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these metabolites was incubated with perfused brain
homogenate for 90min or longer, it was recovered
unchanged (Fig. 3).

The cerebral hydrolase, responsible for the conversion
of T-2 toxin to HT-2 toxin (Fig. 2), exhibits pronounced
specificity, since the other ester groups of the T-2 toxin
molecule (Fig. 1) are not attacked. In this respect the brain
resembles the rat leucocytes. The latter also perform
essentially the hydrolysis of the 4-acetoxy group, while
other metabolites are either missing or are produced only
in traces, which may result from contamination with traces
of erythrocytes. Indeed red blood cells yield all the
metabolites mentioned above {4].

HT-2 toxin is six times more toxic than T-2 toxin, when
applied directly to the rat brain [6]. Formation, stability
and accumulation of HT-2 toxin in the brain, upon direct
cerebral administration of T-2 toxin, may explain, at least
in part, the high cerebral toxicity of the latter.

In summary, HT-2 toxin was the sole metabolite formed
when T-2 toxin was treated with homogenate from brain
without its blood content. Homogenate from brain with its
full blood content produced—besides HT-2 toxin—T-2
triol, neosolaniol, 4-deacetylneosolaniol and T-2 tetraol,
i.e. the same metabolites formed by incubation of T-2 toxin
with whole rat blood.
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Idebenone, an agent improving cerebral metabolism, stimulates ['*Cltyrosine
uptake and ['“C]lcatecholamine formation by cultured bovine adrenal chromaffin
cells

(Received 18 February 1991; accepted 16 April 1991)

Idebenone, [6-(10-hydroxydecyl)-2,3-dimethoxy-5-methyl-
1,4-benzoquinone] is a therapeutic agent for improving
cerebral metabolism. It is reported to prevent or improve
neurological disorders, such as impairment of memory
retention and locomotor activity, induced by experimental
cerebral ischemia [1]. Neurochemical studies showed that
idebenone restored the reduction of glucose utilization and
the decrease in ATP content in ischemic rat brain [2].
Furthermore, idebenone was shown to increase ATP
formation in isolated mitochondria and inhibit lipid
peroxidation in mitochondrial membranes [3]. It has also
been shown to reverse the decrease in the contents or
turnovers of the neurotransmitters acetylcholine and
serotonin in the brain of rats with experimental ischemia
[4,5]). However, little is known about the effect of
idebenone on catecholaminergic neurons.

In this study, to obtain information on the effect of
idebenone on catecholamine (CA) metabolism, we

examined whether it affected CA formation from tyrosine
in cultured bovine adrenal chromaffin cells. Adrenal
chromaffin cells are regarded as a model for cat-
echolaminergic neurons, and are useful for studies on CA
biosynthesis as well as CA release.

Materials and Methods

Cell preparation and culture. Bovine adrenal chromaffin
cells were dispersed enzymatically [6] and maintained for
3 days in culture in 35-mm tissue cultured dishes at a
density of 10° cells/dish, in Eagle’s basal medium
supplemented with 5% heat-inactivated fetal calf serum,
2mM glutamine, penicillin (100 units/mL), streptomycin
(100 ug/mL), gentamicin (40 ug/mL), fungizone (2.5 ug/
mL) and 10 uM cytosine arabinoside [7].

Measurement of [“Cltyrosine uptake and ['*C]cate-
cholamine formation. The cultured cells were washed
with 1 mL of balanced salt solution [BSS (mM): 135, NaCl;
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Fig. 1. Concentration-response curve for the effect of
idebenone on [“CJCA formation from ["*Cltyrosine in
cultured bovine adrenal chromaffin cells. The cells were
incubated for 45 min with 50 uM ["*C]tyrosine (0.5 uCi) in
the presence of the indicated concentrations of idebenone.
['*CICA formation was determined as described in
Materials and Methods. Values are means = SEM for 5-7
experiments.

5.6, KCI; 1.2, MgSO,; 2.2, CaCly; 10, glucose; and 20,
N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic  acid
(HEPES)/NaOH; pH 7.4}, and then incubated with BSS
containing ["*Cl]tyrosine (final concentration 10-100 uM,
0.5 uCi) at 37° for 5 to 60 min in the presence or absence
of test compounds. After incubation, the dishes were
rapidly chilled on ice, the medium was removed, and the
cells were washed twice with 1 mL of ice-cold BSS and
lysed by adding 1 mL of 0.4 N perchloric acid followed by
freeze-thawing. Radioactivity in the acid extract was
counted in a liquid scintillation spectrometer to determine
the amount of [““C]tyrosine taken up into the cells. [*“C}-
CA in the acid extracts was isolated on aluminium
hydroxide, and radioactivity eluted from the gel was

[A]

Tyrosine Uptake
( nmoles/dish )
w
1

0~ T Y T 1
0 15 30 45 60

Time ( min )

