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Abstract

Lupeol @) was isolated from hexane branch extractMaytenus salicifolia and the
Lupeol stearate?], Lupeol palmitate3), Lupeol myristate4), Lupeol laurate5) and
Lupeol caprylate®) were obtained reactinwith an adequate carboxylic aciwviss
mice were treated with vehicle, carbenoxolone grdal esters before administration of
ethanol/HC| or indomethacin. Additionally, the invement of nitric oxide (NO),
sulfhydryl compounds (NP-SH-2 adrenergic receptorad-AR) and prostaglandins
(PGE) in antiulcer effects was investigated usipgrapriate inhibitors or antagonist.
Oxidative and inflammatory parameters were measwaker euthanasia and anti-
secretory effects was evaluated in pylorus-ligags. Ethanol/HCI ulcerated the gastric
mucosa by 64.45 + 6.58 minwhich the oral treatment with 4 and6 (10 mg/kg), and

3 and5 (30 mg/kg) reduced the lesion area. Interestirgjhgduced the gastric ulcer by
oral route in a potent and dose-dependent marE@s£ 0.40 mg/kg), which was
accompanied by the increase in reduced glutatieweds and by the reduction of lipids
peroxidation and myeloperoxidase and superoxideutizse activities. Moreovep,
(0.1 mg/kg) also prevented the ulcerogenesis bgpetitoneal route. The participation
of NO, NP-SH,a2-AR and PGE in2-mediated gastroprotection was confirmed. In
indomethacin-induced ulce?, (1 mg/kg, p.o) also reduced the ulcer area ancased
the PGE levels. However2 did not alter the gastric acid secretion. Theaefthese
findings indicate that the obtention Bfpotentiated the antiulcer activity @fand that

this compound can elicit gastroprotective actioa duiversified mode of action.

Keywords: gastric healing; oxidative stress; esterificatieemisynthetic compounds.
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1 INTRODUCTION

The gastric ulcer is a global pathology characeeliby a decrease in the
protective factors of the gastric mucosa, includihg mucus, bicarbonate, blood
circulation, and antioxidants); and/or an incremsaggressive factors, such as alcohol,
nonsteroidal anti-inflammatory drugs (NSAIDs), r@ae oxygen species (ROS),
pepsinogen activation [1]. The treatment for thisedse has been based on anti-
secretory drugs such as histamine type 2 receptaganists (ranitidine and congeners)
or proton pump inhibitors, such as omeprazole. H@wethe discontinuation of these
treatments may lead to ulcer recurrence, whergmslanged treatment period has been
associated with several adverse effects [2].

Lupeol is a pentacyclic triterpene found in severaints includingMaytenus
salicifolia Reissek (Celastraceae) [3]. The gastroprotectotity of this compound
has already been described by Lira et al. [4] dbse of 3 mg/kg by the oral route.
Besides, this triterpene presents many biologicabities, including anti-inflammatory,
antiarthritic, antimutagenic, antitumor, hepatopotive and antioxidant properties [5, 6,
7, 8, 9]. In addition to these biological activitjeseveral recent studies show the
therapeutic potential of lupeol in different expeeintal models. Zingue et al. [10] have
demonstrated that lupeol has estrogenic propertiegariectomized rats, an effect that
may be attributed to estrogen receptor transcnptioactivity. Moreover, Pereira
Beserra et al. [11] have described, by using irowitound healing assays and human
neonatal foreskin keratinocytes and fibroblasts, ttherapeutic potential of lupeol for
accelerating wound healing and tissue repair. Ehtgn this knowledge about the
healing process, this same group of authors alsnodstrated the wound healing
activity of lupeol in streptozotocin-induced hyplgaemic rats, highlighting the

potential of this triterpene in healing processes @ssue repair [12].
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The structural modification of natural compounds bhaen an interesting tool to
obtain analogous more effective and safer, whiahlead to the identification of the
pharmacophoric group [13]. This practice is alreaggd for pentacyclic triterpenes [14,
15]. In this context, Silva et al. [15] describdu tsynthesis of Lupeol esters; and in
continuity, this study evaluated the gastroprotectind anti-secretory effects of Lupeol

esters and investigated the mode of action of thst potent derivative.

