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ABSTRACT 
Excessive alcohol consumption by a pregnant woman may delay foetal development and may cause malformations. 

In this study, the model of the chicken embryo to demonstrate the teratogenic effect of ethanol (33%) on the chicken 

osteogenesis on the 10th day of embryonic development have been used. 49 fertilized eggs were used in present 

investigation. Hence, different doses of ethanol were injected into the chicken embryos at 33% (20, 40, 80 μl) in the 

air space at gastrulation and, on the other hand, an equivalent amount of the mentioned doses of distilled water were 

injected into the control-group eggs which was done once in every two days in order to maintain a high concentration 

in the blood. Experiments were repeatedly and independently carried out for three times. The eggs were incubated in 

a humid incubator at the temperature of 37.7 °C and at 60-65% of humidity. On the 10th day of incubation, the 

embryos were taken out and fixed in formalin at 10%. After that, the eggs were sectioned at 5μm of thickness with a 

Leica micrtome and, then, stained with the Hematoxylin and eosin. Histological examination has revealed that the 

exposition of chicken embryos to ethanol (33%) delays the skeletal development in a dose-dependent manner by 

reducing the length of the cartilaginous proliferation zone and hypertrophic zone during the bone formation period. 

Furthermore, under the effect of ethanol, the cell proliferation activities were repressed. In conclusion, present results 

indicated that using ethanol to treat chicken embryos at early stages caused considerable malformations and a 

decreased in the embryo survival rate. The exposition to alcohol affects the chicken osteogenesis in a dose-dependent 

manner. 
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INTRODUCTION 
 

Alcohol is considered as the most common teratogen in 

the occidental world. Its consumption during pregnancy 

may pave the way to a disease called Foetal Alcohol 

Syndrome or, under its softest form, Foetal Alcohol 

Effects (Chaudhuri, 2004). This is very worrying, if 

anyone consider the increase of alcohol consumption by 

women in the world (Chaudhuri, 2004). Despite the fact 

that the rate of alcohol consumption has been relatively 

steady through the last 30 years, the rate of women who 

consumed alcohol increased by 12.4% in 1991 and by 

16.3% in 1995. Meanwhile, the number of newborns 

suffering from the Foetal Alcohol Syndrome (FAS) 

quadrupled between 1979 and 1993 with an incidence rate 

of 6.7 per 10 000 births in 1993 (Miller et al., 2001). The 

negative clinical results of alcohol consumption during 

pregnancy may include an increased neonatal mortality, 

head and facial anomalies, a microcephaly, body organs 

disorder (Bupp Becker and Shibley, 1998). Including 

growth delay, muscle and skeletal anomalies and 

intellectual and behavioural disability (McGill et al., 

2009). Various animal models have been used by 

researchers in order to study the factors and effects of 

various alcohol-related diseases. Such models have helped 

researchers to explore the mechanisms by which short-

term and long-term consumption may interfere with the 

normal embryo-development processes (Kamran et al., 

2011).  
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The chicken embryo (Gallus gallus) is an extremely 

useful model for the development biology, experimental 

embryology and teratology (Drake et al., 2006). Accurate 

and full descriptions of the development of chicks are 

widely available (Drake et al., 2006). Using chicken models 

is very beneficial for the developmental researches. Fertile 

eggs are cheap, easy to find at stores and only an incubator 

is required for their development (Smith and Nagy, 2008). 

The shell can easily be fenestrated to view or manipulate the 

embryo directly. It can also be easily obliterated so that to 

continue the development process (Smith and Nagy, 2008). 

Maternal metabolism lacks an in ovo system that allows the 

direct isolation of teratogenic effects. All in a nutshell, the 

embryo model offers a cheap and practical system in which 

it is possible to apply modern experimental tools to know 

how a teratogen interferes with specific mechanisms 

underlying the organogenesis and the morphogenesis (Drake 

et al., 2006). 

Hence, the aim of this work is to study the teratogenic 

effect of the in ovo exposition to ethanol on the osteogenesis 

in a system of a chicken-embryo model considering the 

injected ethanol dose and the embryonic development stage. 

 

 MATERIALS AND METHODS 

  

Ethical approval 

The experiment was carried out according to the 

National Regulations on Animal Welfare and Institutional 

Animal Ethical Committee. 

