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We studied the effect of synthetic vitamin K analogue menadione on enzymes of xenobiotic
metabolism in rat liver (total content of cytochrome P450 and catalytic activities of CYP1A1/2,
CYP2B1, CYP2C, NADPH-cytochrome P450 reductase, and glutathione S-transferase).
Menadione induced phase I and II enzymes for metabolism of xenobiotics, drugs, and pro-
carcinogens. The effect of menadione depended on its dose and duration of treatment.
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Menadione (vitamin K3) is a synthetic analogue of
vitamin K possessing high physiological activity. Vi-
tamin K is essential for γ-carboxylation of glutamine
residues in plasma and bone proteins [1]. Ligands of
the tyrosine kinase receptor are vitamin K-dependent
proteins that stimulate replication and transformation
of cells and prevent the induction of apoptosis [15].
Published data show that vitamin K modulates lipid
and protein composition of biomembranes [1].

Enzymes of the monooxygenase system play an
important role in biotransformation and synthesis of
endogenous compounds. They are involved in meta-
bolism and bioactivation of chemically different exo-
genous compounds (procarcinogens, drugs, and en-
vironmental pollutants). Various forms of cytochrome
P450 (CYP) and NADPH-cytochrome P450 reductase
are the key phase I enzymes for metabolism. Phase II
enzymes include UDP-glucuronosyltransferase, gluta-

thione S-transferase (GST), and N-acetyl-, sulfo-, and
methyltransferase.

Much attention was given to the induction of
monooxygenases with various xenobiotics, including
drugs and food additives. However, the effects of vi-
tamins K on these enzymes remain unknown. Vitamin
K suppresses the monooxygenase system and decrea-
ses benzo(a) pyrene hydroxylase, aniline-p-hydroxy-
lase, and aminopyrine-N-demethylase activities in
liver microsomes from intact rats [3,7]. This vitamin
reduces 7-ethoxycoumarin-O-dealkylase activity in re-
combinant cells of Salmonella typhimurium and Sac-
charomyces cerevisiae [6,9]. However, vitamin K in-
creases benzo(a)pyrene hydroxylase activity in me-
thylcholanthrene-induced microsomes of rat liver [10],
cultured HEPG2 cells [4], and 17-day-old chicken em-
bryos [5]. Moreover, vitamin K increases the content
of specific CYP1A1 mRNA in cultured HEPG2 cells
[4]. In vivo effects of vitamin K3 on monooxygenase
activities are poorly studied.

Here we studied the dependence of changes in
activity of monooxygenases in rat liver (CYP1A1/2,
CYP2B1, CYP2C, NADPH-cytochrome P450 reduc-
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tase, and GST) on the duration of treatment and dose
of menadione.

MATERIALS AND METHODS

Experiments were performed on 54 male Wistar rats
weighing 100-120 g. The animals fed a standard diet.
They were deprived of food for 1 day before killing.
Experimental rats perorally received 5% oil solution
of menadione in doses of 30 (1, 4, 8, 12, and 17 days)
and 1, 3, 7, 15, or 30 mg/kg (4 days). Oil was given
to control animals. The cytosolic fraction and micro-
somes of the liver were isolated by differential cen-
trifugation at 4oC. Protein content in microsomes

and cytosol was measured by the method of Lowry.
Bovine serum albumin served as the standard [13].
The total content of cytochrome P450 was estimated
as described elsewhere [13]. The rate of O-dealky-
lation of highly specific substrates for CYP2B1,
CYP1A1, CYP1A2, and CYP2C (7-pentoxy-, 7-etho-
xy-, 7-methoxy-, and 7-benzoxyresorufins, respecti-
vely) in liver microsomes was determined fluoromet-
rically by resorufin formation [2]. Activity of
NADPH-cytochrome P450 reductase in liver micro-
somes was estimated by the rate of cytochrome c re-
duction [14]. Cytosolic GST activity was evaluated by
the rate of 2,4-dinitrophenyl glutathione formation.
1-Chloro-2,4-dinitrobenzene and S-2,4-dinitrophenyl
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Fig. 1. Total content of cytochromes P450 (a) and activities of
NADPH-cytochrome P450 reductase (b), glutathione S-transferase
(c), CYP2B1 (d), CYP2B+CYP2C (e), CYP1A1 (f), CYP1A2 (g) after
administration of menadione. *p<0.05 and **p<0.01 compared to the
control.
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glutathione served as glutathione acceptor and stand-
ard, respectively [8].

The results were analyzed by Students’ t test and
Mann—Whitney U test.

