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ABSTRACT  

D-002, a mixture of six higher aliphatic primary alcohols from beeswax, has been shown to produce gastroprotective effects mediated by increased 
gastric mucus secretion, improved mucus composition, and the reduction of lipid peroxidation. D-002 is able to heal acetic acid-induced gastric 
ulcers in rats, but its effects on this model had not been compared with those of proton pump inhibitors (PPI) or histamine 2-receptor (H2RA). This 
study compared the effects of D-002, omeprazole, and ranitidine on acetic acid-induced gastric ulcers in the rat, and on the associated neutrophil 
infiltration and angiogenesis in the ulcerated areas.  

Rats were randomized into eight groups: a vehicle control and seven with acetic acid-induced ulceration: a positive control, two D-002 (200 and 400 
mg/kg, respectively), two omeprazole (5 and 10 mg/kg), and two ranitidine (25 and 50 mg/kg) groups. Gastric ulcers were produced by serosal 
application of acetic acid. Ulcer indexes and histological assessment were done. 

Significant reductions of ulcer indexes were seen with D-002 (200 and 400 mg/kg) (49% and 60%, respectively), omeprazole (5 and 10 mg/kg) 
(39% and 61%), and ranitidine (25 and 50 mg/kg) (52% and 68%). All treatments reduced ulcer sizes and inflammatory infiltrates, with signs of re-
epithelization, both groups of D-002 and the highest dose of omeprazole showed the greatest effect on angiogenesis. Concluding, at the doses tested, 
D-002 healed acetic acid-induced ulcers as effectively as omeprazole and ranitidine, an effect associated to the reduction of neutrophil infiltration 
and to the increase of restorative angiogenesis into the ulcerated areas 
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INTRODUCTION 

The integrity of the gastro duodenal mucosa depends on the balance 
between aggressive (acid, pepsin, Helicobacter pylori infection, non-
steroidal anti-inflammatory drugs–NSAID) and defensive (gastric 
mucus secretion, bicarbonate, blood flow and prostaglandins –PG-) 
factors. Gastric ulcers develop when this balance is lost, which leads 
to local injury due to active inflammation.[1-5]Increased oxidative 
stress due to the augmented generation of reactive oxygen species 
(ROS), one of the pathogenic events involved in the development of 
gastric ulceration, is mainly generated in the neutrophils. [6-10] 

D-002, a mixture of six higher aliphatic primary alcohols (C24, C26, 
C28, C30, C32, C34) purified from beeswax, wherein triacontanol (C30) is 
the major component has been shown to protect against NSAID, 
ethanol, pylorus ligation, water restrain stress and acetic acid-
induced ulcers, [11-16]and to alleviate the symptoms of subjects 
with duodenal ulcer or with gastritis symptoms.[17-20]D-002 has 
also shown to improve ulcer healing in patients with duodenal 
ulcers as well.[17] 

The protective effects of D-002 against gastric mucosal damage 
involve multiple mechanisms, like increased secretion of gastric 
mucus, improved mucus composition, and reduction of lipid 
peroxidation, all demonstrated in the gastric mucosa of rats. [13-15] 

The model of acetic acid-induced gastric ulcers in the rat is useful for 
investigating the efficacy of potential gastroprotective substances 
because the procedure is simple, ulcer sizes and severity are quite 
reproducible, and the pathological features and healing process 
mimic those of the human ulcers, including the spontaneous relapse 
and the good response to proton pump inhibitors (PPI), H2-receptor 
antagonists (H2A) and mucoprotective agents. [10] 

A previous study demonstrated that D-002 administered orally at 
200 mg/kg, not at 50 or 100 mg/kg, effectively healed the acetic 
acid-induced gastric ulcers in rats.[12] That experiment, however, 
neither compared the effects of D-002 with those of PPI or H2RA, 
nor assessed ulcer extents and re-epithelization histologically. 

