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Abstract: The present study investigates the effects of different doses of "trichloroethylene" TCE on the axial and ap-

pendicular skeleton of day 18 mice fetuses maternally treated with TCE. The experimental females (90 virgin females) 

were divided into three groups; the first one (G1) was the control that treated with the solvent only (corn oil), the 

second (G2) and the third (G3) treated groups with low (24 mg/kg) and high (240 mg/kg) doses of TCE, respectively. 

Oral administration of TCE to female mice once daily for a period of 21 days before mating and till 17
th

 day of preg-

nancy, caused a significant decrease in the body weight and body length of treated fetuses.  Stereoscopic examination 

for the obtained 18
th
 day fetuses showed severe skeletal alterations included incomplete ossification for some bones of 

skull, vertebrae, fore and hind limbs and significant reduction in the length of most long bones of both limbs. These 

alterations indicated that TCE treatment induced growth retardation confirmed by great reduction in body weight and 

body length. The results suggest that TCE has teratogenic effects on maternally treated 18-day-old albino mice fetuses.  

 

Keywords: trichloroethylene, skeletal system, teratogenicity, 18-day-old Albino mice fetuses. 

 

1. INTRODUCTION 

 

Trichloroethylene (TCE) is a chlorinated hydrocarbon, not 

naturally found in the environment (man-made); it is an 

environmental toxicant due to production, use and dispos-

al. TCE is detectable in underground water sources, sur-

face water, and the air (Ugden et al., 1983). TCE is pro-

duced in the petrochemical industry and has many uses, 

such as in dry cleaning operations, paint and printing ink 

removal, fumigation of rodents, manufacturing fluorocar-

bons, beverages (decaffeination of coffee), pet foods, med-

icine, pharmaceuticals, cosmetics and as an anesthetic 

agent (Kaneko et al., 1997; IARC, 1995; Maull et al., 

1997). In addition, it is used in the pharmaceutical industry 

as a solvent for waxes, fats, resins, and oils and in the aer-

ospace industry for flushing liquid oxygen. Trichloroethy-

lene is readily absorbed following both oral and inhalation 

exposures. It is also absorbed from the gastrointestinal 

tract into the systemic circulation in animals. Using radi-

olabelled TCE, Mass balance studies indicated that mice 

and rats metabolized TCE at 38.10% and 15.10%, respec-

tively, following oral administration in corn oil vehicle. 

For both species, the lower values were obtained following 

treatment with large doses in excess of 1000 mg/kg b.wt, 

implying that the rate of absorption was higher at low dos-

es than at high doses in both species (Mitoma et al., 1985; 

Prout et al., 1985 and Rouisse & Chakrabarti, 1986). Once 

absorbed, TCE diffuses readily across biological mem-

branes and is widely distributed to tissues and organs via 

the circulatory system. Studies in animals (Fernandez et  

 

 

al., 1977; Fisher et al., 1991) and humans (De Baere et al., 

1997) have found TCE or its metabolites in most major 

organs and tissues. Also, TCE may accumulate in adipose 

tissue because of its lipid solubility. Consequently, slow 

release of TCE from adipose stores might act as an inter-

nal source of exposure, ultimately resulting in longer mean 

residence times and bioavailability of TCE (Dallas et al., 

1991; Fisher et al., 1991). The oxidative metabolism of 

TCE occurs primarily in the liver, although it may also 

occur in other tissues, particularly the kidney and the lung. 

There are two main pathways responsible for TCE meta-

bolism: oxidation by cytochrome P-450 and conjugation 

with glutathione (GSH) by glutathione-S-transferases 

(Lash et al., 2000).  

 

2. MATERIALS AND METHODS 

 

2.1. Animals 

Ninety virgin female and thirty fertile male albino mice 

weighing approximately 23-25 gm were used for experi-

mentation. The animals were arranged into three groups, 

each was composed of 30 females as follows: The first 

group (G1), in which the animals were treated under the 

same condition with the dose solvent (corn oil). The 

second group (G2) and the third group (G3) in which fe-

males were treated orally for three weeks (daily) with 24 

mg/kg and 240 mg/kg body weight of TCE, respectively. 

