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ARTICLE INFO ABSTRACT

Keywords: The effects of four medicinal herbs (Arctium lappa, Plantago major, Mikania glomerata Spreng and Equisetum ar-
COPD vense) with anti-inflammatory properties were evaluated in a chronic obstructive pulmonary disease (COPD)
Histopathology model. Wistar rats were exposed to cigarette smoke during 8 weeks and one of the groups was orally given a
Inflammatory mediators solution containing 4% of each alcoholic herbal extracts during the exposure period. Control group was not
g;}lotlt()it:;rapy exposed to smoke or treated. Histopathological, immunohistochemical and biochemical analyzes were per-

formed. Normal blood plasma levels of gamma glutamyl transferase indicated no toxicity of the administered
herbal extracts. The treatment reduced leukocytes influx in bronchoalveolar lavage, mast cell and macrophages
numbers in lungs, as well as prevented pulmonary congestion and tracheal metaplasia. Herbal mixture also
decreased plasma inflammatory mediator levels and pulmonary expression of annexin Al and nuclear factor-kp.
Our data indicate synergistic and protective effects of the used herbal medicines in animals exposed to cigarette
smoke as a potential therapeutic strategy.

1. Introduction characterized by progressive limitation of airflow, which is estimated to

be the third leading cause of death by 2020 [2,3].

The smoking habit is an important global health problem predis-
posing to the development of several cardiovascular and respiratory
diseases [1]. Above all, smoking is strongly associated with chronic

COPD is caused by an inflammatory process induced by the in-
halation of harmful particles and gases, which leads to structural
changes in the airways and alveoli. Different inflammatory cells, such

obstructive pulmonary disease (COPD), a serious condition as macrophages, mast cells, neutrophils and lymphocytes, participate in

Abbreviations: pL, microliter; pm, micrometer; ANOVA, analysisof variance; AnxAA1, annexinAl Protein; BAL, pronchoalveolarlavage; C, control; CEUA, ethics committee for the use of
animals; Cm, centimeter; COPD, chronicobstructive pulmonary disease; CS, cigarettesmoke-exposed and untreated; CS+ phytotherapics, cigarettesmoke-exposed and treated with
phytotherapics; DAB, diaminobenzine; ED-1, macrophageantibody; G, gram; GAMMAGT, gammaglutamyl transferase; HE, hematoxylin-eosin; IL-1B, interleukin-1beta; IL-6, interleukin-
6; IL-10, interleukin-10; L, Liter; MCP-1, Monocytechemotactic protein-1; Mg, milligram; ML, mililiter; NF-kf, nuclearfactor kappa beta; p, valueof p (significance of the statistical test);
PBS, phosphatebuffered solution; Pg, picogram; RPM, rotationper minute; S.E.M, standarderror of mean = Standard error of mean; TNF-a, tumornecrosis factor-alpha; U/L, ultra/ liter;
Vs, versus
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the disease development and are responsible for the release of several
chemical mediators, which in the long term and imbalance of the im-
mune response cause tissue damage and contribute to the lung function
decline [2,4-6]

The influence of exposure to cigarette smoke in rats is a simple and
widely used model to study smoking adverse effects and treatment
possibilities of illnesses caused by this habit [7,8]. Although they differ
in type and amount of cigarettes and time of exposure, several studies
have been conducted to induce COPD in rats [7,9-11]

As the inflammatory mechanisms induced by smoking are related to
development of different clinical conditions, one of the promising
treatments is the anti-inflammatory therapy by medicinal herbs
[12-16].

Among the plants related to the respiratory tract are Mikania glo-
merata Spreng and Mikania laevigata, which in addition to reducing
inflammatory infiltration may be candidates for the prevention of oxi-
dative lung damage caused by exposure to coal dust [17]. Studies also
indicate the Plantago major efficacy in the treatment of the respiratory
tract inflammation by controlling mast cells in asthmatic rats [18].
Berberis vulgaris, Taraxacum officinale and Arctium lappa were evaluated
for their antimutagenic properties in various tumors, such as lung,
kidney, brain and testicles, and showed important results when ad-
ministered together. Control of proliferative activity in other tumors
was also observed by the administration of a combination of Chelido-
nium majus L. and Equisetum arvense extracts [19].

