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N-methylamine~ N~N-dimethylamine, 2-aminoethanol, isopropylamine, 
aniline, N-methylaniline, N,N-dimethylaniline, quinone~ chloroacet- 
aldehyde, cyclohexanol are widely used in various industrial fields (Merck 
Index 1989). They may therefore contaminate the environment. Their 
possible embryotoxic and/or teratologic potency has not been published 
before (GRS 1992)~ except that of aniline (Price et al. 1985, Hardin et al. 
1987). This gap could be filled by the investigation presented here. 
Ferti l ized zebrafish (Brachydanio fetiD) eggs served as a well-recognized 
test object (Baumann and Sander 2984; Van Leeuwen et al. 1990) to 
elucidate morphological changes in the fish embryo during development 
and to discover reduction of the hatching rate induced by the above 
mentioned xenobiotics. From the results information important for the 
assessment of health risk are to be expected. 

MATERIALS AND METHODS 

The following chemicals (CAS numbers in parentheses) of reagent grade 
were used: N-methylamine (74-89~ N~N-dimethylamine (124-40-3), 2- 
aminoethanol (141-43-5), isopropylamine (75-31-0), aniline-HCl (62-53-3), 
N-methylaniline (100-61-8), N,N-dimethylaniline (121-69-7), quinone (106- 
51-4), chloroacetaldehyde (107-20-0), cyclohexanol (108-93-0), C a C I  9 + 2 

HTO , KCI, MgSOt, + 7 H20 , NaHCO 3 from Merck, 6100 DarmstacE/FR 
G~rmany. The test~ substances were solved in reconstituted water. 

Mature zebrafishes (Brachydanio fetiD) commercially purchased (West 
Aquarium, 3/422 Bad Lauterberg/FR Germany) were housed separated 
according to sex in aquaria (50 " 30 " 20 cm = 30 L) containing 2 mM 
CaCI. + 2 H.O, 0.078 mM IKCI~ 0.5 mM MgSO. + 7 H.O, 0.77 mM 

�9 L .  . 0 . q"  . / . NaileD-, in demlnerahzed water a t  25 C. This reconstituted water with a 
+ 

pH of 8 >- 0.2 and a hardness of 200 mg/L as CaCO-~ was provided with 
bubbling air by a special pump. The diet was "Novo bel ~ and "Novo termia" 
(IBL, 6708 Neuhofen/FR Germany) for producing mature artemia larvas. 
Four female and eight male fishes were kept together overnight for 
spawing at dawn simulated by neon lighting. The eggs were fert i l ized 
extracorpora]ly by the delivered sperm of the male fishes. The spawn was 
collected on the bottom of a glass box covered by a steel wire-net 
containing some small green glass trees. The eggs were separated and 
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cultured at 25 ~ C individually using micro plates (Nunc, Roshilde/Den- 
mark) containing 100 /uL reconstituted water. At  the 8-cell stage, test 
substances in 100/uL reconstituted water each were added after neutral- 
ization to pH 8 b~/HCI. Each test contained one control and up to seven 
concentrations of each chemical; 12 eggs were used per concentration or 
control. The eggs were observed microscopically for about 96 hr unti l 
hatching. Developmental stages were determined as described elsewhere 
(Hisaoka and Battle 1958). Marked signs of development, e.g. abnor- 
malities, and deaths were recorded. The individual data from each test 
were plotted as means semi-logarithmically and the concentration without 
effect (no observed effect level, NOEL), the concentrations producing 50 
% (LC~n) or 10g % (LCln n) embryo lethality were calculated using a 
special~omputer prograrn~B~sed on a conventional method (Litchfield and 
Wilcoxon 1949). A t- test (P below 0.05 = significant), asymptotic normal 
distribution test, was used for statistical comparisons of differences. 

RESULTS AND DISCUSSION 

No deaths or morphological changes were observed in the controls (fish 
embryos without test substances). The concentrations without effects 
(NOEL), the LC~n , or the LCln n varied from agent to agent in some cases 
considerably (T~ le  1). The ~'s'l~ embryos were more sensitive to both 
methylanilines, quinone, and chloroacetaldehyde than to the other xeno- 
biotics (Figure 1, Table 1). The respective death rates increased within a 
small concentration range showing steep slopes with the xenobiotics 
examined, except N-methylamine and N,N-dimethylamine (Figure 1). N- 
methylamine, N,N-dimethylamine, 2-aminoethanol, and isopropylamine 
induced no malformations in the embryos and the hatched fishes develop- 
ed normally (Table 1). The other agents produced malformations in the 
fish embryos with lesions mainly of the heart or skeleton. Oedematous 
enlargement of the pericardial space with retardation of heart develop- 
ment and reduced blood flow was observed under the treatment with 
aniline, N-methylaniline, N,N-dimethylaniline, chloroacetaldehyde, and 
cyclohexanol (Table 1). A deformation of the skeleton and the muscle 
apparatus appeared in the embryos after administration of aniline, N- 
methylaniline, N,N-dimethylaniline~ quinone, chloroacetaldehyde, or 
cyclohexanol (Table 1). A general retardation of the embryo development 
was seen under treatment with aniline, N-methylaniline, N,N-dimethyl- 
aniline, and cyclohexanol (Table 1). The underlying cause of death could 
not be determined explicit ly in the embryos, even though an obvious 
association between malformations and death existed. 

Conclusion; The embryotoxicity of aniline is enhanced considerably by 
alkylation of the chemical (aniline). NH2-substitution of alkyl compounds 
leads to agents with less embryotoxicity. 

Aniline-HC1 caused slight fetotoxic effects: reduced body weight in mice 
(Hardin et al. 1987), increased liver weight and hematopoetic act iv i ty in 
rats (Price et al. 1985). But in both experimental studies no other 
malformations have been observed. These results in mammals (Hardin et 
al. 1987, Price et al. 1985) are in contrast to our morphological observa- 
tions in zebrafish embryos. 
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The results of the present study in zebrafish embryos are to be considered 
more under ecotoxicological  aspects ,  since a close cor re la t ion  has been 
repor ted  between t ropical  zebra  fish (Brachidanio rerio) and cold wa te r  
rainbow trout  (Salmo 9airdneri) embryotox ic i ty  for a l imited number of 
chemicals  (Van Leeuwen e t a l .  1990). Since early deve lopmenta l  s tages  in 
the life cycles of fish may be very sensit ive to the act ion of xenobiot ics  
(Van Leeuwen e t a l .  1990), embryotoxic  observat ions  in exper imenta l  
fishes may speed up risk assessment  processes.  In this contex t ,  resul ts  
obtained in fish embryos may have a predictive value for the assessment 
of possible hazards of chemicals in wildl ife and humans. 
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