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Resumo

A planta Tropaoelum pentaphyllum (Tropaeolaceae), ¢ conhecida e nominada popularmente em certas
regides brasileiras como crem, batata-crem capuchinha, flor-de-sangue. Suas raizes sdo utilizadas na
medicina popular da regido sul do Brasil, como anti-inflamatdrias. No entanto, relatos sobre a atividade
anti-inflamatdria desta planta sdo escassos na literatura. Os objetivos deste trabalho foram avaliar o
potencial bioldgico do extrato etandlico das raizes de T. pentaphyllum (EETP) em modelos
experimentais de inflamacéo tais como: cicatrizacdo de feridas excisionais, edema de pata e pleurisia
em camundongos. O tratamento com EETP reduziu de maneira mais efetiva o tempo necessario para a
cicatrizagdo das lesdes excisionais, quando comparado ao grupo tratado com iruxol. No teste de edema
da pata induzido pela injecdo de carragenina, a administragdio de EETP reduziu essa condicdo
fisiopatologica de maneira dose dependente. Apenas o tratamento com a maior dose de EETP
(500mg/kg) foi capaz de reduzir significativamente os eventos fisiopatologicos observados durante a
pleurisia. Este estudo sugere que os tubérculos da 7. pentaphyllum podem dar origem a um promissor
fitoterapico anti-inflamatorio.

Abstract

Tropaeolum pentaphyllum (Tropaeolaceae) is known popularly in certain regions of Brazil as crem
capuchinha flower blood. Its roots are used in folk medicine of southern Brazil, as anti-inflammatory.
However, reports of anti-inflammatory activity of this plant are scarce in the literature. The objectives
of this study were to evaluate the biological potential of the ethanol extract of the roots of T.
pentaphyllum (EETP) in experimental models of inflammation such as healing of excisional wounds,
paw edema and pleurisy in mice. The treatment with EETP reduced more effectively the time required
for the healing of excisional lesions when compared to the group treated with iruxol. In the paw edema
test induced by injection of carrageenan, the EETP administration reduced this pathophysiological
condition (dose-dependent manner). Only treatment with the highest dose of EETP (500mg/kg) was
able to significantly reduce the pathophysiological events observed during pleurisy. This study suggests
that the tubers of 7. pentaphyllum may be a promising anti-inflammatory herbal.
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1. Introduction

The empirical use of medicinal plants has been
corroborated by scientific literature in recent decades and the
scientific studies on these medicinal plants enabled the
development of new pharmacological agents (Rio, 2001,
Cruz-Silvaetal.,2015).

The research for new molecules, has taken a slightly
different route based in discovery of new compounds (Gurib-
Fakim, 2006). The plants belonging to family Tropaeolaceae
are used in popular medicine for the treatment of several
diseases, including inflammatory processes (Zanetti et al.,
2004).

The inflammatory process or inflammation is a
pathophysiological response to a tissue injury which may be
physical origin, chemical and/or biological (Martins, 2010)
with the purpose of eradicating the aggressor or agent such as
micro-organisms, burns, physical trauma or tumor cells
(Pioneiro, 2010) and promotes tissues repair. On the other
hand, chronic inflammation is recognized as the cause or a
consequence of a number of several human diseases, such as
asthma, heart diseases, diabetes and cancer, among other
pathophysiologies. Any event that promotes cell injury is
intimately involved with the induction of the inflammatory
response and contributes to the pathogenesis of chronic
inflammatory diseases (Martins, 2010).

Inflammation is a crucial biological process which
can contribute to a better understanding of the key
mechanisms and development of different pathophysiology
(Chung et al., 2011). During the inflammatory process,
leukocytes from the circulating blood are attracted to the site
where the tissue injury occurred and they are stimulated by
inflammatory mediators. The presence of these cells,
especially neutrophils, indicates the beginning of
inflammation, characterized by the acute phase (Bach et al.,
2002). This series of events related to cell regeneration and
subsequent recovery of the injured site active resistance to
the cell by the immune system. This activation induces innate
immunity in healthy tissue whenever it is injured again
(Sloaneetal.,2010).

