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Abstract

Background: Tubercle bacilli infection has the potential to modulate metabolic pathways and change the functional abilities of some
affected organs in susceptible individuals. This study assessed the ability of the pulmonary tuberculosis to initiate immunological
responses including inflammation and free radical generation.

Methods: One hundred and twenty-five newly diagnosed pulmonary tuberculosis (PTB) patients participated in this study. Diag-
nostic criteria for recruiting PTB patients included chest X-ray, sputum examination using Ziehl Neelson (ZN) staining technique
and Mantoux test. Another one hundred and twenty apparently healthy individuals who were negative to Mantoux test and HIV-an-
tibodies served as controls. Plasma levels of vitamin C (vit. C), vitamin E (vit. E), total antioxidant potential (TAP), uric acid, albumin,
alpha-2-macroglobulin (AMG), transferrin (TRF), ceruloplasmin (CLP), C-reactive protein (CRP) and neopterin were measured using
spectrophotometric methods, single radial immuno-diffusion (Maccini) and enzyme linked immunosorbent assay (ELISA) methods
respectively.

Results: The result shows that PTB patients had significantly (p < 0.05) lower body weight, BMI, TAP, TRF, vit. C, vit. E and albumin
compared with the controls. The plasma levels of neopterin, AMG, CLP, CRP and uric acid increased significantly (p < 0.05) in PTB
patients compared with the controls.

Conclusion: Antioxidant depletion and chronic inflammatory responses are possible consequences of excessive macrophage activa-
tion in pulmonary tuberculosis. Since nutritional antioxidants are significantly lower in pulmonary tuberculosis patients, adjuvant
micronutrient supplementation may be beneficial in the management of the disease to avert the risks of oxidative stress.
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Abbreviations

PTB: Pulmonary Tuberculosis; vit. C: Vitamin C; vit. E: Vitamin E; TAP: Total Antioxidant Potential; U/A: Uric Acid; ALB: Albumin; AMG:
Alpha-2-Macroglobulin; TRF: Transferrin; CLP: Ceruloplasmin; CRP: C-Reactive Protein.

Introduction

Mycobacterium tuberculosis is an intracellular pathogen that survives and replicates in the host macrophages [1,2]. Activation of the
invaded macrophages subsequently leads to production of neopterin [3], cytokines and granuloma. While an effective mature granuloma

renders the bacteria latent, inefficient granuloma due to malnutrition or immunodeficiency results to active tuberculosis. Common char-
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acteristics of the activated macrophages include increased free radical generation [4]. But, the M. tuberculosis evade the host immune
response in the macrophages by triggering anti-inflammatory responses, producing antioxidant enzymes that block the effects of reactive
oxygen and nitrogen intermediates, and reducing the acidification of the M. tuberculosis-containing phagosome [5,6]. Excess free radi-
cal load beyond the detoxification capability of the antioxidant defenses results to oxidative stress [7]. The pathological effects of excess
free radical load include fragmentation of proteins and peroxidation of lipids, dysfunction of cell membranes and enzymes, impairment of
cell membrane function, decreased fluidity, inactivation of membrane-bound receptors, increased permeability of ions and gene mutation
[8]. Despite the roles of free radicals in the pathophysiology of tuberculosis, little attention has been paid to the status of antioxidants in

Nigerian tuberculosis patients.

Evidences show that inflammatory cytokines (IL-1 and IL-6) released by infected/activated cells initiate the production of spectrum
of acute phase proteins (such as C-reactive protein, haptoglobin, transferrin etc.) by hepatocytes [9,10]. Studies have shown that epithe-
lial cells of both respiratory tract and renal epithelium can also produce CRP under certain circumstances [11,12]. Recent studies have
demonstrated that human coronary artery smooth muscle cells could also synthesize CRP upon stimulation by inflammatory cytokines.
Cogent data have indicated that the CRP is also produced by the atherosclerotic lesions (especially by smooth muscle cells and macro-
phages), kidneys, neurons, and alveolar macrophages [13,14]. The acute phase proteins play significant physiological roles in tissue repair
or inflammation and in several host immune-defense mechanisms. For example, C-reactive protein has been shown to cause bacterial cap-
sular swelling, promotion of agglutination, complement fixation, enhancement of phagocytosis, and initiates opsonization, phagocytosis
and lysis of invading organism such as bacteria and viruses [15]. The C-reactive protein activates macrophages, possesses anti-proteolytic
activity and presumably blocks the migration of cells into the lumen of blood vessels thus helping to prevent the establishment of a
generalized systemic inflammation [16]. The C-reactive protein has been used to assess the severity of several acute bacterial diseases,
myocardial infarction and rheumatoid arthritis, and also to monitor the progress of these patients during treatment [17,18]. Also, se-
rum CRP levels have been used in monitoring the efficacy of chemotherapy in patients with only radiological suspicion of tuberculosis
[19] and are significantly correlated with disease severity [20]. Previous studies have not reported the status of alpha-2-macroglobulin,
transferrin and ceruloplasmin in Nigerian pulmonary tuberculosis patients. The present study was therefore designed to bridge this gap
in knowledge by determining the plasma levels of alpha-2-macroglobulin (AMG), transferrin (TRF), ceruloplasmin (CLP), vitamin C (vit.
C), vitamin E (vit. E), total antioxidant potential (TAP), uric acid, albumin, C-reactive protein (CRP) and neopterin in newly diagnosed

pulmonary tuberculosis patients.