2. MATERIAL AND METHODS

2.1 Estersobtaining

Lupeol (1) was isolated from the hexane extracMaytenus salicifolia and the
esters: Lupeol stearaf@), Lupeol palmitatg3), Lupeol myristatg4), Lupeol laurate
(5) and Lupeol caprylatés) were obtained reacting 1 with an adequate carboagid,

as described early by Silva et al. [15].

2.2 Animals

Wistar rats (200-250 g) and Swiss mice (25-30g) wereiobtbfrom the central
laboratory of the Universidade do Vale do ItajaN{MALI) and kept in polypropylene
boxes at 22 + 2°C in 12 hours light/dark cycleshviiee access to water and feed. The
animals were deprived of food eight hours priothte experiments. All protocols were
approved by the Institutional Animal Ethics Commedét on UNIVALI
(CEUA/UNIVALL, approval number 056/2017) and wemged out in accordance with

the International Standards and the Ethical Guidslion Animal Welfare.

2.3 Ethanol-HCI induced-gastric ulcer in mice
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The mice were randomly separated into groups () an@ treated with vehicle
(1% DMSO, 10 mL/kg, p.o), carbenoxolone (positiventtol, 200 mg/kg, p.o) or
Lupeol derivatives (0.1-30 mg/kg, p.o) before adstmation of ethanol-HCI (10 mL/kg,
p.o). After 1 hour of the treatments, 60% ethanadlM HCI (0.1 mL/10g) was given to
the induction of gastric ulcer, as described byaHard Okabe [16]. Further, the animals
were euthanized in the G@&hamber after 1 hour of ulcerogenic agent intdke,
stomachs were removed and opened by the greatesitate and the lesion area was
quantified by the EARPprogram.
In another set of experiments, mice were divided groups (n = 6) and treated with
vehicle (1% DMSO, 10 ml/Kg, p.0), carbenoxoloneQ2thg/kg p.o) and compourld
(0.1 mg/kg, i.p). After 30 min from intraperitoneal 1 hour from oral administrations,
the mice received ethanol-HCI as described abole.ahimals were euthanized after 1
hour in a CQ chamber, the stomachs were removed, and the lastanwas quantified

as described above.

2.4 Indomethacin induced-gastric ulcer in mice

Indomethacin induced-gastric ulcer was performecbiting to Fornai et al.
[17]. The animals received vehicle (1% DMSO, 10ng,/k.0), carbenoxolone (200
mg/kg, p.o) or este2 (0.3 - 3 mg/kg, p.o). After 1 hour, indomethacl®@ mg/kg, p.o)
was given and after 6 hours the animals were eitbdnin a CQ chamber, the
stomachs removed, opened by the greater curvahgrelaers were analyzed using the

EARP® program.

2.5 Ethanol-HCI induced-gastric ulcer in mice pretreated with N-Ethylmaleimide
(NEM), N-Q-Nitro-L-Arginine Methyl Ester (L-NAME), Indomethacin or

Y ohimbine
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This experiment followed the protocol previouslysdebed by Matsuda and
Yoshikawa [18], Leite [19], and Arrieta et al. [20The mice were pretreated with
antagonists or inhibitors: NEM (10 mg/kg, s.c), ANE (70 mg/kg, i.p), indomethacin
(10 mg/kg, i.p), yohimbine (2 mg/kg, i.p) or salif® ml/kg i.p). After 30 min., the
animals received vehicle (1% DMSO, 10 mL/kg, p.o2d1 mg/kg p.o). Then, the
ethanol-HCI (Ethanol 60% + HCI 0.3 M, 10 mL/kg pwas given 1 hour later. After
another 1 hour, the mice were euthanized in & Cl@mber, the stomachs removed,

opened by the greater curvature and analyzed aopsty described.

