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Abstract:- Vit D deficiency is a public health problem
worldwide. According to epidemiological studies, low Vit
D levels have been associated with an increased risk of
certain neurodevelopmental disorders, including autism
spectrum disorder, but the risk of high concentration of
Vit D is not clearly affect in nervous system.. In this
research, we studied whether vitamin D concentrations
were associated with the activity of the nervous system in
healthy  people by comparing catecholamines
concentrations in blood of 42 healthy women (age = 40-50
years old, body mass index: 22.7 £ 2.1 kg/m2). We had
three groups as Vit D levels: (Deficient: vit D: <20 ng/L),
(insufficient vita D 20-29 ng/L), (Sufficient vit D: >30<70
ng/L). In our study:_ Plasma Noradrenaline decreased
statistically significant ( p<0.005) in high levels of vit D, _
Plasma Adrenaline increased statistically significant (
p<0.005) in high levels of vit D, Plasma Dopamine
increased statistically significant only in high levels of
vitamin D. It should be mentioned that high levels of vita
D has also been related to mood disorders, movement and
a Calcium status. There was a statistical association
between several measures of nervous system, hormones
activity and vita D levels. This suggests that vita D induces
catecholamine synthesis and/or secretion.

Keywords:- Adrenaline, Dopamine, Catecholamines, MAO,
Vitamin D.

l. INTRODUCTION

A. Vitamin D and its Role:

Vita D is one of the fat-soluble vitamins, it has two
different forms: Vit D2 and Vit D3. While vitamin D2 is
obtained from the diet, vitamin D3 is produced primarily from
7-dehydrocholesterol (7-DHC) in the skin via ultraviolet
(UVB) radiation. It is converted to 1,25-dihydroxyvitamin D3
[1,25(OH)2D3] in the kidney via hydroxylation of 1 a-
hydroxylasel.

Several recent studies confirm that 1,25(0OH)2D3 (the

active form) can affect a wide range of biological functions,
including cell proliferation and differentiation, immune
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responses, the balance of calcium and phosphorus2, and brain
development3.

Many epidemiological data have revealed a relationship
between vit D deficiency and the occurrence of some
neurodevelopmental disorders4,5 ,However, the molecular
mechanisms of vita D effects in these diseases is little known
6,7.

Some studies showed that vit D activates the gene that
create the enzyme tryptophan hydroxylase 2 (TPH2), which
converts the essential amino acid tryptophan, into serotonin
in the brain8,9,10. This suggests that adequate levels of vit D
may be needed to produce serotonin in the brain where it
forms the structure and wiring of the brain, acts as a
neurotransmitter, and influences social behavior 11,12,13.
They also found evidence that the gene that create the enzyme
tryptophan hydroxylase 1 (TPH1) is inhibited by vit D, which
subsequently stops the production of serotonin in the intestine
and other tissues, where its presence in excess promotes
inflammation 14,15.

B. What are Catecholamines:

The production of catecholamines in the body depends
on the concentration of tyrosine in the blood. Tyrosine
undergoes a hydroxylation process (OH) by the enzyme
tyrosine hydroxylasel16, forming DOPA, which undergoes a
decarboxylation process, producing dopaminel6.17.

Dopamine is secreted into the blood, or it undergoes
another  hydroxylation  process,  which  produces
Norepinephrine hormonel7, which is also either secreted into
the blood, or it undergoes a methylation process (CH3) by the
enzyme methyltransferase, so to production of the
Epinephrine hormone 17.18.

Catecholamines work to regulate blood pressure by
controlling the constriction of blood vessels18,19, improving
the contractility of the heart muscles, and controlling
constriction20,21.
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Catecholamines affect the relaxing of the intestinal tract
muscles, the wurinary tract, and the bronchioles 22.
Catecholamines modify metabolic processes by increasing
blood sugar levels, as stimulating the breakdown of glycogen
in the liver23, increasing the secretion of the hormone
glucagon, reducing the secretion of insulin from the pancreas,
and increases the secretion of Glucocorticoids (as Cortisol)
from the adrenal gland 23.

