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A B S T R A C T

Objective: This study aimed to investigate the protective effect of epiisopiloturine hydrochloride (EPI), an
imidazole alkaloid, on NAP-induced gastrointestinal damage in rats.
Methods: Initially, rats were pretreated with 0.5% carboxymethylcellulose (vehicle) or EPI (3, 10 and
30 mg/kg, p.o. or i.p., groups 3–5, respectively) twice daily, for 2 days. After 1 h, NAP (80 mg/kg, p.o.) was
given. The control group received only vehicle (group 1) or vehicle + naproxen (group 2). Rats were
euthanized on 2nd day, 4 h after NAP treatment. Stomachs lesions were measured. Samples were
collected for histological evaluation and glutathione (GSH), malonyldialdehyde (MDA), myeloperoxidase
(MPO), and cytokines levels. Moreover, gastric mucosal blood flow (GMBF) was evaluated.
Results: EPI pretreatment prevented NAP-induced macro and microscopic gastric damage with a maximal
effect at 10 mg/kg. Histological analysis revealed that EPI decreased scores of damage caused by NAP. EPI
reduced MPO (3.4 � 0.3 U/mg of gastric tissue) and inhibited changes in MDA (70.4 � 8.3 mg/g of gastric
tissue) and GSH (246.2 � 26.4 mg/g of gastric tissue). NAP increased TNF-a levels, and this effect was
reduced by EPI pretreatment. Furthermore, EPI increased GMBF by 15% compared with the control group.
Conclusion: Our data show that EPI protects against NAP-induced gastric and intestinal damage by
reducing pro-inflammatory cytokines, reducing oxidative stress, and increasing GMBF.
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1. Introduction

Nonsteroidal anti-inflammatory drugs (NSAIDs) are often used
clinically because of their anti-pyretic, anti-inflammatory, and
analgesic properties. However, the chronic administration of these
drugs is restricted as a consequence of their capacity to cause
damage to the gastrointestinal tract, such as ulceration, erosion,
perforation, and hemorrhage [1]. Naproxen, a non-selective NSAID,
is widely prescribed for disorders such as arthritis, and is also one
of the NSAIDs most likely to induce gastrointestinal injury [2,3].
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The pathophysiology of naproxen-induced gastric antral ulceration
is characterized by the production of oxygen free radicals, lipid
peroxidation, and increased neutrophil adherence and activation
[4–6].

The plants of the Pilocarpus genus, commonly known as
“jaborandi,” contain 14 known alkaloids [7], including pilocarpine,
which is a particularly important phytotherapeutic compound that
is used in human and veterinary medicine, and produces
therapeutic effects such as decreased intraocular pressure, reduced
dry mouth, and stimulation of smooth muscle for the treatment of
gastrointestinal complications [8]. Other alkaloids such as
isopilosine, epiisopilosine, and epiisopiloturine (Fig. 1) have been
isolated from jaborandi [Pilocarpus microphyllus Stapf (Rutaceae)]
leaves and are structurally similar to pilocarpine [9]. Epiisopilo-
turine is the second-most concentrated alkaloid, and has
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Fig. 1. Mass chromatogram for epiisopiloturine hydrochloride (EPI). Mass spectrum obtained from ESI+/ion trap. (A) Dissociated EPI with a pseudo-molecular ion m/z of
287.1 Da [M+H]+, and (B) MS2 with characteristic fragment at m/z of 269.0 Da [M–H2O]+ with proposed chemical structure.
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demonstrated anti-parasitical, anti-inflammatory, and antinoci-
ceptive effects [10,11]. Natural products represent an excellent
source for drug discovery; these products can be used directly to
treat human diseases or can serve as a valuable starting point for
drug discovery programs [12]. Although careful studies of the
biological activities of Pilocarpus alkaloids and their underlying
molecular mechanisms have led to the identification of novel
modes of action and targets of relevance to the treatment of human
diseases, no studies have examined the potential of epiisopilotur-
ine to protect against ulcerogenic side effects associated with the
use of NSAIDs. In this context, some imidazole derivatives were
found to be versatile scaffolds with which to design anti-
inflammatory compounds, because the imidazole rings are known
to possess gastric protective and ameliorative effects [13].
Furthermore, a range of alkaloids have been shown prominent
place in research as scope of drugs able to improve peptic ulcers
[14]. Thus, the aim of this study was to investigate the ameliorative
effect of epiisopiloturine hydrochloride, a derivative imidazole
alkaloid, on naproxen-induced gastrointestinal damage in rats.

