
Romanian  Biotechnological  Letters  Vol.19, No3, 2014 
Copyright © 2014 University of Bucharest     Printed in Romania. All rights reserved 

                      ORIGINAL PAPER 

9330                                                  Romanian Biotechnological Letters, Vol. 19, No. 3, 2014 

d

 
Teratogenic and embryo toxic effects induced by heavy metals in mice: the 
quest for a recent and more precise classification of fetal skeletal anomalies 
in mouse strains. 

 
Received for publication, Octomber 20, 2013 

Accepted, January 20, 2014 
 
 

CORINA MARCELA RUS*, MARIA CHECIU 
West University, Chemistry-Biology-Geography Faculty, 

 Biology Departament, 16 Pestalozzi Street, 300115 Timisoara, Romania 
*Corresponding author: Corina Marcela Rus, phone 0049 15163976700 

E-mail address:rus.corina85@yahoo.co.uk 
 
 Abstract 

 

 
Cadmium is a ubiquitous environmental contaminant and a potent teratogen in mice.  

For many experiments, hybrid mice obtained by crossing two inbred strains are preferable to 
either of the contributory pure lines because of theirs so called "hybrid vigor". The objective of 
this study was to compare the teratogenicity impact of cadmium in the NMRI and the hybrid 
mouse strain. A single dose of cadmium sulfate (3 mg/kg) was injected intraperitoneal into 
pregnant mice, early on the 9th gestation day. On day 19 of pregnancy, fetuses were removed 
from the uterus, weighed and examined for the frequency of resorption and the types and 
incidence of external malformations. The statistical analysis showed a significant fetal weight 
decreased in both strains, compared with control groups. Furthermore, there was marked 
differences between the two mouse strains, in fetal mortality and the types o f  
m a l fo r m a t io n s  produced. Among the surv iv ing fetuses, exencephaly , c le f t  pa la te  
and exophthalmia were the most common types of abnormalities. We also noted that both 
strains had higher skeletal abnormalities frequencies than control groups. It has been shown 
that in both strains, the skeleton  is  a  system  which  is  very  sensitive  to  the  teratogenic  
effects  of  cadmium.  Also, the malformations frequency differed between the two strains. 
The results indicated that the effects of cadmium may be influenced by the mouse strains 
characteristics. 
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Introduction 
 

Cadmium ion (C 2+) is  one  environmental pollutant of continuing great concern [1,2] 
imperiling human and animal health [3]. The biological effects of cadmium deserve 
attention for many reasons. First, its use in different industrial processes and products has 
increased cadmium presence in the environment. Second, cadmium exposure is associated 
with reproductive toxicity in both animal and human populations [4, 5, and 6]. Further, the 
exceptionally long half-life in the human body, about 10 years [7] stresses the importance of a 
better understanding of cadmium action. 

Teratogenic effects of cadmium were first pointed out by Ferm and Carpenter [8]. 
Here,  pregnant  golden  hamsters  injected  intravenous  with  cadmium  sulfate  (2  mg/kg 
CdSO4)  resulted  in  a  high  incidence  of  embryos  with  cleft  palate,  anophthalmia, 
exencephaly, limb defects and rib fusions. Additionally, in rodent models, cadmium induced 
lethality and a wide range of teratogenic effects   dependent on strain, dose and time of 
administration [9]. 

Initial   reports   involved   strain   differences,   in   the   production   of   numerous 
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developmental anomalies, have been described. The most frequently reported in progenitors 
of  exposed  rodents,  have  been  decreased  litter  size,  fetal  death,  growth  retardation, 
resorption and congenital malformations [10]. 

Over the years, there have been numerous studies, which revealed that cadmium 
chloride,   cadmium   acetate,   cadmium   sulfate   (either   subcutaneous,   intravenous,   or 
intraperitoneal  administration)  may  produce  a  variety  of  malformations  such  as  limb 
defects, cleft palate, and delayed ossification in rats, mice and hamsters [11]. 

 
The number of studies, also established the fact that both the incidence and variety of 

malformations  caused  by  cadmium  in  mice,  depend  largely on  the  particular  stock  of 
animals used [12]. 

