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Abstract
Introduction  This study investigated the mechanism of action of a synthetic tetrahydroisoquinoline alkaloid, MHTP, in an 
experimental model of acute lung injury (ALI) in two distinct moments: 72 h and 10 days.
Methodology  To realize this study, 2.5 mg/kg of lipopolysaccharide (LPS) was intranasally administered in BALB/c mice, 
and nasal instillation of MHTP (1.25; 2.5; 5.0; 10 or 20 mg/kg) was administrated at 1, 24, and 48 h after LPS challenge. 
The data were statistically analyzed and p < 0.05 was considered statistically significant.
Results  MHTP treatment (2.5, 5.0, 10 or 20 mg/kg) significantly decreased neutrophil migration into the bronchoalveolar 
lavage fluid (BALF), tissue inflammatory cell infiltration, edema, and hemorrhage as well as collagen fiber deposition on 
the perialveolar regions at both moments. TNF-α and IL-6 levels were significantly diminished in the MHTP-treated ani-
mals at 72 h and maintained them, at a basal level, at 10-day observation. These effects of MHTP are due to downregulat-
ing p38MAPkinese/p65NFκB signaling pathway-TLR4 dependent. Also, the MHTP treatment promoted a survival rate at 
100% and improved their body weights during the 10-day observation. Unlike, the LPS group (non-treated LPS challenged 
animals) presented less than 50% of surviving rate at 72 h and the animals that survived did not improve their physiological 
state at 10-day observation.
Conclusions  These data showed for the first time the beneficial and effective activity of a nasal treatment with a synthetic 
tetrahydroisoquinoline alkaloid on an experimental model of ALI and pointed out the molecular mechanism related to it.
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Introduction

Isoquinoline alkaloids are natural products present in sev-
eral plant families and regulate biological systems [1]. For 
instance, typical isoquinoline alkaloids are the tetrahydroiso-
quinoline alkaloids commonly found in numerous structur-
ally diverse natural products that exhibit a wide range of 

biological and pharmacological activities such as blocking 
the NFκB signaling pathway [2], antitumor effect [3] and 
anti-inflammatory and analgesic activities [4, 5] among oth-
ers. In addition, these natural chemical structures can be syn-
thesized and used for pharmaceutical purpose, for instance, 
morphine, codeine, and thebaine, which have analgesic, 
cough suppressing and muscle relaxant effects, respectively, 
as well as papaverine and noscapine that present antitumor 
and antimicrobial activities [6–8].

Two-methoxy-4-(7-methoxy-1,2,3,4-tetrahydrotetrahy-
droisoquinoline-1-yl) phenol, coded as MHTP (Fig. 1), is 
an unprecedented tetrahydroisoquinoline alkaloid, synthe-
sized by our research group for prospecting new compounds 
with therapeutic purpose. MHTP is chemically similar to 
cryptostilines I, II and III isolated from Cryptostylis fulva 
(Orchidaceae) which have considerable biological effects by 
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being antagonists of dopamine D1 receptor [9, 10]. Also, 
it is chemically similar to the synthetic tetrahydroisoqui-
noline alkaloids THI52 (1-naphthylethyl-6,7-dihydroxy-
1,2,3,4-tetrahydrotetrahydroisoquinoline) and CKD712 
[(S)-1-(a-naphthylmethyl)-6,7-dihydroxy-1,2,3,4-tetrahy-
drotetrahydroisoquinoline] described as anti-inflammatory 
molecules [11, 12]. For instance, TH152 presents inhibitory 
effect on TNF-α and iNOS gene expressions observed both 
in vitro and in vivo experimental models [11], and CKD712 
inhibits iNOS and COX-2 gene expressions on activated 
macrophages and presents anti-septic and anti-cancer prop-
erties [12].

