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ABSTRACT Aims This research aimed to (1) measure the level of total antioxidant capacity in multibacillary type of
leprosy patients before MDT-MB WHO therapy; (2) measure the level of total antioxidant capacity in multibacillary type
of leprosy patients after 3 months of MDT-MB WHO therapy; (3) compared the level of total antioxidant capacity in
multibacillary type of leprosy patients before and after 3 months of MDT-MB WHO therapy. Methods This research
was carried out in the subdivision leprosy of dermatology and venerology clinics in Wahidin Sudirohusodo Hospital
Education Centre and his network. The sample was collected from blood serum in patients with inclusion criteria during
the study period until the sample is sufficient. The method used was prospective cohort with an observational approach,
we take the blood serum twice, before and three months after of MDT-MB WHO therapy. The data were analysed using
statistical analysis through a normality test of data with Shapiro wilk then continued to see the difference between the
two groups with independent t-test and paired sample t-test. Results: The results shows that increase levels of total
antioxidant capacity not only happened in multibacillary type of leprosy patients before and after 3 months of MDT-MB
WHO therapy but also occurred in multibacillary type of leprosy patients with a lower bacterial index after 3 months
of MDT-MB WHO therapy, the increase was statistically significant (p<0.05). Conclusions:The conclusion is there are
increased levels of total antioxidant capacity in the multibacillary type of leprosy patients before and after three months
of MDT-MB therapy.

KEYWORDS Total antioxidant capacity (TAC), MDT-MB WHO, multibacillary type of leprosy.

INTRODUCTION

Antioxidants can be synthesised naturally, or via a biomolecular
process in which can prevent disruption caused by free radicals
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through inhibition of formation, eradication, and stimulation
of their break down. An enzymatic antioxidant is an endoge-
nous antioxidant such as superoxide dismutase (SOD), catalase,
glutathione peroxidase (GSH-PX), and glutathione reductase
(GSHR). When the defence of antioxidants weakens, the body
cells and tissues will be prone to experience disruptions and dis-
eases. Therefore, maintaining antioxidants within normal limit
is essential in preventing and managing several diseases.[1-4]

Several studies have assessed antioxidant levels in patients
with Morbus Hansen (MH) by measuring their SOD. It was sug-
gested that compared to normal patients, those with MH tended
to have significantly decreased level of SOD, catalase, and glu-
tathione. However, after being administered with MDT, the level
of SOD, catalase, and glutathione increased in linear with the

Dinie Ramdhani Kusuma et al./ International Journal of Medical Reviews and Case Reports (2018) 2(4); 136-142



improvement of a clinical condition in patients with multibacil-
lary leprosy. For those who have not received medications, their
SOD serums were decreased.[5,6]

The total antioxidant capacity (TAC) is a capacity of all an-
tioxidants in the biological sample which consists of several
components. It is also used as an indicator in the body in the
healthy body since its function is to weaken the assault of free
radicals. Also, it also shows the information of antioxidant status
or any deficiency of antioxidant level.[2,7]

The lack of any antioxidant component will decrease over-
all antioxidant status thus results in weakened defence mech-
anism against free radicals and eventually leads to several dis-
eases. The exact mechanism of the reduced amount of these
antioxidants in MH patients has not been found. It is suggested
due to the inhibition enzyme or the low concentration of pro-
tein enzyme caused by SOD gene regression. Some studies
have also shown that bacterial liposaccharides could affect SOD
gene. PGL-1 which can be found in Mycobacterium leprae can
bind to SOD enzyme thus inhibiting SOD activity and causing
down-regulation expression of SOD gene in red blood cells and
macrophages.[8-12]

MH is a chronic skin infection which is caused by Mycobac-
terium leprae. The clinical manifestation of this disease is also
affected by the inflammation of tissues in which is mediated by
immune responses. Products such as tumour necrosis factor-
(TNF-), nitric oxide (NO), and reactive oxygen species (ROS)
not only have important roles in immune responses against
the infection but also can disrupt tissues. The different clinical
manifestations in each are associated with the variant of cellu-
lar immune responses or cell-mediated immunity (CMI). Other
studies also show that oxidative stress in MH is strongly corre-
lated with three things, such as the duration of the disease, the
amount of bacterial index, and multibacillary leprosy.[10,13-16]

The treatment of multidrug therapy (MDT)-MB according
to WHO consists of dapsone, rifampicin, and clofazimine. Ri-
fampicin is the most effective drug which can decrease the mor-
phological index to zero within approximately five weeks. The
use of 600 mg of rifampicin can kill and reduce the amount of
living Mycobacterium leprae in multibacillary leprosy, and also
can eliminate almost all bacteria.[17]

This study is critical since there has not been any related
study which compares the TAS in multibacillary leprosy patients
before and three months after being administered with WHO
MDT-MB therapy in Makassar, Indonesia.

