
The autooxidizable heme proteins cytochromes

P450, named for the specific absorption band at 450 nm

in the spectrum of reduced complexes of these proteins

with carbon monoxide, are represented in human and

animal liver by a group of forms having a unique proper-

ty: they can catalyze oxidative transformations of exoge-

nous organic compounds of different chemical nature

(xenobiotics). In other tissues, cytochromes P450 (over

50 genes of these cytochromes have been found in the

human genome) mainly carry out reactions of endoge-

nous substrates, including the reactions of biosynthesis

and metabolism of a number of physiologically active

compounds [1-6].

Xenobiotics (medicines, drugs, toxins, various fac-

tors of environmental pollution, etc.), which are trans-

formed by cytochromes P450, can induce a significant

reversible increase of the content of these heme proteins

in liver due to stimulation of the biosynthesis of one or

several of their forms [5].

Forms of cytochrome P450 have unusual kinetic

properties and extremely broad substrate specificity, a

phenomenon that so far has no clear explanation. For

example, one of the best-studied P450 forms in human

liver (form 3A4) can metabolize up to 50% of all drugs

available on the pharmaceutical market [3, 4, 6].

Until recently, cytochromes P450 were seen as com-

ponents of the main detoxifying system of an organism,

oxidizing and thereby hydrophilizing exogenous com-

pounds, facilitating their excretion from the organism.

However, it has been shown that oxidation products are

sometimes more harmful (toxic, carcinogenic, etc.) than

the initial compounds. For example, activation of poten-

tial carcinogens – polycyclic aromatic hydrocarbons, in

particular, benzo(a)pyrene, follows this pattern [2, 6].

This circumstance supports the need to study possible

induction of cytochromes P450 by new medicines recom-

mended for use in various pathologies.

One such medicine is the synthetic derivative of plas-

toquinone conjugated with the penetrating cation of

decyltriphenylphosphonium (SkQ1). This compound,

synthesized in our laboratory [7], passed preclinical and

clinical trials [7-12], is recommended for use in the treat-

ment of a number of human diseases, and has been in

pharmacies in Russia since 2012.

In our previous work, we showed that therapeutic

doses of SkQ1 have no effect on the level of cytochromes

P450 in rat liver in short-term experiments (5 days). The

ability of rats for inductive response was monitored using

the classic inductor phenobarbital, which caused a signif-

icant increase in cytochromes P450 content in the liver of

such rats [13].

In this study, we measured the total amount of

cytochromes P450 in the liver of adult rats that have been

daily receiving therapeutic doses of SkQ1 with drinking

ISSN 0006-2979, Biochemistry (Moscow), 2015, Vol. 80, No. 12, pp. 1626-1628. © Pleiades Publishing, Ltd., 2015.

Original Russian Text © K. N. Myasoedova, D. N. Silachev, 2015, published in Biokhimiya, 2015, Vol. 80, No. 12, pp. 1895-1897.

1626

Abbreviations: SkQ1, plastoquinonyl decyltriphenylphosphoni-

um.

* To whom correspondence should be addressed.

Effect of Long-Term Treatment with Antioxidant SkQ1

Added to Drinking Water on Cytochromes P450 Level in Rat Liver

K. N. Myasoedova1,2* and D. N. Silachev2,3

1Lomonosov Moscow State University, Faculty of Fundamental Medicine, 119991 Moscow, Russia;

E-mail: skulach@genebee.msu.ru; skulach@belozersky.msu.ru
2Lomonosov Moscow State University, Institute of Mitoengineering, 119991 Moscow, Russia; fax: +7 (495) 939-5945

3Lomonosov Moscow State University, Belozersky Institute of Physico-Chemical Biology,

119991 Moscow, Russia; fax: +7 (495) 939-0338

Received October 1, 2015

Abstract—Mitochondria-targeted cationic antioxidant plastoquinonyl decyltriphenylphosphonium (SkQ1) added to drink-

ing water in therapeutic doses (250 nmol/kg per day) for a long time (up to 24 months) does not induce cytochromes P450

in rat liver.

DOI: 10.1134/S0006297915120123

Key words: cytochrome P450, SkQ1, mitochondria-targeted antioxidant



SkQ1 DOES NOT INDUCE CYTOCHROMES P450 1627

BIOCHEMISTRY  (Moscow)   Vol.  80   No.  12   2015

water for many months (up to 24 months), compared to

respective control animals.

Outbred female albino rats were used for the experi-

ments. Starting from the age of 3.5 months, they daily

received SkQ1 solution (250 nmol SkQ1/kg body weight

per day).

The animals were euthanized at the age of 23 to

28 months. The rats did not receive food for one day

before death. Following decapitation, the rat liver was

carefully perfused with cold physiological solution, and

then it was milled in a blender in the cold in a small vol-

ume of 0.15 M KCl with 5 mM EDTA and later homoge-

nized in the same solution at a ratio of 1 : 3 using a

Dounce homogenizer with a Teflon pestle. Microsome

fraction was obtained by a conventional method of differ-

ential centrifugation. The final pellet obtained after cen-

trifugation for 1 h at 105,000g, was carefully washed with

buffer containing 100 mM KH2PO4, 100 mM KCl, 1 mM

EDTA, 1 mM dithiothreitol, and 20% glycerol, pH 7.4.

The pellet was suspended in a small amount of the same

buffer. The total amount of P450 cytochromes in the

microsomes was determined spectrophotometrically

according to the differential scheme of Omura and Sato

[14] using light absorption by the reduced P450 complex

with carbon dioxide at 450 nm and molar extinction coef-

ficient 91 mM–1·cm–1. Protein content was determined by

the Lowry method [15].

The results are provided in the table, which shows

the content of cytochromes P450 in rat microsomes for

every rat from the control and experimental groups. The

data indicate the absence of inducing effect of SkQ1 at

therapeutic concentrations on the content of cyto-

chromes P450 in rat liver after many months of antioxi-

dant treatment.

Data obtained with 1.5-2-month-old rats commonly

used in studies of cytochromes P450 induction, which

were previously reported by us [13], also showed the

absence of inductive response to SkQ1, and classic values

of cytochromes P450 content in normal rat liver (about

0.8 nmol per mg protein) even under significant induc-

tion by phenobarbital. It is known that rats of any age

keep their capacity for inductive response to phenobarbi-

tal, although certain parameters characterizing the activ-

ity of monooxygenases of P450 type decrease with age [5].

The data suggest that the SkQ1 cation either can-

not induce cytochromes P450, or its therapeutic doses

(250 nmol/kg bogy weight per day) are too low to cause

such an undesirable effect, which could be dangerous

both in toxicological and carcinogenic aspects.
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