 

Experimental design 

Present investigation was carried out on a group of 

49 embryonated of the broiler chickens (Hubbard F15) 

eggs, brought from the private hatchery “Coopérative 

agricole Errakhaà Wa Izddihar”, located in Theniyetsaida 

(Ain Yagout – Batna) through the period from April 2017 

to March 2018, Algeria. The eggs were divided into three 

groups: a non-treated negative control group (n=7), a 

positive control group, treated with distilled water, and 

which, in turn, was subdivided into three subgroups of six 

eggs each. These subgroups received respectively (20, 40 

and 80 μl) of distilled water. A last group, exposed to 

ethanol 33%, was also subdivided into three subgroups of 

eight eggs each. These subgroups received respectively 

(20, 40 and 80 μl) of ethanol 33% (Table 1). 

 

Substance injection 

This particular step is crucial and necessitates a 

maximum sterility. Hence, a Bunsen burner was used for 

the substance injection in the air sacs (Cevik et al., 2007). 

 Incubation 

The eggs were incubated during 240 hours (10 days) 

in a humid incubator at 37°C and 60-65% of humidity, and 

were automatically turned every four hours (Cevik and 

Lale Satiroglu, 2003; Aguilera et al., 2005). 

 

Visualisation of the skeleton 

 The skeletal staining was done by the technique 

described by Sadeghi (2014): the embryos were 

eviscerated and the skeletons were cleared without being 

damaged. After that, they were fixed in ethanol absolute. 

The skeletal staining was done with Alizarin red at 0.001 

%. The samples were then rinsed by KOH at 1%, 3 times 

during a week. The last step was the treatment of the 

samples with ascending concentration sets of glycerol in 

KOH at 1% during 24 hours in every step. Finally, the 

samples were placed in glycerol. 

   

Histological examination 

The samples were fixed with 10% buffered formalin, 

passed through to a series of ethanol from 80% to 100%, 

then cleared with xylene during one hour in each shower 

and then incorporated in paraffin. 5 µm bone sections were 

taken by a microtome (Leica), the slides were then H&E 

stained and analysed under an optic microscope Carl Zeiss 

Axioskop 20 connected to a digital video camera DOM 

300 (Laanani et al, 2015; Khenenou et al, 2017; Khenenou 

et al, 2019). 

 

Table 1. Treatments, subgroups and number of eggs in 

each gruoup of study  

Group Treatment Subgroup 
Number  

of eggs 

A : Negative 

control 
No traited  7 

B : Positive 

control 

Distilled  

water 

B1: 20 μl 6 

B2: 40µl 6 

B3: 80 µl 6 

C : Treated; 

ethanol 

EtOH  

(33%) 

C1: 20 µl 8 

C2: 40 µl 8 

C3: 80 µl 8 

 

Statistical analysis 

The statistical analysis of the experimental data was 

carried out using statistical software Graph Pad Prisme 

5.01. The data concerning the length of the proliferation 

and hypertrophic zones were identified using a T test for 2 

independent samples or an analysis of the one-way 

variance (One-way ANOVA); for both tests. P<0.05 was 

considered as statistically significant between the control 

groups and those exposed to ethanol.  
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RESULTS AND DISCUSSION 

  

Ethanol effects on the embryonic viability 

Present findings indicated that the in ovo injection of 

the distilled water at low quantities (20µl) had a negligible 

effect on the embryonic viability whose average embryo 

survival rate was 83.33%; only a slight difference was 

noticed in comparison to the control group (85.72). In 

contrast, it was noticed a remarkable diminution of the 

embryonic (58.33%) viability at higher water quantities 

(40 and 80µl). When the groups exposed to ethanol 33%, 

it was noticed a diminution of the embryo viability rate 

depending on the volume (the bigger the volume gets; the 

more the embryo mortality is), the average of the survival 

rate of embryos treated with 20µl was 56.28%, but with an 

increase of the injected amount reaching 40µl and 80µl, 

the average of the survival rate was reduced to 37.5% and 

12.5% respectively (Table 2). The data illustrated in table 

1 and figure 1 indicated that ethanol affects the embryonic 

survival rate at an early stage. Present results are in 

complete concordance with the study done by Zulifqar et 

al. (2015) which demonstrated that the treatment of the 

chicken embryos at early stages causes a decrease in the 

survival rate of chicken embryos.  

 

Table 2. Average of survival rates in broiler chicken 

embryos treated with ethanol  

                 Quantity (µl ) 

Group 
20 40 80 

Negative control ; 

no traited 

 

85.72% 

 

85.72% 

 

85.72% 

Positive control; 

distilled water 
83.33% 58.33% 58.33% 

Treated; ethanol 56.28% 37.50% 12.50% 

 

 
Figure 1. The effect of ethanol on broiler chicken 

(Hubbard F15) embryo survival rate, Algeria (April 2017 

to March 2018).  

