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Abstract-To study the effect of experimental hepatic porphyria on the activities of hepatic alcohol 
metabolizing enzymes, female rats received a chow diet containing 0.05% hexachlorobenzene (HCB). 
After long-term HCB treatment for 60 days hepatic porphyria developed as evidenced by increased 
hepatic Gaminolevulinic acid synthase activity and enhanced urinary excretion of Gaminolevulinic acid, 
porphobilinogen and total porphyrins. Concomitantly, the activities of the hepatic microsomal ethanol 
oxidizing system (MEOS) were strikingly augmented by 213% (P < 0.05) and 177% (P < 0.01) when 
expressed per g of liver wet weight or per 100 g of body weight, respectively, whereas hepatic alcohol 
dehydrogenase activities remained virtually unchanged. Moreover, hepatic catalase showed only a trend 
for a slightly lower enzymic activity under these experimental conditions. The present data therefore 
show that experimental hepatic porphyria is associated with alterations of hepatic MEOS activities, 
which in turn may be a factor for the manifestation of human hepatic porphyrias in the course of alcohol 
consumption. 

The liver is the main organ of alcohol metabolism 
which is catalyzed by alcohol dehydrogenase (ADH) 
[l, 21 and the microsomal ethanol oxidizing system 
(MEOS) [14], whereas catalase appears to play no 
significant role [l]. Alcohol consumption leads to a 
variety of functional and biochemical changes [7-91 
and plays an important role as precipitating factor 
of hepatic porphyrias [lo]. The interactions between 
porphyria and alcohol are complex, and metabolic 
consequences of alcohol degradation such as changes 
of the redox state due to alterations of hepatic alcohol 
metabolizing enzyme activities rather than alcohol 
itself may be involved [lO-121. 

Hexachlorobenzene (HCB) induces a hepatic por- 
phyria both in humans and experimental animals, 
and the HCB induced porphyria of the rat is the 
most comparable model for the porphyria cutanea 
tarda as one form of the hepatic porphyrias [U-19]. 
In the present investigation the HCB animal model 
was therefore used to study the effect of hepatic 
porphyria on the activities of alcohol metabolizing 
enzymes in the liver. 

MATERIALS AND METHODS 

Materials. The chemicals were obtained from the 
following sources: Hexachlorobenzene (HCB), 
potassium chloride, magnesium chloride, calcium 
chloride 2-hydrate tryst., 4-dimethyl-aminobenzal- 
dehyde, perchloric acid (70%), sodium dithionate, 
trichloroacetic acid, tris(hydroxymethyl)amino- 
methane and saccharose from Merck Corp., Darm- 
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stadt, F. R. of Germany; NAD, NADPH (tetra- 
sodium salt, 98%), NADP (disodium salt, 98%), 
isocitric dehydrogenase (grade II) and 7-ethoxycou- 
marin tryst. from Boehringer Corp., Mannheim; 
benzo (a)pyrene from Ferak Corp., Berlin; 7- 
hydroxycoumarin from EGA-Chemie Corp., Stein- 
heim; DL-iSOCi&k acid Naz-salt and Naz-EDTA from 
Serva Corp., Heidelberg. 

Animals. Female Wistar rats were purchased from 
Zentral-Institut fiir Versuchstierzucht, Hannover 
(F. R. of Germany) and fed Altromin chow con- 
taining 0.05% hexachlorobenzene (HCB) ad libitum 
over a period of 10 and 60 days. The respective 
control groups received Altromin chow without HCB 
for the same period of time. All animals had free 
access to tap water. The urine was collected over a 
period of 24 hr preceding sacrifice. The rats were 
decapitated, and their livers in situ perfused with 
ice-cold 0.15 M KC1 through the portal vein and 
excised. 

Biochemical assays. Hepatic catalytic activity of 
catalase [20], and cytochrome P-450 content [21] 
were determined in a 20% liver homogenate pre- 
pared with 0.15 M KC1 and the Gaminolevulinic 
acid-synthase (ALA-S) in a 25% liver homogenate 
prepared with Tris-EDTA-buffer, pH 7.4 [22]. 
Alcohol dehydrogenase (ADH) activity was assessed 
in the cytosolic fraction of the hepatocytes [l, 41. In 
the microsomal fraction the microsomal cytochrome 
P-450 content [23] and the activities of the micro- 
somal ethanol oxidizing system (MEOS) [4], 
NADPH-cytochrome c reductase [24], 7-ethoxy- 
coumarin deethylase (7-EOC-D) [25] and 
arylhydrocarbon-hydroxylase (AHH) [26] were 
measured. Microsomal losses during the preparative 
procedures were corrected f& as described pre- 
viously [27]. Protein determination was performed 
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according to the method of Lowry et al. [28], using 
crystalline bovine albumin as standard. 

Quantitative excretion of total urinary porphyrins 
[29], of the precursors Gaminolevulinic acid (ALA) 
and porphobilinogen (PBG) by ion exchange 
chromatography [30], the separation of total por- 
phyrins and their transformation as methyl-esters 
[31] as well as the determination of porphyrin-metab- 
olites by high pressure liquid chromatography 
(HPLC) [32] were performed by standard methods. 

