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The prevalence of allergic diseases such as asthma, allergic rhinitis, food allergy and
atopic dermatitis has increased dramatically in recent decades. Conventional therapies
for allergy can induce undesirable effects and hence patients tend to seek alternative
therapies like natural compounds. Considering the fact above, there is an urgency to
discover potential medicinal plants as future candidates in the development of novel anti-
allergic therapeutic agents. The Lamiaceae family, or mint family, is a diverse plant family
which encompasses more than 7,000 species and with a cosmopolitan distribution.
A number of species from this family has been widely employed as ethnomedicine
against allergic inflammatory skin diseases and allergic asthnma in traditional practices.
Phytochemical analysis of the Lamiaceae family has reported the presence of flavonoids,
flavones, flavanones, flavonoid glycosides, monoterpenes, diterpenes, triterpenoids,
essential oil and fatty acids. Numerous investigations have highlighted the anti-allergic
activities of Lamiaceae species with their active principles and crude extracts. Henceforth,
this review has the ultimate aim of compiling the up-to-date (2018) findings of published
scientific information about the anti-allergic activities of Lamiaceae species. In addition,
the botanical features, medicinal uses, chemical constituents and toxicological studies
of Lamiaceae species were also documented. The method employed for data collection
in this review was mainly the exploration of the PubMed, Ovid and Scopus databases.
Additional research studies were obtained from the reference lists of retrieved articles.
This comprehensive summarization serves as a useful resource for a better understanding
of Lamiaceae species. The anti-allergic mechanisms related to Lamiaceae species are
also reviewed extensively which aids in future exploration of the anti-allergic potential of
Lamiaceae species.
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INTRODUCTION

Allergy is one of the manifestations of an abnormal regulation of the immune system. It can
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present as a mild to severe disorder, such as allergic rhinitis, food allergies, asthma, conjunctivitis,
angioedema, urticaria, eczema, insect allergies and life-threatening anaphylaxis (Galli et al., 2008).
Nowadays, allergy has become a global health concern. The cases of allergic disorders are increasingly
rising and have reached an alarming rate. This statement is supported by some of the statistical
figures provided by Pawankar (2014). According to Pawankar (2014), there are roughly 300 million
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individuals experiencing asthma and approximately 200 to 250
million individuals experiencing food allergies around the world.
Additionally, 1/10 of the population experienced medication
hypersensitivities and around 400 million people suffered from
allergic rhinitis. Allergy can be very irritating to an extent that
can greatly affect the quality of life, lead to an economic burden
and can even jeopardize one’s life (Pawankar, 2014). Seeing the
staggering pattern of morbidity and mortality caused by allergic
disorders, this health issue must not be neglected and must
be taken seriously with the active involvement of patients and
healthcare professionals.

Currently, there are many treatment options for allergic
disorders. Some of the widely used therapeutics are anti-
histamine drugs, corticosteroids, leukotriene inhibitors and
mast cell stabilizers to treat and control allergic conditions (Cota
et al., 2012). All these medications are found to be efficactive in
alleviating allergic symptoms. However, the drugs do not actually
cure the allergy conditions. Instead, long term consumption of
such drugs has been associated with undesirable side effects and
sometimes may worsen the conditions (Han et al., 2017). Some
examples of common side effects encountered by anti-histamine
agents users are dry mouth, drowsiness, gastrointestinal
disturbances, headache, agitation, confusion, etc. (Simon and
Simons, 2008). As for corticosteroids, they work effectively in
relieving allergic disorders, like allergic asthma, eczema, allergic
rhinitis, etc. However, they often brings about undesirable side
effects to patients in a long-term therapy. For instance, patients
who are using inhaled corticosteroids for asthma control are likely
to encounter undesirable effects like oral candidiasis (Fukushima
et al., 2003) and adrenal suppression (Robert Webb, 1981).
Patients with eczema who usually use topical steroidal treatment
can develop Cushing’s syndrome (Tiwari et al., 2013) and skin
thinning (Atherton, 2003) as well as easy bruising (Coondoo
et al., 2014). Due to the limitations of modern medicines, there
is an increasing interest in using complementary and alternative
medicine, particularly herbal medicine for allergy conditions
management (Engler et al., 2009).

Undeniably, medicinal plants have been widely utilized as
healing modalities for both preventive and curative purposes.
They play an extremely crucial role in human health. In recent
years, there has been a growing trend in the world population with
as many as 80% of people globally relying on the use of herbal
medicinal products and supplements for their primary healthcare
needs (Schuster, 2001; Ekor, 2013). This increasing demand and
interest in the use of herbal medicinal products has encouraged
new drug discoveries and developments (Ekor, 2013). In fact,
many active ingredients of new drugs are derived from medicinal
plants proven to be remarkably important in aiding drug discovery
and development (Katiyar et al., 2012). Hence, studies need to
be actively conducted on plants in order to identify possible
candidates as safer and effective anti-allergic agents in future.

The Lamiaceae family is one of the biggest plant families
among flowering plants, consisting of 236 genera with a coverage
of more than 7,000 species (Khoury et al., 2016). It is also an
important herbal family which comprises a wide array of plants
with biological and medical applications (Uritu et al., 2018).
Lamiaceae species often have four-angled or quadrangular stems

with the presence of glandular hairs (Harley et al., 2004). Their
roots are usually made of branched tap root. Their flowers are
typically hypogynous and bilaterally symmetric with five united
petals and sepals (Kokkini et al., 2003; Ramasubramania Raja,
2012; Carovi¢-Stanko et al., 2016). The leaves are simple and
arranged oppositely, each pair at a right angle to the previous one
or whorled (Harley et al., 2004). Fruits are made of four dry one-
seeded nutlets (Kokkini et al., 2003). Seeds are non-endospermic
(Ramasubramania Raja, 2012). The environment adaptation of
Lamiaceae is highly varied. The species predominantly distribute
in the summer rainfall areas but also occur in winter rainfall
areas. The species usually can be found in habitats which are dry,
rocky, woodland or grassland, along forest margins and in fynbos
(Will and Claflen-Bockhoft, 2014). The diversity of Lamiaceae
species is mainly concentrated in Mediterranean regions and
a small portion of them inhabit Australia, Southwest Asia and
South America (Kokkini et al., 2003).

Khoury et al. (2016) reported that the high content of volatile
compounds has contributed to many medicinal properties in
Lamiaceae species. Historically, Lamiaceae plants have been
reported to be effective in alleviating a range of conditions
like exhaustion, weakness, depression, memory enhancement,
circulation improvement, strengthening of fragile blood vessels,
skin allergies and asthma (Wang et al., 2004; Naghibi et al,,
2010; Ramasubramania Raja, 2012). In the Eastern Himalayan
region of India, several Lamiaceae species have been utilized
traditionally to treat certain conditions. For instance, the leaves
of Clerodendrum serratum have been used as a traditional remedy
for eye disorders. Moreover, the leaves of Elsholzia blanda is used
to relieve itching conditions. The seed of Perilla frutescens is also
claimed to be effective against fever and headache (Kala, 2005).
Meanwhile, in China, the Chinese tea brewed using the leaves of
Salvia officinalis is used as a traditional remedy to treat tonsillitis
and hypertension (Li et al., 2013). Another Lamiaceae species,
Scutellaria baicalensis has been extensively used as traditional
Chinese medicine (TCM) for thousands of years. It is known
as Huang Qin in Chinese. The decoction prepared from dried
roots is used as a traditional remedy for diarrhea, dysentery,
hypertension, hemorrhaging, insomnia, inflammation and
respiratory infections (Zhao et al., 2016). In Mediterranean
regions, like Lebanon, Mentha spicata is formulated into infusions
to ease digestive disorders, arthritis, gastritis. The infusion is also
used as an antiemetic and antimicrobial agent (Khoury et al.,
2016). The medicinal uses of commonly used Lamiaceae species
are summarized in Table 1.

This review is particularly focused on the summarization of
the anti-allergic activities of the Lamiaceae family linked to the
phytochemistry and ethnopharmacology reported in research
studies. In addition to anti-allergic activities, toxicological
investigations of Lamiaceae species are also highlighted in
this review.

ANTI-ALLERGIC ACTIVITY

The abundance of species within the Lamiaceae family has led to
a variety of medicinal uses, making the family pharmacologically
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TABLE 1 | Medicinal uses of commonly used Lamiaceae species.

Plant name Country/region Local name/ Medicinal use Plant part Mode of preparation References
common name used
Clerodendrum Thailand Thao yaai mom Asthma Aerial part The aerial part is (Hazekamp et al.,
petasites (Lour.) prepared as tea or 2001)
S.Moore alcoholic extract.
Clerodendrum Arunachal No information Eye disorders Leaves No information. (Kala, 2005)
serratum (Linn.) Moon  Pradesh, India
Elsholtzia blanda Arunachal No information Itching conditions Leaves No information. (Kala, 2005)
(Benth.) Benth. Pradesh, India
Epimeredi indica (L.) China Guang Fan Feng Rheumatoid arthritis, Whole plant The whole plant is used (Li et al., 2006)
Rothm bones and muscles ache, to prepare as medicinal
skin ulcer, hemorrhoids, bath.
eczema
Mentha arvensis Linn.  Western Pudina Stomach problems, Leaves Leaves are made as (Khan and Khatoon,
Himalayas allergy, liver and spleen salad and formulated into 2007)
disease, asthma, infusion respectively.
indigestion, rheumatic
pains, arthritis
Korea Bak-ha Analgesic, local Aerial part Sometimes combine with (Shin, 2003)
vasodilator, skin irritant, other herbs as traditional
antispasmodic agent, remedy.
acute mastitis, allergic
dermatitis and skin itching
Mentha longifolia West Bengal, Junglipudina Menstrual disorders, Leaves The leaves are (Sinhababu and
(L)L India pulmonary infection, formulated into extract. Arpita, 2013)
congestion, asthma,
urinary tract infections,
indigestion, back pain,
headache and to fasten
wound healing process
India No information Carminative, stimulant, Leaves and No information. (Sinhababu and
antiseptic and febrifuge flower tops Arpita, 2013)
Mentha spicata Linn. Thessaloniki, No information Common cold and cough  Aerial part No information. (Karousou et al.,
Greece 2007)
Lebanon No information Digestive disorders, No Formulated as infusions. (Khoury et al., 2016)
arthritis, gastritis, information
antiemetic and
antimicrobial agents
Perilla frutescens India No information Arthritis Seed ol The oil is extracted (Singh, 1997)
(Linn.) Britton from the plant seed and
massaged onto the
arthritis part.
Arunachal No information Fever and headache Seed No information. (Kala, 2005)
Pradesh, India
Prunella vulgaris Linn. lberian Peninsula No information External antiseptic Aerial part No information. (Rigat et al., 2015)
Salvia miltiorrhiza China Danshen Promoting cardiovascular Root The root is air-dried and (Suetal.,, 2015)
Bunge health by improving made into decoctions
blood circulation to and pills. Nowadays, the
remove blood stasis, root is widely formulated
clearing heart heat to into various preparations,
relieve restlessness and such as tablets,
cooling blood to remove capsules, granules,
carbuncle injections, oral liquids,
sprays and tea.
Salvia officinalis Linn. China No information Tonsillitis and Leaves The leaves are brewed (Lietal., 2013)
hypertension as tea.
Salvia plebeia R. Korea Baem-Cha-Zu-Ki Skin inflammatory disease ~ No No information (Choi et al., 2014;
Brown and asthma information Shin and Kim, 2002)
Scutellaria China Huang Qin Diarrhea, dysentery, Root The dried root is used to (Zhao et al., 2016)

baicalensis Georgi

hypertension,
hemorrhaging,

insomnia, inflammation
and respiratory infections

prepare decoctions.
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TABLE 1 | Continued

Plant name Country/region Local name/ Medicinal use Plant part Mode of preparation References
common name used
Thymus serpyllum Uttar Pradesh, No information Headache, dysentery and No Prepared as decoction. (Singh, 1997)

Linn. India vomiting information
Thymus vulgaris Linn. Indonesia No information Asthma and other Leaves No information (lkawati et al., 2001)
respiratory disorders
Vitex negundo Linn. Uttar Pradesh, No information Pain, swelling and eye Leaves The leaves are prepared (Singh, 1997)
India inflammation as paste and applied
onto the sprains to
relieve pain. The leaf
juice is used as drops to
reduce eye inflammation.
Vitex trifolia Linn. Indonesia No information Asthma and other Leaves No information (Ilkawati et al., 2001;

respiratory disorders

Alam et al., 2002)

important. The diversity is believed to be due to the wide
variety of biologically active constituents in this plant family.
Each species comprises a mixture of phytochemicals which
attributes to the bioactivity of the plant (Carovi¢-Stanko et al.,
2016). Phytochemical investigations of the Lamiaceae family
have demonstrated the presence of various bioactive compounds
such as flavonoids (da Silva et al., 2015; Mamadalieva et al., 2017;
Aghakhani and Kharazian, 2018), alkaloids (Malik et al., 2003;
Asghari et al,, 2017), phenolics (Berdowska et al., 2013; Zieliniska
and Matkowski, 2014; Skendi et al, 2017), lignans (Hong
et al., 2009; Brandao et al., 2017), terpenoids (Ye et al., 2018),
saponins (Ramasubramania Raja, 2012; Shah et al., 2014), etc.
All these chemical constituents contribute to multidirectional
pharmacological activities. Some of the remarkable bioactivities
reported within this plant family are anti-allergic (Malik et al.,
2003; Makino et al., 2003; Kim et al., 2009), anti-inflammatory
(Borges et al., 2018), antimicrobial (Khoury et al., 2016; Cocan
etal,, 2018), free radical scavenging (Khaled-Khodja et al., 2014;
Politeo et al., 2018), antinociceptive (Hwang et al., 2018; Uritu
et al., 2018), anti-cancer activities (Nguyen et al., 2018; Sajjadi
etal.,2018), etc. Many pharmacological activities of the Lamiaceae
family have been widely studied and investigated. However,
this study is mainly focused on the potential biologically active
candidates with promising anti-allergic activity from Lamiaceae
species in order to provide a direction in the discovery of
potential novel, safe and efficacious natural anti-allergic agents
in future. In the past, numerous in vitro, in vivo and ex vivo
studies have been conducted and evaluated on the plant parts
of Lamiaceae species to investigate the anti-allergic potential of
Lamiaceae plants. Figure 1 and Table 2 show a summarization
of the remarkable anti-allergic activities of the Lamiaceae family.
The mechanisms of anti-allergic activities of Lamiaceae species
are extensively discussed in this review.

INHIBITION OF ALLERGEN-SPECIFIC IGE

Immunoglobulin E (IgE) is of central importance in the
regulation of immune responses against parasitic infestations
and most importantly, it is also recognized as a main mediator
for immediate-type allergies or type I hypersensitivity reactions,

such as allergic asthma, rhinitis, atopic diseases, anaphylaxis,
etc. (Al-Mughales, 2016). It is a potent mast cell activator able
to trigger mast cell degranulation and downstream responses
with a minute amount (Actor, 2014). It exists in trace amounts
in plasma but the amount can be substantially elevated in allergic
reactions (Gould and Beavil, 1998; van der Burg et al., 2014). It
possesses an additional constant region, CH,, which particularly
restricts it to bind to high affinity IgE receptors on mast cells
and basophils (Flaherty, 2012). Upon the first encounter with
the antigen, the plasma cells start to produce IgE molecules. The
secreted IgE molecules bond to the high affinity IgE receptors
(FceRI) on the mast cells and basophils surfaces via their Fc
portion, forming IgE-FceRI complexes. In this form, the half-life
of IgE can be prolonged to two to three weeks or sometimes can
even be retained on the cell surface for months (Actor, 2014; van
der Burg et al.,, 2014). Upon the re-exposure to the same antigen,
the antigen will cross-link with the IgE-FceRI complexes which
then lead to mast cell degranulation (Actor, 2014). Inhibition of
IgE production and IgE-mast cell cross-linking are particularly
essential to prevent the progression to mast cell degranulation.
There are several studies demonstrating that Lamiaceae
species have a suppressive effect on IgE levels and IgE-mast
cell cross-linking. These findings could be useful to recognize
potential treatment options for allergic disorders. From the
study of Sharma et al. (2018), results revealed that the essential
oil of Mentha arvensis significantly decreased (P < 0.001) the
serum IgE level in OVA-sensitized mice at a concentration of
200 wl/kg. The study successfully identified three compounds in
the essential oil, which are menthol, menthone and 1,8-cineole,
with particularly large percentage contents of menthol. However,
the compound which contributed to the anti-allergic activity was
notknown (Sharmaetal., 2018). Therefore, this provides a clue for
further findings on the possible anti-allergic compound in future.
In the work of Lee et al. (2006), it was proposed that the aqueous
extract of Mosla dianthera exhibited anti-allergic effects through
an in vivo model. When the mice were sensitized with compound
48/80and anti-DNP IgE, intraperitoneal pretreatment of 1-1,000
mg/kg of aqueous extract resulted in a dose-related reduction
in passive cutaneous anaphylaxis (PCA) reaction (Lee et al.,
2006). Similar activities were displayed by the aqueous extract
of species Perilla frutescens (Shin et al., 2000), Phlomis umbrosa
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TABLE 2 | Mechanism of action of extracts and isolates of Lamiaceae species with anti-allergic activity.

Plant name Plant part
used

Isolated compound/

extract used

Chemical class

Assay
type

Mechanism of action/conclusion

References

Clerodendron Leaves
phlomidis Linn.

Clerodendrum Root and
serratum (Linn.) stem
Moon

Clerodendron Leaves
trichotomum
Thunb.

Clinopodium Whole plant
gracile (Benth.)

Matsum var.

multicaule

Dracocephalum Whole plant
argunense Fisch.

Aqueous extract

Aqueous extract

Acteoside (22)

Aqueous extract

Aqueous extract

Phenylpropanoid
glycoside

In vivo

Ex vivo

In vivo

In vivo

In vivo

In vitro

In vivo

In vitro

Concentration of 100 mg/kg potently reduced
blood eosinophil count, mast cell degranulation
and histamine release in sensitized mice.

Potent antagonizing effect of histamine-induced
goat tracheal contraction at doses of 4 mg/ml and
10 mg/ml.

Root extract resulted in no significant increase of
leucocyte and eosinophil count at 260 mg/kg in
milk-induced leucocytosis mice and prolonged
PCD at 156 mg/kg in egg albumin-sensitized
guinea pigs.

At dose of 50 mg/kg significantly inhibited
eosinophil infiltration, decreased histamine
content and phospholipase A, activity in BALF
while at 25 mg/kg, recruitment of leukocytes was
suppressed and inhibited sRaw in both IAR and
LAR in sensitized guinea pigs model.

Compound 48/80-induced mice were observed
with concentration-dependently reduced
anaphylactic death with intraperitoneally
administration at concentrations ranging from
1-100 mg/kg and the same reduction manner
was seen in IgE-mediated PCA reaction.
Dose-dependent inhibition of histamine

release inhibition from RPMC and HMC-1

cells respectively across 1-100 ug/ml. Allergic
inflammation reduced with the attenuation of
intracellular calcium, NF-kB, gene expression and
secretion of TNF-a and IL-6 stimulated by PMACI
in HVIC-1 cells.

Significant inhibition of systemic anaphylaxis with
intraperitoneal administration of aqueous extract in
mice at concentration range of 0.01-1 g/kg. Serum
histamine and PCA inhibition were reduced in a
dose-dependent manner.

Decreased intracellular calcium and histamine
release from RPMC in dose dependent manner
with concentrations of 0.001-1 mg/ml. TNF-a
and IL-6

gene expression in HMC-1 cells were inhibited
across doses ranging from 0.01-1 mg/ml with the
involvement of NF-kB attenuation.

(Vadnere et al., 2007)

(Vadnere et al., 2007)

(Bhangare et al., 2012)

(Lee et al., 2011b)

(Park et al., 2010)

(Park et al., 2010)

(Kim et al., 2006; Kim
and Shin, 2006)

(Kim et al., 2006; Kim and
Shin, 2006)
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TABLE 2 | Continued

Plant name Plant part Isolated compound/ Chemical class Assay Mechanism of action/conclusion References
used extract used type
Elsholtzia ciliate Whole plant Aqueous extract - In vivo Serum histamine, systemic anaphylaxis and PCA (Kim et al., 2011)
(Thunb.) Hyland reaction observed with dose-related inhibition at
concentrations of 10-1,000 mg/kg.
In vitro Significantly inhibited histamine release at 10 (Kim et al., 2011)
and 100 pg/ml of aqueous extract and recorded
with reduction of PMACI-stimulated intracellular
calcium at 100 pg/ml of aqueous extract
pretreatment in HMC-1 cells. Gene expression
and production of IL-6, IL-1p and TNF-a were
suppressed through inhibition of NF-xB activation
and p38 MAPK pathway with concentrations
ranging from 1-100 pg/ml.
Isodon japonicas Whole plant Aqueous extract - In vivo Challenged-mice protected from systemic allergic (Kim et al., 2004; Shin
Hara death and PCA with intraperitoneal administration et al., 2004)
of extract at concentration of
0.1 g/kg.
In vitro Dose-dependently decreased histamine release (Kim et al., 2004; Shin
from RPMC stimulated by compound 48/80 or et al., 2004)
anti-DNP IgE at doses ranging from 0.001-1
mg/ml and
reduced gene expression and production of
TNF-a and IL-6 in PMACI-stimulated HMC-1 cells.
Lagochilus Whole plant 5,2’,6'-trihydroxy-7,8-dimethoxyflavanone (23), Flavonoid In vitro Significantly inhibited the release of (Furukawa et al., 2011)
leiacanthus Fisch. 5,2’,6’-trihydroxy-6,7,8-trimethoxyflavanone (24), B-hexosaminidase from RBL-2H3 cells with ICs,
& C.A.Mey. 5,2’-dihydroxy-6,7,8,6’-tetramethoxyflavanone values ranging from 13.5-48.9 uM.
(25), Oroxylin-A (14),
Hispidulin (26),
5,2",6'-trihydroxy-
6,7,8-trimethoxyflavone (27),
5,7,2’-trihydroxy-8,6’-
dimethoxyflavone (28), 5,6,2’-trihydroxy-7,8,6’-
trimethoxyflavone (29)
Lycopus lucidus Aerial part Rosmarinic acid (1), clinopodic acid C (17), Phenylpropanoid In vitro Acted as hyaluronidase inhibitor with IC, of 309, (Murata et al., 2010)

Turcz.

lycopic acid A (19),
clinopodic acid E (18),
lycopic acid B (20),
scizotenuin A (21)

80.1, 134, 82.8, 141 and 241 uM respectively.
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TABLE 2 | Continued

Plant name

Plant part
used

Isolated compound/
extract used

Chemical class

Assay
type

Mechanism of action/conclusion

References

Marrubium vulgare
Linn.

Melissa officinalis
Linn.
Mentha arvensis
Linn.

Mentha haplocalyx
Briqg.

Whole plant

Aerial part

Leaves

Leaves,
roots and
stem
Whole plant

Aerial part

Aqueous extract

Marrubiin (30)

Rosmarinic acid (1)

Ethanolic and aqueous extract

Aqueous extract

Essential oil

Ethanolic extract

Furane labdane
diterpene

Phenylpropanoid

In vivo

In vitro

In vitro

In vitro

In vivo

In vivo

In vitro

In vivo

In vivo

Systemic anaphylactic death and PCA reaction
reduced dose-dependently across concentrations
of 0.005-0.1 g/kg in sensitized mice.

