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Abstract

The tissue concentration of doxorubicin (adriamycin; ADM) and its major metabolite (agly-
cone I) was examined in mice pretreated with alpha-tocopherol (VE) or coenzyme Q10 (CoQ).
In VE-pretreated group, the concentrations of aglycone I of the liver (1, 3 and 5 h after the ad-
ministration), kidney (1 and 3h) and heart (3h) were significantly higher than those in the saline
group. The clinical application of VE or CoQ concomitant with anti-tumor drugs especially ADM,
requires caution.
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— Brief Note —

Tissue Concentration of Doxorubicin (Adriamycin) in Mouse Pretreated with «-

Tocopherol or Coenzyme Q,,

Shinya Shinozawa*, Yutaka Gomita and Yasunori Araki

Department of Hospital Pharmacy, Okayama University Medical School, Okayama 700, Japan

The tissue concentration of doxorubicin (adriamycin; ADM) and its major
metabolite (aglycone I) was examined in mice pretreated with a-tocopherol (VE) or
coenzyme Q,, (CoQ). In VE-pretreated group, the concentrations of aglycone I of the
liver (1, 3 and 5h after the administration), kidney (1 and 3h) and heart (3h) were
significantly higher than those in the olive oil group. In CoQ-pretreated group, the
concentrations of aglycone I of the kindey (1 and 3h) and heart (3h) were significantly
higher than those in the saline group. The clinical application of VE or CoQ concomi-
tant with anti-tumor drugs especially ADM, requires caution.

Key words :

Doxorubicin (adriamycin: ADM), an anthracy-
cline type of the anti-malignant tumor agent, is
widely used in clinical therapy, but it causes
severe side effects such as cardiotoxicity and
suppression of bone marrow functions. Accord-
ingly, its use is often limited (1, 2). It has been
reported that the mechanism of ADM-induced
toxicity is closely related to a lipid peroxidation
resulting from cell membrane damage (3, 4) and to
an insufficient mitochondrial function (5, 6).
Therefore, clmical or experimental application of
a-tocopherol (VE) and coenzyme Q,, (CoQ) as
an anti-oxidant agent has often been tried (7-10).
It has been also reported that the co-
administration of VE or CoQ with anti-tumor
drugs enhances the chemotherapeutic effects of
these drugs in vitro or in vivo (11-14). However,
the precise mechanism of these enhancements is
not well understood. Therefore, in the present
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study we examined the effects of VE and CoQ on
the tissue concentration of ADM in mice.
Animals. Five-week-old male ICR mice
weighing between 25 and 30g were used in all
experiments. They were fed a standard rat and
mouse diet (MF, Oriental Yeast Co., Ltd.,
Tokyo, Japan) and given water ad lbitum. They
were housed in plastic cages with a 12-h cycle of
light and dark maintained automatically.
Chemicals. ADM was purchased from
Kyowa Hakko Kogyo Co., Ltd., Tokyo Japan.
ADM was dissolved in sterilized saline solution
(10mg/ml). VE acetate and CoQ (kindly donated
by Eisai Co., Ltd., Tokyo, Japan) were used by
dissolving VE in olive oil (50mg/ml), and by
suspending CoQ in saline solution (0.2mg/ml).
Olive oil was purchased from Sigma Chemical
Co., St. Louis, MO, USA. Chloroform, iso-
propanol, acetic acid and sodium acetate were
purchased from Nakarai Chemical Co., Litd.,
Kyoto, Japan. All these chemicals were of
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analytical grade. homogenizer to make a 5-10% homogenate.
Determinations of ADM and its metabolites The concentrations of ADM, adriamycinol,

in mouse tssues. The mice were divided into 20
groups (three mice in each group). They were
injected subcutaneously with VE (500 mg/kg) or
olive oil (10ml/kg), and administered orally with
CoQ (10mg/kg) or saline solution once a day for
3 days. Two hours after the last administration of
these drugs, the mice were injected intraper-
itoneally with ADM (5mg/kg), then sacrificed 1,
3, 5, 24 and 48h later by cutting the cervical
artery. The liver, kidney and heart were excised,
washed with a sterilized saline solution, and
homogenized with 1.15 % KCl using a Polytron
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adriamycinone and other aglycones were deter-
mined by high-performance liquid chromatogra-
phy (HPLC) as reported previously (15). HPLC
apparatus (Waters model 440, Milford, MA,
USA.) was connected to a high-sensitivity fluores-
cence spectrophotometric detector (Hitachi Model
650-10S) equipped with an automatic sample
processor (Waters, WISP-710B). HPLC was
carried out at a flow rate of 1.0ml/min using
Zorbax Sil as the stationary phase, and
chloroform-isopropanol-acetic acid-water-sodium

acetate buffer (pH4.5) (100:100: 14:14:1) as

N ws oy

—
(=

pg/ADM Equivalents/g tissues

pg/ADM Equivalents/g tissues

L 11 I i - ]

1g/ADM Equivalents/g tissues
(=)
w

b1

L

0.1

<
—

W
48

305 26 48 >t 1.3 5 24

Time in hour

24 48 1

1 3 5

Time in hour Time in hour

Fig. 1
the liver, kidney and heart of ADM-administered mice.
g tissue: gram wet weight of tissue.
k%% p <0.01)

0—o0, ADM aglycone I of VE-pretreated group; &—o, ADM aglycone I of olive oil-pretreated group.
VE-pretreated group; ® --® ADM of olive oil-pretreated group.
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Effect of a-tocopherol (VE) on the concentration of adriamycin (ADM) equivalents and its major metabolite, aglycone I, in
Significantly different from the value of ADM + olive oil group. (% p <0.05, *% p <0.02,
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the mobile phase. The fluorescence spectro-
photometric detector was operated at an excitation
wavelength of 470nm and an emission wavelength
of 585nm. The results were calculated by a
Data-module 730. All operations with ADM and
related fluorescent compounds were carried out in
near darkness.