In light of these facts, this study compared the effects of D-002, 
omeprazole (a PPI), and ranitidine (a H2RA) on acetic acid-induced 

gastric ulcers in the rat, and on the associated neutrophil infiltration 
and angiogenesis in the ulcerated areas. 

MATERIALS AND METHODS  

Animals 

Adult male Sprague Dawley rats (200-250g) were acquired in the 
National Centre for Laboratory Animal Production (CENPALAB, 
Havana) and adapted to the following laboratory conditions: 
temperature 22-23 oC, humidity 55-60%, and 12 hours dark/light 
cycles for 7 days, conditions that remained for the entire 
experiment. Free access to water and standard chow (rodent pellets 
from CENPALAB) was allowed. 

The study was conducted in accordance with the Cuban Guidelines 
for the Laboratory Animals Care and Good Laboratory Practices. An 
independent ethic board for animal use approved the protocol for 
the study. 

Administration and dosage 

The batch of D-002, supplied by the Plants of Natural Products 
(National Centre for Scientific Research, Havana, Cuba), had the 
following composition, assessed with a validated gas 
chromatographic method:[21] tetracosanol (7.2%), hexacosanol 
(11.3%), octacosanol (13.9%), triacontanol (32.4%), dotriacontanol 
(22.9%) and tetratriacontanol (2.5%). Purity (total content of these 
alcohols) was 90.2%.  

Ranitidine and omeprazole were acquired in the Cuban 
Pharmaceutical Industry (QUIMEFA) (Havana, Cuba). All treatments 
were prepared in acacia gum/water (1%) vehicle, 1 hour prior to the 
experiment.  

Twenty-four hours after the ulcer induction the rats were 
randomized into eight groups of 10 rats each: a vehicle control and 
seven groups with acetic acid-induced ulceration: a vehicle control, 
two D-002 (200 and 400 mg/kg, respectively), two omeprazole (5 
and 10 mg/kg), and two ranitidine (25 and 50 mg/kg) groups. 
Treatments were given by oral gastric gavage (1 mL/kg) for 5 
consecutive days. At the end of the treatment, rats were fasted for 24 
hours, then anesthetized under ether atmosphere and sacrificed.  

International Journal of Pharmacy and Pharmaceutical Sciences 

ISSN- 0975-1491               Vol 5, Issue 4, 2013 

AAccaaddeemmiicc  SScciieenncceess  



Molina et al. 
Int J Pharm Pharm Sci, Vol 5, Issue 4, 91-95 

92 

Acetic acid ulcer induction 

Gastric ulcers were induced by applying locally acetic acid on the 
anterior serosal surface of the glandular stomach, as previously 
reported.[16] Briefly, 50 µL of 80% acetic acid were applied to the 
serosal surface of glandular portion by using a round ring of 10 mm 
in diameter. Twenty seconds later, the acid solution was removed, 
wiped with filter paper and the abdomen was closed. Thereafter, 
rats fed normally and received orally the treatments (vehicle, D-002, 
omeprazole or ranitidine) for 5 days. The rats were then sacrificed 
and their stomachs were removed, opened along the greater 
curvature and the mucosal surface exposed, washed with normal 
saline, stretched and pinned on cork board. Two independent 
blinded observers examined stomachs under the light with a 
magnifying glass. Each lesion was measured along longest longitude. 
Five petechiae were considered equivalent to a 1 mm ulcer.[22] 

Histological analysis 

Small pieces of stomach samples, including the ulcers, were fixed in 
phosphate-buffered formaldehyde, dehydrated, embedded in paraffin, 
and 5 m-thick sections were cut and stained with haematoxylin and 
eosin for light microscopic evaluation. Samples from all the rats were 
taken. Ulcers characteristics and healing, like regeneration of the 
ulcerated mucosa, formation of granulation tissue, glands arrangement 
and inflammatory infiltrate were evaluated. [23] 

The infiltration of polimorphonuclear (PMN) neutrophils into the 
gastric mucosa was quantified by counting the cells in each cross-
section of mucosa in accordance to Nygard et al (1994) [24]and Noa 
et al (1998). [25]The mean PMN counts were determined for three 
sections per animal in each group. The expressed mean was 
calculated from the mean value of each animal and afterwards 
averaged for each group. 

