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MHTP, 2-Methoxy-4-(7-methoxy-1,2,3,4-
tetrahydroisoquinolin-1-yl) phenol, a Synthetic Alkaloid,
Induces IFN-y Production in Murine Model

of Ovalbumin-Induced Pulmonary Allergic Inflammation

Laércia K. D. Paiva Ferreira,1 Larissa A. M. Paiva Ferreira,1 Adriano Francisco Alves,1
Fagner Carvalho Leite,2 Luiz A. de Araujo Silva,3 Giciane Carvalho Vieira,4
Luis Cezar Rodrigues,’ and Marcia Regina Piuvezam'™*

Abstract— MHTP [2-methoxy-4-(7-methoxy-1,2,3,4-tetrahydroisoquinolin-1-yl) phe-
nol], a synthetic isoquinolinic alkaloid, presented anti-inflammatory activity in several
experimental models of acute inflammation as lipopolysaccharide (LPS)-induced acute lung
injury and phlogistic agent-induced edema and presented low preclinical toxicity. The aim of
this study was to determine the MHTP effect on ovalbumin (OVA)-induced pulmonary
allergic inflammation. In other to realize this study, female BALFB/c mice were sensitized
and challenged with OVA (OVA group) and treated with MHTP (MHTP group) by nasal
instillation. Inflammatory, allergic, and immunomodulatory parameters such as migration of
inflammatory cells to the lung tissue, pulmonary histological analysis, serum level of IgE-
allergen specific, cytokine secretion, and lung T cell population characterization were ana-
lyzed and the data were considered statistically significant with p < 0.05. OVA-sensitized and
OVA-challenged and MHTP (5.0 mg/kg)-treated mice presented reduction on total leukocyte
migration into the bronchoalveolar lavage (BALF) dependent of lymphocyte and eosinophil
migration (p <0.001 and p <0.01) as compared with the OVA group. Flow cytometric
analysis showed that MHTP treatment decreased the percentage of granulocytes (p < 0.001)
into the BALF and lung tissue histological analyzes demonstrated that the MHTP treatment
decreased leukocyte migration and mucus production. In addition, treatment with MHTP
decreased the number of CD3*CD4" T cells independently of CD8" T cell reduction into the
BALF. The treatment also reduced significantly (p <0.05) the serum level of IgE-OVA

! Department of Physiology and Pathology, Postgraduate Program in
Natural and Synthetic Bioactive Products, Federal University of Paraiba,
Jodao Pessoa, PB, Brazil

2 S0 Francisco da Paraiba College, Cajazeiras, PB, Brazil

3 Postgraduate Program in Development and Technological Innovation in
Medicines, Federal University of Paraiba, Jodo Pessoa, PB, Brazil

* Department of Morphology, Health Sciences Center, Federal University
of Paraiba, Jodo Pessoa, PB, Brazil

3 Universidade Federal da Paraiba, Campus I, PO 5009, Jodo Pessoa, PB
58-051-970, Brazil

To whom correspondence should be addressed at Universidade Federal
da Paraiba, Campus I, PO 5009, Jodo Pessoa, PB 58-051-970, Brazil. E-
mail: mrpiuvezam@ltf.ufpb.br

0360-3997/18/0000-0001/0 © 2018 Springer Science+Business Media, LLC, part of Springer Nature

Published online: 22 July 2018


http://crossmark.crossref.org/dialog/?doi=10.1007/s10753-018-0855-y&domain=pdf

Paiva Ferreira, Paiva Ferreira, Alves, Leite, de Aratjo Silva, Vieira, Rodrigues, and Piuvezam

specific followed by reduction of IL-4, IL-13, and IL-17 production. Surprisingly, the MHTP
treatment increased significantly (p <0.05) the IFN-y production in the BALF of these
animals. Therefore, the results presented here showed that MHTP treatment, by nasal
instillation, in a mouse model of OVA-induced pulmonary allergy has anti-allergic and
immunomodulatory effects dependent on a Thl-skewed cytokine production that ameliorate

the pulmonary allergic inflammation.

KEY WORDS: MHTP; isoquinolinic alkaloid; ovalbumine; type 2 profile; pulmonary allergic inflammation; asthma.

INTRODUCTION

Pulmonary allergic inflammation comprehends sev-
eral diseases among asthma, bronchitis, and emphysema
that affects millions of people all over the world [1, 2].
These diseases promote airway inflammation, airway
hyperresponsiveness (AHR), mucus hyper production,
and sometimes high serum levels of IgE-allergen specific,
and in some asthmatic individuals, it is hard to control the
disease [3].

