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Oxidative stress and alopecia 
areata
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Alopecia areata (AA) is an inflammatory autoimmune disease characterized by 
non-scarring hair loss on the scalp or any other part of the hair-bearing skin. While 
the collapse of the immune privilege is considered as one of the most accepted 
theories accounting for AA, the exact pathogenesis of this disease remains unclear 
by now. Other factors, such as genetic predisposition, allergies, microbiota, 
and psychological stress, also play an important role in the occurrence and 
development of AA. Oxidative stress (OS), an unbalance between the oxidation 
and antioxidant defense systems, is believed to be associated with AA and may 
trigger the collapse of hair follicle-immune privilege. In this review, we examine 
the evidence of oxidative stress in AA patients, as well as the relationship between 
the pathogenesis of AA and OS. In the future, antioxidants may play a new role as 
a supplementary therapy for AA.

KEYWORDS

alopecia areata, oxidative stress, reactive oxygen species, antioxidants, autoimmune

1. Introduction

Alopecia areata (AA) is a non-scarring hair loss condition that affects people of all races, 
genders, and ages. The disease has a global prevalence of approximately 2%, with a prevalence 
of 0.27% in China (1).

While the exact pathogenesis of AA is not fully understood, it is believed to be a hair follicle-
specific autoimmune disease caused by genetic and environmental factors.

During the anagen phase of hair growth, inflammatory cells such as CD8+ T cells, NK T 
cells, regulatory T cells, Th17 cells, and mast cells attack the hair follicles. This leads to the 
secretion of IFN-γ and an upregulation of NKG2D ligands in the hair follicle, which can expose 
hair follicle-associated autoantigens and trigger an autoimmune response in alopecia areata. This 
exposes anagen HF-associated autoantigens and HF-IP, resulting in the destruction of the hair 
follicle (2–4). Other factors such as genetic predisposition, allergies, psychological stress, and 
microbiota also play a role in the occurrence and development of AA (2).

Oxidative stress (OS) is characterized by an imbalance between oxidation and anti-oxidation 
mechanisms (enzymic and non-enzymic antioxidants), leading to an increase in oxidation 
intermediates such as reactive oxygen species (ROS) (5). The generation of abnormal ROS (lipid, 
protein, DNA free radicals etc.) has been associated with a variety of skin diseases, including 
AA. Therefore, in this review, we aim to discuss the evidence of oxidative stress in AA patients, 
as well as the relationship between oxidative stress and the pathogenesis of AA.
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2. Evidence of oxidative stress in AA 
patients

2.1. Protein oxides in alopecia areata 
patients

Reactive oxygen species can lead to free radical reactions and the 
production of oxidized modified proteins. Bar-Or et al. (6) found that 
during myocardial ischemia, human serum albumin passing through 
the ischemic site experienced amino-terminal modification due to free 
radical damage, resulting in modified albumin, known as IMA. Ataş 
et al. (7) found that the mean serum level of IMA was higher in patients 
with AA than in the control group, suggesting IMA as a potential 
biomarker for oxidative stress in AA. Similarly, a case–control study 
conducted by Incel-Uysal et al. (8) reported significantly higher mean 
and adjusted IMA levels in AA patients than in the control group, 
indicating a potential association between IMA and the imbalance of 
oxidative stress. A newly released study conducted by Tanacan et al. (9) 
observed significant differences between the mean IMA and IMA/
albumin ratio in AA patients. However, there is no clear evidence that 
IMA is related to the severity and duration of AA (9).

2.2. Lipid peroxides in alopecia areata 
patients

Malondialdehyde is the end-product of peroxidation reactions 
caused by ROS acting on lipids. Previous studies have observed the 
generation of lipid radicals in the skin of mice treated with PPIX plus 
natural light (10). MDA may be a major product of lipid oxidation and 
thus an important marker (11).

Several studies have measured MDA levels in the plasma and scalp 
biopsies of AA patients. Akar et al. (12) found significantly higher levels 
of TBARS (a marker for MDA) in scalp biopsy tissues of AA patients 
than in healthy subjects, with the average levels being two times higher 
in the early phase of the disease than in the late phase. Similarly, Cwynar 
et al. (13) found significantly higher plasma MDA levels in AA patients 
than in the control group. A meta-analysis conducted by Acharya et al. 
(14) also reported significantly higher plasma MDA levels in AA patients 
than in control subjects. Sachdeva et al. (15) found that the levels of 
MDA were positively correlated with the severity of AA.

2.3. Nucleic acid DNA damage products of 
alopecia areata patients

8-hydroxy-20-deoxyguanosine (8-OHdG) is the most commonly 
used biomarker of oxidative DNA damage. Mustafa et al. (16) reported 

significantly elevated serum 8-OHdG levels in AA patients compared 
with the control group and suggested that 8-OHdG could be  an 
independent predictor of AA severity.

2.4. Enzymatic antioxidants in alopecia 
areata patients

Superoxide dismutase (SOD) is an enzyme that eliminates O2
•− and 

transforms it into H2O2 in the body. However, the results of studies on 
SOD activity in AA patients are contradictory. Akar et al. (12) found 
significantly higher levels of SOD activity in scalp biopsy tissues of AA 
patients than in the control group, with the mean level of SOD activity 
in the early phase being two times higher than in the late phase. In 
contrast, Yenin et al. (17) found significantly decreased SOD activity 
levels in erythrocytes of AA patients compared with the control group. 
Acharya et al. also reported lower serum SOD levels in AA patients than 
in the control group, while Sachdeva et al. found significantly decreased 
whole blood SOD levels in AA patients, with the levels decreasing as the 
severity of the disease increased (14, 15). These findings may 
be explained by the homing of inflammatory cells to AA lesions.

Glutathione peroxidase (GSH-Px) is an important H2O2 
decomposition enzyme widely present in the human body. Yenin et al. 
(17) found that the activity of GSH-Px in the red blood cells of patients 
with alopecia areata was significantly lower than that of the 
control group.

