Volume 6 ¢ Issue 3 | 324

(
fﬂhm JOURNAL OF PEDIATRICS,

£
. A
Journals PERINATOLOGY AND CHILD HEALTH &
- y
Research Article ’ISSN: 2687-8046 y @ o
L |

Functional Vitamin B2 Deficiency in Autism

Gregory Russell-Jones*

Abstract

Functional vitamin B2 levels were assessed in 600 children with autism aged
between two and 30 years old. Every child assessed was found to have functional
vitamin B2 deficiency. The deficiency appears to have stemmed from deficiencies
in lodine, Selenium and/or Molybdenum as was found in a previous report by this
lab. Functional vitamin B2 is a known essential co-factor in the maintenance of the
activity of vitamin B12, and potentially this would also mean that each child was
deficient in functional vitamin B12 — a known predisposing factor for autism.
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Introduction

Riboflavin, also known as vitamin B2, is known to play an essential role in
health and metabolism. In order to do this, however, riboflavin must first be
modified (activated) within the body. The activation of dietary or supplemental
riboflavin involves contribution from Thyroid Stimulating Hormone (TSH), which
stimulates the uptake of Iodine into the thyroid gland to make thyroid hormone
(tetraiodothyronine, T4). T4 is in turn activated by removal of one Iodine to form
T3 (triiodothyronine) by the Selenoprotein, iodothyronine deiodinase. T3 is
then used in turning on the production of the first enzyme involved in riboflavin
modification, riboflavin kinase. The resultant molecule, flavin mononucleotide
(FMN), is further modified by the Molybdopterin-protein, FAD synthase, to
form FAD. Hence, all three of Iodine, Selenium and Molybdenum are required
for the complete activa-tion of vitamin B2 to FMN and FAD. The activated FMN
and FAD are used as co-factors in over 100 “flavoproteins” in the body. Several
of these flavoproteins have important roles in the body in the activation of several
vitamins, or in the maintenance of vitamin activity. Hence, FMN is a co-factor in
the enzyme pyridoxine S-phosphateoxidase, which converts pyridoxal to pyridoxal-
phosphate, the active form of vitamin B6. FMN and FAD work together in several
enzymes, including methionine synthase reductase (MTRR), a rescue enzyme
in methyl B12 metabolism. FAD is also involved in the activity of methylene-
tetrahydrofolate reductase (MTHR), an enzyme that is responsible for converting
5,10-methylenetetrahydro-folate to S-methyltetrahydrofolate (SMTHF).

Vitamin B2, as FAD, is an essential co-factor for long, medium and short chain
acylCoA-dehydrogenase [1, 2], and as such has a critical role in fat metabolism.
Insufficient FAD in the womb, leads to a reduced capacity of the foetus, neonate
or child to metabolize fat for energy, and can lead to many conditions including
failure to thrive, metabolic acidosis, ketotic hypoglycemia, lethargy, hypotonia,
developmental delay, seizure, myopathy and dystonia. FAD also is involved in a
complex co-enzyme complex within pyruvate dehydrogenase interacting with
thiamine-pyrophosphate (TPP) and alpha-lipoic acid (ALA), plus nicotinamide
adenine dinucleotide and acetyl-CoA. Pyruvate dehydrogenase is effectively the last
enzyme in glycolysis and lack of FAD reduces the conversion of pyruvate to acetyl-
CoA. This then leads to the isomeric conversion of pyruvate to lactate, with the
subsequent build-up of lactic acid. Genetic mutations in pyruvate dehydrogenase
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have been associated with elevated levels of lactic acid in serum,
and a syndrome of neurologic signs, including hypotonia, epilepsy,
metabolic abnormalities and microcephaly. Developmental delay
is a nearly universal consequence of the condition [3]. FMN is also
an essential co-factor for the citric acid cycle enzyme succinate
dehydrogenase/respiratory complex II. The major enzyme that
“bridges” Krebs cycle and the Electron Transport Chain. FMN,
through its’ role in the activation of vitamin B6, is also required for
the formation of Serotonin from 5-hyroxytryptophan by the P5P-
dependent enzyme, hydroxytryptophan decarboxylase.

In the study reported here, Organic Acids Test data obtained
from children with a diagnosis of Autism Spectrum Disorder
(ASD) has been used to ascertain if there is an alteration in the
accumulation of various markers associated with functional
B2 deficiency, including glutaric acid, fatty acids, lactic acid,
Quinolinic Acid:Kynurenic Acid, and oxalic acid, in these
individuals.

