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Received 10 November 2019; Revised 31 December 2019; Accepted 6 January 2020; Published 13 February 2020

A ademi Editor: Yoshiyuki Kimura

Copyright © 2020 Lu as Amaral-Ma hado et al. /is is an open a  ess arti le distributed under the Creative Commons
Attribution Li ense, whi h permits unrestri ted use, distribution, and reprodu tion in anymedium, provided the original work is
properly  ited.

Asthma, a disease  lassified as a  hroni inflammatory disorder indu ed by airway inflammation, is triggered by a geneti 
predisposition or antigen sensitization. Drugs  urrently used as therapies present disadvantages su h as high  ost and side
effe ts, whi h  ompromise the treatment  omplian e. Alternatively, traditional medi ine has reported the use of natural
produ ts as alternative or  omplementary treatment. /e aim of this review was to summarize the knowledge reported in the
literature about the use of natural produ ts for asthma treatment. /e sear h strategy in luded s ientifi studies published
between January 2006 and De ember 2017, using the keywords “asthma,” “treatment,” and “natural produ ts.” /e in lusion
 riteria were as follows: (i) studies that aimed at elu idating the antiasthmati a tivity of natural-based  ompounds or extra ts
using laboratory experiments (in vitro and/or in vivo); and (ii) studies that suggested the use of natural produ ts in asthma
treatment by elu idation of its  hemi al  omposition. Studies that (i) did not report experimental data and (ii) manus ripts in
languages other than English were ex luded. Based on the findings from the literature sear h, aspe ts related to asthma
physiopathology, epidemiology, and  onventional treatment were dis ussed./en, several studies reporting the effe tiveness of
natural produ ts in the asthma treatment were presented, highlighting plants as the main sour e. Moreover, natural produ ts
from animals and mi roorganisms were also dis ussed and their high potential in the antiasthmati therapy was emphasized.
/is review highlighted the importan e of natural produ ts as an alternative and/or  omplementary treatment sour e for
asthma treatment, sin e they present redu ed side effe ts and  omparable effe tiveness as the drugs  urrently used on
treatment proto ols.

1. Introduction

1.1. Physiopathology of Asthma. Asthma  an be defined as a
 hroni inflammatory disorder that affe ts the lower air-
ways, promoting an in rease of bron hial rea tivity, hy-
persensitivity, and a de rease in the airflow [1]. Furthermore,
due to a  omplex intera tion between the geneti predis-
position and environmental fa tors, besides multiple related
phenotypes, this disease may be  onsidered as a heteroge-
neous disorder [2].

Sensitization by dust, pollen, and food represents the
main environmental fa tors involved in the asthma phys-
iopathology [1]. /ese antigens are re ognized by the mast
 ells  oated by IgE antibodies (Figure 1) and indu e the
release of proinflammatory  ytokines, su h as tumor ne-
 rosis fa tor-α (TNF-α), interleukins IL-2, IL-3, IL-4, IL-5,
GM-CSF, prostaglandins, histamine, and leukotrienes [3, 4],
by T lympho ytes and eosinophils. /is degranulation
pro ess promotes an in rease in the vas ular permeability,
leading to exudate and edema formation. /is pro ess is
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followed by leuko yte migration to the tissue affe ted by the
inflammatory pro ess through  hemotaxis mediated by
sele tins and integrins [3, 6]. Subsequently, the neutrophil
migration to the inflammatory site and the release of leu-
kotrienes LTB4 indu e the a tivation of type 2  y lo-
oxygenase (COX-2) and type 5 lipoxygenase (LOX-5),
enhan ing the expression of the C3b opsonin that produ es
rea tive oxygen spe ies (ROS) and thus promoting  ell
oxidative stress and pulmonary tissue injury [3, 7].

Other me hanisms involved in asthma physiopathology
are the inhalation of drugs, as well as respiratory viruses [8],
whi h promote an immune response mediated by IgG an-
tibodies. /is pro ess promotes an in rease of the inflam-
matory  ells influx, releasing inflammatory mediators
responsible for the damage pro ess [9].

Based on the fa tors and me hanisms presented above,
asthma symptoms  an be observed at different levels
a  ording to etiology and severity of  lini al aspe ts, whi h
define their  lassifi ation [10]. /e asthma severity is
subdivided into (i) mild/low, also defined as intermittent/
persistent, when the symptoms appear more than twi e a
week and their exa erbations  an affe t the daily a tivities
of the patient; (ii) moderate, in whi h the daily symptom
o  urren e and their exa erbations affe t the patient a -
tivities, requiring the use of short-a ting β2-adrenergi 
drugs; or (iii) severe asthma, in whi h the patient presents
persistent symptoms, physi al a tivity limitations, and
frequent exa erbations [10]. Based on this  lassifi ation, it
is estimated that 60% of the asthma  ases are intermittent
or persistent, 25% to 30% are moderate, and the severe
 ases a  ount for only 10% of the total. However, it is

important to highlight that although the proportion of
severe asthmati s represents the minority of the  ases, they
are responsible for high mortality and high hospitalization
 osts [11], eviden ing the high need of effi ient treatments
for this disease.

1.2. Asthma Epidemiology. A  ording to the World Health
Organization, asthma affe ts about 300 million of individ-
uals a ross the world, regardless of the  ountry development
degrees [12]. In the United Kingdom, asthma affe ts ap-
proximately 5.2 million of individuals and is responsible for
60.000 hospital admissions per year [13], while in Brazil the
annual in iden e of hospital admissions due to asthma is
around 173.442 patients, representing 12% of the total ad-
missions for respiratory diseases in 2012 [14].

