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A B S T R A C T   

Musa paradisiaca L. (Musaceae), a tropical plant named banana is used as food and as medicine in Brazil. Banana 
inflorescence, popularly known as mangará, presents several biological activities including anti-inflammatory 
effects. Here, we demonstrated the immunomodulatory activity of banana inflorescence extract (HEM) on a 
mice model of combined allergic rhinitis and asthma syndrome (CARAS) and in human macrophages. The HEM 
inhibited the eosinophil migration, production of cytokines as IL-4, IL-5, IL-13, and IL-17A dependent on IFN-ɣ 
production in the airway. The mechanism of the extract was, in part, by the NF-κB signaling pathway inhibition. 
Besides, the HEM decreased expression of the CD86 and HLA-DR receptors on human M1 macrophages inde
pendently of M2 modulation. Therefore, we infer that the inflorescence, a disposable material from the banana 
crops, has anti-allergic property in the CARAS model and modulates the human macrophages, characterizing it as 
biologically important material for the production of phytomedicine.   

1. Introduction 

Musa paradisiaca L. popularly known as banana belongs to the 
Musaceae family and the genus Musa. The banana is among the main 
crops in the world and is the base of food for the tropical region popu
lation. Banana is a term that includes a large number of hybrids of 
species belonging to the Musaceae family spread around the world 
(Pereira & Maraschin, 2015), and in Brazil, Musa paradisiaca L. is a more 
frequent species (Correa et al., 2016). 

Several studies of the Musa species have demonstrated the biological 
properties of its compounds as antioxidant, antidiabetic, cytotoxic and 
apoptosis, anti-microbial, anti-inflammatory, and cardiovascular pro
tective effects (Arun et al., 2017; Bhaskar et al., 2012; Nisha & Mini, 
2014). In addition, extracts of parts of M. paradisiaca L. have been used 
in Indian medicine to treat inflammation, rheumatism, colic, diabetes, 

hypertension, and sepsis (Acharya et al., 2016). 
The banana inflorescence is widely used as food in southern India, 

Malaysia, Taiwan, Srilanka, Indonesia, some of the African and South 
American countries (Lau et al., 2020). The banana inflorescence reduced 
blood glucose levels in diabetic rats, as well as HbA1C levels demon
strating its beneficial property in diabetes (Nisha & Mini, 2013). The 
Xokleng Indians, in the Southeastern of Brazil, use the banana inflo
rescence, popularly known as mangará, coração da banana, to ameliorate 
respiratory tract problems like asthma, but also in diarrhea, ulcers, 
menorrhagia and to maintain gastrointestinal health (Correa et al., 
2016). 

The banana inflorescence is rich in polyphenols (Lau et al., 2020) as 
phenolic acids as gallic acid, hydroxyl benzoic acid, protocatechuic acid, 
gentisic acid, vanillic acid, vanillin, caffeic acid, syringic acid, ferulic 
acid, p-coumaric acid, chlorogenic acid, sinapic acid and catechol 
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(Ramu et al., 2014). Besides, flavonoids as catechin, epicatechin, quer
cetin, and rutin are found in banana inflorescence (Silva et al., 2017). 

Brazil is the world’s fourth-largest banana producer, after India, 
China, and Indonesia. The annual production reached 18.2 million tons 
of the fruit in an area of approximately 520.000 ha, of which more than 
95% of the production is destined for the domestic market (Silva et al., 
2017). Regarding Brazilian production, the disposal of the inflorescence 
is estimated at 1.12 × 105 tons, however, if treated properly would be 
able to surpass the revenue produced by the fruit, increasing the prof
itable capacity of the plant (Vilhena et al., 2019). 

In this context, the banana inflorescence extract was analyzed in an 
experimental model of combined allergic rhinitis and asthma syndrome 
(CARAS) due to the world clinical importance of allergic respiratory 
diseases (Cavalcanti et al., 2020; Paiva Ferreira et al., 2019). Indeed, 
about 10 to 30% of the world population has allergic rhinitis and more 
than 300 million people have asthma. Also, about 40% of individuals 
with rhinitis may develop asthma at some point in their lives and about 
80% of asthmatic patients have concomitant allergic rhinitis compro
mising their quality of life (Li et al., 2018; Tohidinik et al., 2019). 

Up to now, there is no specific therapy to treat CARAS, and the usual 
treatment is the association of therapeutically protocols for asthma and 
rhinitis. Therefore, to contribute to the discovery of alternative treat
ment, the anti-inflammatory and immunomodulatory potential of the 
banana inflorescence extract was investigated in an experimental model 
of combined allergic rhinitis and asthma syndrome (CARAS), and 
human macrophages. 