Taking  the  above  into  account,  the  present  work  was  therefore  undertaken  to 
investigate   whether  and  how  two  mouse  strains  display  differences  in  sensivity  to 
teratogenic agent, cadmium. 
 
 
Materials and methods 
 
Animals’ husbandry and breeding procedure 

The  study  was  conducted  with  white  nulliparous  females  -  NMRI  and  hybrid 
(NMRI: Swiss) mouse strains. Breeding colonies of NMRI and hybrid mouse have been 
maintained at the Department of Biology, West University of Timisoara, Romania. 

All the animal experiments described herein were approved by the Ethics Committee 
for Animal Experiments of Department of Biology from Timisoara and comply with the 
European Convention for the Protection of Vertebrate Animals used for Experimental and 
Other Scientific Purposes [13]. 

The mice used in this study were 12 weeks aged with their weights ranged from 25 to 
30g. The rodents were housed in plastic cage, with stainless steel lids and with wood 
shavings for bedding. Water and food were available ad libitum. Animals were maintained 
in climate- controlled room under an alternating cycle 12-h light and 12-h darkness (light at 
9.00–21.00h). 

Timed mating were produced by placing overnight, individual male mice into cages 
containing five females and checked the following morning for vaginal plug. Detection of 
vaginal plug (taken as evidence of mating) at the end of the dark cycle (9:00 am ± 0.5 h), 
was used to designate gestation day (GD) 1.0 [14]. 
 
Chemical solutions and treatment 

The chemicals used in the study were purchased from Sigma Chemical Company, 
and dosing solutions were prepared shortly before administration. A stock solution was 
prepare by dissolving 3 mg CdSO4 in 10 ml sterile saline. The volume of each dose was 
adjusted to 0.1 ml/10g body weight. 

The administration time, covers the period of organogenesis of the early axial skeleton 
and also the beginning of limb bud development. The females were randomly assigned to the 
control or treated groups. Only the treated groups were weighed and administered single dose 
via intraperitoneal (i.p.) injection on GD 9.0 (9:00 a.m. ± 1h), with CdSO4 (3mg/kg). 
 
Developmental assessment and skeletal examination 

On GD 19.0, the animals were sacrificed through cervical dislocation. The numbers 
of   implantation  sites,  resorption  were  recorded  and  viable  fetuses  examined  under 
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magnification for  gross malformations. Resorption and malformation rates resulting from 
cadmium treatments were compared between the two strains. 

All viable fetuses were weighed and preserved in 95% ethanol. To identify skeletal 
anomalies, the fetuses were submitted to double skeletal staining with Alcian blue (cartilage) 
and Alizarin red (bone) according to the technique described by Kimmel and Trammel [15] 
(with personal minor modifications). Fetuses were then stored in glycerol for macroscopic 
skeletal examination. However, in this work we focused mainly on the evaluation of the bone 
malformations. Findings were classified as malformations, according to currently used 
nomenclature [16]. 

Pictures were taken using an Optika SZM-1 binocular stereomicroscope (Optika, Italy) 
and a Canon PC 1099 digital camera (Canon, China).  
 

Statistical study 
The SPSS 17.0 software package (SPSS, Chicago, USA) was used for statistical 

purposes.  The values are expressed as mean ± standard error of the mean (SEM). Fetal 
weight and litter size data were analyzed using one-way analysis of variance (ANOVA). 
Differences between the groups were assessed using one sample t – test. The level of 
significance was set at p< 0.05. 

 
 
Results and discussions 
 
Effects of Cd 2+  on growth and development 

On   the   19th   day o f    gestation,   the   fetal   mortality,   growth   retardation   and 
malformations were evaluated. A total number of 14 NMRI and 15 hybrid fetuses from 
control groups were recorded, while from females treated with CdSO4, there were 35 
NMRI and 21 hybrids surviving fetuses. 

