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ABSTRACT

HAIFA MASUD, THE EFFECTS OF HIGH DOSE VITAMIN D ON THE
SYMPATHETIC SKIN RESPONSE IN RATS, BASKENT UNIVERSITY,
INSTITUTE OF HEALTH SCIENCES, MASTER’S THESIS 2021

Vitamin D is a fat-soluble hormone formed predominantly in the skin when exposed
to UVB from the sun or absorbed from restricted dietary sources. Vitamin D is a significant
regulator of calcium and phosphorus homeostasis and controls many other biological
processes, including the immune system, cell growth and division. Electrodermal activity
(EDA) measures the skin conductance level (SCL) which innervating of sweat glands.
Increased SCL indicate increase sympathetic activity and increase sweat secretion. There is
no previous study linked to the effect of vitamin D on electrodermal activity. And the
purpose of the present study is to investigate the effect of Vitamin D on sympathetic nerve
activity at different high doses using electrodermal activity. This study was carried out with
36 rats. This study was carried out with 36 rats. The rats were divided into 3 groups as sham
group receiving tap water by oral gavage, medium dose vitamin group (400IU) and high
dose vitamin group (1000IU). A significant difference was found between the medium dose
group and the sham group for tonic SCL (p value =0.027). A significant difference was also
found for phasic SCL between the medium dose group and the sham group (p value = 0.001)
and between the high dose group and the sham group (p value = 0.013). There was no
difference when each group's tonic and phasic SCL were compared separately. Our findings
showed that sympathetic skin response was increased with vitamin D supplementation, and
there was no significant difference between high and medium dose vitamin D.

In conclusion, sweat gland activity and stress response increased with the increase in

vitamin D administration, but no dose-dependent effect was observed.

Keywords: Vitamin D, Sympathetic skin response, Skin conductance level, Rat
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1. INTRODUCTION

Vitamin D is a seco-steroid (fat soluble) hormone formed mainly in the skin when
exposed to UVB from the sun or absorbed from restricted dietary sources. When 7-
dehydrocholesterol (7-DHC) is exposed to UVB radiation, vitamin D is synthesized in the
skin and then photolysed into pre-vitamin D3, which is then thermally isomerized into
vitamin D3. Vitamin D3 undergoes two consecutive hydroxylation after entering the
bloodstream to form 25-hydroxyvitamin D (25(OH)D), 1,25-dihydroxyvitamin D
(1,25(0OH)2D) is the main circulating form of vitamin D, preceded by the hormonal form of
vitamin D [1]. This form of vitamin D is inactive, and 1,25 dihydroxy vitamin D is
hydroxylated twice, once in the liver and once in the kidney to make the active vitamin D
form [2]. Vitamin D can be derived from food sources such as seafood, mushrooms, or
fortified foods as long as cutaneous development takes place [1]. Vitamin D is known to
have a strong influence on the release and stored of calcium reserves, as well as the calcium
ion levels in extracellular fluid. This is achieved by promoting intestinal calcium absorption
and secreting calcium from the skeletal tissue by regulating bone turnover. The parathyroid
gland plays important role in vitamin D metabolism as the main regulator of calcium. If the
parathyroid gland sense low circulating calcium levels, parathyroid hormone (PTH) is
released. The rise in circulating 1,25-dihydroxy vitamin D increases the bone to release
calcium and phosphate and the small intestine to increase the absorption of these minerals,
which feed back to the parathyroid before elevated serum calcium levels are identified by

the Chief Cells [3].

Vitamin D promotes several other biological functions, such as the immune system,
cell growth and division, besides skeletal health and balance of calcium [2]. Further
molecular pathways, consisting of inflammatory signaling and neurotransmitter
biosynthesis, have been shown to organize vitamin D in regions of the central nervous

system that control cardiovascular function [3].

A Vitamin D deficiency (serum 25-hydroxyvitamin D [25(OH)D] 50 nmol/L or 20
ng/ml) is linked to skeletal problems such fractures and bone loss [14]. It induces childhood
rickets and can precipitate and worsen adult osteopenia, and osteoporosis. Vitamin D
insufficiency has been linked to high risk of general malignancies, autoimmune disorders,

hypertension, depression, and infectious illnesses [4]. Also in large doses, vitamin D is toxic,



and sporadic toxicity reports (hypervitaminosis D) occur. Clinical signs include loss of
appetite, nausea, vomiting, polyuria, polydipsia, fatigue, mental status changes and
constipation. In metabolic terms, hypervitaminosis D is known as high levels of 25-
hydroxyvitamin D in the serum, hypercalcemia or hypercalciuria, or both(25[OH]D). Long-
term hypervitaminosis D can cause calcium deposition changes in the soft tissues (especially

the kidneys and heart), as well as mortality in severe cases. [5].

Electrodermal activity is an indirect predictor of attention, cognitive effort, or
emotional arousal since it displays sympathetic tone, also known as the galvanic skin
response or sympathetic skin response. Electrodermal activity is a multisynaptic sympathetic
reflex that can be evoked by a number of arousal stimuli produced internally or applied
externally. It's used as a measure of psychological processing stimulus properties including
meaning, novelty, or emotional significance, as well as effortful processing. A parameter of
EDA is skin conductance level (SCL). A high SCL can arise from increased activity of the

eccrine sweat gland and sympathetic activity [6].

In general, there are several previous studies related to vitamin D deficiency and few
studies have studied the relationship between vitamin D and the function of the autonomic
nervous system [7]. Dysautonomia, a disorder of the autonomic nervous system, affects the
expression before and after differentiation of the neural cells of genes involved in calcium
metabolism, which gives rise to sympathetic and parasympathetic nervous system neurons.
Vitamin D is important for the functioning of the sympathetic and parasympathetic nerve
systems. Low vitamin D levels may show the many symptoms of migraine, cardiovascular
and gastrointestinal problems, and other illnesses [8]. And the possible correlation of low
vitamin D levels and autonomic cardiovascular nerve activity in healthy adults has recently
been investigated. These investigators demonstrated that low levels of 25(OH)D were
correlated with depressed resting autonomic cardiac function [9]. It was also claimed that,
vitamin D deficiency reduces the parasympathetic nervous system (PNS) activity. [10] In
animal studies, vitamin D deprivation was also related to an increase in renin secretion. [7].
In an in vitro research, however, 1,25-dihydroxyvitamin D enhanced tyrosine hydroxylase
mRNA, suggesting that vitamin D could activate the rate-limiting step in catecholamine
production. [11]. Hence, we will study the connection between vitamin D and sympathetic

skin response.



There is no previous study related to the effect of vitamin D on electrodermal activity.
The purpose of this study is to see how varied high doses of vitamin D affect electrodermal

activity in rats.



2. GENERAL INFORMATION

2.1. Vitamin D:

Vitamin D was discovered in the early 20th century. Nevertheless, in the early 17th
century it was reported that Rickets disease is poor, mineralized, and tends to soften and
bend bones without being aware of the causal factor. During the twentieth century's industrial
revolution, the disease spread to children in industrial centers across the United States and
Europe. The researchers experimented with cod liver oil and ultraviolet radiation using a
quartz-mercury steam bulb during this time and discovered that diet and an unknown UV
light may treat the condition. Professor McCollum and his colleagues were able to attribute
the effect in cod liver oil to a chemical called vitamin D in 1922 [12]. The skin's synthesis
of vitamin D was not determined until 1978, and vitamin D3 was fully discovered. Vitamin
D was quickly identified as a hormone [13]. Vitamin D's main physiological effect is on
calcium and phosphorus metabolism, which keeps calcium and phosphorus concentrations

in the body within normal ranges [14].