Short communications

counted by liquid scintillation spectrometry [8]. In some
experiments, L-['*C]DOPA (50 uM, 0.5 uCi) was used as
the substrate instead of ['*C]tyrosine. [*CICA formed
from '*C-labelled substrates was measured by ion-exchange
chromatography on a Duolite C-25 column [8]. ['C]-
Dopamine and [“*Clnorepinephrine plus ['*Clepinephrine
constituted approx. 75% and 25% of the total labelled CA,
respectively, The percentages of these newly synthesized
['*C]CA were similar on incubation with and without test
compounds. For determination of endogenous CA release,
the CA contents of the cells and medium were determined
by fluorometric method [8]. The results were expressed as
a percentage of the total amount of cellular CA.
Chemicals. The following materials were used: L-['*C]-
tyrosine  (Amersham, Japan); 6-(10-hydroxydecyl)-
2,3-dimethoxy-5-methyl-1,4-benzoquinone  (Idebenone,
Takeda Co.); calcium hopantenate (Tanabe Co.); 3,7-
dihydro - 3 - methyl - 1 - {5-oxohexyl)-7-propyl-7H-purine-
2.6-dione {Propentofylline, Hoechst Co.}; carbamylcholine
and dibutyryl cyclic AMP (Sigma Chemical Co.). Other
chemicals were commercial products of reagent grade.

Results and Discussion

Figure 1 shows the effect of idebenone on ['“C]CA
formation from [“Cltyrosine in cultured bovine adrenal
chromaffin cells on incubation for 45min. Idebenone
stimulated the formation of ["*CJCA from {"*Cltyrosine in
a concentration dependent manner. Stimulation by
idebenone was detectable at 107*M and maximal (about
2-fold) at 107*M. Under these conditions, idebenone
{107* M) did not affect the release of endogenous CA from
the cells (control, 3.8 £0.2%; idebenone-treated cells,
4.1 0.3%). Moreover. it did not stimulate ["*C]CA
formation with [*C]DOPA instead of ["*Cltyrosine as
substrate (control, 5.5 * 0.4 nmol, idebenone-treated cells,
5.1 = 0.5 nmol).

There are many reports on the mechanism regulating
CA formation from tyrosine in various tissues [9]. Precursor
supply (tyrosine uptake by the cells) is considered to be
one factor regulating CA formation in the brain [10].
Therefore, we examined whether the increase in formation
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Fig. 2. {A) Time course for the effect of idebenone on ['*C]tyrosine uptake by cultured bovine adrenal
chromaffin cells. The cells were incubated for the indicated times with 50 uM [“Cjtyrosine (0.5 uCi) in
the presence (M) or absence (O) of idebenone (107*M). [MC]Tyrosine taken up by the cells was
determined as described in Materials and Methods. Values are the means = SEM for 5-7 experiments.
{B) Effect of idebenone on ['*Cltyrosine uptake by cuitured bovine adrenal chromaffin cells as a
function of tyrosine concentration. The cells were incubated for 45 min with various concentrations of
[HC]tyrosine (0.5 uCi) in the presence (M) or absence (OJ) of idebenone (107*M). ["*C]Tyrosine taken
up by the cells was determined as described in Materials and Methods. Values are means * SEM for
3-5 experiments.
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Table 1. ["*C]Tyrosine uptake and ['*C]CA formation by cultured bovine adrenal chromaffin
cells incubated with various agents

Addition ['*C]Tyrosine uptake HC]CA formation Conversion
(nmol/45 min/dish) rate (%)

None 1.87 £ 0.19 0.33 £0.03 17.6
Idebenone 4.48 + 0.51* 0.67 = 0.07* 14.7
Hopantenate 1.79 £ 0.19 0.32+0.03 17.9
Propentofylline 1.97 £0.22 0.36 = 0.04 18.3
Vitamin K, 1.82+0.19 0.34 £ 0.03 18.7
Carbamyicholine 1.95 = 0.21 0.64 = 0.08* 32.8*%
DB cAMP 2.01 =0.24 0.59 + 0.06* 29.4*

The cells were incubated for 45min with 50 uM ["*C]tyrosine (0.5 uCi) in the presence or
absence of idebenone (107*M), hopantenate (107*M), propentofylline (10~*M), vitamin K,
(10~* M), carbamylcholine (10~° M) or dibutyryl cyclic AMP (DB:cAMP 1073 M). ['*C]Tyrosine
uptake and ['*C]CA formation were determined as described in Materials and Methods.

Values are means + SEM for 5-7 experiments (* P < 0.01 vs control value). The conversion
rate was calculated as the percentage conversion of ["*C]tyrosine taken up by the cells to ['*C]

CA during the incubation period.

of [MC]CA caused by idebenone was due to an increase in
[*Cltyrosine uptake by the cells. Figure 2A shows the
effect of idebenone on [*C]tyrosine uptake by the cells as
a function of time. The results show that idebenone
stimulated the uptake of ['*Cltyrosine by the cells: its effect
was detectable after S min and observed during incubation
for 60 min. At each incubation time, idebenone induced a
2-2.5-fold increase in ['*C]tyrosine uptake.

