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Our group has previously reported the first clinical application of lithium in a child affected
by Canavan disease. In this study, we aimed to assess the effects of lithium on N-acetyl
aspartate (NAA) as well as other end points in a larger cohort. Six patients with clinical,
laboratory and genetic confirmation of Canavan disease were recruited and underwent
treatment with lithium. The battery of safety and efficacy testing performed before and
after sixty days of treatment included Gross Motor Function Testing (GMFM), Magnetic

Keywords: Resonance Imaging (MRI) Proton Magnetic Spectroscopy (H-MRS) as well as blood work.
Canavan disease The medication was safe without any clinical or laboratory evidence for toxicity. Parental
NAA reports indicated improvement in alertness and social interactions. GMFM did not show
Lithium statistically significant improvement in motor development. H-MRS documented an
overall drop in NAA which was statistically significant in the basal ganglia. T1 measure-
ments recorded on MRI studies suggested a mild improvement in myelination in the
frontal white matter after treatment. Diffusion Tensor Imaging was available in two
patients and suggested micro-structural improvement in the corpus callosum. The results

suggest that lithium administration may be beneficial in patients with Canavan disease.
© 2009 European Paediatric Neurology Society. Published by Elsevier Ltd. All rights
reserved.
1. Introduction accumulated in the brain and causes a progressive neurode-
generative disorder characterized by dysmyelination and
Canavan disease is an autosomal recessive leukodystrophy spongiform encephalopathy.! Clinically, the disease mani-
caused by mutations in the aspartoacylase (ASPA) gene. ASPA fests as delayed development and/or developmental regres-
catalyses hydrolysis of N-acetyl aspartate (NAA) to acetate sion, significant axial hypotonia, macrocephaly, spastic

and aspartate. Consequently, the substrate molecule NAA, is diplegia, seizures and visual impairment.
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NAA is manufactured in the neuronal mitochondria and then
transported to the extra-cellular fluid (ECF) and subsequently, to
the oligodendroglial cells where it is catabolized to acetate and
aspartate by ASPA.? In normal individuals, NAA is found exclu-
sively and abundantly in the neurons. In Canavan disease,
however, the excessively accumulated NAA overflows to the ECF
and is absorbed into the blood stream resulting is mild metabolic
acidosis. The NAA is then excreted in the urine causing mild
aciduria. Marked elevation of NAA is the main biochemical
hallmark of Canavan disease. Previous work has established that
NAA increases linearly as a function of age in Canavan patients,
with a frontal to occipital gradient which parallels the progres-
sion of clinical symptoms and spongiform degeneration.?
Although the exact mechanism of neuronal and white matter
degeneration remains obscure, it is widely presumed to be
caused by NAA elevation as well as metabolic disruption of
myelin synthesis.*> A recent study supporting the acute toxic
effects of NAA reported that intra-cerebral administration of the
substance in rats causes protein oxidation in the cerebral cortex.®

The rational for administering lithium citrate in Canavan
disease derives from preliminary results reported from the
animal studies. O’'Donnell et al. demonstrated a significant
drop of 9% in the brain NAA level in wild type rats after two
weeks administration of lithium.” Baslow observed a 13%
reduction in the whole brain NAA in the tremor rat model of
Canavan disease after only four days of intra-peritoneal
lithium injection.® Furthermore, lithium has been reported to
have neuroprotective effects in patients affected by Alz-
heimer’s disease and other dementias.®™**

We have previously reported the first clinical application of
lithium citrate in a child with Canavan disease® which sug-
gested that lithium may reduce the typical increase of the
NAA compared to the collected data on the natural history of
the disease. Moreover, the patient showed a trend toward
a normal pattern in the other imaging parameters.

This work, reports the findings of an open label trial of six
additional patients with Canavan disease undergoing the
previously reported study protocol.

2. Materials and methods

Six patients with Canavan disease were recruited according to
the protocol described previously.’? Table 1 summarizes the
phenotypic and genotypic findings in the study cohort.
Lithium dosage was escalated over a one-week titration to
a total of 45 mg/kg/day. All patients received liquid lithium
citrate (8 mEq/5 ml) manufactured by Roxan laboratories.
Brain Magnetic Resonance Imaging (MRI) and Proton
Magnetic Resonance Spectroscopy (H-MRS) studies were

performed at baseline and after sixty days of treatment
according to the previously reported imaging protocol.’® The
concentrations of N-acetyl aspartate (NAA), myo-inositol (ml),
choline (Cho) and creatine (Cr) were measured in four regions
of interest (ROI); the frontal white matter (FWM), basal ganglia
(BG), occipital gray (OG) and parietal white matter (PWM).

