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Use of antioxidants in patients with tuberculosis

Uso de antioxidantes en pacientes con tuberculosis
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ABSTRACT. Tuberculosis is a public health problem, statistics from the
World Health Organization mentions that a quarter of the population
is infected, but only 5 to 10% may develop the active tuberculosis.
This infection mainly affects the lungs but can spread to other organs.
When the pathogen enters the host, defense mechanisms are induced
which activates the immune system and promotes the elimination
of mycobacteria. The interaction of immune cells with the pathogen
activates the release of cytokines and the production of reactive
oxygen and nitrogen species. However, a continuous and exacerbated
response leads to oxidative stress and chronic inflammation in the lung
tissue, producing cellular and tissue damage. Despite having established
anti-tuberculosis treatment, mycobacteria have defensive mechanisms
to evade the host’s immune response that permits them to survive for
decades. The persistence of the pathogen contributes to the development
of resistance to first-line drugs, increasing the mortality rate. Currently,
several studies have shown that the use of antioxidants such as: vitamins
A, C, and E, other than N-acetyl cysteine and some trace elements such
as zinc and selenium used as complementary therapy together with anti-
tuberculosis drugs improve the patient health. Antioxidants counteract the
oxidation state, reduce the exacerbated inflammatory response in the host
and enhance the effectiveness of first-line antibiotics. The objective of
this review is to demonstrate the beneficial effect of various antioxidants
in clinical studies to propose their use as complementary therapy.
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Abbreviations:

ATRA = transretinoic acid.
ERN = reactive nitrogen species.
GSH = glutathione.
GSNO = S-nitrosoglutathione.
IFN-y = interferon gamma.
IL = interleukins.

RESUMEN. La tuberculosis es un problema de salud publica, datos de la
Organizacién Mundial de la Salud mencionan que una cuarta parte de la
poblacién esta infectada, pero sélo de 5 a 10% desarrollard la tuberculosis
activa. Cuando el patégeno entra al hospedero se inducen los mecanismos
de defensa activando el sistema inmune, promoviendo la eliminacién
de las micobacterias. La interaccién de las células con el patégeno
activa la liberacién de citocinas y se induce la produccién de especies
reactivas de oxigeno y nitrégeno. Sin embargo, una respuesta continua
y exacerbada conlleva estrés oxidante e inflamacién crénica en el tejido
pulmonar, produciendo dafio celular y tisular. A pesar de tener una terapia
antituberculosis establecida, las micobacterias presentan mecanismos de
defensa para evadir la respuesta inmune del hospedero, lo que le permite
sobrevivir por décadas. La persistencia del patégeno contribuye al desarrollo
de resistencia a los farmacos de primera linea, aumentando la tasa de
mortalidad. Actualmente varios estudios han demostrado que el uso de
antioxidantes como las vitaminas A, C y E, asi como el N-acetilcisteina y
algunos oligoelementos como el zinc y el selenio son utilizados como terapia
complementaria junto con los fdrmacos antituberculosos, mejorando la
salud del paciente. Los antioxidantes contrarrestan el estado de oxidacién,
disminuyen la respuesta inflamatoria exacerbada en el hospedero y potencian
la eficacia de los antibiéticos de primera linea. El objetivo de esta revisién es
evidenciar el efecto benéfico de diversos antioxidantes en estudios clinicos,
con el fin de proponer su uso como terapia complementaria.

Palabras clave: tuberculosis, estrés oxidante, inflamacién, antioxidantes.

IU = international units.
MDA = malondialdehyde.
NAC = N-acetylcysteine.
NF-kB = nuclear factor kappa core.
NK = natural killer.
PKC = protein kinase C.
ROS = reactive oxygen species.
TNF-a = tumor necrosis factor-alpha.
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INTRODUCTION

Tuberculosis is an infectious disease caused by
Mycobacterium tuberculosis, which is transmitted by
airborne transmission when a person with tuberculosis
coughs, sneezes or spits, because it generates Fligge
droplets containing mycobacteria. According to data
reported by the World Health Organization, it is estimated
that a quarter of the world’s population is infected by this
bacterium, but only 5-10% will develop signs and symptoms.
In 2021, 10.6 million cases were reported worldwide.

