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Abstract: Xylopia langsdorffianaA. St.-Hil. & Tul., belonging to the Annonaceaamidy, popularly known as
"pimenteira-da-terra" was selected for study onlthsis of chemotaxonomic criteria because varitwesnical
compounds (among these the diterpenes) with phalogical activities have been isolated. We inved#gd the
acute toxicity of the ethanolic extract (EtOHE) aneixane phase (HexPh) obtained from the leaveX. of
langsdorffiana(XL) and its ability to prevent gastric mucosa ulderain animal models. The results suggest
that XL-EtOHE has low toxicity to mice treated with a dasngose of 2000 mg/kg (p.o.) and the inhibition the
formation of gastric lesions induced by ethanddfnant-hypothermic stress and NSAIDs. In the pysdigature
model, XL-EtOHE (500 mg/kg) anXL-HexPh (250 mg/kg) showed gastric protection wibthboral (p.o.) and
intraduodenal (i.d.) administration, yet withoutesing the gastric juice parameters (pH;JijHnd volume)XL-
HexPh (250 mg/kg) did not increase mucus productiond both EtOHE and HexPh induced gastroprotection
with a certain dependency on sulfhydryls groupstrit oxide.

Keywords: Xylopia langsdorffiana acute toxicity; gastric ulcers; gastroprotectimmdogenous sulfhydryls
compounds; nitric oxide. © 2014 ACG Publicationd.rights reserved.

1. Introduction

Peptic ulcer is one of the most common gastroimastisorders with a growing incidence
and prevalence. It is attributed to several facrsountered in daily life, such as stress, exeessi
alcohol intake, smoking, prolonged therapy with 1steroidal anti-inflammatory drugs (NSAIDs) and
infection withHelicobacterpylori [1,2,3].

Although there are many medicines on the markethfeitreatment of gastric ulcers, including
antacids, proton pump inhibitors, anticholinerghistamine H-antagonists and cytoprotective agents,
most of these drugs produce adverse reactions, sschhypersensitivity, hyper-gastrinemia,
arrhythmia, impotence, gynecomastia and hematapaikerations [4,5].
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Thus, it is necessary to investigate antiulcer tgemich are less toxic and more effective [6].
In this context, plants remain an important sowfceew therapeutic alternatives.

Annonaceae is one of the largest Magnoliid fammigh 128 genera and 2300 species, most
are pan-tropical [7]. In Brazil, Annonaceae compi26 genera (seven endemic) and 260 species [8],
which are known primarily for its edible fruits,duas pine or fruit of condé\finona squamosh.)
and soursopAnnona muricatal.) [9]. The genusXylopia (one of the largest in family), contains
approximately 160 species, represented in Brazilhyspecies distributed throughout the country,
mainly in the Amazon region [10].

In the literature there are reports of uskygopia species in traditional medicine. The fruits of
Xylopia aethiopica(Dunal) A. Rich are used to treat stomach disadéiliary, dysentery and
bronchitis, they also possess carminative and pdstp tonic effects [11]. The seeds Xylopia
frutescensAubl. (Annonaceae) in Brazil are used as an antivbial and anti-rheumatic. Kaurenoic
acid (a caurane diterpene), abundant in the sdedisfrutescenshowed antiprotozoal activity against
Trypanasoma cruzandPlasmodium falciparugustifying its use in folk medicine [12]. Osora al.
[13] showed thaK. Aromatic(Lam) presents leishmanicidal and trypanocidal/diets.

Xylopia langsdorffianaA. St-Hil. & Tul. is a tree of 5-7 meters [8] aiglknown in the Brazil
as"pimenteira da terra'[9]. It was chosen for study based on chemotaxooamiieria, since from it,
various chemical compounds with pharmacologicalviiets have been recently isolated, among
these, diterpenes which are considered importamtdnikers for differing species of the genus [14].

Phytochemical study performed with the hexane phase leaves oiXylopia langsdorffiana
led to two substances: 8(17),12E,14-labdatrienit8acid (labdane 302) [15,16] and the diterpene
atisaneentatisan-4, 16a diol, which was given the name of Xylodiol [16]gfire 1). From the
hexane phaseof stems of X. langsdorffiana were isolated two new diterpenegnt7-o-
hidroxytrachylobane-18-oic acid (trachylobane-3E8)d theent7a-acetoxytrachylobane-18-oic acid
(trachylobane-360) [1qfigure 1).
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Figure 1. Isolated structures from leaves and stem$yddpia langsdorffiana(1) 8(17),12E,14-labdatrien-18-
oic acid (labdane 302§2) ent-atisano-a,16a-diol (xylodiol); (3) entacid-a-hydroxytrachylobane-18-oic acid
(trachylobane-318)4) entacid f-acetoxytrachylobane-18-oic acid (trachylobane-360)

In the case of pharmacological activities attrilduie diterpenes frorXylopia langsdorffiana
labdane 302 presented relaxing effects on bothegupig trachea and rat aorta [18]. Oliveira [19]
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reported hypotensive activity in normotensive ffatslabdane 302 mediated by decrease in vascular
resistance involving the enzyme NOS and endothejiclooxygenase, and also vascular endothelium
dependent and independent vasorelaxation.