2. Material and methods 

2.1. Banana inflorescence hydroalcoholic extract and toxicity assays 

The hydroalcoholic extract of Musa paradisiaca L. (HEM) was ob
tained at the Phytochemical Laboratory of the Program for Natural and 
Bioactive Synthetic Products /Federal University of Paraíba / João 
Pessoa, Paraíba, Brazil. The inflorescence of Musa paradisiaca L. was 
collected from domestic crops after the formation of the fruits 
(geographical coordinates 7◦08′14.6′′S34◦ 52′26.1′′ W) in the Jaguaribe 
neighborhood, João Pessoa, Paraíba, Brazil. The fresh material (1.315 
kg) was cut into small pieces to a percolator-type macerator (Amtech 
India Conical Percolator stainless steel 10,000 mL). The extraction was 
made with alcohol 80% and the percolator was kept at room tempera
ture. After three days, the alcoholic solution was removed and a new 
alcohol solution was added for another three days. The extracted solu
tion was subjected to rotary evaporation to remove the solvent and at 
the end of the process was obtained 147 g of the crude extract. The dry 
weight of the extract was obtained at 60 ◦C for a period of 24 h, and 
corresponded to 23.54% per 1 g of the crude extract (HEM). The HEM 
showed easy dispersion in saline solution, and two polar fractions (ethyl 
acetate and n-butanolic) of the extract were analyzed by HPLC-MS/MS 
(gradient mode). The mass spectrometer had an electrospray ioniza
tion source set in negative and positive ionization mode. The compounds 
disaccharide (HCl adduct), gallic acid, protocatechuic acid, 4-O-caf
feoylshikimic acid I, ethyl gallate, quercetin-hexose, myricetin 
rhamno-hexoside, rutin, Hydroxycinnamic acid esters I, II, III, and 
kaempferol-O-rutinosídeo were identified by the interpretation of their 
fragmentation patterns (MS2 and MS3) and correlations of their corre
sponding data with scientific literature (Supplementary material). The 
toxicity assays for the HEM were carried out following the guidelines of 
the OECD, and the HEM presented LD50 > 5.000 mg/kg without gen
otoxicity or psychosomatic alteration. 

2.2. Experimental model of combined allergic rhinitis and asthma 
syndrome (CARAS) 

Female BALB/c mice (6–8 weeks old and weighing 20 to 25 g) and 
Wistar rats (200 to 250 g) were used for the experimental protocols. The 

animals were kept in polypropylene cages at a temperature of 21 ± 1 ◦C 
and were subjected to 12-hour light / dark cycles with free access to 
water and food throughout the experimentation period. The combined 
allergic rhinitis and asthma syndrome (CARAS) model was adapted from 
the Li and collaborators (Li et al., 2018). Mice (n = 5/per group) were 
ovalbumin-sensitized (50 µg/mL of OVA, grade V, SIGMA Chemical, St. 
Louis, MO, USA, 10 mg/mL Al(OH)3, VETEC, Rio de Janeiro, RJ, Brazil) 
on days 0 and 12. The OVA-challenge (5% of OVA, grade II, SIGMA 
Chemical, St. Louis, MO, USA) was realized in an ultrasonic nebulizer 
and a sealed box from the days 19 to 23. On days 31 to 35, one hour 
before OVA-challenge, the animals were treated with the extract (HEM, 
25, 50 or 100 mg/kg, orally), budesonide (BUD, 1 mg/kg, intranasal) or 
saline (basal group). The animals were supplied from the Research 
Institute for Drugs and Medicines (IPeFarM) production unit at UFPB/ 
João Pessoa-PB, Brazil. The Ethics Committee for Animal Use (CEUA)/ 
UFPB approved the experimental protocols (No. 7948040618, ID 
000261). 

2.3. Rhinitis signs 

The sneezing and nasal rubbing were quantified according to Cav
alcanti and collaborators (Cavalcanti et al., 2020). Thereby, sneezing 
was identified as an explosive shortly exhalation and nasal rubbing was 
identified by itchy movements in the nasal region with the animal’s 
forelimbs. The animals were observed for the rhinitis signs right after the 
last treatment and OVA challenge at day 35 of the CARAS experimental 
model. For the counting of the rhinitis signs each animal was placed in a 
transparent container and filmed for a period of 10 min. 

2.4. Nasal hyper-reactivity induced by exogenous histamine 
administration 

Nasal hyper-reactivity to exogenous histamine administration was 
determined by quantifying the clinical signs, sneezing and nasal rubs for 
10 min, after administration of increasing doses of histamine (0.1, 1, 10, 
100 and 1000 nmol/animal) by intranasal route. On day 35th, one hour 
after the OVA-challenge, 4 µL of the increasing doses of histamine were 
instilled in the nasal cavity in an interval of 60 min. among them and all 
exposure times were filmed for further evaluation (Cavalcanti et al., 
2020). 

2.5. Nasal (NALF) and bronchoalveolar (BALF) lavage fluids 

On the 36th day of the CARAS protocol, the NALF and BALF were 
harvested as following: we added 1 mL or 1.5 mL of the cooled HBSS 
buffered solution into the nasal and lung respectively. The NALF and 
BALF were removed and put them into micro tubes, centrifuged 
(Centrifuge MP4R, IEC) at 1500 RPM, 4 ◦C for 10 min. The supernatants 
were harvested, and frozen at − 20 ◦C for the cytokine quantification and 
the cells on the pellet were resuspended and counted the total and dif
ferential leukocytes. For the peripheral blood harvested, an incision in 
the tail vein was made and blood smearing was performed. The leuko
cytes was identified by the rapid panotic kit (Renylab Chemical and 
Pharmaceutic - São Pedro, Barbacena - MG, 36205-6660). 

