Online ISSN: 2588-3526

?{Emall_;]f)i.if\% Journal of

& Fonimiem | Wildlife and Biodiversity

Volume 7 (Special Issue): 687-700 (2023) (http://www.wildlife-biodiversity.com/) Research Article

Oxidative stress state in patients with atopic Eczema in Anbar

Governorate

Haneen Ahmed Abdullah , Wajeeh Y. Al-Ani*, Abdullah Saleh Hasan
Department of Chemistry, College of Science, University of Anbar, Iraq
“Email: corresponding.author@email.com

Received: 16 August 2023 / Revised: 30 September 2023 / Accepted: 30 September 2023/ Published online: 28 November 2023.

How to cite: Abdullahl, A., Al-Anil, W. (2023). Oxidative stress state in patients with atopic Eczema in Anbar Governorate, Journal of Wildlife
and Biodiversity, 7 (Special Issue), 687-700. DOI: https://doi.org/10.5281/zenodo.10308237

Abstract

Atopic Eczema commonly known as atopic dermatitis (AD), is a form of inflammatory skin
condition that impairs the skin barrier and its capacity to retain moisture, it is the most prevalent
chronic skin condition and is inherited. Although AD can affect people of all ages, it most often
first manifests in infancy and early childhood. (AD) a varied, complex chronic inflammatory skin
condition, Atopic dermatitis is thought to arise for a variety of reasons, including genetic factors
connected to filaggrin malfunction. Both its duration and its onset in maturity are possibilities,
Patients are affected by the intense itching of the disease, which commonly results in skin injuries
and major sleep problems, as well as the social shame attached to having a visible skin ailment.
Through the activation of genes that code for proinflammatory cytokines, oxidative stress
encourages tissue inflammation. Free radicals are then released when inflammatory cells are
activated. Given AD's strong inflammatory underpinning, Since oxidative stress has been shown
to have a major role in skin aging, it is likely that it contributes to the genesis of the illness.
Researching the correlation between oxidative stressors including MDA, SOD, and T-AOC, as
well as inflammation, is crucial in Alzheimer's disease. We enrolled 75 patients divided into (25
infants, 25 children, and 25 adults) with AD and 51 healthy controls divided into (17 infants,
17 children, and 17 adults ) individuals who did not have the disease and had no history of AD.
We measure serum (Malondialdehyde MDA, Superoxide dismutase SOD, and Total antioxidant
capacity T-AOC). Serum (MDA) levels were significantly increased in AD patients compared to
controls, and Serum (SOD and T-AOC) levels were significantly decreased in AD patients
compared to controls.

Keywords: atopic dermatitis/eczema, Superoxide dismutase, total antioxidant capacity,
Oxidative stress
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Eczema, commonly known as atopic dermatitis (AD), represents an inflammatory skin condition
impacting the skin barrier and its moisture retention capacity. As the most prevalent chronic skin
condition with a hereditary basis (Thomson et al., 2018), individuals with AD bear a substantial
burden affecting economic, social, psychological, and physical well-being. Despite recent
advancements in understanding and treating the disease, there remains a crucial need for
innovations and improved therapy accessibility. Many patients struggle to control their condition,
with over 70% experiencing spontaneous remission before adolescence (Nutten, 2015). Atopic
dermatitis is multifactorial, influenced by genetic factors linked to filaggrin malfunction (Drislane
& Irvine, 2020). Environmental, genetic, and immunologic variables collectively determine AD
prevalence (Grafanaki et al., 2023). The clinical spectrum of AD spans various phenotypes in terms
of clinical features, severity, course, patient age, and ethnicity (Volke et al., 2022). Symptoms
encompass chronic itching, cutaneous discomfort, lichenification, excoriation, dryness, and
depigmentation (Oykhman et al., 2022), categorized into three clinical patterns: acute, sub-acute,
and chronic (Silvestr et al., 2017; Seghers et al., 2014). Major triggers contributing to AD include
environmental factors, airborne pollutants, harsh detergents, fragrances, and preservatives (David
etal., 2017). A strong association exists between AD and oxidative stress, where an imbalance in
reactive oxygen species (ROS) and reactive nitrogen species (RNS) contributes to the
pathophysiology of the disease (Hayes et al., 2020; Boonla, 2018). Oxidative stress arises from
mental and physical strain and can result in skin damage, with malondialdehyde (MDA) serving
as a crucial biomarker for lipid peroxidation and oxidative stress imbalance (Nomani et al., 2018).
Superoxide dismutase (SOD), an antioxidant enzyme defending against free radicals (FRs), plays
avital role in AD and other allergy disorders, potentially regulating similar pathologies (Stephenie
et al., 2020). Oxidative stress disrupts skin homeostasis, impairs the skin barrier, and triggers
inflammation, contributing significantly to AD exacerbations (Sivaranjani et al., 2013; Sah et al.,
2018). Total antioxidant capacity (T-AOC), measuring FR removal and antioxidant capacity,
serves as an integrated metric providing insights into oxidative stress and risk (Rubio et al., 2016;
Abdel Aziz et al., 2021). This study aims to assess serum levels of oxidative stress indicators
(MDA, SOD, and T-AOC) and their adoption as pathological markers for AD in the Anbar
Governorate environment.

