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Effects of melatonin on level of cytokine in patients with AIDS
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ABSTRACT 
	Aims: Changes in cytokine levels in HIV infected individuals can affect the function of the immune system and have the potential to directly impact the course of HIV disease by enhancing or suppressing HIV replication. Melatonin influences various immune cells, including lymphocytes, macrophages, and natural killer (NK) cells. It can enhance the proliferation and activity of T cells and B cells, improve macrophage function, and increase NK cell cytotoxicity. Recent studies also explore its potential therapeutic benefits in various immune-related conditions. Current study evaluates the effect of the use of oral melatonin in levels cytokines  pro and anti-inflammatory on HIV patients undergoing antiretroviral therapy. Methodology: An intervention study was carried out where the researcher chooses an exposure factor or intervention causing an intentional modification in some aspect of the health status through the introduction of a specific therapy. HIV patients were evaluated before and after melatonin administration melatonin (6mg) once a day, in the evening, for one month. Patients who used antiretroviral therapy and wished to take part in the study were eligible for the study. Each patient's cytokine profile was evaluated before starting treatment and after 30 days of treatment. Cytokine dosing by flow cytometry is a highly sensitive and specific method, allowing simultaneous analysis of multiple cytokines:interleukin 2 (IL-2), interleukin 4 (IL-4), interleukin 6 (IL-6), interferon gamma (IFN-γ)  interleukin 10 (IL-10) and tumor necrosis factor (TNF- α) before and after melatonin supplementation  for 30 days in 28 patients.Results: The results obtained demonstrate that there were changes before and after the use of melatonin in the levels of the cytokines interleukin 4 (IL-4), interleukin 6 (IL-6), interferon gamma (IFN-γ), interleukin 10 (IL-10) and tumor necrosis factor (TNF- α) but not for interleukin 2 (IL-2), The cytokines tumor necrosis factor (TNF-α) had increased levels and interleukin 4 (IL-4), interleukin 6 (IL-6), interferon gamma (IFN-γ) and interleukin 10 (IL-10) levels were lower than initial levels. In this study, around 50% of patients had a reduction in IL-10 levels after using melatonin 6mg/day/30 days  suggest sting that the use of melatonin could be modulating the immune response. There are studies that indicate a reduction in IL-10 levels in patients using HAART therapy. Our study not only corroborates this information but suggests that the use of melatonin supplementation enhances these effects. The cytokines tumor necrosis factor (TNF-α) had increased levels and interleukin 4 (IL-4), interleukin 6 (IL-6), interferon gamma (IFN-γ) and interleukin 10 (IL-10) levels were lower than initial levels. Conclusion: The study suggested that supplementation with melatonin at a dose of 6 mg/day could modulate the immune response through changes in the production of pro- and anti-inflammatory cytokines in patients using HAART therapy. In addition to cytokines, melatonin in AIDS   interacts with factors like oxidative stress, immune system modulations and viral replications.
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1. INTRODUCTION 

“Cytokines can be classified as pro and anti-inflammatory and are considered important initiators and mediators of inflammation” [1]. “Infection with HIV results in the production of cytokines by infected cells and cells of the immune function and affect viral replication” [2]. “Changes in cytokine levels in HIV infected individuals can affect the function of the immune system and have the potential to directly impact the course of HIV disease by enhancing or suppressing HIV replication” [3]. “It has been suggested that an imbalance in cytokine production is responsible in part for the immune deregulation characteristic of progression of HIV to AIDS” [2].

“Both innate and adaptive immune responses are raising during HIV infection. CD4+ T helper cells play a vital role in the immune system by secreting cytokines, which regulate the immune response. Cytokines are secreted by T cells when an intracellular infection is detected as in the case of HIV infection. HIV is known to infect T cells that have CD4+ receptors present on their surface. These cells, among others in the immune system, secrete cytokines. The level of cytokines present in the plasma becomes an indicator of the nature of the immune response. Therefore, those cytokines secreted by CD4+ T cells during HIV infection are expected to be low. Th1 CD4 + subset produce IL-2 and IFN-γ. IFN-γ acts by activating macrophages an dis essential for eliminating intracellular pathogens” [4]. “Most of these cytokines have been used as hallmarks of disease progression as well as assessment of patient’s response to antiretroviral treatment” [5].

