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Summary

Summary
Medicinal chemistry is a discipline associated with the designing, synthesis, and
development of drugs used in different pathophysiological conditions. Small organic
compounds or biologics are mostly studied in medicinal chemistry but the key focus is on
small molecules to develop new synthetic agents for human use. These small molecules
are usually heterocyclic compounds, hold a ring in their structure along with heteroatoms
in addition to the carbon. Heterocyclic compounds are abundantly present in nature and
very important from the therapeutic and economic point of view. Detailed information on
the pharmacological activities of each organic compound is a challenge for the medicinal
chemists because a large of number of synthetic organic compounds has been prepared
currently. Therefore, the idea of structure activity relationship has been used to explain
the variation in biological activity of organic compounds. Structure activity relationship
is used in lead optimization to improve the efficacy and minimize the toxicity of the
molecules. The biology oriented synthesis "BIOS" is a starting point for the search of
new therapeutic agents. It is an approach for the generation of libraries of compounds for
their biological applications.

Non-steroidal anti-inflammatory drugs are an important class of organic
compounds, having widespread applications in different diseases and most commonly
used as analgesic, antipyretic and anti-inflammatory agents. They are used for the
management of various acute and chronic inflammatory conditions alone or in
combination with opioid analgesics. Oxicam is comparatively a new class of drugs
consists of enolic acid compounds which possess analgesic and anti-inflammatory
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effects. Their structure contains 1, 2-benzothiazene nucleus, substituted at position-3 with
carboxamide.

Piroxicam belongs to the oxicam family discovered in 1972. It is the first member
of this class and has marked analgesic and antipyretic properties and therefore, has been
used clinically for the treatment of persistent inflammatory disorders for the last 30 years.
Chemically, piroxicam is 4-hydroxy-2-methyl-2H-1, 2-benzothiazine-1-(N-(2 pyridinyl)
carboxamide)-1, 1-dioxide. It is a heterocyclic compound and consists of benzene and
thiazine rings. Benzo represents benzene while thiazine represents a six-membered ring
in benzothiazine. It acts by blocking the cyclooxygenase enzymes and inhibiting the
synthesis of prostaglandins. Due to the existence of enolic hydroxy (OH) group,
piroxicam presented fascinating structural properties which prompted the medicinal
chemists and pharmacologists for further research.

The present study was designed to synthesize and characterize the piroxicam
derivatives and screened them for in-vivo and in-vitro biological activities. Piroxicam
derivatives (1-18) were prepared by dissolving piroxicam with commercially available
alkyl/aryl sulfonyl chloride and triethylamine in tetrahydrofurane as a solvent, in a round
bottom flask with constant stirring at room temperature. After the completion of the
reaction, the resulting products were filtered, washed with hot n-hexane and excess of
solvent was removed under vacuum at reduced pressure. Different spectroscopic
procedures like 1H-NMR, EIMS, IR, UV and CHN analysis were used for structural
elucidation of newly synthesized piroxicam derivatives and subjected to biological
screening in order to prove that changing the substituent's modifies the inhibitory
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potential of the individual derivative as an evident of structure activity relationship
studies.

The compounds were evaluated for the antinociceptive activity at 5, 10, 20 and 30
mg/kg doses. The compounds were found to be active in acetic acid induced writhing test
but inactive in hot plate test for analgesia, indicating that the compounds only possess the
peripheral mechanism and no central mechanism is involved as compared with standards
piroxicam and tramadol respectively.

Anti-inflammatory activity was determined in the carrageenan induced paw
edema model in mice. The derivatives were tested at 10, 20 and 30 mg/kg doses and most
of them were found to be significantly potent as compared with standard piroxicam. The
piroxicam analogues when screened for the antipyretic effect in Brewer’s yeast induced
pyrexia model in mice at 10, 20 and 30 mg/kg doses, the prominent antipyretic effects
were observed as compared with standard paracetamol. The results showed that the
compounds exhibited significant (*P < 0.05, **P < 0.01 and ***P < 0.001.) dose
dependent antinociceptive, anti-inflammatory and antipyretic activities when compared
with standards. The analogues were found to be safe in acute toxicity test at the doses of
50, 100 and 150 mg/kg i.p., and no gross mortality or behavioral changes were observed
during 24 hours assessment time.

The piroxicam derivatives were also screened for the different in-vitro activities.
In in-vitro antiglycation assay, the compounds showed varying degree of antiglycation
potential when compared with standard “rutin”. Compound 2, 4, and 7 exhibited
excellent antiglycation activity with better potency than the reference. In in-vitro 3-[4, 5iii
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dimethylthiazol-2-yl]-2, 5-diphenyl tetrazolium cytotoxicity assay, piroxicam derivatives
exhibited varying degree of cytotoxic activity against breast cancer cell lines when
compared with standard “doxorubicin”. Compound 4, 17 and 18 showed moderate
anticancer activity while compound 3 showed low growth inhibitory activity.

The derivatives were also screened for the in-vitro immunomodulatory activity
against the standard “ibuprofen”. None of the compound was found to be active in the invitro immunomodulatory activity. It concludes that, changing the substituent or changing
the position of substituent on aromatic ring does not impart any activity to the
compounds. Results of in-vitro dipeptidyl peptidase-IV inhibitory assay showed that the
substitution does not noticeably change the activity of the compounds but impart a weak
inhibitory activity to the compounds 1, 4, 11, 13 and 14. Other piroxicam derivatives of
this series were inactive toward in-vitro dipeptidyl peptidase-IV inhibitory assay. In case
of in-vitro leishmanicidal activity, compounds 7, 8, 10, 13, 14 and 17 showed good to
low leishmanicidal activity while other compounds of this series having less than 100 %
inhibition values and therefore concluded them as inactive.

It can be concluded that, some piroxicam derivatives possess potent, good/low invitro antiglycation, anticancer, dipeptidyl peptidase-IV inhibitory and leishmanicidal
potential as compared with standards but inactive in in-vitro immunomodulatory activity.

Findings of this research work strongly support the use of piroxicam derivatives
as analgesic, antipyretic, anti-inflammatory, anti-glycating, dipeptidyl peptidase-IV
inhibitors, leishmanicidal and anticancer agents. However, further comprehensive
research work on piroxicam derivatives as well as their use for selective inhibition of
iv
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cyclooxygenase-2 enzyme is necessary in order to minimize the gastrointestinal
complications.
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Chapter-1

INTRODUCTION

Chapter 1

Introduction

1. Introduction
1.1. Non-steroidal anti-inflammatory drugs

Non-steroidal anti-inflammatory drugs (NSAIDs) also referred as nonsteroidal anti-inflammatory agents or medicines are a diverse group of drugs and an
important class of organic compounds comprising of different chemical classes,
consisting of different drugs like aspirin, piroxicam, naproxen, ibuprofen, flurbiprofen,
mefenamic acid, indomethacin (1). They consist of various pharmacological moieties
having wide spread applications in different pathophysiological conditions like pain,
fever, and inflammation (2). NSAIDs are most widely used to treat different types of
acute and chronic inflammatory diseases and for the management of postoperative pain
either alone or in combination with opioid analgesics (3). The action of NSAIDs is due
to the inhibition of two types of enzymes (4), i.e., COX-1, the constitutive isoform,
present in most tissues and engaged in the synthesis of different types of PGs. COX-2 is
the inducible form of COX enzyme, produced in response to the inflammatory mediators
or growth factors (5). On the basis of enzyme inhibition, NSAIDs are classified into
COX-1 and COX-2 inhibitors. Conventional NSAIDs block both COX-1 and COX-2
enzymes non-specifically while COX-2 inhibitors specifically block COX-2 enzyme
without altering the activity of COX-1. COX-2 inhibitors were developed in order to
achieve the analgesic and anti-inflammatory properties with minimum side effects. COX2 inhibitors are alternative therapy for the patients due to low risk of side effects and
better analgesic profile. COX-2 inhibitors are widely used for acute post operative pain
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due to their safety profile. Piroxicam potently inhibits the COX-1 than COX-2 enzymes
and many adverse effects are due to this type of preferential inhibition (6).

1.2. Oxicam drugs/Oxicam as a class of drugs

Anti-inflammatory effect of oxicam was first reported in 1971 and emerged as a
new class of acidic drugs for human inflammatory disorders. Oxicam drugs consist of
enolic acid compounds which possess analgesic and ant-inflammatory effects (7). The
structures of most common oxicam drugs are shown in the Figure 1.1. Their structure
contains 1, 2-benzothiazene nucleus, substituted at position-3 with carboxamide. The
presence of 1, 2-benzothiazene nucleus guided for the synthesis of a number of
biologically

active

derivatives

as

analgesic,

antipyretic,

anti-inflammatory,

antihypertensive and oral antidiabetic drugs (8). Thienothiazines and pyridothiazines
derivatives have been reported for 1, 2-benzothiazene nucleus which show different
activities like analgesic, antifungal, insecticidal, pesticidal and anti-inflammatory effects.
Some of these derivatives were used for the treatment of different diseases caused by PGs
and leukotrienes (LTs) (9).

Piroxicam, a well known oxicam drug is a proto-type

member of this class (10). Other clinically used drugs of oxicam class are meloxicam and
tenoxicam which are enolic acid in nature (11-12).
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Figure 1.1: Drugs of oxicam class.

1.3. Piroxicam

It was discovered in 1972 and marketed in 1982 by Pfizer, as a first member of
this group (13). It has good analgesic and anti-inflammatory properties and therefore, has
been used clinically for the treatment of chronic pain and persistent inflammatory
disorders, for almost 30 years. For therapeutic use in human, the first study of piroxicam
was reported in 1977 (14). Orally it is used at a dose of 20 or 30 mg once daily (15) and
having elimination half life (t1/2) 37.5 ± 2.4 hr (16). Piroxicam is available in different
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dosage forms as tablets, capsules and 0.5% free gel (17). Piroxicam is classified as class
II of biopharmaceutic drug classification (BDC) system having high permeability and
low solubility (18).

Piroxicam is administered orally for the clinical management of rheumatoid
arthritis (19). Although oral route is highly effective and most suitable for the
administration of piroxicam but the gastrointestinal tract (GIT) ulceration is associated
with this route (20). Different dosage forms have been introduced in order to minimize
GIT side effects. In an attempt, piroxicam ointment has been prepared to achieve the
desired therapeutic plasma concentration and minimize the GIT ulceration (21). In
oxicam drugs, piroxicam was thoroughly studied in animal model and the antiinflammatory effects are comparable to that of indomethacin (22). The median effective
dose (ED50 ) of piroxicam in carrageenan induced paw edema model in rats is 4 mg/kg.
Piroxicam is comparable in potency, to the indomethacin in Freund’s adjuvant induced
arthritis model in rats (23).

1.3.1. Chemistry of piroxicam

Oxicams derived from benzothiazine ring system, consist of N-heterocyclic
carboxamide where a triazine sulphur and enolic group is present at position-4.
Condensation of benzene ring along with heterocyclic ring system and substitution of
amide group gives acidic properties to the piroxicam. Amide and enolic groups are
responsible for the redox properties of piroxicam (24). Chemically piroxicam is 4hydroxy-2-methyl-2H-1, 2-benzothiazine-1-(N-(2-pyrridinyl) carboxamide)- 1,1-dioxide)
(25-26). It is a heterocyclic compound and consists of benzene and thiazine rings.
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Thiazine is an unsaturated heterocyclic ring where sulfur and nitrogen are present as
hetero atoms. In organic solvent it exists as enol tautomer while in water as zwitterionic
form (27). The structure of piroxicam is shown in Figure 1.2.

Figure 1.2: Structure of piroxicam.