Materials and Methods

One hundred and twenty-five (125) newly diagnosed PTB patients who were sputum smear- positive for acid fast bacilli (AFB), and
one hundred and twenty (120) apparently healthy, sputum AFB-negative as controls were selected for this study. None of the patients and
controls was positive to HIV-antibodies at the time of this study. Diagnostic criteria for the establishment of pulmonary tuberculosis status
included clinical symptoms, chest X-ray, Mantoux test and Ziehl Nelson (ZN) staining for AFB. Those selected as controls were students
and staff of University College Hospital, Ibadan, Nigeria and staff of Ultimate Medical Diagnostic Laboratory, Apata, Ibadan, Nigeria who

were negative to Mantoux test and HIV-antibodies.

Methods
Estimation of albumin (ALB)

The albumin concentration was determined by using a commercially prepared reagent (brilliant cresol green solution) purchased from
Dialab Production and Vertrieb vonchemich-technischen, Wien- Panikengasse. Albumin is a marker of secretory function of the liver and

was used to assess the secretory activities of the liver in PTB patients before and after treatment.

Estimation of vitamin E

Vitamin E (a-tocopherol) was estimated by the method of Desai [21]. The principle was based on the fact that vitamin E complex with

a-a-dipyridyl, ferric chloride and butanol, a colour complex is produced which is read at 520 nm.
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Estimation of total antioxidant potential (TAP) and ascorbic acid

TAP was estimated using the ferric reducing/antioxidant power (FRAP) assay [22,23]. The vitamin C concentration was determined

by using the method of Briggs [24].

Determination of AMG, TRF, CLP, CRP and neopterin

AMG, TREF, CLP and CRP were quantified by single radial immunodiffusion method as described by Salimonu,, et al [25]. Neopterin was
determined in the plasma using a commercially prepared reagent, Neopterin ELISA kit (RE59321) by IBL Hambunrg, as described by
Smith.,, et al [26].

Statistical analysis of data

All statistical analysis were performed using Statistical Package for Social Sciences SPSS) for windows, version 21. The data were ex-
pressed as mean \pm SD. Student (t) test was used for the comparison of tuberculosis patients and controls. The changes were considered

significant, when p-values were less than 0.05.

Results

The result shows that PTB patients had significantly (p < 0.001) lower body weight and BMI (Table 1). The plasma levels of TAP, vit. C,
vit. E, albumin (Table 2) and TRF (Table 3) were significantly (p < 0.05) lower when compared with the controls. The plasma levels of uric
acid (Table 2), neopterin, AMG, CLP and CRP (Table 3) increased significantly (p < 0.05) in PTB patients when compared with the controls.

N Age (years) | Height (M) | Weight (Kg) | BMI (Kg/M?)
Controls 120 353+125 1.64 + 0.06 63.9+11.2 23.7%26
PTB patients 125 33.5+12.0 1.60+0.06 | 48.0+10.0 18.6+3.4
p -values 0.2 0.1 <0.001(s) <0.001(s)

Table 1: Physical parameters in PTB-patients and non-PTB controls.
N: Number of Subjects; BMI: Body Mass Index; S: Significantly Different from Controls.

N Vit. C (mg/L) Vit. E (mg/L) TAP (mmol/L) U/A (mg/dl) ALB (g/dl)
Controls 120 22.3+26 12.6 £1.7 1160 + 280 43+3.2 47 +0.4
PTB 125 178+1.8 7.07£1.3 582 + 295 5938 2905
P- values <0.001(s) <0.001(s) <0.001(s) 0.02(s) <0.01(s)

Table 2: Levels of antioxidants in tuberculosis and controls.

N: Number of Subjects; vit. C: Vitamin C; vit. E: Vitamin E; TAP: Total Antioxidant Potential; U/A: Uric Acid; ALB: Albumin; S: Significantly
Different from Controls.

N CRP (Mg/L) | AMG (g/I) TRF (g/1) CLP (g/1) NEOP(nM/ml)
Control 120 246+1.3 3.44 +2.03 3.43+£292 0.59 £0.21 10.4 +3.7
PTB 125 7.84+2.6 4.0+ 1.66 1.33 £ 0.64 1.04 £ 0.49 27.5+6.8
p -values < 0.001(s) 0.013(s) < 0.001(s) < 0.001(s) 0.0001(s)

Table 3: Levels of AMG, TRF and CLP in tuberculosis and controls.

