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Abstract: Human immunodeficiency virus (HIV) attacks the immune system and weakens the ability
to fight infections/disease. Furthermore, HIV infection confers approximately two-fold higher risk
of cardiac events compared with the general population. The pathological mechanisms responsible
for the increased incidence of cardiovascular disease in HIV patients are largely unknown. We
hypothesized that increased oxidative stress and attenuated circulating levels of the cardioprotective
gaseous signaling molecules, nitric oxide (NO), and hydrogen sulfide (H2S) were involved in the
cardiovascular pathobiology observed in HIV patients. Plasma samples from both HIV patients
and age–matched normal subjects were used for all assays. Oxidative stress was determined by
analyzing the levels of advanced oxidation protein products (AOPP) and H2O2. Antioxidant levels
were determined by measuring the levels of trolox equivalent capacity. ADMA, hs-CRP, and IL-6
were determined by using ELISA. The levels of H2S (free H2S and sulfane sulfur) and NO2 (nitrite)
were determined in the plasma samples by using gas chromatography and HPLC, respectively. In
the present study we observed a marked induction in the levels of oxidative stress and decreased
antioxidant status in the plasma of HIV patients as compared with the controls. Circulating levels of
the cardiovascular disease biomarkers: ADMA, hs-CRP (high-sensitivity C-reactive protein), and
IL-6 were significantly increased in the circulatory system of HIV patients. The levels of both nitrite
and H2S/sulfane sulfur were significantly reduced in the plasma of HIV patients as compared with
normal subjects. Our data demonstrate significant increases in circulating biomarkers of oxidative
stress and cardiovascular (CV) in conjunction with decreased bioavailability of H2S and NO in
HIV patients. Diminished levels of these two cardioprotective gaseous signaling molecules may be
involved in the pathogenesis of CV disease in the setting of HIV.
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1. Introduction

A gaseous signaling molecule, nitric oxide (NO) plays a pivotal role in cardiovascular
homeostasis [1,2]. NO is synthesized endogenously via three isoforms of NO synthase
(NOS) as well as by non-enzymatic reduction of nitrate (NO3

−) and nitrite (NO2
−). NO3

−

and NO2
− are physiologically recycled in the blood and tissues, acting as precursors

that can be easily converted to NO on demand [2]. The bioavailability of NO is reduced
in cardiovascular disease states as primarily a result of increased oxidative stress and
inflammation. Oxidative stress and inflammation result in increased breakdown of NO
and reduced activity and dysregulated function of eNOS both of which result in significant
reductions in NO and nitrite bioavailability [3–5].

Hydrogen sulfide (H2S) is a critical cell-signaling molecule required for cardiovascular
homeostasis, much like NO [6–8]. The production of H2S in mammalian systems has been
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attributed to three endogenous enzymes: cystathionine β-synthase (CBS), cystathionine
γ-lyase (CSE), and 3-mercaptopyruvate sulfur transferase (3-MST) [9]. Both endogenous
and exogenous H2S respond to a wide range of protective actions including vasodilation,
anti-inflammatory, antioxidant, anti-apoptotic, and modulation of cellular metabolism [10].
H2S is a powerful reducing agent and is likely to be consumed by endogenous oxidant
species, such as peroxynitrite [11], superoxide [12], and hydrogen peroxide [13]. Although
NO and H2S are thought to modulate independent pathways, there is evidence of crosstalk
between these two gaseous signaling molecules [14,15]. Our group previously demon-
strated that H2S plays a role in the protection against acute MI/R injury and HF [16].
Treatment with exogenous H2S or modulation of the endogenously produced H2S through
the cardiac-specific overexpression of the H2S generating enzyme, CSE protects against
acute MI/R injury and HF by attenuating oxidative stress, inhibiting apoptosis, and re-
ducing inflammation [16,17]. Treatment with H2S therapy improves survival after cardiac
arrest and cardiopulmonary resuscitation in an eNOS-dependent [18] manner and provides
cardioprotection against MI/R injury by activating eNOS/NO.

