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Role of Oxidative Stress in Various Stages of Psoriasis
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Abstract Psoriasis is a chronic inflammatory, prolifera-

tive skin disease characterized by pathological skin lesions

due to various exogenous and endogenous factors. It is

associated with a number of biochemical and immuno-

logical disturbances. Recently, it has been suggested that

increased reactive oxygen species (ROS) production and

compromised function of antioxidant system may be

involved in the pathogenesis of this disease. In the present

study, 90 psoriasis patients were selected. Disease severity

was assessed by psoriasis area severity index score and

grouped as mild, moderate and severe (each group consists

of 30 subjects) and compared with 30 healthy controls.

Serum levels of malondialdehyde, nitric oxide end products

and the activities of antioxidant enzymes such as erythro-

cyte-superoxide dismutase, catalase and total antioxidant

status were investigated in these groups/subjects. As

compared to controls, we found severitywise significantly

increased serum malondialdehyde, nitric oxide end prod-

ucts with decrease in erythrocyte-superoxide dismutase

activity, catalase activity and total antioxidant status in

patients with psoriasis suggesting worsening of the disease.

It seems to be linked with the enhancement of Reactive

Oxygen Species production and decreased antioxidant

potential in psoriasis.
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Introduction

Psoriasis is a common chronic, inflammatory, proliferative

skin disease that generally presents as chronic sharply

demarcated, dull red, scaly plaques, particularly on exten-

sor prominences and the scalp [1, 2]. Skin cells mature and

shed after about a month. However in psoriasis, the normal

cycle of replacing old skin cells with new one becomes

unbalanced [3].

The skin is a potential target for oxidative injury, as it is

continuously exposed to UV radiation and other environ-

mental stresses generating reactive oxygen species (ROS)

[4]. ROS mediated oxidative damage involves a vast

number of biological molecules since it causes lipid per-

oxidation, DNA modification, and secretion of inflamma-

tory cytokines [5].

Plasma membranes of the skin cells in the psoriatic

lesion have a significant increase in arachidonic acid,

which is the natural substrate for synthesis of malondial-

dehyde (MDA), an end product of lipid peroxidation [6].

The keratinocytes, which make up the bulk of epidermis,

constitutively express the neuronal isoform of Nitric Oxide

Synthase (NOS I) whereas; the fibroblasts in the dermis and

other cell types in the skin express the endothelial isoform

(NOS III). Under certain conditions, virtually all skin cells

appear to be capable of expressing the inducible NOS

isoform (NOS II). The NO• liberated following UV irra-

diation plays a significant role in initiating melanogenesis,

erythema and immunosuppression [7]. A comprehensive

and integrated antioxidant defense mechanism of skin is

crucial in protecting this organ from ROS [8].

One important line of defense is a system of enzymes,

including glutathione peroxidase, superoxide dismutase

(SOD) and catalase (CAT) which decrease the concentra-

tion of the most harmful oxidants [9]. A major contribution

D. P. Kadam (&) � A. N. Suryakar � R. D. Ankush �
C. Y. Kadam � K. H. Deshpande

Department of Biochemistry, Dr. V. M. Govt. Medical College,

Solapur, Maharashtra, India

e-mail: dip_6686@yahoo.co.in

123

Ind J Clin Biochem (Oct-Dec 2010) 25(4):388–392

DOI 10.1007/s12291-010-0043-9



to the total antioxidants comes from antioxidant molecules

in plasma. Antioxidants can protect the epidermis from the

events that contribute to epidermal toxicity and diseases.

Deficiencies in any of the antioxidant defense system can

cause a reduction in the total antioxidant status (TAS) of an

individual [3]. However, inadequate antioxidant protection

or excess ROS production creates a condition known as a

oxidative stress, contributing to the development of cuta-

neous disease and disorders [10].