1.3.2. Mechanism of action of piroxicam

The mechanism of action of piroxicam and other NSAIDs for its therapeutic
effects is still not fully elucidated. The membranes of mammalian cells contain
phospholipids which are released and converted into PGs as a result of various stimuli
that activate the enzyme system. During this process first arachidonic acid is produced
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from phospholipids via phospholipase enzyme which is later on converted into PGs by
COX enzymes (28). It inhibits COX enzymes which play a major role in the biosynthesis
of prostanoids like PGs (29-30) as shown in Figure 1.3. Piroxicam and benzothiazine
derivatives block the COX enzymes in a non-selective manner (4) in pain, pyrexia and
inflammation (31).

Figure 1.3: Schematic representation of mechanism of action of piroxicam.
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1.3.3. Plasma half life (t1/2) and biotransformation of piroxicam
In humans and animals, the oxicams have extended t 1/2 . Long t1/2 is not due to
extensive plasma protein binding (8%) but due to the enterohepatic circulation. After oral
administration multiple peaks of piroxicam are due to the enterohepatic circulation.
Piroxicam biotransformation is relatively complex process. In dogs the cyclodehydrated
metabolites appeared as a major metabolite. In humans the principal metabolic pathway
is the hydromethoxylation of aromatic ring structure followed by glucoronic acid
conjugation before the urinary excretion (19).

1.3.4. Acidic nature of piroxicam
Oxicam drugs although having different chemical composition and therapeutic
effects but also share some common features like same mode of action, adverse effects
and pharmaceutical properties (11-12). Piroxicam is acidic in nature with pKa value 3-5
due to the presence of enolic group in the parent structure that favored the extent of
conjugation (32). In gastric juice it exists in acidic form (protonated) but in the plasma it
is highly ionized due to amphiphilic nature (22, 33).

1.3.5. Uses and adverse effects of piroxicam

Piroxicam is a potent anti-inflammatory drug recommended for the clinical
management of musculoskeletal disorders such as rheumatoid arthritis, osteoarthritis and
ankylosing spondylitis (34). Clinical uses of piroxicam have been widely studied due to
its long t1/2 and single daily dose of 20 to 40 mg daily (35). Piroxicam has wide spread
application for the management of various pathophysiological conditions like pain
pyrexia,

inflammation,

dysmenorrhoea,

rheumatoid

arthritis,

osteoarthritis

and
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chemoprevention of colon cancer (14, 35-38). Like other NSAIDs, its main side effects
include nausea, bleeding or peptic ulceration, liver damage, tinnitus, skin sensitivity,
serious skin reactions, kidney failure, headache, insomnia, diarrhea, dizziness and
nervousness (20, 36).

1.3.6. Piroxicam derivatives

Efforts have been made to synthesize piroxicam derivatives including novel 6methyl-3-isopropyl-2H-1, 2-benzothiazin-4(3H)- one 1, 1-dioxide derivatives, in order to
enhance their therapeutic worth and minimize the side effects especially, GIT ulceration
(39). A series of benzothiazine N-acylhydrazones have been designed, synthesized, and
reported with different pharmacological activities. These derivatives were screened for
antinociceptive and anti-inflammatory activities and some were recognized as novel
analgesic and anti-inflammatory prototype agents (40). Copper complexes of oxicam
drugs were synthesized and screened for different activities. Some copper complexes
possess potential anti-inflammatory and/or anti-cancer activities (41). Some derivatives
of piroxicam were found to be highly potent against the gram positive and gram negative
strains (20). It have been reported that the enolic (OH) group of piroxicam selectively
blocked COX-2 enzyme and a gateway for the preparation of piroxicam analogues (4243). Several pro-drugs of piroxicam have been synthesized and marketed due to the
substitution at OH group such as ampiroxicam (42).

Due to the existence of enolic hydroxyl (OH) group, piroxicam presented
fascinating structural properties which prompted medicinal chemists and pharmacologists
for further research. All these studies showed that this group plays an important role in
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physico-chemical and pharmacological properties displayed by piroxicam (44).
Continuous research on piroxicam via derivatization may introduce some more useful
compounds. Sudoxicam is an anti-inflammatory drug of oxicam class derived from
benzothiazine through derivatization (33). Other anti-inflammatory drugs were also
derived from the benzothiazine structure where the benzene ring was substituted with
different aromatic ring systems but keeping intact the acidic thiazine carboxamide ring.
Wide variety of 4-hydroxy-1, 2-thiazine-3-carboxamine-1, 1-dioxide compounds retain
some extent of anti-inflammatory effect, independently either naphto, thieno, benzo,
benzothieno or indolo ring is attached to the thiazine (7).

1.3.7. Structure

activity

relationship

and

quantitative

structure

activity

relationship

Detailed information on the pharmacological activities of each organic compound
is a challenge for the medicinal chemists because a number of synthetic organic
compounds have been prepared currently. Therefore, the idea of structure activity
relationship (SAR) has been used to explain the variation in the biological activity of
organic compounds (45). This idea exposed that how the nature as well as the position of
substituents changes the biological activity of the compounds (46). SAR is an essential
hypothesis according to which “all similar molecules almost having same activities”. But
the basic question is that, on molecular level how a little difference changes the activity
of compound (47-48). Actually this is the replacement of a portion of bioactive molecule
through a substructure which has similar size and properties. This process is used in lead
optimization for selectivity, to the improve activity and to minimize the toxicity or to get
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rid of undesirable side effects of the molecules (49-51). This approach discloses the
influence of nature and position of substituent on the activity of parent molecule (46).

Another approach which quantitatively describes the process of SAR is the
quantitative structure activity relationship (QSAR) (52). QSAR model summarizes the
hypothetical relationship among the chemical structure and biological activity of the
compounds and then predict the activity of new compounds. Biological activity can be
expressed quantitatively by increasing the concentration of a substance to such an
amount, to initiate the biological response. Thus the mathematical relationship/QSAR
model can be established between the quantity (concentration) and biological activity of
the compounds. This model response of other compound/chemical structures can be
predicted by the careful validation of such mathematical expression (53-55). Recently
different methods have been developed by QSAR researchers for the characterization of
different analogues (56). In QSAR studies, the biological activity is correlated with some
common non classical bioisosterics groups, in order to further elaborate and rationalize
the biological activity of these groups. This type of bioisosteric substitution provides the
basis for drug design in QSAR and leads to the re-evaluation of monomers library
designing strategies and various methods for the recognition of envoy (57-58).

Techniques used to design small molecule compound libraries, are also used for
the designing of bioisosterics and scaffold hopping. The most common examples of
groups

that

are

bioisosterics

“phenyl/thiophenyl” (59).

equivalent

are

“carboxylic

acid/tetrazole”

and

QSAR modeling predict models from the application of

statistical tools and their correlation with biological activity. The concept of QSAR is
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used in lead optimization, drug discovery, toxicity prediction and regulatory decisions
(60-61). Selection of proper descriptors, statistical tools and accuracy of input data are
necessary for the QSAR modeling (62). QSAR is mostly used in drug discovery
programme, to select the compounds having good therapeutic effect and low toxicities.
The interaction between structural domains of proteins can also be studied by QSAR
(63).

1.4. Sulfonyl chlorides
A group of chemical compounds having general formula “R-SO2 -Cl” where
sulfonyl functional group attached to the chlorine atom through a single covalent bond.
Sulfonyl chlorides are water sensitive and usually colorless compounds (64). Sulfonyl
chlorides are synthesized generally from sulfonic acid by means of thionyl chloride in
dimethylformamide (DMF) (65). Alternatively, they can be also be synthesized from the
reaction of sulfonic acid with phosphoryl chloride or phosphorous pentachloride, for
several hrs at 170-180 oC (66).

Both of these methods have their own disadvantages. Other new methods for the
synthesis of sulfonyl chlorides, involve the reaction of sulfonic acid with cyanuric
chloride (2,4,6- trichloro-1, 3, 5-triazine) in acetone refluxing in neutral conditions. They
can also be synthesized in moderate or excellent yield by the reaction of cyanuric
chloride, sulfonic acid (dry) and TEA (triethyl amine) in dehydrated acetone (66).
Commercially aryl sulfonyl chlorides can be synthesized from the reaction of “Arene”
and chlorosulfonic acid (67). Benzene sulfonyl chloride, an important member of this
class for the industry, can be prepared from the reaction of benzene sulfonate with
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phosphorous chloride (68). In organic synthesis, sulfonyl chlorides act as important
intermediates and mostly used for the synthesis of amides (69) and esters (70-71).

1.5. Biological studies
1.5.1. In-vivo biological studies
1.5.1.1. Acute toxicity

Acute toxicity (AT) is actually the undesirable effects of a drug/substance which
occurr as a consequence of single/multiple exposure with in a short period of time (time
less than 24 hrs) while chronic toxicity results from the multiple exposure to a
drug/substance over a long time period (months to years). In acute toxicity the
undesirable effects appear in a short time period while in chronic toxicity they appear
over long time peroid. For acute/chronic toxicity, it is unethical to use human beings for
the research purpose. Most commonly animals are used as a test subject to determine the
acute/chronic toxicity of a substance. Some data for the determination of toxicity of a
substance can be obtained from accidental human exposure or in-vitro studies but most
commonly from animals (72).
Paracelsus known as “the father of toxicology” investigated that the some
chemicals cause toxicity in living things. He also reveals that the toxic/beneficial effect of
a drug depend on the dose of a drug. That’s why his famous declaration for toxicity is
mostly quoted that “each substance is poison but the right dose determines its
toxic/therapeutic effects” (73). Spanish physician Mathieu Orfila, known as “the father of
modern pharmacology” concluded a relationship between the pharmacological properties
and poisons. He also determined that the poisons cause damage of specific organs. In mid
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of 19th century, toxicological research on individual substances started in order to
determine different methods for toxicological screening (74).

In 1920, J.W. Trevan projected the concept of median lethal dose (LD 50) for
toxicity studies in animals, in order to determine the toxic/lethal dose for specific
chemicals. After thalidomide disaster, all the regulatory agencies made mandatory to
determine the toxicity profile of each pharmaceutical substance for patient use and
declared it compulsory to submit toxicity profile of investigational new drugs (IND) to
the food and drug administration (FDA). In 1980s, guidelines were brought out for the
toxicity testing of drugs by the international conference on harmonization (ICH) and
organization for economic co-operation and development (OECD). Lethal effects for
oral, dermal and inhalation routes of administration (75) are classified into different
categories and upper limits of each one is shown in the Table 1.1.

Table 1.1: Categories for lethal effects of Oral, Dermal and Inhalation route of
administration.
Route of administration Category-1

Category-2 Category-3 Category-4 Category-5

Oral LD50 (mg/kg)

5

50

300

2000

5000

Dermal LD50 (mg/kg)

50

200

1000

2000

5000

Gas Inhalationl LC50
(PPMV)

100

500

2500

20000

Undefined

Vapour Inhalation LC50
(mg/l)

0.5

2

10

20

Undefined

Dust and Mist Inhalation
LC50 (mg/l)

0.05

0.5

1

5

Undefined
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1.5.1.1.1. Acute toxicity of NSAIDs

NSAIDs are extensively used for the management of pain and inflammation in
different conditions like rheumatoid arthritis and osteoarthritis (76). NSAIDs are also
responsible for some toxic effects mainly GIT toxicity such as ulceration, perforation and
bleeding and in rare condition idiosyncratic hepatotoxicity and fulminant hepatic failure
(77). The toxicity of NSAIDs may be rare but clinically very important due to the wide
use of these drugs, which is due to the inhibition of COX-1 enzyme (78-79) that leads to
the accumulation of intracellular arachidonic acid (80-81) in hepatocytes and induce the
mitochondrial injury (82-83).