2.6. Cytokines and IgE-ovalbumin specific quantification 

IL-4, IL-13, IL-5, IL-33, IL-10, IL-17A, and IFN-γ were quantified into 
the BALF by ELISA assay according to the manufacturer specification 
(BIOSCIENCE, Inc. Science Center Drive, San Diego, CA-USA) and the 
OVA-specific IgE titer was measure according to the methodology 
described by Cavalcanti and collaborators (Cavalcanti et al., 2020). 

2.7. Histological analysis 

The histological characteristics of the lung and nasal tissues were 
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assessed by collecting the organs right after the euthanasia. The heads 
were subjected to the EDTA descaling process for 14 days. The organs 
were embedded in the buffered formalin fixing solution for 24 h. Then, 
they were identified and submitted to histological processing in alcohol, 
xylol, and paraffin baths. Tissue sample cuts (5 μm) on slides were 
rehydrated for staining with hematoxylin-eosin (HE), Periodic Acid Shiff 
(PAS), Toluidine Blue (TB) or Gomori Trichrome (GT). The representa
tive photomicrographs of each organ were collected at a software Motic 
Images plus 2.0. To perform the histological score, five slides from each 
animal group were analyzed for each color according to the evaluated 
parameter. Scores were assigned according to the level of changes 
following the classification determined by Cavalcanti and collaborators 
(Cavalcanti et al., 2020). 

2.8. Human cell culture and treatment 

Human primary monocytes (500.000 cells/wells) were isolated from 
healthy blood donors using a RosetteSep monocyte enrichment cocktail 
(Stem-Cell Technologies), as previously reported, with over 70–80% of 
CD14 + cells (Oliveira et al., 2012). Therefore, monocytes were plated 
with complete culture media (RPMI-1640 + Glutamax, Invitrogen, 10% 
heat-inactivated Fetal Bovine Serum-FBS, Lonza) and 1% penicillin G/ 
streptomycin (P/S, Invitrogen) and maintained in a humidified incu
bator, at 37 ◦C and 5% CO2. On the tenth day of the experiment, the cells 
were incubated with the media culture alone or with HEM (0.1, 1, 10, 
100 or 1000 ug/mL, and on the thirteenth day they were submitted to 
different protocols. In addition, the cells were exposed to lipopolysac
charide (LPS) or IL-4 with or without the HEM filtered (0.45 μm milli
pore filter) (1, 10 or 100 μg/mL) and the expression of macrophage 
superficial molecules was evaluated by flow cytometry. 

2.9. Cell viability and toxicity 

The macrophages were incubated with HEM for 72 h and after this 
period it was added resazurin (1/10 of the volume of medium) in each 
well of the black plate with transparent background. After four hours, it 
was added 100 μL of the culture medium in each well of the plate and 
analyzed in a fluorescence spectrophotometer (Mx-Sinergy) with exci
tation at 530 nm and emission at 590 nm using GEN5 software. Then, 
the cells were fixed in paraformaldehyde (PFA 4%), stained with phal
loidin (Cat #P3457 Termofisher), propidium iodide (Cat #P1304MP 
TermoFisher), or DAPI (Cat#62248 TermoFisher), and photographed 
using an immunofluorescence microscope and AxionVision software. 

2.10. Flow cytometry analysis 

Cells (2.5 × 105 cells) from the BALF of sick (OVA group), healthy 
(Basal group) or treated animals (HEM or BUD groups) were fixed, 
permeabilized, and stained according to the manufacturer’s in
structions. The anti-p-p65-NF-κB (Cat# 558,423 PE BD Phosflow) anti
body was used for the intracellular labeling. Ten thousand events were 
analyzed by a flow cytometry (BD FACSCANTO II), Cell Quest software, 
Data was analysed with FlowJo software. The percentage of cells 
showing p-p65 for each sample was represented in dot-plot. For the 
human macrophages, the specific antibodies (anti-human-CD14-APC 
(Cat #21270146 Immunotools), anti-human-CD86-FITC (Cat 
#21480863 Immunotools) and anti-human-CD206-PE (Cat#12-2061- 
82 EBioscience), anti-human-HLA-DR-eFluor450 (Cat#564244 BD Ho
rizon™) and anti-human-CD163-PE (Cat#556018 BD Pharmigen) were 
added in each well of the plate and incubated for 2 h. After this period, it 
was added PBS/2%FBS/0.01% sodium azide in each well and incubated 
for 30 min on ice and in the dark. The cells were washed three times with 
buffer solution, analyzed by flow cytometry (BD FACSCANTO II) and 
Cell Quest software and the data were analyzed with FlowJo. As nega
tive controls, isotype-matched antibodies were used, to define back
ground staining. Mean fluorescence intensity (MFI) values were 

calculated by subtracting the respective isotype control. 

2.11. Ethics statement 

The human biological samples used in this work and all the pro
cedures followed to obtain them were according to the principles of the 
Declaration of Helsinki. Surplus buffy coats (BC) from healthy blood 
donors used for monocyte isolation were kindly donated by Serviço de 
Imunohemoterapia, Centro Hospitalar Universitário de São João 
(CHUSJ), Porto, Portugal. All experimental protocols were conducted 
following the approval and recommendations of the CHUSJ Ethics 
Committee for Health (reference 90/19). Buffy coats were provided 
anonymised and donor identification was not provided to researchers. 

