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Abstract  

The main treatment for HIV is a class of drugs called antiretrovirals. Sticking to a treatment plan isn’t always easy. 

Antiretroviral drugs can cause side effects that can be severe enough to make some people stop taking them. A side effect 

can also get worse the longer a drug is taken. An example is change in metabolic parameters. The aim of this clinical study is 

to evaluate the potential benefits of taking Moringa oleifera on blood triglyceride and cholesterol level in patient taking 

Tenofovir/Lamivudine/efavirenz (TLE) combination.  

The study was designed as a Longitudinal Randomized Comparative Trial (LRCT) involving 140 HIV adult subjects (56 

males, 84 females) who have been on Tenofovir/Lamivudine/efavirenz (300/300/600mg) TLE combination for at least 6 

months prior to the study. They were recruited from a Teaching Hospital in Nigeria. Moringa oleifera capsules (200mg) 

were administered by the subjects to be used beginning from the first day of visit 0, through visit 1 (after four weeks) and 2 

(after 12 weeks). Blood samples of subjects were collected at each visit (visit 0, 1 and 2) and analyzed for triglyceride and 

cholesterol level. There was significant reduction in blood triglyceride and cholesterol level (P<0.01) of subjects in visit 1 

and 2 when compared to visit 0. There was also significant improvement in blood triglyceride and cholesterol level (P<0.01) 

in visit 2 compared to visit 0 of tenofovir/Lamivudine/Efavirenz (TLE) combination, when compared to subjects that did not 

received Moringa oleifera. There was no significant difference in the blood triglyceride and cholesterol level (P<0.01) in the 

non moringa subjects.  

Results from the study suggests that Moringa oleifera may be useful in improving triglyceride and cholesterol level of 

patients recieving TLE combination. 
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INTRODUCTION 

The human immunodeficiency virus (HIV) targets the 

immune system and weakens people's defense  against 

many infections and some types of cancer [1]. As the virus 

destroys and impairs the function of immune cells, 

infected individuals gradually become immunodeficient. 

Immune function is typically measured by CD4 cell count. 

Immunodeficiency results in increased susceptibility to a 

wide range of infections, cancers and other diseases that 

people with healthy immune systems can fight off [2]. The 

most advanced stage of HIV infection is acquired 

immunodeficiency syndrome (AIDS), which can take 

many years to develop if not treated, depending on the 

individual. AIDS is defined by the development of certain 

cancers, infections or other severe long term clinical 

manifestations [3,4]. 

 HIV is a virus that damages the immune system. 

Untreated HIV affects and kills CD4 cells which are a type 

of immune cell called T cell. Over time, as HIV kills more 

CD4 cells, the body is more likely to get various types of 

conditions and cancers. HIV continues to be a major 

global public health issue, having claimed almost 33 

million lives so far [5]. However, with increasing access to 

effective HIV prevention, diagnosis, treatment and care, 

including for opportunistic infections, HIV infection has 

become a manageable chronic health condition, enabling 

people living with HIV to lead long and healthy lives. HIV 

is different in structure from other retroviruses [6]. It is 

roughly spherical with a diameter of about 120 nm, around 

60 times smaller than a red blood cell [7]. It is composed 

of two copies of positive-sense single-stranded RNA that 

codes for the virus's nine genes enclosed by a 

conical capsid composed of 2,000 copies of the viral 

protein p24. The single-stranded RNA is tightly bound to 

nucleocapsid proteins, p7, and enzymes needed for the 

development of the virion such as reverse 

transcriptase, proteases, ribonuclease and integrase. A 

matrix composed of the viral protein p17 surrounds the 

capsid ensuring the integrity of the virion particle [8].  

