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1 | INTRODUCTION
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Abstract

Cortical atrophy has been identified using magnetic resonance imaging (MRI) in
humans and dogs with Lafora disease (LD). In humans, proton magnetic resonance
spectroscopy (IHMRS) of the brain indicates decreased N-acetyl-aspartate (NAA)
relative to other brain metabolites. Brain 1HMRS findings in dogs with LD are lacking.
A 6-year-old female Beagle was presented with a history of a single generalized
tonic-clonic seizure and episodic reflex myoclonus. Clinical, hematological, and neuro-
logical examination findings and 3-Tesla MRI of the brain were unremarkable. Brain
1HMRS with voxel positioning in the thalamus was performed in the affected Beagle.
It identified decreased amounts of NAA, glutamate-glutamine complex, and increased
total choline and phosphoethanolamine relative to water and total creatine compared
with the reference range in healthy control Beagles. A subsequent genetic test con-
firmed LD. Abnormalities in 1HMRS despite lack of changes with conventional MRI
were identified in a dog with LD.
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cells of other organs.® This accumulation leads to neurological dys-

function, a classical sign being myoclonus epilepsy.l? A mutation of the

Lafora disease is a genetic disease with autosomal recessive inheritance
affecting people and numerous animal species, including dogs.}™-
Certain dog breeds, such as miniature wire-haired Dachshunds, Basset
Hounds, and Beagles are reported to be affected.>* The disease is char-
acterized by abnormal accumulation of polyglucosan inclusions (also
called Lafora bodies), mainly in neurons. To a lesser extent, Lafora bod-

ies also can be found in other cells of the central nervous system and in

Abbreviations: 1HMRS, proton magnetic resonance spectroscopy; FWHM, full width at half
maximum; Glx, glutamate and glutamine complex; Gly, glycine; GPC, glycerophosphocholine;
HE, hepatic encephalopathy; LD, Lafora disease; ml, myo-inositol; MRI, magnetic resonance
imaging; NAA, N-acetyl-aspartate; PE, phosphoethanolamine; SNR, signal-to-noise ratio;
T1W, T1-weighted; T2W, T2-weighted; tCho, total choline; tCr, total creatine; TE, echo time;
TR, repetition time.

NHLRC1 gene has been identified in affected dogs, and a genetic test
is available®* Conventional magnetic resonance imaging (MRI) in
humans and dogs can be normal or may disclose gray matter atrophy in
the brain.12

Proton magnetic resonance spectroscopy (IHMRS) is a diagnostic
imaging tool that assesses the concentration of brain metabolites and is
used to characterize several systemic and cerebral diseases in humans
and dogs.>*? Commonly measured brain metabolites include total cho-
line (tCho), which is involved in cell membrane synthesis, N-acetyl-aspar-
tate (NAA), a neuronal marker, total creatine (tCre), which is responsible
(ml),
cell marker®1?13 |n Lafora disease in humans, 1HMRS identified

for intracellular energy states and myo-Inositol a glial

decreased NAA ratios to tCr, tCho, and ml in cortical, cerebellar, and basal
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ganglia areas of the brain affected by LD.1#2 Proton magnetic resonance

spectroscopy has not been performed previously in dogs with LD.

1.1 | Case presentation

A client-owned 6-year-old, 13-kg, female neutered Beagle was
presented to the neurology service in the small animal clinic of the
University of Zurich. The dog had a history of 1 generalized tonic-
clonic seizure and multiple episodes of myoclonus seizures, which
usually were precipitated by auditory or visual triggers. Blood bio-
chemistry and hematology were performed by the referring veterinar-
ian, including fasted and postprandial bile acid concentrations, and
results were within the reference range. The dog was treated with
2 mg/kg phenobarbital PO q12h for 1 month before presentation at
the University of Zurich and the blood phenobarbital concentration
was 14.9 mg/L. Clinical and neurological examinations did not identify
any abnormalities. The neuroanatomical localization was the forebrain.
Based on the signalment and seizure semiology, LD was strongly
suspected. Blood samples were obtained and genetic testing for the
NHLRC1 gene mutation was performed in a commercial laboratory
using PCR as described previously.> The dog was sedated with IV
midazolam (0.2 mg/kg) and butorphanol (0.2 mg/kg), and anesthesia
was induced with IV propofol (2.5 mg/kg) and maintained with
sevoflurane gas. During anesthesia the dog received Ringer's actetate
(3 mL/kg/h).