Martial and methods

The Fallujah Maternity and Children Hospital's laboratory served as the study's location from
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December 2022 to June 2023. There were 52 control subjects and 75 cases in the research. The
study comprised 17 healthy infants, ages ranging from 1 to 24 months; 17 healthy children; ages
ranging from 2 to 12 years; and 17 healthy adults, ages ranging from 12 to 68 years, who were
disease-free.  Additionally, 25 patients' newborns, whose ages varied from 1 to 24 months, and
25 patients' children, whose ages ranged from 2 to 12 years, were included in the study. and there
were 25 adult patients, whose ages ranged from 12 to 68. Based on a favorable diagnostic, doctors
diagnosed the patients with atopic eczema. They collected from the Al-Anbar governorate. They
were collected from the AL-Anbar governorate. Every patient filled out an extensive form with
their name, age, gender, the location of the injury on their body, and their past medical history.
Every patient verbally consented to take part in this investigation.  Five milliliters of the
participants' blood were carefully extracted from their veins and put into inexpensive, disposable
tubes. Venous blood samples were collected using gel tubes. Serum samples were produced by
centrifuging samples in gel tubes for ten to fifteen minutes at 3000 rpm after they had been allowed
to coagulate for ten to fifteen minutes at 37°C. The samples were then divided into four sections
and stored at -20°C until biochemistry analysis. The following parameters were measured using
the ELISA technique serum levels of (SOD, MDA) Elabscience (USA), While serum levels of (T-
AOC) Sun Long Biotech Co.LT (China). The results were presented as mean + SD after the data
were analyzed using linear regression analysis. A statistical analysis was performed using SPSS

version 23.0. The threshold for statistical significance was set at p < 0.05.

Results

1) MDA (ng/ml): the results showed a significant increase in the infant group (p < 0.001) patients
(833.456+ 226.409) than in the control group (651.963+£176.643). In the children group, the results
showed a significant increase (p < 0.001) in patients (1130.168 + 429.988) than in the control
group (703.436+ 89.410) Also in the adults group, the results showed a significant increase (p <
0.001) in patients (1348.808 + 367.937) than in the control group (866.441+173.993). 2) SOD
(pg/ml): the results showed a significant increase in the infant group (p < 0.001) patients (136.033
+ 35.751) than in the control group (154.978 £+ 37.511). And in the children group, the results
showed a significant increase (p < 0.001) in patients (67.281 £ 20.701) than in the control group
(156.309 * 43.295). Also in the adults group, the results showed a significant increase (p < 0.001)
in patients (63.943 + 15.486) than in the control group (156.371+ 52.311); 3) T-AOC (U/ml):
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the results showed a significant decrease in infants group(p < 0.001) in patients (35.162 + 6.604)
than in the control group (28.902 + 8.288).
significant decrease (p <0.001) in patients (13.992 £ 4.679) than in the control group (26.341
+ 10.529). Also in the adults group, the results showed a significant decrease (p < 0.001) in
patients (18.058 + 5.894) than in the control group (33.447 + 10.852). The result is shown in Tables

1,2 and 3 as well as Figures 1, 2, and 3.