Dopamine production essentially occurs in the brain,
and the dopaminergic pathways follows have broad
implications for cortical neurophysiology24. Dopamine is
chemically classified as a catecholamine, undergoes some
synthesis in the adrenal medulla, and has an affinity for
adrenergic receptors. However, it is not typically considered
in the context of clinical adrenal physiology at the same depth
level as norepinephrine and epinephrine25. It has a special
affinity to receptors found in renal arteries which, when
activated, relax and dilate renal blood vessels 26. So,
clinically, it has applications to treatment hypotension in
patients with shock27.

Norepinephrine can be secreted into the bloodstream or
further modified by a methyltransferase to epinephrine
(adrenaline) 28,29. Glucocorticoids significantly down
regulate methyltransferase activity to increase epinephrine
production 30 The degradation of catecholamines into their
metabolites occurs either by monoamine oxidase (MAO)
located in the outer mitochondrial membrane of the cell
and/or by catechol methyltransferase (COMT) located within
the cytosol of the cell. MAO and COMT catabolize
norepinephrine and epinephrine to vanillylmandelic acid
(VMA), and dopamine to homovanillic acid (HVA). VMA
and HVA are excreted in urine31.

Some patients suffer from a deficiency in catecholamine
functions as a result of a defect in the mechanism of their
secretion, absorption, or sensitivity of receptors to them,
which results in negative effects in attention and mood 32,33.

High levels of catecholamines in the body lead to
increased breathing rate, high blood pressure, and increased
blood flow to the body’s organs such as the brain, heart, and
kidneys 25,34.

» Using of Catecholamines in Treating a Number of
Diseases:

o Epinephrine and Norepinephrine are used to treat cases of
acute low blood pressure, and as part of the treatment plan
in cases of cardiac arrest, causing local narrowing of the
blood vessels to reduce bleeding during surgical
operations33. Some medications that work to inhibit the
absorption of catecholamines are also used to treat some
psychological disorders, such as depression, stress, panic
disorder, and others, in addition to treating some chronic
cases of muscle pain 31.
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e Dopamine: a neurotransmitter that affects movement,
feelings, and memory34. The most prominent symptoms
of high dopamine in the blood are the following: excessive
secretion of saliva, digestive problems, hyperactivity,
anxiety, insomnia, depression and schizophrenia35.

e Serotonin regulates a wide range of brain functions and
behaviors36. Studies report that serotonin regulates
executive function, sensory gating, and social behavior,
bipolar disorder, schizophrenia, and reckless behavior all
share common deficits in these functions37.

e Mechanisms are proposed by which serotonin synthesis,
release, and function in the brain are modulated by
vitamin D, omega-3 fatty acids eicosapentaenoic acid
(EPA), and docosahexaenoic acid (DHA)38.

1. RESEARCH AIM

The autonomic dysfunction is associated with an
increased risk of cardiovascular mortality 6. In contrast, an in
vitro study reported that 1,25-dihydroxy vit D increases the
effectiveness of tyrosine hydroxylase, suggesting that vitamin
D It may catalyze the rate-limiting step in catecholamine
biosynthesis17,18.

With these conflicting results, there is interest in further
investigating the relationship between vit D and autonomic
nervous system activity.

Increased arterial stiffness and arterial wave reflection,
an indirect marker of atherosclerosis, have been proposed as
mechanisms linking vit D deficiency and cardiovascular
events. These measures, which are major determinants of
systolic blood pressure and pulse pressure, and thus
cardiovascular risk4,5, were negatively associated with
vitamin D concentration6,7,8.

Vit D deficiency has been associated with these
structural and functional vascular disorders in some
studies6,10,11, but not in othersl2. Therefore, further
investigation into the mechanisms linking serum vit D and
atherosclerosis is warranted.

1. RESEARCH MATERIALS AND METHODS

Many women visited the cardiology, neurology, and
endocrinology clinics with complaints of high blood pressure
(16/10 mm) without any cardiac causes or symptoms of
altered thyroid activity. Women were excluded if they had
taken calcium , vitamin D supplements or beta-blocker
medication in the previous three months, had diabetes, atrial
fibrillation or Raynaud's phenomenon, were pregnant.

