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Effects of repeated intravenous administration ofhaem
arginate upon hepatic metabolism of foreign
compounds in rats and dogs
'Olavi Tokola

Research Laboratories of Medica Pharmaceutical Company Ltd., Helsinki and Department of Clinical
Chemistry, University of Helsinki, Helsinki, Finland.

1 Haem arginate is a new haem compound, recently introduced for the treatment of acute hepatic
porphyrias. Porphyrias are characterized biochemically by decreased formation ofhaem due to defects
in certain enzyme activities involved in the haem biosynthesis.
2 Haem is essential for cell respiration and oxidative biotransformation. Hepatic drug metabolism,
haem biosynthesis and catabolism were investigated after repeated intravenous administration of
haem arginate in connection with toxicity studies.
3 The daily doses ofhaem for rats were 4, 12 and 40mg kg- and for dogs 3 and 9mg kg-' for 30 days
and for 28 days, respectively.
4 Hepatic microsomes were used in the assay of the following drug metabolizing enzymes:
cytochrome P-450 and b5, aminopyrine N-demethylase, ethoxyresorufin O-deethylase and UDP-
glucuronyl transferase. The assay of NADPH-cytochrome C-reductase and the enzymes reflecting
synthesis and metabolism ofhaem in the liver (6-aminolaevulinic acid synthase, 6-aminolaevulinic acid
dehydratase, uroporphyrinogen I-synthase, uroporphyrinogen decarboxylase, haem synthase, haem
oxygenase and biliverdin reductase) were performed from 20,000g supernatants.
5 The lowest dose administered to rats and dogs did not cause any significant changes compared to
controls in the parameters measured.
6 The highest doses significantly increased the activities ofhaem oxygenase and uroporphyrinogen I-
synthase but decreased concentrations or activities of other enzymes, e.g. cytochrome P-450 and
ethoxyresorufin O-deethylase.
7 The results show that it is important to avoid overdosage of haem when restoration of mixed
function oxygenase activity is needed.

Introduction

Two haem preparations for treatment of acute por-
phyric attacks have recently been introduced (haem
arginate and Iyophilized haematin). (The term haem is
used here to indicate an iron-protoporphyrin IX
compound irrespective of the oxidation state of iron,
while haem arginate means the reaction product of
haemin and L-arginine in the solution mixture of
propyleneglycol, ethanol and water). The biosynthesis
of haem is enzymically regulated, and functional
defects of the enzymes involved may be either
hereditary or induced by external factors (Goldberg et
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al., 1984). Haem is the prosthetic group of haemo-
globin, myoglobin, cytochromes and many enzymes,
and as such is one of the most essential compounds in
the organism. In porphyric patients many drugs
stimulating the microsomal metabolism of foreign
substances, e.g. barbiturates, sulphonamides and oes-
trogens, may provoke a life-threatening porphyric
attack by depleting free haem concentrations, which
removes the feedback inhibition of the end product
and induces the activity of 6-aminolaevulinic acid
synthase (Watson et al., 1977; Moore et al., 1981).
Administration of haem to porphyric patients pre-
vents induction of the activity of 6-aminolaevulinic
acid synthase, reduces the synthesis of porphyrins and
potentially toxic intermediates, and corrects haem
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deficiency (Bonkowsky et al., 1971; Watson et al.,
1973; McColl et al., 1981; Pierach, 1982). The prolon-
ged half-life of antipyrine in porphyric patients is a
sign of impaired drug metabolism (Anderson et al.,
1976). In the phase I metabolism of xenobiotics,
quantitatively the most important enzymes are the
hepatic microsomal P-450 mixed function oxygenases,
which play a key role in determining drug toxicity.
Many porphyrogenic chemical compounds cause the
destruction of hepatic cytochrome P-450 haem and
depletion of haem depots, which again leads to the
induction of 6-aminolaevulinic acid synthase (Marks,
1981). Reconstitution of cytochromes and restoration
of mixed function oxygenase activity by administra-
tion ofhaem has been suggested as a treatment for the
poisonous effects of substrates that destroy cyto-
chrome P-450 by prosthetic haem alkylation (Ortiz de
Montellano & Correia, 1983). On the other hand,
repeated administration of haem alone considerably
retards the drug metabolism in monkeys by decreasing
cytochrome P-450 concentrations and by reducing
benzo[a]pyrene hydroxylase and ethylmorphine N-
demethylase activities in the liver (Muller-Eberhard et
al., 1983). In order to shed light on this tangled
question and explain the confusing and controversial
observations, in the preclinical safety evaluation of
haem arginate special heed was paid to parameters
reflecting drug metabolism and the enzymes regulat-
ing haem biosynthesis and catabolism.

