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Abstract Alopecia areata (AA) is an autoimmune non-
scarring hair loss disorder. AA can be acute, recurrent, or
chronic. Current therapeutic options for AA are limited, and
there is no effective prevention for recurrent AA. We have
previously shown a correlation between the expression of
HSP70 (HSPA1A/B), a heat shock protein involved in the
inflammatory response, and the onset of AA in the C3H/
HeJ mouse model. In this study, we tested the effects of
quercetin, a bioflavonoid with anti-inflammatory properties,
on AA development and HSP70 expression in the C3H/HeJ
model. Mice with spontaneous AA were treated with
subcutaneous quercetin or sham injections. Hair regrowth
was observed in lesional areas in all the quercetin-treated
mice, but in none of the sham-treated mice. In addition,
non-alopecic C3H/HeJ mice were heat-treated to induce
alopecia, along with quercetin or sham injections. Whereas
24% of the heat-treated mice with sham injections
developed alopecia, none of the mice receiving quercetin
injections did. As expected, the level of HSP70 expression
in quercetin-treated areas was comparable to control.
Furthermore, we showed that systemic delivery of quercetin
by intraperitoneal injections prevented/reduced spontaneous
onset of AA. Our results demonstrated that quercetin
provided effective treatment for AA as well as prevention
of onset of AA in the C3H/HeJ model, and warrant further
clinical studies to determine whether quercetin may provide
both treatment for preexisting AA and prevention of
recurrent AA. The ready availability of quercetin as a

dietary supplement may lead to increased patient compli-
ance and positive outcomes for AA.
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Abbreviations
AA Alopecia areata
APC Antigen-presenting cell
AT Alopecia totalis
AU Alopecia universalis
HF Hair follicle
HSP Heat shock protein
HSP70 Heat shock protein 70
IL-1, IL-2, IL-6, IL-10 Interleukins 1, 2, 6, 10
IFN-γ Interferon-gamma
IGF-1 Insulin-like growth factor 1
IP Immune privilege
α-MSH Melanocyte-stimulating hormone
MHC Major histocompatibility complex
NK Natural killer
NF-κB Nuclear factor kappa B
PUVA Psoralen and ultraviolet A
TGF-β1 Transforming growth factor beta 1
TNF-α Tumor necrosis factor alpha
Th1 T helper 1
Th2 T helper 2

Introduction

Alopecia areata (AA) is a non-scarring, autoimmune hair
loss disorder (Alkhalifah et al. 2010a). AA often has a
sudden onset (Gilhar and Kalish 2006) and may be acute,
recurrent, or chronic (Gilhar and Kalish 2006; Garg and
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Messenger 2009). AA is a T-cell-mediated inflammatory
disorder specific for the hair follicle (HF); affected skin
appears normal, with no apparent signs of inflammation
(Gilhar et al. 2007). Clinical presentation varies consider-
ably (McElwee et al. 2003), but a well-defined, circum-
scribed patch is most common initially (Dudda-
Subramanya et al. 2007). AA can occur on any region of
hair-bearing skin, but is found on the scalp 90% of the time
(Wasserman et al. 2007). AA has an incidence of 0.1–0.2%
in the general population with a lifetime risk of 1.7%
(Safavi et al. 1995). Likelihood of onset is irrespective of
sex or age (Safavi et al. 1995); however, initial patches
present before age 20 in most cases (Price 1991). Scalp hair
loss may impose a high psychosocial burden on patients,
especially in severe and chronic situations (Safavi et al.
1995; Dudda-Subramanya et al. 2007). AA can occasion-
ally progress to alopecia totalis (AT), loss of all scalp hair;
or alopecia universalis (AU), loss of all body hair (Kos and
Conlon 2009).