Xylodiol and trachylobane-360 exhibited potent ¢gxic activity for tumor cells, with lesser
cytotoxicity against V79 fibroblasts and hepatosyf#7]. Trachylobane-360 also inhibited growth
while inducing differentiation in HL60 and K526 lkemic cells [20] exhibiting antitumor activiin
vivo without signs of toxicity anéh vitro for sarcoma 180 cells, this latter result was alsserved for
trachylobane-318 [21]. Essential oil of the leawd#sX. langsdorffianahas shown molluscicidal
activity [22].

Several terpenoids containing extracts from plantamonly used in the traditional medicine
to treat different gastric illnesses have beenmtepgd23]. In the last years terpenes or theindgnes
showed to possess gastroprotective activity iredgfit models of induced gastric lesions in animals
[24,25] and promoting healing of gastric lesionsdts [26].

Although the mechanism of action of diterpenes has been well established, they are
believed to protect the gastric mucosa mainly thhomechanisms that enhance stomach defensive
factors such as prostaglandin synthesis and muogsigtion, while suppressing gastric acid secretion
[25].

The present study evaluated the gastroprotectitigitgcof ethanol extract (EtOHE) and
hexane phase (HexPh) obtained from leaves. ¢dingsdorffianaXL). Possible mechanisms of action
are elucidated using rodents in differing experitabmodels with the purpose of contributing to a
better understanding of the physiopathology ofrgastjury.

2. Materials and Methods

2.1. Drugs

Absolute ethanol (MERCK, Germany) SMmega-nitro-L-arginine methyl ester (L-NAME)
(SIGMA Chemical Co., St. Louis, MO, U.S.A), carbeotone (SIGMA Chemical Co., St. Louis,
MO, U.S.A), cimetidine (SIGMA Chemical Co., St. LiseuMO, U.S.A), N-ethylmaleimide (NEM)
(Sigma Chemical Co., St. Louis, MO, U.S.A)), pitcain (Hexal, Brazil), sodium chloride (QUIMEX-
MERCK, Brasil), sodium hydroxide (QUIMEX-MERCK, Bs#), phenolphthalein (RIEDEL-DE
HAEN, Germany), Tween 80 (MERCK, Germany) alcianeb{SIGMA Chemical Co., St. Louis, MO,
U.S.A), ketamine 5% (VETANARCOL), xilazine 2 % (D@MRPEC), magnesium chloride (MERCK),
sucrose (SIGMA Chemical Co., St. Louis, MO, U. $, éthyl ether, sodium acetate.

XL-EtOHE and XL-HexPhwere solubilized in 12% Tween 80 solution. Carbenoxolanel
cimetidine (substances used as positive contr@ddMMind L-NAME as sulfhydryl groups and nitric
oxide blockers, respectively, were dissohad0,9% NaCl solution. All drugs and reagents were
prepared immediately before use.

2.2. Plant Material

The leaves oKylopia langsdorffianavere collected in the city @&ruz do Espirito SantcState
of Paraiba, in July 2002. The plant material wasiified by Prof. Maria de Fatima Agra, chief oéth
Botany Section of the “Prof. Delby Fernandes de éiled” Laboratory of Pharmaceutical
Technology. A voucher specimen (AGRA 5541) has bdeposited at the “Lauro Pires Xavier”
Herbarium of the Federal University of Paraiba,aJBéssoa, Brazil.

2.3. Extraction and Isolation

Dried leaves oK. langsdorffiang4000 g) were powered and exhaustively maceratddds %
ethanol (EtOH) in three process of extraction,nieiivals of 72 hours. Removal of the solvent under
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reduced pressure in a rotary evaporator yieldearl green extract (300 g), from which around 100g
of extract was partitioned successively with hexatdoroform (CHCJ)) and ethyl acetate (EtOAc) to
yield the hexane (15,79 g), chloroform and ethgtate phases, respectively.

2.4. Animals

Male Swiss albino mice (25-35 g) and male Wistaira rats (180-250 g) from the Thomas
George Biotery of the LTF/UFPB were used. The atimere fed a certified Labina (Purina) diet
with free access to water and maintained undedatadnconditions in light/dark cycles of 12 h ati#60
1 % of humidity and a temperature of 21 £@ Fasting was imposed prior to all assays because
standard drugs and extracts were always administaraly (by gavage) or intraduodenally using a
12% Tween 80 solution (at 10 ml/kg) as the vehidléexperiments were performed in the morning
and followed the recommendations of animal care &kperimental protocols were approved by the
Institutional Committee for Ethics in Animal Reselaof LTF/UFPB and registered under #0106/09.

