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Background. CrataBL is a protein isolated from Crataeva tapia bark. It has been shown to exhibit several biological properties,
including anti-inflammatory, analgesic, antitumor, and insecticidal activities. There are no studies evaluating the role of CrataBL in
experimental asthma models. Aim. To evaluate the effects of CrataBL on lung mechanics, inflammation, remodeling, and oxidative
stress activation of mice with allergic pulmonary inflammation. Materials and Methods. BALB/c mice (6-7 weeks old, 25-30g)
were divided into four groups: nonsensitized and nontreated mice (C group, n=8); ovalbumin- (OVA-) sensitized and nontreated
mice (OVA group, n=8); nonsensitized and CrataBL-treated mice (C+CR group, n=8); OVA-sensitized and CrataBL-treated mice
(OVA+CR group, n=8). We evaluated hyperresponsiveness to methacholine, bronchoalveolar lavage fluid (BALF), pulmonary
inflammation, extracellular matrix remodeling, and oxidative stress markers. Results. CrataBL treatment in OVA-sensitized mice
(OVA+CR group) attenuated the following variables compared to OVA-sensitized mice without treatment (OVA group) (all
p<0.05): (1) respiratory system resistance (Rrs) and elastance (Ers) after methacholine challenge; (2) total cells, macrophages,
polymorphonuclear cells, and lymphocytes in BALF; (3) eosinophils and volume fraction of collagen and elastic fibers in the
airway and alveolar wall according to histopathological and morphometry analysis; (4) IL-4-, IL-5-, IL-13-, IL-17-, IFN-y-, MMP-
9-, TIMP-1-, TGF-f-, iNOS-, and NF-kB-positive cells and volume of 8-iso-PGF2« in airway and alveolar septa according to
immunohistochemistry; and (5) IL-4, IL-5, and IFN-y according to an ELISA. Conclusion. CrataBL contributes to the control
of hyperresponsiveness, pulmonary inflammation, extracellular matrix remodeling, and oxidative stress responses in an animal
model of chronic allergic pulmonary inflammation.

1. Introduction pulmonary inflammation, as well as airflow limitation and
remodeling [1]. Its prevalence has increased considerably over
Asthma is a chronic inflammatory airway disease charac-  the past three decades, representing a major global health

terized by allergen-induced airway hyperresponsiveness and  problem [2].
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The symptoms of asthma, such as wheezing, breathless-
ness, chest tightness, coughing, and expiratory flow limita-
tion, vary in intensity over time [1]. Inhaled or oral cor-
ticosteroids are widely used, acting as powerful anti-inflam-
matories [1, 3, 4]. However, some patients remain symp-
tomatic, despite optimal corticosteroid therapy, and there is
evidence of persistent airway and distal lung inflammation:
corticosteroids seem to have little, if any, effect on airway
remodeling [4, 5]. In addition, there are side-effects associ-
ated with long term use of corticosteroids, including hyper-
tension, osteoporosis, cataracts, gastrointestinal disorders,
and type 2 diabetes [6]. Therefore, new therapies are currently
being studied to improve regulation of the different processes
involved in the pathophysiology of asthma [4, 7]. Biologic
medications are increasingly given to treatment-resistant
patients, but they can be costly, have complex dosing and
management, and are not widely available around the world
[8-10]. There is evidence that proteinase inhibitors play
an important role in inhibiting proteinase activities during
homeostasis, inflammation, tissue injury, and cancer pro-
gression. Their emerging role as a significant contributor to
inflammatory pathologies has led to interest in their potential
as drugs for disease treatment [11, 12]. In models of asthma,
some proteinase inhibitors were tested, and their potential
anti-inflammatory effects in the airways have been demon-
strated [13].

Crataeva tapia (Capparidaceae) is a tree broadly distri-
buted across Brazil, occurring in the Pluvial Tropical Atlan-
tic Forest and Pantanal region. The Crataeva tapia Bark
Lectin (CrataBL, resembling the Kunitz-type plant proteinase
inhibitors family) is a bifunctional glycoprotein isolated from
the bark of Crataeva tapia that exhibits lectin activity and
inhibits trypsin serine proteinase (Kiapp = 43 uM); the
coagulation factor Xa (Kiapp = 8.2 uM). CrataBL5s biological
effects include impairment of the intrinsic pathway of the
coagulation cascade [14], anti-inflammatory and analgesic
activities [15], insecticidal effects [16], and antitumor activi-
ties [12].

Currently, there are no studies evaluating the role of Crat-
aBL in experimental asthma. Therefore, our aim was to study
the effects of CrataBL on lung mechanics, inflammation,
remodeling, and oxidative stress activation in airways and
alveolar walls in mice with allergic pulmonary inflammation.

2. Materials and Methods

2.1. Purification of CrataBL. CrataBL was purified following
previously described methodology [12]. Powdered bark (10 x
g) was suspended in 0.15M NaCl (100 mL). A clear super-
natant (crude extract) was obtained after homogenization
in a magnetic stirrer (16h at 4°C), followed by filtration
through gauze and centrifugation (4000 x g, 15min). The
extract was evaluated for protein concentration and hemag-
glutinating activity. Soluble proteins in the crude extract were
fractionated with ammonium sulfate according to Green and
Hughes [17], and 30-60% of the precipitate fraction (30-60
F) was submitted to dialysis (3.5 KDa cut-off membrane,
4°C) against distilled water (2 hours) followed by 10 mM
citrate-phosphate buffer pH 5.5 (2 hours). The 30-60 F was
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loaded (11 mg of protein, hemagglutinating activity of 1024)
onto a CM-cellulose (Sigma-Aldrich, USA) column (5.2 cm x
1.6 cm), equilibrated with 10 mM citrate-phosphate buffer pH
5.5 at a flow rate of 20 mLh—1. Unabsorbed proteins were
eluted with equilibrating solution until the absorbance at
280 nm was lower than 0.05. Next, the adsorbed hemagglu-
tinating activity (CrataBL) was eluted with 0.5 M NaCl [18].

Protein homogeneity was confirmed by hydrophobicity
chromatography on a y-Bondapack CI8 column (Beckman
Ultrasphere-15 x 0.5 cm) and mass spectrometry. The column
was equilibrated with trifluoroacetic acid (TFA) 0.1% (v/v)
in Milli-Q water (Solvent A). Protein was eluted with 90%
acetonitrile gradient (v/v) in 0.1% TFA (v/v) in Milli-Q water
(Solvent B) (t =0.1 min, B=5%, t=5 min, B=5%, t=30 min, %
B=40, t=50 min, % B=50, t=60 min B=100%; t=65-68 min,
and B=0%) for 60 min at a flow rate of 0.7mL/min. The
elution profile was monitored at 280 nm.

The protein preparation was analyzed by MALDI-TOF/
MS (Matrix Assisted Laser Desorption Ionization-Time of
Flight/Mass Spectrometry). CrataBL was added to saturated a-
cyano-4-hydroxycinnamic solution, spotted onto a stainless
steel MALDI target plate, and dried at room temperature
before analysis. The calibrants used were insulin, ubiquitin,
cytochrome C, and myoglobin. The mass spectrum was ob-
tained on a Bruker Daltonics Microflex LT (Billerica, USA).

Protein concentration was evaluated as previously de-
scribed [19] using bovine serum albumin as standard.

2.2. Animals and Experimental Design. Male, pathogen-free
BALB/c mice (6-7 weeks old, 25-30g) were obtained from
the University of Sao Paulo. All mice received humane care
in compliance with the “Guide for the Care and Use of Lab-
oratory Animals” [20], and all experiments described were
approved by the institutional review board of the University
of Sao Paulo (Sao Paulo, Brazil), number 187/12.

Animals were divided into four groups: nonsensitized and
nontreated mice (C group); ovalbumin- (OVA-) sensitized
and nontreated mice (OVA group); nonsensitized and Crat-
aBL-treated mice (C+CR group) and OVA-sensitized and
CrataBL-treated mice (OVA+CR group) (Figure 1).