2. Materials and methods

2.1. Plant material

A specimen of Pilocarpus microphyllus was collected in October
2008 near Matias Olímpio City (Piauí, Brazil) and was identified by
Dr. Ivanilza Moreira de Andrade of the Department of Biology,
Federal University of Piauí. A voucher specimen (TEPB 27.152) was
deposited at the Graziella Barroso Herbarium (Teresina, Piauí,
Brazil).

2.2. Characterization

Epiisopiloturine (EPI), shown in Fig. 1, was obtained from waste
produced by pilocarpine extraction from P. microphyllus leaves
according to a previous study [10]. For being an alkaloid, the
natural form of EPI is presented as basis without charge. In reaction
with an acid, formed a soluble salt that was obtained by slow
evaporation of the solution and exhibited MS/MS data consistent
with values in the literature, as determined with an AmaZon SL
mass spectrometer (Bruker Daltonics, Bremen, Germany) [15].

2.3. Drugs and reagents

Naproxen, carboxymethylcellulose, omeprazole, histamine, and
ranitidine were purchased from Sigma-Aldrich Chemical (Saint
Louis, MO, USA). Naproxen was dissolved in 0.5% carboxymethyl-
cellulose (w/v). EPI was dissolved in 0.9% NaCl.

2.4. Animals

Male Wistar rats, weighing 120–150 g, were housed in
temperature-controlled rooms and received water and food ad
libitum. The animals were deprived of food for 18–24 h before the
experimentation, but had free access to water. All surgical
procedures and animal treatments were conducted in accordance
with the Guide for the Care and Use of Laboratory Animals
(National Institutes of Health, Bethesda, MD) and were approved
by the local ethics committee (Protocol number 008/2012).

2.5. Effect of EPI on naproxen-induced gastrointestinal damage

Rats were pretreated with 0.5% carboxymethylcellulose (vehi-
cle), epiisopiloturine EPI (3, 10, and 30 mg/kg, p.o.; 3,10, and 30 mg/
kg, i.p., groups 3–8 respectively) or omeprazole (10 mg/kg, p.o.,
group 9) twice per day (at 09:00 and 21:00) for 2 days. One hour
after EPI administration, naproxen (80 mg/kg, p.o.) was adminis-
tered (at 10:00 and 22:00) for 2 days as described by Kim et al. [3]
with modifications. The control group received only vehicle (group
1) or vehicle + naproxen (group 2). The rats were killed on the
second day, 4 h after the naproxen treatment. The stomachs were
promptly excised, opened along the greater curvature. The gastric
damage was measured using digital calipers (Mitutoyo1, IL, USA).
To study intestinal damage the abdomens were opened, and after
identification of the intestine, a 5-cm portion of the medial
intestine was removed for the evaluation of macroscopic scores by
the criteria described by Martin and Wallace [16] with some
modifications. All scoring of damage was performed in a
randomized manner by an observer who was unaware of the
treatments that the rats had received. Samples of the stomachs and
small intestine were used for posterior analysis.

2.6. Glutathione (GSH) level

A segment from stomach and small intestine was homogenized
in 5 mL of cold 0.02 M EDTA solution (1 mL per 100 mg/tissue).
Aliquots (400 mL) of the tissue homogenate were mixed with
320 mL of distilled water and 80 mL of 50% (w/v) trichloroacetic
acid in glass tubes and centrifuged at 3000 rpm for 15 min
(Eppendorf1 centrifuge 5810r, Germany). Next, 400 mL of each
supernatant was mixed with 800 mL of Tris buffer (0.4 M, pH 8.9)
and 20 mL of 0.01 M 5,50-dithiobis(2-nitrobenzoic acid). The
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samples were stirred for 3 min and assayed on a spectrophotome-
ter (Instrutherm1, SP, Brazil) at 412 nm [17]. The results are
expressed as micrograms of GSH per gram of tissue.