2.12. Statistical analysis 

The statistical tests were chosen according to the type of sample. To 
analyze the normality of the results we used the D’Agostino & Pearson, 
Shapiro-Wilk and KS tests. To analyze the results of the in vivo experi
ments the non-parametric one-way analysis of variance (ANOVA) 
method followed by Tukey’s post-test for multiple comparisons. To 
analyze the results of histological scores, we used the Kruskal-Wallis test 
followed by Tukey’s post-test for multiple comparisons. To analyze the 
results of the in vitro experiments, we used the Friedman test followed 
by Dunns post-test to compare different groups. The results were 
analyzed using the GraphPad Prism software version 5.0 (GraphPad 
Software Inc., San Diego, U.S.A.), the values for p < 0.05 were consid
ered significant and expressed as mean ± standard error of the mean (S. 
E.M.). 

3. Results 

3.1. Effect of HEM on inflammatory cell migration to the nasal, 
bronchoalveolar cavities and peripheral blood 

Sick animals (OVA group) showed an increase (p < 0.001) in the 
total inflammatory cell infiltration in the NALF and the BALF as 
compared to healthy animals (basal group) (Fig. 1A, 1B, respectively). 
Treated animals (50 or 100 mg/kg of HEM) showed a significant (p <
0.01) decrease of inflammatory cells in NALF (Fig. 1A); however, the 
dose of 25 mg/kg of HEM did not affect cell migration. On the other 
hand, only the dose of 100 mg/kg of HEM was able to reduce signifi
cantly (p < 0.01) the total inflammatory cell migration in the NALF and 
the BALF (Fig. 1A and 1B). Therefore, the dose of 100 mg/kg of the 
extract was chosen to pursue with cell phenotype analysis. The eosino
phil migration increased in the NALF (33.2 times), in the BALF (18.9 
times), and in the peripheral blood of sick animals, and the HEM 
treatment was able to reduce this cell population in both cavities by 
73,74% and 72,35%, respectively, as well as in the peripheral blood 
(Fig. 1C, 1D, 1E, respectively). Similar results were observed with the 
pattern drug budesonide (BUD). 

3.2. Effect of HEM on rhinitis signs and on nasal hyper-reactivity induced 
by exogenous histamine 

The rhinitis signs as nasal rubbing and sneezing were significantly (p 
< 0.001) developed in sick animals right after the OVA challenge as 
compared to healthy animals. On the other hand, the HEM or budeso
nide (BUD) treatment decreased (p < 0.001) the number of these two 
allergic rhinitis signals (Fig. 1F and 1G). These preliminary data indi
cated the anti-allergic potential of the extract in CARAS. Thereby, the 
nasal hyper-reactivity to exogenous histamine was analyzed by admin
istrating increases doses of histamine in sick animals and counting both 
allergic rhinitis signals (Fig. 1H and 1I). The HEM or BUD treatment 
inhibited (p < 0.001) the development of the allergic rhinitis signals, 
therefore, decreasing the nasal hyperactivity to histamine (Fig. 1H and 
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Fig. 1. Effect of Musa paradisiaca L. inflorescence hydroalcoholic extract (HEM) on inflammatory cells on airway tissues and blood, on rhinitis signs and nasal 
hyperactivity induced by exogenous histamine of in a combined allergic rhinitis and asthma syndrome (CARAS) in mice. (A, B) Number of total inflammatory cells in 
the nasal (NALF) and bronchoalveolar (BALF) fluids; (C, D) number of eosinophils in the NALF and the BALF, respectively; (E) relative number of eosinophils in 
peripheral blood; (F,G) Number of sneezing and nasal rubs on CARAS model; (H, I) number of sneezing and nasal rubs on exogenous histamine (0.1, 1, 10, 100 and 
1.000 nmol)- induced nasal hyperactivity. The animal groups (n = 5) were distributed in healthy animals (BASAL), sick animals (OVA) and treated animals (HEM −
25, 50 or 100 mg/kg; budesonide – BUD − 1 mg/kg). The data were represented as mean ± SEM where the significant value for ###p < 0.001 was the comparison of 
the OVA group with the BASAL group and the significant value for ***p < 0.001, **p < 0.01 or *p < 0.05 was the comparison of the treated groups (HEM or BUD) 
with the OVA group. Data were analyzed using one-way ANOVA followed by Tukey’s post-test for multiple comparisons. 
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1I). 

3.3. Effect of HEM on inflammatory signs of airway tissues 

The nasal histological analysis of sick animals demonstrated cellular 
infiltration (blue triangle) in the nasal fossae region adjacent to the 
cartilaginous tissue, inflammatory vasodilation (green triangle) with 
increased vascular permeability, and loss of lining epithelium continuity 
(Fig. 2A, HE dye) as compared to nasal tissue of healthy animals. Also, 

we observed, exacerbation of mucus production as a result of goblet cell 
hyperplasia (yellow star), increasing of mast cells in the nasal tissue 
(open red circle), and intense nasal tissue remodeling with collagen fiber 
deposition (red dot) (Fig. 2A, PAS, TB, and GT dyes, respectively). The 
quantification of the inflammatory parameters observed in the nasal 
tissues is in Fig. 2B. The HEM or BUD treatment of sick animals 
improved all the inflammatory parameters describe above (Fig. 2A and 
2B). In the lung tissue of sick animals, we observed disruption of the lung 
architecture with perivascular (green triangle) and peribronchiolar 

