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Biphasic Modulation of Neutrophil Migration
by Aqueous Extracts of Uncaria tomentosa in
Murine Lung.

Noelia Roque, David Cremonezzi, Celeste Maria Bigliani, Ezequiel Grondona,
Paula Zunino, and Andres A. Ponce Prof

Abstract

In the history of medicine, the treatment of disease has been influenced by an intimate contact
with nature. A mice model of lipopolysaccharide (LPS)-induced acute lung injury was used to
evaluate the protective effects of long-term water-soluble administration ad libitum of Uncaria to-
mentosa extracts (20 gr/L; UTE) in lung inflammation. Swiss mice had LPS (1,67 g/ml) instilled
intranasally 3hs before sacrificed, and were then pre-treated with UTE for 7, 15, 30 or 90 days
or with a single dose of dexamethasone (2,5 mg/kg, DX). Inflammatory cell concentration was
measured in the bronchoalveolar fluid (BALF) and histology was performed. No acute or chronic
toxicity signs were observed in the clinical status. In addition, body weight, food consumption,
organ weight, kidney, liver, and lung pathology were not found to be affected by the UTE treat-
ments. UTE or DX significantly reduced the lung edema, exudation and lung injury histology
for 7 and 90 day treatments. In addition, pre-treatment with UTE revealed a biphasic attenuated
recruitment in BALF from neutrophils at 7 and 90 days induced by endotoxin exposure compared
to the control (p<0.05). These data suggest that UTE initially induces a nonspecific response that
is transient protection from PMNs migration into the lung mice.
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INTRODUCTION

America is one of the richest ecosystems of fauna and flora in the world,
with the Amazon environment being a source that every day provides new natural
agents with antioxidant and anti-inflammatory activity (Ribnicky, et al. 2008).

Uncaria tomentosa from Amazonia is a widely used species in folk
medicine for the treatment of several diseases, and appears to be a possible source
of several active substances with useful properties. It possesses anti-inflammatory
antispasmodic, antioxidant, DNA repairing, immunomodulatory, anti-tumor and
anti-viral properties (Aguilar et al. 2002; Akesson, et al. 2003; Allen-Hall, et al.
2007; Aquino, et al. Bednarek, et al. 2004).

Acute respiratory processes are inflammatory disorders characterized by an
excessive infiltration of neutrophils (polymorphonuclear leukocytes, PMNs).
These inflammation is now accepted as a main aspect in the pathogenesis of lung
disease in cystic fibrosis (CF). Its most distinctive feature is a manifest and
constant invasion into the airways of PMNs, which damage the lung architecture
by releasing harmful mediators, such as reactive oxygen species and proteolytic
enzymes (Terheggen-Lagro, et al. 2005).

CF is caused by mutations in the CF transmembrane conductance regulator
(CFTR) gene. CFTR is also expressed in neutrophils and several neutrophil
functions like cytokine production, migration, phagocytosis and apoptosis seem
altered in CF and in some hospital from EE.UU, reported use of complementary
and alternative therapies in CF patients (Reddy, et al. 2005; Conese, et al. 2003).

A mechanism of action for Uncaria tomentosa extract (UTE) produce the
paradoxical effect of sometimes increasing and sometimes decreasing the PMN
migration have not describe before. It has been established that preparations with
the bark of UTE interfere with the production of various cytokines, and can also
act on the proliferation of various components of the immune system as well as on
phagocytosis and the complement system, thus producing an immunomodulatory
activity Akesson, et al. 2003; Allen-Hall, et al. 2007; Spelman, et al. 2006).

In the present study, we demonstrate that UTE has a patent biphasic effect in
murine neutrophil migration induced by LPS-injury in mice lung and it was
established that the pre-treatment administration on different days of the UTE did
not modify either the body weight or clinical status.
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MATERIALS AND METHODS

Animals

Swiss albino mice were used in all experiments (weighing 25-30 g) under 12h
light/dark cycle (with lights on 20:00-8:00) and a constant temperature
(20£2°C).

Metabolism

The water and aqueous extract of UTE were accurately calculated before
being made accessible to the mice. At 7, 15, 30 and 90 days after treatment, the
water and UTE were collected and measured, with water and UTE intake being
determined by the difference between the total amount of UTE or water that was
given to the mice and the total remaining UTE or water in each group (n==8) at
each time point. Weight was also measured at 7, 15, 30 and 90 days after
treatment.

