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Introduction
▼
Non-Steroidal Anti-inflammatory Drug’s (NSAIDs) 
are the most commonly used drugs worldwide 
today for the treatment of peripheral pain and 
inflammation. They act through the inhibition of 
the enzyme cyclooxygenase (COX). It is well 
established that 2 isoforms, cyclooxygenase-I 
(COX-I) and cyclooxygenase-II (COX-II) exist [1]. 
The potentially deleterious effects of NSAIDs on 
gastrointestinal tract are due to 2 reasons.  
a) They inhibit the cytoprotective COX-I and  
b) Their carboxylic acidic functionality has a 
direct irritant action on the GIT [1–3] and thus, 
their long term use leads to ulcers and bleeding 
[4, 5] as well as, other gastric side effects [6]. Due 
to this some selective COX-II inhibitors devoid of 
the carboxylic acid functionality e. g., celecoxib, 
rofecoxib, etoricoxib and valdecoxib, have been 
introduced in clinical use. However, serious car-
diovascular side effects arising on their long term 
use have led to the withdrawal of some of these 
drugs [7]. It is now well known that localized 
generation of reactive oxygen species (ROS) play 
important role in the gastric ulcerations associ-
ated with the NSAID therapy [8, 9]. Thus, antioxi-
dants can play a major role in the prevention of 
gastric ulcer formation. Several naturally occur-
ring antioxidant compounds are considered 
promising in treatment of free radical mediated 
diseases [10]. Naturally occurring antioxidants 

like menthol, thymol, eugenol, guiacol, vanillin 
and sesamol can be considered as the suitable 
promoieties for mutual prodrugs as, besides 
masking the irritant carboxylic acid function, 
they provide the additional antioxidant effect 
[11–13]. Based on this rationale prodrugs of 
diclofenac [14], biphenyl acetic acid [15], ibupro-
fen [16, 17] and mefenamic acid [18, 19] with 
natural phenolic & alcoholic antioxidant com-
pounds are reported.
Ketoprofen (KTP), an aryl propionic acid deriva-
tive is an effective non-steroidal anti-inflamma-
tory drug. There are reports on the synthesis and 
evaluation of prodrugs of ketoprofen and various 
promoieties, like synthetic phenols, paracetamol, 
aminoacids, amines, hydroxyamines [20–25], as 
well as, polymeric compounds like, PEG, polyoxy-
ethylene or vinylether polymers [26–28]. How-
ever, to the best of our knowledge the conjugation 
of naturally occurring phenolic/alcoholic com-
pounds with ketoprofen is hitherto unreported.
In the present study, ketoprofen has been conju-
gated with thymol, menthol, eugenol, guiacol, 
vanillin and sesamol to obtain its ester prodrugs. 
The synthesized prodrugs have been character-
ized by spectral data. Further, they have been 
evaluated for physicochemical properties, like 
solubility, partition coefficient, hydrolytic stabil-
ity. These title prodrugs have also been evaluated 
for anti-inflammatory, analgesic activity and 
ulcerogenic potential.

Abstract
▼
The ester prodrugs of ketoprofen with various 
naturally available antioxidants; menthol, thy-
mol, eugenol, guiacol, vanillin and sesamol have 
been synthesized by the dicyclohexyl carbodiim-
ide (DCC) coupling method, purified and charac-
terized by spectral data. Further, their, partition 
coefficients have been determined as well as, 
hydrolytic studies performed. The synthesized 

compounds are more lipophilic compared to the 
parent moieties and are stable in acidic environ-
ment, which is a prerequisite for their oral 
absorption. Under gastric as well as intestinal pH 
conditions these prodrugs showed variable sus-
ceptibility towards hydrolysis. The title com-
pounds when evaluated for anti-inflammatory, 
analgesic activities and ulcerogenicity, showed 
improvement over the parent drug.
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Materials and Methods
▼
Materials
Ketoprofen was obtained from Ozone Laboratories Ltd (Mumbai, 
India). Thymol, menthol, eugenol, guaicol, vanillin, dimethyl-
aminopyridine and N, N’-dicyclohexyl carbodimide, as well as 
all other reagents and solvents were commercially procured 
from Loba Chemicals Pvt. Ltd. (Mumbai, India). IR spectra were 
recorded on a Bruker FT-IR spectrometer (Model – Alpha). The 
1H NMR spectra were recorded on Bruker AVANCE III HD 
500 MHz spectrometer. The mass spectra were recorded on JEOL 
GCMATE II GC-MS system. The HPLC system used for determin-
ing the partition coefficient and hydrolysis studies of the com-
pounds was Jasco PU-2089 plus Quaternary model with a UV/
Vis detector and a C-18 column (Finepak SIL, 250 × 4.6 mm, 
5 μm). The HPLC software used was Jasco-ChromNAV (1.19.1 
Version). Digital plethysmometer (UGO-BASILE-7140 Barcelona, 
Italy) was used for anti-inflammatory studies.