Our study include 42 women (age = 40-50 years old,
body mass index: 22.7 + 2.1 kg/m2)
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» We Organized the Patient into Three Groups:

e Groupl: 13 women ( vitamin D: < 20 ng/L), and no clear
symptoms of high blood pressure.

e Group2: 13 women (vitamin D: 20-29 ng/L)

e Group3: 16 women (vitamin D: >30<70 ng/L).

Vitamin D and catecholamines (Adrenaling,
Noradrenaline and Dopamine) were assayed in whole blood
in the presence of EDTA. Calibrations were performed on an
HPLC device, et al., 2015; Petty et al., 2019). were included
in the final analysis for most variables.

These studies were conducted within the
Endocrinology Research department, Al-Hawash University
Hospital. The study was approved by the Research and Ethics
Committee of the Ministry of High Education in Syria. All
subjects provided written informed consent.
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» Statistics:

Data were analyzed using SPSS 24 with p<0.05
considered statistically significant. Results are presented as
mean + standard deviation if normally distributed and median
(interquartile range) if the distribution was not normal.
Normality was assessed with the Kolmogorov—Smirnov test.

(\VA RESULTS AND CONCLUSION
» Inour Study:

e Plasma Noradrenaline (norepinephrine) decreased
statistically significant ( p<0.005) in high levels of vit D
Figure 1.

e Plasma Adrenaline (Epinephrine) increased statistically
significant ( p<0.005) in high levels of vit D, Figure2.

o Plasma Dopamine increased statistically significant only
in high levels of vit D, Figure3.
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Fig 1: Association of Vitamin D Levels with Noradrenaline Concentrations in Healthy Women.

o Note: Current guidelines for adequate vitamin D levels are concentrations above 30 ng/ml.
¢ Note: Current guidelines for adequate Noradrenaline: Supine 70-750, Standing: 200-1700 pg/ml.
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Fig 2: Association of Vitamin D Levels with Adrenaline Concentrations in Healthy Women

Note: Current guidelines for adequate vitamin D levels are concentrations above 30 ng/ml.
Note: Current guidelines for adequate Noradrenaline: Supine up to 110, Standing: up to 140 pg/m
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Fig 3: Association of Vitamin D Levels with Dopamine Concentrations in Healthy Women

e Note: Current guidelines for adequate vitamin D levels are concentrations above 30 ng/ml.

Note: Current guidelines for adequate Dopamine: up to 30 pg/m
There was an independent relationship between several
measures of nervous system activity and vit D levels.

e Aanother suggesting category is that, the transcription of
the tryptophan hydroxylase 2 (TPHZ2) gene in the brain is
activated by vitamin D 14,15 so the synthesis of dopamin,

» The Proposed Mechanisms of Vit D Explains:

e Most catecholamines are eliminated by the liver, and the
substance resulting from final breakdown is called

vanillylmandelic acid, which is excreting it in the
urine35,36.
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adrenaline and nor adrenaline is induces.

e Vitamin D can modulate catecholamine synthesis and/or
secretion from the adrenal medullal9, so, we can
understand the relationship between serum vitamin D and

cardiovascular risk where the high concentrations of
catecholamines is the reason.
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Vitamin D affects Calcitonin and Thyroxin hormone
releasing, so the TSH 37

Hypercalciuria and Hypercalcemia are caused by the side-
effects of vitamin D supplementation, so maybe they
result to hypertension symptoms38.

V. CONCLUSION

» For Many Overlapping Reasons:

High levels of vit D is a cause of or risk for developing

depression and hypertension. So vitamin D supplementation
must be controlled well.

[1].

[2].

3].

[4].

[5].

[6].

[71.

1JISRT24JUN1396

REFERENCES

Dobnig H., Pilz S., Scharnagl H., Renner W.,
Seelhorst U., Wellnitz B., Kinkeldei J., Boehm B.O.,
Weihrauch G., Maerz W. Independent association of
low serum 25-hydroxyvitamin D and 1,25-
dihydroxyvitamin D levels with all-cause and
cardiovascular  mortality. Arch. Intern. Med.
2008;168:1340-1349. doi:
10.1001/archinte.168.12.1340. [PubMed] [CrossRef]
Hasan Qader Sofihussein, Abdulgader Azeez Al-
Nagshbandi, et.al. Effect of Vtamin D supplement on
the risk of Cardiovascular disease in patients with type
2 diabetes in the Kurdistan Region of Irag. RIPT
Journal, Vol 13, Issue 9, 2020. Doi: 10.5958/0974-
360X.2020.00728.3.