Histologically, AA is characterized by peri- and intra-
follicular mononuclear cell infiltration of the HF (Gilhar et
al. 2007). HFs susceptible to the infiltrate seem to be in the
growth phase (anagen) and undergoing active melanogen-
esis (Gilhar et al. 2007). The mononuclear infiltrate is
composed of both CD4+ and CD8+ T lymphocytes
(McElwee et al. 2003; Wasserman et al. 2007). CD4+ T
cells predominate around the HF, while CD8+ T cells
predominate within the HF (Gilhar et al. 2007; Cetin et al.
2009).

AA is thought to develop as a result of a loss of the immune
privilege (IP) of the HF (Paus et al. 2003; Arck et al. 2008;
Gilhar 2010). Normally, the lower portion of the HF is
immunoprivileged due to (1) the absence of major histo-
compatibility complex (MHC) class II expression, (2) very
low levels of MHC class I expression, (3) active suppression
of natural killer (NK) cells, and (4) a decreased density of
antigen-presenting cells (APCs) such as Langerhans cells
(Gilhar and Kalish 2006; Gilhar et al. 2007). However, as the
APCs present the antigens, responsive lymphocytes are
activated and therefore migrate to and infiltrate the HFs.
These inflammatory infiltrates are deleterious to the HFs
(McElwee et al. 2003; Arck et al. 2008).

Currently, corticosteroids are the most commonly used
anti-inflammatory therapy for acute AA; they can be
administered topically, intralesionally, or systemically
(Wasserman et al. 2007). Other therapies in use include
topical sensitizers, dithranol (anthralin), photochemother-
apy, minoxidil, and immunomodulators including some
biologics (Wasserman et al. 2007; Garg and Messenger
2009). In addition, some alternative and complementary
therapies have been evaluated (van den Biggelaar et al.
2010). However, no existing therapy for AA is known to
alter the course of disease or prevent recurrence (Garg and

Messenger 2009). High relapse rates, varying levels of
efficacy, and concerns about adverse effects warrant the
search for alternative treatments and preventative therapies
for recurrent AA.

One potential therapy is the natural compound quercetin,
which is known for its anti-inflammatory properties (Boots
et al. 2008). Quercetin (3,3′,4′,5,7-pentahydroxyflavone,
also called quercetine, sophretin, or meletin) is a bioflavo-
noid. As an anti-inflammatory, quercetin has been observed
to inhibit the activation of nuclear factor kappa-B (NF-κB),
a transcription factor that stimulates the production of pro-
inflammatory cytokines such as tumor necrosis factor alpha
(TNF-α) and the interleukins IL-1, IL-2, and IL-6 (Nam
2006; Bhaskar et al. 2011).

Heat shock proteins (HSPs) are known to play a role
in the inflammatory response (Pockley et al. 2008). HSPs
can act as intercellular signaling molecules promoting the
production of inflammatory cytokines and adhesins; they
can also deliver maturation signals and present peptides to
APCs (Roberts et al. 2010). Heat shock protein 70 (HSP70
or HSPA1A/B), when found outside the cell, can serve as
a “danger signal” triggering inflammation (Pockley et al.
2008). Indeed, we have previously demonstrated a
correlation between AA and HSP70 expression in a mouse
model; increased HSP70 expression was observed in
lesional skin as compared to control (Wikramanayake et
al. 2010). Furthermore, HSP70 has been shown to interact
with immunoregulatory T cell populations (Pockley et al.
2008).

Thus, in this study, we tested the effects of quercetin, an
anti-inflammatory and known HSP70 inhibitor (Wang et al.
2009), in the C3H/HeJ mouse model for AA.

Materials and methods

Mice and treatment

Animal care and use procedures were approved by the
University of Miami Institutional Animal Care and Use
Committee. Retired female C3H/HeJ breeders (approxi-
mately 6 months old) were purchased from the Jackson
Laboratory (Bar Harbor, ME, USA). Mice were fed ad
libitum.

