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ABSTRACT 

Multiple sclerosis (MS) is an autoimmune inflammatory 

disease of the central nervous system white matter, 

whose pathogenesis is incompletely understood. Plaques 

of demyelination are typically found in the 

periventricular and subcortical white matter. Evolution 

in space and time of new lesions from an initial 

Magnetic Resonance Imaging (MRI) report of 

demyelinating nature is not unusual, and it allows to 

formulate the diagnosis.   

We describe the case of a woman in her late forties 

whom we examined, and after performing a cranial MRI 

showing multiple small lesions suggestive of  

inflammatory demyelinating nature. An oral daily 

integration of diet with natural compounds (i.e. 

galactose, Coenzyme Q10 and ferrous sulphate) was 

started. After 2 months of such supplementation 

numbness had disappeared, fatigue and central 

symptoms had sensibly ameliorated. A follow-up brain 

MRI was completed 6 months in welness, which showed 

that multifocal lesions were unchanged, even though 

enhanced by gadolinium. Data are discussed in 

consideration of the presence of an aerobic metabolism 

in myelin and of the implication of galactose as a 

preferential substrate for hexose 6-phosphate 

dehydrogenase recently reported in myelin. We discuss 

the evolution of the condition and missing the diagnosis 

of MS, and the possible neuroprotective role of the oral 

dietary integration. Today, the patient does not have any 

central symptom, is still under follow-up and treatment 

with the cited compounds and remains in a stationary 

condition. 

Key Words: Multiple sclerosis, subcortical white 

matter, Magnetic Resonance Imaging, demyelinating 

disease, galactose 

Abbreviations: CSF, Cerebrospinal Fluid; ETC electron 

transfer chain; Gal, galactose; MRI, Magnetic 

Resonance Imaging. 
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1. INTRODUCTION 

Multiple sclerosis (MS) is the most 

common progressive demyelinating disease 

of the central nervous system (CNS) 

disabling  the young [1]. It is a chronic 

inflammatory autoimmune disease 

characterized by demyelination and axonal 

degeneration of the CNS, whose nature and 

exact etiology is not fully established. The 

female-to-male ratio is 2:1 [2]. MS lesions 

are confined essentially to the white matter 

of the central nervous system (CNS), where 

demyelination occurs in discrete foci, 

termed plaques [1,3]. Axonal degeneration 

in acute phase is little, however loss of 

oligodendrocytes results in axonal 

degeneration at later stages. MS is believed 

to result from a cellular mediated 

autoimmune response against myelin 

components. Some reports have observed 

that MS is not a classical autoimmune 

disease in that it would not fulfil all of its 

required characteristics. Genetic and 

environmental factors have been implied in 

MS, suggestive of an overall multifactorial 

origin. A relationship among toxic action of 

metal pollutants has been proposed as a 

trigger for a primary myelin damage in MS, 

consistent with its predominant spread in 

industrialized countries [4]. Such geographic 

distribution has also suggested a viral agent 

or contributive agent to the disease, as yet 

not identified. MS diagnosis is based on the 

revised daily [5]. A brain Magnetic 

Resonance Imaging (MRI) is the most useful 

test for confirming the diagnosis of MS [6] 

[7]. MS lesions appear as areas of 

hyperintense signal on T2-weighted and in 

T2-weighed fluid-attenuated inversion 

recovery (FLAIR) images, predominantly in 

the cerebral white matter. MRI imaging with 

gadolinium contrast following a first attack, 

can be helpful in providing evidence of 

lesions [7]. A second MRI scan may be 

useful three-to-six months after the initial 

lesion finding, and normally allows to 

identify new lesions and provide evidence of 

dissemination over time, getting to the 

diagnosis. Normally a progression in space 

and time is expected, even though there are 

some cases in which the lesions do not 

develop. In fact,  MS often presents with a 

variability and diversity of symptoms and 

presentation, thereby including fatigue, and 

cognitive impairment.  

D-galactose (Gal) is a sugar normally 

present in the body, pivotal for the early 

nutrition of mammals, as it represents 50% 

of lactose. Throughout human life, dietary 

Gal helps maintaining normal microbiota, 

increasing the number of Bifidobacteria in 

the gut [8].  Gal is widely distributed 

throughout the body, also in brain, which 

was shown to take up and metabolize Gal 

[9] across the GLUT3 hexose transporter, 

not insulin-dependent [10]. While it was 

shown that neurons generate ATP 

predominantly by oxidative phosphorylation 

(OXPHOS), which renders them vulnerable 

to energy failure, we have shown that 

myelin expresses functional electron transfer 

chain (ETC) and F1Fo-ATP synthase and can 

aerobically produce ATP to support axonal 

mitochondria. This is consistent with 

Galactose being able to force cells to rely on 

aerobic respiration [11], by an unknown 

mechanism. Galactose administration was 

also shown to have a positive effect of MS 

patients [12].  