Preparation of extracts and treatment

The UTE was freshly prepared by decoction of the bark at a 20 g/L
concentration. This involved the extract being purified for 45 minutes in boiling
water, before being filtered and then left for 12 hours before use. The material was
protected from direct light and stored at 4°C (Aguilar et al. 2002; Lemaire et al.
1999).

Mice had access to continuous commercial chow and were administered ad
libitum water, or with the protective effects of UTE (equivalent doses at
0.75 g/kg) being studied for 7, 15, 30 or 90 days.

The general health of the mice was evaluated for approximately 15 minutes
at two different daily time points.

The animal protocol was approved by the Animal Care Committee of the
University of Cérdoba, Argentina and the bark was authenticated by Paula Zunino
(Department of Pharmacognosy, UNC; Cérdoba)

Instillation of LPS and Bronchoalveolar Fluid (BALF)

Mice were anaesthetized with a short lasting inhalation and the acute lung
inflammation was induced intranasally (i.n.) with P. aeruginosa LPS (serotype 10)
(Sigma, St. Louis) in PBS solutions (60 pl) Wieland et al. 2002). During the
experimental anaesthesia procedure, the mice were placed under a warming light
and temperature was maintained close to 37°C. Dissolved sterile saline or saline
alone (as a vehicle control) was used at a dose of 100 ug LPS/kg mouse body

http://www.bepress.com/jcim



Roque et a.: Biphasic Modulation of Neutrophil Migration by Aqueous Extracts o

mass. After intratracheal instillation, all mice were put into the vertical position to
ensure that the fluid was evenly distributed in both lungs. Control animals were
treated in the same way with PBS (Roderick, et al. 1997; Song, et al. 1998).

A differential count of cells obtained by BAL was performed with cold PBS
(4°C) on the sacrificed mice after a 3 hour LPS exposure. The mice were
anesthetized by inhalation of ether and then fixed on a board at an angle of 50° in
a supine position. After sterilization, a mid-line incision was performed on the
neck to isolate the trachea. The trachea was cannulated with a sterile, 23-gauge
needle, and 1 ml ice-cold of PBS was infused intratracheally with the fluid being
collected by aspiration. This procedure was repeated three times by flushing,
resulting in a total volume of 5-7 ml. The BAL fluid was stored on ice until being
centrifuged at 300 g for 10 min. The supernatant was then discarded, leaving a
0.1-ml cell pellet. This pellet was resuspended in 1 ml of buffer (1% BSA and
0.1% sodium azide in PBS), and a 10-ul aliquot was used for cell count with a
Trypan blue exclusion (0.4%) being used to determine cell viability. The cells
were then collected from the BAL fluid for measurement of the differential count
of cells obtained by May-Griinewald Giemsa staining before being, air-dried, and
coverslipped. More than two hundred cells obtained by BALF, using morphologic
criteria, were counted under the microscope to obtain the percentages of
macrophages (MA) or polymorphonuclear neutrophils (PMNs). The absolute
numbers of PMNs or MA were calculated as follows: number of BALF cells/ml x
percent PMNs= PMN in BALF cells/ml (Cok et al. 2007, Freedman, et al. 2002).
No treatment of PBS (pyrogen-free) occasionally causes a weak but significant
increase in BALF cells (Hirano, 1997).

In the dexamethasone group, the mice were i.p. administered at a single dose
of 2.5 mg/kg at 9:00 a.m. Food consumption; water intake and weight were
carefully monitored in all treatments (Sadikot, et al. 2001).

Histopathology

In order to harvest the lungs, we cannulated the trachea and fixed the lungs
by inflation with 4% paraformaldehyde. After overnight fixation, the tissue was
embedded in paraffin, sectioned, and stained. Hematoxylin and eosin stains were
made to determine the morphology and inflammatory infiltrate. The lung
pathology was assigned microscopically one of four grades according to the
severity of the inflammation, as follows: 1, normal histology; 2, mild focal
inflammation; 3, moderate to severe focal inflammation with areas of normal lung
tissue; and 4, severe inflammation to necrosis or severe inflammation throughout
the lung. The cellular alterations were classified by a scoring system based on the
proportions of cell populations (Freedman, et al. 2002).
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Data analysis

Data were expressed as means + standard errors of the means (SEM).
Pearson’s correlations and the statistical significance of differences between the
treatment and control groups was determined by factorial analysis of variance
(ANOVA) and the Kruskal Wallis test followed Dunn’s multiple comparison for
three or more variables. Differences were considered statistically significant for p
values <0.05. Statistical analyses were performed using Info-Stat software
(Coérdoba, Argentina, 2008).

