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Abstract

Tissue accumulation of L-2-hydroxyglutaric acid (L-2-HG) is the biochemical hallmark of L-
2-hydroxyglutaric aciduria (L-2-HGA), a rare neurometabolic inherited disease characterized by
neurological symptoms and brain white matter abnormalities whose pathogenesis is not yet well
established. L-2-HG was intracerebrarly administered to rat pups at postnatal day 1 (P1) to induce a
rise of L-2-HG levels in the central nervous system (CNS). Thereafter, we investigated whether L-2-
HG in vivo administration could disturb redox homeostasis and induce brain histopathological
alterations in cerebral cortex and striatum of neonatal rats. L-2-HG markedly induced the generation of
reactive oxygen species (increase of 2',7'-dichloroflurescein-DCFH- oxidation), lipid peroxidation
(increase of malondialdehyde concentrations) and protein oxidation (increase of carbonyl formation
and decrease of sulfhydryl content), besides decreasing the antioxidant defenses (reduced glutathione-
GSH) and sulfhydryl content in cerebral cortex. Alterations of the activities of various antioxidant
enzymes were also observed in cerebral cortex and striatum following L-2-HG administration.
Furthermore, L-2-HG-induced lipid peroxidation and GSH decrease in cerebral cortex were prevented
by the antioxidant melatonin and by the classical antagonist of NMDA glutamate receptor MK-801,
suggesting the involvement of reactive species and of overstimulation of NMDA receptor in these
effects. Finally, L-2-HG provoked vacuolation and edema particularly in the cerebral cortex with less
intense alterations in the striatum that were possibly associated with the unbalanced redox homeostasis
caused by this metabolite. Taken together, it is presumed that these pathomechanisms may underlie the

neurological symptoms and brain abnormalities observed in the affected patients.

Keywords: L-2-hydroxyglutaric aciduria; L-2-hydroxyglutaric acid; redox homeostasis; cerebral

cortex; striatum; histopathology.



Introduction

L-2-Hydroxyglutaric aciduria (L-2-HGA; MIM#236792) is a rare autosomal recessive inborn
error of metabolism caused by mutations in the L-2-hydroxyglutarate dehydrogenase gene (L2HGDH),
resulting in highly elevated levels of L-2-hydroxyglutaric acid (L-2-HG) in tissues and biological fluids
(urine, plasma, and cerebro-spinal fluid). The LZHGDH gene is expressed in multiple tissues, with the
strongest expression in the brain [1]. To date, there are over three hundred documented cases of this
disease in the medical literature [2-7]. The main neurological manifestations include progressive mental
retardation, variable motor impairment and cerebellar ataxia. Most patients also present macrocephaly,
pyramidal and extrapyramidal signs, dystonia and a typical MRI profile with striking subcortical
leucoencephalopathy and basal ganglia abnormalities [5,8]. Characteristic brain MRI findings in L-2-
HGA comprise alterations in the subcortical cerebral white matter, dentate nucleus, globus pallidus,
putamen and caudate nucleus [5]. As the disease progresses, alterations of white matter and basal ganglia
signal intensities become more diffuse, followed by cerebral white matter atrophy [3]. A strong
correlation between the clinical disability and the extent of pathologic changes on MRI has been reported,
but this is still under debate [5].

The mechanisms of the neurological symptoms presented by L-2-HGA patients are still poorly
understood. However, increased concentrations of L-2-HG were associated with the appearance of
neurological symptoms, indicating that this organic acid may be potentially neurotoxic in this disorder [9-
12]. In this context, it was verified that L-2-HG inhibits creatine kinase activity in rat cerebellum
homogenates [13], induces oxidative stress [14] and increases glutamate uptake in synaptosomes and
synaptic vesicles [15]. Furthermore, it was demonstrated that intracerebral administration of L-2-HG to
rats induces oxidative stress by decreasing the antioxidant defenses and raising reactive oxygen species in

striatum and cerebellum of rats, besides causing marked brain histopathological alterations [16].

Considering that the brain is highly susceptible to free radical attack due to its low antioxidant
defenses and high oxygen consumption potentially leading to a proportionally high mitochondrial
production of reactive species [17], in the present study we investigated the effects of intracerebral
administration of L-2-HG on a large spectrum of redox homeostasis parameters in cerebral cortex and
striatum of neonatal rats. Lipid oxidative damage (malondialdehyde levels), protein oxidation (carbonyl
formation and sulfhydryl content), reactive oxygen species (DCFH oxidation), and the non-enzymatic
(GSH levels) and enzymatic antioxidant defenses (glutathione peroxidase, glutathione reductase,
glutathione S-transferase, glucose-6-phosphate dehydrogenase, catalase and superoxide dismutase) were
evaluated. We also investigated whether L-2-HG could provoke-histopathological changes in the brain of

these animals.



Material and Methods

Animals

Neonatal Wistar rats obtained from the Central Animal House of the Department of
Biochemistry, ICBS, Universidade Federal do Rio Grande do Sul (UFRGS), Porto Alegre, RS, Brazil,
were used. Six whole litters of 12 animals each were used for each experimental in vivo condition. The
animals had free access to water and 20% (w/w) protein commercial chow (SUPRA, Porto Alegre, RS,
Brazil) and were maintained on a 12:12-h light/dark cycle in an air-conditioned constant temperature (22
°C £ 1 °C) colony room. The experimental protocol was approved by the Ethics Committee for animal
research of the Universidade Federal do Rio Grande do Sul, Porto Alegre, Brazil, and followed the
“Guide for the Care and Use of Laboratory Animals” (NIH publication 85-23, revised 2011). All efforts

were made to minimize the number of animals used and their suffering.

Reagents

All chemicals were purchased from Sigma Chemical Co., St. Louis, MO, USA. L-2-HG was
dissolved in phosphate-buffered saline (PBS) on the day of the experiments, and the pH was adjusted to
7.4.

L-2-HG administration and drug treatment

Seventy-two neonatal pups were used in the experiments. Each littermate was injected
intracerebrarly into the Cisterna magna, as previously described [18,19], between 12 and 48 hours after
birth (P1) with L-2-HG (0.75 umol/g, pH 7.4) or vehicle (phosphate buffered saline (PBS), 0.01 M, pH
7.4). After injection, animals were allowed to recover during 15-30 min and returned to their mother. In
some experiments, the antioxidant melatonin (MEL; 20 mg/kg body weight) [20] or the classical NMDA
receptor antagonist MK-801 (0.25 mg/kg body weight) [16] was administered intraperitoneally 60 min

before L-2-HG administration.

Sample Preparation

Six hours after L-2-HG injection, animals were euthanized by decapitation, and the brain was
immediately removed and kept on an ice Petri plate. The olfactory bulb, pons, and medulla were
discarded and the cerebral cortex and striatum were dissected, weighed, and kept chilled until
homogenization. These structures were homogenized (1:10 w/v) in 20 mM sodium phosphate, pH 7.4,
containing 140 mM chloride potassium (1:10 wi/v), centrifuged at 750 g for 10 min and the supernatants

used for the assays.