2.7. Malondialdehyde (MDA) concentration

Fragments of the gastric mucosa and small intestine weighing
between 100 and 150 mg were homogenized with cold 1.15% KCl to
prepare 10% homogenates. Briefly, 250 mL of each homogenate was
added to 1.5 mL of 1% phosphoric acid (H3PO4) and 0.5 mL of 0.6%
tert-butyl alcohol (aqueous solution). Then, this mixture was
stirred and heated in a boiling water bath for 45 min. The mixture
was then cooled immediately in an ice water bath followed by the
addition of 4 mL of n-butanol. This mixture was shaken and the
butanol layer was separated by centrifugation at 1200 � g for
10 min. Optical density was determined at 535 and 520 nm, and the
optical density difference between the 2 determinations was
calculated as the tert-butyl alcohol value [18]. MDA concentrations
are expressed as millimoles per gram of tissue.

2.8. Myeloperoxidase (MPO) activity

Briefly, 50–100 mg of tissue was homogenized in 1 mL of
potassium buffer with 0.5% of hexadecyltrimethylammonium
bromide (HTAB) per 50 mg of tissue. The homogenate was
centrifuged at 40,000 � g for 7 min at 4 �C. MPO activity in the
resuspended pellet was assayed by measuring the change in
absorbance at 450 nm using o-dianisidine dihydrochloride and 1%
hydrogen peroxide [19]. The results were reported as the MPO
units per mg of tissue. A unit of MPO activity was defined as that
converting 1 mmol of hydrogen peroxide to water in 1 min at 22 �C.

2.9. Histological evaluation of gastric damage

For histological evaluation, the stomach and small intestine
samples were fixed in 10% formalin solution for 24 h. After fixation,
Fig. 2. The epiisopiloturine hydrochloride (EPI; 10 mg/kg, i.p.) reduces naproxen-induced
5–7 animals per group. * P < 0.05 vs. carboxymethylcellulose group; # P < 0.05 vs. nap
the samples were transferred to a solution of 70% alcohol. The
material was then embedded in paraffin and sectioned with a
microtome; 4-mm thick sections were deparaffinized, attached on
a slide, stained with hematoxylin and eosin (H & E), and examined
under a light microscope equipped with a high-resolution Leica
DFC 320 digital camera (Wetzlar, Germany) connected to a
computer with an image capture program by an experienced
pathologist without knowledge of the treatments. The specimens
were assessed according to the criteria described by Laine and
Weinstein [20], in which case scores are attributed to the following
parameters for a maximum total score of 14: hemorrhagic damage
(score of 0–4), edema in the upper mucosa (score of 0–4), epithelial
cell loss (score of 0–3), and presence of inflammatory cells (score of
0–3).

2.10. Intestinal morphometric analysis

Morphometric analysis was performed using slides stained
with H&E on a light microscope equipped with a high-resolution
Leica DFC 320 digital camera (Wetzlar, Germany) connected to a
computer with an image capture program. An average of 8 to 10
different linear measurements of crypt depth and villus height
were recorded. The height of the villus was measured from the top
to the bottom, corresponding to the junction of the crypt and villus.
The depth of the crypts was defined as the invagination between
adjacent villi.

2.11. Gastric acid secretion

First, pylorus ligation was performed under inhalation anes-
thesia, and CMC and EPI (10 mg/kg) were injected intraperitoneal-
ly. In another group, gastric acid secretion in pylorus-ligated mice
induced by histamine (5 mg/kg) or ranitidine (5 mg/kg) via i.p.
injection was tested. After 4 h, the animals were sacrificed by deep
inhalation anesthesia, the stomachs were opened, and the gastric
contents were collected. The final volume and pH were directly
 gastric (A) and intestinal (B) damage. The results are expressed as the mean � SEM of
roxen group (ANOVA and Newman-Keuls test).
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determined after washing the mucosal side of the stomach with
2 mL of distilled water. Total acidity of the gastric juice was titrated
with 0.01N NaOH, using 2% phenolphthalein as an indicator [21].