Histamine release potently reduced in compound
48/80 or anti-DNP IgE-stimulated RPMC
corresponded to decreased intracellular calcium
at dose range of 0.01-1 mg/ml. Attenuation

of NF-kB caused a reduction in downstream
cytokines, such as TNF-a and IL-6 expression.
Maximal inhibition (67.6 + 4%) of OVA-induced
allergic oedema was achieved at dose of 100 mg/
kg in actively sensitized mice.

Exhibited potent suppressive effect on
hyaluronidase with 1.0 + 0.3% of enzyme activity.
100 pg/ml ethanolic leaf and root extract showed
potent histamine inhibition at 57% and 53%
respectively in mice.

Anal administration of 0.05 g/kg extract protected
mice from anaphylactic death. PCA reaction
reduced dose-dependently with intraperitoneal,
oral and intravenous administration of extract.
Significant reduction in histamine release at

0.1 and 1 mg/ml of extract in compound
48/80-induced and anti-DNP IgE-mediated model
in RPMC. TNF-a production reduced significantly
at concentration of 0.1 mg/ml in RPMC.
Dose-dependently reduced histamine-induced
bronchoconstriction in guinea pigs at 200 and
400 pl/kg and significantly reduced eosinophil
count, serum IgE level and BALF eosinophils in
OVA-sensitized mice at 200 pl/kg.

Observed with inhibition of eosinophil infiltration,
T2 cytokines (IL-4, IL-5) expression and
production in OVA-sensitized mice.

(Shin et al., 2005)

(Shin et al., 2005)

(Stulzer et al., 2006)

(Ippoushi et al., 2000)

(Malik et al., 2003)

(Shin, 2003)

(Shin, 2003)

(Sharma et al., 2018)

(Lee et al., 2011a)
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TABLE 2 | Continued

Plant name Plant part Isolated compound/ Chemical class Assay Mechanism of action/conclusion References
used extract used type
Mentha piperita Leaves 50% ethanolic eluate - In vivo Decreased nasal responses in antigen-induced (Inoue et al., 2001)
Linn. rats at 300 and 1,000 mg/kg.
In vitro Recorded with potent inhibition of histamine (Inoue et al., 2001)
release from RPMC with ICy, of 2.55 (1.42-
3.94) pg/ml.
Leaves Luteolin-7-O-rutinoside (31) Flavonoid glycoside In vivo Reduced frequency of sneezing at 100 and 300 (Inoue et al., 2002)
mg/kg while nasal rubbing was seen in antigen-
induced rats at 100 mg/kg or more.
In vitro Suppression of histamine release from compound (Inoue et al., 2002)
48/80-induced RPMC with ICy, value of 21.9 uM.
Mentha piperita Leaves 5,6,4’-trihydroxy-7,8-dimethoxyflavone (32), Flavonoid In vitro Significantly reduction of p-hexosaminidase (Sato and Tamura, 2015)
var. citrata (Ehrh.) 5,6,4’-trihydroxy-7,8,3’- release from RBL-2H3 at IC,, range of
Brig. trimethoxyflavone (33), 2.4-6.7 uM.
5,6-dihydroxy-7,3’,4’- trimethoxyflavone (34),
5,6-dihydroxy-7,8, 3’, 4’-
tetramethoxyflavone (35),
5,6-dihydroxy-7,8, 4’-trimethoxyflavone (36)
Mentha spicata L. Leaves 5,6-dihydroxy-7,8,3",4’-tetramethoxyflavone Flavonoid and aliphatic In vivo Demonstrated B-hexosaminidase release (Yamamura et al., 1998)
var. crispa Benth. (35), glycoside suppression from rat basophils at 56, 6.4 and 560
5,6,4’-trihydroxy-7,8,3’-trimethoxyflavone (33), uM respectively.
(8R)-1-octan-3-yl B-D-glucopyranoside (37)
Minthostachys Leaves and Essential oil - In vitro B-hexosaminidase release from human basophils (Cariddi et al., 2007)
verticillata (Griseb.)  stems was diminished by 32.15% to 39.72% as
Epling comparable to dexamethasone and theophylline.
Leaves and Limonene (38), Monoterpene In vivo (38) maximally suppressed PCA reaction in (Cariddi et al., 2011)
stems Pulegone (39), challenged-mice at 250 mg/kg.
Menthone (40) In vitro The combination of the three constituents (Cariddi et al., 2011)
in essential oil significantly suppressed the
production of IL-13 from human PBMC. Potent
inhibitory effect on p-hexosaminidase release
from human basophils was observed with a
concentration range of 10-40 ug/ml.
Mosla chinensis Whole plant Aqueous extract - In vivo Observed with concentration dependent (Kim et al., 2012)
Max. suppression of systemic anaphylaxis and PCA
reaction with doses of ranging from 10-1,000 mg/
kg in sensitized mice.
In vitro Decreased intracellular calcium caused a dose- (Kim et al., 2012)

dependent reduction of histamine release from
RPMC and reduced NF-kB activation resulted
in decreased downstream TNF-«, IL-6, IL-8

expression in PMACI-stimulated HMC-1 cells.
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Plant name Plant part

used

Isolated compound/
extract used

Chemical class

Assay
type

Mechanism of action/conclusion

References

Mosla dianthera
Maxim.

Whole plant

Nepeta bracteata
Benth.

Whole plant

Ocimum basilicum Leaves
Linn.

Ocimum Leaves
gratissimum Linn.

Ocimum sanctum Leaves and
Linn. seeds

Leaves

Leaves

Perilla frutescens
Britton

Whole plant

Aqueous extract

Crude agueous extract

Acetone and hydro-methanol extract

Methanolic extract

Dried and fresh leaves ethanolic extract, volatile

oil from fresh leaves and fixed oil from seeds

Ethanolic extract

Ethanolic extract and isolated flavonoidal fraction

Aqueous extract

In vivo

In vitro

In vivo

In vitro

In vivo

In vivo

In vivo

In vivo

In vivo

In vitro

Challenged-mice recorded with zero mortality
due to systemic shock with pretreatment of 1,000
mg/kg and reduced PCA reaction in a dose-
dependent manner across the range of 1-1,000
mg/kg.

Attenuation of histamine release from RPMC

at doses ranging from 0.001-1 mg/ml and
decreased intracellular calcium, NF-kB activation,
gene expression and secretion of TNF-a, IL-6,
IL-8 in PMACI-stimulated HMC-1 cells.

Medium dose (not specified dose) exhibited

the most potent reduction in the number of

T417 cells, increased number of Treg cells in
OVA-sensitized mice and decreased eosinophil
infiltration in BALF.

Achieved histamine release suppressive effect of
35.35% and 50.76% respectively at 100 pg/ml.
Significantly suppressed number of eosinophils,
decreased IL-4 level, reduced level of eosinophil
peroxidase in BALF and lungs and decreased
airway mucus hypersecretion at 100 mg/kg.
Guinea pigs were protected from both histamine-
induced and acetylcholine-induced preconvulsive
dyspnoea with pretreatment of fresh leaves
ethanolic extract, volatile oil and fixed oil.
Exhibited significant mast cell stabilizing potential,
inhibition of IgE and delayed onset of histamine-
induced bronchospasm with 64.25 + 9.51%,
25.80 + 4.85 ng/ml and 440 s respectively.
Sensitized rats showed with significant mast

cell stabilization of 67.24 + 2.94% with extract
administration and 60.48 + 2.72% with fraction
administration.

Exhibited dose-dependent inhibition of compound
48/80-induced plasma histamine release at
concentration range of 0.01-1 g/kg in sensitized
rats. Marked suppression of PCA reaction at
doses of 0.1 and 1 g/kg.

At concentration range of 0.001-1 mg/ml,
histamine release and TNF-a production were
decreased dose-dependently in stimulated
RPMC. cAMP level in RPMC significantly
increased at 1 mg/ml.

(Lee et al., 2006)

(Lee et al., 2006)

(Wang et al., 2016)

(Kaur et al., 2018)

(Costa et al., 2012)

(Singh and Agrawal,

1991)

(Sridevi et al., 2009)

(Choudhary, 2010)

(Shin et al., 2000)

(Shin et al., 2000)
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Plant name Plant part
used

Isolated compound/
extract used

Chemical class

Assay
type

Mechanism of action/conclusion

References

Whole plant

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Rosmarinic acid (1),

Apigenin 7-O-[-glucuronosyl(2—1)
B-glucuronide] (2)

Luteolin (3)

Rosmarinic acid (1)

Rosmarinic acid (1)

Ethanol extract

Luteolin (3)

Aqueous fraction

Methanolic extract

Rosmarinic acid methyl ester (41)

Flavonoid and flavonoid
glycoside

Flavonoid

Phenylpropanoid

Phenylpropanoid

Flavonoid

Phenolic compound

In vivo

In vivo

In vivo

In vivo

In vivo

In vivo

In vitro

In vivo

In vitro

In vitro

In vitro

(1) and (2) suppressed PCA reaction in sensitized
mice with percentage inhibition of 41% and 32%
respectively.

Sensitized mice showed with decreased
oxazolone-induced ear odema with oral
administration of 1 mg of (3). Dose-dependent
inhibition of TNF-« production occurred at dose
range of 1-1,000 pg.

Equivalent PCA reaction suppression was
achieved by 19 mg/kg of (1) as compared to 150
mg/kg of tranilast, the positive control.

Oral administration of (1) by Der f-sensitized

mice caused reduction in allergen-specific
immunoglobulin, eosinophil infiltration, eosinophil
counts in BALF, eotaxin, IL-4 and IL-5 expression
at concentration of 1.5 mg/day.

T2 cytokines (IL-5 and IL-13), serum IgE level,
eosinophil infiltration, histamine and eotaxin in
BALF were suppressed in OVA-sensitized BALB/c
mice.

Compound 48/80- or serotonin-induced
scratching behaviour and vascular permeability
were reduced dose-dependently at 5, 10 and

20 mg/kg in sensitized mice.

Dose-dependent reduction of compound
48/80-induced histamine release from RPMC
marked at 5, 10 and 20 pM. Diminished
production of TNF-a (31.9%-76.8%) and IL-1p
(27.3%-81.2%) in PMACI-stimulated HMC-1 cells
at a range of 5-20 uM of (8).

DNFB-sensitized mice experienced 35%
reduction of ear swelling symptom at dose of 100
pg/ml.

At 100 pg/ml, eosinophil counts reduced by
73.7% accompanied with decreased expression
of MMP-9 and IL-31 in mice ear tissues. T-bet
protein expression was augmented and resulted
in T41/T,,2 balance.

Dose-dependent reduction of IL-4, IL-5, IL-13 and
GM-CSF production in DP2-stimulated BEAS-2B
cells at concentration range of 5-50 pg/ml with
involvement of decreased phosphorylation of JNK
and p38.

Possessed potent inhibitory activity on
B-hexosaminidase from RBL-2H3 cells with IC, of
9.9 + 0.8 pg/ml.

(Makino et al., 2001)

(Ueda et al., 2002)

(Makino et al., 2003)

(Sanbongi et al., 2004)

(Chen et al., 2015)

(Jeon et al., 2014)

(Jeon et al., 2014)

(Heo et al., 2011)

(Heo et al., 2011)

(Liu et al., 2013)

(Zhu et al., 2014)
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Plant name

Plant part
used

Isolated compound/ Chemical class
extract used

Assay
type

Mechanism of action/conclusion

References

Phlomis umbrosa
Turcz.

Pogostemon
cablin (Blanco)
Benth

Leaves

Leaves

Roots

8-hydroxy-5,7-dimethoxyflavanone (4) Flavanone

Crude extract -

Aqgueous extract -

Aqueous extract -

Patchouli oil -

In vivo

In vitro

In vivo

In vitro

In vivo

In vitro

In vivo

In vitro

In vivo

Ex vivo

Oral administration of (4) inhibited PCA reaction at
dose of 5 mg and allergic nasal response at dose
of 1.5 mg.

Significant suppressive effect on histamine release
from RBL-2H3 cells was observed with ICs, of
68.5 uM.

Decreased serum IgE level was observed in the
blood of Der f-challenged mice.

Reduced CD4+/CD8 ratio in splenic T
lymphocytes with percentage of 1.50 + 0.07%.
At dose of 1 g/kg, plasma histamine release

only recorded with 0.023 + 0.002 pg/ml in
compound 48/80- sensitized mice. Anal, oral

and intraperitoneal administration of 0.01-1 g/kg
extract resulted in dose-dependent reduction in
PCA reaction.

Significant inhibition of histamine release from
RPMC activated by compound 48/80 or anti-DNP
IgE recorded at doses of 0.1 mg/ml and 1 mg/ml.
Extract attenuated the secretion of IL-14, IL-6 and
TNF-a in PMACI-stimulated HMC-1 cells.
Intraperitoneal administration of extract caused a
dose-related suppression of systemic anaphylaxis
induced by compound 48/80 in sensitized mice
across doses of 10-1,000 mg/kg. At doses ranging
from 1-1,000 mg/kg, PCA reaction induced

by DNP-HSA was reduced in a concentration-
dependent manner in sensitized rats.

Suppressed the release of histamine and
B-hexosaminidase from RPMC across
concentrations of 1-1,000 pg/ml. Expression and
secretion of TNF-a, IL-6 and IL-8 was inhibited in
HMC-1 cells at doses of 1-100 pg/ml due to the
attenuation of NF-«xB activation.

Significant reduced PCA reaction in ovalbumin-
challenged rats and suppressed delayed-type
hypersensitivity at doses of 20, 40 and 80 mg/kg
of Patchouli oil.

Decreased contraction responses in guinea

pig ileum at concentrations of 0.01, 0.02 and
0.04 mg/ml of Patchouli oil.

(Kamei et al., 2017)

(Kamei et al., 2017)

(Komatsu et al., 2016)
(Komatsu et al., 2016)

(Shin et al., 2008; Shin
and Lee, 2003)

(Shin et al., 2008; Shin

and Lee, 2003)

(Yoon et al., 2016)

(Yoon et al., 2016)

(He et al.,, 2013)

(He et al., 2013)
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Plant name

Plant part
used

Isolated compound/
extract used

Chemical class

Assay
type

Mechanism of action/conclusion

References

Prunella vulgaris
var. lilacina Nakai

Rosmarinus
officinalis Linn.

Salvia miltiorrhiza
Bunge

Whole plant

Whole plant

Spike

Leaves

Roots

Leaves

Rhizome

2a,3a-dihydroxyurs-12-en-28-oic acid (42)

Aqueous extract

B-amyrin (43),
2a,3a,23-trihydroxyursa-12,20(30)-dien-28-oic
acid (44), Euscaphic acid (45)

Carnosic acid (5)

15,16-dihydrotanshinone-I (7),
Cryptotanshinone (9)

Ethanolic extract

Tanshinone | (6),
15,16-dihydrotanshinone-I (7), Tanshinone IIA
(8), Cryptotanshinone (9)

Triterpenoid

Triterpenoid

Polyphenol

Diterpene

Diterpene

In vitro

In vivo

In vitro

In vitro

In vivo

In vitro

In vitro

In vivo

In vitro

In vivo

In vitro

Significant suppressive effect on
B-hexosaminidase from RBL-2H3 with IC;, value
of 57 uM.

At doses of 0.5 and 1 g/kg, sensitized rats
completely protected from anaphylatic death. Oral
administration of extract with doses ranging from
0.001-1 g/kg dose-dependently reduced PCA
reaction.

Inhibition of intracellular calcium level caused
downstream decreased release of histamine from
RPMC in a concentration dependent manner with
concentration range of 0.001-1 mg/ml. RPMC
also showed with significant reduction of TNF-a
production with the pretreatment of 0.01 mg/ml
and 0.1 mg/ml.

Observed with inhibition of histamine release
from HMC-1 cells with 46.7%, 57.9% and 54.2%
respectively.

PCA reaction was significantly suppressed at
100 mg/kg in sensitized mice with percentage
inhibition of 67.1%.

(5) inhibited p-hexosaminidase release from
PMACI A23187-stimulated RBL-2H3 cells at 10
UM.

(7) and (9) significantly suppressed the release

of B-hexosaminidase from RBL-2H3 cells with
ICy values of 16 + 2.4 uM and 36 + 3.7 uM
respectively.

Oral administration of 25-100 mg/kg extract
dose-dependently inhibited PCA reaction in anti-
DNP IgE-stimulated rats.

Dose-related inhibition of COX-1 and COX-2-
dependent prostaglandin D, production observed
with I1Cs, values of 3.96 and 21.54 pg/ml
respectively in BMMC. Suppression of leukotriene
C, generation and p-hexosaminidase release was
seen in BMMC with IC value of 2.6 and 22.4 pg/
ml.

(6), (7), (8) and (9) significantly suppressed PCA
reaction at dose of 50 mg/kg with percentage
inhibition of 59%, 49%, 35% and 32%
respectively in sensitized mice.

Potent inhibition of IL-4 and TNF-a expression by

(6), (7) and (8) at dose of 50 M in RBL-2H3 cells.

(Ryu et al., 2000)

(Kim et al., 2007; Shin
et al., 2001)

(Kim et al., 2007; Shin
et al., 2001)

(Choia et al., 2016)

(Mizushina et al., 2014)

(Mizushina et al., 2014)

(Choi and Kim, 2004; Ryu
et al., 1999)

(Yang et al., 2008)

(Yang et al., 2008)

(Trinh et al., 2010a)

(Trinh et al., 2010a)
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Plant name Plant part
used

Isolated compound/
extract used

Chemical class

Assay
type

Mechanism of action/conclusion

References

Roots

Salvia plebeia R. Whole plant
Brown

Whole plant

Schizonepeta Whole plant
tenuifolia (Benth.)
Brig.

Whole plant

15,16-dihydrotanshinone-I (7)

Aqueous extract

Ethanol extract

Aqueous extract

Extract with phosphate buffered saline/olive oil
(P/0) in proportion of (9:1) mixture

Diterpene

In vitro

In vivo

In vitro

In vivo

In vivo

In vitro

In vivo

In vitro

(7) at 20 pM produced 90% suppression on
degranulation and generation of prostaglandin D,
and leukotriene C, in IgE/Ag-stimulated BMMC
through inhibition of FceRI-mediated Syk-
dependent signal pathway.

No anaphylactic death occurred in compound
48/80-induced rats with intraperitoneal
administration of 0.5 and 1 g/kg extract. At doses
ranging from 0.01-1 g/kg, intraperitoneal and
oral administration of extract showed with dose-
dependent inhibition of PCA reaction.
Concentration-dependent reduction histamine
release from RPMC activated by compound
48/80 or anti-DNP IgE at a concentration range
of 0.001-1 mg/ml. TNF-a production from RPMC
was significantly inhibited at concentrations of
0.01-1 mg/ml whereas cAMP level in RPMC
significantly elevated compared with that of basal
cells.

Oral administration of 100 mg/kg extract
significantly suppressed serum IgE level, serum
histamine, eosinophil count, pro-inflammatory
cytokines (IFN-y and TNF-a) expression, T, 1, T,2
and T,17 cytokines expression in Der f-sensitized
mice.

100% protection from systemic anaphylaxis

was observed with doses of 0.5 and 1 g/kg in
compound 48/80-challenged rats whereas a
marked suppression in PCA reaction was seen in
orally administered of 0.1 and 1 g/kg of anti-DNP
IgE-sensitized rats.

Significant inhibition of compound 48/80 or
IgE-mediated histamine release from RPMC was
marked at concentration range of 0.01-1 mg/
ml. A potent inhibition of TNF-a production
observed at 1 mg/ml with a content of 0.889 +
0.747 ng/ml.

Skin thickening and hyperplasia of epidermis

and dermis in DNCB-sensitized mice remarkably
decreased by 38.15% and 42.37% respectively with
treatment of 1% of extract in P/O (9:1) mixture.
DNCB-induced mice observed with reduced
serum levels of IgE, TNF-a and IL-6, recorded
with 46.26%, 41.97% and 70.42% inhibition
respectively with the treatment of

1% of extract in P/O (9:1) mixture.

(Lietal, 2015)

(Shin and Kim, 2002)

(Shin and Kim, 2002)

(Choi et al., 2014)

(Shin et al., 1999)

(Shin et al., 1999)

(Choi et al., 2013)

(Choi et al., 2013)
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Plant part
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Isolated compound/
extract used

Chemical class

Assay
type

Mechanism of action/conclusion

References

Scutellaria
baicalensis Georgi

Roots

Roots

Roots

Whole plant

Roots

Whole plant

Aqueous extract

Wogonin (10),

Ganhuangenin (11),

Wogonoside (12),

3,5,7, 2',6’-pentahydroxyflavanone (13)

Aqueous extract

Baicalin (46)

Ethanolic extract

Aqueous extract

Crude ethanol extract

Flavonoid

Flavone glycoside

In vitro

Ex vivo

In vivo

In vitro

In vivo

In vitro

In vivo

In vitro

In vivo

Pro-inflammatory cytokines (IL-6, IFN-y and TNF-
a) and pro-allergic T,,2 cytokines (IL-4 and IL-13)
in RBL-2H3 were decreased with the treatment of
100 pg/ml of aqueous extract. p-hexosaminidase
release from RBL-2H3 cells reduced significantly
at dose of 10 pg/ml.

(10), (11) and (12) significantly inhibited the
production of IgE from concanavalin A-stimulated
rat spleen lymphocytes at concentrations of 10.0
and 100.0 uM. Histamine and leukotriene B,
release from rat PEC was markedly suppressed at
dose of 100 pM for all flavonoids.

Oral administration of 50 mg/kg extract selectively
inhibited the release of IL-5 in mice.

Histamine and leukotriene release from OVA-
sensitized guinea pig lung mast cells were
potently

suppressed at doses of 10, 30 and 60 pg. The
standardized extract of (46) exhibited a more
potent outcome than pure (46) at 60 ug only.
Exhibited 6.6% inhibition of PCA reaction in
sensitized-rats at 280 mg/kg.

40% reduction of histamine content in compound
48/80-stimulated RPMC with dose of 10 pg/ml.
Significant reduced production of TNF-a and IL-8
in PMACI-stimulated HMC-1 cells with inhibition
of MAPK activation at concentration range of
1-100 pg/ml.

Topical application of 5% extract reduced DNFB-
induced cutaneous reaction by 31% as compared
to control group.

Significantly suppressed -hexosaminidase
release from RBL-2H3 at doses of 125, 250 and
500 ppm with percentage inhibition of 19%, 34%
and 60% respectively.

OVA-sensitized mice were protected from food
allergy anaphylactic death by 60% and observed
with significantly suppression of OVA-specific
IgE,

IL-17, T,;2 cytokines (IL-4, IL-5, IL-10, IL-13) and
Ty1 cytokines (IFN-y and IL-12) with the treatment
of 25 mg/kg of extract.