Furthermore, studies have demonstrated that asthma
in iden e and prevalen e rates in different  ountries are not
age related. In the United States of Ameri a, Albania, and
Indonesia, the asthma prevalen e is lower for  hildren
(around 8.4%, 2.1%, and 4.1%, respe tively) when  ompared
to adults [15]. On the other hand, in  ountries su h as the
United Kingdom and Costa Ri a,  hildren aged between 6
and 7 years represent approximately 32% of the asthma
prevalen e [16]. Additionally, the in iden e or prevalen e
 an be dire tly influen ed by the so ioe onomi  hara -
teristi s of spe ifi areas, as demonstrated by the analyses of
the annual variation in the prevalen e of asthma in whi h it
was possible to observe, in Spain, that the asthma prevalen e
had an annual in rease of 0.44% regardless of the age range
studied. However, when these same data analyses were
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Figure 1: S heme of the immune response indu ed by allergen or antigen stimulation or the early stages of asthma. GM-CSF: granulo yte-
ma rophages  olony-stimulating fa tor; IL: interleukin; C3b: opsonin; LOX-5: lipoxygenase type 5; ROS: rea tive oxygen spe ies; COX-2:
 y looxygenase type 2; LTB4: leukotriene type B; PGD2: prostaglandin type D (adapted from Bradding et al. [6].
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observed individually in Spain regions, the annual variation
presented a different s enario, showing an in rease or de-
 rease a  ording to the developmental degree of ea h region
[17, 18]. Similar data were observed by Pear e et al. [19] and
S haneberg et al. [20], who demonstrated the influen e of
so ioe onomi aspe ts on asthma. /e studies showed a
prevalent in rease of asthma  ases in metropolitan areas, fa t
attributed to the population growth with  onsequent ex-
posure to the environmental fa tors and shortened a  ess to
asthma therapy, due to the high  ost of the available
medi ines [19, 20]. Su h phenomena dire tly interfere on the
treatment  omplian e [21–23], eviden ing the importan e
and the need of strategies that fa ilitate the a  ess to the
medi ines for asthma therapy.

Studies that evaluate the importan e of in lusion of
antiasthmati therapy on publi health poli y programs have
demonstrated that asthma  ontrol  an be a hieved through a
variety of approa hes, promoting a de rease in hospital
admissions of 90%. Indeed, this was demonstrated by two
studies performed in Brazilian  ities, in whi h publi health
programs offered free medi ines and psy hologi al and
pharma euti al  are to treat  hroni diseases [24, 25].
Furthermore, Ponte et al. [24] and Holanda [25] also showed
that the hospital admissions of  hildren de reased from
44.7% to 6.4% one year after the in lusion of these patients in
the same proje t. /us, these data  orroborate the impor-
tan e of publi health poli ies that  ontribute to the re-
du tion of hospital outlay, in reasing the population’s life
quality.

1.3. Asthma Treatment. /e asthma treatment re om-
mended by the Global Initiative for Asthma (GINA)
 onsists, espe ially, on the redu tion of symptoms in order
to de rease the inflammatory pro ess [26, 27]. However,
sin e asthma presents a  omplex physiopathology asso-
 iated with variable manifestations, the treatment  an lead
to different response levels. /us, the evaluation of the
 lini al aspe ts asso iated with the treatment response is
defined as the most adequate approa h to a hieve treat-
ment su  ess [28]. Asthma therapy strategies are based on
pulmonary (the main administration route on asthma
therapy), oral or intravenous administration of  lass β2
agonist drugs (salbutamol, levalbuterol, terbutaline, and
epinephrine), anti holinergi s (ipratropium),  orti oste-
roids (be lomethasone di- or monopropionate,  i leso-
nide, flunisolide, fluti asone propionate, mometasone
furoate, triam inolone a etonide, hydro ortisone, dexa-
methasone, budesonide, prednisone, prednisolone, and
methylprednisolone), and xanthine drugs. Among these,
the β2 agonists are often the drugs of first  hoi e [13, 27].

To optimize the treatment for ea h patient, the drug
dosage is determined by the patient’s respiratory  hara -
teristi s, mainly his/her respiratory rate. Patients with in-
 reased respiratory rate, due to the airways narrowing,
present a low dispersion of the inhaled drug through the
respiratory tra t [29]. In these  ases or when there is an
absen e of response on the first two hours after treatment,
hospitalization should be performed, and adrenaline  ould

be used, sub utaneously or intravenously, sin e this is an
indi ative of mu osal edema formation, whi h  an be de-
 reased by the adrenaline bron hodilator effe t [30].

Overall, patients that present asthma exa erbation
should be initially treated with the asso iation of different
dosage of  orti osteroids and short-a ting β2 agonists by
intranasal oxygen administration, allowing the stimulation
of β2 re eptors that result in bron hodilation due to the
inhibition of  holinergi neurotransmission and, thus, in-
hibition of mast  ells degranulation [10]. Additionally,
 orti osteroids by oral or inhaled route are used on un-
 ontrolled persistent asthma patients due to their dire t
effe t on the inflammation site [31]. A  ordingly, they
improve the pulmonary fun tion and de rease the asthma
episodes [32], redu ing hospitalizations and mortality of
asthmati patients [31]. Furthermore, be ause their systemi 
use  an indu e side effe ts,  orti osteroids, mainly predni-
sone and prednisolone, are more  ommonly used in patients
with severe persistent asthma who are not stabilized by other
drugs [31].

