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Abstract—The effect of SkQ1 (a mitochondria-targeted antioxidant) on the level of cytochromes P450 in rat liver was stud-
ied. It was found that administration of therapeutic dose of SkQ1 with drinking water for 5 days (250 nmol/kg of body weight
per day) did not alter the level of cytochromes P450. Under the same conditions, the standard dose of phenobarbital used
for the induction of cytochromes P450 caused the 2.7-fold increase in the content of these cytochromes. We conclude that
therapeutic doses of SkQ1 do not induce cytochromes P450 in rats.
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Many xenobiotics, when ingested by mammals, can
cause an increase in the content of autooxidizable hemo-
proteins in their liver cells. The hemoproteins are known
as cytochromes P450 because of their specific absorption
band at 450 nm in the spectrum after reduction with with
carbon oxide. Xenobiotics undergo oxidative transforma-
tions in the animal’s liver, these processes being catalyzed
by monooxygenase enzyme systems of endoplasmic retic-
ulum including NADPH-specific flavoprotein and
cytochromes P450. Biotransformation of xenobiotics is
primarily a function of liver cytochromes P450. In other
tissues cytochromes of this group (57 genes coding for
cytochromes P450 have been found so far in the human
genome) mainly carry out various reactions of endoge-
nous substrates, including reactions of biosynthesis and
metabolism of a number of physiologically active com-
pounds [1-6]. Already during the first decade following
the discovery of cytochrome P450 in 1958, over 200
chemical compounds of various structure (pharmaceuti-
cals, narcotic drugs, toxins, various factors of environ-
mental pollution, etc.) capable of inducing a reversible
increase in the content of cytochromes P450 in liver cells
have been described [5]. This list is continually supple-
mented. One of the most studied forms of cytochrome

Abbreviations: SkQ1, plastoquinonyl-decyltriphenylphospho-
nium.
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P450 from human liver (3A4) can metabolize up to 50%
of all drugs available on the pharmacological market [3, 4,
6].

The extremely broad substrate specificity is related to
the unusual features of the catalytic effect of cytochromes
P450, a phenomenon that still has no clear explanation.

It should be noted that until recently liver
cytochromes P450 were considered components of the
organism’s main detoxification system, which oxidizes
and thereby makes more hydrophilic alien compounds,
facilitating their excretion. However, it has been shown
that sometimes oxidation products are more dangerous
(toxic, carcinogenic, etc.) for the organism than the orig-
inal compounds. Specifically, activation of potential car-
cinogens, e.g. polycyclic aromatic hydrocarbons (in par-
ticular, benzo(a)pyrene), is an example [2, 6]. This makes
it necessary to study the possible induction of liver
cytochromes P450 by new medical drugs recommended
for the treatment of various pathologies.

The synthetic derivative of plastoquinone conjugated
with the penetrating cation decyltriphenylphosphonium
(SkQ1) is one such drug. This compound was synthesized
in our laboratory in 2008 [7], passed preclinical and clin-
ical trials [7-12], was recommended for use in the treat-
ment of a number of human diseases, and is on the mar-
ket since 2012. In 2008, N. G. Kolosova et al. studied the
possible effects of SkQ1 (50 or 250 nmol/kg of body
weight per day administered with food for 1.5 months) on
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the activity of five isoforms of cytochrome P450 in rat
liver (SkQ1 therapeutic doses in preclinical trials carried
out on rats were 50-250 nmol/kg). The authors measured
the activities of isoforms 1A2, 2B + 2C, and 2B1. Their
experiments showed no reliable changes that could be
indicative of the SkQ1-mediated induction of any of these
isoforms [11]. However, there remained the possibility of
the induction of some other cytochrome isoform.

In this study, we measured the total amount of
cytochromes P450 in the liver of: 1) control rats; 2) rats
receiving 250 nmol SkQ1/kg per day in drinking water for
5 days; 3) rats receiving 0.1% aqueous solution of pheno-
barbital instead of drinking water for the same time peri-
od (phenobarbital is a classical inducer of cytochrome
P450 commonly used as a positive control in the studies
of new pharmacological drugs).

The experiments were conducted with outbred male
albino rats weighing 200 £ 10 g receiving regular labora-
tory feed; SkQ1 solution (250 nmol/kg of body weight per
day) was given instead of drinking water for 5 days. Rats
from the control group received regular drinking water.
The third group of animals was used to evaluate their abil-
ity to react to administration of xenobiotics inducing
cytochromes P450 in liver. These rats received 0.1% solu-
tion of sodium phenobarbital instead of drinking water for
five days. Before being euthanized, the rats were deprived
of food for one day. The animals were decapitated, then
the liver was excised and thoroughly perfused with cold
physiological saline, blended in a small volume of 0.15 M
KCl and 5 mM EDTA (4°C), and homogenized in the
same solution at a ratio 1 : 3 in a Dounce homogenizer
with a Teflon pestle. Microsomal fraction was obtained by
the conventional method of differential centrifugation.
The final pellet obtained after centrifugation for 1 h at
105,000g¢ was carefully washed with buffer containing
100 mM KH,PO,, 100 mM KCIl, 1 mM EDTA, 1 mM
dithiothreitol, and 20% glycerol, pH 7.4. The precipitate
was resuspended in a small volume of the same buffer.
The total amount of cytochromes P450 in the micro-
somes was determined spectrophotometrically by the
method of Omura and Sato [13] using the absorption by
the dithionite-reduced complex of cytochromes P450
with carbon monoxide at 450 nm using molar extinction
coefficient 91 mM~"cm™'. Protein content was deter-
mined by the Lowry method [14].

The results of the experiments are given in the table,
which indicates the content of cytochromes P450 in the
liver of each of 22 rats and the mean values for the three
groups of animals. It can be seen that the data of the con-
trol group receiving neither SkQ1 nor phenobarbital fully
coincided with those of the SkQ1-treated group. At the
same time, phenobarbital within expected limits induced
the synthesis of cytochromes P450, the amount of which
increased 2.5-fold versus rats that received no phenobar-
bital. Thus, our data on the measurement of the total
amount of all forms of cytochromes P450 in rat liver con-
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Comparison of the effects of SkQ1 and phenobarbital on
the content of cytochromes P450 in rat liver microsomes
(the amount of cytochromes P450 is given in nmol
per mg of microsomal protein)

Control SkQl1 Phenobarbital
0.91 0.89 2.3
1.12 0.85 2.16
0.88 0.99 2.55
0.84 1.01 2.50
0.78 0.90 2.22
0.77 0.75 2.95
0.83 0.80 BE—
1.06 E— 2.462
0.72 0.884

0.881

firmed the data by Kolosova et al., who measured the
activity of five isoforms of this cytochrome [11], namely
confirming the lack of induction of cytochrome P450 by
a therapeutic dose of SkQ1. Apparently, either SkQI1 is
not capable of inducing these cytochromes or the thera-
peutic dose of SkQ1 (250 nmol/kg of body weight per
day) is too small to cause such an effect, which might be
dangerous from toxicological or carcinogenic perspec-
tives.
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