Tuberculosis primarily affects the lungs, but can affect
other sites in the body, when the mycobacteria enter the
lung tissue, antigen presenting cells release interleukins
(ID-6 and -12, followed by the production of interferon
gamma (IFN-y), IL-23, IL-1B and IL-17 by lymphocytes,
leading to activation of macrophages, which in turn
produce tumor necrosis factor-alpha (TNF-a), and promote
intracellular mycobacterial clearance. Macrophages induce
the production of antimicrobial peptides and proteins,
as well as reactive oxygen and nitrogen species (ROS
and RNA) as a defense mechanism." When ROS and
RNS production is continuous and exacerbated, it leads
to chronic inflammation in lung tissue creating oxidative
stress, necrosis and cavitations in lung tissue.” Mycobacteria
that manage to evade the immune response penetrate
uninfected macrophages and replicate within them, forming
a granuloma in the lungs.?

In most parts of the world, the standard treatment
for pulmonary tuberculosis consists of a two-month
intensive phase of isoniazid, rifampicin, pyrazinamide and
ethambutol.” This is followed by a four-month maintenance
phase of isoniazid and rifampicin. In this phase, the three-
day-a-week schedule is taken.” Despite being an effective
treatment for sensitive tuberculosis, it has been shown that
these drugs can also produce oxidative stress.®”

It has been shown that patients with tuberculosis present
a chronic oxidative and inflammatory state before and during
anti-tuberculosis therapy at least in the first two months of
treatment. Various oxidation products have been detected
in tuberculosis patients, for example hydrogen peroxide
(H202)? and lipoperoxides such as malondialdehyde (MDA)
and 8-isoprostane.” Decreased antioxidant enzymes such
as superoxide dismutase, catalase, glutathione peroxidase
and glutathione reductase,’ as well as antioxidant molecules
such as glutathione (GSH),"? vitamin A, C and E, have also
been observed."

It has been shown that high levels of ROS and RNA in
patients with pulmonary tuberculosis result in decreased
immune response and antioxidant capacity, contributing
to exacerbated inflammation leading to pulmonary
dysfunction.” In addition, increased lipoperoxidation
has been reported to alter the lipid profile of patients,

resulting in decreased total cholesterol levels. Cholesterol is
essential for the proper functioning of the immune system.'”
Lymphocytes require cholesterol to properly carry out
their function (it induces differentiation and their cytotoxic
effect).” Macrophages also require cholesterol for phagocytic
function, cell motility, exocytosis and endocytosis.'* Thus,
cholesterol depletion by lipoperoxidation leads to immune
cell dysfunction during tuberculosis.

The main effectors of this increase in ROS and ERN
are infected macrophages that generate respiratory burst;
subsequently, as these molecules are not adequately
neutralized, they lead to oxidative stress that leads to cellular
damage affecting DNA, lipid membrane and proteins.’
Antioxidants are substances that can counteract oxidative
stress and prevent cellular and tissue damage.

The aim of this review is to demonstrate in clinical studies
the synergistic/potentiating effects of six main antioxidants
such as vitamin A, C, E, N-acetylcysteine (NAC), selenium
(Se) and zinc (Zn), as complementary therapy to the
antituberculosis scheme (Figure 1).

ANTIOXIDANTS DECREASE LUNG DAMAGE
IN TUBERCULOSIS PATIENTS

Use of vitamins with antioxidant activity
Vitamin A

Vitamin A is a fat-soluble molecule, which is obtained by the
diet from animal products in the form of vitamin A (retinol
and its derivatives) or as provitamin A (carotenoids) of plant
origin, characterized by an unsaturated isoprenoid chain
structure.” It has several functions in the human body; one
of them is to maintain the homeostasis of epithelial tissues
and mucous membranes, through its metabolite, retinoic
acid formed from retinol'® (circulating form of vitamin A).
The main bioactive molecules are the oxidized 11-cis-retinal
derivatives and transretinoic acid (ATRA)."” ATRA favors the
immune system, promoting the differentiation and function
of immune cells (mainly T and B cells).”