Magnetic resonance imaging of the brain was performed with a
high-field 3-Tesla MRI scanner (Philips Ingenia, Philips AG, Switzerland)
equipped with a head/neck/spine coil. The dog was positioned in dorsal
recumbency. Studies included gradient echo pre- and postcontrast 3D
T1-weighted (T1W) images (echo time [TE] = 4.1 ms, repetition time
[TR] = 8.9 ms; slice thickness = 0.6 mm), spin echo 3D T2-weighted
(T2W) images (TE = 180.9 ms, TR = 2300 ms, slice thickness = 0.7 mm)
and transverse fluid attenuation inversion recovery (TE = 125 ms,
TR = 11 000 ms, slice thickness = 2.5 mm) images. Gadopentetate dim-
eglumine (0.1 mmol/kg) was administered IV for postcontrast image
acquisitions.

Proton magnetic resonance spectroscopy was performed before
contrast media administration. The 1HMRS protocol used was the same
as previously described with voxel positioning in the left thalamic area
(TE = 32 ms, TR = 2000 ms, 240 signal averages).” Proton magnetic res-
onance spectroscopy data were analyzed using the LCModel software,
which fits the spectra as a linear combination of model spectra of
metabolites presumably present in the tissue. Simulated spectra of
20 metabolites (alanine, aspartate, glucose, creatine, phosphocreatine,
glutamine, glutamate, glycerophosphocholine [GPC], phosphocholine,
lactate, ml, NAA, N-acetyl-aspartyl-glutamate, scyllo-inositol, glutathi-
one, taurine, glycine [Gly], phosphoethanolamine [PE], ascorbate, and
y-aminobutyric acid) were used. Contributions from lipids and macro-
molecules were simulated in the LCModel. Estimates of the mmol/L
concentrations of the metabolites were calculated with the
unsuppressed water signal as reference (TE = 32 ms, TR = 2 seconds),

estimating a pure gray mater water concentration of 43 300 mmol/L

N
(LCModel setting: WCONC = 43 300) and correcting for relaxation
attenuation by an factor of 0.7 (ATTH20O = 0.7). In addition, the metab-
olite ratios to total creatine (tCr, the sum of creatine and phosphocrea-
tine) were calculated.

A cisternal cerebrospinal fluid collection was performed under
aseptic conditions at the end of the MRI investigation.

In addition, MRI and 1HMRS with voxel positioning in the tha-
lamic area of 12 healthy 3- to 6-year-old Beagles (with the same
acquisition and anesthesia protocol with butorphanol, propofol, and
sevoflurane) and archived from an independent research study was
used for comparison (animal permission number: ZH272/16). Signal-
to-noise ratio (SNR) and full width at half maximum (FWHM) were
comparable between the investigated dog (SNR, 10; FWHM, 4) and
healthy controls (SNR range, 9-18; median, 14.5; FWHM range,
2.9-5.9 Hz; median, 4.4 Hz) (Figure 1). Metabolites and their ratios to
tCr of the Beagle with LD were considered increased or decreased if
they were outside of the range of the healthy Beagle dogs' metabolite
concentrations and their ratios to tCr.

Magnetic resonance imaging examination of the investigated dog
brain did not identify any abnormalities.

The results of 1HMRS are presented in the Table 1 and Figure 1.
Compared to metabolite concentrations found in the healthy controls,
the molar concentrations of the sum of glutamate and glutamine [GIx],
NAA, and the sum of ml and Gly [ml + Gly] were decreased in the LD
dog whereas increased concentrations of tCho and PE were found.
Abnormal ratios to tCr were observed for GIx (decreased), tCho
(increased), and PE (increased).

In the cerebrospinal fluid, cell count, cell types, and protein con-
centration were within normal limits. The genetic test confirmed LD.