2.6 Pylorusligaturein rats
Rats were randomly distributed into experimentabugs (n = 6) and

anesthetized with xylazine (10 mg/kg, i.p) and ketee (50 mg/kg, i.p). A laparotomy
was performed subsequently, where the pylorus veaspked and ligated. Further,
vehicle (1% DMSO, 10 mL/kg) o2 (1 mg/kg) were administered by intraduodenal
route, while the positive control group receivedepmazole (20 mg/kg, p.o) 30 minutes
before the ligature. Subsequently, the abdomindl was sutured. After 4 hours, the
animals were euthanized in a £€Chamber, the stomach was removed and contents
were collected. The volume of gastric juice (mL)swaeasured using a graduated
cylinder after centrifugation (1500 x g, 15 min; €£€), the pH was determined with a
pH meter and total acidity (mEqg/ L/ 4 h) per titoat with 10 mM sodium hydroxide

following the protocol described by [21].

2.7 Measurement of peptic activity
As described by Anson [22], 1QQ of gastric juice from pylorus ligated rats

was incubated with 500L of bovine albumin (5 mg/mL prepared in 60 uM H@t)37
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°C for 10 min. Then, 1 N Folin reagent was added iacubated at 25 °C for 30 min.
The absorbance of each sample was inferred at ®6&na the results expressedivi/
mL/ 4 h of tyrosine interpolating individual values a standard tyrosine curve (30-

1000 mmol/mL).

2.8 Preparation of the homogenate and protein analysis

The gastric mucosa was homogenized with 200 mMsgaten phosphate buffer
(pH 6.5). The homogenate was used to measurevbks lef reduced glutathione (GSH)
and lipoperoxides (LOOH). Thereafter, the homogemeds centrifuged at 900@ by
20 minutes and the supernatant was used to adsesactivities of glutathion&
transferase (GST), superoxide dismutase (SOD) amtdlase (CAT), while the
precipitated was used to measure myeloperoxidag&(Mctivity.

Protein concentrations were determined in all saspking Bradford's reagent
and bovine albumin as standard following the mattufar's instructions (Bio-r&

Hercules, CA, USA).

2.9 Quantification of the GSH and LOOH levels

As described by Sedlak and Lindsay [23],18@f homogenate was added to 40
ul of 12.5 % trichloroacetic acid, then the matewnas centrifuged at 1.4 x g/ 15 min.
After, 20 ul of the supernatant was added to 2¥0f TRIS buffer (pH 8.9) and 10l of
5,5' dithiobis-2-nitrobenzoic acid (DTNB). The aldlsance was measured after 5 min at
415 nm and the values were interpolated on a stdndarve of GSH (1.25-10.00
pug/mL). Results are expresseduig/mg of tissue.

To evaluate the LOOH amount, the method descrilyediang et al. [24] was

performed. Thus, 10@l of methanol was added into 100 of homogenate and
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centrifuged at 9000 g during 20 min at 4°C. Afterward, 30 of the supernatant was
added to 27Q@l of the reaction medium containing 4 mM butylatadiroxytoluene, 250
mM FeSQ, 25 mM HSO, and 100 mM xylenol orange and incubated for 30 atin
25°C. Absorbances were recorded at 560 nm andethdts expressed in mmol/mg of

tissue using the extinction coefficient of 4@M/cm.

2.10 Determination of SOD, CAT and GST activities

The SOD activity was quantified as described byKierd and Marklund [25].
Briefly, samples were incubated with 200 mM Tris{HEDTA (pH 8.5) and 1 mM
pyrogallol for 20 min. Subsequently, absorbance mwassured at 405 nm and SOD
activity was expressed as U/mg protein.

The CAT activity was measured addingl5of supernatant to 298 of reaction
medium (200 mM Tris-HCI-EDTA, pH 8.5, 47.35 mL otrapure water and 1724
of H,O,). The absorbance was measured at 240 nm and sresyfiressed as
pmol/min/mg of protein, according to Aebi [26].