Manganese superoxide dismutase (MnSOD) is an enzyme 
belonging to SOD, which is located in the mitochondrial matrix and 
can remove O2

•− generated by energy metabolism, while glutathione 
peroxidase 1 (GPX1) is the most abundant of the four identified GPX 
isozymes. The final level of mitochondrial ROS may depend on the 
activity of MnSOD and GPX1. Genetic differences in antioxidant 
genes encoding MnSOD and GPX1 may alter the detoxification effect 
of ROS and increase disease risk (18). Kalkan et al. (19) studied the 
possible association between MnSOD and GPX1 gene polymorphisms 
and susceptibility and disease progression of alopecia areata in a 
Turkish population. The results did not show a statistically significant 
correlation between clinical and demographic characteristics of 
alopecia areata patients and MnSOD Ala9Val and GPX1 Pro198 Leu 
polymorphic genes, but there was a significant difference between 
genders (19). The limitations of this study mainly include that most 
patients were composed of AA patients with less than 50% 
involvement of the scalp.

Ramadan et al. (20) reported that both tissue and serum levels of 
PON1 were significantly lower in patients with AA compared to 
controls, indicating a reduced capacity for antioxidant defense in these 
patients. Similarly, Dizen-Namdar et al. (21) found that serum levels 
of PON1 activity were significantly decreased in patients with AA 
compared to control groups. They also observed significantly higher 
levels of TOS and lower levels of TAC in patients with AA, indicating 
an imbalance between oxidative stress and antioxidant capacity.

2.5. Non-enzymatic antioxidants in 
alopecia areata patients

Vitamin E (tocopherol) is a major physiological barrier 
antioxidant (22). A tocopherol molecule can scour two free peroxides 

Abbreviations: AA, Alopecia areata; HFECs, Hair follicular epithelial cells; IP, Immune 

privilege; HF, Hair follicle; ROS, Reactive oxygen species; MHC, Major 

histocompatibility complex; 4-HNE, 4-Hydroxy-2-nonenal; MDA, Malondialdehyde; 

GSH, Glutathione; TBARS, Thiobarbituric acid-reactive substances; CAT, Catalase; 

GSH-Px, Glutathione peroxidase; SNPs, Single nucleotide polymorphisms; IMA, 

Ischemia-modified albumin; 8-OHdG, 8-Hydroxy-20-deoxyguanosine; SOD, 

Superoxide dismutase; PON1, Paraoxonase 1; TOS, Total oxidative status; TAC, 

Total antioxidant capacity.
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and prevent further oxidation of polyunsaturated fatty acids (PUFA) 
in cell membranes. It can also inhibit cyclooxygenase-2 (COX2) 
activity by reducing NO production, thereby reducing prostaglandin 
E2 (PGE2, an important pro-inflammatory mediator). So vitamin E is 
the most important non-enzymatic antioxidant in the skin (23). 
Ramadan et al. (20) found that the tissue and serum levels of vitamin 
E in patients with alopecia areata were significantly lower than those 
in the control group.

Vitamin D regulates the growth and differentiation of hair follicle 
keratinocytes by binding to the nuclear vitamin D receptor (VDR). It 
also has anti-inflammatory and immunomodulatory effects (24, 25). 
1,25(OH)2D inhibits T cell differentiation to Th1 type, reduces the 
secretion of inflammatory cytokines (IL-2, IFN-γ, TNF-α), promotes 
Th2 differentiation and increases the secretion of inflammatory 
cytokines (IL-4, IL-5, and IL-10) (26). These effects may be related to 
autoimmunity of alopecia areata. Recent experiments have shown that 
vitamin D is also an antioxidant (27). Compared with placebo, vitamin 
D supplementation significantly increased TAC and GSH levels in 
patients on methadone maintenance therapy (an alternative treatment 
for people addicted to opioid abuse) (28). Sachdeva et al. (15) found 
that serum vitamin D levels were significantly lower in patients with 
alopecia areata compared with controls; they also noted that low 
vitamin D levels might be  an important risk factor for increased 
disease severity in patients with alopecia areata. A systematic review 
and meta-analysis by Lee et al. (29) also demonstrated low serum 
25-hydroxyvitamin D levels in patients with alopecia areata, but did 
not find a clear correlation between serum 25-hydroxyvitamin D 
levels and the degree of hair loss.

In addition to playing a role in enzymatic antioxidant systems, 
certain metals also contribute to non-enzymatic antioxidant 
systems. For example, zinc is a crucial component of the SOD 
enzyme system, while lead is involved in the electron transport 
chain of ROS. In a case–control study by Ozaydin-Yavuz et al. (30), 
it was found that patients with alopecia areata had significantly 
lower levels of serum zinc and manganese, while their serum lead, 
iron, magnesium, cobalt, and copper contents were 10 times higher 
than those of the control group. This suggests that patients with 
alopecia areata may have a stronger reactive oxygen production 
response, leading to the depletion of metal elements required for 
enzymatic antioxidants in the body.

3. Relationship between the 
pathogenesis of alopecia areata and 
oxidative stress

3.1. Oxidative stress and alopecia areata

The skin is one of the main barriers between the environment and 
the body. It is constantly exposed to a variety of physical and chemical 
influences and is therefore most directly affected by ROS, which are 
produced when skin is exposed to visible light or ultraviolet rays (10). 
Then as a result of the free radical chain reaction, the skin produced 
lipid, protein, DNA, and other free radicals. The direct effects of ROS 
and these free radicals on skin are unclear. However, oxidants 
produced by ROS, including 4-HNE and MDA, change the structure 
of proteins, thereby inducing apoptosis and regulating the release of 
inflammatory cytokines (5). In addition, ROS could also damage the 

skin in the following ways: activating transcription factors, 
upregulating the expression levels of EGF receptor in human 
keratinocytes (31), inducing ferroptosis etc. (32). ROS can trigger and 
maintain the autoimmune cascade by enhancing cell apoptosis and 
reducing the efficiency of its clearance, and the resulting accumulation 
of apoptotic residues promotes the formation of auto-antibodies (33). 
Elevated levels of endogenous oxidative stress may also be related to 
disease burden, medication regimen, and duration of treatment, age, 
and excessive physical and emotional stress associated with comorbid 
medical conditions (34).