To test the effects of quercetin on preexisting alopecia
areata (AA), 16 mice with spontaneous AA were randomly
assigned to two groups: Eight mice were injected subcuta-
neously with 100 μL of 10 μM quercetin (Sigma-Aldrich,
St. Louis, MO, USA) in 10% dimethyl sulfoxide (DMSO)
in phosphate-buffered saline (PBS) once daily for 8 days,
and eight mice were injected with vehicle only (10%
DMSO in PBS; sham treatment). Mice were monitored for
6 weeks for hair regrowth.
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To test whether quercetin has protective effects for heat-
induced AA, 100 retired female C3H/HeJ breeders were
randomly assigned to two groups: 50 mice received daily heat
treatment for 12 consecutive days along with daily subcuta-
neous injections of quercetin as described above, and the other
50 mice received heat treatment along with vehicle injections.
To apply heat, petroleum jelly was applied to the haired dorsal
skin to improve conductance. Heat was then applied with a
copper cylinder connected to a precision water bath (48.5°C)
for 20min. The heat-treated area was immediately cooledwith
a small icepack for 5 min (Jimenez et al. 2008). Mice were
monitored for 6 weeks for hair loss.

To determine the effects of systemic quercetin on the onset of
spontaneous AA, we divided 100 old retired female C3H/HeJ
breeders randomly into two groups: 50 mice received daily
intraperitoneal injections of quercetin (100 μL of 10 μM, in
10% DMSO) for 8 days, and 50 mice received vehicle
injections. Mice were monitored for hair loss. For all the
comparisons between quercetin- and sham-treated mice, Fish-
er’s exact test was carried out to calculate statistical significance.

Histological analysis

Skin samples from corresponding dorsal area of quercetin- and
sham-treated mice, as well as from control mice and alopecic
areas in mice with spontaneous AA, were collected and fixed
in 10% formalin. Paraffin-embedded sections (5 μm) were
stained with hematoxylin and eosin. The stained slides were
subsequently evaluated using an Axio Observer D1 micro-
scope (Carl Zeiss Microimaging, Thornwood, NY, USA).

Western blot analysis

Protein extraction and Western blot analysis were carried
out as previously described (Wikramanayake et al. 2010).
Briefly, skin biopsies (approximately 1 cm2) were homog-

enized in lysis buffer for 1 min after subcutaneous fat was
removed. Tissue lysates were cleared by centrifugation and
analyzed by sodium dodecyl sulfate polyacrylamide gel
electrophoresis and Western blot. Inducible HSP-70 (HSP-
70i, HSPA1A/B) was detected using a mouse monoclonal
antibody (Assay Designs, Ann Arbor, MI, USA) and
secondary antibodies conjugated with alkaline phosphatase
and color reaction.

Results

Amelioration of spontaneous AA with subcutaneous
quercetin injections

The C3H/HeJ mice develop AA spontaneously with age,
and have been the most extensively characterized and most
widely utilized mouse model for AA (McElwee et al.
2003). To test the effects of quercetin on preexisting AA,
mice with spontaneous AA were randomly assigned for
subcutaneous injections of quercetin (100 μL of 10 μM
quercetin in 10% DMSO) or vehicle (sham treatment), once
daily for 8 days. Within 6 weeks, all eight mice receiving
quercetin showed hair regrowth in the lesional areas, while
none of the sham-treated mice did (Fig. 1a, b) (p≪0.01).
Histology showed massive lymphocyte infiltrates within or
around the HFs in the alopecic skin of sham-treated mice
(Fig. 1c), which were absent in quercetin-treated mouse
skin (Fig. 1d). These results demonstrated that quercetin
treatment ameliorated AA in the C3H/HeJ model.