MATERIALS AND METHODS

The TAC of Sixteen multibacillary leprosy patients which fulfil
the inclusion criteria were assessed before and three months
after receiving WHO MDT-MB therapy. The numbers were then
evaluated.

Measure levels of TAC plasma :

• Sample: Collect blood 5cc from vena cubiti using spoit and
add to EDTA or heparin as an anticoagulant. Centrifuge
samples for 15 minutes at 2000-3000 RPM at 2 - 8°C within
30 minutes of collection. Samples should be aliquoted or
must be stored at -80°C for six months use.

• Reagent Provided: Standard Diluent, Streptavidin-HRP,
Stop Solution, Substrate Solution A, Substrate Solution
B, Wash Buffer Concentrate (30x), Biotin-Conjugate Anti-
human T-AOC Antibody.

• Assay Principle: This kit is an Enzyme-Linked Immunosor-
bent Assay (ELISA). T-AOC is added to the wells pre-coated

with the T-AOC monoclonal antibody. After incubation, a
biotin-conjugated anti-human T-AOC antibody is added
and binds to human T-AOC. After incubation unbound, the
biotin-conjugated anti-human T-AOC antibody is washed
away during a washing step. Streptavidin-HRP is added
and binds to the biotin-conjugated anti-human T-AOC an-
tibody. After incubation unbound, Streptavidin-HRP has
washed away during a washing step. The substrate solu-
tion is then added, and colour develops in proportion to
the amount of human T-AOC. The reaction is terminated by
addition of acidic stop solution and absorbance is measured
at 450 nm.

RESULTS

(Table 1) Shows the distribution of baseline criteria of all sam-
ples included in the study. The youngest sample was 12 years
old while the oldest was 67 years old, with the mean age of
those aged ≤ 35 years is 16.75±3.45 and those aged >35 years
is 47.00±9.01. The number of the sample based on their gender
is similar, which is nine patients (50%). Ten (62.5%) subjects
were already married, while the remaining six (37.5%) were not.
There were four samples (25%) who got a low education, six
samples (37.5%) who had middle education, and six samples
(37.5%) who received a high education. Out of all subjects, ten
(62.5%) patients with multibacillary leprosy showed bacterial in-
dex level of +3 and six (37.5%) patients with the same type of dis-
ease showed the index number of +4. Half of the patients have
normal body mass index (BMI), while a quarter of them was
overweight and the remaining 25% were underweight. (Table 2)
presents an increased TAC level before MDT-MB WHO therapy
although the number was not significant (p=0.131) between a
group of patients with a bacterial index of +3 (15.30±4.32) and
a group of patients with a bacterial index of +4 (20.57±8.52).
(Table 3) presents a reduced TAC level after three months of
MDT-MB WHO therapy although the number was not signifi-
cant (p=0.911) between a group of patients with a bacterial index
of +3 (17.97±4.22) and a group of patients with a bacterial index
of +4 (17.60±8.83).

(Table 4) Shows the different mean of TAS level before and
after three months of MDT-MB WHO therapy in a group of
leprosy patient with a bacterial index of +3. It was found that
the number was significantly increased as much as 2.68 U/ml
(p<0.001). In a group of those with a bacterial index of +4, the
TAS level was significantly decreased as much as 2.97 U/ml
(p=0.014) from before to after three months therapy. (Table 5)
presented a significant difference of TAC average between a
group before receiving therapy (16.28±5.40) and a group after
three-month of therapy (17.90±4.96) (p=0.036).

(Figure 1) showed the number of the sample which had an
increased TAC level from before to after therapy was 12, while
samples which had a decreased TAS level were four patients.

