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ABSTRACT: Naproxen and its synthesized esters namely naproxen methyl ester, C15H16O3 (compound 1), ethyl
ester, C16H17O3 (compound 2) and isopropyl ester, C17H20O3 (compound 3) were subjected to NSAID induced
gastro-ulcergenecity studies on young, healthy male rat model. Rats (Rattus novergicus: Sprague-Dawley strain)
of 2-months old weighing 95–105 g were administered with naproxen (10 mg/kg b.w.) compound 1 (10.609
mg/kg b.w.), compound 2 (11.217 mg/kg b.w.) and compound 3 (11.826 mg/kg b.w.) twice daily for 4.5 days. The
naproxen esters appeared to induce significantly less GI injury and bleeding both in microscopic and macroscopic
examinations. This study can be a basis of reference for further acute, chronic or subchronic toxicity studies in
various in-vivo models.
Key words: Naproxen, esters, gastro-ulcergenecity, toxicities

INTRODUCTION
The gastrointestinal (GI) adverse effects of nonsteroidal anti-inflammatory drugs (NSAIDs) occur
more frequently in the elderly patients taking antiplatelet/anti-coagulants and those with co-morbidities
such as rheumatoid arthritis, obesity, heart failure and
hypertension.1-3
One of the central mechanisms by which
NSAIDs induce GI injury and bleeding is by
disruption of the tissue surface barrier to gastric acid
and other luminal cytotoxic agents.4-6 Surface
hydrophobic barrier can be rapidly attenuated by
NSAIDs through chemical interaction and other
damaging agents and/or conditions.7,8 Leukocyte
adherence to the vascular endothelium is a critical
early event in pathogenesis of NSAID-gastropathy9,10
and also plays an important role in the development
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of NSAID-induced injury in the small intestine.
Therefore, to improve analgesic/anti-inflammatory
activity with minimum side effects, increase COX 1
/COX 2 selectivity or to enhance lipophilicity
numerous NSAID derivatives have been prepared
and were reported to have better bioavailability, less
irritation to the gastric mucosa and anti-oxidant
capacity.11-15 We synthesized three ester derivatives
of naproxen for example methyl, ethyl and isopropyl
ester (1-3) by direct esterification reaction and the
derivatives were screened for the gastrointestinal
toxicity tests in young healthy rat model.
MATERIALS AND METHODS
Naproxen, carboxymethyl cellulose, sodium
(0.25%) were collected from ACI pharmaceuticals
Ltd., ketamine HCl, USP (50 mg/ml) and 0.9%
normal saline from Gonoshasthaya Pharmaceuticals
Ltd., Bangladesh. NSAID induced gastroenteropathy
in young, healthy rat model was studied following
standard methods11,12 to see overall effect on the
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health of the animals, in connection to gain in body
weight over the 4.5 days treatment schedule. The sub
chronic model allows one to assess the NSAID’s GI
toxicity, with regard to both GI bleeding (faecal
haemoglobin,
haematocrit
reduction),
the
development
of
intestinal
perforation
and
adhesions.12 Young healthy male rats (Rattus
novergicus: Sprague-Dawley strain) of 2-months
old weighing 95 – 105 g were randomly divided

into five groups (6 rats/group) which were
administered orally with 0.1 ml/10g bw of 0.25%
w/v carboxy methyl cellulose (CMC) suspended
saline (control group), naproxen (reference group)
and the test compounds 1-3 (test groups) at equimolar
dose of 10 mg/kg b.w. twice daily for 4.5 days. The
entire sample was prepared and vortexed in 0.25%
w/v CMC suspended normal saline.

OH
O

O

S- Naproxen [S-(6-Methoxy naphthyl propionic acid)]

Naproxen ethyl ester (compound 2)
Dose selection and route of administration.
The doses of naproxen employed in the rat studies
were between 106.67 ppm in the diet, which was
equivalent to 10 mg/kg body weight. Using a fivefold scaling factor dose of compound 1 10.609
mg/kg b.w., compound 2 11.217 mg/kg b.w. and
compound 3 11.826 mg/kg b.w. were selected and
administered. These doses were comparable with a
single
naproxen
dosing
in
humans
of
approximately 225 mg which would correspond to
1 standard dose of 225 mg/day and test samples
were orally administered twice daily for 4.5 days.12
Numbering of scores. Ulcer scoring was done
as 0 = no ulcer/normal colored stomach, 0.5 = red
coloration, 1.0 = superficial spot, 1.5 = hemorrhagic
streak, 2 = deep ulcer, 3.0 = perforation following
methods reported by Vogel et al.16 Ulcer index was
measured using the following formula:
UI = UN+US+UPX10-1
Where, UI = Ulcer Index, UN = average number
of ulcers per animal, US = average number of severity

Naproxen methyl ester (compound 1)

Naproxen isopropyl ester (compound 3)
score, UP = ulcer probability (% incidence) for each
group.
Intestinal adhesions were assessed by a scale
of 0 to 4. The small intestines were removed as a
mass and were gently pulled apart for assessment
of sticking and scored as follows: 0 = normal; 1 =
slight sticking, pull apart without tearing; 2 =
sticking, must cut adhesions to pull apart; 3 =
numerous adhesions, difficulty in cutting intestines
apart; 4 = massive adhesions, cannot be cut apart.
Intestinal perforations were counted after filling
the distal half of the small intestine with 5 ml of
water and counting the number of breaks where
leaks occurred.
Assessment of gastro intestinal side effects.
The rats were anesthetized with ketamine and
sacrificed after 3 hours of administration of the
compounds. After abdominal dissection, the
stomachs were slightly taken out and 10% formalin
solution was injected into the stomach. The distended
stomach was immediately tied to the pyloric
sphincter using another surgical suture to avoid
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leakage of the formalin solution. Finally, the
stomachs were removed, immersed in the same
solution to fix the outer layer of the stomach and then
dissected along the greater curvature, rinsed with tap
water to remove the gastric contents (e.g. food
fragments, blood clots) and examined under a
dissecting microscope (20 × 6.3) to assess the
formation of ulcers. The sum of the length (mm) of
all lesions for each stomach was used as the ulcer
index.