Methods
Synthesis of ketoprofen prodrugs: general procedure
To a well stirred and cooled solution of ketoprofen (0.885 g, 
2.5 mmol) in dichloromethane (50 ml), the appropriate alcohol/
phenol (2.5 mmol) was added at 0 °C, followed by N, N’-dicy-
clohexyl carbodimide (0.515 g, 2.5 mmol) and dimethylamino-
pyridine (0.012 g, 0.1 mmol) over 30 min. The reaction mixture 
was thereafter, allowed to stir at 0 °C for 1 h and at room tem-
perature for next 12 h. The reaction mixture was filtered there-
after, to separate the precipitated N, N’- dicyclohexyl urea. The 
filtrate was washed with aq. 5 % w/v NaHCO3 solution (25 ml × 2). 
The aqueous layer was separated and organic layer washed aq. 
5 % w/v NaOH solution (5 ml × 2). The organic layer was dried 
(Na2SO4) and the solvent distilled out under reduced pressure. 
The crude product was purified by column chromatography 
using hexane-ethyl acetate as eluent [29]  ●▶	 Fig. 1.

(3-Benzoylphenyl)propionic acid, 5-isopropyl-2-
methylphenyl ester (KTPTH)
UV (λmax): (MeOH) 261 nm, IR (KBr) cm − 1: 3 033 (C-H str. aro-
matic), 2 930 and 2 850 (C-H str. aliphatic), 1 754 (C = O str. ester), 
1 243 (C-O str. ester), 1 626 (C = C str. aromatic), 1 283 (C-H bend-

ing In plane), 895 (C-H bending out of plane). 1H NMR (500 MHz, 
DMSO): δ 1.03–1.27 (m, 6 H, 2CH3), δ 1.57–1.58 (d, 3 H, -C-CH3), 
δ 2.24 (s, 3 H, Ar-CH3), δ 3.11–3.16 (m, 1 H,CH3-CH-CH3), δ 4.27–
4.31 (m, 3 H, -CH-CH3), δ 6.79 (s, 1 H, Ar-H), δ 7.01–7.02 (d, 1 H 
Ar-H), δ 7.16–7.17 (d, 1 H, Ar-H), δ 7.54–7.62 (m, 4 H, Ar-H), δ 
7.66–7.77 (m, 2 H, Ar-H), δ 7.76–7.77 (m, 2 H, Ar-H), δ 7.80 (s, 
1 H, Ar-H). Mass: (70 eV) m/z 386.

(3-Benzoylphenyl)propionic acid, 5-isopropyl-2-
methylcyclohexyl ester (KTPME)
UV (λmax): (MeOH) 260 nm, IR (KBr) cm − 1: 3 033 (C-H str. aro-
matic), 2 929 and 2 852 (C-H str. aliphatic), 1 729 (C = O str. ester), 
1 245 (C-O str. ester), 1 626 (C = C str. aromatic), 1 282 (C-H bend-
ing In plane), 896 (C-H bending out of plane). 1H NMR (500 MHz, 
DMSO): δ 0.90–1.05 (m, 6 H, -CH2-), δ 1.20–1.33 (m, 6 H, 2CH3), 
δ 1.48–1.55 (d, 3 H, -C-CH3), δ 1.58–1.59 (d, 3 H, -CH3), δ 3.89–
3.93 (m, 1 H, -CH-CH3), δ 4.48–4.60 (m, 1 H,CH3-CH-CH3), δ 
7.53–7.54 (m, 1 H Ar-H), δ 7.55–7.56 (d, 1 H, Ar-H), δ 7.57–7.59 
(m, 3 H, Ar-H), δ 7.60–7.64 (m, 2 H, Ar-H), δ 7.68–7.73 (m, 2 H, 
Ar-H). Mass: (70 eV) m/z 392.