Our patient developed in a short 

period of time (2 months) significant fatigue 

and a numbness on the right side of the face, 

all being features of MS.  The MRI findings 

of our patient concluded that multiple areas 

of demyelination in the right semioval center 

and on the bilateral anterior frontal juxta-

cortical white matter were present. The 

patient’s condition was considered strongly 

suggestive of early MS and deserving strict 

subsequent follow-up.  Galactose also when 

unphosphorylated can become substrate of 

hexose 6 phosphate dehydrogenase (H6PD, 

E.C. 1.1.1.47), a bi-functional microsomal 

enzyme that catalyzes the first two reactions 

of an endoluminal pentose phosphate 

pathway [13], generating reduced 

nicotinamide adenine dinucleotides 

(NADPH or NADH [14]) and Xilulose. 

Interestingly, a dysfunctional H6PD gene 

positively correlates with MS [15], 

suggesting that this enzyme plays an 
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important role for myelin sheath function. 

We have shown that Galactose is a better 

respiring substrate in vitro for myelin than 

glucose [16]. In fact myelin was reported to 

be able to conduct aerobic ATP production 

[17–20]. The use of Gal in clinical trials is 

limited to some cases of nephrotic syndrome 

or diabetic macular edema, and some 

interesting results are reported [21,22], also 

in an animal model of Alzheimler disease 

[23]. Here we considered the possibility to 

supplement the diet of our patient with an 

oral daily integration with galactose (3 g), 

Coenzyme Q10 (100 mg) and ferrous 

sulphate, (corresponding to 120 mg 

elemental iron), initiated immediately. After 

2 months, the central symptoms had 

disappeared. After 6 months, a second  MRI 

was done, which showed a non-evolving 

situation and the Patient missed the 

diagnosis of MS. 

2. CASE REPORT 

2.1 Clinical Presentation. 

The Patient is a 48 year-old white 

female. She came to our attention for her 

recent neurologic complaints. She referred 

that in the last 2 months at the time she had 

numbness on her right side of the face, 

slightly impaired short-term memory, and 

severe fatigue. She also referred newly 

diagnosed anemia. Personal history was 

significant for Hashimoto thyroiditis and 

acute leukemia as a child (followed by 

complete recovery) as well as for gluten 

sensitivity later in life. Celiac disease was 

excluded, as the Patient does not express 

HLA DQ2 nor DQ8. The patient was 

evaluated by neurology after the episode, 

and had a normal physical and neurological 

exam as for cranial nerves motor 

examination, deep tendon reflexes, and 

sensory exam. There were no loss of 

balance, or blurred vision. Funduscopic 

examination was reported normal. 

Peripheral blood tests showed 

negative anti-gliadin, transglutaminase 

Antibodies (Ab) and EMA; anemia (Hb 

value was 8.8 g/dL). Erythrocyte 

sedimentation rate, biochemistry, liver 

function, thyroid-stimulating hormone level, 

C-reactive protein, were negative. A panel 

of IgG against CMV, EBV, HSV-1, HSV -2 

and Zoster viruses was conducted. CMV 

resulted negative, while our patient was 

found to carry a reactivation of EBV and 

Zoster. Her immunologic state was also 

examined with a lymphocyte comprehensive 

panel, that evidenced slight reduction in 

memory (Senescent CD8
+ 

) and Suppressor 

cytotoxic (CD8
+ 

) lymphocytes, while the 

regulatory T lymphocytes were at the lowest 

levels of the normal range, consistently with 

the history of Hashimoto thyroiditis. 

The patient brought an MRI scan 

performed at that time, according to axial, 

sagittal and coronal scans by the SE/EP, 

FSE technique. Figure 1 shows 9 scans 

corresponding to T2-weighted FLAIR signal 

lesions. MRI showed multiple small areas of 

altered size and increased signal intensity in 

the right semioval center and on the bilateral 

anterior frontal juxta-cortical white matter, 

suggestive of inflammatory demyelinating 

nature deserving clinical correlation and 

evolutionary controls. Based on the brain 

MRI findings, visually or somatosensory 

evoked potentials or Cerebrospinal Fluid 

(CSF) analysis were not recommended. 

However, an oral integration of diet with 

nautral compounds (i.e. D-galactose,  started 

integration with D-galactose (3 g/die), 

Coenzyme Q10 (CoQ, 100 mg/die) and also 

ferrous sulphate, (one 300 mg tablet 

containing 60 mg elemental iron) two times 

daily. After 2 months of such dietary 

integration the numbness had disappeared 

and has never come again, and attention and 

fatigue and central symptoms had sensibly 

ameliorated. 