2.5. Acute Toxicity Study

In the study of acute oral toxicity, a single dasffeXL-EtOHE (2000 mg/kg, p.0.) was
administered in a group of twelve mices (six maled six females) after 12 h fasting. The animals
(six males and six females) that received the tw8@nsolution 12% served as controls. The
parameters of behavior (signs and symptoms) asedoidth XL administration were observed for 30,
60, 90, 120, 180, 240 minutes, 24h, 48h and 72h d and water consumption were evaluated in
both sexes, within 14 days. At the end of this gubrihe number of survivors was recorded to
determine the LD50, it was estimated body weightmides, then the animals were sacrificed, the
macroscopic analyses and weight of vital organsh sag liver, heart, kidney and spleen were
compared between the animals treated Withand vehicle.

2.6. Absolute Ethanol-induced Gastric Lesions

The experiment was performed according to the ntetifoMorimoto et al. [28]. After 24 h
fasting, rats (n = 5-7) received an oral adminignaof XL-EtOHE orXL-HexPh (at 62,5, 125, 250
and 500 mg/kg), carbenoxolone 100 mg/kg (positivatrol) or 12% Tween 80 solution at 10 mL/kg
(negative control). One hour after treatment, atbrreceived 1 mL of absolute ethanol to induce
gastric ulcer. The animals were euthanized by cahwlislocation 1 hour after treatment with the
ulcerogenic agent, the stomachs removed and op&loed the greater curvature to determine the
ulcerative index (Ul), as described by Szelenyilsiemer [29].

2.7. Hypothermic Restraint Stress-induced Gastesians

The experiment was performed by the method of Leyd0], with some modifications. After
24 h of fasting, the animals (n = 5-7) receivedghyage theXL-EtOHE orXL-HexPh (at 62,5, 125,
250 and 500 mg/kg), cimetidine 100 mg/kg (positteatrol) or 12% Tween 80 solution at 10 mL/kg
(negative control). Thirty minutes after treatmenice were immobilized in a restraint cage &€ 4or
4 h to induce gastric ulcer. The animals were euttleal by cervical dislocation and the stomachs were
removed and opened along the greater curvatureterrdine the Ul in accordance with Szelenyi &
Thiemer [29].

2.8. Non-steroidal Anti-inflammatory Drug-induceds®ic Lesions
The experiment was performed according to the nuetbd Puscaset al. [31] with

modifications. In this model, gastric ulcer wasundd using piroxicam (30 mg/kg, s.c.) administered
to mice (n = 5-7) after a 24 h fastingL-EtOHE or XL-HexPh (at 62,5, 125, 250 and 500 mg/kg),
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cimetidine 100 mg/kg (positive control) or 12% TweB0 solution at 10 mL/kg (negative control)
were administered orally 30 min before the induttid gastric ulcer. The animals were euthanized by
cervical dislocation 4 hours after treatment whke ulcerogenic agent. The stomachs were removed
and the Ul was calculated as described previousyzglenyi & Thiemer [29].

2.9. Shay Ulcer and Evaluation of Biochemical Pagtans of Gastric Juice

After fasting for 36 hours, the rats (n = 6-7) waresthetized with ketamine hydrochloride 5%
(muscle relaxant) and xylazine 2% (anesthetic) suinjected to a longitudinal incision below the
xiphoid apophysis for pylorus ligature. Afterwartfee animals received intraduodenaly-EtOHE
(500 mg/kg) orXL-HexPh (250 mg/kg) (doses that showed the besttsesuthe ethanol-induced
ulcer model), cimetidine 100 mg/kg (positive coljtiar 12% Tween 80 solution 10 mL/kg (negative
control). When the route of administration was gttairty minutes after the treatment, pylorus ligat
was performed as described by Skeawl.[32]. Soon afterwards, the incisions were sutuned f@aur
hours later the animals were euthanized by cerdishbcation, the abdomen was opened and another
ligature was placed around the esophagus closetdiaphragm. The stomachs were removed and the
gastric content was collected to determine thd @taount of gastric juice (mL). The gastric content
was transferred to a graduated centrifuge tubdijlelis water was added and the resultant solution
centrifuged at 3000 rpm for 10 min. The pH of thipernatant was recorded with a digital pHmeter.
Total acid of the gastric secretion was determinetie supernatant volume by titration to pH 7.¢hwi
0.01 N NaOH.