2.12. Measurement of the amount of mucus adhered to the gastric wall

Glandular segments from the stomachs were collected and
weighed. Each segment was transferred to 1% Alcian blue solution.
The mucus dye complex was extracted by placing the segments in
0.5 M MgCl2 for 2 h. The dye extract was mixed with diethyl ether,
centrifuged at 1400 � g for 10 min, and absorbance of the super-
natants was measured at 598 nm. The quantity of extracted Alcian
blue (mg/g of glandular tissue) was then calculated using a
standard curve of Alcian blue.

2.13. Cytokine measurements

Samples of gastric tissue were collected and homogenized in
sterile saline. After that, the levels of interleukins TNF-a, IL-1b, and
IL-10 were evaluated using sandwich ELISA kits according to the
manufacturer’s recommendations (ELISA microplate reader Spec-
traMAX 190, Molecular Devices, CA, USA). The homogenates were
centrifuged at 0.8g at 4 �C for 10 min, and supernatants were stored
at �80 �C until further analysis. The results are expressed as
pictograms per milliliter of homogenate (pg/mg) and reported as
mean � SD.

2.14. Evaluation of gastric blood flow

The effect of EPI on gastric mucosal blood flow (GMBF) was
evaluated ex vivo by Laser Doppler flowmetry (transonic). The
responses were analyzed as GMBF variation compared to basal
blood flow obtained in the initial 5 min of measurement. Results
were expressed in units of tissue perfusion (UTP) [22].

2.15. Statistical analysis

Data were described as either means � SEM or medians, as
appropriate. Analysis of variance (ANOVA) followed by the
Student-Newman-Keuls test was used to compare means, and
the Kruskal-Wallis nonparametric test followed by Dunn's test was
used to compare medians. A P-value < 0.05 was defined as
statistically significant.

3. Results

3.1. Effect of EPI on naproxen-induced gastrointestinal damage

In the current study, we confirmed that treatment of the animals
with naproxen for two days produced the formation of severe
macroscopic gastric and intestinal lesions (10.65 � 0.620 mm and
Table 1
Effect of epiisopiloturine hydrochloride (EPI 10 mg/kg) isolated from Pilocarpus microph

Experimental Group (n = 5) Hemorragic Damage (score, 0–4) Edema
(score,

Control 0 (0–1) 0 

Naproxen 2 (2–3) 2 (2–3
EPI i.p. 1 (0–2) 1 (0–1
EPI p.o. 3 (2–3) 2 (1–2
Omeprazole 0 (0–1)* 0 (0–1

Data shown are medians with minimal and maximal scores shown in parentheses. The
comparisons of histological analyses.
18.33 �1.308 lesion scores, respectively). Fig. 2 shows that EPI
prevented naproxen-induced macroscopic gastric damage in a
tendency dose-dependent manner reaching its maximal effect at
doses of 10 and 30 mg/kg i.p., with 68.07% and 62.81% lesion
inhibition in the stomach respectively. Besides, in the small
intestine macroscopic evaluation, EPI had presented protection at
10 and 30 mg/kg i.p. doses with (52.75% and 57.38% lesion inhibition
respectively).Because the EPI dose of 10 mg/kg i.p. affordedthe most
protection against gastric lesions induced by naproxen, this dose
was selected for the study of the possible mechanisms of action
involved in EPI mediated ameliorative effects.

3.2. Histopathological analysis

The gastroprotective effect of 10 mg/kg EPI was confirmed by
histological analysis (Table 1). Microscopic analysis revealed that
naproxen increased hemorrhagic damage, edema, epithelial cell
loss and inflammatory cell infiltration. In contrast, pretreatment
with EPI significantly decreased the infiltration of inflammatory
cells, the formation of edema and the loss of epithelial cells
induced by naproxen (Fig. 3). Thus, the analysis of both the macro
and microscopic results revealed an excellent association between
these parameters, confirming the efficacy of the EPI molecule.

3.3. Morphometric analyses of the medial intestine

Significant villi shortening (Fig. 4A) and increased crypt depth
(Fig. 4B) were observed in the medial intestine of rats treated with
naproxen (80 mg/kg, p.o.) twice daily for two days. However, when
rats were pretreated with EPI i.p., we observed a complete reversal
of these morphometric alterations in the medial intestine (Fig. 4A
and B).