We conducted two independent experiments. In the first
experiment, eight mice per group (n=8) were used to ana-
lyze hyperresponsiveness to methacholine, bronchoalveolar
lavage, as well as for histopathological, morphometric, and
immunohistochemistry analysis. In the second experiment,
we also used n=8 mice in each group and performed hyperre-
sponsiveness measurements in response to methacholine and
ELISA for detection of cytokines IL-4, IL-5, and IFN-y inlung
homogenates. Data were pooled (n=16 per group) only for
statistical analyses of hyperresponsiveness to methacholine.

2.3. Induction of Chronic Allergic Pulmonary Inflammation
and CrataBL Treatment. The model of choice for allergic
pulmonary inflammation induction was previously reported
[21, 22] and is detailed in Figure 1. Animals were immunized
intraperitonially on days 0 and 14 using 50 pg of OVA (Grade
IV, Sigma Aldrich, St. Louis, MO) with 6 mg of Al (OH)3
adjuvant (Pepsamar, Sandei-Synthelabo SA, Rio de Janeiro,
Brazil) diluted in 0.2 mL saline. Eight days after the second
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FIGURE 1: Timeline of experimental design. OVA and OVA+CR groups received OVA (50 ug i.p.) + Alum (6 mg) on days 0 and 14, and on
days 22, 24, 26, and 28 they were exposed to nebulized OVA aerosol. C and C+CR groups received only Alum i.p. on days 0 and 14, and on
days 22, 24, 26, and 28 they received saline inhalations. C+CR and OVA+CR groups received treatment with CrataBL (2 mg/Kg i.p.) once
daily (from day 22 to day 28; on inhalation days CrataBL was administered two hours after inhalation). On day 29, respiratory lung mechanics
were assessed in all groups. Two independent experiments were conducted (n=8 per group per experiment).

immunization, the mice were placed in a Plexiglas box (30
x 15 x 20 cm) coupled to an ultrasonic nebulizer (US-1000,
ICEL, Sao Paulo, Brazil), and an aerosol of OVA solution
(1%) (Grade V, Sigma Chemical Co., St. Louis, MO) diluted
in 0.9% sterile NaCl solution (saline) was generated for 30
minutes 4 times every other day. Control mice received the
adjuvant intraperitoneally and were exposed to nebulized
aerosol comprised of saline (0.9% NacCl).

Treated mice received intraperitoneal injections contain-
ing 2mg/kg of CrataBL administered in 0.2mL for each
dose over seven consecutive days, two hours after inhalations
exposures (days 22 to 28) (Figure 1). The administered dose
was the same as that used in an experimental model of throm-
bosis [23], similar to the elastase inhibitor BbCI (Bauhinia
bauhinioides Cruzipain Inhibitor) which is also a proteinase
inhibitor used in asthma model [24, 25].

2.4. Evaluation of Pulmonary Mechanics and Bronchoalveolar
Lavage Fluid. To determine whether CrataBL modulates
hyperresponsiveness, 24 h after the last challenge (day 29,
Figure 1), animals were anaesthetized with sodium pen-
tobarbital (50 mg/kg), tracheostomized, and subsequently
mechanically ventilated (Harvard 687, Harvard Apparatus,
Holliston, MA) in an acrylic plethysmograph (120 cycles per
minute, 10 mL/kg). Signs of tracheal pressure and lung vol-
ume were acquired through differential pressure transducers
(Honeywell 163PC01D36, Freepot, IL) and converted to a
digital analog board (DTO01EZ, Data Translation, Marlboro,
MA). Rrs and Ers of the respiratory system were calculated
using the equation of motion: Ptr (t) = Rrs.V’ (t) + Ers.V (t),
where (t) is time, Ptr is tracheal pressure, Rrs is respiratory
system resistance, Ers is respiratory system elastance, V’ is
airflow and V is the lung volume. Rrs and Ers values were
obtained at baseline and after aerosol administration of
methacholine (3, 30, and 300 mg/mL, for 1 min). We consid-
ered the maximal response of Rrs and Ers to in be in response
to the 300 mg/mL methacholine challenge [21, 22].

After pulmonary responsiveness measurements, thorax
of mice was opened, and animals were exsanguinated. BALF

was performed by injecting a total of L.5mL saline (3 x
0.5mL) through a tracheal cannula. The fluid collected was
centrifuged at 790 x g for 10 min, at 5°C, and the cell pellet
was resuspended in 0.3 mL of saline. From this solution, we
placed 20 yL on a Neubauer chamber with four quadrants to
determine total cell counts. No dye was used, and the sum of
this result was corrected for to 0.3 mL by multiplying by 10*.
For differential cell counts, we took 100 L of the supernatant
and placed it in the centrifuge (Cytospin) at 450 rpm for 6
minutes to obtain blades stained with Diff Quick. Three hun-
dred cells were counted per slide, according to the standard
morphologic criteria for differentiating polymorphonuclear
cells, macrophages, and lymphocytes with assistance of an
optical microscope with 1000x immersion objective [21, 22,
26].

2.5. Histopathological, Morphometric, and Immunohistochem-
istry Analysis. After pulmonary responsiveness measure-
ments, mice were euthanized by vena cava dissection, the
chest was opened, and the heart and lungs were removed en
bloc. Lungs were fixed in 4% formalin in sufficient volume to
achieve total immersion for 24 hours. After this period, the
lungs were dehydrated in 70% ethanol followed by immersion
in paraffin, and different regions of the lung were cut into
slices to obtain 4-um thick sections that were then mounted
onto slides. The slides were stained with hematoxylin-eosin
for quantification of eosinophils, Resorcin-Fuchsin for anal-
ysis of elastic fibers, and with Picrosirius for analysis of col-
lagen fibers (Direct Red 80, C.I. 35780, Aldrich, Milwaukee,
WL, USA).

Additional slides were also prepared for immunohis-
tochemical staining to assess protein expression using the
following antibodies: interleukin 4 (IL-4, dilution 1:600, Santa
Cruz Biotechnology, cod. SC-1260, Santa Cruz, CA, USA),
interleukin 5 (IL-5, dilution 1:500, Santa Cruz Biotechnology,
cod. SC-7887, Santa Cruz, CA, USA), interleukin 13 (IL-
13, dilution 1:700, Santa Cruz Biotechnology, cod. SC-1776,
Santa Cruz, CA, USA), interleukin 17 (IL-17, dilution 1:800,
Santa Cruz biotechnology, SC-73309, Santa Cruz, CA, USA),



interferon gamma (IFN-y, dilution 1:200, Santa Cruz Biotech-
nology, cod. SC-8308, Santa Cruz, CA, USA), transform-
ing growth factor beta (TGF-f dilution 1:100, Santa Cruz
Biotechnology, cod. SC-1836, Santa Cruz, CA, USA, matrix
metalloproteinase 9 (MMP-9, dilution 1:500, Santa Cruz
Biotechnology, cod. SC-6840, Santa Cruz, CA, USA), 8-iso-
PGF2« (dilution 1:10000, Oxford Biomedical Research, cod.
IS20, Rochester Hills, MI, USA), tissue inhibitor of mat-
rix metalloproteinase 1 (TIMP-1, dilution 1:200, Santa Cruz
Biotechnology, cod. SC-5538, Santa Cruz, CA, USA), in-
ducible nitric oxide synthase (iNOS, dilution 1:100, LabVi-
sion, NeoMarkers, cod. RB-9242, Fremont, CA, USA), and
nuclear factor kappa B (NFxB, dilution 1:100, Santa Cruz Bio-
technology, cod. SC-109, Santa Cruz, CA, USA).

Slides containing tissue sections from the lungs were first
deparaftinized and hydrated (Xylene 60°C Xylene 1, 2, and
3, first and second absolute ethanol, 96% ethanol, and 70%
ethanol) followed by preparation with 3-aminopropyl tri-
ethoxysilane Silane (Sigma Aldrich, Missouri, USA). Slides
were then washed with tap water and distilled water and sub-
jected to the following procedures: antigen recovery; endo-
genous peroxidase blocking and nonspecific connections, in-
cubation with primary antibody, incubation with secondary
antibody, and peroxidase complex; visualization and counter-
staining and mounting of slides [27, 28].