Asthma is a disease worldwide and affects about 7—
13% of the world population [1, 4]. In asthma, the pulmo-
nary inflammatory process develops to nonspecific stimuli,
in which epithelial cells and innate and adaptive immune
systems act together to cause airway hyperreactivity
(AHR), overproduction of mucus, remodeling of various
areas of the lung, and narrowing of the airways, causing
shortness of breath, wheezing, and chest tightness [2, 3].
When the stimulus is an allergen, elevated serum levels of
IgE-allergen specific and Ty2/type 2 (“type 2 high”) pul-
monary inflammatory phenotype are observed. This type 2
phenotype is characterized by an intense adaptive immune
response with production of type 2 cytokines IL-4, IL-5,
and IL-13 (Ty2 profile) [5, 6]; periostin [4]; fractional
exhaled nitric oxide (FeNO); and eosinophilia [4]. The
type 2 cytokines mediate most of the asthma features, for
instance, IL-5 plays a key role in eosinophilia process
toward the airways, IL-4 and IL-13 are essential for the
synthesis of IgE-allergen specific, and IL-13 contributes to
the AHR, mucus production, and airway fibrosis [6-8].

Despite type 2 phenotype predominates in lung tissue
of allergic individuals as well as animals from mouse
model of asthma, immunomodulation toward a Ty;1 profile
with production of type 1 cytokines, mainly IFN-y, ameli-
orates the pulmonary inflammatory process and clinical
discomfort caused by the disease [9]. IFN-y negatively
regulates IL-4 production preventing the production of
IgE-allergen specific and proliferation, activation, and
transmigration of IL-5-induced eosinophils to the lung
tissue. Additionally to Tyl IFN=y producer, CD8" T cells

are responsible for the production of this regulatory type 1
cytokine into the lung of allergic individuals [10];
therefore, CD8" T cells are found in controlled asthmatic
individuals [9-11]. Thus, pharmacological drugs that
induce a beneficial immunomodulatory profile in
pulmonary allergic diseases and induce low side effects
are extremely desirable.

Toward this argument, there are some plant com-
pounds such as alkaloids that have been tested in pre-
clinical trials that presented anti-asthmatic and anti-
inflammatory effects [12, 13]. Indeed, warifteine, an iso-
quinolinic alkaloid, decreased IL-13 production into the
bronchoalveolar fluid, cysteinyl leukotriene production by
eosinophils, and eosinophil tissue infiltration as well as
diminished the AHR in OVA-induced pulmonary inflam-
mation (mouse model of asthma) [13, 14]. In addition, the
natural methylated form of warifteine, methylwarifteine,
reduced the number of CD3"* T cells and eosinophil-like
cells into the bronchoalveolar space of ovalbumin-
sensitized mice [15].

Therefore, we analyzed, in this study, a synthetic
isoquinolinic alkaloid named 2-methoxy-4-(7-methoxy-
1,2,3,4-tetrahydroisoquinolin-1-yl) phenol (MHTP)
(Fig. 1) [16]. Its chemical structure is similar to that of
the synthetic isoquinolinic alkaloids (S)-1-(a-naphthyl-
methyl)-6,7-dihydroxy-1,2,3,4-tetrahydroisoquinolinic
(CKD712) [17] and 1-naphthylethyl-6,7-dihydroxy-
1,2,3,4-tetrahydroisoquinolinic (THI52) that inhibited
TNF-« and iNOS gene expressions demonstrating anti-
inflammatory activity in lipopolysaccharide-activated
macrophages [18]. MHTP has been the subject of studies,
in our laboratory, since its synthesis [16]. We demonstrated
that the alkaloid presented low toxicity, without genotox-
icity, and oral treatment with MHTP showed an anti-
edematogenic effect on carrageenan-induced paw edema
by inhibiting prostaglandine E2 (PGE2) action indepen-
dently of mast cell degranulation. The alkaloid also
inhibited leukocyte migration into the peritoneal cavity in
the peritonitis experimental model. In lipopolysaccharide-
stimulated macrophage, MHTP decreased the production
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Fig. 1. The chemical structure of the synthetic isoquinolinic alkaloid M-
HTP (2-methoxy-4-(7-methoxy-1,2,3,4-tetrahydroisoquinolin-1-yl)
phenol.

of inflammatory cytokines IL-1[3 and IL-6 and nitric oxide
(NO). Moreover, the authors demonstrated that the alkaloid
was effective in decreasing inflammatory process on
lipopolysaccharide-induced acute lung injury (ALI) [16].
Nonetheless, yet no studies have been performed to eluci-
date its activity on mouse model of asthma.