A number of studies have confirmed an association between markers of inflammation,
as well as markers of NO regulation, and depressive symptoms in patients with heart
failure (HF). Biomarkers indicating raised inflammatory activity, e.g., C-reactive protein
(CRP) and interleukin 6 (IL-6), have been associated with an increased risk of future cardio-
vascular disease in healthy individuals, in patients with stable and unstable coronary artery
disease, and in congestive heart failure patients [19,20]. Treated HIV is associated with
chronic inflammatory changes, including chronic subclinical myocardial edema and a high
incidence of pericardial effusions [21]. These chronic inflammatory changes may underlie
the high incidence of myocardial fibrosis and alteration in cardiac function observed in
patients with treated HIV [21]. HIV infection is associated with high rates of CVD compli-
cations, including acute myocardial infarction [22], sudden cardiac death [23], and HF [24].
People with HIV also have additional risk factors for cardiovascular disease (CVD) due to
side effects of HIV medications. Evidence exists that certain antiretroviral medications and
protease inhibitors used to treat these patients may increase the lifetime risk of developing
CVD [25] in part because they can cause hyperlipidemia and insulin resistance. While the
benefits of such medications clearly outweigh the risks, more study about what accounts
for this effect is required. In order to better understand the overall cardiovascular health
of these patients, plasma from HIV patients and healthy controls were tested for levels of
asymmetric dimethylarginine (ADMA), a protein that has been linked to cardiovascular
disease. Biomarkers of CVD such as high-sensitivity C-reactive protein (hs-CRP), and IL-6,
a pro-inflammatory cytokine, were also determined. The status of cardioprotective gases,
such as NO and H2S signaling in HIV plasma were also evaluated. Our study demonstrates
that significant elevation in oxidative stress and biomarkers of CVD are associated with
decreased bioavailability of H2S and NO in HIV patients. Decreased levels of these two
gaseous signaling molecules may be involved in the pathogenesis of CVD in the setting
of HIV.

2. Materials and Methods

Collection of normal and HIV plasma: Plasma samples from HIV patients were
obtained from the LSUSHC-NO HIV Outpatient Clinic, New Orleans, LA, USA. All pa-
tients were consented to the use of their plasma for research purposes and signed a
HIPPA release for use of the medical record. Institutional Review Board approval with
consent was obtained. Age-matched single donor human plasma was purchased from
Innovative Research.

2.1. Measurement of Advanced Oxidative Protein Products (AOPP)

All reagents or chemicals used in our experiments were purchased from Sigma-
Aldrich, Milwaukee, WI, USA. Plasma advanced oxidation protein products (AOPP) as
markers of protein oxidation were determined using an AOPP assay kit purchased from
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Abcam, Burlingame, CA, USA, catalogue, ab242295). Briefly, all reagents were equilibrated
to room temperature prior to use. Either 200 µL of plasma samples (plasma sample was
diluted in 1× assay diluent) or standards were added to separate wells of the microtiter
plate and incubated with 10 µL of chloramine reaction initiator on a shaker for 5 min.
Reaction was stopped by adding 20 µL of stop solution and the absorbance of each well
was read immediately on a spectrophometric plate reader using 340 nm as the primary
wavelength. The sample AOPP content was calculated by reference to the chloramine
standard curve [26].

2.2. Measurement of Hydrogen Peroxide (H2O2)

H2O2 levels were measured in plasma obtained from both controls and HIV patients
by using H2O2 assay kit purchased from Abcam, catalogue, ab102500. Plasma samples
were centrifuged for 15 min at 1000× g and particulate pellet was removed. Either 50 µL
plasma samples (plasma was diluted in assay buffer) or standards were added in each well
of microtiter plate and 50 µL of reaction mixture was added to each test sample and H2O2
standards followed by incubation at room temperature for 10 min. Optical density was
measured at 570 nm on a micro-plate reader. H2O2 concentration (mM) in each plasma
sample was calculated from a H2O2 standard curve.

2.3. Measurement of Total Antioxidant Capacity

Total antioxidant capacity for plasma samples obtained from controls and HIV patients
was measured by using Trolox equivalent antioxidant capacity assay kit from Abcam,
catalogue, ab65329. Briefly, all reagents were equilibrated to room temperature prior to
use. A Plasma sample of 0.1 µL without protein mask or 10 µL with protein mask was
adjusted to 100 µL with ddH2O followed by addition of 100 µL of Cu2+ working solution
to all standard and sample wells of microtiter plate. The plate was incubated at room
temperature for 90 min on an orbital shaker protected from light. Optical density was
measured at 570 nm on a micro-plate reader.

2.4. Measurement of NO Metabolites

Plasma nitrite concentrations for both control and HIV subjects were quantified by ion
high performance liquid chromatography HPLC (ENO20 Analyzer; Eicom, Kyoto, Japan).