Prevention of the onset of heat-inducedAAwith subcutaneous
quercetin injections

We have previously established a heat treatment scheme
to induce the onset of AA in younger C3H/HeJ mice;

a b

c d
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Fig. 1 Gross phenotype (a, b)
and histology (c, d) of sham-
treated (a, c) or quercetin-treated
(b, d) C3H/HeJ mice with
spontaneous alopecia areata.
Arrows point to lymphocyte
infiltrates (c)
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approximately 20% of heat-treated mice developed AA
in 6 weeks after 12 days of daily heat treatment
(Wikramanayake et al. 2010). To determine whether
quercetin can prevent the onset of heat-induced AA, we
treated C3H/HeJ mice with heat along with quercetin or
sham injections. We randomly assigned 100 C3H/HeJ
mice to two groups: 50 mice received heat treatment along
with subcutaneous injections of quercetin, and 50 mice
received heat treatment and vehicle injections. Six weeks
later, 12 of the 50 mice (24%) treated with heat and sham
injections developed alopecia on the dorsal area, as
expected. However, none of the quercetin-treated mice
showed any signs of hair loss (Fig. 2a) (p≪0.01).
Histology detected lymphocyte infiltrates within or around
the HFs in the alopecic skin of sham-treated mice
(Fig. 2b), similar to that observed in mouse skin with
spontaneous AA. Conversely, lymphocyte infiltrates were
absent in quercetin-treated mouse skin (Fig. 2c). These
results indicated that quercetin treatment at the time of
induction prevented the onset of heat-induced AA in the
C3H/HeJ mouse model.

We have previously detected elevated HSP70 levels in
lesional skin from C3H/HeJ mice with spontaneous or heat-
induced AA (Wikramanayake et al. 2010). When we
examined skin biopsies from mice treated with heat and
quercetin with Western blot analysis, we detected a reduced
HSP70 level, now comparable to that of normal C3H/HeJ
mouse skin (data not shown). These results suggest that
quercetin prevented the induction of HSP70 and AA by
heat treatment.

Prevention of the onset of spontaneous AA with systemic
quercetin treatment

Quercetin is found in many foods and is available as a
dietary supplement. To explore the possibility of using
systemic quercetin to treat or prevent the recurrence of AA,
we gave C3H/HeJ mice eight daily intraperitoneal injec-
tions of quercetin (100 μL of 10 μM, in 10% DMSO) or
vehicle. After 6 weeks, nine of 50 (18%) vehicle-treated
mice developed severe alopecia on the dorsal skin (Fig. 3),
three (6%) developed focal alopecia, and 38 (76%) showed
no apparent hair loss (Table 1). However, among the 50
quercetin-treated mice, none developed severe alopecia,
two (4%) developed focal alopecia (Fig. 3), and 48 (96%)
showed no apparent hair loss (Table 1). There is statistical
significance in the numbers of mice with severe or focal
alopecia between quercetin- and sham-treated mice
(p<0.01). These results showed that systemic quercetin
delivered via intraperitoneal injections could prevent/reduce
the onset of spontaneous AA in C3H/HeJ mice.

Discussion

In this study, we demonstrated that quercetin treatment could
improve AA in the C3H/HeJ mouse model. All of the mice
with spontaneous AA receiving subcutaneous quercetin
injections showed hair regrowth within 6 weeks after
cessation of treatment, but none of the mice receiving sham
injections did. We also found that subcutaneous quercetin

a

Quercetin treatedSham-treated
b c

50µm 50µm

Fig. 2 Gross phenotype (a) and
histology (b, c) of sham-treated
(a, b) or quercetin-treated (a, c)
C3H/HeJ mice after heat treat-
ment to induce alopecia areata.
None of the quercetin-treated
mice developed alopecia (a).
Arrows point to lymphocyte
infiltrates (b)
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injections could prevent the onset of heat-induced AA.
Furthermore, we showed that systemic quercetin could
prevent/reduce the onset of spontaneous AA. Our results
suggest that quercetin may provide both therapeutic treatment
for acute AA and preventive benefits for recurrent AA.