2.10. Determination of mucus adhering to gastricusu

The experiment was performed according to the Radféd et al. [33] method with
modifications. After 36 hours of fasting the raeseivedXL-HexPh (250 mg/kg) orally (dose that
presents significant results in all acute experiigiercarbenoxolone 200 mg/kg (positive control) or
12% Tween 80 solution 10 mL/kg (negative contr@fter 1 hour, under anesthesia with ketamine 5
% and xilazine 2% the animals were submitted taitoiglinal incision slightly below the xiphoid
apophysis for the pylorus ligature. After 4 houhg animals were euthanized by cervical dislocation
the glandular portion of the stomach was separateighed and immersed in 10 mL of the 0.1%
alcian blue solution (0.16 M sucrose/0.05 M sodiacetate, pH 5.8). After a 2 hour immersion,
excess dye was removed in two successive rinsésAniL of 0.25 M sucrose, 15 min and 45 min.
Each stomach was sequentially transferred to 100Mm0.5 M MgC} solution for 2 hours. Four
milliliters of dye solution was then shaken vigasyuwith an equal volume of ether. The resulting
emulsion was centrifuged at 3600 rpm for 10 min #mel absorbance of the aqueous layer was
measured at 598 nm. The amount of blue dye exttgmte gram of wet glandular tissue was then
calculated. The results expressed as mg of Alclap/B of tissue.

2.11. Involvement of Nitric Oxide (NO) and Sulflyyd@ompounds (SH) in Gastric Protection
Against Ethanol-induced Gastric Lesions in NEM eXAME Pretreated Rats

The experimental protocols were performed accordinghe Matsuda; Li; Yoshikawa [34]
method for determination of the role sulfhydryl qmunds (SH) and the Sikiric; Seiwerth; Grabarevic
[35] method for nitric oxide (NO). Rats were dividato groups of 5-7 animals that were fasted for
24 hours. They were pretreated intraperitoneallfhwi2% Tween 80 solution, NEM (N-
ethylmaleimide, 10 mg/kg) a blocker of SH compouad&-NAME (N-nitro-L-arginine methyl ester,
70mg/kg) an inhibitor of the NO synthesis. Thirtynotes after the pretreatment, the animals received
XL-EtOHE (500 mg/kg) oXL-HexPh (250 mg/kg) by gavage (doses that showeteabkeresults for
ethanol-induced ulcer), carbenoxolone 100 mg/kgp(astive control) or 12% Tween 80 solution 10
mL/kg (as negative control). After 60 minutes,th® groups were treated with 1 mL absolute ethanol
to induce gastric ulcers. At 1 hour after the adstiation of ethanol, the animals were euthanizgd b
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cervical dislocation, the stomachs excised andUhavas determined as described previously by
Szelenyi & Thiemer [29].

2.12. Statistical analysis

The results are expressed as mean = S.D. Diffesebedveen the means were statistically
compared using Student’s t-test for acute toxieityl one-way analysis of variance (ANOVA)
followed by Dunnett’s and Tukey’s tests for thetggmotective activity. The values were considered
significantly different when the levels of p< 0.0Bhe software used was the GraphPad Prism© 5.0
(GraphPad Software Inc., San Diego CA).

3. Results and Discussion
3.1. Acute Toxicity Study

The use of medicinal plants showed that certaigispéhave potentially dangerous substances
and, therefore, should be used carefully, respg¢kia toxicological risks [36], which can be aseéss
by preclinical toxicology studiesn(vitro orin vivo) and clinical studies (phases 1-4).

The acute toxicity model was performed using tlamdardized methodology by Almeida et
al. (1999) [27] in order to identify changes in t@entral Nervous System (CNS) and Autonomic
Nervous System (ANS), recording some signs or heh@hanges shown by animals after treatment
with the ethanolic extract of. langsdorffiang37]. The XL-EtOHE administered in a single dose of
2000 mg/kg, p.o. induced irritability and hypersityi only in female mice when compared to
respective control group (12% Tween 80 solutior® 11iL/kg) and these signs were reversed in the
third hour after treatment, suggesting an actiothimn CNS, but this data are insufficient to infer
toxicity to theXL-EtOHE.

When investigated the consumption of food and warter observed an increase in food intake
by females and water consumption by males treaitiul Xt -EtOHE (Table 1). Although they are
important parameters in study of product safetyhwherapeutic purposes, cannot infer toxicity t® th
extract.

In addition to these parameters, changes in bodghivand organ weights can be an indicator
of adverse effects promoted by the drug. It is wred a sign of toxicity when the animal loses enor
than 10% of initial body weight [38,39]. In evalingt weight was observed an increase in weight of
females at the end of the acute test, which cosfittme previous result, where was found an increase
in food intake by females treated witth.-EtOHE (Table 1). During the 14 days of observatitvere
were no death, making impossible the determinatibbhD50 and at the end of the experiment no
macroscopic change was observed in organs aniifeabbe( 1).
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Table 1. Effect of oral administration of ethanolic extraditained fromXylopia langsdorffiana
(2000 mg/kg) on water and food consumption, on ety organ weights in mice over 14 days.

