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Abstract – Retinoic acid (RA) plays a key role in pattern formation along the major body axis and limb 
formation during vertebrate development. Exposure to excessive retinoic acid (in uterus) generates 
congenital malformations in limbs, craniofacial, CNS, urogenital, heart, and axial skeletons. In these 
studies, seven groups of NMRI pregnant mice were administered a single gavage dose of 100 mg /kg 
body weight; All-trans-retinoic acid dissolved in DMSO at days 9, 10, and 11 of gestation (groups 2, 4, 
6), DMSO at days 9, 10, and 11 (groups 1, 3, 5) and left (control group) untreated. Animals were 
sacrificed at day 18 of gestation via cesarean. Half of the total numbers (n=115) of fetuses were 
randomly selected for histological studies, using hematoxylin-eosin methods, and others were used to 
study the skeletal defects. It was demonstrated that embryonic exposure to RA reveals that on day 9, 37 
% of forelimbs and 31% of hindlimbs have some abnormalities, and on days 10 and 11, 100% show 
defects on craniofacial, vertebral column, ribs and limbs.  
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1. INTRODUCTION 
 

It has long been known that retinol (vitamin A) is essential for normal growth, vision, reproduction, 
maintenance of numerous tissues, and overall survival of embryos [1, 2]. Retinoic acid (RA), which 
exists in both cis and trans isomeric forms, is the most biologically active metabolite of vitamin A 
and is also essential for normal development [3, 4]. RA is generated from retinol and other 
carotenoids through the body metabolism [5, 6]. All-trans RA is a potential regulator of cell 
proliferation and differentiation [3, 6]. Reports on the expression and function of RA-synthesizing 
and metabolizing enzymes have shed new light on how RA distribution in developing tissue is finely 
controlled [2, 7]. Retinoids have also become powerful tools in clinical practices for a wide variety of 
diseases from acne to leukemia [8, 9]. Retinoids can also halt the progression of premalignant lesions 
of leukoplakia to malignancy [10, 11]. RA is able to induce the transcription of a number of genes, 
some of which regulate important developmental events during organogenesis [12, 13]. The RA 
receptor gene family is composed of three receptor types, RARα, RARβ and RARγ, which act as 
ligand-activated transcriptional enhancer factors [3, 14, 15]. RA influences the expression of 
homeobox (Hox) and other pattern-related genes in the developing limbs, apparently through an array 
of RA binding proteins (CRABPs) and nuclear RA receptors [14, 16]. In humans, as well as 
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laboratory animals, retinoids have been found to induce a characteristic pattern of malformations in 
craniofacial regions, the cardiovascular system, CNS, limbs, skeletal elements, the urogenital system 
and thymus [17, 18].  

The spectacular effects of topical administration of RA on limb development have led to the 
proposal that RA could in fact be a morphogen [3, 9]. Administration of RA during embryogenesis 
has teratogenic effects. This observation led to the proposal that RA plays key roles in pattern 
formation along the major body axis and vertebrate limb formation [8, 19]. In mammalian embryos, 
RA is an active teratogen inducing stage dependent alterations in limb patterns, which in severe cases, 
result in almost complete elimination of the long bones [15, 20]. Administered RA during mouse 
embryogenesis can alter the pattern of the axial skeleton during developmental periods [3, 16]. A 
Single oral dose of 100 mg/kg body weight administered in the mouse on days 9, 10 and 11 after 
fertilization led to limb defects [1, 21].  
Some malformations involving craniofacial, cardiac and nervous system structures were found in 
human infants exposed to isotretinoin (13-cis-RA) in utero, during the first trimester [8, 17]. Maternal 
therapy with 13-cis-RA, during the first trimester of pregnancy has been associated with stillbirths, 
spontaneous abortions and congenital malformations [6, 8]. In this study: 1) the teratogenic effects of 
RA during organogenesis was determined, 2) the results revealed that overdoses of RA have 
teratogenic effects during the developmental period. 
 

2. MATERIALS AND METHODS 
 
NMRI mice obtained from the Razi Institute were housed in an environmentally controlled room (23-
25°C and 30-40% humidity) and acclimated to a 12 hour light-dark cycle (6 AM to 6 PM). The 
animals were maintained on Purina Lab Chow and tap water adlibitum. Females were mated with 
males (2:1) from 6.00 PM to 6.00 AM and the day of vaginal observation was designated as day 0 of 
gestation. All-trans-RA was obtained from the Sigma Chemical Company.  

RA stock solutions were prepared by dissolving 100 mg of pure compound in an equal volume 
of dimethyl sulfoxide (DMSO). Seven groups of NMRI pregnant mice were administered a single 
gavage dose of 100 mg/kg body weight (b.w.) dissolved all-trans RA in DMSO, on days 9, 10 and 11 
of gestation (experimental groups 2,4,6) and DMSO on days 9, 10 and 11 (experimental groups 1, 3, 
5) and left (control group) untreated. Animals were sacrificed on day 18, under ether semi-anesthesia. 
Half of the total number (n=115) of fetuses were randomly selected and fixed in formaldehyde for 
histological studies. After tissue processing, histological sections (longitudinal) were made and 
stained with hematoxylin- eosin. The rest (n=115) were used for whole mount skeletal analysis. Soft 
tissues were dissolved in 1% KOH, and skeletal structures had been stained by Alizarin red S and 
Alcian blue 8GX (Sigma Chemical Company). So, bone and cartilage become red and blue, 
respectively. The data were analyzed statistically, using student t-test.   
 