2.1.1. Forms of Vitamin D:

Vitamin D is one of the four fat-soluble vitamins that have been reorganized for
important biological functions. the two main forms of which are vitamin D2 (or
ergocalciferol) and vitamin D3 (or cholecalciferol) [15]. Vitamin D3 is created in human
skin and obtained from animal-derived foods, particularly fish oil, but vitamin D2 is sourced
from plants. Only the side chain structure of vitamins D2 and D3 differs “Figure 2.1. The
metabolism (i.e. activation) is not affected by differences and both versions act as

prohormones. [16,17].

Vitamin D, Vitamin D,
Figure 2. 1. Vitamin D forms (vitamin D2 and vitamin D3) [18]
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2.1.2. Sources of Vitamin D:

Vitamin D is received through diet and from the skin upon exposure to sunshine
through the synthesis [19]. Dietary and supplementary sources are dietary sources of vitamin
D; they include vitamin D in the form of vitamin D3 or D2 (ergocalciferol) [17,20]. The
richest sources of vitamin D are fatty fish, egg yolks, supplements, as well as in countries
where they're available, fortified products such as margarine, milk, and cereal [20]. Muscle,
liver, fat, and kidneys are examples of animal products that provide vitamin D as 25
hydroxyvitamin D (25(OH)D) [21]. Vitamin D is supplied in an endogenous way based on
skin exposure at a wave length of 290-315 nm to UVB sunlight [17,22]. The amount of
radiation of UV radiation of the equivalent skin length depends on latitude, altitude, air
quality, cloud coverage, daylight hours and latitudes of the north and south of the month of
the year. Moreover, the effects of UVB on the skin are affected by clothing and the usage of
sun screens which absorb UVB, dramatically prevents the vitamin D3 generation by
preventing interaction of UVB with 7-dehyrocholesterol. The effectiveness of catenin
synthesis in vitamin D depends on the skin condition and age. Intradermal degradation
increases after prolonged exposure to UV radiation and depends on the frequency of repeated
exposures during each exposure period [23]. Recommended vitamin D intake level “Table

2.1.

Table 2. 1. Recommended vitamin D intake levels of the Institute of Medicine vs. Endocrine Society [145]

Age | Recommended Intake (IU/day) | Upper Limit (IU/day)
National Institute of Medicine
Children (018 years) 400-600 2500 (1-3 years)
3000 (4-8 years)
4000 (1318 years)
Adults (19-70 years) 600 4000
Older Adults (>70 years) 800 4000
Pregnancy/Lactation 600 4000
The Endocrine Society
Children (018 years) 400-1000 20004000
Adults (19-70 years) 1500-2000 10,000
Older Adults (>70 years) 1500-2000 10,000
Pregnancy/Lactation 600-1000 (14—18 years) 10,000
1500-2000 (19-50 years)




2.1.3. Metabolism of Vitamin D:

Vitamin D is a prohormone that requires the metabolism of biologically active
products that connect similar nuclear receptors to regulate various physiological processes
[24]. Vitamin D is hydroxylated by the liver and released into the bloodstream as 25 (OH)
D. The majority of 25 (OH) D transported attached to vitamin D binding protein (DBP)
[25,26] It is used as a reservoir to hydroxylate 1,25-dihydroxyvitamin D or 24,25-
dihydroxyvitamin D (24,25(0OH)2D) into the physiologically active Vitamin D. The 1-
hydroxylase (CYP27B1) enzyme converts 25 (OH) D to 1,25 (OH) 2D in the kidney and
extrarenal tissues, whereas the 24-hydroxylase (CYP24) enzyme converts 25 (OH) 2D to
24,25 (OH) 2D. The endocrine modulator of calcium and phosphate homeostasis which is
produced in the kidney is 1,25 (OH) 2D. The kidneys release and transport Ca*? and P into
the bloodstream to organs involved in calcium and phosphorus supply regulation, such as
the gut, bone, parathyroid glands, and the kidneys themselves. 1,25 (OH) 2D has a
substantially shorter half-life (approximately 4—6 hours) than 25 (OH) D. [27,28]. The 1,25
(OH) 2D generated in extrarenal target tissues is autocrine or paracrine in nature and does
not enter the circulatory system in most cases. 1,25 (OH) 2D induces genetic and non-genetic
responses in cells of the calcium phosphate homeostasis system and other target tissues via
interactions with vitamin D receptors (VDR) [27,29]. Vitamin D and 25 (OH) D have little
or no interaction with VDRs [20].

24,25 (OH) 2D is an alternate product of 25 (OH) D hydroxylation in the kidneys and
extracellular space. [22]. It circulates in conjunction with DBP at a plasma level that is
directly coupled to 25 (OH) D. Its synthesis is usually the initial step in the metabolic
pathway that prevents vitamin D intoxication by inactivating and degrading 25 (OH) D.
People with vitamin D deficiency, on the other hand, have large levels of 24,25 (OH) 2D.
This points to the possibility that this metabolite has a functional role. The effects of 24,25
(OH) 2D support this theory (PTH). However, 1,25 (OH) 2D is thought to be the main

metabolite responsible for vitamin D's biological effects. [22,27].

Dermal vitamin D is generated and reaches the bloodstream and liver, where it is linked
to vitamin D protein (DBP). DBP is produced by the liver and is substantially higher in than
vitamin D and its metabolites. Dietary 25 (OH) D is absorbed straight into the lymph or

portal vein and carried to the liver in the availability of DBP. In general, vitamin D



absorption is continuing in all life [20,30]. When fat intake is minimal, however, it reduces

[31].

2.1.4. Regulation of Vitamin D Metabolism:

The balance of 1-hydroxylase and 24-hydroxylase activity is crucial for calcitriol
regulation. Serum calcium, calcitriol, and phosphate levels are all tightly regulated by both
enzymes. When blood calcium concentrations are low or vitamin D levels are low, the
parathyroid gland releases parathyroid hormone (PTH), which induces the manufacture of
1-hydroxylase, resulting in an increase in 1,25(OH)2D activation [32]. PTH also inhibits 24-
hydroxylase [33] and can cause produce fibroblast growth factor 23 (FGF-23), which
reduces sodium-phosphate transporter expression in the kidney [34]. FGF-23 can also help
maintain Vitamin D homeostasis by decreasing 1-hydroxylase expression in the kidneys and
promoting 24-hydroxylase, lowering serum calcitriol and, as a result, serum calcium in

hyperphosphatemia. [35] “Figure 2.2.

7-dehydrocholesterol in epidermis  (SPF > 8, clothes, glass) Major Source: Sun
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25-hydroxyvitamin D3 - -

25(0H) D,

Figure 2. 2. Vitamin D sources and metabolism [36]



2.1.5. Effect of Vitamin D:

Vitamin D is a significant regulator of calcium and phosphorus homeostasis and of the
production of a healthy skeleton through its action in the kidney, intestines, bone and
parathyroid glands [36]. However, the benefits of vitamin D are not restricted to mineral
homeostasis and the maintenance of skeletal health. The presence in other tissues and organs
of VDR commits that the physiology of vitamin D reaches well beyond and beyond bone
homeostasis [37]. While, VDR is present in the nucleus of several tissues that are not
involved in the regulation of the metabolism of calcium and phosphate, it has been clearly
identified in tissues also such as epidermal keratinocytes, activated immune system T cells,
antigen-presenting cells, macrophages and monocytes, and cytotoxic T cells. In gene array
studies made in several cells and tissues, showed that calcitriol controls several hundred

genes or as much as 5% of the human genome throughout the body [38].

