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INTRODUCTION

NSAIDs are one of the most widely used classes of drugs
and their consumption is increasing because of their new
discovered roles in control of cancer [1,2], cardiac [3] and cere-
brovascular [4] neurodegenerative diseases like Alzheimer’s
[5]. NSAIDs are mainly used for the management of inflamma-
tion and pain in rheumatological conditions like osteoarthritis,
rheumatoid arthritis, ankylosing spondylitis, gout and muscu-
loskeletal disorders [6]. All these conditions require long term
use of NSAIDs. But one of the serious side effects of NSAIDs
on long term use is gastrointesitinal-mucosal adverse reactions
like acidity, gastric ulceration, perforations and hemorrhage,
etc., thus affecting patient’s compliance & limiting the efficacy
of therapy [7]. This gastrointestinal mucosal injury produced
by NSAIDs is due to i) the direct irritant actions of free carbo-
xylic groups present in most of the conventional NSAIDs [8]
ii) due to inherit cyclooxygenase inhibition actions of NSAIDs
leading to local depletion of the protective prostaglandins
further exposing the underlying delicate mucosa [9] iii) the
ion trapping mechanism of NSAIDs in gastric mucosal cells
[10] iv) also, there are evidences suggesting that the ulcero-
genic capacity of NSAIDs is mediated by the generation of
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ROS & free radicals [11]. Overcoming this serious side-effect
is a major challenge for modern day medicinal chemist. In
order to counter this problem of NSAIDs, several approaches
have been utilized, one of which involve prodrug approach
where a free carboxylic group of NSAIDs is temporarily blocked
till their systemic absorption [12].

Ketoprofen is one the most potent NSAIDs, which has
the ability to activate serotonergic mechanism and release 5-
hydroxytryptamine (serotonin) along with it inhibition of
prostaglandins at central level [13]. Thus, it has supremacy
over other NSAIDs in the treatment of various neurodegene-
rative diseases. Ketoprofen despite having the dual effect on
prostaglandins and leukotrienes is not superior to other
NSAIDs due to its adverse gastrointestinal effects on long term
use. Therefore, the combination of these two properties, anti-
inflammatory and antioxidant activity, with a simultaneous
reduction of acidic character, may lead to the development of
novel, useful anti-inflammatory and cytoprotective pharma-
comolecules, with potentially important therapeutic applica-
tions. Thymol, guaiacol, vanillin and phytoalcohol including
menthol are reported to have natural analgesics and antioxidant
properties. Based upon the above facts, it was envisaged to
prepare the ester prodrugs of ketoprofen with some natural



phytophenols and alcohol so as to get both the anti-inflamma-
tory action of parent NSAID as well as the antioxidant effect
of phytophenols/alcohol. For this ester prodrugs of ketoprofen
with various natural antioxidants like thymol, guaiacol, menthol,
vanillin were synthesized. These natural phytophenols/alcohol
have shown not only the antioxidant properties, but also anti-
mutagenic, anticarcinogenic, anti-inflammatory properties
[14,15]. Thus ketoprofen-phytophenols/alcohol mutual
prodrugs were prepared with the objective to get not only the
complementary/additional [16,17] and synergistic pharma-
cological actions [18], but also the reduced gastrointestinal
side effects. These naturally occurring compounds have been
traditionally in use as a food additive and have well documented
safety profile [19]. Other examples of mutual prodrugs with
natural antioxidant have been reported for diclofenac [20],
ibuprofen [21], aceclofenac [22] and mefenamic acid [23,24].

Sometimes simple aliphatic/aromatic esters may not be
sufficiently labile in vivo so as to ensure sufficiently high rate
and extent of release of parent drug from the prodrug. This
can be achieved by following double ester prodrug approach
in which the terminal ester group is sterically less hindered
[25]. Thus, in the present study ketoprofen-phytophenols/
alcohol ester prodrugs were synthesized through the
–OCH2COO- (glycolic acid spacer) linkage. All the prepared
prodrugs were evaluated for their anti-inflammatory, analgesic
and antiulcer and antioxidant properties. They were also
evaluated for their solubility (phosphate buffer pH 7.4) and
for octanol-water partition coefficient. These NSAIDs-anti-
oxidant prodrugs are expected to be absorbed in an inactive
form, through the gastrointestinal tract and cleaved to release
the parent NSAID and the antioxidant (phytophenols/alcohols),
which may prevent the NSAID induced gastric ulceration
through their carboxyl masking effect and through the anti-
oxidant properties by quenching ROS.