Until recently, it was difficult to treat psoriasis, due to

incomplete understanding of the factors behind pathogen-

esis of psoriasis which points out that there may be some

lacuna in our understanding of etiopathology of psoriasis.

Therefore, the present study was planned to investigate the

possible involvement of lipid peroxidation-antioxidant

status in psoriatic patients.

Materials and Methods

The present study was carried out in the Department of

Biochemistry, Dr. V. M. Govt. Medical College, Solapur in

collaboration with Shree Chhatrapati Shivaji Maharaj

General Hospital, Solapur (Maharashtra).

A total of 120 individuals were included in this study,

out of these 30 were healthy controls and 90 were newly

diagnosed psoriasis patients aged between 20 to 60 years.

Psoriasis patients were further graded according to the

Psoriasis Area and Severity Index (PASI) [11], presenting

at the time of blood collection as, mild (30 patients),

moderate (30 patients) and severe (30 patients). The study

protocol was approved by Ethical Committee of the

institute.

The subjects who were alcoholics or smokers and had

past or concurrent diseases like anemia, diabetes mellitus,

cardiovascular diseases, liver or kidney diseases, inflam-

matory skin diseases which may possibly affect the redox

status were excluded from the study. The psoriasis patients

with any topical therapy within 4 weeks, systemic drug

therapy or photo chemotherapy within 3 months were

excluded from this study.

After obtaining prior consent, about 8 ml of random

blood was collected, of which 3–4 ml was poured into

sterile plain bulb for estimation of MDA [12], NO• end

products [13] and activity of CAT [14]. Remaining blood

was collected in heparin bulb for estimation of erythrocyte-

SOD [15] and TAS [16].

All values were expressed as Mean ± SD. The results

obtained were analyzed statistically using the unpaired

student’s ‘z’ test, to evaluate the significance of differences

between the mean values. P values \ 0.05 were considered

as significant. The strength of the association between the

parameters was determined by the correlation coefficient

analysis.

Results and Discussion

ROS induced oxidation of polyunsaturated fatty acids in

biological system results in the formation of lipid peroxi-

dation product MDA [10] which has been used as a bio-

marker of lipid peroxidation [17].

Present study shows that, serum MDA levels were sig-

nificantly increased in mild (P \ 0.01), moderate

(P \ 0.01) and severe (P \ 0.01) psoriasis patients as

compared with healthy controls (Table 1).

Furthermore, we found severity wise increase in MDA

levels in these patients indicating that, the degree of

elevation of serum MDA is associated with the progression

of psoriasis.

ROS may be produced during the inflammatory process,

in psoriasis, affecting primarily lipid metabolism of cells.

Further, ROS that are produced by lipid peroxidation may

activate phospholipase A2 and thus cause peroxidation of

many mediators by arachidonic acid which finally metab-

olized to MDA [6, 10, 18].

Table 1 Shows changes in the levels of serum malondialdehyde (MDA), nitric oxide (NO•) end products, activity of erythrocyte-superoxide

dismutase (SOD), catalase (CAT) and total antioxidant status (TAS) in healthy control and different groups of psoriasis patients

Parameters Healthy controls Psoriatic patients

Mild Moderate Severe

Serum MDA (nmol/ml) 1.54 ± 0.19 1.84 ± 0.24* 3.11 ± 0.24*• 4.35 ± 0.45*
j

Serum NO• end products (lmol/l) 35.49 ± 6.31 43.41 ± 1.71* 50.85 ± 3.68*• 62.24 ± 4.20*
j

Erythrocyte-SOD (U/g of Hb) 1.84 ± 0.19 1.65 ± 0.10* 1.30 ± 0.07*• 0.98 ± 0.08*
j

Serum CAT (KU/l) 55.44 ± 3.11 48.56 ± 2.53* 42.04 ± 3.92*• 36.15 ± 2.57*
j

Plasma TAS (lmol/l) 966.66 ± 33.89 884.0 ± 24.16* 798.33 ± 28.87*• 740.33 ± 18.52*
j