The GST activity was measured according to Habigl.ef27], where 5Qu of
the sample and 250! of the reaction medium (0.1 M buffer phosphateCHloro-
2,4dinitrobenzene (CDMB), and reduced glutathion@SKl)) were added. The

absorbance was measured at 340 nm and resultss&gras mmol/min/mg of protein.

211 Determination of MPO activity

To determine MPO activity, the precipitate obtaires] described above was
resuspended in 80 mM potassium phosphate buffeb(@Hcontaining 0.5% hexadecyl
trimethyl ammonium bromide and centrifuged at 10,80y for 20 min at 4 ° C. The

MPO activity in the supernatant was determined 28t 6m with HO, and 3,3',5,5-
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tetramethylbenzidine and expressed in units of amtical density (mO.D)/ mg protein

as described by Bradley et al. [28] and De Young.€29].

2.12 Assessement of PGE2 levels

Prostaglandin E (PGE) concentration was determined in indomethacin-
ulcerated gastric mucosa and performed
using commercial Kit for enzyme immunoassay, folloyv the manufacturer's
instructions, Cayman Chemical (Ann Arbor, MichigdWSA). For this determination
the indomethacin-ulcerated tissue was homogenizgd200 mM potassium phosphate
buffer (pH 6.5) and then centrifuged at 9000 x gZ0 minutes. The supernatant was

used to evaluate the levels of this eicosanoid.

2.13 Statistical analysis

The results were expressed as means + standardoemeans (S.E.M). One or
two-way analysis of variance (ANOVA) followed byetiBonferroni’s test was used to
determinate the difference between the means uGiraphPadPrism “5 Software
(GraphPad Software, La Jolla, CA, USA). A value’aD.05 was considered significant

in all experiments.

3. RESULTS

3.1 Compound 2 decreased ethanol/HCI-induced gastric ulcer in mice

As shown in figure 1, the acidified ethanol ulceththe gastric mucosa by 64.45

+ 6.58 mni in the vehicle-treated only group. As expectece theatment with
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carbenoxolone (200 mg/kg, p.o), the positive cdrgroup, reduced the lesion area in
83.84%. The pretreatment with (Figure 1A), 4 (Figure 1C)and 6 (Figure 1E)
diminished the lesion area by 60.4, 67.4% and 52r2%pectively, both at a dose of 10
mg/kg (p.0). In addition, compoun@qFigure 1B) and (Figure 1D), at the dose 8D
mg/kg p.o, reduced the lesion area by 95% and 788pectively, when compared to
vehicle-treated group.

Interestingly, the pretreatment with(Figure 2A) reduced the gastric ulcer by
oral route in a dose-dependent manner s(ED0.40 mg/kg, with 95% confidence
interval = 0.18 to 0.89 mg/kg). Additionally, repeatative images from these results
are depicted in figure 2B. Moreover, the intragerdal administration &, at a dose of

0.1 mg/kg, decreased the gastric injury by 55.3uie 3).

3.2 Compound 2 decreased the ulcer area and increased PGE; in indomethacin-
induced ulcer model

As show in figure 4A, indomethacin-induced gastasions in an extension
equal to 2.40 + 0.39 mimwhile the compoun@, at the doses of 0.3, 1 and 3 mg/kg,
decreased the lesion area by 67%, 77% and 78%eatesgly, when compared to the
vehicle group. Additionally, carbenoxolone (200 kgg/ p.o) decreased the gastric
lesions by 92%, in comparison with the vehicle grdn parallel, oral admnistration of
2 (1 mg/kg) increased the PgEmount in gastric tissue from mice exposed to
indomethacin-induced ulcer model, compared to Vetireated group (p<0.01, figure
4B). In a similar manner, carbenoxolone (200 mg/ktgo increased the PGHN

ulcerated tissues when compared to vehicle-tregrtmap (p<0.01, figure 4B).