Table 1 summarizes developmental characteristics of NMRI and hybrid fetuses, 
exposed to a single, i.p. injection of cadmium versus control groups. The hybrid litter size 
(3.0 ± 1.15) is significantly lower than the both control groups and the NMRI treated strain 
(3.9 ± 0.69). There was no resorption rate in untreated stocks, in contrast to treated strains. 
The average number of resorption per litter, was higher in the NMRI fetuses (47± 0.06) 
than in the hybrid fetuses (25± 0.08). In contrast, the (0.73 ± 0.02g) hybrid fetal body 
weight was more severely affected by cadmium exposure when compared to the (0.82 ± 
0.05g) NMRI fetal strain. Thus, cadmium treated-mouse  fetuses  showed  a  reduction  
in  overall  development,  including  significant decreases  in body weight (p < 0.05). 
The body weights of NMRI and hybrid fetuses from control groups were 0.98 g and 
0.90 g, respectively. 

 
Table 1. Reproductive effects of single injection of 3 mg/kg CdSO4  in NMRI and hybrid mice. 

 
 

 
Strain 

 
Litters 

 
Alive 

Dead+ 
resorbed Implants  

Litter size % Mortality 
Fetal 

body weight 
 

NMRI 
 

Control 
 

14 
 

0 14 
 

4.7 ±0.88 0.0 
 

0.98 ± 0.04 
 Cadmium 35 31 66 3.9 ± 0.69 47± 0.06* 0.82 ± 0.05 

Hybrid Control 15 0 15 7.5 ± 0.50 0.0 0.90 ± 0.08 
 Cadmium 21 7 28  3.0± 1.15** 25± 0.08* 0.73 ± 0.02**

(*) Significantly different from untreated controls of the same strain at p < 0.05, t-test. 
(**) Significantly lower than the NMRI strain and the control group (one-way ANOVA). 
Data are shown as mean ± SEM 
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External malformations 

The most prevalent external malformation was exencephaly (Figure 1). 
Nevertheless, exencephaly was significantly higher in the hybrid strain (38.1%) than in 
the NMRI strain (17.4%). On the other hand, cleft palate (5.7%) and gastroschisis 
(2.8%) appeared only in the NMRI mice fetuses. Exophthalmia, macroglosy, anomalies of 
the tail and hyper-extended paws were also observed in  both strains treated with 
cadmium but more pronounced in the NMRI strain. The mean percentages of fetuses with 
external malformations are shown in Table 2. None of these malformations were observed 
in the control groups. 

 

 
 

Figure 1: (A) The hybrid mouse fetus from a dam, treated with CdSO4 (3mg/kg) on GD 9.0 showing 
exencephaly (upper arrow) and exophthalmia (lower arrow). (B) No apparent external 
abnormalities are observed in the control fetus mouse. 

 
Table 2. External malformations in fetuses of pregnant mice treated with cadmium sulfate 

 
Dose (3mg/kg) NMRI

 Hybrid 
 

No. of fetuses examined 35 21 
 

No. of fetuses with external malformation (%) 
Exencephaly 6 (17.4) 8 (38.1)* 
Cleft palate 2 (5.7)  0 
Exophthalmia 3 (8.5) 1 (4.7) 
Macroglosy 4 (11.4) 2 (9.5) 
Gastroschisis  1 (2.8)  0 
Tail a, b 4 (11.4) 2 (9.5) 
Hyper extended paw 2 ( 5.7) 1 (4.7) 

 

(*) Significantly different than the other strain , t-test, p< 0.05. a 

kinked tail; b  rachyury tail 
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Caudal vertebrae b,d,e,g 
Thoracic skeleton 

4 (11.4) 2 (9.5) 

Sternum c,d,k,l 30 (85.7) 15 (71.4) 
Ribs d,f,i,j,l,m 29 (80.0) 16 (76.1) 

Appendicular skeleton 
Forepaw 

(incpl. oss. metacarpal bones) 8 (22.8)* 2 (9.5) 
(digits poorly ossified) 6 (17.4) 10 (47.6)* 

Hindpaw
 (incpl. oss. metatarsal bones) 8 (22.8) 3 (14.2) 
 (digits poorly ossified) 15 (42.8) 8 (38.1) 

Skeletal abnormalities 
All fetuses in the control groups showed normal skeletal development.  The major 

appendicular  and axial skeletal defects are summarized in Table 3. The most frequent 
deformities were in the axial skeleton while the appendicular skeleton is being spared. 