* P \ 0.01 vs. healthy control
d P \ 0.01 vs. mild psoriatic patients
j P \ 0.01 vs. moderate psoriatic patients
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The skin is constantly exposed to oxidative stress

induced by ROS that are generated both from endogenous

neutrophils and external pro-oxidant stimuli [5]. Increased

capacity for chemotaxis, adhesion [19] and increased ROS

production in neutrophils [20], keratinocytes [21] and

fibroblasts [22] have been reported in patients with psori-

asis. Evidences show that increased oxidative stress in

these patients as demonstrated by the high plasma MDA

levels and compromised levels of the antioxidant defense

enzymes are observed at the time of diagnosis itself [23].

Earlier reports suggest that, fibroblasts in the lesion-free

skin of psoriasis patients show signs of increased oxidative

damage even before the formation of characteristic psori-

atic lesions which may be involved in the abnormal

immune reactions leading to the onset of the disease [24].

As a potential regulator of keratinocyte growth and

differentiation, the multifunctional signaling molecule NO•

has been considered to be a strong candidate in the path-

ogenesis of psoriasis [25]. NO• is an important marker of

inflammation [26].

In the present study, there was statistically significant

increase in the levels of NO• end products in mild

(P \ 0.01), moderate (P \ 0.01) severe (P \ 0.01) psori-

asis patients when compared with healthy controls. Further

more, NO• end product levels in moderate psoriatic

patients were significantly higher (P \ 0.01) than the

patients presenting with mild psoriasis, whereas, severe

psoriatic patients exhibited significant rise in serum NO•

end products (P \ 0.01) as compared to moderate psoria-

tics. We also found a positive correlation between MDA

and NO• end products among the three different groups of

psoriasis patients (Table 2). This finding shows extensive

cohesiveness that, generation of NO• end products in

excess may also trigger lipid peroxidation process.

Expression of iNOS is involved in the pathogenesis of

cutaneous inflammation in psoriasis [27, 28]. Increase in

mRNA expression of iNOS in skin lesions as compared to

uninvolved skin have been reported [29]. Orem Asim et al.

[30] observed that nitrite levels and nitrite–nitrate ratios appear

to be good indicators for the increased NO• production in

patients and also showed a significant correlation with PASI.

In the present study we observed that, the erythrocyte-

SOD activities were significantly decreased in mild

(P \ 0.01), moderate (P \ 0.01), severe (P \ 0.01) psori-

asis patients, as compared with healthy controls. Further-

more, erythrocyte-SOD activity in moderate psoriatic

patients was significantly lower (P \ 0.01) than the patients

presenting with mild psoriasis, whereas, severe psoriatic

patients exhibited significant decrease in erythrocyte-SOD

activity (P \ 0.01) as compared to moderate psoriatic

patients. We also found a negative correlation between

erythrocyte-SOD activity and serum MDA among the three

different groups of psoriasis patients.

Our study indicates the possibility that, in the prediag-

nostic stage, serum antioxidants are low because they have

been used in reducting inflammatory products. Decreased

SOD activity might be related to epidermal hyper prolif-

eration, because the ROS are thought to induce cell pro-

liferation in various cell systems [31, 32].

Increased oxygen metabolism has been described in the

psoriatic hyperproliferative epidermis, which depends on

cutaneous blood flow. Increased O2
•- production in the

presence of decreased antioxidant activity would result in

the accumulation of H2O2, which has an inhibitory effect

on SOD activity [31, 33].

Since, the natural antioxidant defense system SOD

limits the development of inflammatory and immune pro-

cesses, we believe that, the tendency to decreased SOD

activity in psoriasis patients is one of the reasons for the

aggravated dermatological status.

One of the antioxidant enzyme capable of reducing

hydrogen peroxide is CAT.

Present study showed that there was statistically sig-

nificant decrease in the activity of catalase in mild

(P \ 0.01), moderate (P \ 0.01) and severe (P \ 0.01)

psoriasis patients when compared to healthy controls.