2.5. ADMA Assay

The levels of ADMA in the plasma of controls and HIV patients were measured by
using Enzyme-linked immunosorbent assay (ELISA) purchased from Immundiagnostik
AG, Bensheim, Germany. catalogue, K7828. Briefly, first microtiter strips were washed with
ELISA wash buffer followed by addition of 100 mL of derivatized standards or controls or
plasma samples (plasma was diluted with reaction buffer) to respective well. 100 mL of
diluted ADMA antibody (AB) was added into each well and incubated overnight at 2–8 ◦C.
On the following day, the contents of each well were aspirated and washed with wash
buffer and 200 mL of diluted peroxidase conjugate was added into each well. After 60 min
of incubation at room temperature on a horizontal shaker (180–240 rpm), the contents
of each well were aspirated, washed, and incubated with 200 mL of TMB substrate for
6–10 min at room temperature in the dark. Reaction was stopped by addition of 100 mL
of stop solution and absorption was measured immediately at 450 nm against 620 nm as
a reference.

2.6. Measurement of Hydrogen Sulfide (H2S) and Sulfane Sulfur

The levels of H2S and sulfane sulfur levels were determined in plasma samples of
controls and HIV patients by using gas chromatography chemiluminescence according to
the method published previously [27].
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2.7. Measurement of High-Sensitivity C-Reactive Protein (hs-CRP)

The plasma levels of hs-CRP were determined both in controls and HIV plasma
samples by utilizing an ELISA kit purchased from MyBioSource, Inc., San Diego, CA,
USA, catalogue, MBS040244. All reagents were equilibrated to room temperature prior to
use. Either 50 mL of standards or controls or plasma samples (plasma was diluted with
sample diluent) were added to separate wells of microtiter strips. A total of 100 mL of
HRP-conjugated reagent was added to each well and incubated for 60 min at 37 ◦C. After
incubation, the contents of the well were aspirated and washed with wash buffer. A total
of 50 mL of chromogen solution A and 50 mL of chromogen solution B were added to each
well successively and incubated for 15 min at 37 ◦C in the dark. Reaction was stopped
by adding 50 mL of stop solution and optical density was read at 450 nm using an ELISA
reader within 15 min after adding stop solution.

2.8. Measurement of IL-6

The levels of IL-6 were analyzed in plasma of controls and HIV patients by ELISA
assay purchased from MyBioSource, Inc., San Diego, CA, USA, catalogue, MBS261259.
The procedure in brief: 100 mL of standards or plasma samples (plasma was diluted with
sample diluent) were added to separate wells (100 mL for each) of microtiter strips. The
reaction wells were sealed with adhesive tapes, hatching in incubator at 37 ◦C for 90 min.
After washing the plate, biotinylated human IL-6 antibody liquid was added to each well
and sealed with adhesive tapes, hatching in incubator at 37 ◦C for 60 min. After washing
enzyme-conjugate liquid was added to each well (100 mL for each) and reaction wells were
sealed with adhesive tapes, hatching in incubator at 37 ◦C for 30 min. After washing with
wash buffer 100 mL of color reagent liquid was added to individual wells, hatching in
dark incubator at 37 ◦C. The chromogenic reaction was controlled within 30 min. A total of
100 mL of color reagent C was added to individual well and optical density was read at
450 nm within 10 min.

2.9. Statistical Analysis

All data in this study were expressed as the mean ± SEM. Statistical significance be-
tween two groups was determined using the two-tailed Student’s t test. A p value of < 0.05
was considered statistically significant. The number inside the bar of each figure denotes
the number of subjects per control or HIV group.

3. Results

First, we were interested to determine the levels of oxidative stress in patients infected
with HIV. Markers of oxidative stress such as AOPP and H2O2 were assessed in plasma
obtained from HIV patients and normal subjects. As shown in Figure 1A,B, the levels of
both of these oxidative stress markers were significantly increased as compared with the
control plasma.

We then evaluated the levels of total antioxidant capacity by measuring Trolox equiva-
lent capacity in plasma samples obtained from control and HIV patients. Trolox equiva-
lent capacity or total antioxidant activity (activities of small molecules including protein
molecules) was significantly reduced in HIV patients as compared with control plasma
(Figure 2). The data in Figure 1; Figure 2 suggest that induction of oxidative stress in HIV
patients is followed by reduction in the levels of antioxidant status in HIV patients.