Methods
Study sample

Data analysis was carried out under the Australian National
Health and Medical Research Council guidelines (NHMRC).
Under these guidelines, all data was deidentified and steps
were taken to ensure the anonymity and confidentiality of the
data. Deidentification has consisted of absolute anonymity and
confidentiality of the data, such that no specifics such as gender,
ethnicity, Country of Origin, etc is associa-ted with any data point
in the study. As such per the NHMRC guidelines:

1. Theresearch does not carry any risk to the participants.

2. The benefits of the research are many and will be of considerable
benefit to any past, current or future participants, and as such
represent no harm.

3. The data is from over 600 participants collected over 6 years
and as such it would be impracticable to obtain consent from
the participants. Further the participants had been notified
at the time of analysis that data presented for analysis might
potentially be used in research — but would be totally de-
identified (which it has been).

4. There is no known reason why any of the participants would
not have consented if they had been asked.

S. Given the total de-identification of the data, there is absolute
protection of their privacy.

6. Datais onlyhoused in one location and has only been assessed
by one person, and as such the confidentiality of the data can
be assured.

7. No financial benefits from the data is anticipated, rather the
data will be used to help prevent and treat those to whom the
data applies.

8. The waiver is not prohibited by State, Federal or International
Law.

A retrospective analysis was performed upon data submitted
to us for analysis from a cohort of 600 children and adults who
had been diagnosed with ASD from countries including USA,
Canada, United kingdom, Ireland, Germany, Spain, France, Italy,
Bulgaria, India, Sweden, Bulgaria, Serbia, Dubai, Croatia and
Australia. Age distribution of the 600 individuals was 1-5 (358);
6-10 (172); 11-15 (46); 16-20 (9); >21 (16). No selection was
made in the acceptance of data, with no data being rejected. We
were not made privy to either the methods of assessment nor of
the severity of the Developmental Delay in the Children. Data is
presented regardless of sex, or age. Ages varied from 1 year old
to thirty-four years old. Organic Acid Test Data (600 sets, Great
Plains Laboratories, Lenexa, KS, USA), which had been submitted
to us for interpretation, by parents of children with autism
spectrum disorder, (ASD) was compared to that from persons
who were healthy, and who had no previously identified health
condition (NT). Individual data is plotted as Scattergrams (see
Graphs 1 to 3). Organic Acid Test Data (OAT) (600 sets, Great
Plains Laboratories, Lenexa, KS, USA), from children with ASD,
was compared to that from persons who were healthy, and who
had no previously identified health condition, and was plotted as
Scattergrams (see Graphs 1 to 8). Data is represented as mmol/
mol creatine for NT (n=20), and ASD (n=600)

Results

Analysis of OAT data from 600 children diagnosed with
ASD revealed each and every child had a functional deficiency
in vitamin B2 (see Figures 1 to 4), as defined by elevation in
levels of Organic Acids. Thus, there was reduced activity of acyl-
reductase (Figures 1, 2), leading to elevations in Ethylmalonic
acid, Methylsuccinic acid, adipic acid and suberic acid, as well as
reduced activity of the FAD-dependent enzyme, Glutaryl-CoA
reductase, leading to elevated glutaric acid (Figure 3). In addition,
there was reduced activity of the FAD/TPP/lipoate- dependent
enzyme pyruvate dehydrogenase, leading to elevated lactic acid
(Figure 4 Left Panel). These large elevations in organic acids,
reflect energy loss from the metabolism of fats and sugars, and as
a result in order to obtain sufficient energy, the ASD individuals
revert to the catabolism of proteins, yielding glucogenic and
ketogenic amino acids. Part of this catabolism is the metabolism
of hydroxy-proline, to yield glyoxylate, which is then converted to
Glycolate via the FAD-dependent enzyme, glyoxylate reductase.
In FAD-deficiency, however, glyoxylate is oxidized to yield
oxalic acid, via lactate dehydro-genase and glyoxylate oxidase.
In concordance with the elevations in other FAD-deficiency
markers, levels of oxalic acid were elevated in persons with ASD
(Figure 4. Right Panel). Conversion of kynurenin to kynurenic
acid is dependent upon the vitamin B6 dependent enzyme
kynurenin amino transferase, and in functional FMN deficiency,
there is reduced production of the active form of vitamin B6, PSP,
resulting in an increased ratio of QA:KA (Table 1). The degree
of functional B2 deficiency was highly variable between ASD
individuals as is reflected in the high standard deviation from the
mean values (Table 1)
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Figure 1: Ethylmalonic acid (Left Panel) and Methylsuccinic acid (Right Panel) in the urine of neurotypical (NT) and individuals with autism (ASD).
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Figure 2: Suberic acid (Left Panel) and Adipic acid (Right Panel) in the urine of neurotypical (NT) and individuals with autism (ASD).
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Figure 3: Glutaric acid (Left Panel) and Succinic acid (Right Panel) in the urine of neurotypical (NT) and individuals with autism (ASD).