Fig. 2. Effect of Musa paradisiaca L. inflorescence hydroalcoholic extract (HEM) on inflammation parameters on airway tissues. Histological analysis (A, B) nasal 
tissues and inflammatory scores; (C, D) lung tissues and inflammatory scores (see material methods, section 2.7). The animal groups (n = 5) were distributed in 
healthy animals (BASAL), sick animals (OVA) and treated animals (HEM-100 mg/kg; budesonide – BUD 1 mg/kg). Photomicrographs are representative of five 
animal tissues per group. The hematoxylin and eosin (HE), periodic acid Shiff (PAS), toluidine blue (TB) and gomori trichrome (GT) stains were used to visualize any 
specific tissue alterations. The color signs on the photomicrographs indicate: the blue triangles, inflammatory cell infiltration; the green triangle, vasodilation; the red 
triangles, epithelium; yellow stars, mucus; the red circles, the mast cells; and the red points, deposition of collagen fibers. Histological analysis was performed using 
optical microscopy (objective 40x). The photomicrographs were obtained using the software Motic Images Plus 2.0 in an optical microscope (objective 10x and 40x). 
The histological scores were represented as mean ± SEM where the significant value for ***p < 0.001 or **p < 0.01 was the comparison of the treated (HEM or BUD) 
groups with the OVA group. Data were analyzed using one-way ANOVA followed by Tukey’s post-test for multiple comparisons. (For interpretation of the references 
to color in this figure legend, the reader is referred to the web version of this article.) 
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(blue triangle) cell infiltration (Fig. 2C, HE dye), decreasing of the 
bronchiole lumen with overproduction of mucus, and collagen fiber 
deposition mainly in the regions with sizeable inflammatory cells ag
glomerates. HEM or BUD treatment led to a significant (p < 0.001) 
decrease of the pulmonary tissue damage with the reestablishment of 
the lung architecture (Fig. 2C and 2D, PAS, and GT dyes, respectively). 

3.4. Effect of HEM in cytokine production and serum OVA-specific IgE 
titer 

The type 2 (IL-4, IL-13, IL-5), 3 (IL-17A) cytokines as well as IFN-γ 
were significant (p < 0.001) increases in the BALF of sick animals as 
compared to healthy animals (Fig. 3A, 3B, 3C, 3D, 3E, respectively). 
However, when these animals were treated with HEM or BUD presented 
a significant (p < 0.001) decrease of these cytokines independently of 
IFN-γ. The amount of IL-10 and IL-33 did not change among the groups 
(basal, sick, HEM or BUD) (Fig. 3F, 3G). Besides, the amount of OVA- 
specific IgE into the plasma of treated animals (HEM) was diminished 
(p < 0.001) as compared to sick animals (Fig. 3H). 

3.5. Effect of HEM treatment on activated (p65) NF-κB in the BALF cells 

The phosphorylated or activated form of (p p65)NFκB was evaluated 
in the cells of the BALF of all animal groups (Fig. A). Animals from the 

OVA group showed an increase in the frequency of p-p65, in their cells, 
in about 51.6% as compared to the healthy animals (p < 0.001) 
(Fig. 4B). On the other hand, the HEM treated animals showed a 
reduction of 24.4% in the frequency of the activated molecule as 
compared to the OVA group (p < 0.001) (Fig. 4B). 

3.6. Effect of HEM in human peripheral monocytes 

Human peripheral blood monocyte-derived macrophages were 
exposed, in vitro, to nonfiltered HEM (0.1, 1.0, 10, 100 or 1.000 μg/mL) 
or filtered HEM (0.1, 1.0, 10 or 100 μg/mL) to analyze their immuno
modulatory effect. The unfiltered or filtered HEM did not induce 
macrophage morphological alterations except the nonfiltered HEM at 
1.000 μg/mL that induces disruption on the cell membrane and binu
cleation or cell death as illustrated in phalloidin-PI staining (Fig. 5A). 
Besides, resazurin reduction assay indicated that both (nonfiltered or 
filtered) HEM at 0.1, 1.0, 10, or 100 µg/mL led to metabolic activity 
values above 90%, while unfiltered HEM at 1.000 μg/mL decreased cell 
viability by 50% (Fig. 5B, 5C). 

3.7. Immunomodulatory effect of HEM on human macrophages 

The M1 / M2 macrophage phenotypes were analyzed by looking at 
the characteristic receptors (Fig. 6 A). The HEM treatment did not 

Fig. 2. (continued). 
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activate M1 or M2 phenotypes, as there were no increases of CD86 and 
HLA-DR receptors (M1 phenotype) or CD163 receptor (M2 phenotype) 
(Fig. 6B). Lipopolysaccharide (LPS)-stimulated macrophages presented 
an increase of CD86 (p < 0.05) and HLA-DR receptors (p < 0.001), and 
HEM at 100 µg/mL significantly (p < 0.05) decreased both markers 
(Fig. 6B). However, IL-4-stimulated macrophages in presence of HEM 
did not alter the amount of CD206 receptor, a characteristic IL4- 
stimulated macrophage marker (M2 phenotype) (Fig. 6C). 

4. Discussion 

In this study, we demonstrate the immunomodulatory and anti- 
inflammatory effects of the hydroalcoholic extract of Musa paradisiaca 
(HEM) inflorescence in an experimental model of combined allergic 
rhinitis and asthma syndrome (CARAS). 