3.4. MPO activity

In this study, we observed significantly increased levels of MPO
in the stomach and the medial intestine of naproxen-treated rats
compared to the control group (Table 2). However, pretreatment
with 10 mg/kg EPI i.p. significantly attenuated the naproxen-
induced increase in MPO activity, in the stomach and also
attenuated in the intestine. Therefore, EPI may protect the
gastrointestinal tissue by reducing the recruitment of leukocytes,
thereby hindering superoxide anion production.

3.5. Analysis of the GSH concentration and determination of MDA
levels

Naproxen significantly reduced the levels of GSH of both the
stomach and intestine. Furthermore, increased the concentration
of gastric mucosal MDA and in the intestine samples of rats
(Table 2). Compared to the naproxen group, the group pretreated
yllus leaves on naproxen-induced microscopic gastric damage.

 0–4)
Epithelial cell loss
(score, 0–3)

Inflammatory cells
(score, 0–3)

Total
(score, 0–14)

0 0 0
) 3 (2–3) 2 (2–3) 9 (9–11)
)* 0 (0–1)* 0 (0–1)* 3 (0–5)*

) 2 (1–3) 2 (1–3) 8 (5–11)
)* 0 (0–1)* 0 (0–1)* 1 (0–4)*

 Kruskal-Wallis nonparametric test, followed by Dunn’s test was used for multiple



Fig. 3. Photomicrographs of gastric mucosa and medial intestine (400� magnifications): (A) and (F) show the effects of carboxymethylcellulose (CMC) in the gastric mucosa
and the medial intestine, respectively. (B) and (G) show the gastric mucosa and the medial intestine, respectively, and disruption of the superficial region of the gastric gland
with epithelial cell loss and intestinal hemorrhage in rats treated with naproxen. (C) and (H) show the gastric mucosa and the medial intestine, respectively, and preservation
of the gastric mucosa of rats treated with naproxen and omeprazole. (D) and (I) show the gastric mucosa and the medial intestine, respectively, and preservation of the gastric
mucosa in rats treated with naproxen and epiisopiloturine hydrochloride (EPI; 10 mg/kg, i.p.). (E) and (J) show the gastric mucosa and medial intestine, respectively, and the
cellular damage to both tissues in rats treated with naproxen and epiisopiloturine hydrochloride.

Fig. 4. Morphometric analyses of medial intestine tissues in rats treated with
naproxen alone or naproxen and epiisopiloturine hydrochloride (EPI). After
treatments, segments of the medial intestine were collected for the measurement
of villus height (A) and crypt depth (B). Results were expressed as the mean � SEM
of 5–7 animals per group. * P < 0.05 vs. carboxymethylcellulose group; # P < 0.05 vs.
naproxen group (ANOVA and Newman-Keuls test).
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with EPI 10 mg/kg i.p. showed significant enhance of GSH level on
gastric tissue and on medial intestine tissue (Table 2).

In addition, pretreatment with EPI on a dose of 10 mg/kg p.o. did
not play significant alteration in MDA concentration on stomach
and intestine samples compared with naproxen group, however
EPI on a dose of 10 mg/kg i.p. inhibited these effects in all of the
naproxen-treated rats, reducing the naproxen effects and resulting
in values that approximated those of controls only with vehicle
0.5% carboxymethylcellulose (Table 2). These results suggested
that the gastroprotective effect of EPI involves the participation of
oxidative stress and its blockade.

3.6. Levels of mucus

In Table 3, we observed that naproxen decreased significantly
the amount of gastric adherent mucus when compared to the
control group (CMC). Likewise, EPI (10 mg/kg i.p. or p.o.) pretreat-
ment did not modify significantly this effect of naproxen.
Therefore, mucus amount adhered on gastric wall shows no
significant change when animals receive EPI in each of both routes
(i.p. or p.o.).

3.7. Gastric acid secretion in 4-h pylorus-ligated rats

In this study, compared to the values obtained in the CMC
group, values of the animals pretreated with EPI (10 mg/kg i.p. or p.
o.) showed no change in any biochemical parameter of the gastric
juice such as the volume, pH or total acidity. In contrast, the
volume and total acidity values in the group treated with ranitidine
(a histamine [H2] antagonist) were decreased and increased by
histamine compared to the corresponding values in the saline
group as shown in Table 3.