Next, we examined the effect of idebenone on ['*C]-
tyrosine uptake by the cells in the presence of various
concentrations of tyrosine. As shown in Fig. 2B, stimulation
by idebenone of ['*Cltyrosine uptake was observed at
concentrations of tyrosine of 10-100 uM. The stimulation
was clearly observed even when a saturating concentration
of tyrosine, 100 uM, was present in the medium. Kinetic
analysis of these results showed that idebenone caused an
increase in the V, without any change in the K, value
(the V., values of the control and idebenone-stimulated
cells were 5.20 = 0.56 and 11.88 = 1.32 nmol/dish/45 min
and the K, values were 88.9+9.2 and 83.3 + 8.6 uM,
respectively).

These results indicate that idebenone increased ['“C]-
tyrosine uptake by the cells, leading to an increase in
accumulation of [ “C]tyrosine in the cells, and thus resulting
in an increase in ['*C]CA formation from ['*C]tyrosine in
the cells. In fact, as shown in Table 1, the rate of conversion
of ["*C]tyrosine to [1*C]JCA (expressed as the percentage
conversion of ['*C]tyrosine taken up by the cells) was not
affected by idebenone.

Table 1 also shows the effects of other agents on ['*C)-
tyrosine uptake and [""C]JCA formation by adrenal
chromaffin cells. Hopantenate and propentofylline, other
agents that improve the cerebral metabolism, had no
significant effect on [!*C]tyrosine uptake or formation of
["*C]JCA from [!C]tyrosine. VK,, a benzoquinone
derivative similar to idebenone, also did not affect ['*C]-
tyrosine uptake or [“*C]JCA formation by the cells.
Carbamylcholine and dibutyryl cyclic AMP (DB-cAMP),
which are known to stimulate CA synthesis not only in
adrenal medulla {11-15], but also in other tissues [16-20],
increased [“C]CA formation from [**C]tyrosine under the
experimental conditions, but they did not affect [**C]-
tyrosine uptake by the cells. Therefore, the rate of
conversion of [*C]tyrosine to [**C]JCA was increased on
stimulation by carbamylcholine and DB:cAMP. The
stimulation of CA formation by carbamylcholine or

* To whom correspondence should be addressed.
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DB cAMP is thought to be mediated by Ca**-calmodulin-
dependent or cAMP-dependent protein kinase [9]. Thus,
the stimulatory effect of idebenone seemed to be quite
different from that of carbamylcholine or DB-cAMP on
[**C]CA formation from ['*C]tyrosine.

From these results we concluded that idebenone, an
agent improving cerebral metabolism, stimulated ['*C]-
tyrosine uptake and ['*C]CA formation by cultured bovine
adrenal chromaffin cells and that the increase in ['“C][CA
formation was mainly due to an increase in ['“C]tyrosine
uptake (increase in precursor supply) by the cells. The
mechanism by which idebenone increased ['“Cltyrosine
uptake by the cells is unknown, but these findings indicate
a new mode of action of idebenone on catecholaminergic
neurons in the central nervous system. However, it is not
certain whether the concentrations of idebenone used in
this study are related to those achieved in the brain in
vivo. We are now investigating the effect of idebenone on
CA formation from tyrosine in guinea pig brain stices and
in vivo.
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Effects of chloroguine and primaquine on rat liver cytosolic N-acetyltransferase
activity

(Received 21 February 1991; accepied 1 April 1991)

N-Acetyltransferase (NAT™) catalyzes the acetylation of a
wide number of xenobiotics. The ability to acetylate
xenobiotics has been shown to be a significant determinant
in the predisposition to toxicity from several agents [1].
Alterations in acetylation, therefore, may have significant
consequences.

While genetic factors appear to constitute the primary
cause of variability in acetylation capacity, several drugs
may also influence the ability to acetylate xenobiotics. It
was reported recently that chloroquine may alter hepatic
NAT activity in the rat {2]. In particular, single- and
multiple-dose pretreatment with chloroquine was reported
to reduce the acetylation of isoniazid (INH) and
sulphadimidine (SDD) in vivo. Moreover, in vitro addition

* Abbreviations: INH, isoniazid; NAPA, N-ace-
tylprocainamide; NASDD, N-acetylsulphadimidine; NAT,
N-acetyltransferase; PA, procainamide; and SDD, sul-
phadimidine.

of chloroquine reduced the activity of NAT. Since the
structure of chloroquine would not lcad one to anticipate
an interaction with NAT, we attempted to confirm the
effect of this antimalarial on NAT activity.

Methods

Chemicals. Procainamide (PA) was purchased from the
Aldrich Chemical Co. (Milwaukee, WI). Analytical
standards of PA and N-acetylprocainamide (NAPA) were
gifts from E. R. Squibb & Sons, Inc. (Princeton, NJ). N-
Proprionylprocainamide, chloroquine, primaquine, acetyl-
CoA, acetyl carnitine, and carnitine O-acyltransferase (EC
2.3.1.7) were purchased from the Sigma Chemical Co. (St.
Louis, MO) and used as received.

Effects of antimalarials on NAT in vitro. The liver was
removed from an untreated male Sprague-Dawley rat
under ether anesthesia. Liver homogenate was prepared
as described [3}, and the 100,000 g supernatant (cytosol)
was used as the source of NAT.