The phenobarbital dosage was adjusted appropriately, but the
Beagle still continued to have myoclonus seizures with increased fre-
quency. Therefore, treatment with phenobarbital was continued for
generalized tonic-clonic seizures, and levetiracetam (20 mg/kg PO
g8h) was added in an attempt to better control the myoclonus
seizures.>*® Additionally, the dog was fed a commercial food to support
the nervous system. The owner reported improvement with no addi-
tional tonic-clonic seizures and decreased frequency (approximately

50% according to the owner's observations) of myoclonus seizures.

2 | DISCUSSION

Proton magnetic resonance spectroscopy is an imaging technique that
provides specific biochemical information on numerous intracellular
metabolites in a noninvasive way.é’lz’13 In humans, 1IHMRS is used to
screen for metabolic abnormalities such as inborn errors of metabo-
lism.®*2? Proton magnetic resonance spectroscopy findings in dogs
with metabolic diseases are sparse.”?°?2 We were able to detect
metabolic changes in the brain of the Beagle dog with LD using
1HMRS despite a lack of abnormalities using conventional MRI. This
difference also is common in humans with LD.2*%¢ In fact, volumetric
brain measurements in humans with LD were not significantly differ-

ent from these of healthy controls.**
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FIGURE 1

Comparison of the fitted spectrum obtained from the Beagle with LD (light blue line) and the average fitted spectrum of the

control Beagles (red line). Highlighted in gray, the entire range of measured values of all 10 healthy Beagles is shown. The NAA and GIx peaks
are lower, and the tCho peak is higher in the Beagle with LD compared to control Beagles. Relevant metabolite peaks are marked in the figure.
All spectra are scaled with the maximum of the fitted tCr signal for viewing purposes. Glx, glutamate-glutamine complex; LD, Lafora disease; NAA,

N-acetyl-aspartate; tCho, total choline; tCr, total creatine

TABLE 1

Beagle with LD

Relevant brain metabolites of the Beagle with LD compared with control group

Healthy controls

Concentration Concentration range Range of
Brain metabolite CRLB (%) relative to water Ratio to tCr CRLB (%) relative to water ratio to tCr
tCr 4 7.72 - 3.08 7.24-8.96 1.00
ml 9 8.26 1.07 6.5 7.39-10.46 0.95-1.31
ml + Gly 5 9.54 1.24 3.33 9.91-11.50 1.16-1.49
NAA 6 6.47 0.84 475 6.78-8.06 0.80-1.03
Glx 11 9.07 1.18 417 11.78-15.79 1.43-1.92
tCho 5 247 0.32 417 1.97-2.40 0.24-0.32
PE 23 4.06 0.53 38.67 1.23-3.52 0.16-0.45

Abbreviations: CRLB, Cramér Rao lower bound; Glx, glutamate-glutamine complex; Gly, glycine; LD, Lafora disease; ml, myo-inositol; NAA, N-acetyl-aspar-

tate; PE, phosphoethanolamine; tCho, total choline; tCr, total creatine.

N-acetyl-aspartate is synthetized in neuronal mitochondria and is
transported along the axons. Therefore, a normal concentration of
NAA indicates neuronal and axonal integrity, and a decrease suggests
neuronal damage and loss.2® N-acetyl-aspartate was decreased in the
Beagle with LD compared to controls. A decrease of NAA in cerebral
cortex, basal nuclei and cerebellum has been detected in studies of
humans with LD.**1¢ Glutamate is an excitatory neurotransmitter,
and glutamine is its precursor, whereas Gly is an inhibitory neuro-
transmitter and an N-methyl-p-aspartate receptor coagonist.1%2* Glu-
tamate and glutamine often are identified as a complex using
1HMRS.2? In the Beagle with LD, Glx and Gly + ml were decreased
compared to healthy controls. We speculate that the decrement of
GlIx might be the result of treatment with phenobarbital. In studies of
humans, 1HMRS has been performed for the purpose of evaluating
y-aminobutyric acid as well as glutamate and glutamine concentra-
tions in the brain under the influence of antiepileptic drugs with con-
troversial results.?>?® To our knowledge, no 1HMRS investigations
concentrations in treated with