Vitamin D is known to monitor the growth of parathyroid gland and parathyroid
hormones production; it has a major impact on the immune system, and may help suppress
some autoimmune disorders and certain cancers [36] Vitamin D plays a role in pancreatic
islet beta cells, it has been demonstrated to influence insulin secretion, apoptosis, and gene
regulation in pancreatic beta cells in vitro studies[144], and also it has essential function in

cardiovascular disease, infection, metabolic syndromes, and all-cause mortality [39].

2.1.6. Vitamin D and Autonomic Nervous System:

In autonomic balance, vitamin D plays a key role and can serve as a core neuroactive
substance [8,40]. Vitamin D's neuroprotective properties are linked to its effects on
neuromediator production, intracellular calcium homeostasis [40]. In a variety of tissues,
vitamin D mediates nongenomic or nontranscriptional stages [41]. Those effects include
transmembrane receptors and related secondary messenger systems (G-protein) that activate

intracellular pathways via ligand-gated (IP3) [42].

Vitamin D controls and has multi-system implications for the sympathetic and
parasympathetic nervous systems. It facilitates serotonin release and functions as an
antioxidant that influences the autonomic activities of the brain, cardiac, and gastrointestinal
systems [8]. Few research studied the relationship between the autonomous nervous system

and vitamin D [9]. Low levels of 1,25 dihydroxy vitamin D were linked to autonomic



dysfunction. Treatment with 25-hydroxyvitamin D, on the other hand, has reduced the
autonomic nervous system's adverse response to angiotensin II. [44]. In an in vitro
investigation, however, VitD3 might accelerate catecholamine production in the rate-

limitation stage [11].

An enhanced renin production was also indicated as an interconnection between
vitamin D deficiency and cardiovascular events. Increased renin secretion in animal studies
was connected with a vitamin D deficit. However, increased sympathetic activity of the
nervous system can lead to the association of vitamin D with renin secretion, as the

sympathetic nervous system induces renin secretion. [7].

2.1.7. Vitamin D Deficiency:

Vitamin D deficiency has emerged worldwide as a major public health concern
[45,134]. Nearly, 1 billion people have vitamin D deficiency, especially more common
among the elderly people [46,47]. This widespread of hypovitaminosis D can be primarily
due to decreased sunlight exposure (for example, reduced outdoor activities and air
pollution) [48]. A number of studies have found that vitamin D deficiency or insufficiency
is related to a variety of chronic and acute illnesses. Also, the inadequate sun exposure,
increased usage of sunscreens, obesity, insufficient intakes of vitamin D, gastrointestinal
disorders, malabsorption, renal and liver diseases, and other various health conditions are

contributing to vitamin D deficiency [49].

Deficiency of vitamin D in infants and children causes rickets, and it cause
osteomalacia in adult. Rickets are characterized by failure of ossification in long bone
growth plates and cause characteristic bone deformities in older children. Osteomalacia is a
deficient osteoid mineralization that is associated with expanded osteoid seams and the
presence of looser areas on the trabecular and cortical bone surfaces. Hypocalcemic
convulsion and muscle weakness in the limbs, heart, and respiratory systems can be related
to with both conditions [50]. Numerous conditions, such as cardiovascular diseases, arterial
hypertension, dyslipidemia, type 2 diabetes, cancer, multiple sclerosis, depression, dementia,

mental diseases and others, are associated with vitamin D deficiency [51].



2.1.8. Vitamin D Toxicity:

As a fat-soluble vitamin, excess use of vitamin D raise concerns about toxicity. In
the United States and Europe, widespread vitamin D fortification of foods and beverages led

to a lot of toxicity cases from the 1930s to 1950s [52].

Vitamin D intoxication results from the use of higher formulations than
recommended [53], and toxicity can also result from prescription errors without regular
monitoring of vitamin D levels [54], this condition frequently seen in patients who require
large doses of vitamin D such as osteoporosis, renal osteodystrophy, psoriasis, gastric bypass
surgery, celiac disease, or inflammatory bowel disease [55]. Prolonged sun exposure does
not cause vitamin D toxicity because of the vitamin D3 turns to photolysis inactive

metabolites which have no biological effect [56].

Vitamin D toxicity cause to imbalance of calcium homeostasis and bone metabolism,
and results in hypercalcemia, then this condition leads to manifestation of the signs of
clinically toxicity [57]. Gastrointestinal disorders including anorexia, diarrhea, constipation,
nausea and vomiting are early signs of vitamin D toxicity. Other symptoms that are likely to
occur within a few days or weeks are bone pain, drowsiness, continuous headaches, erratic
heartbeat, lack of appetite, muscle and joint pain; frequent urination; especially at night,

extreme thirst, fatigue, nervousness and itching; kidney stones [58].

2.2. Electrodermal Activity (EDA):

The history of EDA science, which was extensively reviewed by Neumann and
Blanton in 1970 date from studies conducted in 1849 in Germany by DuBois-Reymond. The
first experiment, which showed a link between the operation of the sweat gland and skin
current flow was carried out in Switzerland by Hermann and Luchsinger in the 1878 [59]. In
1888, a French Neurologist F’er’e, found that by passing a low electrical current across two
electrodes placed over the surface of the skin and measure response to a stimulus (visual,
auditory, etc..), decreases in skin resistance. In 1890 Tarchanoff stated that it was possible
for one to measure electrical potential changes between two skin-placed electrodes without
adding an external current. Therefore, it is said that F'er’e and Tarchanoff discovered the
two fundamental methods in use today to monitor electrodermal activity. The exosomatic

method is referred to as the passage of an external current through the skin, while the
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recording of the skin response does not require an external current and is therefore named to

as the endosomatic method [60].

EDA is an active and passive electrical activity of eccrine sweat glands stimulated by
the sympathetic nervous system [61]. The electrodermal signals are a reflection of the
activities of eccrine sweats, mainly through the sudomotor neurons, within the autonomic

nervous system (ANS) [62].

EDA is a sympathetic reflection of cholinergic sudomotor activity, which causes
changes in electrical conduction resistance to the skin. The Sympathetic Skin Response
(SSR) assessed by EDA. It was proposed as an easily obtainable sudomotor activity index
[63], and as a delicate bodily index, emotion and attention-related arousal [62]. When the
sudomotor nerves induce sweat production, the conductivity can measure on the skin surface
changes, result from sweat output and changing in ionic permeability of sweat gland
membranes [65]. Measurements of EDA are commonly recorded from the palmar sites of

the hands or plantar side of feet where the sweat gland density is highest (2,000/cm2) [66].

In the terminological literature, instead of the term EDA, the term electrodermal
response, physiogalvanic skin response, peripheral autonomic surface potential or common

sympathetic skin response are also used [67].

