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ABSTRACT
Toxic and  carcinogenic effects induced in ovo by N -nitrosodim ethylam ine and  N -nitrosodiethylam ine in  

Japanese quail em bryos w ere studied by histopathological m ethods. The obtained results indicate tha t both  
com pounds induce preneoplastic hepatic alterations. The spectrum  o f  m acroscopic and m icroscopic lesions 
identified in  carcinogen-treated em bryos has been presented. The significance o f  avian em bryos as an inexpen­
sive and reliable m odel system  for studies on  hepatocarcinogenesis has been briefly discussed.

Key words: hepatocarcinogenesis, preneoplasia, av ian  em bryos, japanese quail, N -nitrosodim ethyla- 
m ine, N -nitrosodiethylam ine.

Inrtroduction

Neoplastic diseases are a serious health problem with a great importance for both veterinary 
and human medicine. Experimentswith with laboratory rodents are still the main approach used in 
the scientific investigations on the factors and mechanisms responsible for the initiation and pro­
gression of cancer.

In recent years, issues related to the ethical aspects of biomedical research and the welfare of 
experimental animals have been gaining an increasing significance. There is a growing interest and 
a desire for implementation of more reliable, rapid and cost-effective alternative methods to supple­
ment and/or replace animal experiments (Knight et al., 2006; Benigni et al., 2013; Anadon et al., 
2014; Marone et al., 2014).

Avian embryos are a model system attracting the attention of experimental oncologists as an 
alternative to laboratory animals, which provides a multitude of possibilities for exploration of var­
ious processes related to carcinogenesis such as genotoxicity, mutagenicity, metastasis, angiogene­
sis, etc. as well as for assessment of carcinogenic/antineoplastic activity of various environmental 
factors (Enzmann et al., 1997; Wolf et al., 2008; Enzmann et al., 2013; El Hasasna et al., 2016).

Here, we present results from a study of the ability of the known carcinogenic compounds N- 
nitrosodimethilamine and N-nitrosodiethilamine to induce preneoplasia in the Japanese quail em­
bryonal liver.

Materials and methods

A vian embryos. Fertilized Japanese quail (Coturnix japonica) eggs were obtained from path­
ogen-free flocks bred in a certified Bulgarian farm.
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Chem ical carcinogens and  in ovo treatm ent. N -n itro s o d im e th ila m in e  (N D M A ; C A S  №  6 2 ­

7 5 -9 ; S ig m a -A ld r ic h )  a n d  N -n itro s o d ie th ila m in e  (N D E A ; C A S  №  5 5 -1 8 -5 ; S ig m a -A ld r ic h )  w e re  

d is s o lv e d  in  s te rile  d o u b le  d is t i l le d  w a te r  a n d  a p p l ie d  a s  a  s in g le  d o se  o f  1 0 0 g g /e g g  w i th  a n  in je c t io n  

v o lu m e  o f  1 0 0 g L . T h e  e g g s  w e re  in c u b a te d  a t  3 7 .8  ±  0 .5  °C  a n d  7 0  ±  10 % re la tiv e  h u m id ity  in  a n  

a u to m a tic  ro ta t in g  in c u b a to r . C a rc in o g e n s  w e re  a p p lie d  in to  th e  e g g  a lb u m e n  d u r in g  th e  f i r s t  h o u rs  

o f  in c u b a tio n . C o n tro l e g g s  w e re  in o c u la te d  w i th  a n  e q u a l v o lu m e  o f  th e  v e h ic le . F o u r  d a y s  b e fo re  

h a tc h in g , th e  in c u b a tio n  w a s  te rm in a te d  a n d  th e  e m b ry o s  w e re  w e ig h e d  a n d  e x a m in e d  f o r  g ro ss  

le s io n s .

H istopathology. T h e  liv e rs  o f  th e  c o n tro l a n d  o f  th e  tr e a te d  e m b ry o s  w e re  d is s e c te d , w e ig h e d  

a n d  im m e d ia te ly  f ix e d  in  10 %  b u f fe re d  fo rm a lin . T h e  tis su e  s a m p le s  w e re  ro u tin e ly  d e h y d ra te d , 

p a ra f f in  e m b e d d e d , se c tio n e d  a t  5 g m  a n d  s ta in e d  w ith  h e m a to x y l in  a n d  e o s in  (H & E ). H is to p a th o -  

lo g ic a l le s io n s  w e re  id e n tif ie d  a n d  d o c u m e n te d  w ith  m ic ro sc o p e  L e ic a  D M  5 0 0 0  B .

Statistical analysis. T h e  s ta tis t ic a l s ig n if ic a n c e  o f  th e  d if fe re n c e s  b e tw e e n  th e  c o n tro l a n d  th e  

tre a tm e n t g ro u p s  w a s  e v a lu a te d  b y  G ra p h P a d  P r is m  so f tw a re  p a c k a g e , u s in g  o n e -w a y  a n a ly s is  o f  

v a r ia n c e  (A N O V A ) fo l lo w e d  b y  a  B o n f e r r o n i’s p o s t  h o c  te s t. V a lu e s  o f  * p < 0 .0 5 , * * p < 0 .0 1  a n d  

* * * p < 0 .0 0 1  w e re  c o n s id e re d  s ta tis t ic a lly  s ig n ific a n t.