Fortunately, there is an antioxidant system in our body to help 
skin eliminate ROS and free radicals. The antioxidant system consists 
of enzymic and non-enzymic antioxidants, which complement and 
depend on each other to maintain the balance between oxidation and 
antioxidant. SOD, CAT, and GSH-Px are typical enzymatic 
antioxidants. Non-enzymatic antioxidants include vitamin E, vitamin 
C, vitamin D, GSH, β-carotene, etc. Oxidative stress may be  an 
important trigger for the development of various diseases, such as 
systemic lupus erythematosus (SLE), rheumatoid arthritis (RA), and 
Type 1 diabetes mellitus (DM 1). Resulting from the constant attack 
of ROS on the skin, oxidative stress has been increasingly investigated 
as a potential contributor to the development of autoimmune skin 
diseases, including alopecia areata. The role of oxidative stress in 
alopecia areata has been increasingly investigated in the recent 
literature. As such, investigating the role of oxidative stress in AA is an 
important area of research that could have implications for treatment 
and prevention.

3.2. Oxidative stress may trigger the 
collapse of hair follicle-immune privilege

Hair follicles are immune privilege organs, which prevent their 
own antigens from being presented to CD8 + T cells by downregulating 
the expression of MHC class I  molecules in anagen hair follicles. 
Collapse of HF-IP is one of the most widely accepted theories about 
the pathogenesis of alopecia areata. Collapse of HF-IP may 
be characterized by upregulation of MHC-I and MHC-II expression 
(3). NK cell receptor D (NKG2D) was mainly expressed on the surface 
of NK cells, NK T cells, γσT cells, and CD8 + T cells and the gene 
encoding NKG2D is upregulated in patients with AA (35). NKG2D 
can recognize MICA/B (soluble MHC Class I  molecule-related 
protein), which is the only receptor that can be  recognized with 
MICA/B found in vivo so far. As an activator receptor, NKG2D 
mediates the activation of above immune cells and then kills target 
cells. IFN-γ and CD8+ NKG2D+ T cells play a critical role in the 
collapse of IP (34). Hsp60, Hsp70, and gp96 can enhance the 
expression of B7 and MHC-II on the surface of plasmacytoid dendritic 
cells (antigen presenting cells), stimulate dendritic cell maturation, 
migration to draining lymph nodes, and induce the secretion of 
chemokines by macrophages and plasmacytoid dendritic cells (DCs) 
(36). Studies have shown that IFN-γ secreted by cytotoxic T 
lymphocytes around vitiligo lesions can up-regulate the expression of 
Hsp70, and Hsp70 can also enhance the release of IFN-γ by cytotoxic 
T lymphocytes through a positive feedback mechanism (37). There is 
a surprising similarity between the pathogenesis of vitiligo and 
alopecia areata, and the above process may also occurs around the 
lesions of alopecia areata.
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Recent studies have shown that intravenous injection of IFN-γ 
could lead to alopecia areata in young C3H/HeJ mice. In contrast, 
IFN-γ -deficient mice were less susceptible to alopecia areata (2). 
CD8 + T cells (a type of cytotoxic T lymphocyte) expressing NKG2D 
bind to NKG2D ligands produced by HFECs to form MHC-I antigen 
complexes and thus become effector cells. CD8+ NKG2D+ T cells 
produce IFN-γ through JAK1 and JAK3 pathways, which stimulates 
HFECs to produce IL-15. Then this interleukin binds CD8+ NKG2D+ 
T cells to further stimulate IFN-γ production through JAK1 and JAK3 
pathways, forming a positive feedback loop (Figure 1) that destroys 
anagen hair follicles and leads to alopecia areata (34).

Besides CD8+ NKG2D+ T cells and IFN-γ, some inflammatory 
cells and cytokines also play a significant role in the immune 
pathogenesis of alopecia areata, such as dendritic cells, CD4 + T cells, 

NK T cells, mast cells and eosinophils, and other cytokines such as 
IL-2, CXCLs, and TNF-α. IL-15 also stimulates the proliferation and 
activation of T cells, macrophages, and CD5 memory lymphocytes. 
They interact with each other to promote the progress of hair 
follicle inflammation.

IFN-γ, IL-1β, and IL-6 are known as oxidative stress triggers. It 
has been shown that IFN-γ is a key player in xanthine oxidase 
(XO)-mediated oxidative stress. Light irradiation can induce an 
increase in XO activity in epidermal keratinocytes and endothelial 
cells and produce more oxygen free radicals (38). In addition, XO and 
its oxidative stress products are also involved in the innate immunity 
of the skin. XO appears in the early stage of skin inflammation caused 
by lipopolysaccharides (LPS, a strong stimulator of toll-like 
receptors) (39).

FIGURE 1

The positive feedback-loop of losing hair follicle-immune privileges and its relationship with oxidative stress. In AA, stimulating factors such as UVB or 
natural light irradiation can induce the chemotaxis of various inflammatory cells around hair follicular epithelial cells (HFECs). HFECs upregulate the 
expression of MHC and NKG2D ligands, and then NKG2D + CD4 + T cells become effector T cells after binding to MHC I antigen complex and NKG2D 
ligands on its surface. Activated T cells produce IFN-γ via JAK1 and JAK3, and IFN-γ stimulates IL-15 production in HF-ecs via JAK1 and JAK2. Then, 
IL-15 again binds to CD8 + NKG2D + T cells to produce more IFN-γ, forming a positive feedback loop that leads to the collapse of immune privilege of 
hair follicles and promotes the autoimmune attack of hair follicles by inflammatory cells, such as dendritic cells, CD4 + T cells, NK T cells, and mast 
cells. IFN-γ and IL-1β are oxidative stress triggers, and IFN-γ is a key player in XO-mediated oxidative stress. Light irradiation can induce an increase in 
XO enzyme activity, producing more oxygen free radicals. In addition, skin inflammation caused by UV irradiation synthesized large amounts of ·NO in 
the presence of the iNOS enzyme. IFN-γ and IL-1β can induce the rapid expression of iNOS and lead to O2

•− produced by XO forming ONOO−, which 
then decompose into ·NO2 and ·OH, causing free radical reactions, including lipid free radicals (MDA, etc.), protein free radicals and DNA free radicals 
(8-OHdG, etc.). These ROS can promote the upregulation of NKG2D ligands such as ULBP, which triggers the loss of immune immunity of hair follicles 
and promotes the development of AA. INFγ, interferon gamma; STAT, signal transducer and activator; P, phosphorylated; TCR, T cell receptor; NKG2D, 
NK cell receptor D; XO, xanthine oxidase; and iNOS, inducible nitric oxide synthase.
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The activity of inducible nitric oxide synthase (iNOS) was also 
significantly increased in LPS-induced inflammatory skin disease 
mouse models. iNOS are mainly found in fibroblasts, and a large 
amount of ·NO is synthesized in skin healing and skin inflammation 
caused by UV irradiation (40, 41). In the presence of a large amount 
of ·NO, O2