EXPERIMENTAL

The melting points were determined on Veego-program-
able melting point apparatus (microprocessor based) and are
uncorrected. 1H NMR and 13C NMR spectra were obtained using
Brucker AC-400 F, 400 MHz spectrometer and are reported in
parts per million (ppm), downfield from tetramethylsilane (TMS)
as internal standard. Infrared spectra were obtained with Perkin
Elmer 882 Spectrum and RXI, FT-IR model. Elemental analyses
were carried out on a Perkin-Elmer 2400 CHNS/O elemental
analyzer. Reactions were monitored and the homogeneity of
the products was checked by TLC, which were prepared with
silica gel G and activated at 110 ºC for 30 min. All the solvents
were dried and freshly distilled prior to use, according to standard
procedure.

Preparation of ketoprofen-antioxidants ester prodrugs
with spacer: The general method for the preparation of mutual
prodrugs of ketoprofen and phytophenols/alcohols with the
spacers, in a first step the synthesis of the required chloroacetyl
derivative of phytophenols/alcohols was done [26]. The res-
pective chloroacetyl derivatives were obtained in good yield.
They were identified through TLC and by comparing their IR
spectral data with literature reports. In second step, the respe-
ctive chloroacetyl derivatives were condensed with ketoprofen.

The sequence of steps involved in the preparation of these
compounds is shown in Fig. 1. The general chemical structure
of the synthesized mutual prodrugs of ketoprofen (I) with
various phytophenols/alcohol, through glycolic acid spacer
(-OCH2COO-) is (II-V) shown in Fig. 1, where the respective
Ar/R are as shown in Table-1.

Ar/ROH

(Phytophenol/
alcohol)

+ ClCH2COCl
TEA, DMF

CHCl3 (dry)
ClCH2COOAr/R

NaI
DMF

(a-d)

Step I
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O
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O

CH3

Ketoprofen [I]

O

O

O

CH3

Ketoprofen-OCH2OO-Phytophenol/alcohol Prodrugs [II-V]

OAr/R

O

Fig. 1. Sequence of steps for the synthesis of ketoprofen-OCH2COO-phyto-
phenol/alcohol mutual prodrugs

Step-I: The reaction was performed at 0 °C using anti-
oxidant(phytophenols/alcohols) (10 mmol), chloroacetyl-
chloride (10 mmol = 0.795 mL) and triethylamine (TEA) (10
mmol = 0.696 mL) in dry chloroform (20 mL) as the solvent
for 1.5 h followed by 5 h stirring at room temperature to obtain
chloroacetyl derivative of antioxidant. To the reaction mixture,
add ice cold water and extracted with ethyl acetate. The ethyl
acetate layer was shaken with 1 M sodium carbonate solution
for 15 min (3 × 25 mL), distilled water (3 × 25 mL), 0.05 N
HCl (3 × 25 mL), distilled water (3 × 25 mL) and finally with
(25 mL) brine solution (saturated NaCl solution). The ethyl
acetate extract was dried over anhydrous sodium sulfate and
recrystallized from ethanol to get compounds (a-d).

Step-II: Chloroacetyl derivatives of antioxidant (a-d) were
mixed with sodium iodide NaI (10 mmol = 0.749 g) in DMF
as a solvent at 0 °C followed by 5 drops of triethylamine and
pinch of DMAP. Ketoprofen (10 mmol = 2.54 g) was added in
the mixture under 0 °C and allowed to stir overnight at room
temperature. To the reaction mixture, add ice cold water and
ethyl acetate. The ethyl acetate layer was shaken with 1 M
sodium carbonate solution for 15 min, distilled water (3 × 25
mL), 0.05 N HCl (3 × 25 mL) and finally with (25 mL) brine
solution (saturated NaCl solution). The ethyl acetate extract
was dried over anhydrous sodium sulfate. Purification was
done by column chromatography using silica gel (60-120 mesh
size) and a mobile phase with gradient elution of ethyl acetate
in n-hexane up to 6 %. The prodrugs (II-V) were obtained in
reasonably good yields (Table-1).