RESULTS
Survival analysis

We first examined whether the UTE model is associated with tolerance in
ad-libitum administration for 90 days in Swiss Albino mice. When these values
were compared with ingested water and the evolution of the body weight
determined in untreated animals, no significant statistical differences were found
(dates not show). All of the animals survived for the duration of the experiments.

Histopathology parameters

The relative weights after 90 days of treatment (water and treatment with the
UTE respectively) were: kidneys (13.29 = 0.10, n = 6 and 13.16 £ 0.10, n= 5);
lung (12.00 £ 0.62, n= 6 and 10.99 £ 0.50, n=5) and liver (56.07 + 2.60, n= 6 and
60.98 £+ 2.70, n= 5). Also, no changes were detected in the structure of organs
evaluated histologically.

Bronchioalveolar fluid evaluation

Next, we wished to test the alveolar PMNs and MA obtained in BALF. In
this study, we showed that for pre-treatments with DX on 7 or 90 days of
treatment with UTE in mice, the number of PMNs in BALF were similar to basal
and PBS, which was capable of recognizing up regulation and down regulation of
the PMN. However LPS induced significantly more cells (p < 0.05) (Figure
1).The number of MA (MA thousand in BALF/ml) decreased from 7 to 90 days
treatment for both UTE and DX (Figure 2), while an increase in the numbers of
PMNs and MA was observed following i.n. administration of LPS, thus validating
the efficacy of LPS (Fig 1 and 2).

http://www.bepress.com/jcim
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In animals without LPS instillation and treated with UTE for 7, 15, 30 or 90
days, the numbers obtained in BALF with PMNs and MA showed no change
either population cell, see Table 1 and 2.

Three hours after instillation, there was a 100% diffuse inflammation, with
edema and congestion occurring in animals treated only with LPS. In the
treatments with DX-LPS and UTE of 7, 15, 30 and 90 days and 3hs before LPS
were reduced by (%) 64, 63, 88, 86, 60 respectively, with microscopic
examination showing no ultrastructural lesions of the lungs or the airways. Lung
histology of mice receiving PBS instillation showed physiologic lung architecture
(Table 3).

Correlation in BALF

We then evaluated the hypothesis that protection from PMN and MA could
be associated with leukocyte recruitment to the lung, because there was a strong
correlation between the number of PMNs in BALF and MA in the lung content (r°
=0.44, p<0.0001).

DISCUSSION

Medicinal plants are characterized by their multiple active ingredients,
which, by acting together (synergy), can enhance exert a beneficial effect on the
functioning of various organs (Song, et al., 1996; Williamson, 2005). While the
purpose was not to identify the compounds of this plant, have two main classes of
secondary metabolites, alkaloids and quinovic acid glycosides (Valerio and
Gonzales 2005), we used Uncaria tomentosa as an water soluble extracts because
its reported in complementary and alternative therapies in CF patients (i.e:
http://www.umm.edu/altmed/articles/cystic-fibrosis-000045.htm) and the
significant protective effect of UTE preparation in the murine lung experimental
LPS inflammation has not been investigated thoroughly

We performed a test to elucidate the tolerance to UTE in a mouse model for
90 days. The fluid intake showed that the administration of UTE did not change
the amount of liquid ingested or the evolution of body weight when compared
with water.

No histological changes were found in the structure of tissues evaluated in
animals treated for various time periods with the UTE. Finally, no detected
variations in ambulation or in the general state of the animals (stains on the skin,
hair loss, etc.).

On the other hand, in other assays conducted on healthy volunteers, UTE
administered for 6 weeks at a dose of 5 grams of bark/kg did not cause any
symptoms of toxicity, but also induced a significant increase in leukocytes
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(Valerio and Gonzales, 2005). Moreover, several authors demonstrated an anti-
inflammatory activity of UTE (Aguilar, et al. 2002; Aquino, et al. 1991; Akesson,
et al. 2003; Lemaire, et al. 1999; Cisneros, et al. 2005).

Only instillation with LPS induced a significant increase in the
concentration of PMNs in the BAL fluid, which was reduced in animals treated
with DX or UTE for 7 or 90 days, but not in the experimental group with UTE-15
and UTE-for 30 days.

The exact mechanism of the biphasic regulation by UTE administration
remains to be clearly understood. The biphasic mechanism in the modulation of
PMN migration may be through the cytokines, like tumors cells (Spelman et al.
2006). A class of herbal medicines, known as immunomodulators, alters the
activity of immune function through the dynamic regulation of informational
molecules such as cytokines (Allen-Hall et al. Bednarek et al. 2004; Lemaire et al.
1999).