Diffusion Tensor Imaging (DTI) was performed during the
conventional MRI study, using an echo planar imaging based
diffusion weighted pulse sequence with the following parame-
ters: time repetition (TR) = 6000 ms (ms), time echo
(TE) = 100 ms, six non-collinear directions with diffusion
weighting B value of 1000, and 4 number of excitations (aver-
ages). An image acquisition matrix of 128 x 128 was used with
a field view of 256 x 256 mm"2 and 16 slices with a 3.0 mm slice
thickness. DTI allowed measuring the Fractional Anisotropy (FA)
in the corpus callosum (CC), a region that has been implicated in
white matter loss and appears to be sensitive to improvement
in gene therapy in Canavan disease (Leone et al, unpublished
data).

As part of a conventional MRI, T1 and T2 weighted spin-
echo images were obtained. Studies were conducted with
a Siemens Magnetum Sonata 1.5 Tesla MRI system. T1
weighted spin-echo sequences were acquired with TR/
TE = 700/14 ms as described previously.'®'* The T1 relaxation
times in selected brain regions (anterior and posterior CC and
FWM) were measured before and after treatment for the
purposes of statistical analysis.

The clinical assessments included gross Motor Function
testing (GMFM) at baseline and at 60 days follow-up. All
patients underwent laboratory testing of basic metabolic panel
and lithium level on bi-monthly basis. Thyroid and liver
function panels were also performed monthly to ensure safety.

3. Result

Lithium was well tolerated in this pediatric cohort with no
adverse effects. The lithium levels were in the therapeutic
range without any clinical or laboratory evidence for toxicity.
Mild hyperchloremic metabolic acidosis, commonly seen in
Canavan disease, was documented in all patients prior to the
study and remained unchanged. There were no renal or liver
function abnormalities.

Using the metabolite concentrations measured on H-MRS,
the ratios to Cr were calculated and compared at baseline and
after sixty days of therapy. To establish the therapeutic effect
of lithium in lowering NAA level, the results were subjected to
statistical analysis using a non-parametric system (Wilcoxon
signed-rank test) which was selected due to the small sample
size. The intervention resulted in a modest drop in the NAA/Cr

Table 1 - Summary of Canavan cases.

Number of Average age Head circumference, U. NAA DD or DR Seizure ASPA mutations
Cases in months percentile
6 9.5 >95 Percentile high present 2 cases 3 cases: compound heterozygote

3 cases: homozygote

U.NAA: urine N-acetyl aspartate. DD: delayed development. DR: developmental regression. ASPA: aspartoacylase.
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ratios in all ROI's which was statistically significant in the BG
(p < 0.02). Table 2 summarizes the mean of the metabolite
ratios in the study cohort before and after treatment. Fig. 1 is
an example of the MRS images demonstrating a drop in the
NAA at the level of the BG post treatment.

The GMFM scores were compared at baseline and after
sixty days of treatment. The mean and standard deviation
were 5.08 and 2.02 before treatment and 6.13 and 1.75 after
treatment which did not show any statistically significant
improvement (p < 0.21, dependent t test). Clinical improve-
ment was reported in alertness and visual tracking which are
not components of GMFM.

Fig. 2 shows the DTI images acquired in two of the cases
across the CC before and after treatment. The findings are
suggestive of micro-structural improvement in the CC.

The T1 values obtained on selected brain areas (anterior
and posterior CC and FWM) were subjected to statistical
analysis. A modest drop in the T1 values was noted in the
FWM (paired t test, p = 0.45).

4, Discussion

We have established the safety and tolerability of lithium in
a group of young children with Canavan disease. The NAA/Cr
ratios were reduced in all four ROI after treatment with
statistical significance in the BG. In the single case previously
reported, there was a drop in NAA in all ROI's, though statis-
tical significance could not be established due to extremely
small sample size.

