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Abstract: Curine is a bisbenzylisoquinoline alkaloid isolated from Chondrodendron platyphyllum
(Menispermaceae). Recent findings have shed light on the actions of curine in different
models of allergy and inflammation. Here we review the properties and mechanisms of
action of curine focusing on its anti-allergic effects. Curine pre-treatment significantly
inhibited the scratching behavior, paw edema and systemic anaphylaxis induced by either
ovalbumin (OVA) in sensitized animals or compound 48/80, through mechanisms of mast
cell stabilization and inhibition of mast cell activation to generate lipid mediators. In
addition, oral administration of curine significantly inhibited eosinophil recruitment and
activation, as well as, OVA-induced airway hyper-responsiveness in a mouse model of
asthma, through inhibition of the production of IL-13 and eotaxin, and of Ca*" influx. In
conclusion, curine exhibit anti-allergic effects in models of lung, skin and systemic
allergy in the absence of significant toxicity, and as such has the potential for anti-allergic
drug development.
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1. Curine, a Bisbenzylisoquinoline Alkaloid

The alkaloids comprise the largest class of natural products derived from plants. These substances
are produced by the secondary metabolism of plants and several studies indicate that these metabolites
are characterized by a great diversity of pharmacological activities. Alkaloids are alkaline substances
containing one or more nitrogen atoms, usually in combination, as part of a cyclic system [1].
According to Barbosa-Filho and collaborators [2], in the twentieth century, the anti-inflammatory
activities of more than 170 alkaloids has been investigated, and 140 of them were shown to be
pharmacologically active in different experimental models, most of these compounds belonging to the
isoquinoline alkaloids class.

The bisbenzylisoquinoline alkaloids (BBA) constitute a large group of natural products widely
distributed in plants of several families, including: Menispermaceae, Berberidaceae, Lauraceae,
Annonaceae, Ranunculaceae, Hernandiaceae, Magnoliaceae and Nymphaeaceae [3]. These substances
are characterized by presenting two benzylisoquinoline subunits, each one with three rings, joined by
one or more ether bridges [4]. Several studies have shown that BBA exhibit immunomodulatory
activities in inflammatory and allergic reactions [5,6]. Recently, our research group has investigated
the therapeutic potential of natural products, and promising results have been obtained in particular
with regard to the use of Cissampelos sympodialis EICHL (Menispermaceae) and the BBA warifteine
in animal models of inflammation and allergy. The immunomodulatory effects produced by the plant
extract, as well as warifteine include inhibition the proliferation of splenocytes and increased 1L-10
production [7], inhibition of production of ovalbumin (OVA) -specific IgE [8] and inhibition of
anaphylactic shock induced by OVA [9]; inhibition of recruitment and activation of eosinophils
in vivo, associated with reduced production of eotaxin and CysLTs [10]; inhibition of mast cell
activation in vitro [11], in addition to modulation of AHR and of airway remodeling in experimental
asthma model [12].

Curine (Figure 1), is a BBA isolated from Chondrodendron platyphyllum (Menispermaceae), a
plant found in northeastern Brazil, that is popularly known as “abttua”, and used in folk medicine to
treat malaria, fever, pain, swelling, urethritis, cystitis and ulcers [13,14]. At least three alkaloids,
including curine, isocurine, and 12-O-metilcurine, have been identified from this plant, and curine is
the major constituent [15]. Dias et al. [15] have demonstrated that curine and isocurine have a
vasodilator effects and have suggested that the effects of curine were associated with the inhibition of
calcium channels. Medeiros et al. [16] demonstrated that curine decreased intracellular Ca**transients
in A7r5 rat thoracic aorta-derived cells. In these cells, the Ca?’ influx is mainly dependent on
voltage-dependent Ca?* channels [17] and although these cells express both L-type and T-type Ca**
channels [18], in their experimental conditions, the authors demonstrated that curine effects resulted
from blockade of L-type Ca®" channels [16]. However, details of the blocking mechanism, as well
as the selectivity of curine on different Ca?>" channels, including T-type Ca?" channels, remain to
be investigated.
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Figure 1. Chemical structure of curine.