of neurotransmitter patients

phenobarbital have been reported. In human patients suffering from
LD, no changes of GIx have been reported, but the majority of these
patients were treated with antiepileptic drugs, with 1 patient being
treated with phenobarbital.2**¢ Therefore, it is unclear whether pre-
treatment with phenobarbital influenced the decrease of Glx or if it is
a feature of LD in dogs. The signals of Gly and ml are difficult to sepa-
rate using ITHMRS with a TE of 32 ms measured by 3-Tesla MRI, but
we suspect that Gly contributed more to the decrease of ml + Gly in
the investigated LD dog. The ml concentration alone was comparable
to that of the control Beagles (Table 1). A decrease of Gly as a conse-
guence of phenobarbital administration has not been described and
therefore the Gly concentration in the brain might be decreased as a
consequence of LD.

Choline and choline-containing compounds are important in cell
membrane synthesis.'? Total choline was increased in the Beagle with
LD. Individual brain metabolite analysis with LCModel was suggestive
mainly of GPC contribution to increased tCho concentration. In addition,

the main peak of PE appears at the same position in the spectrum as
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the methyl protons of choline-containing compounds and a reliable esti-
mation of the PE contribution is difficult to make (resulting in high
uncertainty in the determined concentration for this metabolite of low
concentration). The observed increase in PE therefore could merely
reflect the increase in tCho. Phosphoethanolamine is a precursor of cell
membrane phospholipids.?”?® Glycerophosphocholine, on the other
hand, is a compound detected after cell membrane destruction. In
human patients with LD, the ratio of tCho to tCr was significantly
increased in the frontal cortex, which was explained by gliosis,***> but
an increase of tCho was not identified in another study.16 The increase
of tCho in the investigated dog could be associated with neuronal cell
membrane destruction, demyelination and, less likely, gliosis. Only mini-
mal gliosis has been found in histopathological examinations of dogs
with LD, and the ml concentration (a marker of gliosis) in the investi-
gated dog was within the concentration range of the control group
(Table 1).°

In a study investigating dogs with hepatic encephalopathy (HE),
1HMRS of the basal nuclei area identified increased concentrations of
GIx and decreased concentrations of NAA, tCho, and ml relative to
water and tCr compared to controls.” Similarly to the dogs with HE,
brain 1HMRS of the Beagle described here showed a decrease of
NAA, but, in contrast to dogs diagnosed with HE, GIx ratio to water
and tCr was decreased (Figure 1).

Two case reports investigating dogs with the lysosomal storage
disease GM2-gangliosidosis identified a decrease of NAA/tCre and an
increase of tCho/tCre in the cerebellar white matter and frontal cor-
tex compared to controls.2>2! Additionally, Gly + ml/tCr, and lactate
+ alanine/tCr ratios in the frontal cortex were increased in 1 of the
2 cases compared with healthy dogs.?® A long echo time 1THMRS was
performed in the latter case report, which hampers detection of GIx.2°
Information of the echo time was not available in the other case
report.2! Decreased NAA/tCre and increased tCho/tCre ratios were
common findings in the investigated Beagle dog with LD and the pre-
viously described cases. In contrast to the case report describing
1HMRS findings in dog suffering from GM2-gangliosidosis, ml + Gly/tCr
was decreased in the Beagle with LD.

Our case report has several limitations. First, no histopathologi-
cal examination was performed on the Beagle. Nevertheless, the dog
had a typical signalment and clinical signs, and LD was confirmed
genetically. Second, only 1 Beagle with LD was investigated, which
may not reflect the 1HMRS features in the entire population of dogs
suffering from LD. Third, the voxel was positioned in the thalamic
area in the Beagle with LD, which precludes direct comparison of
investigations of humans with LD, in whom voxels were placed in
cerebral cortex, basal ganglia, and cerebellum.'* ¢ On the other
hand, Lafora bodies are present in thalamic area in humans, dogs,
and mice affected by the disease, and the 1THMRS voxels also were
positioned in diencephalon in the healthy Beagles, enabling a reliable
comparison between findings in the dog with LD and control
group.>3%31 |n the study investigating dogs with HE, 1HMRS in the
thalamic area of 12 healthy Beagles found results comparable to

those of our control group.”"*”

terinary Int
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3 | CONCLUSIONS