Malondialdehyde Levels



MDA concentrations were measured according to the method described by Yagi [21] with some
modifications. Briefly, one hundred microliters of cerebral cortex or striatum supernatants containing 0.3
mg of protein were treated with 200 uL of 10 % trichloroacetic acid and 300 pL of 0.67 % thiobarbituric
acid in 7.1 % sodium sulfate and incubated for 1 h in a boiling water bath. The tubes containing the
mixture were allowed to cool on running tap water for 5 min. The resulting pink-stained complex was
extracted with 400 pL of butanol. Fluorescence of the organic phase was read at 515 and 553 nm as
excitation and emission wavelengths, respectively. A calibration curve was performed using 1,1,3,3-
tetramethoxypropane and subjected to the same treatment as supernatants. MDA levels were calculated as
nmol MDA / mg protein.

Sulfhydryl Group Content

This assay was performed according to Aksenov and Markesbery [22]. It is based on the
reduction of of 5,5'-dithio-bis(2-nitrobenzoic acid) DTNB by thiol groups, generating a yellow-stained
compound TNB whose absorption is measured spectrophotometrically at 412 nm. Thirty microliters of
0.1 mM DTNB was added to 120 pL of cerebral cortex or striatum supernatants containing 0.36mg of
protein. This was followed by 30-min incubation at room temperature in a dark room. Absorption was

measured at 412 nm. Results were calculated as nmol TNB / mg protein.

Protein carbonyl formation

Protein carbonyl formation was measured according to the method of Reznick and Packer [23].
The assay is based on the reaction of the carbonyl groups with 2,4-dinitrophenylhydrazine (DNPH)
generating a corresponding dinitrophenyl hydrazone, whose absorbance is read in spectrophotometer at
370 nm. Briefly, 200 pL of cerebral cortex or striatum supernatants were treated with 400 pL of 10 mM
DNPH dissolved in 2.5 M HCI or with 2.5 M HCI (blank) and left in the dark for 1 h. Samples were then
precipitated with 600 pL of 20 % TCA and centrifuged for 5 min at 9,000 g. The pellet was washed with
1 mL of ethanol:ethyl acetate (1:1, v/v) and suspended in 550 puL of 6 M guanidine prepared in 2.5 N
HCI. The difference between the absorbance of the samples treated with DNPH and with HCI (blank) was
used to calculate the carbonyl content. The results were calculated as nmol carbonyl groups / mg of

protein, using the extinction coefficient of 22,000 x 10° nmol / mL for aliphatic hydrazones.

Reduced glutathione concentrations

This parameter was measured according to Browne and Armstrong [24] with some
modifications. One hundred and eighty-five microliters of 100 mM sodium phosphate buffer, pH 8.0,
containing 5 mM EDTA, and 15 pL of o-phthaldialdehyde (1 mg/mL) were added to 30 uL of sample
(0.3-0.5 mg of protein) previously deproteinized with metaphosphoric acid. This mixture was incubated
at room temperature in a dark room for 15 min. Fluorescence was measured using excitation and emission
wavelengths of 350 and 420 nm, respectively. Calibration curve was prepared with standard GSH (0.001-

1 mM), and the concentrations were calculated as nmol GSH / mg protein.



2", 7'-Dichlorofluorescein oxidation

DCFH oxidation was determined according to the method of LeBel [25] with slight
modifications. Homogenates (0.04-0.07 mg protein) were incubated with 2',7'-dichlorofluorescein
diacetate (DCF-DA) (5 uM) during 1 h at 37°C. DCF-DA is permeable to the cell membrane and is
deacetylated by esterases to DCFH in the intracellular medium. DCFH is then converted by reactive
species into the highly fluorescent product dichlorofluorescein (DCF). DCF fluorescence was measured
using wavelengths of 480 nm (excitation) and 535 nm (emission). The calibration curve was performed
with standard DCF (0.01-0.75 puM). The production of reactive species was calculated as pmol DCF / mg

protein.

Nitrate and nitrite content

Reactive nitrogen species (RNS) formation was evaluated by measuring nitrate and nitrite
content according to Navarro-Gonzalvez and collaborators [26], with some modifications. One hundred
and fifty microliters of supernatants (containing approximately 1.2 mg of protein) was deproteinized by
adding 125 mL of 75 mM ZnSO, solution, followed by centrifugation at 9,000 g for 2min at 25°C. The
supernatant obtained was neutralized with 55mM NaOH solution and diluted in 5 vol of glycine buffer
solution, pH 9.7. Copper-coated cadmium granules (600-1,000 mg) were added to the supernatants to
convert all nitrates into nitrite in the biological samples. Aliquots of 200 uL were then treated with 200
uL of Griess reagent (2% sulfanilamide in 5% HCI and 0.1% N-1-(naphtyl)ethylenediamine in H,O) and
incubated at room temperature for 10 min. The absorbance was read at 505nm. A calibration curve was
prepared with NaNO, at concentrations ranging from 1 to 125 mM. The final results were expressed in

umol nitrate and nitrite / mg protein.

Glutathione peroxidase (GPx) activity

GPx activity was measured according to Wendel [27] using tert-butylhydroperoxide as substrate. The
enzyme activity was determined by monitoring the NADPH disappearance at 340 nm in a medium
containing 600 uL of buffer (100 mM potassium phosphate containing 1 mM EDTA, pH 7.0), 10 uL of
40 mM sodium azide, 15 uL of 100 mM GSH, 15 uL of 10 U/mL glutathione reductase, 10 uL of 10 mM
NADPH, and 10 pL of sample (3 pg of protein). One GPx unit (U) is defined as 1 umol of NADPH

consumed per minute. The specific activity was calculated as U / mg protein.



Glutathione reductase (GR) activity

GR activity was measured as previously described by Carlberg and Mannervik [28]. The enzyme
activity was determined by monitoring NADPH consumption at 340 nm in a medium with 200 mM
sodium phosphate buffer, pH 7.5, containing 6.3 mM ethylenediaminetetraacetic acid, 1 mM GSSG, 0.1
mM NADPH, and approximately 3 pg of protein. One GR unit (U) is defined as 1 umol of GSSG reduced

per minute. The specific activity was calculated as U / mg protein.

Glutathione-S-transferase (GST) activity

GST activity was measured according to Mannervik and Guthenberg [29], with slight
modifications, by monitoring the rate of formation of dinitrophenyl-S-glutathione at 340 nm in a medium
containing 50 mM potassium phosphate, pH 6.5, 1 mM GSH, 1 mM 1-chloro-2,4-dinitrobenzene (CDNB)
as substrate, and tissue supernatants (approximately 0.045 mg of protein). The results were calculated as

U / mg protein.

Glucose-6-phosphate dehydrogenase (G6PDH) activity

G6PDH activity was was measured according to Leong and Clark [30], following NADPH
formation at 25°C at 340 nm. The reaction medium contained tissue supernatants (approximately 45 pg of
protein), 100 mM Tris-HCI buffer, pH 7.5, 1.0 mM MgCl,, 0.05 mM NADP* and 0.1 mM glucose-6-

phosphate. The results were calculated as U / mg protein.