Investigating the possible toxicity of curine in Swiss mice, we demonstrated that oral treatment with
curine for seven consecutive days doses up to 10 times higher than the EDso in mice, induced no
changes in hematological parameters (such as the number of leukocytes, platelets and red blood cells,
and hematocrit values and hemoglobin) or biochemical (including the concentrations of alkaline
phosphatase, alanine transaminase, aspartate transaminase, bilirubin, creatinine kinase, creatinine,
cholesterol, glucose, total protein and uric acid). In addition, treatment with curine did not induce the
formation of gastric ulcers, and no physical or behavioral changes were observed, indicating that, in
these conditions curine showed no toxicity [19].

Since curine presented interesting pharmacological properties, and its structure is very similar to the
warifteine’s structure we hypothesized that this alkaloid could be an interesting target for research in
anti-allergic drug development. We carried out in vivo and in vitro studies, using mouse models of
allergy to determine the pharmacological properties of curine in these models. In this paper we review
the roles of curine on allergy, as well as the mechanisms underlying its pharmacological effects.

2. An Overview of Allergy

Allergic disorders result from an exacerbated immune response to substances which are innocuous
for most people. The most common allergic diseases include asthma, rhinoconjunctivitis, sinusitis,
food allergy, atopic dermatitis, angioedema, urticaria, anaphylaxis and allergy to drugs and insects [20].
The etiology of these disorders is complex and is associated with a genetic susceptibility to mount
IgE-mediated responses to specific environmental stimuli, a condition known as atopy [21-23].

The allergic reactions to specific antigens require a prior step known as sensitization, which consists
in a series of events that result in the production of IgE and their binding to high-affinity Fce receptors
(FceRI) on mast cells or basophils in the tissue [24]. In this process, dendritic cells (DCs) recognize,
capture and are activated by the allergen [25-27]. This process induces changes in the expression of
several proteins including MHC (major histocompatibility complex) class II and co-stimulatory
molecules such as CD80 (B7-1) and CD86 (B7-2) that are critical for antigen presentation to ThO
lymphocytes [23]. The signaling pathway induced by the interaction between MHC class II molecule
and TCR, and between co-stimulatory molecules and CD 28 expressed by lymphocytes, stimulates the
translocation of the Nuclear factor of activated T-cells (NFATTI), a transcriptional factor that induces
the expression of the GATA binding protein 3 (GATA 3), a major regulator in the differentiation of
ThO to Th2 lymphocytes. This process is crucially involved in the development of allergic responses
because the Th2 lymphocytes secrete cytokines that orchestrate the long term inflammatory response,
such as IL-13 to IL-4 and IL-5 [28].
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The differentiation of Th2 cells is also facilitated by epithelium-secreted cytokines, such as (IL)-25,
IL-33 and thymic stromal lymphopoietin (TLSP), which stimulate the production of IL-4 (in particular
by basophils), which plays an essential role on Th2 cytokine gene activation [29]. In the context of
allergic sensitization, IL-13 and IL-4 secreted by Th2 lymphocytes, induce immunoglobulin class
switching to IgE production (by activated B lymphocytes). Once produced and secreted, IgE binds to
FceRI receptors on mast cells and basophils [20].

The allergic reactions are initiated by stimuli that trigger mast cell activation, causing degranulation
and release of pre-formed inflammatory mediators such as histamine, and several cytokines and
chemokines. These early released products, initiate the late phase which involves the recruitment of
inflammatory cells such as macrophages, eosinophils, neutrophils and CD4+ T lymphocytes,
especially Th2 lymphocytes [30].

Under allergic conditions the signaling of the IgE-FceRI complex triggers a cascade of biochemical
events that leads to mast cell activation and degranulation [30,31]. However, it has been demonstrated
that mast cells can be activated by synthetic compounds such as calcium channel agonists and
compound 48/80, which are important experimental tools in allergy [32]. Mast cell activation involves
elevation of cytosolic Ca®" concentration, followed by activation of kinases such as protein
kinase C (PKC), mitogen-activated protein kinase (MAPK) and phosphatidylinositol 3-kinase (PI3K)
pathway [33], with subsequent translocation of vesicles containing the granules and, ultimately, fusion
with the plasma membrane, mediated anchoring by proteins of the family SNAREs [34,35].

Allergic reactions involving the sudden systemic release of mediators, may trigger a clinical
condition known as anaphylactic shock [36]. Anaphylactic shock is a severe reaction in which the
person experiences symptoms such as shortness of breath, hypotension, cardiac arrhythmia, vomiting,
urticaria, headache and unconsciousness, it may result in death [37].