Table 1. Mean + Standard deviation MDA concentration in sera of Atopic Eczema patients and control

And in the children group, the results showed a

group
Control Patient
MDA (ng/mL) P-value
Mean + SD Mean £ SD
Infants 651.963+176.643 833.456+ 226.409 0.001
Children 703.436+ 89.410 1130.168 + 429.988 0.001
Adults 866.441+173.99 1348.808+ 367.937 0.001

Table 2. Mean * Standard deviation SOD concentration in sera of Atopic Eczema patients and control

group
Control Patient
SOD (ng/mL) P-value
Mean + SD Mean + SD
Infants 154.978 +37.511 136.033 + 35.751 0.001
Children 156.309 +43.295 67.281 + 20.701 0.001
Adults 156.371+ 52.311 63.943 + 15.486 0.001

Table 3. Mean + Standard deviation T-AOC concentration in sera of Atopic Eczema patients and control

group
Control Patient
(TAC) P-value
(ng/mL) Mean £ SD Mean £ SD
Infants 28.902 + 8.288 35.162 + 6.604 0.001
Children 26.341+10.529 13.992 + 4.679 0.001
Adults 33.447 +10.852 18.058 £ 5.894 0.001
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Figure 1. Mean £ Standard Deviation MDA concentration in Atopic Eczema patients and control group
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Figure 2. Mean % Standard Deviation SOD concentration in Atopic Eczema patients and control group
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Figure 3. Mean + Standard Deviation T-AOC concentration in Atopic Eczema patients and control group
According to Pearson’s infant analysis. The findings of linear regression analysis demonstrate that
there is a weak negative association < 0.05, r = (-0.415) of serum ( T-AOC ) concentration with
(MDA), while this study showed a non-significant correlation between (MDA and SOD )
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concentration with (MDA) respectively, in the atopic eczema patient infants group. These

correlations are shown in Table 4, and Figures 4 and 5.

Table 4. Correlation between MDA with (SOD and T-AOC) in the atopic eczema patient infants group

Parameters Correlation coefficient P-value
R
SOD (pg/mL) -0.241 0.111 N8
T-AOC (ng/mL) -0.415 0.005
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Figure 4. Correlation between MDA with T-AOC in the Atopic Eczema patient infants group
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Figure 5. Correlation between SOD with MDA in the Atopic Eczema patient infants group

(Also the findings of linear regression analysis demonstrate that there is a strong positive

association p <0.05, r=(0.703) of serum (T-AOC) concentration with SODin the atopic eczema

patient infants group. These correlations are shown in Table 5 and Figure 6.
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Table 5. Correlation between SOD with (T-OAC) in the atopic eczema patient infants group

Parameters Correlation coefficient P-value
R
T-AOC (ng/mL) 0.703 0.001
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Figure 6. Correlation between SOD with T-AOC in the Atopic Eczema patient infants group

Also, the findings of linear regression analysis demonstrate that there is a strong negative
association p < 0.05, r = (- 0.549 ) of serum (SOD) concentration with (MDA), and a weak
negative association p < 0.05, r = (-0.337) of serum (T-OAC) concentration with (MDA) in
the atopic eczema patient children group. These correlations are shown in Table (6), and Figure
(7 and 8).

Table 6. Correlation between MDA with (SOD and T-AQOC) in the atopic eczema patient children group

Parameters Correlation coefficient P-value
R
SOD (pg/mL) -0.549 0.001
T-AOC (ng/mL) -0.337 0.024
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Figure 7. Correlation between SOD with MDA in the Atopic Eczema patient children group
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Figure 8. Correlation between MDA with T-AOC in the Atopic Eczema patient children group

The results of the linear regression analysis revealed a robust positive association, with statistical
significance (p < 0.05) and a correlation coefficient (r) of 0.591, indicating a strong relationship
between serum total antioxidant capacity (T-AOC) concentration and superoxide dismutase (SOD)
in the group of children with atopic eczema. Detailed correlations are presented in Table 7, and a
visual representation can be found in Figure 9.

