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ABSTRACT 

Skin is the largest and outermost organ of body which forms the protective boundary of the body and 

functions in homeostasis mechanism. As it is the outer layer which acts as a edge between the outer 

environment and body it is more prone to risky effects of outer environmental as well as inner immune 

mediated responses. The continuous exposure to actions of environmental, physical, chemical and biological 

factors leads to occurrence of different skin disorders. Allergic skin conditions like Allergic contact dermatitis, 

Urticaria and Atopic dermatitis are common 

variety of skin allergy disorder occurring in recent times. Out of the several factors relative oxygen 

species(ROS) and oxidative stress has been observed to be significant in skin disorders. In this review the 

presence of oxidative stress and its role in the pathogenesis of allergic skin diseases has been evaluated for 

better understanding and control of allergic skin diseases. 
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INTRODUCTION 

Allergy is the defect of immune mechanism which results due to normally undamaging environmental 

elements known as allergen.(1)Allergic inflammation occurs due to collaboration between various 

inflammatory cells such as mast cell, basophils, lymphocytes , dendritic cells , eosinophils and neutrophils 

which later leads to formation of inflammatory mediators like lipids, purines, cytokines and reactive oxygen 

species(ROS).(2)Among all these factors ROS and oxidative stress has been more significant in recent times. The 

effect of oxidative stress in allergic skin disease is evaluated in this review. 

Ros and oxidative stress: 

ROS are oxygen free radicals efficient in producing electron which are formed during breakdown of 

molecular oxygen such as  superoxide anion radical (O2
g), hydroxyl radical (HOg), nitric oxide radical (NOg), 

nitric dioxide radical (NO2
g), peroxyl radical (ROOg) and non-radical reactive species, such as hydrogen 

peroxide (H2O2), lipid peroxides, hypochlorous acid (HOCl), peroxynitrite (ONOO-) and singlet oxygen (1O2) . 

(3) The most important enzyme responsible for ROS production is the membrane–bound enzyme complex 

NAPDH oxidase (Nox)(4) 

Free radicals (ROS) are produced under physiological condition and to maintain the balance of ROS 

and other free radicals there are antioxidants which helps in maintaining homeostasis of the skin surface. 5)The 

antioxidants system consist of superoxide dismutase, glutathione peroxidase and peroxiredoxins which are 

enzyme based system. There are also non enzyme based antioxidants which are vitamins A, C and E and 

glutathione polyphenols and coenzyme Q10. (6) When there is continuous increase in ROS in comparison with 

antioxidants the equibilirium condition of homeostasis is disturbed and it give rise to oxidative stress. (4) 

Oxidative stress: 

The term ‘oxidative stress’ is known to be a serious imbalance between formation of ROS and 

antioxidant defences.  Sies defined it as “a disturbance in the pro-oxidant–antioxidant balance in favour of the 

former, leading to potential damage” in the year 1991. (7) Oxidative stress may lead to damage of biomolecules 

including DNA, lipids and proteins. Oxidative stress leads to a chain of reaction activating transcription factors 

and signaling pathways like NF-KB and p38 MAPK which further releases inflammatory mediators such as 

cytokines and chemokines causing inflammation.(8,9) Further increase in ROS causes more damage to cell and 

causes cell injury ultimately causing cell death.(10) For the assessment of level of oxidative stress certain 

biomarkers are used which are urine or serum nitrate for nitric oxide , melondialdehyde(MDA) for lipid 

oxidation and 8-hydroxydeoxyguanosine(8-OHdG) for DNA oxidation.(11) 

 In recent decades the role of oxidative stress has been observed to be increasing in chronic diseases 

such as cardiovascular disease, diabetes, neurodegenerative disorders and also in inflammatory disorders. 