DISCUSSION

(Table 1) Shows the distribution of baseline criteria of all samples
included in the study. Indonesian Ministry of Health (2007) has
stated that this disease can infect all ages and in epidemic cases,
the spread of this disease is almost the same at all ages.[18] The
most prevalent age group who gets infected is those aged 25-35
years in the adult group, and 10-12 years in children group. [19]
A study by Andy M et al. (2014) showed no significant relation-
ship between age and the incidence of leprosy. Moreover, the
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Table 1 Distribution of Patients with MB Leprosy

CHARACTERISTIC AMOUNT PERCENTAGE(%)

Age : ≤ 35 Year 8 50.00%

Mean 16.75±3.45 SD

>35 Year 8 50.00%

Mean 47.00 ± 9.01 SD

Gender : Man 8 50.00%

Woman 8 50.00%

Marital Status : Yes 10 62.50%

No 6 37.50%

Level of Education Low 4 25.00%

Average 6 37.50%

High 6 37.50%

Bacterial Index +3 10 62.50%

+4 6 37.50%

Body Mass Index : Underweight 4 25.00%

Normal weight 8 50.00%

Overweight 4 25.00%

Table 2 Total Antioxidant Capacity (TAC) of Leprosy Group
Based on Bacterial Index Before MDT-MB WHO

BACTERIAL

INDEX
n Mean ± SD

Median

(Min – Max)
p

+3 13 15.30 ± 4.32 15.72 (8.20 - 22.00) 0.131*

+4 3 20.57 ± 8.52 22.41 (11.28 – 28.02) 0.131*

*Result of analysis T Independent Test p<0.05

Abbreviations: n: amount; p: probabilty

multivariate analysis suggested that age was not an indepen-
dent variable related to the incidence of leprosy. [20] Age usually
plays an important role in the incidence and transmission of dis-
ease. It is because age might affect immune levels. Leprosy is
rare to be found in babies. The incidence is increased in linear
with age, with its peak level is those who aged 10-20 years, and
the number is decreased afterwards. [21,22] The prevalence is
also increased in linear with age with its peak range between
30 and 50 years, the number is also decreased afterwards. [23]
These findings fit the theory that has been mentioned previously,
in which leprosy infects all group of age.

The number of a subject who was female and male is similar,
which is eight patients of each. The study conducted by Malik
Yunus et al. (2015) regarding the association between knowl-
edge, gender, dense population, family history, and personal
hygiene with the incidence of leprosy showed non-significant re-
sult between gender and the incidence of leprosy (p=0.206). [24]
Bivariate analysis using chi-square found a p-value of 0.705 be-
tween these two variables (OR=0.806 with 95%CI=0.384-1.695).

Table 3 Total Antioxidant Capacity (TAC) of Leprosy Group
Based on Bacterial Index After 3 Months of MDT-MB WHO

BACTERIAL

INDEX
n Mean ± SD

Median

(Min – Max)
p

+3 13 17.97 ± 4.22 16.97 (11.83 - 24.80) 0.911*

+4 3 17.60 ± 8.83 18.87 (8.20 – 25.72) 0.911*

*Result of analysis T Independent Test p<0.05

Abbreviations: n: amount; p: probabilty

Moreover, multivariate analysis was performed and showed
that gender was not an independent variable about the inci-
dence of leprosy. [20] However, the different result showed in
The Epidemiology of Leprosy, a chapter in Leprosy, 2nd edition
(1994) book by Noorden SK. He suggested that leprosy infects
males more than females (3:1). [25] Another reference shows
that leprosy in Asia tends to affect males compared to females
(1.5:1). Though the disease infects all groups of age, the majority
of cases appears in patients aged before 35 years in the endemic
area. [26] These findings contradict with what this study found
in the subjects.