Conventional morphometric analysis was performed
with an optical microscope using a point-counting technique
[29] with a reticle of 50 lines and 100 points, totaling an area
of 10* um?. For evaluation of airways, the reticle was coupled
adjacent to the wall of the airway in the bronchovascular axis
from the base of the epithelium. Five airways were randomly
selected for each animal, and approximately three fields per
airway were evaluated. For evaluation of the alveolar septa,
ten fields were randomly selected. This technique was used to
quantify eosinophils density, volume fraction of isoprostane,
and number of I[FN-y-, IL-4-, IL-5-, IL-13-, MMP-9-, TIMP-
1-, TGF-beta-, iNOS-, and NF«xB-positive cells. Results are
expressed as the number of cells per area (cells/10* um?).

Homogeneity of slide samples for alveolar septa was as-
sessed by measuring the fractional area of tissue constituents
using the point-counting method with a 100-point grid with
aknown area (62,500 um? at 400x magnification) attached to
the ocular microscope. We measured the fractional area of the
bronchial wall (BW), blood vessel wall (BVW), and alveolar
wall (AW) as the number of points that fell in either the BW,
BVW, or AW divided by the total number of points that fell
within the strip tissue. Measurements were performed in 10
fields per slide at 400x magnification, and we calculated the
mean values for each animal [27, 28].

2.6. Enzyme-Linked Immunosorbent Assay (ELISA). ELISA
was performed using the DuoSet kit for mouse (R&D Sys-
tem, Minneapolis, USA) according to the manufacturer’s
instructions for detection of cytokines IL-4, IL-5, and IFN-y
in lung homogenates. Microplates (Costar, Cambridge, MA,
USA) for each cytokine were coated with specific mono-
clonal antibodies. After washing and distribution of the sam-
ples, antibodies were added that were specific for different
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cytokines conjugated to biotin. For analysis, a solution con-
taining an enzyme conjugate of streptavidin-peroxidase and
chromogenic substrate was added to each well. Optical den-
sity (OD) of the reaction was read at 450 nm in an M2 spec-
trophotometer (Spectramax L, Molecular Devices). Sample
concentrations were calculated by linear regression from the
ODs using standard curves obtained with recombinant cyto-
kines, and the results are expressed as pg/mL.

2.7. Quantification of Collagen and Elastic Fibers Volume
Fraction. To study the elastic fibers, sections were dewaxed
and hydrated in 95% alcohol and subsequently stained with
Weigert’s Resorcin-Fuchsin with oxidation. There were two
changes of 70 alcohol for 10 min to differentiate the fibers,
which were then were dehydrated, diaphanous, and retro-
fitted. Fibers were counted in the airways, and the readings
were quantified using an Image Analyzer with results ex-
pressed as the percentages of positive areas (volume fraction).

Picrosirius (Direct Red 80, C.I. 35780, Sigma Aldrich)
staining was used to quantify collagen fibers in the airways.
Sections were dewaxed and stained for 1 hour in Picrosirius at
room temperature. Slices were then washed in running water
for 5 min and after this step, and sections were stained with
Harris hematoxylin for 6 min and washed in running water
again for 10 min. The number of collagen fibers in the airways
and in alveolar septa were counted and recorded using Irmage
Analyze, and results are expressed as a percentage of the fiber-
positive area (volume fraction) as described below.

Measurement of optical density was the method em-
ployed for analysis of elastic and collagen fibers. Images were
acquired using a Leica DM4000B microscope (Leica Micro-
systems, Wetzlar, Germany) and a digital camera (Leica
DFC420 Leica Microsystems) connected to a computer at a
magnification of 400x. Ten airways and twenty fields of alve-
olar septa were captured from each animal. Threshold color
tones were selected and represented the positive areas. In
each slide, the analyzed field was selected, and the soft-
ware performed quantitative analysis of the volume fraction
of positive cells for each field (ImageProPlus-Media Cyber-
netics, Bethesda, MD). This calculation was performed for
each analyzed field. Area considered positive, according to
the predetermined threshold color tones, was divided by the
total area [27, 28].

2.8. Passive Cutaneous Anaphylaxis. Passive cutaneous ana-
phylaxis (PCA) was performed for anti-OVA IgE and anti-
OVA IgGl, as previously described [30, 31]. Seven days after
the last inhalation of OVA, serum was collected from each
group of animals and prepared at different dilutions. Then,
naive animals (Wistar rats and mice were used for anti-IgE
and for anti-IgGl, respectively) had their backs shaved and
were intradermally injected with different prepared dilutions.
Mice and rats were IV challenged with 0.5mg of OVA in
0.25% Evans Blue solution two and twenty-four hours later,
respectively. PCA titer is expressed as the reciprocal of the
highest dilution that produced an intradermic allergic reac-
tion >5mm in diameter in duplicate tests. Detection of
threshold for this technique was established at a 1:5 [30, 31].
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TABLE 1: Mean + standard error values in ELISA analysis for IL-4, IL-5, and IFN-y in the four experimental groups. Eight animals per group
were used in these analyses. *P<0.05, compared to OVA+CR, C, and C+CR groups;  P<0.05 compared to C and C+CR groups.

ELISA C OVA C+CR OVA+CR
IL-4 (pg/mL) 86.01+8.71 308.00+35.80" 112.50£18.43 156.82+11.73
IL-5 (pg/mL) 45.72+18.42 160.04+20.60" 38.90£20.16 66.40£9.99
IFN-y (pg/mL) 94.85+13.04 456.96+32.87" 94.46+12.52 324.47+11.19 T

2.9. Data Analysis. The statistical analysis was performed
using SigmaStat software (SPSS Inc., USA). Data are present-
ed as the means + standard errors (SEs). Statistical signifi-
cance between groups was assessed using one-way analysis of
variance (ANOVA) followed by the Holm-Sidak method for
multiple comparisons. We also calculated the Pearson’s corre-
lation coeflicient (R) to assess associations of respiratory sys-
tem resistance (Rrs) and elastance (Ers) scores and inflamma-
tory cell markers, remodeling, and oxidative stress markers.
Differences were considered to be significant when P<0.05.

3. Results

3.1. Homogeneity of CrataBL. The primary sequence and re-
solution of CrataBLs 3D structure were elucidated by Ferreira
et al. [12]. CrataBL homogeneity used in our study was
confirmed by elution of one main fraction by reverse phase
chromatography HPLC system (Figure 2(a)) and the mass
spectrum profile (Figure 2(b)), which was similar to that pre-
viously reported [12] (20.414 (M+H)" and 10210 due to mole-
cular ion (M+2H)"). The 19.5-kDa isoform was also detected
in the preparation used.

3.2. CrataBL Attenuates Hyperresponsiveness to Methacholine.
The OVA group exhibited increased Rrs compared to con-
trols (OVA group: 0.94+0.00 versus C group: 0.74+0.02 or
C+CR group: 0.71+0.02 cmH,0.mL™".s, P<0.05). Rrs was
significantly decreased in the OVA+CR group (0.75+0.01
cmHZO.mL_l.s) compared to the OVA group (P<0.05) (Fig-
ure 3(a)). Ers values after maximal dose of methacholine
challenge in the OVA group were higher compared to controls
(OVA group: 69.56+1.42 versus C group: 44.41+1.74 or C+CR
group: 48.20+1.20 cmH,0.mL™", P<0.05). The OVA+CR
group exhibited decreased Ers (46.89+1.28 cmH,0.mL™") com-
pared to the OVA group (P<0.05) (Figure 3(b)). These data
suggest that CrataBL treatment ameliorates hyperresponsive-
ness.

3.3. CrataBL Attenuates Cells on BALF. Results of BALF cells
quantification are shown on Figure 4. The OVA group showed
higher cell numbers on BALF compared to the controls
(p<0.05). OVA+CR attenuated total cells number, including
macrophages, lymphocytes, and polymorphonuclear cells,
compared to the OVA group (p<0.05).

