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Some environmental ident i f ied  halogenated aromatics possess por- 
phyrinogenic properties. Among them are halogenated biphenyls, ter-  
phenyls, naphtalenes, dibenzodioxins, benzenes and some other 
related products (STRIK et al.  1980). 

The purpose of th is study was to determine the porphyrinogenic 
potential of 3,3',4,4'-tetrachloroazobenzene (TCAB). Chlorinated 
azobenzenes are s t ruc tu ra l l y  s imi lar  ( isoster ic )  to the chlorina- 
ted dibenzodioxins. 2,3,7,8-Tetrachlorodibenzodioxin (TCDD) is a 
very potent inducer of hepatic porphyria (GOLDSTEIN et al.  1973) 
and produces chloracne (POLAND et al.  1971). Recently, HILL et al. 
(1981) demonstrated in the rabbi t  ear test  that the chloracnegenic 
potential of TCAB was in the same range of TCDD. 

TCAB and 3,3',4,4'-tetrachloroazoxybenzene (TCAOB) occur as 
contaminants in 3 ,4 -d ich lo roan i l ineand i ts  herbicidal derivat ives, 
propanil ,  diuron, l inuron and neburon. These contaminants are by- 
products of the commercial synthetic process (SUNDSTROM et al .  1978). 
Recently, some outbreaks of chloracne in groups of chemical workers 
have been at t r ibuted to TCAB and TCAOB (T~YLOR et al.  1979 and 
MORSE et al. 1979). In addit ion, several investigators have repor- 
ted that the herbicides degrade in soi l  to produce TCAB and TCAOB 
(BARTHA et al.  1968). HSIA et al.  (1977) has shown that TCAB is 
mutagenic, potent ia l ly  carcinogenic, and quite toxic. POLAND and 
KENDE (1976) demonstrated the potent capacity of azobenzenes and 
azoxybenzenes to induce arylhydrocarbon-hydroxylase. 

Some samples of TCAB-containing 3,4-dichloroani l ine and propa- 
ni l  were tested for the i r  porphyrinogenic potential in a primary 
tissue culture of chick embryo l i ver  cel ls .  

MATERIALS AND METHODS 

Samples of 3,4-dichloroani l ine and propanil were commercial pro- 
ducts from d i f ferent  manufacturers and a g i f t  from Dr. R.H. H i l l ,  
Centers for Disease Control, At lanta, Georgia. He also determined 
the amount of TCAB in the d i f fe rent  samples by high performance 
l iqu id chromatography (HILL et al.  1981). In the six samples used in 
this invest igat ion the concentration of TCAB ranged from 4.2 ~g/g 
in rec r i s ta l l i zed  dichloroani l ine to 1400 ~ /g  in the herbicide 
propanil. 
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Chick embryo l i ve r  cell  cultures were prepared according to the 
procedure of GRANICK et al. (1966) with some modifications (DEBETS 
et al. 1980). After 24 h incubation of the cell culture (37~ 
5% COp) the medium was replaced by 2 ml fresh medium and the TCAB- 
conta?ning compounds, dissolved in ethanol, were administered. The 
concentration of dichloroani l ine and propanil in the medium was 
lO pg/mL. Accordingly, the f inal  concentration of TCAB ranged from 
0.04 to 14.0 ng/mL medium. The concentration of the solvent (etha- 
nol) in the medium did not exceed 0.2%. This was shown not to be 
harmful to the cel ls or to evoke any accumulation of porphyrins. 
24 h af ter  addit ion of the TCAB containing compounds the in tens i ty  
of porphyrin fluorescence of the l i ver  cell  cultures was deter- 
mined semiquantitatively by fluorescence microscopy (scale ranging 
from 0-6) (DEBETS et a1. 1980). Spectrophotometrically total  por- 
phyrin analyses in the l i ver  cel ls according to HARMSEN and STRIK 
(1979) were made. Furthermore, the pattern of the d i f fe rent  accu- 
mulated porphyrins was determined with the aid of thin layer chro- 
matography followed by densitometric scanning of the developed 
porphyrin pattern according to the procedure described by STRIK 
and HARMSEN (1979). 