A follow-up brain MRI was 

completed 6 months by VTD1W 3D MR 

technique, in complete wellness at the time, 

before and after contrast medium 

(Magnevis, 15 ml, e.v.) in the three planes of 

space. Figure 2 shows unchanged multifocal 

contrast-enhanced T1-weighted signal 

alterations of brain hemispheric white 

matter, with respect to the first MR scan, 

even though these were enhanced by 
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gadolinium. The second MRI could not 

confirm a diagnosis, of  MS. Consequently, 

as the previous diagnostic hypotheses 

remained valid, the recommendation of the 

neurologist and radiologist was to continue 

follow-up MRI in 12 months. Now the 

patient is in complete well-being and under 

follow-up. 

3. DISCUSSION 

We report herein a patient presenting 

with typical MS features (paresthesia, and 

fatigue). The patient also complained of a 

cognitive disability resulting in slight 

functional impairment at work, which has 

been described in MS patients. Such central 

symptomatology did raise the suspicion of 

MS. Consequently, the neurologist 

suggested performing an MRI.  

MRI is widely utilized as the most 

important paraclinical tool for diagnosing 

MS and therapeutic monitoring, playing a 

dominant role in ruling in or out a diagnosis 

of MS. MRI offers the most sensitive way to 

detect MS lesion [6].  MS is heterogeneous 

in terms of clinical forms. MS plaques are 

found throughout the brain, especially in the 

periventricular and deep white matter, and 

subcortical region. The early acute stage is 

believed to correspond to myelin breakdown 

by perivascular inflammation and disruption 

of the blood-brain barrier (BBB),  leading to 

gadolinium enhancement detectable by MRI 

[24]. This was the case also for our patient  

(Fig 2). The focal demyelinating lesions 

located along the corpus callosum were 

depicted by sagittal T2-weighted FLAIR 

imaging (Fig 2). MRI T2-weighted FLAIR 

lesions were typically hyperintense (Figs 1 

and 2). T1-weighted imaging (data not 

shown) of lesions was isointense to the 

normal white matter. 

MS is a challenging disease, 

especially in diagnosis. In some cases, after 

the first episode, no new lesions occur, and 

these never develop to clinically definite 

MS. However, many patients who suffer an 

isolated monosymptomatic episode of 

demyelination, will ultimately develop a 

second inflammatory event. This is true 

especially if the first MRI reveals white 

matter changes characteristic of MS, like in 

our case, and in case the patient shows an 

auto-immune trait. Sometimes patients are 

classified as suffering from MS tout-court 

after the first suggestive lesion. Our patient 

was instead advised to perform a second 

MRI after 6 months. Follow-up scans are 

recommended, as in the present case, to 

reach a diagnosis (objective evidence of two 

or more neurologic signs localized to the 

CNS, in different parts of the brain or spinal 

cord in two separate episodes at least three 

months apart) [5]. In the case of our Patient, 

the condition is stationary as shown by the 9 

contrast-enhanced T1-weighted scans. In 

patients with MS, perfusion-weighted 

imaging highlighted a diffuse brain 

hypoperfusion and hypoxia [25], both 

causative of cognitive dysfunction and 

fatigue, and inducing mitochondrial 

energetic failure and oxidative 

stress.  Hyperintense T2-weighted FLAIR 

MRI lesions in patients with MS are 

tipically situated in lower perfused white 

matter areas [25].   A significant reduction 

in the expression of mitochondrial electron 

transport chain proteins was also reported 

[26]. However, besides axonal 

mitochondria, myelin sheath was also 

reported to play a role in supplying the 

axoplasm with ATP, aerobically produced in 

its spires with a prominent role for 

connexons [27–29]. In fact, the 

mitochondrial F1Fo-ATP synthase, and the 

respiratory complexes are expressed in 

myelin [30–35]. An extra-mitochondrial 

oxidative phosphorylation in myelin needs 

heme synthesis, to supply cytochromes, 

consistent with the iron content of myelin 

sheath as measured by MRI [36]. Myelin-

forming oligodendrocytes stain for iron, and 

decreased availability of iron in the diet is 

associated to hypomyelination [37]. This can 

be correlated , in our patient, with anemia. 

 Iron deficiency causes severe 

impairment of myelination, during 

development [38]. Iron plays a role in MS, 

when for example an elevated ferritin 

content in serum of MS patients was found 

[39]. An iron deficiency would imbalance 

http://www.ajnr.org/content/27/6/1165.full#F2
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the electron transfer chain (ETC)  

functioning both in axonal mitochondria and 

in the sheath, impairing oxygen absorption 

and causing oxidative damage. Restoring 

CBF emerges as a new therapeutic target in 

MS, but this also applies to curing anemia. 

Following this line of thought, the correction 

of anemia with an oral supplementation of 

Fe
2+

 salts may have been beneficial in our 

patient, in fact anemia and hypoxia can 

conceivably be considered a risk factor for 

MS, especially in a person bearing a 

unbalanced immune response, as our patient 

is.  