Previous studies from our laboratory demonstrated that 
LPS-stimulated macrophages treated with MHTP diminished 
NO, IL-1β, IL-6 and IL-10 production, mediators involved 
in the inflammatory process. In in vivo inflammatory experi-
mental models, oral administration of MHTP decreased paw 
edema formation by inhibiting PGE function. In addition, in 
carrageenan-induced peritonitis, MHTP inhibited the inflam-
matory cell migration, mainly neutrophils, to the peritoneal 
cavity as well as to the lung tissue in lipopolysaccharide 
(LPS)-induced acute lung injury (ALI) at a very early phase 
(24 h) of the illness [13]. In an experimental protocol of 
allergic pulmonary inflammation, nasal administration of 
MHTP (5 mg/kg) promoted anti-inflammatory and immu-
nomodulatory effects by decreasing eosinophil migration to 
the lung tissue as well as IL-4 and IL-13 production, besides 
reducing TCD4+ lymphocytes in the lung cavity [14].

Acute lung injury (ALI) and its most severe form, acute 
respiratory distress syndrome (ARDS) are inflammatory 
lung conditions characterized by lung infiltration of poly-
morphonuclear cells (neutrophils), pulmonary endothelium 
and epithelial barrier disruption, loss of alveolar-capillary 
membrane integrity and reduction of lung compliance 
capacity in human [15]. The lung compliance reduction 
has been correlated with alveolar damage culminating with 

ARDS and may even lead to death [16]. The mortality rate 
of patients with ALI/ARDS is about 22–58% and, depend-
ing on the severity of the inflammatory process, the cause 
of death will be associated with multiple organ failure [17]. 
Currently, the ALI basis treatment is the maintenance of 
adequate oxygenation via mechanical ventilation, careful 
administration of liquids, adjunctive nutritional support 
and specific treatment of any organ injury [16]. However, 
none of these available treatments has shown a convincing 
improvement and, they can induce long-term side effects 
[17]. Therefore, it is mandatory to search for effective drugs 
with low side effects to control ALI/ARDS and improve the 
survival rate of these patients.

Natural compounds and even their synthetic prototypes 
are always considered candidates for the development of 
pharmacological drugs capable of ameliorating the various 
pathological condition including inflammatory processes 
[18, 19]. Therefore, taken all these information together, 
the aim of this study was to characterize mechanistically 
the anti-inflammatory and immunomodulatory properties, 
already described, of the synthetic tetrahydroisoquinoline 
alkaloid MHTP on acute lung injury (ALI) induced by 
lipopolysaccharide (LPS) in mice.

Materials and methods

Animals

Male BALB/c mice (6–8 week old) weighing between 25 
and 30 g were used in the experiments. The animals, housed 
in polypropylene cages at a temperature of 25 ± 2 °C, were 
subjected to light/dark cycles of 12 h with free access to 
water and food during the experimental period. The animals 
were from Prof. Dr. Thomas George Animal Supplies of 
Institute of Drugs and Medicines from the Federal Univer-
sity of Paraíba, João Pessoa, PB, Brazil. All experimental 
procedures were conducted in accordance with the guide-
lines of the National Animal Experimentation Control Coun-
cil (CONCEA) and adhered strictly to the guidelines of the 
Brazilian Law no. 11.794/2008, which establishes rules for 
use and care of laboratory animals. All experimental pro-
tocols were approved by the Ethical Committee from the 
Center of Health Sciences from the Federal University of 
Paraiba, Brazil (protocol no. 014/2017). Each experimen-
tal group consisted of five to eight mice depending on the 
experimental protocol.