This is, in turn, surrounded by the viral envelope, that is 

composed of the lipid bilayer taken from the membrane of 

a human host cell when the newly formed virus particle 

buds from the cell. The viral envelope contains proteins 

from the host cell and relatively few copies of the HIV 

envelope protein, which consists of a cap made of three 

molecules known as glycoprotein (gp) 120, and a stem 

consisting of three gp41 molecules that anchor the 

structure into the viral envelope [8,9]. The envelope 

protein, encoded by the HIV env gene, allows the virus to 

attach to target cells and fuse the viral envelope with the 

target cell's membrane releasing the viral contents into the 

cell and initiating the infectious cycle. As the sole viral 
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protein on the surface of the virus, the envelope protein is 

a major target for HIV vaccine efforts [10]. . Over half of 

the mass of the trimeric envelope spike is N-

linked glycans. The density is high as the glycans shield 

the underlying viral protein from neutralisation by 

antibodies. This is one of the most densely glycosylated 

molecules known and the density is sufficiently high to 

prevent the normal maturation process of glycans during 

biogenesis in the endoplasmic and Golgi apparatus 

[10]. The majority of the glycans are therefore stalled as 

immature 'high-mannose' glycans not normally present on 

human glycoproteins that are secreted or present on a cell 

surface [11]. The unusual processing and high density 

means that almost all broadly neutralising antibodies that 

have so far been identified (from a subset of patients that 

have been infected for many months to years) bind to, or 

are adapted to cope with, these envelope glycans [12].  

The molecular structure of the viral spike has now been 

determined by X-ray crystallography [13] and cryogenic 

electron microscopy [13,14]. These advances in structural 

biology were made possible due to the development of 

stable recombinant forms of the viral spike by the 

introduction of an intersubunit disulphide bond and 

an isoleucine to proline mutation (radical replacement of 

an amino acid) in gp41 [15,16]. The so-called 

SOSIP trimers not only reproduce the antigenic properties 

of the native viral spike, but also display the same degree 

of immature glycans as presented on the native virus [17]. 

Recombinant trimeric viral spikes are promising vaccine 

candidates as they display less non-

neutralising epitopes than recombinant monomeric gp120, 

which act to suppress the immune response to target 

epitopes. The RNA genome consists of at least seven 

structural landmarks (LTR, TAR, RRE, PE, SLIP, CRS, 

and INS), and nine genes (gag, pol, 

and env, tat, rev, nef, vif, vpr, vpu, and sometimes a 

tenth tev, which is a fusion of tat, env and rev), encoding 

19 proteins. Three of these genes, gag, pol, and env, 

contain information needed to make the structural proteins 

for new virus particles [17, 18]. For example, env codes 

for a protein called gp160 that is cut in two by a cellular 

protease to form gp120 and gp41. The six remaining 

genes, tat, rev, nef, vif, vpr, and vpu (or vpx in the case of 

HIV-2), are regulatory genes for proteins that control the 

ability of HIV to infect cells, produce new copies of virus 

(replicate), or cause disease [19]. 

There were sudden rise of Kaposi Sarcoma in 1981, 

observed among young homosexuals (CDC,1982a) with 

infrequent lung Pneumocystis Carinii Pneumonia (PCP) 

discovered among homosexual men and drug abusers in 

that same period [14,15,16]. The initiator for these 

conditions, turned out to be the “Acquired 

Immunodeficiency Syndrome (AIDS)” which was the 

“terminal stage infection” by a retrovirus called the 

Human Immunodeficiency Virus (HIV) [20].HIV are of 

two types namely; HIV 1 and HIV 2.They are two 

different viruses. HIV 1 accounts for 95% of all infectious 

cases worldwide. HIV 2 is mainly seen in a few West 

African countries. Though HIV 2 progresses slowly than 

HIV 1 some antiretrovirals such as nevirapine and 

efavirens do not work against HIV 2. Structurally, they 

have genetic differences. The vpu gene found in HIV 1 is 

replaced by the vpx gene in HIV 2. Furthermore, the 

protease enzymes which are aspartic acid proteases share 

about 50% sequence identity. However, the enzymes have 

different substrates and inhibitor binding. Most prominent 

between the CGP 53820 inhibitory binding.  HIV attacks 

the immune system, by infecting cells that have the CD4 

receptor and the chemokine receptor CCR5 and CXCR4. It 

depletes CD4 cells and suppresses the immune system 

overtime. It is spread through blood products and body 

fluids, like contaminated injection “syringe, blood 

transfusion, sex and mother to child infections”.  As a 

major world health roblem till date and since 2008, HIV 

has killed approximately 2 million people, while infecting 

2.7 million people [16,17,20]. 