Chemical characterization of synthesized prodrugs-
antioxidant prodrugs with glycolic spacer (II-V)

2-(2-Isopropyl-5-methylphenoxy)-2-oxoethyl-2-(3-
benzoylphenyl)propanoate (II): IR (KBr, νmax, cm-1): 3460.26
(aromatic C-H st), 2985.42 (aliphatic C-H str.) 1235.24,
1043.82 (C-str. aromatic –OCH3), 1 735.53 (C=O str. ester),
1648.93 (C=O str. ketone), 1231.58 (C-O str. ester), 1457.31
(aromatic C=C str.), 1440.15 (C-C bend). 1H NMR (CDCl3):
7.81-7.79 (3H, m, aromatic H), 7.6 (dt, 1H, aromatic H), 7.60-
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6.09 (2H, m, aromatic H) 7.49-7.41 (3H, m, aromatic H), 6.66-
6.64 (3H, m, aromatic H thymol), 1.29-1.27 (6H, d, CH (CH3)2

thymol), 1.55-1.53 (3H, s, CH-CH3), 2.30 (3H, s, Ar-CH3),
2.95-2.90 (1H, m, CH (CH3)2 thymol), 3.86-3.79 (1H, q,
CHCH3), 4.90-4.73 (2H, s, O-CH2COO). 13C NMR (CDCl3):
20.6 (Ar-CH3), 22.8 (CH-CH3), 26.8 (CH (CH3)2thymol), 60.7
(O-CH2-COO), 121.79-136.49 (Ar-Cs), 167.0 (CH2C=O),
176.14 (CH3CHC=O), 196.97 (ArC=OAr). Anal. Calcd. (Found)
% for C28H28O5: C, 75.65 (75.15); H, 6.35 (6.67); O, 18.00 (18.25).

2-(2-Methoxyphenoxy)-2-oxoethyl-2-(3-benzoyl-
phenyl)propanoate (III): IR (KBr, νmax, cm-1): 3631.73 (aromatic
C-H st), 2985.38 9Aliphatic C-H st), 1736.65 (C=O st esters),
1647.28 (C=O, Ketone) 1486.31 (aromatic C=C st), 1231.9
(C-O st, ester), 750-789.14 (substituted aromatic rings). 1H
NMR (CDCl3): 7.73-7.23 (9H, m, aromatic-H ketoprofen),
7.18-7.11 (2H, d, aromatic-H guaiacol), 6.96-6.89 (2H, t,
aromatic-H guaiacol), 5.24 (2H, s, O-CH2-COO-), 3.86-3.78
(1H, q, CH-CH3), 3.83 (3H, s, O-CH3). 13C NMR (CDCl3):
10.53 (CH-CH3), 45.29 (Ar-CH2 &CHCH3), 52.20 (Ar-OCH3),
61.47 (O-CH2-COO), 128.32-141.03 (aromatic- Cs), 150.9
(Ar-C-OCH3 & CH2C=O), 174.68 (HC-C=O (OCH2)), 177.59
–C=O (OAr), 196.7 (Ar-CO-Ar). Anal. Calcd. (Found) % for
C28H22O6: C, 71.76 (71.55); H, 5.30 (5.47); O, 22.54 (21.89).

2-((2-Isopropyl-5-methylcyclohexyl)oxy)-2-oxoethyl-2-
(3-benzoylphenyl)propanoate (IV): IR (KBr, νmax, cm-1):
3429.49 (aromatic C-H st), 2985.64 (aliphatic C-H st) 1235.24,
1043.82 (C-O st aromatic –OCH3), 1735.53 (C=O st ester),
1231.75 & 1042 (C-O st ester) 1649.38 (C=O st ketone), 1457.31
(aromatic C=C st), 1371 (C-H bend CH (CH)3), 936.51-730
(Ar- C-H bend). 1H NMR (CDCl3): 7.81-7.76 (3H, m, aromatic
H), 7.62 (1H, dt, aromatic H), 7.60-7.53 (2H, m, aromatic H),
7.49- 7.41 (3H, m, aromatic H), 3.81-3.65 (1H, q, CHCH3),
1.87-1.62 (3H, d, CHCH3), 5.04 (2H, s O-CH2-COO), 0.75-
0.72 (3H, d, CH3 menthol), 0.92-0.88 (6H, d, CH (CH3)2),
1.11-0.97 (2H, m, CH2 menthol), 1.52-1.39 (2H, m, CH2

menthol), 1.82-1.77 (1H, m, CH (CH3)2), 3.90 (1H, m, O-CH
menthol). 13C NMR (CDCl3): 16.42 (CH-CH3 menthol), 18.45

(CHCH3ketoprofen), 21.09-22.10 (CH (CH3)2 menthol), 23.12
(CH2 menthol), 26.63 (CH (CH3)2 menthol), 47.04 (CH
menthol), 34.67 (CH2 menthol), 71.78 (O-CH menthol), 173.8
(ArC=OAr), 128.56-141.74 (Ar-Cs), 167.2 (O-CH2C=O), 45.22
(CH-CH3 ketoprofen).  Anal. Calcd. (Found) % for C28H34O5:
C, 74.64 (74.49); H, 7.61 (7.79); O, 17.75 (17.12).