3.8. Cytokine measurements

Due to the great results in the gastric site, cytokines measure-
ments were performed only in its tissue. Administration of
naproxen resulted in increasing gastric levels of cytokines (TNF-
a, IL-1b and IL-10) when compared with the control group. EPI



Table 2
Effects of Epiisopiloturine Hydrochloride (10 mg/kg) at biochemical dosages of MPO, GSH, MDA and cytokines (TNF-a, IL-1b and IL-10).

Experimental Group (n = 5) MPO U/mg tissue GSH mg/g tissue MDA nmol/g tissue TNF-a pg/ml tissue IL-1b pg/ml tissue IL-10 pg/ml tissue

Control (stomach) 3.56 � 1.33 324.6 � 38.9 82.23 � 9.42 535.6 � 132.7 458.0 � 124.8 676.0 � 182.5
Naproxen (stomach) 10.97 � 1.87 67.3 � 8.34 157.3 � 18.1 988.2 � 52.01 1523 � 325.4 1333 � 97.52
EPI i.p. (stomach) 3.44 � 0.31* 258.7 � 30.13* 70.43 � 8.32* 700.5 � 59.95 1567 � 247.6 956.3 � 102.0
EPI p.o. (stomach) 8.83 � 2.36 142.9 � 24.92 130.3 � 17.6 1078 � 114.7 2443 � 280.1 1281 � 221.0
Omeprazole (stomach) 3.48 � 1.26* 206.6 � 10.23* 82.23 � 9.41* – – –

Control (intestine) 7.70 � 0.95 353.0 � 19.19 135.1 � 12.16 – – –

Naproxen (intestine) 18.39 � 1.56 80.63 � 17.51 313.9 � 33.34 – – –

EPI i.p. (intestine) 11.39 � 2.69# 189.5 � 27.27# 301.0 � 43.81 – – –

EPI p.o. (intestine) 14.84 � 1.41 107.3 � 22.82 315.3 � 59.40 – – –

Omeprazole (intestine) 4.56 � 1.46# 309.8 � 21.48# 135.1 � 12.16# – – –

Data shown are expressed as mean � SEM (n = 5). *p < 0.05 vs. naproxen group (stomach); #p < 0.05 vs. naproxen group (intestine); Analysis of variance (ANOVA) and
Newman-Keuls test.

Table 3
Effects of epiisopiloturine hydrochloride (10 mg/kg) at amount of mucus adhered to the gastric wall and gastric acid secretion.

Experimental Group (N = 5) Levels of mucus (mg/g tissue) Volume (ml) pH Total Acid (mEq[H + ]/l/4 h)

Naproxen 0.022 � 0.0057# – – –

Omeprazole 0.086 � 0.0134# – – –

Control 0.081 � 0.0074 492 � 20.4 1.7 � 0.5 5.6 � 0.8
EPI i.p 0.026 � 0.0061 512 � 65.9 1.5 � 0.5 6.0 � 0.4
EPI v.o 0.026 � 0.0041 499 � 32.1 1.4 � 0.4 6.2 � 0.6
Histamine – 1149 � 100.2# 1.2 � 0.2 11 � 0.5#

Ranitidine – 233 � 59.5# 3.1 � 0.7 2.0 � 0.3#

Data shown are expressed as mean � SEM (n = 5). #p < 0.05 vs. control group; Analysis of variance (ANOVA) and Newman-Keuls test.
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(10 mg/kg i.p.) pretreatment reduced the levels of TNF-a and IL-10,
but kept similar IL-1b levels (Table 2).

3.9. Gastric mucosal blood flow (GMBF)

As shown in Fig. 5, GMBF was significantly higher of 15% in EPI
(10 mg/kg, i.p.) than that in the control group rates (data in
percentage by Units of Tissue Perfusion). No effects on blood flow
Fig. 5. Effect of epiisopiloturine hydrochloride (EPI; 10 mg/kg, i.p. or applied
directly onto the gastric tissue) on gastric mucosal blood flow (GMBF). The results
are expressed as the mean � SEM of 5 animals per group. GMBF is expressed as%
increase from basal values. *P < 0.05 vs. control values (ANOVA and Newman-Keuls
test).
were observed with EPI 10 mg/kg, directly on mucosal tissue which
mimics an oral administration by gavage.