HIV differs from many viruses in that it has very 

high genetic variability. This diversity is a result of its 

fast replication cycle, with the generation of about 

1010 virions every day, coupled with a high mutation 

rate of approximately 3 x 10−5 per nucleotide base per 

cycle of replication and recombinogenic properties of 

reverse transcriptase [19,20].  

This complex scenario leads to the generation of many 

variants of HIV in a single infected patient in the course of 

one day21. This variability is compounded when a single 

cell is simultaneously infected by two or more different 

strains of HIV. When simultaneous infection occurs, the 

genome of progeny virions may be composed of RNA 

strands from two different strains. This hybrid virion then 

infects a new cell where it undergoes replication. As this 

happens, the reverse transcriptase, by jumping back and 

forth between the two different RNA templates, will 

generate a newly synthesized retroviral DNA 

sequence that is a recombinant between the two parental 

genomes. This recombination is most obvious when it 

occurs between subtypes [21].  

The closely related simian immunodeficiency virus (SIV) 

has evolved into many strains, classified by the natural 

host species. SIV strains of the African green 

monkey (SIVagm) and sooty mangabey (SIVsmm) are 

thought to have a long evolutionary history with their 

hosts. These hosts have adapted to the presence of the 

virus, which is present at high levels in the host's blood, 

but evokes only a mild immune response, does not cause 

the development of simian AIDS, and does not undergo 

the extensive mutation and recombination typical of HIV 

infection in humans [15]. In contrast, when these strains 

infect species that have not adapted to SIV ("heterologous" 

or similar hosts such as rhesus or cynomologus macaques), 

the animals develop AIDS and the virus generates genetic 

diversity similar to what is seen in human HIV infection 

[15]. Chimpanzee SIV (SIVcpz), the closest genetic 

relative of HIV-1, is associated with increased mortality 

and AIDS-like symptoms in its natural host [15]. SIVcpz 

appears to have been transmitted relatively recently to 

chimpanzee and human populations, so their hosts have 

not yet adapted to the virus [18] This virus has also lost a 

function of the nef gene that is present in most SIVs. For 

non-pathogenic SIV variants, nef suppresses T cell 
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activation through the CD3 marker. Nef's function in non-

pathogenic forms of SIV is to downregulate expression 

of inflammatory cytokines, MHC-1, and signals that affect 

T cell trafficking. In HIV-1 and SIVcpz, nef does not 

inhibit T-cell activation and it has lost this function. 

Without this function, T cell depletion is more likely, 

leading to immunodeficiencY [18]. 

HIV drugs have improved over the years, and serious side 

effects are less likely than they used to be. However, HIV 

drugs can still cause side effects. Some are mild, while 

others are more severe or even life-threatening [19,21]. A 

side effect can also get worse the longer a drug is taken. 

It’s possible for other medications to interact with HIV 

drugs, causing side effects. Other health conditions can 

also make the side effects from HIV drugs worse. For 

these reasons, when starting any new drug, people with 

HIV should tell their healthcare provider and pharmacist 

about all the other medications, supplements, or herbs 

they’re taking [21]. 

Antiretroviral formulations blocks HIV at certain stages of 

the viral “life cycle” [21]. Processes such as “binding, 

fusion and entry, reverse transcription and integration, 

proviral transcription, cytoplasmic expression” are 

involved in the viral cycle [21], replication, assembly and 

budding, release, maturation. Moringa oleifera Lam 

(Moringaceae) is a highly valued plant, distributed in 

many countries of the tropics and subtropics. It has an 

impressive range of medicinal uses with high nutritional 

value. Different parts of this plant contain a profile of 

important minerals, and are a good source of protein, 

vitamins, beta-carotene, amino acids and various 

phenolics. The Moringa leaf are prepared for consumption 

either fresh, dried, or as extract of an aqueous solution 

[7,10,18,21]. Some populations consume it in their daily 

diet, whereas others use as a nutritional supplement and 

for medicinal purposes, mainly for diabetes. Common 

ailments such as malaria, typhoid fever, swellings, cuts, 

hypertension and diabetes are treated with the leaves [13]. 