In accorded with our results, BiZzanov and TamoSitiasn (2005) found 1gG
titres in oral immunization of mice treated with Sendai virus in combination with
UTE significantly different reduced by day 14 after the last immunization with
compared with 7 days immunization. In another hand, Dhuley et al. (1997) found
Withania somnifera increased TNF- expression, while Davis and Khutan (1999)
showed it decreased TNF- . Moreover, several mechanisms, such as synergistic
interactions or biphasic response is also recognized in other plants (Williamson,
2005; Gaffney, et al. 2001; Sattayasai, et al. 2008). These differential effects
could be due to the fact that some of the many active substances contained in the
extract may act on different cellular systems when applied for different periods,
and this suggested the presence of compounds with different actions on UTE
tolerance in a different pathways within an aqueous herbal extract.

Furthermore, this biphasic effect could be by NO in lung mice. NO will have
a pronounced effect on cellular recruitment/infiltration, immune cell function,
tissue repair, and antioxidant protection and therefore promotes NO to the
forefront of the regulation of host defense (Connelly, et al. 2001; Huang, et al.
1998).

In an analysis of the percentage of instillation with LPS and PBS prompted a
significant increase in this parameter over the baseline in animals without any
treatment with UTE (Hirano, 1997; Cok, et al. 2007). Concerning the effects of
DX, it has been previously confirmed that this drug have anti-inflammatory
effects and is widely used to relieve inflammation (swelling, heat, pain and
redness) thereby producing a decrease in the number and effectiveness of the
response of inflammatory cells, as postulated by Sadikot, et al. (2001).

When the results were analyzed to assess the concentration of macrophages
in the BAL fluid, although no statistical significance was found, instillation with
LPS produced a stight increase in this parameter, which was then attenuated by

http://www.bepress.com/jcim
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DX and UTE in 30 and 90 day periods. Similar results regarding the migration of
cellular macrophages were obtained by other authors (Cisneros, et al. 2005;
Lemaire, et al. 1999). This increase is due to LPS being the main component of
the outer membrane of Gram-negative, and is also a potent activator of response
defense, macrophages and neutrophils among others. It is important that the
method used to administer the three virulence factors, i.e., intranasal inoculation,
induces only a local inflammatory response in the lungs, with no apparent
systemic effects. Therefore, compared to a systemic administration of
proinflammatory agents, the model used here more closely reflects the pulmonary
inflammation observed in CF patients, in which systemic involvement is not
usually observed (Conese, et al. 2003; Wieland, et al. 2002).

The fact that there was a significant correlation coefficient (r2= 0.44)
between the concentration of macrophages and PMNs with LPS instillation,
indicates that chemotactic stimuli produced by different pathways, e.g. the
vascular endothelium, or by macrophages, act as inducers of the migration of
neutrophils into the alveoli.

With respect the exploratory analysis of samples obtained from
histopathological mouse lung with LPS instillation, we found that 100% had
infiltrated diffuse, edema and congestion, while DX and UTE also had a similar
response, thereby reducing the parameters described previously.

CONCLUSIONS

The findings of this study show that the administration of UTE for periods
of 7, 15, 30 or 90 days, did not induce alterations in the general state of animals,
or in the histopathological characteristics of the organs evaluated (lungs, liver and
kidneys). Furthermore, we found that UTE significantly reduced transient
pulmonary edema and PMN infiltration in the mice model, for LPS instillation
with a pre-treatment of DX or UTE-7 and UTE-90. The principal finding of the
present study is the demonstration that the biphasic protection from PMNs
migration into the lung was reduced by a 7 or 90 day administration of UTE. This
work confirms the potential anti-inflammatory effects of UTE in lung mice.
However further studies are necessary in order to identify the possible
mechanisms of action of the components of the extract.
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Table 1. PMNs obtained from BALF in Swiss lung Albino mice.

Treatments PMNs in BALF x 10°/ml
Water 14.02 £2.24
UTE-7 (8) 9.27£4.21
UTE-15 (8) 5.13+1.02
UTE-30 (7) 11.63 +3.23
UTE-90 (5) 11.34 +4.60

Polymorphonuclear neutrophils (PMNs) were obtained from the bronchoalveolar fluid
(BALF) in Swiss Albino mice. The treatments instilled a solution with buffer phosphate
(PBS) 3 hours prior to sacrifice. Water: only water drank, and Uncaria tomentosa extract
(UTE) drank ad libitum for 7, 15, 30 and 90 days. Data are mean + SEM. In parentheses:
number of animals.