In the face of COPD impacts and therapeutic potential of medicinal
herbs, we evaluated the properties of A. lappa, M. glomerata Spreng., P
major and E. arvense extracts administered in association in a COPD
model.

2. Material. and methods
2.1. Animals

6-week-old Wistar rats were divided into 3 groups (n = 5/group),
control (C), Cigarette smoke-exposed and untreated (CS), Cigarette
smoke-exposed and treated with phytotherapics (CS + Phytotherapics)
and kept in individual cages in a controlled environment (24-25 °C,
12 h light/dark cycle) with water and food ad libitum. All experimental
procedures were conducted according to the guidelines for biomedical
research stated by the Brazilian Societies of Experimental Biology and
the European legislation on care and use of experimental animals (EU
Directive 2010/63/EU for animal experiments; R.D. 53/2013) and ap-
proved by the Ethic Committee on Animal Use at Padre Albino
Integrated College (Certificate n® 05/14). The experiments were de-
signed to minimize the number of animals used and their suffering
during the execution of the protocols. All animals were daily evaluated
by the institution's veterinarian.

2.2. Preparation and standardization of herbal alcoholic extracts

Fresh leaves of Arctium lappa, Plantago major, Mikania glomerata
Spreng and Equisetum arvense were collected in the Institution medicinal
herbs garden and the vouchers specimens were deposited in the
Institution herbarium. For the alcoholic extracts preparation, 40 g of
each chopped dried herbs were placed, separately, in a Soxhlet (Prolab,
Sao Paulo, Brazil) extractor with 160 mL of ethanol.

The standardization of the extracts was performed by the identifi-
cation of chemical components as tannins, flavonoids, saponins and
alkaloids by Ferric Chloride, Lead Acetate, Copper Acetate, Aluminum
Chloride, Sodium Hydroxide reactions [20]. These analyzes indicated
the presence of tannins and flavonoids.

Subsequently, each extract was evaluated for cytotoxicity in vitro
[21] by the analysis of blood cells exposed to different concentrations
(4%, 8%, 16%, 32% and 50%) and followed by the reading of absor-
bance at 540 nm in spectrophotometer. Cytotoxicity of 25% or greater
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was observed from the 8% concentration for all extracts, because of
this, and knowing the possible synergistic action of medicinal herbs
when administered together [16], the lowest extracts concentrations
were selected.

2.3. Exposure to cigarette smoke and treatment protocol

The animals were exposed to the smoke of 10 commercial cigarettes
(containing 0.8 mg of nicotine, 10mg of tar and 10mg of carbon
monoxide), one after another, twice a day (total of 20 cigarettes/day),
for 8 weeks, considered the exposure time for initiation of morpholo-
gical changes [22], in a specific apparatus. The apparatus consists of an
animal containment system and a cigarette smoke release system with
an external cigarette holder connected to a dynamic suction pump. The
pump can be programmed so that periods of cigarette suction alternate
with periods of suction of clean air to prevent suffocation [8]. The
exposures were standardized and conducted at approximately the same
time of the day. The control group was not exposed to the smoke.

The efficacy of herbal medicines in protecting against the in-
flammatory processes caused by smoking exposure was tested in one of
the exposed to smoke groups. The animals were administered by gavage
with 1 mL solution containing extracts of E. arvense. (4%), P. major
(4%), A. lappa (4%) and M. glomerata Spreng (4%), twice a day, prior to
the exposure to the cigarette smoke. The untreated-exposed to smoke
rats received only the vehicle by gavage. After the exposure protocol,
the animals were euthanized by overdose of anesthetic (ketamine,
40 mg/kg, i.p. and xylasin, 40 mg/kg, i.p.) [23]

2.4. Quantitative analyzes of bronchoalveolar lavage

In order to collect the bronchoalveolar lavage (BAL), the animals
had the trachea cannulated and the right lung clamped. The left lung
was washed 3 times with PBS and the obtained liquid was centrifuged
for 10 min at 1500 rpm. The pellet was resuspended in 500 puL of PBS
and 10 pL aliquots were stained in Turk (1:10) for counting the in-
flammatory cells in a Neubauer camera. Values were expressed as cell
numbers x 103/mL.