They are also used to bring about milk production in 

lactating women [10,16,19,21], sediment impurities of 

water [22], detoxifies the system of free radicals 

[12,17,18], improves immunity (to manage HIV/AIDS and 

treat related symptoms). The aim of this study is to 

evaluate the clinical effect of taking Moringa oleifera with 

Tenofovir/Lamivudine/efavirenz (300/300/600mg) (TLE) 

regimen on blood cholesterol and triglyceride level.    

 

MATERIALS AND METHOD 

The study designed was a Longitudinal  “Randomized  

Comparative Trial” (LRCT) as applicable in clinical 

investigation involving two or more patient treatment 

groups, over a time frame. This study is designed in line 

with a  part  of  the  FDA  (Food  and  Drug  

Administration)/WHO  Phases  during “randomized  

controlled clinical trials” (RCCT)  of  drugs.  However,  

details about the application of RCCT have been clarified 

by FDA/WHO which made the purpose of such 

investigation explicit; stating that it was designed to affirm 

and  or  set  aside  hypothetical  clinical  claims [23]  of 

administrable  substances.  Groups  were  analyzed  in  3 

phases  as  baseline (commencement)  4weeks  follow-up 

and  12 weeks  post  commencement  of supplements 

(conclusion of administration).  

 

Recruitment procedure  
Subjects  were recruited  at  the  out-patient  department  

of  a  Teaching Hospital  HIV-clinic.  Prospective  

participants  were  officially  and  properly informed prior 

to the exercise, doubts were cleared and benefits x-rayed 

to the patients.  The  Longitudinal  Randomized 

Comparative  Trial  (LRCT)  was employed and used.   

 

Procedure  

The study was designed as a Longitudinal Randomized 

Comparative Trial  (LRCT)  involving a  total  of  140 

HIV  adult  subjects  (56  males,  84 females) who have 

been on Tenofovir/Lamivudine/efavirenz 

(300/300/600mg) TLE combination for at least 6 months. 

Subjects were categorized into groups as underweight, 

normal weight, over weight and obese.  On  visit  0,  blood  

samples  of  the  subjects  already  on  TLE  regimen 

(without  moringa  or  any  supplements)  for  at  least  6  

month  were  taken  for analysis. Moringa oleifera 

capsules (200mg) were given to each subject to be taken  

from  commencement  (baseline)  to 12 weeks  post  

commencement  of study.  Blood  samples  of  subjects  

were  collected  at  each  visit  (visit  1  and  2) and 

analyzed for glucose and triglyceride level.    

 

Data collection  

Anthropometric  parameters  (weight  and  height)  and  

blood  samples were determined for eligible patients 

(participants) distributed into the various categories;  after  

duly  signed  consent  forms  were  retrieved.  Blood  

samples were  analyzed  at  the  UPTH Hematology  

research  lab  within  the  hospital premises.   

 

Ethical approval  

Ethical approval was granted by the “University of Port 

Harcourt Research Ethics Committee”referenced as 

UPH/R&D/REC/---  

 

Patient consent  

In line with the ethical requirement documented by Didia 

(2008), the following ethical issues were considered while 

carrying out the study:  

 

Data analysis  

Data  was  presented  in  tables  using  SPSS  (IBM® 

version  23)  and MATLAB  (version  17).  Descriptive  

statistics  was  used  to express  variable characteristics  

(with  continuous  data  stated  as  mean  (S.D)  while  

categorical data  as  frequency  [%]).  Dunnette T3  Post  

Hoc test of  multiple  comparisons was  used  to  compare  

means,  while  binary  logistic  regression  was  used  to 

predict factors contributing to the changes in variables. 

Variable interactions were tested at 95% confidence level; 

with P≤0.05 taken to be significant.  
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Figure 1: Schulz et al. (2010) model for Random Comparative Trail with modification by the Researcher 

 

RESULT 

Cholesterol and triglyceride level of ART subject taking 

TLE on visit day 0  

Underweight subjects were found to be 6 subjects, normal 

weight were 76 subjects, overweight were 44 subjects 

while obese were found to be 14 subjects (table 1). 