Parameters Sex Treatments
Control XL-EtOHE
Food consumption (g) 12% Tween 80 (2000 mg/Kg)
solution
Female 8.15+1.49 10.78 £ 2.13***
Male 9.2+27 11.21+£3.49

Water
consumption (mL)

Female 7.84+1.19 8.34+1.41

Male 11.99 £2.95 16.10 + 3.85**
Body weight (g)
rRale
Initial 29.63+2.01 3252 +1.37
Final 32.92 +2.00 37.62 £ 1.80**
Male
Initial 28.38+1.73 31.62+£2.61
Final 30.07 + 2.64 34.32 £5.23
Organ weight (g)
Female
Liver 13.6 £ 0.5 13.6 £ 0.7
Heart 42+0.8 3.8+£0,42
Kidney 6.0+ 0.5 6.0+£0.4
Spleen 42 +0.75 3.9+0.3
Ma

Liver 1424 +£1.2 146 £1.28
Heart 3.90+0.34 3.8+£0.27
Kidney 6.4 £0.27 6.7 £0.28
Spleen 3.7+0.6 3.9+05

Data are expressed as mean * S.D. for six micéist&tal comparison between 12% tween 80 solutioth a
XL-EtOHE 2000 mg/kg was performed using Student t-tépt< 0.05 and ***p < 0.01. For the evaluation
of organ weights, the values are expressed as m&abD. of arcsine of division of weight of the ongaby
the weight of animals; Studentest, p > 0.05.

Although there have been some changes in the CN$oad intake by females, these data are
insufficient to infer toxicity to extract and thaaggest thaXL-EtOHE has low toxicity to mice treated
orally in a single dose of 2000 mg/kg (p.o.), unttex conditions evaluated, ensuring safety in the
continuity of the study, starting to investigatee tbharmacological properties of the species in
question, especially the gastroprotective activity.
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3.2. Absolute Ethanol-induced Gastric Lesions

Ethanol is used experimentally for causing integastric mucosa damage by promoting
solubilization of gastric mucus, microcirculatioistdrbances and after absorption is oxidized and
produce toxic metabolites that promotes mitoch@hdfamage and leads to oxidative stress [40]. In
this model ulcer induction in rat¥| -EtOHE andXL-HexPh, in defined doses, significantly inhibited
ulcers when compared to the respective negativealensuggesting gastroprotective activity (Table
2, figures 2 and 3). Doses of 500 mg/kg Xa-EtOHE, and 250 mg/kg foXL-HexPh were found to
be the most effective.

Table 2. Effect of oral administration of ethanolic extrd&tOHE), hexane phase (HexPh) obtained fi¥ytopia
langsdorffiana(XL) and carbenoxolone under models of gastric ulwduéed by absolute ethanol in rats.
Data are expressed as mean + S.D. ANOVAsd= 11.68 (n=5-6) foXL-EtOHE and [z 30 = 46.63 (n=5-7) foXL-HexPh in the
ethanol model. Dunnett’s test: *p<0.05, **p < 0.8%p<0.001 for significant differences in relatido control group.

Experimental model Treatments Dose (mg/Kg) Ul (mm) Inhibition (%)

12% Tween 80 solution 250.8 £51 -

Carbenoxolone 100 151 + 55.4** 40

XL-EtOHE 62.5 158.8 + 56.6* 37

125 149 + 60.7* 41

Absolute etanol 250 89.8 + 26.7" 64
500 46 £ 10.15%** 83
12% Tween 80 solution 251 £ 20.63 -

Carbenoxolone 100 157.3 £ 28.46*** 37

XL-HexPh 62.5 194 + 60.96* 23

125 122.2 £ 18.06*** 51

250 47 £11.8*** 81

500 41.33 £14.6%** 84

1

[F—

D~ 4

Figure 2. Absolute ethanol-induced gastric lesions modelnichs of rats pretreated (p.o.) with 12%
Tween 80 solutiorfA), carbenoxolone 100 mg/K8), XL-EtOHE (62,5 mg/kgjC), XL-EtOHE (125
mg/kg) (D), XL-EtOHE (250 mg/kg)E), XL-EtOHE (500 mg/kg)F).
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Figure 3. Absolute ethanol-induced-gz-:lstricIesions modelnfaichs of rats pretreated (p.o.) with 12%
Tween 80 solutiofA), carbenoxolone 100 mg/Kg), XL-HexPh (62,5 mg/kg{C), XL-HexPh (125
mg/kg) (D), XL-HexPh(250 mg/kgjE), XL-HexPh(500 mg/kgiF).

3.2. Hypothermic Restraint Stress-induced Gastesians

Stomach damage of animals caused by stress invéihesieuroimmunendocrine system,
which stimulates the autonomic nervous systemyatets the hypothalamic-pituitary-adrenal axis
(HPA) and stimulates the thermogenic system in bhan, which results in immune system
modulation and an inflammatory response [41].

