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Abstract-Two groups of rats were made porphyric by treatment for a shorter or a longer time with 
hexachlorobenzene (HCB); a third group was subjected to chronic treatment with ethanol; the fourth 
group comprised untreated, control animals. Suspensions were prepared of hepatocytes isolated from 
the livers of the animals in the individual groups, and in these systems the cell membranes were studied 
by spin labeling. In all three chronically treated groups, the order parameter calculated from the ESR 
spectra was significantly lower than that of the control group. The order parameters for the first three 
treated groups, however, did nat differ significantly from one another. If either HCB or ethanol was 
incorporated into the isolated hepatocytes of the healthy control animals, the fluidity of the hepatocyte 
membranes increased. The order parameter decrease (compared to the control) for the hepatocyte 
membranes of the animals treated chronically with HCB or ethanol can be ascribed to the direct 
membrane-fluidizing effect of HCB or ethanol, and also to the altered lipid metabolism. With regard 
to the difference in the mechanisms of action of HCB and ethanol, on the basis of the experimentally 
proved membrane-damaging effect of the porphyrinogenic HCB it is probable that, besides other 
factors, the membrane damage may play an important role in the pathogenesis of porphyria cutanea 
tarda. 

Each of the different types of porphyrin metabolism 
disturbance is manifested by the excretion of certain 
precursors or porphyrins, produced as a consequence 
of well-defined enzyme deficiencies. As regards a 
characteristic enzyme deficiency in the case of por- 
phyria cutanea tarda (PCT)t, however, to date it 
has only proved possible to demonstrate a reduced 
activity of uroporphyrinogen decarboxylase (EC 
4.1.1.37) (urogen-D) in the Iiver [l-3] and in the 
erythrocytes [l, 4-6j. The change in activity of this 
enzyme corresponds theoretically to the observed 
biochemical finding: a pathologically enhanced uro- 
porphyrin excretion; indeed it appears that the dis- 
ease is of hereditary nature by virtue of the decreased 
urogen-D activity [1,4,5]. Nevertheless, a number 
of factors indicate that this decreased activity is in 
itself not sufficient to explain the pathomechanism 
of PCT. Examples of such factors: the porphyrin 
excretion by PCT patients is not in a close correlation 
with the extent of the observed enzyme deficiency; 
a decrease in the erythrocyte urogen-D activity can 
frequently be demonstrated in the members of the 
patients’ families, but unaccompanied by pathologic 
porphyrin excretion fl]. These apparent contradic- 
tions are largely resolved by the work of Elder et al. 
[7], who suggest that there are probably two types 
of PCT: in one type, both the hepatic and the eryth- 
rocyte urogen-D activity is decreased, while in the 
other the activity in the erythroeytes is normal. How- 
ever, the questions remain open as to the nature of 
the factors which determine which type of the disease 
will develop, when, and how. The different character 

t Abbreviations: HCB, hexachlorobenzene; PCT. por- 
phyria cutanea tarda; urogen-D, uroporphyrinogen 
decarboxylase. 

of this clinical picture is further indicated by the fact 
that, whereas the other porphyria forms are acute, 
PCT is chronic in nature; and though the disease is 
considered to be fundamentally an inherited one [S], 
certain compounds, such as hexachlorobenzene 
(HCB) or 2,3,7,8-tetrachlorodibenz-f-dioxine, can 
nevertheless induce toxic porphyria in humans too, 
with clinical and biochemical symptoms correspond- 
ing to those of PCT 191. 

In connection with the mechanism of development 
of PCT, we too earlier made investigations on the 
generally-used HCB-induced experimental porphy- 
ria in rats, and came to the conclusion that, besides 
the specific enzyme deficiency in PCT, i.e. the 
reduced urogen-D activity, not only is the regulation 
of porphyrin synthesis impaired at the chromosomal 
level, but there must also be another factor, namely 
the damage to the membranes of the organelles, 
which (together with other factors) may be respon- 
sible for the enhanced uroporphyrin excretion and 
for the chronic nature of the disease. With a view 
to testing the correctness of our hypothesis, we set 
out to obtain direct evidence regarding the existence 
(or non-existence) of HCB-induced membrane dam- 
age, by using a spin labeling technique to study the 
lipid membranes in isolated rat hepatocyte systems. 