Thereby, taken all the data together, the goal of the
present study was to extend the knowledge of MHTP effect
by analyzing the nasal instillation of MHTP on OVA-induced
pulmonary inflammation in mice and propose the MHTP as a
prototype therapeutic drug to be tested on clinical trial.

METHODS

Animals

Isogenic female BALFB/c mice (6—8-week-old),
weighing between 20 and 25 g, and female Wistar rats,
weighing on an average 150 g, were used in the experi-
ments. The animals were kept in cages at a temperature of
2542 °C, 12/12-h light-dark cycle with free access to
water and a controlled diet, based on pellets, throughout
the trial period. The animals were from Prof. Dr. Thomas
George Animal Supplies of the Federal University of Para-
iba, Jodo Pessoa, PB, Brazil. The manipulation of the
animals was performed according to animal care guide
[19]. The Committee on Ethics in Animal Use
(CEUA/UFPB) approved the experimental procedures under

certificate no. 3105/14. Euthanasia and anesthesia were
performed by intramuscular administration (i.m.) of anes-
thetic solution containing 29 mg/mL ketamine and
1.91 mg/mL xilasin in saline solution (NaCl 0.9%).

MHTP Treatment by Nasal Instillation Route

Animal groups (n = 6) were divided in (1) basal group
(non-ovalbumin (non-OVA)-sensitized and non-OVA-
challenged animals), (2) OVA group (OVA-sensitized and
OVA-challenged animals), and (3) M 2.5 or M 5 groups
(OVA-sensitized and OVA-challenged animals and treated
with 2.5 or 5.0 mg/kg/40 uL of MHTP, respectively) and
Dex group (OVA-sensitized and OVA-challenged animals
and treated with 2.0 mg/kg/40 puL of dexamethasone). The
MHTP suspension, at 5 mg/kg, was prepared using the
concentration of 3.125 mg/mL of MHTP in 100 uL of I N
nydrochloric acid (HCI) and 500 pL of saline. The pH was
adjusted to 7 with 1 N sodium hydroxide (NaOH) and the
volume completed to 1000 puL.. Ovalbumin and dexameth-
asone were purchased from Sigma and Aché®, respective-
ly. The MHTP was synthetized by Prof. Dr. Luis Cezar
Rodrigues [16]. Treatments occurred 1 h before each OVA
challenged, totalizing four treatments per animal.

Ovalbumin-Induced Pulmonary Allergic Inflammation

Female BALB/c mice were sensitized, intraperito-
neally (ip, 250 pL/animal), with a suspension of OVA
grade V (50 pg/mL, Sigma Chemical, St. Louis, MO)
and AI(OH); (10 mg/mL, Vetec, Rio de Janeiro, RJ) on
the 1st and 12th days of the experimental protocol. The
animals were challenged with aerosolized OVA grade II
(5% in 0.9% saline) from 19th to 22th days for 30 min in a
closed chamber [20]. One hour before each OVA chal-
lenge, animals were treated by nasal instillation (n.i.) with
MHTP (2.5 or 5 mg/kg), Dex (2 mg/kg), or saline. Twenty-
four hours after the last OVA challenge, animals were
euthanized with anesthetic solution, and the tracheas were
isolated to obtain the bronchoalveolar lavage fluid
(BALF). The total cell counts were performed in a Neu-
bauer chamber, using the Turk solution in an optic micro-
scope (x 40 objective). For differential cell counts, BALF
samples were centrifuged at 1500 rpm, at 4 °C for 5 min,
and cytospin slides were stained with hematoxylin and
eosin. Differential cell counts were performed by light
microscopy. Each slide was analyzed until the count of
100 cells using oil immersion objective (Fig. 2).
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Fig. 2. Pulmonary allergic inflammatory model. Representative scheme of ovalbumin (OVA)-sensitized, OVA-challenged, and treated mice [20]. OVA,
ovalbumine; i.p., intraperitoneally; i.n., intranasal; BALF, broncoalveolar lavage fluid; IgE, immunoglobulin E; H&E, hematoxylin-eosin; and PAS, periodic

acid-Schiff.