2-(3-Benzoylphenyl)propionic acid, 5-allyl-2-
methoxyphenyl ester (KTPEU)
UV (λmax): (MeOH) 261 nm, IR (KBr) cm − 1: 3 061 (C-H str. aro-
matic), 2 932 and 2 850 (C-H str. aliphatic), 1 758 (C = O str. ester), 
1 282 (C-O str. ester), 1 625 (C = C str. aromatic), 1 282 (C-H bend-
ing In plane), 911 (C-H bending out of plane). 1H NMR (500 MHz, 
DMSO): δ 1.53–1.54 (d, 3 H, -C-CH3), δ 3.24–3.26 (d, 2 H, Ar-CH2), 
δ 3.62 (s, 3 H,-OCH3), δ 4.21–4.26 (q, 3 H, Ar-CH-CH3), δ 4.99–
5.12 (m, 2 H, = CH2), δ 5.90–5.99 (m, 1 H, -CH = ), δ 6.55–6.59 (m, 
1 H, Ar-H), δ 6.72–6.76 (m, 1 H, Ar-H), δ 6.91–6.94 (m, 1 H, Ar-H), 
δ 752–7.61 (m, 4 H, Ar-H), δ 7.65–7.80 (m, 5 H, Ar-H). Mass: 
(70 eV) m/z 400.

2-(3-Benzoylphenyl)propionic acid, 2-methoxyphenyl 
ester (KTPGU)
UV (λmax): (MeOH) 262 nm, IR (KBr) cm − 1: 3 063 (C-H str. aro-
matic), 2 975 and 2 932 (C-H str. aliphatic), 1 758 (C = O str. ester), 
1 258 (C-O str. ester), 1 599 (C = C str. aromatic), 1 282 (C-H bend-
ing In plane), 890 (C-H bending out of plane). 1H NMR (500 MHz, 
DMSO): δ 1.54–1.55 (d, 3 H, -C-CH3), δ 3.33 (s, 3 H, -OCH3), δ 3.75 

Fig. 1 Synthesis of ketoprofen prodrugs.
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(s, 1 H, -CH-CH3), δ 6.58–6.59 (m, 1 H, Ar-H), δ 6.73–6.76 (m, 1 H 
Ar-H), δ 6.89–7.03 (m, 2 H, Ar-H), δ 7.08–7.09 (m, 1 H, Ar-H), δ 
7.20–7.24 (m, 1 H, Ar-H), δ 7.51–7.62 (m, 3 H, Ar-H), δ 7.66–7.71 
(m, 2 H, Ar-H) δ 7.73–7.77 (m, 2 H, Ar-H). Mass: (70 eV) m/z 376.

2-(3-Benzoylphenyl)propionic acid, 4-formyl-2-
methoxyphenylester (KTPVAN)
UV (λmax): (MeOH) 260 nm, IR (KBr) cm − 1: 3 052 (C-H str. aro-
matic), 2 933 and 2 850 (C-H str. aliphatic), 1 760 (C = O str. ester), 
1 212 (C-O str. ester), 1 653 (C = C str. aromatic), 1 288 (C-H bend-
ing In plane), 819.96 (C-H bending out of plane). 1H NMR 
(500 MHz, DMSO): δ 1.39–1.40 (d, 3 H, -C-CH3), δ 3.81–3.82 (q, 
1 H, Ar-CH-CH3), δ 3.84 (s, 3 H, -OCH3), δ 6.39 (d, 1 H, Ar-H), δ 
7.41–7.43 (d, 1 H, Ar-H), δ 7.51–7.54 (t, 1 H, Ar-H), δ 756–7.62 
(m, 4 H, Ar-H), δ 7.68–7.71 (m, 2 H, Ar-H), δ 7.73–7.76 (m, 2 H, 
Ar-H), δ 9.97 (s, 1 H, -CHO). Mass: (70 eV) m/z 387.

