
Volume 60 2013 Number 1 

JOURNAL OF THE BULGARIAN PHARMACEUTICAL SCIENTIFIC SOCIETY 

Editorial Board: 

Alexander Zlatkov (Faculty of Pharmacy, MU, Sofia, Bulgaria) 
Christo Tzachev (Faculty of Pharmacy, MU, Sofia, Bulgaria) 
Christo Tsvetanov (Institute of Polymers, BAS, Sofia, Bulgaria) 
Darvin Ivanov (Faculty of Pharmacy, MU, Sofia, Bulgaria) 
Danka Obreshkova (Faculty of Pharmacy, MU, Sofia, Bulgaria) 
Georgi Momekov (Faculty of Pharmacy, MU, Sofia, Bulgaria)  
Guenka Petrova (Faculty of Pharmacy, MU, Sofia, Bulgaria) 
Ilijana Jonkova (Faculty of Pharmacy, MU, Sofia, Bulgaria)
Jasmina Tencheva (Faculty of Pharmacy, MU, Sofia, Bulgaria)
Nikolai Lambov (Faculty of Pharmacy, MU, Sofia, Bulgaria)   
Nikolai Danchev (Faculty of Pharmacy, MU, Sofia, Bulgaria) 
Stefan Nikolov (Faculty of Pharmacy, MU, Sofia, Bulgaria) 
Bistra Angelovska (Goce Delcev University, Skopje, Macedonia) 
Ebba Holme Hansen (University of Københavns, København, Denmark) 
Fabrice Clerfeuille (University of Nantes, Nantes, France) 
Georg Heun (University of Applied Sciences, Koetten, Germany)   
Luisa Pistelli (University of Pisa, Pisa, Italy)  
Marion Schaefer (Institute of Clinical Pharmacology and Toxcology, Berlin, Germany) 
Mecedes Unzeta (Autonomic University of Barselona, Barcelona, Spain) 
Ruediger Groening (University of Muenster, Muenster, Germany)  
Svjetlana Luterotti (University of Zagreb, Zagreb, Croatia)  
Danijel Kikelj (University of Ljubljana, Ljubljana, Slovenia) 

Editor in Chief: P. Peikov  

Secretary: M. Georgieva

Indexed in: MEDLINE, CAplusSM/Chemical Abstracts, TOXCENTER, EMBASE/Excerpta Medica, PASCAL, 
BIOTECHNOBASE, ExtraMEDTM, SCOPUS 

Editorial/publishing policy: Manuscripts submitted to PHARMACIA are only accepted on the understanding, that they 
are subject to editorial review and review of at least two independent referees, that they have not been and will not be 
bublished whole or in part in any other journal and that recommendations to comply with with ethycal standards when 
performing clinical and other biological experiments have been adhered to. 

Publishing frequency is four times a year (volume). Only abstracts published in the Journal may be reproduced without 
prior permission; reproduction of other materials requires publisher’s consent. 

Address of Editorial Board 

Faculty of Pharmacy    Editor in Chief: (+359 2) 9236 505 
2, Dunav str., Sofia 1000    E-mail: pharmacia_editor@pharmfac.net
Fax (02) 987 987 4    Secretary:  (02) 9236 515:
   E-mail: pharmacia_secretary@pharmfac.net



PPHHAARRMMAACCIIAA

C O N T E N T S

Original articles

I. Todorov, M. Christov, K. Stanoeva, K. Yakimova. Leptin and GABA interactions on body temperature of rats ............. 3

S. Harkov, D. Havrylyuk, V. Atamanyuk, B. Zimenkovsky, R. Lesyk. Synthesis and biological activity of isatines
bearing thiazolidinone and pyrazoline moieties .................................................................................................................. 8

L. Peikova, B. Tsvetkova. RP-HPLC method for simultaneous determination of Amlodipine besylate and Valsartan in 
pharmaceutical dosage form .............................................................................................................................................. 19

Review articles

Georgi Momekov, Niko Benbassat. Pharmacological properties of Hawthorn
leaf and fl ower as a cardiovascular agent .......................................................................................................................... 24

L. Peikova, B. Tsvetkova. Amide-based prodrugs of nonsteroidal anti-infl ammatory drugs ............................................. 37

L. Andonova, M. Georgieva, Al. Zlatkov. Arylpiperazine derivatives – new agents affecting mood disorders................. 46