Angiogenesis was determined when the formation of new 
microvessels was observed in the lamina propria or granulation 
tissue. A semi-quantitative assessment of the angiogenesis was 
performed with the following score: 0) none vessels per field, 1) a 
discrete amount of angiogenesis (1 or two vessels per field), 2) a 
moderate amount of angiogenesis (2 or three vessels per field), and 
3) a great amount of angiogenesis (more than three vessels per 
field). Results were the mean ± ES of eight rats per group. 

Statistical analyses 

Ulcer index and neutrophil per ulcerated areas were presented as 
means ± SEM and angiogenesis the mean ± ES. Statistical 
comparisons were done by using the one-Way ANOVA test followed 
by Dunnett’s multiple comparison tests or the Mann Whitney U Test, 
as corresponded. Statistical significance was set at p < 0.05. Data 
were processed with the Statistics Software for Windows (Release 
4.2 Stat Soft Inc, Tulsa OK, US). 

RESULTS 

Five days after serosal application of acetic acid, round and deep 
gastric ulcers were observed in all the positive control rats.  

Repeat doses of all treatments significantly reduced acetic acid-
induced ulcers (Table 1). D-002 (200 and 400 mg/kg) produced 
significant reductions of 49% (p<0.01) and 60% (p<0.001), 
respectively, omeprazole (5 and 10 mg/kg) decreased the ulcers by 
39% (p<0.05) and 61% (p<0.001), respectively; and ranitidine (25 
and 50 mg/kg) by 52% (p<0.01) and 68 % (p<0.001), respectively, 
all compared to the control group. The reductions achieved with the 
highest doses of all treatments were greater than those achieved 
with the lowest doses and similar among groups.  

 

Table 1: Effects of D-002, omeprazole and ranitidine on acetic acid-induced ulcers 

Treatment Doses (mg/kg) Ulcer index (mm) Inhibition (%) 
Negative Control  - 0 - 
Positive Control -  18.3  1.98 - 
D-002 200  9.35  2.37** 49 
D-002 400  7.28  1.18*** 60 
Omeprazole 5 11.10 1.79* 39 
Omeprazole 10  7.20  2.00*** 61 
Ranitidine 25  8.85  1.18** 52 
Ranitidine 50  5.80  1.81*** 68 

Values are expressed as mean  S.E.M for ten animals. Vehicle and all drugs were given orally, * p<0.05, *** p<0.001. Comparisons with positive 
control (acetic acid + vehicle control). All comparisons were performed using one-way analysis of variance (Dunnett’s test) 
 

Positive control rats exhibited the characteristic histological pattern 
of acetic acid induced gastric ulcers, showing damaged mucosal 
epithelium, distortion of glands, severe inflammatory infiltrate, 
proliferation of fibroblasts and cellular debris in the ulcerated wall 
of stomach (Fig. 1a), while the negative control rats did not exhibit 
such changes (Fig. 1b). By contrast, rats of all treated groups showed 
healing signs, such as reductions of ulcer sizes and inflammatory 
infiltrates, with some extent of mucosal regeneration (re-
epithelization), glandular organization, and proliferation of 
connective tissue cells (granulation tissue). Angiogenesis, observed 

in all treated groups, was significantly increased in D-002 and 
omeprazole, not in ranitidine, treated groups (p<0.001 for both 
doses of D-002 and the highest of omeprazole, p<0.01 for the lowest 
dose of omeprazole), as compared to the positive controls. 
Ranitidine tended to increase angiogenesis, albeit not significantly, 
versus the controls (p═0.058) (Table 2 and Figs.1c-1h). 

