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Abstract. The aim of this study is to search for any potential gastric ulcerogenic
properties of the ester form of ibuprofen in comparison with Ibuprofen in order to
establish the gastrointestinal safety profile. Ibuprofen ester derivates were synthesized
and were tested for their gastroulcerogenic side effects. The esterification of ibuprofen
suppressed its gastric ulceration which is associated with its side effect as an
antiinflammation. Research results showed that the rat group given Ibuprofen ester
conjugate compound had fewer ulcers, smaller ulcer diameters, and less severe ulcer
conditions. Histological examination showed that rat in the group given Ibuprofen ester
conjugates had lesser number of hemorrhage and congestion compared to the group
given ibuprofen. In conclusion, the treatment of Thuprofen ester conjugates has a lower
risk of ulcerogenic effects than the treatment of ibuprofen.

1. Introduction

Ibuprofen is a non-selective cyclooxigenase inhibitor which is a phenyl propionic acid derivative. It
has an analgesic, antipyretic and antiinflammation properties. Ibuprofen is also used in the treatment
of osteoarthritis and rheumatoid arthritis with the mechanism of action by inhibiting both COX-1 and
COX-2 [1]. COX-1 serves as cytopathy of gastric epithalium whereas COX-2 is a receptor of
inflammation and proliferative disease [2]. Long-term administration of this drug, however, result in
side effects such as irritation and ulceration of gastrointestinal mucosa.

Side effects are caused by a direct contact effect produced by free carboxylate groups in the
chemical structure of ibuprofen. The presence of carboxylate group produces local irritating effects
due to the inhibition of prostaglandin biosynthesis [3]. One way to reduce side effects is modified
structures. Chemically modified pharmacologically active drugs that must undergo in vivo changes to
release the parent drug are one of the development of prodrug. Besides, a computational method is
also another way to develop prodrug [4]. The aim of the development of prodrug is to optimize the
absorption, distribution, metabolism, excretion, and unwanted toxicity of the parent drug [5].

The development of prodrug is the basis for the development of modified ibuprofen structures. Most
modified ibuprofen structures performed on the carboxylic acid chain are the type of ester. This
esterification process aims to reduce and suppress gastrointestinal toxicity without affecting the anti-
inflammatory activity of ibuprofen [6]. An ester form is the most widely used to prodrug alkyl ester
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carboxylic acid. The advantage of using ester is that there is no concern about the toxicity that is part
of the prodrug [7].

2. Experimental

2.1. Material and Methods

Ibuprofen was purchased from Sigma-Aldrich Ltd. (St Louis, USA). Ibuprofen ester conjugates were
synthesized and provided in Pharmaceutical Chemistry Laboratory of Hasanuddin university Makassar
Indonesia.

2.2. Animal and Animal Husbandry

Sprague-Dawley male rats (150-200 grams) were used in the study. The animals were bred in the
animal house of Faculty of Pharmacy Hasanuddin University Makassar Indonesia. Laboratoy
conditions were maintained at a constant temperature of 2.0 + 2.0 °C on a 12/12 h light/darl cycle.
Before the commencement of experiments, animals were allowed to habituate to the laboratory
conditions. Rats were not fed both for 4 hours prior to after the administration of the drug until the
next day, the feeding and drinking is done ad libitium. Fifteen animals were divided into 3 groups with
five animals in each group. First group was given only 1% Na-CMC suspension. Second group was
orally administered Ibuprofen (370 mg/kgBB) in a 1% Na-CMC suspension. Third group was given
Ibuprofen ester derivative (450 mg/kgBB) in a 1% Na-CMC suspension by mouth.

2.3. Ethical Approval

This study was approved by the department ethical committee at its meeting on July 27, 2016 under a
project entitled ‘‘Structural Modification and Ulcerogenic Test of Ibuprofen Compound on Male Rats”
An approval certificate was obtained bearing reference number B846/H4.8.4.5.31/PP36-
KOMETIK/2016.

2.4. Drug Administration

Drug was administered into each animal once daily for 5 days. The first group was treated with
suspension of Na-CMC 1%, the second group was given ibuprofen 370 mg / kgBB and the third group
was treated with ester compound as much as 450 mg / kgBB. After 5 days, stomach acid pH, number of
ulcer and ulcer condition and gastric histopathology were observed.

2.5. Anesthesia, Surgery and Data Analysis

Rats were anesthetized using ether (50 mg/kg), their consciousness were recovered within 30 min while
their gastric juices were allowed to accumulate for 4 h. Animals were euthanized by cervical dislocation.
Each animal’s stomach was dissected out for histological analysis. On histological studies, the number of
ulcer is counted. Ulcer scoring was @rried out according to previously described methods. The
data represent mean + SD (n = 6), *P<0.05, **P<0.01, ***P<0.001, one way ANOVA followed
by Dunnett’s post hoc analysis.