As for the oral integration with Gal, a 

monosaccharide normally present in the 

body, its role in neuroprotection may have 

been long neglected. First of all, Gal is the 

very first nutrient for mammals, in a 1:1 

ratio with glucose and in the adult can enter 

the blood–brain barrier in a manner 

independent of insulin secretion [10]. 

Clinical trials on treatment of MS patients 

with Gal are presently lacking. However, 

clinical trials were conducted on the use of 

Gal for patients with Diabetic Macular 

Edema, Focal Segmental Glomerulosclerosis 

and Steroid Resistant Nephrotic Syndrome. 

In particular, results are known of a Phase II 

clinical trial (NCT00814255) designed to 

assess the efficacy of adalimumab and 

galactose, for patients with resistant focal 

segmental glomerulosclerosis (FSGS) 

unresponsive to corticosteroids and other 

immunosuppressants. Interestingly, some 

subjects in the Gal arm had a reduction in 

proteinuria without a decline in eGFR, while 

adalimumab did not achieve the primary 

target [22].  A case of focal segmental 

glomerulosclerosis, in which the 

immunosuppressive therapy had failed to 

induce remission, was treated with 

oral galactose for one month. The effect of 

oral Gal administration at a dose of 0.2 g/kg 

twice a day was a partial remission of 

resistant nephrotic syndrome with a decrease 

of proteinuria by 50%, and normalized the 

plasma albumin and cholesterol [21]. The 

underlying mechanism has not yet been 

clarified. The association of Gal and 

antioxidants, such as Coenzyme Q10A may 

represent a  basic neuroprotection 

supplementation. In fact, Gal, if adequately 

supported by antioxidants, may represent a 

"rescue " substrate for the nervous tissue and 

in particular for the myelin sheath. Glucose 

is too costly to be used de novo, as it 

requires prior phosphorylation to be utilized 

as a respiring substrate in conditions of 

chemical energy shortage. This is the case of 

demyelination, and also of the newborn, that 

is in fact fed with milk containing 7 

grams/kg of lactose,  composed by 50% 

glucose and 50% Gal. Gal becomes part of 

cerebrosides, but may also play a catabolic 

role: our preliminary results show that Gal is 

a better respiring substrate for myelin in 

vitro than glucose [16], with the possible 

participation of H6PD [13,40].  

Gal simultaneously administered i.v. 

and orally to MS patients was able to 

ameliorate the most invalidating symptoms 

[12]. Although dated, the cited report is 

interesting, as it underscores the role for Gal 

in the CNS.  More recently, a beneficial 

effect of oral Gal was reported in preventing 

the development of the cognitive deficits in 

the streptozotocin-induced rat model of 

sporadic Alzheimler's disease [23]. Gal 

would be a respiring substrate for extra-

mitochondrial ATP synthesis and oxygen 

consumption in myelin, which expresses 

H6PD, a microsomal enzyme displaying a 

particularly favorable KM for galactose, that 

has recently been considered a risk gene for 

MS [15]. In the context of myelin sheath, 

expressing the ETC [17–20], Gal, also 

unphosphorylated, would be the substrate of 

H6PD, generating reduced nicotinamide 

adenine dinucleotides (NADPH or NADH 

[14]) for Complex I of  ETC and Xilulose, 

an activator of glycolysis [41]. This would 

be consistent with the reported ability of Gal 

to force cells to rely on aerobic respiration 

[11]: Gal-grown HepG2 cells are more 

reliant on OXPHOS rather than glycolysis, 

and double Oxygen consumption [42]. 

H6PD is membrane-bound and has high 

affinity for several phosphorylated and non-

phosphorylated hexoses, among which  Gal, 

Gal 6-phosphate, 2-deoxyglucose, 2-

deoxyglucose 6-phosphate, glucosamine 6-
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phosphate, and glucose 6-phosphate [14,43]. 

Its physiological role is classically 

considered exclusively related to steroid 

metabolism [40], but following the 

hypothesis that the mitochondrial OXPHOS 

machinery is embedded in myelin, as 

suggested by many proteomic reports [44] 

and considering that also H6PD is expressed 

in myelin [16], it would be functionally 

associated with Complex I of respiration, 

producing NADH for the ETC, as we have 

discussed [45]. Recently H6PD has been 

indicated as a risk factor for MS [15], 

suggesting that this enzyme plays an 

important role for myelin sheath function.  

Future biochemical experiments may prove 

this hypothesis.  This was the rationale for 

the integration with Gal. On the other hand, 

the supplementation with CoQ10 appears 

correct for the function of this coenzyme in 

funneling electrons through the ETC. 

Notably, iron supplementation  may also 

have exerted a positive action on the 

functionality of the extra-mitochondrial ETC 

expressed in patient’s myelin, which needs 

cytochromes [17–20]. In fact, a heme 

synthesis has been reported to occur in 

myelin [46]. 