In addition, xanthine drugs su h as theophylline  an be
also used on asthma treatment, sin e they are able to pro-
mote the suppression of mono yte a tivation with  onse-
quent inhibition on the TNF-α release. Further, they
promote the inhibition of neutrophil a tivation and its
degranulation, inhibiting the  atalyti a tivity of phospho-
diesterase 4 (PDE4), allowing a redu tion in the inflam-
matory pro ess [33].

Regardless of the wide variety and asso iations of
antiasthmati medi ines and their ability to promote the
asthma symptoms  ontrol and to redu e the asthma episodes
and hospital admissions, the antiasthmati drugs present
several side effe ts, in luding nausea, heada hes, and  on-
vulsions (xanthine  lass) [3, 30],  ardiovas ular effe ts
(β-adrenergi re eptors antagonists) [20], vomiting (PDE4
inhibitors drugs) [34–36], osteoporosis, myopathies, adrenal
suppression, and metaboli disturbs,  ompromising the
patients’ growth ( orti osteroids) [30, 35, 37, 38]. /ese side
effe ts  ompromise the life quality of the patients and redu e
signifi antly the treatment  omplian e.

Another important drawba k from the  onventional
asthma treatment is its  ost. In fa t, the required amount of
money for asthma treatments represents a signifi ant ex-
penditure for health publi organizations. Su h situation has
be ome a finan ial issue even for developed  ountries. In
Sweden, for example, the  ost of medi ines for asthma
treatment has in reased sin e the 1990s and, in 2006, and it
was responsible for 11.6% of the total health are expendi-
ture. Furthermore, a  ording to proje tions, an annual in-
 rease of 4% on the  osts of asthma management is expe ted
[22].

Additionally, studies revealed that in Europe and in the
United States of Ameri a, the sum of the dire t and indire t
estimated annual  osts with asthma management is ap-
proximately €18 billion and US$13 billion, respe tively. /is
high expenditure was asso iated with the high in iden e of
un ontrolled asthma patients, sin e they represent an ex-
pense up to 5-fold higher than the  ontrolled asthma ones
[39] or than patients with other  hroni diseases, as
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demonstrated in the study performed by O’Neil and  ol-
leagues [40]. /ese authors revealed that asthma  osts up to
£4,217 per person, while type II diabetes,  hroni obstru tive
pulmonary disease, and  hroni kidney disease represented,
together, a  ost of £3,630 [40].

/erefore,  onsidering the therapies  urrently available,
their side effe ts, and their high  ost, the development of new
therapeuti approa hes or  omplementary treatments to the
 urrent asthma therapy be ome an important and essential
strategy. In this  ontext, the use of natural produ ts allows
easy a  ess to treatment to all so ioe onomi  lasses [41, 42]
and shows advantages su h as low  ost, bio ompatibility,
and redu ed side effe ts, besides their wide biodiversity and
renewability [43, 44]. In addition, natural produ ts, sup-
ported by the literature findings on their  omplex matrix as a
sour e of bioa tive  ompounds, represent one of the main
a  ess forms to the basi health are in the traditional
medi ine [45]. /us, the present review aimed at summa-
rizing the main natural produ ts reported in the literature
that show antiasthma a tivity.

2. Natural Products as Alternative for
Asthma Treatment

/e use of natural produ ts for the treatment of physiologi 
disorders, espe ially in asso iation with other drugs, has
been widely reported through ethnopharma ologi al studies
as an important s ientifi tool for bioprospe tion explora-
tion and dis overy of new bioa tive  ompounds from nat-
ural sour es [46]. Despite the wide s ientifi progress
regarding  hemi al and pharma euti al te hnology on
synthesizing new mole ules, drugs from natural sour es still
 ontribute tremendously to the dis overy and development
of new medi ines [47]. /ese studies are based, initially, on
the traditional use of the natural produ ts, whi h draws the
attention of pharma euti al  ompanies due to their easy and
e onomi al use, allowing the  ompanies to perform many
studies that evaluate their therapeuti a tivities, their tox-
i ity, and their safety [48].

Moreover, the use of natural produ ts as  omple-
mentary therapy represents an important alternative for
the treatment of several diseases [49]. In the United States
of Ameri a, the use of natural produ ts, vitamins, and
other dietary supplements as auxiliary treatments repre-
sent about 40% of the  onventional therapies [50]. Among
the diseases that natural produ ts are used for, those of
allergi and inflammatory  hara ter  an be highlighted. In
fa t, a  ording to the literature, the alternative medi ine
asso iates the use of these produ ts with bio hemi al
me hanisms involved in immunomodulation, whi h  ould
 ontribute to the management of these diseases [51].

/e use of plant-based produ ts for asthma treatment
has been reported by the traditional medi ine for over 5000
years, sin e the use by the Chinese  ulture of the infusion of
Ephedra sinica, whi h is as an immune system stimulator
able to de rease asthma  rises [20]. More re ently, a study
performed by Costa and  olleagues [49] des ribed the main
natural sour es for the treatment of asthma used by the
Brazilian families from the Northeast Region of the  ountry

[49]. /e study in luded beet, honey, onion, lemon, garli ,
yarrow, and mint, demonstrating the wide variety of natural
produ ts used on asthma treatment in  hildren [49]. Ad-
ditionally, other natural-derived produ ts have been widely
 ited in asthma treatment, su h as natural oils from plants
and animals, whi h  an be obtained by different extra tion
pro ess [52, 53].