1.5.1.2. Pain

Pain is the experience of unpleasant emotional and sensory sensation that is
associated with tissue damage which may be actual/potential (84). Intense pain is
responsible to aggravates diverse responses associated with awakening and direction of
affected area of the body (85). Pain actually encourages the individual to withdraw and
protect his body parts from the painful stimuli and avoid in future from such condition
(86-87).

Lateral and medial parts of the brain are the main area involved in processing of
pain to noxious stimuli (88). In many advance countries pain is the common reason for
the consultation of physician (89). In numerous medical condition pain is the major
symptom which interfere with functions of the body and quality of life (90).
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Figure 1.4: Dimensions of pain modifying the transmission of noxious stimuli to the
brain.
1.5.1.2.1. Classification of pain

Broadly pain is classified into nociceptive and neuropathic pain. Clinically this
classification is very important in order to move toward the treatment (91).

1.5.1.2.1.1. Nociceptive pain

A pain that originate from the stimulation of nociceptors via peripheral nerve
fibers is called nociceptive pain. On the basis of noxious stimuli, it is classified as
chemical, thermal, and mechanical pain. It can also be devided as “visceral pain/deep
somatic pain” and “superficial somatic pain”. In visceral pain the visceral structures are
more sensitve to inflammation, stretching and ischemia but non sensitive to other stimuli
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resposible for pain. It is far-away from superficial structures, usually difficult to locate
and associated with nausea and vomiting (92). Somatic pain can be poorly localized and
dull/atching type that is originated in different parts of the body such as vessels, blood,
tendons, bones and ligaments via nociceptors stimulation. Superficial pain is originated in
superficial tissue/skin due to the stimulation of nociceptors. Minor burns and wounds are
resposible for this type of pain which is clearly located and well- defined (93).

1.5.1.2.1.2. Neuropathic pain

According to the international association for the study of pain (IASP),
neuropathic pain is a pain originated from the dysfunction/primary lesion in nervous
system which differentiates it from the other types of pain (94-95).

It should be

differentiated from the musculoskeletal pain and other types of pain arising in other parts
of the body (96). It is a pain originating as a result of diseases/lesions in somato-sensory
system of the body (97). On the basis of anatomical location of disease/lesion, it is
classified into central/peripheral neuropathic pain (98). The former refer to lesions in
central nervous system (CNS) while later one is refer to lesions in the peripheral nervous
system (PNS).

1.5.1.3. Inflammation

Inflammation is an adaptive reply to various noxious stimuli such as tissue injury
and infection. It is derived from the Latin word “inflammare” that mean “to set on fire”
(99). Now a day it is assumed that the inflammation is the result of non-specific immune
response. This response is actually the reaction of body to any physical injury. The
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fundamental signs are due to the vasodilatation, augmented blood flow, high metabolic
rate of cells and cellular reflux. In normal condition the inflammatory process is self
limiting but in some pathological conditions it may be prolong and lead to chronic
inflammatory diseases (100). Acute inflammation at basic level is the coordination of the
delivery of plasma and leukocytes (blood components) to the site of injury/infection
(101). Basic clinical symptoms of acute inflammation are rubor (redness), calor (heat),
dolor (pain), tumor (swelling) and function laesa (loss of function) (102).

Early recognition of infection is due to tissue macrophages and mast cells which
also produce a number of inflammatory mediators (103). Inflammation has definite
characteristics and the immune system plays an essential role during the inflammatory
response. Infiltration of macrophages and neutrophils are the features of acute
inflammation while T-lymphocytes are of chronic inflammation. Macrophages are
responsible for the end result of chronic inflammation associated with the failure of tissue
function (100).

17

Chapter 1

Introduction

Figure 1.5: Flow chart of inflammatory pathways.

1.5.1.3.1. Classification and components of inflammation

Smith classify the inflammation and Weitzman reported the components of
inflammation (104-105). The characteristic features and components of acute and chronic
inflammation (106-107) are shown in the Table 1.2.
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Table 1.2: Characteristic features of acute and chronic inflammation.
S. No

Features

Acute inflammation

Chronic inflammation

1

Onset

Fast (min/hrs)

Slow (days/years)

2

Cellular infiltrate

Mainly neutrophils

Monocytes/Macrophages
and Lymphocytes

3

Tissue injury
(fibrosis)

Usually mild and self
limited

Often sever and progressive

4

Local and
systemic signs

Prominent

Less prominent; may be
subtle

1.5.1.4. Pyrexia
Pyrexia also known as a “Fever” (108), is a condition whenever the body
temperature is more than the normal range of body temperature (109). Upper limit for
normal body temperature is 99.9-100.9oF (37.5-38.3oC) (110). This increase in
temperature is due to increased muscle contraction and as a result high amount of heat is
produced. Great efforts are made to overcome the heat and bring the body temperature to
the normal (111). In rare conditions the fever may elicit febrile seizure which is more
common in young children. Many conditions/infections are responsible for fever such as
urinary tract infections (UTI), malaria, meningitis, common cold and appendicitis.
Similarly bacterial, viral and parasitic infections are also responsible for fever. Some
other conditions (non infectious) such as cancer, vasulitis and deep vein thrombosis are
also responsible for pyrexia (112).
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1.5.1.4.1. Normal body temprature regulation
In human body temperature is strongly controlled at 37 oC. At this optimal
temperature the body performs its functions normally. Hypothalamus is the main part of
brain which is responsible for the temperature regulation between the heat production and
consumption. Thermal energy is the major source of heat production in dynamic
primitive organs and tissues as a result of metabolic process. This process is known as
obligatory thermo-genesis. Additionally heat is produced in body through facultative
thermo-genesis which is achieved via voluntary muscular activity or involuntary
autonomic nervous system (108). Body temperature is monitored by thermo sensitive
neurons which are located in different parts of the body such as spinal cord, skin and
hypothalamus.

For temperature haemostasis many physiologic mechanisms are involved and
coordinated via hypothalamus (113) as shown in Figure 1.6. Thermoregulatory response
in hypothalamus is mediated by cold and warm sensitive neurons. Heat production in the
body is promoted via shivering as a result of cooling of anterior hypothalamus that
increases the metabolic rate. In adults up to some extent, heat production is also mediated
sympathetically by non shivering thermo-genesis of brown fat in mitochondria (114).
Vasoconstrictions preserve the internal heat of the body and leads to the relative surface
cooling of the body (108).
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Figure 1.6: Normal body temperature regulation process.

1.5.2. In-vitro biological studies
1.5.2.1. Antiglycation activity

Glycation is a chemical process that involves the attachment of reducing sugar to
protein, lipids and DNA without the involvement of enzymes. The process of glycation
finally leads to the formation of advanced glycation end products (AGEPs) which are
highly reactive and thus damaging the tissues (115). Type-2 diabetes is increasing at an
alarming rate through out of world. Out of 100 million of world population, about 1-2%
is affected with diabetes. It is an endocrine ailment associated with high level of sugar
(hyperglycemia). This is due to the complete absence or deficiency of insulin or insulin
resistant (116). The most common complication of diabetes are cardiopathy,
nephropathy, neuropathy, and retinopathy which are due to the formation of AGEPs
(117-118). A number of studies have been conducted to elaborate the factors involved in
pathogenesis of diabetes but the most important and common one is hyperglycemia. Skin
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becomes more susceptible to UV damage, wrinkling and become less elastic or loss
elasticity due to the aging reaction of naturally occurring sugar with dermal protein.

AGEPs are formed during glycation in skin, a by-product of the sugar protein
reaction and responsible for damaging of skin. Free radicals formation also takes place
during glycation process and during the formation of AGEPs, through the glucose autooxidation and glycated protein. The interaction between the sugar (reducing) and free
amino set of protein is also known as “Maillard reaction”, a non enzymatic reaction for
the generation of glycated protein called “Amadori” (119). Increase in glycation of
protein leads to the accumulation of AGEPs, associated with the development of diabetic
complexity (120).

Degree of glycation depends on the extent and duration of

hyperglycemia with in body. Therefore main focus is to find novel, safe and effective
glycation inhibitors (121). These drugs inhibit the formation of AGEPs by reacting
through the carbonyl moiety of reducing sugar, Amadori and 3-deoxyglucosones. Some
compounds have been discovered that can cleave the cross link of AGEPs (122).
Antioxidants provide protection from free radicals formed during glycation and chelators
prevent auto-oxidation of glucose and Amadori, by removing the transition metals (123124). Drugs having both antiglycation and antioxidant activities are therapeutically more
beneficial for the treatment of glycation (125).

1.5.2.2. Immunomodulatory activity

Immunomodulation allude to a revision in the immune response by intrusion of
foreign molecules such as microorganism into the body. It may be immune-stimulation or
immune-suppression. It denotes any change in any part or phase of immune response and
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may necessitate induction, expression, amplification or inhibition. In some conditions it
needs stimulation while in some cases it needs suppression (126). Modulation of the
immune response system needed to alleviate disease (127-128).

Various novel immunomodulating agents are currently used to treat different
conditions such as infections, organs transplantation, cancer, rheumatoid arthritis, and
systemic lupus erythematosus (129). 6-mercaptopurine is the first generation immunosuppressive drug used for organs transplantation but actually it was introduced as a
cytostatic and antiproliferative agent against neoplastic growth (130). Recently more
selective inhibitors of nucleotide synthesis such as mycophenolate mofetil, brequinar and
leflunomide have been synthesized. These agents constitute the second generation of
antiproliferative immunosuppressive drugs (126, 131). Practical understanding of
multiple inter-related level of interactions between various components of immune
system have helped to understand, how the immune system provides protection against
the foreign invaders and pathological conditions. This has also led to the development of
various immunomodulators which restored impaired immune functions (132). New
immunomodulator drugs recently used were synthesized, based on natural products such
as tamoxifen (an anti-estrogenic compound) and methotrexate (a folic acid antagonist)
(133-134).

1.5.2.3. Cytotoxic activity
Cancer is the most serious disease that affects the human health and if not treated
properly in early stage, can lead to death. Cancer after cardiac and infectious diseases is
the third major cause of death in developing countries (135). Most frequently used
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therapy for the treatment of cancer is chemotherapy but continuous use of these agents
can leads to cumulative toxicity (136). NSAIDs therapy is associated with different side
effects/toxicities such as GIT ulceration, renal medullary necrosis and apoptosis (137).
Therefore it is necessary to develop new anti-cancer agents which have high potency and
minimum toxicity. Research for novel anti-cancer drugs is a continuous process because
known anti-cancer drugs have serious side effects or tumor cells attain resistance to these
drugs (138). Cytotoxicity is a test which shows that either the synthesized compounds are
toxic to the cells or not. In medicinal chemistry, cytotoxicity tests or assays are
extensively utilized in order to scrutinize the cytotoxicity of the compounds. In
immunology and chemical biology the cell death or apoptosis detection is fundamentally
important. Most commonly the cytotoxic effect of the drugs can be detected and
quantified with the release of radionuclide (139).

Chemically

MTT

is

3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl

tetrazolium

bromide. It is a hydrogen receptor reagent and in cancer research it is used for in-vitro
screening of drugs for cellular toxicity (140-142). MTT assay validity depends on viable
cells that reduce the salt of tetrazolium into formazan which is a colored dye and can be
quantified spectrophotometrically (140). MTT assay has been modified and improved by
many laboratories and used to evaluate the propagation feasibility and activation of cells
(140, 143-144). Recently MTT assay has been used in semi solid culture system to
measured leukemic cell lines clonogenicity (145). In 1983, Mosmann illustrated the MTT
assay which was later on adopted by Loosdrecht and Ferrari in 1990 and 1991
respectively. This approved assay is still used to measure the cell mediated cytotoxicity
for human macrophages and monocytes (146). MTT assay is simple procedure without
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the use of liquid scintillation for liquid, radioisotopes and gamma counting. It is
beneficial in term of cost, labor, equipments and reagents as compared with the
conventional techniques. MTT is reduced both by effectors and targeted cells which rise a
major question on the reliability and sensitivity of this assay (146).