Changes of brain metabolites in a Beagle dog with LD were detectable
with 1HMRS despite absent abnormalities using conventional MRI.
Changes included decreased NAA, Gly + ml, and GIx and increased
tCho concentrations. Possibly, 1HMRS spectra of dogs with LD may
have features distinct from those of other metabolic diseases. Associ-
ations between 1HMRS findings and clinical sign severity in LD
remain unknown in dogs, but investigation of such associations should
be a future study objective. Proton magnetic resonance spectroscopy
might help differentiate between metabolic brain disorders and moni-
tor the effect of treatments in the future.

CONFLICT OF INTEREST DECLARATION

Authors declare no conflict of interest.

OFF-LABEL ANTIMICROBIAL DECLARATION
Authors declare no off-label use of antimicrobials.

INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE
(IACUC) OR OTHER APPROVAL DECLARATION

Authors declare no IACUC or other approval was needed.

HUMAN ETHICS APPROVAL DECLARATION
Authors declare human ethics approval was not needed for this study.

ORCID
Neringa Alisauskaite ' https://orcid.org/0000-0003-1820-4717
https://orcid.org/0000-0002-1823-7845

https://orcid.org/0000-0002-9722-7783

Katrin Beckmann
Niklaus Zolch

REFERENCES

1. Turnbull J, Tiberia E, Striano P, et al. Lafora disease. Epileptic
Disord. 2016;18(s2):538-S62. https://doi.org/10.1684/epd.2016.
0842.

2. Swain L, Key G, Tauro A, et al. Lafora disease in miniature wire-
haired dachshunds. PLoS One. 2017;12(8):1-13. https://doi.org/10.
1371/journal.pone.0182024.

3. Lohi H, Young EJ, Fitzmaurice SN, et al. Expanded repeat in canine
epilepsy. Science (80-). 2005;307(5706):81. https://doi.org/10.1126/
science.1102832.

4. Hajek |, Kettner F, Simerdova V, et al. NHLRC1 repeat expansion in
two Beagles with Lafora disease. J Small Anim Pract. 2016;57(11):
650-652. https://doi.org/10.1111/jsap.12593.

5. Chambers JK, Thongtharb A, Shiga T, et al. Accumulation of Laforin
and other related proteins in canine Lafora disease with EPM2B
repeat expansion. Vet Pathol. 2018;55(4):543-551. https://doi.org/
10.1177/0300985818758471.

6. Manias KA, Peet A. What is MR spectroscopy?Arch Dis Child Educ Pract
Ed. 2018;103(4):213-216. https://doi.org/10.1136/archdischild-2017-
312839.

7. Carrera |, Kircher PR, Meier D, et al. In vivo proton magnetic reso-
nance spectroscopy for the evaluation of hepatic encephalopathy in
dogs. Clin Small Anim Surg. 2014,75(9):818-827.

8. Carrera |, Richter H, Beckmann K, Meier D, Dennler M, Kircher PR.
Evaluation  of intracranial neoplasia  and noninfectious


https://orcid.org/0000-0003-1820-4717
https://orcid.org/0000-0003-1820-4717
https://orcid.org/0000-0002-1823-7845
https://orcid.org/0000-0002-1823-7845
https://orcid.org/0000-0002-9722-7783
https://orcid.org/0000-0002-9722-7783
https://doi.org/10.1684/epd.2016.0842
https://doi.org/10.1684/epd.2016.0842
https://doi.org/10.1371/journal.pone.0182024
https://doi.org/10.1371/journal.pone.0182024
https://doi.org/10.1126/science.1102832
https://doi.org/10.1126/science.1102832
https://doi.org/10.1111/jsap.12593
https://doi.org/10.1177/0300985818758471
https://doi.org/10.1177/0300985818758471
https://doi.org/10.1136/archdischild-2017-312839
https://doi.org/10.1136/archdischild-2017-312839

1598 | Journal of Veterinary Internal Medicine AC\?{/IM

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

ALISAUSKAITE ET AL.