(Linetal., 2018)

(Lim, 2003; Lim et al.,
2003)

(Kim et al., 2010)

(Kim et al., 2010)

(Jung et al., 2012)

(Jung et al., 2012)

(Kim et al., 2013)

(Kim et al., 2013)

(Shin et al., 2014b)
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TABLE 2 | Continued

Plant name Plant part

used

Isolated compound/
extract used

Chemical class

Assay
type

Mechanism of action/conclusion

References

Roots

Root

Rhizome

Roots

Wogonin (10),
Baicalin (46),
Baicalein (47)

Aqueous extract

Ethanol extract, acetone extract and ethyl
acetate extract

Baicalin (46),
Baicalein (47),
Oroxylin A (14)

Oroxylin A (14)

Linoleic acid (50)

Baicalein (47)

Flavonoid

Flavonoid

Flavonoid

Fatty acid

Flavonoid

Ex vivo

In vivo

In vivo

In vivo

In vivo

In vitro

In vivo

Ex vivo

In vivo

(10) suppressed the production of T2 cytokines
(IL-4, IL-5, IL-10, IL-13) and IFN-y without causing
cytotoxicity in OVA-sensitized mice splenocytes at
50 pmol/ml as compared to (46) and (47).

Oral administration of 1 mg/kg of (15) potently
decreased the production of OVA-specific IgE,
IL-5, IL-10 and IL-13 in sensitized mice.
Attenuation of DNCB-induced epidermal
thickness, leukocytes infiltration, serum IgE, IL-4,
IFN-y and TNF-a production in BALB/c mice skin.
The highest inhibitory activity against
4-AP-induced allergic skin pruritus, histamine-
induced paw swelling, ear PCA reaction,
anaphylaxis ear swelling and total serum IgE level
was seen with 1.42 g/kg of ethanol extract in
sensitized mice.

(46) which was orally administered metabolized
into (47) and (14). Metabolite, (14) possessed a
more potent anti-histamine activity, seen with
significant reduced histamine-induced scratching
behaviour and vascular permeability in sensitized
mice at doses of 20 and 50 mg/kg.

Metabolite of (46), (14) remarkably inhibited the
contraction of guinea pig ileum with IC,, value of
0.28 mmol/L.

Significantly reduced eosinophils infiltration

in BALF and airway hyperresponsiveness in
OVA-sensitized mice. Potent attenuation of
serum IgE level, T,,2 cytokines (IL-4, IL-5 and
IL-13) production and NF-«B activation with oral
administration of 15, 30 and 60 mg/kg.
Significantly suppressed the production of IL-4,
IL-5, IL-10 and IL-13 but enhanced secretion of
IFN-y and IL-12, resulted in T;1/T,,2 balance at
50 pg/L.

(47) induced CD4+ FOXP,* T cell differentiation in
ovalbumin-sensitized mice at concentrations of
<10 pmol/L without causing cell death.

(Shin et al., 2014a)

(Shin et al., 2014a)

(Kim et al., 2016)

(Lietal, 2014)

(Trinh et al., 2010b)

(Trinh et al., 2010b)

(Zhou et al., 2016)

(Jung et al., 2017)

(Bae et al., 2016)
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TABLE 2 | Continued

Plant name Plant part Isolated compound/

used extract used

Chemical class

Assay
type

Mechanism of action/conclusion

References

Stachys riederi var.
Japonica Miq.

Whole plant Aqueous extract

Teucrium
Japonicum
Houttuyn

Whole plant Aqgueous extract

Thymus vulgaris Leaves
Linn.

2-isopropyl-5-methylphenol (15)

Leaves n-hexane extract

- 2-isopropyl-5-methylphenol (15), Carvacrol (51)

Vitex negundo Leaves
Linn.

Aqueous subfraction of ethyl acetate fraction

Leaves 5-hydroxy-3, 6, 7, 3’,4’-pentamethoxyflavone
(52)

Monoterpenoid phenolic

Monoterpenoid phenolic

Flavonoid

In vivo

In vitro

In vivo

In vitro

In vivo

In vivo

In vivo

Ex vivo

In vitro

In vivo

Dose-dependent inhibition was resulted in

the occurrence of systemic anaphylaxis at
concentration range of 0.005-1 g/kg and
significant reduction of PCA reaction at
concentrations of 0.1 and 1 g/kg.

At doses of 0.1 and 1 mg/ml, a significant
decrease release of histamine from RPMC and
diminished secretion of TNF-« and IL-6 from
HMC-1 cells.

Serum histamine release was significantly
reduced at 100 and 1,000 mg/kg, with

500 mg/kg as the effective dose that completely
protected compound 48/80-induced mice from
systemic anaphylaxis. At doses ranging from
1-1,000 mg/kg, a dose-dependent inhibition

of PCA reaction was resulted in anti-DNP IgE-
challenged mice.

Significant reduction of compound 48/80-induced
intracellular calcium and downstream histamine
release from RPMC was observed at 1 mg/

ml. Gene expression of TNF-a was diminished
dose-dependently at 0.01-1 mg/ml with the
involvement of NF-kB in PMACI-stimulated
HMC-1 cells.

Dose-dependently inhibited recruitment

of inflammatory cells, reduced airway
hyperreponsiveness, suppressed level of
OVA-specific IgE, T2 cytokines in BALF at
concentrations of 4, 8 and 16 mg/kg.

Portrayed intermediate inhibitory activity on
histamine release with 46.22 + 0.08%.

(15) and (51) reduced delayed-type
hypersensitivity by 26% and 50% respectively in
ovalbumin-sensitized mice.

Both compounds led to reduction of IL-2,

IFN-y, IL-4, IL-17 level and T-bet expression

but increased level of IL-10 and TGF-p in mice
splenocytes cultures.

Mast cell stabilizing activity with 80.99 + 0.7231%
was observed in rat mesenteric mast cells at dose
of 500 pg/ml.

200 mg/kg extract demonstrated significant
reduction of eosinophil count in BALF and serum
bicarbonate level in egg albumin sensitized guinea
pigs.

(Shin, 2004)

(Shin, 2004)

(Kim et al., 2009)

(Kim et al., 2009)

(Zhou et al., 2014)

(lkawati et al., 2001)

(Gholijani and
Amirghofran, 2016)

(Gholijani and
Amirghofran, 2016)
(Patel and Deshpande,

2011)

(Patel and Deshpande,
2013)
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Plant name Plant part
used

Isolated compound/
extract used

Chemical class

Assay
type

Mechanism of action/conclusion

References

Vitex rotundifolia Fruits
Linn.

Fruits

Fruits

Vitex trifolia Linn. Leaves

Leaves

Zataria multiflora Whole plant
Boiss.

Seeds

Aqueous extract

1H,8H-pyrano[3,4-c]pyran-1,8-dione (16)

Casticin (53)

Aqueous extract

n-hexane and ethanolic extract
Viteosin-A (48),

Vitexicarpin (49)

Hydro-ethanolic extract

Hydro-ethanolic extract

Pyran

Flavonoid

Flavonoid

In vivo

In vitro

In vivo

In vitro

In vitro

In vivo

In vitro

Ex vivo

In vitro

In vivo

In vitro

Dose-dependent reduction of systemic
anaphylaxis reaction in compound 48/80-induced
rats across concentration range of 0.0001-1
g/kg. Significant suppression of PCA reaction
marked at doses of 0.5 and 1 g/kg in sensitized
rats.

Histamine release from RPMC was reduced in

a dose-dependent manner at dose range of
0.001-1 mg/ml and marked inhibition of TNF-a
production at 0.001 mg/ml.

Serum IgE, eosinophil counts and IL-5 production
in BALF were significantly suppressed by 43%,
82% and 34% respectively. IL-4 and IL-5 level
significantly decreased in CD4+ T cells in T,;2
skewed condition with treatment.

Eosinophil migration and eotaxin production were
reduced by 48% and 70% respectively at 10 pg/
mlin A549 cell media.

Up to 63% of eosinophil migration inhibition was
observed in A549 cell media with pretreatment

of 10 pg/ml. Eotaxin level was reduced from
concentration range of 0.1-10 pg/ml in A549
cells.

Oral administration of 100 mg/kg extract caused
86% inhibition of eosinophilia, reduction of

T2 cytokines (IL-4, IL-5, IL-13) and TNF-a

level in BALF and decreased serum IgE level in
ovalbumin-sensitized mice.

Both n-hexane and ethanolic extract highly
suppressed histamine release by 80.13 + 3.95 and
81.58 + 0.24% respectively in RBL-2H3 cells.

(48) and (49) respectively reduced histamine-
induced tracheal contraction by 27.1% and
66.2% at 0.00013 M and percentage increased
to 47.9% and 97.2% respectively when raised to
0.0004 M.

Observed with increment of Treg cells, T;1/

T2 ratio, IFN-y/IL-4 ratio, IFN-y and FOXP,
expression. Significant reduction of T2 and T, 17
cells and decreased expression of IL-4, IL-17 and
TGF-p occurred in sensitized mice spleen cells.
Increased IFN-y and decreased IL-4 were resulted
in ovalbumin-sensitized guinea pigs with the oral
administration of extract.

Achieved T 1/T,2 balance with enhanced ratio of
IFN-y/IL-4 in PHA-stimulated hPBMC.

(Shin et al., 2000)

(Shin et al., 2000)

(Lee et al., 2009)

(Lee et al., 2009)

(Koh et al., 2011)

(Bae et al., 2013)

(lkawati et al., 2001)

(Alam et al., 2002)

(Kianmehr et al., 2017)

(Boskabady et al., 2013)

(Boskabadly et al., 2013)
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(Shin et al., 2008), Salvia plebeia (Shin and Kim, 2002), Schizonepeta
tenuifolia (Shin et al., 1999) and Teucrium japonicum aqueous
extract (Kim et al., 2009). Sridevi et al. (2009) highlighted that
the ethanolic extract of Ocimum sanctum at 400 mg/kg effectively
reduced mortality (41%) due to anaphylactic shock-induced
bronchospasm in tested subjects with a significant drop (P <
0.001) in serum IgE level to 25.80 + 4.85 ng/ml (P < 0.001), as
compared to sensitized control (125.06 + 9.66 ng/ml). These
findings confirm that the anti-allergic potential of O. sanctum
is worthwhile to be further explored.

Over the past two decades, many studies have been conducted
on P. frutescens species to explore and determine their anti-
allergic potential. For example, Makino et al. (2001) isolated
rosmarinic acid (1) and apigenin 7-O-[B-glucuronosyl (2->1)
B-glucuronide] (2) from P frutescens, which demonstrated
anti-allergic activity with potent suppression of PCA reaction
in antigen-challenged mice with inhibition of 41% (P < 0.01)
and 32% (P < 0.05) respectively. Meanwhile, Ueda et al. (2002)
isolated rosmarinic acid (1), caffeic acid and luteolin (3) from the
leaves of P. frutescens and tested them for respective anti-allergic
effects with oxazolone-induced ear edema test. Interestingly, only
luteolin (3) showed an inhibitory effect on oxazolone-induced ear
edema at 1 mg, whereas the other compounds did not show any
inhibitory activity (Ueda et al., 2002). However, in a continuation
of the work by Makino et al. (2003), the results suggested that
the anti-allergic titer of rosmarinic acid (1) was 8 folds higher
than the conventional anti-allergic drug tranilast, where 19 mg/kg
of rosmarinic acid (1) was sufficient to achieve an equivalent
PCA reaction suppression as 150 mg/kg of tranilast. Such a
potent anti-allergic effect from rosmarinic acid (1) is certainly
exciting and worthy to be further studied in the development of
anti-allergic agents. In light of the study by Chen et al. (2015), an
OVA-induced murine model of allergic asthma was employed.
Results demonstrated a promising reduction in serum IgE level
in the OVA-sensitized mice with 320 pg of ethanolic extract of P
frutescens leaves and hence amelioration of asthmatic symptoms
(Chen et al., 2015). A similar reduction outcome was obtained in
the study using Der f (Dermatophagoides farinae) mite-induced
atopic dermatitis murine model with oral administration of P
frutescens leaves extract (Komatsu et al., 2016). In the latest work
by Kamei et al. (2017), a new active principle, 8-hydroxy-5,7-
dimethoxyflavanone (PDMF) (4) was isolated from the leaves of
P, frutescens and demonstrated to have a potent suppressive effect
on PCA reaction in anti-DNP IgE-stimulated-BALB/c mice. In
addition, sneezing frequency, the allergic rhinitis nasal response,
was also reduced with 1.5 mg of PDMF (4) after the BALB/c mice
were challenged with Japanese cedar pollen grains (Kamei et al.,
2017). Considering all these evidences together, P. frutescens
possesses a great potential to be developed as an effective anti-
allergic agent as shown in allergic asthma, atopic dermatitis and
allergic rhinitis models.

According to Mizushina et al. (2014), the isolated compound
carnosic acid (5), from the Rosmarinus officinalis leaves, possesses
the ability to suppress PCA reaction at a dose of 100 mg/kg in
sensitized mice with percentage inhibition of 67.1%. Interestingly,
the inhibition caused by carnosic acid (5) was greater than that of
tranilast, a frequently used anti-allergic drug. In fact, tranilast at

100 mg/kg only inhibited PCA reaction by 23.9% as compared to
67.1% suppression by carnosic acid (5), which was approximately
2.8 folds stronger than tranilast (Mizushina et al., 2014). Hence,
it can be assumed that carnosic acid (5) has a strong potential
to be used as anti-allergic compound. In another account,
Schizonepeta tenuifolia demonstrated a 46.26% reduction in
serum IgE level with a treatment of 1% of S. tenuifolia extract
with phosphate buffered saline/olive oil (P/O) in proportion of
(9:1) mixture in DNCB-induced BALB/c mice (Choi et al., 2013).

Salvia miltiorrhiza is a perennial herb which is well known
to have tanshinones as principal bioactives. This plant is widely
employed as traditional remedy, particularly in TCM (Li et al,,
2015). Over the past decade, researchers have conducted studies
to investigate its anti-allergic effect. Yang et al. (2008) proposed
that a dose-dependent reduction of PCA reaction occurred at
25-100 mg/kg of ethanol extract of S. miltiorrhiza leaves (P <
0.001). When the IgE-stimulated rats were fed with 50 mg/kg of
extract, the PCA reaction appeared to decrease by approximately
36.4% (Yangetal.,2008). A study conducted by Trinh etal. (2010a)
highlighted the potency of the PCA reaction inhibition exhibited
by the active principles of S. miltiorrhiza in the following manner:
tanshinone I (6) (59%) > 15,16-dihydrotanshinone I (7) (49%) >
tanshinone ITA (8) (35%) > cryptotanshinone (9) (32%). Another
species from the same genus, S. plebeia, was reported to suppress
Der f-induced elevated serum IgE level in BALB/c mice of atopic
dermatitis model at a concentration of 100 mg/kg of ethanolic
extract (Choi et al., 2014). Therefore, this finding suggests that S.
plebeia could be a good candidate for atopic dermatitis treatment
in future.

For more than 2,000 years, Chinese people have recognized the
dried root of Scutellaria baicalensis as a very valuable medicinal
herb and many people have regarded it as the golden herb due to its
diverse medicinal uses. It is traditionally known as Huang-Qin and
it is now listed officially in the Chinese Pharmacopoeia (Zhao et al.,,
2016). It is widely employed in TCM as treatment for cardiovascular
diseases and bleeding disorders, such as hematemesis, hematuria
and metrorrhagia (Yoon et al,, 2009; Chen et al., 2013). In recent
years, it has started to emerge as potentially possessing anti-allergic
properties as many studies were actively carried out to investigate its
anti-allergic effect. Lim et al. (2003) highlighted that S. baicalensis
root contains active constituents that are particularly useful against
allergic diseases. Four flavonoids were isolated from the root of
S. baicalensis, wogonin (WG) (10), ganhuangenin (GHG) (11),
wogonoside (WGS) (12) and 3,5,7,2}6’-pentahydroxyl flavanone
(PHF) (13). WG (10), GHG (11) and WGS (12) were found to
potently suppress the production of IgE from the concanavalin A
(ConA)-stimulated spleen lymphocytes obtained from Sprague-
Dawley rats, at 10 and 100 uM, except PHF (13), even when tested
with the highest dose (Lim et al., 2003). This outcome could be
due to the structural differences with methoxy substitution and
their respective positions on the polyphenolic ring (Lim, 2002).
Meanwhile, Li et al. (2014) evaluated the efficacy of three different
extracts (ethanol, acetone and ethyl acetate extract) of S. baicalensis
against allergic reactions. Result revealed that ethanol extract
showed the most promising outcome among the three extracts. It
demonstrated the highest inhibitory activity against mice ear PCA
reaction with percentage inhibition of 55.17% at a dose of 1.42 g/kg.
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With the same dose, the total serum IgE level was recorded at the
lowest level (3.23 + 1.05 IU/ml) as compared to treatment with
the other two extracts and was comparable to the positive control,
0.1 g/kg of sodium cromoglycate (3.19 + 1.14 IU/ml) (Li et al., 2014).
In the latest work of Zhou et al. (2016), another active constituent,
oroxylin A (14), isolated from S. baicalensis, was reported to cause a
potent suppression (P < 0.01) in serum IgE levels in OVA-sensitized
mice (Zhou et al., 2016). Other than oral administration, the efficacy
of topical application on anti-allergic effect was also evaluated. In
the study of Kim et al. (2013), the aqueous extract of S. baicalensis
was topically applied onto DNFB-induced ear swelling and result
suggested that the cutaneous reaction significantly reduced (P <
0.05) by 31% with 5% of extract (Kim et al.,, 2013). In a continuation
of the study from the same researchers a few years later, in addition
to cutaneous reactions, the serum IgE level in DNCB-induced
contact dermatitis was also proven to be suppressed by topical
treatment of S. baicalensis aqueous extract (Kim et al, 2016).
Considering these results, S. baicalensis showed to be effective
against IgE production and thus to have preventive effects towards
allergy. Hence, it is suitable to be further developed as natural anti-
allergic agent.

Furthermore, Zhouetal. (2014) demonstrated that 2-isopropyl-
5-methylphenol (thymol) (15) from Thymus vulgaris portrayed a
dose-dependent reduction trend in the production of IgE with the
pretreatment of 4 mg/kg, 8 and 16 mg/kg of thymol (15) in OVA-
challenged mice. Among the three concentrations used, 16 mg/
kg of thymol (15) showed a comparable inhibition (P < 0.01) of
OVA-specific IgE with positive control, dexamethasone (Zhou
et al., 2014). Likewise, Vitex rotundifolia also showed similar
inhibitory activity with 43% suppression in serum IgE level with
the treatment of V. rotundifolia’s phytoconstituent, 1H,8H-pyrano
[3,4-c] pyran-1,8-dione (PPY) (16) (Lee et al., 2009).

INHIBITION OF MAST CELLS AND
BASOPHILS DEGRANULATION

A few species of Lamiaceae have successfully displayed
compelling mast cell stabilizing activity. For instance, Vadnere
et al. (2007) evaluated the mast cell stabilizing activity of
Clerodendron phlomidis using in vivo murine system. The mast
cell stabilization was achieved by using leaf aqueous extract of
C. phlomidis in tested mice. Results revealed that 100 mg/kg of
extract was able to confer protection as high as 73.25% from mast
cell degranulation which was almost comparable to the standard
drug, disodium cromoglycate, that exhibited a protection of
83.75% (Vadnere et al., 2007). Furthermore, O. sanctum leaves
were also studied for their mast cell stabilization activity in
the research of Choudhary (2010). The leaves were prepared
into ethanolic extract and flavonoidal fraction isolated from
ethanolic extract. The albino rats were fed orally with 100 and
200 mg/kg of leaf ethanolic extract after sensitization. The results
demonstrated that 62.44 + 3.80% and 67.24 + 2.94% of mast
cell stabilization activity was respectively recorded at 100 and
200 mg/kg of ethanolic extract. Meanwhile, significant inhibition
of mast cell degranulation was also seen with 75 and 150 mg/kg of
isolated flavonoidal fraction, which marked with 54.62 + 1.76%

and 60.48 + 2.72% respectively (Choudhary, 2010). In addition
to that, Patel and Deshpande (2011) employed an in vitro assay to
evaluate the inhibitory activity of mast cell degranulation of Vitex
negundo. The rat mesenteric mast cells were stimulated with
compound 48/80 to induce mast cell degranulation. At the end
of experiment, the numbers of intact and disrupted mast cells
were counted and compared. Result suggested that the number
of intact mast cells was more than that of disrupted mast cells
after the pretreatment with 500 pg/ml of aqueous sub-fraction
of V. negundo. The mast cell protection was significant, which
marked with a percentage of 80.99 + 0.7231% (P < 0.001) (Patel
and Deshpande, 2011).

In a study conducted by Murata et al. (2010), it was found that
Lycopus lucidus contains bioactive compounds that contribute to
anti-allergic activity through inhibition of hyaluronidase enzyme
(Murata et al., 2010). Hyaluronidase is an enzyme that cleaves
hyaluronic acid in an extracellular matrix of connective tissue
and is well known for being involved in allergic reactions by
causing increased capillary permeability (Sakamoto et al., 1980).
Inhibition of this enzyme is known to have suppressive effect on
mast cell degranulation, which is a hallmark manifestation of
allergy (Asada etal., 1997). Therefore, inhibition of hyaluronidase
enzyme can thus become one of the targets to prevent the
occurrence of allergy. Murata et al. (2010) isolated 22 compounds
from dried aerial parts of L. lucidus. Amongst the 22 compounds
isolated, only six of them were identified to possess hyaluronidase
inhibitory activity. Isolated rosmarinic acid (1) was previously
identified as a good hyaluronidase inhibitor. It was set as the
positive control in this study and marked with hyaluronidase
inhibition with IC;, value of 309 uM. By comparison, the other
five constituents were considered as strong hyaluronidase
inhibitors with smaller values of IC.; as compared to the positive
control. The potencies of inhibition of the six phytoconstituents
were arranged in a descending manner: clinopodic acid C (17)
(ICs, value: 80.1 uM) > clinopodic acid E (18) (IC,: 82.8 pM) >
lycopic acid A (19) (ICs.: 134 uM) > lycopic acid B (20) (ICs;:
141 uM) and scizotenuin A (21) (IC;,: 241 uM) > rosmarinic
acid (1) (ICyy: 309 uM) (Murata et al., 2010). This has provided
scientific evidence to support future research on L. lucidus for
its anti-allergic potential. Similarly, in the work of Ippoushi
et al. (2000), it was found that the leaf methanolic extract of
Melissa officinalis, which is also commonly known as lemon
balm, possessed the highest hyaluronidase inhibition among
46 plants tested, achieving as low as only 1.0 + 0.3% of enzyme
activity (Ippoushi et al., 2000). The potency of lemon balm in
suppressing hyaluronidase is worthy to be further explored, so
that it can become an anti-allergic therapeutic in future. Taken
together, these outcomes suggest that these species can be used as
potential novel anti-allergic therapeutic agents through mast cell
degranulation inhibition.