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

11

3.3 Gastroprotective effects of compound 2 in L-NAME, NEM, indomethacin or
yohimbine-pretreated mice in the model of ethanol/HCI-induced ulcer

The pretreatment with L-NAME (Figure 5A) and NERMidure 5B) augmented
the ulcer area by 116% and 212%, respectively, vdoempared to the group pretreated
with saline only (46.57 + 7.94 nfin However, the pretreatment with Indomethacin
(Figure 5C) or Yohimbine (Figure 5D) did not altle ulcerated area in comparison
with the saline group. In addition, the pretreatmesith L-NAME (Figure 4A), NEM
(Figure 4B), Indomethacin (Figure 4C), and Yohingi(Figure 4D) abolished the

gastroprotective effect of compouBd

3.4 Compound 2 did not change gastric secretion parameters

The volume of gastric juice in the vehicle groupsvda9 = 0.4 mL; whereas in
the same group, the pH was equal to 3.16 + 0.@8hieg a total acidity of 17.75 £ 2.01
Eq[H}/mL/4 hours and a peptic activity of 1.96 + 0.0®I of tyrosine/4 hours. The
administration of2 (1 mg/kg, i.d) did not change the volume, pH, dgidr peptic
activity when compared to the vehicle group. As extpd, the administration of
omeprazole (20 mg/kg) was able to reduce the gcahitd peptic activity in 62.3% and
24.5%, respectively. Moreover, the pH of the gastiedium in the group treated with

omeprazole was 6.69, as shown in table 1.

3.5 Compound 2 increases GSH and restores LOOH levelsin ethanol/HCI-induced
gastric ulcer

As shown in table 2, the ulcerated group treateith wehicle presented GSH
levels equal to 124.7 + 6.4fg/mg of tissue, whereas the non-ulcerated group,

presented the GSH amount equal to 173 + 8dlfing of tissue. The treatment wizh(1
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mg/kg) or carbenoxolone (200 mg/kg) increased tisHGalues by 63% and 42%,
respectively (Table 2).

The LOOH content was increased by 13% in the velgobup, compared to the
naive group (non-ulcerated group: 1.80 = 0.03 mmgl/of tissue). In contrast,
carbenoxolone (200 mg/kg) a@d1 mg/kg) reduced the LOOH levels by 12% and 10%

respectively, compared to the vehicle group (2.@04 mmol/ mg tissue) (Table 2).

3.6 Compound 2 decreases the activity of SOD but does not change CAT or GST
activity

The acidified ethanol increased the SOD activityhi@ vehicle-treated group by
24%, related to basal levels found in non-ulceragce (Naive: 7.02 £ 0.1 U SOD/mg
of protein). On the other hand, the administratdr? reduced the SOD activity by
44%, compared to the vehicle group (Table 2). Hexethe administration ¢ did not

change the CAT or GST activity, compared to thealetgroup.

3.7 Compound 2 reduced the M PO activity

Expectedly, the MPO activity increased by 953% Ipertated tissue, when
compared to non-ulcerated group (Naive: 1.7 + 2Z00O/mg of protein). Oppositely,
2 (1 mg/kg) and carbenoxolone (200 mg/kg) were ableduce this parameter by 78%

and 77%, respectively, compared to the vehiclegfdable 2).

4. DISCUSSION
The gastroprotective effect of Lupeol has beeniptesly described by [4], as
well as some gastroprotective mode of action. Intioaity to these studies, this

research evaluated the gastroprotective activithel and their ester2( 3, 4, 5 and6)
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obtained by Silva et al. [15] through structural difications in the Lupeol molecule
aiming identify if those alterations altered anditmproved the anti-ulcer potential of
Lupeol.