Table 7.Correlation between SOD with (T-OAC) in the atopic eczema patient children group

Parameters Correlation coefficient P-value
R
T-AOC (ng/mL) 0.697 0.001
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Figure 9. Correlation between SOD with T-AOC in the Atopic Eczema patient children group

The findings of this study indicate, through linear regression analysis, a weak negative association (p <
0.05, r = -0.431 for SOD and -0.405 for T-AOC) between serum concentrations of superoxide dismutase
(SOD) and total antioxidant capacity (T-AOC) with malondialdehyde (MDA) in the adult group of patients
with atopic eczema. These correlations are presented in Table 8, and visual representations can be found in
Figures 10 and 11.

Table 8. Correlation between MDA with (SOD and T-AOC) in the atopic eczema patient adults group

Parameters Correlation coefficient P-value
R
SOD (pg/mL) -0.431 0.003
T-AOC (ng/mL) -0.405 0.006
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Figure 10. Correlation between SOD with MDA in the Atopic Eczema patient adults group
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Figurell. Correlation between MDA with T-AOC in the Atopic Eczema patient adults group

The study results indicate, through linear regression analysis, a robust positive association (p < 0.05, r =
0.604) between serum total antioxidant capacity (T-AOC) concentration and superoxide dismutase (SOD)
in the adult group of patients with atopic eczema. These correlations are detailed in Table 9, and a graphical
representation is provided in Figure 12.

Table 9. Correlation between SOD with (T-OAC, and Vit. E) in the atopic eczema patient adults group

Parameters Correlation coefficient P-value
R
T-AOC (ng/mL) 0.690 0.001
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Figure 12. Correlation between SOD with T-AOC in the Atopic Eczema patient adults group

Malondialdehyde (MDA) stands out as a recommended indicator of oxidative stress. Recognized within the
Biomarker Oxidative Stress (BOS), MDA, a byproduct of lipid peroxidation, serves as a reliable biological

indicator of oxidative stress. Various methods, including MDA measurement, are employed to assess
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oxidative stress levels (Decroli et al., 2019; Tsukahara et al., 2003; Park, 2014). Demonstrated as a key
indicator, MDA plays a pivotal role in signaling oxidative stress and lipid damage resulting from free
radicals (Perkins et al., 2001).  In the study conducted by N. Sivaranjani et al., elevated levels of lipid
peroxidation, as measured by malondialdehyde (MDA), were observed in patients with atopic dermatitis
(AD) (Sivaranjani et al., 2013). Our research supports the findings of Hirokazu Tsukahara et al., confirming
that the pathogenesis of acute exacerbations in AD involves oxidative stress and a compromise in
antioxidant defenses, as evidenced by increased MDA levels in AD patients (Tsukahara et al., 2003).
Additionally, Mohammad Nurul Amin et al. reported increased MDA levels along with decreased
antioxidant levels in some cases, suggesting a potential contributing factor to the development of eczema
(Amin et al., 2015). Superoxide dismutase (SOD), the main enzyme responsible for neutralizing free
oxygen radicals, plays a crucial role in mitigating oxidative damage (Daniluk et al., 2019). Our study aligns
with previous research, proposing that SOD could manage AD and other allergic disorders with similar
pathology (Sivaranjani et al., 2013). Oxidative stress emerges as a significant factor in AD exacerbations,
disrupting skin homeostasis, compromising skin barrier function, and inciting inflammation (Sah et al.,
2018). Studies by Shanthy Devadasan et al., Y. Niwa et al., and Lucrezia Bertino et al. further substantiate
our findings, indicating lower SOD levels in AD patients compared to healthy controls (Devadasan et al.,
2020; Niwa et al., 2003; Bertino et al., 2020).

Total antioxidant capacity (T-AOC), described as the overall antioxidant activity in plasma and bodily
fluids, serves as an integrated metric providing a comprehensive assessment of antioxidant balance (Ghiselli
et al., 2000). Our results are consistent with studies by Sabina Galiniak et al. and Alaa Jaheen et al.,
revealing a substantial decrease in T-AOC levels in the blood of AD patients compared to healthy controls
(Galiniak et al., 2022; Jaheen et al., 2022). Gref et al.'s findings suggest a potential reduction in the
likelihood of allergen sensitivity with increased T-AOC in early school age aligns with our results (Gref et
al., 2017).