2-(4-Formyl-2-methoxyphenoxy)-2-oxoethyl- 2-(3-
benzoylphenyl)propanoate (V): IR (KBr, νmax, cm-1): 3460.06
(aromatic C-H st), 2985.42 (aliphatic C-H st) 1235.24, 1043.82
(C- st aromatic –OCH3), 1735.53 (C=O st ester), 1696.5 (C=O
st aldehyde) 1649.38 (C=O st ketone), 1497.31 (aromatic C=C
st), 1440.15 (C-C bend), 1231.75 & 1042 (C-O st ester), 936.51
(Ar. C-H bend). 1H NMR (CDCl3): 7.81-7.74 (3H, m, aromatic
H), 7.62 (1H, dt, aromatic H), 7.61-7.53 (2H, m, aromatic H),
7.45-7.40 (3H, m, aromatic H), 3.86-3.72 (1H, q, CHCH3),
1.63 (3H, d, CHCH3), 4.90-4.73 (2H, q, O-CH2COO), 7.50-
7.47 (2H, m, ArH vanillin), 7.30-7.23 (1H, m, Ar-H vanillin),
3.91 (3H, s, Ar-OCH3 vanillin), 9.94 (1H, s, CHO). 13C NMR
(CDCl3): 18.70 (CH-CH3), 40.01 (CHCH3), 55.06 (Ar-OCH3),
60.85 (O-CH2-COO), 121.79-136.49 (Ar-Cs), 140.62 (Ar-C-
OCH3), 150.04 (Ar-C-OC=O) 167.0 (CH2C=O), 176.14
(CH3CHC=O), 196.97 (ArC=OAr). Anal. Calcd. (Found) %
for C26H22O7: C, 69.95 (69.57); H, 4.97 (5.10); O, 25.09 (25.28).

Physico-chemical evaluation: One main aim of synthe-
sizing these prodrugs is that they should have optimum solu-
bility and lipophilicity required for bioavailability. These
physico-chemical properties of drug molecules have been used
to predict passive absorption in vivo [31]. Hence the octanol-
water partition coefficient P and log P is used for the measure-
ment of lipophilicity of the drug molecule. Higher the partition
coefficient, the greater is the lipophilicity and more is the
absorption. The drugs having a partition coefficient of 100 or
more (i.e. log P ≥ 2) and the solubility of 10 µg/mL are consi-
dered fit for effective bioavailability after oral administration.
Partition coefficient was calculated as:

Conc. of drug in octanol
Partition coefficient (P) Dilution factor

Conc. of drug in buffer
= ×

TABLE-1 
Rf VALUES, %YIELD, SOLUBILITY & log P OF THE PREPARED COMPOUNDS 

S. No. Compounds ArO-/RO- Rf value Yield (%) Solubility (µg/mL) log P 

I Standard (ketoprofen [I]) H 0.50 – 0.5 3.21 

II K.T.S (ketoprofen-OCH2COO-thymol 
prodrug) II 

CH3

CH3H3C

-O

 

0.63* 56.4 5.06 6.09 

 
III 

K.G.S. (ketoprofen-OCH2COO-
Guaiacol prodrug) III 

OCH3

-O

 

0.54* 48.3 10.37 4.23 

IV K.M.S. (ketoprofen-OCH2COO-
menthol prodrug) IV -O

CH3H3C

CH3

 

0.79** 42.6 7.81 5.76 

V 
K.V.S (ketoprofen-OCH2COO-
vanillin prodrug) V 

-O

CHO

OCH3  

0.72** 52.5 12.52 4.21 

Mobile phase: *10 % ethyl acetate in n-hexane, **5 % methanol in chloroform 
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In the present study, the solubility study for ketoprofen
and its prodrugs (ketoprofen –OCH2COO-phytophenols/alcohol)
has been done in phosphate buffer (pH 7.4). The data for parti-
tion coefficient and solubility studies for ketoprofen-OCH2COO-
phytophenols/alcohol is given in Table-1. The physico-chemical
properties like partition coefficient and solubility influence
the therapeutic activity and pharmacokinetic profile of drugs.
If the agent has limited solubility (≤ 1 %) in gastrointestinal
fluids, then it shows poor gastrointestinal absorption. Ketoprofen
has limited solubility so its esters were prepared and they were
found to have fair solubility in phosphate buffer (pH = 7.4)
and greater lipophilicity than ketoprofen. Thus prepared keto-
profen prodrugs are suitable for oral administration.