To determine if HIV infection was associated with alterations in circulating NO
bioavailability, we measured levels of the NO intermediate, nitrite, and an endogenous
inhibitor of nitric oxide synthase (i.e., ADMA). We measured plasma nitrite levels using
HPLC and ADMA using a commercial ELISA assay kit. Figure 3A,B shows the levels
of nitrite were significantly reduced, and reciprocally ADMA was markedly increased
in HIV patients as compared with control subjects. These findings indicate a significant
reduction in NO bioavailability in HIV patients that may be a result of eNOS inhibition by
the arginine analog ADMA.
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Figure 3. Levels of nitrite (NO2) and ADMA are inversely correlated in HIV patients. Levels of
NO2 (A) were measured using HPLC and ADMA (B) was assessed by using ELISA in the plasma of
normal subjects and HIV patients. The data presented above represent mean ± SE, p < 0.0001 versus
control (t test).

We were interested to determine the levels of H2S in the plasma samples of both
HIV and control subjects. We analyzed the levels of H2S and sulfane sulfur using gas
chromatography coupled with sulfur chemiluminescence [27]. Marked reduction in the
levels of both H2S and sulfane sulfur were observed in HIV patients as compared with
controls (Figure 4A,B). The decreased levels of H2S/sulfane sulfur that we observed in
plasma samples may be due to the elevation of oxidative stress in HIV patients. We found
that the HIV population had significantly (p < 0.01) lower levels of hydrogen sulfide when
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compared with the controls. Sulfane sulfur (or thiosulfoxide) which is thought to be
a biologically relevant storage pool of hydrogen sulfide [28] was similarly found to be
significantly (p < 0.0001) decreased in patients with HIV as compared with control.
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(B) versus control (t test).

Both hs-CRP and IL-6 were found to be elevated in CVD. To correlate HIV with
CVD we then measured the levels of hs-CRP and IL-6 in the plasma samples obtained
from controls and HIV patients by utilizing ELISA assay. As can be seen both hs-CRP
(Figure 5A) and IL-6 (Figure 5B) are significantly upregulated in HIV patients as compared
with control subjects.
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Our data demonstrate that significant induction in oxidative stress and biomarkers of
cardiovascular disease are associated with decreased bioavailability of H2S and NO in HIV
patients. Reduction in the levels of these two cardioprotective gaseous signaling molecules
may be involved in the pathogenesis of cardiovascular disease in the setting of HIV.

4. Discussion

People with HIV are twice as likely as the general population to develop cardiovascular
disease (CVD). A recent study [29] showed that CVD is a leading cause of death in people
with HIV, accounting for approximately 11% of HIV patients deaths. While some risk
factors for cardiovascular disease are common to both HIV and non-HIV populations, such
as age, smoking, obesity and family history, people living with HIV have additional risk
factors. The World Health Organization considers that HIV/AIDS and CVD will be in the
top 3 causes for both global mortality and global disability-adjusted life-years in the year
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2030 [30]. The hypothesis of the complex interplay of factors for cardiovascular disease is
supported by the association of HIV with multiple vascular indices reflecting progressive
stages of atherosclerosis, ranging from endothelial dysfunction [31] to coronary plaque
itself [32]. Increased incidence of cardiovascular disease (CVD) occurs in HIV-infected
patients compared with the general population [33]. There is increasing evidence that
oxidative imbalance leads to increased cellular stress and results in alterations in molecular
pathways that underpin the pathogenesis of several important human diseases, including
heart disease, neurological disease, cancer, and ageing [34,35]. Antioxidant imbalance
assessed by plasma malondialdehyde concentration and plasma total antioxidant ability
is a condition which can contribute to increased destruction of CD4+ T cells and even
disease progression if the balance is in favor of pro-oxidant (free radicals or reactive oxygen
species (ROS) generation in HIV infected patients [36,37]. The mechanisms of coronary
heart disease (CHD) among HIV-infected patients reflects a complex interplay of factors,
including traditional risk factors, antiretroviral drug effects, and HIV-related parameters,
such as inflammatory and immunologic changes [38,39].