In some pathophysiological conditions, the
inflammatory response can be quantitatively and/or
qualitatively excessive. On this way, clinical interventions
are needed to decrease this response by the administration of
anti-inflammatory medications such as non-steroidal anti-
inflammatory and glucocorticoids (Simons et al., 1979).
Although being widely used in clinical practice, they are
associated with a spectrum of toxic effects, because the
nonselective cyclooxygenase inhibition (Silverstein et al.,
2000). The discovery of new anti-inflammatory compounds
from natural origin provided the clinical use of these
substances because they are less adverse effects compared to
anti-inflammatory drugs reference (Foglio et al., 2006).

T. pentaphyllum (Tropaeolaceae) is a brazilian plant
popularly known as crem capuchinha flower blood, is
commonly found in the Santa Catarina state (Fabbri and
Valla, 2011). The crem tubers are used locally as
antiscorbutic, anti-inflammatory and depurative. However
scientific studies about Tropaeolaceae family and their
biological effects are scarce in the literature (Pioneiro, 2010).
The most studied specie from this family is T. majus being
commonly used for the treatment of cardiovascular
disorders, urinary infections, asthma, inflammatory process
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and constipation (Zanetti etal., 2004).

Previous studies from our laboratory have shown
biological activity of T. majus in different experiments. Thus,
these preliminary findings stimulate our research group to
study the possible effects of T. majus on the inflammatory
response in different experimental models.

2. Material and Methods

2.1. Preparation of ethanolic extract of Tropaeolum
pentaphyllum (EETP)

Tubers of T. pentaphyllum were collected in the
region of Videira, Santa Catarina state. The plant
identification was performed by the Botanical Museum of
Curitiba, Paranad state, where a voucher specimen was
deposited (MBM 331903). The extract was prepared by
Maria Elida Alves Stefanello (Chemistry Department,
PH.D.) Tubers were dried at 40°C and then ground. The
biological material was extracted at room temperature with
ethanol 95%, followed by extraction with methanol-water
50%. The evaporation of the solvents provided the
hydroalcoholic extract and ethanol, and the extracts were
tested for evaluation suggested.

2.2.1. Drugs and plant extract

The reference drug used in the experiments were:
carrageenan Lambda type IV (Sigma Chemical Co., St.
Louis, USA), dexamethasone (Lab) and EETP. All drugs
used were dissolved in saline solution.

2.2.2. Animals

The experiments were performed in Swiss mice (25-
35g), housed at 22+2°C, under a 12-h light/12-h dark cycle
and with access to food and water ad libitum. The animals
were acclimatized to the laboratory for at least 1h before
testing and were used only once throughout the experiments.
The experiments were performed after approval of the
protocol by the Institutional Ethics Committee and were
carried out in accordance with the current guidelines for the
care of laboratory animals and the ethical guidelines for
investigations of experimental pain in conscious animals
(Asuzuetal.,2015).

2.2.3. Measurement of paw oedema

Experimental animals were pretreated with the
EETP at doses of 100, 300 e 500mg/kg or vehicle (1% of
tween 80 in saline, 0.9%) by oral route (p.o.) or
subcutaneously (dexamethasone 1.0mg/kg, s.c, positive
control), 1 h prior to the induction of the oedema. The animals
received a 50 pl s.c. injection of vehicle (saline, 0.9%)
containing carrageenan (300 pg/paw) into the right hindpaw.
In the contralateral paw only vehicle was used as a control.
The thickness of the paw oedema was measured using a
digital micrometer before the induction of the oedema and at
different time points after the injection of the phlogistic agent
(0.5,1,2 and 4h).

2.2.4. Wound induction, animal grouping and drug
administration
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The back of the mice were shaved and a 6mm full
thickness open excision wound was made by removing a
patch of skin under ketamine (100mg/kg) and xilazine
(10mg/kg) by intraperitoneal route were administered for
anesthesia (Suguna et al., 1993). A total of 18 animals were
divided into three groups: The control group (n=6) that
received only vehicle (50pL of unbuffered physiological
saline, once daily, for a period of 11 days), EETP group (n=6)
that received 50puL of the EETP (30mg/mL) incorporated in
natrosol gel, applied topically, for a period of 11 days and
commercial colagenase group (n=6) that received 50uL of
iruxol topical application for a period of 11 days. The wound
closure is expressed as mm.