2.2.1. Physioanatomy of Skin and Sweat Gland:

The human skin is very complex and large organ [68]. It is a selective barrier helps
to prevent foreign matter from accessing the body and to selectively promote the transfer of
materials from the bloodstream to the body's exterior. It helps to maintain water balance and
steady core body temperature [60]. The skin consists of multiple layers that can be easily
differentiated “Figure 2.3. These layers are epidermis, dermis, and hypodermis from the
surface to the inside, and includes skin derivatives such as nail, sebaceous glands, and some

type of sweat glands [59].
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Figure 2. 3. . Structure of skin [69]

2.2.1.1. Epidermis:

Epidermis is the outermost layer. It forms a waterproof, protective wrap over the
surface of the body that also acts as an infection barrier and consists of a stratified squamous
epithelium with an underlying basal lamina. There are no blood vessels in the epidermis, and
cells in the deepest layers are almost entirely fed by diffused oxygen from the surrounding
air [59,70]. The major cells type of epidermis are keratinocytes, which are originating of the
basal layer, produce keratin, and responsible for creating and secreting lipids to form the
epidermal water barrier. Keratinocytes also control calcium absorption by activating
cholesterol precursors via UVB light to form vitamin D. Melanocytes produce melanin
mainly, which is responsible for the skin's pigment. Langerhans’ cells are the first-line skin
defenders and play an important role in the presentation of antigens, and Merkel cells

perform a sensory function as light touch mechanoreceptors [59,71]

2.2.1.2. Dermis:

At the level of the basement membrane, the dermis is connected to the epidermis and
consists of two layers of connective tissue, papillary and reticular layers that fuse together
without specific demarcation. Sweat glands, hair, hair follicles, muscles, sensory nerves, and
blood vessels are located in the dermis [71]. The dermal blood vessels don’t only blood
supply for dermis and epidermis. Many of them also play an important role in controlling
temperature and therefore the volume of blood flowing through them is regulated to vary the

amount heat exchange between these skin surface vessels and the external environment. The
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receptor senses pressure, temperature, pain, and other somatosensory inputs at the peripheral
end of afferent nerve fibers in the dermis. Efferent nerve endings in the dermis regulate the

caliber of the blood vessel, hair erection, and skin exocrine gland secretion [72].

2.2.1.3. Hypodermis:

Hypodermis is under the dermis, also known as the subcutaneous fascia. It is the
deepest skin layer and includes adipose lobules with some skin appendages such as, hair

follicles, sensory nerves, and blood vessels [71]

2.2.1.4. Distribution and Structure of Sweat Glands:

The sweat glands are referred to as exocrine, because sweat glands secrete directly on
the skin surface [73,77]. Specific dermal infolding of the epidermis structures the exocrine
sweat gland of the skin. The sweat gland spread over much of the body, releases diluted salt
solution through a tiny opening, pores of sweat on the surface of the skin, evaporation of this
sweat cools the skin and is necessary for temperature control [72]. There are approximately
three million sweat glands in the human body, the highest density is located on the palms,
sole and legs, head and trunk. [59,72]. There are three type of sweat gland as apocrine,

apoeccrine, eccrine sweat glands “Figure 2.4.
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Figure 2. 4. Types of sweat gland [73]
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2.2.1.4.1. Apocrine Sweat Glands:

The axilla, breasts, face, scalp, and perineum are the most common sites for apocrine
sweat glands [75]. These glands are bigger and open to hair follicles rather than the skin's
surface, as opposed to eccrine glands. [76] Furthermore, the apocrine glands' secretory
function does not commence until puberty, despite the fact that they are present from birth
[75] The apocrine glands produce a viscous, lipid-rich sweat that also contains proteins,
carbohydrates, and ammonia. [75,77]. In several animals, the role of apocrine glands is
commonly regarded as scent glands involved in pheromone (odor of the body) production.
Regardless, this social/sexual function in humans is rudimentary. The apocrine gland's
innervation is unknown, however isolated sweat glands have been found to respond similarly

to adrenergic and cholinergic stimulation [77].

2.2.1.4.2. Apoeccrine Sweat Glands:

It was identified in 1987 by Sato et al. [77,78]. Apoeccrine glands develop between
the ages of approximately 8 and 14 and reach 45 percent of the total axillary glands between
16 and 18 years [77]. They are intermediate in size, and share properties with both eccrine
and apocrine glands, as the name implies. Like apocrine glands, the distribution of
apoeccrine glands is restricted, as they are found only in the axillary zone. As the distal duct
attaches to and empties sweat directly onto the skin surface, apoeccrine glands are resemble
to eccrine glands. Also, it releases abundant secretions of salty sweat as eccrine sweat [77].
The role of this secretion is unknown, but as evaporation is inefficient in the axillary region,
it is unlikely to play a significant role in thermoregulation. There is still little understanding
of the innervation of the apoeccrine gland, but in vitro models indicate that the apocrine

gland is more responsive to cholinergic stimuli than adrenergic stimuli [77,78]

2.2.1.4.3. Eccrine Sweat Glands:

The first type of sweat gland discovered was eccrine glands, as Purkinje and Wendt
originally identified them in 1833 and Breschet and Roussel de Vouzzeme in 1834, until
over 100 years later, Schiefferdecker did not name eccrine glands, however, the most
numerous type of sweat glands are eccrine sweat glands [79], it is responsible for creating
the largest amount of sweat and spread over almost the entire surface of the body except for
the lips, the outer ear canal, the clitoris, the minor labia, the glans penis and the nail bed

[79,80]. They are found on hairy and non-hairy skin (palms, soles) [81]. The palms and soles
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have the largest gland density (250-550 glands/cm?2) and respond to both emotional and

temperature stimuli [82].

Eccrine glands function early in life, and the overall number of eccrine glands is
determined later in life, starting around the age of 2-3 years. [76]. As a result, as the skin
expands during childhood, the overall density of sweat glands decreases, and is usually
inversely related to body surface area. [75]. Higher sweat gland density, on the other hand,
does not always imply a higher rate of sweating. In reality, rather than the total number of
active sweat glands, differences in the rate of sweat secretion per gland account for much of
the regional and entire-body sweating rate variability within and across people. [83]. The
anatomical structure of the eccrine sweat gland consists of a simple tubular epithelium
composed of a secretory coil found in the dermis or in the hypodermis and duct that pass
through the dermis (called the straight Duct) and then through the epidermis, a spiral (helical)

course connects with the epidermis acrosyringium “Figure 2.5. [59,73].
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Figure 2. 5. Anatomical structure of eccrine sweat gland [73].

Eccrine sweat consists of primarily water and NaCl, but it also contains a blend of the
interstitial fluid and the eccrine gland itself with several other chemicals [73]. Eccrine sweat
glands accept sympathetic innervation by cholinergic fibers, that sends impulses in response
to changes in core body temperature. The hypothalamus thermoregulatory center mediates
the sweat glands with sympathetic innervation. Their neurotransmitter is nicotinic

acetylcholine. Acetylcholine, which differs from all other sympathetic postganglionic fibers
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that produce norepinephrine, is released into the postganglionic fiber. Induces sweating by
cholinergic stimulation of muscarinic receptors [84]. In addition, the eccrine sweat gland is
stimulated by adrenalin and noradrenalin because in this gland a1-, f2- and f3-adrenoceptors
are expressed. Catecholamine-mediated sweating is caused by stress, including emotional
stress [85]. For that reason, it was assumed that EDA was governed by both the sympathetic
and parasympathetic branches of the ANS. Human sweat glands are currently recognized to
have mostly cholinergic activity from sudomotor fibers coming from the sympathetic chain

[86].

Thermoregulation is the primary function of a majority of the sweat glands. However,
those found on the palmar and plantar sides are considered to be more concerned with output
grabbing, rather than temperature control. Instead of thermal stimuli, these sweat glands
respond more to psychological stimuli [60]. Due to the high density of eccrine glands in
these regions, this phenomenon is most apparent in hands and feet; however, emotion-
evoked sweating includes all eccrine sweat glands [87]. EDA is thus assumed to be a
quantitative functional indicator of sudomotor function and, consequently, an objective

arousal evaluation [88]

2.2.2. Electrodermal Activity Measurement Method:

EDA includes different phenomena, but typically is referred to as skin conductance
(SC) [59,62]. Depending on the human psychological condition, it represents a measure of
changes in the electrical properties of the skin [89]. Two methods, endosomatic and
exosomatic are used to examine these electrical characteristics. The current is referred to as
endosomatic, as only potential differences from the skin itself are reported. Exosomatic
recording methods apply either direct current (DC) to the skin, or alternating current (AC).
In DC calculation, EDA is directly reported in SC units when voltage is kept constant,

whereas skin resistance (SR) units are obtained when current is kept constant [59,89].