4. Discussion

The analysis of MS data, confirm the formation of a new
compound, protonated in the nitrogen from imidazole ring and
chloride ions. Although our new data shows the alkaloid
epiisopiloturine in salt form, the crystal form when in aqueous
media intends to be the purposed biomolecule epiisopiloturine.
Based on our previous experience with difficult solubility of
epiisopiloturine on base form, we choose to focus initially to
modify structure of epiisopiloturine molecule aiming to improve
its solubilization in aqueous media. Furthermore, other advantage
resulting from the modification was to gain increased stability
presented by the alkaloid salt.

Recently, a review has listed fifteen alkaloids applied to
different experimental models of peptic ulcers, including ulcers
caused by NSAIDs. Several mechanisms are involved in the defense
of the gastrointestinal tissue by alkaloids, and it revealed common
peculiarities as immunomodulation, increased gastric blood flow
and participation of the endogenous antioxidant system [14]. Most
alkaloids are crystalline substances, which dissolve poorly in water
due to their low solubility grade into aqueous systems of
preparation [23]. Our research group studied the antiinflammatory
and antinociceptive activity of epiisopiloturine in its crude
formulation; however it was possible carry on the alkaloid
solubilized only in 2% DMSO [11].

The results of this research imply a protective role of
epiisopiloturine hydrochloride (EPI), a semisynthetic derivative
of epiisopiloturine, against gastrointestinal damage. We demon-
strate in inedited character that EPI prevented naproxen-induced
macroscopic gastric and intestinal damage. The ameliorative effect
of EPI in gastric tissue was confirmed by histological analysis. EPI
intraperitoneally significantly decreased the infiltration of inflam-
matory cells, the formation of edema, and the loss of epithelial cells
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induced by naproxen. Thus, analysis of both the macroscopic and
microscopic results of this study confirmed the efficacy of EPI.

Significant villi shortening and increased crypt depth were
observed in the medial intestine of rats treated with naproxen.
However, when rats were pretreated with EPI (i.p.), we observed a
complete reversal of these morphometric alterations in the medial
intestine. Other studies have shown that the development of NSAID-
induced small intestinal ulcers is a multifactorial process with a
distinct pathogenesis via gastric damage that involves a combination
of events [24,25], such as increased epithelial permeability [26],
intestinal hypermotility [27], and luminal bacterial invasion of the
gut wall [28]. These effects lead to mucosal inflammation and
eventually result in macroscopic damage. Taken together, these
results indicate that EPI has a significant ameliorative effect against
naproxen-induced gastrointestinal damage.

Myeloperoxidase (MPO) is a marker enzyme for inflammation
and neutrophil infiltration that is known to be increased under GI
tract ulcerated conditions and reduced during the healing process
[29]. In this study, we observed significantly increased levels of
MPO activity in the stomach and the medial intestine of naproxen-
treated rats. However, pretreatment with EPI (i.p.) significantly
attenuated the naproxen-induced increase in MPO activity in the
stomach and the intestine. Therefore, EPI may protect the
gastrointestinal tissue by reducing the recruitment of leukocytes,
thereby hindering superoxide anion production. Thus, the
suppression of neutrophil infiltration into the gastrointestinal
mucosa may contribute to the ameliorative effect of EPI against
naproxen lesions. Other studies show that alkaloids can prevent
oxidative stress and produce anti-inflammatory effects by
inhibiting neutrophil infiltration associated with gastrointestinal
damage induced by NSAIDs in rats [14].