3. RESULTS 
 
Table 1 demonstrates the incidence of forelimb and hindlimb defects on 9, 10 and 11 day old 
embryos. The evaluation of skeletal anomalies of 18 day old fetuses showed a clear-cut teratogenic 
action of RA under the chosen experimental conditions. The pathogenic incidences were analyzed 
statistically using student t-test. The wide spectrum of congenital limb defects that are induced by RA 
includes morphological defects on digits (phocomelia), absence of some bones in the limbs, and some 
defects in the axial skeleton. Figures 1 & 2 demonstrate short limbs and limbs with bent long bones. 
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Figure 3 shows a wide range of digital anomalies including oligodactyly, polydactyly, adactyly and 
syndactyly, respectively. The RA exposed embryos on day 9 have defects in 37.1 % of forelimbs and 
31.4 % of hindlimbs, while those exposed on days 10 and 11 show 100% defects (Table 2). 
 

Table 1. Incidence of limb defects (%) in 9, 10 and 11 day old embryos 
 

Day (No. of fetuses) No. of fetuses with forelimb 
defects ( % ) 

No. of fetuses with hind limb 
defects 

9 ( 35 ) 13 ( 37.1 ) 11 ( 31.4 ) 
10 ( 37 ) 37 ( 100 ) 37 ( 100 ) 
11 ( 33 ) 33 ( 100 ) 33 ( 100 ) 

 
Table 2. Experimental groups, days of administration and number of fetuses 

 

Day of gestation Dose No. of Implantation Mean No. of fetuses No. of resorbtion No. of fetuses 

Control 0 77 8.22 3 74 

9 DMSO 18 5.66 1 17 

9 RA 43 5.83 8 35 

10 DMSO 20 6.33 1 19 
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Fig. 1. Defects in limbs: A) normal embryo, B) phocomelia in 18-days old 

embryo exposed to RA on day 11 of pregnancy 
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Fig. 2. Skeletal elements of limbs of 18-day old embryo: forelimb of control (A) and RA treated (B), hindlimb 

of control (C) and RA treated (D) groups. Notice the bent and shortening 
 of long bones in treated (experimental) groups 
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Fig. 3. Defects in RA treated embryo: A) adactyly with no digit, 
 B) oligodactyly with 3 digits, C) polydactyly with 6 digits  

 
In the case of the axial skeleton, embryos exposed to RA on day 11 of pregnancy showed 100% 

of abnormalities in craniofacial (hyperplasia of frontal bone and shortening mandible bone), vertebral 
column (fusion of neural arch, thickening of vertebral body and elongation of articular structure of 
costal tubercle) and ribs. Axial skeletal defects are monitored in Fig. 4. Apart from the mentioned 
defects, short lower jaw, cleft palate, shortened tail and edema were observed. No teratogenic effects 
were seen in the fetuses of sham groups. 
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Fig. 4. Skeletal elements of 18-day old embryo: A) normal embryo (control) and B) RA treated embryo. Defects 

in axial skeletal are observed in craniofacial region (hyperplasia of frontal bone and shortening mandible 
 bone), vertebral column (fusion neural arch, thickening of vertebral body and 

 elongation of articular structure of costal tubercle) and ribs 
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4. DISCUSSION 
 
In this study, it was demonstrated that in vivo exposure of 9,10,or 11 day old mice embryos to RA, 
reveals defects in 37 % of forelimbs, and 31% of hindlimbs in 10 and 11 day old embryos (p<0.001). 
The mechanism by which RA induces these morphogenetic alterations has been postulated by many 
investigators. It has been suggested that RA is able to induce transcription of a number of genes, some 
of which regulate important developmental events during organogenesis [12, 13]. This action is 
mediated by the nuclear RA receptors, which act as ligand-activated transcriptional enhancer factors. 
RA affects limb skeletal pattern (in vivo) and has a central role in normal limb morphogenesis [1, 16]. 
In mammalian embryos, RA is an active teratogen and induces stage dependent alterations in limb 
formation, which in severe cases, result in almost complete elimination of the long bones [15, 16]. RA 
influences the expression of homeobox (Hox) and other pattern-related genes in the developing limbs, 
apparently through an array of cytoplasmic RA binding proteins (CRABPs) and nuclear RA receptors 
[18]. Administration of excessive RA during embryogenesis have teratogenic effects, which leads to a 
proposal that it plays a key role in the pattern formation of major body axis and vertebrate limb 
formation [8, 19]. Retinoids affect both mesenchyme and ectoderm in the limb development, while 
region-specific and tissue-specific expression patterns exist for the various retinoid-binding proteins 
and receptors, (examples present in both ectoderm and mesenchyme) [20]. Single oral doses of 100 
mg/kg RA in mouse on days 9, 10 and 11 of gestation lead to defects in limbs [8, 21]. Oral 
administration of 100 mg/kg RA in mouse, at 10.5 or 11.5 day of gestation, has also caused defects in 
the craniofacial region, skeleton and both limbs [1, 21].  

While DMSO is associated with inducing some malformations such as the cardiovascular 
system, human embryonic-fetal hematopoisis and initiation of the limb bud development, whereas a 
low dose of this substance has no significant teratogenic effects after day 9 of gestation in mouse 
embryos [22-25]. 

The findings demonstrate that exposure to RA reveals defects in 37.1% of forelimb, and 31.4% 
of hindlimbs، on day 9, and 100% on days 10 and 11, as well as 100% of axial skeleton defects in the 
craniofacial region, (hyperplasia of frontal bone and shortening mandible bone), vertebral column 
(fusion neural arch, thickening of vertebral body and elongation of articular structure of costal 
tubercle) and ribs. 
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