Conclusion

Our study establishes a positive correlation between MDA and AD while noting an adverse correlation
between SOD, T-AOC, and AD. Individuals with higher MDA levels and inadequate SOD and T-AOC
may be more predisposed to developing and progressing with AD. Thus, serum MDA, SOD, and T-AOC
could serve as valuable diagnostics for forecasting the development and progression of AD.

References

Abdel Aziz, N. S., Elawady, M. Y., Rizk, S. A., Hakim, S. A., Shahy, E. M., & Abdel-Shafy, E. (2021).
Inflammatory cytokines, oxidative stress biomarkers and clinical manifestations of
organophosphorus pesticides-exposed researchers. Egyptian Journal of Chemistry, 64(4), 2235-
2245,



698 | Journal of Wildlife and Biodiversity, 7 (Special Issue), 687-700

Amin, M. N, Liza, K. F., Sarwar, M. S., Ahmed, J., Adnan, M. T., Chowdhury, M. I, ... & Islam, M. S.
(2015). Effect of lipid peroxidation, antioxidants, macro minerals and trace elements on eczema.
Archives of Dermatological Research, 307, 617-623.

Azadmanesh, J., & Borgstahl, G. E. (2018). A review of the catalytic mechanism of human manganese
superoxide dismutase. Antioxidants, 7(2), 25.

Bertino, L., Guarneri, F., Cannavo, S. P., Casciaro, M., Pioggia, G., & Gangemi, S. (2020). Oxidative stress
and atopic dermatitis. Antioxidants, 9(3), 196.

Boonla, C. (2018). Oxidative stress in urolithiasis. Reactive Oxygen Species (ROS) in Living Cells, 129-
159.

Daniluk, U., Filimoniuk, A., Kowalczuk-Kryston, M., Alifier, M., Karpinska, J., Kaczmarski, M. G., &
Lebensztejn, D. M. (2019). Association of antioxidants and vitamin D level with inflammation in
children with atopic dermatitis. International Journal of Dermatology, 58(9), 1056-1061.

David Boothe, W., Tarbox, J. A., & Tarbox, M. B. (2017). Atopic dermatitis: pathophysiology.
Management of atopic dermatitis: methods and challenges, 21-37.

Decroli, E., Manaf, A., Syahbuddin, S., Syafrita, Y., & Dillasamola, D. (2019). The correlation between
malondialdehyde and nerve growth factor serum level with diabetic peripheral neuropathy score.
Open access Macedonian Journal of Medical Sciences, 7(1), 103.

Devadasan, S., Sarkar, R., Barman, K. D., & Kaushik, S. (2020). Role of serum melatonin and oxidative
stress in childhood atopic dermatitis: A prospective study. Indian Dermatology Online Journal, 11(6),
925.

Drislane, C., & Irvine, A. D. (2020). The role of filaggrin in atopic dermatitis and allergic disease. Annals
of Allergy, Asthma & Immunology, 124(1), 36-43.

Emanuelli, M., Sartini, D., Molinelli, E., Campagna, R., Pozzi, V., Salvolini, E., ... & Offidani, A. (2022).
The double-edged sword of oxidative stress in skin damage and melanoma: From physiopathology
to therapeutical approaches. Antioxidants, 11(4), 612.

European Consensus Report — the Burden of Atopic Eczema Edited by: Gary Finnegan, Eleanor Morrissey,
Isabel Proafio, Valeria Ramicon 2022.

Galiniak, S., Moton, M., Biesiadecki, M., Bozek, A., & Rachel, M. (2022). The role of oxidative stress in
atopic dermatitis and chronic urticaria. Antioxidants, 11(8), 1590.

Ghiselli, A., Serafini, M., Natella, F., & Scaccini, C. (2000). Total antioxidant capacity as a tool to assess
redox status: critical view and experimental data. Free Radical Biology and Medicine, 29(11), 1106-
1114,

Gbmez, X., Sanon, S., Zambrano, K., Asquel, S., Bassantes, M., Morales, J. E., ... & Caicedo, A. (2021).
Key points for the development of antioxidant cocktails to prevent cellular stress and damage caused
by reactive oxygen species (ROS) during manned space missions. npj Microgravity, 7(1), 35.