1.5.2.4. Dipeptidyl peptidase-IV activity

Dipeptidyl peptidase-IV (DPP-IV) is an enzyme present on the surface of most
cells. It is associated with different functions of the body like apoptosis, signal
transduction, immune regulation, cancer suppression but a major role in glucose
metabolism (147-150). DPP-IV is a very precise protease enzyme. From polypeptides at
penultimate position, it is responsible for the cleavage of N-terminal dipeptides (151).
This enzyme changes the activity of many peptides in circulation system which is
responsible for glucose metabolism (152). In recent research, glucagon like peptide
(GLP-1) hormone called “incretin” has been of key interest in order to treat type-2
diabetes (153-154).

Incretin is released in response to food intake from gut and

stimulates the biosynthesis and secretion of insulin from β- cells of pancreas and plays a
vital role in glucose haemostasis (155-158).

GLP-1 regulates insulin secretion in response to glucose concentration in blood.
GLP-1 therapy is associated with no or slight risk of hypoglycemia and also with slowing
gastric emptying (159-160) thus reducing appetite level (161). Research data in animals
signifying the possible role in cells restoration functions and reversing or stabilizing the
progression of disease (162-163). DPP-IV responsible for the cleavage of dipeptide from
N-terminal and thus degraded the active GLP-1 into inactive form inside the body (164).
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Valuable effect of incretin can be achieved with a drug that inhibits the DPP-IV and
prolongs the stay of active GLP-1 in the blood. In diabetic patients and healthy
volunteers, DPP-IV inhibitors enhance glucose tolerance. Therefore, DPP-IV inhibitors
are rising as a novel treatment for the patients with type-2 diabetes (165). The majority
of DPP-IV inhibitors have been reported to incorporate α-amino acid (166-167). Recently
new DPP-IV inhibitors with β-amino acid based have been reported that are highly potent
but have poor pharmacokinetic profile (168), due to the extensive metabolism of
heterocyclic moiety (142). NSAIDs like diclofenac inhibit the enzymatic activity of
DPP-IV (169).

1.5.2.5. Leishmanicidal activity

Leishmaniasis is due to the sand fly known as vector born disease. It is caused by
protozoa belongs to the genus Leishmania. Leishmania is most frequently found in Africa
and India (170). In 1903, in India, Leishman and Donovan for first time discovered the
protozoan in spleen of an affected person. After the name of these scientists, this
protozoan was named as Leishmania donovani (171). Discovery of new agents for the
treatment of this disease is underway due to the socio-economical importance of this
communicable disease (172).

Currently, different drugs which are used for the treatment of this disease are
amphotericin-B, pentamidine, bis-amidines, glucantine, antimonial and stilbamidine.
However, high toxicities and microbial resistance leads to the failure of therapy (173174). In addition these drugs are also costly and therapy requires long duration that
affects the socio-economic status as well as increase the risk ratio of the disease (175).
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Our aim is to introduce the drugs that have low cost, minimum toxicity and short duration
of therapy, to effectively control this disease. For the safe and effective drugs, different
natural and synthetic agents were tested in order to find out the potent leishmanicidal
drugs. A number of drugs were synthesized and reported to have significant
leishmanicidal activity and low toxicity (176).
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1.6. Aim and Objectives

The present study is designed to;
1. Synthesize, characterize and biologically evaluate the novel derivatives of piroxicam.
2. Evaluate the safety profile of piroxicam derivatives.
3. Examine changes (enhancement) in analgesic, anti-inflammatory and antipyretic
activities of piroxicam derivatives.
4. In-vitro screening for antiglycation, MTT cytotoxicity, immunomodulatory and
dipeptidyl peptidase-IV activities of the piroxicam derivatives.
5. Study the SAR of piroxicam derivatives in different biological activities.
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2. Materials and Methods
2.1. Drugs and reagents

During our research work various chemicals/drugs were used in different
experiments as presented in the Table 2.1. In theses experiment all chemicals/drugs used
were of analytical grade and normal saline/distilled water were used as negative control.

Table 2.1: Drugs/chemicals and reagents.
S.No. Drugs/chemicals

Source

1

Sulfonyl chloride

Sigma-Aldrich USA

2

Triethylamine (TEA)

Sigma-Aldrich USA

3

Sterile normal saline

Otsuka Japan

4

Absolute ethyl alcohol

Sigma-Aldrich USA

5

Paracetmaol

Sigma-Aldrich USA

6

Piroxicam

Medicraft Pharmaceutical Pakistan

7

Glucose anhydrous

Merck Germany

8

Sodium azide (NaN3)

Sigma-Aldrich USA

9

Sodium dihydrogen phosphate (NaH2PO4 )

Sigma-Aldrich USA

10

Potassium Chloride (KCl)

Sigma-Aldrich USA

11

Sodium Chloride (NaCl)

Sigma-Aldrich USA

12

Tetrahydrofurane (THF)

Sigma-Aldrich USA

13

Glacial acetic acid

DBH England

14

Brewer’s yeast

Merck Germany

15

n-hexane

Sigma-Aldrich USA

16

Tramal®

Searle Pharmaceutical Pakistan

17

Potassium dihydrogen phosphate
(KH2 PO4)

Sigma-Aldrich USA

18

Trichloroacetic acid (TCA)

Merck Germany

19

Dimethyl sulfoxide (DMSO)

Sigma-Aldrich USA

20

Bovine serum albumin

Sigma-Aldrich USA

21

Disodium hydrogen phosphate (Na 2HPO4)

Sigma-Aldrich, USA
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2.2. Instruments/apparatus
During the research work different instruments/apparatus were used in various
experiments as presented in the Table 2.2.
Table 2.2: Instruments/ apparatus.
S.No. Instruments / apparatus

Source

1

OptiMelt

Standford Research System USA

2

JEOL MS Route (EIMS)

JMS 600-H USA

3

UV- spectrophotometer

Thermo Electron Vision Pro (V 4.10) USA

4

Fluorescence-Spectrofluorimeter

RF-1500 Shimadzu Japan

5

Analytical balance A x 200

AY 220 Shimadzu Japan

6

Digital Plethysmometer

Model LE 7500 Plan Lab S.I Spain

7

Hot Plate Analgesiometer

Harvard Apparatus USA

8

Sonicator

SD-120H Mujigae Korea

9

Bruker Avance (1HNMR)

Bruker AV 300 and 400 MHz UK

10

IR- spectrometer

JASCO IR-A-302 Shimadzu Japan

11

Carlo Erba Strumentazione (CHN
analysis)

Mod-1106 Italy

12

Kieselgel 60 F25

Merck Germany

13

Digital Camera

Labomed iVu, 3100 USA

14

Digital Thermometer

Model CA 92121, Acon Laboratories USA

15

Micropipettes (10-200 ul)

Treff Lab France

16

Microplate ELISA Reader

Spectra Max Plus 384 USA

17

Thin Layer Chromatogram (TLC)

Kieselgel 60 F25, Merck, Germany
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2.3. Synthesis of compounds 1-18

Synthetic scheme for the synthesis of piroxicam derivatives has been illustrated in
the Figure 2.1. Different analogues were synthesized by dissolving piroxicam (1 mmol)
with commercially available alkyl/aryl sulfonyl chloride (1.2-1.8 mmol) and
triethylamine (TEA) (1 mmol) in tetrahydrofurane (THF) (15 ml) as a solvent, in a round
bottom flask with constant stirring at room temperature (44). The completion of reaction
was monitored by thin layer chromatography (TLC) in different combination of ethyl
acetate (EA) and n-hexane (Hex). The reaction completed in 8-12 hrs and the resulting
products were filtered, washed with hot n-hexane and excess of solvent was removed
through vacuum under reduced pressure. Different spectroscopic procedures like 1HNMR, EIMS, IR, UV and CHN analysis were used for structural elucidation of piroxicam
derivatives.

Figure 2.1: Reaction of piroxicam with Aryl/Alkyl sulfonyl chloride.
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Table 2.3: Different alkyl/aryl functional groups (R) attached to parent drug.
Comp#

R

Comp#

1

10

2

11

3

12

4

13

5

14

6

15

7

16

8

17

9

18

R
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2.4. Ethical approval
This research work was carried out under the project titled as “synthesis,
characterization and pharmacological screening of sulfonated derivatives of piroxicam”
approved by the Research Ethical Committee of the Department of Pharmacy, University
of Peshawar, Peshawar, Khyber Pakhtunkhwa Pakistan with reference number 03/EC15/Pharm.

Animals used in experiments, were processed according to “Animals

scientific procedure Act (1986) of United Kingdom (UK)” (177).

2.5. Experimental/laboratory animals

These animals were kept under the standard laboratory conditions. BALB-c mice
of either sex were used for pharmacological screening and purchased from the
Pharmacology section of the National Institute of Health (NIH) Islamabad/ Department
of Pharmacy, University of Peshawar, Peshawar Pakistan.

2.6. Standard laboratory conditions for experimental animals

The animals were kept in animal house and fed with standard laboratory animal
food & water for drinking ad libitum. Laboratory conditions were maintained at a
temperature 25 ± 2oC on 12 hrs dark and light cycle. Clean bedding was provided to the
animals from time to time. Test animals in all experiments were treated according to
ethical procedures, approved by Departmental Research Ethical Committee.
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2.7. Drug/drugs administration

Different routes were used for the administration of drugs to the animals. In this
research work, the intraperitoneal (i.p.) and subcutaneous (s.c.) routes were employed.

2.7.1. Intraperitoneal administration

Via this route the drugs were carefully administered into the peritoneal cavity, in
order to stay away from the damaging of visceral organs.

2.7.2. Subcutaneous administration

In this route the drugs were administered in subcutaneous tissue directly by
maintaining a 45o angle. For this purpose the animal was placed on top of cage lid and
holding properly the loose skin of the neck of animal.

2.8. Biological activities
2.8.1. In-vivo biological screening
Synthesized derivatives were screened for different in-vivo activities.
2.8.1.1. Acute toxicity in mice

BALB-c mice (n = 6) of either sex were used for the acute toxicity analysis, treated
with different doses of test compounds (50,100, and 150 mg/kg, i.p.), control group
received the saline (10 ml/kg) in order to evaluate any possible toxicity. All the animals
were observed carefully for 24 hrs, for any gross effect or mortality (178).
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2.8.1.2. Anti-nociceptive activity in mice
2.8.1.2.1. Acetic acid induced writhing test in mice

BALB-c mice having weighing 18-22 g of any sex were used in acetic acid (AA)
induced writhing test. Animals were divided into five groups each one consisting of six
animals (n=6). Two hrs before the experiment, animals were withdrawn from food and
water and acclimatized to the standard laboratory conditions. Writhing behavior were
tested by the administration of 1% AA (v/v) i.p., to each animal. Normal saline was
injected to group-I, piroxicam as a standard (179) to group-II while other three groups
(III-V) were injected with different doses of test compounds i.p. Thirty min after the
administration of saline, standard and test drugs, 1% (v/v) AA was administered i.p.
Number of writhes were counted in each animal for twenty min, starting five min after
1% AA administration (180). Percent analgesia was recorded as;

𝑷𝒆𝒓𝒄𝒆𝒏𝒕 𝒑𝒓𝒐𝒕𝒆𝒄𝒕𝒊𝒐𝒏
=𝟏−

𝑴𝒆𝒂𝒏 𝒏𝒐. 𝒐𝒇 𝒂𝒃𝒅𝒐𝒎𝒊𝒏𝒂𝒍 𝒄𝒐𝒏𝒔𝒕𝒓𝒊𝒄𝒕𝒊𝒐𝒏𝒔 𝒐𝒇 𝒕𝒓𝒆𝒂𝒕𝒆𝒅 𝒅𝒓𝒖𝒈
× 𝟏𝟎𝟎
𝑴𝒆𝒂𝒏 𝒏𝒐. 𝒐𝒇 𝒂𝒃𝒅𝒐𝒎𝒊𝒏𝒂𝒍 𝒄𝒐𝒏𝒔𝒕𝒓𝒊𝒄𝒕𝒊𝒐𝒏𝒔 𝒐𝒇 𝒄𝒐𝒏𝒕𝒓𝒐𝒍