The ethanol-induced gastric ulcer is a classicabdeh employed in
gastroprotective studies because ethanol entergasigic mucosa causing an intense
vascular injury, decreasing the blood flow caudisgue necrosis and ROS generation
[30, 31]. Acidified ethanol undoubtedly caused desi in the gastric mucosa that were
reversed by the action of compouddy oral and intraperitoneal treatments, suggesting
a systemic effect and not just a topical actiondoye to the oral route. This data
corroborates with Navarrete et al. [32] and Liby &t [33], which described
gastroprotective actions to other triterpenes. [@iyi Da Rosa et al. [34] reported the
gastroprotective effect of the triterpenes masliana ursolic acids against acidified
ethanol-induced lesions. The estering is a metlsed to improve the biological effect,
to decrease side effects or to improve the absorti a molecule. In facg (1 mg/kg)
demonstrated a superior anti-ulcer effect than bup& mg/kg p.o) already described
by Lira et al. [4]. Similarly, Urban et al. [35] a@nstrated that esterification in ring A
of lupane group may increase or decrease cytosmwtion.

Indomethacin is a non-steroidal anti-inflammatoryugd (NSAID) lacking
specificity for both cyclooxygenase 1 or 2 (COX+412), however its use is related to
the appearance of gastric lesions due to the imbmbiof COX-1 which in turn,
decreases the production of endogenous prostamsidd, as PGE a factor that is
related to the protection of the gastric mucosa. [Bbe pretreatment with indomethacin
was able to reduce the gastroprotective effect sibre2 demonstrating that its
gastroprotective effect also depends on the effeptostaglandins. Corroborating with

our results, Lira et al. [4] demonstrated that lalp@so has its effect depleted when
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pretreated with indomethacin. Interestingly, Geedimnal Varalakshmi [37] suggested
that Lupeol exerts anti-inflammatory actions, bota different manner compared to
NSAIDs, and unlike indomethacin, did not demonstridite ulcerogenic effect in long
term treatment.

Giving a continuity, we evaluated the role of NQlaronprotein sulfhydryl (NP-
SH) compounds as contributors to the gastropretedcctivity displayed by. In the
ulcer genesis, ROS can cause depletion of NP-SHpgr@and NO, leading to the
damage in the gastric mucosa due to oxidativesstted poor blood circulation [38, 39,
40]. Indeed, it was evidenced that the gastropteeeffect of2 is abolished in mice
pretreated with an inhibitor of NO synthase (i.eNAME) or with an NP-SH blocker
(i.,e. NEM), suggesting that an adequate blood féma the bioavailability of endogens
antioxidants is crucial to antiulcer events eliditey 2. As expected, our results
corroborate with Lira et al. [4], which demonstchtbat the gastroprotective effect of
Lupeol was also abolished in mice pretreated withkAME and NEM.

According to Gyires et al. [41], the adrenoceptors are involved in gastric acid
secretion and possess crucial roles in other resggsom the gastrointestinal tract.
Yohimbine is classified as a selectiwgadrenergic receptor antagonist [42] and in this
study was employed to analyze the participatiothisf receptor in the gastroprotection
exerted by2. In this experiment, it was observed that the ddiueffect of2 was
abolished in mice pretreated with Yohimbine, sugggsthata, - adrenergic receptors
participate directly in the gastroprotection actmexerted by this ester. Confirming our
results, Lira et al. [4] showed that the effectugfeol was also abolished in the presence
of Yohimbine.

Besides the mode of actions already discussedinheiteis important to

understand the antioxidants mechanisms involvedthe gastroprotective action,
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because this mechanism occurs at the cellular.l&feanol increases oxidative damage
in the gastric mucosa by decreasing blood flowvatlag lipid, hydroxyl and
superoxide peroxidation [43, 44]. The initial stajecellular damage caused by ROS is
the cell membrane peroxidation [4%}s expected, LOOH levels were elevated in the
vehicle-treated group, while these levels weretaddished in the mice treated wizh(1
mg/kg), inferring that oxidative damage was miniaetizby the action of this ester.
Furthermore? were also able to raise GSH levels to values grehain those found in
the vehicle-treated group. GSH is a tripeptide gmesvithin the cell and plays a key
role in both non-enzymatic and enzymatic antioxigaathways [46]. In this way, ester
2 is able to restore the oxidative balance.

