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Sumnm~~t Gas-chromatographic examinations were made on the amounts of hexachlo- 
robenzene accumulating in the liver and fatty tissue of rats chronically poisoned 
with a diet containing 0.2 $ hexachlorobenzene, and on the amounts of hexachlo- 
robenzene and pentachlorophenol excreted with the urine and the faeces in the 
course of the poisoning. The results indicated a constant rise in the hexachloro- 
benzene levels in these tissues. Pentachlorophenol formed in the catabolism of 
hexachlorobenzene appeared in increasing concentration in both the urine and the 
faeces from the commencement of the poisoning. After the 5th-6th week of poison- 
ing, the presence of other apolar and polar products in the excretions was also 
markedly enhanced. After a single dose of hexachlorobenzene /0.2 g/animal/, of 
all the decomposition products only pentachlorophenol was produced in high con- 
centration, showing that this is a primary catabolite. A hypothesis is put for- 
ward as to the possibility of a role being played in the mechanism of action of 
hexachlorobenzene hy a membrane permeabilily change. 

The porphyrinogenic effect of HCB has been known since the description of 

"Turkish porphyria" (1). Of the many subeequent authors, Ockner and S&mid were 

the first to demonstrate on rats that HCB-induced experimental porphyria serves 

as a useful model for the investigation of chronic hepatic porphyriaa (2). How- 

ever, the factors inducing human chronic hepatic porphyria have not been eluci- 

dated. The study of the mechanism of action of HCB in HCB-induced experimental 

porphyria in animals offers some hope that more may be learnt on the mode of 

occurence of the human disease. 

Since HCB is a compound with fairly low reactivity, it was earlier assumed 

that it also behaves as an inert substance in the living organism (3); only 

recently has its catabolism in the organism been suggested. Mehendale et al. 

considered the primary catabolites to be chlorobenzenea, formed as a result of 

reductive dehalogenation processes (4). Their experiments were made on rats 

Abbreviations8 HCB P hexachlorobenzene 
PCP I pentachlorophenol 
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which had been preliminarily poisoned with a single dose of ca. 5 mg HCB/kg. 

After such a brief poisoning period, at most transient coproporphyrinuria is 

observed in the animals, and in effect, therefore, the aim could only be the 

confirmation of the actual catabolism of the HCB. Lui and Sweeney put forward 

two alternative routes for the mechanism of the catabolism (5, 6). In the 

rat experiments of Koss with P I C HCB, ths radioactivity appeared in every 

tissue a certain time following the poisoning. Approximately half of the tiio- 

activity measured in the faeces and urine was due to HCB catabolites (7). 

The more distant aim of our own experiments is to elucidate the catabolism 

of HCB in rats during chronic poisoning, from the beginning of the diet until 

the complete development of the porphyric state, with regard to the aetiologic 

factors of porphyria cutanea tarda and tarda-like acquired toxic porphyrias. 

In the present paper we support the possibility of the catabolism of HCB, and 

present data on the amount of HCB accumulating in the organism in the course of 

chronic HCB poisoning, and on the excretion of HCB and PCP. 

MATEBIALS AND METHODS 

The HCB used /Fluka 52100/ was first recrystablized from benzene. The melt- 
ing point of the resulting material was 225-226 C. Gas-chromatographically, 
only trace amounts of tetrachlorobenzene could be detected as impurity. The 
other chemicals employed were RBANAL products of analytical purity. 

. Treatment of m 
A total of 80 young laboratory albino rats /Wetar strain, 40 males, 40 females, 
initial body weight ca. 120 g/ were chronically poisoned with a diet containing 
0.2 % HCB. The animals received food and water ad libitum. At appropriate times 
after the commencement of the poisoning, the amounts of porphyrins excreted 
with the urine and faeoes were determined by the method of Doss (8), and the HCB 
and PCP contents of the excretion8 were also measured. On the dsys follorring the 
group urine and faeces oollectione, one male and om female animal were saorificec 
and the HCB contents of the liver and fatty tissue were examined. The HCB and PCP 
contents of the excretions and the tissues were extracted with n-hexane oontainiq 
5 $ ether. The combined extract portions were purified on columns containing a 
suitable amount /2-5 g/ of partially deactivated 60/100 mesh Florisil (9). 
bS-ChI’C~tO~~DhY c 

Analyses were performed with Selectograph /Hungary/ gas-chromatograph provided 
with an electron-capture detector. The partition phase was 4 $ SE-30 on SO/l00 
mesh Chromosgrb W, in a l/4 Qch x 6 foot glass golumn. Temperatures: inj. 
block - 190 C, column I 195 C, detector = 195 
gas, at a flow rate of 35 ml/min. 