Biological evaluation/pharmacological studies: Since
the ketoprofen-antioxidant mutual prodrugs were synthesized
to obtain the prodrugs with expectations of improved anti-
inflammatory and analgesic activity and devoid of ulceroge-
nicity. For this purpose the prepared prodrugs were evaluated
for anti-inflammatory, analgesic and gastrointestinal ulceration
properties. The experimental protocols were approved by
Institutional Animal Ethics Committee (IAEC) and a written
permission from in house ethical committee has been taken to
carry out (Reference no. SCOP/2017/IAEC/10/02) and comp-
lete this study.

Anti-inflammatory activity: The parent drug ketoprofen
in the dose of 20 mg/kg of body weight was used as reference
standard. The doses of the prodrugs were selected on equimolar
bases as shown in Table-2. They were tested for anti-infla-
mmatory activity using Carrageenan induced hind paw edema
method [27]. The edema is presented as the percentage increase
in left hind paw in comparison to the uninjected right hind paw.
Albino rates of either sex, weighing 200-250 g were selected
& divided into 6 groups of six each. Paw edema was induced
in rats by means of subplantar injection into the left’ hind paw
of rats by injecting freshly prepared solution of type IV, 0.1
mL of 1 % carrageenan suspension under the plantar region
of the left hind paw. In the right paw, saline (1 mL, 0.9 %) was
injected, which served as the control for comparison. Keto-
profen and other test drugs were administered orally 1 h before
the irritant. The paw volume up to a fixed mark at the level of
lateral malleolus was measured using plethysmometer after
2 h, 4 h of the carrageenan injection. Increase in paw volume
was calculated as:

L R

R

V V
Increase in paw volume (%) 100

V

−= ×

VL = Volume of left paw, VR = Volume of right paw (control).

The mean ± SEM values were calculated for each group
for the % edema. The results of left hind paw edema test are
as given in Table-2. The prodrugs K.V.S. and K.G.S. showed
comparable activity to that of standard (ketoprofen) while the
prodrugs K.M.S. and K.T.S. showed significantly smaller
activity as compared to standard (ketoprofen) which may be
due to low antioxidant profile of menthol/thymol promoieties,
respectively.

Analgesic activity studies: NSAIDs are widely used for
their peripheral analgesic properties. The most commonly used
methods for measuring peripheral analgesic activity are the
writhing tests in mice. Peripheral analgesic activity was deter-
mined against acetic acid induced writhing assay [28,29].
Writhing was induced by intra peritoneal (i.p.) injection of
freshly prepared acetic acid solution (1 % w/v in saline pH =
2.7, 10 mL/kg, i.p.). The rats were divided into different treat-
ment groups as shown in Table-3 containing six animals in
each group. The test prodrug derivatives were administered the
equimolar doses of ketoprofen (20 mg/kg, p.o.). All these were
administered by oral route, emulsified in 0.5 % sodium carboxy
methyl cellulose (sodium CMC) vehicle, 30 min prior to i.p.
acetic acid. Animals were immediately transferred individually
into glass chambers and a number of writhes (constriction of
abdomen, turning of the trunk and extension of hind limbs)
were recorded for 20 min, beginning 3 min after injection of
acetic acid. The average number of writhes in each group of
drug treated rats was compared with that of the control group
and degree of analgesia was expressed as % inhibition.

t

c

N
Inhibition (%) 1 100

N

 
= − × 
 

where, Nc = Average number of writhes in control, Nt = Average
number of writhes in drug treated rats.