MATERIALS AND METHODS 

All rats used were males of the CFY strain, of the 
same age, with an initial body weight of 35&4OOg. 
Group 1: 20 rats were fed for II weeks with feed 
containing 0.2% (w/w) HCB. Group 2: 10 rats were 
made strongly porphyric by treatment with HCB for 
2.5 months; they next received normal feed transi- 
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tionally, for 4 months; finally, they were again given 
feed containing 0.2% (w/w) HCB for 11 weeks. 
Group 3: 10 rats maintained on normal feed received 
drinking-water containing 10% (v/v) ethanol for 11 
weeks. Group 4: 15 untreated animals. 

With the aim of observing any markedly different 
behaviour from the average, in week 10 of treatment 
porphyrin analyses were performed on 24-hr urine 
and faeces samples collected simultaneously from 5 
animals in each group. Subsequently, in combination 
with samples with known total porphyrin contents, 
the distributions of the different porphyrins were 
determined for each group. The method of Doss [12] 
was used for porphyrin analysis. 

For examination of the liver, in group 1 one animal 
was sacrificed weekly from the end of week 6, and 
two animals in the final week (a total of 7); in group 
2 one animal was sacrificed weekly from the end of 
week 7 (a total of 5); and in group 3 one animal was 
sacrificed weekly from the end of week 8 (a total of 
4). 

Unless otherwise stated, the chemicals used were 
REANAL products of analytical purity. 

Preparation of isolated hepatocytes 

Pieces weighing about 0.5 g from the left lobe of 
the liver of one animal in each group were cut into 
thin slices under physiological saline solution, the 
blood was well washed out with physiological saline, 
and then, at 37”, with constant shaking, the slices 
were treated with 5 ml portions of 0.5% (w/w) trypsin 
solution in physiological saline. Each digestion 
period lasted about 3 min. The dilute cell suspension 
portions obtained in each step were poured off the 
liver slices and collected in a 0” water-bath. A total 
of about 100ml trypsin solution was employed for 
each sample. The combined hepatocyte suspensions 
were washed 4 times with physiological saline cooled 
to 4” (by centrifugation at low rpm, and resuspen- 
sion) to purify the systems of the residual trypsin 
and the small amounts of cell debris. The pure 
hepatocyte suspensions were finally adjusted to a 
concentration of 1 x 10’ celIs/ml. with cell counting 
in a Biirker chamber by means of a microscope. 
These suspensions, with a volume of about 1 ml, 
were ample for the subsequent examinations. The 
samples were stored at 14” until the ESR measure- 
ments on the following day. In the interest of a 
reliable comparison, in the course of the preparation 
the samples from the different groups were treated 
simultaneously and in strictly the same manner, from 
every aspect. 

Preparation of cell suspensions for spin ~a~~~~ng 
experiments 

One ~1 of a 0.1 mglml stock solution of rotenone 
in ethanol was added to 100~1 of the 1OR cells/ml 
suspension and vigorously mixed with a vortex mixer. 
Rotenone, a respiratory chain inhibitor, was needed 
to eliminate inherent fast signal reduction. A 2 ~1 
aliquot of a S mgiml solution of 5-doxyl stearic acid 
(Syva, U.S.A.) in ethanol was also added subsequent 
to rotenone inhibition. As judged from the spectral 
parameters (see below), samples prepared with the 
above procedure were magnetically dilute. 

For measurement of the fluidizing effect of HCB, 

2-50 ~1 portions of a I mg/ml solution of HCB in 
chloroform were layered onto the bottom of glass 
tubes and evaporated under Nz to dryness. After 
addition of the cell suspension, the spin-labeling 
procedure was identical to that described above, 
except that the ethanol content of the sample solution 
was adjusted to 5% (v/v) to facilitate HCB mem- 
brane incorporation. In ethanol-fluidizing experi- 
ments, increasing amounts of ethanol were added 
to the spin-labeled cell suspension and viability 
checks were made by visual inspection under a 
microscope. 