NAA is continuously removed by the glial cells where it is
hydrolyzed by ASPA to acetate and aspartate. Presence of free
acetate is crucial for effective myelin synthesis. Impaired
function of ASPA in Canavan disease leads to deficiency of
acetate which further impairs myelin formation.®

T1 relaxation times in selected brain regions were
compared before and after treatment and demonstrated
a modest drop in the FWM. The most important factors
influencing the T1 values in the developing brain include
myelination and water content. Therefore, the T1 values are
useful as a surrogate marker for myelin development in chil-
dren and are expected to drop as myelination takes place.'>*¢
This observation suggests a tendency toward normal brain
development with lithium treatment compared to the natural
history of the disease.’

The GMFM data failed to demonstrate a significant
improvement in patients’ motor abilities. GMFM has been
utilized for the gene therapy trial of Canavan disease'® and the

scores were found to correlate with decrease in NAA levels.
Although GMFM is less sensitive than the Mullen Test of Early
Learning or the Pediatric Evaluation of Disability Index, it was
decided to administer the GMFM in this study to power the
analysis for planned future clinical trials.

Markedly elevated NAA is unique to Canavan disease and
is presumed to have a central role in its pathophysiology.
Several papers have addressed the toxic effects of NAA and N-
acetyl aspartate glutamate (NAAG). Cultured mouse spinal
cord neurons exposed to high doses of NAAG develop excito-
toxcity via selective activation of the N methyl D aspartic acid
(NMDA) receptors.’” Similarly, NAA causes an elevation in the
intracellular free calcium in a dose dependent fashion which
is linked to NMDA activation.'® Elevated levels of NAA in the
tremor rat, which harbors a natural deletion in the ASPA gene,
has been shown to induce neuronal excitation caused by
activation of glutamate receptor (mGIuR).* Pliss et al.>® have
documented neuronal death in the rat hippocampus following
intra-ventricular injection of NAAG. This effect was mediated
by activation of NMDA and mGluR and was dampened by co-
administration of glutamate receptor antagonists. Wide
spread hippocampal neuronal death was observed in four
days using modest concentration of NAAG at 0.25 umol (uM).
Others have used intra-ventricular injections of NAA in rats to
induce epileptiform discharges in the neurons as well as
clinical seizures.*?! The epileptogenic effects of NAAG have
been confirmed by stereotactic infusion of the substance into
the hippocampus.?? Furthermore, a recent study by Pederzolli
et al. has suggested a novel pathway for toxic effects of NAA
via impairing the anti-oxidant defenses of the cerebral
cortex.®

On the other hand, Tranberg et al. have studied the effects
of elevated NAA levels for 3 days on cultured slices of rat
hippocampus and reported no elevation of NMDA mediated
toxicity.?® The results are contrary to the above citations,
possibly due to methodological issues.

The efflux of NAA from the neurons to the ECF is naturally
associated with efflux of water molecules. As such, NAA has
an important osmo-regulatory function in the brain.** In
Canavan disease, accumulation of NAA impairs the osmotic
balance, resulting in elevation of the hydrostatic pressure in
the brain and spongiform encephalopathy.” This is yet
another evidence for deleterious consequences of NAA
elevation and another reason for targeting NAA for thera-
peutic purposes.

Our study did not evaluate the effects of lithium on the
urinary excretion of NAA. Knowing that H-MRS is not widely
available, urinary NAA levels may be an alternative method

Table 2 - The mean of the metabolic ratios to creatine for 6 patients in 4 regions at baseline and follow-up obtained using

H-MRS.
Region NAA ml Cho

Baseline Follow-up Baseline Follow-up Baseline Follow-up
fwm ratio/Cr 3.04 2.73 0.47 0.34 0.35 0.30
pwm ratio/Cr 3.52 3.12 0.61 0.57 0.28 0.28
ogm ratio/Cr 2.86 2.70 0.14 0.17 0.16 0.16
bg ratio/Cr 2.52 2.20 0.12 0.10 0.21 0.18
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Fig. 1 - Sample MRS on one of the patients: the acquired spectra at the level of the BG show a reduction in the NAA peak after

treatment. Before treatment: left, after treatment: right.

for monitoring these patients during lithium therapy. On the
other hand, the urinary levels of NAA are quite variable and
depend on many factors including dietary changes.

Lithium exerts some of its therapeutic effects by antago-
nizing glutamate induced excitotoxicity at several levels.?6™28
Also, lithium is known to offer anti-apoptotic effects by
reducing the expression of multiple apoptotic proteins; p53,
Bcl-2 associated X protein (Bax) and caspase®**° and by
increasing the levels of Brain Derived Neurotrophic Factor
(BDNF) and B cell lymphoma 2 (Bcl-2).>! The anti-apoptotic
and anti-glutaminergic effects of lithium are shown to be
present after only one week of exposure.