Gastrointestinal damage induced by naproxen is associated
with oxidative stress mediated by the generation of free radicals
and lipid peroxidation, as well increased production of pro-
inflammatory cytokines (such as IL-1b and TNF-a) in gastric
mucosa tissue and the plasma [14]. Overproduction or unsuitable
production of proinflammatory cytokines can result in conditions
which involve tissue damage and exacerbation of inflammation
[30,31]. Our results show that administration of naproxen increase
the levels of cytokines (TNF-a and IL-1b) in gastric tissue, as
compared with the control group. EPI pretreatment reduced the
levels of TNF-a, but did not change IL-1b levels. Gastric IL-10 levels
were also significantly elevated in groups treated with EPI and
naproxen, indicating that this cytokine was triggered in a similar
manner to the proinflammatory cytokine TNF-a in rats treated
with naproxen. Gastric IL-10 levels were increased in naproxen-
treated animals, but diminished in animals treated with EPI and
naproxen, possibly reflecting attenuation of inflammation at the
ulcer margin. This profile was observed in other studies on the
involvement of IL-10 in gastric damage, ie, it is expected that IL-10
antagonizes the effect of pro inflammatory cytokines, however in
cases of a sub-chronic experimental models, it may be a
compensatory response due to the reestablishment of tissue
architecture as well as the return of their healthy rearrangement
[32,33].

The local generation of oxygen-derived free radicals such as
superoxide (�O2

�) and hydroxyl radicals (�OH�), as well as other
cytotoxic oxygen metabolites, may result in damage such as
gastrointestinal mucosal bleeding and ischemia-reperfusion [34].
However, complex antioxidant systems such as radical scavengers
and inhibitors of free radical production prevented oxidative
damage caused by high free radical concentrations [35]. In the
present study, two important oxidative stress markers were
analyzed: glutathione (GSH) and malondialdehyde (MDA). Com-
pared to the naproxen group, the group pretreated with EPI (i.p.)
showed significantly enhanced in GSH and MDA levels in gastric
and intestinal tissue. These results showed that the gastro-
protective effect of EPI involves the blockade of oxidative stress.

Homeostatic equilibrium is maintained by the balance of gastric
acid and mucus secretion, which maintains the integrity of the
gastrointestinal mucosa. If this homeostasis is impaired, mucosal
erosions and ulceration can occur [36]. Some studies have shown
that the development of NSAID-induced gastric mucosal injury
involves increased gastric acid secretion and reduced mucus
synthesis [37,38]. We observed that naproxen significantly
decreased the amount of gastric adherent mucus when compared
to the CMC-treated control group, and that EPI pretreatment did
not significantly influence the naproxen harmful effect. Likewise,
pretreatment with EPI has kept significantly unaltered the gastric
juice analyzed parameters of volume, pH and total acids.

Gastric ulceration due to the ingestion of NSAIDs appears to be
associated with a reduction in gastric mucosal blood flow (GMBF)
and an increase in leukocyte adherence within the gastric
microcirculation, secondary to a reduction in prostaglandin
synthesis [39]. As shown, GMBF was significantly increased by
15% in the epi-treated group as compared to the control group.
These results show a crucial participation of gastric blood flow in
the gastroprotective effect of intraperitoneally administered EPI,
which corroborates the data described in this study.

Our results indicate that intraperitoneal, but not oral, EPI
protects against naproxen-induced gastrointestinal damage. The
peritoneum is a cavity which has been successfully utilized by
several areas in pharmacology research. The physiologic charac-
teristic of the peritoneal cavity not only helps remove toxic
metabolites from the body, but also provides a useful portal of
entry in the body for several pharmacological agents. The
intraperitoneal route is used for treatment of renal failure and
more recently the intraperitoneal route has been used for
chemotherapy in patients with intra-abdominal malignancies
[40]. Thus, intraperitoneal route is an alternate route to the more
conventional drug delivery routes, and can be successfully used
when the target is within the peritoneal cavity or adjacent tissue.

In conclusion, our work explored a novel therapeutic strategy
for NAP-induced gastrointestinal damage and the ameliorative
effects of EPI administration may be related to decreases in free
radical production and lipid peroxidation. Moreover, EPI also
down-regulates pro-inflammatory cytokine TNF-a. In addition, the
increased gastric mucosal blood flow induced by EPI reveals an
important defense mechanism, since this alteration leads to free
radicals scavenging and promotes gastric cell nutrition. Thus, we
purpose that EPI represents an attractive new treatment strategy
for the prevention of NSAID-induced gastrointestinal lesions.
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