2-(3-Benzoylphenyl)propionic acid 
1,3-dihydroisobenzofuran-5-yl ester (KTPSE)
UV (λmax): (MeOH) 262 nm, IR (KBr) cm − 1: 3 061 (C-H str. aro-
matic), 2 931 and 2 852 (C-H str. aliphatic), 1 754 (C = O str. ester), 
1 248 (C-O str. ester), 1 601 (C = C str. aromatic), 1 283 (C-H bend-
ing In plane), 893 (C-H bending out of plane). 1H NMR (500 MHz, 
DMSO): δ 1.52–1.54 (d, 3 H, -C-CH3), δ 4.19–4.23 (q, 1 H, Ar-CH-
CH3), δ 6.05 (s, 2 H, -CH2-, Sesamol), δ 6.46–6.48 (m, 1 H, Ar-H), δ 
6.67–6.69 (d, 1 H Ar-H), δ 6.72–6.76 (m, 2 H, Ar-H), δ 6.58–6.60 
(d, 1 H, Ar-H), δ 6.89–6.90 (d, 1 H, Ar-H), δ 7.54–7.55 (m, 1 H, 
Ar-H), δ 7.55–7.59 (m, 3 H, Ar-H), δ 7.60–7.62 (m, 2 H, Ar-H), δ 
7.68–7.70 (m, 2 H, Ar-H). Mass: (70 eV) m/z 378.

Solubility and Partition coefficient determination
10 mg of the synthesized prodrug was tested for solubility in 
0.5 ml of each of the solvents, viz., ethanol, methanol, chloroform 
and dichloromethane in separate test tubes. After gentle shak-
ing, solubility was observed. Further, 0.5 ml of solvent was added 
if required to completely dissolve the compound. The partition 
coefficients of synthesized prodrugs were determined in 
n-octanol-phosphate buffer (1:1) (pH 7.4) as follows. The prod-
rug, 10 mg, was added to 10 ml of aqueous phase followed by 
addition of 10 ml of n-octanol. The contents were thoroughly 
shaken for 2 h at room temperature and left for 1 h. The concen-
trations in the aqueous and organic phase was determined using 
acetonitrile: phosphate buffer pH 3 (60:40 v/v) as mobile phase 
and flow rate 1.0 ml/min with UV detection at 260 nm by using 
HPLC [30] and partition coefficient computed.

In vitro hydrolysis
The hydrolysis kinetics of the prodrugs was studied in aqueous 
buffer solutions at pH 1.2 and pH 7.4 at 37 °C using hydrochloric 
acid-buffer and phosphate buffer, respectively. Solutions of 
10 mg of the prodrug prepared in 90 mL of hydrochloric acid- 
buffer (pH 1.2) or phosphate buffer (pH 7.4) were kept in screw 
capped tubes maintained at 37 ± 0.5 °C. At definite time intervals 
(15, 30, 60, 120, 240 min), aliquots were withdrawn from tubes 
and analyzed by HPLC for the amount of drug released after the 
hydrolysis of the prodrug. Pseudo first order rate constants (Kobs) 
and half-life (t1/2) were calculated [31].

Pharmacological evaluations
The title prodrugs were evaluated for analgesic, anti-inflamma-
tory and ulcerogenic potential. Wistar rats (albino rats) of either 
sex weighing 100–200 g were divided into 8 groups of 6 animals 

each for the evaluation of anti-inflammatory activity and ulcero-
genic potential and Swiss albino mice were used for the evalua-
tion of analgesic activity. The animals were housed in standard 
polypropylene cages in an air-conditioned room at 22 ± 3 °C with 
55 ± 5 % humidity and provided with standard laboratory diet 
and water ad libitum. The study protocol was approved by Insti-
tutional Animal Ethics Committee (448/01/c/CPCSEA/PRCOP/14-
15/12).

Anti-inflammatory activity
The anti-inflammatory activity of ketoprofen ester prodrugs was 
determined by using carrageenan-induced rat paw edema 
model [32, 33]. Group I served as the control and received only 
vehicle (0.5 % w/v aq.CMC suspension). Group II received keto-
profen (25 mg/kg) while, the groups III–VIII received prodrugs in 
the doses molecularly equivalent to ketoprofen, p. o. After 30 min 
of compound administration, 0.1 mL of 1 % w/v carrageenan in 
normal saline was injected into the sub planter region of left 
hind paw and the edema volume was measured before injection 
and at the several intervals up to 12 h. The initial volume of right 
hind paw was measured using a digital plethysmometer without 
administration of drug/prodrug.

Analgesic activity
Analgesic activity was carried out by the acetic acid induced 
writhing method [34] using the swiss albino mice model. A 1 % 
v/v aqueous solution of acetic acid was used to induce writhings. 
The animals of either sex were used and were divided in 8 
groups of 6 animals each. Group I served as a control group, 
group II received standard drug, ketoprofen (25 mg/kg) and all 
other 6 groups received appropriate prodrugs in molecularly 
equivalent doses, orally, in a 1 % w/v aqueous suspension of 
sodium carboxymethylcellulose. Acetic acid was administered 
intraperitoneally at 1 mL/100 g body weight of the animal. Test 
compounds were administered orally 3 h prior to acetic acid 
injection. The number of writhings in 10 min within the control 
group and the standard and test compounds groups, were 
counted and compared. Analgesic activity was measured as per-
centage decrease in writhing as compared to the control.

