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INTRODUCTION 

The Human Immunodeficiency Virus (HIV) is a retro-

virus that affects the CD4
+
T-Cells in humans, leading to 

a decline in immune response. The virus is a type of 

human T-cell leukaemia – lymphoma virus (HTLV). 

When HIV attaches to a host cell, the RNA is converted 

to DNA with the aid of the enzyme, Reverse 

Transcriptase, and there is a replication of the viral 

particle in the host cell. As a result of this, there is 

immunosuppression in HIV patients, leading to a 

diminished response to infection and tumours (Rote, 

2002; Mohan, 2010).  

 

Reactive oxygen species (ROS) are produced during 

normal cellular metabolism and have beneficial 

physiological functions, through cellular responses and 

immune function at low concentrations. However, at 

high concentrations they cause adverse modifications to 

cellular components (Birben et al., 2012, Kabel, 2014). 

There are three major ROS that are of physiological 

importance in the human system. They include 

superoxide ion (O2
-
), hydroxyl radical (OH

-
) and 

hydrogen peroxide (H2O2). 

 

HIV-infected patients have oxidative imbalance early in 

the disease, and there is generation of ROS (Friis-Moller 

et al., 2007). Thus, HIV infection increases oxidative 

stress which may result to oxidative damage of cellular 

components (Stephensen et al., 2007). ROS generated 

may enhance viral replication by activating nuclear 

transcription factors, which ultimately lead to an 

increased rate of viral gene expression (Sundaram et al., 

2008). HIV patients are under chronic oxidative stress 

(Gwarzo & Muhammad, 2010) probably because HIV 

induces oxidative stress by disturbing cellular 

antioxidant defence and initiating oxidative reactions 

(Pasupathi et al., 2009). Enhanced oxidative stress also 

plays a pathogenic role in HIV infection (Hensley et al., 

2000). 

 

Highly Active Antiretroviral Therapy (HAARTs) have 

the potential of increasing toxicities and metabolic 

changes if used long term (Sundaram et al., 2008). The 

toxicities in HIV patients on anti-retroviral therapy 

include metabolic, hepatic, neurological and 

cardiovascular complications (Morse et al., 2006). 

HAART therefore may increase chemically reactive 

species in circulation (Awodele et al., 2012). 

 

Cortisol is a hormone that is secreted in the adrenal 

gland. Its secretion is usually in response to the 

adrenocorticotropic hormone (ACTH) released from the 

pituitary gland. ACTH is secreted in response to several 

factors, one of which is corticotrophin-releasing hormone 

(CRH), which is synthesized and released from the 

hypothalamus (Guber & Farag, 2011). Another factor 
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ABSTRACT 

HIV infection is one of the most prevalent infections in Nigeria, and has negative effects on the human immune 

system. This study evaluated the levels of superoxide dismutase (SOD) and cortisol in HIV positive subjects. A 

total of 173 subjects of age 20 to 70 years were involved in this study, comprising 60 HIV positive patients 

receiving HAART (Highly Active Antiretroviral Therapy), 57 HAART-naïve HIV positive subjects and 56 

apparently healthy control subjects. Individuals who had tuberculosis, diabetes and malaria were excluded from the 

study, as well as female subjects who were pregnant. The sample obtained were analysed for CD4 count using 

Fluorescent Activated Cell Sorter (FACSCount) automation, while superoxide dismutase (SOD) and cortisol were 

determined using enzyme-linked immunosorbent assay (ELISA) technique. It was observed that HIV patients had 

significantly reduced level of SOD and higher level of cortisol than control subjects. Those who were on HAART 

had lower levels of SOD and higher levels of cortisol than those who were not on HAART. The results are 

indicative of impaired immune function and greater oxidative stress in HIV patients. Incorporation of antioxidant 

therapy in the treatment regimen for HIV infection may lead to better management of the condition. 
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that increases cortisol levels is stress, and it has been 

reported that HIV patients are under oxidative stress. 

Other factors that can increase ACTH level, and 

therefore cortisol, are pro-inflammatory cytokines, 

especially interleukin-1 (IL-1), interleukin-6 (IL-6), and 

tumor necrosis factor (TNFα) (Stewart, 2003). There 

exists a complex interaction between the immune system 

and the HPA axis (Mastorakos et al., 2006). 

Abnormalities in adrenal function have been reported to 

be more common in HIV patients than in the general 

population (Lo & Grinspoon, 2010), and it has also been 

reported that HIV envelop protein gp120 can stimulate 

the release of corticotrophin-releasing hormone (Costa et 

al., 2000).   

 

The human body has a complex system of antioxidants 

that work together to protect the cells of the body against 

the dangerous effects of oxidants. Antioxidants are 

compounds that inhibit or delay the oxidation of other 

molecules by inhibiting the initiation or propagation of 

oxidative chain reactions. The antioxidant system 

consists of both enzymatic and non-enzymatic systems 

(Panda, 2012). SOD is the first antioxidant enzyme in the 

line of antioxidant defence, and is reportedly altered in a 

number of human diseases like diabetes mellitus (Briggs 

et al., 2016). 