INHIBITION OF ALLERGIC MEDIATORS
AND SECRETORY GRANULES

Following mast cell degranulation, various chemical mediators
are released from the mast cells or basophils. One of the most
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prominent mediators release from mast cells is histamine.
Histamine was discovered as a potent vasoactive agent in 1911
by Dale and Laidlaw and recognized as a major contributor to
allergic diseases (White, 1990; Xie and He, 2005). Histamine
participates in both early and late phase allergic reactions. In
the early phase of allergic reactions, the histamine released
from degranulated mast cells and basophils triggers an array
of acute allergic symptoms which can be seen within minutes.
Some of the examples of allergic symptoms are increased
vascular permeability causing redness, swelling, itchiness
and pain, bronchoconstriction, anaphylaxis, etc. (Jutel et al.,
2009). The onset of immediate allergic reactions is followed
by the late phase responses (LAR) which contribute to more
sustained inflammation. During the LARs, histamine acts as
the chemoattractant to effector cells, notably T,;2 lymphocytes,
eosinophils, and basophils for recruitment to the inflammatory
site and hence is implicated in the pathogenesis of late phase
chronic allergic inflammatory reactions (He et al., 1997; Galli
et al., 2008).

In addition, f-hexosaminidase is another popular biomarker
used to evaluate mast cell degranulation in many the allergy
studies (Kuehn et al., 2010). Similar to histamine, it is produced
and stored as secretory granules within mast cells and basophils.
However, unlike histamine, it does not have any significant
involvement or contribution to allergic reactions. Instead,
B-hexosaminidase was reported to have the ability to confer
host defense against bacterial infection (Fukuishi et al., 2014).
Nevertheless, it is widely employed as a mast cell degranulation
marker because it is released together with histamine during the
degranulation process (Cota et al., 2012; Huang et al., 2016). As
compared to histamine, the release of f-hexosaminidase is slower
and persists for a longer time. This makes B-hexosaminidase
a better indicator for mast cell degranulation detection than
histamine (Huang et al, 2016). Apart from histamine and
B-hexosaminidase, mast cells also contain other mediators like
eicosanoids, such as prostaglandin D, and leukotrienes C,,
chemotactic factors and immunoregulatory cytokines (Xiang
et al, 2001; Parikh et al., 2003). During degranulation, these
substances are also released from mast cells and basophils
through exocytosis. Therefore, they are also used as biomarkers
of mast cell degranulation in the allergy studies.

Anti-allergic activity of plants can be evaluated through the
potency of the plant in suppressing the mediators, secretory
granules or any functional changes induced by the mediators as
aforementioned. In a study by Vadnere et al. (2007), a significant
inhibition (P < 0.05) in histamine-induced tracheal contraction
was seen at concentrations of 4 and 10 mg/ml of leaf aqueous
extract of Clerodendron phlomidis on isolated goat tracheal chain.
At the same time, intraperitoneally administered leaf aqueous
extract of C. phlomidis at concentrations of 100 mg/kg showed
a potent reduction (P < 0.05) in histamine-induced vascular
leakage in sensitized murine model (Vadnere et al., 2007). Lee
et al. (2011) explored the possibility of C. trichotomum on anti-
asthmatic potential employing in vivo guinea pig model. A
phenylpropanoid glycoside, acteoside (22) was isolated from
the ethyl acetate fraction from C. trichotomum leaves. At dose
25 mg/kg, specific airway resistance (sRaw) was significantly

(P < 0.05) inhibited in immediate phase response (IAR) and LAR
in ovalbumin-challenged guinea pigs by 32.14% and 55.88%
respectively. The result seemed promising as it was superior
to positive controls, 5 mg/kg dexamethasone (55.88%) and
10 mg/kg disodium cromoglycate (52.94%) in LAR. Meanwhile,
concentration of 50 mg/kg of acteoside (22) was significantly
(P < 0.05) against the histamine release and phospholipase A,
(PLA,) activity in BALF in which the histamine content was
marked with 26.40 + 1.96% and PLA, activity recorded with only
28.08 +2.05% (Lee et al., 2011b).

Park et al. (2010) investigated the anti-allergic potential of
Clinopodium gracile using both in vivo and in vitro studies. In
the in vivo study, the mice were treated with compound 48/80
to induce systemic anaphylaxis after the pretreatment with
intraperitoneal administration of aqueous extract of C. gracile
with concentrations ranging from 1-100 mg/kg. The mortality
of mice due to anaphylactic shock was assessed. Results
revealed that the systemic anaphylactic death event was reduced
concentration-dependently, in which the doses of 50 mg/kg and
above were identified as the effective doses that prevented the
mice from fatal anaphylactic shock. The reduction of systemic
anaphylaxis corresponded to the reduced serum histamine. On
the other hand, aqueous extract of C. gracile was also shown
to significantly (P < 0.05) suppress the release of histamine in
in vitro RPMC and HMC-1 cells assays. The suppressive effect
occurred in a dose-dependent manner with the concentrations
ranging from 1-100 pg/ml. As aforementioned, calcium
influx is pivotal in the releasing of secretory granules and
mediators from mast cell degranulation. Therefore, a reduction
of intracellular calcium level can result in the inhibition of
chemical mediators such as histamine and B-hexosaminidase
release (Oka et al, 2005). In the same study, intracellular
calcium level was also evaluated in HMC-1 cell line. Results
showed that pretreatment with aqueous extract of C. gracile
caused a suppression in intracellular calcium level induced
by PMACI. Hence, this finding is supported by the theory
which suggests the involvement of intracellular calcium in the
inhibition of histamine release from mast cells. In addition, mast
cell-mediated hypersensitivity also occurs with the involvement
of NF-kB and inflammatory cytokines. NF-kB activation is
essential to regulate downstream pro-inflammatory cytokine
expression, such as TNF-a and IL-6 which play a critical role
in initiating and sustaining the allergic inflammatory responses
(Blackwell and Christman, 1997). Therefore, the attenuation
of NF-kB activation causes a reduction in downstream
inflammatory cytokines gene expression and hence produces
suppressive effects in allergic inflammation. NF-kB-dependent
transcriptional activity was evaluated through luciferase activity
assay. Results revealed that treatment with aqueous extract
significantly (P < 0.05) inhibited the activation of NF-kB and its
downstream cytokine expression (TNF-a and IL-6) at doses of
1 and 10 pg/ml. These findings provide evidence that C. gracile
is has the potential to be developed as an anti-allergic agent in
the future, given its potential in reducing allergic inflammation
(Park et al., 2010). Similarly, aqueous extracts of Dracocephalum
argunense (Kim and Shin, 2006; Kim et al., 2006), Elsholtzia
ciliata (Kim et al., 2011), Isodon japonicus (Kim et al.,, 2004;
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Shin et al., 2004), Lycopus lucidus (Shin et al., 2005), Mentha
arvensis (Shin, 2003), Mosla chinensis (Kim et al., 2012), M.
dianthera (Lee et al., 2006), Perilla frutescens (Shin et al., 2000),
Phlomis umbrosa (Shin et al., 2008), Pogostemon cablin (Yoon
et al., 2016), Prunella vulgaris (Shin et al., 2001), Salvia plebeia
(Shin and Kim, 2002), Schizonepeta tenuifolia (Shin et al., 1999),
Stachys riederi (Shin, 2004), Teucrium japonicum (Kim et al.,
2009) and Vitex rotundifolia (Shin et al., 2000) also exhibited
similar outcomes as portrayed in the experiment conducted
using C. gracile.

In another account, Inoue et al. (2001) prepared four different
extracts and separated fractions (50% ethanolic extract, water
eluate, 50% ethanolic eluate and ethanolic eluate) from M. piperita
leaves to investigate their anti-allergic potential on allergic rhinitis.
It was found that 50% ethanolic eluate exhibited the most potent
inhibition to histamine release, with an IC,; value of 2.55 pg/ml and
exerted its antagonizing effect on nasal responses at doses of 300 and
1,000 mg/kg in antigen-challenged rats (Inoue et al., 2001). In the
continuation of their previous work, Inoue et al. (2002) focused on
the 50% ethanolic eluate to isolate the active compounds responsible
for the anti-allergic effect. Following the isolation of the compounds,
a total of eight chemical constituents were considered. However,
among the eight compounds, luteolin-7-O-rutinoside (31) was
found to be the most effective in suppressing histamine release
from compound 48/80-induced RPMC with IC,, value of 21.9 uM.
The nasal responses were reduced at doses of 100 and 300 mg/kg
of luteolin-7-O-rutinoside (31) (Inoue et al., 2002). Recently, Sato
and Tamura (2015) evaluated anti-allergic activity of M. piperita
leaves using P-hexosaminidase assay. Five major flavonoids
components, 5,6,4"-trihydroxy-7,8-dimethoxyflavone (32), 5,6,4™-
trihydroxy-7,8,3’-trimethoxyflavone (33), 5,6-dihydroxy-7,334’-
trimethoxyflavone (34), 5,6-dihydroxy-7,8,3’4’-tetramethoxy
flavone (35) and 5,6-dihydroxy-7,8,4’-trimethoxyflavone (36)
isolated from leaves dichloromethane extract were all shown to
possess potent anti-allergic activity. However, 5,6,4’-trihydroxy-
7,8,3’-trimethoxyflavone (33) and 5,6-dihydroxy-7,8,3,4’-
tetramethoxyflavone (35) proved to have the strongest inhibitory
activity on P-hexosaminidase release from RBL-2H3 cells, which
were recorded with IC, values of 2.4 and 3.0 uM respectively. Their
safety profiles also seemed promising as they had relatively lower
cytotoxicity than another typical natural anti-allergic substance,
luteolin (3) (Sato and Tamura, 2015). Therefore, this might
indicate that 5,6,4’-trihydroxy-7,8,3’-trimethoxyflavone (33) and
5,6-dihydroxy-7,8,3}4’-tetramethoxyflavone (35) can be potentially
developed into safe and effective anti-allergic agents. Another
species from the same genus, M. spicata, was shown to have similar
activitywithitsflavones, 5,6,4’-trihydroxy-7,8,3’-trimethoxyflavone
(33) and 5,6-dihydroxy-7,8,3,4 -tetramethoxyflavone (35) and
aliphatic glycoside, (3R)-1-octan-3-yl B-D-glucopyranoside (37).
The potency of inhibitory activities was arranged in a descending
manner: 5,6,4 -trihydroxy-7,8,3 -trimethoxyflavone (33) with
IC,, of 6.4 uM > 5,6-dihydroxy-7,8,34’-tetramethoxyflavone (35)
with IC,, of 56 uM > (3R)-1-octan-3-yl B-D-glucopyranoside
(37) with IC;, of 560 uM. Although (3R)-1-octan-3-yl -D-
glucopyranoside (37) showed the weakest activity, it was however
a great discovery as this was the first time an anti-histaminic

activity from an aliphatic glycoside was recorded (Yamamura
etal., 1998).

In 2007, Cariddi et al. investigated the anti-allergic activity of
Minthostachys verticillata. The experiment was conducted using
basophils from allergic patients pretreated with essential oil
extracted from the stems and leaves of M. verticillata and followed
by B-hexosaminidase assay. Results suggested that the essential
oil showed a promising suppressive effect on 3-hexosaminidase
release with percentage inhibition ranging from 32.15% to
39.72%, which was comparable to dexamethasone (39.75%)
and theophylline (41.63%) (Cariddi et al., 2007). A few years
later, Cariddi et al. (2011) carried out an in-depth study on the
components of the essential oil extracted from M. verticillata
to identify the constituent responsible for anti-allergic effect.
Limonene (38), pulegone (39) and menthone (40) were found
to be present in the essential oil. Results suggested that limonene
(38) appeared to be the most effective compound in the inhibition
of B-hexosaminidase release from human basophils as compared
to the other two compounds, pulegone (39) and menthone (40).
It was shown that 20 pg/ml of limonene (38) was able to achieve
inhibitory effect while the other two compounds both required a
higher concentration of 40 ug/ml to reach the desired inhibition.
The inhibitory effect could be achieved at a lower concentration
(10 pg/ml) when the compounds were used in combination
(Cariddi et al., 2011). This can be explained with the synergistic
effect of the three compounds.

Jeon et al. (2014) highlighted that luteolin (3) isolated from the
leaves of P. frutescens potently (P < 0.05 to P < 0.001) suppressed
histamine release from compound 48/80-stimulated RPMC at
5,10 and 20 uM in a dose-related manner. The expression and
production of TNF-a and IL-1P were significantly (P < 0.05 to
P < 0.001) reduced in PMACI-stimulated HMC-1 cells, with
inhibition rates of 31.9%-76.8% and 27.3%-81.2% respectively,
at the range of 5-20 puM of luteolin (3) (Jeon et al.,, 2014).
Likewise, Ueda et al. (2002) also reported a similar activity on
the TNF-a production with a dose range of 1-1,000 ug of luteolin
(3) in sensitized mice. A the same time, in vivo studies conducted
on ICR mice demonstrated that compound 48/80- or serotonin-
induced scratching behavior and vascular permeability were dose-
dependently decreased at concentrations of 5, 10 and 20 mg/kg of
luteolin (3) (Ueda et al., 2002). According to a study conducted
by Heo et al. (2011) on the anti-atopic effect of P. frutescens, the
aqueous fraction demonstrated a promising outcome whereby
the DNFB-sensitized mice experienced a 35% reduction in ear
swelling symptoms with the administration of 100 pg/ml. In
light of the study carried out by Zhu et al. (2014), rosmarinic
acid methyl ester (41) was found to be able to produce a stronger
B-hexosaminidase release inhibition than that of rosmarinic
acid (1) extract prepared from P frutescens leaves using
supramolecular technique, in which the IC,, values were marked
with 9.9 + 0.8 and 52.9 * 6.7 ug/ml respectively. Furthermore,
Kamei et al. (2017) suggested that PDMF (4) significantly (P <
0.05) inhibited histamine release from RBL-2H3 cells with an
IC,, value of 68.5 uM which was much more potent than other
polyphenols. Hence, this finding deduced that PDMF (4) is a
newly emerged potent anti-allergic component.
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In light of a study by Ryu et al. (2000), 2a,3a-dihydroxyurs-
12-en-28-oic acid (42) isolated from the methanolic extract of
Prunella vulgaris possessed a significant (P < 0.01) inhibitory
activity on P-hexosaminidase release from RBL-2H3 cells with
IC;, of 57 uM. Another histamine release assay conducted
recently by Choia et al. (2016) intended to provide more evidence
on the anti-allergic effect of P vulgaris. The results suggested
that three triterpenoids isolated from the spike of P vulgaris
exhibited significant inhibitory effects on histamine release from
HMC-1 cells. The active principles represented by p-amyrin
(43), 2a,3a,23-trihydroxyursa-12,20(30)-dien-28-oic acid (44)
and euscaphic acid (45) demonstrated a percentage inhibition
of 46.7%, 57.9% and 54.2% respectively. It is noteworthy that
2a,3a,23-trihydroxyursa-12,20(30)-dien-28-oic acid (44) was
isolated for the first time and possessed promising activity against
histamine release (Choia et al., 2016). Putting all the evidence
together, P. vulgaris is experimentally proven to have high
potential to be developed into efficacious anti-allergic agent. On
the other hand, Mizushina et al. (2014) highlighted that carnosic
acid (5) from Rosmarinus officinalis leaves significantly inhibited
the release of f-hexosaminidase from RBL-2H3 cells at 10 pM.

Likewise, Choi and Kim (2004) and Ryu et al. (1999) reported
that 15,16-dihydrotanshinone-I (7) and cryptotanshinone (9)
isolated from the root of S. miltiorrhiza showed to have IC,,
values of 16 + 2.4 and 36 + 3.7 uM on P-hexosaminidase release.
Additionally, the ethanolic extract of S. miltiorrhiza also inhibited
other chemical mediators, such as leukotriene C, with a IC,, value
0f2.6 pg/ml, COX-1 and COX-2-dependent prostaglandin D, with
IC,, values of 3.96 and 21.54 pg/ml respectively (Yang et al., 2008).
With the aid of findings from Yang et al. (2008), Li et al. (2015)
successfully identified 15,16-dihydrotanshinone-I (7) as the
compound responsible for the inhibition of intracellular calcium
level, hence suppressing the downstream release of leukotriene C,
and prostaglandin D, from activated bone marrow-derived mast
cells (BMMC). The inhibition percentage achieved was as high
as 90% with a dose of 20 uM of 15,16-dihydrotanshinone-I (7)
(Lietal, 2015).

Inaddition, thefouractive constituentsisolated from Scutellaria
baicalensis root, wogonin (WG) (10), ganhuangenin (GHG)
(11), wogonoside (WGS) (12), 3,5,7,26 -pentahydroxyflavanone
(PHF) (13), all showed a significant suppression of histamine (P <
0.01) and leukotriene B, (P < 0.01) release from A23817-induced
rat peritoneal exudate cells (PEC) at a concentration of 100 uM
(Lim, 2003). Moreover, Kim et al. (2010) reported that baicalin
(46) isolated from the roots of S. baicalensis possessed a significant
(P < 0.001) inhibitory activity of histamine and leukotriene
release from OVA-sensitized guinea pig lung mast cells at 10, 30
and 60 pg. The histamine inhibition rates recorded with 47.1%,
59.4% and 61.5% while leukotriene production remarkably
suppressed by 37.9%, 47.3% and 50.4% with the pretreatment
of the three different doses of baicalin (46). Interestingly,
studies showed that the standardized extract of baicalin (46)
at high dose produced a greater inhibition on both histamine
and leukotriene production as compared to pure baicalin (46).
Results revealed that 70.4% of histamine suppression and 78%
of leukotriene inhibition (P < 0.001) were found at high dose
(60 pg) of standardized extract. However, the percentage inhibitions

produced by low and medium dose standardized extract
treatments were smaller than that of pure baicalin (46) (Kim
etal, 2010). In a very interesting study conducted by (Trinh et al.,
2010b), baicalin (46) isolated from rhizome of S. baicalensis was
metabolized into baicalein (47) and oroxylin A (14) followed by
oral administration. All three compounds possessed inhibitory
activity against histamine-induced scratching behavior and
vascular permeability in in vivo ICR mice model at doses of 20
and 50 mg/kg. However, the metabolite, oroxylin A (14) showed
the most potent inhibition instead of its parent compound,
baicalin (46). In the study of Li et al. (2014), it was suggested
that ethanol extract potently inhibited (P < 0.01) 4-AP-induced
allergic skin pruritus, histamine-induced mice paw swelling and
cutaneous anaphylactic-ear swelling at 1.42 g/kg. For instance,
ear swelling inhibition produced by 1.42 g/kg of ethanol extract
(47.10%) was superior to that of the positive control, 0.1 g/kg
of cromolyn sodium (32.43%) (Li et al., 2014). In a food allergy
study, 25 mg/kg of ethanol extract of S. baicalensis conferred
60% protection to food allergy anaphylactic death in OVA-
sensitized mice (Shin et al., 2014b). Henceforth, these promising
experimental outcomes make the anti-allergic potential of S.
baicalensis worthwhile to be further explored.

REGULATION OF T CELL RESPONSES

It has been long recognized that allergic sensitization is led by
lymphocytes (Zhang et al., 2014). There are various types of T
lymphocytes, such as CD4*, CD8*, and natural killer T cells,
in which each population produces response to allergens with
different capacities. Among the different types of T lymphocytes,
CD4* T cells are predominantly implicated in the pathogenesis
of allergy. With the expression of major histocompatibility
complex (MHC) class II molecules and allergen specific T-cell
receptors (TCR), CD4* T cells are able to recognize peptide
antigen presented by antigen-presenting cells (APCs). Antigen
recognition is then led to the activation of downstream immune
responses, such as allergic inflammatory cascade (Kallinich et al.,
2007; Woodfolk, 2007).

Naive CD4* T cells can be differentiated towards Ty1, T2,
Ty17 and Treg phenotypes (Zhang et al., 2014). T2 subsets
are particularly renowned as the major contributors to the
immunopathology of allergy. Late-phase allergic responses are
provoked by the persistent existence of allergens, leading to T-cell
activation (Palomares et al., 2010). Activated T2 lymphocytes
play a critical role in the production of T;2 cytokines (IL-4,
IL-5, IL-9 and IL-13) (Deo et al., 2010; Ozdemir et al., 2010).
IL-4 and IL-13 are crucial to the development of Ty;2 cells and
induction of IgE isotype switching from B cells, which are the
major risk factor for the development of allergic asthma (Steinke
and Borish, 2001; Woodfolk, 2007). IL-5 mainly mediates
eosinophil recruitment and increases eosinophil survival while
IL-9 stimulates mast cells and basophils (Woodfolk, 2007;
Ozdemir et al., 2010). In contrast, Ty;1 cells differentiation occurs
in response to microbial activation of APC under the influence of
IL-12 (Deo et al., 2010). These cells orchestrate the production of
IL-2, IFN-y and TNF- (Romagnani, 2004). T};1 cytokines tend
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to produce pro-inflammatory responses which are important in
killing phagocytosed microbes and perpetuating autoimmune
responses (Berger, 2000). Recent evidence demonstrate that
minimal microbial exposure in early life causes the Tp1/T}2
balance in the immune system to skew towards the pre-allergic
Ty2 response (Berger, 2000; Deo et al., 2010).

Recently, Treg cells emerged as the key component in
the sensitization stage of allergy (Zhang et al., 2014). The
transcriptional factor, FOXP; serves as a lineage specification
factor of Treg cells which is required for the differentiation of
Treg cells (Rudensky, 2011; Noval Rivas and Chatila, 2016).
FOXP, which is dominantly expressed by Tregs, inhibits
Ty2 cells activation, thus reducing the production of T2
cytokines, which is essential during the effector phase of
allergic reactions (Albano et al., 2013). Treg cells also suppress
allergic inflammation through direct action on mast cells,
basophils and eosinophils (Palomares et al., 2010; Noval Rivas
and Chatila, 2016). It has been shown that constitutive FOXP+
Treg controls the symptomatic phase of mast cell activation
and IgE-dependent anaphylaxis in mice (Kanjarawi et al,
2013). Apart from that, T17 cells and their corresponding
cytokine, IL-17, are also highlighted for their involvement in
the progression of Ty2-mediated allergic disorders (Oboki
et al., 2008). A balance between T;17 and Tregs is essential for
immune homeostasis. Excessive or exaggerated Ty;17 function
and elevated Ty 17 cells together with a defect in Treg function
or reduction in Treg population lead to the development of
allergic disorders, like allergic asthma and rhinitis. Restoring
the balance between T;17 and Treg can promote the resolution
of allergic disorders, such as allergic inflammation seen in
allergic asthma (Albano et al., 2013).