Cell Population Analyses by Flow Cytometric
Methodology

Heterogeneous cell population on the BALF was ana-
lyzed by flow cytometric methodology where the forward-
scattered light (FSC) and side-scattered light (SSC) meas-
urements allowed to distinguish them by cell size (diffrac-
tion of light) and granularity (light diffusion), respectively.
Lymphocytes is identified as FSC'*/SSC™ and cells with
granularity, such as granulocytes (eosinophils), as SSC™
[21]. In order to analyze these cell populations, the BALF
was obtained from all different animal groups and the FSC
and SSC parameters were applied. In addition, the CD3,
CD4, and CDS8 labeling were used to analyze CD3™ T (total
T cell population), CD4™ T (helper), and CD8* T (cytotoxic)
cells, respectively. For these analyzes, 5 x 10 cells/mL were
incubated with anti-mouse CD3-FITC, CD4-FITC, and
CDS8-PE conjugated (R&D Systems, USA) for 30 min at
4 °C. Cells were washed twice, resuspended in cold PBS to
obtain a cell suspension. About 10,000 events were analyzed
using a Becton Dickinson FACScan, and the data were
analyzed using Flowing 2.5.1 software.

Histological Study of Pulmonary Tissue

Lungs were inflated through the heart with saline
and the largest lobe of the left lung was removed and
fixed in 10% buffered formalin for 24 h at room
temperature. The fixed tissues were embedded in par-
affin and tissue sections, 5 mm thick, were fixed to

microscope slides and deparafinized. The slides were
stained with hematoxylin and eosin (H&E) or with
periodic acid-Schiff (PAS) and analyzed under light
microscopy (Motic BA 410). Digital photographs were
captured by the camera Moticam 5.0 MP. Histology
analysis was performed with the KS300 software. For
the morphological analysis of sections stained with
H&E, a score was scored from 0 to 6, where the sum
of the parameters was quantified, according to the
lesion evidenced. The lesions evidenced were vasodi-
latation (present [1] or absent [0]), maintenance of
bronchiolar integrity (present [1] or absent [0]), and
alveolar obstruction (present [1] or absent [0]). Finally,
as part of the score, cell migration was evaluated,
where zero (0) means absence of migration, (1) few
cells 0-9 cells per field, (2) more than 10 cells per
field, and (3) formation of perivascular and peribron-
chiolar cell rings, and was evaluated in five fields of
each blade, double blind [20].

Measurement of Cytokines and Serum Level of IgE-
OVA Specific

Broncoalveolar lavages (BAL), from different animal
groups, were analyzed for the production of IL-4, IL-13
(T2 profile), IL-17 (Ty17 profile), and IFN-y (Ty1 pro-
file) by ELISA according to the manufacturer’s instruc-
tions (eBioscience, San Diego, CA). The OVA-specific IgE
titer was determined using the passive cutaneous anaphy-
laxis (PCA) test using Wistar rats [15].
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Statistical Analyses

The data were analyzed by GraphPad Prism®© version
5.0 software (GraphPad Software, San Diego, CA, USA).
Results were expressed as mean =+ standard error of the
mean (e.p.m.) and statistically analyzed by one-way
ANOVA followed by the Tukey test, where values of
p<0.05 were considered significant.

RESULTS

Effect of MHTP on Inflammatory Cell Recruitment
into the Bronchoalveolar Lavage of OVA-Sensitized
and OVA-Challenged Mice

OVA-sensitized and OVA-challenged mice (OVA
group) presented a marked recruitment of inflammatory
cells to the bronchoalveolar lavage (BALF) as com-
pared with basal group (no OVA-sensitized and OVA-
challenged mice) (Fig. 3a). The influx of cells was
represented by eosinophils (Fig. 3b) and lymphocytes
(Fig. 3c). The highest dose of MHTP (5.0 mg/kg)

(MHTP group) as well as dexamethasone (2.0 mg/kg)
was able to inhibit the inflammatory cell migration
mainly eosinophil (p<0.01) and lymphocyte
(p<0.001) influx into the bronchoalveolar space as
compared with the OVA group.