Half of the subjects had normal BMI, a quarter was under-
weight, another quarter of which was overweight, while none
was obese. Obesity is one of the metabolic syndromes in addi-
tion to hyperglycemia, hypertriglyceridemia, and low level of
high-density lipoprotein. [43] In metabolic syndrome, there is
an increase in glucose transport to adipose tissues. The endothe-
lium cells in adipose tissues stimulate the increase of glucose
uptake through glucose transporter. Thus hyperglycemia condi-
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Table 4 Total Antioxidant Capacity (TAC) of Leprosy Group Based on Bacterial Index Before and After 3 Months of MDT-MB WHO

BACTERIAL

INDEX
n

TAC Level (U/mL)

(MDT-MB WHO THERAPY)

Specifity

Sig. (2-tailed)

BEFORE AFTER

+3 13 15.29 17.97 p = 0.000*

+4 3 20.57 17.60 p = 0.014*

*Result of Analysis Paired Sample T-Test p<0.05

Abbreviations: n: amount; p: probabilty

Table 5 Total Antioxidant Capacity (TAC) in Multibacillary Type of Leprosy Patients Before and After 3 Months of MDT-MB WHO
Therapy

MDT-MB WHO

THERAPY
n Mean ± SD

Median

(Min – Max)
p

SEBELUM 16 16.28 ± 5.40 15.75 (8.20 – 28.02) 0.036*

SETELAH

(3 Bulan Terapi)
16 17.90 ± 4.96 17.53 (8.20 – 25.72) 0.036*

*Result of Analysis Paired Sample T-Test p<0.05

Abbreviations: n: amount; p: probabilty

Figure 1: Differences TAC levels in multibacillary leprosy pa-
tients before and after 3 months of MDT-MB WHO therapy.

tion increases the activity of nicotinamide adenine dinucleotide
phosphate (NADPH) oxidase and the production of reactive
oxygen compound in mitochondria. The increase of ROS pro-
duces oxidative stress and activates inflammation signal, hence
attracting more macrophage pro-inflammatory cells. [27] The
oxidative stress is defined as an imbalance condition between
ROS production and the endogenous antioxidant status. [28]
The high level of oxidative stress is shown by the low cellular
antioxidant status and the high product of lipid peroxidase. In
reality, the decrease activities of SOD, catalase, and glutathione
peroxidase enzyme are supported by the high level of malondi-
aldehyde (MDA) in plasma. [29] In this study, the lowest BMI
was 17.12 kg/m2, and the highest number was 27.99 kg/m2.

(Table 2) Presents an increased TAC level before MDT-MB
WHO therapy between a group of patients with bacterial index.

A study conducted by Raka I et al. (2018) in 30 leprosy pa-
tients before receiving treatment showed the increase TAS level
in leprosy patients with higher bacterial index and decreased
SOD level. That particular study suggested that there was a
significant increase of oxidative stress in leprosy patient. The
decreased SOD level in leprosy patient showed enzymatic stress.
[30] Another study by Vijayaraghavan R et al., (2011) in India
found a significant decrease in enzymatic antioxidant levels such
as SOD, catalase, glutathione peroxidase, glutathione reductase,
and glutathione-s-transferase in leprosy patients compared to
normal individuals. [31] Also, a study by Prasad et al., (2007) in
100 newly diagnosed leprosy patients found a decreased level
of SOD and catalase. The increased MDA level was also pre-
sented in leprosy patient with a higher number of the bacterial
index. [32] Garad et al., (2014) conducted a study regarding lipid
peroxidase and found a decrease in thiol antioxidant level in
multibacillary leprosy patients compared to normal people. [33]
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Those findings showed similar results with this study regarding
the increase in TAS level before therapy in patients with higher
bacterial index compared to those with a lower number.

(Table 3) Presents a reduced TAC level after three months
of MDT-MB WHO between a group of patients with bacterial
index. A study by Viajayaraghavan R et al., (2009) suggested
that multibacillary leprosy patients who have not received MDT
therapy tended to have higher bacterial index compared to those
who received ones. Besides, a trend of progressive decrease in
the bacterial index was seen in patients who received the treat-
ment, from the bacterial index of +4 to +2.[34] The mechanism of
decreasing antioxidant system in leprosy patients has not been
confirmed. However, it might be due to the enzyme inhibition
or low level of enzyme protein concentration due to SOD gene
regression. The fact that bacterial lipopolysaccharides might
affect the SOD genes also plays an important role. The bacteria
itself has PGL-1 which can bind with SOD enzyme thus inhibit-
ing the activity of SOD and resulting in down-regulation of SOD
gene expression in red blood cells and macrophages. [10-12]
The current studies also tried to find the connection between
oxidative stress in leprosy patients with higher bacterial index.
This was suggested due to the utilisation of biometal such as
zinc, iron, and calcium from the host for bacteria to be survived,
hence affecting metalloenzyme like SOD.[10,11] Jyothi et al., in
2007 found similar results where the reduced SOD levels and
increased MDA levels happened in leprosy patients, especially
significant in multibacillary type patients. These numbers were
compared and showed a significant MDA level in multibacil-
lary leprosy patients.[35] In conclusion, the decreased TAC level
in multibacillary leprosy patients with higher bacterial index
caused by the higher bacterial amount and more variant microor-
ganisms, result in higher oxidative stress and lower endogenous
antioxidant production.

