


Physiological Correlation of Dopamine and Serotonin with Biochemical and Oxidative Stress Markers in Epilepsy Patients

   Abstract
In general, epilepsy common neurological disorder affecting central nervous system, so it represents a significant public health and social burden. The primary cause of epileptic seizures is the excessive discharge of abnormal electrical charges from nerve cells. Epilepsy affects people in general, but is more common in elderly patients. The study included (35) patients with epilepsy (25) males and (10) females. Also, (35) control group (healthy) including (20) males and (15) females. The blood was taken by drawing blood from the vein after sterilizing the drawing area, using a 5 ml needle (syringe) of the type that is thrown away immediately after use (disposable syringe). The blood is then placed in tubes containing a gelatinous substance, in order to separate the clotted part from the serum when placed in a centrifuge at a speed of (3500) for (10) minutes, then the serum is withdrawn, placed in dry plastic tubes and stored at temperatures of 4 until it is used in the bio-endurance scale specified in the research, which included: Dopamine, serotonin, uric acid, creatinine, vitamin C, vitamin E, glutathione, peroxynitrite. In conclusion epilepsy patients showed clear raise in neurotransmitter, biochemical indicators, vitamin C, and peroxynitrite levels. In contrast, significant reductions in vitamin E and GSH levels in epilepsy patients compared to the control group.
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1. Introduction
Epilepsy is a chronic brain disease that is usually characterized by continuous and discrete loss attacks. It is a common disorder of the central nervous system that affects both sexes and all ages, and is more common in children and the elderly The incidence of epilepsy in males is slightly higher than in females, and the highest incidence rate is in the elderly (Beydoun et al., 2020; Kurisu et al., 2024). Generalized epileptic seizures affect brain cells on both sides as a result of neurological injuries, deficits, or brain abnormalities. Focal epileptic seizures occur on one side of brain. Epileptic seizures arise from abnormalities, synchronization, or excessive neural activity in the brain, which causes a temporary disturbance in the way the brain works and controlled (Hesdorffer et al., 2009).

Epilepsy occurs as a result of neurological injuries, disability, or brain abnormalities, including head or skull injuries, or it occurs due to infection or tumors. Genetic factors play an important and effective role in the occurrence of the disease, as etiology of this condition still unknown (Roger et al., 2010).
Epileptic seizures are usually preceded by signs that indicate the onset of an epileptic seizure, which depend mainly on the location of the electrical discharge in the lobes of the brain. These signs appear in the form of feelings of hunger, nausea, and auditory hallucinations, such as hearing strange sounds or hearing speech from the surroundings without there being a person near him, or blurred vision, and feeling visual hallucinations such as seeing strange things or seeing people without their presence (Brody, 2016).
An epileptic seizure is usually caused by the normal electrical activity in the brain through the passage of millions of simple electrical charges in the nerve cells in the brain and then spreading to the rest of the body. This normal form of electrical activity may be disturbed by the release of abnormal charges that have a greater electrical effect than the effect of normal charges, which have an effect on the consciousness, movement and sensations of the human body for a shortly. The higher the percentage of abnormal electrical charges in the brain, the more it leads to the formation of convulsions in the limbs of the human body and thus the symptoms of epilepsy (Rishe et al., 2015).
Biochemical analyses are essential indicators for detecting and confirming pathological conditions (Al-Hayali, 2023; Ghareeb & Ali, 2023) and physiological disorders, especially in vital organs of the body (Saad et al., 2024; Taher & Ghareeb, 2022). Uric acid and creatinine are indicators of kidney function, and any abnormality indicates kidney dysfunction due to harmful factors (Ahmed, 2017). 
Diagnosing epilepsy is extremely important for selecting the appropriate treatment for the disease, as the diagnosis is usually made after a second unexplained seizure occurs (Pellinen et al., 2024). The diagnosis depends on information obtained from the patient's family about his medical history and whether there is any triggering or risk factors that lead to epilepsy.              A detailed description of the clinical manifestations or signs observed by the patient's family during an epileptic seizure is very important and necessary for a true diagnosis of the seizure type (Katyal, 2025). It's worth noting that clinical blood tests are representing first key in diagnosing most conditions and disorders in the body (Ali et al., 2022; Ghareeb, 2023).   
Dopamine (DA) is a neurotransmitter produced by specific cells, located mainly in the ventral part of the brain. It is involved in most of the physiological functions that occur in the central nervous system, and it also contributes to maintaining internal balance (Lauretani et al., 2024). The primary function of dopamine is to regulate brain functions, including motor control, cognition, feeding, emotion, and endocrine functions, Therefore, any disorder that occurs in the nervous system will lead to neurological, mental and physical disorders, such as parkinson's disease, epilepsy, schizophrenia, drug addiction, learning and memory disabilities, autism, attention deficit hyperactivity disorder and lack of communication between him and others       (Yi et al., 2024).
Serotonin is a neurotransmitter produced by the body and is a chemical that transmits nerve signals between the brain and nerves. Therefore, it is a potential target for drug therapy and neurological diseases that affect the brain. In addition, pharmacological data have shown that serotonin may be linked to anxiety disorders. However, study results have not proven a link between serotonin and schizophrenia, the most severe mental disorder after epilepsy.            The relationship between addiction and the serotonergic system may be complex, as the direction of its effects remains unclear. Currently, there is insufficient evidence to support a link between serotonin and ADHD. However, some studies suggest that altered serotonin activity may be a cause of neurological diseases affecting the brain (Lin et al., 2014).
The accumulation of free radicals is responsible for appearance of different human illnesses such as atherosclerotic problems and plaque progress (Matkovics, 2003). Antioxidants have an important and effective role in scavenging free radicals and stopping the occurrence of inflammation in the body, especially in its early stages, and increasing the body’s immunity, modifying gene expression, activating motor proteins, and distinguishing between infected cancer cells and normal cells (Zeidan et al., 2022; Rahman & Panichayupakaranant, 2025). They also have a role in reducing the incidence of neurological diseases, especially brain diseases such as epilepsy and autism (Firdous et al., 2025). In addition, epilepsy is related with an excess of oxidative stress, as persistent epileptic seizures cause excessive generation of oxidants, which may be the primary cause of neuronal cell death. It has been found that some antiepileptic drugs, such as Lamotrigin and Levetiracetam, can reduce neuronal oxidative stress. While the use of diazepam may contribute to neuronal damage and increase oxidative stress (Kośmider et al., 2023), through the increase in dopamine and serotonin levels, the study aimed to evaluate the relationship between the neurotransmitter’s dopamine and serotonin and some biochemical indicators in epilepsy patients.