The HIV virus causes chronic inflammation [40] due to constant activation of the
immune system [41], which produces ROS. ROS are an important by-product of many
cellular processes and are usually eliminated via interactions with superoxide dismutase,
catalase, glutathione peroxidase, and peroxiredoxins. However, in many chronic condi-
tions such as HIV, more ROS are produced than can be eliminated. This increased level
of oxidants is toxic and leads to tissue damage. Other groups have recently documented
the effect of oxidative stress in patients with HIV. A study by Mar Marsia et al. found that
patients with HIV that died had significantly higher levels of F2-isoprostanes (F2IsoPs)
and malondialdehyde (MDA) in their plasma than their matched controls [41]. One of
the milestone findings in the redox biology of during antiretroviral therapy (ART) HIV-1
was the induction of oxidative stress. Numerous reports show that nucleoside and non-
nucleoside reverse transcriptase (RT) inhibitors, as well as inhibitors of the viral protease,
trigger massive ROS production in various cell types [42–48]. Series of studies reported an
increase in oxidative stress additional to the persistent redox imbalance associated with
HIV-1 infection manifested by an increase in oxidants and a decrease in antioxidant serum
levels [49,50]. It is generally acknowledged that the components of ART may contribute
to the development of cardiovascular diseases and CNS pathologies. The exact impact of
oxidative stress on the efficacy of ART and HIV-1/AIDS progression and the molecular
mechanisms of the redox imbalance in ART-treated HIV-infected individuals are still ob-
scure and require further comprehensive studies. Although ART is able to clear viremia
and improve the immunological condition of HIV-infected individuals for prolonged time,
the virus rebounds to levels comparable to those observed before treatment initiation
shortly after treatment withdrawal due to intactness of the major cellular reservoirs for
HIV; central and transitional memory T-cells which harbor the transcriptionally silent form
of viral DNA are not affected by classical antiretroviral drug regimens.

Our findings support the existing literature about cardiovascular disease in HIV
patients, much of which centers around the roles of oxidative stress and inflammation
plays in the progression of the disease. Advanced oxidative protein products (AOPP)
formed when the plasma proteins in the blood are oxidized by ROS and are indicative of
oxidative stress. [51] Hydrogen peroxide (H2O2) is another known marker of oxidative
stress. H2O2 acts as a signaling molecule [52] for the immune system and helps to recruit
white blood cells to initiate healing to damaged tissues [53]. However, H2O2 easily breaks
down into a hydroxyl radical, which can cause cellular damage. In conditions with chronic
immune system activation and inflammation, H2O2 levels tend to be higher. We were
interested to investigate the levels of oxidative status in the plasma of HIV patients. We
observed the elevated levels of AOPP and H2O2 and decreased levels of antioxidant activity
in HIV patients as compared with the control subjects. Antioxidants are among the body’s
first line of defense against ROS/oxidative stress. The link between reduced antioxidant
capacity, chronic inflammation and CVD has been well established. For example, a recent
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study found that reduced levels of antioxidants, along with chronic inflammation, are
thought to be at least partially responsible for the increased risk of CVD for patients with
rheumatoid arthritis (RA) [54]. Additionally, another study found a strong correlation
between total antioxidant capacity (TAC) and the HIV disease progression, with healthy
controls having the highest levels of antioxidants, symptomatic HIV patients having the
lowest, and asymptomatic HIV patients’ levels in between the two [55]. We similarly
found that the HIV population had significantly lower levels of antioxidant capacity
when compared with the control population. It can be noted that antioxidant molecules
may play protective roles against HIV infection and therefore, it will be reasonable to
investigate the in vivo mechanism of actions of antioxidant molecules. It is well known
that antioxidants are protective agents against cardiovascular, degenerative pathologies,
and cancer, the actual contribution of these compounds to the maintenance of health and
their in vivo mechanism of action are not yet known [56]. Previously published data have
shown that a strong reverse correlation between the intake of fruits and vegetables and
the occurrence of degenerative diseases and cancer [56]. The observed effect may be due
to the synergistic action between the compounds of the endogenous antioxidant system
(such as superoxide dismutase, glutathione peroxidase, glutathione -S-transferase, and
catalase) and the antioxidants from the diet [56]. It can be noted here that polyphenols are
beneficial plant compound with antioxidant properties that may help keep healthy and
protect against various diseases. Polyphenols can be subdivided into flavonoids, phenolic
acid, polyphenolic amides, and other polyphenols.

