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The leukemogenicity and myelotox ic i ty  of benzene are well-known and 
the major cause of benzene's banning from most indus t r ia l  appl ica- 
t ions ( In ternat ional  Agency for Research on Cancer Ig74a; Gad-el- 
Karim et al .  1984). Various benzene der ivat ives such as a lky l -  
benzenes andchlorobenzenes, however, continue to be used as chemical 
intermediates, solvents, pest ic ides, etc. in spi te of incomplete 
knowledge of the i r  chronic t o x i c i t y  (Colson 1979). Several of the 
chlorinated benzenes are known to be porphyrogenic in animals and 
humans (Rimington and Ziegler 1963). There are two case reports of 
human carc inogenic i ty  from long-term exposure to dichlorobenzenes 
( In ternat ional  Agency for Research on Cancer 1974b; Girard and Revol 
1970), but animal studies for carc inogenic i ty ,  mutagenicity, and 
developmental t o x i c i t y  of dichlorobenzenes (Hayes et al .  Ig85; 
National Research Council 1983; Loeser and L i t ch f i e l d  1983) and of 
monochlorobenzene (John et al .  1984) are a l l  essent ia l ly  negative. 

This study was designed to obtain comparative data on developmental, 
genetic and reproductive t o x i c i t i e s  of benzene (B), chlorobenzene 
(CB) and dichlorobenzenes (o-, m-, and p-DCB) in the sea urchin bio- 
assay. This test  system, as reported previously (Pagano et a l .  1986) 
permits observation of a number of b io log ica l  endpoints on mi to t ic  
a c t i v i t y ,  embryogenesis and f e r t i l i z a t i o n ,  and thus provides mul t i -  
parametric tox ico log ica l  data on xenobiot ics.  

MATERIALS AND METHODS 

Mediterranean sea urchins (Paracentrotus l i v i dus )  were caught in the 
Bay of Naples by the s ta f f  of the Zoological Stat ion, Naples. Gametes 
were obtained and embryos were cultured as described previously 
(Pagano et a l .  1983; lg86). The experiments were run in natural f i l -  
tered (~ = 0.45 pm) seawater (fsw), at 20~ and pH 8.2 to 8.4; sa l in -  
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i t y  was 37.6 to 37.8 g/1 and densi ty  1.03. Thedevelopmental t o x i c i t y  
of agents was tested by rear ing the embryos in  t h e i r  presence from 
zygote to pluteus l a rva l  stage, occurr ing 48 h a f te r  f e r t i l i z a t i o n .  
Sperm i n a c t i v a t i o n  experiments (Pagano et a l .  1986) were run by sus- 
pending a f i xed a l i quo t  of sperm in fsw to which were added increas ing 
leve ls  of t es t  agents; sperm suspensions then were used to inseminate 
untreated eggs a f te r  subsequent time i n t e r v a l s .  In every experiment, 
the fo l low ing  treatment schedules were performed: a) untreated con t ro l  
(b lank);  b) standard cont ro l  (so lvent :  0.01~ DMSO); c) B; d) CB; e) 
o-DCB; f )  m-DCB; g) p-DC8. The concentrat ions of the agents were a l l  
expressed as nominal leve ls .  A l l  chemicals were 399% pure and were 
purchased from Merck, Darmstadt, W. Germany (DMSO and B) or from 
Aldr ich ,  Milwaukee, Wis. (CB and DCBs). The endpoints of embryo expo- 
sure consisted of observing the frequencies of :  (1) developmental 
defects, i nvo l v ing  ske le ta l  and/or gut malformations; (2) m i to t i c  
abnormal i t ies ,  i nc lud ing  t o t a l  m i to t i c  aberrat ions (TMA), mean number 
mitoses per embryo (MPE), % interphase embryos ( IE) ,  and metaphase/ 
anaphase ra t i o  (M/A). In t h i s  study, an add i t i ona l  cytogenet ic end- 
point  consisted of % anaphase aberrat ions (AA), r e fe r r i ng  only to 
anaphase f igures .  Fol lowing sperm exposure, the outcomes were scored 
for  f e r t i l i z a t i o n  success (% f e r t i l i z e d  eggs), and quant i ta ted for  
o f f sp r ing  qua l i t y  (developmental defects and m i to t i c  abnormal i t ies)  
(Pagano et a l .  1986). The resu l t s  were analyzed for  s t a t i s t i c a l  s ig -  
n i f i cance by Yates' corrected x 2 tes t  (2xk tab les ) ,  and by Student 's 
I t l  test (Armitage 1971). 

RESULTS AND DISCUSSION 

The sea urch in bioassay was used to tes t  B, CB and o-,  m-, and p-DCB 
on embryos from P. l i v i d u s  fo r  48 h of exposure.The resu l t s  are shown 
in Table 1 on embryo exposure to the t es t  agents at leve ls  ranging 
from 10 -6 to lO-"M with the exception of 8, which was only tested at 
the nominal leve l  of  10-6M. Benzene showed a s i g n i f i c a n t  increase in  
developmental defects. The metaphase/anaphase (M/A) ra t i o  was elevated 
i nd i ca t i ng  a p a r t i a l  blockage of metaphase; however, there was no 
increase in m i to t i c  aber ra t ions.  