The treated females allowed mating with normal male.  
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2.2. Mating procedures 

The females which were found at the pro-estrus stage were 

selected, each three of them were kept with one adult male 

in one cage overnight. Occurrence of copulation was es-

tablished in the next morning at 9.00 a.m. by the presence 

of the vaginal plug and/or the presence of the sperms in 

the vaginal smear, and this day was considered to be the 

first day of pregnancy, assuming coitus took place at 1.0 

a.m. on the night of mating (Terada and Nishimura, 1975). 

The treated pregnant females received TCE until 17
th

 day 

of gestation and sacrificed on day 18 of pregnancy.  
 

2.3. Administration of trichloroethylene 

Highest purity trichloroethylene (TCE) obtained from 

Sigma-Aldrich company at Cairo was used in the present 

work. The used dose was based upon the 50% lethal dose 

(LD50) value of 2402 mg/kg body weight in mice taken 

from the Registry for Toxic Effects of Chemical Sub-

stances (Tucker et al.1982). The two doses of TCE inves-

tigated in the present study were 24 and 240 mg/kg (1/100 

as low dose and 1/10 of LD50 as a high dose, respectively) 

dissolved in corn oil. Control doses consist of corn oil only. 

The used doses were made up immediately preceding dos-

ing and a volume of 0.2 ml was given per animal. Mice 

were administered TCE using an 18-gauge, 3.8 cm curved 

gavage needle attached to a graded glass syringe. Food 

was withheld from all animals for 4 hours prior to daily 

administration. The full gravid uteri dissected to extract 

the 18th day fetuses, washed in saline and then stained 

with a double stain; Alizarin R-S and Alcian blue. Then 

preserved in pure glycerol for examine by stereo micro-

scope and photograph.  
 

3. RESULTS 
 

External morphological studies 

In the present investigation the external morphological 

examination indicated that, TCE causes growth retardation 

of the fetuses. Growth retardation is indicated by the re-

duction in fetal body weight and length (Fig.1). The de-

creasing of both weight and length of the fetuses (18
th

 day 

of gestation) maternally treated with low dose TCE (G2) 

showed non-significant decrease. However, significant 

decrease values were calculated in the experimental group 

(G3) where, body weight and crown- rump length attained 

considerable reduction (Fig. 1). 
 

Osteological studies 

Trichloroethylene (TCE) affected the development of ske-

letal system of treated foetuses at the 18th day of gestation 

as compared with the normal one at the same age. This 

effect included the shortage in lengths of bones and 

decrement of bones and cartilages of the skeletal system as 

the following: 
 

The axial skeleton 

1- The skull 

The well-ossified dermal bones of the skull of control foe-

tuses at 18th day of gestation are paired nasal act as a roof 

for the nasal capsules, followed posteriorly by the paired 

frontals and the paired parietals. A small triangular inter-

parietal bone is present in between the posterior ends of 

the parietals. The bones of the maxillary arch consist of a 

premaxilla, ventral to the anterior nares, maxilla forming 

the lateral side of the facial region of the skull, jugal which 

is forming the anterior part of the zygomatic arch and squ-

amosal completing zygomatic arch at the posterior edge of 

the skull (Fig. 2A). Also, the ossification of each vomer, 

pterygoid and palatine with its processes; palatal process 

of palatine and palatine process of maxilla to form the 

floor of the skull (Fig. 2A). However, the dentary bone of 

the lower jaw is completely ossified and it envelopes the 

Mechel's cartilages which still cartilaginous and are united 

anteriorly to form symphesis meckelii (Figs 2A).  

Also, the cartilaginous bones (replacing bones) of the skull 

which are included the basioccipital, exoccipitals, basis-

phenoid, presphenoid, and orbitosphenoid, which are 

clearly ossified. At the same time some of cartilaginous 

bones such as orbitosphenoid, ethmoid, tympanic bulla, 

periodic are not yet ossified while the supraoccipital is 

partially ossified (Fig. 2A). 
 