TABLE-3 
GRADES FOR THE OBSERVED LESIONS 

Grades Lesions 
[0] Normal coloured stomach 

[0.5] Red colouration 
[1.0] Spot ulcers 
[1.5] Hemorrhagic streaks 
[2.0] Ulcer >3 but < 5 
[3.0] Ulcers > 5 

 
The control group (vehicle treated group) showed an

average writhing of 78 ± 1.52. Ketoprofen showed significant
inhibition in writhing at 20 mg/kg dose. The results are shown

TABLE-2 
ANTI-INFLAMMATORY AND ANALGESIC EFFECT STUDIES OF WITH-SPACER-ESTER PRODRUGS OF KETOPROFEN 

S. 
No. Treatment 

Dose 
(mg/kg) 

% Increase in paw 
volume mean ± SEM 

2 h 

% Increase in paw 
volume mean ± SEM 

4 h 

% Inhibition in 
writhings ± SEM 

I Standard (ketoprofen) 20 % 20.38 ± 1.87* 22.53 ± 0.92* 71.59 ± 1.25 
II K.T.S (ketoprofen-OCH2COO-thymol prodrug) 34.94 24.17 ± 1.54# 29.52 ± 1.42# 58.72 ± 1.47 
III K.G.S (ketoprofen-OCH2COO-guaiacol prodrug) 32.90 21.91 ± 0.61# 24.54 ± 1.07# 66.01 ± 1.03 
IV K.M.S (ketoprofen-OCH2COO-menthol prodrug) 35.42 29.65 ± 1.20# 32.71 ± 1.46# 56.12 ± 0.73 
V K.V.S (ketoprofen-OCH2COO-vanillin prodrug) 35.10 21.61 ± 1.32# 23.68 ± 0.78# 65.94 ± 1.32 
VI Control (CMC) 0.5 49.65 ± 1.36 69.05 ± 1.28 – 
*P < 0.05 as compared to control, #P < 0.05 as compared to standard (ketoprofen); CMC: carboxy methyl cellulose 

2148  Sehajpal et al. Asian J. Chem.



in Table-2. The equimolar doses of prodrugs K.T.S. and K.M.S.
showed lower analgesic activity as compared to the standard
(ketoprofen). The other prodrugs showed comparable activity
to that of the standard (ketoprofen).

Antiulcer/gastrointestinal erosion assay (GIER): Albino
rats were distributed at random in different groups of 6 animals
each (150-250 g). The animals were treated with ketoprofen
(80 mg/kg) and test compounds by oral route four times of
their anti-inflammatory dose once daily for 4 days. The com-
pounds were administered as a suspension in 0.5 % CMC in
an aqueous vehicle used in a volume of 0.5 mL/100 g of animal
weight. The food was removed following the last dose on the
fourth day. The animals were sacrificed using chloroform/ether
fumes. At necropsy, the stomach was removed and opened
along the length of greater curvature and were examined under
the dissecting microscope for lesions (Tables 3 and 4) [30].

Antioxidant studies (in vitro): NSAIDs induced gastro-
intestinal pathogenesis is primarily due to their inherent pro-
perty of inhibition of synthesis of those prostaglandins which
induce the synthesis of protective mucus. And another proven
reason is the generation of ROS (reactive oxygen species)
which play role in pathogenesis gastrointestinal ulceration.
The ester prodrugs of NSAIDs with phytophenols/alcohol are
prepared with the aim to have antioxidant action of phyto-
phenols/alcohol to counteract this side effect of NSAIDs. Anti-
oxidant studies (in vitro) were done (Table-5) to find out whether
the prepared prodrugs possess antioxidant properties. DPPH
Assay was carried out [32] to assess the free radical scavenging
activity of ketoprofen –OCH2COO- phytophenols/prodrugs
using 1,1-diphenyl-2-picrylhydrazyl radical (DPPH), which
is a stable free radical having a purple colour. On reduction
(with antioxidant) DPPH is reduced & its colour changed to
yellow. IC50 values are used to quantify the antioxidant activity.
IC50 value is the concentration of the sample (µg/mL) required
to scavenge 50 % DPPH free radical and was calculated from
the inhibition curve.

TABLE-5 
% DPPH RADICAL SCAVENGING 

Compound % Scavenging (DPPH*) 
Thymol 14.77 ± 1.01 
Guaiacol 47.10 ± 2.16 
Menthol 5.23 ± 0.06 
Vanillin 6.59 ± 1.52 

Vit. C (Standard) 94.27 ± 1.67 
*P < 0.05 as compared to control 

 
Inhibition curves: A 100 µM solution of DPPH in methanol

was added to the separate solutions of thymol (10-100 µg/mL),

TABLE-4 
ACUTE ANTIULCER/GASTROINTESTINAL EROSION ASSAY (GIER) STUDIES 

S. No. Treatment Molar equivalent dose (mg/kg, p.o.) Ulcer index (Mean ± SEM) 
I Standard (Ketoprofen)  80* 4-27 ± 0.63* 
II K.T.S (Ketoprofen-OCH2COO-Thymol prodrug) 139.76# 2.64 ± 0.20# 
III K.G.S (Ketoprofen-OCH2COO-Guaiacol prodrug) 131.6# 1.88 ± 0.54# 
IV 
V 