For CB, developmental defects were only increased when i t s  leve l  was 
raised to IO-"M; regarding m i to t i c  abnormal i t ies ,  CB increased the 
M/A ra t i o ;  there was no dose-re lated increase in  TMA; however, the 
% AA was increased s i g n i f i c a n t l y  for  10 -s and IO-"M CB. In the case 
of the DCBs, o-DCB demonstrated a dose-re lated response (rZ:O.82) in  
developmental defects,  mainly cons is t ing  of h igh ly  reduced ske le ta l  
s ize;  however, no e f fec t  on the m i to t i c  process was evident  except 
for  an increase in  M/A ra t i o .  For m-DCB there was a strong increase 
in developmental defects,  as wel l  as m i to t i c  abnormal i t ies .  The l a t t e r  
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consisted both of m i t o t o x i c i t y  (decreased MPE, r2=0.83; increased IE 
and M/A) and aberrat ions fo r  10-~M m-DCB (mainly,  mu l t ip le  breaks and 
scattered chromosomes). The apparent lack of a dose-related trend in 
developmental defects is  due to the disappearance of a f r ac t i on  of 
the pathologic embryos from evident  c y t o l y s i s  which, however, was not 
quan t i f i ed .  Ortho- and p-DCB showed lesser  developmental and m i to t i c  
t o x i c i t y ,  the l a t t e r  p r imar i l y  cons is t ing  of increased M/A r a t i o .  

When the chemicals were tested on P. l i v i d u s  sperm, an e n t i r e l y  
d i f f e r e n t  set of resu l t s  was obtained. F i r s t ,  regarding sperm f e r t i l -  
i za t i on  success, only o-DCB and, to a lesser extent ,  p-DCB caused 
spermio tox ic i t y  (data not shown). Developmental defects in  the o f f -  
spr ing of pretreated sperm, as shown in  Table 2 were found to be 
s i g n i f i c a n t  for  a l l  compounds but p r imar i l y  for  B and CB. On the 
other hand, regarding mi to t i c  e f fec ts  (Table 3) c lear  i n h i b i t i o n  of 
mi tos is  (reduced MPE and increased IE and M/A) resul ted for  CB and 
o-DCB. Increased TMA occurred for  B, as wel l  as m-DCB and p-DCB; by 
consider ing AA, however, the greatest  e f fec t  was observed for  CB with 
lesser e f fec ts  for  m-DCB, o-DCB, and B. I t  should be emphasized tha t  
CB and o-DCB caused a sharp decrease in ac t ive  m i to t i c  f igures  (de- 
creased MPE) and even more so in anaphase f igures  (increased M/A) 
represent ing the main source of aberrat ions,  as detected in our cy to-  
genetic ana lys is .  Thus, the lack of an increase in TMA did not nec- 
essar i l y  r e f l e c t  the absence of any e f fec t ,  as displayed by AA data. 

As summarized in  Table 4, t o x i c i t y  orders were d i f f e r e n t  depending 
on whether the embryos or sperm were t reated,  which suggests d i f f e r -  
ent act ion mechanisms in the two ta rge ts .  According to whether em- 
bryos or sperm are considered, a d i f f e r e n t  ranking of t o x i c i t y  for  
these compounds i s  obtained, even more so i f  a s ing le  endpoint i s  
used, such as developmental defects,  m i t o t o x i c i t y ,  spermio tox ic i t y  
or m i to t i c  aberra t ions.  

The resu l t s  suggest that  B i s  ac t ive  on P. l i v i d u s  sperm in causing 
developmental and m i to t i c  abnormal i t ies in o f f sp r ing .  B i s  a known 
human leukemogen ( I n t e rna t i ona l  Agency for  Research on Cancer 1974a) 
and recent ly  i t  has been demonstrated (Gad-el-Karim et a l .  1984) tha t  
in rats the myeloclastogenic e f fec t  of B i s  g rea t l y  enhanced by pre- 
treatment of the rats with B-methylcholanthrene (3-MC), a known i n -  
ducer of the mixed funct ion  oxygenase system. Therefore, i t  can be 
suggested that P, l iv idus sperm can biotransform B to genetically 
active derivatives; the mechanisms of this action are presently under 
investigation in our laboratory. 

Regarding the ac t iv i t ies  of the chlorinated benzenes tested, i t  has 
been reported that l i ver  glutathione (GSH) is decreased after feed- 
ing halogenated benzenes which are metabolized in rodents to mercap- 
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turic acids (Barnes et al. 1959). Interestingly, i t  was reported 
by Koch-Weser et al. (1953) that benzene halogenated in the meta 
position is most effective in forming mercapturic acids, thus pro- 
ducing l iver damage in rats. 

As to possible comparisons between the active levels of agents in 
this study, and those occurring in polluted water bodies (US Environ- 
mental Protection Agency 1980), we may note that the latter are one 
to two orders of magnitude below our effective levels. Although our 
data may not reflect real ist ic concentrations (except for a few in- 
stances), even so they might contribute to further quantitative 
structure-activity relationship (QSAR) studies of halogenated or- 
ganics. Moreover, bioconcentration of these pollutants may increase 
their levels in biota up to those investigated in the present study. 

In conclusion, our data show some distinct tox ic i ty  patterns for the 
different agents. Thus, the present data, as well as our similar un- 
published data on biphenyl hydroxy derivatives, point towards the 
need to reconsider cr i ter ia for ranking toxic i t ies by ut i ! iz ing 
multiple toxic endpoints even when a single test species is con- 
sidered. This supports the suggestion of Legator and Harper (1982) 
to ut i l ize a multiple test protocol for ranking genetic tox ic i ty ,  
and implies that a number of established tox ic i ty  ranking schemes 
could be revised by introducing an adequate number of suitable 
toxicological parameters, so that toxic i ty  manifestations could be 
better delineated. 
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