation, proliferation and 
morphogenesis. Inadequate levels of these compounds 
(excess or defi ciency) may result in a set of defects denoted 
retinoic acid embryopathy which may provoke defects in 
the development of the neural crista1, 2, 3, in addition to limb 
malformation4 and other skeletal manifestations5. Retinoic 
acid (RA) is a biologically active vitamin A derivative6 
which plays an important role in the development of the 
central nervous system2, 7, 8 and in the maintenance of 
various tissues in adult vertebrates, and is essential in 
various embryologic processes by interacting with RRA 
and RXR nuclear receptors. It may also imply changes in 
the expression of the Hox genes which are fundamental 
in the process of cell migration, differentiation and 
regionalization during embryogenesis9, 10, 11. Animal models 
have been used to investigate several questions related to 
the teratogenic effects of RA such as dose and temporal 
and spatial correlation3, 12. Since there is variation in the 
effects, sensitivity and critical period in different species 
and even in different races of the same species, it is useful 
to defi ne the effects of excess RA on Swiss mice in order to 
plan studies directed at specifi c teratogenic aspects.

Methods

The experiment was approved by the Ethics Committee 
for Animal Experimentation (CETEA) of the Faculty 
of Medicine of Ribeirão Preto (FMRP) (Nº 018/2005). 
Twenty-four pregnant Swiss mice from the colony of the 
Central Animal House of the Ribeirão Preto Campus, 
University of São Paulo, were used. The animals, young 
adults weighing on average 40 g, were allowed to habituate 
to the Animal Facilities of the Department of Pathology, 
FMRP for a few days, with free access to appropriate chow 
and water. The environment in which the animals were 
housed throughout the experiment is sound protected and is 
kept under rigorous control with 12 hour light/dark cycles, 
with low luminosity, a constant temperature of 22oC and an 
automatic exhaust with several changes of air throughout 
the day. The females were mated and tested for the 
presence of a vaginal plug, which represented day zero of 
pregnancy. After mating, the pregnant females were housed 
in individual plastic boxes. The dose of all-trans RA was 
fi rst standardized on different gestational days, with doses 
from 30 to 120 mg/kg being used3, 12, 13. We observed that 
doses of 80 mg/kg or higher provoked many reabsorptions, 
while doses of less than 60 mg/kg caused few defects. Thus, 
we determined that the ideal dose for Swiss mice was 70 
mg/kg. After RA standardization, the pregnant dams were 
divided at random into 4 groups of 6 animals each: control 
(C), 7th gestational day (D7), 8th gestational day (D8), and 

9th gestational day (D9). The experimental groups received 
a single intraperitoneal injection of RA (70 mg/kg) diluted 
with sunfl ower oil administered on gestational day 7, 8 or 
9, according to the group. Control animals received only 
saline solution by the same route and in an equal volume 
on the 8th gestational day. The animals were killed in a CO2 
chamber on the 17th day of gestation and submitted to 
cesarian section by surgical incision along the abdominal 
midline, with exposure of the peritoneal cavity. Both 
uterine horns were removed, place on a clean Petri dish, 
and opened lengthwise to expose the gestational sacs for 
the removal of live fetuses. Fetuses who suffered late fetal 
death and reabsorptions, when present, were also removed. 
The material obtained was examined externally with a 
magnifying glass, photographed and fi xed in 10% buffered 
formalin for 24 hours. Next, some of the fetuses were fi xed 
in 70% ethanol, defatted with acetone, again passed through 
95% ethanol, and transferred to 2% potassium hydroxide 
until the bones became visible. The fetuses were then 
stained with 0.01% Alizarin Red (H2O) in 1% potassium 
hydroxide until the bones were stained red. Next, the 
fetuses were placed in a pure glycerin solution, analyzed 
under a stereoscopic microscope and photographed. The 
number of implants, reabsorptions and late fetal deaths was 
recorded throughout the experiment. Data were analyzed 
statistically by ANOVA and by the Kruskal-Wallis and 
Tukey tests, with the level of signifi cance set at p≤0.05. 
All analyses were carried out using the GraphPad Prism 
4.00 software.