2. Patients and methods
This cross-sectional study conducted on (35) patients with epilepsy, (25) males and (10) females. Also, (35) control group (healthy) from the same age group. The number of healthy males was (20) and the number of healthy females was (15) after ensuring that they were free from all diseases. This study was conducted in Baquba Teaching Hospital / Consulting Clinic (Neurology and Psychiatry Unit) with the help of private clinics in Diyala Governorate for the period from 15/1/2025 to 15/5/2025.

Blood samples were collected by drawing blood from the vein after sterilizing the drawing area, using a 5 ml needle (syringe) of the type that is thrown away immediately after use (disposable syringe). The blood is then placed in tubes containing a gelatinous substance, in order to separate the clotted part from the serum when placed in a centrifuge at a speed of (3500) for (10) minutes, then the serum is withdrawn, placed in dry plastic tubes and stored at temperatures of 4 until it is used in the bio-endurance scale specified in the research, which included: (Dopamine, Serotonin, Uric acid, Creatinine, Vitamin C, Vitamin E, Glutathione, Peroxynitrite). 

2.1 Estimation of neurotransmitter and vitamin concentrations 
Immunomodulatory parameters including neurotransmitter and vitamins were measured using an enzyme-linked immunosorbent assay (ELISA) method for both patients and healthy controls, according to a specific protocol. The ELISA plate contains 96 wells coated with antibodies. Antibodies to dopamine, serotonin, vit C, and vit E were detected. Enzyme-labeled antibodies and antigens present in serum are used. The resulting interaction occurs between antigens and antibodies, and is a non-competitive interaction, forming a sandwich-like complex. During the incubation period, the immune complex aggregates in the titration tubes through the high-affinity interaction between streptavidin and the biotinylated antibody. After equilibrium and binding occur, the bound antibody parts separate from the unbound antigens in the washing process, and the enzyme’s activity in the bound antibody parts is directly proportional to the concentration of the antigens. It is stimulated by HRP and after addition the holes appear blue then the stop solution is added to each hole and the color changes from blue to yellow.           The optical density (OD) is measured at a wavelength of (450) nm with each analysis repeated several times to obtain accurate results.

2.2 Estimation of uric acid levels 
Serum uric acid concentrations were estimated for both groups using an enzyme-based method using a ready-made analysis kit supplied by Randox UK.