control and treated groups of animals were fixed in
10% buffered formalin for 24 hours and embedded
in paraffin. Section of 5-6 µm were cut and stained
with haematoxylin–eosin for photomicroscope
observations (Nikon, Japan).11,12

Assessment of hematology. Blood samples
drawn from descending aorta were centrifuged for
10 minutes at 3000 rpm to separate serum for
biochemical analysis. The samples were stored at
20 °C for further use. Biochemical parameters11
like total blood cell count (nutrophil infiltration,
platelet, WBC, RBC), haematocrit (index of
anaemia caused by gastro intestinal bleeding),
hemoglobin (Hb) (index of NSAID-induced GI
bleeding), bleeding time, clotting time were
determined by Abott’s Cell –DYN-3200 SL auto
analyzer using kits manufactured by Roche
Diagnostic Division in City Hospital, Dhaka,
Bangladesh.

RESULTS AND DISCUSSION

Histopathological studies. The gastric and
intestinal (distal half) specimens obtained from the

Statistical analysis. The statistical analysis was
done by using one-way ANOVA followed by
Dunnett’s test. P<0.05 was considered as
significance.

In this study, we have evaluated the GI side
effects of three synthesized aliphatic esters; naproxen
methyl ester (compound 1), ethyl ester (compound 2)
and isopropyl ester (compound 3) using young
healthy rat model after multiple doses of the test
NSAID, based upon several indices of GI bleeding
(intestinal and faecal haemoglobin, and haematocrit
determination as an estimate of the development of
anemia), as well as the macroscopic appearance of
intestinal perforations and adhesions in the subchronic model. This approach was based upon the
studies reported by Lichtenberger et al.8 with
naproxen-soy lecithin ester and Blackler et al.12-14
with various rat models.

Table 1. Hematologic parameters obtained from blood collected from descending aorta after oral administration of
equimolar 10 mg/kg b.w. twice daily for 4.5 days.
Group
Control
N
P value
MN
P value
EN
P value
IN
P value

Hb
g/dl
10.25 ± 0.34
9.35 ± 0.22
0.0721
10.29 ± 0.67
0.54
9.92 ± 0.28
0.479
10.732
0.337

Nutrophil
%
20.25 ± 3.42
26.25 ± 3.57
0.2706
18.5 ± 1.32
0.9648
23 ± 3.51
0.595
20.5 ± 1.26
0.947

Platelet
10 9/l
541.25 ± 36.88
490 ± 48.48
0.4324
382.5 ± 57.54
0.650
420 ± 45.46
0.0837
413.75 ± 72.04
0.1662

In hematologic assessment, there was no sign of
any statistically significant changes in hematologic
parameters although mean bleeding time increases in
case of esters than naproxen, which were statistically
found to be insignificant considering all biological
variations (Table 1). Mean platelet and neutrophil
count were decreased in case of esters compared to

HCT
35.6 ± 1.192
33.73 ± 0.76
0.2823
35.43 ± 2.48
0.0592
35.75 ± 1.27
0.698
37.27 ± 0.99
0.322

Clotting
time
3.9 ± 0.15
3.9 ± 0.15
1
3.9 ± 0.15
0.9513
4.04 ± 0.04
0.419
4.08 ± 0.04
0.316

RBC
10 12/l
5.80
5.31
0.988
5.78
0.995
5.78
0.875
6.16
0.659

Bleeding
time (min)
41.25
33.75
0.586
33.75
0.497
37.5
0.543
37.5
o.649

naproxen and least in case compound 1 (382.5 ±
57.54 × 109/l). Mean HCT measurements were
increased in case of all naproxen esters compared to
parent drug which are also found to be insignificant
and therefore, no hematologic indication of GI side
effects.
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P values considered significant at (P>0.05).
Histopathological studies resulted in very little
detectable damage in the stomach or small intestine
equivalent to naproxen (Figure 1). Macroscopically,
there was a small amount of bleeding found in
compound 1 treated group (n = 2) (scoring 0.5 ± 0.5
for stomach; 0.35 ± 0.5 for intestine) and compound
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2 treated group (n = 1) (scoring 0.625 ± 0.5 for
stomach; 0.31 ± 0.5 for intestine). However,
microscopically, no significant sign of ulceration or
perforation were found in histo-pathologic findings
of stomach and intestine in either group of control or
treated animals (Figure 2).

Figure 1. Gastric ulcerogenic effects of naproxen vs synthesized compounds in stomach and distal half of intestine after 10 mg/kg bid 4.5
days dosing period in young healthy rat model.

Figure 2. Evaluation of the GI toxicity of synthesized esters of naproxen (1-3) in comparison to an equivalent dose of naproxen (10 mg/kg,
bid for 4.5 days) in healthy young rat model. Naproxen treated (2a, 2b), methyl ester treated (2c, 2d), ethyl ester treated (2e, 2f), and
isopropyl ester treated intestine and stomach (2g, 2h).

Further extensive studies are needed to predict
absorption pattern in terms of compartmental
modeling and bioavailability of the esters.

Considering all the above data, it can be said that at
an equimolar dose of naproxen 10 mg/kg body
weight neither of the naproxen derivatives showed
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significant changes in young healthy rat model except
negligible scoring damage and bleeding. Further
studies may be done to a larger extent to reveal the
real picture of the derivatives at various doses.
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