Methods

Rats

Twenty-four male Sprague-Dawley albino rats, aged
4-5 weeks at the start of the study, were used. They
were housed in groups of three, in cages with alder-
shaving bedding, under artificial lighting (60-
200 Lux, 12 h light/dark cycle) at 21 -22°C and a
relative air humidity of 50-70%. The animals were
allowed food and water ad libitum. The predosing
bodyweight range was 134-168 g. The treatment was:
(1) control, vehicle dilution (1:1, vehicle: saline),
volume injected 0.32 ml 100 g-'; (2) dose 1, 4 mg
haem kg-' (1: 5, test compound: saline), volume injec-
ted0.096ml 100g-';(3)dose2, 12mghaemkg ' (1:1,
test compound: saline), volume injected 0.096 ml
100g-'; (4) dose 3, 40mghaemkg-' (1:1, test com-
pound: saline), volume injected 0.32 ml 100 g '. The
drugs were administered by intravenous injection into
the tail vein daily for 30 days. Each injection was
followed by 0.2 ml of sterile saline for rinsing the drug
through the vein. After 18 h of fasting and 24 h after
the last dose the animals were weighed and killed by
exsanguination under ether anaesthesia. The body
weight range was 269-362 g. Some minor changes in

food and water consumption were observed but the
changes were occasional and showed a lack of dose-
dependency. Haem arginate treatment had no effect
on the weight gain of the rats during the study period.
The livers were excised free from connective tissue,
rinsed in ice-cold buffer and the liver samples proces-
sed in a cold room.

Dogs

Eighteen pure-bred beagle dogs, 3 groups, each of 3
males and 3 females were used. The dogs were housed
individually in kennels heated by an underfloor hot-
water system. Natural light was supplemented by
fluorescent lighting during normal working hours if
necessary.
Graded white wood saw dust was used as litter and

changed daily. The bodyweight range was 8.8-11.9 kg
and age range 22-26 weeks at commencement of
dosing. The range of weight increase after 4 weeks of
dosing was 0.3-1.4kg. All dogs gained weight satis-
factorily, and all groups similarly during the study
period. Administration of haem arginate to dogs had
no effect on food consumption or bodyweight gain.
The dosage levels were: control (vehicle), 3 mg
haem kg-' per day and 9 mg haem kg-' per day. The
drugs were given by intravenous infusion at
1.5 ml min-' and test compound at a fixed concentra-
tion of 2.5 mg ml' (1:10, test compound: saline). All
animals were killed by exsanguination under pen-
tobarbitone anaesthesia. Liver samples were weighed
and placed in a polythene bag with 0.9% sodium
chloride solution after routine sectioning. The samples
were frozen on dry ice and transferred in a container
cooled with dry ice to a freezer (- 80°C).

Preparation ofthe liver samples

The liver parts were excised free from connective
tissue, rinsed in ice-cold buffer, blotted dry, weighed,
and homogenized in 2mm HEPES buffer containing
0.25 M sucrose. Hepatic microsomal fractions were
obtained from the rats by the method of Guengerich
(1982). The calcium-sedimented microsomes from dog
livers were obtained by the procedure of Cinti et al.
(1972). The rat livers were processed in a cold room
immediately after decapitation and microsomes were
stored as microsomal suspensions (- 80C) until
analysed. Dog liver samples were stored at - 80°C for
six months before separation of the fractions. Frozen
liver cubes have been shown to be a good storage form
for metabolic studies and most activities were
preserved during storage for at least six months (von
Bahr et al., 1980; Pelkonen et al., 1986). Microsomal
suspensions (rat study) and the suspended microsomal
pellets were used for the following assays: protein,
cytochrome P-450, cytochrome b5, aminopyrine N-
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demethylase, ethoxyresorufin O-deethylase and UDP-
glucuronyl transferase. All the other determinations
were done on 20,000g supernatants prepared by the
method of Schneider, 1948.