•− produced by XO generates ONOO−, which then 
decomposes into nitrogen dioxide free radicals (NO2) and OH, which 
in turn nitrates tyrosine residues and affects intracellular signaling 
(42). IFN-γ and IL-1β can induce the rapid expression of iNOS 
(Figure 1) (43). Studies have shown that oxidative stress upregulates 
the expression of intercellular adhesion molecule 1(ICAM-1) in 
epithelial cells through an IL-6/AKT/ST4T3/NF-KB dependent 
pathway, and its upregulation is closely related to pro-inflammatory 
cytokines such as IL-6, IL-1, and TNF-α (44). Tomaszewska et al. (45) 
found that serum levels of IFN-γ, IL-1β, and L-6 were significantly 
increased in patients with AA, and the elevated levels of IL-6 serum 
were proportional to the duration of AA. However, there was no 
correlation between the levels of these three serum cytokines and 
disease degree (SALT) and disease activity (VIDA) (45).

Oxidative stress has been shown to upregulate NKG2D ligands, 
including MICA and ULBP, which may trigger the collapse of hair 
follicle immune privilege (HF-IP) and contribute to the development 
of alopecia areata (4). Interestingly, studies have found that ULBP6 
and ULBP3 are NKG2D ligands specifically associated with alopecia 
areata. More importantly, SNPs of antioxidant coding genes PRDX5 
and ALDH2 have been identified as associated with the alopecia areata 
phenotype. Some studies hypothesized that these two SNPs hypotheses 
may interfere with the hair growth cycle in affected individuals 
(46, 47).

3.3. Autophagy and oxidative stress in AA 
patients

Recently, many studies have focused on the role of autophagy in 
AA. Interfering with autophagy in AA may impair the clearance of 
dead cell debris; disrupt active hair growth in anagen, which leads to 
skin tissue inflammation (48). Petukhova et al. (49) found that the 
expression level of ATG4B, a gene involved in autophagy, is altered in 
AA patients. Simultaneously, autophagy plays a crucial role in antigen 
processing or presentation, which could reduce the expression of 
MHC class I molecules, which are abnormally downregulated in AA 
(50). Gund et al. (51) demonstrated that autophagy was blocked in 
C3H/HeJ AA mice, and induction of autophagy delayed the 
development of alopecia, what is more, inhibition of autophagy 
accelerated the development of alopecia. Hardman et al. (52) also 
showed that autophagy activity was blocked in traumatic HF in AA 
patients. Autophagy protects cells from ROS by degrading and 
recycling damaged cellular components. In response to oxidative 
stress, ubiquitination of ATG9A (a multi-spanning transmembrane 
protein) induces autophagy (53).

3.4. Psychological stress and oxidative 
stress in AA patients

Psychological stress, such as depression and anxiety, has been 
reported to be more common in patients with AA than in healthy 

individuals. Their psychological state can be  assessed by clinical 
psychiatric evaluation such as hospital anxiety scale score (HADS-A 
score), and depression scale score (HADS-D score), among others. 
This is attributed to the shame and impaired self-esteem caused by 
hair loss, which can affect appearance (54, 55). Although it is still 
controversial whether depression and anxiety are pathogenic factors 
of AA, some studies suggest that patients who experienced acute 
psychological stress events for a long time (mostly in childhood), such 
as academic pressure or death of close family members, may have a 
higher risk of developing AA. The pathophysiological mechanism of 
hair loss induced by psychological stress may be associated with the 
upregulation of corticotropin-releasing hormone receptor (CRHR), 
adrenocorticotropin (ACTH), and acetylcholine (ACh) in the skin, 
which regulate immunity, promote cytokine secretion, and lead to the 
collapse of HF-IP (56–58).

Since both oxidative stress and psychological stress can trigger the 
collapse of HF-IP to cause alopecia areata, the relationship between 
these two factors needs to be explored. Can depression, anxiety, or 
other mental states lead to further increase in oxidative stress levels in 
AA patients? A recent case–control study by Cakirca et  al. (59) 
investigated the effect of anxiety and depression symptoms on 
oxidative stress in AA patients. The study found that although total 
oxidation state (TOS), total antioxidant capacity (TAC), depression, 
and anxiety scores were significantly increased in AA patients 
compared to the control group, there was no significant difference 
between the scores and the TAS or the TOS levels of patients (59). 
Hence, larger sample sizes, more extensive research, and more 
scientific evaluation criteria are needed to explore the interaction 
between psychological stress and oxidative stress.

4. The application of antioxidant in the 
treatment of alopecia areata

The above studies not only indicate that oxidative stress may be one 
of the pathogenesis of alopecia areata, but also suggest that antioxidants 
can be used as an adjuvant therapy for alopecia areata, especially for 
patients with mild to moderate alopecia areata. Currently, the treatments 
for alopecia areata mainly include glucocorticoids, contact 
immunotherapy, minoxidil, immunosuppressants, etc. (2). Continued use 
of glucocorticoids may increase the chances of patients experiencing side 
effects, such as infections, ulcers, osteoporosis, and elevated blood sugar. 
While the benefits of single antioxidant therapy may be limited and may 
even have negative effects, for example, long-term use of beta-carotene 
may increase the incidence of lung cancer in smokers (60), while vitamin 
E may increase the risk of bleeding in people with oral anticoagulants and 
even reduce the lipid-lowering effect of statins (61), Therefore, the safety 
and efficacy of long-term additional oral antioxidants deserve further 
exploration. But in the case of alopecia areata, antioxidants as a form of 
combination therapy with steroids may help reduce steroid use. 
Calcipotriol is a vitamin D derivative. Narang et  al. (62) found that 
patients with alopecia areata were treated with 0.005% calcitriol lotion for 
3 months with significant improvement in disease severity. Alam et al. 
(63) also found that external use of 0.005% calcipotriol ointment 
combined with external use of 0.1% mometasone cream had better 
efficacy in the treatment of alopecia areata than external use of 
mometasone alone. However, studies such as double-blind clinical trials 
with larger samples are needed to further demonstrate the efficacy of 
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vitamin D analogs in combination with other traditional therapies in 
patients with alopecia areata. In 2020, Abbas conducted a case–control 
study where he found that oral ginger powder, a powerful antioxidant, was 
effective in treating alopecia areata, significantly improving the 
antioxidant/oxidative balance of red blood cells and lymphocytes in 
patients with alopecia areata compared to healthy subjects. In addition, 
ginger powder can also increase the serum zinc concentration, even 
making it reach the serum zinc level of healthy control group (64).