Effect of Moringa oleifera on ART patient taking TLE on 

visit day 1  

There was significant differences (P<0.001) observed in 

mean values of TLE/Moringa subjects between visit 0 and 

visit 1 in the level of serum cholesterol. Also, there was no 

significant difference between TLE/Moringa (visit 1) and 

TLE/Non Moringa (visit 1) in the level of serum 

triglyceride of the subjects (table 2 and 3) 

Effect of Moringa oleifera on ART patient taking TLE on 

visit day 2  

There was statistically significant (P<0.001) different in 

mean values of the TLE/Moringa subjects between visit 0 

and visit 2 in cholesterol and triglyceride levels, while 

there was no significant differences (P<0.001) between 

TDF/Non Moringa (visit 2) and TDF/Non Moringa (visit 

0) in the level of serum cholesterol and triglyceride (3 and 

4). 

 
Table 1: Socio-demographic and anthropometric characteristics of the study population on visit 0 

Sex N Mean±S.D S.E 

Age (yrs.) 

Male 53 39.11±10.46* 1.43 

Female 87 35.63±8.33 0.89 

Total 140 36.01±9.41 0.77 

Weight (kg) 

Male 53 69.00±9.76 1.3 

Female 87 66.43±12.1 1.25 

Total 140 67.38±11.3 0.92 

Height (m) 

Male 53 1.71±0.09** 0.01 

Female 87 1.64±0.08 0.01 

Total 140 1.66±0.09 0.01 

BMI (kgm-2) 

Male 53 23.77±3.26 0.44 

Female 87 24.79±4.60 0.47 

Total 140 24.41±4.17 0.35 
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Table 2: The descriptive characteristics and test of mean differences of metabolic profile of the HIV patients on tenofovir 

based ART at Visit 0 (Baseline) 

 
Descriptive statistics T-test of mean difference 

PARAMETERS Sex N Mean±S.D S.E t-value P-value Inf 

CHOL (mmol/l) 

Male 56 4.51±1.02 0.14 
2.581 0.011 S 

Female 84 4.08±0.96 0.11 

Total 140 4.25±1.00 
    

TG (mmol/l) 

Male 56 1.43±0.49 0.07 
2.305 0.023 S 

Female 84 1.24±0.47 0.05 

Total 140 1.32±0.48 
    

Note: CHOL=Total cholesterol, TG=Triglyceride, N=Distribution, S.D=Standard deviation, S.E=Standard error of mean, Min=Minimum, 

Max=Maximum, P-value=Probability value, t-value=t-test calculated value, Inf=Inference (S=Significant, NS=Not Significant) 

 

Table 3: The descriptive characteristics and test of mean differences of metabolic profile of the HIV Female patients on 

tenofovir based ART 

Parameters Visits Mean±S.D Min Max S.E 
95% C.I for Mean 

Lower Bound Upper Bound 

CHOL (mmol/l) 

Visit 0 4.08±0.96 2.19 6.30 0.11 3.87 4.28 

Visit 1 3.99±0.78 2.03 6.42 0.08 3.82 4.16 

Visit 2 4.83±4.39 3.19 43.98 0.48 3.88 5.78 

Total 4.30±2.65 2.03 43.98 0.17 3.97 4.63 

T.G (mmol/l) 

Visit 0 1.24±0.47 0.30 2.30 0.05 1.14 1.35 

Visit 1 1.27±0.37 0.24 2.21 0.04 1.19 1.35 

Visit 2 1.15±0.47 0.23 3.18 0.05 1.05 1.25 

Total 1.22±0.44 0.23 3.18 0.03 1.17 1.28 
Note: CHOL=Total cholesterol TDF/M=Tneofovir+Moniga, TDF/NM=Tneofovir alone S.D=Standard deviation, S.E=Standard error of mean, 

Min=Minimum, Max=Maximum, *^Post Hoc (Dunntte T3) multiple comparison (* Visit 0≠Visit 1, ^ Visit 0≠Visit 2, *^ꞋP<0.001). 

 

Table 4: Post Hoc (Dunnette T3) multiple comparison of the metabolic profile of HIV Male patients on TDF taking moringa 

(TDF+M) supplement across the various visits 

Note: CHOL=Total cholesterol TDF/M=Tneofovir+Moniga, S.D=Standard deviation, S.E=Standard error of mean, Min=Minimum, 

Max=Maximum, *^Post Hoc (Dunntte T3) multiple comparison (* Visit 0≠Visit 1, ^ Visit 0≠Visit 2, *^ꞋP<0.001). 