Protein concentrations

These were measured by the modified method of
Lowry et al. (1951), as described by Hartree, 1972.

Enzyme assays

The composition of cofactor mixture and the condi-
tions of incubation have been given previously (Pel-
konen et al., 1973). The following methods were
used: cytochrome P-450 and b5 (Omura & Sato, 1964);
NADPH-cytochrome C-reductase (Masters et al.,
1967); aminopyrine N-demethylase (Kitchin, 1983);
ethoxyresorufin O-deethylase (Burke & Mayer, 1974);
UDP-glucuronyl transferase (Kitchin, 1983); 6-
aminolaevulinic acid synthase activity (Ebert et al.,
1971, as modified by Tenhunen et al., 1984); 6-amino-
laevulinic acid dehydratase, European Standardized
Methods (see Berlin & Schaller, 1974); uroporphyrin-
ogen I-synthase activity (Strand et al., 1972, as
modified by Mustajoki, 1976); uroporphyrinogen
decarboxylase (Romeo & Levin, 1971); haem synthase
activity (Bonkowsky et al., 1975, modified by Ten-
hunen et al., 1983); haem oxygenase activity (Ten-
hunen et al., 1969) and biliverdin reductase (Tenhunen
et al., 1970).

Drugs

The test compound (Normosang, 25 mg ml-' infusion
concentrate, Huhtamriki Oy Pharmaceuticals Medica,
Helsinki, Finland) contained haem arginate corre-
sponding to haemin 25 mg ml-'. The vehicle composi-
tion was L-arginine 26.7 mg, ethanol 96% 100.0mg,
propyleneglycol for injections 400.0 mg and water for
injections to make I ml. The ampoules with the test
compound were stored at + 4°C. The dilutions with
0.9% saline for infusion were made daily immediately
before administration. Lyophilized haematin (Pan-
hematin) was obtained from Abbot Laboratories,
North Chicago, U.S.A.

Statistics

Student's t test for grouped data was used to compare
the mean of the control group with that of the treated
group.

Results

Microsomal protein in the livers of rats treated with

haem arginate did not differ from the corresponding
value of the controls (Table 1). The lowest dose,
4mg haem kg-' daily for one month, did not sig-
nificantly change any of the metabolic parameters
measured. The dose of 12 mg haem kg-' caused a
significant decrease in the concentration or activity of
the following enzymes: cytochrome P-450, and amino-
pyrine N-demethylase. The highest dose, 40mg haem
kg- ', caused a significant decrease of many enzymic
parameters: cytochrome P-450, cytochrome b5, amino-
pyrine N-demethylase, ethoxyresorufin O-deethy-
lase, UDP-glucuronyl transferase, and a significant
increase of uroporphyrinogen I-synthase and haem
oxygenase activities.

In the dogs, 3 mg haem kg-' caused no changes in
the measured parameters of foreign substance
metabolism and haem synthesis and degradation
(Table 2). The highest dose given to dogs, 9 mg
haem kg- ', decreased significantly the concentrations
of cytochrome P-450 and ethoxyresorufin O-deeth-
ylase, while uroporphyrinogen I-synthase, 6-amino-
laevulinic acid synthase and haem oxygenase activities
increased.

Discussion

Little is known about the effects of prolonged daily
administration of haem on the metabolism of foreign
substances. In an experimental model of porphyria
induced by 2-allyl-2-isopropylacetamide (AIA) the
impairment of the oxidative metabolism of foreign
substances was not corrected by haem, although the
urinary porphyrin excretion was partially reversed;
Muller-Eberhard et al. (1983) demonstrated that haem
impaired the drug metabolism in monkeys and
aggravated the AIA-induced decrease in cytochrome
P-450. Observations on drug metabolism in rodents
are not necessarily applicable to primates; in the study
with monkeys haem administration (4 mg kg-'
intravenously for 4 days) did not increase the activity
ofhaem oxygenase. This may indicate that the amount
ofactive haem given to the monkeys was possibly quite
small due to the extreme instability of conventional
haematin solutions at room temperature (Menden-
hall, 1984; Bauer & Fornnarino, 1984). In many
studies the preparation and storage of haematin
solutions are not stated or evaluated in detail. The
'haematin resistance' in certain clinical trials, ineffec-
tiveness in animal models of porphyria and some of
the side-effects (coagulation disturbances, thrombo-
phlebitis) may possibly be due to degradation
products of haematin (Pierach, 1986; Goetsch &
Bissell, 1986). Haem arginate is stable (Tenhunen e't
al., 1985); its antiporphyrogenic effect even after
storage for two years ( in stock solutions in ampoules
at 6°C) in the 2-allyl-2-isopropylacetamide- induced
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animal model ofporphyria was equal to that offreshly
prepared haematin (Tenhunen, Tokola, Linden,
unpublished results).