There are limited number of studies conducted in normal
volunteers and patients with bipolar disorder exposed to
lithium with contradictory results. The earlier studies had
suggested a slight elevation in the NAA level following

exposure to lithium. This was attributed to the neuro-
protective and anti-apoptotic properties®*?* of the drug
Volumetric brain imaging in normal individuals suggested an
increase in the pre-frontal gray matter.>* A more recent study
demonstrated no alteration in the NAA level in normal indi-
viduals following lithium exposure® The effects of lithium in
Canavan disease seem to be unique and possibly influenced
by markedly elevated NAA in the ECF.

Normally, NAA is present at a high concentration of
10-14 mmol in the neurons. In the ECF, the NAA concentration
is 80-100 uM which establishes a large outward transport
gradient. At the physiological pH, NAA is a dicarboxylate
anion and therefore, cannot be transported by passive diffu-
sion. The oligodendroglial cells are equipped with an active
transport system for removing the NAA molecules from the
ECF. This is known as sodium coupled carboxylate transporter

Fig. 2 - Diffusion Tensor Imaging obtained on the brain MRI on two of the patients before and after therapy. An increase in
the white matter density at the level of corpus callosum is shown
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(NaC) which is present in three forms; NaCl, NaC2 and
NaC3.2%%” While NaC1 demonstrates low affinity for succinate
and other dicarboxylates, NaC3 is a high affinity transporter.
NaC2 has a preference for tricaboxylates such as citrate.
Lithium strongly inhibits succinate transport through the
NaC3 by occupying one of the three Na binding sites.?**® The
process of succinate transport by NaC3 is also influenced by
sodium concentration and the pH.** How this attribute of
lithium contributes to its therapeutic effect remains to be
elucidated.

Based on these results, the future trials should incorporate
at least 20 patients to show a statistically significant effect
with a power > 0.8 and adequate sensitivity and specificity.

5. Conclusions

Lithium was safe and well tolerated in this cohort of young
children with Canavan disease. The cellular and molecular
effects of Lithium are diverse and may mitigate the disease
process at multiple levels. The key therapeutic effect of
lithium seems to be a modest drop in NAA levels, which is an
important therapeutic target in Canavan disease. Lithium also
modulates the cell signaling pathways to provide protection
against apoptosis and NMDA toxicity.

REFERENCES

1. Matalon R, Michals-Matalon K. Molecular basis of Canavan
disease. Eur ] Paediatr Neurol 1998;2:69-76.

2. Clark JB. N-acetyl aspartate: a marker for neuronal loss or
mitochondrial dysfunction. Dev Neurosci 1998;20:271-6.

3. Janson CG, McPhee SWJ, Francis J, Shera D, Assadi M,
Freese A, et al. Natural history of Canavan disease revealed by
proton magnetic resonance spectroscopy (1H-MRS) and
diffusion-weighted MRI. Neuropediatrics 2006;37:209-21.

4. Kitada K, Akimitsu T, Shigematsu Y, Kondo A, Maihara T,
Yokoi N, et al. Accumulation of N-acetyl-L-aspartate in the
brain of the tremor rat, a mutant exhibiting absence-like
seizure and spongiform degeneration in the central nervous
system. ] Neurochem 2000;74(6):2512-9.

5. Namboodiri MAA, Peethambaran A, Mathew R, Sambhu PA,
Hershfield J, Moffett JR, et al. Canavan disease and the role of
N-acetylaspartate in myelin synthesis. Mol Cell Endocrinol.
2006 Jun 27;252(1-2):216-23. 2006.

6. Pederzolli CD, Rockenbach FJ, Zanin FR, Henn NT,

Romagna EC, Sgaravatti AM, et al. Intracerebroventricular
administration of N-acetylaspartic acid impairs antioxidant
defenses and promotes protein oxidation in cerebral cortex of
rats. Metab Brain Dis; 2009 Mar 18 [Epub ahead of print].

7. O'Donnell T, Rozinger S, Nakashima TT, Hanstock CC,
Ulrich M, Silverstone PH. Chronic lithium and sodium
valproate both decrease the concentration of myo-inositol
and increase the concentration of inositol monophosphates
in rat brain. Brain Res 2000;880:84-91.