Plant-derived natural oils represent the main natural
produ ts used on the  omplementary asthma therapy due to
the presen e of  ompounds su h as phenylpropanoids and
mono- and sesquiterpenes as the major bioa tive  om-
pounds, whi h provide their anti-inflammatory, antifungal,
antiba terial, and anestheti properties [54–56]. Similarly,
oils obtained from animal sour es have been used. /ey are
ri h in a mixture of different saturated, mono and poly-
unsaturated fatty a ids, as well as  ompounds from animal
organs and se retions, whi h are responsible for the im-
mune-modulatory a tion and regulation of the tissue oxi-
dative  apa ity [57, 58]. /e a tivity  redited to the oils
derived from plants and animals is related to the presen e of
those bioa tive  ompounds, whi h  an inhibit COX-2 and
COX-5. Additionally, these  ompounds are able to modulate
the immune  ells fun tion by redu ing levels of IL-4, IL-5,
and IL-13  ytokines, de reasing the a tivity and proliferation
of NK  ells and leading to an in rease in the level of en-
dogenous  orti osteroids,  ontributing to the regulation of
NF-κB pathway, and redu ing themu us produ tion and the
inflammation in the lung tissues [59–61].

In this regard, Table 1 shows all produ ts found in the
studies in luded in this review after the in lusion  riteria
evaluation. Due to the wide variety of plant-derived prod-
u ts, only those with 3 or more  itations were des ribed in
detail in this review. On the other hand, due to limited
s ientifi investigations about the antiasthmati a tivity of
the natural produ ts from animal and mi roorganism
sour es, all studies that fit the in lusion  riteria were de-
s ribed in the next se tions.

2.1. Natural Products from Plants. /e use of natural
produ ts obtained from plants by the traditional medi ine
has been reported from  enturies, espe ially in  ountries as
China, Japan, and India [212]. /us, the topi s below
 on ern these produ ts or bioa tive  ompounds originated
from the most studied plants used on asthma therapy.

2.1.1. Flavonoids. Flavonoids are natural  ompounds from
plants, nuts, and fruits that are  hemi ally  hara terized by
the presen e of two benzene rings (A and B) linked through
a hetero y li pyrene ring (C). /ey represent a large group
of polyphenoli se ondary metabolites [213] with more than
8,000 different  ompounds already identified [214]. Con-
sidering their  hemi al stru ture, they  an be  lassified as
flavans, flavanones, isoflavanones, flavones, isoflavones,
antho yanidins, and flavonolignans [214]. Flavans or iso-
flavans possess a hetero y li hydro arbon skeleton,  hro-
mane, and a substitution on its C ring, in  arbons 2 or 3, by a
phenyl group (B ring). Flavanones and isoflavanones show
an oxo-group in position 4. /e presen e of a double bond
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between C2 and C3 indi ates flavones and isoflavones, and
the addition of a C1 to C2 double bond represents antho-
 yanidins [214].

/e diversity in their  hemi al stru ture  ontributes to
their broad range of physiologi al and biologi al a tivities,
from whi h it  an be highlighted the antioxidant, anti-in-
flammatory, antiallergi , antiviral, hepatoprote tive, antith-
romboti , and anti ar inogeni a tivities [213]. In this review,
14 studies reported flavonoids as a group of  ompounds able
to be used on asthma treatment. /e following subse tions
show themain flavonoids with antiasthmati a tivity reported
in the literature and used by the traditional medi ine. /ese
studies attributed the antiasthmati a tivity of plant extra ts
 ontaining these  ompounds, in part, due to their presen e in
the phyto omplex.

(1) Flavone Compounds: Chrysin, Baicalin, Luteolin, and
Oroxylin A. Defined as 5,7-dihydroxy-2-phenyl-1-4H-
 hromen-4-one,  hrysin is  lassified as a flavone that  an be
found in Passiflora caerulea and Passiflora incarnate flowers,
as well as in Matricaria chamomilla, popularly known as
 hamomile, besides being present in propolis and other
plants [90, 100]. Chrysin is a  ompound able to suppress the
proliferation of airway smooth mus le  ells as well as to
promote a redu tion in the IL-4, IL-13, IgE, and interferon-γ
levels that lead to an attenuation in the asthma inflammatory
pro ess [89]. Bae et al. [90] performed their studies through
an in vitro  ell  ulture model with the purpose to des ribe
how the  hrysin was able to promote the inhibitory effe t in
the proinflammatory  ytokines. /ey suggested that this
effe t was  aused by the intra ellular  al ium redu tion in
mast  ells, sin e  al ium is responsible for proinflammatory
 ytokine gene trans ription [90]. In addition, a study per-
formed by Yao and  olleagues [88] investigated the a tivity
of  hrysin against asthma in mi e sensitized with ovalbumin
(OVA). /eir results revealed that  hrysin would be a
promising  ompound able to be used for  ontrolling airway
remodeling and  lini al manifestations of asthma [88].