Catalase (CAT) activity

CAT activity was assayed according to Aebi [31] by measuring the absorbance decrease at 240
nm in a reaction medium containing 20 mM H,0O,, 0.1 % Triton X-100, 10 mM potassium phosphate
buffer, pH 7.0, and approximately 1 pg of protein. One unit (U) of the enzyme is defined as 1 pmol of

H,0, consumed per minute. The specific activity was calculated as U / mg protein.

Superoxide dismutase (SOD) activity

SOD activity was assayed according to Marklund [32] and is based on the capacity of pyrogallol
to autoxidize, a process highly dependent on superoxide anion, which is the substrate for SOD. The
inhibition of the autoxidation of pyrogallol occurs in the presence of SOD and, therefore, is proportional
to the activity of the SOD present in homogenates. The reaction medium contained 50 mM Tris buffer/1
mM ethylenediaminetetraacetic acid, pH 8.2, 80 U/mL CAT, 0.38 mM pyrogallol, and approximately 1
ug of protein, and the absorbance was read at 420 nm. A calibration curve was performed with purified
SOD as standard, in order to calculate the activity of SOD present in the samples. The specific activity

was calculated as U / mg protein.



Histological analysis

We performed histological analysis in the brain with hematoxylin and eosin staining. Four rats of
each group (PBS or L-2-HG-injected animals) were euthanized 24 hours after PBS or L-2-HG (0.75
pmol/g) administration. The whole brain was removed and postfixed in 10% formaldehyde-buffered
solution, pH 7.0, for 48 hours at room temperature and processed for paraffin-embedded sectioning.
Three-micrometer-thick brain slices were obtained with a microtome (MICROM HM 360). Brain sections
were stained in hematoxylin solution for 5 min and then washed in running tap water. The sections were
then placed in eosin solution for 3 min, dehydrated with 100 % ethanol and cleared with xylene for 2 min.
Image analysis (magnification of 100x and 400x) was performed using the Q Capture Pro Software

(Olympus).

Protein Determination

Protein content was measured by the method of Lowry [33], using bovine serum albumin as a

standard.

Statistical Analysis

Results are presented as mean * standard deviation. Assays were performed in triplicate, and the
mean was used for statistical calculations. Data were analyzed using the Student’s t test for unpaired
samples or one-way analysis of variance (ANOVA) followed by the post-hoc Duncan multiple range test
when F was significant. Only significant values are shown in the text. Differences between groups were

considered significant at P<0.05. All analyses were carried out using the GraphPad Prism 5 software.

Results

In vivo L-2-HG administration provokes lipid and protein oxidative damage in neonatal rat

cerebral cortex

We initially observed that L-2-HG markedly enhanced (75%) MDA levels in cerebral cortex of
neonatal rats 6 h after its administration [t = 4.321; P<0.01] (Figure 1A). Since MDA is an end product
of membrane polyunsaturated fatty acid peroxidation, these data indicate that L-2-HG causes lipid
oxidative damage. L-2-HG also increased carbonyl formation (11%) [ts = 3.317; P<0.05] (Figure 1B),
and decreased sulfhydryl content (34%) [tz = 5.020; P<0.01] (Figure 1C). Since carbonyl group
generation is currently used as a marker of free radical-mediated protein oxidation and two thirds of total
cellular sulfhydryl groups are protein bound [34,35], our results indicate that L-2-HG induces protein

oxidative damage in cerebral cortex.

L-2-HG decreases the antioxidant defenses in rat cerebral cortex



Next, we observed that L-2-HG decreased the concentrations of GSH (25%) [tg = 5.655;

P<0.001] (Figure 2), implying an impairment of brain antioxidant defenses by this organic acid.

L-2-HG induces reactive oxygen species (ROS) generation in rat cerebral cortex

We also investigated whether L-2-HG could induce reactive species generation that could
possibly lead to protein and lipid oxidative damage as well as to reduction of antioxidant defenses. Thus,
we tested the effects of L-2-HG on ROS production, determined by DCFH oxidation in cerebral cortex,
and on RNS generation measured by nitrate and nitrite concentrations. L-2-HG significantly increased
DCFH oxidation (up to 25 %) [t = 2.914; P<0.05] (Figure 3A) but, in contrast, did not change the levels

of nitrates and nitrites (Figure 3B).

L-2-HG-induced lipid peroxidation and decreased antioxidant defenses are prevented by melatonin

(MEL) and MK-801 in neonatal rat cerebral cortex

Since L-2-HG induced ROS formation, we tested whether the reactive species scavenger MEL
could prevent lipid oxidation and the decrease of the antioxidant defenses caused by this metabolite. We
observed that MEL totally prevented MDA increase [t = 2.788; P<0.05] (Figure 4A) and GSH decrease
[t = 7.476; P<0.001] (Figure 4B) caused by L-2-HG. These data support the involvement of ROS in
these effects and may offer a new perspective of treatment with antioxidants. Furthermore, the effects on
MDA levels [t = 3.995; P<0.05] and GSH concentrations [t = 4.208; P<0.01] were similarly abolished
by the NMDA receptor antagonist MK-801 (Figures 4A and 4B), indicating overactivation of NMDA
receptors by L-2-HG.

L-2-HG modulates the activities of antioxidant enzymes in neonatal rat cerebral cortex

The effects of L-2-HG intracerebroventricular administration on the enzymatic antioxidant
defenses were further studied. We verified that L-2-HG reduced G6PDH activity (14%) [t = 2.775;
P<0.05] (Figure 5A), and increased GPx (18%) [t = 4.326; P<0.05] (Figure 5B), GR (20%) [t = 4.326;
P<0.01] (Figure 5C) and GST (39%) [te = 3.914; P<0.01] (Figure 5D) activities. In contrast, CAT
(Figure 5E) and SOD (Figure 5F) activities were not altered by the metabolite.

L-2-HG mildly disrupts redox homeostasis in neonatal rat cerebral striatum

We also observed that L-2-HG administration decreased sulfhydryl content (509%) [t = 10.13;
P<0.001] (Figure 6A), but did not alter MDA levels, GSH concentrations and ROS formation (DCFH
oxidation) in rat striatum. It was also verified that L-2-HG modulated the enzymatic antioxidant defenses
by increasing GPx (35%) [t = 3.255; P<0.05] (Figure 6B), G6PDH (20%) [t = 3.354; P<0.05] (Figure
6C) and SOD (22%) [t = 4.633; P<0.01] (Figure 6D) activities, with no changes in the activities of GR
and GST.



L-2-HG provokes extensive vacuolation in neonatal rat cerebral cortex

The effect of L-2-HG intracerebroventricular administration on the brain histological integrity
was then studied by HE staining. We observed that L-2-HG administration provoked intense edema and

vacuolation in the cerebral cortex (Figure 7) with less effects in the striatum (Figure 8).