“Melatonin (N-acetyl-5-methoxytryptamine) is a molecule with a very wide phylogenetic distribution from plants to man. In the case of vertebrates, melatonin was initially thought to be exclusively of pineal origin, but recent studies have shown that melatonin synthesis may occur in a variety of cells and organs. Melatonin has been shown to have several functions, and research in the last decade has proved the indole to be a direct free radical scavenger and an indirect antioxidant. Melatonin influences various immune cells, including lymphocytes, macrophages, and natural killer (NK) cells. It can enhance the proliferation and activity of T cells and B cells, improve macrophage function, and increase NK cell cytotoxicity” [6].. 
“Melatonin supplementation is widely used for sleep disorders such as insomnia and jet lag. Recent studies also explore its potential therapeutic benefits in various immune-related conditions” [7] [8]. 
Current study evaluates the effect of the use of oral melatonin in levels cytokines pro and anti-inflammatory on HIV patients undergoing antiretroviral therapy.
2. material and methods 
 
2.1 Subjects 
HIV / AIDS patients were treated at the Center for Studies and Support to HIV Patients of the State University of Maringá - Department of Basic Health Sciences. The Center attends approximately 200 patients who freely seek the sector to participate in the project. All patients are evaluated clinically, and laboratory tests are performed prior to their participation in the projects.

2.2 Study Model

An intervention study was carried out where the researcher chooses an exposure factor or intervention causing an intentional modification in some aspect of the health status through the introduction of a specific therapy. HIV patients were evaluated before and after melatonin administration melatonin (6mg) once a day, in the evening, for one month. Patients who used antiretroviral therapy and wished to take part in the study were eligible for the study. Each patient's cytokine profile was evaluated before starting treatment and after 30 days of treatment.
2.3 Preparation of Melatonin 

Melatonin® 6 mg was manipulated by Rexall Sundown, USA and dispensed by Medformula/Maringá/Brasil.
2.4 Antiretroviral Therapy

The therapeutic scheme follows the standard protocol used in Brazil (ritonavir 100mg+zidovudine 300mg+lamivudine 150 mg+ atazanavir 300 mg/day).

2.5 Clinical and Laboratorial Evaluation
 Clinical and laboratorial evaluation was performed before and after 30 days of melatonin use.
2.5.1 Assessment of body weight: patients were weighed on scale Sensimax 130 before the start of treatment and at the end of the experiment. 

2.5.2 Clinical evaluation: Clinical evaluation was performed to assess the overall clinical state of the patient and patients were instructed to report any complications.
2.5.3 Laboratory evaluation: 
Cytokine dosing by flow cytometry is a highly sensitive and specific method, allowing simultaneous analysis of multiple cytokines. Following a rigorous protocol and controlling experimental conditions are essential for obtaining reliable and reproducible results. After an approximately 10-h overnight fast, 5 ml of venous blood were obtained using anticoagulants. The collects blood was subjected to cytometry.
Cytokine measurements were taken: interleukin 2 (IL-2), interleukin 4 (IL-4), interleukin 6 (IL-6), interferon gamma (IFN-γ)  interleukin 10 (IL-10) and tumor necrosis factor (TNF- α) before and after melatonin supplementation  for 30 days in 28 patients 

