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Background

Leprosy or Hansen’s disease (HD) is a chronic infectious disease caused by
Mycobacterium leprae. The ratio of malondialdehyde (MDA)/superoxide dismutase
(SOD) may be considered as an index of oxidative stress (OS).
Objective

To assess the OS by estimating the levels of antioxidant enzyme (SOD), lipid
peroxidation products (MDA) and the ratio of MDA/SOD in the skin of paucibacillary
(PB) and multibacillary (MB) leprosy patients.
Patients and methods

This case-control study was conducted on 41 untreated leprosy patients (18 patients
with PB type and 23 patients with MB type) attending Sohag’s Dermatology and
Leprosy Clinic, in addition to 18 healthy controls. Colorimetric assays of MDA and
SOD levels in the tissue homogenates of the skin biopsies taken from the patient
and control groups were performed.
Results

There were statistically significantly higher levels of tissue MDA and statistically
significantly lower levels of tissue SOD in leprosy patients when compared with the
control group (Po0.001) and in MB leprosy patients when compared with PB leprosy
patients (Po0.001). There was statistically significantly higher tissue OS in leprosy
patients when compared with the control group (Po0.01) and in MB leprosy patients
when compared with PB leprosy patients (Po 0.001). There were significant negative
correlations between SOD with both MDA and OS with a significant positive
correlation between MDA and OS in both patients versus controls and in MB leprosy
versus PB leprosy patients (Po0.01 for all).
Conclusion

OS may play an important role in the pathogenesis of leprosy. The imbalance between
oxidant/antioxidant mechanisms may be the contributing factor in the severity of the
disease.
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Introduction
Leprosy or Hansen’s disease (HD) is a chronic infectious

disease caused by Mycobacterium leprae [1]. Leprosy is

primarily a granulomatous disease of the peripheral nerves

and mucosa of the upper respiratory tract. Skin lesions are the

primary external sign. Untreated leprosy can be progressive,

causing permanent damage to the skin, nerves, limbs, and

eyes [2]. Many people inside leprosy-endemic regions have

been presented toM. leprae, but the disease developed in few

of them, and it looks that the large percent of the population

has a genetically determined resistance [3], and develops

protective immunity [4].

The major defense against the microbial infection in

leprosy is macrophage system [5]. Microbial killing by

macrophages is associated with a burst of respiratory

activity that leads to the production of a variety of

molecules and free radicals called reactive oxygen

species (ROS), such as superoxide anion, hydrogen

peroxide, and hydroxyl radicals [6]. These ROS can

damage lipids, proteins, and nucleic acids. Prime targets

of peroxidation by ROS are polyunsaturated fatty acids

in membrane lipids. Polyunsaturated fatty acids are

degraded by free radicals to form malondialdehyde

(MDA). The level of MDA serves as a marker of cellular

damage due to free radicals [7].

Cells have multiple mechanisms to remove free radicals and

thereby minimize tissue injury. Antioxidants (AO) such as

superoxide dismutase (SOD), catalase, and nutritional AOs

trap free radicals and act as free radical-scavenging systems [8].

Oxidative stress (OS) is an expression used to describe various

deleterious processes resulting from an imbalance between

free radical-generating and free radical-scavenging systems.

OS leads to metabolic impairment and cell death. OS occurs if

ROS are not adequately scavenged by AOs [9]. The ratio of

MDA/SOD may be considered as an index of OS [10].
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The present study evaluated the OS in leprosy and

whether it could be an important determinant in disease

severity and progression.

Patients and methods
This case–control study was conducted on 41 untreated

leprosy patients [18 patients with paucibacillary type (PB)

and 23 patients with multibacillary type (MB)], attending

Sohag’s Dermatology and Leprosy Clinic, which belongs to

the ministry of health, from January 2014 to December 2014,

in addition to 18 age and sex matched healthy controls (the

controls were not relatives to the patients to avoid the

incubatory carriers). The study was approved by the Research

Committee at the Faculty of Medicine, Sohag University.

Before initiation of the study, a master sheet including

personal history, disease history (onset, duration, and site),

drug history, and clinical examination was completed from all

patients. Every participant was informed about the aim of the

study and written informed consent was obtained.