5. Conclusion

Alopecia areata is an immune disease caused by both genetic and 
environmental factors, and its pathogenesis has not been fully 
clarified. Oxidative stress may be one of the initial factor triggering 
immune disorders in patients with AA, and eventually lead to varying 
degrees of hair loss. Many studies have demonstrated a close link 
between AA and oxidative stress. However, the relationship between 
alopecia areata and oxidative stress is quite complex, and more solid 
and direct evidence is needed. The common disadvantage of these 
studies is that they only include a small number of cases. More 
importantly, more real-world studies are needed to demonstrate the 
possibility and reliability of antioxidants as adjuvant therapies for 
alopecia areata. Based on previous findings, antioxidants may be a 
promising adjuvant therapy when combined with other traditional 
treatments for AA.

Author contributions

Y-qM: conceptualization, methodology, software, investigation, 
and writing—original draft. ZS: data curation, investigation, and 

writing—original draft. Y-ML: supervision, validation, and writing—
review and editing. HX: conceptualization, methodology, supervision, 
and writing—review and editing. All authors contributed to the article 
and approved the submitted version.

Funding

This research was funded by “the National Key Research and 
Development Programs of China, grant number 2022YFC2603801,” 
“the Maternal and Child Health Project of Jiangsu Province 
(F201717),” “the Doctor Project of Affiliated Hospital of Jiangsu 
University (jdfyrc2019003),” and “Clinical and Virology Study of 
2019-ncov Infection in Patients with Moderate to Severe Psoriasis 
(Jdfyxgzx005).”

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

References
 1. Rossi A, Muscianese M, Piraccini BM, Starace M, Carlesimo M, Mandel VD. 

Guidelines for diagnosis and treatment of alopecia areata in China. J Clin Dermatol. 
(2019) 49:69–72. doi: 10.23736/S0392-0488.19.06458-7

 2. Zhou C, Li X, Wang C, Zhang J. Alopecia Areata: an update on Etiopathogenesis, 
diagnosis, and management. Clin Rev Allergy Immunol. (2021) 61:403–23. doi: 10.1007/
s12016-021-08883-0

 3. Sterkens A, Lambert J, Bervoets A. Alopecia areata: a review on diagnosis, 
immunological etiopathogenesis and treatment options. Clin Exp Med. (2021) 
21:215–30. doi: 10.1007/s10238-020-00673-w

 4. Rajabi F, Drake LA, Senna MM, Rezaei N. Alopecia areata: a review of disease 
pathogenesis. Br J Dermatol. (2018) 179:1033–48. doi: 10.1111/bjd.16808

 5. Nakai K, Tsuruta D. What are reactive oxygen species, free radicals, and oxidative 
stress in skin diseases? Int J Mol Sci. (2021) 22:10799. doi: 10.3390/ijms221910799

 6. Bar-Or D, Lau E, Winkler JV. A novel assay for cobalt-albumin binding and its 
potential as a marker for myocardial ischemia-a preliminary report. J Emerg Med. (2000) 
19:311–5. doi: 10.1016/S0736-4679(00)00255-9

 7. Ataş H, Gönül M, Öztürk Y, Kavutçu M. Ischemic modified albumin as a new 
biomarker in predicting oxidative stress in alopecia areata. Turk J Med Sci. (2019) 
49:129–38. doi: 10.3906/sag-1708-35

 8. Incel-Uysal P, Akdogan N, Alli N, Oktem A, Candar T, Topcuoglu C, et al. Assessment 
of metabolic profile and ischemia-modified albumin level in patients with alopecia Areata: 
a case-control study. Indian J Dermatol. (2019) 64:12–8. doi: 10.4103/ijd.IJD_238_18

 9. Tanacan E, Oztekin A, Savcı U, Senel E, Oztekin C, Neselioglu S, et al. The role of 
ischemia-modified albumin and ischemia-modified albumin to albumin ratios in 
patients with alopecia Areata. Dermatol Pract Concept. (2023) 13:e2023017. doi: 
10.5826/dpc.1301a17

 10. Nakai K, Motten AG, Chignell CF. An in vivo study of free radicals generated in 
murine skin by protoporphyrin IX and visible light. Photochem Photobiol. (2006) 
82:738–40. doi: 10.1562/2006-01-30-RA-787

 11. Gutteridge JM. Lipid peroxidation and antioxidants as biomarkers of tissue 
damage. Clin Chem. (1995) 41:1819–28. doi: 10.1093/clinchem/41.12.1819

 12. Akar A, Arca E, Erbil H, Akay C, Sayal A, Gür AR. Antioxidant enzymes and lipid 
peroxidation in the scalp of patients with alopecia areata. J Dermatol Sci. (2002) 
29:85–90. doi: 10.1016/S0923-1811(02)00015-4

 13. Cwynar A, Olszewska-Słonina D, Czajkowski R, Zegarska B, Białecka A, Męcińska-
Jundziłł K, et al. Investigation of oxidative stress in patients with alopecia areata by 
measuring the levels of malondialdehyde and ceruloplasmin in the blood. Postepy 
Dermatol Alergol. (2018) 35:572–6. doi: 10.5114/pdia.2017.68047

 14. Acharya P, Mathur MC. Oxidative stress in alopecia areata: a systematic review 
and meta-analysis. Int J Dermatol. (2020) 59:434–40. doi: 10.1111/ijd.14753

 15. Sachdeva S, Khurana A, Goyal P, Sardana K. Does oxidative stress correlate with 
disease activity and severity in alopecia areata? An analytical study. J Cosmet Dermatol. 
(2022) 21:1629–34. doi: 10.1111/jocd.14253

 16. Mustafa AI, Khashaba RA, Fawzy E, Baghdady SMA, Rezk SM. Cross talk between 
oxidative stress and inflammation in alopecia areata. J Cosmet Dermatol. (2021) 
20:2305–10. doi: 10.1111/jocd.13814

 17. Yenin JZ, Serarslan G, Yönden Z, Ulutaş KT. Investigation of oxidative stress in 
patients with alopecia areata and its relationship with disease severity, duration, 
recurrence and pattern. Clin Exp Dermatol. (2015) 40:617–21. doi: 10.1111/ced.12556

 18. Brigelius-Flohé R. Tissue-specific functions of individual glutathione peroxidases. 
Free Radic Biol Med. (1999) 27:951–65. doi: 10.1016/S0891-5849(99)00173-2

 19. Kalkan G, Seçkin HY, Benli İ, Akbaş A, Baş Y, Karakus N, et al. Relationship 
between manganese superoxide dismutase (MnSODAla-9Val) and glutathione 
peroxidase (GPx1 pro 197 Leu) gene polymorphisms and alopecia areata. Int J Clin Exp 
Med. (2015) 8:21533–40.