2.5. Biochemical analyzes of blood plasma

Blood was collected by cardiac puncture in heparinized syringes,
placed in ependorffs, centrifuged for 15 min at 3000 rpm and the ob-
tained plasma was used for glucose, cholesterol and gamma glutamyl
transferase (gamma GT) dosages with commercially available kits (LAB
Test, Minas Gerais, Brazil) and according to the manufacturer's in-
structions.

2.6. Histopathological analyzes and quantification of mast cells

The right lung and trachea were fixed in 4% formaldehyde, dehy-
drated in ascending order of alcohol and included in paraffin for his-
topathological analysis. Sections of 5um were stained with
Hematoxylin-Eosin (HE). For the morphometric analyzes the measure-
ments of the alveolar spaces were quantified by the average of 10 areas
of each image obtained by the 40X objective in the Leica microscope
(DM500). The areas were obtained using the Leica Image Analysis
Software.

Lung sections were stained with 0.1% toluidine blue for mast cell
evaluation according to their intact or degranulated morphological
characteristics. Mast cell quantification was performed in 10 images per
slide obtained by the 40X objective in the Leica microscope (DM500).

2.7. Immunohistochemical analyzes

Immunohistochemical studies were used to evaluate the expressions
of the anti-inflammatory protein Annexin Al (AnxAl) and nuclear
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factor (NF) k-f as well as to perform the macrophages quantification in
lungs. Sections were processed for antigenic recovery with citrate buffer
pH 6.0, blockade of the endogenous peroxidase activity and incubation
with the rabbit polyclonal primary antibodies: anti-AnxA1l (1: 1000),
anti- NFk-f (1: 200) and anti-ED-1 (1: 150) (Zymed Laboratories,
Cambridge, UK) for 12h. They were then incubated with the biotiny-
lated secondary antibody (Histostain Kit, Invitrogen) and immersed in
conjugated streptavidin peroxidase complex. The substrate diamino-
benzidine (DAB Kit, Invitrogen) was used for the development and,
thereafter, the sections were stained with Hematoxylin. Proteins were
quantified by densitometry as arbitrary units from O to 255 using the
Leica Image Analysis software image analyzer. Macrophages were
quantified as previously described for mast cells.

2.8. Dosage of cytokines

The interleukins (IL)-1, IL-6 and IL-10, tumor necrosis factor
(TNF)-a and the monocyte chemoattractant protein (MCP)-1 were
quantified in blood plasma using the rat cytokine MILLIPLEX MAP Kit
(RECYTMAG-65K; Millipore Corporation, USA) according to manufac-
turer's instructions and analyzed on the LUMINEX xMAP MAGPIX
equipment (Millipore Corporation, USA).

2.9. Statistical analyzes

The results were submitted to descriptive analysis and determina-
tion of normality. Afterwards, the Analysis of Variance (ANOVA) was
used, followed by the Bonferroni test. All values were expressed as
mean * S.E.M. and P values less than 0.05 were considered statisti-
cally significant.

3. Results

3.1. Herbal extracts mixture controlled metabolic changes in blood plasma
and inflammatory cells influx in bronchoalveolar lavage

Biochemical analyzes showed elevated blood plasma levels of glu-
cose (Fig. 1A) and gamma GT (Fig. 1C) in untreated-exposed to smoke
animals. But the administration of A. lappa, M. glomerata Spreng., P
major and E. arvense extracts mixture decreased the levels of glucose
(p < .001) (Fig. 1A), cholesterol (p < .05) (Fig. 1B) and gamma GT
(p < .001) (Fig. 1C).