In the skull, the most common malformation saw on the 19th day involved incomplete and lack 
of ossifications. However, in the NMRI strain it was more pronounced in the parietal region (80%), 
whereas in the hybrid fetuses the lack of ossifications occurred particularly in the supra occipital 
region (71.4%). It is noteworthy that in NMRI fetuses, in contrast to hybrid strain  there was no bony 
structure in the temporal, frontal and parietal region (Figure 2). 

Further, the vertebral column and thoracic skeleton was also severely affected. Major 
vertebral  column anomalies were observed in both treated strains. The vertebral defects 
included mainly fused, asymmetric, cleaved vertebrae as well as dumbbell-shaped centrum 
and unilateral ossification of vertebral body. Similarly, in the thorax region were remarked 
also a variety of abnormalities. The most  frequent were noted in NMRI fetuses 85.7 % 
sternum anomalies, and 80% ribs respectively, whereas in hybrid fetuses were found 71.4 % 
sternum and 76.1 % ribs anomalies. Rib defects included ribs that were absent, branched, 
misaligned, rudimentary, detached or fused (Figure 3). 

 
Table 3. The fetuses’ skeletal anomalies from pregnant mice treated with cadmium sulfate. 

 
 

Parameters  3mg/kg (CdSO4) 
NMRI  Hybrid 

No. fetuses showing anomalies (%) 32 (91.4) 17(80.9) 
 

Axial skeleton 
Skull 

Frontal (incpl. oss.)  8 (22.8)  4 (19.0) 
Parietal (incpl. oss.) 28 (80.0)* 12 (57.1) 
Interparietal (incpl. oss.)   19 (54.2)   12 (57.1) 

Supraoccipital (incpl. oss.) 26 (74.2) 15 (71.4) 
Exoccipital (incpl. oss.)   2 (5.7)  4 (19.0)* 
Vertebral column 

Cervical vertebrae b,e,i 19 (54.2) 7 (33.3) 
Thoracic vertebrae e,i,k,l 16 (45.7) 11 (52.3) 
Lumbar vertebrae b,e,k  2 (5.7)  3 (14.2)* 
Sacral vertebrae e,i,l  3 (8.5)   2 (9.5) 

 
 
 
 
 
 
 
 
 
 
 
 
 

For a better clarity the control groups were omitted, but examined. 
A single fetus may be represented more than once in listing individual skeletal 
abnormalities. Numbers in brackets indicate the percentage of affected surviving fetuses. 
Incpl. oss. = bone incompletely ossified 
(*)Asterisk indicate significant differences in the percentage incidence per litter between the 
two strains, t-test, p<0.05. 
a absent; b asymmetrical; c cleaved; d displaced; e dumbbell–shaped; f extra rib; g flat; h flying; i 
fused; j nodulated; k not ossified; l rudimentary; m wavy. 
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Figure 2. Fetal skeleton showing reduced skull ossification after in utero exposure to 3mg/kg to cadmium 
sulfate on GD 9.0 

 

 
 

Figure 3. Vertebrae and rib anomalies. Microphotograph of dorsal view of axial skeleton. Treated  fetus 
exhibiting ribs fused proximal (F); thoracic vertebral arches fused (arrow); lumbar vertebral bodies: 2nd and 

3th dumbbell - shaped (2, 3). 
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Also,  the  examination  of  the  alizarin  red  stained  skeletons,  show  a  reduced-
paws ossification. Although it was observed in both mouse strains there was a higher 
frequency in NMRI  strain. As overall findings, through the external skeleton, two or 
more malformations were  observed  in  treated mouse  fetuses.  The  results  demonstrated  
that  the  toxic  effect  of cadmium on fetuses’ development as well as the malformations 
induced by cadmium is mouse strain– dependant. 