Results 

Regarding live fetuses, all groups differed signifi cantly 
from one another (p<0.001). The number of reabsorptions 
was higher in the D7 and D8 groups compared to the D9 
and C groups (p<0.001), although there was no signifi cant 
difference between groups D7 and D8 or groups D9 and 
C. Group D8 also showed an increase in the number of 
late fetal deaths compared to groups C and D9 (p<0.05), as 
shown in Tables 2 and 3. Congenital anomalies were more 
common in groups D7 and D8 than in group D9 (Table 1). 
NTD were detected in 17 fetuses (54.8%) in group D7 and 
in 42 fetuses (76.3%) in group D8, but were not detected 
in any fetus in group D9. Among the neural tube defect 
(NTD) there was a preponderance of fetuses with spina 
bifi da occulta (Figure 1-I), followed by myelomeningocele 
(Figure 1-J) and exencephaly (Figures 1-E, 1-F, 1-G 
and 1-H). There was a statistically signifi cant difference 
between the number of fetuses with NTD in groups D7 
and D8 compared to groups C and D9, but not between 
groups D7 and D8 (Table 2). Congenital anomalies 
of the abdominal wall omphalocele, (Figure 1-N) and 
gastroschisis (Figure 1-O) were observed only in groups D7 
and D8, with the latter differing signifi cantly from groups 
C and D9 (p<0.001). Hindlimb defects (Figures 1-I and 
1-M) occurred in groups D7 and D8 (p<0.001), whereas 
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forelimb defects were observed in group D9 (p<0.05). Limb 
defects included digital defects such as syndactyly (Figure 
1-P), polysyndactyly (Figure 1-Q), brachydactyly, and 
even phocomelia, as shown in Figure 1-L. Tail regression 
(imperforated anus, tail agenesis/reduction (Figures 1-I and 
1-J)) was observed in all fetuses of all experimental groups 

(p<0.001). External examination of diaphanized fetuses 
with a magnifying lens revealed bone changes, especially 
of the forelimbs (rhizomesomelia) (Figures 2-E and 6-G) 
in group D9 and hindlimbs (Figures 2-F and 2-G) in groups 
D7 and D8. Fusions of inferior contiguous ribs (Figures 
2-G and 2-H) were also observed in groups D7 and D8.

TABLE 1 - Results of treatment with retinoic acid in Swiss mouse fetuses on different gestational days. Number of live 
fetuses, late fetal deaths, reabsorptions and malformations on the different gestational days

                     Groups

Findings  C (n=76)  D7 (n=31)  D8 (n=55)  D9 (n=75)
Live fetuses  76 (100%)  31 (100%)  55 (100%)  75 (100%)
Exencephaly  0  5 (16.1%)  14 (25.4%)  0
Myelomeningocele  0  8 (25,8%)  17 (30.9%)  0
SBO  0  9 (29%)  23 (41.8%)  0
Gastroschisis  0  2 (6.4%)  3 (5.4%)  0
Omphalocele  0  2 (6.4%)  8 (14.54%)  0
Anus  0  31 (100%)  55 (100%)  75 (100%)
Tail  0  31 (100%)  55 (100%)  75 (100%)
Forelimbs  0  0  0  5 (6.6%)
Hindlimbs  0  23 (74.19%)  44 (80%)  0
LFD  0  1 (1.2%)  6 (5.7%)  1 (1.3%)
Reabsorption  0  48 (60%)  44 (41.9%)  1 (1.3%)
Malformations  0  31 (100%)  55 (100%)  75 (100%)

SBO = spina bifi da occulta, LFD = late fetal death, D = gestational day

TABLE 2 - Statistically signifi cant difference between the control group and the different experimental groups regarding 
the number of live fetuses, late fetal deaths, reabsorptions, and malformations

Findings – P value

Groups       LF   LFD  Reabsorption    NTD    AAW      AL     CR
C and D7  P<0.001      n.s.  P<0.001  P<0.001      n.s.  P<0.001  P<0.001
C and D8  P<0.001  P<0.01  P<0.001  P<0.001  P<0.001  P<0.001  P<0.001
C and D9  P<0.001      n.s.      n.s.      n.s.      n.s.      n.s.  P<0.001
D7 and D8  P<0.001      n.s.      n.s.      n.s.      n.s.      n.s.      n.s.
D7 and D9  P<0.001      n.s.  P<0.001  P<0.001      n.s.  P<0.001      n.s.
D8 and D9  P<0.001  P<0.05  P<0.001  P<0.001  P<0.001  P<0.001      n.s.