RESULTS

Total cytochrome P450 content in rat liver microsomes
and NADPH-cytochrome P450 reductase activity
increased by 2 times after administration of menadione
for 17 days (Fig. 1, a, b). GST activity reached maxi-
mum on day 8, but decreased to the baseline level on
day 17 (Fig. 1, c).

Activities of CYP2B1, CYP2C, and CYP1A1
underwent similar changes. Enzyme activities progres-
sively increased and peaked on day 17 (Fig. 1, d-f).
Activities of CYP2B1, CYP2B1+CYP2C, and CYP1A1
increased by 8.5, 9, and 3.2 times, respectively. CYP1A2
activity reached maximum after treatment for 4-8 days
(2-fold above control), but did not differ from the
baseline on day 17 (Fig. 1, g).

We studied the effects of daily treatment with
menadione in various doses for 4 days on activity of
enzymes for xenobiotic transformation in rat liver. In
this period the content of cytochromes P450 was high,
while activities of NADPH-cytochrome P450 reduc-
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Fig. 2. Dose-dependent effects of menadione on total content of
cytochromes P450 (a) and activities of NADPH-cytochrome P450
reductase (b), glutathione S-transferase (c), CYP2B1 (d), CYP2B+
CYP2C (e), CYP1A1 (f), CYP1A2 (g). *p<0.05, **p<0.01, and
***p<0.001 compared to the control.
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tase (rate-limiting phase I enzyme) and GST (phase II
enzyme) remained unchanged.

Menadione in doses of 1, 3, and 7 mg/kg increa-
sed total cytochrome P450 content in rat liver micro-
somes by 1.5 times (Fig. 2, a). After administration of
menadione in various doses NADPH-cytochrome
P450 reductase activity in microsomes did not differ
from the control (Fig. 2, b). GST activity increased in
rats receiving menadione in doses of 1-15 mg/kg (es-
pecially 1 mg/kg, Fig. 2, c).

Menadione in a dose of 7 mg/kg increased activity
of cytochromes P450 (Fig. 2, d-g). CYP2B1 and CYP2C
activities increased most significantly after admini-
stration of 4 mg/kg menadione (by 2 and 7 times,
respectively, Fig. 2, d, e). Activities of CYP1A1 and
CYP1A2 reached maximum in animals receiving 15
mg/kg menadione (increase by 5.4 and 2.5 times, re-
spectively, Fig. 2, f, g).

Our results show that menadione activates phase
I and II enzymes of xenobiotic metabolism in the liver.
This effect of menadione depended on its dose and
duration of treatment.

The regulation of cytochrome P450 genes (CYP)
is realized at various levels, including initiation of
transcription and stabilization of mRNA and/or pro-
tein. NADPH-cytochrome P450 reductase can decrease
activity of cytochromes P450. The general regulatory
mechanism of CYP1 and CYP2 genes involves one of
the following receptors: cytosolic receptor AhR (ac-
tivation of CYP1A1 and CYP1A2) and nuclear recep-
tors CAR and PXR (activation of CYP2B and CYP2C).
CYP1A2 is regulated by stabilization of mRNA.

The data suggest that induction of CYP1A1,
CYP2B1, and CYP2C in the liver of rats receiving
menadione was related to activation of gene transcrip-
tion by the receptor-mediated mechanism. We obser-
ved similar intrafamily and different interfamily chan-
ges in activity of cytochromes P450-1 and P450-2. The
data suggest that menadione interacts with various
receptors and induces these cytochromes via different
pathways of signal transduction. Activities of CYP1A1
and CYP2 sharply increased after administration of
menadione for 17 days, which was probably related to
activation of NADPH-cytochrome P450 reductase in
monooxygenase-catalyzed reactions (simultaneous
events). The mechanism for negative regulation of
CYP1A2 can be induced in this period, which is fol-
lowed by a decrease in activity of CYP1A2. Therefore,
the induction of this enzyme is insignificant. The in-

crease in activity of reductase (membrane-bound pro-
tein) can be associated with the influence of mena-
dione on physicochemical characteristics and lipid
composition of the membrane [11].

It should be emphasized that in our experiments
the doses of vitamin K3 far exceeded human daily
requirement for vitamin K (100 µg) [11]. However,
therapeutic doses of this vitamin used for long-term
treatment are comparable with the concentration in-
ducing cytochromes P450 1A and 2B. Cytochromes
P450 1A play an important role in biotransformation
of environmental pollutants (polycyclic aromatic car-
bohydrates and arylamines) and catalyze the formation
of ultimate carcinogens. Cytochromes P450-2 metabo-
lize several procarcinogens, various drugs, and endo-
genous compounds [16]. Vitamin K3 activates these
enzymes and modulates the rate of metabolism and
half-life of xenobiotics and drugs in the organism.

This work was supported by the Russian Founda-
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