Discussion

L-2-HGA is clinically characterized by predominant neurological findings, such as psychomotor
delay/mental deficiency, extrapyramidal and pyramidal symptoms, macrocephaly, seizures demyelination
of white matter, cerebral and cerebellar atrophy, seizures, leukoencephalopathy, and other neurologic
manifestations [4-6]. In some patients, this disorder leads to the formation of brain tumors [36-38], whose
etiology is still poorly known. Accumulation of L-2-HG in tissues, predominantly in the brain, is the
biochemical hallmark of this disease, and this may be because the mutated gene is highly expressed in the
brain [1]. Although the disorder is predominantly neurologic, its pathogenesis is not yet established.
However, it was suggested that the pathologic phenotypes of affected patients result from the toxic effects
of L-2-HG on central nervous system [39]. In this context, the structural resemblance of L-2-HG to L-
glutamate and a-ketoglutarate, two major metabolites of the glutamtergic system, makes it likely that the
pathophysiology of the disease may involve alterations of this system or pathways of a-ketoglutarate
metabolism. Furthermore, previous in vitro and in vivo studies have shown disruption of redox
homeostasis provoked by L-2-HG, as well as alterations of the glutamatergic system in developing rats
and affected patients with L-2-HGA [14-16,40].

It is of note that nothing has been reported on the brain toxicity of L-2-HG in neonatal brain.
Therefore, in the present study we investigated whether L-2-HG in vivo administration could disturb
redox status and induce histopathological alterations in cerebral cortex and striatum of neonatal rats. It is
emphasized that these cerebral structures are mainly affected in L-2-HGA, as observed in cerebral
imaging by leukoencephalopathy/spongiosis of white matter, subcortical abnormalities and caudate and
putamen alterations [41,42].

We verified that L-2-HG administration markedly increased MDA levels in cerebral cortex,
corroborating the in vitro and in vivo findings previously reported and showing that L-2-HG increases the
levels of thiobarbituric acid-reactive substances in brain of 30-day-old rats [14,16]. Since MDA is an end
product of membrane fatty acid peroxidation, these data indicate that L-2-HG induces lipid oxidative
damage. L-2-HG also markedly increased carbonyl groups and decreased sulfhydryl content. Since
carbonyl groups are formed by oxidation of amino acid side chain protein residues (Pro, Arg, Lys, and
Thr) and two thirds of sulfhydryl groups in cells are protein bound [34,35], it is assumed that L-2-HG

induces protein oxidative damage in the brain.

L-2HG also caused a significant decrease of GSH concentrations in cerebral cortex that could be
tentatively attributed to its oxidation by increased reactive species generation. Since GSH represents the

major naturally-occurring tissue antioxidant and plays a key role in maintaining the intracellular redox
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state protecting crucial cellular sulfhydryl groups [17], our present findings suggest that L-2-HG impairs

the tissue non enzymatic antioxidant defenses.

DCFH oxidation was also increased by L-2-HG, but, in contrast, this organic acid did not change
nitrate and nitrite content, reflecting induction of ROS generation. It could be also hypothesized that the
increase of ROS formation could lead secondarily to increased lipid and protein oxidation and decreased
GSH concentrations. On the other hand, since GSH is considered an important defense against lipid
oxidative damage by scavenging reactive species responsible for the initiation of this process, it is
feasible that the decrease of this antioxidant could make lipids and proteins more vulnerable to the
oxidative damage caused by L-2-HG through ROS formation.

Moreover, the free radical scavenger melatonin prevented L-2-HG-induced reduction of GSH
levels and increase of MDA concentrations, strongly indicating that disturbance of cellular redox status
was secondary to reactive species production provoked by L-2-HG. It is likely that hydroxyl and peroxyl
radicals were involved in these effects, since these reactive species are scavenged by melatonin
[17,43,44]. On the other hand, it is feasible that NMDA receptor overstimulation was involved in the L-2-
HG-induced impairment of cell redox since the classical antagonist of these receptors MK-801 prevented

lipid oxidative damage and antioxidant defense decrease.

We also observed that L-2-HG increased GPx, GR and GST activities, and inhibited G6PD
activity in cerebral cortex. We presume that the increased activities of GPx and GST might have occurred
due to the overexpression of these enzymes at gene level in order to compensate the increased formation
of lipid peroxides, which is in line with the fact that L-2-HG increases MDA levels, a lipid peroxidation
end product. In this particular, it is known that GST also detoxifies 4-hydroxynonenal and isoprostanes
that are lipid peroxidation products [17]. Furthermore, increased GR activity also suggests overexpression
of this enzyme protein aiming to recycle GSH once the concentrations of this antioxidant are decreased.
As regards to the L-2-HG-induced decrease of G6PD activity, we speculate that it occurred due to
reactive species attack causing modifications in the enzyme protein structure as previously shown for this

and other antioxidant enzymes [45,46].

Since oxidative stress results from an imbalance between the total antioxidant defenses and the
reactive species generated in a tissue, our present data strongly indicate that L-2-HG induces oxidative
stress in vivo in rat cerebral cortex. It must be emphasized that ROS are capable to oxidize various
molecules, including lipids, proteins, sugars, and DNA, representing a key event in the pathogenic
cascade leading to necrotic and apoptotic cell death [47,48]. Furthermore, oxidative stress is a very
deleterious condition especially to the brain due to its high rate of oxidative metabolism coupled to ROS
production, lower activity of antioxidant enzymes, and higher peroxidation potential (high content of

polyunsaturated fatty acids) [17].

It was also demonstrated in this study that L-2-HG provoked extensive edema and vacuolation in
the cerebral cortex of the animals, with less intense effects in the striatum. Although not proven, we
assume that these brain abnormalities could be possibly related to the disruption of redox homeostasis
elicited by this organic acid [16,49-51].
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It is difficult at present to determine the pathophysiological relevance of our data since brain
concentrations of L-2-HG in L-2-HGA are still unknown. We cannot rule out the possibility that
intracerebral L-2-HG concentrations in the present study were supraphysiological, so that our findings
must be taken carefully. However, the concentrations of organic acids accumulating within neural cells in
organic acidemias were reported to be usually much higher than those of plasma and cerebrospinal fluid
(trapping theory) of patients with various organic acidemias [52]. Furthermore, L-2-HGA is considered a
cerebral organic acidemia because L-2-HG is trapped in the CNS [53,54], where at high concentrations it

potentially can exert its neurotoxic effects disturbing cellular redox homeostasis.