We have previously shown increased HSP70 expression
in lesional C3H/HeJ skin in both induced AA and
spontaneous AA as compared to control (Wikramanayake
et al. 2010). In this study, we showed that HSP70 levels
were reduced in the skin of mice treated with both heat and
quercetin as compared to mice treated with heat and sham
injections. In fact, HSP70 levels in the skin of quercetin-
treated mice were comparable to control.

Pathogenesis of AA

Normally, the immune privilege (IP) in the lower portion of
the HFs protects them from immune-mediated inflamma-
tion. Local immunosuppressants, such as transforming
growth factor beta 1 (TGF-β1), melanocyte-stimulating
hormone (α-MSH), interleukin 10 (IL-10), and insulin-like
growth factor 1 (IGF-1), have also been shown to help
maintain IP (Paus et al. 2003).

The loss of IP in AA is not fully understood. It is not
known whether the antigens presented are endogenous or
exogenous, or whether the epitope expression is normal or
aberrant (McElwee et al. 2003). AA is characterized by
infiltration of T lymphocytes within and around the anagen
HF in active melanogenesis (Gilhar et al. 2007). The
majority of lymphocytes within the HF are CD8+ T cells
while the majority of lymphocytes around the HF are CD4+
(Gilhar et al. 2007; Cetin et al. 2009). It has been
documented that active AA is associated with increased
expression of MHC classes I and II and greater numbers of
APCs such as macrophages and Langherhans cells
(McElwee et al. 2003). Significantly more CD8+, CD3+,
and CD57+ lymphocytes and mast cells were found to be
present in lesional skin of AA patients than in nonlesional
skin (Cetin et al. 2009).

Cytokines known to be aberrantly expressed in AA
include interferon-gamma (IFN-γ) and TNF-α (Gregoriou
et al. 2010). Production of IFN-γ by peri-follicular and
follicular antigen-presenting cells is CD4+ T helper 1 (Th1)
mediated (Gregoriou et al. 2010). IL-1, which recruits
inflammatory cells including T cells, is also potentially
relevant to AA pathogenesis (Dudda-Subramanya et al.
2007). In addition, studies in mice have demonstrated that
AA-affected skin contained more pro-inflammatory Th1
and T helper 2 (Th2) cytokines, as well as an upregulation
of costimulatory molecules CD28, CD40L, and their
ligands (McElwee et al. 2002). Moreover, neuropeptides
may also be involved in AA pathogenesis (Cetin et al.
2009).

Etiology of AA appears to be multifactorial (Dudda-
Subramanya et al. 2007). There is strong evidence of a
genetic basis for AA; the predisposition has been shown to
be polygenic (Dudda-Subramanya et al. 2007). Associa-
tions have been found with multiple genes, including HLA
genes, which encode the MHC molecules (Gilhar et al.
2007), and the IL-1 receptor antagonist gene (McDonagh
and Tazi-Ahnini 2002). Some environmental factors, such
as physiological and psychological stress, are suspected
triggers of AA (Wasserman et al. 2007).

HSP70

While HSP70, which possesses both protein chaperoning
and immunomodulatory domains, can act as an intercellular
signaling molecule to promote the inflammatory response,

a b

Fig. 3 Gross phenotype of C3H/HeJ mice that received daily
intraperitoneal injections of vehicle or quercetin. a A vehicle-injected
mouse with severe alopecia; b a quercetin-injected mouse with focal
alopecia

Table 1 The effects of intra-
peritoneally injected quercetin
on the development of sponta-
neous AA in C3H/HeJ mice