Georgi Momekov, Iliana Ionkova, Paraskev Nedialkov, Zlatina Kokanova-Nedialkova, Dimitrina Zheleva-Dimitrova,  
Ilina Krasteva, Yohana Ilieva, Ilina Dineva, Gerassim Kitanov, Stefan Nikolov, Spiro Konstantinov.
Overview of the oncopharmacological studies of plant-derived natural products conducted at
the Faculty of Pharmacy (MU-Sofi a) ................................................................................................................................. 60

D. Obreshkova. Reactive oxygen species induced neurodegeneration in Alzheimer’s disease ......................................... 71

From the Editorial board

Instructions to authors ........................................................................................................................................................ 83

Volume 60 2013 Number 1



PHARMACIA, vol. 60, No. 1/2013 37Amide-based prodrugs of nonsteroidal anti-infl ammatory drugs

A therapeutically signifi cant drug may have lim-
ited utilization in clinical practice because of vari-
ous shortcomings like poor aqueous or lipid solu-
bility, inadequate chemical and enzymatic stability, 
incomplete absorption across a variety of biological 
membranes, gastrointestinal toxicity, nonspecifi city, 
short duration of action, high fi rst-pass metabolism 
or other adverse effects.

Sometimes, an adequate pharmaceutical formu-
lation can overcome these drawbacks, but often the 
galenic formulation is inoperant and a chemical 
modifi cation of active molecule is necessary to cor-
rect its pharmacokinetic insuffi ciencies. This chem-
ical formulation process, whose objective is to con-
vert an interesting active molecule into a clinically 
acceptable drug, often involves the so-called “prod-
rug design”. Additionally, the prodrug approach has 
also been applied in many therapeutic areas for op-
timization of peptide drugs, anticancer agents, lo-
cal anesthetics, and non-steroidal anti-infl ammatory 
drugs (NSAIDs) [1-3].

Initially, the term prodrug was introduced by Al-
bert to describe any compound that undergoes bio-
transformation prior to exhibiting its pharmacologi-
cal effects  [4]. Harper referred to this process as drug 
latentiation, that is, chemical modifi cation of a bio-
logically active compound to form a new compound 
that, upon in vivo enzymatic attack, will liberate the 
parent compound [5].

Codrug or mutual prodrug is a kind of prodrug 
in which the carrier used is another biologically ac-
tive drug instead of some inert molecule. A mutual 

prodrug normally comprises of two biologically ac-
tive agents coupled together so that each acts as a 
promoiety for the other agent and vice versa. The car-
rier may have some pharmacological action as that of 
parent drug thus giving synergistic effect or it may 
have some additional pharmacological properties 
lacking in the parent drug. Thus, giving additional 
therapeutic advantage or reducing some side effect 
associated with the parent drug.

Sometimes it is desirable to have the two drugs 
reach a target site of action simultaneously, the mu-
tual prodrug strategy may be used to advantage pro-
vided: the codrug is well absorbed; both components 
are released concomitantly and quantitatively after 
absorption without changing the therapeutic affi nity 
and effi cacy [6].

Different approaches of prodrugs for optimiza-
tion of drug effi cacy have been developed. Very 
important and widely used are ester and amide de-
rivatives. Chemical derivatization of drug molecule 
by means of anhydrides, hydrazides, carbamates, 
Mannich bases has been also established.

The present article takes a review of applications 
of amide prodrugs in  order to reduce ulcerogenicity 
of NSAIDs and the developments in this fi eld during 
the last few decades.

Application of prodrug approach for reduction of 
ulcerogenicity of NSAIDs

Non-steroidal anti-infl ammatory drugs are com-
monly used for the treatment of chronic infl amma-
tory diseases, such as arthritis. Clinical use of most 
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of the available acidic NSAIDs is strongly limited by 
their gastrointestinal (GI) side effects that range in 
both severity and frequency from relatively mild to 
more serious and potentially life threatening states, 
such as GI ulceration and hemorrhage [7]. The GI 
toxicity of NSAIDs is related to the suppression of 
prostaglandin synthesis via inhibition of cyclooxy-
genase activity. Prostaglandins (PGE2 and PGI2) in-
hibit gastric acid secretion, stimulated by feeding, 
histamine or gastrin and increase mucus secretion in 
the stomach and small intestine. These effects help 
maintain the integrity of gastric mucosa, promote 
healing and thus contribute to the cytoprotection of 
the gastric epithelium exhibited by PGEs [8]. In addi-
tion to the systemic effects of NSAIDs on gastric mu-
cosa due to their action on prostaglandin synthesis, 
all common NSAIDs, because of their acidic nature, 
have a local action on the gastric epithelium; in the 
acidic gastric medium, their ionization is suppressed 
and thus they are more easily absorbed locally. How-
ever, intracellularly, where pH is higher than that in 
the gastric lumen, they become extensively ionized 
and, being trapped, express their anti-prostaglandin 
action at the site even more intensively and lead to 
further mucosal injury [9, 10].