Debdoot Basu, Anant Yadav, Anita A.Mehta, et.al.
Effect of vitamin D supplementation in patient with
Cardiometabolic disorders- A Clinical study in
Ahmedabad population. Research Journal of
Pharmacy and Technology. Vol:15, Issue 4, 2022.

Al Mheid 1., Patel R., Murrow J., Morris A., Rahman
A., Fike L., Kavtaradze N., Uphoff I., Hooper C.,
Tangpricha V., et al. Vitamin D status is associated
with arterial stiffness and vascular dysfunction in
healthy humans. J. Am. Coll. Cardiol. 2011;58:186-
192. doi: 10.1016/j.jacc.2011.02.051. [PMC free
article] [PubMed]

Sally Omar, Twfik Abbas Ebeid, Dixon Thomas, et.al.
Impact of Pharmacists Counseling on Treat
Adherence Outcomes of patients undergoing
Maintenance Hemodialysis. RIPT Journal, Vol 16,
Issue 9, 2023. Doi: 10.52711/0974-360X.2023.00717.
De Boer I.H., Kestenbaum B., Shoben A.B., Michos
E.D., Sarnak M.J., Siscovick D.S. 25-hydroxyvitamin
D levels inversely associate with risk for developing
coronary artery calcification. J. Am. Soc. Nephrol.
2009;20:1805-1812. doi: 10.1681/ASN.2008111157.
[PMC free article]

Debdoot Basu, Anant Yadav, Anita A.Mehta. Effect
of Vitamin D Supplementation in patients with
Cardiometabolic disorders- A Clinical Study in
Ahmedabad population. Research J. Pharmacy and
Technology. 15(4).2022.

[8].

[9].

[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].

WwWWw.ijisrt.com

International Journal of Innovative Science and Research Technology

https://doi.org/10.38124/ijisrt/IJISRT24JUN1396

Puchacz E., Stumpf W.E., Stachowiak E.K.,
Stachowiak M.K. Vitamin D increases expression of
the tyrosine hydroxylase gene in adrenal medullary
cells. Brain Res. Mol. Brain Res. 1996;36:193-196.
doi: 10.1016/0169-328X(95)00314-I. [PubMed]
Pallavi S.Kanthe, Vikas C.Desai, R.S. Bulagouda,
et.al. Sub Chronic effect of High fat consumption on
heart rate variability and Nitric oxide (NO) in
experimental rats: Protective role of Terminalia
arjuna. RJPT Journal. Vol 15, Issue 2, year 2022.
DOI:10.52711/0974-360X.2022.00086.

Li Y.C., Kong J., Wei M., Chen Z.F., Liu S.Q., Cao
L.P. 1,25-Dihydroxyvitamin D(3) is a negative
endocrine regulator of the renin-angiotensin system. J.
Clin. Investig. 2002;110:229-238. doi:
10.1172/3C10215219. [PMC free article] [PubMed]
S. Baataui, M. Chakit, M. Boudhan. Et.al. Assessment
of Vitamin D, Calcium, Cholesterol, and Phosphorus
Status in Obese and Overweight patients in Kenitra
city (Morocco). Research J. Pharmacy and
Technology. 16(7).2023.Kesby JP, Cui X, Ko P,
McGrath JJ, Burne TH, Eyles DW. Developmental
vitamin D deficiency alters dopamine turnover in
neonatal rat forebrain. Neurosci Lett.
2009;461(2):155-158.
doi:10.1016/j.neulet.2009.05.070

Pertile RA, Cui X, Eyles DW. Vitamin D signaling
and the differentiation of developing dopamine
systems. Neuroscience. 2016;333:193-203.
doi:10.1016/j.neuroscience.2016.07.020

Trinko JR, Land BB, Solecki WB, et al. Vitamin D3:
a role in dopamine circuit regulation, diet-induced
obesity, and drug  consumption.  eNeuro.
2016;3(2):ENEURO.0122-15.2016.
doi:10.1523/ENEURO.0122-15.2016

V. Rajalakshimi, Vijey Aanandhi M. Hypovitaminosis
D influences chronic Ailments; Implication for health.
Research Journal of Pharmacy and Technology.
Vol:11, Issue 6, 2016.