In conclusion, disease activity in MS 

is strongly linked to the formation of new 

lesions, therefore, for the repeated analyses 

of new lesion formation, MRI provides 

relevant data [47]. Here, it is important to 

acknowledge that, with a dietary integration, 

the patient did not develop a worsening of 

her condition. In this respect, the integration 

with galactose/Coenzyme Q10, may be an 

approach intended to support the myelin 

bioenergetics, to exert a neuroprotective 

effect, reducing further injury to the white 

matter. Notably, supplementation with Gal 

and antioxidants is recommendable, as in the 

present case, especially in the very early 

stages of the suspect or new diagnosis of 

MS, from the considerations cited. 

4. ACKNOWLEDGEMENTS 

We are indebted to Barbara Aprile, 

MD, Private Practice, Genoa, Italy, for her 

invaluable contribution. 

  



 

Medical Research Archives, Vol. 4, issue 1, April 2016 
MISSED EVOLUTION OF DEMYELINIZING BRAIN LESIONS DURING SUPPLEMENTATION WITH NATURAL COMPOUNDS: A Case Report. 

 

 

Copyright 2016 KEI Journals. All Rights Reserved                                                                        Page │7 

5. REFERENCES 

 

[1] P.M. Matthews, F. Roncaroli, A. 

Waldman, M.P. Sormani, N. De 

Stefano, G. Giovannoni, et al., A 

practical review of the neuropathology 

and neuroimaging of multiple 

sclerosis., Pract. Neurol. (2016). 

doi:10.1136/practneurol-2016-001381. 

[2] N. Koch-Henriksen, P.S. Sørensen, The 

changing demographic pattern of 

multiple sclerosis epidemiology., 

Lancet. Neurol. 9 (2010) 520–32. 

doi:10.1016/S1474-4422(10)70064-8. 

[3] J.Y. Kwon, J.Y. Kim, J.H. Jeong, K.D. 

Park, Multiple sclerosis and peripheral 

multifocal demyelinating neuropathies 

occurring in a same patient., J. Clin. 

Neurol. 4 (2008) 51–7. 

doi:10.3988/jcn.2008.4.1.51. 

[4] A. Morelli, S. Ravera, D. Calzia, I. 

Panfoli, Impairment of heme synthesis 

in myelin as potential trigger of 

multiple sclerosis, Med. Hypotheses. 78 

(2012) 707–710. 

http://www.scopus.com/inward/record.

url?eid=2-s2.0-

84860359166&partnerID=40&md5=df

de4854743e5a70ce654c67b2782fe4. 

[5] C.H. Polman, J.S. Wolinsky, S.C. 

Reingold, Multiple sclerosis diagnostic 

criteria: three years later., Mult. Scler. 

11 (2005) 5–12. 

http://www.ncbi.nlm.nih.gov/pubmed/1

5732260 (accessed May 25, 2015). 

[6] Y. Ge, Multiple Sclerosis: The Role of 

MR Imaging, AJNR Am. J. 

Neuroradiol. 27 (2006) 1165–1176. 

http://www.ajnr.org/content/27/6/1165.

short (accessed April 8, 2016). 

[7] M. Filippi, M.A. Rocca, O. Ciccarelli, 

N. De Stefano, N. Evangelou, L. 

Kappos, et al., MRI criteria for the 

diagnosis of multiple sclerosis: 

MAGNIMS consensus guidelines, 

Lancet Neurol. 15 (2016) 292–303. 

doi:10.1016/S1474-4422(15)00393-2. 

[8] G.R. Gibson, Dietary modulation of the 

human gut microflora using prebiotics., 

Br. J. Nutr. 80 (1998) S209–12. 

http://europepmc.org/abstract/med/9924

286 (accessed April 28, 2016). 

[9] M. Roser, D. Josic, M. Kontou, K. 

Mosetter, P. Maurer, W. Reutter, 

Metabolism of galactose in the brain 

and liver of rats and its conversion into 

glutamate and other amino acids., J. 

Neural Transm. 116 (2009) 131–9. 

doi:10.1007/s00702-008-0166-9. 

[10] A.L. Olson, J.E. Pessin, Structure, 

function, and regulation of the 

mammalian facilitative glucose 

transporter gene family., Annu. Rev. 

Nutr. 16 (1996) 235–56. 

doi:10.1146/annurev.nu.16.070196.001

315. 

[11] R. Rossignol, R. Gilkerson, R. Aggeler, 

K. Yamagata, S.J. Remington, R.A. 

Capaldi, Energy substrate modulates 

mitochondrial structure and oxidative 

capacity in cancer cells., Cancer Res. 

64 (2004) 985–93. 

http://www.ncbi.nlm.nih.gov/pubmed/1

4871829 (accessed October 13, 2014). 

[12] J. HARTSTEIN, G.A. ULETT, 

Galactose treatment of multiple 

sclerosis; a preliminary report., Dis. 