Natural compounds with the ability to regulate T cell
responses have a great potential in the development of novel anti-
allergic therapeutic agents. In this review, there are several plants
described to have compelling effects on the down-regulation
of T2 cytokines, re-establishment of Ty1/Ty2 balance, T;17
inhibition and promotion of Treg cells functions. For example,
100 mg/kg of ethanolic extract of Mentha haplocalyx was
reported to exhibit significant (P < 0.05) inhibition on the
expression and production Ty2 cytokines (IL-4 and IL-5) in
BALF (Lee et al., 2011a). Besides, Costa et al. (2012) evaluated
the effectiveness of Ocimum gratissimum in alleviating allergic
asthma. Results revealed that Blomia tropicalis mite-immunized
and challenged mice receiving 100 mg/kg of O. gratissimum
methanolic extract had a significant reduction (P < 0.05) in
IL-4 level in BALF in relation to those of the untreated group
(Costa et al., 2012). In addition, Trinh et al. (2010a) stated that
tanshinone I (6), 15,16-dihydrotanshinone I (7), tanshinone
ITA (8) isolated from Salvia miltiorrhiza possessed inhibitory
activity on IL-4 and TNF-a expression in IgE-antigen complex-
stimulated RBL-2H3 cells at a dose of 50 uM. The ability of S.
miltiorrhiza in inhibiting IgE-switching cytokine, IL-4 and pro-
inflammatory cytokine, TNF-a is thought to be a spring for
allergic reactions improvement (Trinh et al., 2010a). Another
species from the same genus, S. plebeia, was reported to reduce
symptoms of atopic dermatitis through regulation of T cells
responses (Choi et al., 2014). At a concentration of 100 mg/kg

of ethanol extract of S. plebeia, the expression of Ty1, T2 and
Ty17 cytokines was significantly reduced (P < 0.05) in Der-f-
induced atopic dermatitis-like skin lesions (Choi et al., 2014).
On the other hand, Schizonepeta tenuifolia demonstrated a
significant reduction (P < 0.05) of IFN-y, IL-4 and IL-13 in
IgE-induced allergic model of RBL-2H3 cells with 100 pg/ml of
aqueous extract. In the same study, S. tenuifolia aqueous extract
showed no cytotoxicity even at a higher concentration up to
1,000 pg/ml (Lin et al., 2018). However, a more thorough and
detailed toxicological investigation is required to develop a more
evidence-based safety profile.

In another account, Perilla frutescens also suppressed
T2 responses which then contributed to anti-allergic effect
(Sanbongi et al., 2004). Results demonstrated that the expression
and production of Ty;2 cytokines (IL-4 and IL-5) were potently
inhibited by daily oral administration of 1.5 mg of rosmarinic
acid (1) from P. frutescens (P < 0.05) in in vivo house mite-
challenged murine model (Sanbongi et al., 2004). Meanwhile,
Chen et al. (2015) reported that IL-5 and IL-13 were diminished
in OVA-induced allergic asthma murine model with ethanolic
extract of P. frutescens leaves. Interestingly, aqueous fraction of
P, frutescens leaves showed its effectiveness in alleviating atopic
dermatitis through balancing of Tyl and Ty2 cells (Heo et al,,
2011). The effect was achieved by suppressing the release of
IL-31, which is a Ty;2 cytokine that promotes allergic symptoms
like pruritus and allergic skin disorders (Heo et al., 2011; Meng
et al,, 2018). At the same time, the T-bet protein expression was
augmented with 100 pg/ml of P. frutescens aqueous fraction (Heo
et al., 2011). T-bet protein expression is essential for Ty1 cell
differentiation (Chatila et al., 2008). Therefore, the combination
of suppressed IL-31 and augmented T-bet protein expression
resulted in Ty1/Ty2 balance and hence alleviation of allergic
symptoms. Besides, Komatsu et al. (2016) suggested that the
CD4+/CD8" ratio in splenic T lymphocytes obtained from Der
f-induced atopic dermatitis NC/Nga mice was decreased from
1.82 £ 0.32% to 1.50 + 0.07% after receiving treatment of Perilla
leaves extract. This suppression is believed to be associated with
the Tyl and T2 balance (Komatsu et al., 2016). Additionally,
Liu et al. (2013) employed an in vitro assay to investigate the
effect of P. frutescens extract on Der p 2-challenged human
bronchial epithelial cells BEAS-2B cells. Result displayed that
the pro-allergic cytokines (IL-4, IL-5, IL-13) and GM-CSF
productions were all dose-dependently reduced (P < 0.05) in
Der p 2-stimulated BEAS-2B cells with treatment of 5-50 ug/ml
of methanolic extract of P. frutescens leaves (Liu et al., 2013).

In a recent work by Bae et al., 2016, Scutellaria baicalensis
showed to be effective in ameliorating ovalbumin-induced food
allergy murine model through the regulation of Treg cells with its
natural flavonoid compound, baicalein (47). Results revealed that
baicalein (47) was able to increase Treg cells population through
induction of CD4* FOXP,* T cell differentiation without causing
any cytotoxicity at concentrations smaller than 10 umol/L (Bae
et al., 2016). In light of a study by Jung et al. (2017), linoleic acid
(50) in hexane fraction from ethanol extract of S. baicalensis roots
was reported to cause a significant suppression (P < 0.05) in the
production of pro-allergic cytokines (IL-4, IL-5, IL-10 and IL-13)
and enhancement of secretion of T};1 cytokines (IFN-y (P < 0.05)
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and IL-12 (P < 0.01)). The fact that a fatty acid from a plant can
contribute anti-allergic effect through restoration of Ty;1/T}2
balance is a new discovery (Jung et al., 2017). A similar outcome
was noted in a food allergy murine model conducted by Shin et
al. (2014b) with S. baicalensis ethanol extract. Interestingly, the
ethanol extract also down-regulated the IL-17 level produced by
Ty17 and hence produced effective prevention to food allergy
(Shin et al., 2014b). Within the same year, the same group of
researcher successfully discovered that the active compounds
isolated from S. baicalensis, represented by wogonin (WG) (10),
baicalin (46) and baicalein (47), all inhibited the T};2 cytokines
(IL-4, IL-5, IL-10 and IL-13) and IFN-y at dose of 50 pmol/L in
an ex vivo study. However, only WG (10) was able to produce
inhibition without affecting cell viability as compared to the other
two active compounds (Shin et al., 2014a). This finding suggests
that WG (10) could be a safer anti-allergic compound at a higher
dose, but its toxicity profile should be further investigated with
more extensive toxicity testings. Kim et al. (2010) focused on the
therapeutic potential of S. baicalensis on atopic dermatitis. In the
experiment, the male NC/Nga mice were orally fed with aqueous
extract of S. baicalensis after atopic dermatitis-like skin lesion
was conventionally developed in the mice. The feeding process
was continued for 6 weeks. After 6 weeks, blood was drawn from
the mice and analyzed to measure the level of cytokine release.
Interestingly, the results revealed that S. baicelensis aqueous
extract only exhibited specific inhibition on IL-5 (P < 0.05) at a
dose of 50 mg/kg. There was no significant change in the level of
IL-4 and IL-10 between S. baicalensis treatment group and control
group (Kim et al,, 2010). However, in the study by Kim et al.
(2016), it was proposed that topical application of aqueous extract
of S. baicalensis onto the DNCB-induced contact dermatitis can
significantly (P < 0.05) reduce the level of IL-4 and IFN-y in
BALB/c mice skin cells. Zhou et al. (2016) reported that oroxylin
A (14) isolated from S. baicalensis was effective against allergic
asthma with significant inhibition (P < 0.01) of IL-4, IL-5 and
IL-13 production at doses of 15, 30 and 60 mg/kg of oroxylin A
(14). In conclusion, S. baicalensis has good therapeutic potential
in allergic diseases, such as atopic dermatitis, food allergy and
allergic asthma through regulation of T cell responses.

With the intention to explore the effectiveness of 2-isopropyl-
5-methylphenol (thymol) (15) isolated from Thymus vulgaris in
alleviating allergic asthma, Zhou et al. (2014) employed an in vivo
allergic murine model of asthma. Results revealed that thymol
(15) effectively reduced the symptoms of allergic asthma through
dose-dependent inhibition of IL-4, IL-5 and IL-13 production at
4, 8 and 16 mg/kg in OVA-challenged mice. Particularly, a potent
reduction (P < 0.01) of OVA-induced T};2 cytokines was recorded
at 16 mg/kg of thymol (15) (Zhou et al., 2014). Apart from thymol
(15), carvacrol (51) from T. vulgaris was reported to effectively
inhibit the production of IL-2, IFN-y, IL-4 and IL-17 cytokines
as well as T-bet expression in the ex vivo splenocytes cultures
(Gholijaniand Amirghofran, 2016). On the contrary, both thymol
(15) and carvacrol (51) led to an increase in the level of IL-10 and
TGF-p in mice splenocytes cultures (Gholijani and Amirghofran,
2016). Henceforth, the regulation of T cell responses that was
shown by thymol (15) and carvacrol (51) suggests that these
two compounds potentially benefit allergic disorders. Likewise,

Lee et al. (2009) also highlighted that the active constituent of
Vitex rotundifolia, 1H,8H-pyrano [3,4-c] pyran-1,8-dione (PPY)
(16) potently suppressed the IL-5 production in BALF by 34%.
Furthermore, hydro-ethanolic extract prepared from Zataria
multiflora seeds was reported to restore Ty1/Ty2 balance by
enhancing the ratio of IFN-y/IL-4 in in vivo and in vitro assays
(Boskabady et al., 2013). Another study conducted by Kianmehr
et al. (2017) further supported the above finding. In addition to
enhanced IFN-y/IL-4 ratio, Z. multiflora hydro-ethanolic extract
also caused potentiation of Ty;1 and suppression effect on T};2
and Ty17 cells, which led to therapeutic effect on allergic asthma
in ovalbumin-sensitized BALB/c mice. Results showed that the
number of Treg cells (P < 0.001), T;;1/T};2 ratio (P < 0.001),
IFN-y/IL-4 ratio (P < 0.01), IEN-y (P < 0.05) and FOXP, (P <
0.001) expression were increased significantly. Meanwhile, T};2
and T17 cells (P < 0.01 to P < 0.001), IL-4, IL-17 and TGF-f
(P < 0.05 to P < 0.001) expressions were significantly reduced in
sensitized mice spleen cells (Kianmehretal., 2017). In conclusion,
Z. multiflora is able to produce anti-allergic therapeutic effects on
type I hypersensitivities like allergic rhinitis, allergic asthma and
urticarial by regulating T cell responses.

SUPPRESSION OF EOSINOPHILS
MIGRATION

Eosinophils are long-lived circulating granulocytes which play
a central role in promoting allergic reactions. They arise and
differentiate in bone marrow and are then widely distributed in the
blood, lungs, thymus, uterus, adipose tissues, spleen, etc and lastly
readily migrate to the allergic sites (Fulkerson and Rothenberg,
2013; Wen and Rothenberg, 2016). They migrate to the target sites
with the influence of chemoattractant, eotaxin and particularly,
IL-5 for eosinophil proliferation, survival and priming (Wen and
Rothenberg, 2016). Unlike mast cells and basophils with extensive
expression of high affinity IgE receptors, eosinophils have a
minimal expression of FceRI. Nevertheless, they express a great
range of cell surface molecules, such as receptors for IgG and IgA,
complement receptors, cytokine receptors, whose aggregation
can trigger eosinophils activation and development (Rigoni et al.,
2018). Often, the number of eosinophils is greatly elevated in
circumstances associated with allergic disorders, such as allergic
rhinitis, allergic asthma and atopic dermatitis (Stone et al., 2010).
Henceforth, natural products with the ability to suppress eosinophil
recruitment or infiltration to allergic sites can be the noteworthy
pharmacological therapeutic options for allergic disorders.

Several Lamiaceae plant species have demonstrated their
suppressive effects on the eosinophil recruitment. Vadnere et al.
(2007) showed that intraperitoneally administration of 100 mg/
kg leaf aqueous extract of Clerodendron phlomidis produced a
potent antagonizing effect towards milk-induced eosinophilia by
showing a marked reduction in blood eosinophil count in mice
with the value of 13.8 + 2.4 as compared to the control group
(43.1 + 1.25). This reduction is indicative of the effectiveness of
C. phlomidis in conferring anti-allergic effect. Another species
under the same genus, C. serratum, was evaluated by Bhangare
etal. (2012) to study the anti-allergic effect of its aqueous extract
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prepared from root and stem using different concentrations.
Results demonstrated that all extracts used possessed inhibitory
activity on milk-induced leukocytosis. However, the most potent
activity was shown by high dose (260 mg/kg) aqueous root extract
as compared to low dose (130 mg/kg) or any doses of aqueous
stem extracts. This extract accorded a more significant protection
than the standard used, dexamethasone from milk-induced
leukocytosis (Bhangare et al., 2012). This finding suggests that
C. serratum might be a potential candidate for anti-allergic therapy.
Moreover, Lee et al. (2011b) reported that acteoside (22) isolated
from C. trichotomum at 25 mg/kg significantly (P < 0.05) reduced
total leukocytes in BALF from 31.25+6.12 X 10°t0 25.23 £4.72 X
10°. At 50 mg/kg, 29.70% of eosinophil infiltration suppression
was achieved in guinea pigs model (Lee et al., 2011b). Similar
outcome was seen with 200 pl/kg of Mentha arvensis essential
oil (Sharma et al., 2018) and 100 mg/kg of ethanolic extract of
M. haplocalyx in OVA-challenged mice (Lee et al., 2011a). In
an attempt to investigate the effect of Ocimum gratissimum in
alleviating respiratory allergy, Costa et al. (2012) carried out
an experiment through in vivo model using male A/] mice. The
mice were orally fed with 25, 50 or 100 mg/kg of methanolic
leaves extract after subcutaneously injecting Blomia tropicalis
antigen for respiratory allergy induction. Results revealed that
O. gratissimum significantly suppressed the eosinophil counts
(P <0.05) in BALF as well as eosinophil peroxidase (P < 0.01) level
at a dose of 100 mg/kg. The same concentration of methanolic
extract O. gratissimum also attenuated mucus hypersecretion
in airway, which is one of the features of allergic asthma (Costa
et al., 2012). Henceforth, this suggests that O. gratissimum is
effective against respiratory allergy disorders, like asthma.
Perilla frutescens is a Lamiaceae plant species which has
a global distribution, but is especially concentrated in Asian
countries, like China, Japan, Korea and Vietnam among others.
In an effort to explore the isolate from P. frutescens with anti-
allergic activity on respiratory allergy, Sanbongi et al. (2004)
evaluated the isolate from the leaves of P. frutescens. Results from
this study suggested that the isolated compound, rosmarinic
acid (1), can bring about a significant reduction in eosinophil
infiltration (P < 0.05), BALF eosinophil counts (P < 0.01) and
eotaxin expression (P < 0.05) in the Der f-challenged C3H/He
mice (Sanbongi et al., 2004). Parallel activity was seen in OVA-
sensitized BALB/c mice with its ethanolic extract in the study of
Chen et al. (2015). On top of that, in an anti-atopic study carried
out by Heo et al. (2011), the immunohistochemistry test showed
that the eosinophil count was remarkably reduced by 73.7% and
the MMP-9 expression was also decreased significantly (P < 0.05)
at a 100 ug/ml of P. frutescens aqueous fraction (Heo et al., 2011).
Scutellaria baicalensis is another well-known Chinese herb which
is widely used as an anti-allergic herb (Li et al., 2014). In light of
the study of Zhou et al. (2016), it was proposed that oroxylin A
(14) from S. baicalensis was effective to alleviate allergic asthma.
Results demonstrated that oroxylin A (14) at doses of 15, 30 and
60 mg/kg were able to inhibit eosinophil infiltration in BALF and
consequently led to reduced airway hyperresponsivess in OVA-
challenged BALB/c mice (Zhou et al., 2016). In the same year,
Kim et al. (2016) evaluated the efficacy of topical treatment of
aqueous extract of S. baicalensis on contact dermatitis. Results

revealed that topical application was effective in suppressing
leukocytes infiltration and hence ameliorated contact dermatitis
symptoms (Kim et al., 2016).

In addition, Zhou et al. (2014) reported that 2-isopropyl-5-
methylphenol (thymol) (15) from Thymus vulgaris produced a
dose-dependent reduction of eosinophils infiltration in BALF
across concentrations of 4, 8 and 16 mg/kg. A remarkable
inhibition (P < 0.01) was noted at a dose of 16 mg/kg which
was comparable to 2 mg/kg of dexamethasone standard.
Consequently, mucus hypersecretion and goblet cell hyperplasia
in lung tissues as well as the airway hyperresponsiveness
in OVA-sensitized mice in response to methacholine were
drastically reduced (Zhou et al, 2014). In 2011, Patel and
Deshpande identified the mast cell stabilization potential of
Vitex negundo. In 2013, they conducted another experiment
on V. negundo’s leaves to study their anti-asthmatic activity.
They successfully isolated a flavonoid compound, 5-hydroxy-
3,6,7,3,4’-pentamethoxyflavone (52) from the leaves and found
that this compound potently suppressed eosinophil count in
BALF (9.50 + 1.5044; P < 0.05) in egg albumin-sensitized guinea
pigs. This result was remarkable as the inhibition portrayed was
comparable to that of dexamethasone control (7.50 + 0.5014; P <
0.05) at a dose of 200 mg/kg (Patel and Deshpande, 2013). This is
indicative of the potential of V. negundo in the treatment of allergy
diseases like asthma. Meanwhile, Lee et al. (2009) highlighted
that 1H,8H-pyrano [3,4-c] pyran-1,8-dione (PPY) (16) isolated
from V. rotundifolia fruits remarkably reduced eosinophil
migration and eotaxin production by 48% and 70% respectively
at 10 pg/ml in human type II-like epithelial lung cells (A549 cell
media). In in vivo model, the eosinophil count in BALF was also
shown to decrease significantly (P < 0.05) by 82% (Lee et al,
2009). In 2011, Koh et al. discovered another new compound,
casticin (53), isolated from the fruits of V. rotundifolia which also
showed to inhibit 63% of eosinophil infiltration at 10 ug/ml while
eotaxin production decreased dose-dependently with 0.1-1 ug/
ml of casticin (53) (Koh et al., 2011). In conclusion, the species
mentioned above have the potential to fill the knowledge gap of
anti-allergy with the inhibition of eosinophil functions.

TOXICOLOGY

Undeniably, in the past decades, the medicinal potential of
Lamiaceae species has captured the attention and interest of
many researchers to conduct extensive exploration on their
pharmacological properties. Nonetheless, the toxicological aspects
of the use of Lamiaceae species have not been studied in-depth. To
date, there are several toxicological studies available on Lamiaceae
species. For instance, Qi et al. (2009) carried out a toxicological
investigation on wogonin (10), the active constituent of Scutellaria
baicalensis, through acute toxicity testing and sub-chronic toxicity
testing in murine models. In the acute toxicity testing, the mice
were intravenously administered with 350, 315, 283.5, 255.5 and
229.64 mg/kg of wogonin (10) respectively. The mice were observed
for their general behavior for an hour after the administration
and intermittently observed for 24 h for signs of toxicity up to
14-day duration. In the first hour after treatment, the mice showed
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decreased locomotor activity, muscle relaxation, catatonia, loss of
body-righting reflex and bradypnoea. However, these symptoms
diminished within 2 h after treatment. The LDy, value of wogonin
(10) determined was 286.15 mg/kg. Meanwhile, in the sub-chronic
toxicity study, doses of 30, 60 and 120 mg/kg of wogonin (10) were
administered daily to the rats through intravenous route and the
rats were put under observation for 90 days. Results revealed that
a dose of 120 mg/kg of wogonin can cause heart injury with a long
period of intravenous administration (10) (Qi et al., 2009).

In another account, the essential oil of Thymus vulgaris was
evaluated on its toxicological profile (Fachini-Queiroz et al., 2012).
Acute toxicity was assessed by administering single oral doses
of 2,000, 3,000 and 4,000 mg/kg of T. vulgaris essential oil and
monitoring for any signs of toxicity for seven consecutive days. There
were no apparent behavioral side effects observed in the study and
the median lethal dose, LD, of T. vulgaris essential oil determined
was 4,000 mg/kg. The relatively high LD., value suggested that T.
vulgaris essential oil is non-toxic and relatively safe for use (Fachini-
Queiroz et al,, 2012). Haq et al. (2012) evaluated Vitex negundo
in an acute neurotoxicity study. Results suggested that no signs of
neurotoxicity were seen with doses of 250, 500, 1,000 and 2,000 mg/
kg in the tested mice. The LD, value determined was greater than
5,000 mg/kg, which indicates the extract of V. negundo has a good
safety profile (Haq et al., 2012). In term of behavioral symptoms,
symptoms started to show at a dose of 2,000 mg/kg, which presented
with abdominal contraction, ataxia, reduced spontaneous activity
and reduced alertness (Haq et al., 2012).

In China, people have been widely employing Salvia
miltiorrhiza as a traditional herb for treating a range of
cardiovascular disorders (Wang et al,, 2012). Therefore, Wang
et al. (2012) designed a toxicological study to assess the acute
toxicity and sub-chronic toxicity of S. miltiorrhiza aqueous extract
(Wang et al., 2012). In the acute toxicity investigation, the rats
received two doses of 32 g/kg of aqueous extract of S. miltiorrhiza
through intravenous administration. The sub-chronic toxicity
was evaluated by assessment of hematological and biochemical
parameters after administering 1.92, 5.76 and 19.20 g/kg of
aqueous extract for 13 weeks. At acute doses, no deaths, weight
gain or abnormal behavioral changes were observed. The LDy,
value was deduced to be greater than 64 g/kg. At the same time,
sub-chronic toxicity demonstrated that there was a significant
reduction (P < 0.05) in haemoglobin concentration in high dose
male rats and a significant decrease (P < 0.05) in platelet count,
plateletocrit in low dose female rats. The total bilirubin level was
also elevated significantly (P < 0.05) in all doses received by rats. As
for histopathological findings, focal inflammation was observed
at the injection site and the severity increased dose-dependently.
Other vital organs showed no abnormalities (Wang et al., 2012).

Despite the widespread interest for the use of Perilla frutescens,
there were only few toxicological studies documenting the toxic
potential of P. frutescens (Yu et al., 2017). In spite of the diverse
medicinal uses of P. frutescens, it is actually a medicinal plant
with toxic potential, given that certain plant parts contain high
concentrations of toxic phytochemicals. According to Kerr et al.
(1986), a high concentration of perilla ketone was accumulated
in the flowers and seed parts of P. frutescens. Perilla ketone has
been reported as a potent pulmonary toxin associated with

atypical interstitial pneumonia (Wilson et al., 1977; Guerry-
Force et al., 1988; Muller-Waldeck et al., 2010). Furthermore, the
toxicological profile of Mentha arvensis leaves ethanolic extract
was also assessed. The toxic potential of ethanolic leaves extract
of M. arvensis was tested using brine shrimp cytotoxicity assay.
The extracts were serially diluted to concentrations of 1,000,
250, 125, 100 and 75 pg/ml and each extract was added to the
tubes containing Artemia salina. The number of survivors in each
tube was counted after 24 h from the treatment to determine the
lethal concentration of ethanolic extract of M. arvensis leaves.
Result demonstrated that 100 pg/ml as the LD, dose caused a
significant cytotoxic activity against the brine shrimp, Artemia
salina (do Nascimento et al., 2009).