The pathophysiological features of allergic diseases are directly influenced by the environment in
which they occur. Thus, a key feature of most skin allergies is itching [38]. In this context, the itching
is mainly resulting from stimulation of specific receptors in neurons for a large variety of mediators
such as histamine, serotonin, substance P, LTBa4, IL-31, prostaglandins and proteases [39,40]. Severe
itching is a major problem because it induces the scratching behavior resulting in the formation of skin
lesions that worsen the situation of allergic individuals [41].

Allergic asthma (Figure 2) is a disease characterized by chronic airway inflammation that is
associated with an intense recruitment and activation of leukocytes, tissue remodeling and airway
hyperreactivity (AHR) [29,42]. AHR is a key feature of asthma episodes. This condition is defined as a
narrowing of the airways in response to nonspecific stimuli, which usually do not affect the airways of
normal subjects [42,43]. The AHR is the result of complex interactions between activated leukocytes
and smooth muscle of airline routes and previous studies have shown that inflammatory mediators,
including IL-13 and cysteinyl leukotrienes (CysLTs) play important roles in this process [44,45].

In regard to the recruitment and activation of leukocytes, noticeable accumulation of eosinophils is
a characteristic feature of allergic inflammation where it play roles in the pathogenesis of allergic diseases
due to their capacity to release an array of immunomodulatory and tissue-damaging mediators [46—48].
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Figure 2. Pathophysiological Mechanisms in Asthma.

These cells are recruited to sites of allergic inflammation and activated in response to stimulation
mostly by IL-5 and eotaxin. Once activated, eosinophils release toxic proteins (major basic protein
(MBP), eosinophil cationic protein (ECP), eosinophil peroxidase (EPO), and eosinophil-derived
neurotoxin (EDN)), as well as an array of cytokines (including IL-13 and IL-4) through well-regulated
and differential secretion from their granules [47]. Eosinophils are also a major source of newly
formed lipid mediators that amplify the inflammatory response. Vieira, de-Abreu et al. [49]
demonstrated that eotaxin effectively induces both recruitment and activation of eosinophils,
increasing the generation of lipid droplets in these cells. Although these organelles can be found in
non-stimulated eosinophils, an increased formation of lipid droplets during allergic inflammation is
important for the production of eicosanoids, specially CysLTs that cause various inflammatory effects
including: bronchoconstriction, mucus hypersecretion, increased microvascular permeability, bronchial
hyperresponsiveness and eosinophil infiltration [50,51]. Thus, the recruitment and subsequent
activation of eosinophils at sites of allergic inflammation are key events in the pathogenesis of asthma
and other allergic diseases.

Allergic diseases usually require long-term therapy, and many drugs are currently available for allergy
management. Histamine receptor antagonists and mast cell stabilizers are currently used to treat many
allergic symptoms, including edema and itch. However, they are not effective in the management of
numerous allergic conditions, including in allergic asthma [52,53]. The drugs that are widely used in
the treatment of asthma today include inhaled corticosteroids (anti-inflammatory drugs that regulate
the expression of cytokines, chemokines, lipid mediators and adhesion molecules), long-acting
B2-adrenergic agonists, usually used in combination with corticosteroids and leukotriene modifiers
(drugs that prevent the effects of leukotrienes in asthma pathogenesis) [54]. Phosphodiesterase
inhibitors, cytokine-targeted monoclonal antibodies, and allergen-specific immunotherapies are also
important in asthma therapy and other allergic diseases [20,55]. Despite the variety of anti-allergic
therapies currently available, the demand for new treatments for the development of safe and effective
drugs for the treatment of asthma and other allergic diseases remains a major research field.