ESR measurements 

ESR spectra were recorded with a JEOL (Japan) 
JES-PE-IX X-band spectrometer, using 100 kffz 
modutation technique. The cell suspension was 
added to a micro flat cell (Scanlon, U.S.A.), which 
was then sealed, and the spectrum was measured at 
room temperature. The order parameter was cal- 
culated from the splitting of the outer (A,,,) and 
inner (Amin) maxima after A _L and polarity correction 
according to Griffith and Jost [13]: 

S=A~~-Al ao ~ .- 
26.3 C a 

where a and ao denote the measured values of the 
hyperfine tensorial trace and some arbitrary 
referencelao = 44.6 Ci. The effect of line-broadening 
due to probe-probe interaction was quantitated by 
introducing the m-parameter (Sauerheber et al. [14]). 
With careful dosing of the spin probe, m 2 0.95 
could be adjusted in each case, i.e. the samples were 
magnetically dilute. 

RESULTS 

The porphyrin excretions of the animals in the 
various groups are detailed in Table 1. In week 30 
of HCB poisoning, every animal in group 1 was 
already in a very severe porphyric state: the total 
porphyrin excretion in the urine was 450-580 lug/day, 
with an average of 536 pguglday per animal. This value 
appears fairly high, but it must be noted that in our 
earlier experiments younger animals were too 
frequently encountered which responded to similar 
poisoning with a urinary total porphyrin excretion 
above 500 pglday. 39.1 per cent of the urinary por- 
phyrin was 7-COOH porphyrin and uroporphyrin. 
Group 2 was poisoned with HCB first for 2.5 months 
and then, after a 4-month interval, for a further 11 
weeks. Before the start of the second poisoning 
period, the porphyrin excretion had still not nor- 
malised: the animals remained porph~ric, with an 
average urinary total porphyrin excretion of 58 @g/ 
day (214.1 S.D.; n = 10). In week 10 of the second 
poisoning period, the extent of porphyrin excretion 
was roughly the same as for the freshly-poisoned 
animals: the average was 522.65 hg/day per animal. 
the 7-COOH porphyrin and uroporphyrin making 
up 35.1 per cent of this. Naturally, in both group 1 
and group 2 the signs of toxic porphyria were strongly 
manifested: the urinary coprophyrin and the faecal 
proto- and copropo~hyrin levels were conside~bly 
elevated. In accordance with our previous experi- 
ence, in group 3 uroporphyrinuria did not develop; 
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Table 1. Po~hyri~ excretion @g/day per animal} at week 10 of treatment, and the total 
liver weights in the various groups of rats 

1 
Groups* 

2 3 4 

Urinary porphyrins: 
proto 
3-COOH 
copro 
.5-COOH 
6-COOH 
7.COOH 
UT0 

Total 

10.93 0.57 0.56 
5.77 6.36 0.20 

230.98 245.20 14.24 6.20 
49.63 54.55 0.63 
28.98 30.50 0.23 
67.50 64.06 0.53 

142.21 119.41 1.09 
536.00 522.65 17.48 7.35 

Faecal porph~ins: 
proto 
copro 
Totalt 

Total liver weight: 
average (g) 

64.89 81.94 122.30 8.70 
135.00 117.67 14.15 3.10 
361.22 359.07 151.47 11.80 

35.38 38.67 20.85 20.01 
(n = 7) (n = 5) (n = 4) (n = 7) 

* Group 1 was fed for 11 weeks with feed containing 0.2% (w/w) HCB. Group 2 was 
made porphyric by treatment with HCB, it next received normal feed transitionally, 
finally, it was again given feed containing 0.2% (w/w) HCB. Group 3 received normat 
feed but drank water containing 10% (v/v) ethanol. Group 4 consisted of untreated 
animals. 

t As for the urinary porphyrins, faecal total porphyrins also contain other porphyrins 
of different number of carboxyl groups. 