450 1200
400 . 1600 :
350 . 1400 H
300 1200 .
250 $ 1000 M
200 3 200
150 600
100 a00
50 * 200 .
0 ] o [
NT ASD MT ASD

Figure 4: Lactic acid (Left Panel) and Oxalic acid (Right Panel) in the urine of neurotypical (NT) and individuals with autism (ASD).
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Table 1: Functional Differences in Vitamin B2 -deficiency related
markers between neurotypical (NT) persons and those with autism
(ASD). Data is presented as Mean + STD

Marker NT ASD

Ethyl Malonic Acid 1.53 +/-1.12 3.10+2.3

Methyl Succinic Acid 1.25+1.02 3.11+£341
Adipic Acid 145+1.2 7.12+15.2

Suberic Acid 1.77 £ 2.29 6.0+11.9
Lactate 129+ 15.6 29.1 +40.28
QA:KA 3.12 £ 2.05 5.32 +£12.89
Succinate 4.48 +3.14 28.5+44.8
Glutarate 0.27 £0.24 1.25+1.77

Oxalate 71.73+£50.6 269 + 231

Discussion

In a previous article [4] it was found that all children with ASD
that were tested were deficient in one of more of Iodine, Selenium
and Molybdenum, each of which is involved in the activation
of vitamin B2 (riboflavin) to FMN and FAD. The current study
has extended those findings and has shown that the previously
prescribed mineral deficiencies, are accompanied by an expected
deficiency in functional vitamin B2. This deficiency then affects
the metabolism of fatty acids, glucose and amino acids. Functional
B2 deficiency also affects the activity of succinate dehydrogenase
— the linking enzyme between energy production in Krebs cycle
and electron transfer in the Electron Transport Chain. In addition,
functional B2 (as FMN) is also required for the activation of
vitamin B6. Given that it is known that vitamin B2, in its active
forms, FMN and FAD, is involved as a co-factor in over 100
enzymes, these findings have profound implications for energy
production in the brain of the children and for the activation and
control of neurotransmitters, amongst other reactions.

The observed deficiency in activation of vitamin B2, is
accompanied by a reduced ability to burn fat for energy, and so
may explain the observed higher rate of obesity in persons with
autism [5-11], and the higher rate of obesity in mothers of children
with autism [15-17]. Functional vitamin B2 deficiency, also affects
the ability of the enzyme pyruvate dehydrogenase to process
pyruvate, which effectively blocks the glycolysis pathway leading
to elevated lactic acid. Persons with mutations in the pyruvate
dehydrogenase enzyme have been shown to have very elevated
lactic acid and neurodevelopmental delay is a universal finding in
these individuals [ 18]. Elevated lactic acid is one of the features of
diabetes, lack of activity of pyruvate dehydrogenase may explain
the higher rate of diabetes seen in persons with autism [19, 20] as
well as the known association of gestational diabetes in mothers
and the subsequent development of autism in the children [21-
28]. The reduced ability to produce energy from glucose, the
preferred energy source in the brain, would in turn necessitate the
catabolism of protein to form ketogenic amino acids, and would
explain the elevated levels of glutaric acid and oxalic acid observed
in these individuals.

More importantly, the measured association of deficiencies
of Iodine, Selenium and/or Molybdenum and functional B2

deficiency in those with autism also provides a potential mode
of prevention and treatment of autism. In addition, the same
approach has potential application to weight loss in obesity and
glucose reduction in diabetes. In separate studies, not reported
here, we have examined the levels of functional vitamin B12,
using Urinary Organic Acids Tests, and in these studies, every
child who was found to be functionally deficient in vitamin B2
was also functionally deficient in vitamin B12. In this regard is
has been known for over 40 years that vitamin B12 deficiency in
the neonate is associated with developmental delay in children
[29-34]. This then poses the theory that the dramatic increase
in the rate of autism over the past 20 years could be due to
decreases in the intake of Iodine, Selenium and/or Molybdenum
in countries, in which soil deficiencies are now more common.
Hence lack of one single nutrient could be the precipitating event
that results in the spectrum of developmental delays such as those
seen in Autism Spectrum Disorder.

Conclusions

Dietary deficiency of Iodine, Selenium and/or Molyb-
denum in children with autism, results in insufficient activation
of dietary vitamin B2. This then leads to a functional deficiency
in vitamin B2, thereby resulting in reduced capacity of the child
to gain energy from the metabolism of fats, sugar and protein.
In addition, functional B2 is an essential requirement for the
metabolism of vitamin B12, and hence a deficiency in functional
vitamin B2 would potentially lead to the accumulation of inactive
vitamin B12, in these individuals, a known predisposing factor for
developmental delay.
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