All treatments decreased significantly the number of PMN 
leukocytes per ulcerated area as compared to the positive control 
group, without significant differences among them. (Table 2) 

 

Table 2: Effect of D-002, omeprazole and ranitidine on acetic acid-induced neutrophil infiltration and angiogenesis in the gastric tissue 

Treatments Doses (mg/kg) Neutrophil per ulcerated areas* Angiogenesis score- 
Negative control - 80.8  1.59 +++ - 
Positive control (vehicle) - 150.9 0.69 0.50.18 
D-002 200 99.7  0.86+++ 2.250.16+++ 
D-002 400 88.0 0.63+++ 3.0+++§§§ 
Ranitidine 25 92.7 0.51+++ 1.120.12 t 
Ranitidine  50  89.8 0.63+++ 1.120.12t§§§ 
Omeprazole  5  97.0  0.93+++ 1.750.16++ 
Omeprazole  10  90.1  1.03+++ 2.000+++ 

Data expressed as means  SME,  

+ p< 0.05++ p< 0.001, t═p═0.058. Comparisons with positive control (Mann Whitney U test) 

D-002 400 vs Omeprazole 10 §§§ p< 0.001: D-002 400 vs Ranitidine 50 §§§ p< 0.001 (Mann Whitney U test) 
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 Figures: 1a. Severe gastric ulcer formation observed in a positive 
control rat (ellipsis). 1b. No damage observed in a negative control rat. 
Examples of moderate gastric ulcerations observed in D-002 (200 and 
400mg/kg) 1(c-d); ranitidine (25 and 50 mg/kg) 1(e-f) and 

omeprazole (5 and 10 mg/kg) 1(g-h) treated rats. Healing signs such 
as reduced ulcer sizes (thin arrow), angiogenesis more marked in D-
002 400 mg (width arrow), and decreased inflammatory infiltrate 
were observed in all treated groups. Haematoxylin and eosin 100X. 

 

  

Fig. 1a: Positive control Fig. 1b: Negative control 

Stomachs of rats with acetic acid-induced ulcers and treated with: 

  

Fig. 1c: D-002 200 mg/kg Fig 1d: D-002 400 mg/kg 

  

Fig. 1e: Ranitidine 25 mg/kg Fig 1f. Ranitidine 50 mg/kg 

  

Fig. 1g: Omeprazole 5 mg/kg Fig 1h: Omeprazole 10 mg/kg 

Fig. 1: Microphotograph of stomachs of rats with acetic acid-induced ulcer and negative control 

 

G 
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DISCUSSION  

This study demonstrates that the healing effect of the highest doses 
of D-002, omeprazole and ranitidine were comparable, so that D-002 
400 mg/kg, omeprazole 10 mg/kg and ranitidine 50 mg/kg 
produced ulcer reductions of 60%, 61% and 68%, respectively, as 
compared to the control group. Nevertheless, since a dose-graded 
response for the doses tested was obtained for each treatment, and 
we did not evaluate higher doses, we ignore if the same occurred for 
higher doses.  

The local application of acetic acid on the serosal surface of the 
glandular stomach produced characteristic gastric ulcers that were 
decreased by omeprazole and ranitidine, consistent with other data, 
[10],[25-26]which confirms the validity of this model in our 
conditions, and then the results here described. The ulcer reduction 
(39%) with omeprazole 5 mg/kg given for 5 days here found is 
consistent with the ulcer decreases (39% and 70%, respectively) 
achieved with omeprazole (2 mg/kg/day) given for 5 and 15 days, 
[10,23,26]so that the healing effect increased with the treatment 
duration. Some authors, however, have reported conflicting results 
as oral omeprazole 10 mg/kg given for the same time failed to heal 
acetic acid gastric ulcers.[27,28]  