IL-6 is known as a biomarker of systemic inflammation and is elevated in cardiovascu-
lar diseases (CVD) and is also associated with oxidative stress. In addition, IL-6 has recently
been implicated as a predictor of clinical events, serious non-AIDS conditions (SNA) and
death in HIV patients [57,58]. Elevated levels of IL-6 were also found to be associated with
an increased risk of atherosclerosis, even when other risk factors for CVD are controlled
for [59]. IL-6 plays an important role in atherogenesis and pathogenesis of CVD. It can
stimulate hepatic synthesis of acute-phase proteins, activate endothelial cells, promote
lymphocyte proliferation, neutrophil migration, and macrophage differentiation [60,61].
In the general population, higher plasma IL-6 levels have been associated with greater
carotid IMT [62], atherosclerosis progression [62], coronary heart disease [63] and CV
deaths [64]. Similarly, in HIV-infected individuals on ART, higher plasma IL-6 levels have
been associated with CVD [65], CV deaths [66], and mortality [67]. There is also evidence
to suggest that IL-6 is a stronger predictor of clinical events than hsCRP or D-Dimer in
HIV infection [57]. A vascular inflammation marker, hs-CRP is also increased during
inflammatory disease states. Persistent high levels of CRP have been well correlated to
risk of arteriosclerosis and CVD. A recent study found that overweight and obese patients
with HIV had higher levels of CRP before and after beginning antiretroviral therapy (ART)
when compared with underweight patients. Additionally, it was reported that although
both groups gained weight after the initiation of ART, the underweight population showed
proportional reduction in CRP levels for each BMI unit gained, while the overweight
population showed an increase [68]. Another recent study found a strong correlation
between high baseline hs-CRP levels in untreated HIV patients and early mortality after
beginning ART [69]. In our study the changes in biomarkers of CVD, such as IL-6 and
hs-CRP, were tested in both control subjects and HIV patients, and we observed marked
induction of hs-CRP and IL-6 levels in patients with HIV when compared with uninfected
controls. Based on this observation our conclusion is that HIV patients have a high risk for
developing CVD.

NO is a powerful gaseous signaling molecule plays an important role in maintaining
the normal physiology of the heart and circulation. NO promotes vasodilation and regulates
homeostasis between the antioxidant and oxidant systems. NO reacts with oxygen very
rapidly to form nitrite (NO2) in the blood stream or in tissue and is readily converted
back into NO under hypoxia or other stressful conditions to protect the cells against
damage. ADMA is an endogenous inhibitor of nitric oxide synthases (NOS) that limits NO
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bioavailability and can increase production of NOS derived reactive oxidative species [70].
Increased plasma ADMA is one of the strongest predictors of mortality in patients who
have had a myocardial infarction or suffer from chronic left heart failure, and is also
an independent risk factor for several other conditions that contribute to heart failure
development, including hypertension, coronary artery disease/atherosclerosis, diabetes,
and renal dysfunction [70]. It has been reported that subjects with HIV suffer from reduced
left ventricular (LV) ejection fraction and increased mass, which may be related to the
increased cardiac morbidity and mortality in the population with HIV infection [21]. The
changes in LV mass were independent of hypertension and body mass index [21]. In
HIV-infected patients, while little is known about ADMA, studies have found increased
levels in HIV-infected patients compared to uninfected controls [71,72]. Levels of ADMA
also decrease with ART initiation [73]. Other studies have showed that elevated levels
of ADMA are associated with higher viral loads, lower CD4+ counts, and high risk of
pulmonary artery hypertension in HIV patients [74,75]. In the present study we found that
NO bioavailability was attenuated concomitant with increased circulating levels of ADMA.
It is unclear if the reduced NO levels are a result of increased ADMA resulting in nitric
oxide synthase inhibition.

There is a paucity of data on the role of H2S on HIV. H2S is another important
endogenously produced gas that exerts important physiological actions. H2S also promotes
the production of NO and relaxation of vascular smooth muscle [76]. H2S acts on eNOS to
increase enzymatic production of NO following phosphorylation of ser1177 on eNOS [27].
H2S exerts very potent antioxidant properties and is cardioprotective. Deficiency of both
NO and H2S is commonly observed in CVD [14,77]. Levels of H2S have also been shown
to be decreased during development of hypertension in diabetic rats [78]. We were curious
to investigate the status of H2S in HIV plasma samples. We observed that decreased levels
of H2S are accompanied with decreased levels of NO in HIV patients as compared with
control subjects. Antiviral and anti-inflammatory effects of H2S highlight its potential as a
therapeutic molecule. It can, therefore, bolster the efficacy of the regular drug regime used
for viral infections. Despite all these observations there is a dearth of knowledge in terms
of molecular mechanism of these effects which could form a promising line of research.

Our data is consistent with many of the recent studies on HIV and CVD. We found
that HIV patients exhibit significantly elevated circulating levels of CVD risk biomarkers
coupled with CVD and decreased antioxidant protection. More research is needed to
determine the specific pathways that result in increased susceptibility of HIV patients to
CVD. Further studies could allow for the development of novel therapeutics that can target
these pathways.
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