The diagnosis of leprosy patients included in this study was

according to the eight report of WHO expert committee on

leprosy, which states that leprosy is diagnosed when at least

one of the following cardinal signs is manifested: (a) definite

loss of sensation in a pale (hypopigmented) or reddish skin

patch; (b) a thickened or enlarged peripheral nerve, with loss

of sensation and/or weakness of the muscles supplied by that

nerve; and (c) the presence of acid-fast bacilli in a slit-skin

smear [11]. Taking the number of skin lesions into

consideration, patients were classified as having PB leprosy

if there were less than or equal to 5 skin lesions, whereas MB

leprosy was considered if there were more than 5 skin lesions

as mentioned by the WHO operational classification [11]. All

included leprosy patients were recently diagnosed and the

laboratory parameters measured in this study were evaluated

before starting the multidrug therapy. Both patients and

controls were from rural areas, with almost similar sun

exposure habits, excluding possible discrepant results by the

influence of ultraviolet.

Patients who received any systemic treatment suppressing

the immune system for the last 4 weeks, leprosy patients

under multidrug therapy, patients with a history of trauma or

any surgery 4 weeks before sampling, patients suffering from

any systemic or dermatological disease affecting the immune

system or any malignancy, and those with specific habits such

as smoking or alcohol drinking or those receiving vitamins

and trace element supplementations were excluded from the

study. Leprosy patients with renal or liver impairment or with

pure neuritic leprosy or having a history suggestive of lepra

reaction were also excluded from the study [12]. The

exclusion criteria included the controls also, and hence all

participants in the study fulfilled the exclusion criteria except

those concerned by the leprosy.

Four millimeter punch biopsy was taken from one of the

new skin lesions of all patients (in PB leprosy, all skin

biopsies were taken from patchy anesthetic lesion with loss

of hair, whereas in MB leprosy all skin biopsies were taken

from infiltrative papules) and from the skin of medial side of

forearm for controls after being locally anesthetized with 2%

lidocaine. Biopsy samples were transferred into aliquots and

stored at −40°C until use. Tissue samples were weighed

and homogenized in ice-cold Tris-HCl lysis buffer, pH 7.4

containing 1% protease inhibitor cocktail (Cell Signaling

Technology Inc., Danvers, Massachusetts, USA) using

Potter-Elvehjem rotor-stator homogenizer (glass/Teflon

homogenizer), fitted with a Teflon pestle. The homogenate

was then centrifuged at 4000 rpm for 15min and the

supernatant was used for the biochemical assays.

Colorimetric assays of MDA and SOD levels in the tissue

homogenates of the skin biopsies taken from the patient

and control groups were performed, using T60 ultraviolet

visible spectrophotometer (LE17SBE, serial no. 20-1650-01-

0010; PG Instruments Limited, Leicester, UK). The assay

of MDA depends on its ability to react with thiobarbituric

acid to form a colored complex called thiobarbituric acid

reactive substance (using a diagnostic kit supplied by

Biodiagnostic, Cairo, Egypt; cat. no. MD 25 29). Measure-

ment of SOD activity relies on the ability of the enzyme to

inhibit the phenazine methosulphate-mediated reduction of

nitroblue tetrazolium dye (using a diagnostic kit supplied by

Biodiagnostic; cat. no. SD 25 21). The OS index was

calculated by dividing the MDA value to the SOD value.

Statistical analysis

All analyses were performed with the IBM SPSS 20.0

software (IBM Corporation, Armonk, New York, USA).

The data were tested for normality using the

Kolmogorov–Smirnov test and for homogeneity variances

before further statistical analysis. Categorical variables were

described as number and percentage, whereas continuous

variables were described as mean and SD. The χ2-test was
used to compare between categorical variables, whereas

the Mann–Whitney U-test (nonparametric test) was used

to compare between continuous variables. Pearson’s

correlation coefficient was used to assess the association

between continuous variables. A two-tailed P value of less

than 0.05 was considered statistically significant.

Results
The duration of the disease ranged from 6 to 12 months

with nonsignificant differences between the two subgroups

of leprosy patients included in the present study.