N: Number of Subjects; CRP: C-Reactive Protein; AMG: Alpha-2-Macroglobulin; TRF: Transferrin; CLP: Ceruloplasmin; NEOP: Neopterin; S:
Significantly Different from Controls.
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Discussion

A number of clinical and immunologic changes in tuberculosis patients have been associated with the ability of the Tubercle bacilli to
modulate the physiology of susceptible hosts. This modulation may enhance significant changes in the weight and body mass index as
observed in our pulmonary tuberculosis patients. The cause of tuberculosis-associated wasting is incompletely understood. But available
studies link the loss of weight to chronic anorexia, increased pro-inflammatory cytokines and malnutrition [6,9,10,27]. Poor nutritional
status and inflammatory responses could contribute to the lower levels of BMI and weight of the tuberculosis patients. Karyadi., et al. [28]
hypothesized that inflammatory mediators such as tumor necrosis factor-a (TNFa) and leptin may play significant role in the wasting

symptom.

Previous reports reveal that Mycobacterium tuberculosis-invaded macrophages produce oxygen-derived free radicals and hydrogen
peroxide. High serum levels of these free radicals and lipid peroxidation products are characterized by patients with advanced tubercu-
losis [27]. Imbalance in the free radical/antioxidants in favor of the free radical generation results in oxidative stress [29]. In health, the
free radicals generated from normal metabolic activities are controlled at physiological levels by the antioxidant system. In this study,
excessive production of free radicals and continuous neutralization by the antioxidant system could contribute to the significantly lower
levels of vit. C and vit. E. Also, significantly lower level of albumin in this study could be due to its usurpation during neutralization of free
radicals. It may also be due to the fact that protein synthesis in infection or injury is diverted to protective (e.g. immunoglobulins) rather
than transport protein. Since TAP is an index of all antioxidants, deficiency or exhaustion of certain antioxidants molecules (vit. E, vit. C, al-
bumin) during continuous neutralization of free radicals could contribute to the lower level in our tuberculosis patients. The significantly
lower activity of antioxidant system in our PTB patients is consistent with the report of previous workers [30,31] who reported signifi-
cantly lower levels of classes of antioxidants in tuberculosis. Sasaki., et al. [32] stated that albumin and total protein were significantly
lower in pulmonary tuberculosis. Aily, et al. [33] also observed lower levels of albumin and hematocrit in tuberculosis. Akiibinu., et al.
[29] have earlier reported decreased antioxidant activity in patients with pulmonary tuberculosis. Meanwhile, elevated level of uric acid

in these tuberculosis patients could be a physiologic way of controlling excess free radical load generated due to chronic tissue damage.

Neopterin is a metabolic product of macrophage activation, an indicator of pro-inflammatory immune status and a marker of cellular
activation that is released into the circulation [3]. Significantly higher level of neopterin was observed in our pulmonary tuberculosis
patients. This is consistent with a previous study [27]. This report corroborates several other studies that show higher levels of neopterin
in many diseases including tuberculosis and cancer [3,34]. Since high level of neopterin production has been associated with increased
production of reactive oxygen species, the significantly higher level of neopterin in this study may be a consequence of excessive macro-

phage activation and excessive free radical generation in the PTB patients.

Inflammatory cytokines (e.g. IL-1 and IL-6) released by infected cells initiate the production of spectrum of acute phase proteins (such
as C-reactive protein, haptoglobin, transferrin etc.) by hepatocytes [9,10,35]. The significantly higher level of CRP, AMG and CLP in this
study could be due to the chronic inflammatory responses in the tuberculosis patients. Previous studies by Marton., et al. [36]; Immanuel.,
etal [37]; Trajcevska., et al. [38] show that levels of alpha-1-antitrypsin, alpha-2-macroglobulin, C-reactive protein, haptoglobin, comple-
ment component C3 concentrations and oxidase activity of ceruloplasmin increased significantly in tuberculosis patients. In a study by
Grange., et al [39], marked increases in serum ceruloplasmin, C-reactive protein and serum amyloid-A-protein were observed with sig-
nificantly lower levels of albumin and transferrin. Since CRP binds to pathogens and activates the complement to enhance opsonisation
and clearance, even before the production of specific IgM or IgG, the increased level might be beneficial to the tuberculosis patients in
the clearance of secondary infections. Ceruloplasmin, known to possess significant oxidase activity and capable of scavenging oxygen-
derived free radicals [40], are probably responsible for limiting the damage caused by these radicals. Haptoglobin and transferrin have
been shown to play important roles in restricting the availability of iron, an essential nutrient for the survival and proliferation of micro-
organisms within the host. Haptoglobin binds hemoglobin which is known to support bacterial growth [41] and transferrin binds free iron
available within the cell [42] to prevent increased microbial load. In the present study, plasma levels of albumin and TRF were significantly
lower in the newly diagnosed pulmonary tuberculosis patients. This corroborates the report of Hernandez-Pando., et al. [43] which states
that liver mRNA concentrations of the negative APP (albumin) decrease significantly in tuberculosis patients. The decrease in transferrin

concentrations during the acute phase reaction is attributed to an excess of catabolism over synthesis [41].
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Conclusion

In conclusion, antioxidant depletion and chronic inflammatory responses are possible consequences of excessive macrophage activa-
tion in pulmonary tuberculosis. Since nutritional antioxidants are significantly lower in pulmonary tuberculosis patients, adjuvant micro-

nutrient supplementation may be beneficial in the management of the disease.
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