Grafanaki, K., Bania, A., Kaliatsi, E. G., Vryzaki, E., Vasilopoulos, Y., & Georgiou, S. (2023). The Imprint
of Exposome on the Development of Atopic Dermatitis across the Lifespan: A Narrative Review.
Journal of Clinical Medicine, 12(6), 2180.

Gref, A., Rautiainen, S., Gruzieva, O., Hakansson, N., Kull, I., Pershagen, G., ... & Bergstrom, A. (2017).
Dietary total antioxidant capacity in early school age and subsequent allergic disease. Clinical &
Experimental Allergy, 47(6), 751-759.

Hamza, S. M., & Dyck, J. R. (2014). Systemic and renal oxidative stress in the pathogenesis of
hypertension: modulation of long-term control of arterial blood pressure by resveratrol. Frontiers in
physiology, 5, 292.



699 | Journal of Wildlife and Biodiversity, 7 (Special Issue), 687-700

Hayes, J. D., Dinkova-Kostova, A. T., & Tew, K. D. (2020). Oxidative stress in cancer. Cancer cell, 38(2),
167-197.

Ionita, P. (2021). The chemistry of DPPHe free radical and congeners. International Journal of Molecular
Sciences, 22(4), 1545.

Islam, M. N., Rauf, A., Fahad, F. I., Emran, T. B., Mitra, S., Olatunde, A, ... & Mubarak, M. S. (2022).
Superoxide dismutase: an updated review on its health benefits and industrial applications. Critical
Reviews in Food Science and Nutrition, 62(26), 7282-7300.

Islam, M. R., Islam, M. R., Ahmed, I., Moktadir, A. A., Nahar, Z., Islam, M. S., ... & Hasnat, A. (2018).
Elevated serum levels of malondialdehyde and cortisol are associated with major depressive disorder:
A case-control study. SAGE open medicine, 6, 2050312118773953.

Jaheen, A., Salem, N., & El-Sherif, M. (2022). Hematological and oxidant/antioxidant status in recurrent
equine eczema of egyptian horses. Adv. Anim. Vet. Sci, 10(5), 1161-1166.

Kabel, A. M. (2014). Free radicals and antioxidants: role of enzymes and nutrition. World Journal of
Nutrition and Health, 2(3), 35-38.

Leman, G., Pavel, P., Hermann, M., Crumrine, D., Elias, P. M., Minzaghi, D., ... & Dubrac, S. (2022).
Mitochondrial activity is upregulated in nonlesional atopic dermatitis and amenable to therapeutic
intervention. Journal of Investigative Dermatology, 142(10), 2623-2634.

Moosbrugger-Martinz, V., Leprince, C., Méchin, M. C., Simon, M., Blunder, S., Gruber, R., & Dubrac, S.
(2022). Reuvisiting the Roles of Filaggrin in Atopic Dermatitis. International Journal of Molecular
Sciences, 23(10), 5318.

Niwa, Y., Sumi, H., Kawahira, K., Terashima, T., Nakamura, T., & Akamatsu, H. (2003). Protein oxidative
damage in the stratum corneum: Evidence for a link between environmental oxidants and the
changing prevalence and nature of atopic dermatitis in Japan. British Journal of Dermatology, 149(2),
248-254,

Nomani, H., Khanmohamadian, H., Vaisi-Raygani, A., Shakiba, E., Tanhapour, M., & Rahimi, Z. (2018).
Chemerin rs17173608 and vaspin rs2236242 gene variants on the risk of end stage renal disease
(ESRD) and correlation with plasma malondialdehyde (MDA) level. Renal failure, 40(1), 350-356.

Nutten, S. (2015). Atopic dermatitis: global epidemiology and risk factors. Annals of nutrition and
metabolism, 66(Suppl. 1), 8-16.

Oykhman, P., Dookie, J., Al-Rammahy, H., De Benedetto, A., Asiniwasis, R. N., LeBovidge, J., ... & Chu,
D. K. (2022). Dietary elimination for the treatment of atopic dermatitis: a systematic review and
meta-analysis. The Journal of Allergy and Clinical Immunology: In Practice.