Molecules 2015, 20 4700

3. The Anti-Allergic Effects of Curine
3.1. The Effects of Curine on Experimental Allergic Asthma

Our research team was the first to demonstrate the anti-allergic properties of curine. We used a
well-established mouse model of asthma, in which Balb/c mice were sensitized intraperitoneally (i.p.)
with ovalbumin + AI(OH)3 on days 1 and 10, and from day 19 to day 24 after sensitization, mice were
challenged daily for 20 min with OVA (5%) in PBS by aerosol [52]. Eosinophilic infiltration into the
airways is a hallmark of this model, since allergic challenge induces eosinophil maturation and
differentiation from precursors in the bone marrow and their migration to sites of inflammation in
response to mediators such as eotaxin and IL-5 [46]. Treating the animals with different oral doses of
curine, we observed that such treatment dose-dependently inhibited the number of eosinophils in the
BAL, with a median effective dose (EDso) of 0.8 mg/Kg demonstrating the inhibitory role that curine
plays on eosinophil recruitment. Additionally, the eosinophils from the curine-treated group presented
decreased number of cytoplasmic lipid bodies, compared to the OVA-challenged and non-treated
group. It has been shown that increased lipid body assembly within eosinophils is closely associated
with cellular activation and LTCs production in an allergic response and therefore plays important
roles in inflammatory conditions and may be used as a marker of eosinophil activation [47,49].
Therefore, the reduced number of eosinophils in the BAL, associated with the reduced number of lipid
bodies in these cells, indicated that curine plays an inhibitory role on both migration and activation of
eosinophils (Figure 3). Of note, curine leads to decreased production of eotaxin in allergic-challenged
animals, which was associated with the reduced eosinophil recruitment and lipid body formation in
eosinophils, suggesting that curine inhibition of eotaxin production as a mechanism involved in the
observed reduction in eosinophil recruitment and activation [49]. The analysis of AHR, a particular
feature of asthma [43], revealed that curine decreased the observed Penh values to levels similar to
those observed in the animals treated with dexamethasone. Moreover, curine also inhibited the
production of IL-13, a key mediator of AHR and other allergic responses. Indeed, accumulating
evidence have demonstrated that IL-13, is significantly involved in development of AHR [44,56,57],
and in the modulation of various pathophysiological aspects of asthma, such as class switching to IgE,
mucus production, inflammation, airway remodeling and the contraction of airway smooth muscle
(ASM) through an interaction with specific receptors on the cell surface [58].

Medeiros and colleagues [16] demonstrated that curine might have a direct effect on L-type
Ca?"channels in vascular smooth muscle cells and, in light of allergic mechanisms, calcium-dependent
signaling pathways are required for activation of many cell types, including leukocytes and epithelial
and airway muscle cells [29], with significant impact on eosinophilic inflammation and AHR.
Accordingly, recent work has demonstrated that verapamil, a calcium channel antagonist, presented
significant inhibitory effects on a model of allergic asthma [59]. Thus, the involvement of
calcium-dependent mechanisms on the anti-allergic effects of curine was investigated. We
demonstrated that curine pre-treatment significantly inhibited a calcium-induced trachea contractile
response ex vivo, suggesting that curine inhibits the influx of calcium by blocking voltage-dependent
Ca?'channels in rat tracheal smooth muscle. Interestingly, in non-allergic mice, curine did not alter the
bronchoconstriction induced by methacholine (in vivo), which is mediated by calcium release from
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intracellular stores [60]. These data supported the hypothesis that curine inhibits calcium channels in
the cell membrane. Additionally, in vivo treatments with curine or verapamil (a L-type calcium-channel
antagonist) using the same dose, time and method of administration had similar effects on AHR and
eosinophilic inflammation, suggesting that the anti-allergic effects of curine may be, at least in part,
dependent on the inhibition of calcium influx.Finally, curine post-treatment was effective in the
inhibition of eosinophil recruitment and activation, highlighting the therapeutic potential of curine as
an anti-allergic compound.
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Figure 3. Mechanisms of action of curine in allergy.
3.2. The Effects of Curine on Mast Cell-Dependent Responses

Following the results obtained in the mouse model of allergic asthma, we investigated the
effectiveness of curine in inhibiting mast cell-dependent responses in mice [61]. Allergic reactions are
associated with the activation and release of mast cell products [62], including pre-formed mediators,
such as histamine and serotonin; and the synthesis of cytokines and lipid mediators, including
prostaglandin D2 (PGD2) and CysLTs through specific signaling pathways [30,63]. Using a model of
mast cell activation induced by compound 48/80 in vivo, we demonstrated that curine pre-treatment
significantly inhibited the scratching behavior. Itching is a key feature of most skin allergies [38],
which can result in the formation of skin lesions [41]. In allergic reactions, itch is mostly dependent on
histamine release by mast cells, although these cells can also release other mediators, such as
adenosine triphosphate (ATP), tryptase, CysLTs, leukotriene B4 (LTB), IL-31 and prostaglandins, that
significantly activate nerve fibers [64,65]. Therefore, the modulation of scratching behavior by curine
suggests that this alkaloid inhibits mast cell-dependent responses in mice.