S. Colette Daubner, Tiffany Le, and Shanzhi Wang.
Tyrosine Hydroxylase and Regulation of Dopamine
Synthesis. PMCID: PMC3065393. NIHMSID:
NIHMS270543.PMID: 21176768.

Sabir MS, Haussler MR, Mallick S, et al. Optimal
vitamin D spurs serotonin: 1,25-dihydroxyvitamin D
represses serotonin reuptake transport (SERT) and
degradation (MAO-A) gene expression in cultured rat
serotonergic  neuronal cell lines. Genes
Nutr.2018;13:19. doi:10.1186/s12263-018-0605-7
Wade CA, Goodwin J, Preston D, Kyprianou N.
Impact of a-adrenoceptor antagonists on prostate
cancer development, progression and prevention. Am
J Clin Exp Urol. 2019;7(1):46-60. [PMC free article]
[PubMed]

Revathi R, Julius A. Effect of Insulin Resistance in
Obese Polycystic Ovarian Disease. Research Journal
of Pharmacy and Technology. Doi: 10.5958/0974-
360X.2017.00381.X. Vol-10, Issue 7, 2017.

1758


https://doi.org/10.38124/ijisrt/IJISRT24JUN1396
http://www.ijisrt.com/

Volume 9, Issue 6, June — 2024
ISSN No:-2456-2165

[19].

[20].

[21].

[22].

[23].

[24].

[25].

[26].

[27].

[28].

[29].

1JISRT24JUN1396

Morton G. Burt, Brenda L. Mangelsdorf, Stephen N.
Stranks, and Arduino A. Mangoni. Relationship
between Vitamin D Status and Autonomic Nervous
System Activity. Nutrients. 2016 Sep; 8(9): 565. doi:
10.3390/nu8090565. PMCID: PMC5037550. PMID:
27649235

Sally Kaddoura, Marwan Alhalabi,Abdul Hakim
Nattouf. The effect of Calcium and Vitamin D
Supplements as an Adjuvant Therapy to Metformin on
Lipid profile in vitamin D Deficient/Insufficient
Polycystic Ovary Syndrome Patients. RJIPT Journal.
Vol 12, lIssue 4, 22019. Doi: 10.5958/0974-
360X.2019.00268.3.

Eisenhofer G., Rundquist B., Aneman A., Friberg P.,
Dakak N., Kopin 1.J., Jacobs M.C., Lenders J.W.
Regional release and removal of catecholamines and
extraneuronal metabolism to metanephrines. J. Clin.
Endocrinol. Metab. 1995;80:3009-3017. [PubMed]
Elise Lelou, Anne Corlu, Nicolas Nesseler, Claudine
Rauch, Yannick Mallédant, Philippe Seguin, and
Caroline AninatThe Role of Catecholamines in
Pathophysiological Liver Processes. Cells 2022.
PMCID: PMC8947265. PMID: 35326472

Kruse H.J., Wieczorek I., Hecker H., Creutzig A,
Schellong S.M. Seasonal variation of endothelin-1,
angiotensin I, and plasma catecholamines and their
relation to outside temperature. J. Lab. Clin. Med.
2002;140:236-241. doi: 10.1067/mlc.2002.127169.
[PubMed]

Rhonda P Patrick, Bruce N Ames. Vitamin D and the
omega-3 fatty acids control serotonin synthesis and
action, part 2: relevance for ADHD, bipolar disorder,
schizophrenia, and impulsive behavior. 2015
Jun;29(6):2207-22. doi: 10.1096/fj.14-268342. Epub
2015 Feb 24.

Dopamine and L-Dopa as Selective Endogenous
Neurotoxins. 2021.
https://link.springer.com/referenceworkentry.
Christakos S, Ajibade DV, Dhawan P, Fechner AJ,
Mady LJ. Vitamin D: metabolism. Endocrinol Metab
Clin North Am. 2010;39(2):243-253.
d0i:10.1016/j.ecl.2010.02.002.