Foetuses at the 18th day of gestation of the G2 & G3 have 

exhibited several skeletal alterations. The bones of the 

skull of the two treated groups have a gradual decrement 

of the volume and length as compared to control group 

(Figs 2A, B, C). These changes included decrease of ossi-

fication of both cartilaginous and dermal bones of the skull 

for both treated groups. In relation to the change in length 

and volume of the skull of the treated foetuses of second 

group which subjected to severe abnormalities, this lead to 

a clear shortage in length and volume of this skull as com-

pared with the normal group and first treated one (Figs 2A, 

B, C). The dermal bones of the first treated group have 

been disappeared such as nasal, frontal, parietal, interpa-

rietal, squamosal, vomer, palatine and its process, pterygo-

id and dentary. Also, the cartilaginous bone for the same 

group minimized in volume or disappeared such as exoc-

cipital, basioccipital, basisphenoid and supraoccipital (Fig. 

2). In relation to the second treated group, the shape and 

volume of skull has a clear shortage and not ossified the 

most bones including dermal and cartilaginous one, except 

pterygoid, basisphenoid and basioccipital as compared the 

control skull with that of second group. The bone of the 

lower jaw has a gradual lack of ossification as can be 

shown from figure 3, since there is a slight ossification for 

dentary of first group, while there is completely disappear-

ing for this bone in case of second group. This case as can 

be shown from figure 3G2, the lower jaw consists of 

Meckel's cartilage and some connective tissue around it. 

 

The vertebral column 

The vertebral column of control mouse foetuses at 18th 

day of gestation is composed of seven cervical, 13 thoracic, 

six lumber, four sacral and caudal vertebrae. Also, the 

centra and neural arches of most vertebrae are clearly ossi-

fied, while most of the last caudal vertebrae are still non-

ossified. The neural arches of the thoracic and lumbar ver-

tebrae are still separated while those of the sacral vertebrae 

are just fused. 
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Examination of the vertebrae of the experimental group 

G2 indicated to gradual unossified parts of vertebrae such 

as centra of cervical vertebrae number 1, 2, 6, and seven 

and the other centra are less ossified (Fig. 4G1). But in 

case of second group G2, all centra are completely unossi-

fied (Fig. 4G2). However, the lateral edges of transverse 

process of cervical vertebrae are not ossified in G2 and G3 

except the 6th and 7th vertebrae of G3 (Fig. 4G1 & G2).  

Studying of the thoracic vertebrae revealed that there is no 

effect on the centra and transverse process of these verte-

brae of first group as compared with those of control one 

(Fig.5). Moreover, in second group the centrum of first 

and second vertebrae is completely disappeared while the 

rest of centra of vertebrae are reduced in size (Fig. 5G2). 

Also, in the same group the transverse process is more 

reduced for all thoracic vertebrae as compared with the 

control one (Fig. 5C). 

At the same times, the centra and transverse process for 

every lumbar vertebrae of foetuses at 18th day of gestation 

maternally treated with low dose of TCE (G1) and high 

dose of TCE (G3) showed gradually decrease in ossifica-

tion in contrast with the control group (Fig. 6). From this 

comparison, the cartilaginous material becomes dominant 

for the components of lumbar vertebrae of second group 

especially the neural arches. 
 

The Sternum and Ribs 

The sternum of the control foetuses consists of six rod-like 

pieces of well-ossified sternabrae arranged in a straight 

line (Fig. 7C). The sternabrae of G2 are less ossified and 

decrease in length and diameter as compared with the con-

trol group. However, the effect of trichloroethylene with a 

high dose on the sternal components of foetuses at 18th 

day of gestation (second group) leads to completely de-

voided from bony material (becoming cartilaginous phase) 

and the sternabrae become narrower than the other pre-

vious groups; control and first groups.   

The control foetuses (18th day of gestation) possess 13 

pairs of ribs. Each rib consists of a bony vertebral portion 

and a cartilaginous sternal one. The sternal parts of the ribs, 

except the last three pairs, articulate with the sternum. The 

ribs which reach the ventral side are independently at-

tached to the breast bone are named as a true ribs. The 

unattached ribs are called false or floating ribs (Fig. 8C). 
 