Porphyrin values represent averages from 5 animals in each group. 

the chronic alcohol consumption caused only a mod- 
erate degree of toxic porphyria [15]. 

In the case of the control animals, microscopic 
examination of the isolated hepatocytes revealed 
regular, rounded cells with a fairly homogenous size 
distribution. In the ethanol-treated group, there was 
a perceptibly larger scatter towards both larger and 
smaller ceil diameters. A striking number of strongfy 
enlarged cells could be seen in both groups treated 
with HCB. It appears that the change in size of the 
hepatocytes is in qualitative agreement with the total 
liver weights in the various groups (see Table 1). 

One of the ESR spectra recorded on spin-labeled 
hepatocyte cell suspension is presented in Fig. 1. 

Three parallel spectra were recorded on the samples 
from each animal. Since the conditions of trypsin 
digestion could be ensured as strictly the same only 
in the event of samples prepared on the same day, 
we used the expression ~S/S,,,,,I for the comparison 
of the order parameters, where LiS is the difference 
between the order parameters for untreated and 
treated group samples prepared on one and the same 
day (Fig. 2). This mode of presentation demonstrates 
well that DS/S,,,,,I > 0 for all experimental data, 
i.e. each of the order parameters for the treated 
groups was systematically smaller than that for the 
control sample prepared on the same day. The ratios 
for the different groups, involving ail measurements, 

Fig. 1. The molecuIar structure and ESR spectrum of 5-doxyistearic acid spin probe in isolated 
hepatocytes of rat. Lettering is explained in Materials and Methods. ESR spectra were recorded at 

room temperature using the 100 kHz modulation technique. 
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Fig. 2. Comparison of the order parameters for the different 
groups. AS means the difference between the order par- 
ameter for the untreated and treated group (samples pre- 
pared on one and the same day). Each of the order par- 
ameters for the treated groups was systematically smaller 
than that for the control sampled prepared on the same 

day. 

independently of the time of preparation, are listed 
in Table 2. It is clear that in the three treated groups 
the order parameter proved significantly smaller than 
in the control group. However, the order parameters 
for the three treated groups did not differ signifi- 
cantly from one another. The percentage decreases 
in the order parameter in the individual groups (com- 
pared to the control value) are similarly given in 
Table 2. 

Subsequently, we attempted to incorporate HCB 
into hepatocytes obtained from the control animals. 
Naturally, in the aqueous medium the hepatocytes 
were able to take up only a very small proportion 
of the total quantity of HCB, which is virtually 
insoluble in water. Accordingly, in order to promote 
absorption, we repeated the measurement series 
after the addition of extra ethanol over and above 
that added with the spin probe and the rotenone, so 
that the final concentration was 5% (v/v). Measure- 
ment of the HCB remaining in the tubes showed 
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Fig. 3. Membrane-fluidizing effect of HCB. With the aim 
of incorporating HCB into the membrane of the control 
isolated hepatocytes, increasing amounts of HCB were 
dried onto the bottom of glass tubes, and after addition of 
the cell suspensions they were mixed with a vortex mixer. 
0: The hepatocytes took up only 3% of the total quantities 
of HCB indicated along the axis. 0: In order to promote 
HCB absorption, the measurement series was repeated 
after addition of 2 ~1 of extra ethanol, where HCB incor- 
poration could be increased to 4%. Each point represents 
the average of three measurements. HCB led to a decrease 

in the order parameter in both measurement series. 

that normally the HCB absorbed was on average 
only about 3 per cent of the quantity dried on the 
bottom of the tube, and this was increased to 4 per 
cent by the addition of the extra ethanol. Despite 
the unfavourable absorption, as can be seen in Fig. 
3, the increasing quantity of HCB led to a surprising 
decrease in the regular order parameter in both 
measurement series, thereby clearly demonstrating 
the strong membrane-fhridizing effect of HCB. The 
incorporation of HCB in this way caused no micro- 
scopically visible change at all in the hepatocyte 
suspension. 