 20. Ramadan R, Tawdy A, Abdel Hay R, Rashed L, Tawfik D. The antioxidant role of 
paraoxonase 1 and vitamin E in three autoimmune diseases. Skin Pharmacol Physiol. 
(2013) 26:2–7. doi: 10.1159/000342124

https://doi.org/10.3389/fmed.2023.1181572
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.23736/S0392-0488.19.06458-7
https://doi.org/10.1007/s12016-021-08883-0
https://doi.org/10.1007/s12016-021-08883-0
https://doi.org/10.1007/s10238-020-00673-w
https://doi.org/10.1111/bjd.16808
https://doi.org/10.3390/ijms221910799
https://doi.org/10.1016/S0736-4679(00)00255-9
https://doi.org/10.3906/sag-1708-35
https://doi.org/10.4103/ijd.IJD_238_18
https://doi.org/10.5826/dpc.1301a17
https://doi.org/10.1562/2006-01-30-RA-787
https://doi.org/10.1093/clinchem/41.12.1819
https://doi.org/10.1016/S0923-1811(02)00015-4
https://doi.org/10.5114/pdia.2017.68047
https://doi.org/10.1111/ijd.14753
https://doi.org/10.1111/jocd.14253
https://doi.org/10.1111/jocd.13814
https://doi.org/10.1111/ced.12556
https://doi.org/10.1016/S0891-5849(99)00173-2
https://doi.org/10.1159/000342124


Ma et al. 10.3389/fmed.2023.1181572

Frontiers in Medicine 07 frontiersin.org

 21. Dizen-Namdar N, Emel Kocak F, Kidir M, Sarici G, Tak H, Altuntas I. Evaluation 
of serum Paraoxonase, Arylesterase, Prolidase activities and oxidative stress in patients 
with alopecia Areata. Skin Pharmacol Physiol. (2019) 32:59–64. doi: 10.1159/000494690

 22. Gašperlin M, Gosenca M. Main approaches for delivering antioxidant vitamins 
through the skin to prevent skin ageing. Expert Opin Drug Deliv. (2011) 8:905–19. doi: 
10.1517/17425247.2011.581657

 23. Lee GY, Han SN. The role of vitamin E in immunity. Nutrients. (2018) 10:1614. doi: 
10.3390/nu10111614

 24. Papadimitriou DT, Bothou C, Dermitzaki E, Alexopoulos A, Mastorakos G. 
Treatment of alopecia totalis/universalis/focalis with vitamin D and analogs: three case 
reports and a literature review. World J Clin Pediatr. (2021) 10:192–9. doi: 10.5409/wjcp.
v10.i6.192

 25. Bocheva G, Slominski RM, Slominski AT. The impact of vitamin D on skin aging. 
Int J Mol Sci. (2021) 22:9097. doi: 10.3390/ijms22169097

 26. Sassi F, Tamone C, D’Amelio P. Vitamin D: nutrient, hormone, and 
Immunomodulator. Nutrients. (2018) 10:1656. doi: 10.3390/nu10111656

 27. Chaiprasongsuk A, Janjetovic Z, Kim TK, Jarrett SG, D’Orazio JA, Holick MF, et al. 
Protective effects of novel derivatives of vitamin D3 and lumisterol against UVB-induced 
damage in human keratinocytes involve activation of Nrf2 and p53 defense mechanisms. 
Redox Biol. (2019) 24:101206. doi: 10.1016/j.redox.2019.101206

 28. Ghaderi A, Banafshe HR, Motmaen M, Rasouli-Azad M, Bahmani F, Asemi 
Z. Clinical trial of the effects of vitamin D supplementation on psychological 
symptoms and metabolic profiles in maintenance methadone treatment patients. 
Prog Neuro-Psychopharmacol Biol Psychiatry. (2017) 79:84–9. doi: 10.1016/j.
pnpbp.2017.06.016

 29. Lee S, Kim BJ, Lee CH, Lee WS. Increased prevalence of vitamin D deficiency in 
patients with alopecia areata: a systematic review and meta-analysis. J Eur Acad 
Dermatol Venereol. (2018) 32:1214–21. doi: 10.1111/jdv.14987

 30. Ozaydin-Yavuz G, Yavuz IH, Demir H, Demir C, Bilgili SG. Alopecia Areata 
different view; heavy metals. Indian J Dermatol. (2019) 64:7–11. doi: 10.4103/ijd.
IJD_137_18

 31. Nakai K, Yoneda K, Moriue T, Igarashi J, Kosaka H, Kubota Y. HB-EGF-induced 
VEGF production and eNOS activation depend on both PI3 kinase and MAP kinase in 
HaCaT cells. J Dermatol Sci. (2009) 55:170–8. doi: 10.1016/j.jdermsci.2009.06.002

 32. Dixon SJ, Lemberg KM, Lamprecht MR, Skouta R, Zaitsev EM, Gleason CE, et al. 
Ferroptosis: an iron-dependent form of nonapoptotic cell death. Cells. (2012) 
149:1060–72. doi: 10.1016/j.cell.2012.03.042

 33. Chiurchiù V, Maccarrone M. Chronic inflammatory disorders and their redox 
control: from molecular mechanisms to therapeutic opportunities. Antioxid Redox 
Signal. (2011) 15:2605–41. doi: 10.1089/ars.2010.3547