In this experimental gastric ulcer induction modé€l-EtOHE andXL-HexPh (at all doses)
prevented the development of gastric lesions (Tapl@his suggests that the gastroprotective dgtivi
of X. langsdorffianamight be involved in the regulation of acid seianet production of both mucus
and bicarbonate, restoration of blood flow or thentenance of endogenous antioxidants to decrease
the formation of free radicals.

3.3. Non-steroidal Anti-inflammatory Drug-induceds&ic Lesions

Piroxicam, a non-steroidal anti-inflammatory drddSAID) with analgesic and antipyretic
activity causes hemorrhagic gastric mucosa lesiobout 20% of patients with osteoarthritis [42].
NSAIDs induce injury/bleeding by two key pathwaghrect cytotoxic effects (local action) on the
epithelium and (most importantly) systemic inhititiof cyclooxygenases (COX-1 and COX-2) which
induces gastric ulceration by suppressing prostagtasynthesis [43].

In the model of ulcer induction by NSAIDs it wasufal thatXL-EtOHE (at 125, 250 and 500
mg/kg) andXL-HexPh (at 62.5, 125, 250 and 500 mg/kg) signifigamhibited gastric lesions
induced by Piroxicam (Table 3), suggesting tKatangsdorffianagastroprotective activity works via
cytoprotective mechanisms, such as prostaglandiiatoes.
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Table 3. Effect of oral administration of ethanol extract@HE), hexane phase (HexPh) obtained fr&giopia
langsdorffiana(XL) and cimetidine under models of gastric ulcer getliby hypothermic restraint stress and non-
steroidal anti-inflammatory (NSAIDs) (Piroxicam).

Experimental models Treatments Dose (mg/Kg) Ul (mm) Inhibition (%)
12% Tween 80 solution 178.3+12.4 -
Cimetidine 100 89.8 + 16.5*** 50
XL-EtOHE 62.5 93.8 £ 11.7%** 47
125 88.7 £ 17.12*** 50
250 86 + 2.8%** 52
Stress 500 03.2 £ 9.7*** 48
12% Tween 80 solution 167.6 £33.2 -
Cimetidine 100 117 + 27.15** 30
XL-HexPh 62.5 113.7 £ 23.1** 32
125 95.3 £ 21.4%** 43
250 73.9 £ 15.3%** 56
500 41.6 £11.2%*= 75
12% Tween 80 solution 97 +11.8 -
Cimetidine 100 48.5 £ 6.3*** 50
XL-EtOHE 62.5 67.1 £ 12.2%* 31
125 29.5 £ 10.3%* 70
NSAIDs 250 28.3 £ 2.9%** 71
500 27.2 £ 1.6%* 72
12% Tween 80 solution 120.7 £8.9 -
Cimetidine 100 67.83 £ 20.56*** 44
XL-HexPh 62.5 110 + 20.49 9
125 69.33 £ 20.98*** 42
250 50.3 * 24.5%** 58
500 47.4 + 13*** 61

Data are expressed as mean = S.D. ANOVA;d—= 47.88 (n=5-6) t&XL-EEtOH and [ 31y = 22.37 (n=5-7) tXL-FaHex in the
hypothermic restraint stress model anghf; = 54.43 (n=5-7) tXL-EEtOH Fs 2 = 15.14 (n=5-6) toXL-FaHex in the NSAIDs
(Piroxicam) model. Dunnett’s test: **p< 0.01, **3001 for significant differences in relation tont@| group.

3.4. Shay Ulcer and Evaluation of Biochemical Pagtans of Gastric Juice

In view of the gastroprotective activity of langsdorffianathe next step was to investigate
the action of plant samples on gastric secretioougih biochemical parameters (pH, concentration of
H* and volume of gastric juice) and to assess thénUhe pylorus ligature-induced gastric lesions
model. In this protocol, secretion and accumulabbigastric acid are the most important factors for
causing auto-digestion of the gastric mucosa aadkbdown of the gastric mucosal barrier and it also
causes an increase in calcium levels, which in tarknown to stimulate free radical generation
[32,44].

Administrations (oral and intraduodenal) of bath-EtOHE (500 mg/kg) anXL-HexPh (250
mg/kg) significantly reduced the rate of ulcerati@sion (Table 4). This occurred without alterinty a
of the biochemical parameters of gastric juice ss=@& (pH, [H], and gastric juice volume), as
compared to the negative control group in bothtineats (p.o. or i.d.). The data suggests that the
gastroprotection promoted L-EtOHE andXL-HexPh is not linked to anti-secretory mechanisms.