Murine model of acute lung injury (ALI) induced 
by lipopolysaccharide (LPS)

Acute lung injury in mice was established as previ-
ously reported [13, 20]. Briefly, anesthetized mice were 

Fig. 1   The chemical structure of MHTP [2-methoxy-4-(7- methoxy-
1,2,3,4-tetrahydroisoquinolin-1-yl) phenol]
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previously challenged, intranasally, with 40 μL of LPS 
(2.5  mg/kg LPS—Escherichia coli 0111: B4-Sigma-
Aldrich®) diluted in sterile saline solution (LPS 
group − LPS-challenged mice). The basal group received 
40 μL of the sterile saline. For the MHTP groups, the LPS-
challenged mice received, by intranasal route, 40 μL of dif-
ferent doses of MHTP (1.25, 2.5, 5, 10 or 20 mg/kg) 1 h, 
24 h and 48 h after LPS challenge. The animals were main-
tained under normal feeding and water conditions during 
the experiment period and, according to the guidelines 
of the National Animal Experimentation Control Council 
(CONCEA), the animals were euthanized with an overdose 
of ketamine/xylazine anesthetic solution to minimize pain, 
stress, and suffering of the animals.

Preparation of biological material for analyses

The analysis of the inflammatory parameters was realized in 
two distinct moments: 72 h and 10 days after LPS challenge. 
For the bronchoalveolar lavage fluid (BALF) collection, the 
animals were euthanized with an anesthetic overdose and 
a longitudinal incision, in the cervical-ventral region was 
made to expose the animal’s trachea. For better visualization 
of the trachea, the lobes of the thyroid gland were separated 
and a peripheral IV-18G polyurethane catheter was inserted 
into the trachea, which was connected to a 1.0 mL syringe 
containing ice-cold HBSS−/− and the BALF was collected 
and maintained in a cold-water bath. For lung collection, 
mice were euthanized, the thoracic cavity of the animal was 
opened at the border of the ribs with the diaphragm, and 
cardiac perfusion was performed. The perfusion consisted of 
the administration of 10 mL of saline solution to the heart to 
remove blood from the bloodstream and lavage of the lung. 
Both lung lobes, right and left, were collected.

Total and differential cell count

An aliquot of BALF was diluted in Turk solution and the 
cell suspension was counted in the hemocytometric cham-
ber (Neubauer) using the optical microscope (40×-BX40, 
OLYMPUS). In addition, the BALF was centrifuged at 
1500 rpm at 4 °C for 5 min., the supernatant was removed 
and stored for cytokine quantification. The BALF pellet was 
resuspended in 500 μL of ice-cold HBSS and, an aliquot of 
the cell suspension was added into an appropriate slide by 
cytospin centrifugation. The cells were fixed and then were 
stained with the panoptic kit. The leukocytes were differ-
entiated into lymphocytes, macrophages, and neutrophils. 
Each slide was carefully analyzed by 100× objective using 
immersion oil and an optical microscope (100×-BX40, 
OLYMPUS).

Measurement of cytokine levels

Cytokine quantification (TNF-α and IL-6) from the BALF 
was determined by mouse-specific sandwich ELISA, accord-
ing to the manufacturer’s instructions (eBioscience). Optical 
density was read using a microplate spectrophotometer at 
450 nm (microplate reader VersaMax, tunable, BN 2529, 
Molecular Devices).

Lung histological procedure

Immediately after the lung collection, both lung lobes, right 
and left, were submitted to formalin fixation buffered, dehy-
drated in ethyl alcohol, diaphanization in xylol and impreg-
nated into paraffin. Histological sections of the lung were 
made on the microtome with a thickness of 5 μm. The slides 
with the lung histological sections were placed in a heating 
plate (60 °C) for 10 min and the tissue stained with hema-
toxylin and eosin (H&E) stain or Gömöri trichrome (GT) 
stain. Histological parameters as cell infiltration, edema, and 
hemorrhage and collagen fiber deposition were described 
by assigning scores according of the color intensity. The 
histological scores are: 0—absence of histological changes; 
1—mild alterations: less than 25% of the microscopic field; 
2—moderate alterations: 25–49% of the microscopic field; 
3—marked degree alterations: 50–75% of the microscopic 
field; 4—very marked degree alterations: over 75% of the 
microscopic field). Representative photomicrographs of 
the slides and pixels were analyzed using a camera-coupled 
microscope and ImageJ plus 2.0 software.