The demographic data of the studied groups are presented

in Table 1.

Results of tissue levels of malondialdehyde, superoxide

dismutase, and oxidative stress

There were statistically significantly higher levels of tissue

MDA and statistically significantly lower levels of tissue SOD

in leprosy patients when compared with the control group

(Po0.001 for each). There was statistically significantly

higher tissue OS in leprosy patients when compared with the

control group (Po0.01) (Table 2). Moreover, there was a

statistically significantly higher levels of tissue MDA and

statistically significantly lower levels of tissue SOD in MB

leprosy patients when compared with PB leprosy patients
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(Po0.001 for each) and statistically significantly higher tissue

OS in MB leprosy patients when compared with PB leprosy

patients (Po0.001) (Table 3).

Correlations between the studied oxidative stress

markers in paucibacillary and multibacillary leprosy

patients and the control group

There were significant negative correlations between SOD

versus both MDA (r=−0.802) and OS (r=−0.782) in

patients and also in controls (r=−0.338, −0.342), respec-

tively, with a significant positive correlation between MDA

and OS in patients (r=0.991) and controls (r=1.000)

(Po0.01 for all) (Table 4). Moreover, there were a significant

negative correlation between SOD versus both MDA

(r=−0.743) and OS (r=−0.846) in PB leprosy patients

and also in MB leprosy patients (r=−0.710, −0.758),

respectively, with a significant positive correlation between

MDA and OS in PB leprosy (r=0.985) and controls

(r=0.990), respectively, (Po0.01 for all) (Table 4).

Discussion
It has been suggested that increased ROS and lipid

peroxides play a part in the pathogenesis of various skin

diseases, including leprosy [13–15]. Higher MDA con-

centration is viewed as a basic biochemical product of the

lipid peroxidation and cell destruction brought on by free

radicals [16]. SOD, an AO enzyme, which scavenges free

radicals and its level whether in blood or tissues could

be used as a measure of the AO status [17]. OS results

from loss of balance between the free radical-producing

system and the scavenging system [12].

The findings of the present study revealed significantly

higher tissue levels of MDA and OS (MDA/SOD) ratio in

leprosy patients when compared with the control group,

whereas the tissue levels of SOD were significantly lower in

leprosy patients when compared with the control group. In

agreement with these findings, Swathi and Tagore [18] and

Jyothi et al. [17] both reported significantly higher MDA and

OS with significantly lower SOD levels in the serum/

erythrocytes of leprosy patients when compared with the

control group, suggesting the presence of OS in leprosy.

Although Schalcher et al. [19] reported significantly lower

erythrocyte SOD levels and higher OS in leprosy patients

when compared with the control group, they also reported

nonsignificant changes in the serum MDA levels in leprosy

patients. The control of results in the present study for

dietary intake is a limitation and the results presented were

based on the assumption that both patients and controls had

adequate dietary intake of vitamins and trace elements.

The decreased SOD activity recorded in the present

study may be attributed to its consumption by the high

Table 1. Demographic data of the studied groups

Leprosy patients (n=41) P *

Variables Paucibacillary (n=18) Multibacillary (n=23) Control group (n=18) P1 P2

Age (mean±SD) (years) 32.33 ±13.75 40.83 ±13.47 41.94 ±15.07 0.08 0.18
Sex [n (%)] 0.44 0.38
Female 7 (38.89) 6 (26.09) 8 (44.44)
Male 11 (61.11) 17 (73.91) 10 (55.56)

Marital status [n (%)] 0.65 0.86
Married 12 (66.67) 16 (69.57) 13 (72.22)
Single 5 (27.78) 5 (21.74) 2 (11.11)
Widow 1 (5.56) 2 (8.70) 3 (16.67)

*P1, comparison between the three groups together; P2, comparison of paucibacillary and multibacillary leprosy group.

