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PRODUCTO NATURAL
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ABSTRACT

Introduction: the gastric mucosa is susceptible to the effects of aggressive
factors, which are counterbalanced by mucosal defensive factors. Acid peptic
diseases result from the imbalance between these aggressive and defensive factors.
Aspirin-induced ulcer is a model of NSAIDs-induced damage in which neutrophil
infiltration plays a key role.

Objective: this paper investigates the protective effect of D-002 against aspirin-
-induced ulcers and associated neutrophil infiltration in the gastric mucosa.
Methods: rats were randomized into six groups of 8 rats each. A negative vehicle
control, and five aspirin (300 mg/kg)-treated groups: a positive control, orally
treated with the vehicle, three with D-002 (25, 50 and 100 mg/kg, respectively)
and other with 10 mg/kg Omeprazole. Five hours after induced damage the rats
were sacrificed. The stomachs were removed and opened, and lesions examined
macroscopically and microscopically. Ulcer indexes and neutrophil infiltration per
ulcer areas were measured.

Results: all positive, none negative, controls exhibited aspirin-induced ulcers. Oral
treatment with D-002 (25-100 mg/kg) dose-dependently and significantly reduced
aspirin-induced gastric lesions (37 to 75 %), the mean number of microscopic ulcers
(40 to 72 %) and neutrophil infiltration (41.7 to 83.1 %) in the rat gastric mucosa.
Conclusion: Oral treatment with D-002 (25-100 mg/kg) effectively protects
against aspirin-induced ulcers and decreases the neutrophil infiltration in the gastric
mucosa induced by aspirin ulceration.
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RESUMEN

Introduccioén: la integridad de la mucosa gastrica depende del balance entre los
factores agresivos y defensivos. La ulcera inducida por aspirina es un modelo de
dafio por antiinflamatorios no esteroidales en el cual el infiltrado de neutréfilos
desempenia una funciéon fundamental.

Objetivo: evaluar el efecto protector del D-002 sobre la Glcera inducida por
aspirina asociada al infiltrado de neutrofilos en la mucosa gastrica.

Métodos: las ratas fueron aleatorizadas en seis grupos de ocho animales cada uno.
Un control negativo con vehiculo y cinco grupos tratados con aspirina (300 mg/kg):
un control positivo, tratado por via oral con vehiculo, tres grupos con D-002 (25,
50 and 100 mg/kg respectivamente) y otro con omeprazol 10 mg/kg. Cinco horas
después de inducido el dafio las ratas fueron sacrificadas y se extrajeron sus
estdmagos para su analisis morfolégico. Se determiné el indice de Ulcera, el
ndamero de Ulceras microscoépicas y el niumero de neutréfilos por area ulcerada.
Resultados: todos los controles positivos y ninguno negativo mostraron lesiones
en la mucosa. El tratamiento por via oral con D-002 (25-100 mg/kg) redujo de
modo significativo y dependiente de la dosis el indice de Ulceras gastricas (37-75 %o),
el promedio de Ulceras microscopicas (40-72 %) y la infiltracién de neutréfilos
(41,7-83,1 %) en la mucosa de las ratas.

Conclusiones: el tratamiento por via oral con D-002 (25-100 mg/kg) protege la
mucosa gastrica de las ratas del dafo inducido por aspirina, lo que disminuye el
indice de Ulcera y el infiltrado de neutroéfilos.

Palabras clave: D-002, uUlcera gastrica, infiltracion de neutréfilos, aspirina, ratas.

INTRODUCTION

Gastric mucosa damage results from the imbalance between aggressive factors
(acid, pepsin, H. pylori, non steroidal anti-inflammatory drugs (NSAIDs) and
mucosal defensive factors (bicarbonate, mucus secretion, blood flow, cellular
regeneration, prostaglandins (PG) and growth factors.'™