American College of
feterinary Internal Medicine
meningoencephalitis in dogs by use of short echo time, single voxel
proton magnetic resonance spectroscopy at 3.0 Tesla. Am J Vet Res.
2016;77(5):452-462. https://doi.org/10.2460/ajvr.77.5.452.
Barker PB, Blackband SJ, Chatham JC, et al. Quantitative proton spec-
troscopy and histology of a canine brain tumor model. Magn Reson
Med. 1993;30(4):458-464.
Neppl R, Nguyen CM, Bowen W, et al. In vivo detection of postictal
perturbations of cerebral metabolism by use of proton mr spectros-
copy: preliminary results in a canine model of prolonged generalized
seizures. Am J Neuroradiol. 2001;22(10):1933-1943.
Kang BT, Jang DP, Lee JH, et al. Detection of cerebral metabolites in
a canine model of ischemic stroke using 1H magnetic resonance spec-
troscopy. Res Vet Sci. 2009;87(2):300-306. https://doi.org/10.1016/j.
rvsc.2009.01.010.
Van Der Graaf M. In vivo magnetic resonance spectroscopy: basic
methodology and clinical applications. Eur Biophys J. 2010;39(4).:527-
540. https://doi.org/10.1007/s00249-009-0517-y.
Verma A, Kumar I, Verma N, Aggarwal P, Ojha R. Magnetic resonance
spectroscopy—revisiting the biochemical and molecular milieu of
brain tumors. BBA Clin. 2016;5:170-178. https://doi.org/10.1016/j.
bbacli.2016.04.002.
Villanueva V, Alvarez-Linera J, Pilar G, et al. MRI volumetry and pro-
ton MR spectroscopy of the brain in Lafora disease. Epilepsia. 2006;
47(4):788-792.
Pichiecchio A, Veggiotti P, Cardinali S, Longaretti F, Poloni GU,
Uggetti C. Lafora disease: spectroscopy study correlated with neuro-
psychological findings. Eur J Paediatr Neurol. 2008;12(4):342-347.
https://doi.org/10.1016/j.ejpn.2007.09.008.
Altindag E, Kara B, Baykan B, et al. Short communication MR spec-
troscopy findings in Lafora disease. J Neuroimaging. 2009;19(4):359-
365. https://doi.org/10.1111/j.1552-6569.2008.00325.x.
Carrera |, Richter H, Meier D, et al. Regional metabolite concentra-
tions in the brain of healthy dogs measured by use of short echo time,
single voxel proton magnetic resonance spectroscopy at 3.0 Tesla.
Am J Vet Res. 2015;76(2):129-141. https://doi.org/10.2460/ajvr.76.
2.129.
Lowrie M, Garosi L. Classification of involuntary movements in dogs:
myoclonus and myotonia. J Vet Intern Med. 2017;31(4):979-987.
https://doi.org/10.1111/jvim.14771.
Cecil KN. MR spectroscopy of metabolic disorders. Neuroimaging Clin
N Am. 2006;16(1):87-116.
Ito D, Ishikawa C, Jeffery ND, et al. Two-year follow-up magnetic res-
onance imaging and spectroscopy findings and cerebrospinal fluid
analysis of a dog with Sandhoff's disease. J Vet Intern Med. 2018;32
(2):797-804. https://doi.org/10.1111/jvim.15041.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Freeman AC, Platt SR, Vandenberg M, et al. GM2 Gangliosidosis
(B variant) in two Japanese chins: clinical, magnetic resonance imaging
and pathological characteristics. J Vet Intern Med. 2013;27(4).771-776.

Vite CH, Cross JR. Correlating magnetic resonance findings with neuro-
pathology and clinical signs in dogs and cats. Vet Radiol Ultrasound.
2011;52:523-S31. https://doi.org/10.1111/j.1740-8261.2010.01782.x.