The effect of ethanol on the control hepatocyte 
suspension was examined similarly. Various amounts 
of extra ethanol were added to samples prepared for 

Table 2. Comparison of the order parameters for the different groups of rats 

1 
Groups* 

2 3 4 

Order parameter 
Average 0.527 
S.D. 0.029 

(n = 21) 
Order parameter (%) 

(compared to the 
control value) 94.0 

Significant difference between groups 
4-2 is 
4-1 is 
4-3 is 
l-2 is not 
2-3 is not 
l-3 is not 

0.536 0.510 
0.026 0.031 

(n = 15) (n = 12) 

95.1 91.1 

P = 0.032 (at 95% level) 
P = 0.003 (at 99% level) 
P = 0.001 (at 99% level) 
P = 0.600 (at 95% level) 
P = 0.069 (at 95% level) 
P = 1.434 (at 95% level) 

0.560 
0.027 

(n = 21) 

100.0% 

* Group 1: treated with HCB. 
Group 2: treated with HCB for a longer period 
Group 3: treated with ethanol. 
Group 4: untreated control. 
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Fig. 4. Membrane~ffuidi~ing effect of ethanol. Various 
amounts of extra ethanol were added to samples of control 
hepatocyte suspension prepared for spectral recording. 
Ethanot caused a decrease in order parameter which was 
accompanied by ceil lysis, too. That is why the second haff 

of the curve has been drawn with dashed line. 

spectral recording. Incorporation from the medium 
into the membranes can not pose a problem for 
water-soluble ethanol In accordance with this, 
increase of the ethanol concemration was 
accompanied by a strong decrease in the order par- 
ameter (Fig. 4). At the same time, the ethanol caused 
damage in the cells, to an extent depending on its 
concentration: microscopic examination revealed 
that when 2 yl extra ethanol was added, besides that 
added with the spin probe and rotenone, only about 
70 per cent of the cells survived; the addition of 5 $ 
ethanol led to a survival rate of about SO per cent; 
and lQ@ caused practically complete cell lysis, for 
in this case no intact cells at all could be observed 
by microscope. 

DISCUSSION 

We earlier drew attentions to the fact that in the 
course of hepatic porphyrin synthesis first the S- 
aminolaevulinic acid and then the porphyrin must 
penetrate the mitochondrial membrane, and thus 
any change in the membrane permeability may be 
an important factor influencing the process 
f30, 11,16]. On the development of uroporphyrin- 
uria in BIB-induced experimental porphyria, por- 
phyrin excretion in the liver occurs not only into the 
bile capillaries, but also into the intercellular sub- 
stance; accordingly, this indicates a pathologic 
permeability change in the cell membranes [lo]. 
Certain of the steps in the porphyrin synthesis are 
changes catalyzed by enzymes with a lysosomal or 
mitochondrial localization, and in the normal state 
a role is played in these changes only by the pen- 
etration through the mitochondrial membrane; 
nevertheless, the above data show that in PCT and 
in experimental porphyria modelling PCT it is 
necessary to reckon with pathologic changes not only 
in the mitochondriai membrane, but in the lipoid 
membranes of the organelles in general too. In the 
present experiment, the strong trypsin digestion 
allowed part of the spin label to reach all membrane 
types in the hepatocyte thus the spectrum obtained 
is the average of the information from the various 
sites. Although this circumstance was advantageous, 
it must be noted, however, that studies with isolated 

membranes may yield different results from studies 
with cells. 

Spin probing is a most sensitive method to measure 
structural changes of biological membranes in near 
physiolo~i~a1 conditions. When using S-doxyl stearic 
acid, a fatty acid analog, the average molecular 
ordering of the hydrocarbon matrix close to the 
interface can be quantitatively measured 113, 141. 
The spectral data are quantitated by introducing the 
order parameter S which is a measure of the average 
orientation of the doxyl-carrying methvlene segment 
with respect to the transmembrane axis. The lower 
the order parameter S, the less regularly the acyl 
chains extend towards the membrane interior. 