2.8.1.2.2. Hot plate test in mice
BALB-c mice having weighing 18-22 g of any sex were used. Animals were
divided into five groups each one consisting of six animals (n=6). One hr before the
experiment, animals was acclimatized in laboratory with free access to standard
laboratory animal food plus water ad libitum. Animals were then subjected on Harvard
apparatus maintained at a temperature 55 ± 0.1 oC for pre-testing. During pre-testing, all
those animals were rejected whose latency time was more than 15 s (181). After 30 min
of pre-testing, saline was administered to group-I, tramadol as a standard to group-II
35

Chapter 2

Materials and Methods

(182) and test compounds were administered to groups III-V i.p. Animals were tested for
latency time (in s) at 0,30, 60, 90 and 120 min after administration (183). A 30 s cut off
time was imposed to prevent tissue damages. Percent analgesia was calculated as;

𝑷𝒆𝒓𝒄𝒆𝒏𝒕 𝒂𝒏𝒂𝒍𝒈𝒆𝒔𝒊𝒂 =

(𝑻𝒆𝒔𝒕 𝒍𝒂𝒕𝒆𝒏𝒄𝒚 − 𝒄𝒐𝒏𝒕𝒓𝒐𝒍 𝒍𝒂𝒕𝒆𝒏𝒄𝒚)
× 𝟏𝟎𝟎
(𝑪𝒖𝒕 𝒐𝒇𝒇 𝒕𝒊𝒎𝒆 − 𝑪𝒐𝒏𝒕𝒓𝒐𝒍 𝒍𝒂𝒕𝒆𝒏𝒄𝒚

2.8.1.3. Anti-inflammatory activity in mice
2.8.1.3.1. Carrageenan induced paw edema model in mice

BALB-c mice having weighing 25-30 g of any sex were used. The animals were
kept on fasting overnight but allowed free access to drinking water. Animals were
divided into five groups each one consisting of six animals (n=6). Inflammation was
induced by the administration of 0.05 ml of freshly prepared solution of carrageenan
(1%) into plantar surface of hind paws of mice s.c. Thirty min before carrageenan
injection, groups-I and -II were administered with normal saline and piroxicam as a
standard (40) while remaining three groups (III-V) were injected with different doses of
the test compounds. Digital plethysmometer was used to determine the paw volume at 0,
1, 2, 3, 4 & 5 hrs (184), after carrageenan administration.

2.8.1.4. Anti-pyretic activity in mice
2.8.1.4.1. Brewer’s yeast induced pyrexia model in mice

BALB-c mice having weighing 25-30 g of any sex were used in this experiment.
The animals were kept on fasting overnight but allowed free access to drinking water.
Animals were divided into five groups each one consisting of six animals (n=6). Test
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groups-I and -II were administered with normal saline and paracetamol as a standard drug
(185) while the remaining three groups (III-V) were treated with different doses of test
compounds. Hyperpyrexia was induced by the administration of freshly prepared aqueous
suspension of Brewer’s yeast (20%) s.c. Changes in rectal temperature was recorded at 1,
2, 3, 4 & 5 hrs, after 18/24 hrs of Brewer’s yeast administration (186).

Digital

thermometer probe was lubricated with olive oil to prevent tissue damage and were
maintained for a time period of thirty s to completely record the temperature. Animals
showing a rise in temperature at least 0.3-0.5oC, were used for this study.

2.8.2. In-vitro biological activities
Synthesized derivatives were screened for different in-vitro activities.
2.8.2.1. Antiglycation activity
In-vitro antiglycation activity was performed as described (187) with slight
modifications. Triplicate samples, in a 96-well plate assay each well having a reaction
mixture of 200 µl, a glycated control containing 20 µl of test compound solution, 50 µl of
bovine serum albumin (BSA) and 80 µl of phosphate buffer while blank control
containing 20 µl of DMSO incubated for 9 days maintaining the temperature at 37°C.
After incubation, assessment of fluorescence (excitation at 330 nm and emission at 440
nm) for the change in fluorescence intensity was evaluated using microplate ELISA
reader, Spectra Max Plus 384 (Molecular Devices) at 37 oC. The % inhibition for each
compound was calculated by using formula;

𝑷𝒆𝒓𝒄𝒆𝒏𝒕 𝒊𝒏𝒉𝒊𝒃𝒊𝒕𝒊𝒐𝒏 = 𝟏 −

𝑭𝒍𝒖𝒐𝒓𝒆𝒔𝒄𝒆𝒏𝒄𝒆 𝒐𝒇 𝒕𝒆𝒔𝒕 𝒄𝒐𝒎𝒑𝒐𝒖𝒏𝒅
× 𝟏𝟎𝟎
𝑭𝒍𝒖𝒐𝒓𝒆𝒔𝒄𝒆𝒏𝒄𝒆 𝒐𝒇 𝒄𝒐𝒏𝒕𝒓𝒐𝒍
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2.8.2.2. Cytotoxicity activity
MTT cytotoxicity assay was performed according to the established protocol
(188). The compounds were tested against breast cancer cells (MCF-7). MTT (5 mg) was
dissolved in one ml of phosphate-buffered saline. The solution was filtered in order to
remove any microorganism or insoluble residue if present. The assay plates were
incubated for 4 hrs at a temperature of 37 oC after the addition of 10 µl of MTT stock
solution and 100 µl of medium, to each well of assay plate. The solution of acidisopropanol was prepared by mixing 100 µl of HCl (0.04 N) and isopropanol. This
solution was added to each well of assay plates and mixed carefully in order to dissolve
the dark blue crystals. At room temperature the crystals were dissolved after few min.
The plates were read under Dynatech MR 580 and Micro-plate reader. The wavelengths
of the test and reference samples used were 570 and 630 nm respectively while the
calibrating setting is 1.99 or 1, if the samples strongly colored. After the addition of acidisopropanol solution the plates should be read normally within 1 hr.

.2.8.2.3.

Immunomodulatory activity

Immunomodulatory activity was performed according to the method adopted by
Afridi et al (189). 384 black well plates were coated with anti-HLA-DR (L243) antibody.
To each well 30 µl of the desired antibody was added and incubated for two hrs at 37 oC.
Then each well was washed thoroughly two times with 50 µl of washing buffer (1 x BPS
containing 0.05% Tween-20) and taped with cloth. After incubation the plates were
blocked through solution (30-50 µl/well) in order to prevent non specific interaction, and
washed four times chased by taping each well with cloth. During blocking step, protein
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mixture was prepared, incubation via mixing biotinylated HA (80 µg/ml) with HLA-DR
(100 nmol).

Separately, in a 384 well white plates the different concentration of adamantine
compound was added to each well followed by the addition of same volume of protein
mixture and incubated for 1 hr at 37 oC. 40 µl of 1% dodecyl benzene sulfonic acid
(DBSA) was added to each well contained compound protein mixture in order to dilute it.
This mixture was shaked will. After dilution, 20 µl of the mixture transferred to the 384
back well plates that contained anti-HLA-DR antibody chased by incubation for 1.5 hr at
4oC. The plates were washed six times with washing buffer and followed by the addition
of Eu +3 -labbled streptividine solutions (30 µl/well). The plates were incubated further for
30 min at 37oC and washed eight times after incubation with washing buffer. Enhancer’s
solution (30 µl/well) was added after washing to remove the bubbles. The fluorescence
recorded at; excitation wavelength 340 nm and emission with 614 nm.

2.8.2.4. Dipeptidyl peptidase-IV activity
DPP-IV assay was performed according to the established protocol (190). This
assay was performed in 96 micro well plates. The 250 µl reaction mixture contained 100
mmol of hydroxymethyl aminomethane (THAM)-HCl buffer (having pH 8.4), 7.5 µl of
DPP-IV enzyme (0.2 U/ml) and different concentration of test or reference material. This
mixture was followed by the addition of 10 µl of 1.4 mmol of Gly-Pro p-nitroanilide
hydrochloride. The reaction mixture was incubated for 30 min at a temperature of 37 oC.
The absorbance of the sample and standard was measured at 410 nm by using the
standard Sitagliptin (191).
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2.8.2.5. Leishmanicidal activity

Piroxicam analogues were evaluated for leishmanicidal activity according to the
method reported by Saeed et al (192). Leishmania major (MHOM/SU/73/5-ASKH) was
cultured at temperature 22-25oC by using the roswell park memorial institute medium
(RPMI-1640 Sigma). Bovine serum that is 10% heat-inactivated was added to the
medium. Leishmania culture was centrifuged for 10 min at 2000 rpm during the
logarithmic phase.

After centrifugation the mixture was washed with normal saline three times. Fresh
culture media was added in order to dilute it and to obtain the final density of 106 cells
per ml. In 96 wells microplate, 180 ml of prepared medium was added to the first row
while 100 ml to the remaining rows of the plates. 20 ml of the test sample was added to
the medium and in each well 100 ml of parasite was poured. DMSO was added to one
row used as a negative control and standard drugs (pentamidine/amphotericin-B) to
another row of the microplate. In cultured (22 oC, 72 hrs) plates the number of parasites
were calculated by the use of Neubauer chamber (microscope) and the experiment was
repeated three times in each case.

2.9. Statistical analysis

Statistical analysis for the in-vivo activities was performed by using Graph Pad
Prism 5.0 version. The data were expressed as mean ± SEM for a group of six animals
(n=6) using one-way analysis of variance (ANOVA) followed by post hoc Dennett’s test.
The results are evaluated at significance level of P < 0.05.
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For in-vitro activities, results obtained were analyzed by different software like
soft Max Pro 4.8 and MS-Excel. Results are presented as a mean ± SEM from three
different experiments while IC50 values resolute by EZ-FIT enzyme kinetics software.
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3. Results and Discussion
3.1. Chemistry

Piroxicam is a heterocyclic compound and consists of benzene and thiazine rings.
Benzo represents benzene ring while thiazine represent six-membered ring in
benzothiazine ring system. Thiazine is an unsaturated heterocyclic ring where sulfur and
nitrogen are present as hetero atoms. All these studies showed that this group plays an
important role in physico-chemical and pharmacological properties displayed by
piroxicam (44). Therefore, derivatization at “OH” group of piroxicam may change the
physico-chemical properties of the parent compounds. Ampiroxicam was synthesized and
developed by such a derivatization (42). During this research work, we were able to
develop a new synthetic method for the synthesis of piroxicam derivatives by introducing
sulfonyl moiety as a pharmacophore in piroxicam. All the synthetic derivatives of
piroxicam were screened for the different in-vivo and in-vitro activities and also subjected
for the SAR studies.

Piroxicam derivatives were synthesized simply by the reaction of 1 mmol of
piroxicam with 1.2-1.8 mmol of alkyl/aryl sulfonyl chloride. In this reaction 1 mmol of
TEA was used as a catalyst while 15 ml of THF as a solvent. The reaction was preceded
with continuous stirring at room temperature and completed in 8-12 hrs. The completion
of reaction was monitored with TLC status in different combination of EA and Hex.