Vitamin A deficiency is associated with a high rate
of infections, particularly respiratory infections, which
contributes to morbidity and mortality." In relation to this,
it was demonstrated in an in vivo model that epithelial
cells obtained from nasopharyngeal secretions of pediatric
patients with vitamin A deficiency show increased bacterial
adherence on the cell surface after 15 hours of co-incubation
of the epithelial cells with Klebsiella pneumoniae, which
represents a risk factor for acquiring a respiratory infection.®

In a clinical study carried out in Indonesia, two groups
of 15 patients each were formed, the control group only
received anti-tuberculosis treatment, while the other
group additionally received complementary therapy with
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vitamin A. It was demonstrated that the patients with
complementary therapy decreased the bacterial load since,
in the analysis of the smear tests, the patients became
negative in 2.4 weeks after supplementation with vitamin
A, compared to the placebo group, which became negative
up to 4.1 weeks on average.”

In another study, a comparison was made between the
placebo group and the group receiving supplemental therapy
with vitamin A at a daily dose of 5,000 IU (international units)
orally and Zn at a daily dose of 15 mg orally for six months.
The use of these antioxidants was shown to improve the
efficacy of antituberculosis drugs. In addition, the patients
with complementary therapy at two weeks had negative
smear microscopy in up to 23% (n = 40 patients) compared
to the placebo group with 13%.2° Another aspect that
improved after two months was the decrease in the size of
cavitations analyzed in the chest X-Ray, in addition to the
5% increase in body weight. Additionally, at six months of
complementary treatment they had a gain of 16.7% of their
initial body weight 20 (Figure 2).

Vitamin C

Vitamin C or ascorbic acid is a water-soluble molecule, a
six-carbon lactone of 2-keto-L-gluconic acid, with an endiol
grouping (two hydroxyl groups at the ends of a double bond
between C2 and C3).”'

Vitamin C has an important role in the immune
system, as it induces microbicidal activity, cell migration,
phagocytosis and the generation of extracellular traps in
neutrophils, induces the differentiation of natural killer
cells,” increases the proliferation of lymphocytes.”

In in vivo studies, vitamin C maintains intracellular
redox balance by using ascorbate as an electron acceptor,
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neutralizing various ROS such as superoxides, hydroxyl
radicals, singlet oxygen and hypochlorous acid, generated
by metabolic respiration and mitochondrial oxidative
phosphorylation.” Its antioxidant capacity is achieved at a
physiological dose between 75-120 mg/day.**

Vitamin C and E levels as well as glutathione reductase
have been shown to be decreased during tuberculosis
infection." In a study conducted in India, they demonstrated
that when using vitamin C as an adjuvant, patients showed
significant increase in hemoglobin percentage (% Hb)
with 53.5% at the end of six months, they also gained
weight by 5% at two months and 13.1% at six months with
respect to the initial mean. Likewise, baseline vitamin C
and cholesterol levels increased compared to the group
that only received anti-tuberculosis treatment at the end
of six months of therapy.” In fact, it has been shown that
the combined administration of vitamins C and E with
anti-tuberculosis drugs enhances the efficacy of treatment*
(Figure 3).

Vitamin E

Vitamin E is a fat-soluble molecule, containing eight isomers:
four tocopherols (a-, B-, y-, and d-tocopherol) and four
tocotrienols (a-, B-, y-, and 8-tocotrienols), its name depends
on the number and location of the methyl groups on the
chromanol ring, tocotrienols have an isoprenoid side chain,
whereas tocopherols have a phytyl chain.?”

Vitamin E is an important antioxidant, found mainly
in cell membranes, it has a protective function against
lipoperoxidation, since oxidation of low-density lipoproteins
leads to increased cholesterol uptake by macrophages,
increasing lipoperoxidation products and stimulating
atherosclerotic processes.” Thus, the protective function of
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vitamin E plays its essential role by decreasing membrane
free radicals, preventing efflux to the cytoplasm and
intracellular damage.”® Vitamin E has been shown to
inhibit protein kinase C (PKC) activity by increasing
PKC-a dephosphorylation through activation of protein
phosphatase A2, resulting in inhibition of platelet
aggregation, reduced proliferation of macrophages,
neutrophils, and vascular smooth muscle cells. A decrease
in superoxide production in neutrophils and macrophages
has also been observed.”