3.4. CrataBL Attenuates Inflammation, Oxidative Stress, and Ex-
tracellular Matrix Remodeling in Airway and Alveolar Walls.
We observed increased IL-4, IL-5, and IFN-y in lung homo-
genates in the OVA group compared to controls (P<0.05)

as detected by ELISA. Treatment with CrataBL (OVA+CR
group) reduced these values compared to the OVA group
(P<0.05) (Table 1).

Tables 2 and 3 show inflammatory and remodeling mark-
ers as well as NF«B positive cells in airways and alveolar walls
of all groups.

The number of eosinophils in the airways (Table 2) of
the OVA group were significantly higher than in controls
(P<0.05). We also observed increased IL-4, IL-5, IL-13, IL-
17, IFN-y, NF«xB, MMP-9, TIMP-1, and TGEF-f positive cells
(P<0.05). Compared to the OVA group, OVA+CR resulted in
a 68.3% significant reduction in the number of eosinophils,
56.3% in IL-4, 60.2% in IL-5, 79.2% in IL-13, 66.4% in IL-17,
63.3% in IFN-y, 72.3% in NF-kB, 73.6% in MMP-9, 76.7% in
TIMP-1, and 37.1% in TGF-f3 positive cells (P<0.05).

Furthermore, we observed increased eosinophils in alve-
olar walls (Table 3) of the OVA group compared to controls
(P<0.05). The OVA group also exhibited increased IL-4, IL-
5, IL-13, IL-17, IFN-y, NFxB, MMP-9, TIMP-1, and TGF-
B positive cells compared to controls (P<0.05). Compared
to the OVA group, the OVA+CR group had significantly
reduced (56.8%) eosinophil numbers, 57.4% in IL-4, 68% in
IL-5, 52.5% in IL-13, 48.9% in IL-17, 59.1% in IFN-y, 61.3%
in NF-kB, 62.3% in MMP-9, 48.5% in TIMP-1, and 48.7% in
TGEF-f3 positive cells (P<0.05).

For evaluation of elastic and collagen fiber content, we
used measurement of optical density as described in the
materials and methods. There were increased collagen and
elastic fibers content in the airways of the OVA group com-
pared to controls (P<0.05). The OVA+CR group had a 36.6%
reduction in the volume of collagen fiber and of 52.4% reduc-
tion in elastic fibers compared to the OVA group (P<0.05)
(Table 2). There was increased collagen and elastic fibers con-
tent in the alveolar wall in the OVA group compared to
controls (P<0.05). The OVA+CR group had a 55.8% reduc-
tion in collagen fibers and of 31.5% reduction in the elastic
fibers compared to the OVA group (P<0.05) (Table 3).

Figure 5 shows results for oxidative stress markers in the
airways and alveolar walls. The OVA group exhibited in-
creased iNOS and increased volume fraction of 8-iso-PGF2-a
positive cells in both the airway and alveolar walls. Compared
to the OVA group, the OVA+CR group had significantly de-
creased iNOS (Figures 5(a) and 5(b), for airway and alve-
olar walls, respectively) (P<0.05 for both) and significantly
decreased volume fraction of 8-iso-PGF2-« positive cells
(Figures 5(a) and 5(b), for airway and alveolar walls, respec-
tively) (p<0.05).

These results suggest that CrataBL modulates inflamma-
tory, remodeling and oxidative stress markers. The decreasing
in NF-kB-positive cells may suggest one mechanism whereby
attenuation of the inflammatory response occurs.
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3.5. Qualitative Analysis of Photomicrographs. Microscopic
analyses were performed at 400x magnification to highlight
the differences among groups. Representative photomicro-
graphs of inflammatory processes, extracellular matrix re-
modeling, and oxidative stress markers in the airways and
alveolar walls are shown in Figures 6 and 7. The OVA group
exhibited prominent increases in these makers in both the air-
ways and alveolar walls compared to controls and the OVA+
CR group.

3.6. Correlation Analysis. Correlation analysis of Rrs and Ers
with the measurements of inflammatory, remodeling, and
oxidative stress markers in the airways and alveolar walls are
shown in Tables 4 and 5, respectively. Significant correlations
between all parameters were observed.

3.7. OVA-Sensitized Animals Present IgGl and IgE Antibodies.
Results of the PCA test revealed increased OVA-specific IgE
and IgGl antibody titers in both OVA-sensitized groups
(OVA group and OVA+CR group). The maximum titer for
both groups was 1:1280 (for both, anti-OVA IgE and anti-OVA
IgGl antibodies). CrataBL treatment did not significantly
alter OVA-specific IgE and IgGl antibodies analyzed by PCA
technique. As expected, there was no anti-OVA IgGl or anti-
OVA IgE detected in control groups (C and C+CR groups).

4. Discussion

Herein, we demonstrated that CrataBL treatment reduces hy-
perresponsiveness to methacholine and attenuates eosino-
phils, Th1/Th2/Th17 inflammatory cytokines, extracellular
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TABLE 2: Absolute values of morphometric and optical density measurement analysis for inflammatory, remodeling, and oxidative stress

markers in the airways. Eight animals per group were used in these analyses. *P<0.05 compared to OVA+CR, C, and C+CR groups; T P<0.05
compared to C and C+CR groups.

Inflammatory Markers C OVA C+CR OVA+CR
Eosinophils (cells/10* um?) 0.23+0.14 19.72+1.34* 0.14+0.14 6.24+1.31 T
IL-4 (cells/10* yum?) 2.19+0.10 21.74+2.08" 1.19+0.78 9.49+0.93 T
IL-5 (cells/10* gm?) 0.62+0.40 19.82+1.47* 0.74+0.74 7.88+0.67 T
IL-13 (cells/10* um?) 2.19+0.47 23.18+1.92" 1.47+0.74 4.82+0.61
IL-17 (cells/10* um?) 1.04+0.30 7.83+0.70* 1.33+0.23 2.63+0.331
IEN-p (cells/10* gm?) 1.64+0.68 16.39+1.22* 1.30+0.61 6.02+1.21 1
Remodeling Markers C OVA C+CR OVA+CR
Collagen Fibers (%) 773+1.27 18.90+1.31* 5.26+0.69 11.98+0.75 +
Elastic Fibers (%) 6.50+0.55 16.43+1.04* 5.73+0.68 7.81+0.76
MMP-9 (cells/10* ym*) 1.30+0.89 18.30+2.59* 0.00+0.00 4.82+0.61
TIMP-1 (cells/10* um?) 0.41+0.41 17.2141.77* 0.69+0.45 4.00+1.14 T
TGE-B (cells/10* um?) 0.54+0.54 24.34+1.62* 0.43+0.43 15.29+1.06 +
Mechanism C OVA C+CR OVA+CR
NF-xB (cells/10* gm?) 1.13+0.71 16.62+2.42* 1.19+0.54 4.59+0.64
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FIGURE 4: CrataBL attenuates inflammation in bronchoalveolar lavage fluid (BALF). Bar graph showing mean + standard error of total

cells (a), macrophages (b), polymorphonuclear cells (c), and lymphocytes (d). Results are expressed in 10* cells/mL. Eight animals per group
were used for these analyses. *P<0.05 compared to OVA+CR, C and C+CR groups.
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TABLE 3: Absolute values of morphometric and optical density measurement analysis for inflammatory, remodeling, and oxidative stress

markers in the alveolar walls. Eight animals per group were used for these analyses. “P<0.05 compared to OVA+CR, C and C+CR groups; t
P<0.05 compared to C and C+CR groups.