2.2.2.1. Exosomatic Direct Current (DC):

The exosomatic DC is most common used method due to their simplicity, the need for
just two electrodes and the possibility of tracking both the tonic and phasic skin conductance
signals EDA is estimated by passing direct current constant voltage through a pair of silver—
silver chloride (Ag/AgCl) electrodes situated on the surface of the skin, and include an

electrolyte gel between the metal surface of the electrodes and the skin to ensure maximum
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electrical contact and avoid the effects of electrolysis. The use of Ag-AgCl minimizes the
polarization of the electrodes and the potential for bias between them [59,60,90]. The
concept invoked in measuring skin resistance or conductance is that of the law of Ohm.
Specifying that the resistance of the skin (R) is equivalent to the voltage (V) applied between
two electrodes situated on the surface of the skin, divided by the current (I) flowing through
the skin. It is possible to express this law as R = V/I. It is possible to apply two different

measurement methods:

1. The Constant Current Method: The current is kept constant, so the voltage
between the electrodes, which varies directly with skin resistance, can be determined,
and potential changes reflect the change in resistance.

2. The Constant Voltage Method: The voltage is kept constant, then the current flow
can be determined, that varies directly with the reciprocal skin resistance, skin
conductance. This measurement method closely correlates with firing rate of neurons

in the skin and skin conductivity [59,60].

2.2.2.2. Alternating Current (AC) Exosomatic Method:

It is not a frequently used method. It changes from the DC measurement because

instead of one direct voltage, an alternating voltage source is employed.

2.2.2.3. Endosomatic Method:

It is the method in which the potential difference between areas that contain and not
contain sweat glands is recorded. It does not require external electrical current flows through
the skin. The only source of electrodermal activity is the skin itself and its interaction with
the electrode-electrolyte system. Skin potential responses (SPRs) is recorded by this method.
It is an invasive method in which the electrical activity of neurons in the skin is directly
measured. There are several type of skin potential responses such as monophasic, biphasic,

and polyphasic “Figure 2.6. [59,60].
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Figure 2. 6. Different types of SPRs: mono-, bi-, and triphasic forms. Higher values mean greater negativity
of the active with respect to the passive recording site [59]

2.2.3. Biophysical Basis of Electrodermal Activity:

When biological tissues such as skin and sweat glands are applied to an external
current, they behave like resistor and capacitor-built electrical networks. The skin which is
well nourished with blood and interstitial fluids has good changeable electrical conductivity.
The resistance of this layer is dependent on the electrolyte level rather than on its humidity.
Sweat gland ducts serve as conductivity short circuits via the stratum corneum. This is
critical for electrodermal recording in the palmar and plantar regions, which have a high

sweat gland density “Figure 2.7. [59,60].
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Figure 2. 7. Schematic illustration of resistive pathways through the skin and the sweat gland [59].

As shown in Figure 2.7, Sweat gland system can be explained as serial- and parallel-

connected resistors.

When a current is administered to the skin from the outside, the cell membranes act as
capacitor structures Since they are selectively permeable to ions related to electric current.
In recording of electrodermal activity Ohm’s low which is a physical principle is used for
measurement of change in resistance. According to this low change in current when current
is passed at constant voltage between the electrodes used during the electrodermal
measurement. Since conductivity in electricity is defined as opposite to of resistance R =
1/G, G=1/R; where R equals resistance and G equals conduction. It is proportional to

changes in conductivity [90].

2.2.4. EDA Parameters:

EDA are divided into two as tonic and phasic parameters, which are called differently
according to the method. Tonic parameters, their activities with continuity over time, phasic
parameter describe the short-term activity that occurs in response to stimulus. Phasic
responses are also caused by changes in sweat gland activity caused by autonomic stimuli

[59,60,95].
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2.2.4.1. Tonic Activities:

e These are the electrical activity of the skin recorded without an exogenous stimulus

= Skin conductance level (SCL) can vary widely between different subjects and in
different psychological states within the same subject, the standard range is between
2 uS and 20 uS [60].

e Fluctuations in electrical activity observed without the delivery of an exogenous
stimulus. Responses can, however, be elicited by deep breaths and motions of the
body.

= Skin conductance fluctuation frequency (SCF) typically is between 1 and 3/min also

called Nonspecific Skin Conductance Response (NS-SCR) [60,62].

2.2.4.2. Phasic Activities:

It is the recording of the electrical change that develops in response to an exogenous
stimulus, typically, the size of an elicited skin conductance response (SCR) ranges between

0.1 and 1.0 Ms [60,59].

Since skin conductivity was recorded in this study, the parameters suitable for the

method are described below:
1.Skin Conductance Level (SCL):

Activity of sweat glands at rest. Its unit ohm, SCL is the average value of the total
amount of skin conductivity over time and the measurement range is generally between 2-

20 ohm.
2.Skin Conductance Response (SCR):

The stimuli used in EDA studies are applied in series, the response to stimulus
sequence needs to be defined for the change in conductivity to be accepted as the response.
Most of researchers accepted the change in conductivity that occurs between 1-5 second
following each stimulus as an answer, conductivity changes occurring outside the specified

time interval are considered as nonspecific fluctuation, not as response “Figure2.8. [59,60].
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Figure 2. 8. DC recorded exosomatic EDR (Electrodermal response) and the parameters to be obtained from
it [59].

2.2.5. Effect of Stimulus on EDA:

As a result of the repetition of different stimuli in the measurement of electrodermal
activity, may cause a decrease in the electrodermal response or the amplitude response. In
other words, the reaction severity to repetitive stimuli gradually decreases. This situation is

called habituation [60,96]

2.2.6. Control of the EDA:

It is thought that the centers related to attention, information and perception function
are responsible for EDA control. Studies performed by stimulating or damaging different
parts of central nervous system (CNS) have revealed the importance the CNS in the
formation and control of EDA. The neural control of the eccrine sweat glands which are the
source of electrodermal activity can be examined in two parts at the spinal and supraspinal

levels [59,62].