RESULTS AND DISCUSSION 

TCAB did show strong porphyrinogenic potential in chick embryo 
l i ver  cell  cultures. Porphyrins accumulated in the hepatocytes 
but not in the medium. Table l shows that samples of 3,4-dichlo- 
roani l ine,containing a re la t ive ly  low amount of TCAB, caused a 
s l igh t  porphyrin accumulation. Addition of propanil to the medium 
of chick embryo l i ver  cell cultures caused a very high and a more 
or less maximal porphyrin accumulation in the hepatocytes. This 
l a t te r  porphyrin accumulation is about twice less than the por- 
phyrin accumulation result ing from a treatment with lO ~g 2,4,5, 
2' ,4' ,5'-hexachlorobiphenyl per mL medium. Hexachlorobiphenyl, 
a known porphyrinogenic compound in t issue culture of chick em- 
bryo l i ver  cel ls (WIT 1972), was used as a posit ive control.  So 
the porphyrinogenic potential of TCAB is about 500 greater 
than that of hexachlorobiphenyl. 

TABLE I. Porphyrin accumulation in chick embryo l i ver  cell cul- 

Compound 

tures induced by TCAB containing compounds. 

TCAB TCAB con- Microsco- 
contents centration pic f luor -  
(~g/g) in medium escence of 

(ng/mL) cel l  cul- 
tures 

Total 
porphy- 
r ins 
(ng/cell  
culture 

3,4-dichloroani l ine (techn.) 22.0 0.22 
3,4-dichloroani l ine (90%) 51 0.51 
3,4-dichloroani l ine (St.) 8.9 0.09 
Propanil 1400 14.0 
STAM-M-4 (Propanil) 1000 I0.0 
3,4-dichloroani l ine (techn. 
recrysta l l ized)  4.2 0.04 
2 ,4 ,5 ,2 ' , 4 ' , 5 '  hexachlorobi- 
phenyl (I0 Hg/mL medium) 
Ethanol (solvent) 

0 0.24 
0 0.24 
0 0.30 
4 3.80 
3 2.26 

0 0.24 

5 6.30 
0 0.00 
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Inhib i t ion of the enzyme uroporphyrinogen decarboxylase appears 
to be the primary lesion in the disturbance of the heme synthesis 
induced by TCAB in a chick embryo l i ver  cell culture. This is indi -  
cated by the pattern of porphyrin accumulation in chick embryo l i -  
ver cel ls. The porphyrins consist mainly of uro- and heptacarboxy- 
l i c  porphyrin af ter part ial  blocking of uroporphyrinogendecarboxy- 
lase and mainly of uroporphyrin af ter  complete blocking of uro- 
porphyrinogendecarboxylase by high amounts of TCAB (Figure l ) .This 
type of porphyria is speci f ical ly  caused by many other halogenated 
aromatics (STRIK et al. 1980). 

In summary, TCAB showed a strong porphyrinogenic potential in 
l i ver  cell cultures. Even a concentration as low as 0.I ng TCAB/mL 
medium caused a s igni f icant accumulation of porphyrins, while a 
concentration of I0 ng/mL caused an excessive porphyrin accumula- 
t ion,  mainly consisting of uroporphyrin. The porphyrinogenic po- 
tent ia i  of TCAB is probably in the same range of 2 ,3,7,8, - te t ra-  
chlorodibenzodioxin. As far as the induction potential of 6-ami- 
nolevulinic acid synthase, rate l imi t ing enzyme of the heme bio- 

porphyrin (% of total) 

3, ~ - dichl, oroQni[ine propanit 

8 7 6 5 ~ 8 7 6 5 4 
number of carboxytic groups 

Figure I .  The relat ive d ist r ibut ion of porphyrins with di f ferent 
numbers of carboxylic groups accumulated in chick embryo l iver  cel ls,  
maintained in Williams E medium (plus 10% fetal cal f  serum) and ex- 
posed to 3,4-dichloroanil ine (containing 4.2 ~g/g TCAB) or propanil 
(containing 1400 ~g/g TCAB). The accumulation of the intermediates 
is expressed as the percentage of total porphyrins formed. Non-expo- 
sed cultures contained only coproporphyrin. The intermediates are: 
8,uroporphyrin; 7, heptacarboxylic porphyrin; 6, hexacarboxylic por- 
phyrin; 5, pentacarboxylic porphyrin; 4, coproporphyrin. 
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synthetic pathway is concerned, POLAND and KENDE (1976) found an 
induction of 6-aminolevulinic acid synthase act iv i ty  in l ivers 
of chick embryos after treatment with a single dose of 3.10-11 
mol (~ I0 ng) TCDD (in ovo). This active dose of TCDD is similar 
to the potent porphyrinogenic dose of TCAB in this study. 

These results are in good agreement with the results obtained 
by HILL et al. (1981). They concluded, af ter investigating the 
same samples as used in this study, that the chloracnegenic po- 
tent ial  of TCAB lies in the same range as that of TCDD. This is 
also true for the porphyrinogenic potential of TCAB. 
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