The gastric mucosa produces arachidonic acid (AA)-derived metabolites via
cicloxygenase (COX) and lipoxygenase (LOX) pathways, like PG and leukotrienes
(LTs) which exhibit cytoprotective and pro-ulcerogenic properties, respectively.
NSAIDs block COX, thus inhibiting the production of cytoprotective PG, which in
turn lowers mucus and bicarbonate secretion, mucosal blood flow, produces
neutrophil infiltration, alters the microvascular structures and increases acid and
pepsinogen secretion, all of which leads to develop NSAIDs-induced ulcers. Also,
the NSAIDs-induced COX inhibition shuttles the AA metabolism towards the
overproduction of noxious 5-LOX derived metabolites, like LTs,
hydroperoxyeicosatetranoic acids (HPETEs) and derived reactive oxygen species
(ROS).>%8

Increased generation of ROS (superoxide anions and hydroxyl radicals) by NSAIDs,
together with PG suppression, leads to microvessel occlusion and overproduction of
ROS metabolites.®%1° Xantine-xantine oxydase system and the polimorphonuclear
leukocytes (neutrophils) represent the two main sources of ROS in the gastric
mucosa.**?
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Aspirin, the most widely consumed NSAID,*® induces gastric lesions due to the
irreversible and non-selective inhibition of COX. It has been demonstrated that
increased production of ROS, increased lipid peroxidation and neutrophil infiltration
play a critical role in the pathogenesis of aspirin-induced ulcers.***’

D-002, a mixture of 6 higher aliphatic alcohols wherein triacontanol is the most
abundant, has been shown to produce gastroprotective effects.'®?°> Experimental
evidences support that the gastroprotective effect of D-002 involves increased
gastric mucus secretion, improved mucus composition*®?° and reduced lipid
peroxidation®! in the rat gastric mucosa. On the other hand, D-002 treatment has
been shown to reduce acetic acid-induced colitis, and particularly, the neutrophil
infiltration into the colon wall.?®?” No previous study, however, had investigated its
effects on NSAIDs-induced gastric neutrophil infiltration.

Keeping in mind this background, this study was aimed to carry research into the
protective effect of D-002 against neutrophil infiltration in the gastric mucosa of
rats with aspirin-induced ulcers.

METHODS

Animals

Sprague Dawley rats (200-220 g), purchased in the National Centre for Laboratory
Animal Production (CENPALAB, Havana, Cuba) were adapted for 7 days to the
experimental conditions: temperature 25 + 2 °C, humidity 60 = 5 % and light/dark
cycles of 12 h. During this period, the rats had free access to tap water and
standard chow (rodent pellets from CENPALAB). Prior to ulcer induction, however,
rats were fasted for 24 h, with water ad libitum.

Experiments were conducted in accordance to the Cuban guidelines of Animal
Handling and the Cuban Code of Good Laboratory Practices (GLP). Study protocol
and animal use were approved prior to study by an independent animal ethics
committee.

Dosage and administration

Aspirin and omeprazole were supplied by the Cuban Medical Pharmaceutical
Industry (Havana, Cuba).

The D-002 batch, supplied by the Plants of Natural Products (National Centre for
Scientific Research, Havana, Cuba), had the following composition: triacontanol,
26.6 %; octacosanol, 17.5 %, dotriacontanol, 17.0 %; hexacosanol, 15.3 %,
tetracosanol, 13.2 % and tetratriacontanol, 2.2 % (purity 91.8 %).

D-002 and omeprazole were suspended in a 2 % Tween 20/water vehicle (10 mg/100 mL).
Aspirin was dissolved (50 mg/ml) in a 1 % acacia gum solution. All solutions and
suspensions were prepared two hours prior to use, after verifying their stability and
homogeneity.

Rats were randomized into six groups of 8 rats each. A negative vehicle control,
and five groups that received aspirin (300 mg/kg),?® for ulcer induction: a positive
control, treated orally with the vehicle, three treated with D-002 (25, 50 and 100 mg/kg,
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respectively) and the other with omeprazole 10 mg/kg. Treatments were given by
oral gastric gavage (5 mL/kg of bodyweight) for seven days prior to ulcer induction.

Induction of ulcers by aspirin

After the last dosing rats were fasted for 24 h and then orally administered a single
dose of the vehicle (negative control) or aspirin 300 mg/kg (all other groups). Five
hours later the rats were sacrificed under ether anesthesia.?®

Assessment of ulcer damage and histopathological findings

After the sacrifice, rat stomachs were immediately removed, opened along the
greater curvature and washed with saline solution. The lesions were examined
macroscopically under a microscope (magnification 3x) by two independent blinded
observers. The ulcer indexes, the number of microscopic ulcers and neutrophils per
area of microscope field were quantified.

