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ABSTRACT

Naproxen suffers from the general side effects of NSAIDs, owing to presence of free carboxylic acid
group. The study aimed to retard the adverse effects of gastrointestinal origin. Ten prodrugs of Naproxen
were synthesized by amidation with N-Substituted-2-chloroacetamide. Purified synthesized prodrugs were
characterized by their M.P., TLC, IR, "H NMR, MS and elemental analysis. The purity of the synthesized
prodrugs was monitored by HPLC. Synthesized prodrugs were subjected to acute oral toxicity studies,
anti-inflammatory activity and reduced ulcerogenic activity. Marked reduction of ulcerogenic activity and
anti-inflammatory activities were obtained in all cases as compared to Naproxen. Among synthesized
prodrugs, viz. A-5, A-6 and A-8 showed significant anti-inflammatory activity and A-2 and A-5 showed
reduced ulcerogenic activity compared to Naproxen. In acute oral toxicity studies, all synthesized prodrugs
were found to be non toxic at dose of 2000 mg/kg.
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INTRODUCTION

Naproxen, one of non-steroidal anti-Inflammatory Drugs
(NSAIDs), could not be used up to its potential, because
of its adverse reactions offered due to presence of free
carboxylic acid group. The NSAIDs are widely used for
indications extending from inflammation and pain to
cardiovascular and genitourinary diseases. In the
recent years, a number of NSAIDs have been
introduced into clinical practice. The research is on to
relieve pain and inflammation with freedom of
undesirable effects. Gastrointestinal side effects
constitute the most frequent of all the adverse reactions
of NSAIDs and often these reactions lead to GIT
ulceration and hemorrhage. Gl mucosal injury produced
by NSAIDs is generally believed to be caused by two
different mechanisms'. The first mechanism involves
a local action composed of a direct contact while the
other has indirect effect on the Gl mucosa. The direct
contact effect can be attributed to a combination of a
local irritation produced by acidic group of NSAIDs and
local inhibition of prostaglandin synthesis in the Gl tract.
The indirect effect can be attributed to combination of
an ion trapping mechanism of NSAIDs from the lumen
into the mucosa. The second mechanism is based on
a generalized systemic action occurring after
absorption, which can be demonstrated following
intravenous dosing. Recently, considerable attention
has been focused in the development of bio-reversible
derivatives by temporarily masking the acidic group of

NSAIDs, as a promising mean of reducing or abolishing
the Gl toxicity.

Prodrug has been the concept of retro metabolic drug
design that incorporates targeting, metabolism and the
duration of action consideration into the design
process. The carboxylic group of NSAIDs can be
temporarily masked and its direct effect on gastric
mucosa can be minimized.

In the present study well-recognized NSAID, viz.
naproxen was selected, which produces
gastrointestinal side effects. Literature review revealed
that many efforts had been made to synthesize prodrug
via masking carboxylic acid group such as acyloxyalkyl
ester of ketoprofen and naproxen prodrug have been
synthesized to improve the dermal delivery?.
Glucosamine conjugate prodrug of flurbiprofen was
synthesized to reduce their GIT irritation®. Alkyl ester
prodrug of Ibuprofen had been synthesized to reduce
gastrointestinal side effect associated with long term
oral administration*. Aminocarbonyloxy/methyl ester
prodrug of naproxen and flufenamic acid have been
synthesized to improve its transdermal delivery®. Ester
prodrugs of naproxen have been synthesized using N-
hydroxy methyl succinimide and N-hydroxy methyl
isatin as promoieties to reduce their GIT irritation and
improve bioavailability®. Polymeric prodrugs of
naproxen have also been synthesized to improve the
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potency and duration of action’. A putative prodrug of
ibuprofen and glyceryl-3-nitrate, glyceryl-1,2-
diibuprofenate-3-nitrate showed less gastric irritation®.
An increase in permeability of Niflumic acid to brain by
developing its triglyceride prodrugs has been
observed®. Prodrugs of several NSAIDs, such as
diclofenac, ibuprofen, ketoprofen, etc. have been
synthesized using 1,4-dihydro-1- methylpyridine-3-
carboxylate as a carrier to brain to treat Alzheimer’s
disease’.

Thus present work aims to synthesize ester prodrugs
of Naproxen using Glycolamide ester conjugates to get
nontoxic prodrugs with minimized GIT disturbances
while maintaining the therapeutic activity. The list of
synthesized prodrugs along with product codes,
chemical names, possible trivial names and molecular
structures is given in Table 1.