Results and discussion

G ro ss  p a th o lo g y  re v e a le d  a  s ig n if ic a n t r e d u c tio n  o f  b o d y  m a ss  (T ab l. 1) a n d  w e ll -d e m a rc a te d  

h e p a tic  le s io n s  in  c a rc in o g e n - tre a te d  e m b ry o s . I n  b o th  tr e a tm e n t g ro u p s , th e  liv e rs  w e re  w ith  d iffu se  

r e d d is h -g re e n  c o lo ra tio n , o c c u p y in g  in  m o s t c a se s  2 /3  o f  h e p a tic  p a re n c h y m a . I n  a d d itio n , m u ltip le  

p e te c h ia l  h e m o rrh a g e s  w e re  fo u n d  in  so m e  e x p e r im e n ta l e m b ry o s . G ro s s  p a th o lo g ic a l  le s io n s  w e re  

o b se rv e d  in  8 5 .7  %  a n d  6 3 .3 0  % o f  th e  e m b ry o s  tr e a te d  w ith  N D E A  a n d  N D M A , re sp e c tiv e ly  

(F ig . 1). T h e  a l te ra t io n s  o f  th e  e m b ry o  w e ig h t , th e  a b s o lu te  a n d  re la tiv e  l iv e r  w e ig h t , in d u c e d  b y  

N D E A  a n d  N D M A , w e re  e x a m in e d  a s  im p o r ta n t in d ic a to rs  f o r  th e  to x ic  a n d  c a rc in o g e n ic  p o te n tia l  

o f  th e  te s te d  c o m p o u n d s  (T ab l. 1).

Table 1: Effects of the in  ovo  treatment with N-nitrosodimethylamine and N-nitrosodiethylamine on the embryo and
liver weigh.

Experimental
groups

Number of 
embryos

Embryo weight 

(g)

Liver weight 

(g)

Relative liver 
weight (%)

NDEA 14 5.2810.12*** 0.1410.01 2.54+0.21

NDMA 11 4.8610.09*** 0.1510.02 2.9710.30

Control 12 5.76+0.10 0.12+0.01 2.01+0.18

T h e  in ovo tr e a tm e n t w i th  b o th  c h e m ic a l c o m p o u n d s  in d u c e d  a  s ta tis t ic a lly  s ig n if ic a n t re d u c ­

t io n  o f  th e  e m b ry o  w e ig h t. T h e  a b s o lu te  a n d  th e  re la tiv e  l iv e r  w e ig h t  w e re  in c re a s e d  as  c o m p a re d  to  

th e  c o n tro l; h o w e v e r , th e  e s ta b lis h e d  d if fe re n c e s  w e re  n o t  s ta tis t ic a lly  s ig n if ic a n t (T a b le  1).
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Figure 1: Mortality and hepatic lesions induced by N-nitrosodimethylamine and N-nitrosodiethylamine in
Japanese quail embryos

Histopathological examination of the liver sections from NDMA- and NDEA-treated embryos 
showed the presence of foci of altered hepatocytes (FAHs) with a clear cell and basophilic phenotype 
(Fig. 2a). The application of both hepatocarcinogens induced spongiosis (Fig. 2b) of liver paren­
chyma and obstruction of bile ductules by bile plugs (Fig. 2c). In addition, megalocytes and a clearly 
pronounced hyperplasia of cholangiocytes (Fig. 2d) were found in some carcinogen-treated em­
bryos.

Figure 2: Light microscopy of liver lesions induced by N-nitrosodimethylamine and N-nitrosodiethylamine in
Japanese quail embryos

A  — B a so p h ilic  fo c u s  o f  a lte re d  h epa tocytes; B  — S p o n g io sis  h epatis; C  — B ile  th rom bi; D  — H yp erp la sia  o f  
cholan giocytes; a-,b - in  ovo trea tm en t w ith  10 0  p g  N D M A /  egg; c -,d - in  ovo  treatm en t w ith  100  p g  N D E A / egg;

H & E  sta in in g; b a r  =  50  pm .
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Our results are in accordance with previous findings (Enzmann et al., 1997), which demon­
strate that the application of NDEA induce preneoplastic lesions in Japanese quail embryonal liver. 
In addition, we were able to demonstrate formation of bile thrombi and marked hyperplasia of chol- 
angiocytes in the livers of NDEA-treated embryos. Identical focal hepatic alterations were identified 
after the in ovo application of NDMA, which confirms the previously published data indicating that 
the FAHs show similar cellular phenotype irrespective of the carcinogenic agents by which they was 
induced (Bannasch et al., 2003, Su and Bannasch, 2003).

Foci of altered hepatocytes represent the most prevalent form of hepatic preneoplasia observed 
in animals for a long time and more recently identified in human chronic liver diseases associated 
with, or predisposing to, hepatocellular carcinomas (Bannasch et al., 2003). These preneoplastic 
lesions have been widely used as endponds in carcinogenicity testing as well as in studies on the 
molecular mechanisms of early neoplasia (Bannasch et al., 2003; Pitot et al., 2007; Tsuda et al., 
2010; Enzmann et al., 2013).

Conclusion

The results of the present study indicate that the hepatocarcinogens NDEA and NDMA initiate 
carcinogenesis in embryonal Japanese quail liver. The fact that preneoplasic hepatic lesions develop 
within just 14 days highlights the significance of avian embryos as a valuable model system that 
could contribute for the reduction of animals used in experimental oncology.
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