C. Nitrogen was used as carrier 

Determinations, including extraction, purification and chromatography, were 
carried out on parallel samples. As regards the entire procedure, recoveries of 
80 k 5 $ were obtained for HCB in the faeces, 75 f 7 % for the PCP in the 
droppings, 78 f. 6 % for the urinary PCP, 76 L 8 $ for the HCB in the liver 
tissue, and 77 f 7 $6 for the WCB in the fatty tissue. 
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For measurement of the porphyrin, HCJ3 and PCP contents of the excretions, 

examinatione were initially made on 10 male and 10 female rate; from the 49th 

da3r on, this was reduced to 5 males and 5 females, because of the higher 

mortality rate among the females; in the 9O-dsy measurements only 5 male ana 

2 female animals were examined; and after the 3rd month only male rata were 

available. Up to the 190th dsy 2 male rate remained alive. In all case8 3 

parallel measurement8 were made on the excretions of the animal groups, ana 

the averages of these are reported. 

In the couree of the poisoning, the development of the porphyric atate of 

the animala was checked by analysis of the porphyrin excreted with the urine 

and the faecee. The results agreed well with the data of our earlier measure- 

ments, which indicated that with the lengthening of the poisoning period the 

initial coproporphyrinuria characteristic of the first weeks was gradually 

replaced by an excretion picture typical of HCB-porphyria: etrongly elevated 

faecal proto- and coprcporphyrin levels, and an elevated urinary porphyrin 

level, w&thin this an increase in the proportion of uroporphyrin (10). From 

about the 2nd month on, this characterietic porphyrin excretion increased 

/to an ever smaller extent/ only as regarde its overall quantity; the pro- 

portion8 of it8 constituents did not vary essentially. Thus, on the 150th day 

the faecal total porphyrin amounted to 51Opg/~/anlmal, distributed as 

follows: protoporphyrinr 296 pg, coproporpWrinr 120~, 5 COOH-1 5~, 

6 CWH-r 3opg, 7 WOH-r 49pg, 8 COOH-porphyrin~ 10~ /part of the latter 

water-soluble fractions presumably passed with the urine into the collected 

faecee/; the urinary total porphyrin was 148 ).&das/animal, with the follow- 

ing distributionr coproporptrinr 84 )ag, 5 COOH-r 3 pg, 6 COOH-: 2 pg, 

7 COOH-: 2O)~g, 8 COOH-porphyrin: 39 m. 

The amounts of HCB accunnalated in the liver and in the fatty tissue 

obtained from the abdominal cavity during the poisoning are illustrated in 

Figs. 1-2. 

783 



Vol. 80, No. 4, 1978 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Fig.1. HCB accumulation in liver. 
Fig.2. HCB accumulation in peritoneal fat. 

The quantity of PCP excreted with the daiu urine is shown in Fig. 3. In the 

majority of the urine samples tracea of HCB were also detected, but even the 

higheet values barely exceed lug/day, and accordingly we do not attribute x 

importance to this. The HCB found in the urine ie presumably /at least in 

part/ only contamination arising during collection. The HCB and PCP contents 

of the faecea an functions of the poisoning time are demon&rated in Figs.4~5. 

Since the experimental result6 became more uncertain with the decrease in the 

number of animals, the second halves of the curves in the figures have been 

drawn with dashed lines. 

In 4 untreated rata /2 males, 2 females/ a loading test was carried out 

with ca. half of the ID50 value of HCB: 0.2 g HCB, suspended in sunflower 

oil, was administered via a stomach tube to each animal, and the urine and 

faeces were then collected for 2 dsga. Meanwhile the animals received water ad 

libitum. The HCB and PCP excretions on the first and second days, referring to 

one animal, a18 listed in Table I. 