Table 1: List of synthesized prodrugs of Naproxen
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MATERIALS AND METHODS

Materials

Substituted amine, chloroacetyl chloride, sodium
hydroxide, 1,2-dichloroethane, trimethylamine, sodium
iodide were procured from M/S Hi-Media Ltd., Mumbai.
Drug Naproxen was obtained as gift sample from M/S
Knoll, Mumbai. Other reagents and solvents used were
of analytical/spectroscopic/HPLC grade as the case
desired.
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Synthesis of N-substituted-2-chloroacetamide

A mixture of 29.3 g of appropriate amine, 500 mL of
20% sodium hydroxide solution and 150 mL of 1,2-
dichloroethane was taken and the mixture was added
to 56.3 g of chloroacetyl chloride at temperature of -
10°C to -15°C over a period of 45 minutes. The
temperature was then raised to 10°C. After completion
of the reaction (monitored by TLC), 200 mL water was
added and extracted with dichloromethane (250 mL).
The combined organic layer was washed with 5%
sodium bicarbonate solution (200 mL) followed by brine
(200 mL). The organic layer was then dried over
anhydrous sodium sulphate and concentrated under
vacuum to obtain a crude solid of N-substituted-2-
chloroacetamide. Schematic representation of the
reaction is given in Scheme 1.

Scheme 1: Chemical reaction adopted for the synthesis of
ester prodrugs of Naproxen
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Synthesis of glycolamide ester of Naproxen

A mixture of naproxen (0.01 M), appropriate N-
substituted-2-chloroacetamide (0.011 M), sodium
iodide (0.001 M), trimethylamine (0.011 M) in DMF (10
mL) was stirred at 90°C for 3 h. After completion of
reaction (monitored by TLC), 200 mL water was added
and extracted with dichloromethane (250 mL). The
combined organic layer was washed with 5% sodium
bicarbonate solution (200 mL) followed by brine
(200mL). The organic layer was then dried over
anhydrous sodium sulphate and concentrated under
vacuum to obtain a crude solid, which was recrystallized
from ethyl acetate-hexane mixture to get the
corresponding glycolamide esters (A-1 to A-10).
Schematic representation of the reaction is given in
Scheme 1.

Characterization of synthesized prodrugs

The synthesized prodrugs were subjected to thin layer
chromatography to check the completion of reactions.
The prepared plates of silica gel G were dried and
activated. The solvent system chloroform:
methanol:ammonia 75:3:0.5 was used for naproxen.
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lodine vapor was used for the detection of spot. All the
synthesized prodrugs were produced as single spot.
The melting points of the synthesized prodrugs was
determined by open capillary tube using Toshniwal
melting point apparatus and are uncorrected.

The IR spectra of the prodrugs were obtained on IR
spectrophotometer (ABB Boomem FTIR) in KBr pellets.
The PMR spectral analyses of the synthesized prodrugs
were done on NMR spectrophotometer (JOEL GSX400)
using CDCI, as solvent .The mass was determined on
QP5000 Shimadzu mass spectrometer. The elemental
analysis of synthesized prodrugs was performed on
FLASH 2000 HT Elemental analyzer (Thermo
scientific). The purity of the synthesized prodrugs were
done on HPLC analyser (Agilent) using YMC
hydrosphere C,, (4.6 X 150)mm, 3.0 y column and
0.05% TFA in water and acetonitrile as mobile phase.

Biological evaluations

All the synthesized prodrugs along with naproxen were
evaluated for acute oral toxicity studies, anti-
inflammatory and ulcerogenic activities. The prodrugs
were compared with naproxen for these activities. The
methods employed for this purpose are as follows.

Acute oral toxicity studies

Acute oral toxicity study of synthesized prodrugs was
carried out in swiss albino rats of either sex (120-165
g) according to OECD guidelines no. 423. Synthesized
prodrugs at different doses upto 2000 mg/kg, p.o. was
administered and animals were observed for behavioral
changes, toxic reaction and mortality upto 48 h''.

Anti-inflammatory activity

The anti-inflammatory activity of synthesized prodrugs
was determined by carrageenan-induced rat hind paw
oedema method'? utilizing carrageenan as phlogistic
agent (0.1 mL of 1% wi/v solution). The animals used
were Wistar rats (albino rats). Rats (100-200 g) were
divided into twelve groups, each comprising of six rats,
including a control and standard group. The Group |
was treated with carrageenan 0.1 mL/kg. This group
served as control. The Group Il was treated with
naproxen 100 mL/kg, i.p. This group served as
standard. The Group Ill to XIl was treated with
synthesized prodrugs 100 mL/kg, i.p. This group served
as test. The initial volume of left hind paw of albino rats
was measured by plethysmograph, without
administration of the drug/prodrugs. After one hour of
administration of prodrugs, 0.1 ml of carrageenan was
injected into the lateral malleolus of the sub-plantar
region of the left hind paw. Inflammation was
determined for all the animals by using plethysmograph
and after the administration of carrageenan at 1, 2, 3
and 4 h respectively.
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Ulcerogenic activity

Albino rats weighing 150-200 g were starved for
overnight having access to drinking water. During this
time they were housed single in cages with raised
bottoms of wide wire mesh in order to avoid cannibalism
and coprophagy. Six animals were used for synthesized
prodrugs and control group. Under ether anaesthesia,
a midline abdominal incision was made. The pylorus
was ligated, care being exercised that neither damage
to the blood supply nor traction on the pylorus occurs.
Grasping the stomach with instrument is to be
meticulously avoided; else ulceration will invariably
develop at such points. The abdominal wall was closed
by suturing it. The synthesized prodrugs were given
orally by gavage after the animals recovered from
anesthesia.