 34. Gilhar A, Laufer-Britva R, Keren A, Paus R. Frontiers in alopecia areata 
pathobiology research. J Allergy Clin Immunol. (2019) 144:1478–89. doi: 10.1016/j.
jaci.2019.08.035

 35. Simakou T, Butcher JP, Reid S, Henriquez FL. Alopecia areata: A multifactorial 
autoimmune condition. J Autoimmun. (2019) 98:74–85. doi: 10.1016/j.jaut.2018.12.001

 36. Millar DG, Garza KM, Odermatt B, Elford AR, Ono N, Li Z, et al. Hsp70 promotes 
antigen-presenting cell function and converts T-cell tolerance to autoimmunity in vivo. 
Nat Med. (2003) 9:1469–76. doi: 10.1038/nm962

 37. Xie H, Zhou F, Liu L, Zhu G, Li Q, Li C, et al. Vitiligo: how do oxidative stress-
induced autoantigens trigger autoimmunity? J Dermatol Sci. (2016) 81:3–9. doi: 
10.1016/j.jdermsci.2015.09.003

 38. Singh D, Kumar V, Singh C. IFN-γ regulates xanthine oxidase-mediated iNOS-
independent oxidative stress in maneb-and paraquat-treated rat polymorphonuclear 
leukocytes. Mol Cell Biochem. (2017) 427:133–43. doi: 10.1007/s11010-016-2905-9

 39. Nakai K, Kadiiska MB, Jiang JJ, Stadler K, Mason RP. Free radical production 
requires both inducible nitric oxide synthase and xanthine oxidase in LPS-treated skin. 
Proc Natl Acad Sci U S A. (2006) 103:4616–21. doi: 10.1073/pnas.0510352103

 40. Stallmeyer B, Kämpfer H, Kolb N, Pfeilschifter J, Frank S. The function of nitric 
oxide in wound repair: inhibition of inducible nitric oxide-synthase severely impairs 
wound reepithelialization. J Invest Dermatol. (1999) 113:1090–8. doi: 
10.1046/j.1523-1747.1999.00784.x

 41. Pelegrino MT, Paganotti A, Seabra AB, Weller RB. Photochemistry of nitric oxide 
and S-nitrosothiols in human skin. Histochem Cell Biol. (2020) 153:431–41. doi: 10.1007/
s00418-020-01858-w

 42. Nakai K, Mason RP. Immunochemical detection of nitric oxide and nitrogen 
dioxide trapping of the tyrosyl radical and the resulting nitrotyrosine in sperm whale 
myoglobin. Free Radic Biol Med. (2005) 39:1050–8. doi: 10.1016/j.
freeradbiomed.2005.05.019

 43. Gu R, Shi Y, Huang W, Lao C, Zou Z, Pan S, et al. Theobromine mitigates IL-1β-
induced oxidative stress, inflammatory response, and degradation of type II collagen in 
human chondrocytes. Int Immunopharmacol. (2020) 82:106226. doi: 10.1016/j.
intimp.2020.106226

 44. Liu CW, Lee TL, Chen YC, Liang CJ, Wang SH, Lue JH, et al. PM2.5-induced 
oxidative stress increases intercellular adhesion molecule-1 expression in lung epithelial 
cells through the IL-6/AKT/STAT3/NF-κB-dependent pathway. Part Fibre Toxicol. 
(2018) 15:4. doi: 10.1186/s12989-018-0240-x

 45. Tomaszewska K, Kozłowska M, Kaszuba A, Lesiak A, Narbutt J, Zalewska-
Janowska A. Increased serum levels of IFN-γ, IL-1β, and IL-6 in patients with alopecia 
Areata and nonsegmental vitiligo. Oxidative Med Cell Longev. (2020) 2020:1–5. doi: 
10.1155/2020/5693572

 46. Petukhova L, Duvic M, Hordinsky M, Norris D, Price V, Shimomura Y, et al. 
Genome-wide association study in alopecia areata implicates both innate and adaptive 
immunity. Nature. (2010) 466:113–7. doi: 10.1038/nature09114

 47. Betz RC, Petukhova L, Ripke S, Huang H, Menelaou A, Redler S, et al. Genome-
wide meta-analysis in alopecia areata resolves HLA associations and reveals two new 
susceptibility loci. Nat Commun. (2015) 6:5966. doi: 10.1038/ncomms6966

 48. Parodi C, Hardman JA, Allavena G, Marotta R, Catelani T, Bertolini M, et al. 
Autophagy is essential for maintaining the growth of a human (mini-)organ: evidence 
from scalp hair follicle organ culture. PLoS Biol. (2018) 16:e2002864. doi: 10.1371/
journal.pbio.2002864

 49. Petukhova L, Patel AV, Rigo RK, Bian L, Verbitsky M, Sanna-Cherchi S, et al. 
Integrative analysis of rare copy number variants and gene expression data in alopecia 
areata implicates an aetiological role for autophagy. Exp Dermatol. (2020) 29:243–53. 
doi: 10.1111/exd.13986

 50. Yamamoto K, Venida A, Yano J, Biancur DE, Kakiuchi M, Gupta S, et al. Autophagy 
promotes immune evasion of pancreatic cancer by degrading MHC-I. Nature. (2020) 
581:100–5. doi: 10.1038/s41586-020-2229-5

 51. Gund R, Christiano AM. Impaired autophagy promotes hair loss in the C3H/HeJ 
mouse model of alopecia areata. Autophagy. (2023) 19:296–305. doi: 
10.1080/15548627.2022.2074104

 52. Hardman JA, Nicu C, Tai C, Harries M, Mironov A, Purba TS, et al. Does 
dysfunctional autophagy contribute to immune privilege collapse and alopecia areata 
pathogenesis? J Dermatol Sci. (2020) 100:75–8. doi: 10.1016/j.jdermsci.2020.08.006

 53. Wang YT, Chen GC. Regulation of oxidative stress-induced autophagy by ATG9A 
ubiquitination. Autophagy. (2022) 18:2008–10. doi: 10.1080/15548627.2022.2061756

 54. Vélez-Muñiz RDC, Peralta-Pedrero ML, Jurado-Santa Cruz F, Morales-Sánchez 
MA. Psychological profile and quality of life of patients with alopecia Areata. Skin 
Appendage Disord. (2019) 5:293–8. doi: 10.1159/000497166