Baslow MH. Evidence supporting a role for N-acetyl-L-aspartate as a
molecular water pump in myelinated neurons in the central nervous
system: an analytical review. Neurochem Int. 2002;40(4):295-300.
https://doi.org/10.1016/50197-0186(01)00095-X.

Betz H, Gomeza J, Armsen W, et al. Glycine transporters: essential
regulators of synaptic transmission. Biochem Soc Trans. 2006;34(1):
55-58. https://doi.org/10.1042/BST0340055.

Van Veenendaal TM, ljff DM, Aldenkamp AP, et al. Neuroscience and
biobehavioral reviews metabolic and functional MR biomarkers of
antiepileptic drug effectiveness: a review. Neurosci Biobehav Rev.
2015;59:92-99.

Chowdhury FA, Gorman RLO, Nashef L, et al. Investigation of gluta-
mine and GABA levels in patients with idiopathic generalized epilepsy
using MEGAPRESS. J Magn Reson Imaging. 2015;41(3):694-699. https://
doi.org/10.1002/jmri.24611.Investigation.

Mierisova S, Ala-Korpela M. MR spectroscopy quantitation: a review
of frequency domain methods. NMR Biomed. 2001;14(4):247-259.
https://doi.org/10.1002/nbm.697.

Lorenzo VP, Jaime F, Mendonca B, et al. Theoretical study of pho-
sphoethanolamine: a synthetic anticancer agent with broad antitumor
activity. J Chem. 2016;2016:1-8.

Sonkar K, Cai R, Tressler CM, et al. Focus on the glycerophosphocholine
pathway in choline phospholipid metabolism of cancer. NMR Biomed.
2019;32(10):e4112. https://doi.org/10.1002/nbm.4112.

Marinas A, Guerrero R, Garci AM, et al. Laforin and Malin deletions in
mice produce similar neurologic impairments. J Neuropathol Exp Neu-
rol. 2012;71(5):413-421.

Minassian BA. Lafora's disease: towards a clinical, pathologic, and
molecular synthesis. Pediatr Neurol. 2001;25(1):21-29.

How to cite this article: Alisauskaite N, Beckmann K,
Dennler M, Zélch N. Brain proton magnetic resonance
spectroscopy findings in a Beagle dog with genetically
confirmed Lafora disease. J Vet Intern Med. 2020;34:
1594-1598. https://doi.org/10.1111/jvim.15799



https://doi.org/10.2460/ajvr.77.5.452
https://doi.org/10.1016/j.rvsc.2009.01.010
https://doi.org/10.1016/j.rvsc.2009.01.010
https://doi.org/10.1007/s00249-009-0517-y
https://doi.org/10.1016/j.bbacli.2016.04.002
https://doi.org/10.1016/j.bbacli.2016.04.002
https://doi.org/10.1016/j.ejpn.2007.09.008
https://doi.org/10.1111/j.1552-6569.2008.00325.x
https://doi.org/10.2460/ajvr.76.2.129
https://doi.org/10.2460/ajvr.76.2.129
https://doi.org/10.1111/jvim.14771
https://doi.org/10.1111/jvim.15041
https://doi.org/10.1111/j.1740-8261.2010.01782.x
https://doi.org/10.1016/S0197-0186(01)00095-X
https://doi.org/10.1042/BST0340055
https://doi.org/10.1002/jmri.24611.Investigation
https://doi.org/10.1002/jmri.24611.Investigation
https://doi.org/10.1002/nbm.697
https://doi.org/10.1002/nbm.4112
https://doi.org/10.1111/jvim.15799

	Brain proton magnetic resonance spectroscopy findings in a Beagle dog with genetically confirmed Lafora disease
	1  INTRODUCTION
	1.1  Case presentation

	2  DISCUSSION
	3  CONCLUSIONS
	  CONFLICT OF INTEREST DECLARATION
	  OFF-LABEL ANTIMICROBIAL DECLARATION
	  INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE (IACUC) OR OTHER APPROVAL DECLARATION
	  HUMAN ETHICS APPROVAL DECLARATION
	REFERENCES