The HEM, oral treatment, reduced the allergic rhinitis signs as 
sneezing and nasal rubbing, nasal histamine-induced hyperreactivity, 
mucus production dependent on decreasing of goblet cell hypertrophy/ 
hyperplasia and mast cell modulation. We also observed a decrease of 
airway inflammatory cell infiltration, mainly eosinophils, collagen fi
bers deposition in airway tissues, and decreasing of Th2 and Th17 
cytokine profiles dependent on NF-κB downregulation, besides an in
crease of IFN-γ, a type 1 cytokine profile (Th1). At a systemic level, the 
HEM decreased the OVA-specific IgE serum titer and eosinophilia. 
However, the CARAS attenuation signs by HEM were independent of the 
regulatory cytokine profile (IL-10 or IL-33). 

Besides, the in vitro experiments, using human activated 

macrophages, showed that the HEM down-regulated the LPS-activated 
macrophages (M1 phenotype) by decreasing the CD86 and HLA-DR 
cell surface markers independently of the IL-4-stimulated macro
phages (M2 phenotype) regulation. The HEM had low toxicity in human 
peripheral blood monocytes and did not activate the cells. 

The clinical symptoms as sneezing, nasal friction, fluid leakage, 
edema formation, as well as wheezing, and shortness of breath of 
allergic rhinitis and asthma in CARAS are essential for allergic patient 
diagnosis. In experimental models of allergic rhinitis, a decrease of 
clinical signs, as sneezing and nasal friction are parameters to define the 
effectiveness of a drug, molecule, or extract treatment (Alrifai et al., 
2014). Indeed, some studies using an OVA-induced allergic rhinitis 
experimental model and compounds from the banana inflorescence as 
kaempferol, gallic acid, and quercetin reduced the rhinitis signs by 
diminishing of allergen IgE production, mast cell histamine release, and 
by inducing the Th1-skewed cytokine production (Oh et al. 2013; Ding 
et al.2019; Fan et al. 2019). The reduction of these parameters by the 
HEM in animals with CARAS, demonstrates that the compound of the 
extract are acting on upper airway resident cells, on histamine receptors 
at nearby nerves, or through other receptors leading to rhinitis signs 
inhibition. 

The nasal hyperreactivity induced by exogenous administration of 
histamine in allergic animals induces strong rhinitis signs. The HEM 
treatment reduced these rhinitis signs inhibiting the histamine effect. 
Thereby, banana inflorescence used by the Brazilian population to 
ameliorate upper respiratory allergies has scientific support. Scientific 
evidence that demonstrated the histamine inhibitory effect by 

Fig. 3. Effect of Musa paradisiaca L. inflorescence hydroalcoholic extract (HEM) on cytokines and serum OVA-specific IgE titer. The cytokines IL-4 (A), IL-13 (B), IL-5 
(C), IL-17A (D), IFN-ɣ (E), IL-10 (F) and IL-33 (G) were measured on the bronchoalveolar lavage fluid (BALF) and the OVA-specific IgE titer was measured on the 
serum of all animal groups. The animal groups (n = 5) were distributed in healthy (BASAL), sick (OVA) and treated animals (HEM-100 mg/kg; budesonide – BUD- 1 
mg/kg). The data were represented as mean ± SEM where the significant value for ###p < 0.001, ##p < 0.01 or #p < 0.05 was the comparison of the OVA group 
with the BASAL group and the significant value for ***p < 0.001, **p < 0.01 or *p < 0.05 was the comparison of the treated groups (HEM or BUD) with the OVA 
group. Data were analyzed using one-way ANOVA followed by Tukey’s post-test for multiple comparisons. 
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compounds of banana came from a study of Kahraman and colleagues 
(Kahraman et al., 2003) that demonstrated the binding of the quercetin 
decrease mast cells and histamine levels leading to inhibition of its effect 
in a gastric ulcer experimental model. Recently, study has demonstrated 
that quercetin decreased histamine 4 receptor-induced calcium influx 
through the TRPV1 channel showing a molecular mechanism of the 
molecule in itching and inflammatory processes as well as in an un
pleasant sensations (Yang et al., 2021). Corroborating this result, myr
icetin attenuated the histamine-induced vascular permeability and NF- 
κB activation (Vo et al., 2020). 

The inflammatory cell migration, mainly eosinophils, to the airway 
tissues during allergic processes is a potential target for the control of the 
allergy (Paiva Ferreira et al., 2019). The cellular products released in the 
submucosa induce epithelial damage in the nasal tissue with the loss of 
its continuity as well as in lung tissues mainly in the perivascular, per
ibronchial, and peribronchiolar regions. Indeed, changes such as vaso
dilation and increases in vascular permeability promote micro edema in 
vascular regions. In this study, the HEM treatment of sick animals led to 
a decrease of eosinophil infiltration in the upper and lower airway tis
sues and peripheral blood, and ameliorate the morphological aspect of 
the airway tissues. These results indicate that the HEM is acting at least 
in vessels inhibiting the vasodilation or acting in endothelial cells 
diminishing the adhesion molecule expression. These studies will be 
carry out to demonstrate these hypotheses. 