To better understand the mechanisms involved irgstroprotective activity of EtOHE and
HexPh fromXylopia langsdorffianaexperimental models were performed in order t@stigate the
involvement of mucus, sulfhydryl groups and nitrigde.
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Table 4. Effects of administration of ethanol extract (EtOHEhexane phase (HexPh) obtained frofglopia

langsdorffiana(XL) and cimetidine administered orally (p.o.) andadtuodenally (i.d.) on the ulcerative index and

biochemical parameters of gastric juice obtainethfpylorus-ligature rats.

Model Treatments Dose pH GH] Gastric volume Ul (mm) Inibition
(mg/Kg) (mEg/mL/4h) (9) (%)
@ o
12% Tween 80 31+0.2 11.8+1.9 1.6 +0.57 156.2 + 22.77
solution
IFi) y;?ﬂt‘j Cimetidine 100 6.5 +0.9%* 47 + 15" 0.62 + 0.25%* 117.3 14.98* 25
%p 0) XL-EtOHE 500 3.09+0.2 13.9+1.3 1.84+0.3 72.57 +18.19** 54
.0. .
12% Tween 80 3.3+0.3 143+28 1.2+0.4 134.4 + 19.01
solution
Cimetidine 100 6.740.42*%* 6.6 + 2.3%* 0.69 +0.3* 104.2 + 11.09* 22
XL-HexPh 250 3.1+0.35 14.4+ 42 1.6 +0.3 88.6 + 15.32%* 34
® 12% Tween 80
Pylorus | solution 3.7+0.50 12525 06£0.2 213.7 +18.52
ligature | Cimetidine 100 4.5 +0.70* 7.7 £2.9% 0.57 +0.2 140.3 +20.12*** 34
(ild) | XL-EtOHE 500 3.4+0.08 13.2+1.3 0.60 +0.2 137.5 +23.14%** 36
1)
12% Tween 80 28+03 13.8+17 09+03 185.2+9.9
solution
Cimetidine 100 3.3+0.1%* 9.3+ 1.3%* 0.63 +0.18* 129 + 19+ 30
XL-HexPh 250 2.7+0.2 14.7 + 0.6 0.7+0.2 101.2 +18.19%** 45

“Data are expressed as mean + S.D. ANOVA;f= 86.15 (EtOHE) / | 17= 224.2 (HexPh) to pH;k 15 = 53.82 (EtOHE) / [ 16
= 13,47 (HexPh) to [H; F (2.18)= 17.88 (EtOHE) / [ 14= 12.83 (HexPh) to volumes= 30.09 (EtOHE) / 13 = 11.8 (HexPh) to Ul

n=5-7 / p.o.).

( )F(z, 18)= 9.3 (EtOHE) / g, 17y = 15.11 (HexPh) to pH;# 17 = 10.59 (EtOHE) / [, 15y = 31.44 (HexPh) to [H; F (2,15 = 0.04203
(EtOHE) / Ry, 17= 3.051 (HexPh) to volume; fs = 26.15 (EtOHE) / 15 = 56.40 (HexPh) to Ul (n = 6 /i.d.). Dunnettést: *p<0.1,

**p < 0.01, **p<0.001 for significant differenceis relation to control group.

3.5. Determination of mucus adhering to gastric usuc

Gastric mucus consists of a viscous, elastic, aditeand transparent gel formed from water
and glycoproteins that covers the entire gastrsimal mucosa. The protective properties of the
mucus barrier against proteolytic digestion andliacidepend not only on the gel structure, but also
on the layer thickness or quantify which coversrthecosal surface [45,1,46].

In assessing the involvement of gastric mucusag abserved tha¢L-HexPh did not increase
its levels (Figure 4), suggesting that the gasotgative activity ofXL-HexPh has no connection with
the increase in the production this protective agen
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Figure 4. Effect of oral administration of hexane phase (Plexobtained fronXylopia langsdorffiangXL) and
carbenoxolone under mucus content in pylorus-ligatats. Data are expressed as mean = S.D. ANOWAgF
=5.47. Dunnett’s test: **p < 0.01 (n = 7-8) fogsificant differences in relation to control group.

3.6. Involvement of Nitric Oxide (NO) and SulfhydPpmpounds (SH) in Gastric Protection
Against Ethanol-induced Gastric Lesions in NEM eXAME Pretreated Rats

The roles of endogenous sulfhydryl compounds (SHJ aitric oxide (NO) were also
investigated because these substances are invalveghstric mucosa protection. These factors
maintain the gastric mucosa as well as the comdaied integrity of local microcirculation. Among
other factors, locally released SH group mediatwesinvolved in the regulation of gastric function,
while NO is a vasoactive agent that may play araénble in mucosal defense and also ulcer healing
thru stimulation of growth factors [47].

Glutathione is the major non-protein sulfhydryl @S$Pl) of the gastric mucosa and is one of
the most important cytoprotective mechanisms [#&jrevents tissue damage by keeping ROS at low
levels and at certain cellular concentrations [43FH and GSH-related enzymes are accepted as
antioxidant protective factors in tissues, prevantinjuries from luminal acid, bacteria and noxious
agents [50].