CONCLUSION AND FUTURE
PERSPECTIVES

Undeniably, inrecentyears, there hasbeen an increase in the global
demand for natural products for healthcare supplementation.
Lamiaceae species have been well known for their culinary
values. Nonetheless, they are also a valuable plant family widely
employed as medicinal herbs in traditional practices to treat a
wide range of allergic inflammatory conditions, such as allergic
skin diseases and allergic asthma. Therefore, this plant family
may prove to be a diverse source of natural compounds for the
development of novel therapeutic agents for allergic disorders.
This review conveys deep insights into the botanical features,
distribution, medicinal uses, phytochemistry, pharmacology and
toxicological investigations conducted, with a particular focus on
the anti-allergic activity of Lamiaceae species. A critical analysis
of the relationship between phytoconstituents of Lamiaceae
species and corresponding anti-allergic activity was done and
documented. Currently available in vitro, in vivo and ex vivo
studies have provided evidences to support the traditional uses
of Lamiaceae species against allergic disorders. Moreover, after a
comprehensive summarization, a total of 53 isolated constituents
were identified as natural compounds that contribute to anti-
allergic effects. In the present review, numerous compounds
demonstrated promising anti-allergic activity, such as flavonoids,
flavonoid glycosides, diterpenes and phenolics. Some of
these constituents were shown to possess comparable anti-
allergic activity to the positive control, including carnosic acid
(polyphenol), rosmarinic acid, luteolin, oroxylin A, hispidulin
and thymol (phenolic), marrubiin (diterpene) and acteoside
(phenylpropanoid glycoside). Nevertheless, in the current
review, it was found that many studies were conducted using
plant extracts. Although the extracts were proven to exhibit anti-
allergic effect, the active constituent responsible for the effect is
yet to be identified. Therefore, further studies should be carried
out on the plant extracts or fractions which exhibited promising
experimentalresultsin order to elucidate the exactactive principles
responsible for anti-allergic activity. With the availability of the
information regarding phytochemicals, other studies such as
the standardization of extracts and pharmacological studies as
well as toxicological investigations of isolated bioactives can be
conducted. Meanwhile, the natural compounds that have been
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successfully isolated should be further explored and scrutinized
for their therapeutic potential to establish a more evidence-based
clinical profile. Henceforth, the development of lead molecules
for drug discovery can be quicken and accelerated.

AUTHOR CONTRIBUTIONS

SLY obtained the literatures and wrote the manuscript, while
NZAR and KH edited the manuscript.

REFERENCES

Actor, J. K. (2014). “The B Lymphocyte and the Humoral Response,” in Introductory
Immunology. Ed. J. K. Actor (Amsterdam: Academic Press).

Aghakhani, F, and Kharazian, N. (2018). Flavonoid Constituents of Phlomis
(Lamiaceae) species using liquid chromatography mass spectrometry.
Phytochem. Anal. 29, 180-195. doi: 10.1002/pca.2733

Al-Mughales, J. A. (2016). Diagnostic utility of total ige in foods, inhalant,
and multiple allergies in Saudi Arabia. J. Immunol. Res. 2016, 1-7. doi:
10.1155/2016/1058632

Alam, G., Wahyuono, S., Ganjar, I. G., Hakim, L., Timmerman, H., and
Verpoorte, R. (2002). Tracheospasmolytic activity of viteosin-A and
vitexicarpin isolated from vitex trifolia. Planta Med. 68, 1047-1049. doi:
10.1055/s-2002-35650

Albano, G. D., Di Sano, C., Bonanno, A., Riccobono, L., and Gagliardo, R. (2013).
Th17 immunity in children with allergic asthma and rhinitis: a pharmacological
approach. PloS One. 8, €58892. doi: 10.1371/journal.pone.0058892

Asada, M., Sugie, M., Inoue, M., Nakagomi, K., and Hongo, S. (1997). Inhibitory
effect of alginic acids on hyaluronidase and on histamine release from mast
cells. Biosci. Biotechnol. Biochem. 61, 1030-1032. doi: 10.1271/bbb.61.1030

Asghari, G., Akbari, M., and Asadi-Samani, M. (2017). Phytochemical analysis
of some plants from Lamiaceae family frequently used in folk medicine
in aligudarz region of lorestan province. J. Res. Pharm. Pract. 21, 506. doi:
10.12991/marup;j.311815

Atherton, D. J. (2003). Topical corticosteroids in atopic dermatitis: Recent research
reassures that they are safe and effective in the medium term. BMJ British
Med. ]. 327, 942-943. doi: 10.1136/bm;.327.7421.942

Bae, H., Kim, Y., Lee, E,, Park, S, Jung, K. H, Gu, M. ], et al. (2013). Vitex
rotundifolia L. prevented airway eosinophilic inflammation and airway
remodeling in an ovalbumin-induced asthma mouse model. Int. Immunol. 25,
197-205. doi: 10.1093/intimm/dxs102

Bae, M. J,, Shin, H. S., See, H. ], Jung, S. Y., Kwon, D. A., and Shon, D. H. (2016).
Baicalein induces CD4+Foxp3+ T cells and enhances intestinal barrier function
in a mouse model of food allergy. Sci. Rep. 6, 1-11. doi: 10.1038/srep32225

Berdowska, I., Zielinski, B., Fecka, 1., Kulbacka, J., Saczko, J., and Gamian, A.
(2013). Cytotoxic impact of phenolics from Lamiaceae species on
human breast cancer cells. Food Chem. 141, 1313-1321. doi: 10.1016/j.
foodchem.2013.03.090

Berger, A. (2000). Thl and Th2 responses: what are they? BMJ 321, 424. doi:
10.1136/bm;j.321.7258.424

Bhangare, N. K., Pansare, T. A., Ghongane, B. B., and Nesari, T. M. (2012). Screening
for anti-inflammatory and anti-allergic activity of Bharangi {Clerodendrum
serrratum (Linn.) moon} in animals. Int. J. Pharma Bio. Sci. 3, 245-254.

Blackwell, T. S., and Christman, J. W. (1997). The role of nuclear factor- x b in
cytokine gene regulation. Am. J. Respir. Cell. Mol. Biol. 17, 3-9. doi: 10.1165/
ajremb.17.1.£132

Borges, R. S., Ortiz, B. L. S., Pereira, A. C. M., Keita, H., and Carvalho, J. C. T.
(2018). Rosmarinus officinalis essential oil: a review of its phytochemistry, anti-
inflammatory activity, and mechanisms of action involved. J. Ethnopharmacol.
229, 29-45. doi: 10.1016/j.jep.2018.09.038

Boskabady, M. H., Mehrjardi, S. S., Rezaee, A., Rafatpanah, H., and Jalali, S. (2013).
The impact of Zataria multiflora Boiss extract on in vitro and in vivo Thl/
Th2 cytokine (IFN-y/IL4) balance. J. Ethnopharmacol. 150, 1024-1031. doi:
10.1016/j.jep.2013.10.003

FUNDING

This study was financially supported by Universiti Kebangsaan
Malaysia (UKM) under grant number GUP- 2018-138.

ACKNOWLEDGMENTS

We are grateful to Universiti Kebangsaan Malaysia (UKM) for
allowing us to use all its facilities.

Brandao, H. N., Medrado, H. H. S., David, J. P, David, J. M., Pastore, J. E B., and
Meira, M. (2017). Determination of podophyllotoxin and related aryltetralin
lignans by HPLC/DAD/MS from lamiaceae species. Microchem. J. 130, 179
184. doi: 10.1016/j.microc.2016.09.002

Cariddi, L. N., Panero, A., Demo, M. S., Sabini, L. I, and Maldonado, A. M.
(2007). Inhibition of immediate-type allergic reaction by minthostachys
verticillata (griseb.) epling essential oil. J. Essent. Oil Res. 19, 190-196. doi:
10.1080/10412905.2007.9699257

Cariddji, L., Escobar, E,, Moser, M., Panero, A., and Alaniz, F. (2011). Monoterpenes
isolated from minthostachys verticillata (Griseb) epling essential oil modulates
immediate-type hypersensitivity responses in vitro and in vivo. Planta Med. 77,
1687-1694. doi: 10.1055/5-0030-1271090

Carovi¢-Stanko, K., Petek, M., Grdi$a, M., Pintar, J., Bedekovi¢, D., and Custi¢, H.
(2016). Medicinal plants of the family Lamiaceae as functional foods - a review.
Czech. ]. Food Sci. 34, 377-390. doi: 10.17221/504/2015-CJES

Chatila, T. A., Li, N., Garcia-Lloret, M., Kim, H. J., and Nel, A. E. (2008).
T-cell effector pathways in allergic diseases: transcriptional mechanisms
and therapeutic targets. J. Allergy. Clin. Immunol. Pract. 121, 812-823. doi:
10.1016/j.jaci.2008.02.025

Chen, M.-L., Wu, C.-H., Hung, L.-S., and Lin, B.-E (2015). Ethanol extract of perilla
frutescens suppresses allergen-specific th2 responses and alleviates airway
inflammation and hyperreactivity in ovalbumin-sensitized murine model of
asthma. Evid. Based Complementary Altern. Med. 2015, 8. doi: 10.1155/2015/324265

Chen, Z., Nihei, K., Tanaka, H., Uda, Y., and Kabuyama, Y. (2013). Identification
of a nitric oxide generation-stimulative principle in scutellariae radix. Biosci.
Biotechnol. Biochem. 77, 657-659. doi: 10.1271/bbb.120800

Choi, H. S., and Kim, K. M. (2004). Tanshinones inhibit mast cell degranulation by
interfering with ige receptor-mediated tyrosine phosphorylation of plcgamma2
and mapk. Planta Med. 70, 178-180. doi: 10.1055/s-2004-815498

Choi, J. K., Oh, H. M., Lee, S., Kwon, T. K., Shin, T. Y., Rho, M. C,, et al. (2014).
Salvia plebeia suppresses atopic dermatitis-like skin lesions. Am. J. Chin. Med.
42, 967-985. doi: 10.1142/50192415X1450061X

Choi, Y. Y., Kim, M. H,, Kim, J. H, Jung, H. S, Sohn, Y., Choi, Y. ], et al. (2013).
Schizonepeta tenuifolia inhibits the development of atopic dermatitis in mice.
Phytother. Res. 27, 1131-1135. doi: 10.1002/ptr.4833

Choia, H. G., Kim, T. H,, Kim, S. H., and Kim, J. A. (2016). Anti-allergic
Inflammatory Triterpenoids Isolated from the Spikes of Prunella vulgaris. Nat.
Prod. Commun. 11, 31-32. doi: 10.1177/1934578X1601100111

Choudhary, G. P. (2010). Mast cell stabilizing activity of Ocimum sanctum leaves.
Int. J. Pharma. Bio. Sci. 1, 1-11.

Cocan, I, Alexa, E., Danciu, C., Radulov, I, and Galuscan, A. (2018). Phytochemical
screening and biological activity of Lamiaceae family plant extracts. Exp. Ther.
Med. 15, 1863-1870. doi: 10.3892/etm.2017.5640

Coondoo, A., Phiske, M., Verma, S., and Lahiri, K. (2014). Side-effects of topical
steroids: a long overdue revisit. Indian Dermatol. Online J. 5, 416-425. doi:
10.4103/2229-5178.142483

Costa, R. S., Carneiro, T. C., Cerqueira-Lima, A. T., Queiroz, N. V., Alcantara-
Neves, N. M., Pontes-De-Carvalho, L. C., etal. (2012). Ocimum gratissimum
linn. and rosmarinic acid, attenuate eosinophilic airway inflammation
in an experimental model of respiratory allergy to blomia tropicalis. Int.
Immunopharmacol. 13, 126-134. doi: 10.1016/j.intimp.2012.03.012

Cota, B., Bertollo, M., and De Oliveira, D. M. (2012). Anti-allergic potential of
herbs and herbal natural products - activities and patents. Recent Pat. Endocr.
Metab. Immune Drug Discov. 7 (1), 26-56.

Frontiers in Pharmacology | www.frontiersin.org

32

June 2019 | Volume 10 | Article 677


https://www.frontiersin.org/journals/pharmacology#articles
https://www.frontiersin.org/journals/pharmacology/
www.frontiersin.org
https://doi.org/10.1002/pca.2733
https://doi.org/10.1155/2016/1058632
https://doi.org/10.1055/s-2002-35650
https://doi.org/10.1371/journal.pone.0058892
https://doi.org/10.1271/bbb.61.1030
https://doi.org/10.12991/marupj.311815
https://doi.org/10.1136/bmj.327.7421.942
https://doi.org/10.1093/intimm/dxs102
https://doi.org/10.1038/srep32225
https://doi.org/10.1016/j.foodchem.2013.03.090
https://doi.org/10.1016/j.foodchem.2013.03.090
https://doi.org/10.1136/bmj.321.7258.424
https://doi.org/10.1165/ajrcmb.17.1.f132
https://doi.org/10.1165/ajrcmb.17.1.f132
https://doi.org/10.1016/j.jep.2018.09.038
https://doi.org/10.1016/j.jep.2013.10.003
https://doi.org/10.1016/j.microc.2016.09.002
https://doi.org/10.1080/10412905.2007.9699257
https://doi.org/10.1055/s-0030-1271090
https://doi.org/10.17221/504/2015-CJFS
https://doi.org/10.1016/j.jaci.2008.02.025
https://doi.org/10.1155/2015/324265
https://doi.org/10.1271/bbb.120800
https://doi.org/10.1055/s-2004-815498
https://doi.org/10.1142/S0192415X1450061X
https://doi.org/10.1002/ptr.4833
https://doi.org/10.1177/1934578X1601100111
https://doi.org/10.3892/etm.2017.5640
https://doi.org/10.4103/2229-5178.142483
https://doi.org/10.1016/j.intimp.2012.03.012

Sim et al.

Insight on Lamiaceae’s Anti-Allergic Potential

da Silva, L. A. L., Pezzini, B. R., and Soares, L. (2015). Spectrophotometric
determination ofthe total flavonoid contentin Ocimumbasilicum L. (Lamiaceae)
leaves. Pharmacogn. Mag. 11, 96-101. doi: 10.4103/0973-1296.149721

Deo, S. S., Mistry, K. J., Kakade, A. M., and Niphadkar, P. V. (2010). Role played by
Th2 type cytokines in IgE mediated allergy and asthma. Lung India 27, 66-71.
doi: 10.4103/0970-2113.63609

do Nascimento, E. M. M., Rodrigues, E E G., Campos, A. R,, and Da Costa, J. G. M.
(2009). Phytochemical prospection, toxicity and antimicrobial activity of
mentha arvensis (labiatae) from northeast of brazil. J. Young Pharm. 1, 210-
212. doi: 10.4103/0975-1483.57066

Ekor, M. (2013). The growing use of herbal medicines: issues relating to adverse
reactions and challenges in monitoring safety. Front. Pharmacol. 4, 177. doi:
10.3389/fphar.2013.00177

Engler, R. J., With, C. M., Gregory, P. J., and Jellin, J. M. (2009). Complementary
and alternative medicine for the allergist-immunologist: where do I start?
J. Allergy. Clin. Immunol. Pract. 123, 309-316. doi: 10.1016/j.jaci.2009.01.001

Fachini-Queiroz, F. C., Kummer, R., Estevao-Silva, C. E, Carvalho, M. D. D. B., and
Cunha, J. M. (2012). Grespan, R. et al. (2012). Effects of thymol and carvacrol,
constituents of thymus vulgaris 1. essential oil, on the inflammatory response.
Evid. Based Complementary Altern. Med.: eCAM. 2012, 657026-657026. doi:
10.1155/2012/657026

Flaherty, D. K. (2012). “Chapter 9 - Antibodies,”
(Saint Louis: Mosby).

Fukuishi, N., Murakami, S., Ohno, A., Yamanaka, N., Matsui, N., Fukutsuji,
K., et al. (2014). Does B-hexosaminidase function only as a degranulation
indicator in mast cells? the primary role of B-hexosaminidase in
mast cell granules. Journal. Immunol. 193, 1886-1894. doi: 10.4049/
jimmunol.1302520

Fukushima, C., Matsuse, H., Tomari, S., Obase, Y., Miyazaki, Y., Shimoda, T.,
et al. (2003). Oral candidiasis associated with inhaled corticosteroid use:
comparison of fluticasone and beclomethasone. Ann. Allergy Asthma Immunol.
90, 646-651. doi: 10.1016/S1081-1206(10)61870-4

Fulkerson, P. C., and Rothenberg, M. E. (2013). Targeting eosinophils in allergy,
inflammation and beyond. Nat. Rev. Drug. Discov. 12, 117-129. doi: 10.1038/
nrd3838

Furukawa, M., Suzuki, H., Makino, M., Ogawa, S., lida, T., and Fujimoto, Y. (2011).
Studies on the constituents of lagochilus leiacanthus (Labiatae). Chem. Pharm.
Bull. 59, 1535-1540. doi: 10.1248/cpb.59.1535

Galli, S. J., Tsai, M., and Piliponsky, A. M. (2008). The development of allergic
inflammation. Nature 454, 445-454. doi: 10.1038/nature07204

Gholijjani, N., and Amirghofran, Z. (2016). Effects of thymol and carvacrol
on T-helper cell subset cytokines and their main transcription factors

J.  Immunotoxicol. 13, 729-737. doi:

in Immunology for Pharmacy

in ovalbumin-immunized mice.
10.3109/1547691X.2016.1173134

Gould, H.J., and Beavil, R. L. (1998). “IgE” in Encyclopedia of Immunology, 2nd ed.
Ed. P.J. Delves (Oxford: Elsevier). doi: 10.1006/rwei.1999.0312

Guerry-Force, M. L., Coggeshall, J., Snapper, J., and Meyrick, B. (1988).
Morphology of noncardiogenic pulmonary edema induced by Perilla ketone in
sheep. Am. J. Pathol. 133, 285-297.

Han, S., Sun, L., He, E, and Che, H. (2017). Anti-allergic activity of glycyrrhizic
acid on IgE-mediated allergic reaction by regulation of allergy-related immune
cells. Sci Rep. 7, 7222. doi: 10.1038/s41598-017-07833-1

Hag, R. U, Shah, A. U,, Khan, A. U, Ullah, Z., Khan, H. U, Khan, R. A,, et al.
(2012). Antitussive and toxicological evaluation of vitex negundo. Nat. Prod.
Res. 26, 484-488. doi: 10.1080/14786419.2010.534472

Harley, R. M., Atkins, S., Budantsev, A. L., Cantino, P. D., Conn, B. ], Grayer, R.
et al., (2004). “The Families and Genera of Vascular Plants,” in Labiatae. Ed. K.
Kubitzki (Berlin, Heidelberg, New York: Springer-Verlag).

Hazekamp, A., Verpoorte, R, and Panthong, A. (2001). Isolation of a
bronchodilator flavonoid from the thai medicinal plant clerodendrum
petasites. J. Ethnopharmacol. 78, 45-49. doi: 10.1016/S0378-8741(01)00320-8

He, S., Peng, Q., and Walls, A. E (1997). Potent induction of a neutrophil and
eosinophil-rich infiltrate in vivo by human mast cell tryptase: selective
enhancement of eosinophil recruitment by histamine. J. Immunol. Res. 159,
6216-6225.

He, J. J., Chen, H. M., Li, C. W,, Wu, D. W,, Wu, X. L., Shi, S. J,, et al. (2013).
Experimental study on antinociceptive and anti-allergy effects of patchouli oil.
J. Essent. Oil Res. 25, 488-496. doi: 10.1080/10412905.2013.809319

Heo, J. C., Nam, D. Y,, Seo, M. S., and Lee, S. H. (2011). Alleviation of atopic
dermatitis-related symptoms by perilla frutescens britton. Int. J. Mol. Med. 28,
733-737. doi: 10.3892/ijmm.2011.763

Hong, S. S., Lee, C., Lee, C. H., Park, M., Lee, M.. S., Hong, J. T, et al. (2009). A new
furofuran lignan from Isodon japonicus. Arch. Pharm. Res. 32, 501-504. doi:
10.1007/512272-009-1404-x

Huang, L., Pi, J., Wu, ], Zhou, H.,, Cai, ], Li, T, et al. (2016). A rapid and sensitive
assay based on particle analysis for cell degranulation detection in basophils
and mast cells. Pharmacol. Res. 111, 374-383. doi: 10.1016/j.phrs.2016.05.033

Hwang, S. H., Kim, S. B,, Jang, S. P, Wang, Z., Suh, H. W,, and Lim, S. S. (2018).
Anti-nociceptive effect and standardization from mixture of agrimonia pilosa
ledeb and Salvia miltiorrhiza bunge extracts. J. Med. Food 21, 596-604. doi:
10.1089/jmf.2017.4077

Ikawati, Z., Wahyuono, S., and Maeyama, K. (2001). Screening of several Indonesian
medicinal plants for their inhibitory effect on histamine release from RBL-2H3
cells. J. Ethnopharmacol. 75, 249-256. doi: 10.1016/S0378-8741(01)00201-X

Inoue, T., Sugimoto, Y., Masuda, H., and Kamei, C. (2001). Effects of peppermint
(Mentha piperita L.) extracts on experimental allergic rhinitis in rats. Biol.
Pharm. Bull. 24, 92-95. doi: 10.1248/bpb.24.92

Inoue, T., Sugimoto, Y., Masuda, H., and Kamei, C. (2002). Antiallergic effect of
flavonoid glycosides obtained from Mentha piperita L. Biol. Pharm. Bull. 25,
256-259. doi: 10.1248/bpb.25.256

Ippoushi, K., Yamaguchi, Y., Itou, H., Azuma, K., and Higashio, H. (2000).
Evaluation of inhibitory effects of vegetables and herbs on hyaluronidase
and ldentification of rosmarinic acid as a hyaluronidase inhibitor in lemon
balm (melissa officinalis 1.). Food Sci. Technol. Res. 6, 74-77. doi: 10.3136/
fstr.6.74

Jeon,I. H.,,Kim, H.S., Kang, H. ., Lee, H.S., Jeong, S. 1., Kim, S.]., etal. (2014). Anti-
inflammatory and antipruritic effects of luteolin from Perilla (P. frutescens L.)
leaves. Molecules 19, 6941-6951. doi: 10.3390/molecules19066941

Jung, H. S., Kim, M. H.,, Gwak, N. G,, Im, Y. S, Lee, K. Y,, Sohn, Y,, et al. (2012).
Antiallergic effects of Scutellaria baicalensis on inflammation in vivo and
in vitro. J. Ethnopharmacol. 141, 345-349. doi: 10.1016/j.jep.2012.02.044

Jung, S. Y, Lee, S. Y., Choi, D. W,, See, H. ], Kwon, D. A, Do, J. R,, et al. (2017).
Skullcap (scutellaria baicalensis) hexane fraction inhibits the permeation
of ovalbumin and regulates th1/2 immune responses. Nutrients 9, 1-12. doi:
10.3390/nu9111184

Jutel, M., Akdis, M., and Akdis, C. A. (2009). Histamine, histamine receptors
and their role in immune pathology. Clin. Exp. Allergy 39, 1786-1800. doi:
10.1111/j.1365-2222.2009.03374.x

Kala, C. P. (2005). Ethnomedicinal botany of the Apatani in the Eastern Himalayan
region of India. J. Ethnobiol. Ethnomed. 1, 11. doi: 10.1186/1746-4269-1-11

Kallinich, T., Beier, K. C., Wahn, U,, Stock, P., and Hamelmann, E. (2007). T-cell
co-stimulatory molecules: their role in allergic immune reactions. Eur. Respir. J.
29, 1246. doi: 10.1183/09031936.00094306

Kamei, R., Fujimura, T., Matsuda, M., Kakihara, K., Hirakawa, N., Baba, K.,
et al. (2017). A flavanone derivative from the Asian medicinal herb (Perilla
frutescens) potently suppresses IgE-mediated immediate hypersensitivity
reactions. Biochem. Biophys. Res. Commun. 483, 674-679. doi: 10.1016/j.
bbrc.2016.12.083

Kanjarawi, R., Dy, M., Bardel, E., Sparwasser, T., Dubois, B., Mecheri, S., et al.
(2013). Regulatory CD4+Foxp3+ T cells control the severity of anaphylaxis.
PLoS One. 8, 69183. doi: 10.1371/journal.pone.0069183

Karousou, R., Balta, M., Hanlidou, E., and Kokkini, S. (2007). “Mints”, smells and
traditional uses in Thessaloniki (Greece) and other Mediterranean countries.
J. Ethnopharmacol. 109, 248-257. doi: 10.1016/j.jep.2006.07.022

Katiyar, C., Gupta, A., Kanjilal, S., and Katiyar, S. (2012). Drug discovery from
plant sources: an integrated approach. Int. J. Ayurveda. Res. 33, 10-19. doi:
10.4103/0974-8520.100295

Kaur, M., Singh, V., and Shri, R. (2018). Evaluation of mast cell stabilizing activity
of Camellia sinensis and Ocimum basilicum and correlation with their
antioxidant property. Pharma. Innovation. 7, 69-73.