2.3 Creatinine level estimation 
Serum creatinine concentrations were estimated for both groups using an enzyme-based method using a ready-made analysis kit supplied by the Spanish company Bio System.

2.4 Estimation of Glutathione levels 
Glutathione was estimated for the samples under study using the modified method by Burtis & Ashwood, 1999, as this method uses Ellman's reagent, which is a yellow compound, as this compound reduces the sulfhydryl group of glutathione at a wavelength of 412 nanometers. This compound is read.

2.5 Estimation of peroxynitrite levels 
The concentration of peroxynitrite radical was estimated using the modified method of             (Al-Zamely et al. 2001), as the peroxynitrite radical nitrates phenol to nitrophenol at a wavelength of 412 nanometers, and the presence of nitrophenol in blood serum reflects the level of peroxynitrite radical resulting from this process.

2.6 Statistical Interpretation
The data were interpreted by Statistical Package for the Social Sciences (SPSS) statistical analysis program and the completely randomized design method. The t-test was used to analyze the variation between the studied groups at a probability level of (P≤0.05).

3. Results
3.1 Estimation of neurotransmitters concentration and biochemical indicators
The results of the current study showed significant differences in the serum levels of epilepsy patients and the control group (Dopamine, Serotonin, Uric acid, Creatinine, Vitamin C, Vitamin E, Glutathione, and Peroxynitrite) at a probability level of P ≤ 0.05, as shown in t Table (1) and figures (1-2).
  
Table 1; Serological levels of neurotransmitters and biochemical indicators
	P-Value
	Mean ± SD
	
Indicatores

	
	EPI
N=35
	Control
N = 35
	

	P ≤ 0.05
	2.11±20.16
	1.92  ±6.96
	Dopamine (ng/ml)

	P ≤ 0.05
	1.58±0.62
	0.93±0.31
	Sreotonin (ng/ml)

	P ≤ 0.05
	2.92 ±1.66  
	1.52±0.46
	Uric acid (mg/dl)

	P ≤ 0.05
	0.47±0.33
	0.31±0.22
	Ceratinine (mmol/L)

	P ≤ 0.05
	50.32±18.98
	20.54±3.85
	Vit C (U/L)

	P ≤ 0.05
	4.21±2.46
	9.92±6.86
	Vit E (µmol/L)

	P ≤ 0.05
	42.11±9.83
	39.01±11.63
	Glutathione (µmol/L)

	P ≤ 0.05
	20.01 ± 10.71      
	8.19 ± 2.81  
	Peroxy nitrite (mol/L)
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Fig.1.  a. Dopamine concentration in the studied group; b. Serotonin; c. Uric acid concentration in the studied group; d. Creatinine concentration in the studied group concentration in the studied group
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 Fig. 2. a. Vitamin C concentration in the studied group; b. Vitamin E concentration in the studied group; c. Glutathione concentration in the studied group; d. Peroxynitrite concentration in the studied group

4. Discussion

The biological benefits of dopamine agonists in the treatment of epilepsy go back hundreds of years. Dopamine agonists were first shown to be a side effect 40 years ago. Epidemiologists noted a discrepant relationship between the so-called dopamine hyperactivity syndrome in schizophrenia and epilepsy, which is a state of dopamine deficiency. Non-selective drugs were used to evaluate early pharmacological studies for epilepsy. The effect of dopamine in treating epilepsy has not been clearly demonstrated, and the reason for this is due to the chemical composition of dopamine, which has not yielded largely conclusive results in treating epilepsy (Starr, 1996). The reason for the high concentration of dopamine in epilepsy patients is due to the effective participation of neurotransmitters in the mechanism of action of drugs that treat epileptic seizures (Palucha & Pilc, 2002). The mechanism of dopamine action is critical during epileptic seizures and in controlling neural excitability and cognition (Bozzi & Borrelli, 2013).       It has been reported that activation of dopamine receptors can increase the seizure threshold, while seizures can be enhanced by drugs that inhibit dopamine levels, such as antipsychotics and antidepressants (Jain, 2021).