In a study carried out in India, the beneficial effect
of vitamin E as an adjunctive therapy in patients with

11 cis-retinal OH

tuberculosis for six months was determined, demonstrating
that the use of vitamin E as an adjunct significantly increased
the percentage of hemoglobin (% Hb) with 40.7% at the end
of six months. Patients gained weight 6.6% at two months
and 16.6% at six months with respect to the initial mean.
They also increased baseline vitamin E and cholesterol levels
compared to the control group that received only anti-
tuberculosis treatment at the end of six months of therapy.*®

In another case-control study, the group treated with
anti-tuberculosis therapy that received vitamin E as
adjunctive therapy, at a dose of 140 mg orally daily for two
months, showed a significant decrease of 63% in the levels
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of globular segmental velocity, with respect to their initial
value, compared to the control group, which decreased
by 34.5%. There was also a significant increase of 29% in
serum vitamin E levels with respect to their initial value,
while the control group increased by 4.9%. On the other
hand, to determine the levels of oxidation in the patients,
they analyzed the concentration of MDA, showing that after
two months of treatment there was a 40% decrease with
respect to its initial value, compared to the control group,
which decreased to 13.3%.*

It is important to mention that the dosage of vitamin C
and E has not been standardized based on their toxicity,
so it is necessary to establish the optimal dose for their
administration in patients with tuberculosis, so that they
can be applied in a standardized manner as complementary
therapy (Figure 4).

N-acetylcysteine (NAC)

It is an antioxidant that directly neutralizes ROS and is a
precursor and inducer of endogenous GSH.” It plays a
crucial role in cellular defense against oxidative stress by
stimulating GSH. NAC increases GSH levels in macrophages,
this induces the formation of S-nitrosoglutathione (GSNO).”!
GSNO is an endogenous generator of nitric oxide. The latter
has a direct antibacterial effect, generating oxidative stress
in mycobacteria and damaging their cellular constituents.*

NAC has been shown to decrease the TH2-type
cytokine response,’’ reduce IL-4 production and the
humoral response.** In another study, NAC enhances the

Maintains intracellular redox balance in
macrophages and neutrophils

TH1 response, induces IFN-y production, contributes to
the control of mycobacterial replication, and improves the
efficacy of antituberculosis drugs.’’

In a study conducted in India in patients with
tuberculosis with adjuvant therapy with NAC, at a daily
dose of 600 mg orally for two months, it was shown that
after three weeks the patients showed a significant recovery,
since 95.83% were negative in the bacilloscopies and there
was a decrease of 87% in pulmonary infiltration compared
to the placebo group with 58.35 and 33%, respectively.”’

In another study conducted in Brazil, using NAC as
adjunctive therapy at a dose of 600 mg orally twice a day
for eight weeks, showed that 61.1% of patients with NAC had
negative smear tests compared to 33.3% in the control group.
Regarding radiological analysis, 45% of the group that received
NAC improved the radiological image compared to 30.8%
of the control group, with no significant adverse effects.*

In a study conducted in Iran, they evaluated the
hepatoprotective effect of NAC in two groups of patients:
the control, which only received anti-tuberculosis therapy,
and the other group with NAC supplementation, at a
dose of 600 mg orally twice a day for two weeks. They
measured two liver damage marker enzymes: alanine
aminotransferase and aspartate aminotransferase. At
baseline there were no significant differences, but at weeks
one and two the control group significantly increased both
enzymes. This group developed 37.5% hepatotoxicity due to
the anti-tuberculosis therapy, while the group supplemented
with NAC maintained constant values of both enzymes,
avoiding liver damage® (Figure 5).
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Selenium (Se)

Itis an essential trace element, since it interacts with proteins
in the form of cofactors; selenium is cotranslationally
incorporated into the polypeptide chain as part of the
amino acid selenocysteine, forming selenoproteins, which
have essential functions in the cell.*®