In our experiments. the order parameter 
decreased significantly compared to that for the 
untreated control group in both the alcohol-treated 
group and the groups treated with HCB for various 
times. This finding proves that these compounds. 
which are able to enhance the porphyrin metabolism, 
display Buidizing properties in natural membranes. 
To a first approximatian, this result is similar to the 
conception of Neilson eta& [17,18]; in chick embryo 
hepatocytes, they examined the porphyrin-inducing 
effects af adamantane and benzene analogues fI7] 
and alfaxolone and its derivatives [ 181 and, utilizing 
the experimental results obtained earlier with these 
same compounds on liposomes with the spin labeling 
technique [P&21], they concluded that those com- 
pounds which exhibit a porphyrin-inducing effect 
must be lipophilic and must posess an uncharged 
polar group [I?], and they further assumed that there 
is a correlation between the membrane-oxidizing 
ability and the porphyrin-inducing ability f17, IS]. 

However, a difference must be made between the 
effects of the two compounds used in our experi- 
ments. On either acute 1’22,231 or chronic [IS] treat- 
ment, ethanol enhances the total porphyrin excretion 
only weakly and causes no appreciable uroporphyr~ 
inuria either, as shown by the data in Table 1; in 
contrast, HCB produces a considerable increase in 
the tota porphyrin excretion, with a noteworthy 
uroporphyrin proportion. In the chronically 
poisoned groups, however, there was no significant 
difference between the membrane-ffuidizing effects 
brought about by the two compounds (see Table 2). 
Although the membrane-~ujdizin~ and porphyrin- 
inducing effects of the compounds do display similar 
tendencies, our experiments do not reveal a clear- 
cut linear quantitative correlation between them. It 
should be noted tha&, on the basis of experience 
acquired with alcohol and other anaesthetic com- 
pounds, Pang et al. [24] and Turner and Oldtiefd 
12.51 recently discussed the difficulties of the quan- 
titative application to physiologicat conditions of 
membrane-fluidizin~ effects observed on iiposomes. 
Pang et al. similarly drew attention to the fact that 
the membrane compasition has a considerable influ- 
ence on the ffuidizing abilities of the various com- 
pounds [24]. 

The difference between the mechanisms of action 
of ethanol and HCB may stem from a number of 
factors: (a) The lipid-buffer partition coefficient of 
the water-soluble ethanol in the dimyristoylphos- 
phatidylcholine system is 0.44 [24]+ This value would 
hardly differ appreciably from the partition coeffi- 
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cient found in an in uivo system. In contrast, HCB 
is practically insoluble in water, and therefore all of 
the I-ICB passing into the organism will dissolve in 
the lipids, including the lipoid structures. (b) The 
molecules differ considerably in size and structure, 
and in all probability they will therefore display 
different incorporations into the membranes. (c) The 
organism can extend a relatively rapid and effective 
defence against alcohol [26]; this is again in contrast 
with HCB, for the catabolism of HCB entering and 
being absorbed in the organism is very slow 
[16,27-291, and hence this lipophilic compound with 
its very low reactivity is accumulated in the organism 
[16,30,31]. Our experiments suggest that, even 
though both ethanol and HCB are able to fluidize 
natural membranes, the fact that only HCB can 
induce uroporphyrinuria is to be attributed to the 
above differences in their properties. 