Survival and body weight analysis

MHTP-treated or non-treated LPS-challenged mice were 
observed for death and body weighed gain during 10 days. 
The protocol allowed the assessment of body weight change 
and the survival rate of each animal group.

Cell signaling pathway analysis

Inflammatory cells from the bronchoalveolar lavage fluid 
(BALF) (1 × 106/mL) were incubated with anti-mouse TLR4 
PE conjugated, p38MAPK PE-Cy7 conjugated or p65NFκB 
PE conjugated, all of them from R&D Systems (San Diego, 
California, USA) for 30 min at 4 °C. Cells were washed 
twice with cold PBS and they were resuspended in PBS. 
Ten thousand events were analyzed using a Becton–Dick-
inson FACS Canto II. The data were analyzed using Flow 
Jo software. Cell populations were identified according to 
criteria described by the manufacture. MHTP-treated or non-
treated LPS-challenged mice were observed for death and 
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body weighed gain during 10 days. The protocol allowed the 
assessment of body weight change and the survival rate of 
each animal group.

Statistical analysis

Results were expressed as mean ± S.P.M. (mean stand-
ard error). The GraphPad Prism version 5.0 software was 
used and values with p < 0.05 were considered significant 
(GraphPad Software Inc., San Diego, USA). The one-way 
ANOVA variance test was used with Tukey’s multiple 
variance post-test, Kruskal–Wallis (histological scores). 
Survival data were analyzed by the Kaplan–Meier method 
and comparisons were made using the log-rank test. The 
pixel analyses were realized from the photomicrographs by 
ImageJ software.

Results

Effect of MHTP treatment on inflammatory 
cell migration and collagen fiber deposition 
into the lung of LPS‑challenged mice

Acute lung injury (ALI) is defined by migration of inflam-
matory cells mainly polymorphonuclear cells (neutrophils) 
into the bronchoalveolar cavity and lung tissue of LPS-
challenged mice. Mice exposed to LPS (LPS group) showed 
significant (p < 0.001) increase of total inflammatory cells 
dependent of neutrophils on the bronchoalveolar lavage fluid 
(BALF) at 72 h of LPS exposure and the treatment of these 
animals with MHTP (2.5, 5, 10 or 20 mg/kg, MHTP groups) 
decreased significantly (p < 0.05–0.001) the number of these 
cell population (Fig. 2a, b). In addition, there was non-
statistical difference among the effective doses; therefore, 
MHTP at dose of 2.5 mg/kg was chosen to further analysis. 
The histological analyses demonstrated that lung tissues 
from animals of MHTP group stained with H&E showed 

significant (p < 0.001) inhibition of inflammatory cell infil-
tration, edema and hemorrhage as compared with animals 
from the LPS group (Fig. 2c, d). Another important lung 
tissue alteration on the experimental model of ALI is the 
collagen fiber deposition on the connective tissue of alveoli 
(perialveolar region) right after LPS challenge. Thus, the 
Gömöri trichrome stain (GT) of lung tissues from animals 
of MHTP group demonstrated significant (p < 0.05) decrease 
of collagen fiber deposition on perialveolar region as com-
pared to LPS group (Fig. 2e, f) at 72 h as well as at 10-day 
observation (Fig. 2g, h).

Effect of MHTP treatment on cytokine production 
of LPS‑challenged mice

Inflammatory cytokines as TNF-β and IL-6 are present in the 
bronchoalveolar lavage (BALF) of LPS-challenged mice and 
are biomarker for this illness (Fig. 3). The MHTP group pre-
sented significant decrease of TNF-α (p < 0.0001) and IL-6 
(p < 0.05) production as compared with LPS-challenged ani-
mals (LPS group) at 72 h and maintained these cytokines at 
a basal line at 10-day observation (Fig. 3a, b, respectively).