8. Baslow MH, Kitada K, Suckow RF, Basalingappa LH,
Serikawa T. The effects of lithium chloride and other
substances on levels of brain N-acetyl-L-aspartic acid in
Canavan disease-like rats. Neurochem Res 2002;27(5):403-6.

9. Kessing LV, Sgndergard L, Forman JL, Andersen PK. Lithium
treatment and risk of dementia. Arch Gen Psychiatry 2008;
65(11):1331-5. 2008.

10. Leyhe T, Eschweiler GW, Stransky E, Gasser T, Annas P,
Basun H, et al. Increase of BDNF serum concentration in
lithium treated patients with early Alzheimer’s disease.

J Alzheimers Dis 2009;16(3):649-56. 2009.

11. Nunes PV, Forlenza OV, Gattaz WF. Lithium and risk for
Alzheimer’s disease in elderly patients with bipolar disorder.
Br J Psychiatry 2007;2007(190):359-60.

12. Janson CG, Assadi M, Francis J, Bilaniuk L, Shera D, Leone P.
Lithium citrate for Canavan disease. Pediatr Neurol 2005;33(4):
235-43.

13. Lam WWM, Wang ZJ, Zhao H, Berry GT, Kaplan P, Gibson J,
et al. 1H MR spectroscopy of the basal ganglia in childhood:
a semiquantitative analysis. Neuroradiology 1998;40:315-23.

14. Janson CG, McPhee SWJ, Bilaniuk L, Haselgrove ], Testaiuti M,
Freese A, et al. Clinical protocol. Gene therapy of Canavan
disease: aAV-2 vector for neurosurgical delivery of
aspartoacylase gene (ASPA) to the human brain. Hum Gene
Ther 2002 Jul 20;13(11):1391-412. 2002.

15. Barkovich AJ, Kjos BO, Jackson DEJ, Norman D. Normal
maturation of the neonatal and infant brain: MR imaging at 1.
5 T1. Radiology 1988;166:173-80.

16. Steen RG, Ogg RJ, Reddick WE, Kingsley PB. Age-related
changes in the pediatric brain: quantitative MR evidence of
maturational changes during adolescence. AJNR Am J
Neuroradiol 1997;18:819-28.

17. Westbrook GL, Mayer ML, Namboodiri MAA, Neale JH. High
concentrations of N-acetylasparylglutamate (NAAG)
selectively activiate NMDA receptors on mouse spinal cord
neurons in cell culture. ] Neurosci Nov 1986;6(11):3385-92.
1986.

18. Rubin Y, LaPlaca MC, Smith DH, Thibault LE, Lenkinski RE.
The effect of N-acetylaspartate on the intracellular free
calcium concentration in NTera2-neurons. Neuroendocrinol
Lett 1995;198:209-12. 1995.

19. Yan H-D, Ishihara K, Serikawa T, Sasa M. Activation by
N-acetyl-L-aspartate of acutely dissociated hippocampal
neurons in rate via metabotropic glutamate receptors.
Epilepsia 2003;44(9):1153-9. 2003.

20. Pliss L, FitzGibbon T, Balcar V, St’astny F. Neurotoxicity of
NAAG in vivo is sensitive to NMDA antagonists and mGluR II
ligands. Neuropharmacology and Neurotoxicology Nov 2000;
11(16):3651-4. 2000.

21. Akimitsu T, Kurisu K, Hanaya R, Lida K, Kiura Y, Arita K, et al.
Epileptic seizures induced by N-acetyl-L-aspartate in rats: in
vivo and in vitro studies. Brain Res 2000;861(1):143-50.

22. Zaczek R, Koller K, Cotter R, Heller D, Coyle J. N-
acetylaspartylglutamate: an endogenous peptide with high
affinity for a brain “glutamate” receptor. Proc Natl Acad Sci
USA Feb 1983;80:1116-9. 1983.

23. Tranberg M, Sandberg M. N-Acetylaspartate monomethyl
ester increases N-acetylaspartate concentration in cultured
rat hippocampal slices: effects of excitotoxicity and levels of
amino acids and chloride. ] Neurosci Methods 2007;163:105-10.
2007.

24. Taylor DL, Davies SEC, Obrenovitch TP, Doheny MH,
Patsalos PN, Clark JB, et al. Investigation into the role of N-
acetylaspartate in cerebral osmoregulation. ] Neurochem 1995;
65(1):275-81.