Ulcerogenic potential
Gastrointestinal toxicity of the synthesized prodrugs was com-
pared with that of the parent drug, ketoprofen by measuring the 
ulcer index. For this albino Wistar rat of either sex, weighing 
around 100–150 g each, were divided in 8 groups of 6 animals 
each and fasted for 24 h prior to administration of drug/prodrug. 
The ketoprofen (standard, 250 mg/kg) and prodrugs (dose of 
prodrugs molecularly equivalent to ketoprofen) were adminis-
tered orally as aqueous suspension in 0.5 % w/v acacia. The con-
trol group was administered as 0.5 % w/v acacia aqueous 
suspension only. Animals were sacrificed 12 h after the treat-
ment. The stomach was removed, opened along the curvature, 
rinsed with 5 ml saline and examined by means of a magnifier. 
The ulcer index was calculated as mean for all animals in the 
group [35].

Statistical analysis
Statistical analysis was carried out for pharmacological evalua-
tion data using analysis of variance (ANOVA) test, followed by 
Dunnet’s Test for determining level of significance. P-values < 0.05 
were considered statistically significant.
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Results and Discussion
▼
Chemistry
The ketoprofen ester prodrugs were synthesized by the DCC cou-
pling method. Menthol, thymol, eugenol, guiacol, vanillin and 
sesamol were identified as promoieties for the synthesis of keto-
profen ester prodrugs. Purity of the synthesized prodrugs was 
ascertained by melting point and thin layer chromatography 
(TLC). The products were obtained in reasonable yields (66–
75 %). The title compounds were confirmed by FTIR, 1H NMR and 
Mass spectroscopic data. The IR spectra of these compounds show 
characteristics C = O stretching bands around 1 729–1 760 cm − 1 
and C-O stretching bands around 1 212–1 282 cm − 1 for the ester 
functionality. The 1H NMR spectra exhibit the signals for the –CH- 
proton at δ 3.75–4.31 and –CH3 protons around δ 1.39–1.58. 
Besides these, the signals characteristic to the functionalities of 
the promoieties appear lending confirmation to the structures 
assigned to the target prodrugs. The mass spectra of the title com-
pounds reveal the molecular ion peaks as the base peaks.

Solubility	and	partition	coefficient
The synthesized ketoprofen ester prodrugs were subjected to 
solubility studies. It was observed that while the parent drug, 

ketoprofen was highly soluble in 0.1 N sodium hydroxide solution, 
the prodrugs were found to be sparingly soluble in 0.1 N NaOH. All 
the prodrugs showed higher solubility than the parent drug in 
organic solvents such as methanol, ethanol, chloroform and 
dichloromethane indicating their lipophilic nature. A drug’s parti-
tion coefficient is a measure of its distribution in a lipophilic/
hydrophilic phase system, and is indicative of its ability to pene-
trate biological multiphase system. The Partition coefficients of 
ketoprofen ester prodrugs were higher as compared to parent 
drug ketoprofen ( ●▶	 Table 1). With increase in log P that major frac-
tion was partitioned toward the organic phase, indicates enhance-
ment in the lipophilicity, favorable to biological absorption.

Chemical stability
The hydrolysis kinetics of ketoprofen ester prodrugs was studied 
in aqueous buffer solution at pH 1.2 and pH 7.4 to confirm the 
extent of release of parent drug. The decrease in concentration 
of ester prodrugs was monitored by HPLC. The results showed 
longer half-life of prodrugs in acidic pH 1.2 as compared to pH 
7.4, which implies that they may pass unhydrolyzed through 
stomach and possess enough stability to be absorbed from intes-
tine. The values of the rate parameters Kobs for hydrolysis of 
prodrugs at different pH and 37 °C are listed in  ●▶	 Table 2 along 
with their half-lives (t1/2). The chemical degradation of ester 
prodrugs of ketoprofen followed first order kinetics and were 
quantitatively converted to parent drug as revealed by HPLC 
analysis. In the acidic buffer solution of pH 1.2 all prodrugs 
showed high chemical stability which implied that the com-
pounds passed unhydrolyzed through the stomach on oral 
administration. While, at neutral pH 7.4 their t1/2 ranging from 
165 min to 355 min.