Severe alopecia Focal alopecia No alopecia Total

Sham treated 9 3 38 50

Quercetin treated 0 2 48 50
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it has also been implicated in an anti-inflammatory and
cytoprotective role within the cell (de Jong et al. 2009;
Roberts et al. 2010). This dual role in inflammation
depends on the context in which HSP70 is found. On the
one hand, when HSP70 is present extracellularly, it has
been shown to promote the expression of inflammatory
cytokines such as TNF-α and IL-1, to present peptides to
APCs, and to activate macrophages, dendritic cells, and
NK cells (de Jong et al. 2009; Molvarec et al. 2010). It
has been suggested that extracellular HSP70 promotes the
expression of proinflammatory cytokines by activating
NF-κB (Asea et al. 2000). On the other hand, intracellular
HSP70 can act in an anti-inflammatory and cytoprotective
fashion as a molecular chaperone, an anti-apoptotic
effector, an inhibitor upstream of NF-κB transcription,
and an aid in proteasome-mediated protein degradation
in times of cellular stress (Garrido et al. 2006; de Jong
et al. 2009).

Release of endogenous HSPs into the extracellular fluid
may be triggered by physical trauma or stress, and release
can occur by active physiological secretion or by passive
cell death during necrosis (de Jong et al. 2009). HSP70 is
not secreted via the classical endoplasmic reticulum-Golgi
pathway but is associated with export vesicles (De Maio
2011). After release into the extracellular fluid, HSPs may
bind the surfaces of nearby cells and initiate signal
transduction or transport of antigenic peptides. HSP70 has
been shown to bind CD40 on T cells (de Jong et al. 2009).
HSPs may also enter the bloodstream and act at distant sites
in the body. During exposure to bacterial pathogens,
prokaryotic HSPs released are the dominant antigens in
the immune response; it has been speculated that bacterial
HSPs may trigger an autoimmune response to mammalian
HSPs. Interestingly, HSP70 presented by macrophages and
neutrophils can act as an antigen for γδT cells (Hirsh and
Junger 2008). Moreover, in addition to intracellular and
extracellular localization, HSP70 has also been associated
with the plasma membrane (De Maio 2011; Multhoff and
Hightower 2011).

HSP70’s dual role in inflammation does not seem to be
explained simply by its location (intracellular versus cell
surface or secreted). Whether HSP70 acts to stimulate
inflammatory cells or suppress them also depends on
the microenvironment of concomitant inflammatory
signals and the cells with which it interacts (Pockley et
al. 2008).

Decreased HSP70 in the plasma during pregnancy is
thought to promote immunological tolerance of mother to
fetus (Molvarec et al. 2010). If HSP70 has a similar
relationship to IP in the HF, we speculate that high levels of
extracellular HSP70 could promote antigen recognition,
loss of IP, and T cell infiltration, especially in the presence

of costimulatory signals. Future studies are needed to
elucidate the role of HSP70 in loss of IP in AA.

Current treatment of AA

Intralesional corticosteroids, which act as immunosuppres-
sants, are first-line therapy for AA when <50% of scalp is
involved (Wasserman et al. 2007). Topical application,
which is usually used in pediatric patients, has been
reported to have varying levels of efficacy and very high
relapse rates (Wasserman et al. 2007). Systemic adminis-
tration, on the other hand, has been linked to significant
adverse effects (Wasserman et al. 2007). Younger patients
appeared to respond better to Minoxidil than older patients
(Wasserman et al. 2007). Contact immunotherapy seems
best for severe acute AA; however, only a small percentage
of patients maintain long-term results (Garg and Messenger
2009). Dithranol has been shown to have a <25% response
rate (Garg and Messenger 2009). Conflicting results have
been reported for response to psoralen and ultraviolet A
(Wasserman et al. 2007). Immunomodulatory drugs such as
cyclosporine, methotrexate, and sulfasalazine can be used
in combination with corticosteroids; however, risk of
adverse effects is very high (Alkhalifah et al. 2010b).
Multiple biologics, including adalimumab, etanercept,
efalizumab, and infliximab, have also been tested for the
treatment of AA, but none have shown satisfactory results
(Alkhalifah et al. 2010b). The 308-nm excimer laser, which
is thought to be capable of inducing T cell apoptosis in vitro
(Ohtsuki et al. 2010), has also been used to treat scalp AA.
In a study of 18 patients, regrowth was found in 41.5% (17
of 41) of scalp patches (Al-Mutairi 2007). In a pediatric
study of nine patients with 30 recalcitrant patches, 60% (18
of 30) of patches showed regrowth (Al-Mutairi 2009).
Although laser therapy is promising, there is no
conclusive evidence that it can prevent AA, and like
intralesional steroids and other therapies, laser therapy
requires repeated office visits. Complementary and
alternative therapies, such as psychotherapy, segmental
massage, energy healing including acupuncture, topical
onion juice, topical garlic gel, vitamin A acid, and
polyphenolic compounds in green tea, have shown some
promise; however, to date many of the published studies
did not satisfy objective quality requirements (van den
Biggelaar et al. 2010). However, it is important to note
that onions, garlic, and tea are all natural sources of
quercetin (Slimestad et al. 2007; Marzouki et al. 2010;
Egert et al. 2011; Sun et al. 2011), and hair regrowth was
observed in some AA patients treated topically with onion
juice (Sharquie and Al-Obaidi 2002) or a combination of
topical garlic gel and betamethasone valerate cream
(Hajheydari et al. 2007).
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Potential use of quercetin as therapy for AA