Table 2. Comparison of the mean tissue levels of malondialdehyde, superoxide dismutase, and oxidative stress in the studied groups

Variables Leprosy patients (n=41) Control group (n=18) P

MDA (mean±SD) (nmol/g) 4.93 ±4.51 0.46 ±0.30 <0.01*
SOD (mean±SD) (U/g) 480.44 ±93.12 608.53 ±10.65 o0.001*
OS (mean ±SD) 0.01 ±0.01 0.0008 ±0.0005 <0.01*

MDA, malondialdehyde; OS, oxidative stress; SOD, superoxide dismutase.
*Po0.05 is considered statistically significant.

Table 3. Comparison of the mean tissue levels of malondialdehyde, superoxide dismutase, and oxidative stress in paucibacillary and

multibacillary leprosy patients

Leprosy patients (n=41)
Variables Paucibacillary (n=18) Multibacillary (n=23) P

MDA (mean±SD) (nmol/g) 1.73±0.46 7.44 ±4.68 o0.001*
SOD (mean±SD) (U/g) 573.23 ±25.84 407.82 ±51.89 o0.001*
OS (mean ±SD) 0.003±0.001 0.2 ±0.02 o0.001*

MDA, malondialdehyde; OS, oxidative stress; SOD, superoxide dismutase.
*Po0.05 is considered statistically significant.
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ROS levels caused by the M. leprae-stimulated immune

response. This may be due to the antigenic properties of

Hansen’s bacillus, in the form of binding of phenolic

plycolipid 1 to the SOD enzyme, which inhibits SOD

activity or decreases the expression of SOD gene [10].

Only one study by Abdel-Hafez et al. [12] could be traced in

the literature on the assessment of OS in the lesional skin of

leprosy patients. In the present study, there were signifi-

cantly higher tissue levels of MDA and OS, with significantly

lower tissue levels of SOD in MB leprosy when compared

with PB leprosy. Many studies have reported a significant

increase in MDA in MB leprosy patients, but its level in PB

leprosy patients when compared with the control group was

nonsignificant in the blood but significantly increased in the

lesional skin of PB leprosy patients. In accordance with these

findings, a study by Abdel-Hafez et al. [12] concluded that

the OS index was significantly higher in tissue and serum

of the MB and tissue of the PB patients when compared

with that in the controls. The mean levels of MDA in skin

lesions of the PB and MB patients were significantly higher

compared with that in the controls. Moreover, the SOD

activity in skin lesions of the PB and MB patients were

significantly low. Further, a study by Jyothi et al. [17]

reported that SOD was low and that MDA and MDA/SOD

ratio was elevated in the serum of MB leprosy when

compared with the control group and the difference in all

three values was statistically significant.

Inadequate immunological activation of monocyte-

macrophages combined with decreased level of SOD

activity might be responsible for the occurrence of more

OS in MB leprosy [10]. Sengupta [20] reported that cell-

mediated immunity is strong in PB leprosy; this explains

that the OS is more severe in MB than in PB leprosy, which

is reported in the present study. On the contrary, Abdel-

Hafez et al. [12], Jyothi et al. [17], Reddy et al. [21], and
Prasad et al. [22] reported nonsignificant alterations in MDA

serum levels in PB leprosy patients when compared with the

control group. This could be attributed to the fact that, in the

present study, MDA tissue levels were measured in the skin

biopsies that had been taken from new lesions that indicate

activity of the disease, especially in PB, and hence the tissue

MDA levels in PB leprosy were higher than that in the

control group.

No previous study could be traced in the literature on the

correlations between the OS markers in leprosy patients.

The findings of the present study revealed significant

negative correlations between SOD and both MDA and OS

with a significant positive correlation between MDA and OS

in both patients versus controls and in MB leprosy versus PB

leprosy patients. These findings may confirm the presence

of contributory role of OS in the pathogenesis of leprosy.

Conclusion
OS may play an important role in the pathogenesis of

leprosy. The imbalance between oxidant/AO mechan-

isms may be the contributing factor in the severity of the

disease; this warrants AO supplements to help control

and reduce tissue injury in leprosy.

Recommendations

Further studies to investigate the OS in lesional versus

nonlesional skin of leprosy patients to be compared with

the control are recommended. Moreover, further studies

comparing the effect of adding AO therapy in addition to

the main leprosy therapy on the patient’s response to

therapy versus those receiving the main leprosy therapy

only are recommended.
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