DeLuca GC, Kimball SM, Kolasinski J, Ramagopalan
SV, Ebers GC. Review: the role of vitamin D in
nervous system health and disease. Neuropathol Appl
Neurobiol. 2013;39(5):458-484.
doi:10.1111/nan.12020

Ali A, Cui X, Eyles D. Developmental vitamin D
deficiency and autism: putative  pathogenic
mechanisms. J Steroid Biochem Mol Biol.
2018;175:108-118. d0i:10.1016/j.jsbmb.2016.12.018
Rihal V, Khan H, Kaur A, Singh TG. Vitamin D as
therapeutic modulator in cerebrovascular diseases: a
mechanistic perspectives. Crit Rev Food Sci Nutr.
2022;1-23. doi:10.1080/10408398.2022.2050349

[30].

[31].

[32].

[33].

[34].

[35].

[36].

[37].

[38].

WwWWw.ijisrt.com

International Journal of Innovative Science and Research Technology

https://doi.org/10.38124/ijisrt/IJISRT24JUN1396

Landel V, Stephan D, Cui X, Eyles D, Feron F.
Differential expression of vitamin D-associated
enzymes and receptors in brain cell subtypes. J Steroid
Biochem Mol Biol. 2018;177:129-134.
doi:10.1016/j.jsbmb.2017.09.008

Groves NJ, McGrath JJ, Burne TH. Vitamin D as a
neurosteroid affecting the developing and adult brain.
Annu Rev Nutr. 2014;34:117-141.
doi:10.1146/annurev-nutr-071813-105557
Kasatkina LA, Tarasenko AS, Krupko OO,
Kuchmerovska TM, Lisakovska OO, Trikash 10.
Vitamin D deficiency induces the excitation/inhibition
brain imbalance and the proinflammatory shift. Int J
Biochem Cell Biol. 2020;119:105665.
doi:10.1016/j.biocel.2019.105665

Bischoff-Ferrari HA, Vellas B, Rizzoli R, et al. Effect
of Vitamin D supplementation, omega-3 fatty acid
supplementation, or a strength-training exercise
program on clinical outcomes in older adults: the DO-
HEALTH randomized clinical trial. JAMA.
2020;324(18):1855-1868.
d0i:10.1001/jama.2020.16909

Panda DK, Miao D, Tremblay ML, et al. Targeted
ablation of the 25-hydroxyvitamin D 1lalpha -
hydroxylase enzyme: evidence for skeletal,
reproductive, and immune dysfunction. Proc Natl
Acad Sci U S A. 2001;98(13):7498-7503.
d0i:10.1073/pnas.131029498

Durk MR, Han K, Chow EC, et al. 1a,25-
Dihydroxyvitamin D3 reduces cerebral amyloid-p
accumulation and improves cognition in mouse
models of Alzheimer’s disease. J Neuros.
2014;34(21):7091-7101.
d0i:10.1523/JNEUROSCI.2711-13.2014

Groves NJ, Keshy JP, Eyles DW, McGrath JJ,
Mackay-Sim A, Burne TH. Adult vitamin D
deficiency leads to behavioural and brain
neurochemical alterations in C57BL/6J and BALB/c

mice. Behav Brain Res. 2013;241:120-131.
doi:10.1016/j.bbr.2012.12.001
Tejaswini  Ashok, Vishnu Palym, Ahmad T

Azam,et.al. Relationship Between Vitamin D and
Thyroid: An Enigma. Cureus. 2022 Jan; 14(1):
e21069. 2022 . doi: 10.7759/cureus.21069. PMCID:
PMC8826546. PMID: 35165540

Peter J. Tebben, Ravinder J. Singh,et.al. Vitamin D-
Mediated Hypercalcemia: Mechanisms, Diagnosis,
and Treatment. Endocr Rev. 2016 Oct; 37(5): 521-
547. doi: 10.1210/er.2016-1070. PMCID:
PMC504549.

1759


https://doi.org/10.38124/ijisrt/IJISRT24JUN1396
http://www.ijisrt.com/