2.2.6.1. Spinal Control:

Some of the autonomic nervous system neurons located in the grey matter of the
medulla spinalis perform spinal control of eccrine sweat glands. The fiber that innervates the

eccrine sweat glands called sudomotor fibers and they are axons of neurons that secrete
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acetylcholine from the postganglionic end but anatomically belong to the sympathetic
subdivision of the autonomic nervous system. The cell bodies of the sudomotor fiber are
located between C8-L12 in the intermediolateral nucleus of the spinal cord, the efferent
nerve fiber originating from preoptic sweating center of the hypothalamus descend through
the ipsilateral brainstem and medulla and synapse with these cell bodies in the
intermediolateral nucleus [59,81,91]. The preganglionic sudomotor neurons migrate to the
postganglionic neurons, along with sympathetic nerve fibers. Nonmyelinated class C nerve
fibers that terminate around sweat glands make up postganglionic nerve fibers. The
sympathetic cholinergic fibers that surround the sweat glands have a transmission speed of
1.2 to 1.4 m/s. [59,91] At the level of the spinal cord, preganglionic sudomotor neurons are
in anatomical relationship with vasomotor and pilomotor sympathetic fibers; the only way
to distinguish human sudomotor from vasoconstrictor fibers in the periphery, but not at the
level of the spinal cord, is via the stimulation and blocking procedures, where sudomotor

efferent cannot be distinguished from other sympathetic fibers. [59,97]

2.2.6.2. Supraspinal Control:

The hypothalamus is not the only source of sweat gland activity in the central nervous
system. At the same time, the limbic system, particularly the amygdala and hippocampus, is
undergoing changes. It has an effect on the hypothalamus regions' thermoregulatory
function. As result, it is thought that the hypothalamic area which provides temperature
regulation play role in the emergence of EDA, there are three different pathways that control

the sudomotor fibers in the spinal cord:
I. Ipsilateral Limbic- Hypothalamic Electrodermal Source (EDA 1)

Limbic — hypothalamic originated ipsilateral efferent pathway, it is subsystem that
controls EDA as result of both thermoregulatory and emotional changes. A strong
relationship was found between prefrontal area measurements and left temporal cortex and
spontaneous or evoked EDA response. Fiber originating from the premotor cortical area
(Brodmann area 6) have an important contribution to the stimulation of EDA responses.
These fibers are the source of electrodermal changes accompanying motor movements.
Thermoregulatory hypothalamic activity is controlled by the limbic system primarily the
amygdala and hippocampus, fibers originating mainly from the hippocampus and amygdala

directly affect the hypothalamic sudomotor area [59,98,99]. In cortical injuries with frontal
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lesion, especially from the right hemisphere to the anterior lobe, it has been observed that

the skin conductivity response to physiological current signals decreased [92,99].
II. Contralateral Premotor and Basal Ganglia (EDA 2)

The contralateral efferent pathway originating from the premotor and basal ganglia.
The premotor — basal ganglia source that enables the formation of electrodermal components
accompanying specific motor movements is called EDA-2. This second path is crossed in
the medulla before reaching the sympathetic pathway “Figure 2.9. Primary and associative
frontal motor areas control the sweating response to a stimulus that requires motor response

and feels dangerous [59,64].
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Figure 2. 9. Central nervous system elicitation of EDA in humans: 1: ipsilateral influences from the limbic
system via hypothalamic thermoregulatory areas (EDA1); 2: contralateral influences from premotor cortical
and basal ganglia areas (EDA?2); 3: reticular influences [59]

III. Bilateral Reticular Modulator Source (EDA 3):

Bilateral reticular modulator — induced pathway is subsystem that controls inhibitory
effect and mediates EDA changes seen in alertness changes. Thus, it is stated that reticular
formation can also scald the EDA or have modulatory effect on EDA [59,60]. the reticular

formation occupies the medulla and midventral part of midbrain. It is basically anatomical
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area, complex multi-junction road with separate function of fibers and various neural
deposits. There are cell bodies and fibers of serotonergic, noradrenergic, and adrenergic
systems for EDA. In this region area related to the regulation of heart rate, blood pressure
and respiration. There are numerous areas some of descending fibers here inhibit conduction
in sensory pathway in the spinal cord [59,100]. EDA provided by reticular formation
activation probably increased muscle tone with all movements, and EDA which is related to
hypothalamic activity is likely to result from the relevant thermoregulatory sweating, and
EDA which is related to amygdala activation, is also likely a reflection of the emotional

process [60].

2.2.7 Factor Affecting Electrodermal Activity:
2.2.7.1. Physiological Factors:

. Thermoregulatory System: It is part of homeostatic mechanisms that arise against
physical or pathological trauma in the hypothalamus and is not related to cognitive
function.

II.  Sudomotor Vasomotor System: Sudomotor region are rich in arteriovenous
anastomoses and arterioles. Sympathetic vasoconstrictor innervation of arterioles
also affects eccrine sweating. Mental-emotional stimuli activate sudomotor and

vasomotor events and vasomotor events.

2.2.7.2. Hormonal Factors:

Intradermal injection of adrenaline and noradrenaline causes local sweating, this effect
is blocked by phentolamine, not atropine. Circulating catecholamines reduce eccrine
sweating. Antidiuretic hormone decreases sweat secretion by increasing the permeability of
sweat gland ducts to water. Aldosterone affects sodium absorption from sweat gland ducts.

Progesterone reduces palmar eccrine sweating [59,90,100].

2.2.7.3. Factors of Measurement System:

I.  Electrode Area: Since there is a direct relationship between skin conductivity
measurements and the electrode area. It is evaluated with specific conductivity unit

in mho / cm?2 [59,93,94].
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II.

I1I.

IV.

Electrolyte: The contact medium of the electrodes should be isotonic, close to the
ion concentration of sweat liquid that is 0.05M is suitable for the silver/silver
chloride (Ag/AgCl) electrode [59,60,62,95].

Electrode: It is recorded with bipolar system. In this system, it is based on the
principle of recording two active electrodes located in two similar areas. Thus, the
potential difference between two electrodes seen in the unipolar system disappears
with bipolar system [59,62,95].

Polarization: It is the development of an electromotive force in the opposite
direction to applied current and affect the measurements. Electrodes where a metal
comes into contact with one of its salts are used to minimize polarization [59].
Registration Zones: The recording of conductivity is normally taken from hand’s
palms and feet. The choice of locations is decided by the experimental assignment.
Possible sites for electrodermal recording are palms and volar surfaces of the distal
and medial phalanges. It has been found that the activity and number of sweat glands
are higher in these regions and These areas are usually absent of scarring

“Figure2.10. [59,93,94,95].
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Figure 2. 10. Electrode sites in electrodermal measurement [59]

2.2.7. 4. Environmental Factors:

Environmental Temperature: Typically, as the room temperature rises, the skin
conductance rises as well. There has been several research on the effects of body
temperature, room temperature, and even season on skin conductance. They report

different, if not diametrically opposed, outcomes. As a result, it's a good idea to keep
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a monitor on the air temp during the measurements to ensure a more accurate
comparison of the data. [90].
II. Environmental Humidity: It has reported that there is a negative relationship
between skin conductivity and moist content.
III. Time of Measurement: It has been reported that the maximum value of skin

conductivity is the middle of day [59,60,95,89].

2.2.7.5. Personal Factors:

I.  Age: In adolescence, skin conductivity increases two times compared to puberty,
while skin conductivity gradually decreases with aging.
II. Gender: In adolescence skin conductivity of girls is lower than the boys, this
difference disappears with aging.
III.  Race: Blacks have lower skin conductivity than whites.
IV.  Psychological Condition: The psychological state of the person affects the skin
conductivity [59,60,95].

2.2.8. Clinical Use of Electrodermal Activity:

2.2.8.1. Use of Sympathetic Skin Response in Diagnosis of Autonomic Functional

Disorder:

The autonomous nervous system is a complicated system that affects each organ and
system. So, the diagnosis of autonomic nervous system disease is more difficult. For this
reason, sympathetic skin response has been used in diagnosis of some autonomic functional
diseases. Sympathetic skin response is used clinically, in diagnosis of autonomic diseases
such as sympathetic dystrophy, in diagnosis of thin unmyelinated fiber lesions in uremic
neuropathy and diabetic neuropathies, by examining the measurements of prolongation of

latency and decrease in amplitude [67,101].