2.2.5. Pleural cell migration and protein exudation

The animals received a pretreatment p.o. with EETP
at doses of (100, 300 e 500mg/kg) or vehicle, 1h before the
carrageenan induction of inflammation or dexamethasone
s.c. (1.0mg/kg, positive control), and naive (saline-treated
0.9% negative control), administered orally by gavage, in
different groups of mice. Pleurisy was induced by the
intrapleural injection of carrageenan 1% (100 pl), as
previously described (Zanusso-Junior et al., 2011). The
carrageenan was diluted in saline buffer. An adapted needle
was inserted into the right side of the thoracic cavity of the
animals to enable intrathoracic administration of
carrageenan. Control mice received the same volume (100
uL) of sterile pyrogenfree saline. After 4h, the animals were
killed and the thoracic cavity was washed with 1mL of
phosphate-buffered saline (PBS). The exudate volume was
measured, and an aliquot of 20 uL was diluted in Turk
solution (1:20) used to determine the total number of
leukocytes in a Neubauer chamber. For a differential
counting of leukocytes, the remaining fluid was centrifuged
at 3200 rpm for 20 min, and the cells were resuspended. The
protein exudation was evaluated directly from the lavage by
Bradford's reaction, using the commercially available
Bradford kit (Bioagency, Sdo Paulo, Brazil). The total and
differential cell counts were performed under light
microscopy and the results are measured as the number of
cells/ml of pleural fluid.

2.2.6. Statistical analysis

The results are presented as the mean + SEM which
are calculated as geometric means accompanied by their
respective 95% confidence limits. The statistical significance
among groups was assessed by means one-way (ANOVA)
followed by Student-Newman-Keuls. P values less than 0.05
were considered statistically not significant.

3. Results
3.1. Effects of EETP on wound healing

The groups treated with iruxol and treated groups
EETP had a shorter time to occurrence of the healing of
excisional wounds compared to the control group. However
EETP treatment was more effective than treatment with
iruxol (Figure 1).
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Figure 1- Effects of local administration of ethanolic extract from T. pentaphyllum
(30g/injury), on wound healing in mouse. Each point show the mean of 4-6 animals
and vertical lines show the SEM. Asterisks represent the statistical difference when
compared with control values (gel natrosol basis) *P < 0.05, **P < 0.01 one-way
ANOVA followed by Student-Newman-Keuls.

3.3.2. Effects of EETP on carrageenan-induced paw oedema

Treatment with EETP orally was effective in
reducing the paw edema induced by carrageenan, a time-
dependent manner. However, their effect persists for up to 2h
after the occurrence of its biological effect (Figure 2) and
only occurs with administration of high doses of extract
(Figure 2a) compared to respective control groups. After 2h
from carrageenan injection, the inhibition of 49 £ 5 % was
observed for dose of 300 mg/kg while 47 +4 % was verified
for group treated with 500 mg/kg (Figure 2).

3.3.3. Effects of EETP on pleural cell migration and protein
exudation

The pleural injection of carrageenan increased the
leukocyte migration and protein extravazation (Figure 3A
and 3B). The oral administration of EETP (500 mg/kg)
inhibits leukocyte migration and protein exudation in the
experimental model of pleurisy. The inhibition for EETP
(500 mg/kg) were 75 £4 % for leukocyte migration and 59 +
3 % for protein extravazation. The same event was observed
with the subcutaneous administration of the dexamethasone
highest dose orally compared to respective control groups
(Figures 3). The inhibition for dexamethasone were 88 =6 %
for leukocyte migration and 77 + 6% for protein
extravazation.

4. Discussion

The inflammatory process is a defense response of
the body against injury and for the most part is a self-limiting
process. Then when this response becomes chronic,
deleterious effects on the body can arise due to
hyperactivation of the immune system (Martins, 2010,
Pioneiro, 2010).

Local response in the inflammatory process initiates
with tissue damage and triggers various biochemical events
including vasodilation, increased vascular permeability and

PECIBES, 2015, 1,29-33 | 31



Aquino DFS et al. 2015

= Cg+ vehicle
A & Cg+EETP (300 mg/kg, p.o.)