Table X. C = control, D = gestational day, LF = live fetuses, LFD = Late fetal death, NTD= Neural tube defect, AAW= Alteration of the abdominal wall, 
AL = alteration of the limbs, CR = caudal regression. n.s.= non-signifi cant.

TABLE 3 - Statistically signifi cant difference between the control group and the different experimental groups regarding 
malformations

Alterations – P Value

Groups      Ex    Myel    SBO  Omph     FL    HL    Anus     Tail

C and D7  P<0.05  P<0.001  P<0.001      n.s.     n.s.  P<0.001  P<0.001  P<0.001
C and D8  P<0.001  P<0.001  P<0.001  P<0.001     n.s.  P<0.001  P<0.001  P<0.001
C and D9      n.s.      n.s.      n.s.      n.s.  P<0.05      n.s.  P<0.001  P<0.001
D7 and D8      n.s.      n.s.      n.s.      n.s.     n.s.      n.s.      n.s.     n.s.
D7 and D9  P<0.05  P<0.001  P<0.001      n.s.     n.s.  P<0.001      n.s.     n.s.
D8 and D9  P<0.001  P<0.001  P<0.001  P<0.001     n.s.  P<0.001      n.s.     n.s.

Table Y. C = control, D = gestational day, Ex = exencephaly, Myel = myelomeningocele, SBO = spina bifi da occulta, Gas = gastroschisis, Omph = 
omphalocele, FL = alterations of the forelimbs, HL = alterations of the hindlimbs. n.s. = non-signifi cant.
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FIGURE 1 - Macroscopic photographs of selected fetuses. A, B, C and D are control fetuses. E, F, G and H are fetuses with 
exencephaly, with the last one also presenting facial malformation. I, spina bifi da occulta, alteration of the 
hindlimbs, tail and anus agenesis. J, myelomeningocele. L, fetus with alteration of forelimbs (rhizomesomelia). 
M, alterations of the hindlimbs. N, omphalocele. O, gastroschisis. P, syndactyly and Q, polysyndactyly

FIGURE 2 - Photographs of selected diaphanized fetuses. A, B, C and D re control fetuses. E, fetus 
with alterations of the forelimbs (rhizomesomelia); note the shortening compared 
to control. F and G have tail regression (pelvis hypoplasia and femur and fi bula 
agenesis). G and H have rib fusion (diaphanization technique and Alizarin staining)
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Discussion

Embryopathy due to RA is being intensely 
investigated in view of the teratogenic potential of retinols 
and of the crucial role played by their receptors in embryo 
development. Our results with Swiss mice focus on the 
effect of this teratogen on structures derived from the neural 
crista and from the neural tube on different gestational days. 
However, we also observed other types of anomalies such 
as omphalocele, gastroschisis, limb and rib alterations and 
tail regression. The NTD detected in our study indicate that 
groups D7 and D8 were the most affected ones, especially 
the latter, perhaps because this is the critical period in the 
migratory process of cells of the cranial neural crystal in 
Swiss mice1. An adequate pattern of migration of these cells 
is essential for craniofacial morphogenesis and is highly 
conserved among vertebrates. Their migration is intimately 
related to early segmentation of the neural tube, so that they 
migrate discretely in small “fl ows”14. The present results 
indicate that this migration occurs until the 8th gestational 
day since no fetus with NTD was observed on the 9th 
gestational day, in agreement with data reported by Kuno, 
et al. Among NTD, spina bifi da occulta prevailed in the 
fetuses studied here, a fact also observed in other studies15, 
followed by myelomeningocele and exencephaly, in 
agreement with the multisite closure theory16. Exencephaly 
is the most serious defect and is commonly incompatible 
with life. We observed that the administration of RA 
to Swiss mice provoked exencephaly in 25% of cases, 
in agreement with the literature. Experimental studies 
involving RA administration provoked exencephaly 
in SWC/Bc and 22% ICR/Bc mice13. However, other 
genetically modifi ed lines (SELH/Bc) and ICR mice can 
induce greater amounts of fetuses with exencephaly, i.e., 
53% and 81%, respectively12, 13. Although very interesting 
results have been obtained with knock-out experimental 
models, these animals are expensive, require special 
care and are diffi cult to manipulate, whereas Swiss mice 
provide an inexpensive experimental model of easy 
manipulation and effi cient for the induction of different 
types of defects. The present results also indicate that a 
larger number of fetuses with limb alterations (p<0.001) 
occurred in groups D7 and D8, once again emphasizing 
that these days are critical periods in embryo formation and 
indicating the role of retinoids in the process of formation 
of the appendicular skeleton11, 17. RA interacts with the 
nuclear receptors RRA and RXR, which recognize the 
sequence within the target genes, called response to RA 
elements (RRAE), affecting the proximal-distal regulation 
and formation of the limbs and changing the expression 
of various genes (Fgf8, Shh, Ptc1, Gli3, dHand). These 
elements activate the expression of Hox genes, which 
participate in the anteroposterior orientation of the axis, the 
neural crista, the paraxial mesoderm, and the limbs. Thus, 
excess RA can provoke changes in the expression of Hox 
genes, causing posteriorization of anterior structures. Since 