Inflammatory Markers C OVA C+CR OVA+CR
Eosinophils (cells/10*um?) 0.34+0.21 5.67+0.60" 0.30+0.18 2.45+0.70 +
IL-4 (cells/104[,lm2) 0.61£0.20 12.27+0.82" 0.54+0.39 5.22+0.71 1
IL-5 (cells/104ym2) 0.95£0.38 13.76+0.93" 1.03+0.49 4.40+£0.57 T
IL-13 (cells/104ym2) 0.90+0.44 7.71£1.21" 0.48+0.32 3.66+1.49
IL-17 (cells/104ym2) 1.25£0.31 12.20+0.91" 1.10£0.06 6.23£0.55F
IFN-y (cells/104ym2) 0.90+0.44 14.50+1.34" 0.93+0.43 5.92+1.30
Remodeling Markers C OVA C+CR OVA+CR
Collagen Fibers (%) 2.97+0.29 12.89+0.90" 2.88+0.40 5.69£0.70
Elastic Fibers (%) 5.52+0.37 12.15+0.47" 5.78+0.25 8.32+0.43
MMP-9 (cells/104ym2) 0.68+0.46 9.32+1.18" 1.03+0.48 3.51+0.86
TIMP-1 (cells/104ym2) 0.68+0.46 9.32+1.18" 1.03+0.48 4.80+1.30
TGEF-f (cells/104ym2) 0.66+0.41 13.51+0.93" 0,64+0.43 6.92+0.90
Mechanism C OVA C+CR OVA+CR
NF-«B (cells/104ym2) 0.58+0.40 10.02+0.87" 0.42+0.26 3.88+0.75
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FIGURE 5: CrataBL attenuates oxidative stress markers in the airway and alveolar walls. Bar graph showing mean + standard error of iNOS
in airway and alveolar walls (a and b, respectively) and the volume fraction of 8-iso-PGF2-« positive cells in airway and alveolar walls (c and

d, respectively). Results are expressed in cells/10*ym?. Eight animals per group were used for these analyses. *P<0.05 compared to OVA+CR,
C and C+CR groups.
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matrix remodeling, and NFxB-positive cells. In addition,
CrataBL treatment attenuated the number of iNOS-positive
cells and the volume fraction of 8-iso-PGF2« content in the
airways and alveolar walls in a model of allergic pulmonary
inflammation.

CrataBL shows peculiar characteristics of being both a
lectin and a proteinase inhibitor. In general, lectins are in-
volved in numerous biological processes, including host-
pathogen interactions and recruitment of leukocytes to in-
flammatory sites [32]. Lectins act by binding in the carbohy-
drate structures on the cell surface, whereas proteinase inhi-
bitors act by limiting the catalytic activity of proteinases,
which participate in many biological processes [33, 34]. These

two properties have been studied in different biological
processes, and the CrataBL inhibitor demonstrates important
biological effects based primarily on its antiplatelet [14, 23],
insecticide [16], and antitumor activities [12]. Furthermore,
other studies suggest that another Kunitz-type plant pro-
teinase inhibitor, BbCI (Bauhinia bauhinioides cruzipain inhi-
bitor), exhibits anti-inflammatory and antioxidant pulmo-
nary activities in experimental elastase-induced pulmonary
inflammation in mice [25, 27]. There is also evidence of
beneficial effects of proteinase inhibitors in asthma models
[13, 35]. In this regard, Lin et al. reported the beneficial effects
of serine proteinase inhibitors in the Der p-induced asthma
model, resulting in decreased airway hyperresponsiveness
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and remodeling, eosinophil and neutrophil infiltration, the
Der p-induced IL-4 levels in serum, and Th2 and Thl7
cytokines profiles in BALF [13]. However, there is still con-
troversy concerning proteinases and their specific functions
that contribute to the development and progression of
asthma. It is also important to remember that many allergens
are proteinases, which may help explain the influence of
proteinase inhibitors on asthma [35, 36].

The CrataBL inhibitor was administered to the OVA+CR
group after sensitization [37]. PCA analysis showed that
only OVA-sensitized animals (OVA and OVA+CR groups)
exhibited increased OVA-specific IgE and IgGl1 antibody titers

(1:1280) and no difference was observed between them,
suggesting that CrataBL treatment (OVA+CR group) did
not interfere in pathogenic, IgE-generating memory B cell
responses.

The methacholine challenge is commonly employed to
quantify hyperresponsiveness [38]. Maximum increases in
Rrs and Ers after methacholine challenge in the OVA group
observed in our study are similar to other experimental
asthma models [21, 31, 39]. CrataBL treatment of OVA-
sensitized mice (OVA+CR group) reduced Rrs and Ers
to methacholine challenge compared to the OVA group,
suggesting a bronchodilator effect of the CrataBL proteinase



BioMed Research International

11

TABLE 4: Pearson Correlation coefficients of Rrs and Ers with the results of inflammatory, remodeling, and oxidative stress markers in BALF,

ELISA, and airways.

Rrs Ers
Valor de R Valor de R
Valor de p Valor de p
Total cells (BALF) 0-863 0-918
0.000302 0.0000256
Macrophages (BALF) 0.827 0.894
0.000905 0.0000878
Polymorphonuclear (BALF) 0.920 0.961
0.0000228 0.000000625
Lymphocytes (BALF) 0.845 0.895
0.000536 0.0000823
Eosinophils 0.891 0.904
0.000103 0.0000547
IL-4 (ELISA) 0.873 0.911
0.000208 0.0000387
IL-4 0.918 0.929
0.0000259 0.0000124
IL-5 (ELISA) 0.799 0.828
0.00184 0.000887
L5 0.877 0.913
0.000179 0.0000346
IL-13 0.893 0.947
0.0000905 0.00000290
IEN-y (ELISA) 0.806 0.759
0.00156 0.00421
IEN-y 0.937 0.954
0.00000725 0.00000147
Collagen Fibers 0.868 0.897
0.000248 0.0000776
Elastic Fibers 0.946 0.949
0.00000337 0.00000256
MMP-9 0.908 0.934
0.0000435 0.00000860
TIMP-1 0.903 0.948
0.0000562 0.00000273
TGE-B 0.869 0.857
0.000243 0.000374
iNOS 0.889 0.902
0.000112 0.0000594
8-iso-PGF2a 0.931 0.950
0.0000112 0.00000233
NE-xB 0.913 0.936
0.0000345 0.00000737

inhibitor. In addition, we observed that treatment with Crat-
aBL in OVA-sensitized mice (OVA+CR group) attenuated
inflammation, remodeling, and oxidative stress markers in
both airways and alveolar walls (Tables 2 and 3 and Figure 5),
contributing to understanding the potential mechanism of
action of the CrataBL proteinase inhibitor. Our results are

similar to those that used other proteinase inhibitors to target
pulmonary inflammation, remodeling, and hyperresponsive-
ness in animal models [13, 25, 27, 28].

In the current study, inflammatory response assessed
by BALF analysis showed that the OVA+CR group had
significantly reduced total cell numbers, including decreased
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TABLE 5: Pearson correlation coefficients of Rrs and Ers with the results of inflammatory, remodeling, and oxidative stress markers in the

alveolar walls.

Rrs Ers
Valor de R Valor de R
Valor de p Valor de p
Eosinophils 0.806 0.799
0.00156 0.00184
IL-4 0.904 0.928
0.0000546 0.0000139
IL-5 0.877 0.929
0.000179 0.0000127
IL-13 0.869 0.858
0.000240 0.000356
IFN-y 0.893 0.892
0.0000904 0.0000949
Collagen Fibers 0.910 0.958
0.0000397 0.000000980
Elastic Fibers 0.887 0.927
0.000118 0.0000140
MMP-9 0.864 0.933
0.000286 0.00000940
TIMP1 0.874 0.911
0.000202 0.0000376
TGE-B 0.915 0.915
0.0000301 0.0000311
iNOS 0.827 0.849
0.000905 0.000480
8-iso-PGF2a 0.890 0.935
0.000105 0.00000821
NE.B 0.876 0.911
0.000189 0.0000371

macrophages, polymorphonuclear and lymphocytes, com-
pared to the OVA group, suggesting an important role for
CrataBL as an anti-inflammatory protein. Neuhof et al.
(2003) found that pulmonary edema in isolated rabbit lungs
caused by neutrophil elastase was significantly decreased in
response to BbCI [40]. Moreover, Oliveira et al. [24] used
inflammation models in pretreated rats with BbCI and
observed a reduction in leukocyte rolling, adhesion, and
migration in inflamed tissues. This observation may be due to
BbCI potent inhibitory effect on three proteinases that play
important roles in the inflammatory processes: human leuko-
cyte elastase (HLE), cathepsin G, and cathepsin L [24]. In
contrast, there is currently no evidence of direct inhibition
by CrataBL on the activity of HLE or cathepsin G. How-
ever, CrataBL may significantly interfere in these processes
after binding to heparin and glycosaminoglycans on the
cell surface [41]. Heparin potentiates proteinase activity,
primarily in cathepsins [42] and plasma kallikrein [43]; thus,
CrataBL binding to heparin may interfere with proteolytic
activity and generation of proinflammatory peptides, such
as kinins (e.g., bradykinin). This indirect interference in

proteolytic activity also correlates to our findings of decreased
metalloproteinases levels (Tables 2 and 3).