2.6 Statistical Analysis

Results before and after treatment were compared with Graph Pad Prism 6.0 (Graph Pad, San Diego, CA, USA) using Student´s t test at 95% significance.
3. results and discussion
Twenty-eight patients participated in the study . All patients were followed up by a clinical evaluation during the 30 days of treatment. All patients had been using HAART therapy for at least five years and their average infection period was 15 years. Patients´ age ranged between 35 and 49 years, with mean 43.7 years.
“During the course of HIV-1 infection, secretion of T-helper type 1 (Th 1) cytokines such as interleukin (IL-2) and interferon-gamma (IFN-γ) are generally decreased, whereas production of T helper 2 (Th 2)cytokines IL-4, IL-10, proinflammatory cytokines (IL-1,IL-6, IL-8) and tumor necrosis factor TNF-α are increased” [9]. “Such abnormal cytokine production contributes to the pathogenesis of the disease by impairing cell-mediated immunity”[10].”It has been previously documented that HIV replication is the result of a balance between the effects of pro-inflammatory cytokines that increase viral replication and those of anti-inflammatory cytokines and chemokines that inhibit viral replication
HAART includes the combination of three or more different types of highly effective anti-HIV drugs including nucleotide reverse transcriptase inhibitors (NRTIs), non-nucleoside reverse transcriptase inhibitor (NNRTIs) and protease inhibitors (PIs). Successful HAART suppresses for example, HAART markedly increases plasma IFN-γ levels, and considerably lowers IL-10 systemic levels during HIV infection” [11] [12]. Hence, these actions co-operatively show that antiretroviral treatment markedly influences systemic cytokine levels.
“The prognostic and pathophysiologic role of pro- and anti-inflammatory cytokines in HIV infection remains unclear, and information regarding cytokine profiles that are characteristic of either clinical improvement of disease or progression is unclear especially in developing countries. The effectiveness of HAART could be affected by the balance between pro- and anti-inflammatory cytokines which are involved in regulating immune response to HIV. Evaluating the levels of these cytokines may give a picture of the rate of viral replication as well as damage or restoration of immune system especially during HAART.

A number of cytokines are secreted during HIV infection that enhances both innate and adaptive immune responses. Interferon-α/β/γ, IL-12, IL-15 and IL-18 have been found to contribute to the development, maturation, differentiation and function of NK and other immune cells” [13]. 

“The pineal gland is an active component of the acute defense response. In a healthy state, the increase in nocturnal melatonin in the blood leads to a decrease in adhesion molecules expressed in endothelial cells, reducing the rolling and adhesion of leukocytes to the endothelial layer, and keeping neutrophils and monocytes circulating. Surveillance is a multi-mediated process involving other hormones (cortisol/ corticosterone) and cytokines (IL-10)” [14].
“Melatonin is a highly conserved molecule found in prokaryotes and eukaryotes that acts as the darkness hormone, translating environmental lighting to the whole body, and as a moderator of innate and acquired defense, migration, and cell proliferation processes.  Activation of the immune–pineal axis, which coordinates the pro-and anti-inflammatory phases of an innate immune response. Suppression of melatonin production by the pineal gland, which allows leukocyte migration. Monocyte-derived macrophages, important phagocytes of microbes, and cellular debris produce melatonin locally and thereby initiate the anti-inflammatory phase of the acute inflammatory response” [15].

Despite the great number of studies addressing the anti-inflammatory effect of melatonin, few studies have examined the role of pineal melatonin as a player in surveillance and defense responses. The pineal gland, as a circumventricular organ, monitors, with no barriers, the body and the brain [13]. 
This study evaluated the effect of melatonin supplementation on cytokine levels in patients with AIDS and using HAART therapy. Tables 1 and 2 show the individual values ​​of each cytokine interleukin 2 (IL-2), interleukin 4 (IL-4), interleukin 6 (IL-6), interferon gamma (IFN-γ)  interleukin 10 (IL-10) and tumor necrosis factor (TNF- α) before and after melatonin supplementation  for 30 days in 28 patients 

The results obtained demonstrate that there were changes before and after the use of melatonin in the levels of the cytokines interleukin 4 (IL-4), interleukin 6 (IL-6), interferon gamma (IFN-γ), interleukin 10 (IL-10) and tumor necrosis factor (TNF- α) but not for interleukin 2 (IL-2),
Table 1. Levels of cytokines interleukin 2 (IL-2). Interleukin  4 (IL-4), interleukin 6 (IL-6) and interferon gamma (IFN-γ) before and after melatonin supplementation
	Patients HIV/AIDS
	IFN-γ (pg/ml)

Before/After
	IL-4 (pg/ml)
Before/After 
	IL-6 (pg/ml) 
Before/After 
	IL-2 (pg/mL)