Some studies with chemical compounds from the banana as proto
catechuic acid and rutin demonstrated that they decreased the inflam
matory cell migration to the lung tissue of OVA-sensitized mice in the 
asthma experimental model. These effects were dependent on the inhi
bition of the phosphorylation of (p65) NF-κB and down-regulation of the 
Th17 cytokine profile, respectively (Liu et al., 2018; Wei et al., 2013). 
Even thought, we did not study isolated compounds from the extract, the 
HPLC analyses demonstrated that the HEM presents these compounds, 

which may partially promote these effects. 
In addition, activated eosinophils release mediators as eosinophilic 

cationic protein, main basic protein, eosinophil chemotactic factor 
(ECF), and various cytokines including the type 2 as IL-4, IL-5, and IL-13 
(allergy hallmark) that lead to the exacerbation of allergy and chronicity 
of the inflammatory process in CARAS (Kaur & Chupp, 2019; Shin et al., 
2019). The HEM was effective in reducing the type 2 cytokine produc
tion in sick animals towards a Th1 immune response with IFN-γ pro
duction without interfering with the regulatory cytokine profile (IL-33 
or IL-10). The balance between Th1 and Th2 immune responses is the 
key for the immune system homeostasis however, in the allergic process 
the Th2 immune response is exacerbated, therefore its regulation by the 
Th1 immune response in the allergic patient improves the clinical 
symptoms (Wisniewski et al., 2018). 

The HEM also decreased the production of IL-17A a type 3 cytokine 
profile. This cytokine is produced by several resident cells in allergic 
rhinitis and asthma and is implicated in asthma resistant to glucocorti
coids (Palumbo et al., 2020). The presence of IL-17A into the bron
choalveolar lavage of allergic individuals demonstrates a synergism 
effect between type 2 and type 3 immune responses in severe allergic 
syndrome (Kamali et al., 2019). There are some studies demonstrating 
that the banana isolated compound, gallic acid decreased the IL-17A 
production dependent on the IFN-γ production. This inhibitory effect 
in allergic rhinitis is related to the blockade of the IL-17AR receptor 
diminishing the bronchial hyper responsiveness in an experimental 
model of severe asthma (Fan et al., 2019). Here we demonstrated that 
the extract of the disposable banana inflorescence is effective in inhib
iting a type 3 cytokine putting it in a position of a potent material for the 
production of a phytomedicine to ameliorate the allergic ongoing 
symptoms. 

Another hallmark of allergies is the production of a high amount of 
allergen-specific IgE that strongly binds to FcεRI of mast cells, basophils, 

Fig. 4. Effect of Musa paradisiaca L. 
inflorescence hydroalcoholic extract 
(HEM) on the activation of the tran
scription factor NF-кB (p65) in all BALF 
cells (A). The horizontal axis represents 
the FSC-A of the cells and the vertical 
axis represents the fluorescence in
tensity. The animal groups (n = 5) were 
distributed in healthy (BASAL), sick 
(OVA) and treated animals (HEM-100 
mg/kg). A gate was performed on the all 
populations of cells, and the percentage 
of p-p65-NF-κB + cells was analyzed. 
Values in each quadrant represent the 
percentage of cells in that quadrant. Bar 
graphs represent the percentage of 
expression (B) for the cell marker p-p65 
in total 15 experimental animals. The 
data were represented as mean ± SEM 
where the significant value for ###p <
0.001 was the comparison of the OVA 
group with the BASAL group and the 
significant value for ***p < 0.001 was 
the comparison of the treated groups 
(HEM or BUD) with the OVA group. 
Data were analyzed using one-way 
ANOVA followed by Tukey’s post-test 
for multiple comparisons.   
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Fig. 5. Effect of Musa paradisiaca L. inflorescence hydroalcoholic extract (HEM) on human macrophages. The macrophages were incubated into wells of cell culture 
plates for three days and exposure to HEM (0.1, 1, 10, 100 or 1.000 µg/mL). A. photomicrographs of the cells and cells fluorescence stained with phalloidin and DAPI 
or PI and obtained in an optical microscope (objective 10X) and fluorescence microscope (objective 20X). Cell viability (B, C) was calculated using the ratio of RFU of 
resazurin (Relative Fluorescence Unit) of the cells in presence of unfiltered HEM or filtered HEM in relation to the RFU of resazurin of cells exposed only to the 
medium. The data were represented as mean ± SEM where the significant value for ***p < 0.001 was the comparison of the values of the lowest HEM concentration 
since it had 100% viability. The data were analyzed using the Friedman test followed by the Dunn’s post-test for multiple comparisons. 

F.A.A.F. Gadelha et al.                                                                                                                                                                                                                        