Effect of MHTP on Eosinophil Recruitment into
Bronchoalveolar Lavage of OVA-Sensitized and OVA-
Challenged Mice

The eosinophil is one of the biomarkers of pulmo-
nary allergic inflammatory process; thus, we analyzed
by flow cytometry the effect of MHTP treatment on
OVA-sensitized and OVA-challenged mice. Figure 4a,
b shows that the treatment decreased, approximately
threefold the number of granulocytes (eosinophils) into
the BALF as compared with the OVA group (8.04 +
1.09 vs 25.38+2.5, p<0.001) corroborating with pre-
vious results. Therefore, these preliminary data indicate
that the alkaloid shows an effective effect on decreasing
the inflammatory cell migration mainly granulocyte
cells, into allergic inflamed lung.
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Fig. 3. Effect of nasal instillation of MHTP on cell recruitment into the bronchoalveolar fluid (BALF). Ovalbumin (OVA)-sensitized and OVA-challenged
mice (7 =6 animals per group) were treated with MHTP (M 2.5 or M 5.0 mg/kg), saline (basal), or dexamethasone (Dex 2.0 mg/kg) 1 h before each OVA
challenge. On day 23, animals were euthanized and BALF of all groups were obtained to count the total and the differential cells. a Total cells. b Eosinophils.
¢ Lymphocytes. Data are presented as mean + e.p.m. One-way ANOVA followed by the Tukey test was used for statistical analyses. **p <0.01 and

*#%p < 0.001, statistically significance when compared to the OVA group.



Paiva Ferreira, Paiva Ferreira, Alves, Leite, de Aratjo Silva, Vieira, Rodrigues, and Piuvezam

Basal

o

P}

"

i

Side Scatter

"

T T ™ TT—T

Forward Scatter

Side Scatter

me

L T

Forward Scatter

me

Dexa 2mg/kg
1 284% i~

"

Side Scatter

™ ™ T ™

8 8
-~ -
[ [
b =3 b =3
0 A 0 4
Q Q
* 4
O LY
© 1 ® 1
@ | @ J
Forward Scatter ¢
b 30- *kk
| —
~
7}
8
L>’. 20
oY
5 <
g m
e i
5 10
X
0-
Basal

T

Forward Scatter

Forward Scatter

OVA M25

Dex

M5

Fig. 4. Effect of nasal instillation of MHTP on the percentage of airway granulocytes cells. The cell granularity was analyzed according to forward scatter
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way ANOVA followed by the Tukey test was used for statistical analyses. **#p < 0.001, statistically significant when compared to the OVA group (n=6

animals per group).

Effect of MHTP on Histological Aspects of Lung Tissue
of OVA-Sensitized and OVA-Challenged Mice

To confirm the data obtained from the BALF of
MHTP-treated OVA-sensitized and OVA-challenged
mice, we analyzed the presence of inflammatory cells
into lung tissue by histological analyzes. Lung tissue
sections of animals from the OVA group presented a

massive cell infiltration into the pulmonary peribron-
chiolar and perivascular regions (blue arrow), vessel
dilatation (green arrow), loss of bronchiolar epithelial
integrity (orange arrow), and alveolar clogging (red
arrow) (Fig. 5a) as compared to the basal group. On
the other hand, lung tissues of animals from MHTP
(5.0 mg/kg) or dexamethasone groups presented
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drastically reduction of cellular infiltration into the peri-
bronchiolar and perivascular regions (p < 0.001) as well
as the other parameters when compared with the OVA
group (Fig. 5a, b). Another lung inflammatory parame-
ter in OVA-induced pulmonary inflammation is the in-
tense production of mucus by goblet cells. The OVA
group showed mucus production by goblet cells in the
primary, terminal, and respiratory bronchioles (yellow
arrow) (Fig. 5a) as compared with the basal group. On
the other hand, on MHTP or dexamethasone groups,

ba

Fig. 5. Photomicrograph, inflammatory scores, and mucus index of lung sections stained with hematoxylin and eosin (H&E) at x 20 or periodic-acid Schiff
(PAS) at x 40. a The inflammatory parameters observed were: migration of cells in the perivascular and peribronchiolar space (blue arrow), vasodilatation
(green arrow), bronchiolar epithelial integrity (orange arrowhead), alveolar clogging (red arrow head), and mucus production by the unicellular exocrine
glands (goblet cells) in the primary, terminal, and respiratory bronchioles (yellow arrow). b Inflammatory scores. ¢ Mucus index. Data are presented as mean
+ e.p.m. One-way ANOVA followed by the Tukey test was used for statistical analyses. ***p < 0.001, statistically significance when compared to the OVA
group (n = 6 animals per group).

decreasing of mucus production in the terminal and
respiratory bronchioles was observed (Fig. 5c).