Molecules 2015, 20 4702

Edema is another important feature of allergic inflammation [66]. Using models of mouse paw
edema induced by compound 48/80 or histamine administration, it was demonstrated that curine had
an anti-allergic effect similar to cromoglycate (a mast cell stabilizer drug), but different from
promethazine (Hi receptor antagonist), suggesting that curine's effects may result from the inhibition
of mast cell degranulation, instead of the inhibition of histamine at allergic sites. In animals sensitized
and challenged with OVA, curine and verapamil significantly inhibit edema and that there were no
differences between these treatments. Additionally, in acute allergic pleurisy, induced by sensitization
and challenge with OVA, curine and verapamil decreased the concentrations of PGDz and CysLT in
the pleural washes of OV A-stimulated mice. These data highly corroborate the effects of curine in the
model of asthma, and because previous studies have shown that mast cells are a major source of
CysLTs and PGD: in the acute phase of allergy [67], it was suggested that curine and verapamil
inhibited the production of these mediators, at least in part, through a direct effect on mast cell
activation (Figure 3). This was confirmed by experiments using rat basophilic leukemia (RBL) -2H3
cells stimulated in vitro with IgE anti-dinitrophenol (DNP). In this cells curine and verapamil partially
inhibited mast cell degranulation, while exhibited expressive inhibition of PGD2 and CysLT
production, indicating that curine inhibits mast cell activation by modulating both degranulation and
newly synthesized lipid mediator production.

Finally, a single oral pre-treatment with curine delayed the death by anaphylactic shock in mice
stimulated with either OVA or compound 48/80; and when OVA was given in a dose on which the
untreated group presented mortality <100%), curine reduced the total mortality, and similar results
were obtained with verapamil administered under the same conditions, suggesting that both curine and
verapamil modulate the anaphylactic shock reaction in mice. Together, these results demonstrated that
curine inhibits mast cell-dependent responses by modulating mast cell activation through mechanisms
that may involve the inhibition of a calcium dependent response.

4. Other Pharmacological Effects of Curine

The anti-allergic activity, specially, regarding to leukocyte recruitment and activation, and the
ethnopharmacological data, which indicate that C. platyphyllum is a plant popularly used to treat
inflammatory symptoms, suggested that curine could present anti-inflammatory and analgesic effects.
Using different protocols in mice [68], we demonstrated that oral pre-treatment with curine significantly
inhibited mouse paw edema induced by carrageenan and zymosan, and acetic acid-induced vascular
permeability, suggesting that curine inhibits edema formation by modulating the inflammatory
reaction. Pre-treatment with curine also inhibited both the writhing response induced by acetic acid and
the licking behavior in the inflammatory phase of the formalin test. Nevertheless, curine did not inhibit
the neurogenic phase of the formalin test, indicating that curine has an analgesic effect that is
associated with anti-inflammatory mechanisms, rather than being associated with a direct effect on
neuronal activation. Accordingly, in these experiments, curine presented phenotypic outcomes similar
to those observed for indomethacin, a non-steroidal antiinflammatory drug (NSAID), but different from
morphine, a central acting analgesic drug. In addition, curine significantly inhibited the hyperalgesic
response triggered by carrageenan (which is highly dependent on the action of PGE2 [69,70] and
inhibited PGE:2 production without affecting COX-2 expression, indicating that the analgesic and
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anti-inflammatory effects of curine result, at least in part, from the inhibition of PGE2 production. In
fact, classical NSAIDs and many natural products promote the inhibition of COX activity without
alteration in the expression of this enzyme [71,72]. Accordingly, because of the modulation of calcium
influx, curine may affect many inflammatory signaling pathways, including those involved in the
production of PGE2 metabolism, particularly PLA> [72,73]. However, the molecular mechanisms
involved in the anti- inflammatory and analgesic effects of curine remain to be better elucidated.

5. Concluding Remarks

Accumulating findings have demonstrated that orally administered curine exhibited significant
anti-allergic effects in different animal models in the absence of detected toxicity, which suggest this
alkaloid as a promising candidate for further investigation and development. The effectiveness of the
post-treatment with curine on eosinophil recruitment and activation, suggest that this alkaloid might
have pro-resolution properties, which are now under investigation. The association between the
anti-allergic effects of curine with its action of calcium influx modulation, may open new perspectives
in the search for new candidates to anti-allergic drugs. In conclusion, curine present anti-allergic
properties that are, at least in part associated with inhibition of calcium-dependent responses, and, as
such, has the potential for the development of anti-allergic drugs.
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