Effect of MHTP treatment on the survival rate 
and on the body weight of LPS‑challenged mice

The survival rate of mice from all groups was evaluated 
and it was observed that more than 50% of animals from 
the LPS group died at 72 h observation compared with non-
LPS-challenged mice (basal group). On the other hand, the 
MHTP group presented a survival rate of 100% at the same 
period (Fig. 4a). In addition, the animals from the MHTP 
group recovered their body weights during the 10-day obser-
vation unlike animals that survived from the LPS group 
(Fig. 4b).

Effect of MHTP treatment on TLR4 (Toll‑like receptor 
4)/MAPKinase/NFκB axis

The production of several inflammatory mediators as 
cytokines in LPS-induced ALI is, in general, dependent on 
Toll-like receptor 4 (TLR4)/MAPKinase/NFκB axis. There-
fore, we analyzed BALF cells from both groups LPS and 
MHTP by looking at TLR4 cell surface, p38MAPKinase 
and p65NFκB expression. As we can observe in Fig. 5, 
the MHTP group presented significant (p < 0.05) decrease 
of p38MAPK and p65NFκB expression dependently of 
diminishing TLR4 cell surface expression as compared 
with BALF cells from LPS group. These data indicated the 
MHTP effect is mainly by downregulating p38MAPKinase/
p65NFκB signaling pathway-TLR4 dependent.

Fig. 2   Effect of MHTP treatment on inflammatory cell migration into 
the bronchoalveolar lavage fluid (BALF) and lung tissue. BALB/c 
mice (n = 6) were challenged with LPS and 1, 24 and 48 h they were 
nasally treated with MHTP (1.25, 2.5, 5, 10 or 20 mg/kg). BALF and 
lung tissues were collected 72  h or 10  days after LPS-challenge. a 
Total cells; b neutrophils; c lung tissue stained with hematoxylin and 
eosin (H&E): inflammatory cells (green arrow), edema (red arrow) 
and hemorrhage (yellow arrow); d inflammatory score; e lung tis-
sue stained with Gomori Tricrome (GT) at 72 h: collagen fiber (red 
triangle); f collagen fiber score; g lung tissue stained with Gomori 
Tricrome (GT) at 10  days: collagen fiber (red triangle); h collagen 
fiber score. The data were expressed as mean ± SEM. The difference 
between the groups was analyzed by one-way ANOVA, followed by 
the Tukey variance test and Kruskal–Wallis. +++p < 0.001, LPS group 
compared to the Basal group; *p < 0.05, **p < 0.01 and ***p < 0.001, 
MHTP groups compared to the LPS group (color figure online)

◂
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Discussion

Acute lung injury (ALI) is an acute respiratory failure-
related disease that results from the destruction of the 
alveolar-capillary barrier associated with multiple clinical 
disorders, high mortality rate without specific and effective 
treatment [21]. Therefore, therapeutic strategies are urgently 
required to treat this disease.

In this perspective, MHTP, a synthetic tetrahydroiso-
quinoline alkaloid, was investigated in an acute lung injury 
experimental model (lipopolysaccharide-induced ALI) 
because in a preliminary study, we demonstrated a beneficial 
effect of this molecule on the very early phase (24 h) of the 
disease, by diminishing neutrophil migration and inflamma-
tory cytokine production into the lung cavity [13]. Thus, to 
better understand this effect, in this study, we used the same 

experimental model to demonstrate the mechanism of action 
of the MHTP activity and may introduce it as a pharmaco-
logical prototype with a known specific pharmacological 
target to treat this illness.

The physiopathology of ALI is described as an increase 
of lung microvascular permeability, alveolar barrier dysfunc-
tion, neutrophil migration, edema, exudation, hemorrhage 
and collagen fiber deposition on the perialveolar regions as 
well as pulmonary endothelium and epithelial barrier disrup-
tion with reduction of lung compliance [15–17]. The analy-
ses of these biomarkers of ALI makes possible to study the 
pharmacological potential of natural as well as synthetic 
molecules by defining their targets on the inflammatory 
process [21, 22].