Statistical analysis. The results obtained are 
expressed as means k S.E.M., and the significances 
of the differences were assessed by the Student’s t- 
test. 

RESULTS 

Liver weight and protein 

Compared to the respective control groups, treat- 
ment with HCB for either 10 or 60 days failed to 
significantly change the liver weight and total protein 
(Table 1). Moreover, after short-term treatment with 
HCB for 10 days no significant alterations of liver 
microsomal protein, liver cytosolic protein and body 
weight were observed. Long-term treatment with 
HCB for 60 days resulted in a significant rise of liver 
microsomal and cytosolic protein and in a slight 
reduction of body weight (Table 1). 

Alcohol dehydrogenase (ADH) 

Compared to controls, treatment with HCB for 
10 days led to a significant reduction of hepatic ADH 
activity only when expressed per g of liver, whereas 
no significant alterations could be demonstrated 
when the activity was expressed per mg of cytosolic 
protein or per 100 g of body weight (Table 2). Pro- 
longed application of HCB for 60 days failed to alter 
hepatic ADH activity. 

Microsomal ethanol-oxidizing system (MEOS) 

Short-term treatment for 10 days with HCB as 
well as prolonged administration for 60 days resulted 
in a significant rise of the hepatic MEOS activity 
(Table 2). The enhancement was observed whether 
the activity was expressed per mg of microsomal 
protein, per g of liver or per 100 g of body weight. 

Catalase 

In comparison with the controls, treatment with 
HCB for 10 days resulted in a significant fall of 
hepatic catalase activity (Table 2). Similarly, after 
60 days of treatment with HCB a reduction of hepatic 
catalase activity was observed, but this decrease was 
only significant when the activity was expressed per 
g of liver protein rather than per g of liver wet weight 
or per 100 g of body weight. 

Cytochrome P-450 

The hepatic microsomal content of cytochrome 
P-450 was significantly increased after 10 days of 
treatment with HCB but not following long-term 
application for 60 days when expressed per mg of 
microsomal protein (Table 3). A pronounced 
enhancement could be demonstrated for the cyto- 
chrome P-450 content when calculated per g of liver 
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or per 1OOg of body weight after both short-term 
and prolonged HCB treatment. 

NADPH-cytochrome c reductase 

Hepatic NADPH-cytochrome-c reductase activity 
remained virtually unchanged after HCB treatment 
for 10 days (Table 3). A significant rise could only 
be demonstrated after prolonged administration for 
60 days when compared to the controls. 

7-Ethoxycoumarin deethylase (7-EOC-D) 

In comparison with the respective controls, both 
short-term administration of HCB for 10 days and 
prolonged treatment for 60 days resulted in a striking 
rise of hepatic microsomal 7-EOD activities (Table 

3). 

Arylhydrocarbonhydroxylase (AHH) 

Hepatic microsomal AHH activity was signifi- 
cantly increased after treatment with HCB for 10 as 
well as 60 days when compared to the respective 
controls (Table 3). 

&Aminolevulinic acid synthase (ALA-S) 

Treatment with HCB for 10 days led to a slight 
enhancement of hepatic ALA-S activity with sig- 
nificant differences when expressed per g of liver 
wet weight or per 100 g of body weight but not when 
the data are given per g of liver protein (Table 4). 
Compared to controls, the 60 days lasting treatment 
with HCB resulted in a pronounced increase of 
hepatic ALA-S activity. 

Porphyrin excretion 

Compared to controls, treatment with HCB for 
10 days had no or only little influence on the urinary 
excretion of porphyrin precursors such as Gamino- 
levulinic acid (ALA) or porphobilinogen (PBG) as 
well as of total porphyrins and the percentage dis- 
tribution of porphyrin metabolites (Table 4). After 
60 days of HCB treatment, however, a striking 
increase of urinary excretion of ALA, PBG and total 
porphyrins was measured compared to the respective 
untreated controls (Table 4). HCB treatment for 60 
days enhanced urinary excretion of porphyrin metab- 
olites such as uro-, hepta- and hexa-porphyrins 
whereas the one of copro- and proto-porphyrins was 
significantly reduced when calculated on a percent- 
age basis (Table 4). 

DISCUSSION 

The present study shows that the hepatic activity 
of the microsomal ethanol oxidizing system (MEOS) 
is strikingly enhanced after both short-term treat- 
ment for 10 days with HCB as well as after prolonged 
administration for 60 days (Table 2). Conversely, 
hepatic alcohol dehydrogenase (ADH) activity 
remained virtually unchanged under these experi- 
mental conditions. Hepatic catalase activities were 
significantly reduced after 10 days of treatment with 
HCB and showed only a trend for a slightly lower 
activity following 60 days of administration (Table 
2). HCB, therefore, exhibits a striking enzyme 
inducing property with rLspect to MEOS activity 
(Table 2) comparable to other substances such as 
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alcohol [3,6,27,33], testosterone [34,35], thyroid 
hormones [36] and propylthiouracil [35]. 