the anterior regions usually are more sensitive to RA, they 
do not develop normally under these conditions, with the 
occurrence of limb defects9-11. Additionally, the expression 
of CYP26B1 is also implicated in the limb anomalies 
detected in animal models since it occurs in the distal part 
of the limb bud and its action is infl uenced by circulating 
RA levels11. The fusion of lower thoracic ribs, observed 
only in groups D7 and D8, is a skeletal anomaly belonging 
to the disruptive spectrum of the teratogenic effects of RA, 
which also includes hemivertebrae and pelvic anomalies 
both in humans and in animals. This is a recognized 
anomaly but its physiopathologic mechanism has not been 
fully elucidated, even though the effects of this teratogen 
on Hox genes have also been implicated in this process in 
some experimental studies18. The pathogenetic mechanism 
of the tail regression observed in all the experimental 
groups is unknown, although a vascular etiology has 
been proposed. The animals treated with RA presented 
tail anomalies in addition to spina bifi da occulta, with 
extreme presentations such as sirenomelia being observed 
in some cases19. Omphalocele and gastroschisis, observed 
in some animals of groups D7 and D8, are not common 
anomalies in RA-induced embryopathy, although they 
have been reported in the literature19. These fi ndings may 
be explained by the critical period of development of the 
abdominal wall, which starts at about the eighth gestational 
day and can extend up to the 12th day, when the primary 
abdominal wall of the mouse is formed20. However, RA 
seems to have a teratogenic effect only during the beginning 
of the formation of the abdominal wall since no alteration 
was detected in group D9. The spectrum of malformations 
associated with RA is wide and, at present, with the use 
of experimental knock-out models for certain genes, the 
mechanisms underlying this process are beginning to be 
understood. The present study conducted on Swiss mice 
demonstrated that the effects of this teratogen are temporally 
and spatially correlated in the embryos, but also revealed a 
marked phenotypic overlap of these cases, suggesting that, 
in fact, the molecular interactions of RA are more extensive 
than previously thought and represent a fi eld of excellence 
for experimental teratology. The experimental model 
with Swiss mice proved to be effi cient for the induction 
not only of NTD but also of changes in the appendicular 
skeleton and tail regression. We observed that in group D9 
the anomalies were milder, possibly because the critical 
period of formation of various tissues had already passed, 
although signs of tail regression did occur. In the present 
study, even though both D7 and D8 were appropriate for 
the induction of developmental defects, D8 was the one 
showing the largest number of defects. 

Conclusion

In the experimental model using Swiss mice the RA 
dose of 70 mg/kg administered by the intraperitoneal route 
on the eighth gestational day proved to be more effi cient in 
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the induction of NTD, omphalocele, gastroschisis, hindlimb 
defects, imperforated anus and tail agenesis/alteration, 
representing a useful model for future investigations of 
these defects. 
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