Effect of MHTP on T Cell Recruitment into the Lung
Space of OVA-Sensitized and OVA-Challenged Mice

MHTP treatment on OVA-sensitized and OVA-
challenged mice reduced CD3" T cell number (p < 0.05)
on the inflamed lung tissue as compared with the OVA
group (Fig. 6a, b). The reduction of this cell population is

24

Inflammatory score

Basal OVA M5 Dex

1000+

800

600+

400+

Mucus index (area/um2)

Basal OVA M5 Dex



Paiva Ferreira, Paiva Ferreira, Alves, Leite, de Aratjo Silva, Vieira, Rodrigues, and Piuvezam

dependent of CD4" T cells (p<0.001) (Fig. 6¢, d) but
independent of CD8" T cells (Fig. 6¢, ¢).

Effect of MHTP on the Serum Titer of IZE-OVA Spe-
cific of OVA-Sensitized and OVA-Challenged Mice

Ovalbumin is an allergen that induces, in the BALFB/
¢ mice, the production of high amount of IgE-allergen
specific. Therefore, as we can observe in Fig. 7a, sera from
animals of the OVA group presented increase serum titer of
IgE-OVA specific (1:2.752) as compared with sera from
the basal group. However, MHTP (5.0 mg/kg) or dexa-
methasone (2.0 mg/kg) treatments significantly decreased
the serum titers IgE-OVA specific in OVA-sensitized ani-
mals (1:848 and 1:277, p < 0.05 and p < 0.01, respectively)
(Fig. 7a), indicating a systemic effect of MHTP nasal
instillation by downregulating the production of this
immunoglobulin.

Effect of MHTP on T Cell Cytokine Production of
OVA-Sensitized and OVA-Challenged Mice

The lung T2 profile is detected in the OVA-induced
pulmonary inflammation. Therefore, we analyzed the pres-
ence of type 2 cytokine profile in the BALF of animals
from different groups. BALF from the OVA group pre-
sented high levels of IL-4 (p<0.001) (Fig. 7b), IL-13
(p<0.001) (Fig. 7c), and IL-17 (p <0.001) (Fig. 7d), but
not IFN-y (Fig. 7¢). Animals treated with MHTP
(5.0 mg/kg) or dexamethasone presented significant reduc-
tion of IL-4, IL-13, and IL-17 (p <0.01). Surprisingly,
MHTP treatment induced an increase of [FN-y production
into the BALF of these animals (p < 0.05), indicating an
immunomodulatory effect toward Ty 1 profile.

DISCUSSION

The predominant characteristic of pulmonary allergic
inflammation, as asthma, is a type 2 immune response with
CD3*CD4" T cells producing type 2 cytokines such as IL-
4, IL-13, and IL-5 (Ty2 profile) into the blood and the
bronchoalveolar fluid. These cytokines (IL-5, mainly) are
associated with the recruitment and activation of eosino-
phils to the lung tissue [6, 8, 22]. In addition, IL-4 and IL-
13 are also responsible for the production of another bio-
marker molecule in the pulmonary allergic inflammation
that is IgE-allergen specific presents into the serum and
bond to mast and basophil receptors [3—5]. Therefore,
regulation of type 2 immune response into the lungs of
these individuals as well as decreasing of serum level of

IgE-allergen specific is associated with the control of the
clinical symptoms of the disease.

The classical pharmacotherapies to manage the pulmo-
nary allergic inflammatory process are based on oral or
inhaled administration of short-acting antihistamine therapy
and short-acting or long-acting 32 agonists and/or steroids.
Nonetheless, the long-term treatment with these drugs pro-
motes severe side effects and contributes to diminish the
desirable effects [23, 24]. These side effects, per si, justify
the increasing study in natural, synthetic, or semi-synthetic
molecules, which may present an immunomodulatory activ-
ity diminishing the side effects on allergic patients [24].

Hence, the present study analyzed the effect of nasal
instillation of a synthetic alkaloid named MHTP (2-
methoxy-4-(7-methoxy-1,2,3,4-tetrahydroisoquinolin-1-
yl) phenol) in an experimental model of OVA-sensitized
and OVA-challenged BALFB/c mice, a classical mouse
model of asthma.

The synthesis methodology used to synthesize the
isoquinolinic alkaloid was the condensation method de-
scribed by Pictet-Spengler and yielded 93.45% of pure
molecule [25]. This methodology is simple due to involv-
ing a few steps and two low-cost reagents: 4-
methoxyphenylethylamine and vanillin. In addition to the
low-cost reagents, the rapid synthesis time of MHTP is
very favorable to a possible large-scale production of this
alkaloid [16].