Previous studies have shown that a variety of 
porphyrogenic compounds may alter the hepatic con- 
tent of hemoproteins [15,38-42]. Among these are 
allylisopropylacetamide (AIA) [40,41] and cobal- 
tous chloride [39] which decrease both the hepatic 
catalase activity and the hepatic content of cyto- 
chrome P-450 [38-41]. Moreover, dicarbethoxydi- 
hydrocollidine (DDC), an inhibitor of the ferroche- 
latase activity, reduces hepatic catalase activity [42] 
without a consistent effect on the hepatic content of 
cytochrome P-450 [39,42]. The present study using 
HCB as a porphyrogenic agent shows a significant 
fall of hepatic catalase activity after short-term 
administration of HCB (Table 2). In contrast to 
DDC [39,41], HCB leads to a pronounced increase 
of the hepatic content of cytochrome P-450 (Table 
3)) confirming previous reports [ 15,381. HCB causes 
similar changes in the pattern of cytochrome P-450 
content (Table 3) and MEOS activity (Table 2). In 
the short-term experiments with HCB a pronounced 
increase of the two parameters was observed when 
the data are expressed per mg of microsomal protein 
(Tables 2 and 3). However, after prolonged treat- 
ment with HCB for 60 days the increase of cyto- 
chrome P-450 content and MEOS activity on the 
basis of microsomal protein was only marginal. Since 
HCB causes an extensive proliferation of the smooth 
endoplasmic reticulum of the hepatocyte [43], these 
microsomal parameters are elevated when the data 
are given per g of liver or per 100 g of body weight 
(Tables 2 and 3). The participation of cytochrome 
P-450 and/or P-448 has been shown for MEOS 
[44-46], 7-EOC-D [47] and AHH [47-49], which are 
inducible in activity by HCB administration (Tables 
2 and 3). It is evident from the present study that 
the degree of microsomal enzyme induction is 
dependent on the substrate used (Tables 2 and 3), 
a finding compatible with the existence of various 
forms of cytochrome P-450 exhibiting striking dif- 
ferences in substrate specificity [44-49]. Indeed, 
HCB causes a so-called mixed type induction of 
cytochrome P-450 since a simultaneous increase of 
both the phenobarbital and benzo[a]pyrene type can 
be observed [38]. The present experiments show that 
the activity of NADPH-cytochrome c reductase as 
another component of the microsomal mixed-func- 
tion oxidase [47,49] remained unaffected by the 
short-term administration of HCB (Table 3) and 
substantiate that the degree of microsomal metab- 
olism of exogenous compounds depends on the 
cytochrome P-450 and/or P-448 rather than on the 
reductase. 

Biochemical changes suggestive for experimental 
hepatic porphyria are observed after long-term 
application of HCB for 60 days but not following 
treatment for only 10 days (Table 4), confirming 
thereby previous reports [15-171. Short-term admin- 
istration of HCB for 10 days led to a pronounced 
enhancement of microsomal parameters such as 
MEOS (Table 2), 7-EOC-D (Table 3), AHH (Table 
3) and cytochrome P-450 (Table 3) without changing 
urinary porphyrin excretion (Table 4). It has, there- 
fore, been concluded [15] that the induction of the 
cytochrome P-450 system acts only indirectly on the 

manifestation of the porphyria by forming a por- 
phyrogenic HCB metabolite after reaching a certain 
degree of microsomal enzyme induction. 

A close association exists between alcohol con- 
sumption and human hepatic porphyria, since por- 
phyric attacks may be precipitated by alcohol inges- 
tion [lo, 111. Alcohol has been shown to decrease 
the activity of uroporphyrinogen decarboxylase in 
the liver [50], and similar changes can be observed 
in human hepatic porphyria as well as in the HCB 
animal model for experimental hepatic porphyria 
[19]. Alcohol itself appears to have little if any effect 
on porphyrin metabolism [ 121, whereas metabolic 
consequences of alcohol degradation such as redox 
changes of NADH/NAD seem to be more important 
[12-141. Redox changes after alcohol are dependent 
in part upon the activities of both ADH requiring 
NAD as cofactor and producing NADH and MEOS 
consuming reducing equivalents in form of NADPH 
[8]. It is, therefore, reasonable to assume that after 
alcohol intake alterations of the redox change due 
to changes of hepatic alcohol metabolizing enzyme 
activities may be of some importance in hepatic 
porphyria in man. Other metabolic alterations 
associated with prolonged alcohol consumption 
include increased production of the hepatotoxic 
acetaldehyde due to an enhancement of MEOS 
activity [3,6-8,271, raising the question of acetal- 
dehyde as one of the precipitating factors for hepatic 
porphyria, but further studies are necessary to firmly 
establish the biochemical basis for the relationship 
between alcohol and porphyria. 
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