3. Results and discussion

3.1 Gastric ulcerogenic activity

We observed a significant reduction (P <0.05) in the number of ulcer with the treatment of ibuprofen
ester conjugate compared to the treatment of ibuprofen. The high number of ulcers occurring in the
ibuprofen group was affected by the mechanism of action of ibuprofen in inhibiting cyclooxygenase
enzymes (COX-1 and COX-2) [8]. The presence of free carboxylic groups in the molecular structure
of ibuprofen is considered as the cause of gastric ulcer in the region of rats’ gastric corpus [9]. The
experiments of gastric ulcerogenic in rats revealed that there was no ulcer in the control group. This
result was comparable with the group who received ibuprofen ester conjugates (Table 1). However, the
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stomach of rats given ibuprofen exhibited higher number of ulcer with larger diameter of ulcer (Table
1).

Figure 1. Macroscopic representation of each group's stomach, (A,
B) the control group (C, D, E, F) the ibuprofen-treated group (G,
H) the ibuprofen ester-group. Image Magnification : (A) 10x10; (B)
40x10; (C)10x10; (D) 40x10; (E) 40x10; (F) 40x10; (G) 40x10; (H)
40x10.
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Table 1. The number and diameter of ulcers (mean + SD) in the control, in the ibuprofen-
treated and in the ibuprofen ester-treated groups.

(Mean + SD) Control (%) Ibuprofen (%) Ester (%)
The number of ulcer 0.00 £ 0.00 2.60 £1.82 0.40 £ 0.55
The diameter of ulcer 0.00 £ 0.00 1.06 £ 0.62 0.40 £ 0.56

Figure 1 (A and B) show the histology of the stomach in the control group. Figure 1 (C, D, E and F)
show the histology of the ibuprofen-administered group in which the blue arrow indicates the presence
of necrosis, the black arrow indicates the formation of connective tissue, the yellow arrow indicates
the presence of hemorrhage, and the white arrow indicates congestion. Figures 1 (G and H) show the
histology of the ibuprofen ester-administered group where the yellow arrow indicates the presence of a
hemorrhage and the white arrow indicates congestion. Other mechanisms such as COX-1 inhibition
also damage some gastric mucosal defenses that cause decreased mucosal blood flow, mucus secretion
and bicarbonate. Inhibition of thromboxane synthesis (TxA2) in COX-1 can also produce bleeding.
The inhibition of COX-2 causes the endothelial adhesion of leukocytes in microcirculation that
contribute to ulcer formation [10].

3.2 Histopathological Analysis

Histopathological examination with the treatment of ibuprofen esters showed hemorrhage in some
parts of the stomach and congestion appeared in some deposited sections due to bleeding in the
stomach whereas with ibuprofen suffered from necrosis, hemorrhage and gastric congestion compared
to the control. Ulcers commonly cause capillary damage in the mucosa, hemorrhage and necrosis.
Acute ulcer is more common in the stomach than the duodenum. Gastric disorders are also common is
gastritis. Gastritis is inflammation of the gastric mucosa including erosive gastritis caused by irritation,
gall bladder reflux and pancreas, hemorrhagic gastritis, infectious gastritis and gastric mucosal atrophy
[11].

The mechanism of mucosal damage to gastritis results from an imbalance between digestive factors,
such as gastric acid and pepsin with mucus, bicarbonate and blood flow production. The incidence of
gastritis due to infection of a foreign agent or chemical imritation begins with congestion and
hemorrhage in the gastric mucosa. The damage is then immediately followed by changes in the
epithelium, hemorrhage, edema and epithelial surface erosion. Damage to epithelial cells may allow
tor back diffusion of H + ions to the mucosa.

Histopathological examination showed that ibuprofen administration showed the presence of necrosis
in some parts of the stomach and the formation of connective tissue due to necrosis process and the
presence of bleeding and congestion. Congestion is the increase of fluid in a place that occurs due to
passive processes caused by fluid flow falls out of the tissues, for example on venous damage. Passive
congestion is a decrease in the amount of blood flowing from the area. In areas with inflammation
congestion may occur [11].

4. Conclusion

Hemorrhage and congestion existed in the stomach of the group given ibuprofen ester. Necrosis,
hemorrthage and congestion were detected in the stomach of the group given ibuprofen. In conclusion, the
administration of ibuprofen esters on rats had a smaller risk of ulcerogenic effects than that of received
ibuprofen.
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