Bai alin, a 7-glu uroni a id-5,6-dihydroxyflavone, is a
natural metabolite easily found in leaves and barks from
several spe ies of the Scutellaria genus [215]. Studies per-
formed by Park and  olleagues [208] investigated the anti-
inflammatory a tivity of bai alin using an asthma-indu ed
animal model. /e results showed that this  ompound
de reased the inflammatory  ell infiltration and the levels of
TNF-α in the bron hoalveolar lavage fluids (BALF). /e
a tivity of the bai alin was attributed to the fa t that this
metabolite sele tively inhibits the enzyme a tivity of PDE4
and suppresses the TNF-α expression indu ed by the li-
popolysa  harides on ma rophages, indi ating a potential
use of this metabolite in asthma treatment [74].

Additionally, luteolin (2-(3,4-dihydroxyphenyl)-5,7-
dihydroxy-4- hromenone), another  ompound that had
also demonstrated antiasthma a tivity, is widely found in
aromati flowering plants, su h as Salvia tomentosa and
Lamia eae, as well as in bro  oli, green pepper, parsley, and
thyme [216]. Shen and  olleagues [133] studied its phar-
ma ologi al a tivity through inhibition of the GABAergi 
system, whi h is responsible for the overprodu tion of

mu us during the asthmati  risis by overstimulation of the
epithelial  ells. /e study indi ated that this  ompound was
able to promote the attenuation of the goblet  ell hyper-
plasia by the partial inhibition of GABA a tivities [133].

Another antiasthmati flavonoid  ompound is oroxylin
A, a flavone found in the extra t of Scutellaria baicalensis
Georgi andOroxylum indicum tree [156]. A  ording to Zhou
[157], oroxylin A, or 5-7-dihydroxy-6-methoxy-2-phenyl-
 hromen-4-one, was able not only to redu e the airway
hypera tivity in an OVA-indu ed asthmamurine model, but
also to de rease the levels of IL-4, IL-5, IL-13, and OVA-
spe ifi IgE in BALF [157]./is study also showed the ability
of oroxylin A in inhibiting the alveolar wall thi kening in
addition to avoid the inflammatory  ell infiltration in the
perivas ular and peribron hial areas assessed by histo-
pathologi al evaluation [157].

(2) Flavonol Compounds: Quercetin, Galangin, and Kaemp-
ferol. Quer etin (2-(3,4-dihydroxyphenyl)-3,5,7-trihy-
droxy-4H- hromen-4-one), a flavonol  ompound widely
found in onions, apples, bro  oli,  ereals, grapes, tea, and
wine, has been known as the main a tive  ompound of
these plants and, therefore, responsible for their wide-
spread use in traditional medi ine for the treatment of
inflammatory, allergi , and viral diseases [213]. /e
studies using this  ompound as antiasthma were per-
formed in  ell  ultures and rats, as in vitro and in vivo
models, respe tively, showing its high  apa ity to redu e
inflammatory pro esses. A  ording to these studies, the
anti-inflammatory me hanism of quer etin is attributed
to the lipoxygenase and PDE4 inhibition and redu tion
on histamine and leukotriene release, whi h promote a
de rease in the proinflammatory  ytokine formation and
produ tion of IL-4, respe tively. In addition, quer etin
also promoted the inhibition of human mast  ell a ti-
vation by Ca2+ influx and prostaglandin release inhibition
[182], favoring the therapeuti relief of the asthma
symptoms and de reasing the short-a ting β-agonist
dependen e [181, 182].

Galangin, a  ompound  hemi ally defined as 3,5,7-tri-
hydroxy-2-phenyl hromen-4-one, easily found on Alpinia
officinarum [217], had its pharma ologi al a tivity evaluated
using a spe ifi -pathogen-free mi e model [115]. /e study,
performed by Liu [115], showed an effe tive response against
the in vivo OVA-indu ed inflammation as well as a re-
du tion on the ROS levels in vitro. Furthermore, galangin
a ted as an antiremodeling agent in asthma, sin e this
 ompound inhibited the goblet  ell hyperplasia, lowering the
TGF-β1 levels and suppressing the expression of vas ular
endothelial grown fa tor (VEGF) and matrix metal-
loproteinase-9 (MMP-9) in BALF or lung tissue. /is result
highlighted its antiremodeling a tivity in the TGF-β1-ROS-
MAPK pathway, proving its potential use on asthma
treatment [115].

Another flavonol, kaempferol,  hemi ally defined as
3,5,7-trihydroxy-2-(4-hydroxyphenyl)-4H- hromen-4-
one, is widely found in  itrus fruits, bro  oli, apples, and
other plant sour es [213]. /is  ompound has been studied
due to its pharma ologi al potential, espe ially against
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inflammation. In the study performed by Chung et al.
[127], an OVA-indu ed airway inflammation mouse model
of asthma was performed, demonstrating that kaempferol
 an signifi antly redu e the inflammatory pro ess due to
the de rease of the inflammatory  ell infiltration and the
de rease of produ tion of inflammatory  ytokines and IgE
antibodies. In addition, this  ompound was also able to
redu e the intra ellular ROS produ tion in the airway
inflammation rea tion [127].