The addition of ethanol to the control cell sus- 
pension in our experiments also changed the molarity 
of the medium of the system; thus, the damage to 
the cells need not have been a consequence merely 
of the ~uidizing action of the ethanol, for the dif- 
ference in osmotic pressure in the medium and within 
the cell could also have played a role. Nevertheless, 
as long as ordered structures were present in the 
system (and the majority of the cells remained intact 
after the addition of 1 or 2 ~1 ethanol), the spin- 
labeling technique could be employed effectively for 
the study of membrane fluidity. One thing should 
be stressed above all. A certain amount of ethanol 
(1.5-2 ~1) decreased the original order parameter of 
the system to about 95 per cent, and this amount of 
ethanol certainiy did not cause a considerable 
osmotic pressure difference, but there was a per- 
ceptible reduction in the survival of the cells. In 
contrast, in the case of HCB incorporation, the quan- 
tity of HCB necessary to decrease the order par- 
ameter to 95 per cent did not lead to a perceptible 
change in the survival of the cells. It may be con- 
cluded from this that the membranes are able over 
a long period to endure a locally fairly high HCB 
concentration accumulated in chronic HCB poison- 
ing; this concentration probably exceeds the con- 
centration of ethanol incorporated in the membrane 
(for only a short time because of the rapid catabo- 
lism) on acute alcohol poisoning. That the membrane 
does undergo lysis during chronic poisoning wit1 
either ethanol or HCB is indicated by the electron- 
microscopic findings 132,331. This membrane dis- 
organization, however, can clearly be ascribed not 
only to the primary fluidizing effects of the com- 
pounds, but also to the consequences of the altered 
lipid metabolism striving to eliminate the damaging 
effect on the membrane. In our view, therefore, 
whereas strongly lipophilic compounds of low reac- 
tivity are able to cause uroporphyrinuria directly and 
by means of their secondary effects, compounds with 
different properties (e.g. ethanol), which likewise 
exert membrane-fluidizing effects, can at most only 
aggravate the developed pathologic state. 

In our experiments, HCB significantly reduced the 
order parameter of isolated hepatocyte membranes. 
In principle, there are two means for HCB to be 
incorporated into the membrane: (a) The HCB is 
incorporated between the lipid double layer consti- 

tuting the membrane. (b) The HCB molecule is 
incorporated between the fatty acid chains. Our 
experimental results support the second possibility, 
since the data obtained with the selected spin probe 
revealed a decrease of the ordering of the membrane 
at the level of the 5th C atom in the fatty acid chains. 

When a membrane fluidity change arises on the 
action of some drug, the organism strives to correct 
this via a changed membrane Iipid composition. 
Information regarding this is already available in 
connection with ethanol 134-361. HCB incorporation 
obviously likewise induces a change in the lipid 
metabolism. At any event, this is indicated in our 
present experiments by the change in the liver weight 
and by the increased size of the hepatocytes. The 
difference between the order parameters for the 
groups undergoing shorter and longer HCB treat- 
ment (groups 1 and 2) was not significant (see Table 
2). We attribute this to the fact that an approximate 
equilibrium probably arises between the primary 
fluidizing effect of the HCB and the defence by the 
organism (fatty degeneration of the liver) after the 
development of the porphyric state. The consider- 
able concentration of accumulated HCB will then 
ensure that no significant change will result in the 
state of the membranes, either if the poisoning is 
discontinued, or if it is recommenced after a certain 
interval. 

Disregarding Turkish porphyria, where the cause 
of the disease was proved to be HCB 1371, in the 
case of the human disease PCT it can generally be 
justifiably assumed that HCB poisoning is not the 
cause. As the explanation of the pathomechanism 
in these cases, in addition to the inherited or acquired 
urogen-D activity decrease, only the changed 
membrane composition remains from the above 
possibilities. In our view, if for some reason (e.g. 
poisoning with various drugs, malnutrition. or 
abnormalities in absorption or utilization; or possibly 
a combination of these) a change occurs in the mem- 
branes of the organelles, as a consequence of which 
the uroporphyrin passes from the cytosol during the 
porphyrin metabolism, not only into the mitochon- 
drium but, as a result of the membrane disorganiz- 
ation and the closely related permeability change, 
into the intercellular space, then the organism strives 
to replace the uroporphyrin excreted with the urine. 
i.e. the mitochondrial haem requirements will be 
covered by an enhanced porphyrin synthesis, 
Accordingly, therefore, we ascribe an important role 
to the membrane damage in the development of 
PCT. 

Finally, it is noted that the membrane-damaging 
effect of HCB demonstrated in our present experi- 
ments is in agreement with its action on the liposomal 
system, where it was shown earlier to increase the 
permeability of the membrane with respect to 
water-soluble substances [lo]. 
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