Different alkyl/aryl sulfonyl moieties were attached to the parent compound as a
result of substitution of “H” from structure of piroxicam as represented by “R” and
shown in Table 2.3. The reaction is associated with preparation of piroxicam derivatives
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with the release of HCl. No side product was appeared in significant amount during
chemical reaction. All analogues were synthesized by direct (single step) sulfonation of
piroxicam with different commercially available alkyl/aryl sulfonyl chlorides.
Substitution of “H” from “OH” group of parent drug with different alkyl/aryl sulfonyl
chloride results in the synthesis of various derivatives with varying degree of activities.
Figure 3.1 representing a general alkyl/aryl substitution at position 27. Sulfonyl chloride
moiety is present in all synthesized derivatives but only “R” is variable which is actually
responsible for uneven activity of these derivatives. The differences of substituent at
aromatic ring remarkably affect the analgesic potential of individual derivative as
observed in SAR studies.

Figure 3.1: Numbering system of piroxicam derivatives

In chemical reaction, the treatment of piroxicam with sulfonyl chloride in the
presence of some basic condition such as TEA and THF as a solvent resulted in synthesis
of sulfonyl derivatives which were isolated in good yields. Different sulfonylated
products were prepared, their structures, molecular weight (M.W) and molecular
formulas (M.F) were shown in Table 3.1.
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Table 3.1: Structures, M.W and M.F of piroxicam derivatives (1-18).
S.No.

Structure

M.W

M.F

1

513.58

C24H23N3O6 S2

2

471.50

C21H17N3O6 S2

423.46

C17H17N3O6 S2

4

531.55

C23H21N3O8 S2

5

531.55

C23H21N3O8 S2

6

516.50

C21H16N4O8 S2

7

505.95

C21H16ClN3O 6S2

3
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501.53

C22H19N3O7 S2

521.56

C25H19N3O6 S2

10

516.50

C21H16N4O8 S2

11

580.42

C22H18BrN3O7 S2

12

530.53

C22H18N4O8 S2

13

540.39

C21H15Cl2N 3O6S2

14

574.84

C21H14Cl3N 3O6S2

8

9
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15

535.97

C22H18ClN3O 7S2

16

505.95

C21H16ClN3O 6S2

550.94

C21H15ClN4O 8S2

535.98

C22H18ClN3O 7S2

17

18
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3.2. Characterization of piroxicam analogues

All newly synthesized derivatives were characterized by spectral data including
1H

NMR, IR, UV, Mass and elemental analysis (CHN- analysis) data.

3.2.1. 2-methyl-1,1-dioxide-3-(pyridine-2-ylcarbamoyl)-2H-benzo[e] [1, 2] thiazin4-yl, 4-propylbenzenesulfonate (1)
Solid; Yield: 0.46g (86.62%); MP: 169.5 °C; Rf: 0.62 (EA/Hex), 3:7); 1HNMR:
(300MHz DMSO) δ 10.92 (s, 1H, NH), 8.36 (d, j6΄,5΄ = 4.5 Hz, 1H, H-6΄), 7.84 (m, 3H,
H-5/8/3΄), 7.73 (m, 3H, H-6/7/4΄), 7.56 (d, j2´΄/6´´,3´´/5´΄ = 8.4 Hz, 2H, H-2´΄/6´´), 7.20 (m,
3H, H-5´/3´´5´΄), 3.02 (s, 3H, NCH 3), 2.50 (t, 2H, CH2), 1.50 (m, 2H, CH2 ), 0.83 (t, 3H,
CH3); EIMS: m/z (rel. abund.%), (M +, absent), 328 (3.5), 248 (100), 220 (52.1), 122
(36.8), 44 (6.7); IR (KBr):  max 3322, 2963, 2937,2872, 1690, 1516, 1433, 1357, 1299,
1181 cm-1; UV λ max (CH 2Cl2) nm (A): 201 (1.89), 230 (3.36), 312 (2.4); Anal. Calcd for
C24H23N3O6 S2: C, 56.13; H, 4.51; N, 8.18; Found: C, 56.11; H, 4.48; N, 8.16.

3.2.2. 2-methyl-1, 1-dioxide-3-(pyridine-2-ylcarbamoyl)-2H-benzo[e] [1, 2] thiazin4-yl benzenesulfonate (2)
Solid; Yield: 0.32g (69%); MP: 169.5°C; Rf: 0.38 (EA/Hex, 3:7); 1HNMR:
(300MHz DMSO) δ 10.95 (s, 1H, NH), 8.36 (d, j6΄,5΄ = 4.5 Hz, 1H, H-6΄),7.85 (m, 3H,
H-5/8/3΄), 7.69 (m, 6H, H-6/7/4΄/2´´/4´´/6´´), 7.41(t, J3´΄/5´΄,2´΄/6´΄/4´´ = 7.8 Hz, 1H, H3´΄/5´´), 7.20 (t, J5΄,4΄,6΄ = 6.5 Hz, 1H, H-5΄), 3.03 (s, 3H, NCH3); EIMS: m/z (rel.
abund.%), (M+, absent), 331 (4.9), 248 (100), 173 (19.1), 78 (30.5), 63 (23); IR (KBr):
max

3332, 3072, 2945, 1964, 1687, 1519, 1433, 1386, 1255, 1165 cm -1 ; UV λ max
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(CH2Cl2)-nm (A): 229 (2.49), 313 (2.16); Anal. Calcd for C21H17N3O6 S2: C, 53.49; H,
3.63; N, 8.91; Found: C, 53.38 H, 3.56; N, 9.12.

3.2.3. 2-Methyl-1, 1-dioxido-3-(pyridin-2-ylcarbamoyl)-2H-benzo[e] [1, 2] thiazin4-yl ethanesulfonate (3)
Solid; Yield: 0.4g (94.5%); MP: 188°C; Rf: 0.56 (EA/Hex, 3:7);

1

HNMR:

(300MHz DMSO) δ 11.67 (s, 1H, NH), 8.43 (d, j6΄,5΄ = 4.2 Hz, 1H, H-6΄) 8.03 (m, 2H,
H-8/3΄), 7.88 (m, 4H, H-5/6/7/4΄), 7.31(t, J5΄,4΄,6΄ = 6 Hz, 1H, H-5΄), 3.05 (m, 2H, CH2),
2.85 (s, 3H, NCH3), 1.18 (s, 3H, CH3); EIMS: m/z (rel. abund.%), (M +, absent), 332
(33.8), 267 (39.2), 173 (71.5) 86 (100), 58 (81.2); IR (KBr):  max 3392, 3300, 3094, 1641,
1532, 1436, 1352, 1180, 1035, 772 cm-1; UV λ max (CH2Cl2)-nm (A): 196 (1.6), 214
(2.03), 232 (2.19), 317 (2.91), 324 (2.88); Anal. Calcd for C17H17N3O 6S2: C, 48.22; H,
4.05; N, 9.92; Found: C, 48.20; H, 4.08; N, 9.90.

3.2. 4. 2-methyl-1, 1-dioxide-3-(pyridine-2-ylcarbamoyl)-2H-benzo[e] [1, 2] thiazin4-yl, 2,4-dimethoxybenzenesulfonate (4)
Solid; Yield: 0.41g (77.2%); MP: 206°C: Rf: 0.52 (EA/Hex, 3:7); 1HNMR:
(300MHz DMSO) δ 11.57 (s, 1H, NH), 8.40 (d, j6΄, 5΄ = 4.5 Hz, 1H, H-6΄), 8.03 (m, 4H,
H-5/8/3΄/6´´), 7.86 (m, 3H, H-6/7/4΄), 7.26 (t, J5΄,4΄,6΄ = 6.3 Hz, 1H, H-5΄), 6.97 (dd, j5´´, 6´´
= 8.4 Hz, j5´´, 3´´ = 2.1 Hz, 1H, H-5´´), 6.89 (d, j3´´,5´´ = 2.1 Hz, 1H, H-3´´), 3.98 (s, 3H,
OCH3), 3.92 (s, 3H, OCH 3), 2.85 (s, 3H, NCH 3); EIMS: m/z (rel. abund.%), (M+, absent),
331 (28.7), 267 (42.5), 173 (100), 117 (53.7), 104 (49.3); IR (KBr):  max 3455, 3096,
1599, 1555, 1433, 1393, 1329, 1158, 1098, 769 cm -1 ; UV λ max (CH2 Cl2)-nm (A): 211
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(1.34), 235 (1.41), 325 (2.10); Anal. Calcd for C 23H21N3O8 S2: C, 51.97; H, 3.98; N, 7.91;
Found: C, 52.08; H, 4.02; N, 7.68.

3.2. 5. 2-methyl-1, 1-dioxide-3-(pyridine-2-ylcarbamoyl)-2H-benzo[e] [1, 2] thiazin4-yl, 3,4-dimethoxybenzenesulfonate (5)
Solid; Yield: 0.46g (86.9%); MP: 200°C; Rf: 0.36 (EA/Hex, 4:6); 1HNMR:
(300MHz DMSO) δ 10.84 (s, 1H, NH), 8.34 (d, j6΄, 5΄ = 4.5 Hz, 1H, H-6΄), 7.88 (d, j3΄, 4΄
= 7.5 Hz, 1H, H-3΄), 7.90 (m, 5H, H-5/6/7/8/4΄), 8.34 (dd, j6΄´, 5΄´ = 8.4 Hz, j6΄´, 2΄´ = 2.1
Hz, 1H, H-6΄´), 7.18 (t, J5΄,4΄,6΄ = 6.3 Hz, 1H, H-5΄), 7.00 (d, j2´΄, 6´΄ = 1.8 Hz, 1H, H-2´΄),
6.90 (d, j5´΄, 6´΄ = 8.7 Hz, 1H, H-2´΄), 3.77 (s, 3H, OCH3), 3.58 (s, 3H, OCH3), 3.00 (s, 3H,
NCH3); EIMS: m/z (rel. abund.%), (M +, absent), 418 (5.1), 248 (100), 185 (27.4), 120
(32.8), 104(31.5); IR (KBr): max 3323, 2977, 2362, 1687, 1581, 1434, 1356, 1261, 1186,
1034 cm-1; UV λ max (CH2Cl2) nm (A): 222 (2.65), 252 (2.21), 288 (2.26), 312 (1.96; );
Anal. Calcd for C23H21N3O 8S2: C, 51.97; H, 3.98; N, 7.91; Found: C, 51.86; H, 4.02; N,
7.94.

3.2. 6. 2-methyl-1, 1-dioxide-3-(pyridine-2-ylcarbamoyl)-2H-benzo[e] [1, 2] thiazin4-yl, 2-nitrobenzenesulfonate (6)
Solid; Yield: 0.47g (91.1%); MP: 74.5 °C; Rf: 0.36 (EA/Hex, 3:7); 1HNMR: (400
MHz DMSO) δ 11.32 (s, 1H, NH), 8.34 (d, j6΄, 5΄ = 4 Hz, 1H, H-6΄), 8.02 (d, j6´΄, 5´΄ = 7.6
Hz, 1H, H-6´΄), 7.93 (m, 2H, H-3´´/3´), 7.76 (m, 7H, H-5/6/7/8/4´/4´´/5´´), 7.17 (t, J5΄,4΄,6΄
= 5.6 Hz, 1H, H-5΄), 3.06 (s, 3H, NCH3); EIMS: m/z (rel. abund.%), (M+, absent), 314
(3.3), 248 (100), 192 (10.6), 78 (8.2), 44 (11.1); IR (KBr): max 3384, 3106, 1988, 1685,
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1534, 1491, 1385, 1186, 1124, 789 cm-1; UV λ max (CH2Cl2) nm (A): 210 (1.72), 228
(1.45), 244 (1.43), 290 (1.09) 312 (1.10); Anal. Calcd. for C21H16N4O 8S2: C, 48.83; H,
3.12; N, 10.85; Found: C, 48.92; H, 3.20; N, 9.91.