Various selenoproteins are involved in the activation,
proliferation and differentiation of cells involved in the innate
and adaptive immune response. They are also involved in
immune regulation, which is crucial to prevent exacerbated
inflammation.”” Several antioxidant enzymes have been
shown to contain selenocysteine, such as glutathione
peroxidase and thioredoxin synthetases, and their function
is dependent on Se levels. In fact, a relationship between
Se deficiency and increased susceptibility to tuberculosis
has been suggested.*

In new strategies to eradicate multidrug-resistant strains
of Mycobacterium tuberculosis, nanomedicine has been
used, mainly the administration of metallic nanoparticles
containing selenium.” Selenium has been proposed as
a complementary therapy, as it has several mechanisms
of action, it has been suggested that it has a bactericidal
effect, as it affects the cell envelope of the mycobacteria,
which facilitates the incorporation of antibiotics into the
cytoplasm, prevents permanence in the phagosome and
facilitates phagosome-lysosomal fusion of Mycobacterium
tuberculosis, activating the macrophage bactericidal
system and inducing autophagy through PI3K/Akt/mTOR
signaling.*

In a double-blind clinical study conducted in Tanzania,
887 patients with pulmonary tuberculosis were enrolled and
assigned to two groups: the placebo group comprising 471
patients and the complementary therapy group comprising

N-acetyl cysteine

SH
i
HC™ N <
H

OH

416 patients, where a dose of 100 ug of Se was used; after
one month of treatment, patients significantly reduced the
risk of reinfection by 45% during the rest of the treatment. In
addition, treatment failure was reduced by up to 34%.*° In
another study in Pakistan, 80 patients with newly diagnosed
pulmonary tuberculosis (not older than two months) were
randomly divided into two groups: the control and the
supplemented group with 40 patients each. The group
supplemented with Se, at a dose of 100 ug/day orally for
six months, showed a significant decrease in the leukocyte
count compared to the placebo group, demonstrating
control of the infection. In addition, it was evidenced that
the concentration of Se in blood increased significantly up
to 106% in comparison with the control group that only
increased 6.1%. With respect to oxidation status, MDA
levels decreased by up to 25.3% in the supplemented
group, compared to the placebo group which decreased
serum levels by 17.8%.*' Based on the above, Se is a suitable
supplement during the treatment of tuberculosis.

Zinc (Zn)

It is an essential trace element that plays a fundamental role
in several physiological processes, such asimmune function
and wound healing. It is known to be involved in the
development and function of immune cells, participating in
the survival, proliferation and differentiation of monocytes,
polymorphonuclear cells, natural killer (NK) cells, as well as
T and B lymphocytes.*

Zn is an essential component of signal transduction
pathways that eliminate pathogens and lead to the
formation of neutrophil extracellular traps, it is also involved
in modulating the proinflammatory response by inhibiting
the translocation to the nucleus of nuclear factor kappa (NF-
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kB), a transcription factor that induces the proinflammatory
response.*’

Several studies have shown that Zn plays an essential
role in the metabolism of vitamin A, since in patients with
tuberculosis, serum Zn levels are decreased, affecting the
intestinal absorption of retinol.** However, when receiving
vitamin A (5,000 IU) and Zn (15 mg) as adjunctive therapy
in patients with tuberculosis after two months of treatment,
the patients” clinical status improved significantly, the
number and size of cavitations decreased significantly.” Ina
study in India, it was shown that when receiving adjunctive
therapy with Zn there was clinical improvement, the
patients gained weight and there was a negative conversion
in the sputum smear test.*®

CONCLUSIONS

Based on the studies carried out in different countries, it was
demonstrated that patients who use antioxidants improve
their symptomatology, gain weight significantly and improve
their health compared to patients who only receive their
antituberculosis therapy. The use of antioxidants decreases
lung damage, since it is possible to reduce the area and size
of cavitations generated by the infection. In addition, the
patient ceases to be bacilliferous more quickly compared
to patients who do not receive antioxidants; this prevents
the spread of mycobacteria to people who are in close
contact with the patient.

Regarding the proinflammatory state and the imbalance
in the redox state, it was shown that antioxidants contribute
to homeostasis early, since they decrease the exacerbated
inflammatory state, as well as the oxidation state, considerably
decrease the concentration of lipoperoxides and increase the
level of endogenous antioxidants such as glutathione.
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