Conclusion

In conclusion, this is the first report showing that L-2-HG administration to neonatal rats induces
in vivo lipid and protein oxidative damage and disrupts the antioxidant defenses mainly in the cerebral
cortex. These effects were prevented by the potent antioxidant melatonin and the NMDA antagonist MK -
801, implying that reactive species generation and overstimulation of these glutamate receptors may
underlie the altered cellular redox status. These in vivo data allied to previous in vitro [14] and in vivo
[16] experimental animal and humans studies [40,55] strongly indicate that imbalance of redox
homeostasis may potentially contribute at least in part to the neurologic alterations found in L-2-HGA.
Moreover, it is conceivable that sustained elevated levels of L-2-HG found in the patients may lead to
chronic oxidative stress. Another novel and important finding of the present study is that this organic acid
provoked histopatological alterations more evident in the cerebral cortex probably due to the induced
disruption of redox homeostasis. It may be presumed that our present findings acting synergistically with
other intrinsic (severity of mutations) and extrinsic factors may contribute to explain the pathophysiology
of the neurologic symptoms and brain abnormalities observed in the affected patients. In case our present
in vivo results can be confirmed in tissues (blood and cultivated fibroblasts) from individuals affected by
L-2HGA, it is therefore tempting to speculate that antioxidants could be supplemented to the affected

patients as a potential adjuvant therapy to prevent or attenuate oxidative damage.
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Legend to figures

Fig. 1 Effect of intracerebral administration of L-2-hydroxyglutaric acid (L-2-HG; 0.750 pmol/g) on
malondialdehyde (MDA levels (A), carbonyl formation (B) and sulfhydryl content (C) in cerebral cortex
of neonatal rats. Data are represented as mean+SD for four to six independent experiments (animals)
performed in triplicate and are expressed as nmol / mg protein. *P<0.5, **P<0.01, compared to control

(Student’s t test for unpaired samples).

Fig. 2 Effect of intracerebral administration of L-2-hydroxyglutaric acid (L-2-HG; 0.750 pmol/g) on
concentrations of GSH in cerebral cortex of neonatal rats. Data are represented as mean+SD for four to
six independent experiments (animals) performed in triplicate and are expressed as nmol / mg protein.

***P<0.001, compared to control (Student’s t test for unpaired samples)

Fig. 3 Effect of intracerebral administration of L-2-hydroxyglutaric acid (L-2-HG; 0.750 pumol/g) on
DCFH oxidation (A) in cerebral cortex and nitrate and nitrite concentrations (B) in forebrain of neonatal
rats. Data are represented as mean+SD for four to six independent experiments (animals) performed in
triplicate and are expressed as umol / mg protein. *P<0.5, compared to control (Student’s t test for

unpaired samples)

Fig. 4 Effect of melatonin (MEL; 20 mg/Kg) and MK-801 (0,25mg/Kg) on L-2-hydroxyglutaric acid (L-
2-HG 0.750 pmol/g)-induced increase of MDA (A) and decrease of GSH concentrations (B) in cerebral
cortex of neonatal rats. Data are represented as meanxSD for four to six independent experiments
(animals) performed in triplicate and are expressed as nmol / mg protein. *P<0.05, compared to control;
P <0.05, P <0.01, "P <0.001, compared to L-2-HG (Student’s t test for unpaired samples)

Fig. 5 Effect of intracerebral administration of L-2-hydroxyglutaric acid (L-2-HG; 0.750 umol/g) on the
activities of glucose-6-phosphate dehydrogenase (G6PDH) (A), glutathione peroxidase (GPx) (B),
glutathione reductase (GR) (C), glutathione S-transferase (GST) (D), catalase (CAT) (E) and superoxide
dismutase (SOD) in cerebral cortex of neonatal rats. Data are represented as mean+SD for four to six
independent experiments (animals) performed in triplicate and are expressed as U / mg protein. *P<0.05,

**P <0.01 compared to control (Student’s t test for unpaired samples)

Fig. 6 Effect of intracerebral administration of L-2-hydroxyglutaric acid (L-2-HG; 0.750 pumol/g) on
sulfhydryl content (A) and the activities of glutathione peroxidase (GPx) (B), glucose-6-phosphate
dehydrogenase (G6PDH) (C) and superoxide dismutase (SOD) (D) in striatum of neonatal rats. *P<0.05,

**P <0.01, ***P <0.001, compared to control (Student’s t test for unpaired samples)

Fig. 7 Light microscopy images showing hematoxylin and eosin (HE) staining of cerebral cortex from
PBS (control, A and C) and L-2-hydroxylglutaric acid (L-2-HG)-injected neonatal rats (B and D).
Animals were sacrificed 24 hours after L-2-HG intracerebroventricular administration. Representative
images were obtained from four rats per group. HE staining with magnification of 100x and 400x. Arrows

in panel D indicate vacuolation.

Fig. 8 Light microscopy images showing hematoxylin and eosin (HE) staining of striatum from PBS

(control, A and C) and L-2-hydroxylglutaric acid (L-2-HG)-injected neonatal rats (B and D). Animals
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were sacrificed 24 hours after intracerebroventricular administration. Representative images were
obtained from four rats per group. HE staining with magnification of 100x and 400x. Arrows in panel D

indicate vacuolation.
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The title page should include:

+ The name(s) of the author(s)

= A concise and informative title

- The affiliation(s) and address(es) of the author(s)

- The e-mail address, and telephone number(s) of the corresponding author
- If available, the 16-digit ORCID of the author(s)

Abstract

Please provide an abstract of 150 to 250 words. The abstract should not contain any undefined
abbreviations or unspecified references.

Keywords
Please provide 4 to 6 keywords which can be used for indexing purposes.

TEXT

Text Formatting

Manuscripts should be submitted in Word.

# Use a normal, plain font (e.g., 10-point Times Roman) for text.

# Use italics for emphasis.

# Use the automatic page numbering function to number the pages.
& Do not use field functions.

+ Use tab stops or other commands for indents, not the space bar.
+ Use the table function, not spreadsheets, to make tables.

- Use the equation editor or MathType for equations.

- Save your file in docx format (Word 2007 or higher) or doc format (older Word
versions).
Manuscripts with mathematical content can also be submitted in LaTeX.

LaTeX macro package (zip, 182 kB)

Headings

Please use no more than three levels of displayed headings.

Abbreviations

Abbreviations should be defined at first mention and used consistently thereafter.

Footnotes

Footnotes can be used to give additional information, which may include the citation of a
reference included in the reference list. They should not consist solely of a reference citation,
and they should never include the bibliographic details of a reference. They should also not
contain any figures or tables.
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Footnotes to the text are numbered consecutively; those to tables should be indicated by
superscript lower-case letters (or asterisks for significance values and other statistical data).
Footnotes to the title or the authors of the article are not given reference symbols.

Always use footnotes instead of endnotes.

Acknowledgments

Acknowledgments of people, grants, funds, etc. should be placed in a separate section on the
titte page. The names of funding organizations should be written in full.

REFERENCES

Citation

Reference citations in the text should be identified by numbers in square brackets. Some
examples:

1. Negotiation research spans many disciplines [3].
2. This result was later contradicted by Becker and Seligman [5].

3. This effect has been widely studied [1-3, 7].
Reference list

The list of references should only include works that are cited in the text and that have been
published or accepted for publication. Personal communications and unpublished works should
only be mentioned in the text. Do not use footnotes or endnotes as a substitute for a reference
list.

The entries in the list should be numbered consecutively.