 55. Sellami R, Masmoudi J, Ouali U, Mnif L, Amouri M, Turki H, et al. The relationship 
between alopecia areata and alexithymia, anxiety and depression: a case-control study. 
Indian J Dermatol. (2014) 59:421. doi: 10.4103/0019-5154.135525

 56. Alexopoulos A, Chrousos GP. Stress-related skin disorders. Rev Endocr Metab 
Disord. (2016) 17:295–304. doi: 10.1007/s11154-016-9367-y

 57. Paus R. Exploring the “brain-skin connection”: leads and lessons from the hair 
follicle. Curr Res Transl Med. (2016) 64:207–14. doi: 10.1016/j.retram.2016.10.003

 58. Katsarou-Katsari A, Singh LK, Theoharides TC. Alopecia areata and affected skin 
CRH receptor upregulation induced by acute emotional stress. Dermatology. (2001) 
203:157–61. doi: 10.1159/000051732

 59. Cakirca G, Manav V, Celik H, Saracoglu G, Yetkin EN. Effects of anxiety and 
depression symptoms on oxidative stress in patients with alopecia areata. Postepy 
Dermatol Alergol. (2020) 37:412–6. doi: 10.5114/ada.2019.83879

 60. Alpha-Tocopherol, Beta Carotene Cancer Prevention Study Group. The effect of 
vitamin E and beta carotene on the incidence of lung cancer and other cancers in male 
smokers. N Engl J Med. (1994) 330:1029–35. doi: 10.1056/NEJM199404143301501

 61. Schürks M, Glynn RJ, Rist PM, Tzourio C, Kurth T. Effects of vitamin E on stroke 
subtypes: meta-analysis of randomised controlled trials. BMJ. (2010) 341:c5702. doi: 
10.1136/bmj.c5702

 62. Narang T, Daroach M, Kumaran MS. Efficacy and safety of topical calcipotriol in 
management of alopecia areata: a pilot study. Dermatol Ther. (2017) 30:e12464. doi: 
10.1111/dth.12464

 63. Alam M, Amin SS, Adil M, Arif T, Zahra FT, Varshney I. Comparative study of 
efficacy of topical Mometasone with Calcipotriol versus Mometasone alone in the 
treatment of alopecia Areata. Int J Trichology. (2019) 11:123–7. doi: 10.4103/ijt.ijt_18_19

 64. Abbas AN. Ginger (Zingiber officinale (L.) Rosc) improves oxidative stress and 
trace elements status in patients with alopecia areata. Niger J Clin Pract. (2020) 
23:1555–60. doi: 10.4103/njcp.njcp_59_19

https://doi.org/10.3389/fmed.2023.1181572
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1159/000494690
https://doi.org/10.1517/17425247.2011.581657
https://doi.org/10.3390/nu10111614
https://doi.org/10.5409/wjcp.v10.i6.192
https://doi.org/10.5409/wjcp.v10.i6.192
https://doi.org/10.3390/ijms22169097
https://doi.org/10.3390/nu10111656
https://doi.org/10.1016/j.redox.2019.101206
https://doi.org/10.1016/j.pnpbp.2017.06.016
https://doi.org/10.1016/j.pnpbp.2017.06.016
https://doi.org/10.1111/jdv.14987
https://doi.org/10.4103/ijd.IJD_137_18
https://doi.org/10.4103/ijd.IJD_137_18
https://doi.org/10.1016/j.jdermsci.2009.06.002
https://doi.org/10.1016/j.cell.2012.03.042
https://doi.org/10.1089/ars.2010.3547
https://doi.org/10.1016/j.jaci.2019.08.035
https://doi.org/10.1016/j.jaci.2019.08.035
https://doi.org/10.1016/j.jaut.2018.12.001
https://doi.org/10.1038/nm962
https://doi.org/10.1016/j.jdermsci.2015.09.003
https://doi.org/10.1007/s11010-016-2905-9
https://doi.org/10.1073/pnas.0510352103
https://doi.org/10.1046/j.1523-1747.1999.00784.x
https://doi.org/10.1007/s00418-020-01858-w
https://doi.org/10.1007/s00418-020-01858-w
https://doi.org/10.1016/j.freeradbiomed.2005.05.019
https://doi.org/10.1016/j.freeradbiomed.2005.05.019
https://doi.org/10.1016/j.intimp.2020.106226
https://doi.org/10.1016/j.intimp.2020.106226
https://doi.org/10.1186/s12989-018-0240-x
https://doi.org/10.1155/2020/5693572
https://doi.org/10.1038/nature09114
https://doi.org/10.1038/ncomms6966
https://doi.org/10.1371/journal.pbio.2002864
https://doi.org/10.1371/journal.pbio.2002864
https://doi.org/10.1111/exd.13986
https://doi.org/10.1038/s41586-020-2229-5
https://doi.org/10.1080/15548627.2022.2074104
https://doi.org/10.1016/j.jdermsci.2020.08.006
https://doi.org/10.1080/15548627.2022.2061756
https://doi.org/10.1159/000497166
https://doi.org/10.4103/0019-5154.135525
https://doi.org/10.1007/s11154-016-9367-y
https://doi.org/10.1016/j.retram.2016.10.003
https://doi.org/10.1159/000051732
https://doi.org/10.5114/ada.2019.83879
https://doi.org/10.1056/NEJM199404143301501
https://doi.org/10.1136/bmj.c5702
https://doi.org/10.1111/dth.12464
https://doi.org/10.4103/ijt.ijt_18_19
https://doi.org/10.4103/njcp.njcp_59_19

	Oxidative stress and alopecia areata
	1. Introduction
	2. Evidence of oxidative stress in AA patients
	2.1. Protein oxides in alopecia areata patients
	2.2. Lipid peroxides in alopecia areata patients
	2.3. Nucleic acid DNA damage products of alopecia areata patients
	2.4. Enzymatic antioxidants in alopecia areata patients
	2.5. Non-enzymatic antioxidants in alopecia areata patients

	3. Relationship between the pathogenesis of alopecia areata and oxidative stress
	3.1. Oxidative stress and alopecia areata
	3.2. Oxidative stress may trigger the collapse of hair follicle-immune privilege
	3.3. Autophagy and oxidative stress in AA patients
	3.4. Psychological stress and oxidative stress in AA patients

	4. The application of antioxidant in the treatment of alopecia areata
	5. Conclusion
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note

	References