In BAL analysis a significant increase in macrophages
(23.80 = 1.655) (p < .001) (Fig. 2H) and lymphocytes
(58.00 + 5.822) (p < .001) (Fig. 2L) was observed in animals ex-
posed to smoke without treatment compared to control (macrophage:
4.200 + 1.594; lymphocyte: 10.80 * 1.241). However, treated ani-
mals showed reduction in these cells (macrophages:13.00 + 3.564,
p < 0.05, lymphocytes: 30.20 + 6.644, p < 0.01) (Fig. 2H and L).
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3.2. Protective effects of herbal extracts mixture against lung and trachea
tissue damages due to tobacco exposure

The histopathological analyzes showed enlargement of the intra-
alveolar spaces, greater influx of inflammatory cells and pulmonary
congestion in the lungs of the untreated-exposed to smoke group
(Fig. 2E, F and D). These animals also showed tracheal metaplasia
(Fig. 2G). All these alterations were reverted by herbal mixture treat-
ment (Fig. 21, J and K).

3.3. Decreased numbers of mast cells and macrophages in COPD model by
herbal treatment

The mast cells were identified in lungs by their characteristic me-
tachromatic cytoplasmic granules and observed according to their ac-
tivation state as intact or degranulated cells. A large number of mast
cells, mostly degranulated, were quantified in the untreated-exposed to
smoke group (42.95 = 0.6727; p < .001) compared to control
(16.75 = 3.052) and treated rats (22.60 * 1.735;p < .001) (Fig. 3A,
B, C and I).

Quantification of macrophages in lungs was performed by im-
munohistochemistry and the specificity of this analysis was confirmed
by the reaction control. The cells were identified in the intra-alveolar
spaces and tissue septa. Numerous macrophages were observed in the
untreated animals (96.00 + 9.567; p < .001) (Fig. 3E and H) com-
pared to control (14.50 + 2.424) (Fig. 3D and H). The extracts mixture
administration decreased the lung macrophages (16.50 *= 5.037;
p < .001) (Fig. 3F and H).

3.4. Phytotherapics administration reduces Annexin A1 and nuclear factor—
kp expressions

Untreated smoke-exposed animals showed increased expression of
AnxAl (177.6 = 7.009; p < .01) (Fig. 4B) and NF-kp
(188.4 = 6.283; p < .001) (Fig. 4E) in the lung compared to control
(Fig. 4A and D). In contrast, the herbal extracts treatment promoted
reduction of AnxAl (130.7 = 4.596; p < .001) (Fig. 4C) and NF-kf
(137.8 = 3.852; p < .001) (Fig. 4F) expressions. The specificity of the
immunolabeling was confirmed by the respective reaction controls
(Fig. 4G).

3.5. Decreased levels of inflammatory mediators by herbal extracts mixture
treatment

Increases in IL-13 (p < .001), IL-6 (p < .001), TNF-a (p < .001)
and MCP-1 (p < .001) were found in the blood plasma of untreated-
smoke-exposed animals (Fig. 5A, B, C and E).

Again, the herbal extract mixture administration promoted sig-
nificant reduction of the pro-inflammatory mediators levels (Fig. S5A, B,
C and E). Differently, the treatment lead to increased levels of the anti-
inflammatory cytokine IL-10 (p < .001) (Fig. 5 D).
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Fig. 1. Biochemical analyzes of blood plasma. Total Glucose (A), Cholesterol (B), Gamma GT (C). Data as median, minimum, maximum and quartiles. "p < .001 vs C; # p < .05, ###
p < .001 vs CS. C = control rats; CS = cigarette smoke-exposed untreated animals; CS + Phytotherapics = cigarette smoke-exposed and treated with phytotherapics.
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Fig. 2. Histopathological analyzes of the lungs. Control lung with normal appearance (A and B) lungs of untreated smoke-exposed rats (E and F). Reduction of lung inflammation and
congestion in smoke-exposed animals treated with phytotherapics (I and J). Staining: HE. Bars: 10 pm. Measurement of intra-alveolar spaces. Increase in untreated group compared to
control group and significant reduction by treatment (D). Data as Mean + SEM. ~p < 0.001 vs C; ### p < 0.001 vs CS. Histopathological analyzes of trachea. Control with normal
respiratory epithelium (C). Metaplasia in animals exposed to smoke and untreated (G) Preserved respiratory epithelium in treated animals (K). Details represent enlargements of the
dashed areas. Color: HE. Bars: 10 pm. Quantitative analysis of bronchoalveolar lavage - Lymphocytes (H) and Macrophages (L). Results presented as median, minimum, maximum and
quartiles. “'p < .001 vs C; ## p < 0.01 ### p < 0.001 vs CS. C = control rats; CS = cigarette smoke-exposed untreated animals; CS + Phytotherapics = cigarette smoke-exposed
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4. Discussion