(12,13,14) The incidence of oxidative stress is also in allergic skin conditions such as allergic contact dermatitis, 

urticarial and atopic dermatitis. 
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OXIDATIVE STRESS IN ALLERGIC SKIN DISEASES: 

Contact dermatitis: 

Contact dermatitis is an inflammatory, occupational and environmental disease which occurs due to 

exposure to chemical allergens. (15) It is of two types (a)Allergic contact dermatitis(ACD) which is a delayed type 

hypersensitivity reaction mediated by reactive T helper and interferon (IFN)-c producing CD8+ T cells (Tc1),  

(b)Irritant contact dermatitis (ICD)which occurs by the primary contact with allergen and is not mediated by 

lymphocytes. (16,17) 

ACD is more common than ICD being prevalent in 15-20% of general population to minimum one 

chemical, nickel being most common of them. Genetic predisposition is also evident in ACD. (115,19) The exact 

mechanism and pathways of ROS is not fully understood in case of contact dermatitis but it plays a significant 

role in pathogenesis of allergic dermatitis. Chemicals inducing ACD are haptens. These chemical allergens 

induce ROS .skin when exposed to chemical allergens ROS is triggered and further causes electrophilic and 

oxidative stress. ROS also triggers the production of inflammatory mediators like IL-4 and IFN-g Under 

electrophilic stress condition there is accumulation of transcription factor Nrf2 which also plays major role in 

ACD. (18) The evidence of oxidative stress in contact dermatitis are explained in previous studies as in explained 

by Okayama et al. (20) In another study by Kaur et al it is explained that systemic effect of contact dermatitis is 

better measured by oxidative stress parameters like TPX (Total peroxide concentration) and OSI (Oxidative 

stress indices) as compared to inflammatory markers and adipokine level. (21) In a recent study it is explained 

the effect of long term exposure of a type of environmental toxin as in phthalates leading to allergic dermatitis 

and also the role of oxidative stress in aggravating the condition. (22) 

Urticaria: 

Urticaria is a common variety of allergic diseases presenting with pruiritic, oedematous and 

erythematous lesion of different size which blanches under pressure. (23) It occurs mostly in adults. The exact 

pathogenesis of both acute and chronic urticarial is still not properly understood but it’s association with 

oxidative stress has been observed in recent studies. Urticaria is an allergic disease of which mast cells are main 

effected cells. (16) Superoxide dismutase activity (SOD) is increased in case of CIU. (24,25) The antioxidants are 

lower in case of urticaria. Catalase activity is also decreased in physical urticaria. (26)) In the recent studies the 

association of oxidative stress is explained by analysis of biomarkers such as TAS and TOS. (23,27)) There are not 

many studies on urticaria done so more work should be done for proper understanding of urticarial. 

Atopic dermatitis: 

Atopic dermatitis is a chronic recurring inflammatory condition of skin clinically characterized by 

intense itching, dryness, erythema, papules, lichenification, exudation and discoloration. (28,29) There is history 

of respiratory allergy and raised level of IgE in AD. There is high prevalence in childhood which mostly persists 

in adolescence and adulthood affecting the quality of life of AD patients. (30) 
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               Atopic dermatitis is multifactorial and complex in etiology. The exact pathogenesis is still not clearly 

understood. However, the interrelation between genetic predisposition, environmental factors, immunological, 

pharmacological factors and skin barrier defect are the most probable etiology of AD (31) Genetic predisposition 

is very common in case of AD with high incidence of family history of allergic conditions like asthma and allergic 

rhinitis. (31,32)  

The variety of defects in the inborn immune mechanism varying from barrier defects to reduced AMP 

release to genetic polymorphism in PRRRs collectively affects the development and severity of AD. (32) Mutation 

of several genes manifested as Th2 dominance and raised IgE levels such as IL-4, IL-4 receptors, IL-13, IL-22, 

distorted cutaneous inflammation such as mast cell are involved in systemic atopic response. Th2 and Th22 

cytokines degenerates the skin barrier by reducing filaggrin expression. Mutation in SPINK5(serine protease 

inhibitor kazal type 5) gene also associated with disrupted epidermis differentiation and skin barrier function.   

(33-37)                                               

In recent times the role of oxidative stress in AD has been observed in many studies. These studies 

have determined the presence of oxidative stress in AD as well as in acute exacerbation of AD and also 

implicated lack of antioxidant status and increased oxidative stress as responsible factor in pathogenesis of AD. 