The healing effects of D-002, omeprazole and ranitidine were 
confirmed by the histopathological study. The controls displayed the 
histological characteristics of acetic acid-induced gastric ulcers 
mentioned above, while rats treated exhibited an attenuated pattern. 
Histologically, the ulcerated areas of all treated groups exhibited 
granulation tissue consisting of connective tissue (collagen) and 
epithelium, growing extensively and supplying microvessels for 
restoration of the microvascular network and connective tissue cells 
for restoration of the lamina propria within the mucosal scar. 
Angiogenesis, the formation of new microvessels from pre-existing 
vessels, is a key factor for ulcer healing as it allows the supply of 
nutrients and oxygen to the damaged area.[29] Histological 
evidences of this process were seen in D-002 and omeprazole-
treated rats, mainly in the rats treated with D-002 (400 mg/kg).  

The healing of acetic acid-induced gastric ulcers in rats by enhancing 
angiogenesis should not be surprising, since a similar effect has been 
reported for an extract of Cochinchina momordica seeds (SK-
MS10).[29] 

Acetic acid-induced ulcers better resembles human gastric and 
duodenal ulcers in location, chronicity and severity, being accepted 
as the best model for studying the effects of treatments on the 
healing process. Chronic ulcers induced by acetic acid are mainly 
due to an increased volume of acid output, subsequent pyloric 
obstruction and mucosal necrosis. It is logical, therefore, that 
antisecretory substances, like PPI and H2RA accelerate the healing 
of these ulcers.[10,27] Nevertheless, non antisecretory mechanisms, 
like those elicited by antioxidant substances, are also implicated in 
the healing of these ulcers.  

The occurrence of neutrophils infiltration was increased 
significantly in the positive control as compared to the negative 
control group, which suggest that oxygen derived free radicals 
derived from neutrophils may play a role in the development of 
acetic acid gastric ulcers, through the production of superoxide 
anions mediating lipid peroxidation [30], having an inhibitory effect 
on gastric ulcers healing in rats. All treatments significantly 
decreased neutrophils infiltration in a similar extent, which could 
represent a reduction of this source of ROS during the healing 
process. This appreciation, however, is merely speculative as this 
study did not assess any oxidative variable in the gastric mucosa. 
Nevertheless, other substances that have demonstrated to be 
effective on this model have rendered similar results, so that the 
healing-promoting effect of teprenone on acetic acid-induced gastric 
ulcers in rats seem to be due not only to stimulation of gastric mucus 
secretion, but also to the inhibition of neutrophil infiltration and 
lipid peroxidation in the ulcerated gastric tissue, [29]and several 
substances that promote ulcer healing, such as resveratrol, ginger 
and Vaccinium myrtillus L. extracts, act by decreasing the 
accumulation of neutrophils and the associated release of oxygen-
derived free radicals. [30-33]Likewise, omeprazole, one of the 

reference drugs used in the study, has been shown to exert 
gastroprotection by acting as antioxidant. [34] 

The fact that D-002 is as effective as omeprazole and ranitidine for 
healing acetic acid-induced gastric ulcers suggests that its healing 
effect could be clinically relevant not only for reducing the 
symptoms, but also for healing the ulcers, [17-20] as occurred in 
patients with duodenal ulcers.[17]Previous studies demonstrated 
that D-002 is devoid of antisecretory effects, and that produce 
gastroprotective effects through increased gastric mucus secretion 
and/or antioxidant effects. Although the elucidation of the 
mechanism whereby D-002 accelerates the healing of acetic acid-
induced ulcer was beyond the objectives of this work, we 
demonstrate in this study that inhibition of neutrophil infiltration 
and angiogenesis are processes associated to the healing effect of D-
002 on acetic acid-induced ulcers in the rat.  

In conclusion, this study demonstrates, by the first time, that the 
ability of D-002 for healing acetic acid-induced ulcers is comparable 
to that of OME and RAN. This effect was associated to the reduction 
of neutrophil infiltration and the increase of restorative 
angiogenesis into the ulcerated areas 
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