DISCUSSION 

Our data indicate that in the course of chronic poisoning the LICE level 

constantl.Y rieee /though to a decreasing extent/ in both the liver and the 

fatty tissue in rats with the passage of time. Even in the case of chronic 
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Fig.3. Daily urine PCP excretion~/animal. 
Fig.4. Daily fecal HCB excretion mg/animal. 

Fig.5. Daily fecal PCP excretionErg/anlmal. 
Note: In all cases the rata /male and female/ we- chronically fed a 

standard fodder containing 0.2 9s HCB. 

poisoning, the proportions of the HCB acownulation in these two types of 

tissue are by and large similar to those found by blehendale et al. following 

a single poisoning (4). The curve depicting the HCB content of the liver 

/Fig. I./, however, does not display such a pronounced flattening from the 

30th.40th day of poisoning as in the data of Stonard (11); we observed only a 

later and somewhat less extensive decrease in the monotonous rise of the 

function. As regards the shapes of the c-es relating to the accumulation, 

we did not detect any break at all around the 5th-7th week of poisoning, when 
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TABLK I. HCB and PCP excretion in rats following a single 
loading with 0.2 g HCB 

Urine Faeces Urine Faecee 

Dsy1 32 ~3 43260 pg 30 A43 (lpg 

Day 2 27 M 11912 H Cl!% <lpg 

the porphyrin excretion picture characteristic of this experimentally-induced 

porphyria develops permanently in the animals. 

Although HCB is a compound of fairly low reactivity, we too support the 

posaibilify of its catabolism in the organism. The catabolite PCP ie to be 

found in the urine, and in lower quantities in the faeces /Figs. 3 and 5/. 

After the administration of a eingle large doae of HCB, besides BCB ori& PCP 

appeared in high concentration in the excretions, which is in contrast with 

the view of Yehendde et al. (4), and suggests the primary nature of this 

oatabolite. After the 4th+th week of the chronic poisoning, however, in 

both the urine and the faeces there were progressive accumulations of other 

apolar products and products more polar than PCP /tetracbIorobenzene, tetra- 

chlorohydroquinone , pentachlorothiophenol/; the presence of these in the 

urine after chronic poisoning has also been referred to hy Lui et al. and by 

Koss (6, 7). It is understandable, therefore, that Mehendale et al. did not 

find atly catabolite at all in the faeces after administering a single oral 

dose of HCB (4). 

Further data are neceeeary to clarify the mechanism of HCB catabolism. 

Attention should be paid to the conception of Lui et al. that the catabolism 

proceed6 via an epoxide compound intermediate (6). Nevertheless, we do not 

diecount the poseibility that there may be several routes in the catabolism. 

The decomposition of the PCP formed is much more rapid than that of HCB 

/see the data of Ahlborg (12) relating to PCP decompoeition/, and further it 

can be accepted in general that the more polar a product formed, the more 
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e8Si4 it msy be expected to be excreted from the organism. If emplwed alone, 

neither PCP nor any of several compounds of chlorphenol type caueed porpIyri8 

of the s8me type as did HCB. Again, if animals were fed chronical with one 

or other of these compounds simultaneously with HCB, the picture of porphyria 

produced by HCB 810ne w8s not altered by 8ny of them. According4, we do not 

ascribe 8 determining role to the polar decomposition producte of HCB in the 

development of the known porpbyric picture. /A detailed account of these 

combined poisoning will be presented in another publication./ The ability of 

ECB to 8CCWllll8te ie fair4 high (13-17), 8s supported by our own experimental 

dsta /Figs. l-2/. It is all the more interesting, therefore, to consider the 

npassive" role of the HCB itself, in that it is incorporated into the mito- 

chondrium lipoid membrane structures, thereby causing Some distortion in the 

orientation of the molecules constituting the membrane, and consequent4 

influences the transport phenomena across the membrane (18, 19). In addition, 

it must not be left out of consideration that an increase in the activity of 

the aspecific enames /primarily haeme enzymes bound to the membr8nee of the 

oWanelles/ tending to elimin8te the incorponrted HCB mey result in 8 

locally chronic redox potential change, which is capable of influencing the 

energy-dependent transport. The other aetiopathogenetio conceptions assumed 

to date with regard to chronic hepatic porphyriaa c8n be fitted into a com- 

paratively uniform picture via precisely the energetic system, and hence the 

actual conditions of the existenae of these can still not be excluded. 
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