Before/After
	                    

	1 
	0.00/0.00
	
	0.00/0.00
	1.68/0.00
	0.00/0.00
	

	2
	0.18/0.34 
	
	0.20/0.00
	1.62/2.22
	0.00/0.00
	

	3
	0.00/0.63
	
	0.00/0.25
	1.35/0.94
	0.00/0.00
	

	4
	0.14/0.11
	
	0.00/1.02
	0.74/0.74
	0.00/0.00
	

	5
	0.24/0.31
	
	0.00/0.00
	4.56/4.21
	0.00/0.00
	

	6
	0.00/0.02
	
	0.00/0.00
	1.79/1.62
	0.00/0.00
	

	7
	0.34/0.00
	
	0.00/0.00
	1.45/2.68
	0.01/0.00
	

	8
	0.00/0.48
	
	0.20/0.00
	0.99/0.47
	0.01/0.42
	

	9
	0.00/0.00
	
	0.34/-0.11
	0.01/0.00
	0.00/0.03
	

	10
	14.0/5.05
	
	0.20/0.00
	1.45/1.14
	0.00/0.17
	

	11
	0.18/0.34
	
	0.70/0.00
	13.6/3.88
	0.00/0.00
	

	12
	0.00/0.48
	
	0.00/0.00
	3.03/1.03
	0.00/0.03
	

	13
	0.00/0.41
	
	0.00/0.00
	0.89/0.13
	0.00/0.00
	

	14
	0.14/0.11
	
	0.00/0.00
	0.56/0.38
	0.00/0.00
	

	15
	0.34/0.31
	
	0.20/0.00
	1.68/0.00
	0.00/0.00
	

	16
	0.00/0.00
	
	0.25/0.20
	2.22)1.52
	0.00/0.00
	

	17
	0.24/0.00
	
	0.00/1.02
	1.35/0.94
	0.00/0.00
	

	18
	0.70/0.24
	
	0.00/0.00
	0.74/0.74
	0.00/0.00
	

	19
	0.00/0.02
	
	0.00/0.00
	4.56/4.21
	0.00/0.00
	

	20
	0.34/0.00
	
	0.00/0.00
	2.28/1.09
	0.00/0.00
	

	21
	0.48/0.00
	
	0.34/0.11
	1.45/2.68
	0.01/0.00
	

	22
	0.00/0.48
	
	0.20/0.00
	0.99/0.47
	0.00/0.03
	

	23
	14.0/6.95
	
	0.00/0.30
	0.01/0.00
	0.00/0.17
	

	24
	0.08/0.00
	
	0.70/0.00
	0.34/1.14
	0.00/0.00
	

	25
	0.00/0.48
	
	0.00/0.00
	0.20/0.00
	0.00/0.03
	

	26
	0.00/0.08
	
	0.00/0.00
	3.03/1.03
	0.00/0.00
	

	27
	0.52/0.02 
	
	0.00/0.00
	0.89/0.13
	0.00/0.00
	

	28
	0.34/0.21
	
	0.00/0.00
	0.56/0.38
	0.00/0.00
	


Table 1:  Levels of cytokines interleukin 2 (IL-2), interleukin 4 (IL-4), interleukin 6 (IL-6) and interferon gamma (IFN-γ) before and after melatonin supplementation for 30 days.
       Table 2. Levels of cytokines interleukin 10 (IL-10) and tumor necrosis factor (TNF-α) 
before and after melatonin supplementation 
	Patients HIV/AIDS
	TNF-α (pg/mL)
Before/After 
	IL-10 (pg/mL)