Therefore, in this study, we used the nasal route to treat 
the LPS-challenged animals with MHTP and used some 
ALI biomarker analysis in two distinct moments: 72 h and 
10 days. Thus, MHTP-treated animals presented a decrease 
of neutrophil migration, edema and hemorrhage formation at 
the lung tissue as well as diminished the collagen fiber depo-
sition on the perialveolar space at 72 h and 10-day observa-
tion. The inhibition of these biomarkers by MHTP on ALI, 
indicates downregulation of the lung immune response. 
Indeed, there are pieces of evidence suggesting a critical 
role of activated neutrophils in the pathogenesis of most 
cases of ALI where these cells can release several potentially 
injurious metabolites, including proteases, reactive oxygen 
and nitrogen species, cytokines, and growth factors [23, 24]. 
Hence, decreasing neutrophil migration into the perialveolar 
space seems to be crucial to the resolution of the disease.

In addition, neutrophils and alveolar macrophages in ALI 
are responsible for the production of several inflammatory 
mediators as cytokines, IL-6 and TNF-α [24]. Several stud-
ies have shown that these two cytokines participate in the 
early development of ALI [25, 26] and high level of circulat-
ing IL-6 has been associated with mortality in patients with 
ARDS, sepsis, and trauma [27]. Besides, TNF-α is described 
as the first produced pro-inflammatory endogenous media-
tors in the ALI [25]. When TNF-α binds to its receptor on 
lung tissue leads to the release of enzymes causing damage 
to the lung parenchyma [25] as well as induces the expres-
sion of adhesion molecules in vascular endothelial cells 
resulting in the recruitment of neutrophils to the inflamma-
tory site [28]. Thus, inhibition of TNF-α production is a key 
mechanism to the ALI control. Indeed, these authors demon-
strated that administration of anti-TNF-α in LPS-challenged 
mice in ALI experimental model reduced the lung injury. 
Therefore, in this study, we observed that MHTP treatment 
decreased both cytokine production at 72 h and maintained 
them in a basal line until 10-day observation after LPS chal-
lenge. Therefore, inhibition of these inflammatory cytokines 
by nasal instillation of MHTP on LPS-challenged mice indi-
cates that one of the mechanisms of action of this synthetic 

Fig. 3   Effect of MHTP treatment on inflammatory cytokine produc-
tion on LPS-challenged mice. BALB/c mice (n = 6) were challenged 
with LPS and 1, 24 and 48 h they were nasally treated with MHTP 
(2.5 mg/kg). BALF was collected 72 h and 10 days after LPS-chal-
lenge and cytokines were measured by ELISE assay (pg/mL). a TNF-
α; b IL-6. The data were expressed as mean ± SEM. The difference 
between the groups was analyzed by one-way ANOVA, followed by 
the Tukey variance test. +++p < 0.001, ++p < 0.01, LPS group com-
pared to the basal group. *p < 0.05 and ***p < 0.001, MHTP group 
compared to the LPS group
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alkaloid is by inhibiting the signaling pathways related to 
their production.

Considering that, the production of pro-inflammatory 
cytokines is related to MAPKinases and nuclear transcrip-
tion factors; we analyzed two signaling pathway molecule 
expression (p38MAPKinase and p65NFκB) as well as the 
TLR4 cell surface expression.