 
Fig. (1): The mean of fetal weight and length of control 

and maternally treated fetuses. 

The ribs of foetuses of G1 appeared, more or less, well 

ossified as compared with the control one. Also, the ster-

nal portion of last three ribs appeared as wavy shaped (Fig. 

8G1). But those of G2 exhibited obviously regression of 

ossification process for the most part of vertebral portion 

of ribs. The phenomenon of wavy sternal portion of ribs is 

found in last six ribs as can be shown from figure 8G2. 

 

 

 
 

Fig. (2) : Photographs of ventral view of the skull of foe-

tuses on 18th day of gestation showing skull alterations. 

(C): skull of control foetus showing ossified elements. 

(G1): skull of foetuses from dams treated with low dose of 

TCE showing incomplete ossification and complete non-

ossified elements. (G2) : skull of foetuses from dams 

treated with high dose of TCE showing completely non-

ossified elements. Note: in all cases (B & C) the tympanic 

pullae are completely non-ossified as the control. 

 

   
 

Fig. (3) : photographs of dorsal view of the lower jaw of 

foetuses at 18th day of gestation showing gradual decrease 

in ossification of dentry bone from the control (C) to low 

(G1) and high dose (G2) of TCE treatment. Note: highly 

reduced in the size of dentry bone that is completely non-

ossified.  
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Fig. (4): Photographs of ventral view of the cervical verte-

brae of mouse foetuses at 18th day of gestation showing 

alterations of the vertebrae. (C): Foetuses from control 

dam showing seven well ossified vertebrae, as well as the 

centra and transverse processes. (G1): foetuses from dam 

treated with low dose of TCE showing that the centra of 

vertebrae number 1, 2, 3 and 4 are completely non-ossified 

and number 5, 6 and 7 are partially ossified and partially 

cartilaginous. (G2): foetuses from dam treated with high 

dose of TCE showing that all the seven vertebrae together 

with the lateral edges of transverse processes are non-

ossified except the 6th and 7th vertebrae. 

  

   
 

Fig. (5): photographs of ventral view of the thoracic verte-

brae of mouse foetuses at 18th day of gestation showing 

alterations of the vertebrae. (C): Foetuses from control 

dam showing well ossified vertebrae, centra and transverse 

processes. (G1): Foetuses from dam treated with low dose 

of TCE showing well ossified centra with decreased size 

of the transverse processes. (G2): Foetuses from dam 

treated with high dose of TCE showing that the centra of 

vertebrae number 1 and 2 are completely disappeared, 

while those of the rest of vertebrae are highly decreases in 

size. 

 

 
 

Fig.(6) : photographs of ventral view of the lumbar verte-

brae of mouse foetuses at 18th day of gestation showing 

alterations of the vertebrae. (C): Foetuses from control 

dam showing well ossified vertebrae and arches. (G1): 

Foetuses from dam treated with low dose of TCE showing 

well ossified vertebrae with a decrease in the size of the 

centra and transverse processes. (G2): Foetuses from dam 

treated with high dose of TCE showing less ossified verte-

brae and centra. The centra and transverse processes are 

reduced in size. 

 

  
 

Fig. (7): Photographs of ventral view of the sternum of 

mouse foetuses at 18th day of gestation showing altera-

tions of the sternum. (C): Foetuses from control dam 

showing well ossified sternebrae (st1-st6). (G1): Foetuses 

from dam treated with low dose of TCE showing less ossi-

fied sternebrae. Note : asymmetric (As), dumb-bell shaped 

(Db) and malaligned (Ml) sternebrae. (G2): Foetuses from 

dam treated with high dose TCE showing completely 

chondrified sternebrae. Note : separation of the 5th and 6th 

sternebrae. 