Considerable attention has been focused on the 
development of bioreversible derivatives, such as 
prodrugs, to temporarily mask the acidic group of 
NSAIDs as a promising mean of reducing or abolish-
ing the GI toxicity due to the local action mechanism. 
It has also been reported that conversion of the car-
boxylic group containing NSAIDs to ester and amide 
functions makes them more selective towards COX-2 

enzyme, resulting in further reduction in ulcerogenic-
ity of the parent NSAIDs [11].

It is well known that derivatives of arylpropionic 
acids as esters and amides may retain the activity of 
the parent acids and decrease their gastrointestinal 
toxicity [12, 13]. Ibuprofen is traditional NSAID 
that belongs to arylpropionic acid family and that 
is largely employed for its analgesic, anti-infl am-
matory and anti-pyretic properties. Similar to other 
prototypical NSAIDs, ibuprofen can cause gastric 
mucosal damage, which may result in ulceration 
and/or bleeding [14].

A series of amides of ibuprofen (1) with heteroar-
omatic amines have been synthesized and assayed in 
vivo for their analgesic properties by means of writh-
ing test in rats [15].

When compared to parent ibuprofen some of the 
new amides exhibited a comparable or improved 
analgesic activity and a lower ulcerogenic effect. 
Analysis of all pharmacological data shows that the 
best activity is presented by N-(6-methylpyridin-
2-yl)-propionamide (1e), as matter of fact this deriva-
tive showed a 98% inhibition of acetic acid induced 
writhing associated with very low ulcerogenic ef-
fects. High analgesic activity was also obtained when 
the N-pyridin-2-yl moiety is 3-methylsubstituted 
(1f). In contrast, shift of methyl group in 4- or 5-po-
sition (amides 1c and 1d) led to a drop in analgesic 
activity. The introduction of another methyl group on 
N-pyridin-2-yl ring seemed to not improve the an-
algesic properties of these molecules, while lack of 
substituents on pyridin-2-yl ring is detrimental for 
activity. Good activity is also shown by N-pyridin-
3-yl propionamides, above all, when a chlorine atom 
is introduced in second position of heterocyclic moi-
ety as in compound 1i. This last compound exhibited 
analgesic activity and no ulcerogenic effect similar 
to N-(pyrimidin-2-yl)-2-(4-isobutylphenyl)propi-
onamide (1j). Conversely, the introduction of methyl 
groups on N-pyrimidin-2-yl moiety was associated to 
a weaker analgesic activity.

Mehta and co-workers synthesized amide deriva-
tives of ibuprofen with different aliphatic and aromat-
ic amines [16]. The newly synthesized prodrugs were 
evaluated for their analgesic and anti-infl ammatory 
activity as well as antiulcer activity (ulcer index).

The carboxylic group of the drug was temporar-
ily masked and its direct effect on the gastric mucosa 
was prohibited. Transformation of the aryl acetic 
moiety of ibuprofen to amides furnishes molecules 
that possess better activity and lower toxicity than the 
parent drug.
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Ketoprofenamides with heterocyclic residues 
(2-thiazolinyl, 4-methylpyridyl, 3-hydroxypyridyl, 
pyridyl, 1,5-dimethyl-2-phenylpyrazolonyl or thia-
zolyl), prepared and evaluated by Spicket et al. also 
possess signifi cant anti-infl ammatory and analgesic 
activities [17].

Zovko et al. described a series of new ketopro-
fenamides (2a-2h) as potential NSAID prodrugs [18]. 
Amide formation was achieved by aminolysis of keto-
profen benzotriazolide with various amines: primary, 
secondary, hydroxylamine and amino acid -alanine.