Nerv. Syst. 18 (1957) 255–8. 

http://www.ncbi.nlm.nih.gov/pubmed/1

3447785 (accessed October 13, 2014). 

[13] J. Ozols, Isolation and the complete 

amino acid sequence of lumenal 

endoplasmic reticulum glucose-6-

phosphate dehydrogenase., Proc. Natl. 

Acad. Sci. U. S. A. 90 (1993) 5302–6. 

[14] J.L. Clarke, P.J. Mason, Murine 

hexose-6-phosphate dehydrogenase: a 

bifunctional enzyme with broad 

substrate specificity and 6-

phosphogluconolactonase activity., 

Arch. Biochem. Biophys. 415 (2003) 

229–34. 

[15] A. Alcina, S. V Ramagopalan, O. 

Fernández, A. Catalá-Rabasa, M. 

Fedetz, D. Ndagire, et al., Hexose-6-

phosphate dehydrogenase: a new risk 

gene for multiple sclerosis., Eur. J. 

Hum. Genet. 18 (2010) 618–20. 

doi:10.1038/ejhg.2009.213. 

[16] S. Ravera, M. Bartolucci, D. Calzia, A. 



 

Medical Research Archives, Vol. 4, issue 1, April 2016 
MISSED EVOLUTION OF DEMYELINIZING BRAIN LESIONS DURING SUPPLEMENTATION WITH NATURAL COMPOUNDS: A Case Report. 

 

 

Copyright 2016 KEI Journals. All Rights Reserved                                                                        Page │8 

Morelli, I. Panfoli, Galactose and 

Hexose 6–Phosphate Dehydrogenase 

Support the Myelin Metabolic Role., 

PARIPEX-Indian J. Res. IV (2015) 

397–400. 

http://worldwidejournals.com/paripex/a

rticles.php?val=NDA5Mw==&b1=397

&k=100 (accessed November 16, 

2015). 

[17] S. Ravera, M. Bartolucci, D. Calzia, 

M.G. Aluigi, P. Ramoino, A. Morelli, et 

al., Tricarboxylic acid cycle-sustained 

oxidative phosphorylation in isolated 

myelin vesicles, Biochimie. 95 (2013) 

1991–1998. doi:S0300-9084(13)00212-

5 [pii]10.1016/j.biochi.2013.07.003. 

[18] S. Ravera, I. Panfoli, D. Calzia, M.G. 

Aluigi, P. Bianchini, A. Diaspro, et al., 

Evidence for aerobic ATP synthesis in 

isolated myelin vesicles., Int. J. 

Biochem. Cell Biol. 41 (2009) 1581–

91. doi:10.1016/j.biocel.2009.01.009. 

[19] A. Morelli, S. Ravera, I. Panfoli, 

Hypothesis of an Energetic Function for 

Myelin, Cell Biochem. Biophys. 61 

(2011) 179–187. 

http://www.scopus.com/inward/record.

url?eid=2-s2.0-

80051469511&partnerID=40&md5=22

07671489a9009733115ca89f84d99f. 

[20] S. Ravera, M. Bartolucci, P. Garbati, S. 

Ferrando, D. Calzia, P. Ramoino, et al., 

Evaluation of the Acquisition of the 

Aerobic Metabolic Capacity by Myelin, 

during its Development., Mol. 

Neurobiol. (2015). doi:10.1007/s12035-

015-9575-6. 

[21] M. Kopač, A. Meglič, R.R. Rus, Partial 

remission of resistant nephrotic 

syndrome after oral galactose therapy., 

Ther. Apher. Dial. 15 (2011) 269–72. 

doi:10.1111/j.1744-9987.2011.00949.x. 

[22] H. Trachtman, S. Vento, E. Herreshoff, 

M. Radeva, J. Gassman, D.T. Stein, et 

al., Efficacy of galactose and 

adalimumab in patients with resistant 

focal segmental glomerulosclerosis: 

report of the font clinical trial group, 

BMC Nephrol. 16 (2015) 111. 

doi:10.1186/s12882-015-0094-5. 

[23] M. Salkovic-Petrisic, J. Osmanovic-

Barilar, A. Knezovic, S. Hoyer, K. 

Mosetter, W. Reutter, Long-term oral 

galactose treatment prevents cognitive 

deficits in male Wistar rats treated 

intracerebroventricularly with 

streptozotocin., Neuropharmacology. 

77 (2014) 68–80. 

doi:10.1016/j.neuropharm.2013.09.002. 

[24] A. Rovira, A. León, MR in the 

diagnosis and monitoring of multiple 

sclerosis: an overview., Eur. J. Radiol. 

67 (2008) 409–14. 

doi:10.1016/j.ejrad.2008.02.044. 

[25] M. D’haeseleer, S. Hostenbach, I. 