(Table 4) Shows the different mean of TAS level before and
after three months of MDT-MB WHO therapy in a group of lep-
rosy patient with bacterial index. A study by Ozan et al., (2010)
in leprosy patients who have finished MH therapy showed a
significant increase in MDA and also GSH and catalase activity
compared to control group. This study indicated that oxidative
stress not only happened in newly diagnosed cases but also in
patients who have finished the therapy.[36] The reduce TAC
level in a group with a bacterial index of +4 supports the theory
regarding PGL-1 of this bacteria that can affect SOD gene and
that this lipopolysaccharide can bind with SOD enzyme thus
inhibiting SOD activity. Such study also assessed the progressive
decrease of SOD within the leprosy spectrum. [11] Also, it also
confirmed other studies which suggest that oxidative stress in
leprosy associated with the duration of disease, bacterial index,
and multibacillary type of leprosy. [10]

(Table 5) Presented a significant difference of TAC average
between a group before and after three months receiving therapy.
A study performed by Schalcher et al., (2014) which aimed to
measure oxidative stress in a patient during MDT therapy, found
an increase in SOD and GSH levels in leprosy patient from before
to after three months therapy.42 This result was similar to what
happened in this current study.

(Figure 1) Showed the number of the sample which had an in-
creased TAC level from before to after therapy was 12, while sam-
ples which had a decreased TAS level were four patients. Out of
sixteen patients, four subjects aged between 42 to 52 years expe-
rienced a decrease TAS level from before to after three months
therapy. The ageing process can explain the production of free

radicals follows this. Furthermore, our cells will deteriorate and
functionless optimal, these result in the low level of antioxidant
in the body. Such findings support the hypothesis suggested by
Wellman et al., (2009) regarding different age shows increased ox-
idative stress levels as well as decreased endogenous antioxidant
capacity after the age of 40.[37] Free radicals have contributed to
ageing process from the beginning of life. The infamous ageing
hypothesis, namely oxidative stress theory was firstly defined by
Denham Harman as a free radical ageing theory. It is suggested
that this free radical oxygen was formed endogenously as a side
product of oxygen metabolism. This theory was then modified
with the role of mitochondria in ageing process since it is the
primary source of ROS formation.[38-39]

In this study, there was one subject aged 67 years with in-
creased SAT level which was evaluated after three months ther-
apy. Free radicals were responsible for disruption in cellular and
tissue level about the aging process. In normal condition, there
is an equilibrium between oxidants, antioxidants, and biomolec-
ular. An excessive number of free radicals causes decreased
cellular antioxidants that stimulate oxidation hence contribut-
ing to cellular dysfunction. Free radicals are the main factors
responsible for ageing process and the only factors which can
be modified by genetic and environment.[40] Free radicals that
originate externally consist of pollutants such as cigarette smoke,
vehicle smoke, UV radiation, high cholesterol food, coffee, alco-
hol, pesticides, etc. Stress or vigorous activities can also trigger
the increase of free radicals.[41] This patient had a non-vigorous
activity and middle-upper socioeconomic. These two factors
might contribute to the increase of TAC level which measured in
after three months therapy. Controlling, modifying, and interfer-
ing the external free radicals such as having meals three times a
day and performing regular activities could not be conducted in
this study.

CONCLUSION

In conclusion, the increasing number of TAS in multibacillary
leprosy patients from before to after three months therapy with
WHO MDT-MB was identified. TAS of subjects with lower
bacterial index in such patients was increased after three months
receiving WHO MDT-MB therapy. This finding suggests that
therapy of WHO MDT-MB that was given early and routine
in three months could increase TAS in multibacillary leprosy
patients.
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