In addition, eosinophils were increased in the airways
and alveolar septa in the OVA group, and CrataBL treatment
significantly mitigated this response in the OVA+CR group.
Furthermore, we observed that CrataBL treatment attenuated
numbers of Thl (IFN-y positive cells), Th2 (IL-4, IL-5, and
IL-13) and Th17 (IL-17) positive cells in the airways and
alveolar walls. These results suggest that CrataBL modulates
signaling events involved in the recruitment of eosinophils
and lymphocytes during an allergic inflammatory response.
It is noteworthy to reiterate that the most dramatic effect was
noted in cellular expression of IL-5 in the alveolar walls (68%
reduction), which is related to eosinophil chemotaxis [44].

In our study, we observed a significant reduction in
collagen and elastic fiber volume fraction in OVA-sensitized
and CrataBL-treated mice (OVA+CR group) compared to
the OVA group. This observation is likely explained by the
binding of CrataBL to heparin, which interferes with its
ability to enhance proteinases activities. Therefore, CrataBL
may be effective in blocking activation of proteinases and in
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the breakdown of elastic fibers located within airways and
alveolar walls. A similar response was observed in studies
using a direct inhibitor (BbCl) [25].

Metalloproteinase expression, especially MMP-9, seems
to play an important role in the asthma remodeling process
[45]. In our study, we found significant increases in MMP-9 in
airways and alveolar walls in the OVA group and significant
decreases in the OVA+CR group. In addition, cathepsins have
high affinity for heparin and can activate prourokinase that
is responsible for activating plasminogen to form plasmin,
which in turn activates MMP-2 and MMP-9 metallopro-
teinases. Plasmin further increases metalloproteinase and
cathepsin activities. We speculate that the effect of CrataBL
in the coagulation intrinsic pathway [14] may interfere with
heparin’s role in amplifying the network of proteinase activa-
tion in pathophysiological processes. Involvement of coagu-
lation factors and the fibrinolytic system and platelets in the
pathophysiology of asthma is being studied by others [46].

We also observed an increase in TIMP-1 in the airways
and alveolar walls in the OVA group. There is evidence
suggesting that this may occur in an attempt to repair damage
[47]. It is important to note that, besides TIMP-1 being a spe-
cific tissue inhibitor of MMP-9, it has also been recognized to
have biological effects independent of MMPs, such as anti-
apoptotic activity [48]. In our study, we observed a reduction
in the number of MMP-9-, TIMP-1-, and TGEF--positive
cells and reduced volume fractions of collagen and elastic
fibers in the OVA+CR group, which were most likely due to
inhibition of that pathway. Furthermore, it has been shown
that the reduction of eosinophils from treatment with anti-
IL-5 is associated with a significant decrease in expression of
proteins in the extracellular matrix, suggesting that TGF-f3
can regulate remodeling [49].

Production of reactive nitrogen and oxygen species de-
notes activity and effects of disease progression. Nitric oxide
(NO) and isoprostanes are considered biomarkers of oxi-
dative stress, and high levels of these substances may amplify
deleterious and harmful effects on the lungs [50]. Interest-
ingly, the reduction in isoprostane by CrataBL, with con-
sequent decreases in peroxynitrite and isoprostane PGF-2«
formation, suggests that this natural protein protects the cell
membrane from lipid peroxidation.

In the present study, we observed that attenuated mechan-
ical responses were associated with significant decreases in
iNOS-positive cells. The reduction in the oxidative stress by
treatment with CrataBL could also have contribute to atten-
uating remodeling. In this regard, Prado et al. [51] showed
that iNOS inhibition reduced MMP-9, TIMP-1, and TGF-j3-
positive cells. These mediators participate in the production
of collagen and elastic fibers, thus contributing to remodeling.
Regarding the response in the airway and alveolar walls
from animals with chronic allergic pulmonary inflammation,
iNOS inhibitors (1400W or L-NAME) attenuated the re-
sponse to antigen challenge. This functional impairment was
associated with control of inflammation, remodeling, and
oxidative stress [52].

Thus, in the inflammation process, activation of pro-
teinases leads to increased production of bradykinin and
subsequent activation of proinflammatory cytokines, which
increase numbers of cNOS- and iNOS-positive cells. As pre-
viously mentioned, CrataBL neutralizes the effects of heparin,
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which may lead to a decrease in the potentiation of plasma
kallikrein activity by this glycosaminoglycan, reducing kinin
generation by kallikrein or other serine proteinases [23, 41].
These results are important in furthering our understanding
of mechanisms for various diseases in which proteolytic
activity has an important function [53].

NFkB is an important modulator of inflammation in pul-
monary diseases [54], and in the release of proinflammatory
cytokines and chemokines. We found that NFxB was reduced
in the OVA+CR group compared to untreated animals, and
some studies have shown an association between NF«B acti-
vation and inflammation, oxidative stress, and remodeling in
chronic pulmonary inflammation [55].

There was a strong correlation between changes in Rrs
and Ers in the presence of inflammation, oxidative stress, and
extracellular matrix remodeling. This positive correlation
indicated that the activation of these signaling pathways was
able to promote functional changes in both airways and alve-
olar walls.

There are some limitations of this study. First, we did
not evaluate the dose-response curve of CrataBL. Second,
although we did not lose any CrataBL-treated mice, there
was no evaluation of the toxicity profile of CrataBL. However,
experimental studies on the effect of high protein concen-
trations (2-6 mg/kg) on animal mortality were performed,
and no effect on animal survival or behavior was observed
[23]. Third, the potential mechanisms of action of CrataBL
were not directly tested in our study. It is important to note
that even though CrataBL is a natural compound of plant
origin with proteinase inhibitor activity, it is likely not safe
to extrapolate these findings to human beings. Furthermore,
additional preclinical studies evaluating these issues and
mechanism of action are necessary before taking this treat-
ment strategy to clinical studies in human beings.

5. Conclusion

In this experimental model of allergic pulmonary inflam-
mation, treatment with CrataBL decreased airway constric-
tion, resulting in a significant attenuation of inflammatory
responses, extracellular remodeling markers, and decreased
oxidative stress response in the airways and alveolar walls.
These results suggest that CrataBL plays an important role
in controlling asthma. Further development of this treatment
strategy is warranted before it can be developed as an addi-
tional therapeutic tool for controlling asthma.

Data Availability

The original data that support our results are available upon
request to the corresponding author.

Conflicts of Interest
The authors declare that they have no conflicts of interest.

Authors’ Contributions

Anelize Sartori Santos Bortolozzo, Carla Mdximo Prado, Edna
Aparecida Leick, Milton de Arruda Martins, and Iolanda



14

de Fatima Lopes Calvo Tibério contributed to study concep-
tion and design. Anelize Sartori Santos Bortolozzo, Adriana
Palmeira Dias Rodrigues, Fernanda Magalhaes Arantes-
Costa, Beatriz Mangueira Saraiva-Romanholo, Thayse
Regina Briiggemann, Renato Fraga Righetti, Flavia Castro
Ribas de Souza, and Iolanda de Fatima Lopes Calvo Tibério
are responsible for acquisition of data. Maria Luiza Vilela
Oliva, Marlon Vilela de Brito, Rodrigo da Silva Ferreira,
Maria Tereza dos Santos Correia, and Patricia Maria Guedes
Paiva contributed to Crataeva tapia purification. Anelize
Sartori Santos Bortolozzo, Renato Fraga Righetti, Viviane
Christina Ruiz-Schutz, and Iolanda de Fatima Lopes Calvo
Tibério contributes to data analysis and interpretation.
Anelize Sartori Santos Bortolozzo, Renato Fraga Righetti,
Viviane Christina Ruiz-Schutz, and Iolanda de Fatima Lopes
Calvo Tibério contributed to drafting of manuscript. Iolanda
de Fatima Lopes Calvo Tibério is responsible for critical
revision. All authors read and approved the final manuscript.