Lohade et al. reported synthesis and evaluation 
of amide prodrugs of fl urbiprofen, ibuprofen and 

ketoprofen [19]. The three NSAIDs were each ami-
dated with fi ve different amines – propylamine, iso-
propylamine, butylamine, benzylamine and aniline. 
It was found that compounds were more stable in 
stomach as amidases that bring upon the hydrolysis 
of amide bond are present only in intestine.

Amide derivatives of ibuprofen and naproxen 
were synthesized and pharmacologically estimated 
by Shanbhag et al. [20]. The results revealed lower 
ulcerogenicity in comparison with the parent drug. 
All the prodrugs were found to be less active than the 
parent NSAIDs in their anti-infl ammatory effi cacy.

Berk and co-workers reported design and synthe-
sis of some (S)-2-(6-methoxynaphthalen-2-yl)-N-
substituted ethyl propanamides (amide derivatives of 
naproxen) as potent non-ulcerogenic anti-infl amma-
tory and analgesic agents [21].

The synthesis of amide prodrugs of some 2-ar-
ylpropionic acids (ibuprofen, naproxen, diclofenac 
and ketorolac) are described by Akgun et al. [12]. 
The compounds were prepared from the corre-
sponding 2-arylpropionic acids and R-(-)-2-amino-
1-butanol. The novel derivatives have signifi cant 
analgesic activity.

Primary and secondary amide derivatives of in-
domethacine and meclofenamic acid are potent and 
selective cyclooxygenase-2 inhibitors [11, 21]. 

Thiazole derivatives received sheer attention as 
bioactive moieties when it emerged as potent anti-
infl ammatory agent with almost no gastric damage 
even at higher doses [22]. A group of N-substituted 
thiazolamide was found to have potent anti-infl am-
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matory activity coupled with local anaesthetic prop-
erties [23]. Recently Franklin et al. employed a novel 
scaffold with aminocarboxamide at second position 
of thiazole nucleus for the preparation of potent an-
ti-infl ammatory agent [24]. In the work of Verna et 
al. the structure of some NSAIDs were chemically 
modifi ed to their corresponding N-(5-phenylthiazol-
2-yl) amides (3a-3f) [25]. 2-amino-5-phenylthiazole 
was conjugated with salicylic acid, ketoprofen, ace-
clofenac, fl urbiprofen, mefenamic acid and indo-
methacin. The incorporation of two structural motifs 
signifi cantly enhances the activity. All compounds 
have shown very little ulcerogenic index in stomach 
due to masking of carboxylic group. 

At physiological pH the gastric tolerability of 
NSAIDs may be markedly improved by decreasing 
their solubility. Hence conversion of p-amino phe-
nol (PAP) and p-amino benzoic acid (N-PABA) into 
palmitoyl derivatives through an amide bond to the 
NH2 residue of the latter may reduce their acidic na-
ture [26]. Thus the results of this study suggest that 
palmitoyl p-aminophenol (PPAP) possesses promis-
ing anti-infl ammatory and analgesic properties com-
pared to paracetamol. The N-PPABA (N-palmitoyl 
p-aminobenzoic acid) exhibited potent pharmacolog-
ical properties after derivatisation. The conjugation 

of palmitic acid to NSAID leads to new compounds 
that possess improved pharmacological properties. 
Hence, conjugation reaction products with lipids can 
attribute to eliminate side effects inherent in the ini-
tial compounds. 

Attachment of lipid moiety to acetyl salicylic acid 
allows the drug to pass through the gastrointestinal 
tract without signifi cant damage [26].

Acemetacin was fi rst made available commer-
cially in Germany in 1980. It is a well-tolerated 
NSAID with anti-infl ammatory, analgesic and an-
tipyretic properties [27, 28] and an inhibitor of the 
cyclooxygenase enzyme that is involved in the syn-
thesis of prostaglandins, which are an important part 
of the infl ammatory chain. In humans, 50-90 % of the 
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acemetacin absorbed is converted into indomethacin 
and other inactive metabolites and a potently inhib-
its prostaglandin synthesis with indomethacin via the 
same mechanism. On the other hand, indomethacin 
forms by decomposition two degradation products 
as a result of hydrolysis of amide bond: 4-chloro-
benzoic acid and 5-methoxy-2-methylindoleacetic 
acid. Both substances have to be monitored together 
with an active substance both during manufacturing 
process and storage of pharmaceuticals with aim to 
control the quality.