Smoking may result in chronic inflammation, such as COPD, with
great morbidity and mortality [24]. The search for alternative anti-in-
flammatory treatments through medicinal plants is important and can
be effective in the prevention and recovery of diseases caused by
smoking [14].

Fig. 3. Mast cells and macrophages in lung and trachea
— Few mast cell in control (A) and treated animals (C),
and increased of these cells in untreated smoke-exposed
group (B), Staining: Toluidine blue. Few macrophages
in the control (D) and treated animals (F). Numerous
cells in the untreated group exposed to smoke (F).
Counter-staining: Hematoxylin. 10 pum bars. Results
presented as median, minimum, maximum and quar-
tiles. "'p < 0.001 vs C; ### p < .001 vs CS.
C = control rats; CS = untreated smoke-exposed ani-
mals; CS + Phytotherapics = smoke-exposed animals
treated with herbal extracts.

Initially in this research we quantified the inflammatory cells in
BAL. These analyzes showed influx of lymphocytes and macrophages in
the untreated-exposed to smoke group, as also demonstrated in other
studies using the COPD model induced by cigarette smoke [9,25].
However, the administration of A. lappa, M. glomerata Spreng., P major
and E. arvense extracts mixture promoted decreased BAL leukocytes
influx showing the anti-inflammatory effects of the herbal treatment.
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Fig. 4. Expression of the AnxA1l and NFk- proteins
in lung: Reduced expression of the proteins in the
control group (A and D), increased immunolabeling
in the untreated-exposed to smoke group (B and E)
and reduction in the expression of AnxA1l and NFk-f
after treatment with phytotherapics (C and F).
Absence of immunolabeling on reaction control (G).
Counter-staining: Hematoxylin. 10 um bars. Data as
median, minimum, maximum and quarti-
les.”"p < .01, ""p < .001 vs C; ### p < .001 vs
CS. C = control rats; CS = cigarette smoke-exposed
untreated animals; CS + Phytotherapics = cigarette
smoke-exposed and treated with phytotherapics.
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Our results are in line with researches that pointed the protective role of
M. glomerata in the prevention of the oxidative lung damage in a coal
dust exposure model [17] and reduction of inflammatory cells in lesions
induced by Bothrops jararaca venom in rats [26].

Next, in the biochemical analyzes performed in blood plasma we
found that the elevated levels of glucose, cholesterol and gamma GT
observed in untreated animals were reduced by herbal mixture treat-
ment. Cholesterol and glucose dosages alterations were also indicated
in male and female offsprings exposed to tobacco smoke during lacta-
tion [12]. Once again, the used herbs prevented metabolic changes due
to cigarette exposure and showed no toxicity, reinforcing their efficacy,
safety and applicability. Another study also pointed that non toxic le-
vels of P. major extracts were able to inhibit reactive oxygen species
(ROS) production from activated human neutrophils suggesting the
therapeutic potential of P. major [27].

Regarding the lung histopathological analyzes we observed im-
portant pulmonary alterations caused by the exposure to cigarette
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smoke as found by other investigators in the same model, indicating the
tendency for worsening pulmonary function parameters in the smoker
group [8]. Additionally, metaplasia was also observed in the untreated
smoker group, a condition that compromises the morphophysiology of
the organ and promotes the development of tumors [28]. Recruited
neutrophils produce proteases which stimulate mucus secretion asso-
ciated with chronic bronchitis, a major characteristic of COPD. Also, the
recruited T lymphocytes cause cytolysis and apoptosis of alveolar epi-
thelial cells, contributing to disease-related emphysema [5,6]. Again,
our results indicated the protective effects of the treatments with A.
lappa, M. glomerata Spreng., P major and E. arvense extracts mixture
related to the influx reduction of inflammatory cells in lungs and pre-
servation of the pulmonary architecture and tracheal epithelium. The
anti-inflammatory role of phytotherapics used in different models of
lung inflammation and fibrosis were also demonstrated in other studies
[16,29].