Furthermore, serum CAT activity in moderate psoriatic

patients were significantly lower (P \ 0.01) than the

patients presenting with mild psoriasis, whereas, severe

psoriatic patients exhibited significant decrease in CAT

activity (P \ 0.01) as compared to moderate psoriatic

patients. We also found a negative correlation between

CAT activity and serum MDA among the three different

groups of psoriasis patients.

The CAT enzyme is most susceptible to the effect of UV

radiation in the epidermis. Its activity can be affected by

high peroxide concentration and by visible light [24].

Keratinocytes generate the O2
•- is known to inhibit CAT.

Furthermore, inactivation of SOD would lead to build-up

of H2O2. H2O2 generated through other processes have also

been reported to induce CAT inactivation [33]. This might

be the reason behind why we found a negative correlation

between MDA and CAT.

Table 2 Correlation analysis of different parameters among the

different groups of psoriasis patients

Mild Moderate Severe

MDA/NO• ?0.98 ?0.93 ?0.95

MDA/SOD -0.99 -0.95 -0.93

MDA/CAT -0.99 -0.95 -0.91

MDA/TAS -0.97 -0.93 -0.94

NO•/TAS -0.97 -0.98 -0.97
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In vivo antioxidant status can be assessed by measuring

individual plasma or tissue levels of antioxidants. Mea-

suring the levels of these specific antioxidant molecules

can yield valuable information, and low levels of such

antioxidants provide suggestive, but not definitive, evi-

dence of oxidative stress. However, determining total

antioxidant capacity provides an index of the sum of the

activities of all antioxidants [3].

In this study we found that, the plasma TAS levels were

significantly decreased in mild (P \ 0.01), moderate

(P \ 0.01) and severe (P \ 0.01) psoriasis patients as

compared with healthy controls. Further more, the TAS

levels in moderate psoriatic patients were significantly

lower (P \ 0.01) than the patients presenting with mild

psoriasis, whereas, severe psoriatic patients exhibited sig-

nificant decrease in plasma TAS levels (P \ 0.01) as

compared to moderate psoriatics.

We further found, the significant negative correlation

between plasma TAS and serum MDA levels among the

three different groups of psoriasis. This correlation signi-

fies that, decreased TAS may increase lipid peroxidation

which may be a consequence of sustained decreased TAS.

We also found that significant negative correlation

between plasma TAS and serum NO• end product levels

among the three different groups of psoriasis. Since all

NOS isoforms generate O2
•- and mRNA expression of

iNOS was markedly increased in skin lesions, there is

increased production of O2
•- in the keratinocytes. This is

the reason why we found the negative correlation between

NO• end product and TAS among different groups of

psoriasis.

The decreased TAS may be possibly due to depressed

state of antioxidant system or due to the exaggerated

inflammatory processes and oxidative stress in these

patients. Antioxidants prevent oxidative injury of structural

lipids and proteins contributing to barrier integrity, which

is essential for healthy skin condition. This suggests that

cellular redox environment plays a pivotal role in skin

homeostasis and that skin disease could result from an

imbalance between pro-oxidant and antioxidant stimuli [5].

In conclusion, this study provides an evidence for

increased ROS production and decreased antioxidant

defenses in psoriasis, reflected by increased lipid peroxi-

dation and decreased TAS as well as decrease in SOD

activity and CAT activities. Increased NO• end products in

these patients may be a result of immunological and

inflammatory mechanism which are important in etio-

pathogenesis of psoriasis. Further more we found worsened

oxidant and antioxidant status according to the progression

of the psoriatic lesions, which may be the crucial point in

the pathogenesis of psoriasis and need further elucidations.

Finally, of considerable interest is the possibility of using

this information to develop novel strategies for diagnosis,

prognosis and treatment of psoriasis patients are warranted.
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