The neurotransmitter serotonin has a crucial role in regulating the complex neural networks involved in the susceptibility to epileptic seizures, respiratory mechanisms, and arousal, which may contribute to sudden unexpected death in patients with epilepsy and depression. In addition, serotonergic drugs inhibit epileptic seizures, but their biochemical effectiveness in humans is less effective, with the exception of some specific types of epilepsy, such as Dravet syndrome (Gilliam et al., 2021). The result of increased serotonin concentration in epilepsy patients was consistent with the results of (Bonnycastle et al., 1957; Chadwick et al., 1977), and the reason for the increase in serotonin levels is due to the excess amounts of serotonin levels present in the serum of patients, which in turn enhances its anti-epileptic effect (Zimmerman et al., 2008). In addition, serotonin plays a role in regulating mood, as it is a neurotransmitter that has an effective impact on this. It also reduces the occurrence of epileptic seizures by reducing nervous excitation (Barker-Haliski & White, 2015). In addition, uric acid has been shown to significantly increase in epilepsy patients, and this increase may enhance epileptic seizures, in addition to increasing oxidative stress, which in turn increases the risk of epileptic seizures (Song & Zhao, 2018). Because high concentrations of uric acid play a role in the easy formation of sodium glutamate crystals, which may lead to inflammatory reactions, thus leading to increased nervous excitability in patients with epileptic seizures (Thyrion et al., 2016; Terrone et al., 2017). The result of high uric acid was consistent with the result of (Wang et al. 2019) because the breakdown of internal muscle protein in patients with recurrent epileptic seizures leads to increased production of uric acid (Warren et al., 1975).

The result of the insignificant decrease in creatinine concentration was consistent with the result of (Jalava & Sillanpää, 1997) because external creatine supplements can protect against epileptic seizures caused by amino acids that have the ability to reduce lactate produce with oxidative damage, indicating the effective anti-convulsant and anti-oxidant ability of creatinine in metabolic processes that appear in the form of phenotypes of epileptic seizures (Magni et al., 2007; Royes et al., 2003). Despite the crucial potential of creatinine, there are contraindications that must be considered, including oral bioavailability and blood-brain barrier permeability, as externally administered creatine must first be absorbed into the bloodstream and then pass through the intestinal wall to be stored and subsequently used by various body tissues (Jomura et al., 2022).

The difference in vitamin levels, including vit C and vit E, in the epileptic seizure group is due to the fact that vitamin C is a powerful antioxidant that provides electrons that accumulate in the nervous system and are transmitted through blood-brain barrier. Because it is an electron donor and a powerful reducing agent, it can participate with other antioxidants that can reduce the damage to neurons during epileptic patients, Alows, vit.C can protect nerve cells by integrating cell membranes and reducing the peroxidation of absorbed lipids (Sawicka-Glazer & Czuczwar, 2014). Furthermore, induction of reactive oxygen species can be linked to a several disorders, as epileptic seizures (Nazıroğlu, 2009).

The difference in vitamin E levels between the studied groups is due to its antioxidant properties, as it prevents the oxidation of polyunsaturated fatty acids (PUFAS), as well as it prevents formation of free radicals, and unactivation of the lipoxygenase enzyme pathway (Lebold & Traber 2014). In general, this vitamin can reduce the activity of epileptic seizures, as it can reduce oxidation effects in brain tissue (Söderfeldt et al., 1983).

The reason for the difference in the level of concentration of antioxidants, including glutathione, is due to the effective role that glutathione plays as an antioxidant, as it prevents cell damage and removes toxins from chemicals inside the liver (Saeed et al., 2018). In addition, glutathione is an essential element that defends the body against the danger of free radicals, and its deficiency inducing oxidative stress in the body and thus causing many diseases, including an increase in epileptic seizures (Ahmad et al., 2014).

The reason for the increase oxidative stress concentration (peroxynitrite) is due to the generation of free radicals, which oxidize fats in cell membranes, as acids and the unnecessary continuity of cell membranes are part most exposed to free radical reactions due to they have double bonds that represent key target of free radicals, increasing the level of oxidative stress (Al-Hasani, 2004). Peroxynitrite results from oxidative stress in the body's various tissues, causing collisions, tissue necrosis, and cell death, which is a cause of the spread of some diseases, especially miscarriage, in addition to its ability to destroy many of the body's cells and the proportions of metabolic disorders and causing new mutations in reducing the concentrations of internal antioxidants (Ferdinandy, 2006).

5. Conclusion

The current study concluded that epilepsy patients showed considerable augmentation in neurotransmitter (dopamine and serotonin), kidney function indicators (uric acid, creatinine), vitamin C, and peroxynitrite levels. In contrast, clear reductions in vitamin E and GSH concentrations were observed in epilepsy patients versus healthy ones.
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