In investigations of Tsvetkova et al.[29], high per-
formance liquid chromatographic method was cho-
sen for separation, identifi cation and quantitation of 
indomethacin active substance and its two degrada-
tion products 4-chlorobenzoic acid and 5-methoxy-
2-indoleacetic acid in the tablet dosage form. The an-
alytical method described was also applied to moni-
tor hydrolysis of indomethacin in alkaline media. At 
constant pH value and temperature the formation of 
the degradation products 4-chlorobenzoic acid and 
5-methoxy-2-indoleacetic acid was found to be lin-
ear function of the initial indomethacin concentration 
indicating fi rst-order degradation kinetics. 

Reduction of gastrointestinal side effects of 
NSAIDs by means of mutual prodrug approach

Mutual prodrugs with amino acids
The salient features of the usefulness of conjuga-

tion of amino acids with drugs are as follows [30]:
(i) amino acids are normal dietary constitu-

ent and they are non-toxic in moderate 
doses as compared to other promoities;

(ii) amino acids have healing effect on gas-
ric toxicity;

(iii) being a nutritional substance, the use 
of aminoacids as a derivatizing group 
might also permit more specifi c targeting 
site for enzymes involved in the terminal 
phase of digestion;

(iv) many aminoacids possess marked anti-
infl ammatory activity against carrageen-
an induced hind paw edema in rats;

(v) by using different types of aminoacids, 
viz. non-polar, polar, acidic and basic, 
the drug molecule can be made more or 
less soluble in given solvent.

With the aim of designing potential NSAID 
prodrugs Mishra et al. have prepared ten prodrugs 
of Ketorolac (KC) (4) by amidation with ethyl es-
ters of amino acids, namely, glycine, L-phenylala-
nine, L-tryptophan, L-valine, L-isoleucine, L-ala-
nine, L-leucine, L-glutamic acid, L-aspartic acid 
and β-alanine [31].

Marked reduction of ulcerogenic index and com-
parable analgesic, anti-infl ammatory activities were 
obtained in all cases as compared to parent drug KC. 
The minimized side effects obtained in the prodrug 
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might be due to inhibition of direct contact of car-
boxyl group of the drug to the gastric mucosa, which 
is mainly responsible for the damage. 

Ten prodrugs of fl urbiprofen by amidation with 
ethyl esters of amino acids, namely, glycine, L-phe-
nylalanine, L-tryptophan, L-valine, L-isoleucine, L-
alanine, L-leucine, L-glutamic acid, L-aspartic acid 
and β-alanine have been synthesized by Mishra et al. 
[32]. Pharmacological screening of the synthesized 
prodrugs was done for anti-infl ammatory, analgesic 
and ulcerogenic activity. On the basis of the results, 
it is concluded that prodrug approach can be success-
fully applied in attaining the goal of minimized gas-
trointestinal toxicity without loss of anti-infl ammato-
ry and analgesic activities.

Kumar et al. synthesized some amide prodrugs 
of diclofenac by treating the parent drug with amino 
acid derivatives [33]. Diclofenac was made to react 
with derivatives of amino acids, via, proline methyl 
ester, glutamic acid methyl ester, phenyl alanine me-
thyl ester and sarcosine (2-methylglycine)ethyl ester. 
All the synthesized prodrugs were quantitatively less 
active than standard diclofenac.

The gastrointestinal toxicity associated with ace-
clofenac can be reduced by condensing its carbox-
ylic acid group with methyl esters of amino acids like 
histidine and alanine to give amide linkage by the 
Schotten-Baumann method [34]. The release of free 
aceclofenac from histidine and alanine conjugates 
showed negligible hydrolysis in SGF compared to 
SIF. This indicated that the conjugates do not break 
in stomach,but release aceclofenac in SIF. Both syn-
thesized conjugates showed excellent pharmacologi-
cal response and encouraging hydrolysis rate in SIF 
and SIF + 80 % human plasma. Marked reduction 
of the ulcer index and comparable increase in anal-
gesic and anti-infl ammatory activities were obtained 
in both cases compared to aceclofenac alone. These 
fi ndings suggest that the conjugates are better in ac-
tion compared to the parent drug and have fewer gas-
trointestinal side-effects. 

Prodrugs of mefenamic acid (MA) were syn-
thesized by amidation with methyl esters of amino 
acids like histidine and tryptophan [35]. Prepared 
amides were subjected to investigation of anti-
infl ammatory and analgesic activities as well as 
ulcer index. Marked reduction of ulcer index and 
comparable anti-infl ammatory activity were ob-
tained in both cases as compared to MA. The less 
protein binding of the prodrugs increased its avail-
ability for hydrolysis in plasma and thus results in 
less dose requirement.