Furthermore, Mahat et al. [218] demonstrated that the
anti-inflammatory a tivity of kaempferol o  urs through the
inhibition of nitri oxide and nitri oxide-indu ed COX-2
enzyme a tivation, further inhibiting the  ytotoxi effe ts of
nitri oxide, redu ing the prostaglandin-E2 produ tion
[218]. To improve the possibility of the use of kaempferol as a
bioa tive on the development of new drugs or medi ines, the
previously mentioned study by Chung [127] also des ribes
the antiasthma a tivity of a gly osylated derivative of
kaempferol, the kaempferol-3-O-rhamnoside. /e gly o-
sylation of kaempferol improved its solubility and stability,
besides redu ing its toxi ity [127], allowing the produ tion
of a  ompound with great potential to in rease the asthma
therapeuti arsenal. A  ording to this rationale, this  om-
pound may be responsible for the anti-inflammatory
properties of the plant extra ts  ontaining this substan e and
that have been used to asthma treatment.

2.1.2. Resveratrol. Resveratrol is a natural stilbenoid  om-
pound, a  lass of polyphenol obtained from the bark of red
fruits, with known antioxidant and promising anti-in-
flammatory and antiasthma a tivities [186]. In studies using
eosinophils obtained from asthmati individuals, Hu et al.
[185] demonstrated that resveratrol indu es not only  ell
 y le arrest in the G1/S phase, but also apoptosis, allowing a
de rease in the eosinophil number [185], thus redu ing the
neutrophil migration and,  onsequently, preventing the
histamine and PGD-2 release, avoiding vasodilatation,
mu us produ tion, and bron ho onstri tion (Figure 1).
Additionally, Lee and  olleagues [129] demonstrated that
resveratrol was effe tive against the asthmati mouse model
on e this polyphenol indu ed a signifi ant de rease in the
plasma level of T-helper-2-type  ytokines, su h as IL-4 and
IL-5. It also de reased the airway hyperresponsiveness,
eosinophilia, and mu us hyperse retion [184]. Although
performed by different methods, the studies are in agree-
ment regarding the s ientifi eviden e that supports the use
of resveratrol by oral route as an effe tive natural  ompound
to treat asthma patients.

2.1.3. Boswellia. Boswellia is a tree genus that produ es oil
known as frankin ense, whi h is obtained through in isions
in the trunks of these trees. /is oil is  omposed by 30–60%
resin, 5–10% essential oils, and polysa  harides [219].
Studies performed using this produ t evaluated its phar-
ma ologi al a tivities revealing that the Boswellia bioa tives
are boswelli a ids and AKBA (3-O-a etyl-11-keto-β-bos-
welli a id), both responsible for preventing NF-κB a ti-
vation and,  onsequently, inhibiting IL-1, IL-2, IL-4, IL-6,

and IFN-gamma release [52]. /ey also inhibit LOX-5, thus
preventing leukotriene release [78]. /us, based on the
physiopathology of asthma, it is possible to infer that these
 ompounds may a t as antiasthma mole ules from the tree
genus, on e these enzymes andmediators are involved in the
asthma-related inflammation. Moreover, another study that
aimed at evaluating the antiasthma a tivity of these  om-
pounds showed that the asso iation between Boswellia
serrata, Curcuma longa, and Glycyrrhiza had a pronoun ed
effe t on the management of bron hial asthma [79], sug-
gesting its potential on asthma therapy.

2.2. Natural Products from Animal Source. Animal-derived
natural produ ts still represent the minority of natural
sour es for produ ts intended for asthma treatment.
Nonetheless, many studies des ribe the use of animal-based
produ ts, su h as oils, milk, and spleen as a  omplementary
therapy for several diseases, in luding asthma. /e tradi-
tional medi ine reports the benefits of  onsuming some
animal parts and animal produ ts, on e they  an be ri h in
 ompounds su h as lipids, prostaglandins, unsaturated
fatty a ids, enzymes, and polysa  harides, whi h are re-
sponsible for their pharma ologi al a tivities [220, 221]. In
addition, animal sour es are also widely  ited as bio-
 ompatible and biodegradable sour es, suggesting their
safe use. /e animal produ ts and  ompounds  ited in this
session  an be obtained from several sour es, su h as
mammals, amphibians, and  rusta eans, demonstrating its
wide range of possibilities.

2.2.1. Animal Sea Source: Holothuroidea, Penaeus, and
Sarcophyton ehrenbergi. Marine e osystems represent an
important sour e of natural  ompounds due to their wide
biodiversity, whi h in lude animals and plants that are
unique to this environment. /erefore, many studies have
been performed to evaluate the antimi robial, anti-inflam-
matory, antiviral, and antiasthmati potential of algae and
sea animals.

On this  on ern, the sea  u umber, a marine inverte-
brate animal that belongs to the  lass Holothuroidea, usually
found in the benthi areas and deep seas, has been used by
Asian and Middle Eastern  ommunities in the traditional
medi ine as elixir, due to its pharma ologi al a tivity on the
treatment of hypertension, asthma, rheumatism,  uts, burns,
and  onstipation [188]. /ese pharma ologi al a tivities are
attributed to the presen e of saponins,  erebrosides, poly-
sa  harides, and peptides on its  omposition [188, 220].
Bordbar et al. [220], in a literature review, mentioned an
experimental study from Heren ia et al. [222] in whi h sea
 u umber extra t showed a redu tion of the enzymati 
a tivity of  y looxygenase in inflamed mi e tissues, without
promoting any modifi ation on the  y looxygenase enzyme,
showing that the sea  u umber extra t is a potent natural
produ t able to be used against several inflammatory dis-
eases [220].