Peeters, S. El Sankari, G. Nagels, J. De 

Keyser, et al., Cerebral hypoperfusion: 

a new pathophysiologic concept in 

multiple sclerosis?, J. Cereb. Blood 

Flow Metab. 35 (2015) 1406–10. 

doi:10.1038/jcbfm.2015.131. 

[26] L. Broadwater, A. Pandit, R. Clements, 

S. Azzam, J. Vadnal, M. Sulak, et al., 

Analysis of the mitochondrial proteome 

in multiple sclerosis cortex., Biochim. 

Biophys. Acta. 1812 (2011) 630–41. 

doi:10.1016/j.bbadis.2011.01.012. 

[27] S. Ravera, I. Panfoli, D. Calzia, M.G. 

Aluigi, P. Bianchini, A. Diaspro, et al., 

Evidence for aerobic ATP synthesis in 

isolated myelin vesicles, Int. J. 

Biochem. Cell Biol. 41 (2009) 1581–

1591. 

[28] S. Ravera, M. Bartolucci, P. Cuccarolo, 

E. Litamè, M. Illarcio, D. Calzia, et al., 

Oxidative stress in myelin sheath: The 

other face of the extramitochondrial 

oxidative phosphorylation ability., Free 

Radic. Res. (2015) 1–36. 

doi:10.3109/10715762.2015.1050962. 

[29] S. Ravera, M. Bartolucci, E. Adriano, 

P. Garbati, S. Ferrando, P. Ramoino, et 

al., Support of Nerve Conduction by 

Respiring Myelin Sheath: Role of 

Connexons., Mol. Neurobiol. (2015). 

doi:10.1007/s12035-015-9216-0. 

[30] S. Ravera, I. Panfoli, D. Calzia, M.G. 

Aluigi, P. Bianchini, A. Diaspro, et al., 

Evidence for aerobic ATP synthesis in 

isolated myelin vesicles, Int J Biochem 

Cell Biol. 41 (2009) 1581–1591. 

http://www.ncbi.nlm.nih.gov/entrez/que



 

Medical Research Archives, Vol. 4, issue 1, April 2016 
MISSED EVOLUTION OF DEMYELINIZING BRAIN LESIONS DURING SUPPLEMENTATION WITH NATURAL COMPOUNDS: A Case Report. 

 

 

Copyright 2016 KEI Journals. All Rights Reserved                                                                        Page │9 

ry.fcgi?cmd=Retrieve&db=PubMed&d

opt=Citation&list_uids=19401152. 

[31] S. Ravera, I. Panfoli, M.G. Aluigi, D. 

Calzia, A. Morelli, Characterization of 

Myelin Sheath F(o)F(1)-ATP synthase 

and its regulation by IF(1), Cell 

Biochem Biophys. 59 (2011) 63–70. 

[32] S. Ravera, L. Nobbio, D. Visigalli, M. 

Bartolucci, D. Calzia, F. Fiorese, et al., 

Oxydative phosphorylation in sciatic 

nerve myelin and its impairment in a 

model of dysmyelinating peripheral 

neuropathy, J Neurochem. 126 (2013) 

82–92. doi:10.1111/jnc.12253. 

[33] S. Ravera, M. Bartolucci, D. Calzia, 

M.G. Aluigi, P. Ramoino, A. Morelli, et 

al., Tricarboxylic acid cycle-sustained 

oxidative phosphorylation in isolated 

myelin vesicles, Biochimie. (2013). 

doi:S0300-9084(13)00212-5 

[pii]10.1016/j.biochi.2013.07.003. 

[34] R.S. Bartolucci M, Ramoino P, Calzia 

D, Traverso C, Panfoli I., Oxydative 

Metabolism in Optic Nerve Myelin: 

New Perspectives in Hereditary Optic 

Neuropathies, Clin. J. Ophthalmol. 1 

(2014) in press. 

[35] A. Morelli, S. Ravera, I. Panfoli, 

Hypothesis of an Energetic Function for 

Myelin, Cell Biochem Biophys. (2011). 

doi:10.1007/s12013-011-9174-8. 

[36] M. Fukunaga, T.-Q. Li, P. van 

Gelderen, J.A. de Zwart, K. Shmueli, B. 

Yao, et al., Layer-specific variation of 

iron content in cerebral cortex as a 

source of MRI contrast., Proc. Natl. 

Acad. Sci. U. S. A. 107 (2010) 3834–9. 

doi:10.1073/pnas.0911177107. 

[37] B. Todorich, J.M. Pasquini, C.I. Garcia, 

P.M. Paez, J.R. Connor, 

Oligodendrocytes and myelination: the 

role of iron., Glia. 57 (2009) 467–78. 

doi:10.1002/glia.20784. 