In parallel, the enzymatic antioxidant defenseeysincludes SOD, an enzyme
that promotes the dismutation of superoxide aniamg CAT, which realizes the
conversion of hydrogen peroxide to water and oxyddoreover, the detoxifying
enzyme GST catalyzes the GSH conjugation with variendogenous and exogenous
electrophilic compounds [45, 47 this way, esteP reduced the SOD activity, but
CAT and GST activities were not altered in groupgsited with2, demonstrating th&
does not require these oxidative pathways to etsegastroprotective effect.

The activity of MPO is classically verified as arker of neutrophil infiltration
in tissues because this enzyme is found in theoghilrgranules of these inflammatory
cells [48, 49]. As expected, the contribution o theutrophils to the genesis of the
gastric lesion was confirmed by the increase inl¢ghrels of MPO activity at the ulcer
site in the vehicle-treated group. In contrast,tteatment witl2 reduced this parameter
in ethanol/HCl-ulcerated tissue. Therefore, we alo infer that este? avoided the
ulcerogenic process, at least in part, by the meolucof the inflammatory process

mediated by neutrophil migration.
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Finally, considering the results obtained, we eatdd the gastric anti-secretory
activity of the2. The suppression of gastric acid is the main thetsed for the gastric
ulcer treatment. Despite of this, the compo@ngas not able to decrease the volume of
secretion, total acidity or peptic activity in thgastric juice, suggesting that the
mechanism of action of the compouBdas explored in this study, differs from the
actions elicited by omeprazole, a classical stahdiaug used in the clinic due to its

inhibitory action of the proton pump.

5. Conclusion

Together, our results confirmed that the esBers 5 and6 were able to reduce
the area of the ulcer lesion; however, e&tevas able to reduce the ethanol acidified-
and indomethacin-induced gastric ulcer in loweredpsvidencing that the stearate
group enhanced the gastroprotective potency of dupegarding mode of actions, the
participation of NP-SH, NO, PGEand a,-adrenoceptors directly participate in the
gastroprotective effect of this compound. Antioxilaroperties include the increase in
GSH availability and the decrease of LOOH contastywell as a reduction in neutrophil
migration. Finally, the chemical modification onetliupeol structure that provided

compound increased its pharmacological action.
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L egendsfor figures

Fig. 1 Effect of Lupeol and esters 3, 4,5 and 6 on the acute gastric ulcer induced
by ethanol/HCI. Panel A - E: The animals received vehicle (Veh: 1%, 1 ml/kg,
p.o), carbenoxolone (Cbx: 200 mg/kg, p.o), Lupeul ds esters, 4,5 and6 (1 - 30
mg/kg, p.0). Results are expressed as means *= S.gadb). One-way ANOVA
followed by Bonferronis’s test.P<0.05; ** P<0.01; *** P<0.001 vs. the vehicle-

treated group.

Fig. 2 Effect of compound 2 (lupeol stearate) on the acute gastric ulcer induced by
ethanol/HCI. Panel A: The animals received vehicle (Veh: DMS®, 1 ml/kg, p.o),
carbenoxolone (Cbx: 200 mg/kg, p.0)2¢0.1 - 3 mg/kg, p.o). Panel B: Representative
images of the different experimental groups. Resaite expressed as means + S.E.M.
(n=6). One-way ANOVA followed by Bonferronis’s test P<0.01 and *** P<0.001

vs. the vehicle-treated group.

Fig. 3 Gastroprotective effect of lupeol stearate (2) given by intraperitoneal rout on
the ethanol/HCI-induced gastric ulcer in mice. The animals received vehicle (Veh:
DMSO 1%, 1 ml/ kg), carbenoxolone (Cbx: 200 mg/kgy) and2 (0.1 mg/kg, ip).
Results are expressed as the means + S.E.M. (@n@yway ANOVA followed by the

Bonferroni’s test. **P<0.01 andP”<0.001 vs. vehicle-treated group.