= Journal article

Gamelin FX, Baquet G, Berthoin S, Thevenet D, Nourry C, Nottin S, Bosquet L
(2009) Effect of high intensity intermittent training on heart rate variability in
prepubescent children. Eur J Appl Physiol 105:731-738.
https://doi.org/10.1007/s00421-008-0955-8

Ideally, the names of all authors should be provided, but the usage of “et al” in long
author lists will also be accepted:

Smith J, Jones M Jr, Houghton L et al (1999) Future of health insurance. N Engl J
Med 965:325-329

- Article by DOI

Slitka MK, Whitton JL (2000) Clinical implications of dysregulated cytokine
production. J Mol Med. https://doi.org/10.1007/s001090000086

- Book
South J, Blass B (2001) The future of modern genomics. Blackwell, London
= Book chapter

Brown B, Aaron M (2001) The politics of nature. In: Smith J (ed) The rise of modern
genomics, 3rd edn. Wiley, New York, pp 230-257

# Online document

Cartwright J (2007) Big stars have weather too. IOP Publishing PhysicsWeb.
http://physicsweb.org/articles/news/11/6/16/1. Accessed 26 June 2007

- Dissertation

Trent JW (1975) Experimental acute renal failure. Dissertation, University of
California

Always use the standard abbreviation of a journal’s name according to the ISSN List of Title
Word Abbreviations, see

ISSN.org LTWA
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If you are unsure, please use the full journal title.

For authors using EndNote, Springer provides an output style that supports the formatting of in-

text citations and reference list.

EndNote style (zip, 2 kB)

Authors preparing their manuscript in LaTeX can use the bibtex file spbasic.bst which is included

in Springer’s LaTeX macro package.

TABLES

- All tables are to be numbered using Arabic numerals.
= Tables should always be cited in text in consecutive numerical order.

» For each table, please supply a table caption (title) explaining the components of the

table.

- |dentify any previously published material by giving the original source in the form of

a reference at the end of the table caption.

& Footnotes to tables should be indicated by superscript lower-case letters (or
asterisks for significance values and other statistical data) and included beneath the

table body.

ARTWORK AND ILLUSTRATIONS GUIDELINES

Electronic Figure Submission

+ Supply all figures electronically.

- Indicate what graphics program was used to create the artwork.

- For vector graphics, the preferred format is EPS; for halftones, please use TIFF

format. MSOffice files are also acceptable.

= Vector graphics containing fonts must have the fonts embedded in the files.

+ Name your figure files with "Fig" and the figure number, e.g., Fig1.eps.
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# Do not use faint lines and/or lettering and check that all lines and lettering within the
figures are legible at final size.

- All lines should be at least 0.1 mm (0.3 pt) wide.

- Scanned line drawings and line drawings in bitmap format should have a minimum
resolution of 1200 dpi.

& \lector graphics containing fonts must have the fonts embedded in the files.

Halftone Art

Definition: Photographs, drawings, or paintings with fine shading,
etc.

If any magnification is used in the photographs, indicate this by
using scale bars within the figures themselves.

Halftones should have a minimum resolution of 300 dpi.

Combination Art
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Definition: a combination of halftone and line art, e.g., halftones containing line
drawing, extensive lettering, color diagrams, etc.
Combination artwork should have a minimum resolution of 600 dpi.

Color Art

Color art is free of charge for online publication.
If black and white will be shown in the print version, make sure that the main
information will still be visible. Many colors are not distinguishable from one another
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when converted to black and white. A simple way to check this is to make a
xerographic copy to see if the necessary distinctions between the different colors are
still apparent.

If the figures will be printed in black and white, do not refer to color in the captions.
Color illustrations should be submitted as RGB (8 bits per channel).

Figure Lettering

- To add lettering, it is best to use Helvetica or Arial (sans serif fonts).

& Keep lettering consistently sized throughout your final-sized artwork, usually about
2-3 mm (8-12 pt).

- Variance of type size within an illustration should be minimal, e.g., do not use 8-pt
type on an axis and 20-pt type for the axis label.

& Avoid effects such as shading, outline letters, etc.

» Do not include titles or captions within your illustrations.

Figure Numbering

All figures are to be numbered using Arabic numerals.

Figures should always be cited in text in consecutive numerical order.

Figure parts should be denoted by lowercase letters (a, b, c, etc.).

If an appendix appears in your article and it contains one or more figures, continue
the consecutive numbering of the main text. Do not number the appendix figures,

"A1, A2, A3, etc." Figures in online appendices (Electronic Supplementary Material)
should, however, be numbered separately.

Figure Captions

- Each figure should have a concise caption describing accurately what the figure
depicts. Include the captions in the text file of the manuscript, not in the figure file.

¢+ Figure captions begin with the term Fig. in bold type, followed by the figure number,
also in bold type.

# No punctuation is to be included after the number, nor is any punctuation to be
placed at the end of the caption.

- ldentify all elements found in the figure in the figure caption; and use boxes, circles,
etc., as coordinate points in graphs.

¢ |dentify previously published material by giving the original source in the form of a
reference citation at the end of the figure caption.

Figure Placement and Size

Figures should be submitted separately from the text, if possible.

When preparing your figures, size figures to fit in the column width.

For most journals the figures should be 39 mm, 84 mm, 129 mm, or 174 mm wide
and not higher than 234 mm.

For books and book-sized journals, the figures should be 80 mm or 122 mm wide
and not higher than 198 mm.

Permissions

If you include figures that have already been published elsewhere, you must obtain permission
from the copyright owner(s) for both the print and online format. Please be aware that some
publishers do not grant electronic rights for free and that Springer will not be able to refund any
costs that may have occurred to receive these permissions. In such cases, material from other
sources should be used.

Accessibility
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In order to give people of all abilities and disabilities access to the content of your figures,
please make sure that

All figures have descriptive captions (blind users could then use a text-to-speech
software or a text-to-Braille hardware)

Patterns are used instead of or in addition to colors for conveying information
(colorblind users would then be able to distinguish the visual elements)

Any figure lettering has a contrast ratio of at least 4.5:1

ELECTRONIC SUPPLEMENTARY MATERIAL

Springer accepts electronic multimedia files (animations, movies, audio, etc.) and other
supplementary files to be published online along with an article or a book chapter. This feature
can add dimension to the author's article, as certain information cannot be printed or is more
convenient in electronic form.

Before submitting research datasets as electronic supplementary material, authors should read
the journal’s Research data policy. We encourage research data to be archived in data
repositories wherever possible.

Submission

Supply all supplementary material in standard file formats.

Please include in each file the following information: article title, journal name, author
names; affiliation and e-mail address of the corresponding author.

To accommodate user downloads, please keep in mind that larger-sized files may
require very long download times and that some users may experience other
problems during downloading.

Audio, Video, and Animations

Aspect ratio: 16:9 or 4:3

Maximum file size: 25 GB

Minimum video duration: 1 sec

Supported file formats: avi, wmv, mp4, mov, m2p, mp2, mpg, mpeg, flv, mxf, mts,
m4v, 3gp

Text and Presentations
Submit your material in PDF format; .doc or .ppt files are not suitable for long-term

viability.
A collection of figures may also be combined in a PDF file.

Spreadsheets
Spreadsheets should be submitted as .csv or .xlsx files (MS Excel).
Specialized Formats

Specialized format such as .pdb (chemical), .wrl (VRML), .nb (Mathematica
notebook), and .tex can also be supplied.