Acknowledgments

The authors acknowledge the financial support of Brazilian
Scientific Agencies: Coordenagdo de Aperfeicoamento de
Pessoal de Nivel Superior (CAPES), Conselho Nacional de
Desenvolvimento Cientifico e Tecnoldgico (CNPq), and
Fundagdo de Amparo a Pesquisa do Estado de Sio Paulo
(FAPESP).

References

[1] GINA, Global Initiative for Asthma. Global Strategy for Asthma
Management and Prevention, 2018, https://ginasthma.org/.

[2] S. Croisant, “Epidemiology of Asthma: Prevalence and Burden
of Disease,” Advances in Experimental Medicine and Biology, vol.
795, pp. 17-29, 2014.

[3] S.T.Holgate and R. Polosa, “Treatment strategies for allergy and
asthma,” Nature Reviews Immunology, vol. 8, no. 3, pp. 218-230,
2008.

[4] C. Bergeron, M. K. Tulic, and Q. Hamid, “Airway Remodelling
in Asthma: From Benchside to Clinical Practice,” Canadian
Respiratory Journal, vol. 17, no. 4, Article ID 318029, 9 pages,
2010.

[5] J. L. Trevor and J. S. Deshane, “Refractory asthma: Mechanisms,
targets, and therapy;” Allergy: European Journal of Allergy and
Clinical Immunology, vol. 69, no. 7, pp. 817-827, 2014.

[6] J.B.Rice, A. G. White, L. M. Scarpati, G. Wan, and W. W. Nelson,

“Long-term Systemic Corticosteroid Exposure: A Systematic

Literature Review;” Clinical Therapeutics, vol. 39, no. 11, pp.

2216-2229, 2017.

E. Goleva, P. J. Hauk, J. Boguniewicz, R. J. Martin, and D. Y. M.

Leung, “Airway remodeling and lack of bronchodilator re-

sponse in steroid-resistant asthma,” The Journal of Allergy and

Clinical Immunology, vol. 120, no. 5, pp. 1065-1072, 2007.

[8] E Menzella, M. Lusuardi, C. Galeone, and L. Zucchi, “Tai-
lored therapy for severe asthma,” Multidisciplinary Respiratory
Medicine, vol. 10, no. 1, 2015.

[9] R. L. Kruse and K. Vanijcharoenkarn, “Drug repurposing to
treat asthma and allergic disorders: Progress and prospects,”
Allergy: European Journal of Allergy and Clinical Immunology,
vol. 73, no. 2, pp. 313-322, 2017.

g
)

BioMed Research International

[10] E.Israel and H. K. Reddel, “Severe and difficult-to-treat asthma
in adults,” The New England Journal of Medicine, vol. 377, no. 10,
pp. 965-976, 2017.

[11] H. Shigetomi, A. Onogi, H. Kajiwara et al., “Anti-inflammatory
actions of serine protease inhibitors containing the Kunitz
domain,” Inflammation Research, vol. 59, no. 9, pp. 679-687,
2010.

[12] R.D.S. Ferreira, D. Zhou, J. G. Ferreira et al., “Crystal Structure
of Crataeva tapia Bark Protein (CrataBL) and Its Effect in Hu-
man Prostate Cancer Cell Lines,” PLoS ONE, vol. 8, no. 6, 2013.

[13] Chih-Che Lin, Li-Jen Lin, Shulhn-Der Wang et al., “The Effect
of Serine Protease Inhibitors on Airway Inflammation in a
Chronic Allergen-Induced Asthma Mouse Model,” Mediators of
Inflammation, vol. 2014, Article ID 879326, 10 pages, 2014.

[14] R.M.S. De Aratjo, A. E M. Vaz, M. E. Santos et al., “A new exo-
gen anticoagulant with high selectivity to intrinsic pathway of
coagulation,” Thrombosis Research, vol. 128, no. 4, pp. 395-397,
2011.

[15] R.M. Araujo, A. F. Vaz,]. S. Aguiar et al., “Lectin from Crataeva
tapia bark exerts antitumor, anti-inflammtory and analgesic
activities,” Natural Products and Bioprospecting, vol. 1, no. 2, pp.
97-100, 2011.

[16] R. M. S. D. Aragjo, R. D. S. Ferreira, T. H. Napoledo et al,,
“Crataeva tapia bark lectin is an affinity adsorbent and insec-
ticidal agent,” Journal of Plant Sciences, vol. 183, pp. 20-26, 2012.

[17] A. A. Green and W. L. Hughes, “Protein fractionation on the
basis of solubility in aqueous solutions of salts and organic sol-
vents,” in Methods in Enzymology, S. Colowick and N. Kaplan,
Eds., vol. 1, pp. 67-90, Elsevier, 1955.

[18] N.N.S. Nunes, R. S. Ferreira, R. A. Silva-Lucca et al., “Potential
of the Lectin/Inhibitor Isolated from Crataeva tapia Bark
(CrataBL) for Controlling Callosobruchus maculatus Larva
Development,” Journal of Agricultural and Food Chemistry, vol.
63, no. 48, pp. 10431-10436, 2015.

[19] O. H. Lowry, N. J. Rosebrough, A. L. Farr, and R. J. Randall,
“Protein measurement with the Folin phenol reagent, The
Journal of Biological Chemistry, vol. 193, pp. 265-275, 1951.

[20] U.S. National Institute of Health, “Animal environment, hous-
ing and management,” in Institutional Animal Care and Use
Committee Guidebook, Office of Laboratory Animal Welfare
(OLAW), Bethesda, Maryland, USA, 2002.

[21] E M. Arantes-Costa, E. D. T. Q. S. Lopes, A. C. Toledo et al., “Ef-
fects of residual oil fly ash (ROFA) in mice with chronic allergic
pulmonary inflammation,” Toxicologic Pathology, vol. 36, no. 5,
Pp. 680-686, 2008.

[22] A.C. Toledo, E. M. Arantes-Costa, M. Macchione et al., “Salbu-
tamol improves markers of epithelial function in mice with
chronic allergic pulmonary inflammation,” Respiratory Physiol-
ogy & Neurobiology, vol. 177, no. 2, pp. 155-161, 2011.

[23] B.R.Salu, R.S. Ferreira, M. V. Brito et al., “CrataBL, a lectin and
Factor Xa inhibitor, plays a role in blood coagulation and im-
pairs,” biological chemistry, vol. 395, no. 9, pp. 1027-1035, 2014.

[24] C.Oliveira, R. A. Navarro-Xavier, E. A. Anjos-Vallota et al., “Ef-
fect of plant neutrophil elastase inhibitor on leucocyte migra-
tion, adhesion and cytokine release in inflammatory condi-
tions,” British Journal of Pharmacology, vol. 161, no. 4, pp. 899-
910, 2010.

[25] R. Almeida-Reis, O. A. Theodoro-Junior, B. T. M. Oliveira et al.,
“Plant Proteinase Inhibitor BbCI Modulates Lung Inflamma-
tory Responses and Mechanic and Remodeling Alterations
Induced by Elastase in Mice,” BioMed Research International,
vol. 2017, Article ID 8287125, 2017.


https://ginasthma.org/

BioMed Research International

[26] B. M. Saraiva-Romanholo, V. Barnabé, A. L. I. Carvalho, M. A.
Martins, P. H. N. Saldiva, and M. D. P. T. Nunes, “Comparison
of three methods for differential cell count in induced sputum,”
CHEST, vol. 124, no. 3, pp. 1060-1066, 2003.