3.2.7. 2-methyl-1, 1-dioxide-3-(pyridine-2-ylcarbamoyl)-2H-benzo[e] [1, 2] thiazin4-yl, 4-chlorobenzenesulfonate (7)
Solid; Yield: 0.4g (79.2%); MP: 250 oC; Rf: 0.42 (EA/Hex, 4:6); 1HNMR: (400
MHz DMSO) δ 8.48 (d, j6΄, 5΄ = 6.8 Hz, 1H, H-6΄), 8.35 (d, j3΄, 4΄ = 3.6 Hz, 1H, H-3΄),
8.28 (s, 1H, NH), 8.08 (d, j8, 7 = 8.0 Hz, 1H, H-8), 7.88 (m, 3H, H-5/2´´/6´´), 7.77 (m,
3H, H-6/7/4´), 7.66 (d, j3´΄/5´´,2´´/6´΄ = 8 Hz, 2H, H-3´΄/5´´), 7.19 (t, J5΄,4΄,6΄ = 6.4 Hz, 1H, H5΄), 3.00 (s, 3H, NCH3); EIMS: m/z (rel. abund.%), (M+, absent), 330 (26.9), 248 (100),
120 (67.2), 104 (76.6), 76 (38); IR (KBr):  max 3452, 3097, 1805, 1599, 1432, 1392,
1329, 1158, 770, 574 cm-1 ; UV λ max (CH2Cl2) nm (A): 220 (2.90), 230 (3.11), 236 (3.03),
302 (3.31; ) Anal. Calcd. for C21H16 ClN3O6 S2: C, 49.85; H, 3.19; N, 8.31; Found: C,
48.96; H, 4.02; N, 8.90.

3.2.8. 2-methyl-1, 1-dioxide-3-(pyridine-2-ylcarbamoyl)-2H-benzo[e] [1, 2] thiazin4-yl, 4-methoxybenzenesulfonate (8)
Solid; Yield: 0.44g (88.8%); MP: 237.5 oC; Rf: 0.45 (EA/Hex, 5:5); 1HNMR: (300
MHz DMSO) δ 11.18 (s, 1H, NH), 9.01 (d, j6΄, 5΄ = 6.9 Hz, 1H, H-6΄), 8.14 (m, 4H, H8/3´/2´´/6´´), 7.97 (m, 4H, H-5/6/7/4´), 7.68 (d, j3´΄/5´´,2´´/6´΄ = 8.7 Hz, 2H, H-3´΄/5´´), 7.39
(t, J5΄,4΄,6΄ = 6.9 Hz, 1H, H-5΄), 4.01 (s, 3H, OCH3); 3.21 (s, 3H, NCH3); EIMS: m/z (rel.
abund.%), (M+, absent), 248 (100), 233 (37), 192 (20.1), 179 (10.8), 86 (16.1);IR (KBr):
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max 3323, 2923, 1687, 1592, 1518, 1436, 1359, 1262, 1189, 1141 cm -1 ; UV λ max
(CH2Cl2) nm (A): 207 (1.21), 243 (0.94), 315 (0.60); Anal. Calcd. for C 22 H19N3O7S2 : C,
52.69; H, 3.82; N, 8.38; Found: C, 52.84; H, 3.18; N, 8.26.

3.2.9. 2-methyl-1, 1-dioxide-3-(pyridine-2-ylcarbamoyl)-2H-benzo[e] [1, 2] thiazin4-yl naphthalene-1-sulfonate (9)
Solid; Yield: 0.46 (89.2%); MP: 239 oC; Rf: 0.38 (EA/Hex, 4:6); 1HNMR: (300
MHz DMSO) δ 10.93 (s, 1H, NH), 8.30 (m, 2H, H-3´/6´), 7.96 (m, 3H, H-8/2´´/4´´), 7.84
(d, j5, 6 = 7.5 Hz, 1H, H-5), 7.66 (m, 7H, H-6/7/4´/3´´/7´´/6´´/8´´), 7.50 (d, j5´´, 6´´ = 8.4
Hz, 1H, H-5´´), 7.11 (t, J5΄,4΄,6΄ = 6.3 Hz, 1H, H-5΄), 2.99 (s, 3H, NCH3 ); EIMS: m/z (rel.
abund.%), (M+, absent), 314 (1.1), 248 (100), 233 (31.6), 192 (17.4), 78 (6.7); IR (KBr):
max 3325, 1689, 1581, 1514, 1434, 1380, 1351, 1183, 1029, 777 cm -1; UV λmax (CH2Cl2)
nm (A): 214 (2.93), 218 (3.12), 224 (3.25), 230 (3.80); Anal. Calcd. for C 25 H19N3O6S2 : C,
57.57; H, 3.67; N, 8.06; Found: C, 57.46; H, 4.98; N, 8.20.

3.2. 10. 2-methyl-1, 1-dioxide-3-(pyridine-2-ylcarbamoyl)-2H-benzo[e] [1, 2] thiazin4-yl, 3- nitrobenzenesulfonate (10)
Solid; Yield: 0.42g (82.2%); MP: 273.5 oC; Rf: 0.36 (EA/Hex, 5:5); 1HNMR: (400
MHz DMSO) δ 11.12 (s, 1H, NH), 8.48 (d, j4´´, 5´´ = 9.2 Hz, 1H, H-4´´), 8.35 (d, j6´, 5´ =
3.6 Hz, 1H, H-6´), 8.28 (s, 1H, H-2´´), 8.07 (d, j6´´, 5´´ = 8.0 Hz, 1H, H-6´´), 7.88 (m, 3H,
H-8/3´/4´), 7.77 (m, 3H, H-6/7/5´´), 7.66 (d, j5, 6 = 8.0 Hz, 1H, H-5), 7.19 (t, J5΄,4΄,6΄ = 6.8
Hz, 1H, H-5΄), 3.00 (s, 3H, NCH3); EIMS: m/z (rel. abund.%), (M+, absent), 324 (3.1),
248 (100), 233 (31.3), 192 (16.8), 78 (6.3); IR (KBr):  max 3282, 3090, 1990, 1679,
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1536, 1433, 1391, 1192, 774, 587 cm-1; UV λ max (CH2Cl2) nm (A): 222 (2.68), 226
(2.64), 286 (1.62), 316 (1.72); Anal. Calcd. for C 21H16N 4O8S2 : C, 48.83; H, 3.12; N,
10.85; Found: C, 48.62; H, 3.08; N, 9.90.

3.2.11. 2-methyl-1, 1-dioxide-3-(pyridine-2-ylcarbamoyl)-2H-benzo[e] [1, 2] thiazin4-yl, 5- bromo-2-methoxybenzenesulfonate (11)
Solid; Yield: 0.53g (90.7%); MP: 238.5 oC; Rf: 0.48 (EA/Hex, 5:5); 1HNMR: (300
MHz DMSO) δ 11.05 (s, 1H, NH), 8.36 (d, j6´, 5´ = 4.5 Hz, 1H, H-6´), 7.81 (m, 7H, H5/6/7/8/3´/4´/4´´), 7.56 (d, j6´´, 4´´ = 2.7 Hz, 1H, H-6´´), 7.20 (t, J5΄,4΄,6΄ = 6.3 Hz, 1H, H5΄), 6.96 (d, j3´´, 4´´ = 9.0 Hz, 1H, H-3´´), 3.57 (s, 3H, OCH3), 3.03 (s, 3H, NCH3); EIMS:
m/z (rel. abund.%), (M +, absent), 436 (2), 314 (8.2), 266 (11.6), 248 (100), 233 (12.3);
IR(KBr):  max 3359, 3100, 2951, 1681, 1533, 1483, 1338, 1284, 1183, 1036 cm -1; UV λ
max

(CH2Cl2) nm (A): 212 (1.82), 230 (1.73), 308 (1.12); Anal. Calcd. for

C22H18BrN3O7 S2 : C, 45.52; H, 3.13; N, 7.24; Found: C, 45.64; H, 3.12; N, 7.41.

3.2.12. 2-methyl-1, 1-dioxide-3-(pyridine-2-ylcarbamoyl)-2H-benzo[e] [1, 2] thiazin4-yl, 2-methyl-5-nitrobenzenesulfonate (12)
Solid; Yield: 0.44g (83.9%); MP: 266.5 oC; Rf: 0.51 (EA/Hex, 5:5); 1HNMR: (300
MHz DMSO) δ 11.22 (s, 1H, NH), 8.31 (m, 3H, H-6´/4´´/6´´), 7.91 (m, 3H, H-6/8/3´),
7.79 (m, 2H, H-7/4´), 7.66 (d, j5,6 = 8.1 Hz, 1H, H-5), 7.47 (d, j3´´,4´´ = 9.0 Hz, 1H, H3´´), 7.20 (t, J5΄,4΄,6΄ = 6.6 Hz, 1H, H-5΄), 2.99 (s, 3H, NCH3), 2.50 (s, 3H, CH3); EIMS:
m/z (rel. abund.%), (M+, absent), 324 (4), 248 (100), 233 (11.1), 192 (6.6), 44 (3.3);
IR(KBr):  max 3298, 3080, 1955, 1680, 1580, 1528, 1433, 1355, 1299, 1188 cm -1; UV
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λmax (CH2Cl2) nm (A): 212 (1.61), 280 (1.00), 312 (0.89);

Anal. Calcd. for

C22H18N4O8 S2: C, 49.81; H, 3.42; N, 10.56; Found: C, 49.01; H, 3.28; N, 9.64.

3.2.13. 2-methyl-1, 1-dioxide-3-(pyridine-2-ylcarbamoyl)-2H-benzo[e] [1, 2] thiazin4-yl, 2,4-dichlorobenzenesulfonate (13)
Solid; Yield: 0.45g (84.2%); MP: 237.5 oC; Rf: 0.48 (EA/Hex, 4:6); 1HNMR: (300
MHz DMSO) δ 11.23 (s, 1H, NH), 8.35 (d, j6´, 5´ = 3.9 Hz, 1H, H-6´), 7.83 (m, 7H, H5/6/7/8/3´/4´/6´´), 7.57 (m, 2H, H-3´´/5´´), 7.21 (t, J5΄,4΄,6΄ = 5.7 Hz, 1H, H-5΄), 3.03 (s,
3H, NCH3); EIMS: m/z (rel. abund.%), (M +, absent), 314 (0.7), 248 (100), 233 (34.5),
192 (20.9), 78 (7.6); IR(KBr): max 3183, 3094, 1688, 1540, 1434, 1342, 1301, 1181,
1036, 820 cm-1; UV λ max (CH2Cl2)-nm (A): 220 (2.73), 230 (2.91), 236 (2.73), 242
(2.62); Anal. Calcd. for C21H15 Cl2N3O6 S2: C, 46.67; H, 2.80; N, 7.78; Found: C, 46.49;
H, 2.28; N, 7.42.

3.2.14. 2-methyl-1, 1-dioxide-3-(pyridine-2-ylcarbamoyl)-2H-benzo[e] [1, 2] thiazin4-yl, 2,4,5-trichlorobenzenesulfonate (14)
Solid; Yield: 0.5g (87.9%); MP: 370.5 oC; Rf: 0.42 (EA/Hex, 4:6); 1HNMR: (300
MHz DMSO) δ 11.22 (s, 1H, NH), 8.98 (d, j6´, 5´ = 6.6 Hz, 1H, H-6´), 8.13 (m, 2H, H8/3´), 7.89 (m, 5H, H-5/6/7/4´/6´´), 7.74 (s, 1H, H-3´´), 7.21 (t, J5΄,4΄,6΄ = 6.0 Hz, 1H, H5΄), 3.04 (s, 3H, NCH3); EIMS: m/z (rel. abund.%), (M+, absent), 299 (5), 248 (100), 233
(37.7), 192 (20.2), 51 (5.7); IR(KBr): max 3366, 1805, 1710, 1683, 1528, 1437, 1351,
1186, 1027, 687 cm-1; UV λ max (CH 2Cl2)-nm (A): 222 (3.11), 230 (3.51), 236 (3.19), 304
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(2.45); Anal. Calcd. for C21H14 Cl3N3O6 S2: C, 43.88; H, 2.45; N, 7.31; Found: C, 43.28;
H, 2.69; N, 7.02.