The same authors proposed tyrosine and glycine 
derivatives as potential prodrugs of MA [36]. The 
fi ndings suggest that both of the prodrugs are better 
in action as compared to parent drug, and are advan-
tageous in having fewer gastrointestinal side effects.

Mutual prodrugs of NSAIDs with glucosamine
Introduction of glucosamine in human therapy 

has given successful results in improving the clini-
cal and therapeutic effectiveness of drugs suffering 
from some undesirable properties. The rationale be-
hind the use of glucosamine is to mask COOH group 
temporarily. It is an amino sugar, which is physio-
logically used by the body to produce natural joint 
components like critical joint lubricants and shock 
absorbers. Glucosamine hydrochloride and sulphate 
are being used as anti arthritic agents as well as a nu-
tritional supplement. These prodrugs have additional 
advantage of producing non-toxic, nutrient by-prod-
uct, i.e., glucosamine on cleavage, which shows the 
synergistic effect. Glucosamine is also used in wound 
healing and gastric disorders [37].

Mutual prodrugs of diclofenac, ketoprofen, ibupro-
fen and fl urbiprofen with an antiarthritic nutraceutical 
D-glucosamine have been reported with reduced gas-
trointestinal ulcerogenicity, better analgesic/antiinfl am-
matory effects and additional antiarthritic activity [38].

Mutual prodrugs of NSAIDs and antioxidants
During infl ammation, reactive oxygen species 

(free radicals) are produced in an uncontrolled way 
causing tissue damage [39]. Melatonin, an antioxi-
dant was reported to show protective effects in indo-
methacin induced gastric injury by virtue of its radi-
cal scavenging activity [40]. 

Thus, the discovery of molecules, which combine 
anti-infl ammatory and antioxidant activities may lead 
to the development of drugs with an improved thera-
peutic index. In this respect, the chemical derivatiza-
tion of known NSAID molecules to incorporate anti-
oxidant properties can be useful approach, provided 
that the molecular modifi cations do not abolish the 
anti-infl ammatory activity. 

Kourounakis et al. found it interesting to synthe-
size and evaluate amide derivatives of diclofenac, 
tolfenamic acid, ibuprofen and indomethacin with a 
well known antioxidant cysteamine. The synthesized 
compounds exhibit good anti-infl ammatory and anti-
oxidant activities and showing signifi cant reduction 
of ulcerogenicity [41]. 

On the other hand, it was well documented that in-
fl ammation as well as oxidative stress are profoundly 
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implicated in a number of pathobiochemical process-
es related to neurodegenerative diseases [42]. Thus, a 
number of epidemiologic studies show a lower inci-
dence of Alzheimer’s disease (AD) if NSAIDs were 
taken on a regular basis. However, the chronic use of 
NSAIDs in such conditions is seriously limited by 
their GI toxicity. 

The synthesis and pharmacological evaluation of a 
series of amide derivatives of NSAIDs with L-cysteine 
ethyl ester is described by Galanakis et al. [43]. 

Due to the presence of the SH functional group, the 
latter moiety is likely to confer antioxidant properties 
to the novel compounds. The use of the natural amino 
acid L-cysteine as the antioxidant part of the molecule 
was considered advantageous in terms of potentially 
low toxicity of the novel derivatives. The novel de-
rivatives are good candidates for potential use in neu-
rodegenerative diseases. They are potent anti-infl am-
matory and antioxidant agents, while they demonstrate 
considerably reduced gastrointestinal toxicity. 

Christos et al. have designed and synthesized a se-
ries of novel molecules having a residue of a classical 
NSAID (ibuprofen/indomethacin) and an antioxidant 
moiety, both attached through amide bonds to known 
nootropic structures like l-proline, trans-4-hydroxy-l-
proline or DL-pipecolinic acid [44]. The compounds 
were found to retain anti-infl ammatory and antioxi-
dant activities, acquired hypocholesterolemic action, 
and possessed greatly reduced GI toxicity.

Conclusion
Recent advances in diminishing the ulcerogenic-

ity of NSAIDs through amide derivatization has 
been thoroughly discussed in this paper. On the other 

hand, the reduction of gastrointestinal side effects of 
NSAIDs by means of mutual prodrug approach has 
been discussed.
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