Ozdemir and  olleagues [87] investigated the pharma-
 ologi al a tivity of  hitin, a polysa  haride formed by re-
peated units of N-a etylglu osamine to form long  hain

Eviden e-Based Complementary and Alternative Medi ine 25



through β-(1-4) linkage [221], the major  ompound of the
shrimp (Penaeus) exoskeleton. In this study, the authors
performed the intranasal administration of  hitin mi ro-
parti les in the asthma-indu ed mi e model, whi h pro-
moted the redu tion of serum IgE and peripheral blood
eosinophilia, besides the de rease of the airway hypersen-
sitivity [87]. Additionally, another study identified and
isolated ten new prostaglandin derivatives from the Sar-
cophyton ehrenbergi extra t, a soft  oral spe ies found in the
Red sea [194], from whi h five of them showed inhibitory
a tivity against PDE4 (44.3%) at 10 μg.mL–1, suggesting its
utilization on asthma and  hroni obstru tive pulmonary
disease treatment, on e PDE4 is the drug target on the
treatment of both diseases [194].

Finally, these studies demonstrated that marine sour e
needs to be further investigated, sin e a wide variety of
bioprodu ts and/or bioa tives with potential anti-inflam-
matory a tivity and antiasthmati proprieties  an be found
in this environment.

2.2.2. Bullfrog (Rana catesbeiana Shaw) Oil. /e bullfrog oil
is a natural oil extra ted from the adipose tissue of the
amphibian Rana catesbeiana Shaw, whi h is originated from
North Ameri a and has its meat widely  ommer ialized
around the world [223]. /is oil has been used by the tra-
ditional medi ine to treat inflammatory disorders, espe ially
asthma [223]. /is oil is  omposed of a mixture of mono-
and polyunsaturated fatty a ids and bile-derived steroid
 ompound (ethyl iso-allo holate) [81, 224], whi h are re-
sponsible for its therapeuti properties [81].

A  ording to Yaqoob [57], the presen e of olei , lino-
leni , steari , palmiti , and myristi fatty a ids  an promote
the suppression of immune  ell fun tions [58]. Based on
su h eviden e, it is possible to infer that the bullfrog oil, due
to its  hemi al  omposition,  an be used on the treatment of
inflammation-related disorders su h as asthma. However,
further studies are needed to  onfirm this hypothesis.

2.2.3. Other Products Derived from Animals. Although the
majority of the  urrently used animal produ ts by the tra-
ditional medi ine for asthma treatment belong from animal
tissues, there is eviden e that mammal fluids, for example,
buffalo spleen liquid, milk, and  olostrum,  an a t on the
immune system promoting the de rease of asthma symp-
toms [80].

/e buffalo spleen liquid was investigated in a study
performed by Neamati and  olleagues [80], in whi h pigs
were asthma sensitized using ovalbumin, followed by ad-
ministration of the buffalo spleen liquid-based adjuvant. A
de rease in the tra heal response as well as a redu tion in the
white blood  ell number in lung lavage was observed on
sensitized animals when  ompared to healthy animals [80],
showing the potentiality of this fluid in promoting asthma
 ontrol. In addition, another study was performed to
evaluate the antiasthma a tivity using milk and  olostrums,
whi h  ontain linoleni a id and proteins like la toferrin
[141], as a natural produ t. /is study showed a modulation
in the plasma lipid  on entration in human and animal

models and a de rease in the allergi airway inflammation
indu ed by ragweed pollen grain extra t.

2.3. Bioactives Obtained from Microorganisms. /e use of
ba teria and fungi metabolites on the treatment of several
diseases is widely reported sin e the peni illin dis overy.
However, more re ent studies have further investigated the
antiasthmati potential of these metabolites [225]. On this
 on ern, a study performed by Lu and  olleagues [156]
evaluated the antiasthma a tivity of the ba terial lysate OM-
85 Bron ho-Vaxom (BV), a patented pharma euti al
produ t [134]. /e study observed that the ba terial lysate
 oupled with the  onventional treatment was able to in rease
the rate of natural killer T  ells on the peripheral blood,
de reasing the  ytokine level ( ytokines type not des ribed)
and, then, promoting the redu tion of asthma symptoms.
Furthermore, kefir, a fermented milk drink produ ed by
la ti and a eti a ids from ba teria, whi h also presents the
kefiran, an insoluble polysa  haride as main  omponent
[128, 129], had its in vivo anti-inflammatory a tivity eval-
uated. /is  ompound was able to redu e at normal levels
the release of IL-4, IL-6, and IL-10 along with the produ tion
of INF-c and TNF-α [128]. In addition, the intragastri 
administration of kefiran promoted the redu tion of OVA-
indu ed  ytokine produ tion in a murine asthma model,
de reasing the pulmonary eosinophilia and mu us hyper-
se retion [128, 129].

/erefore, based on these reports and histori al fa ts
regarding the use of mi roorganisms as sour e for isolation
of new bioa tives and the development of medi ines, it is
important to highlight that these new agents may  ontribute
to the  urrent asthma treatment.

3. Conclusion: Widely Used Active
Pharmaceutical Ingredients from
Natural Source

As previously demonstrated, natural produ ts have been
extensively used as a  omplementary treatment for asthma
therapy. Studies  on erning these produ ts have aimed at
investigating their a tivity as a matrix of  ompounds to
 omplement or repla e  urrent asthma treatment, while
others aim at isolating  ompounds to generate new medi-
 ines based on syntheti drugs of natural origin [226].