[38] L.-L. Wu, L. Zhang, J. Shao, Y.-F. Qin, 

R.-W. Yang, Z.-Y. Zhao, Effect of 

perinatal iron deficiency on myelination 

and associated behaviors in rat pups., 

Behav. Brain Res. 188 (2008) 263–70. 

doi:10.1016/j.bbr.2007.11.003. 

[39] C. Sfagos, A.C. Makis, A. Chaidos, 

E.C. Hatzimichael, A. Dalamaga, K. 

Kosma, et al., Serum ferritin, transferrin 

and soluble transferrin receptor levels 

in multiple sclerosis patients., Mult. 

Scler. 11 (2005) 272–5. 

http://www.ncbi.nlm.nih.gov/pubmed/1

5957506 (accessed April 8, 2016). 

[40] K.N. Hewitt, E.A. Walker, P.M. 

Stewart, Minireview: hexose-6-

phosphate dehydrogenase and redox 

control of 11{beta}-hydroxysteroid 

dehydrogenase type 1 activity., 

Endocrinology. 146 (2005) 2539–43. 

doi:10.1210/en.2005-0117. 

[41] R. Dentin, L. Tomas-Cobos, F. 

Foufelle, J. Leopold, J. Girard, C. 

Postic, et al., Glucose 6-phosphate, 

rather than xylulose 5-phosphate, is 

required for the activation of ChREBP 

in response to glucose in the liver., J. 

Hepatol. 56 (2012) 199–209. 

doi:10.1016/j.jhep.2011.07.019. 

[42] L.D. Marroquin, J. Hynes, J.A. Dykens, 

J.D. Jamieson, Y. Will, Circumventing 

the Crabtree effect: replacing media 

glucose with galactose increases 

susceptibility of HepG2 cells to 

mitochondrial toxicants., Toxicol. Sci. 

97 (2007) 539–47. 

doi:10.1093/toxsci/kfm052. 

[43] E. Beutler, M. Morrison, Localization 

and characteristics of hexose 6-

phosphate dehydrogenase (glucose 

dehydrogenase)., J. Biol. Chem. 242 

(1967) 5289–93. 

[44] I. Panfoli, M. Bruschi, L. Santucci, D. 

Calzia, S. Ravera, A. Petretto, et al., 

Myelin proteomics: the past, the 

unexpected and the future., Expert Rev. 

Proteomics. 11 (2014) 345–54. 

doi:10.1586/14789450.2014.900444. 

[45] S. Ravera, I. Panfoli, Role of myelin 

sheath energy metabolism in 

neurodegenerative diseases., Neural 

Regen. Res. 10 (2015) 1570–1. 

doi:10.4103/1673-5374.167749. 

[46] W.O. Whetsell, S. Sassa, A. Kappas, 

Porphyrin-heme biosynthesis in 

organotypic cultures of mouse dorsal 

root ganglia. Effects of heme and lead 

on porphyrin synthesis and peripheral 

myelin., J. Clin. Invest. 74 (1984) 600–



 

Medical Research Archives, Vol. 4, issue 1, April 2016 
MISSED EVOLUTION OF DEMYELINIZING BRAIN LESIONS DURING SUPPLEMENTATION WITH NATURAL COMPOUNDS: A Case Report. 

 

 

Copyright 2016 KEI Journals. All Rights Reserved                                                                        Page │10 

7. doi:10.1172/JCI111457. 

[47] A. Rovira, C. Auger, J. Alonso, 

Magnetic resonance monitoring of 

lesion evolution in multiple sclerosis., 

Ther. Adv. Neurol. Disord. 6 (2013) 

298–310. 

doi:10.1177/1756285613484079. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Medical Research Archives, Vol. 4, issue 1, April 2016 
MISSED EVOLUTION OF DEMYELINIZING BRAIN LESIONS DURING SUPPLEMENTATION WITH NATURAL COMPOUNDS: A Case Report. 

 

 

Copyright 2016 KEI Journals. All Rights Reserved                                                                        Page │11 

6. FIGURES 

 

 
 

Figure 1. Cranial magnetic resonance imaging at the time of the consultation. Sagittal 

MRI scan T2-FLAIR sequences of the brain of the Patient showing multiple demyelinating 

lesions that are hyperintense relative to the normal appearing brain tissue. The 9 sagittal FLAIR 

sequential scans shows the multiple areas of increased signal intensity in the left semioval 

center and on the bilateral anterior frontal juxta-cortical white matter, of a demyelinating 

nature. FLAIR, fluid attenuation inversion recovery. 
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Figure 2. Cranial magnetic resonance imaging 6 months later. Sagittal contrast-

enhanced T1-weighted brain magnetic resonance imaging scans obtained serially at 6 month 

interval in our patient. Unchanged multifocal contrast-enhanced T1-weighted signal alterations 

of brain hemispheric in the left frontal white matter, with respect to the first MR scan, even 

though these was enhanced by gadolinium. No formation of new plaques was seen. 