Pharmacological evaluation
Synthesized prodrugs were evaluated for anti-inflammatory, 
analgesic and ulcerogenic potential. The prodrugs (in molecu-
larly equivalent dose) showed higher or comparable inhibition 
of carrageenan induced inflammation than ketoprofen. Ketopro-
fen-eugenol prodrug showed higher anti-inflammatory activity 
than parent drug, which may be due to synergistic activity of 
eugenol. The prodrugs show retention of anti-inflammatory 
activity with percentage inhibition of 77–83 % as compared to 
81 % when studied up to 12 h ( ●▶	 Table 3). For analgesic activity, 
the decrease in number of writhings was expressed as a percent-
age protection from pain (analgesic activity) by test compounds 
with reference to control. The title compounds showed consid-
erable retention of analgesic activity (55–70 %) as compared to 
that of ketoprofen (64 %) ( ●▶	 Table 3). All the synthesized prod-
rugs showed lower ulcer index value as compared to ketoprofen, 
thus indicating decrease in gastrointestinal side effects through 

Table 1 Physical constants and physicochemical characteristics of ketopro-
fen prodrugs.

Prodrug Yield ( %) Melting 

point (°C) a
Rf Value b Partition 

coefficient

KTP – 94–96 0.44 3.12
KTPTH 68.3 81–82 0.62 5.07
KTPME 77.2 77–79 0.52 5.91
KTPEU 75.4 65–67 0.71 4.89
KTPGU 72.6 58–60 0.49 4.78
KTPVAN 64.7 77 0.65 4.66
KTPSE 66.8 55–56 0.66 5.32
aUncorrected; bTLC (Ethyl acetate: n-hexane: chloroform (5: 2: 1)

Table 2	 Kinetic	data	for	the	hydrolysis	of	ketoprofen	prodrugs	at	different	
pH at 37 °C.

pH 1.2 7.4

Prodrug Kobs t1/2 (h) Kobs t1/2 (h)

KTPTH 1.347 × 10	−	3 8.57 2.068 × 10	−	3 5.58
KTPME 1.162 × 10	−	3 9.92 1.847 × 10	−	3 5.93
KTPEU 1.518 × 10	−	3 7.57 3.238 × 10	−	3 3.57
KTPGU 1.177 × 10	−	3 6.80 2.637 × 10	−	3 4.37
KTPVAN 1.794 × 10	−	3 6.43 4.223 × 10	−	3 2.75
KTPSE 1.586 × 10	−	3 7.28 2.482 × 10	−	3 4.65

Group Anti-inflammatory	activity	(	%	inhibition)a Analgesic activity ( %) Ulcer Indexb ( ± SEM)

2 h 4 h 6 h 12 h

KTP (Standard) 51.29 58.80 69.56 81.27 64.97 3.244 ± 0.153
KTPTH 46.27 55.41 72.54 83.61 67.97 2.398 ± 0.158
KTPME 49.65 57.55 68.78 81.58 59.88 0.917 ± 0.080
KTPEU 52.35 63.70 74.22 86.42 70.05 0.153 ± 0.055
KTPGU 44.83 53.90 65.67 77.83 55.39 2.296 ± 0.146
KTPVAN 50.13 59.93 70.21 82.98 60.78 3.215 ± 0.140
KTPSE 45.31 55.03 68.01 79.24 60.48 3.075 ± 0.141
aStatistical analysis was performed with ANOVA followed by dunnett test P < 0.05 with respect to control
bData represented as mean ± SEM, n = 6 for ulcer index

Table 3	 Anti-inflammatory,	
Analgesic and ulcerogenic activity 
of ketoprofen prodrugs.
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successful masking of free carboxylic group of drug. The data 
represents that the risk of gastric ulceration is reduced by 2–3 
times in prodrugs as compared to ketprofen. Eugenol and men-
thol prodrugs caused lowest ulceration of GI tract.