Collecting Multiple Files
It is possible to collect multiple files in a .zip or .gz file.
Numbering

If supplying any supplementary material, the text must make specific mention of the
material as a citation, similar to that of figures and tables.
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Refer to the supplementary files as “Online Resource”, e.g., "... as shown in the

animation (Online Resource 3)", “... additional data are given in Online Resource 4”.
Name the files consecutively, e.g. “ESM_3.mpg”, “ESM_4.pdf”.

Captions

For each supplementary material, please supply a concise caption describing the
content of the file.

Processing of supplementary files

Electronic supplementary material will be published as received from the author
without any conversion, editing, or reformatting.

Accessibility

In order to give people of all abilities and disabilities access to the content of your
supplementary files, please make sure that

The manuscript contains a descriptive caption for each supplementary material
Video files do not contain anything that flashes more than three times per second (so
that users prone to seizures caused by such effects are not put at risk)

ENGLISH LANGUAGE EDITING

For editors and reviewers to accurately assess the work presented in your manuscript you need
to ensure the English language is of sufficient quality to be understood. If you need help with
writing in English you should consider:

Asking a colleague who is a native English speaker to review your manuscript for
clarity.

Visiting the English language tutorial which covers the common mistakes when
writing in English.

Using a professional language editing service where editors will improve the English
to ensure that your meaning is clear and identify problems that require your review.
Two such services are provided by our affiliates Nature Research Editing Service
and American Journal Experts. Springer authors are entitled to a 10% discount on
their first submission to either of these services, simply follow the links below.

English language tutorial
Nature Research Editing Service

American Journal Experts

Please note that the use of a language editing service is not a requirement for publication in this
journal and does not imply or guarantee that the article will be selected for peer review or
accepted.

If your manuscript is accepted it will be checked by our copyeditors for spelling and formal style
before publication.

DA TG B AN VF B L SRR VPAS 1S RR AT Hh BRIR ORI 78 AR, IR S R I I S0 EE 5 R 2 A
NFEf . QR BRSBTS .

o 15— AT Ay BEE 1) [5] = 5 A% IR 1 A2 15 0 R T

o TE MU RHE BRI WIE S HHR B

o LGS miAEIRS, i A R axt JiE T 6, AT ORS00 R R FRIAE M, FR R 7 2
BERZMN . TATHE BN Nature Research Editing Service F141E k£ American Journal
Experts Bl AT $2 L1tk S8 AR 55

http://www.springer.com/biomed/neuroscience/journal/12035?print_view=true&detailsPage=pltci_1713109 8/14


http://www.springer.com/gp/authors-editors/authorandreviewertutorials/writinginenglish
https://secure.authorservices.springernature.com/c/10springer/
http://www.aje.com/c/springer

05/12/2017

Molecular Neurobiology - incl. option to publish open access
B0k
Nature Research Editing Service

American Journal Experts

TR, S SRS IR T B AR b B A, (RIS A Rl ORAIE S A
i rEAT [RAT PR B 32

RIS R R, FERRZAT, AT g A I 1S
1E=R.

E=ihiid

PHE AT NE BRSO RS T

I« —EHmEN BRIz ZIELU GHi T BT HHSNTVSERDEN 43 (C
VWS ENBEESNE T, il COMIHE(CHE U TYR— MR EREGE(CIE ROAT
23N HBDFET :

- PR BHEGE S T B MRS, ER TSN TV EENHETSH DN ZEFTYILTES

DO

c REETHHE I DEDI LS HDHEWCHITDUEHDF1— MITILZSHRT D,

- JO0EIEIEY—ERZFHTD. RIEEDNREFROZ®WZENHECUIZD, MESZERN
L. #EEDE % X%, Nature Research Editing Service &American Journal Experts 0
2Dl SR L TVVB T —EX T, Springer D& E (. WINDOH—EIXEHIH THIA
TREICF10%DE 5 ZZITDZENTEET, UUFTDOUIEZHIZE,

YEEDF1— KU
Nature Research Editing Service

American Journal Experts

WYUK IEY—EXORMMHIE. BREDOS v —F)LICHIHRSNDEODEAHTE>RNT & Fie
M HEAZH AT R EDTIHRNC EICHEELTLESL,

FERHAZHEND & HRRTCEEOOE—TF 4 F—IARILEEREDOTF TV IEITNE
a_o

Yof fno| Z2, ofCE A 2|70{S0| oo Yo 2 ZES Yot ot = U=
£, 3050| S=3| olohe & U ot =F2 2 2 |0fof L Tt Thof SEZat BHEHBI0] =
=2 7|5 BoHICHH ChZo| Al

ES
= 1250 FHUA 2!
of 20|28 SEE Z0tM 2
+ B0l RECZ|IY HO[X|0f H=23t0] Hojz =22 £ W] AFot= d52

" 2t5tA 12| ROM 275t= 2HESS AMEHM &

0|2 gtL|LC}. Nature Research Editing Service

} American Journal ExpertsOf| Al X{ 3|2} §i2fS S8l A H|AE X331 &L Lt Springer X
XS0l 2 W8 MHAE R =7 F1E 2Ioll AHESHAl= B2 10%2| 2 210| MEE|0f, oz 2|
I3 8 &5t 2210] 7tsL T}

=
T
A
e

ol FEZ(L HO|X|
Nature Research Editing Service

American Journal Experts

3
A
i}

2 0 MHAS ARE et @ AR ObL|DY, 2 MH|A 0| 0]20] T|0] 2|50 =20]
JE

HE|ALE A 7L =Bt 2= AS 2l0|stA L 2SR fE LIt
Aot EtE e, 28 H MoH B s o] HAt A 2HE Hdts 28 E AHA

°
gt

=

él_

ETHICAL RESPONSIBILITIES OF AUTHORS

http://www.springer.com/biomed/neuroscience/journal/12035?print_view=true&detailsPage=pltci_1713109

9/14


https://www.springer.com/gb/authors-editors/authorandreviewertutorials/writinginenglish
https://secure.authorservices.springernature.com/c/10springer/
https://secure.aje.com/c/springer/
https://www.springer.com/gb/authors-editors/authorandreviewertutorials/writinginenglish
https://secure.authorservices.springernature.com/c/10springer/
https://secure.aje.com/c/springer/
https://www.springer.com/gb/authors-editors/authorandreviewertutorials/writinginenglish
https://secure.authorservices.springernature.com/c/10springer/
https://secure.aje.com/c/springer/

05/12/2017

Molecular Neurobiology - incl. option to publish open access

This journal is committed to upholding the integrity of the scientific record. As a member of the
Committee on Publication Ethics (COPE) the journal will follow the COPE guidelines on how to
deal with potential acts of misconduct.

Authors should refrain from misrepresenting research results which could damage the trust in
the journal, the professionalism of scientific authorship, and ultimately the entire scientific
endeavour. Maintaining integrity of the research and its presentation can be achieved by
following the rules of good scientific practice, which include:

& The manuscript has not been submitted to more than one journal for simultaneous

consideration.