Special staining  

The stereomicroscopic observation of the embryos 

stained with Alizarin red has shown a dark red stain 

noticed on the long bones (Figure 2); Alizarin red staining 

has an affinity for calcium ions. This explains that there is 

an ossification process at the level of these bones. Hence, 

it was noticed that the ossification of long bones, such us 

the humerus bone, starts on the 10
th

 day of incubation for 

chicken embryos. This confirms the study done by Sawad 

et al. (2009). 

 

 
Figure 2. A broiler chicken (Hubbard F15) embryo after 

10 days of staining with Alizarin red, Algeria (April 2017 

to March 2018). 

 

The effect of ethanol on the length of the 

proliferation and cartilaginous-hypertrophy zones 

Long bones like the humerus bone develop by 

endochondral ossification, length measurements of the 

proliferation and cartilaginous-hypertrophy zones, 

particularly of the developing humerus bone, show the 

results below:  

The length of the humerus-bone’s proliferation zone 

of chicken embryos of the negative control group 

(515.7±1.28μm, n = 4) was considerably (P<0.005) larger 

than that of the three groups exposed to ethanol (20µl, 

40µl and 80µl) whose lengths are (505.9±1.14μm, 

498.1±1.93μm and 489.9±0.83μm) respectively (Figure 3). 

Also, the cartilaginous-hypertrophy zoneof the humerus 

bone of the control group (543.2±0.98 μm, n=4) was 
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considerably (P<0.005) superior to that of the three groups 

exposed to ethanol (20 µl, 40µl and 80µl) whose length is 

(523.4±1.15 μm, 515.5±0.88 μm, and 493.9±2.84 μm) 

respectively (Figure 4). 
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Figure 3. The ethanol effect on the length of the 

proliferative zone of the humerus of the broiler chicken 

(Hubbard F15) embryo, Algeria (April 2017 to March 

2018) A. Exposition at 20µl of EtOH,  B. Exposition at 

40µl of EtOH, C. Exposition at 80µl of EtOH. 
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Figure 4. The ethanol effect on the length of the 

hypertrophic zone of the humerus of the broiler chicken 

(Hubbard F15) embryo, Algeria (April 2017 to March 

2018); A. Exposition at 20µl of EtOH; B. Exposition at 

40µl of EtOH; C. Exposition at 80µl of EtOH.   

 

Present results demonstrated that exposure to 

ethanol, causing skeletal disturbances, affects on long 

bones by delaying ossification and total bone length which 

already reported by Clissmann and Brennan (2017). 
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Present results revealed that ethanol inhibited the cell 

proliferation and the cartilaginous-hypertrophy process. 

This may have shortening effects on the proliferation and 

the cartilaginous-hypertrophy zones, because it was 

noticed that, at high ethanol concentrations, the length of 

the two zones of proliferation and cartilaginous 

hypertrophy of the humerus bone was considerably 

shortened.  

Many studies were performed to determine the toxic 

effects of naturel and synthetic products on the embryos of 

chickens, including the studies undertaken by Afzal et al. 

(2019); Chaudhuri (2019) and Patel et al. (2019). 

Although the present research was planed base on 

chemical products that used in pharmaceutical production 

and considered as a less expensive and good antiseptic 

(Presterl et al., 2019). 

The exposition to ethanol indicated the ossification 

process of chicken embryos in a dose-dependent manner. 

Therefore, it can be understood that the exposition to 

ethanol delays the skeletal development of chicken 

embryos at gastrula stage by repressing osteogenesis. 

Furthermore, ethanol effects on osteogenesis seem to be 

dose dependent, which has already been demonstrated by 

Zhong-yang et al. (2016). 

 

CONCLUSION 

 

Present findings indicated that ethanol is harmful and 

directly affects the embryonic viability. Also, it is noticed 

that exposition to ethanol at early stages causes a decrease 

in the survival rate of embryos in a dose-dependent 

manner. The embryos exposed to ethanol have indicated a 

delay in the skeletal development by a shortening of the 

length of the proliferation and cartilaginous-hypertrophy 

zones. This effect is considerable at higher doses. In 

conclusion, ethanol has negative effects on the embryonic 

development; these include a delay in the growth and 

skeletal anomalies.   
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