The ulcer indexes corresponded to sum of the lengths of the gastric lesions (in
mm). The protective ratio as the inhibition (%0) according to the following formula:
[Inhibition (%)= (a - b)/a %< 100], wherein a was the ulcer index of the positive
control group and b the ulcer index of the test group.

Samples of the ulcer areas together with the surrounding areas were taken and
fixed in 10 % neutral formaldehyde (BDH, Poole, Dorset, England), dehydrated in
reagent degree ethanol, embedded in paraffin, and cut in 4 um transverse sections
that were stained with haematoxylin and eosin (Merck, Darmstadt, Germany), and
were examined (10 images per animal) using an Olympus BH2 microscope.

Ulcer lesions were identified as epithelium erosions accompanied by inflammatory
infiltrates.

Neutrophils were counted in each complete cross-section of mucosa in accordance
to Nygard et al (1994).%° Mean neutrophil counts were determined in three sections
per animal per group and afterwards averaged for each group.

Statistical analyses

Comparisons among the groups were done with the Kruskal Wallis test, paired
comparisons between control and treated groups with the Mann-Whitney U test.
Dose-relationships were explored with a linear regression analysis. Statistical
significance was chosen for a= 0.05. Data were processed with the statistical
software Statistics for Window (Release 6.1 Stat Soft Inc, Tulsa OK, USA).

RESULTS
Effects on aspirin-induced ulcers

All the positive controls, but none negative control rats, exhibited aspirin-induced
erosive ulcers surrounded of inflammatory infiltrates. Figures 1 y 2 illustrate the
observed lesions.
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Fig. 1. Microphotography of A54 induced gastric ulcer of a contral,
with loss of epithelium (arrow) and inflarmmatory infiltrate (PMN],
(circle), HRE 100%,
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Fig. 2. Microphotographs of stormach with aspirin-induced ulceration in rats pre-treated with
D-002 (50 and 100 mgfkg, respectively) showing the epithelium with focal erosion and redu-
ced inflammmatory infiltrate (PMMN), HRE 40x,

Oral treatment with D-002 dose-dependently (R= 0.98) prevented aspirin-induced
gastric ulcers. D-002 given at 50 and 100 mg/kg, not at 25 mg/kg, significantly (p< 0.001)
reduced ulcer indexes (70 and 75 %, respectively) as compared to the positive
control group (table 1). The positive control group averaged 8 microscopic ulcers
per rat, a variable significantly reduced by D-002 in a dose-dependent manner (R= 0.97).
The doses of 50 and 100 mg/kg, not 25 mg/kg, reduced the average number of
these lesions by 62.5 and 71.9 %, respectively. Omeprazole 10 mg/kg reduced the
ulcers indexes and the mean number of ulcers per rat more effectively (p< 0.001;
90.0 and 90.1 % inhibition, respectively) than D-002 (100 mg/kg).
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Table 1. Effect of D-002 on aspirin-induced gastric ulcers in rats

Treatments UI {m mz} Inhibition %) Ulzers per rat % inhibition

HMegative contral O+++ - o+++ -

adspirin-treated groups

Positive control {wehicle) 64,28 215,26 - 8.00%1.35 -

D-002 (25 mg/kg) 40.08 £0.45 37.0 4,88 £0.63 30
D-002 (50 mg/kg) 18,05 4 c+ 70.5 3.00£0.42%F 62.5
0-002 {100 mg/kg) 16.08 * 3, 7o++1t 7E.0 2,26 £ 0,31+t 71.4
Omeprazole {10 mg/kg) .40 & 1,12%++ 90.0 0,795 0,41+ 90,1

UI: ulcer indexes, Data expressed as means £ SME, UI (ulcer index),
*p< 0,05, **p< 0,01, **p< 0,001 comparison with the positive contral,
™p< 0,01 comparisan with omeprazole {Mann Whitney U test),

Effects on neutrophil infiltration

Aspirin-positive control rats displayed mean values of 148.28 + 7.9 (neutrophils per
ulcerated area), which was dose-dependently lowered (R= 0.94) by D-002
treatment (table 2). All doses of D-002 (25, 50 and 100 mg/kg), reduced significantly
the number of neutrophils per ulcerated area (41.7, 74.8 and 83.1 %, respectively,
versus the aspirin positive control).