1000+
=l
-r."_‘_' 750+
=
a
o 007
w
@
=
ﬁ 250+
=
-
[} L) L] L] L]
0 30 &0 120 240
Time afier injection of Cg (min)
B
= 1000+
: T
i 800+
=
& 600+ :'i Bt
@ 400- T
]
=
] 200+
=
= 0-
Vehicle 100 300 500

EETP (mg/kg, p.o.)

120 min after carrageenan
injection (300 pg/paw)

Figure 2- Effects of oral administration of ethanolic extract from T. pentaphyllum
(300mg/kg) on different time points after carrageenan injection (A) and with
differents doses (100, 300 and 500mg/kg) on thickness paw 120 min after
carrageenan injection. Each point and bar show the mean of animals and vertical
lines show the SEM. Asterisks represent the statistical difference when compared
with respective control group. **P < 0.01 and**P < 0.01 one-way ANOVA
followed by Student-Newman-Keuls.

increased blood flow implying the oedema formation. This
complex cascade of physiological events promotes
protection to tissues, restricting the damage at the site of
infection or injury, but it may have deleterious effects when
so exacerbated.

Vasodilation and plasma extravasation is a
characteristic response of paw oedema induced by
carrageenan, which is a widely used model to assess the anti-
inflammatory acute effect.

Carrageenan-induced inflammatory response is
characterized by an early phase (1-2h) where there is the
release of inflammatory mediators as histamine, serotonin
and bradykinin, followed by a late stage (3-4 h) with the
release of prostaglandins (Zanusso-Junior etal., 2011).

In the present study, the oral treatment of mice with
EETP, were able to reduce the paw oedema, leukocyte
migration and protein extravasation induced by carrageenan.
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Figure 3- Effects of oral administration of ethanolic extract from T. pentaphyllum
(100, 300 and 500mg/kg) on the total leukocytes (A) and protein extravazation
induced by carrageenan in the pleural cavity of mice during pleurisy experiments.
Vertical lines showed in the histograms represent the SEM. Asterisks represent the
statistical difference when compared with respective control group. *P <0.05 one-
way ANOVA followed by Student-Newman-Keuls. # represent the statistical
difference when compared the control group with naive. #P < 0.05 one-way
ANOVA followed by Student-Newman-Keuls.

The results obtained in the wound healing studies
have shown that EETP is more effective than the reference
drug for this pathophysiological condition.

Our results also suggest that the efficacy of EETP
against signs and symptoms associated with the inflammatory
response in different experimental models is plausible.
However, this therapeutic efficacy is dose-dependent. The
reduction of paw oedema induced by carrageenan, is
observed with administration of higher doses (300 and
500mg orally) of EETP. The inhibition of leukocyte
migration and the inhibition of protein exudation in the
pleurisy model are observed only after oral administration of
500mg EETP.

Based on these experimental results, we suggests that
EETP presents biological potential to be utilized in clinical
therapy as alternatives to the reference drugs currently
available and reinforces the idea that the empirical medicinal
knowledge is an indicator to discovery of new natural
compounds biologically active against different
pathophysiology.

Acknowledgements

FUNDECT, CAPES, CNPq e FAPESP.

PECIBES, 2015, 1,29-33 | 32



Aquino DFS et al. 2015

Declaraciio: Os autores declaram estar cientes e terem
atendido integralmente as normas preconizadas para as
pesquisas experimentais de acordo com a Declaragdo
Universal do Direito dos Animais. Os autores declaram
ainda auséncia de conflito de interesse.

5. References

Asuzu OV, Nwaehujor CO, Ukagwu AL, Nwogwu IC.
Effects of Chronic Alcohol Ingestion on Visceral
Organs in Albino Mice Experimentally Challenged
with Escherichia coli Strain 0157:H7. American
Journal of Pharmacological Sciences, 3, 25-32,
2015.

Bach F, Grundmann U, Bauer M, Buchinger H, Soltész S,
Graeter T, Larsen R, Silomon M. Modulation of the
inflammatory response to cardiopulmonary bypass
by dopexamine and epidural anesthesia. Acta
Anaesthesiologica Scandinavica, 46, 1227-1235,
2002.