The urinary biomarkers of oxidative stress  such as 8-OHdG, nitrate, selenium were found to be changed in 

children in AD implicating disturbed equilibrium of oxygen/nitrogen radicals and oxidative stress as a 

significant factor in pathogenesis of childhood AD.(38) In a recent  study impairment of the serum oxidant and 

antioxidant balance was observed in patients of AD.(39) Urinary biomarkers of oxidative stress like 8-OHdG and 

malondialdehyde are used as parameters estimating severity of AD. (38)In the case –control studies by Amin et 

al and  Sivaranjani lipid peroxidation measured by MDA was observed to be high whereas the antioxidant 

parameters like SOD, catalase ,vitamin A, C and E were significantly low indicating the role of high lipid 

peroxidation and low antioxidant status in rise of oxidative stress leading to AD. (40,5)The relation of oxidative 

stress and altered antioxidant defence in children with exacerbation of atopic dermatitis was observed by 

Tsukahara et al and also demonstrated the level of pentosidine, glycation end product and urinary 

concentration of 8-OHdG which were higher in AD exacerbation in children. (41,42,) In another study by Chung et 

al the association of Glutathione-S-transferase polymorphism with AD risk was analysed in preschool going 

children. (43) Supporting the role of lacking antioxidant defence system Kirino et al demonstrated the action of 

Hemeoxygenase-1(HO-1) an inducible antioxidant in attenuating the development of AD like lesions in mice. 

(44) Environmental factors are very important triggering factor for production of oxidative stress. Air pollutants 

like smoke, volatile organic compounds, tobacco, chemical allergens, formaldehyde etc are risk factors in AD 

by inducing oxidative stress in skin causing skin barrier disruption. (45) Psychological stress also act as 

triggering factor in skin barrier disruption leading to AD. (46) The association between depression and AD has 

found to be significant in recent studies. (47) Recently the relation between physical activity, increase oxidative 

stress and increase of proinflammatory mediators has been observed. (48) 
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The hallmark of the AD is an acute, sub-acute or chronic dermatitis of nondisjunctive type. (35) In AD 

patient’s pro-inflammatory cells like tumor necrosis factor and IL-4, IL-9, IL-22 is raised. The dermis and 

epidermis go through various secondary changes like edema, spongiosis, cell layer parakeratosis, 

hyperkeratosis and dyskeratosis. 

The stratum corneum functioning as defensive mechanism is lost in AD. (35,37) Keratinocytes facilitates 

the pro inflammatory cytokines and chemokines in inducing cellular infiltration which further aggravates the 

cell mediated T-lymphocytes cytokine profile. (49) 

Irregular production of pro inflammatory mediators increase severity of AD. 

Controlling measures for oxidative stress in allergic skin diseases: 

The role of increased oxidative stress and decrease antioxidants status in pathophysiology of Allergic 

skin disease is very significant as reported above. So for management of allergic skin disease reduction of 

oxidative stress can be used as one of the strategies. It can be obtained by reducing free radical production,rise 

in antioxidant capacity, decrease in inflammatory and pro-inflammatory mediators, removal or avoidance of 

environmental and psychosocial stress and application of skin emollients in maintaining skin barrier. The 

combination of skin emollients, anti-inflammatory agents, immunomodulatory drugs and antioxidants would 

be most prominent therapeutic approach. 

Melatonin: 

Melatoninis an indolamine produced in pineal gland. (50) MT1 and MT2 are the melatonin receptors 

expressed in skin. Antioxidant enzymes like superoxide dismutase (SOD), glutathione peroxidase and 

glutathione reductase which are significantly low in allergic skin disease are encouraged by melatonin. It also 

functions as protector from lipid peroxidation and act as neutralizing agent of toxic radicals. It also acts as a 

potent anti-inflammatory agent as documented in both in vivo and in vitro studies. (50,52) It can be helpful in 

regulating circadian rhythms for sleep inducing activity as well as visual, reproductive cerebrovascular, 

neuroendocrine function and also has immunological and immunomodulatory effects in allergic diseases. (50-53) 

However the melatonin is rarely used in allergic skin disease. 