The animals were deprived of food and water post
operatively and the animals were sacrified after 4 h of
pyloric ligation. The stomach was dissected out along
the greater curvature and examined for lesions and
the contents were drained in the centrifuge tubes and
subjected to the analysis for pH, gastric volume, free
acidity and total acidity. The stomach was observed
and subjected to histopathological studies and ulcer/
lesions were counted. Ulcer index was calculated'.

The gastric content was centrifuged at 1000 rpm for
10 min, the supernatant liquids were transferred to the
measuring cylinder and the volume was measured. 1
mL of supernatant was diluted with 9 mL of distilled
water and was titrated with 0.1N sodium hydroxide run
from a microburette using 3-4 drops of Topfers reagent
as indicator until canary yellow colour was observed.
Volume of NaOH required was noted. This corresponds
to free acidity. Further 2-3 drops of phenolphthalein
was added and titrated with NaOH until pink color was
restored. This gives total acidity. Free acidity and total
acidity was expressed in terms of mL of 0.1N HCI per
100 g of gastric contents. This is the same as mEq/Lit/
100g. To obtain this figure multiply the burette reading
obtained from titration by 10.

Each stomach was examined grossly and the ulcers
were graded according to the method suggested by J.
Kunchandy'4. Mean ulcer score for each animal is
expressed as ulcer index.

Overall there are seven groups of animals consisting
six rats, normal control group is not ligated, while
positive control is ligated but not protected against
ulceration. Third control group is previously protected
with standard drug Ranitidine 20 mg/kg body weight.
Remaining five groups were treated with synthesized
prodrugs with doses 100 mg/kg.

Results obtained from the above mentioned
ulcerogenic activity parameters were subjected for
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intergroup difference; each parameter was analyzed
separately using Graph pad prism software and one
way analysis of variance (ANOVA) was carried out.
Dunnets test was used for individual comparisons's.

RESULTS AND DISCUSSIONS

Naproxen is a propionic acid derivative of NSAID drug.
It has the side effects of Gl toxicity, CVS, CNS, etc.,
due to the direct local effect caused by its free carboxylic
acid. In order to reduce the Gl toxicity, the glycolamide
esters of naproxen prodrugs were synthesized. The
glycolamide ester of Naproxen prodrugs (A-1 to A-10)
were prepared by the reaction of appropriate N-
substituted-2-chloroacetamide with naproxen. The
purity of all the synthesized compounds was confirmed
by HPLC and melting point and the results are shown
in Table 2. The synthesized prodrugs were
characterized by IR, '"H NMR, Mass spectroscopy and
Elemental analysis. All the synthesized prodrugs
showed characteristic absorption in IR, '"H NMR.
Expected molecular (M*) fragments were observed for
all the synthesized prodrugs in the mass spectra. IR,
'H NMR, mass spectral and HPLC data of the
synthesized prodrugs are listed in Table 3 and
elemental analysis data of the synthesized prodrugs
are listed in Table 4. These data are in conformity with
the structure.

Table 2: Physicochemical properties of the synthesized
prodrugs
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“Melting point are uncorrected ® Solvent system — Chloroform:

methanol:ammonia 75:3:0.5

The results of acute oral toxicity studies indicate that
none of the prodrugs studied showed any behavioral
changes, toxic reaction and mortality even after 48 h.
The synthesized prodrugs were found to be safe at the
dose of 2000 mg/kg.

Anti-inflammatory activity of the synthesized prodrugs
was carried out by carrageenan induced hind paw
oedema method in rats. The activity of synthesized
prodrugs was compared with the Naproxen at dose of
100 mg/kg. The prodrugs A-5, A-6 and A-8 exhibited
significant anti-inflammatory activity. The prodrugs A-
3, A-7, A-9 and A-10 showed moderate significant
activity. The prodrugs A-1, A-2 and A-4 showed mild
anti-inflammatory activity as shown in Table 5. This
activity might be due to the various substituents on
secondary and tertiary amides in naproxen prodrugs.
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Table 3. IR, '"H NMR, mass spectral and HPLC
characterization of synthesized prodrugs of Naproxen

Table 4: Elemental analysis of the synthesized prodrugs
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Table 5: Evaluation of anti-inflammatory activity by
carrageenan induced acute paw oedema in rats

Significant differences with respect to control group was carried out
using't'test followed by one way ANOVA, *p<0.05, **p<0.01, ***p<0.001
and NS — Non significant

Ulcerogenic activity of the synthesized prodrugs was
carried out by pyloric ligation method in rats. The activity
of synthesized prodrugs was compared with the
Naproxen at dose of 100 mg/kg. The prodrugs A-2 and
A-5 showed reduced ulcerogenic activity when
compared to Naproxen. The prodrugs A-1, A-3 and
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A-4 showed moderately reduced ulcerogenic activity
compared to Naproxen. The results are as shown in
Table 6. This activity might be due to the various
substituents on secondary and tertiary amides in
naproxen prodrugs.

Table 6: Evaluation of reduced ulcerogenic activity by pyloric
ligation method in rats

Significant differences with respect to control group was carried out
using't' test followed by one way ANOVA, *p<0.05, **p<0.01, ***p<0.001
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