Kerr, L. A., Johnson, B. J., and Burrows, G. E. (1986). Intoxication of cattle by
Perilla frutescens (purple mint). Vet. Hum. Toxicol. 28, 412-416.

Khaled-Khodja, N., Boulekbache-Makhlouf, L., and Madani, K. (2014).
Phytochemical screening of antioxidant and antibacterial activities of
methanolic extracts of some Lamiaceae. Ind. Crops. Prod. 61, 41-48. doi:
10.1016/j.indcrop.2014.06.037

Frontiers in Pharmacology | www.frontiersin.org

33

June 2019 | Volume 10 | Article 677


https://www.frontiersin.org/journals/pharmacology#articles
https://www.frontiersin.org/journals/pharmacology/
www.frontiersin.org
https://doi.org/10.4103/0973-1296.149721
https://doi.org/10.4103/0970-2113.63609
https://doi.org/10.4103/0975-1483.57066
https://doi.org/10.3389/fphar.2013.00177
https://doi.org/10.1016/j.jaci.2009.01.001
https://doi.org/10.1155/2012/657026
https://doi.org/10.4049/jimmunol.1302520
https://doi.org/10.4049/jimmunol.1302520
https://doi.org/10.1016/S1081-1206(10)61870-4
https://doi.org/10.1038/nrd3838
https://doi.org/10.1038/nrd3838
https://doi.org/10.1248/cpb.59.1535
https://doi.org/10.1038/nature07204
https://doi.org/10.3109/1547691X.2016.1173134
https://doi.org/10.1006/rwei.1999.0312
https://doi.org/10.1038/s41598-017-07833-1
https://doi.org/10.1080/14786419.2010.534472
https://doi.org/10.1016/S0378-8741(01)00320-8
https://doi.org/10.1080/10412905.2013.809319
https://doi.org/10.3892/ijmm.2011.763

https://doi.org/10.1007/s12272-009-1404-x
https://doi.org/10.1016/j.phrs.2016.05.033
https://doi.org/10.1089/jmf.2017.4077
https://doi.org/10.1016/S0378-8741(01)00201-X
https://doi.org/10.1248/bpb.24.92
https://doi.org/10.1248/bpb.25.256
https://doi.org/10.3136/fstr.6.74
https://doi.org/10.3136/fstr.6.74
https://doi.org/10.3390/molecules19066941
https://doi.org/10.1016/j.jep.2012.02.044
https://doi.org/10.3390/nu9111184
https://doi.org/10.1111/j.1365-2222.2009.03374.x
https://doi.org/10.1186/1746-4269-1-11
https://doi.org/10.1183/09031936.00094306
https://doi.org/10.1016/j.bbrc.2016.12.083
https://doi.org/10.1016/j.bbrc.2016.12.083
https://doi.org/10.1371/journal.pone.0069183
https://doi.org/10.1016/j.jep.2006.07.022
https://doi.org/10.4103/0974-8520.100295
https://doi.org/10.1016/j.indcrop.2014.06.037

Sim et al.

Insight on Lamiaceae’s Anti-Allergic Potential

Khan, S., and Khatoon, S. (2007). Ethnobotanical studies on some useful herbs
of haramosh and bugrote valleys in gilgit, Northern areas of Pakistan. Pak. J.
Bot. 40, 43-58.

Khoury, M., Stien, D., Eparvier, V., Ouaini, N., and El Beyrouthy, M. (2016). Report
on the medicinal use of eleven lamiaceae species in lebanon and rationalization
of their antimicrobial potential by examination of the chemical composition
and antimicrobial activity of their essential oils. Evid. Based Complementary
Altern. Med.: eCAM. 2016, 2547169. doi: 10.1155/2016/2547169

Kianmehr, M., Haghmorad, D., Nosratabadi, R., Rezaei, A., Alavinezhad, A., and
Boskabady, M. H. (2017). The effect of zataria multiflora on th1/th2 and th17/t
regulatory in a mouse model of allergic asthma. Front. Pharmacol. 8, 458. doi:
10.3389/fphar.2017.00458

Kim, S. H., and Shin, T. Y. (2006). Effect of dracocephalum argunense on mast-
cell-mediated hypersensitivity. Int. Arch. Allergy Immunol. 139, 87-95. doi:
10.1159/000090383

Kim, H. H,, Yoo, J. S., Shin, T. Y., and Kim, S. H. (2012). Aqueous extract of Mosla
chinensis inhibits mast cell-mediated allergic inflammation. American. J. Chin.
Med. 40, 1257-1270. doi: 10.1142/S0192415X12500930

Kim, T. W, Choi, J. M., Kim, M. S., Son, H. Y., and Lim, J. H. (2016). Topical
application of Scutellaria baicalensis suppresses 2,4-dinitrochlorobenzene-
induced contact dermatitis. Nat. Prod. Res. 30,705-709. doi: 10.1080/14786419.
2015.1038812

Kim, H. H,, Yoo, J. S., Lee, H. S., Kwon, T. K., Shin, T. Y., and Kim, S. H. (2011).
Elsholtzia ciliata inhibits mast cell-mediated allergic inflammation: role of
calcium, p38 mitogen-activated protein kinase and nuclear factor-kB. Exp. Biol.
Med. 236, 1070-1077. doi: 10.1258/ebm.2011.011017

Kim, D. S., Son, E. J., Kim, M., Heo, Y. M., Nam, J. B,, Ro, J. Y., et al. (2010).
Antiallergic herbal composition from scutellaria baicalensis and phyllostachys
edulis. Planta Med. 76, 678-682. doi: 10.1055/s-0029-1240649

Kim, S. H., Kim, S. H., Kim, S. H., Moon, J. Y., Park, W. H., Kim, C. H., et al. (2006).
Action of dracocephalum argunense on mast cell-mediated allergy model. Biol.
Pharm. Bull. 29, 494-498. doi: 10.1248/bpb.29.494

Kim, S. H,, Park, S. B,, Kang, S. M., Jeon, H., Lim, J. P,, Kwon, T. K,, et al. (2009).
Anti-allergic effects of Teucrium japonicum on mast cell-mediated allergy
model. Food Chem Toxicol. 47, 398-403. doi: 10.1016/j.fct.2008.11.030

Kim, S. Y., Choi, Y. G, Kim, S. H., Shin, H. Y., Ahn, M. K, Kim, H. M., et al.
(2004). Isodon japonicus inhibits mast cell-mediated immediate-type allergic
reactions. Immunopharmacol. Immunotoxicol. 26, 273-284. doi: 10.1081/
IPH-120037725

Kim, S. Y., Kim, S. H., Shin, H. Y., Lim, J. P,, Chae, B. S., Park, J. S., et al. (2007).
Effects of prunella vulgaris on mast cell - mediated allergic reaction and
inflammatory cytokine production. Exp. Biol. Med. 232, 921-926. doi:
10.3181/00379727-232-2320921

Kim, T. W,, Song, I. B,, Lee, H. K, Kim, M. S., Ham, S. H., Cho, J. H,, et al.
(2013). Assessment of dermal safety of scutellaria baicalensis aqueous extract
topical application on skin hypersensitivity. Planta Med. 79, 959-962. doi:
10.1055/5-0032-1328714

Koh,D.]J., Ahn, H.S.,Chung, H. S., Lee, H.,Kim, Y., Lee, J. Y., etal. (2011). Inhibitory
effects of casticin on migration of eosinophil and expression of chemokines and
adhesion molecules in A549 lung epithelial cells via NF-kappaB inactivation.
J. Ethnopharmacol. 136, 399-405. doi: 10.1016/j.jep.2011.01.014

Kokkini, S., Karousou, R., and Hanlidou, E. (2003). “HERBS | Herbs of the
Labiatae,” in Encyclopedia of Food Sciences and Nutrition, 2nd ed. Ed. B.
Caballero (Oxford: Academic Press). doi: 10.1016/B0-12-227055-X/00593-9

Komatsu, K., Takanari, J., Maeda, T., Kitadate, K., Sato, T., Mihara, Y., et al.
(2016). Perilla leaf extract prevents atopic dermatitis induced by an extract of
Dermatophagoides farinae in NC/Nga mice. Asian Pac. ]. Allergy Immunol. 34,
272-277. doi: 10.12932/AP0717

Kuehn, H. S., Radinger, M., and Gilfillan, A. M. (2010). Measuring mast cell
mediator release. Curr. Protoc. Immunol. 91, 7.38.1-7.38.9. CHAPTER 7,
Unit7.38. doi: 10.1002/0471142735.im0738s91

Lee, D. H., Kim, S. H., Eun, J. S., and Shin, T. Y. (2006). Mosla dianthera inhibits
mast cell-mediated allergic reactions through the inhibition of histamine
release and inflammatory cytokine production. Toxicol. Appl. Pharmacol. 216,
479-484. doi: 10.1016/j.taap.2006.06.007

Lee, J. K, Lee, J. A, Seo, C. S., Ha, H., Lee, N., and Shin, H. K. (2011a). Protective
effects of mentha haplocalyx ethanol extract (mh) in a mouse model of allergic
asthma. Phytother. Res. 25, 863-869. doi: 10.1002/ptr.3341

Lee,J. Y, Lee, J. G, Sim, S. S., Whang, W. K., and Kim, C.J. (2011b). Anti-asthmatic
effects of phenylpropanoid glycosides from Clerodendron trichotomum leaves
and Rumex gmelini herbes in conscious guinea-pigs challenged with aerosolized
ovalbumin. Phytomedicine 18, 134-142. doi: 10.1016/j.phymed.2010.06.014

Lee, H., Han, A. R, Kim, Y., Choi, S. H., Ko, E., Lee, N. Y,, et al. (2009). A new
compound, 1H,8H-pyrano|[3,4-c]pyran-1,8-dione, suppresses airway epithelial
cell inflammatory responses in a murine model of asthma. Int. J. Immunopathol.
Pharmacol. 22, 591-603. doi: 10.1177/039463200902200305

Li, X., Wang, J., Shi, H., Gao, L., and Wang, X. (2014). Inhibition of three novel
Radix Scutellariae extracts on immediate hypersensitivity. Afr. J. Tradit.
Complement. Altern. Med. 11, 54-60. doi: 10.4314/ajtcam.v11i5.9

Li, M., Li, Q. Zhang, C., Zhang, N., Cui, Z., Huang, L., et al. (2013). An
ethnopharmacological investigation of medicinal Salvia plants (Lamiaceae) in
China. Acta. Pharm. Sin. B. 3, 273-280. doi: 10.1016/j.apsb.2013.06.001

Li, S, Long, C,, Liu, E, Lee, S., Guo, Q,, Li, R, et al. (2006). Herbs for medicinal
baths among the traditional Yao communities of China. J. Ethnopharmacol.
108, 59-67. doi: 10.1016/j.jep.2006.04.014

Li, X,, Yang, J. H,, Jin, Y, Jin, E, Kim, D. Y., Chang, J. H, et al. (2015).
15,16-Dihydrotanshinone I suppresses IgE-Ag stimulated mouse bone marrow-
derived mast cell activation by inhibiting Syk kinase. J. Ethnopharmacol. 169,
138-144. doi: 10.1016/j.jep.2015.04.022

Lim, B. O. (2002). Effect of ganhuangenin obtained from scutellaria radix on the
chemical mediator production of peritoneal exudate cells and immunoglobulin
e level of mesenteric lymph node lymphocytes in sprague-dawley rats.
Phytother. Res. 16, 166-170. doi: 10.1002/ptr.1034

Lim, B. O. (2003). Effects of wogonin, wogonoside, and 3,5,7,2',6'-
pentahydroxyflavone on chemical mediator production in peritoneal exduate
cells and immunoglobulin E of rat mesenteric lymph node lymphocytes.
J. Ethnopharmacol. 84, 23-29. doi: 10.1016/S0378-8741(02)00257-X

Lim, B. O, Choue, R. W, Lee, H. Y,, Seong, N. S., and Kim, J. D. (2003). Effect of
the flavonoid components obtained from Scutellaria radix on the histamine,
immunoglobulin E and lipid peroxidation of spleen lymphocytes of Sprague-
Dawley rats. Biosci. Biotechnol. Biochem. 67, 1126-1129. doi: 10.1271/
bbb.67.1126

Lin, Y.-H., Chen, H.-Y,, Chiu, J.-C., Chen, K.-]., Ho, H.-Y,, and Yang, S.-H. (2018).
Immunomodulation effects of schizonepeta tenuifolia briq. on the IgE-induced
allergic model of RBL-2H3 cells. Evid. Based Complementary Altern. Med.
2018, 7. doi: 10.1155/2018/6514705

Liu, J. Y., Chen, Y. C., Lin, C. H., and Kao, S. H. (2013). Perilla frutescens leaf
extract inhibits mite major allergen Der p 2-induced gene expression of pro-
allergic and pro-inflammatory cytokines in human bronchial epithelial cell
BEAS-2B. PL0S One. 8, €77458. doi: 10.1371/journal.pone.0077458

Makino, T., Furuta, Y., Fujii, H., Nakagawa, T., and Wakushima, H. (2001). Effect
of oral treatment of perilla frutescens and its constituents on type-i allergy in
mice. Biol. Pharm. Bull. 24, 1206-1209. doi: 10.1248/bpb.24.1206

Makino, T., Furuta, Y., Wakushima, H., Fujii, H., Saito, K., and Kano, Y. (2003).
Anti-allergic effect of Perilla frutescens and its active constituents. Phytother.
Res. 17, 240-243. doi: 10.1002/ptr.1115

Malik, E, Hussain, S., Sadiq, A., Parveen, G., Wajid, A., Shafat, S., et al. (2003).
Phyto-chemical analysis, anti-allergic and anti-inflammatory activity of
Mentha arvensis in animals. Afr. J. Pharm. Pharmacol. 6 (9), 613-619. ISSN
1996-0816 © 2012 Academic Journals. doi: 10.5897/AJPP11.702

Mamadalieva, N. Z., Akramov, D. K., Ovidi, E., Tiezzi, A., Nahar, L., Azimova,
S. S, et al. (2017). Aromatic medicinal plants of the lamiaceae family from
uzbekistan: ethnopharmacology, essential oils composition, and biological
activities. Medicines 4, 8. doi: 10.3390/medicines4010008

Meng, J., Moriyama, M., Feld, M., Buddenkotte, J., Buhl, T., Sz61l6si, A., et al. (2018).
New mechanism underlying IL-31 - induced atopic dermatitis. J. Allergy. Clin.
Immunol. Pract. 141, 1677-1689. doi: 10.1016/j.jaci.2017.12.1002

Mizushina, Y., Onodera, T., Kuriyama, I., Nakayama, H., Sugimoto, K., and
Lee, E. (2014). Screening of mammalian DNA polymerase inhibitors from
rosemary leaves and analysis of the anti-inflammatory and antiallergic effects
of the isolated compounds. Food Sci. Technol. Res. 20, 829-840. doi: 10.3136/
fstr.20.829

Muller-Waldeck, F, Sitzmann, J., Schnitzler, W. H., and Grassmann, J. (2010).
Determination of toxic perilla ketone, secondary plant metabolites and
antioxidative capacity in five Perilla frutescens L. varieties. Food Chem. Toxicol.
48, 264-270. doi: 10.1016/j.fct.2009.10.009

Frontiers in Pharmacology | www.frontiersin.org

June 2019 | Volume 10 | Article 677


https://www.frontiersin.org/journals/pharmacology#articles
https://www.frontiersin.org/journals/pharmacology/
www.frontiersin.org
https://doi.org/10.1155/2016/2547169
https://doi.org/10.3389/fphar.2017.00458
https://doi.org/10.1159/000090383
https://doi.org/10.1142/S0192415X12500930
https://doi.org/10.1080/14786419.2015.1038812
https://doi.org/10.1080/14786419.2015.1038812
https://doi.org/10.1258/ebm.2011.011017
https://doi.org/10.1055/s-0029-1240649
https://doi.org/10.1248/bpb.29.494
https://doi.org/10.1016/j.fct.2008.11.030
https://doi.org/10.1081/IPH-120037725
https://doi.org/10.1081/IPH-120037725
https://doi.org/10.3181/00379727-232-2320921

https://doi.org/10.1055/s-0032-1328714
https://doi.org/10.1016/j.jep.2011.01.014
https://doi.org/10.1016/B0-12-227055-X/00593-9
https://doi.org/10.12932/AP0717

https://doi.org/10.1002/0471142735.im0738s91
https://doi.org/10.1016/j.taap.2006.06.007
https://doi.org/10.1002/ptr.3341
https://doi.org/10.1016/j.phymed.2010.06.014
https://doi.org/10.1177/039463200902200305
https://doi.org/10.4314/ajtcam.v11i5.9
https://doi.org/10.1016/j.apsb.2013.06.001
https://doi.org/10.1016/j.jep.2006.04.014
https://doi.org/10.1016/j.jep.2015.04.022
https://doi.org/10.1002/ptr.1034
https://doi.org/10.1016/S0378-8741(02)00257-X
https://doi.org/10.1271/bbb.67.1126
https://doi.org/10.1271/bbb.67.1126
https://doi.org/10.1155/2018/6514705
https://doi.org/10.1371/journal.pone.0077458
https://doi.org/10.1248/bpb.24.1206
https://doi.org/10.1002/ptr.1115
https://doi.org/10.5897/AJPP11.702

https://doi.org/10.3390/medicines4010008
https://doi.org/10.1016/j.jaci.2017.12.1002
https://doi.org/10.3136/fstr.20.829
https://doi.org/10.3136/fstr.20.829
https://doi.org/10.1016/j.fct.2009.10.009

Sim et al.

Insight on Lamiaceae’s Anti-Allergic Potential

Murata, T., Watahiki, M., Tanaka, Y., Miyase, T., and Yoshizaki, E (2010).
Hyaluronidase inhibitors from Takuran, Lycopus lucidus. Chem. Pharm. Bull.
58, 394-397. doi: 10.1248/cpb.58.394

Naghibi, E, Mosaddegh, M., Mohammadi Motamed, M., and Ghorbani, A. (2010).
Labiatae family in folk medicine in Iran: from ethnobotany to pharmacology.
Iran J. Pharm. Res. 4, 63-79. doi: 10.22037/IJPR.2010.619

Nguyen, H. T., Tran, L. T. T., Ho, D. V,, Le, D. V,, Raal, A., and Morita, H. (2018).
Pogostemins A-C, three new cytotoxic meroterpenoids from Pogostemon
auricularius. Fitoterapia 130, 100-104. doi: 10.1016/j.fitote.2018.08.015

Noval Rivas, M., and Chatila, T. A. (2016). Regulatory T cells in allergic
diseases. J. Allergy. Clin. Immunol. Pract. 138, 639-652. doi: 10.1016/j.
jaci.2016.06.003

Oboki, K., Ohno, T, Saito, H., and Nakae, S. (2008). Th17 and allergy. Allergol. Int.
57, 121-134. doi: 10.2332/allergolint.R-07-160

Oka, T., Hori, M., and Ozaki, H. (2005). Microtubule disruption suppresses
allergic response through the inhibition of calcium influx in the mast
cell degranulation pathway. J. Immunol. 174, 4584. doi: 10.4049/
jimmunol.174.8.4584

Ozdemir, C., Akdis, M., and Akdis, C. A. (2010). T-cell response to allergens.
Chem. Immunol. Allergy 95, 22-44. doi: 10.1159/000315936

Palomares, O., Yaman, G., Azkur, A. K., Akkoc, T., Akdis, M., and Akdis, C. A.
(2010). Role of Treg in immune regulation of allergic diseases. Eur. J. Immunol.
40, 1232-1240. doi: 10.1002/€ji.200940045

Parikh, S. A., Cho, S. H., and Oh, C. K. (2003). Preformed enzymes in mast cell
granules and their potential role in allergic rhinitis. Curr. Allergy Asthma Rep.
3,266-272. doi: 10.1007/s11882-003-0049-y

Park, S. B., Kim, S. H., Suk, K., Lee, H. S., Kwon, T. K., Ju, M. G., et al. (2010).
Clinopodium gracile inhibits mast cell-mediated allergic inflammation:
involvement of calcium and nuclear factor-kB. Exp. Biol. Med. 235, 606-613.
doi: 10.1258/ebm.2010.009292

Patel, J. I, and Deshpande, S. S. (2011). Mast cell stabilising activity of various
subfractions of leaves of vitex negundo. Int. J. Green Pharm. 5, 273-275. doi:
10.4103/0973-8258.94346

Patel, J. I, and Deshpande, S. S. (2013). Antieosinophilic activity of various
subfractions of leaves of Vitex negundo. Int. J. Nutr. Pharmacol. Neurol. Dis. 3,
135-141. doi: 10.4103/2231-0738.112839

Pawankar, R. (2014). Allergic diseases and asthma: a global public health concern
and a call to action. World Allergy Organ. J. 7, 1-3. doi: 10.1186/1939-4551-7-12

Politeo, O., Bektasevic, M., Carev, L, Jurin, M., and Roje, M. (2018). Phytochemical
Composition, antioxidant potential and cholinesterase inhibition potential of
extracts from mentha pulegium L. Chem. Biodivers. 15 (12), 1-25. doi: 10.1002/
cbdv.201800374

Qi, Q, Peng, ], Liu, W,, You, Q,, Yang, Y., Lu, N, et al. (2009). Toxicological studies
of wogonin in experimental animals. Phytother. Res. 23, 417-422. doi: 10.1002/
ptr.2645

Ramasubramania Raja, R. (2012). Medicinally potential plants of labiatae
(Lamiaceae) family: an overview. J. Med. Plant Res. 6, 203-213. doi: 10.3923/
rjmp.2012.203.213

Rigat, M., Vallgs, J., DAmbrosio, U., Gras, A., Iglésias, J., and Garnatje, T. (2015).
Plants with topical uses in the ripollés district (pyrenees, catalonia, iberian
peninsula): ethnobotanical survey and pharmacological validation in the
literature. J. Ethnopharmacol. 164, 162-179. doi: 10.1016/j.jep.2015.01.055

Rigoni, A., Colombo, M. P, and Pucillo, C. (2018). Mast cells, basophils and
eosinophils: from allergy to cancer. Semin. Immunol. 35, 29-34. doi: 10.1016/j.
smim.2018.02.001

Robert Webb, D. (1981). Steroids in allergic disease. Med. Clin. North Am. 65,
1073-1081. doi: 10.1016/S0025-7125(16)31490-0