 

This work seeks to evaluate the levels of superoxide 

dismutase and cortisol in patients with HIV in Port 

Harcourt, Nigeria. 

 

METHODOLOGY 

This work was carried out on a total of one hundred and 

seventy three (173) subjects between the ages of 20 to 70 

years. One hundred and seventeen (117) subjects were 

HIV positive, of which sixty (60) were receiving 

antiretroviral therapy and fifty-seven (57) were not on 

antiretroviral therapy. Fifty six (56) apparently healthy 

subjects, who were not HIV positive were used as 

controls. The bio-data and medical history of the subjects 

were obtained using an interviewer- based questionnaire. 

Ethical approval was obtained from local authorities and 

informed consent gotten from the subjects involved. 

Pregnant females, persons with tuberculosis, diabetes 

and malaria were excluded from the study.  

 

Five millilitres (5ml) of blood was collected from each 

subject after overnight fast. Two millilitres (2ml) were 

put in a sample bottle containing ethylene diamine 

tetraacetic acid (EDTA), for the assay of CD4 count, 

while three millilitres (3ml) were put in plain bottle for 

the assay of Superoxide dismutase (SOD) and Cortisol. 

 

The blood samples were centrifuged at 3,000rpm for 10 

minutes and the plasma separated and put in a plain 

bottle. The plasma samples were then preserved at -20
o
C 

in the refrigerator prior to analysis. Analysis of the 

samples for superoxide dismutase and cortisol was done 

using ELISA technique while Fluorescent Activated Cell 

Sorter (FACSCount) automation was used for CD4 

count. The data generated was analysed using SPSS 

version 22. P ≤ 0.05 were considered statistically 

significant. 

 

 

 

 

 

RESULTS 

Table 4.1: Mean ± SD of parameters for Study Subjects. 

 
CD4/ml SOD(pg/ml) Cortisol(ng/ml) 

HAART-naive (A) 
n=57 

310± 69 66.11 ± 13.04 60.80 ± 10.36 

HAART (B) 
n= 60 

414± 87 39.50 ± 12.17 83.98 ± 13.83 

Control (C) 
n=56 

858± 38 73.93 ± 13.38 42.83 ± 11.87 

p-values <0.0001 <0.0001 <0.0001 
Post Hoc (Tukey) 

   
A vs B S S S 
A vs C S S S 
B vs C S S S 

 

DISCUSSION 
SOD is the first antioxidant enzyme to act on ROS, 

acting as both antioxidant and anti-inflammatory agent in 

the body (Mgbekem et al., 2011). The results of this 

study indicate that there were differences in the levels of 

antioxidant enzyme, SOD in HIV patients compared to 

the control subjects. The level of SOD was significantly 

reduced in HIV patients than in control subjects. During 

HIV infection, there is enhanced oxidative stress due to 

activation of the immune system, which increases the 

generation of free radicals. These ROS deplete the levels 

of the antioxidant enzymes as they are consumed in the 

process of protecting cells against oxidative damage 

(Suresh et al., 2009). Therefore, HIV infection leads to a 

reduction in the levels antioxidant enzymes. 

 

Also, the levels of the antioxidant enzyme, SOD, were 

lower in HIV patients on HAART than in HIV patients 

who are not on antiretroviral therapy. HAART has been 

reported to increase chemically reactive species in 
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humans (Awodele et al., 2012), and has also been 

associated with increased oxidative stress (Ngondi et al., 

2006). Antiretroviral therapy therefore exerts a negative 

effect on the activities of antioxidant enzymes.  

 

Plasma cortisol level was also performed in order to 

assess the effects of oxidative stress due to HIV infection 

and HAART administration on the immune system in the 

study subjects. From the result obtained the level of 

cortisol differed significantly among the study groups. 

HIV patients had significantly higher levels of cortisol 

than control subjects. Cortisol is synthesized by the HPA 

axis in response to stress. The elevated cortisol levels 

may be due to stress-related shift of steroid production 

from adrenal androgens towards cortisol  or the increase 

in the concentration of cortisol-binding globulin (CBG) 

observed with the disease progression (Zapanti et al., 

2008). Also, impaired adrenal function can result from 

direct infection of the adrenal gland by HIV, as well as 

many of the drugs that are used in the treatment of HIV 

(Zapanti et al., 2008). 

 

The level of cortisol in HIV subjects on HAART was 

significantly higher than that of HAART-naïve HIV 

subjects. Collazos et al., (2003) had earlier reported a 

similar result in their work. HAART has been reported to 

increase cortisol level (Ebuehi et al., 2015), and has also 

been associated with increased oxidative stress (Ngondi 

et al., 2006). This state of increased oxidative stress 

causes a marked increase in the level of cortisol.  

 

CONCLUSION 

HIV patients are constantly under oxidative stress, 

evidenced by the low levels of SOD and increased levels 

of cortisol. Also, treatment with HAART seems to 

worsen the oxidative status as SOD levels were further 

reduced and cortisol increased significantly. Therefore, 

there is a need for additional modalities in the treatment 

of HIV infection and improving their oxidative status. 
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