Fig. 4 Effect of Lupeol stearate (2) on ulcer area (A) and in the PGE; levels (B) of
ulcerated tissues from indomethacin-induced gastric ulcer in mice. The animals

were orally treated with vehicle (Veh: DMSO 1%, Yky), carbenoxolone (Cbx: 200
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mg/kg) or2 (0.3 - 3 mg/kg). Results are expressed as the sne&E.M. (n=6). One-
way ANOVA followed by Bonferroni's test* P<0.01 andP<0.001 vs. the vehicle-

treated group.

Fig. 5 Effects of NEM, L-NAME, Yohimbine, and Indomethacin on the
gastroprotective effect of Lupeol stearate (2) against Ethanol/HCI-induced ulcer in
mice. The animals were treated with saline (10 ml/kg),INEM (10 mg/kg, i.p), L-
NAME (70 mg/kg, i.p), yohimbine (2 mg/kg, i.p) andomethacin (10 mg/kg, i.p) 30
min prior to vehicle (Veh: DMSO 1%, 1 ml/kg) or cppund2 (C 2, 1 mg/kg, p.o)
administration. Results are expressed as the me&iE.M. (n=6). Two-way ANOVA
followed by Bonferroni’s test. P<0.05 vs. vehicle-saline groug. P<0.05 vs. C2-

saline group.



Table 1. Effects of compound 2 on gastric acid secretion.

Volume Acidity pH Peptic activity
Vehicle 3.99+0.45 17.75+2.01 3.16 +0.63 1.96 £0.09
Omeprazole 2.70+0.30 6.69 + 1.60° 5.59 + 0.65% 1.48 +0.06°
Compound 2 3.30+0.19 16.63 +1.87 3.50+0.40 1.85+0.09

Volume (mL); Acidity (mEq [H'}/mL); Peptic activity (mmol of tyrosine/4 hours/mL). Values are
expressed as means + S.E.M (n=6). One-way analysis of variance (ANOVA) followed by

Bonferroni's multiple comparisons test. °p < 0.05 when compared with the vehicle-treated group.



Table 2. Effects of compound 2 on oxidative and inflammatory parameters of ulcerated gastric tissue.

MPO GSH LOOH SOD CAT GST
Naive 1.7+0.20 173.9 +8.91 1.80 + 0.03 7.02 £0.10 461.4 + 63.56 979.0 + 13.03
Vehicle 17.9+5.34°  124.7+6.46% 2.04 +0.04% 8.69 + 0.45 292.2 +37.85°% 736.0 £ 92.70
Carbenoxolone  4.1+0.95°  177.2+14.91° 1.80+0.04° 7.92 +0.18 4459 +171.10 1100.0 +206.10
Compound 2 3.9+0.84° 203.4+9.49° 1.84+0.03° 4.85 +1.05° 468.7 + 46.12 719.2 +177.3

Myeloperoxidase (MPO, mD.O/mg of protein); Reduced glutathione (GSH, pg/mg of tissue); Hydroperoxides lipids (LOOH, mmol/

mg of tissue); Superoxide dismutase (SOD, U/mg of protein); Catalase (CAT, pmol/min/mg of protein) and Glutathione S-

transferase (GST, mmol/min/mg of protein). Values are expressed as means *

(ANOVA) followed by Bonferroni's multiple comparisons test. °p < 0.05 when compared with the naive group. bp < 0.05 when

compared to the vehicle-treated group.

S.E.M (n=6). One-way analysis of variance
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Figure 5
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Highlights

L upeol -stearate decreased ethanol/HCI-induced ulcer in mice (EDsp= 0.40 mg/kg).

L upeol-stearate increased PGE; and decreased the indomethacin-induced ulcer in mice.
Lupeol-stearate did not change gastric secretion parameters

Lupeol-stearate increases GSH and restores LOOH levels in ethanol/HCI-induced
ulcer.

L upeol -stearate decreases the activities of SOD and MPO enzymes.
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