Romagnani, S. (2004). Immunologic influences on allergy and the TH1/TH2
balance. J. Allergy. Clin. Immunol. Pract. 113, 395-400. doi: 10.1016/j.
jaci.2003.11.025

Rudensky, A. Y. (2011). Regulatory T cells and Foxp3. Immunol. Rev. 241, 260-268.
doi: 10.1111/j.1600-065X.2011.01018.x

Ryu, S. Y., Oak, M. H., and Kim, K. M. (1999). Inhibition of mast cell degranulation
by tanshinones from the roots of salvia miltiorrhiza. Planta Med. 65, 654-655.
doi: 10.1055/s-2006-960839

Ryu, S. Y., Oak, M. H., Yoon, S. K., Cho, D. L, Yoo, G. S., Kim, T. S., et al. (2000).
Anti-allergic and anti inflammatory triterpenes from the herb of prunella
vulgaris. Planta Med. 66, 358-360. doi: 10.1055/s-2000-8531

Sajjadi, S. E., Delazari, Z., Aghaei, M., and Ghannadian, M. (2018). Flavone
constituents of Phlomis bruguieri Desf. with cytotoxic activity against MCF-7
breast cancer cells. Res. Pharm. Sci. 13,422-429. doi: 10.4103/1735-5362.236835

Sakamoto, K., Nagai, H., and Koda, A. (1980). Role of hyaluronidase in
immediate hypersensitivity reaction. Immunopharmacology. 2, 139-146. doi:
10.1016/0162-3109(80)90006-5

Sanbongi, C., Takano, H., Osakabe, N., Sasa, N., and Natsume, M. (2004).
Yanagisawa, R. et al. Rosmarinic acid in perilla extract inhibits allergic
inflammation induced by mite allergen, in a mouse model. Clin. Exp. Allergy
34,971-977. doi: 10.1111/j.1365-2222.2004.01979.x

Sato, A., and Tamura, H. (2015). High antiallergic activity of 5,6,4’-trihydroxy-
7,8,3 -trimethoxyflavone and 5,6-dihydroxy-7,8,3)4’-tetramethoxyflavone from
eau de cologne mint (Menthaxpiperita citrata). Fitoterapia 102, 74-83. doi:
10.1016/j.fitote.2015.02.003

Schuster, B. G. (2001). A new integrated program for natural product development
and the value of an ethnomedical approach. J. Altern. Complement. Med. 7
Suppl 1, S61-72. doi: 10.1089/107555301753393823

Shah, S. M. M,, Sadiq, A., Shah, S. M. H., and Khan, S. (2014). Extraction
of saponins and toxicological profile of Teucrium stocksianum boiss
extracts collected from District Swat, Pakistan. Biol. Res. 47, 65-69. doi:
10.1186/0717-6287-47-65

Sharma, S., Rasal, V. P, Patil, P. A, and Joshi, R. K. (2018). Mentha arvensis
essential oil suppressed airway changes induced by histamine and
ovalbumin in experimental animals. Nat. Prod. Res. 32, 468-472. doi:
10.1080/14786419.2017.1311891

Shin, T. Y. (2003). Inhibition of immunologic and nonimmunologic stimulation-
mediated anaphylactic reactions by the aqueous extract of Mentha arvensis.
Immunopharmacol. Immunotoxicol. 25, 273-283. doi: 10.1081/IPH-120020475

Shin, T. Y. (2004). Stachys riederi inhibits mast cell-mediated acute and chronic
allergic reactions. Immunopharmacol. Immunotoxicol. 26, 621-630. doi:
10.1081/IPH-200042365

Shin, T. Y., and Kim, H. M. (2002). Inhibition of immediate-type allergic reactions
by the aqueous extract of Salvia plebeia. Immunopharmacol. Immunotoxicol.
24, 303-314. doi: 10.1081/IPH-120003763

Shin, T. Y, and Lee, J. K. (2003). Effect of phlomis umbrosa root on mast
cell-dependent immediate-type allergic reactions by anal therapy.
Immunopharmacol. Immunotoxicol. 25, 73-85. doi: 10.1081/IPH-120018285

Shin, T. Y, Kim, Y. K,, and Kim, H. M. (2001). Inhibition of immediate-type
allergic reactions by Prunella vulgaris in a murine model. Immunopharmacol.
Immunotoxicol. 23, 423-435. doi: 10.1081/IPH-100107341

Shin, H. S., Bae, M. ], Choi, D. W,, and Shon, D. H. (2014a). Skullcap (scutellaria
baicalensis) extract and its active compound, wogonin, inhibit ovalbumin-
induced th2-mediated response. Molecules 19, 2536-2545. doi: 10.3390/
molecules19022536

Shin, H. S., Bae, M. ], Jung, S. Y., and Shon, D. H. (2014b). Preventive effects of
skullcap (Scutellaria baicalensis) extract in a mouse model of food allergy.
J. Ethnopharmacol. 153, 667-673. doi: 10.1016/j.jep.2014.03.018

Shin, T. Y,, Kim, S. H., Kim, D. K., Leem, K. H., and Park, J. S. (2008). Phlomis
umbrosa root inhibits mast cell-dependent allergic reactions and inflammatory
cytokine secretion. Phytother. Res. 22, 153-158. doi: 10.1002/ptr.2164

Shin, T. Y., Kim, S. H., Choi, C. H., Shin, H. Y., and Kim, H. M. (2004). Isodon
japonicus decreases immediate-type allergic reaction and tumor necrosis
factor-alpha production. Int. Arch. Allergy Immunol. 135, 17-23. doi:
10.1159/000080038

Shin, T. Y, Jeong, H. ], Jun, S. M., Chae, H. J., Kim, H. R., Baek, S. H., et al. (1999).
Effect of Schizonepeta tenuifolia extract on mast cell-mediated immediate-type
hypersensitivity in rats. Immunopharmacol. Immunotoxicol. 21, 705-715. doi:
10.3109/08923979909007136

Shin, T. Y., Kim, S. H., Kim, S. H,, Kim, Y. K, Park, H. ], Chae, B. S., et al. (2000).
Inhibitory effect of mast cell-mediated immediate-type allergic reactions in
rats by Perilla frutescens. Immunopharmacol. Immunotoxicol. 22, 489-500. doi:
10.3109/08923970009026007

Shin, T. Y,, Kim, S. H., Suk, K., Ha, J. H., Kim, L., Lee, M. G., et al. (2005). Anti-
allergic effects of Lycopus lucidus on mast cell-mediated allergy model. Toxicol.
Appl. Pharmacol. 209, 255-262. doi: 10.1016/j.taap.2005.04.011

Simon, E E. R, and Simons, K. J. (2008). H(1)Antihistamines: current status
and future directions. World Allergy Organ. J. 1, 145-155. doi: 10.1186/
1939-4551-1-9-145

Frontiers in Pharmacology | www.frontiersin.org

35

June 2019 | Volume 10 | Article 677


https://www.frontiersin.org/journals/pharmacology#articles
https://www.frontiersin.org/journals/pharmacology/
www.frontiersin.org
https://doi.org/10.1248/cpb.58.394
https://doi.org/10.22037/IJPR.2010.619

https://doi.org/10.1016/j.fitote.2018.08.015
https://doi.org/10.1016/j.jaci.2016.06.003
https://doi.org/10.1016/j.jaci.2016.06.003
https://doi.org/10.2332/allergolint.R-07-160
https://doi.org/10.4049/jimmunol.174.8.4584
https://doi.org/10.4049/jimmunol.174.8.4584
https://doi.org/10.1159/000315936
https://doi.org/10.1002/eji.200940045
https://doi.org/10.1007/s11882-003-0049-y
https://doi.org/10.1258/ebm.2010.009292
https://doi.org/10.4103/0973-8258.94346
https://doi.org/10.4103/2231-0738.112839
https://doi.org/10.1186/1939-4551-7-12
https://doi.org/10.1002/cbdv.201800374
https://doi.org/10.1002/cbdv.201800374
https://doi.org/10.1002/ptr.2645
https://doi.org/10.1002/ptr.2645
https://doi.org/10.3923/rjmp.2012.203.213
https://doi.org/10.3923/rjmp.2012.203.213
https://doi.org/10.1016/j.jep.2015.01.055
https://doi.org/10.1016/j.smim.2018.02.001
https://doi.org/10.1016/j.smim.2018.02.001
https://doi.org/10.1016/S0025-7125(16)31490-0
https://doi.org/10.1016/j.jaci.2003.11.025
https://doi.org/10.1016/j.jaci.2003.11.025
https://doi.org/10.1111/j.1600-065X.2011.01018.x
https://doi.org/10.1055/s-2006-960839
https://doi.org/10.1055/s-2000-8531
https://doi.org/10.4103/1735-5362.236835
https://doi.org/10.1016/0162-3109(80)90006-5
https://doi.org/10.1111/j.1365-2222.2004.01979.x
https://doi.org/10.1016/j.fitote.2015.02.003
https://doi.org/10.1089/107555301753393823
https://doi.org/10.1186/0717-6287-47-65
https://doi.org/10.1080/14786419.2017.1311891
https://doi.org/10.1081/IPH-120020475
https://doi.org/10.1081/IPH-200042365
https://doi.org/10.1081/IPH-120003763
https://doi.org/10.1081/IPH-120018285
https://doi.org/10.1081/IPH-100107341
https://doi.org/10.3390/molecules19022536
https://doi.org/10.3390/molecules19022536
https://doi.org/10.1016/j.jep.2014.03.018
https://doi.org/10.1002/ptr.2164
https://doi.org/10.1159/000080038
https://doi.org/10.3109/08923979909007136
https://doi.org/10.3109/08923970009026007
https://doi.org/10.1016/j.taap.2005.04.011
https://doi.org/10.1186/1939-4551-1-9-145
https://doi.org/10.1186/1939-4551-1-9-145

Sim et al.

Insight on Lamiaceae’s Anti-Allergic Potential

Singh, K. K. (1997). Studies on Native Medicine of Jaunsari Tribe of Dehradun
District, Uttar Pradesh, India. Int. J. Pharmacogn. 35, 105-110. doi: 10.1076/
phbi.35.2.105.13289

Singh, S., and Agrawal, S. S. (1991). Anti-asthmatic and anti-inflammatory
activity of ocimum sanctum. Int. J. Pharmacogn. 29, 306-310. doi:
10.3109/13880209109082904

Sinhababu, A., and Arpita, B. (2013). documentation of some ethno-medicinal
plants of family lamiaceae in bankura district, west bengal, india. Int. Res. J.
Biol. Sci. 2, 63-65.

Skendi, A., Irakli, M., and Chatzopoulou, P. (2017). Analysis of phenolic
compounds in Greek plants of Lamiaceae family by HPLC. J. Appl. Res. Med.
Aromat. Plants 6, 62-69. doi: 10.1016/j.jarmap.2017.02.001

Sridevi, G., Gopkumar, P., Ashok, S., and Shastry, C. S. (2009). Pharmacological
basis for antianaphylactic, antihistaminic and mast cell stabilization activity of
Ocimum sanctum. Int. J. Pharmacol. 7. doi: 10.5580/bc4

Steinke, J. W, and Borish, L. (2001). Th2 cytokines and asthma. Interleukin-4: its
role in the pathogenesis of asthma, and targeting it for asthma treatment with
interleukin-4 receptor antagonists. Respir. Res. 2, 66-70. doi: 10.1186/rr40

Stone, K. D., Prussin, C., and Metcalfe, D. D. (2010). IgE, Mast Cells, Basophils,
and Eosinophils. J. Allergy Clin. Immunol. Pract. 125, S73-S80. doi: 10.1016/j.
jaci.2009.11.017

Stulzer, H. K., Tagliari, M. P.,, Zampirolo, J. A., Cechinel-Filho, V., and Schlemper,
V. (2006). Antioedematogenic effect of marrubiin obtained from Marrubium
vulgare. J. Ethnopharmacol. 108, 379-384. doi: 10.1016/j.jep.2006.05.023

Su, C. Y., Ming, Q. L., Rahman, K., Han, T., and Qin, L. P. (2015). Salvia miltiorrhiza:
traditional medicinal uses, chemistry, and pharmacology. Chin. J. Nat. Med. 13,
163-182. doi: 10.1016/S1875-5364(15)30002-9

Tiwari, A., Goel, M., Pal, P, and Gohiya, P. (2013). Topical-steroid-induced
iatrogenic Cushing syndrome in the pediatric age group: a rare case report.
Indian J. Endocrinol. Metab. 17, S257-S258. doi: 10.4103/2230-8210.119593

Trinh, H. T,, Chae, S. J., Joh, E. H., Son, K. H,, Jeon, S. J., and Kim, D. H. (2010a).
Tanshinones isolated from the rhizome of Salvia miltiorrhiza inhibit passive
cutaneous anaphylaxis reaction in mice. J. Ethnopharmacol. 132, 344-348. doi:
10.1016/j.jep.2010.07.037

Trinh, H. T, Joh, E. H., Kwak, H. Y., I, B. N., and Kim, D. H. (2010b). Anti-pruritic
effect of baicalin and its metabolites, baicalein and oroxylin a, in mice. Acta.
Pharmacol. Sin. 31 (6), 718-724. doi: 10.1038/aps.2010.42

Ueda, H., Yamazaki, C., and Yamazaki, M. (2002). Luteolin as an anti-inflammatory
and anti-allergic constituent of Perilla frutescens. Biol. Pharm. Bull. 25, 1197
1202. doi: 10.1248/bpb.25.1197

Uritu, C. M., Mihai, C. T,, Stanciu, G.-D., Dodi, G., Alexa-Stratulat, T. Luca, A. et al.
(2018). Medicinal plants of the family lamiaceae in pain therapy: a review. Pain
Res. Manag. 2018, 44. doi: 10.1155/2018/7801543

Vadnere, G. P, Somani, R. S., and Singhai, A. K. (2007). Studies on antiasthmatic
activity of aqueous extract of clerodendron phlomidis. Pharmacologyonline 1,
487-494.

van der Burg, M., Weemaes, C. M. R., and Cunningham-Rundles, C. (2014).
“Chapter 16 - Isotype Defects,” in Stiehm’s Immune Deficiencies. Eds. K. E.
Sullivan and E. R. Stiehm (Amsterdam: Academic Press). doi: 10.1016/
B978-0-12-405546-9.00016-9

Wang, H., Provan, J., and Helliwell, K. (2004). Determination of rosmarinic acid
and caffeic acid in aromatic herbs by HPLC. Food Chemi. 87, 307-311. doi:
10.1016/j.foodchem.2003.12.029

Wang, ], Li, E S, Pang, N. N,, Tian, G., Jiang, M., Zhang, H. P, et al. (2016).
Inhibition of asthma in ova sensitized mice model by a traditional uygur herb
nepeta bracteata benth. Evid. Based Complementary Altern. Med. 2016, 8. doi:
10.1155/2016/5769897

Wang, M., Liu, J., Zhou, B., Xu, R,, Tao, L., Ji, M,, et al. (2012). Acute and sub-
chronic toxicity studies of Danshen injection in Sprague-Dawley rats.
J. Ethnopharmacol. 141, 96-103. doi: 10.1016/j.jep.2012.02.005

Wen, T., and Rothenberg, M. E. (2016). The Regulatory Function of Eosinophils.
Microbiol. Spectr. 4, 1-12. doi: 10.1128/microbiolspec. MCHD-0020-2015

White, M. V. (1990). The role of histamine in allergic diseases. J. Allergy. Clin.
Immunol. Pract. 86, 599-605. doi: 10.1016/S0091-6749(05)80223-4

Will, M., and Claflen-Bockhof, R. (2014). Why Africa matters: evolution of Old
World Salvia (Lamiaceae) in Africa. Ann. Bot. 114, 61-83. doi: 10.1093/aob/
mcu081

Wilson, B. ], Garst, J. E., Linnabary, R. D., and Channell, R. B. (1977). Perilla
ketone: a potent lung toxin from the mint plant, Perilla frutescens Britton.
Science 197, 573-574. doi: 10.1126/science.877573

Woodfolk, J. A. (2007). T-cell responses to allergens. J. Allergy. Clin. Immunol.
Pract. 119, 280-294. doi: 10.1016/j.jaci.2006.11.008

Xiang, Z., Block, M., Lofman, C., and Nilsson, G. (2001). IgE-mediated mast cell
degranulation and recovery monitored by time-lapse photography. J. Allergy
Clin. Immunol. Pract. 108, 116-121. doi: 10.1067/mai.2001.116124

Xie, H., and He, S.-H. (2005). Roles of histamine and its receptors in allergic
and inflammatory bowel diseases. World J. Gastroenterol. 11, 2851-2857. doi:
10.3748/wjg.v11.i19.2851

Yamamura, S., Ozawa, K., Ohtani, K., Kasai, R., and Yamasaki, K. (1998).
Antihistaminic flavones and aliphatic glycosides from Mentha spicata.
Phytochemistry 48, 131-136. doi: 10.1016/S0031-9422(97)01112-6

Yang, J. H., Son, K. H,, Son, J. K., and Chang, H. W. (2008). Anti-allergic activity of
an ethanol extract from Salviae miltiorrhiza. Arch. Pharm. Res. 31, 1597-1603.
doi: 10.1007/s12272-001-2157-3

Ye, Q., Qiu, X., Wu, Y, Ban, Y, Ai, H., Huang, B,, et al. (2018). Sesquiterpenoids
from Vitex pierreana. Fitoterapia 130, 175-179. doi: 10.1016/j.fitote.2018.08.028

Yoon, S. B., Lee, Y. J., Park, S. K., Kim, H. C., Bae, H., Kim, H. M., et al. (2009).
Anti-inflammatory effects of Scutellaria baicalensis water extract on LPS-
activated RAW 264.7 macrophages. J. Ethnopharmacol. 125, 286-290. doi:
10.1016/j.jep.2009.06.027

Yoon, S. C,, Je, I. G., Cui, X,, Park, H. R,, Khang, D, Park, J. S., et al. (2016). Anti-
allergic and anti-inflammatory effects of aqueous extract of Pogostemon cablin.
Int. J. Mol. Med. 37, 217-224. doi: 10.3892/ijmm.2015.2401

Yu, H,, Qiu, J.-F, Ma, L.-J., Hu, Y.-J,, Li, P,, and Wan, J.-B. (2017). Phytochemical
and phytopharmacological review of Perilla frutescens L. (Labiatae), a
traditional edible-medicinal herb in China. Food Chem. Toxicol. 108, 375-391.
doi: 10.1016/j.£ct.2016.11.023

Zhang, H., Kong, H., Zeng, X., Guo, L., Sun, X,, and He, S. (2014). Subsets
of regulatory T cells and their roles in allergy. J. Transl. Med. 12, 125. doi:
10.1186/1479-5876-12-125

Zhao, Q., Chen, X.-Y., and Martin, C. (2016). Scutellaria baicalensis, the golden
herb from the garden of Chinese medicinal plants. Sci. Bull. 61, 1391-1398. doi:
10.1007/s11434-016-1136-5

Zhou, D. G., Diao, B. Z., Zhou, W,, and Feng, J. L. (2016). Oroxylin a inhibits
allergic airway inflammation in ovalbumin (ova)-induced asthma murine
model. Inflammation 39, 867-872. doi: 10.1007/s10753-016-0317-3

Zhou, E., Fu, Y., Wei, Z., Yu, Y., Zhang, X., and Yang, Z. (2014). Thymol attenuates
allergic airway inflammation in ovalbumin (OVA)-induced mouse asthma.
Fitoterapia 96, 131-137. doi: 10.1016/j.fitote.2014.04.016

Zhu, F, Asada, T, Sato, A., Koi, Y., Nishiwaki, H., and Tamura, H. (2014).
Rosmarinic acid extract for antioxidant, antiallergic, and a-glucosidase
inhibitory activities, isolated by supramolecular technique and solvent
extraction from perilla leaves. J. Agric. Food Chem. 62, 885-892. doi: 10.1021/
f404318;

Zielinska, S., and Matkowski, A. (2014). Phytochemistry and bioactivity of
aromatic and medicinal plants from the genus Asgastache (Lamiaceae).
Phytochem. Rev. 13, 391-416. doi: 10.1007/s11101-014-9349-1.

Conflict of Interest Statement: 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.

Copyright © 2019 Sim, Abd Rani and Husain. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Pharmacology | www.frontiersin.org

June 2019 | Volume 10 | Article 677


https://www.frontiersin.org/journals/pharmacology#articles
https://www.frontiersin.org/journals/pharmacology/
www.frontiersin.org
https://doi.org/10.1076/phbi.35.2.105.13289
https://doi.org/10.1076/phbi.35.2.105.13289
https://doi.org/10.3109/13880209109082904
https://doi.org/10.1016/j.jarmap.2017.02.001
https://doi.org/10.5580/bc4
https://doi.org/10.1186/rr40
https://doi.org/10.1016/j.jaci.2009.11.017
https://doi.org/10.1016/j.jaci.2009.11.017
https://doi.org/10.1016/j.jep.2006.05.023
https://doi.org/10.1016/S1875-5364(15)30002-9
https://doi.org/10.4103/2230-8210.119593
https://doi.org/10.1016/j.jep.2010.07.037
https://doi.org/10.1038/aps.2010.42
https://doi.org/10.1248/bpb.25.1197
https://doi.org/10.1155/2018/7801543
https://doi.org/10.1016/B978-0-12-405546-9.00016-9
https://doi.org/10.1016/B978-0-12-405546-9.00016-9
https://doi.org/10.1016/j.foodchem.2003.12.029
https://doi.org/10.1155/2016/5769897
https://doi.org/10.1016/j.jep.2012.02.005
https://doi.org/10.1128/microbiolspec.MCHD-0020-2015

https://doi.org/10.1016/S0091-6749(05)80223-4
https://doi.org/10.1093/aob/mcu081
https://doi.org/10.1093/aob/mcu081
https://doi.org/10.1126/science.877573
https://doi.org/10.1016/j.jaci.2006.11.008
https://doi.org/10.1067/mai.2001.116124
https://doi.org/10.3748/wjg.v11.i19.2851
https://doi.org/10.1016/S0031-9422(97)01112-6
https://doi.org/10.1007/s12272-001-2157-3
https://doi.org/10.1016/j.fitote.2018.08.028
https://doi.org/10.1016/j.jep.2009.06.027
https://doi.org/10.3892/ijmm.2015.2401
https://doi.org/10.1016/j.fct.2016.11.023
https://doi.org/10.1186/1479-5876-12-125
https://doi.org/10.1007/s11434-016-1136-5
https://doi.org/10.1007/s10753-016-0317-3
https://doi.org/10.1016/j.fitote.2014.04.016
https://doi.org/10.1021/jf404318j
https://doi.org/10.1021/jf404318j
https://doi.org/10.1007/s11101-014-9349-1
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Lamiaceae: An Insight on Their Anti-Allergic Potential and Its Mechanisms of Action

	Introduction

	Anti-Allergic Activity

	Inhibition of Allergen-Specific IgE

	Inhibition of Mast Cells and Basophils Degranulation

	Inhibition of Allergic Mediators and Secretory Granules

	Regulation of T Cell Responses

	Suppression of Eosinophils Migration

	Toxicology

	Conclusion and Future Perspectives

	Author Contributions

	Funding

	Acknowledgments

	References



