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Abstract

Systemic injection of 3-nitropropionic
acid (3-NP), an irreversible inhibitor of
complex Il in mitochondrial respiratory chain,
induces selective striatal lesions in rats and
non-human primates mimicking those in
Huntington's disease. In recent studies,
dichloroacetate (DCA) was shown to have
protective effects in rat models of cerebral
ischemia and myocardia  dysfunction.
However, its therapeutic effect on bran
lesions induced by mitochondrial dysfunction
is rarely investigated. In the past year, we
established an in vivo animal model to
evaluate the rat bran lesons in
mitochondrial dysfuction. In the present
study, we compared the therapeutic effect of
DCA and MK-801 by in vivo animal model.

Two-month-old Sprague-Dawley rats
were treated with 3-NP by continuous drug
release  from  mini-pump,  implanted
subcutaneously. MK-801 (2mg/kg) and DCA
(100mg/kg) were given in the same way. The
rats were then evaluated by MRI (T2 maps)
and in vivo *H-MRS at indicated time points.
We first evaluated the effect of chronic 3-NP
injection on rats, and then evauated the
effect of DCA on the striatal lesions induced
by 5-day 3-NP injection. The results showed
that chronic 3-NP injection produced
behaviora change and selective dtriata
lesions on rats. MRS aso showed the decline
of NAA/Cr ratio, indicating the neuronal loss
or dysfunction. The simultaneous application
of DCA showed no attenuation of the striatal
lesions. The present results suggest that the



application of DCA in brain lesions induced
by mitochondrial inhibitors need further
investigation.
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Neurodegenerative diseases have been
found to be associated with mitochondrial
dysfunction as in mitochondrial diseases in
recent years. Systemic administration of 3-
nitropropionic acid (3-NP), an irreversible
inhibitor of complex Il in mitochondrial
respiratory chain, induces selective striatal
lesions in rats and non-human primates
mimicking those in Huntington's disease
(Lee et a, 2000a and b). Several drugs have
been shown to have neuroprotective effect in
3NP-treated rats, including glutamate release
inhibitors and N-methyl-D-aspartate (NMDA)
receptor antagonists. In recent years,
dichloroacetate (DCA) was shown to have
protective effect for cerebral ischemiain rats
(Pedling et a., 1996), and was also used as
metabolic therapy for myocardial ischemia
and failure. DCA can stimulate the pyruvate
dehydrogenase complex activity, and,
therefore, can improve the recovery of
cerebral lactate, acidosis and ATP following
reperfusion in forebrain ischemia of rats.
Because persistent lactic acidosis was
supposed to be a factor contributing to the
neuronal injury, decreasing cerebral lactic
acidosis and enhancing cerebral metabolism
may be one of the strategies in ameliorating
brain injury related to elevated lactate, such
as cerebra ischemia DCA has aso been
implicated in the therapy of patients with
MELAS and Leigh disease in recent years
(DeStefano et a., 1995; Pavlakis et al., 1998;
Saitoh et al., 1998), especidly in Japan.
However, there are limited in vivo researches
about the application of DCA in
neurodegenerative  diseaseas.  Therefore,
further investigation of the therapeutic
efficacy is highly needed.

Two-month-old Sprague-Dawley rats
were used. 3-NP was injected by mini-pump,
implanted subcutaneously. MK-801 (2mg/kg)
and DCA (100mg/kg) were used as
therapeutic drugs. 3-NP-induced behavioral
changes in the animals were recorded and
graded according to the neurological scale
described by Guyot et a. (1997). The 3-NP-
induced brain lesions were evaluated by MRI
(T2 maps) and in vivo proton MRS.

We first evaluated the effect of chronic
3-NP injection on the behavior and brain
lesions, and then evaluated the effect of DCA
and Mk-801 on the brain lesions induced by
5-day 3-NP injection.

M agnetic resonance measurements were
performed on a 4.7 Teda spectrometer
(Bruker Biospec) with an active shielding
gradient at 6.9 G/cm in 500 nsec. The rats
were placed in a prone position with a
custom-designed  head-holder. A  20cm
birdcage coil was used for RF excitation, and
a 2cm-diameter surface coil placing directly
over the head was used for signal receiving.
After magnetic field optimization, a multi-
slice multi-echo imaging was obtained with
the following parameters. field of view =
5cm, 4 dlices (2 mm thick with 1 mm gap),
matrix = 256 x 128, TR = 4000msec, and
initial TE = 20msec with an echo spacing of
20msec for 6 echoes. Data processing for T2
maps was performed with commercia image
anaysis software (MRVision Co. CA,
U.SA.).

The  point-resolved spectroscopy
(PRESS) sequence preceded by three
consecutive CHESS pulses for water
suppression was used to acquire the localized
proton spectra over the striatum. Each
CHESS pulse for water suppression was 15
msec in duration, and was followed by a
spoiled gradient. CHESS pulses of 2msec
duration for the 90 and 180 pul ses were used.
After manual adjustment of the transmitter
and receiver, shimming of the region of
interest and maximizing the suppression of
water signal, localized spectral data was
obtained with the following parameters.: TR
= 2000msec, TE = 136msec, scan no. = 256,



spectral width = 4000 Hz. The peaks for N-
acetylaspartate  (NAA), choline (Cho),
creatine (Cr), succinate (Suc) and lactate (Lac)
were recognized. The ratios of NAA/Cr,
Suc/Cr, Cho/Cr and Lac/Cr were used for
data analysis.

The present results showed that chronic
application of 3-NP produced behavioral
changes mimicking those in Huntington
disease. There were also selective striatal
lesions on rat brain with gradual decrease of
NAA/Cr ratios over the striatal areas,
indicating the neurona loss or dysfunction.
Elevated Suc/Cr and Lac/Cr ratios were also
noted in chronic 3-NP injection.

Subacute 3-NP injection by mini-pump
also produced behaviora changes and
selective striatal lesions as shown in our
previous studies (Lee et a, 2000a).
Simultaneous application of DCA, however,
did not abolish the behavioral changed and
striatal lesions induced by subacute 3-NP
injection. Compared with DCA, MK-801
showed prominent protective effect with
attenuation of the striatal lesions induced by
3-NP as shown before (Lee et al, 2000a).

Although DCA had been shown to be
effective in attenuation of ischemic cerebral
lesions in rats (Peeling et a, 1996), it is not
effective in alleviating the striatal lesions
induced by 3-NP. Hypoxia and ischemia may
suppress the activity of  pyruvate
dehydrogenase complex with accumulation
of lactate. DCA can stimulate the pyruvate
dehydrogenase complex activity, and,
therefore, can improve the recovery of
cerebral lactate, acidosis and ATP following
reperfusion in forebrain ischemia of rats. In
contrast, the accumulation of lactate in 3-NP-
induced brain lesions results from the
inhibition of respiratory chain complex II.
Therefore, the stimulation of pyruvate
dehydrogenase complex activity may not be
effective in improving the mitochondrial
function. Another possibility is that 3-NP
also inhibit the Kreb’'s cycle and, therefore,
affect the cell metabolism and survival.

DCA has been tried in several kinds of

mitochondrial  encephalopathy.  Although
DCA was shown to be effective in treatment
of patients with Leigh disease and MELAS
(DeStefano et a., 1995; Pavlakis et al., 1998;
Saitoh et a., 1998), its effect on other
mitochondrial encephal opathies needs further
investigation to see whether different
mechanisms of mitochondrial
encephalopathies will lead to different
response of the patients to the treatment with
DCA.
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