Chung HY, Lee EK, Choi YJ, Kim JM, Kim DH, Zou Y, Kim
CH, Lee J, Kim HS, Kim ND, Jung JH, Yu BP.
Molecular Inflammation as an Underlying
Mechanism of the Aging Process and Age-related
Diseases. Journal of dental research, 90, 830-840,
2011.

Cruz-Silva CTA, Marcon ALS, Nobrega LHP. Propagacdo
vegetativa de insulina (Cissus verticillata L. via
estaquia). Revista Brasileira de Plantas
Medicinais, 17,171-174,2015.

Fabbri LT and VALLA JJ. Promoting the conservation and
use of neglected and underutilized crops.
Darwiniana Mashua Tropaeolum tuberosum.
Edition 25. Rome, Italy: Publishing company: Ruiz
& Pav, 51-58,2011.

Foglio MA, Queiroga CL, Sousa IMO, Rodrigues RAF.
Plantas Medicinais como Fonte de Recursos
Terapéuticos: Um Modelo Multidisciplinar.
Construindo a historia dos produtos naturais, 7, 1-
8,2006.

Gurib-Fakim A. Medicinal plants: traditions of yesterday
and drugs of tomorrow. Molecular aspects of
Medicine,27,1-93,2006.

Martins, AB. Concentragdo ¢ atividade sérica da
mieloperoxidase em individuos tabagistas, 2010
[Dissertagdo de Mestrado]. Universidade Estadual
Paulista “Julio de Mesquita Filho” — UNESP.
Araraquara/SP.

Pioneiro RR Atividade antiinflamatoria de Gochnatia
polymorpha ssp. floccosa em camundongos, 2010
[Dissertagdo de Mestrado]. Universidade Federal
do Parana— UFPR. Curitiba/PR.

RIO RGW. Atividade anti-inflamatoéria, toxicidade e
aspectos quimicos do o6leo- resina de copaiba,
proveniente de diferentes espécies, e de suas
respectivas fragdes, 2001 [Tese de Doutorado].
Universidade de Sao Paulo-USP. Sao Paulo/SP.

Silverstein FE, Faich G, Goldstein JL, Simon LS, Pincus T,
Whelton A, Makuch R, Eisen G, Agrawal NM,
Stenson WF, Burr AM, Zhao WW, Kent JD,
Lefkowith JB, Verburg KM, Geis GS.
Gastrointestinal toxicity with celecoxib vs
nonsteroidal anti-inflammatory drugs for

Perspectivas Experimentais e Clinicas, Inovagdes Biomédicas e Educag¢@o em Saude

osteoarthritis and rheumatoid arthritis: the class
study: A randomized controlled trial. Celecoxib
Long-term Arthritis Safety Study. Journal of the
American Medical Association, 284, 1247-1255,
2000.

Simons SSJr, Thompson EB, Johnson DF. Anti-
inflammatory pyrazolo-steroids: Potent
glucocorticoids containing bulky a-ring substituents
and no C3-carbonyl. Biochemical and biophysical
research communications, 86, 792-800, 1979.

Sloane JA, Blitz D, Margolin Z, Vartanian T. A Clear and
Present Danger: Endogenous Ligands of Toll-like
Receptors. Neuromolecular Medicine, 12, 149-163,
2010.

Suguna L, Chandrakasan G, Ramanoorthy U, Joseph KT.
Influence of honey on biochemical and biophysical
parameters of wounds in rats. Journal of Clinical
Biochemistry and Nutrition, 14,91-99, 1993.

Zanetti GD, Manfron MP, Hoelzel SCS. Analise
morfoanatomica de Tropacolum majus L.
(Tropaeolaceae). Ilheringia, Série Botanica, 59,
173-178,2004.

Zanusso-Junior G, Melo JO, Romero AL, Dantas JA,
Caparroz-Assef SM, Bersani-Amado CA, Cuman
RKN. Avaliagdo da atividade anti-inflamatdria do
coentro (Coriandrum sativum L.) em roedores.
Revista Brasileira de Plantas Medicinais, 13, 17-
23,2011.

Editor Associado: Rodrigo Juliano Oliveira

PECIBES, 2015, 1,29-33 | 33



	Página 1
	Página 2
	Página 3
	Página 4
	Página 5