The LPS is the inductor of acute lung injury by intracel-
lular phosphorylation processes in several lung resident 
cells [29]. Among the phosphorylation axis are p38MAPK/
p65NFκB activation-MyD88-dependent or -independent 
pathways that induce the expression of several pro-inflam-
matory cytokine gens [30]. Therefore, we analyzed the 
MHTP effect on p38MAPK/p65NFκB signaling pathway-
TLR4-dependent expression on cells from BALF of both 
animal groups (LPS and MHTP groups). Surprisingly, the 
MHTP treatment decreased the TLR4 cell surface expres-
sion as well as p38MAPK/p65NFκB, indicating that the 
effect of MHTP on ALI is, in part, by downregulating the 
TLR4 cell surface expression and consequently interfer-
ing with the p38MAPK/p65NFκB signaling pathway axis. 
Indeed, inhibition of MyD88/TIRAP/IRAK4 signaling 

pathway-TLR4 dependent inhibits p38MAPK activation 
that abrogates completely endotoxin‐induced inflamma-
tion [30, 31].

Another aspect of the experimental model of ALI is the 
resolving phase that usually happens on 10 days [32]. To 
analyze the effect of MHTP in this period, the body weight 
rate of the animals was measured. Indeed, 100% of the ani-
mals from the MHTP group survived and improved their 
body weights as well as lung tissue histological aspect. In 
contrast, the LPS group presented a survival rate less than 
50% and, the survived animals showed piloerection, diffi-
culty to breath (data not shown) and did not improved their 
body weights. These data indicate clearly that MHTP pro-
tected the animals from the death and improved their life 
condition. Also, in the resolving phase (10 days) of ALI, 
the collagen fiber deposition may have decreased in the per-
ialveolar space [33]. Indeed, nasal treatment with MHTP 
decreased the collagen fiber deposition on the perialveolar 
space of LPS-challenged mice suggesting that part of the 
resolution process induced by the alkaloid is due to inhibi-
tion of collagen production; therefore, further study should 
be done to confirm this hypothesis.

Fig. 4   Effect of MHTP treat-
ment on the survival rate and 
on the body weight of LPS-
challenged mice. BALB/c 
mice (n = 8) were challenged 
with LPS and 1, 24 and 48 
they were nasally treated with 
MHTP (2.5 mg/kg). a Sur-
vival rate (%); b body weight 
(g) of each animal from each 
experimental group (basal, 
LPS and MHTP) were measure 
during 10 days. The difference 
among the groups was analyzed 
by Kaplan–Meier method and 
comparisons were made using 
the log-rank test. +p < 0.05, 
+++p < 0.001, LPS group 
compared to the Basal group; 
*p < 0.05 and ***p < 0.001 
MHTP group compared to the 
LPS group
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Fig. 5   Effect of MHTP treatment on toll-like receptor (TLR4) cell 
surface, p65NFκB and p38MAPkinase expression on LPS-challenged 
mice. BALB/c mice (n = 6) were challenged with LPS (LPS group) 
and 1, 24 and 48  h they were nasally treated with MHTP (2.5  mg/
kg). Inflammatory cells from the BALF were collected 72  h after 

LPS-challenged and a TLR4, b p65NFκB and c p38MAPk were ana-
lyzed by flow cytometry (representative histograms). The data were 
expressed as mean ± SEM. The difference between the groups was 
analyzed by one-way ANOVA, followed by the Tukey variance test. 
*p < 0.05 and **p < 0.001, MHTP group compared to the LPS group
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According to the results described above, the synthetic 
tetrahydroisoquinoline alkaloid MHTP presented immu-
nomodulatory and anti-inflammatory effects in the experi-
mental model of ALI by decreasing neutrophil migration, 
edema, and hemorrhage and collagen fiber deposition into 
the perialveolar space as well as TNF-α and IL-6 production. 
These effects are related to downregulation of p38MAP-
kines/p65NFκB signaling pathway-TLR4 dependent. In 
addition, the nasal treatment with MHTP improved, in a 
long-term, the body weights and lung histological aspects 
of the animals as well as their life condition.

Thus, the MHTP is the first synthetic tetrahydroisoquino-
line alkaloid been tested on ALI and proved to be a strong 
pharmacological prototype to be tested in clinical trials.
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