Park, Y. (2014). Oxidative stress and diabetic neuropathy. In Diabetes: Oxidative Stress and Dietary
Antioxidants (pp. 3-13). Academic Press.

Perkins, B. A., Olaleye, D., Zinman, B., & Bril, V. (2001). Simple screening tests for peripheral neuropathy
in the diabetes clinic. Diabetes care, 24(2), 250-256.

Rautiainen, S., Serafini, M., Morgenstern, R., Prior, R. L., & Wolk, A. (2008). The validity and
reproducibility of food-frequency questionnaire—based total antioxidant capacity estimates in
Swedish women. The American journal of clinical nutrition, 87(5), 1247-1253.

Rubio, C. P., Hernandez-Ruiz, J., Martinez-Subiela, S., Tvarijonaviciute, A., & Ceron, J. J. (2016).
Spectrophotometric assays for total antioxidant capacity (TAC) in dog serum: an update. BMC
veterinary research, 12(1), 1-7.



700 | Journal of Wildlife and Biodiversity, 7 (Special Issue), 687-700

Rubio, C. P., Herndndez-Ruiz, J., Martinez-Subiela, S., Tvarijonaviciute, A., Arnao, M. B., & Ceron, J. J.
(2016). Validation of three automated assays for total antioxidant capacity determination in canine
serum samples. Journal of Veterinary Diagnostic Investigation, 28(6), 693-698.

Sah, S. K., Agrahari, G., Nguyen, C. T., Kim, Y. S., Kang, K. S., & Kim, T. Y. (2018). Enhanced therapeutic
effects of human mesenchymal stem cells transduced with superoxide dismutase 3 in a murine atopic
dermatitis-like skin inflammation model. Allergy, 73(12), 2364-2376.

Sczepanik, F. S. C., Grossi, M. L., Casati, M., Goldberg, M., Glogauer, M., Fine, N., & Tenenbaum, H. C.
(2020). Periodontitis is an inflammatory disease of oxidative stress: We should treat it that way.
Periodontology 2000, 84(1), 45-68.

Seghers, A. C., Lee, J. S, Tan, C. S., Koh, Y. P., Ho, M. S, Lim, Y. L., ... & Tang, M. B. (2014). Atopic
dirty neck or acquired atopic hyperpigmentation? An epidemiological and clinical study from the
National Skin Centre in Singapore. Dermatology, 229(3), 174-182.

Silvestre Salvador, J. F., Romero-Pérez, D., & Encabo-Duréan, B. (2017). Atopic dermatitis in adults: a
diagnostic challenge. J Investig Allergol Clin Immunol, 27(2), 78-88.

Situmorang, N., & Zulham, Z. (2020). Malondialdehyde (mda)(zat oksidan yang mempercepat proses
penuaan). Jurnal Keperawatan Dan Fisioterapi (JKF), 2(2), 117-123.

Sivaranjani, N., Rao, S. V., & Rajeev, G. (2013). Role of reactive oxygen species and antioxidants in atopic
dermatitis. Journal of clinical and diagnostic research: JCDR, 7(12), 2683.

Stephenie, S., Chang, Y. P., Gnanasekaran, A., Esa, N. M., & Gnanaraj, C. (2020). An insight on superoxide
dismutase (SOD) from plants for mammalian health enhancement. Journal of Functional Foods, 68,
103917.

Thomson, J., Wernham, A. G. H., & Williams, H. C. (2018). Long-term management of moderate-to-severe
atopic dermatitis with dupilumab and concomitant topical corticosteroids (LIBERTY AD
CHRONOS): a critical appraisal. British Journal of Dermatology, 178(4), 897-902.

Tsukahara, H., Shibata, R., Ohshima, Y., Todoroki, Y., Sato, S., Ohta, N., ... & Mayumi, M. (2003).
Oxidative stress and altered antioxidant defenses in children with acute exacerbation of atopic
dermatitis. Life sciences, 72(22), 2509-2516.

Volke, A., Toompere, K., Laisaar, K. T., Oona, M., Tisler, A., Johannson, A, ... & Uuskiila, A. (2022). 12-
month prevalence of atopic dermatitis in resource-rich countries: a systematic review and meta-
analysis. Scientific Reports, 12(1), 15125.