Conclusion
▼
Natural phytophenols and alcohols are good free radical scaven-
gers/antioxidants and also exhibit NSAID type activites. In pre-
sent study 6 such compounds were employed as promoieties to 
prepare the title ester prodrugs of ketoprofen. The title com-
pounds were synthesized by dicyclohexylcarbodimide coupling 
and evaluated analgesic, antinflammatory activites and ulcro-
genic potential, as well as hydrolysis kinetics. The aim and 
rationale behind the present study was of achieving synergistic 
effect and reducing gastrointestinal side effects associated with 
ketoprofen. The synthesized prodrugs showed improved solubil-
ity in organic solvents which implies their lipophilic character. 
They were found chemically stable, biolabile and showed com-
parable analgesic and anti-inflammatory activities to the parent 
drug, with reduced ulcerogenicity. Retention of activity along 
with reduction in ulcerogenicity may be due to analgesic prop-
erties of some phytophenols and prevention of direct contact of 
carboxylic group with gastric mucosa. The study shows that 
mutual prodrug approach can be successfully used in improving 
therapeutic effectiveness of NSAID’s.

Acknowledgements
▼
The authors are thankful to SAIF, IIT Bombay and SAIF, IIT Madras 
India, for providing all necessary spectral data. Authors thank Mr 
Avinash Barchha and Mr Prashant Chaturvedi, faculty St John 
Institute of Research and Pharmacy for assistance in spectral char-
acterization. Authors also thank Mr Abhijeet Puri and Mr Milind 
Kamble, faculty St John Institute of Research and Pharmacy for 
assistance in statistical analysis and typographical assistance.

Conflict of Interest
▼
The authors confirm that this article content has no conflicts of 
interest.

References
1 Beck WS, Schneider HT, Dietzel K et al. Gastrointestinal ulceration induced 

by anti-inflammatory drugs in rats. Arch Toxicol 1990; 64: 210–217
2 Wallace JL, Cirino G. The development of gastrointestinal-sparing 

nonsteroidal anti-inflammatory drugs. Trends Pharmacol Sci 1994; 
15: 405–406

3 Vane JR, Botting RM. New insights into the mode of action of anti-
inflammatory drugs. Inflammation Res 1995; 44: 1–10

4 Champion GD, Feng PH, Azuma T et al. NSAID induced gastrointes-
tinal damage. Epidemiology risk and prevention with evaluation of 
the role of misoprostol: An asia-pacific perspective and consensus. 
Drugs 1997; 53: 6–19

5 Schoen RT, Vender RJ. Mechanism of nonsteroidal anti-inflammtory 
drug-induced gastric damage. Amer J Med 1989; 86: 449–458

6 Kean WF, Buchanan WW. The use of NSAIDs in rheumatic disorders 
2005: a global perspective. Inflammopharmacology 2005; 13: 343–370

7 Reuter BK, Asfaha S, Buret A et al. Exacerbation of inflammation-asso-
ciated colonic injury in rat through inhibition of cyclooxygenase-2. J 
Clin Invest 1996; 98: 2076–2085

8 Yoshikawa T, Naito Y, Kishi A et al. Role of active oxygen, lipid peroxi-
dation, and antioxidants in the pathogenesis of gastric mucosal injury 
induced by indomethacin in rats. Gut 1993; 34: 732–737

9 Brzozowski T, Konturek PC, Konturek SJ et al. The role of melatonin and 
L-tryptophan in prevention of acute gastric lesions induced by stress, 
ethanol, ischemia, and aspirin. J Pineal Res 1997; 23: 79–89

10 Nakatani N. Phenolic antioxidants from herbs and spices. Biofactors 
2000; 13: 141–146

11 Masahiro O, Midori H, Kumiko S et al. Antioxidant activity of Magnolol, 
honokiol, and related phenolic compounds. J Am Oil Chem Soc 1997; 
74: 557–562

12 Priyadarsini KI, Guha SN, Rao MNA. Physico-Chemical Properties and 
Antioxidant Activities of Methoxy Phenols. Free Radical Biol Med 
1998; 24: 933–941

13 Aeschbach R, Loliger J, Scott BC et al. Antioxidant actions of thymol, 
carvacrol, 6-gingerol, zingerone and hydroxytyrosol. Food Chem Toxi-
col 1994; 32: 31–36

14 Manon B, Sharma PD. Design, synthesis and evaluation of Diclofenac-
antioxidant mutual prodrugs as safer NSAIDs. Indian J Chem 2009; 
48B: 1279–1287

15 Sharma PD, Kaur G, Kansal S et al. Mutual prodrugs of 4-bipheylacetic 
acid and phytophenolics as safer NSAIDs: synthetic and spectral stud-
ies. Indian J Chem 2004; 43B: 2159–2164