Histori ally, natural produ ts have  ontributed tre-
mendously to the development of marketable medi ines to
the treatment of several diseases [226]. /e evaluation of
their therapeuti a tivities and identifi ation and isolation of
their bioa tive mole ules allowed not only their  lini al use,
but also the dis overy of the pharma ophore groups and the
radi als responsible for their toxi ity or their bio-
pharma euti s aspe ts. In fa t, based on su h studies, it is
possible to perform stru tural or delivery  hanges on these
 ompounds that would in rease their safety or would be able
to module their half-life allowing to target them to spe ifi 
a tion sites [227].

/is review shows the experimental studies that iden-
tified the antiasthma a tivity of different natural sour es in
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the last de ade, along with the mole ules responsible for
that. Altogether, these studies presented preliminary data
that require further investigations about these  ompounds in
order to, in a near future, be used on the produ tion of
designing medi ines. Currently, a few natural-based a tive
 ompounds are already available in the market, su h as
ipratropium bromide, theophylline, epinephrine, and so-
dium  romogly ate [226, 228–231].

Ipratropium bromide, an anti holinergi drug able to
promote bron hodilation, has been widely used for the
treatment of asthma. /is  ompound was synthesized from
atropine, a  ompound extra ted for the first time in 1809
from Atropa belladonna L. However, it  an be also found in
other plants from the Solanaceae family [228, 229]. In spite
of that, only in 1833, its  hemi al stru ture was elu idated,
and in 1850, it was implemented for  lini al use, allowing the
proper understanding of its in vivo biopharma euti s and
therapeuti  hara teristi s [232].

/eophylline is an antiasthmati drug widely used in the
management of severe persistent asthma, promoting the
bron hodilation and attenuation of asthma inflammation.
Also known as 1,3-dimethylxanthine, this mole ule was
extra ted in 1888 from Feobroma cacao L. and Camellia
sinensis L., plants presented in several  ountries. Later in
1922, this drug was introdu ed on asthma therapy [233].
Years after, epinephrine, also known as adrenaline, was
extra ted from the Ephedra sinica, a plant widely used in the
Chinese traditional medi ine, allowing the synthesis of beta-
agonist antiasthmati drugs, su h as salbutamol and sal-
meterol,  urrently used in asthma treatment [226].

Furthermore, sodium  romogly ate, a drug obtained
from the khellin bioa tive extra ted from Ammi visnaga (L)
Lamk, has been used as a bron hodilator based on its ability
of inhibiting mast  ell degranulation, whi h enabled its use
on the asthma treatment [226, 230].

Overall, these reports highlight the relevan e of the
investigation and isolation of new bioa tive  ompounds that
 ould present antiasthmati potential. As the  urrent asthma
treatment involves drugs that have been extensively studied
in the past de ades, the experimental studies that evaluate
the a tivity of  ompounds obtained from diverse natural
sour es might allow the development of new antiasthmati 
drugs in the near future.

4. Final Considerations

/e  urrent asthma treatment is of high  ost and has many
side effe ts, whi h  ompromises the patient treatment
 omplian e. Literature reports show that asthma treat-
ment  an be improved using natural produ ts to  om-
plement the traditional drugs, sin e those produ ts are of
low  ost and bio ompatible and show redu ed side effe ts.
/e literature sear h in luded the keywords asthma,
natural produ ts, and treatment, individually, resulted in
14,296,762 studies, in luding s ientifi arti les, reviews,
editorial referen e works, and abstra ts. Additionally, the
keyword  ombination “Asthma +Natural Produ ts”
found 18,111 studies, “Asthma + Treatment,” 209,423
studies, “Natural Produ ts + Treatment,” 459,685 studies,

and “Asthma + Treatment + Natural Produ ts,” 1,986
studies. /us, after s reening for dupli ate studies, 1,934
abstra ts were evaluated. Finally, based on the in lusion
 riteria, 172 studies reporting the use of natural produ ts
on asthma treatment were in luded in this review,
summarizing a total of 160 studies that reported plants as
natural sour e, 9 from animal sour e, and 3 studies de-
s ribing ba teria and fungi as bioa tive sour es, totalizing
134  ompounds whi h  an be used as  omplementary or
alternative medi ine on asthma treatment. Plants were
found to be the major sour e of produ ts used by the folk
medi ine to treat asthma, sin e they are a renewable
sour e of easy a  ess. Also, due to their variety of se -
ondary metabolites, plants are able to promote antiasthma
a tivity mainly due to their anti-inflammatory and
bron hodilator properties. /is study revealed that fla-
vonoids, phenoli a ids, and terpenoids are the main
elu idated  ompounds able to promote the attenuation of
asthma symptoms. On the other hand, a la k of s ientifi 
reports regarding the pharma euti al a tivity of natural
produ ts from animal and mi roorganism sour es has
limited their use. However, these produ ts still represent
an important sour e of bioa tive  ompounds able to be
used on asthma treatments. In addition, despite the rel-
evant antiasthmati a tivity, the literature sear h showed
a la k of investigations  on erning the pharma okineti s
properties as well as more a  urate information regarding
effi a y, safety, and the required dosage to indu e in vivo
antiasthma a tivity. In  on lusion, due to the fa t that
 urrent asthma treatment involves drugs obtained from
natural produ ts widely explored in the past, the  urrent
experimental studies reported in this review may lead to
the development of new drugs in the future, able to im-
prove the antiasthmati treatment.
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