- The manuscript has not been published previously (partly or in full), unless the new

work concerns an expansion of previous work (please provide transparency on the
re-use of material to avoid the hint of text-recycling (“self-plagiarism”)).

- A single study is not split up into several parts to increase the quantity of

submissions and submitted to various journals or to one journal over time (e.g.
“salami-publishing”).

# No data have been fabricated or manipulated (including images) to support your

conclusions

- No data, text, or theories by others are presented as if they were the author’s own

(“plagiarism”). Proper acknowledgements to other works must be given (this includes
material that is closely copied (near verbatim), summarized and/or paraphrased),
quotation marks are used for verbatim copying of material, and permissions are
secured for material that is copyrighted.

Important note: the journal may use software to screen for plagiarism.

# Consent to submit has been received explicitly from all co-authors, as well as from

the responsible authorities - tacitly or explicitly - at the institute/organization where
the work has been carried out, before the work is submitted.

& Authors whose names appear on the submission have contributed sufficiently to the

scientific work and therefore share collective responsibility and accountability for the
results.

& Authors are strongly advised to ensure the correct author group, corresponding

author, and order of authors at submission. Changes of authorship or in the order of
authors are not accepted after acceptance of a manuscript.

» Adding and/or deleting authors and/or changing the order of authors at revision

stage may be justifiably warranted. A letter must accompany the revised manuscript
to explain the reason for the change(s) and the contribution role(s) of the added
and/or deleted author(s). Further documentation may be required to support your
request.

- Requests for addition or removal of authors as a result of authorship disputes after

acceptance are honored after formal notification by the institute or independent body
and/or when there is agreement between all authors.

- Upon request authors should be prepared to send relevant documentation or data in

order to verify the validity of the results. This could be in the form of raw data,
samples, records, etc. Sensitive information in the form of confidential proprietary
data is excluded.

If there is a suspicion of misconduct, the journal will carry out an investigation following the
COPE guidelines. If, after investigation, the allegation seems to raise valid concerns, the
accused author will be contacted and given an opportunity to address the issue. If misconduct
has been established beyond reasonable doubt, this may result in the Editor-in-Chief’s
implementation of the following measures, including, but not limited to:

If the article is still under consideration, it may be rejected and returned to the author.
If the article has already been published online, depending on the nature and
severity of the infraction, either an erratum will be placed with the article or in severe
cases complete retraction of the article will occur. The reason must be given in the
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published erratum or retraction note. Please note that retraction means that the
paper is maintained on the platform, watermarked "retracted" and explanation for
the retraction is provided in a note linked to the watermarked article.

The author’s institution may be informed.

COMPLIANCE WITH ETHICAL STANDARDS

To ensure objectivity and transparency in research and to ensure that accepted principles of
ethical and professional conduct have been followed, authors should include information
regarding sources of funding, potential conflicts of interest (financial or non-financial), informed
consent if the research involved human participants, and a statement on welfare of animals if
the research involved animals.

Authors should include the following statements (if applicable) in a separate section entitled
“Compliance with Ethical Standards” when submitting a paper:

Disclosure of potential conflicts of interest

Research involving Human Participants and/or Animals

Informed consent
Please note that standards could vary slightly per journal dependent on their peer review
policies (i.e. single or double blind peer review) as well as per journal subject discipline. Before
submitting your article check the instructions following this section carefully.

The corresponding author should be prepared to collect documentation of compliance with
ethical standards and send if requested during peer review or after publication.

The Editors reserve the right to reject manuscripts that do not comply with the above-mentioned
guidelines. The author will be held responsible for false statements or failure to fulfill the above-
mentioned guidelines.

DISCLOSURE OF POTENTIAL CONFLICTS OF INTEREST

Authors must disclose all relationships or interests that could have direct or potential influence
or impart bias on the work. Although an author may not feel there is any conflict, disclosure of
relationships and interests provides a more complete and transparent process, leading to an
accurate and objective assessment of the work. Awareness of a real or perceived conflicts of
interest is a perspective to which the readers are entitled. This is not meant to imply that a
financial relationship with an organization that sponsored the research or compensation
received for consultancy work is inappropriate. Examples of potential conflicts of interests that
are directly or indirectly related to the research may include but are not limited to the
following:

& Research grants from funding agencies (please give the research funder and the
grant number)

- Honoraria for speaking at symposia

- Financial support for attending symposia

# Financial support for educational programs
i Employment or consultation

# Support from a project sponsor

# Position on advisory board or board of directors or other type of management
relationships

- Multiple affiliations
& Financial relationships, for example equity ownership or investment interest
# [ntellectual property rights (e.g. patents, copyrights and royalties from such rights)

# Holdings of spouse and/or children that may have financial interest in the work

In addition, interests that go beyond financial interests and compensation (non-financial
interests) that may be important to readers should be disclosed. These may include but are not
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limited to personal relationships or competing interests directly or indirectly tied to this research,

or professional interests or personal beliefs that may influence your research.

The corresponding author collects the conflict of interest disclosure forms from all authors. In
author collaborations where formal agreements for representation allow it, it is sufficient for the
corresponding author to sign the disclosure form on behalf of all authors. Examples of forms can
be found

here:

The corresponding author will include a summary statement in the text of the manuscript in a
separate section before the reference list, that reflects what is recorded in the potential conflict
of interest disclosure form(s).

See below examples of disclosures:

Funding: This study was funded by X (grant number X).

Conflict of Interest: Author A has received research grants from Company A. Author B has
received a speaker honorarium from Company X and owns stock in Company Y. Author C is a
member of committee Z.

If no conflict exists, the authors should state:

Conflict of Interest: The authors declare that they have no conflict of interest.

AFTER ACCEPTANCE

Upon acceptance of your article you will receive a link to the special Author Query Application at
Springer’s web page where you can sign the Copyright Transfer Statement online and indicate
whether you wish to order OpenChoice, offprints, or printing of figures in color.

Once the Author Query Application has been completed, your article will be processed and you
will receive the proofs.

Copyright transfer

Authors will be asked to transfer copyright of the article to the Publisher (or grant the Publisher
exclusive publication and dissemination rights). This will ensure the widest possible protection
and dissemination of information under copyright laws.

Creative Commons Attribution-NonCommercial 4.0 International License

Offprints
Offprints can be ordered by the corresponding author.
Color illustrations

Online publication of color illustrations is free of charge. For color in the print version, authors
will be expected to make a contribution towards the extra costs.

Proof reading

The purpose of the proof is to check for typesetting or conversion errors and the completeness
and accuracy of the text, tables and figures. Substantial changes in content, e.g., new results,
corrected values, title and authorship, are not allowed without the approval of the Editor.

After online publication, further changes can only be made in the form of an Erratum, which will
be hyperlinked to the article.

Online First

The article will be published online after receipt of the corrected proofs. This is the official first
publication citable with the DOI. After release of the printed version, the paper can also be cited
by issue and page numbers.

OPEN CHOICE
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In addition to the normal publication process (whereby an article is submitted to the journal and
access to that article is granted to customers who have purchased a subscription), Springer
provides an alternative publishing option: Springer Open Choice. A Springer Open Choice
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