K.M.S (Ketoprofen-OCH2COO-Menthol prodrug) 
K.V.S (Ketoprofen-OCH2COO-Vanillin prodrug) 

141.16 
 140.40 

2.93 ± 0.41# 

 1.57 ± 0.34 
VI Control 0.5 % 0.18 ± 0.06 

*P < 0.05 as compared to control, #P < 0.05 as compared to standard 

 
guaiacol (10-100 µg/mL), menthol (10-100 µg/mL). Vanillin
(10-100 µ/mL). The absorbance was read at 515 mm after 20
min. The radical scavenging activity was expressed as the
percent inhibition and monitored as:

c s

c

A A
DPPH radical scavenging (%) 100

A

−= ×

Ac = Absorbance of control (i.e. of DPPH without sample
solution), As = Absorbance of sample solution.

RESULTS AND DISCUSSION

The results of anti-inflammatory, analgesic and antiulcer
activity studies of ketoprofen and it mutual prodrugs with
natural antioxidants though the –CH2COO- spacers showed
that there is a definite advantage of administering the prodrugs
especially if used for the treatment of chonic inflammatory
disorders like rheumatoid arthitis, osteoarthitis, alzheimer’s
disease, cancer, etc. This may be due to the improved physico-
chemical properties, the gastro-protective/gastro-sparing
properties due to masking of free –COOH group of the parent
NSAID, better protection against the damages caused by ROS
due to the release of antioxidants, thus ensuring better patient
compliance hence the success of therapy. Moreover, it has been
reported in the literature that conversions of conventional
NSAIDs to the esters derivatives (increasing the size of the
drug molecule which fits into COX-2 active site but not into
COX-1 site) increase their COX-2 selectivity. This explains
their better analgesic and anti-inflammatory activities with
reduced gastrointestinal-toxicities.

CONFLICT OF INTEREST

The authors declare that there is no conflict of interests
regarding the publication of this article.

REFERENCES

1. C. Martin, A. Connelly, T.O. Keku, S.B. Mountcastle, J. Galanko, J.T.
Woosley, B. Schliebe, P.K. Lund and R.S. Sandler, Gastroenterology,
123, 1770 (2002);
https://doi.org/10.1053/gast.2002.37053.

2. S.K. Suthar and M. Sharma, Mini Rev. Med. Chem., 16, 1201 (2016);
https://doi.org/10.2174/1389557516666160428111419.

3. J.M. Scheiman and C.E. Hindley, Clin. Ther., 32, 667 (2010);
https://doi.org/10.1016/j.clinthera.2010.04.009.

4. M. Lazzaroni, A. Battocchia and G.B. Porro, Dig. Liver Dis., 39, 589
(2007);
https://doi.org/10.1016/j.dld.2007.04.002.

5. T. Mizushima, Pharmaceuticals, 3, 1614 (2010);
https://doi.org/10.3390/ph3051614.

6. R.M. Langford, Clin. Rheumatol., 25, 2 (2006);
https://doi.org/10.1007/s10067-006-0311-5.

Vol. 30, No. 9 (2018) Synthesis and Evaluation of Prodrugs of Ketoprofen with Antioxidants as Gastroprotective NSAIDs  2149



7. M. Fine, Am. J. Manag. Care, 19, 267 (2013).
8. J.H. Lewis J.G. Stine, Non-Steroidal Anti-Inflammatory Drugs and

Leukotriene Receptor Antagonists: Pathology and Clinical Presentation
of Hepatotoxicity, Elsevier: Amsterdam, edn 3, pp. 370-402 (2013).

9. J,.R. Vane and R.M. Botting, Therapeutic Roles of Selective COX-2
Inhibitors. William Harvey, London (2001).

10. M. Rodriguez-Tellez, F. Arguelles, J. Herrerias Jr., D. Ledro, J. Esteban
and J. Herrerias, Curr. Pharm. Des., 7, 951 (2001);
https://doi.org/10.2174/1381612013397663.