One way to investigate the participation of SH g®un protecting the gastric mucosa is
through administration of N-ethylmaleimide (NEM}y &H blocking agent which results in a higher
incidence of ulcerative lesions induced by absoétb@nol [51,34]. In this experiment tK&-EtOHE
(500 mg/kg, p.o.) anXL-HexPh (250 mg/kg, p.o.) significantly inhibitedettulcerative lesions
induced by absolute ethanol, both in the absenceresence of NEM. There was a significant
difference between groups pretreated with 12% Twé@nsolution and NEM (Figure 5 and 6;
Figure 7), suggesting that the gastroprotectivectfof XL-EtOHE and XL-HexPh gastroprotective
effect depend on the production and/or presenc8hbfcompounds and revealing that antioxidant
drugs play an important role in the treatment gdtjgeulcers.
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Figure 5. Effect of oral administration ethanol extract (EtB}-bbtained fronXylopia langsdorffiangXL) and
carbenoxolone on gastric lesions induced by ethanchts pre-treated with NEM (a blocker of SHsesRIts
expressed as meant S.D. ANOVA followed by Dunndats. Pre-treatment: 12% Tween 80 solution ***p <
0.001, F,17y= 28,61; NEM™p < 0.01,""p < 0.001, p14= 13,82 and Tukey’s test k)= 41,19).
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Figure 6. Effect of oral administration hexane phase (Hexéthtained fromXylopia langsdorffiana(XL) and
carbenoxolone on gastric lesions induced by ethamcdts pre-treated with NEM (a blocker of SHsesRIts
expressed as meant S.D. ANOVA followed by Dunnat&t. Pre-treatment: 12% Tween 80 solution *p<0,05
***p < 0.001, Rp12= 15,47; NEM,”"p < 0.001, [z15= 14,48 and Tukey’s test k7= 31,73).
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Figure 7. Involvement of sulfhydryl compounds (SH) in gastpirotection in Ethanol-induced Gastric Lesions
NEM pretreated rats. Stomachs of rats treated/gig) with tween/tweer(A), tween/carbenoxolonéB),
tween/EtOHE (C), tween/HexPh (D), NEM/tween (E), NEM/carbenoxolone(F), NEM/EtOHE (G),
NEM/HexPh(H).

It's well known that NO, presents a short half;lii® produced by nitric oxide synthase, and is
implicated in mechanisms that regulate the gabtdod flow, it also reduces lipid peroxidation [52]
and stimulates protective gastric mucus secretio@ t the activation of the guanylate cyclase
enzyme [53]. NO protects the gastric mucosa agatisanol-induced lesions and endothelin. L-
NAME inhibits NOS, resulting in endogenous mediatlacreases and consequent lesion of the
stomach lining [34].

Thus, it was observed thatL-EtOHE (500 mg/kg, po) an&XlL-HexPh (250 mg/kg, p.o.)
significantly inhibited the ulcerative lesions irmal by absolute ethanol, both in the absence or
presence of L-NAME, which blocks NO synthesis. Bhems a significant difference between groups
pretreated with 12% Tween 80 solution and L-NAMEg(fFe 8, 9 and 10), there being an Ul
exacerbation in the latter group, which suggests WO is involved in the gastroprotetion promoted
by X. langsdorffiana
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Figure 9. Effect of oral administration hexane p
carbenoxolone on gastric lesions induced by et

hase (Hex#titained fromXylopia langsdorffiangXL) and
hanalts pre-treated with with L-NAME (an inhibitof NO

synthase). Results expressed as meanS.D. ANO\l@wfetl by Dunnett’s test (Pre-treatment: 12% Twe@n 8
solution ***p < 0.001, z,16= 34,13; NEM,"p< 0,01,""p < 0.001, [15= 22,19) and Tukey’s test @) =

36,75).
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Figure 10.Involvement of nitric oxide (NO) in gastric protemst in Ethanol-induced Gastric Lesions in L-
NAME-pretreated rats. Stomachs of rats treated/fig.) with tween/twee(A), tween/carbenoxolon@),
tween/EtOHEC), tween/FaHeXD), L-NAME/tween(E), L-NAME/carbenoxolongF), L-NAME/EtOHE (G),
L-NAME/HexPh(H).

Ethanol extract and hexane phadtained from the leaves &fylopia langsdorffianashowed
gastroprotective activity in varied models of ulgatuction with the participation of sulfhydryl grps
(as antioxidants) and the nitric oxide pathwayg@stric microcirculation). Anti-secretory mechanssm
and increased mucus production were most likelymatlved.It is probable that the observed actions
occur at least in part, because of the presencéitefpenes, substances that phytochemically
characterize the species studied.
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