Table 2. Macrophages obtained from BALF in lung Swiss Albino mice.

Treatments Macrophages x 10°/ ml
Water 3.38+£1.39
UTE-7 (8) 2.95+0.77
UTE-15 (8) 297+0.95
UTE-30 (7) 229+042
UTE-90 (5) 2.04 +£0.28

Macrophages were obtained from the bronchoalveolar fluid (BALF) in Swiss Albino
mice. The treatments were instilled i.n. with PBS 3 hours prior to sacrifice. Water: only
water drank, and Uncaria tomentosa extract (UTE) drank ad libitum for 7, 15, 30 and 90
days. Data are mean = SEM. In parentheses: number of animals.

http://www.bepress.com/jcim
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Table 3. Lung histopathology from Swiss Albino mice.

Infiltrate

Focal Diffuse Congestion Edema
Treatments (0] 0O 6 6 (0] o 6 0 o0 e (0] e 6
8 0 0 O 8 0 0 7 1 0 8 0 0

Basal (8) 100 0 100 0 88 12 100 0

4 1 1 0 6 0 O 5 0 1 3 1 0

PBS (6) 67 33 100 0 83 17 50 50
8 0 0 O 0 4 0 0 4 4 0 4 0

LPS (8) 100 0 0 100 0 100 0 100
4 6 1 O 4 0 O 2 5 4 5 2 0

DX + LPS (11) 36 64 36 64 18 82 45 55
2 6 0 0 3 0 O 7 1 0 2 2 0

UTE 7 + LPS (8) 25 75 37 63 12 88 25 75
3 3 2 0 1 0 O 2 6 0 2 2 0

UTE 15 + LPS (8) 37 63 12 88 25 75 25 75
4 30 0 1 1 0 2 3 2 0 3 0

UTE 30 + LPS (7) 57 43 14 86 29 71 0 100
2 30 0 2 0 O 1 4 0 2 2 0

UTE 90 + LPS (5) 40 60 40 60 20 80 40 60

The microscopic analysis was performed on lung tissue obtained from Swiss Albino mice,
subjected to the following treatments: Basal: untreated; PBS: only water drank and
instilled with fosfosalino phosphate buffer (PBS) 3 hours prior to being sacrificed; LPS:
instilled with lipopolysaccharide Pseudomonas aeruginosa (LPS) 3hs before being
sacrificed; DX + LPS: treated only with dexamethasone (DX, ip; 2.5mg/kg) Sh before
being sacrificed and LPS identical to previous condition. UTE + LPS: The Uncaria
tomentosa extract (UTE) was administered ad [libitum to animals for 7, 15, 30 and 90
days, and 3 hs before being sacrificed were instilled with LPS. The table shows the
absolute frequencies of the attributes measured (focal infiltrate, diffuse, congestion and
edema). The modalities of these attributes indicate the degree of intensity of each variable
as 0: absence; 1: mild, 2: moderate and 3: intense. In bold are shown the percentages

corresponding to the frequencies obtained. Parentheses indicate the number of animals.
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Figure 1. Polymorphonuclear neutrophils (PMNs) were obtained from bronchoalveolar fluid (BALF) in
Swiss Albino mice: DBasal untreated; @PBS: instilled with buffer phosphate 3 hours previous to sacrificed.
Animals subjected to the following treatments were instilled i.n.(1.67 mg/Kg) with Pseudomonas
aeruginosa lipopolysaccharide (LPS) 3hs previous to being sacrificed;ggl.PS i.n. only; DDX
(dexamethasone,i.p. only; 2.5mg/kg) 5 hs prior to sacrificed; and Uncaria tomentosa extract (UTE):
administered ad libitum the for 7,5 15, 530 and 90 days. Data are mean + SEM. Different letters indicate
significant differences (p <0.05). Within each bar is shown the number of animals used.
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Figure 2. Macrophages (MA)were obtained from bronchoalveolar fluid (BALF) in Swiss Albino mice:
Basal untreated; §PBS: instilled with buffer phosphate 3 hours previous to sacrificed; and the animals
subject to the following treatments were instilled 1.n.(1.67 mg/Kg) with Pseudomonas aeruginosa
lipopolysaccharide (LPS) 3hs previous to sacrificed; ILPS i.n. only; |:|DX (dexamethasone,i.p. only;
2.5mg/kg) 5 hs prior to being sacrificed; and the Uncaria tomentosa extract (UTE): administered ad
libitum for 7E 15, @30 and 90 days. Data are mean + SEM. Different letters indicate significant
differences (p <0.05). Within each bar is shown the number of animals used.
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