Before/After 
	                    

	1 
	0.00/0.00
	
	3.63/9.00
	

	2
	0.12/0.00
	
	1.98/1.73
	

	3
	0.00/0.00
	
	1.07/1.08
	

	4
	0.62/0.00
	
	1.16/1.43
	

	5
	0.00/0.00
	
	2.96/1.14
	

	6
	0.00/0.00
	
	2.25/1.48
	

	7
	0.97/0.00
	
	2.96/1.12
	

	8
	0.00/0.83
	
	0.99/1.68
	

	9
	0.14/0.55
	
	0.39/1.25
	

	10
	0.00/0.48
	
	0.28/2.54
	

	11
	1.11/0.55
	
	2.42/1.48
	

	12
	0.55/0.00
	
	0.32/0.62
	

	13
	0.00/0.69
	
	0.39/1.21
	

	14
	0.14/0.83
	
	0.62/1.07
	

	15
	0.00/0.00
	
	3.63/0.90
	

	16
	0.00/0.32
	
	1.98/1.73
	

	17
	0.00/1.18
	
	1.48/2.66
	

	18
	0.32/0.62
	
	1.16/1.43
	

	19
	0.00/0.00
	
	2.96/1.34
	

	20
	0.57/0.00
	
	1.10/2.17
	

	21
	0.97/0.00
	
	2.96/1.12
	

	22
	0.00/0.48
	
	0.99/1.68
	

	23
	0.14/0.55
	
	0.39/1.25
	

	24
	0.48/0.48
	
	0,28/1.30
	

	25
	1.57/0.55
	
	2.90/1.30
	

	26
	0.55/0.00
	
	0.32/0.62
	

	27
	0.00/0.69
	
	0.39/1.21
	

	28
	0.00/0.83
	
	0.62/1.07
	


                           Table 2:  Levels of cytokines interleukin 10 (IL-10) and tumor necrosis factor (TNF- α) before and
                           after melatonin supplementation  for 30 days. 
Table 3. Levels of cytokines interleukin 2 (IL-2), interleukin 4 (IL-4), interleukin 6 (IL-6), interferon gamma (IFN-γ)  interleukin 10 (IL-10) and tumor necrosis factor (TNF- α) before and after melatonin supplementation  for 30 days (n=28)
	Patients HIV/AIDS

N=28
	
	Cytokine
	
	
	

	
	TNFα
(pg/mL)
	IL-10
 (pg/mL)

 
	IL-4
 (pg/ml)

 
	IL-6
(pg/mL)

 
	IL-2
(pg/mL)

 
	IFN- γ 
(pg/mL)
 

	Before 
	0.31±0.43
	1.81±1.06
	0.11±0.14
	1.96±1.57
	0.0±0
	1.30±4

	After
	0.64±1.68 * 
	1.45±0.40*
	0.14±0.31
	1.27±1.48*
	0.01±0.04
	0.64±1.63*


Table 3: Levels of cytokines interleukin 2 (IL-2), interleukin 4 (IL-4), interleukin 6 (IL-6), interferon gamma (IFN-γ)  interleukin 10 (IL-10) and tumor necrosis factor (TNF-α) before and after melatonin supplementation  for 30 days. Patients treated with HAART (ritonavir 100mg+zidovudine 300mg+lamivudine 150 mg+ atazanavir 300 mg/day); Results are given as mean ± SD of 28 patients. *p<0.05 

.
Table 3 shows the results obtained (mean ± SD) of the 28 patients evaluated before and after the use of melatonin. The cytokines tumor necrosis factor (TNF-α) had increased levels and interleukin 4 (IL-4), interleukin 6 (IL-6), interferon gamma (IFN-γ) and interleukin 10 (IL-10) levels were lower than initial levels
In the 1990s, melatonin was extensively studied as an anti-inflammatory drug. Melatonin was also shown to regulate immunological organs, such as the thymus, spleen, and adrenal glands [8]. 
“The pathogen, danger/damage-associated molecular patterns, and pro-inflammatory cytokines suppress nocturnal melatonin synthesis, favoring the migration of neutrophils and monocytes” [11–15]. “This concept, proposed in 2007, is now widely accepted due to the integrated view of melatonin’s actions as a physiological regulator of immune responses and a player involved in multiple models of diseases” [16].
In HIV patients, increased levels of IL-10 are reported, studies  on state that HIV induces the production of IL-10 by monocytes via the CD4-independent pathway [17]. In this study, around 50% of patients had a reduction in IL-10 levels after using melatonin 6mg/day/30 days (table 2) suggest sting that the use of melatonin could be modulating the immune response. There are studies that indicate a reduction in IL-10 levels in patients using HAART therapy [11]. Our study not only corroborates this information but suggests that the use of melatonin supplementation enhances these effects. 
The results obtained with melatonin supplementation 6mg/day/30 days also showed a decrease in the levels of the cytokines IL-6 and IFN-γ. These results as a whole suggest a change in the pattern of cytokine production with the use of melatonin, with no return to the pattern of HIV infection without HAART [9,10] nor to the pattern of cytokines after HAART [11][12]
On the other hand, a significant increase in TNF-α levels was observed in this study. In HIV infection, TNF-α is enormously related to the pathogenesis of this disease, contributing to the spread of the virus, deletion of lymphocytes and, also, worsening of clinical manifestations. TNF-α is also capable of increasing the apoptosis of CD4 cells, contributing to the patient's immunocompromised state [18].
“Several cellular functions such as apoptosis, cellular proliferation, inflammation, and immune regulation involve the tumor necrosis factor-α (TNF)/TNF receptor (TNFR) pathway. Human immunodeficiency virus 1 (HIV-1) interacts with the TNF/TNFR pathway. The activation of the TNF/TNFR pathway impacts HIV-1 replication, and the TNF/TNFR pathway is the target of HIV-1 proteins. A hallmark of HIV-1 infection is immune activation and inflammation with increased levels of TNF in the plasma and the tissues”. [19]