[27] O.A.Theodoro-Junior, R. Fraga Righetti, R. Almeida-Reisetal.,
“A plant proteinase inhibitor from Enterolobium contor-
tisiliquum attenuates pulmonary mechanics, inflammation and
remodeling induced by elastase in mice,” International Journal
of Molecular Sciences, vol. 18, no. 2, 2017.

[28] B.T. Martins-Olivera, R. Almeida-Reis, O. A. Theodoro-Junior
et al., “The plant-derived Bauhinia bauhinioides Kallikrein pro-
teinase inhibitor (rBbKI) attenuates elastase-induced emphy-
sema in mice,” Mediators of Inflammation, vol. 2016, Article ID
5346574, 12 pages, 2016.

[29] E. R. Weibel, “Principles and methods for the morphometric
study of the lung and other organs,” Lab Invest, vol. 1, p.131,1963.

[30] R. E Righetti, P. A. da Silva Pigati, and S. S. Possa, “Effects of
Rho-kinase inhibition in lung tissue with chronic inflamma-
tion,” Respiratory Physiology ¢ Neurobiology, vol. 192, pp. 134-
146, 2014.

[31] V. C. Ruiz Schiitz, T. Drewiacki, A. S. Nakashima et al., “Oral
tolerance attenuates airway inflammation and remodeling in a
model of chronic pulmonary allergic inflammation,” Respira-
tory Physiology & Neurobiology, vol. 165, no. 1, pp. 13-21, 2009.

[32] M. Ambrosi, N. R. Cameron, and B. G. Davis, “Lectins: tools
for the molecular understanding of the glycocode,” Organic &
Biomolecular Chemistry, vol. 3, no. 9, pp. 1593-1608, 2005.

[33] M. L. V. Oliva and M. U. Sampaio, “Action of plant proteinase
inhibitors on enzymes of physiopathological importance,” Anais
da Academia Brasileira de Ciéncias, vol. 81, no. 3, pp. 615-621,
20009.

[34] M. L. V. Oliva, R. da Silva Ferreira, J. G. Ferreira, C. A. A. de
Paula, C. E. Salas,and M. U. Sampaio, “Structural and functional
properties of kunitz proteinase inhibitors from leguminosae: A
mini review;” Current Protein ¢ Peptide Science, vol. 12, no. 5,
pp. 348-357, 201L.

[35] M. Asaduzzaman, C. Davidson, D. Nahirney, Y. Fiteih, L. Put-
tagunta, and H. Vliagoftis, “Proteinase-activated receptor-2
blockade inhibits changes seen in a chronic murine asthma
model,” Allergy: European Journal of Allergy and Clinical Im-
munology, vol. 73, no. 2, pp. 416-420, 2018.

[36] H. E. Kauffman and S. van der Heide, “Exposure, sensitization,
and mechanisms of fungus-induced asthma,” Current Allergy
and Asthma Reports, vol. 3, no. 5, pp. 430-437, 2003.

[37] M. V. Aun, R. Bonamichi-Santos, F. M. Arantes-Costa, J. Kalil,
and P. Giavina-Bianchi, “Animal models of asthma: Utility and
limitations,” Journal of Asthma and Allergy, vol. 10, pp. 293-301,
2018.

[38] D. W. Cockcroft and B. E. Davis, “Mechanisms of airway hyper-
responsiveness,” The Journal of Allergy and Clinical Immunol-
ogy, vol. 118, no. 3, pp. 551-559, 2006.

[39] T. R. Briiggemann, P. Fernandes, L. d. Oliveira, M. N. Sato,
M. d. Martins, and E M. Arantes-Costa, “Cigarette Smoke In-
creases CD8a+ Dendritic Cells in an Ovalbumin-Induced Air-
way Inflammation,” Frontiers in Immunology, vol. 8, 2017.

[40] C.Neuhof, M. L. V. Oliva, D. Maybauer, M. U. Sampaio, C. A. M.
Sampaio, and H. Neuhof, “Effect of plant Kunitz inhibitors from
Bauhinia bauhinioides and Bauhinia rufa on pulmonary edema
caused by activated neutrophils,” biological chemistry, vol. 384,
no. 6, pp. 939-944, 2003.

[41] E. Zhang, B. Walcott, D. Zhou et al., “Structural studies of the
interaction of crataeva tapia bark protein with heparin and

(42]

(43]

[46]

(47]

(48]

[49

(50]

(51]

[54]

[55]

15

other glycosaminoglycans,” Biochemistry, vol. 52, no. 12, pp.
2148-2156, 2013.

P. C. Almeida, I. L. Nantes, J. R. Chagas et al., “Cathepsin B acti-
vity regulation. Heparin-like glycosaminoglycans protect hu-
man cathepsin B from alkaline pH-induced inactivation,” The
Journal of Biological Chemistry, vol. 276, no. 2, pp. 944-951,
2001.

A.J. Gozzo, V. A. Nunes, I. Cruz-Silva et al., “Heparin modu-
lation of human plasma kallikrein on different substrates and
inhibitors,” biological chemistry, vol. 387, no. 8, pp. 1129-1138,
2006.

R. F. Lemanske Jr. and W. W. Busse, “Asthma: clinical expression
and molecular mechanisms,” The Journal of Allergy and Clinical
Immunology, vol. 125, no. 2, pp. S95-5102, 2010.

S.-C. Lin, H.-C. Chou, B.-L. Chiang, and C.-M. Chen, “CTGF
upregulation correlates with MMP-9 level in airway remodeling
in a murine model of asthma,” Archives of Medical Science, vol.
13, no. 3, pp. 670-676, 2017.

J. D. de Boer, C. J. Majoor, C. van ’t Veer, E. H. D. Bel, and T.
van der Poll, “Asthma and coagulation,” Blood, vol. 119, no. 14,
Pp. 3236-3244, 2012.

L.F.Tang, L. Z. Du, Z. M. Chen, and C. C. Zou, “Levels of matrix
metalloproteinase-9 and its inhibitor in bronchoalveolar lavage
cells of asthmatic children,” Fetal and Pediatric Pathology, vol.
25, no. 1, pp. 1-7, 2006.

E. Lambert, E. Dassé, B. Haye, and E. Petitfrére, “TIMPs as
multifacial proteins,” Critical Review in Oncology/Hematology,
vol. 49, no. 3, pp. 187-198, 2004.

P. Flood-Page, A. Menzies-Gow, S. Phipps et al., “Anti-IL-5
treatment reduces deposition of ECM proteins in the bronchial
subepithelial basement membrane of mild atopic asthmatics,”
The Journal of Clinical Investigation, vol. 112, no. 7, pp. 1029-1036,
2003.

J. A. Voynow and A. Kummarapurugu, “Isoprostanes and asth-
ma,” Biochimica et Biophysica Acta (BBA) - General Subjects, vol.
1810, no. 11, pp. 1091-1095, 2011.

C. M. Prado, L. Yano, G. Rocha et al., “Effects of inducible nitric
oxide synthase inhibition in bronchial vascular remodeling-
induced by chronic allergic pulmonary inflammation,” Exper-
imental Lung Research, vol. 37, no. 5, pp. 259-268, 2011.

C.M. Prado, M. A. Martins, and I. E L. C. Tibério, “Nitric Oxide
in Asthma Physiopathology,” ISRN Allergy, vol. 2011, Article ID
832560, 13 pages, 2011.

R. T. S. Lakshmi, T. Priyanka, J. Meenakshi, K. R. Mathangi,
V. Jeyaraman, and M. Babu, “Low molecular weight heparin
mediated regulation of nitric oxide synthase during burn
wound healing,” Annals of Burns and Fire Disasters, vol. 24, no.
1, pp. 24-29, 2011.

G. Rico-Rosillo and G. B. Vega-Robledo, “The involvement of
NF-?B Transcription factor in asthma,” Rev Alerg Mex, vol. 58,
no. 2, pp. 107-111, 2011

C. Pantano, J. L. Ather, J. F. Alcorn et al., “Nuclear factor-xB
activation in airway epithelium induces inflammation and hy-
perresponsiveness,” American Journal of Respiratory and Criti-
cal Care Medicine, vol. 177, no. 9, pp. 959-969, 2008.