In the present study the haem dose recommended
for treatment of porphyria, 3-4 mg kg- ', given in the
form of stable haem arginate to rats and dogs over a
period of one month, did not cause any changes in the
measured parameters. With higher doses the haem
oxygenase activity increased considerably, with con-
sequential release ofiron and partial destruction of the
enzymes bound in the membranes possibly through
lipid peroxidation (Maines & Kappas, 1976; 1978).
Possibly those enzymes which are located deeper in the
microsomes (e.g. UDP-glucuronyl transferases) were
affected to a lesser degree.

This might, but for the increased activity of uropor-
phyrinogen I-synthase, explain the changes caused by
high doses of haem.
The amount ofmicrosomal protein in dogs was only

a quarter of that in rats. The different procedures for
obtaining microsomes from the rats and dogs may
have affected the results, but due to species differences
it is difficult to extrapolate the results from one species
to another. However, the changes occurring in rats
and dogs were parallel in the present study and our
results with control animals agree with the com-
parative study between rats and dogs done by McK-
illop (1985), where cytochrome P450 content was
higher in the rats than in the dogs, but ethox-
yresorufin-O-deethylase had a much higher activity in
the dogs than in the rats.

It has been suggested (Farrell & Correia, 1980; Ortiz
de Montellano & Correia, 1983) that after the inges-
tion of some poisons, haem might reconstitute the
destroyed cytochromes and thus correct the mixed
function oxidase activity. Farrell & Correia (1980)
showed that exogenous haem was incorporated into
residual apoprotein after AIA-induced destruction of
hepatic cytochrome P-450 in rats and increased the
cytochrome P-450 content and mixed function oxidase

activity in liver microsomes, but haem administration
failed to elicit these effects in the absence of AIA
treatment. In the rat model of experimental cirrhosis
(produced by repeated carbon tetrachloride inhala-
tion) hepatic microsomal cytochrome P-450 content
was significantly decreased, but haem administration
did not enhance hepatic clearance of the cytochrome
P-450 substrate antipyrine (Farrell & Zaluzny, 1985).
In this study the lowest dose of haem arginate did not
increase the oxidative metabolic capacity after one
month ofdaily administration, which is to be expected
because in addition to haem the apoprotein is also
needed. Perhaps in extrahepatic tissues there is an
excess of free apoproteins, which might explain why
haematin could prove significant activation of mono-
oxygenase activity in maternal or foetal brain tissues
of mice (Namkung et al., 1983). With the higher doses
of haem arginate, on the other hand, a reduction was
seen in many parameters of foreign substance metab-
olism and this agrees with the findings ofNamkung et
al. (1983) that the mono-oxygenase activities in mater-
nal and foetal hepatic preparations of mice were
decreased by haematin.

Further studies are needed to find out whether the
effect of haem on hepatic xenobiotic metabolism,
which is in some conditions impaired, could be
changed favourably by adjustment of the haem dose.
Further work is also required to resolve if haem
arginate is safer than haematin in respect of drug
interactions. Haem arginate in doses of 10 mg
haem kg-' did not inhibit drug metabolism in mice
(Tokola, 1987) whereas haematin has been found to
inhibit metabolism in monkeys in much smaller doses;
this may be because primates are more sensitive to
depression of drug metabolism than either mice, rats
or dogs.

The indispensable help of Dr Raimo Tenhunen, and Paivi
Castren-Kortekangas is gratefully acknowledged.
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