 
Discussions  

 
With this comparative mouse model, we investigated the impact of cadmium 

sulfate in two mouse strains on the one part, and the differences between strains in the 
way they respond to cadmium teratogenicity on the other part. Similar to observations in 
C57BL/6NCrlBR and SWV/Fnn embryos  exposed to cadmium [9], we observed 
differences in sensitivity between NMRI and hybrid mice as regards growth, resorption, 
gross malformations and axial skeleton anomalies. These results confirm the findings of 
earlier workers [17, ] who have also reported a strain-dependent susceptibility to Cd-
induced embryo toxicity. 

The fetal death and fetal weight reduction were sensitive and precise indicators for 
the effects  of  growth retardation of in utero fetuses. Our data processing (Table 1), have 
shown severe reduction  in fetuses weight, when they were exposed to 3 mg/kg dose of 
cadmium. Similar observations were  also reported by Whelton [18]. Further, we 
observed that NMRI strain is more sensitive than hybrid strain to cadmium exposure 
concerning fetal weights. On the other hand, the NMRI strain demonstrated  a statistically 
significantly increase in resorption compared with hybrid strain. 

In the NMRI and hybrid treated mouse fetuses, there seems to be a general trend 
toward increased gross malformations rate, to the control groups, but is also an obvious 
strain difference between the two strains. For instance, the cleft palate and gastroschisis 
were seen exclusively in the NMRI strain. Relatively low percentages of exophthalmia and 
hyperextended paw were also noted in  the  NMRI  strain,  but  again,  only a  single 
example  of  these  malformations  were remarked in the hybrid strain. 

Further, the exencephaly, one of the most common external malformations, even 
though occurred in both treated strains, was more pronounced in the hybrid fetuses. The 
results of our study, are corroborated by those obtained by Hoshino [19] with the strain 
CF1. 

As expected, many fetuses from both treated strains were malformed, after 
double- staining, at the level of the axial skeleton. For many years, it has been thought 
that cadmium damages bone only at high-level long-term exposure [20], but our data 
have shown this occur even when the fetuses were exposed to a dose of 3 mg/kg cadmium 
sulfate. The percentages of the axial and appendicular defects are delineated in Table 3. 

Malformations classified as incomplete ossification were found in the skull, 
vertebral bodies and arches. Rib malformations were represented by displaced, flying, 
fused, rudimentary and absent ribs.  Vertebral arches included rudimentary, fused, 
hypoplastic and asymmetrically displaced while the vertebral bodies were dumbbell-
shaped, cleaved, unilateral ossified and flat 
- shaped. Even though, these malformations were observed in both strains, the statistical 
skeletal analysis revealed that the NMRI strain was significantly more sensitive, to the 
induction of bone anomalies than the hybrid strain. 

Overall, we observed a relation between body weight and the retardation in skeleton 
ossification. We implied that reduction in body weight was a consequence of skeleton 
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abnormality. The same relation between body weight and ossification of the skull was noticed 
in rat fetuses by Arifuki [21]. 

It has been suggested that increased sensitivity of certain strains to the teratogenic 
induction  of  specific  defects  is  because  of  the  exacerbation  of  an  existing  genetic 
susceptibility  to  that  defect  [22].  The  author  suggested  that  this  shared  hierarchy  of 
susceptibility was the result of similar mechanism of sensitivity to all teratogens that cause 
malformations. 
 
 

Conclusions  
 

The data presented in this paper demonstrate that cadmium showed teratogenicity in 
mice. The teratogenic dose by single intraperitoneal administration on day 9 of pregnancy was 
3 mg/kg cadmium. Thus, it can be concluded from this work that the NMRI and hybrid mouse 
fetuses are both susceptible to cadmium toxicity at the same developmental stage. However, 
cadmium affected fetuses developmental more severely in the NMRI mice, than in the hybrid 
strain, as judged by the extent of the incidence of malformations. Reversely, in hybrid fetuses 
cadmium caused a higher decrease in fetal weight. In conclusion, in the present study hybrid 
strain proved to be the resistant strain, demonstrating overall a more reduced number of 
malformations, compared to the NMRI strain. Finally, due to these results it can be clearly 
stated that indeed the hybrid mice are the „vigorous strain” while cadmium remains  one of 
the most toxic heavy metals. 
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