Comparative study showed that the chemical structure
of MHTP is similar to that of the synthetic isoquinolinic
alkaloids (S)-1-(a-naphthylmethyl)-6,7-dihydroxy-1,2,3,4-
tetrahydroisoquinolinic (CKD712) and 1-naphthylethyl-
6,7-dihydroxy-1,2,3,4-tetrahydroisoquinolinic (THI52)
which demonstrated anti-inflammatory activity by inhibiting
TNF-« and iNOS gene expressions [17, 18].

The nasal route chosen to administer the MHTP in
OVA-sensitized and OVA-challenged BALFB/c mice was
due to this pathway been the best one required to treat
asthmatic patients during the crises. The main advantages
of this route of administration are (1) prevention of first-
pass hepatic metabolism which, in many cases, forms toxic
or inactive metabolites of the drug; (2) reduction of the
systemic absorption of the drug, where up to 70% of the
drug remains in the airways; and (3) rapid onset of action of
the drug at the inflammatory site, since the availability of
the drug will be increased locally by providing its rapid
cellular interaction and consequent desired effect [26, 27].

Although the intranasal route presents all the benefits
described above, studies on the anti-inflammatory and
immunomodulatory effects of molecules using this route
in mouse model of asthma are still scarce. Therefore,
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(d) percentage of CD4", and panel ¢ and bars graph (e) percentage of CD8" in the BALF. Data are presented as mean + e.p.m. One-way ANOVA followed by
the Tukey test was used for statistical analyses. *p < 0.05, **p <0.01, and ***p < 0.001, statistically significant when compared to the OVA group (n=6
animals per group).
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Fig. 7. Effect of nasal instillation of MHTP on serum level of IgE-OVA specific and on T cell cytokine production. OVA-sensitized and OVA-challenged
mice (n = 6 per group) were treated with the MHTP (M 5.0 mg/kg), saline (basal), or dexamethasone (Dex 2.0 mg/kg) 1 h before each OVA challenge. On the
23rd day, animals were euthanized and sera were used to measure a IgE-OVA-specific titer and the BALF to measure the cytokine concentrations b IL-4, ¢ IL-
13, d IL-17, and e IFN-y. Data are presented as mean = e.p.m. One-way ANOVA followed by the Tukey test was used for statistical analyses. *p < 0.05,
*##p <0.01, and ***p < 0.001, statistically significance when compared to the OVA group (n = 6 animals per group).

molecules that have a potential immunomodulatory effect
of type 2 immune response, characteristic of asthma, ad-
ministered intranasally are considered promising in the
context of specific therapy.

The OVA-sensitized and OVA-challenged animals na-
sally treated with MHTP presented reduction of inflamma-
tory cell migration (mainly granulocytes and CD3*CD4* T
cells) to the bronchoalveolar lavage (BALF) and to the
peribronchiolar and perivascular space of the lung tissue.
Studies carried out with other isoquinolinic alkaloids such as
warifteine, curine, matrine, chelidonine, and R8 (vasicine
analogue) in the same mouse model of asthma demonstrated
that oral administration of these alkaloids decreased the
migration of eosinophils into the BALF and lung tissue
[12-14, 28-31]. However, in a unique study where it was

used, the nasal inhalation of a methylated form of warifteine
observed a strong decreasing of eosinophils and CD3* T cell
migration, independently of CD8" T cells, in the BALF of
OVA-sensitized and OVA-challenged mice as well as dimin-
ishing of mucus production [15]. Chelidonine, another iso-
quinolinic alkaloid, but orally administered in mouse model
of asthma, decreased the CD3"CD4" T cell population in the
BALF of animals [31]. All these data together demonstrated
an important anti-inflammatory effect of the isoquinolinic
nucleus in alkaloid molecules by inhibiting eosinophil and
CD3*CD4* T cell (Ty2 profile) migration to the inflamed
tissue and hence reduction of lung destruction independently
of the route used.

The accumulation of activated eosinophils in the air-
ways generates proinflammatory chemokines and cytolytic
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enzymes, including eosinophilic cationic protein (ECP)
and main basic protein (MBP), which cause rupture of
the integrity of the epithelium directly causing airway
hyperreactivity [32]. Eosinophils also contribute to airway
remodeling [33]. This airway remodeling is a consequence
of increased deposition of extracellular matrix, increased
subepithelial mesenchymal cells, and, mainly, increased
smooth muscle mass of the airway, which is the main
determinant of airflow obstruction. Eosinophil-derived
TGF-f activates fibroblast and release of matrix proteins,
causing thickening of the reticular basement membrane
associating eosinophilic inflammation in asthma [32].
Therefore, decreasing eosinophil to the inflamed lung tis-
sue ameliorates the airway compliance.