Journal of Functional Foods 83 (2021) 104540

10

Fig. 6. Effect of Musa paradisiaca L. inflorescence hydroalcoholic extract (HEM) on the M1 / M2 macrophage phenotype profiles. Evaluation of the expression of 
surface molecules in monocytes and macrophages. Monocytes were exposed only medium (M0) or HEM at concentrations: 1, 10 or 100 mg/mL (1 M0, 10 M0, 100 
M0). Monocytes were stimulated with LPS (macrophages M1) and exposed to HEM at the same concentrations: 1, 10 and 100 mg/mL (1 M1, 10 M1 and 100 M1). 
Monocytes were stimulated with IL-4 (macrophages M2) and exposed to HEM at the same concentrations: 1, 10 and 100 mg/mL (1 M2, 10 M2 and 100 M2). A. Dot- 
plots of representative donor. The cells were marked with anti-CD14, anti-CD86, anti-HLA-DR and anti-CD163 or anti-CD206. The mean fluorescence intensity (MFI) 
of the cells was obtained using a flow cytometry (BD FACSCANTO II) (B and C). The data obtained were analyzed using the software FlowJo and GraphPad Prim 5.0. 
The data were represented as mean ± SEM where the significant value for ###p < 0.001, ##p < 0.01 or #p < 0.05 was the comparison of the M1 or M2 cells with 
the M0 cells and the significant value for ***p < 0.001, **p < 0.01 or *p < 0.05 was the comparison of the HEM treated cells with the M1 or M2 cells. The data were 
analyzed using the Friedman test followed by the Dunns post-test for comparison between cells group. 
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and eosinophils, and once the allergen binds to the IgE promotes the 
degranulation process with releases of several vasoactive mediators. 
This study showed that HEM treatment of sick animals decreased the 
OVA-specific IgE serum titer and reduced the number of mast cells in the 
airway tissues. Currently, allergic patients that do not control the pro
gression of the disease to classical therapies are treated with an immu
nobiological medicine that contain anti-IgE monoclonal antibodies 
(Bayar Muluk et al., 2019). This therapeutically strategy is expensive, 
thus a low cost-effective alternative therapy is in high demand, partic
ularly in developing countries putting up the HEM as a potential med
icine to be tested in the clinical trial. 

In allergic processes, a variety of activated cells induce the trans
location of the phosphorylate (p-p65) subunit of NF-κB to the nucleus 
and induces the gene transcription including inflammatory cytokines, 
enzymes as COX-2, LOX, iNOS gens that exacerbate the allergic reaction 
(Helal et al., 2019; Li et al., 2018). In this study, we showed that cells 
from the bronchoalveolar lavage (BALF) of HEM-treated sick animals 
decreased the cytoplasmic amount of the p-p65 unit of the NF-κB indi
cating a down modulatory effect of the extract on the NF-κB signaling 
pathway. Therefore, taken all these data together, we postulate that the 
HEM has an immunomodulatory effect by, at least in part, down
regulating the NF-κB pathway in CARAS experimental model. 

Finally, the HEM was tested in human macrophages, a cell popula
tion that is responsible in part for the production of inflammatory me
diators that initiate the allergic inflammatory process (Tang et al., 
2019). The unfiltered and filtered HEM showed low toxicity with the 
maintenance of the cell structure and nuclear membrane integrity. 
However, the unfiltered HEM highest concentration promoted macro
phage death and filtered HEM at 1, 10, or 100 μg/mL showed low 
toxicity with cell metabolic activity above of 90%. 

LPS-stimulated macrophages in presence of filtered HEM presented a 
decrease of two receptors (CD86 and HLA-DR) associated with the M1 
macrophage profile independently of CD163 or CD206 regulation on IL- 
4-stimulated macrophages (M2 phenotype). 

A previous report demonstrated that quercetin inhibited CD80, 
CD86, and HLA-DR receptors of dendritic cells (derived from mono
cytes) which are essential for the CD4 + T cell activation during the 
antigen presentation (Lin et al., 2017). Also, kaempferol down modu
lated the LPS-stimulated macrophages through the NF-кB pathway with 
inhibition of inflammatory cytokine production (Nam et al., 2017). 
Besides, the quercetin and rutin, regulated the balance M1/M2 macro
phages in an diabetic experimental model and in vitro murne macro
phage (RAW 264.7 cells) via the TRPM2 dependent calcium influx and 
iNOS, respectively (Balaji & Kavasseri Ganesan, 2020; Fu et al., 2020). 
Despite the HEM did not modulate receptors associated with the IL-4- 
stimulated macrophages (M2 phenotype), was able to down-regulate 
M1 macrophages attenuating, therefore, the inflammatory process. 

Taken all data together, we postulate that the Brazilian disposable 
inflorescence of Musa paradisiaca L. (HEM) ameliorated the allergic 
inflammatory process in the CARAS experimental model acting as an 
immunomodulatory and anti-inflammatory product. The HEM inhibited 
the allergic parameters as eosinophil migration to the airway tissues, the 
Th2/Th17 profiles towards a Th1 profile dependent of NFκB down 
modulation, and decreased the allergen-specific IgE serum titer as well 
as allergic rhinitis signs. HEM also modulated the M1 macrophage by 
downregulating the CD86/HLA-DR cell surface expression indepen
dently of M2 macrophage profile modulation. Therefore, these data 
scientifically demonstrated that a disposable material of the banana crop 
could be a potential subtract for phytomedicine and be safety tested in 
clinical trials in the allergic process. 

5. Conclusion 

The hydroalcoholic extract (HEM) of Musa paradisiaca L. inflores
cence from the Brazilian crop improved the allergic process on com
bined allergic rhinitis and asthma syndrome in mice by suppressing the 

Th2 immune response towards the IFN-γ production and by down
regulating the M1 macrophage phenotype independently of M2 
macrophage profile. The HEM mechanism of action is, in part, due to the 
decreasing of the activation of p65 subunit of the NF-κB at the nucleus of 
the inflammatory cells of the bronchoalveolar lavage fluid. 
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