25. Baslow MH. Brain N-acetylaspartate as a molecular water
pump and its role in the etiology of Canavan disease. ] Mol
Neurosci 2003;21:185-9.

26. Chuang D. Neuroprotective and neurotrophic actions of the
mood stabilizer lithium: can it be used to treat
neurodegenerative diseases? Crit Rev Neurobiol 2004;16(1-2):
83-90.

27. Hashimoto R, Hough C, Nakazawa T, Yamamoto T, ChuangD.
Lithium protection against glutamate excitotoxicity in rat
cerebral cortical neurons: involvement of NMDA receptor



EUROPEAN JOURNAL OF PAEDIATRIC NEUROLOGY I4 (2010) 354-359

359

28.

29.

30.

31.

32.

33.

inhibition possibly by decreasing NR2B tyrosine
phosphorylation. ] Neurochem 2002;80:589-97.

Nonaka S, Hough C, Chuang D. Chronic lithium treatment
robustly protects neurons in the central nervous system against
exitotoxicity by inhibiting N-methy-D-aspartate receptor-
mediated calcium influx. Proc Natl Acad Sci USA 1998;95(5):2642-7.
Chalecka-Franaszek E, Chuang D. Lithium activates the
serine/threonine kinase Akt-1 and supresses the glutamate-
induced inhibition of Akt-1 activity in neurons. Proc Natl Acad
Sci USA 1999;96:8745-50.

Chen RW, Chuang D. Long term lithium treatment supresses
P53 and Bax expression but increases Bcl-2 expression. J Biol
Chem 1999;274(10):6039-42.

Rowe MK, Chuang D-M. Lithium neuroprotection: molecular
mechanisms and clinical implications. Expert Rev Mol Med
2004;6(21):1-18.

Moore GJ, Bebchuk JM, Hasanat K, Chen G, Seraji-

Bozorgzad N, Wilds IB, et al. Lithium increases N-acetyl-
aspartate in the human brain: in vivo evidence in support of
bcl-2’s neurotrophic effects? Biol Psychiatry 2000;48:1-8.
Silverstone PH, Wu RH, O’Donnell T, Ulrich M, Asghar SJ,
Hanstock CC. Chronic treatment with lithium, but not sodium
valproate, increases cortical N-acetyl-aspartate
concentrations in euthymic bipolar patients. Int Clin
Psychopharmacol 2003;18(2):73-9.

34.

35.

36.

37.

38.

39.

Monkul ES, Matsuo K, Nicoletti MA, Dierschke N, Hatch JP,
Dalwani M, et al. Prefrontal gray matter increases in healthy
individuals after lithium treatment: a voxel-based
morphometry study. Neurosci Lett 2007;429(1):7-11.

Brambilla P, Stanley JA, Sassi RB, Nicoletti MA, Mallinger AG,
Keshavan MS, et al. HMRS study of dorsolateral prefrontal
cortex in healthy individuals before and after lithium
administration. Neuropsychopharmacology 2004;29:1918-24.
2004.

Fujita T, Katsukawa H, Yodoya E, Wada M, Shimada A,
Okada N, et al. Transport characteristics of N-acetyl-L-
aspartate in rat astrocytes: involvement of sodium-coupled
high-affinity carboxylate transporter NaC3/NaDC3-mediated
transport system. ] Neurochem 2005;93:706-14. 2005.

Sager TN, Thomsen C, Valsborg JS, Laursen H, Hansen AJ.
Astroglia contain a specific transport mechanism for N-
Acetyl-L-Aspartate. ] Neurochem 1999;73(2):807-11. 1999.
Wang H, Fei Y-J, Kekuda R, Yang-Feng T, Devoe L, Leibach F,
et al. Structure, function, and genomic organization of
human Na* -dependent high-affinity dicarboxylate
transporter. AmJ Physiol, Cell Physiol 2000;278. 2000C1019-C30.
Kekuda R, Wang H, Huang W, Pajor A, Leibach F, Devoe L,
et al. Primary structure and functional characteristics of

a mammalian sodium-coupled high affinity dicarboxylate
transporter. ] Biol Chem Feb 1999;274(6):3422-9. 1999.



	Lithium citrate reduces excessive intra-cerebral N-acetyl aspartate in Canavan disease
	Introduction
	Materials and methods
	Result
	Discussion
	Conclusions
	References