Another important cell population into the inflamed
lung tissue is the CD3"CD4* T cell, with a Ty;2 profile, that
is responsible for orchestrate the entire pathophysiology of
the pulmonary allergic inflammation in human and mouse
models due to the production of type 2 cytokines IL-4, IL-
5, and IL13 [2, 7]. Therefore, in this study, it was
demonstrated that MHTP induced a decreasing of this cell
population into the lung tissue of OVA-sensitized and OVA-
challenged BALFB/c mice, suggesting an immunomodula-
tory activity of the alkaloid. Indeed, it was also observed
decreasing of IL-4 and IL-13 production and hence decreas-
ing of serum level of IgE-OVA specific, indicating clearly
the modulation of the type 2 immune response. In addition,
the alkaloid also decreased the mucus production by the
goblet cells correlating with decreasing of IL-13, a cytokine
that promotes hyperproduction of mucus, hyperplasia, hy-
pertrophy, and metaplasia of these cells [6].

Several isoquinolinic alkaloids presented immuno-
modulatory activity by decreasing the production of IgE-
OVA specific in mouse model of asthma and of rhinitis [12,
15, 29-31, 34]. By preventing the production of IgE-OVA
specific by alkaloids, the entire mast cell and basophil
sensitization process is compromised, meaning decreasing
of cell degranulation and release of inflammatory media-
tors [35]. Inflammatory mediators such as the classical
cytokines IL-4, main maintainer of the polarization and
maintenance of Ty2 [29-31], and IL-13 involved in the
mucus production by goblet cells are diminished by this
event [12, 14, 15, 29-31]. The MHTP treatment also
reduced the IL-17 production, a cytokine produced mainly
by Ty17 profile. This cytokine is abundant in the lung of
corticoid-resistant allergic asthmatic patients [36, 37].
However, another isoquinolinic alkaloid, chelidonine, also
prevented the production of this cytokine in the mouse
model of asthma [31]. The relevance of this data in this
experimental model of asthma is under investigation.

An important effect of the MHTP intranasal treat-
ment on OVA-sensitized and OVA-challenged mice
was the induction of IFN-y production into the BALF
of these animals. A described and well-understood way
to control the type 2 immune response in asthma is to
drive to a type 1 and/or regulatory immune response.
Thus, the immune regulatory process usually occurs
with the production of regulatory cytokines such as
IFN-y and/or IL-10 both coming from Tyl cells and
Treg cells, respectively [3, 38].

IFN-y is a classical Tyl cytokine profile but also
is produced, in a high amount, by CD8" T cells [3, 9,
10]. Among its functions, INF-y inhibits the synthesis
of IL-4 by decreasing the GATA3 activation, a tran-
scription factor for Ty2 profile, hence controlling the
presence of type 2 profile [11]. Indeed, in this study,
we demonstrated the immunomodulatory profile of
MHTP besides controlling the type 2 profile induced
the IFN-y production dependent of CD8" T cells.

In view of all the issues described above, the
relevance of this work is singular, due to a synthetic
isoquinolinic alkaloid (MHTP) presented, by nasal in-
stillation, immunomodulatory activity by inhibiting the
type 2 immune response dependent of the IFN-y pro-
duction in a mouse model of asthma. These data en-
courage us to persuade the study with this molecule
with the prospect of being a pharmacological prototype
to control airway inflammatory process.

CONCLUSION

In summary, the results presented in this study infer
that MHTP, a synthetic isoquinolinic alkaloid, has immu-
nomodulatory effect on a mouse model of asthma. Thus,
MHTP, administered by nasal inhalation, downregulated
the type 2 immune response by decreasing the inflamma-
tory cell migration as eosinophil and CD3*CD4* T cells to
the inflamed lung tissue as well as type 2 cytokines 1L-4
and IL-13, serum level of IgE-allergen specific dependent
of IFN-y production, and maintenance of CD8"* T cells on
the tissue. These preliminary results encourage us to infer
that this molecule may be a prototype for an alternative
therapeutic protocol in pulmonary allergic inflammation.
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