Abnormal sympathetic skin response has also been found in familial amyloid
neuropathy [102], alcoholic neuropathy [103,104], and lepromatose neuropathy [105,106].
There was no sympathetic skin response in acute and chronic inflammatory neuropathy with

autonomic dysfunction [107,108]. Abnormal sympathetic skin response was seen in HIV-
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positive patients whose disease was in the early asymptomatic period [109], and in the carpal

tunnel syndrome, which the response is characterized by low amplitude [110,111].

2.2.8.2. Sympathetic Skin Response in Central Nervous System Disease:

Sympathetic skin response abnormalities have been observed in more than 50% of
patients with multiple scleroses in clinical studies. This has been considered as a sign of
lesion of the central sympathetic pathways [112,113]. A decrease in the amplitude of the
sympathetic skin response and prolonged latency have been observed in patients with
Parkinson’s disease [114]. In a study conducted in patient with Parkinson’s, the auditory
stimulus for activation of the EDA-1 pathway, and the patellar tendon reflex for activation
of the EDA-2 pathway. Sympathetic skin response was measured using the auditory stimulus
from normal and Parkinson’s patients. Although there was no important difference between
skin response latencies of both groups, a significant difference was found between the
induced sympathetic skin response latencies obtained by patellar tendon reflex [115]. In
Alzheimer’s disease they investigate the effect of Vinpocetine on autonomic dysfunction
and sympathetic activity and discovered that vinpocetine increased sympathetic skin

response but was ineffective in treating Alzheimer's autonomic function [116].

In amyotrophic lateral sclerosis, sympathetic skin response is not found in 40% of 25
patients, and prolongation of latency length and decrease in amplitude was observed [117].
Abnormal sympathetic skin response has also been found in patients with cervical
myelopathy [118], syringomyelia [119], Wilson’s disease [120], Duchenne’s muscular
dystrophy and another dystrophy [121]. Abnormal sympathetic skin response also presents
in most patients with Shy Drager syndrome, sporadic Olivo-Ponto-Cerebellar Atrophy
(OPCA) and straitonigral degeneration, but in patients with familial OPCA, it was normal

[122].

2.2.8.3. Electrodermal Activity Studies in Other Disease:

Failure to observe skin conductivity response or lack of habituation is one of the
psychophysiological symptoms frequently encountered in schizophrenic patients. It is stated
that this situation is caused by the dysfunction of the central catecholamine noradrenaline
system and that is effective in the pathogenesis of schizophrenia [123]. EDA is also used as
the response of the autonomic nervous system to examine attention-related processes,

habituation, and orienting response in humans [124]. In a study conducted among patients
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with hyperthyroidism who were found to have no significant psychiatric disorder, it was
shown that the function change in the hypothalamic-pituitary-thyroid axis caused abnormal
EDA and SCR, and in non-medicated patients, they observed lower onset latency and length
of skin conductance response and a higher degree of skin conductance than healthy controls
[125]. Also, other study stated that the increase in EDA during seizures in epileptic people
is an indicator of the participation of the central nervous system in this event [126]. The
increase in skin conductivity observed in the case of fibromyalgia has been interpreted as
the increase in cholinergic activity of the peripheral sympathetic nervous system and a
decrease in the activity of its adrenergic component [127]. Regarding to a study conducted
in terms of bilateral electrodermal activity responses, it was observed that the SCR recorded
from the contralateral hand was higher than the other hand compared to the half of the brain
used preferentially. However, it has been stated that there isn’t single cortical mechanism
on asymmetry in the electrodermal system [128]. EDA is used in the diagnosis of
sympathetic impairment in hypothyroid patient [129], hyperthyroid [130], diabetic patient
[131], scleroderma, erectile dysfunction, autoimmune vitiligo, rheumatoid arthritis, Behcet

disease, primary autoimmune hypothyroidism, depression and psychosis [67].
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3- MATERIALS AND METHODS

3.1. Experimental Animal:

A total of 36 male Wistar rats, 8 weeks old age, were used. Animal were obtained from
Baskent University Experimental Research Center. They were housed in standard cages and

allowed ad libitum access to feed and water.

All animal experiments carried out in Baskent University, Faculty of Medicine,
Department of Physiology, Animal Experiment Laboratory. The experiments were
conducted after the approval of the Animal Experiments Ethics Committee of Baskent

University (20/18).

3.2. Experimental Groups:

Rats were randomly divided into 3 groups in equal numbers (n = 12)

» Sham group (group 1) [n=12]: Each rat was given normal drinking water by oral
gavage.

* Medium dose Vitamin D (group 2) [n=12]: Each rat was given vitamin D by oral
gavage at the doses of 400 International Unit [IU]/ day. [146]

* High dose Vitamin D (group 3) [n=12]: Each rat was given vitamin D by oral gavage
at the doses of 1000 IU / day.

Recommended levels of vitamins D3 to be added per kg diet for rats is 300IU [147].

Vitamin which we used it in experiment Devit-3 oral drops, each 15 ml drop contains 50,000
IU of vitamin D3 (Deva Holding A.S, Turkey). The active ingredient cholecalciferol

(vitamin D3) is produced from sheep's wool fat.

The substances were administered to the groups once a day for 8 weeks. At end of this

period EDA records were taken. “Figure 3.1 shows the schedule of study.
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Figure 3. 1. Schedule of the study
3.3. EDA Recording:

EDA recorded immediately after completing the period of giving the vitamin D [8
weeks] in 3 days consecutively starting with high dose group in first day then medium dose
group in second day and sham group in third day. The rats were placed in the immobilizer,
excluding the tail and hind limbs. The plantar surfaces of the back of two extremities of the
rat were wiped with 70% alcohol and 0.8 cm diameter Silver /Silver Chloride (Ag/AgCl)
were placed. Electrodes were connected to MP30 system with GSR (Galvanic Skin
Response) transducer. In order to increase the conductivity by decreasing the resistance
between the skin and electrodes. After the electrodes were placed, the animal allowed to
calm down in the room where it was kept dark and silent for 5 minutes, then a 2-minute tonic
recording was taken without any sound stimulation. At end of the tonic recording, a 10-
minute phasic recording was taken in which 15 sound stimuli were randomly given at
intervals varying between 30-80 seconds without pausing. A stimulus generator (sound
amplifier) was used for sound stimuli that generate electrodermal responses. The sounds of
1000Hz frequency and 90 dB intensity generated from the stimulus generator were played

to the animals with two speakers installed in the experimental room “Figure 3.2.
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Figure 3. 2. The immobilizer and electrodermal electrodes of EDA.

Skin conductivity signals recorded with the MP30 system were passed through an
Analog / Digital converter, and the digital signals were stored in computer environment for

data analysis “Figure 3.3.

Figure 3. 3. EDA Apparatus
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Figure 3. 4. Sample of electrodermal analysis

Just before the recordings, the skin conductivity unit and the MP30 software system
were calibrated. For this purpose, the calibration buttons on the conductivity unit were
pressed and the values that should be read were entered in the appropriate places in the
software. Skin conductance levels (SCL) were recorded with EDA measurements. An

increase in SCR indicates an increase in sympathetic activity and anxiety.
The experiment was carried out in two stages:

* Tonic EDA: It recorded in first 2 minute (120 second) without any stimulus, it was
selected with the cursor and the mean of electrodermal response was calculated
* Phasic EDA: It was made immediately after tonic EDA recording for 10 minutes

with stimulus.

After the recording process was completed, the animal was taken out of the
immobilizer and returned to its cage. Immobilizer and electrodes were cleaned with alcohol

and clean water after each animal.