Table 2. Effect of D-002 on aspirin-induced neutrophil infiltration in the gastric tissue

Meutrophil per ulcerated

Treatments areas Inhibition %
Megative control Qb ek -
Aspirin-treated groups
Positive control {vehicle) 148,28 £ 7.9 -
D-002 (25 mglkg) BE.45 £, 52 *** 41.7
D-002 (50 mgskg) 37.41 23,85 *** 74.8
D-002 (100 mglkg) 25,03 % 2,54 *H#t 83.1
Omeprazaole {10 mg/kg) 11,23 % 3.82 *** 92.4

Data expressed as means £ SME, ***p< 0,001 comparison with the positive control;
Tp< 0.05 comparison with omeprazole (Mann Whitney U test),

DISCUSSION

This study confirms that oral treatment with D-002 (25-100 mg/kg) protects against
aspirin-induced gastric lesions and demonstrates, by first time, that D-002 reduces
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neutrophil infiltration on the gastric mucosa in rats with gastric injury induced
by aspirin.

Gastric mucosal integrity is maintained by a dynamic process in which defensive
factors should counteract the effects of aggressive factors. When this balance is
lost, gastric mucosal damage becomes evident.*? Aspirin administration to rats, a
classical model of NSAIDs-induced gastrotoxicity,***"**32 mimics the potential
gastric damage of the members of this therapeutic class. In particular, aspirin is the
most widely used NSAIDs due its pivotal role in coronary and stroke prevention,333*
in addition to the management of several inflammatory conditions.®

All positive controls exhibited the characteristic pattern of aspirin-induced gastric
ulceration, such as erosions of the epithelium and inflammatory infiltrates around
the ulcer area.®*2*® Omeprazole 10 mg/kg, the reference treatment, reduced
significantly the ulcer indexes, as reported by other authors.*>*? This supports the
validity of this model in our conditions, and hence the present results, so that the
effects here described herein can be attributable to D-002.

Oral treatment with D-002 dose-dependently prevented the development of aspirin-
induced gastric ulcers, but only the 50 and 100 mg/kg doses were effective for
lowering the gastric ulceration. The marked reduction (75 %) achieved with the
highest dose (100 mg/kg), however, cannot be interpreted as a maximal inhibition
because no plateau effect was seen and higher doses were not evaluated.
Consistently, the mean number of ulcers per rat in the highest dose group was
reduced by 71.9 %. These results are consistent with previous reports of the
efficacy of D-002 for preventing NSAIDs-induced ulcers in rats.*®?!

The effects of D-002 on aspirin-induced neutrophil infiltration in the gastric mucosa
were dose-dependent and greater than its effects on the ulcer indexes, since all
doses (25, 50 and 100 mg/kg) effectively reduced the number of neutrophils per
ulcerated area (41.7, 74.8 and 83.1 %) as compared to the positive control. These
results suggest that the gastroprotective effect of D-002 on this model is associated
to the reduction of the neutrophil infiltration that accompanied the gastric
ulceration induced by aspirin in rats.

It should be remembered that D-002 produces antioxidant effects on different rat
tissues, including the reduction of lipid peroxidation in the gastric mucosa.***’
Polimorphonuclear leukocytes represent one of the major sources of ROS in the
gastric mucosa,'*® then the present results should be attributable, at least partly,
to the antioxidant effects of D-002. Nevertheless, D-002 has been shown to reduce
LTB, levels in pleural exudates of carrageenan-induced pleurisy,® an effect that
could be associated to the inhibition of the 5-LOX enzyme. Then, the reduction of
LTs and derived ROS*°® could be another explanation that could support the
efficacy of D-002 on this model.

Oral treatment with D-002 (25-100 mg/kg) protects against aspirin-induced
ulceration in rats, decreasing ulcer indexes and neutrophil infiltration in the gastric
mucosa.
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