16 Zhao X, Chen D, Gao P et al. Synthesis of ibuprofen Eugenol ester and 
its microemulsion formulation for parenteral delivery. Chem Pharm 
Bull 2005; 53: 1246–1250

17 Redasani VK, Bari SB. Synthesis and evaluation of mutual prodrugs 
of ibuprofen with menthol, thymol and Eugenol. Eur J Med Chem 
2012; 56: 134–138

18 Cha BC. Synthesis of mefenamic acid derivatives and antioxidant and 
anticoagulant activities. J Appl Pharmacol 2000; 8: 349–353

19 Dhokchawle BV, Kamble MD, Tauro SJ et al. Synthesis, Spectral studies, 
Hydrolysis kinetics and Pharmacodynamic profile of Mefenamic acid 
prodrugs. Der Pharma Chemica 2014; 6: 347–353

20 Uludag MO, Ergun BC, Alkan A et al. Stable ester and amide conjugates 
of some NSAIDs as analgesic and antiinflammatory compounds with 
improved biological activity. Turk J Chem 2011; 35: 427–439

21 Velingkar VS, Jain DR, Ahire DC. Spacer-Linker Based Synthesis and Bio-
logical Evaluation of Mutual Prodrugs as Anti-inflammatory Agents. 
Ind J Pharm Sci 2010; 72: 632–636

22 Hai-Yang W, Chao L, Na W et al. Two-step enzymatic selective synthesis 
of water-soluble ketoprofen-saccharide conjugates in organic media. 
Bioorg Med Chem 2009; 17: 1905–1910

23 Saund MD, Al-Jawad FH, Sharrad AK. Synthesis of ketoprofen-L-phenyl 
alanine and ketoprofen-γ-aminobutyric acid ethyl ester as possible 
prodrugs. Iraq J Pharm 2006; 6: 21–24

24 Zovko M, Zorc B, Takac M et al. The novel ketoprofen-amides: Syn-
thesis and spectroscopic characterization. Croatica Chem Acta 2003; 
76: 335–341

25 Zrinka R, Pontiki E, Hadjipavlou-Litina D et al. The novel amidocarba-
mate derivatives of ketoprofen: synthesis and biological activity. Med 
Chem Res 2011; 20: 210–219

26 Choi HK, Chun MK, Lee SH et al. Invitro and in vivo study of 
poly(ethylene glycol) conjugated ketoprofen to extend the duration 
of action. Int J Pharm 2007; 341: 50–57

27 Babazadeh M. Design, synthesis and in vitro evaluation of vinyl ether 
type polymeric prodrugs of ibuprofen, ketoprofen and naproxen. Int 
J Pharm 2008; 356: 167–173

28 Boninaa FP, Pugliaa C, Barbuzzia T et al. In vitro and in vivo evaluation 
of polyoxyethylene esters as dermal prodrugs of ketoprofen, naproxen 
and diclofenac. Eur J Pharm Sci 2001; 14: 123–134

29 Neises B, Steglich W. Simple method for the esterification of carboxylic 
acids. Angew Chem Int Ed 1978; 17: 522–524

30 Bhosale AV, Agrawal GP, Mishra P. Preparation and characterization of 
mutual prodrugs of ibuprofen. Indian J Pharm Sci 2004; 66: 158–163

31 Xiangguo Z, Xinyi T, Dongzhi W et al. Pharmacological activity and 
hydrolysis behavior of novel ibuprofen glucopyranoside conjugates. 
Eur J Med Chem 2006; 41: 1352–1358

32 Winter CA, Riseley EA, Nuss GW. Carrageenan induced edema in the 
hind paw of the rat as an assay for anti-inflammatory drugs. Exp Biol 
Med 1962; 111: 544–547

33 Patil SJ, Shirote PJ. Synthesis and evaluation of carrier linked Prodrug 
of Ketoprofen with Glucosamine. J Pharm Res 2012; 5: 954–957

34 Vogel GH, Vogel WH. Drug Discovery and Evaluation-Pharmacological 
Assays. Berlin: Springer-Verlag, 1997; 716–718

35 Ghosh MN. Fundamentals of Experimental Pharmacology. London: 
Hilton and Company,  Second edition. 2005; 69–71

D
ow

nl
oa

de
d 

by
: W

as
hi

ng
to

n 
U

ni
ve

rs
ity

. C
op

yr
ig

ht
ed

 m
at

er
ia

l.