Although melatonin is a neuro-hormone primarily synthesized by the pineal gland, other cell-types are also capable of synthesizing. Pineal synthesis in mammals is under the control of the master circadian pacemaker, which is located in the suprachiasmatic nucleus of the hypothalamus. Two types of G protein-coupled receptors named MT1 and MT2 mediate the action of melatonin. These receptors are expressed in many different organs and tissues. In fact, melatonin modulates multiple aspects of human physiology. In addition to the action mediated by MT1 and MT2 receptors [20,21], 

Melatonin synchronizes central but also peripheral oscillators (fetal adrenal gland, pancreas, liver, kidney, heart, lung, fat, gut, etc.), allowing temporal organization of biological functions through circadian rhythms (24-hour cycles) in relation to periodic environmental changes and therefore adaptation of the individual to his/her internal and external environment.
Despite these changes in cytokine levels, clinical evaluation and a previous study already published by our team [22] demonstrate clinical improvement in patients evaluated with the use of melatonin supplementation 6mg/day/30 days
“The physiological effects of melatonin are various and include detoxification of free radicals and antioxidant actions, bone formation and protection, reproduction, and cardiovascular, immune or body mass regulation. Also, protective and therapeutic effects of melatonin are reported, especially with regard to brain or gastrointestinal protection, psychiatric disorders, cardiovascular diseases and oncostatic effects” [23].
When organisms are exposed to drugs or other free radical generating agents or processes (excessive exercise, hyperoxia, ionizing radiation, inflammation, ischemia, toxins, trauma), the number of reactants produced overwhelms the capacity of the system to defend itself. In such situations, supraphysiological levels of an antioxidant must be given to prevent plundering by the large number of induced toxic reactants. So that an antioxidant neutralizes a toxic reactant before it mutilates a bystander molecule, it must be very near to where the reactant was generated. Since it is amphiphilic, melatonin seems to be ubiquitously distributed, albeit unevenly, in subcellular compartments [24].

“Another important factor in melatonin’s role as an antioxidant within a vertebrate organism is its ability to transverse established morphophysiological barriers. Melatonin penetrates in the brain minutes after its administration” [25]. 

“It was  assumed that physiological levels of melatonin have a function similar to those of the pharmacological concentrations used. It may be relevant that endogenous melatonin levels change substantially throughout a lifetime. There are sometimes substantial differences in the quantity of melatonin produced by different individuals” [26].
4. Conclusion

The study suggested that supplementation with melatonin at a dose of 6 mg/day could modulate the immune response through changes in the production of pro- and anti-inflammatory cytokines in patients using HAART therapy. There is certainly a need for a study with a larger number of patients to confirm these results as there are individual differences in the immune response.
Most studies show that melatonin reduces the toxicity of a wide variety of currently used drugs. Our study would seem to justify the use of melatonin as a co-treatment with antiretroviral therapy. Besides its high safety margin, melatonin is inexpensive to produce in a pharmacologically pure form. Melatonin´s disadvantage is the fact that it is a naturally occurring, non-patentable molecule. Thus, pharmaceutical interest in this agent is per se low, despite its low toxicity and high efficacy.
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