          
Figure 2: BMI associated cholesterol classification and 

distribution at Visit 0 (Baseline) 

Figure 3: BMI associated triglyceride classification and 

distribution at Visit 0 (Baseline) 

Parameters Visits Mean±S.D Min Max S.E 
95% C.I for Mean 

Lower Bound Upper Bound 

CHOL (mmol/l) 

Visit 0 4.51±1.02*^ 2.23 8.14 0.14 4.24 4.79 

Visit 1 4.03±0.81Ꞌ 2.23 5.77 0.11 3.81 4.25 

Visit 2 3.75±0.72 1.91 5.18 0.10 3.56 3.94 

Total 4.10±0.91 1.91 8.14 0.07 3.96 4.24 

T.G (mmol/l) 

Visit 0 1.43±0.49*^ 0.58 2.83 0.07 1.30 1.56 

Visit 1 1.25±0.40Ꞌ 0.42 2.17 0.05 1.14 1.35 

Visit 2 1.09±0.55 0.02 3.25 0.07 0.94 1.23 

Total 1.26±0.50 0.02 3.25 0.04 1.18 1.33 
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DISCUSSION 

In the cross-sectional study, the metabolic profile of both 

HIV infected patients on Tenofovir (TDF) based regimen 

was determined [21,23]. The rationale for combining anti-

HIV-1 agents is to provide more complete viral 

suppression, to limit the emergence of drug resistance 

during chronic viral replication, and to provide more 

effective antiretroviral treatment even when mixtures of 

drug-resistant and drug-sensitive strains are present 

[24,25]. 

It should be known that HIV patients in the current study 

have been on TDF ART for at least six months before 

commencement of this study and there are strong 

suggestions that the type of ARV-T, duration and 

application is significantly associated with “the severity of 

metabolic syndromes” [26].  

The differences observed in the male and female values 

for CHOL and TG are indications of need for separation of 

reference values in clinical practice. At commencement of 

the study, the observed increased serum TC and TG are 

clear indications of metabolic interference of the TDF 

regimen; thus creating higher atherogenic risk [27]. Also, 

Tenofovir (TDF) based regimen which contains Efavirenz 

has been implicated with increasing lipid profile; as well 

as increases the susceptibility to hypercholesterolemia, 

mostly in patients with history of genetic dyslipidemia and 

other non-HIV associated metabolic syndromes. The non 

Moringa group showed no significant change in the serum 

level of the two metabolic parameters used in this work. 

But there were consistent improvement in the serum level 

of cholesterol and triglyceride from visit 1 and visit 2 

compared to visit 0  blood analysis of subject in the 

moringa group. This suggests that Moringa oleifera may 

have helped ameliorate the metabolic side effect 

associated with taking Tenofovir/Lamivudine/efavirenz 

combination therapy. This may be due to various 

phytochemical constituents of Moringa oleifera.  

These observations are in other studies 

[28,29,30,31,32,33] which they reported the 

“hypocholesterolemic and hypoglycemic” effect of 

M.oleifera. Kumar and Mandapaka28 observed that 

M.oleifera consumed in dietary form lowered the serum 

CHOL, PHOSLIPID, TG, VLDL, LDL, cholesterol to 

“phospholipid ratio and atherogenic index”, but increased 

the “HDL/HDL-total cholesterol ratio”. The “antilipidemic 

effect of Moringa”in this study is in accord with some 

other findings [34,35,36,37,38]; as they mentioned that the 

presence of a bioactive phyto-constituents,that is β-

sitosterol played the significant role. Different parts of the 

MO tree have been established as being good sources of 

unique glucosinolates, flavonoids and phenolic acids, 

carotenoids, tocopherols, polyunsaturated fatty acids 

(PUFAs), highly bioavailable minerals, folate etc. most of 

these compound have established to excercised various 

pharmacological activity [39,40,41,42]. 

 

CONCLUSION 

Results from this work suggests that consumption of  

Moringa oleifera, may have long time benefits in patients 

on antiretroviral regime. Further study may be necessary 

understand molecular and pharmacology activity and 

mechanism of action of this plant in  improving the 

metabolic profile of patient on HIV drugs. 
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