3.4. Data Analysis of EDA:

Skin conductance levels (SCL) were analyzed with software of MP30 system on the

registered PC computer from EDA recordings. SCL was analyzed with a cursor of our
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system and the mean of electrodermal response was calculated. Analyses of skin

conductance is evaluated as micromho (umho) “Figure 3.4.

3.5. Statistical Evaluation:

Mean values (+the standard errors of the mean) of tonic SCL and phasic SCL were
calculated. These data were analyzed with analysis of variance (ANOVA), with GROUP as
main factors. Homogeneity of variance was confirmed by the Welch test. When appropriate,
posthoc comparisons were made with the Scheffe test. Tonic and phasic SCL were compared
separately for each group with paired sample t test. The p<0.05 level was accepted as

significant.
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4.RESULTS

One rat in the high dose group died before EDA could be recorded. therefore, 12

animals in the other groups and 11 animals in the high-dose group were recorded.
The tonic SCL of three groups are shown in “Table 4.1. There was significant difference
among groups [F (2,33) = 4.374, p-value =0.021]. It should be noted that the post-hoc
analysis revealed statistical differences at the tonic SCL between the medium dose group
and the sham group (p value =0.027), but there was not significant difference between other
groups.

The phasic SCL of three groups are shown in Table 4.1. There was significant
difference among groups [F (2,33) = 11.013, p-value =0.001]. It should be noted that the
post-hoc analysis revealed statistical differences at the phasic SCL between the medium dose
group and the sham group (p value =0.001), and between the high dose group and the sham
group (p value =0.013), but there was not significant difference between the high dose group

and medium dose group.

Table 4. 1. Means and standard error (Mean * SE) of Tonic and phasic SCL values of the groups

Sh Medium dose High dose
am
SCL group group
group (n=12) (n=12) (n=11)
(Mohm) LS 8 Mean + SE Mean £+ SE
Tonic SCL 8,43 +£0,80 14,78 £ 1,72 14,93 +£ 0,68
Phasic SCL 8,30 £ 0,87 18,37 £ 1,33 14,99 £ 0,63

When we compared the tonic and phasic skin conductivity levels of each group within

the group, no significant difference was found (p>0.05)
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S- DISCUSSION

Vitamin D is a neuroactive hormone that regulates the nervous systems (sympathetic
and parasympathetic) and has a wide range of health benefits [8]. Also, vitamin D is essential
for autonomic equilibrium and has the potential to function as a central neuroactive
substance. And it is a steroid hormone that helps in the absorption of calcium and phosphate

[132].

Within our research, we looked into the effect of two doses (400IU, 1000IU) of vitamin
D on sympathetic skin response. We observed that sympathetic skin response increased

when high doses of vitamin D administrated for 8 weeks to rats.

Electrodermal indices can be used to determine eccrine sweat gland function and how
it varies with changes in psychological state. Sympathetic fibers innervate the eccrine sweat
glands, and palmar (or plantar) glands react to psychological rather than thermoregulatory

stimuli in normal ambient temperatures [133].

There have been very few studies on the effect of vitamin D on the sympathetic
nervous system. Previously, study looked into whether changes in autonomic nervous system
activity could explain the link between serum vitamin D and arterial stiffness. This suggests
that vitamin D may influence catecholamine production and/or secretion in the adrenal
medulla, which may play a role in the correlation between blood vitamin D and
cardiovascular risk. [7] In contrast, 1,25-dihydroxyvitamin D enhanced tyrosine hydroxylase
mRNA in an in vitro investigation, implying that vitamin D could accelerate the rate-limiting
step in catecholamine production [11]. Vitamin D deficiency has also been linked to an
increase in renin production, which has been hypothesized as a mechanism linking vitamin
D deficiency and cardiovascular events. Vitamin D deficiency has been associated with

increased renin secretion in animal studies [148].

In the literature, there were no studies whether vitamin D has an effect on
electrodermal activity, which is accepted as an indicator for sympathetic nerve activity, or

not.

We know that endocrine effects of vitamin D are primarily involved in calcium
homeostasis in the bloodstream. Vitamin D and calcium are often used in the same sentence
because they work closely together, the most important function of vitamin D is to regulate

calcium levels in the bloodstream by enabling calcium and phosphate absorption from the
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intestine or calcium absorption from the bones [134]. And the calcium is needed for sweat

stimulation, and it is possible that this ion plays a role in sweat hypotonicity regulation [135].

Low vitamin D levels may explain migraine headaches, cardiac and gastrointestinal
problems, and oxidative stress in dysautonomia patients. The relationship between vitamin
D insufficiency and autonomic dysfunction is little researched and understood. vitamin D is
a neuroactive hormone that regulates the sympathetic and parasympathetic nerve systems

and maintains autonomic homeostasis. [8].

Sweat production is triggered when nonmyelinated class C sympathetic postganglionic
fibers release acetylcholine [136], which binds to muscarinic (subtype 3) receptors on the
clear cell's basolateral membrane causes intracellular Ca storage to be released and
extracellular Ca to be pumped into the cytoplasm [73]. So, the Ca2+ ion which vitamin D
plays important role in its regulation appears to be an important regulatory ion and second
messenger in the sweat gland's clear cells (secretory cells) sweat expulsion response. [149]
In response to adrenergic stimulation, eccrine glands can also release sweat but are far less

significant than the cholinergic stimulus [137].

Other neuromodulators, including as vasoactive intestinal peptide, calcitonin gene-
related peptide, and nitric oxide(NOx), have also been identified to have small roles in
eccrine sweating neural activation [73,138]. Endothelial cells, osteoblasts, microglial cells,
macrophages, and astrocytes are all affected by the active vitamin D (1,25-dihydroxyvitamin
D [1,25(0OH)2D]), which regulates NOx generation and/or the expression of inducible nitric
oxide synthase (iNOS) [139]. and vitamin D's sweat gland enhancing effect may be mediated

by nitric oxide.

Moreover, previous research has shown that nitric oxide (NO) and/or oxidative stress
in the brain are critical for sympathetic nervous system modulation. [150], according to
research, NO may act as a messenger molecule in both parasympathetic postganglionic

neurons and preganglionic sympathetic neurons [151].

Sweat secretion is unquestionably dependent on Ca2+. The eccrine glands' first
response to cholinergic input is a significant rise in cytosolic Ca2+. This is performed
through two mechanisms: extracellular interstitial fluid influx and intracellular Ca2+ storage
release. When Ca2+ was removed from the culture medium of isolated monkey eccrine

glands, muscarinic sweating was absolutely suppressed (140,141), and in humans, local
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Ca2+ chelation resulted in a considerable reduction in cholinergic sensitivity [142]. The role

of vitamin D in calcium mechanism is unquestionable.
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6-CONCLUSION AND RECOMMENDATIONS

Our results suggest sympathetic skin response increased with high doses vitamin D
supplementation and there is no certain difference between high and medium dose of vitamin
D. In this context, it was observed that the increase in vitamin D administration increased
sweat gland activity and stress response may be due to vitamin D increases cholinergic

activity by increasing calcium metabolism which plays major role in sweat secretion.

More research is required to show the mechanisms by which vitamin D increases

eccrine sweat gland activity and sympathetic skin response.

Based on the previous results and conclusions, this study concluded the following

recommendations:

= It necessitates conducting research that focuses on the study of vitamins, drugs and
hormones, especially vitamin D on experimental animals.

= Jtis recommended to increase the period of time for experiments more than two months
to get more results.

= In future studies, it is preferable to increase the number of experimental mice to obtain
more evidence and comparisons.

= Trying to use doses higher than 1000 IU of the vitamin D on experimental animals to

know the effects and changes.
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