In this study, we showed that subcutaneous injections
of quercetin induced hair regrowth in preexisting
alopecic lesions of C3H/HeJ mice with spontaneous
AA. We also showed that quercetin prevented the onset
of heat-induced AA in C3H/HeJ mice. In addition, we
have observed significantly reduced alopecic area in mice
receiving systemic quercetin treatment as compared with
sham-treated mice that developed spontaneous AA.

Furthermore, we found that quercetin reduced HSP70
levels in lesional skin of heat-induced alopecic mice.
The anti-inflammatory properties of quercetin suggest
that in AA, one mechanism by which quercetin may
counter inflammation is by inhibiting HSP70 induction.
Quercetin is also known to downregulate NF-κB, which
normally enhances the expression of pro-inflammatory
cytokines such as TNF-α and IL-1 (Nam 2006).
Quercetin has been observed to counter NF-κB directly
and also through its antioxidant role in neutralizing
reactive oxygen species (Boots et al. 2008). Additionally,
quercetin has been shown to modulate the immune
response, such as by suppressing dendritic cells (Huang
et al. 2010; Nickel et al. 2011). Quercetin treatment,
therefore, demonstrates the potential to counter the
breakdown of the IP in AA.

Quercetin is found in many foods. Rich sources of
quercetin include broccoli, parsley, onions, apples,
grapes, dark berries, cherries, raisins, cabbage, beans,
tomatoes, tea, and red wine (Erdman et al. 2007; Egert
et al. 2011; Lee et al. 2011). In the USA, average daily
intake of quercetin is estimated at 10–100 mg and can be
as high as 200–500 mg (Erdman et al. 2007; Harwood et
al. 2007). In addition to natural food sources, quercetin is
also available as a dietary supplement, with recommended
daily doses of 200–1,200 mg (Harwood et al. 2007; Egert
et al. 2011). It comes in pill, soft chew, or water-soluble
form (Bigelman et al. 2011; Lee et al. 2011). Following
oral administration, quercetin derivatives including glyco-
sides are absorbed from the small intestine, and as much
as 60% of total quercetin can be absorbed (Harwood et al.
2007). No significant adverse health effects have been
reported following oral administration of quercetin to
humans, at doses up to 1,000 mg/day for up to 12 weeks
(Harwood et al. 2007). Unlike current treatments such as
corticosteroid injections that require multiple office visits,
should oral quercetin prove to be effective in the treatment
of preexisting AA in clinic, its ready availability may
result in increased patient compliance and consequently
positive outcome for AA. Prevention of heat-induced AA
in our mouse model also suggests a potential use of
quercetin in the prevention of recurrent AA.
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