Heme Oxygenase-1(HO-1): 

Heme oxygenase-1 (HO-1) is a 32-KD stress induced and rate limiting enzyme that catalyzes the 

conversion of heme into carbon monoxide, ferrous ion and biliverdin (which later converted to bilirubin). (54,55) 

It is a heat shock protein which is expressed in response to various stimuli and stress. (56) HO-1 provides 

cytoprotective effect against oxidative stress. HO-1 deficiency cases were manifested as systemic inflammation, 

abnormalities of coagulation, developmental failure, intravascular hemolysis, nephropathy and vascular 

endothelial injury. (57,58) It is an inducible antioxidant which was expressed by Kirino et al in a study where 

chemical induction of HO-1 attenuates the development of AD like lesion in mice suggesting the protective role 

against inflammation. (44) Anti-inflammatory action of HO-1 is aided by action of byproduct of HO-1 activity. 

The byproducts of heme degeneration which are CO, the anti-oxidant property of biliverdin and sequestration 

of free iron by ferritin combinely contribute to the anti-inflammatory effect with HO-1. (55,59) The inhibitory 
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action of HO-1 against NADPH activity and superoxide induced oxidative stress has been used as therapeutic 

measure in kidney disease and also as antihypertensive. (60) However therapeutic role of HO-1 has not been 

properly explored in case of allergic skin disease.  

Vitamin A: 

Vitamin A is not synthesized inside body so required Vitamin A is obtained from dietary intake. It plays 

important role in vision, immunity and hair follicle development as well as in carcadianrhythm and oxidative 

stress. It helps in regulating certain antioxidant enzymes and its capacity. (61) Also effects lipid oxidation and 

maintenance of skin barrier function. (51) 

Vitamin D: 

A steroid hormone which can be produced in a body in a chemical reaction catalyzed by UV radiation 

exposure.In absence of UV exposure can be obtained through diet.It’s antioxidant capacity in skin is not clear 

but in some cases it has upregulated antioxidant genes in prostate cells such as SOD, thioredioden reductase 

and G6PD.Also protects prostate cells from H2O2 induced cell death. (620However no clinical efficacy of similar 

responses has been found in allergic skin disease. 

Vitamin E: 

Plevnik Kapun et al (63) observed reduced Vitamin E concentration in canine atopic dermatitis. The 

levels of oxidative stress markers showed marked improvement on dogs receiving Vitamin E. In humans 

however no such studies are done but it has been used in skin aging. 

Others: 

Other methods in treatment of allergic skin diseases especially in AD also apply their antioxidant 

capabilities. Coal tar has been used. In a recent study it is demonstrated that coal tar induces AhR dependent 

skin barrier repair by inducing epidermal gene and potent expression in filaggrin in AD patients. (64) Hydrogen 

water a potent and harmless antioxidant as explained by Yoon et al showed positive effect in relieving AD. (65) 

Zinc oxide (ZNO) functions asskin protective functionalized textiles as tested by Wiegand et al. (66) 

Theoritically dietary antioxidant supplementation looks promising but has not been clinically efficient. 

(67) An ultimate approach would encompass analysis of severity and quality of life, assessment and management 

of environmental, physical and psychological aspects, recognition and treatment of infection and restoration of 

skin barrier function. (68)  Additional large scale and well-designed studies are required to evaluate its role in 

controlling allergic skin disease. 

 

CONCLUSION 

Oxidative stress is one of the important factors in pathogenesis of allergic skin diseases.The increased 

oxidative stress along with low antioxidant status triggers the skin inflammationand also disruption of skin 

barrier function.For the further management of allergic skin diseases one of the strategies should be reduction 

of oxidative stress and increased antioxidant capacity. This treatment goal can be achieved by (a) avoidance of 
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environmental and psychological stress(b) improving skin barrier function by skin emollients. (c)use of anti-

inflammatory and immunomodulatory agents. (d)using oral antioxidants supplements such as melatonin and 

vitamins.Also therapeutic role of HO-1 should be explored more in relation with skin diseases. Further well 

designed studies are required for better understanding the role of oxidative stress in skin diseases for further 

evaluation of cause of allergic skin disease and proper management that is not only symptomatically but overall 

improvent of quality of life of patients of allergic skin disease. 
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