11. T. Brzozowski, P.C. Konturek, S.J. Konturek, R. Pajdo, W. Bielanski,
I. Brzozowska, J. Stachura and E.G. Hahn, J. Pineal Res., 23, 79 (1997);
https://doi.org/10.1111/j.1600-079X.1997.tb00339.x.

12. S. Sehajpal, D.N. Prasad and R.K. Singh, Mini-Review Med. Chem., 18,
1199 (2018);
https://doi.org/10.2174/1389557518666180330112416.

13. J.F. Herrero, A. Parrado and F. Cervero, Neuropharmacology, 36, 1425
(1997);
https://doi.org/10.1016/S0028-3908(97)00120-2.

14. D. Brambilla, C. Mancusa, M.R. Scuderi, P. Bosco, G. Cantarella, L.
Lempereur, G. Di Benedetto, S. Pezzino and R. Bernardini, Nutr. J., 7,
29 (2008);
https://doi.org/10.1186/1475-2891-7-29.

15. S. Srivastava, P. Gupta, A. Sethi and R.P. Singh, J. Mol. Struct., 1117,
173 (2016);
https://doi.org/10.1016/j.molstruc.2016.03.033.

16. S.S. Dhaneshwar, D. Bhosle, S. Bharambe and N. Gairola, Indian J.
Pharm. Sci., 68, 286 (2006);
https://doi.org/10.4103/0250-474X.26654.

17. A.M. Qandil, M.M. Rezigue and B.M. Tashtoush, Eur. J. Pharm. Sci.,
43, 99 (2011);
https://doi.org/10.1016/j.ejps.2011.03.012.

18. Z. Ashraf, K.M. Alamgeer, M. Hassan, S. Abdullah, M. Waheed, H.
Ahsan and S.J. Kim, Drug Des. Devel. Ther., 10, 2401 (2016);
https://doi.org/10.2147/DDDT.S109318.

19. M. Gordon, Nat. Prod. Rep., 13, 265 (1996);
https://doi.org/10.1039/np9961300265.

20. B. Manon and P.D. Sharma, Indian J. Chem., 48B, 1279 (2009).
21. V.K. Redasani and S.B. Bari, Eur. J. Med. Chem., 56, 134 (2012);

https://doi.org/10.1016/j.ejmech.2012.08.030.
22. A. Rasheed, G. Lathika, Y.P. Raju, K.P. Mansoor, A.K. Azeem and N.

Balan, Med. Chem. Res., 25, 70 (2016);
https://doi.org/10.1007/s00044-015-1469-7.

23. N. Sharma, A.K. Sahdev and V. Raj, Org. Med. Chem. Int. J., 2, 1 (2017).
24. K. Shah, S.K. Shrivastava and P. Mishra, Med. Chem. Res., 22, 70 (2013);

https://doi.org/10.1007/s00044-012-0016-z.
25. P.D. Sharma and G. Kaur, Indian J. Chem., 43B, 2159 (2004).
26. E.M. Valter, M.M.M. Lucas, E.P.S. Gloria and R.M.O. Anderson, J. Braz.

Chem. Soc., 27, 1121 (2016);
https://doi.org/10.5935/0103-5053.20160005.

27. C.A. Winter, G.A. Risley and G.W. Nuss, Proc. Soc. Exp. Biol. Med.,
111, 544 (1962);
https://doi.org/10.3181/00379727-111-27849.

28. R. Koster, M. Anderson and E.J. De-Beer, Fed. Proc., 18, 412 (1959).
29. S.K. Kulkarni, Handbook of Experimental Pharmacology, Vallabh

Prakashan, Delhi, India, edn 3, 125 (2005).
30. N.K. Jain, C.S. Patil, R.E. Kartasasmita, M. Decker, J. Lehmann and

S.K. Kulkarni, Drug Dev. Res., 61, 66 (2004);
https://doi.org/10.1002/ddr.10337.

31. J. Rautio, T. Nevalainen, H. Taipale, J. Vepsäläinen, J. Gynther, K. Laine
and T. Järvinen, Eur. J. Pharm. Sci., 11, 157 (2000);
https://doi.org/10.1016/S0928-0987(00)00090-7.

32. M. Anitha, G. Sakthidevi, S. Muthukumarasamy and V.R. Moha, Int.
J. Chem. Pharm. Sci., 3, 53 (2012).

2150  Sehajpal et al. Asian J. Chem.

https://doi.org/10.1016/S0028-3908(97)00120-2
https://doi.org/10.1016/S0928-0987(00)00090-7