Statistical analysis. Statistical analyses were
performed using Student’s # test. Vaules of p
less than 0.05 were considered to represent
significant differences between means.

Fig. 1 shows the concentrations of ADM and
its major metabolite (aglycone I) in ADM-
administered mouse tissues after pretreatment
with olive oil or VE. Higher concentrations of
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aglycone I were detected in the liver, kidney and
heart of the mice pretreated with VE than in those
of the mice pretreated with olive oil. In the
VE-pretreated group, the concentrations of ag-
lycone I of the liver (1, 3 and 5h), kidney (1 and
3h) and heart (3h) were significantly higher than
those in the olive oil-pretreated group. But there
was no significant difference between the groups
in the concentration of ADM. Fig. 2 shows the
concentrations of ADM and its major metabolite
(aglycone I) in ADM-administered mouse tissues
after pretreatment with saline or CoQ. Higher
concentrations of aglycone I were detected in the
liver, kidney and hearts of the mice pretreated
with CoQ than in those of the mice pretreated
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Fig. 2
kidney and heart of ADM-administered mice.
g tissue: gram wet weight of tissue.
0—0, ADM aglycone I of CoQ-pretreated group;
O---0, ADM of CoQ-pretreated group;
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Effect of coenzyme Qi (CoQ) on the concentration of ADM equivalents and its major metabolite, aglycone 1, in the liver, -

Significantly different from the value of ADM + saline group. (** p < 0.02, **% p <0.01)
&—=8, ADM aglycone I of saline-pretreated group.
® - ® ADM of saline-pretreated group.



Acta Medica Okayama, Vol. 45[1991], Iss. 3, Art. 11

198

with saline. In the CoQ-pretreated group, the
concentration of aglycone I of the kidney (1 and
3h) and heart (3h) was significantly higher than
those in the saline group. But there was no
significant difference between the groups in the
concentration of ADM.

The experimental or clinical use of VE or
CoQ as a membrane stabilizer and an anti-oxidant
is worthy of note for the prevention of ADM-
induced cardiotoxicity (7-10). Therefore, the
tissue distributions of ADM and the related
metabolites were examined in the mice pretreated
with VE or CoQ. The concentration of aglycone
I in the VE or CoQ pretreated group was
significantly higher than those in the control.
Significantly high levels of aglycone I were
observed especially in VE-pretreated mouse liver
and kidney. On the mechanism of the increased
aglycone concentration in this experiment first,
promotion of ADM-metabolism may be consid-
ered. On the basis of previous reports that the
hepatic microsomal drug metabolizing enzyme
activity was decreased in VE-deficient rats (16),
and that synthetic efficiency of ubiquinone was
also decreased in hepatic microsomes injured by
carbon tetrachloride (17), it was inferred that VE
and CoQ may affect the microsomal activity. In
fact, phenobarbital-pretreated mice, subsequently
treated with ADM showed higher aglycone con-
centrations in the liver and significantly lower
survival than did controls (18). This fact is
closely related to another report that
adriamycinone (main component of aglycone I)
was about three times as potent an inhibitor of
beef heart mitochondrial succinoxidase activity as
ADM (8). The reason for possible promotion of
ADM-metabolism by the administration of VE or
CoQ (as anti-oxidant drugs) is not clear at pres-
ent, but it may be considered that the stimulation
of drug-metabolizing enzyme activity was due to
share NADPH-electron donor between lipid per-
oxidation and drug-metabolizing reactions in
microsomes (19). Secondarily, differences in the
concentration of membrane uptake between ADM
and aglycones may be supposed. Aglycone I may
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show higher concentration of membrane uptake
than ADM because of its more hydrophobic
nature. In our in vitro experiment on the uptake
of ADM and aglycone into mouse mitochondria
pretreated with VE, higher concentration of ag-
lycone in the membrane was observed (20).
Some isoprenoids were reported to potentiate the
cytotoxic effects of anti-cancer agents, particularly
ADM, in cultured mammalian cells, because they
might increase the intracellular levels of the agents
due to enhancement of the uptake and reduction
of the efflux (21). The isoprenoid side chain of
VE or CoQ may act as a membrane stabilizer
interacting with cell membrane and regulating
membrane permeability to materials (22).
Accordingly, in this experiment interaction of VE
or CoQ with membrane components might have
resulted in a decrease in the release of aglycone I
from the membrane. If malignant or tumor cells
are the target, the reinforcement of the anti-tumor
drug by VE or CoQ is advantageous, but side
effects occur and toxicity is reinforced if normal
cells are the target. Therefore, the clinical applica-
tion of VE or CoQ concomitant with anti-tumor
drugs, such as ADM requires caution.
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