 

 
 

Fig. (8): Photographs of lateral view of the ribs of mouse 

foetuses at 18th day of gestation showing alterations of the 

ribs. (C): Foetuses from control dam showing well ossified 

vertebral portions of the ribs and chondrified portions. 

(G1): Foetuses from dam treated with low dose of TCE 

showing less ossified vertebral portions of the ribs. Note: 

wavy sternal portions of ribs number 10 and 11. (G2): 

Foetuses from dams treated with high dose of TCE show-

ing reduction in ossification of the vertebral portions of 

ribs, fusion of vertebral portions of ribs number 2 and 3 

and wavy appearance of the sternal portions of ribs num-

ber 9 and 10. 

 

4. DISCUSSION 

 

The present investigation has revealed that on day 18 of 

fetal life, chondrogenesis and ossification of axial skele-

tons were complete nearly in most control fetuses ex-

amined. In addition, the development of ribs and sterne-

brae was complete too. These findings are in line with 

those offered by Taylor (1986). 
 

In the present study skeletal preparations of 18-day-old 

mice fetuses maternally treated with low and high dose of 
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TCE (G2 and G3, respectively) showed growth retardation 

of the skeletal elements represented by incomplete or sev-

er lack of ossification of some bones in the skull, vertebrae, 

sternal elements, shortness of ribs and complete non-

ossification of some others, i.e., bones of the skull, verte-

brae and bones of sternum. The results of this study 

showed a significant reduction in the fetal body weight 

and length of G3 as compared with the control one (G1).  

In this concern, similar findings were reported by Carney 

et al., (2006) when exposed female rats to 600 ppm TCE 

during gestational days from 6 to 9. Also, these results in 

agreement with Schwetz et al., (1975), Dorfmueller et al., 

(1979) and Das & Scott (1994). Schwetz et al., (1974) 

reported that inhaled 300 ppm TCE for 7 hr daily on days 

6-15 of gestation by pregnant female mice lead to delayed 

ossification of skull bones and split sternebrae (unfused 

centers of ossification) and delayed ossification of sterne-

brae was significantly greater than in controls.  
 

Growth retardation of skeletal elements observed in the 

present investigation may be attributed to the inhibition of 

protein synthesis in the tissues of developing embryo dur-

ing the active period of growth (Mazzullo et al., 1992; Wu 

& Berger, 2007 & 2008). Where, oxidative metabolism of 

TCE generates a variety of reactive intermediates, includ-

ing the unstable epoxide 2,2,3-trichlorooxirane and TCE-

oxide (Cai & Guengerich 2001), oxygen-free radicals 

(Steele-Goodwin et al., 1996), and trichlorinated carbon-

centered radicals (Ni et al., 1996). Reactive oxygen spe-

cies (ROS) and radicals can damage cellular components 

(Khan et al., 2009), resulting in increased protein turnover, 

decreased protein function, lipid peroxidation (Stadtman & 

Oliver 1991). It is also probable that TCE may affect cal-

cium content of pregnant mothers and/or decrease the rate 

of calcium absorption.  

The retarded skeletal elements may be attributed to trans-

placental passage of TCE or its metabolites (Laham, 1970 

and Withey & Karpinski, 1985) and its direct or indirect 

effects on the differentiation of skeletal elements or via 

adverse effects on maternal liver & kidney leading to im-

pairment of vitamin D involved in calcium metabolism 

and consequently retarded skeleton formation.  

As a general, it could be stated that one or more of the 

previously mentioned factors stand at the principal causal 

agent of incomplete ossification of the skeletal elements. 

This suggestion is in accordance with the statement pre-

sented by Ganong (1995) who mentioned that adequate 

amounts of both protein and minerals must be available for 

the maintenance of normal bone structure. However, it is 

important to note that these skeletal variants are indicative 

of a delay in development and are consistent with the sig-

nificantly decrease fetal body measurements and growth 

which were observed in these fetuses. 

 

5. CONCLUSIONS 

 

The results obtained from 18-day-old fetuses maternally 

treated with TCE showed that TCE has teratogenic effects 

on skeletal development and the degree of these effects 

depends upon the level and duration of the dose.  
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