Continuing the analysis of the inflammatory cells, we found a large

8- *kk Fig. 5. Analysis of cytokines IL-1f (A), IL-6 (B), TNF-
- a (C) and IL-10 (D) and Chemokine MCP-1 (E) by
MAGPIX in the control, untreated and treated smoke-
6+ # exposed groups. Values obtained expressed as
-l- median, minimum, maximum and quartiles.
44 - ™p < .001vsC; #P < 0.05; ###p < .001 vs CS.
C = control rats; CS = cigarette smoke-exposed un-
treated animals; CS + Phytotherapics = cigarette
21 smoke-exposed and treated with phytotherapics.
0| m—
C
CSs
CS+Phytotherapics
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number of mast cells, mostly degranulated, in smoke-exposed animals
without treatment compared to control and treated groups. Other re-
searches indicated the involvement of mast cells in response to lesions
and structural tissue remodeling in different inflammatory lung condi-
tions [30]. However, mast cells related to cigarette smoke exposure
may alter the cellular environment and assist in COPD progression [31].
Therefore, the reduction in the number of mast cells caused by the
herbal treatment used in this study plays a protective role.

Similarly, numerous macrophages were observed in the untreated-
smoke exposed group with significant reduction after the herbal treat-
ment. Numerous mononuclear cells in the untreated group can be re-
lated to tissue destruction. Activated macrophages secrete various
mediators of inflammation, which, if uncontrolled, can lead to tissue
destruction and fibrosis characteristic of COPD [3,32].

To deepen histopathological studies we performed im-
munohistochemistry for AnxAl and NF-kP. The highest expression of
the anti-inflammatory protein AnxAl observed in the untreated-smoke-
exposed group was reduced by treatment. Studies indicate that the re-
ceptor for formylated peptides-2 (FPR2) present in activated lung epi-
thelial and inflammatory cells is particularly important in the resolution
of COPD and can be modulated by AnxAl and other agonists, such as
serum amyloid A and lipoxin A4 [33,34]. Although AnxAl plays an
important anti-inflammatory role, the phytotherapics used in our model
may have acted independently of this protein.

Our results also showed increased NF-k[3 expression in the untreated
group compared to the others, which shows the anti-inflammatory ef-
fect of the combined herbal medicines extracts in the studied model.
The efficiency in reducing NF-k(} by the treatment with green tea
(Camellia sinensis) has been observed in experimental uveitis and re-
inforces the therapeutic effects of phytotherapics in controlling in-
flammation [35].

Finally, we evaluated the blood plasma levels of inflammatory
mediators. Elevated IL-1p, IL-6, TNF-a and MCP-1 levels were observed
in the untreated smoke-exposed group, which may be associated with
lung continuous inflammation promoted by inflammatory cells [36,37].
However, these inflammatory mediators were decreased in the treated
animals. Reductions of TNF-o dosages have also been observed in
former smokers receiving anticholinergic medicinal products [38].
Likewise, A. lappa extract was able to downregulate the IL-1f3 and TNF-
a gene expression on H202 -induced macrophages, pointing this herbal
extract anti-inflammatory activity by the modulation of key in-
flammation mediators [39].

Our analyzes also showed increased IL-10 levels in the herbal
treated group, which indicates important modulation of this anti-in-
flammatory cytokine by the herbal treatment. The protective role of IL-
10 on ventilation-induced lung injury in rats was associated to de-
creased number of neutrophils in BAL [40] reinforcing the organism
mechanism of defense against the lung inflammatory process.

5. Conclusion

All together the results indicate the synergistic anti-inflammatory
and protective effects of the associated A. lappa, M. glomerata Spreng., P
major and E. arvense extracts in the management of the inflammatory
response in a COPD model. The data open perspectives for further re-
search on the use of these medicinal herbs as future alternative targets
against the damages caused by the exposure to cigarette smoke.
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