3.2.15. 2-methyl-1, 1-dioxide-3-(pyridine-2-ylcarbamoyl)-2H-benzo[e] [1, 2] thiazin4-yl, 5-chloro-2-methoxybenzenesulfonate (15)
Solid; Yield: 0.49g (91.2%); MP: 268.5 oC; Rf: 0.36 (EA/Hex, 5:5); 1HNMR: (300
MHz DMSO) δ 11.05 (s, 1H, NH), 8.36 (d, j6´, 5´ = 4.8 Hz, 1H, H-6´), 7.81 (m, 6H, H5/6/7/8/3´/4´), 7.63 (dd, j4´´, 3´´ = 9.0 Hz, j4´´, 6´´ = 2.7 Hz, 1H, H-4´´), 7.45 (d, j6´´, 4´´ =
2.4 Hz, 1H, H-6´´), 7.20 (t, J5΄,4΄,6΄ = 6.0 Hz, 1H, H-5΄), 7.02 (d, j3´´, 4´´ = 9.0 Hz, 1H, H3´´), 3.57 (s, 3H, OCH3), 3.03 (s, 3H, NCH3); EIMS: m/z (rel. abund.%), (M+, absent),
330 (14.7), 248 (100), 162 (12.4), 120 (21.5), 104 (22.1); IR (KBr): max 3358, 3033,
2019, 1681, 1593, 1535, 1436, , 1338, 1183, 1036 cm -1; UV λ max (CH2Cl2 )-nm (A): 210
(1.16), 230 (0.93), 309 (0.68); Anal. Calcd. for C 22H18ClN3O7S2: C, 49.30; H, 3.39; N,
7.84; Found: C, 49.46; H, 3.98; N, 7.38.

3.2.16. 2-methyl-1, 1-dioxide-3-(pyridine-2-ylcarbamoyl)-2H-benzo[e] [1, 2] thiazin4-yl, 2-chlorobenzenesulfonate (16)
Solid; Yield: 0.45g (83.4%); MP: 230.5 oC; Rf: 0.52 (EA/Hex, 4:6); 1HNMR: (300
MHz DMSO) δ 11.18 (s, 1H, NH), 8.34 (d, j6´, 5´ = 4.2 Hz, 1H, H-6´), 7.81 (m, 7H, H5/6/7/8/3´/4´/6´´), 7.65 (t, J4΄´,3´΄,5´´ = 7.5 Hz, 1H, H-4´΄), 7.45 (m, 2H, 2H-3´´/5´´), 7.18
(t, J5΄,4΄,6΄ = 6.6 Hz, 1H, H-5΄), 3.02 (s, 3H, NCH3); EIMS: m/z (rel. abund.%), (M+,
absent), 331 (5.7), 248 (100), 173 (26.9), 117 (49.5), 104 (63.7); IR(KBr): max 3193,
3073, 1845, 1683, 1538, 1435, 1358, 1300, 1189, 1028 cm -1 ; UV λ max (CH 2Cl2) nm (A):
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213 (1.92), 229 (1.87), 286 (1.33), 313 (1.35); Anal. Calcd. for C 21H16 ClN3O6S2 : C,
49.85; H, 3.19; N, 8.31 Found: C, 49.820; H, 4.01; N, 8.21.

3.2.17. 2-methyl-1, 1-dioxide-3-(pyridine-2-ylcarbamoyl)-2H-benzo[e] [1, 2] thiazin4-yl, 4-chloro-3-nitrobenzenesulfonate (17)
Solid; Yield: 0.47g (84.9%); MP: 227 oC; Rf: 0.61 (EA/Hex, 4:6); 1HNMR: (300
MHz DMSO) δ 11.18 (s, 1H, NH), 8.36 (d, j6´, 5´ = 4.2 Hz, 1H, H-6´), 8.29 (d, j2´´, 6´´ =
1.8 Hz, 1H, H-2´), 7.84 (m, 8H, H-5/6/7/8/3´/4´/5´´/6´´), 7.21 (t, J5΄,4΄,6΄ = 5.4 Hz, 1H, H5΄), 3.03 (s, 3H, NCH3); EIMS: m/z (rel. abund.%), (M+, absent), 248 (100), 233 (10.5),
192 (6.1), 78 (3.2), 51(2.3); IR(KBr): max 3285, 3084, 1675, 1514, 1434, 1395, 1190,
1151, 1021, 795 cm-1; UV λ max (CH2 Cl2) nm (A): 210 (1.53), 222 (1.51), 229 (1.50);
Anal. Calcd. for C21H15ClN4O8 S2: C, 45.78; H, 2.74; N, 10.17; Found: C, 45.86; H, 2.92;
N, 9.98.

3.2.18.

2-methyl-1,1-dioxide-3-(pyridine-2-ylcarbamoyl)-2H-benzo[e] [1, 2] thiazin4-yl, 4-chloro-2-methoxybenzenesulfonate (18)
Solid; Yield: 0.56g (95.9%); MP: 261 oC; Rf: 0.35 (EA/Hex, 5:5); 1HNMR: (300

MHz DMSO) δ 11.05 (s, 1H, NH), 8.36 (d, j6´, 5´ = 4.5 Hz, 1H, H-6´), 7.80 (m, 7H, H5/6/7/8/3´/4´/4´´), 7.56 (d, j6´´, 4´´ = 2.4 Hz, 1H, H-6´´), 7.20 (t, J5΄,4΄,6΄ = 5.4 Hz, 1H, H5΄), 6.96 (d, j3´´, 4´´ = 9.0 Hz, 1H, H-3´´), 3.57 (s, 3H, OCH3), 3.03 (s, 3H, NCH3); EIMS:
m/z (rel. abund.%), (M+, absent), 436 (13.8), 251 (55.8), 248 (69.8), 201 (32.4), 83 (100);
IR(KBr):  max 3359, 3100, 3033, 2950, 1681, 1534, 1435, 1338, 1183, 1035 cm -1; UV
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λmax (CH2Cl2) nm (A): 193 (0.71), 212 (1.18), 229 (0.94), 310 (0.58); Anal. Calcd. for
C22H18BrN3O7 S2: C, 45.52; H, 3.13; N, 7.24; Found: C, 45.48; H, 3.08; N, 7.42.

3.3.

Conclusion
We have carried out the synthesis of piroxicam based sulfonyl derivatives by

simple and economical method and illustrated most worthy results. These derivatives
were synthesized by the sulfonation of piroxicam with different alkyl/aryl sulfonyl
chlorides, isolated in good yield and well characterized by different spectroscopic
techniques. In conclusion, the piroxicam sulfonate ester analogues assured the search of
new pharmacological agents with efficient pharmacological profile.

3.4. Biological screening
3.4.1. In-vivo biological screening
3.4.1.1. Acute toxicity of piroxicam derivatives in mice

NSAIDs are most widely used for the treatment of different disease conditions
(193) but also have a broad range of toxicities (194). Therefore, before in-vivo
experiments, all the piroxicam derivatives were tested for their acute toxicity in animal
model. Piroxicam analogues were found to be safe in experimental animals at tested
doses of 50, 100 and 150 mg/kg i.p., as shown in the Table 3.2. The animals were
observed carefully for 24 hrs for any gross effect or mortality. All experimental animals
were found to be alive and normal. Further research work was carried out after the
confirmation of safety of piroxicam derivatives.
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Table 3.2: Acute toxicity of piroxicam derivatives (1-18) in mice.
Comp. #
1-18

Dose (mg/kg)

Gross effect after 4 hrs

Mortality after 24 hrs

50

Alive and normal

No mortality observed

100

Alive and normal

No mortality observed

150

Alive and normal

No mortality observed

3.4.1.2. Anti-nociceptive activity of piroxicam derivatives in mice

Antinociceptive activity of the test compounds was evaluated by AA induced
writhing test and hot plate test for analgesia. AA induced writhing model is used to
evaluate the peripheral mechanism while hot plate test for the central mechanism of
analgesia.

3.4.1.2.1. Acetic acid induced writhing test of piroxicam derivatives in mice

The compounds were tested for the AA induced writhing model in mice. The
results are summarized in Table 3.3, showed the dose dependent response in the mice to
relieve the pain. The test compounds were tested at different doses and the % inhibition
of writhing response is shown in the Table 3.3.
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Table 3.3: Peripheral analgesic effect of piroxicam derivatives in mice.
Comp. #
Saline
Piroxicam

1

2

3

4

5

6

7

8

9

Dose i.p. (mg/kg)

No of writhes (20 min) ± SEM

% inhibition

10 ml/kg

75.83 ± 2.25

---

10

38.00 ± 1.41***

49.90

5

28.33 ± 0.98***

62.64

10

23.33 ± 0.84***

69.23

20

20.83 ± 1.01***

72.53

5

48.50 ± 2.52***

36.04

10

20.00 ± 0.93***

73.62

20

13.67 ± 1.22 ***

81.97

10

29.33 ± 2.40***

61.32

20

22.00 ± 1.03***

70.98

30

21.67 ± 0.88***

71.42

10

29.67 ± 1.35***

60.87

20

20.00 ± 1.21***

73.62

30

20.17 ± 1.42***

73.40

10

42.33 ± 0.95***

44.17

20

34.33 ± 1.66***

54.72

30

26.00 ± 1.93***

65.71

10

36.00 ± 0.85***

52.52

20

30.17 ± 1.53***

60.21

30

17.00 ± 1.06***

77.58

10

72.17 ± 4.491ns

4.82

20

48.83 ± 2.858***

35.61

30

39.67 ± 1.764***

47.68

10

60.00 ± 2.988*

20.87

20

51.50 ± 2.123***

32.08

30

51.00 ± 2.151***

32.75

10

46.33 ± 2.605***

38.90

20

38.33 ± 3.005***

49.45

30

33.33 ± 2.429***

56.05
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10

76.67 ± 3.458 ns

1.20

20

58.83 ± 2.984**

22.41

30

44.00 ± 1.943***

41.98

10

77.50 ± 3.160 ns

00.00

20

60.00 ± 3.376*

20.88

30

41.50 ± 2.139***

45.27

10

63.33 ± 3.029 ns

16.48

20

59.00 ± 3.368**

22.20

30

50.33 ± 1.911***

33.63

10

71.50 ± 2.131 ns

5.71

20

62.83 ± 3.805 ns

17.14

30

61.17 ± 2.131*

19.33

10

62.83 ± 2.584 ns

17.14

20

60.00 ± 1.972*

20.88

30

54.83 ± 2.091***

27.69

10

61.67 ± 4.185*

18.67

20

60.33 ± 3.817*

20.44

30

62.00 ± 2.564*

18.23

10

74.00 ± 1.972 ns

2.41

20

68.83 ± 3.409 ns

9.23

30

56.33 ± 2.992**

25.72

10

60.17 ± 1.976*

20.65

20

51.33 ± 3.417***

32.31

30

46.17 ± 1.527***

39.11

10

72.17 ± 3.001 ns

4.83

20

73.17 ± 3.413 ns

3.50

30

59.37 ± 3.013**

21.71

For a group of six animals, the number of writhes was reported as mean ± SEM by using ANOVA followed
by Dunnett’s test to find the level of significance (*P < 0.05, **P < 0.01 and ***P < 0.001.).
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3.4.1.2.1.1. Discussion

Several stimuli activate pain receptors which are responsible for the induction
of various pathways in the body. The activation of confined peritoneal receptors may
be responsible for writhing. Thus a drug which inhibits the release of these mediators
will inhibit the pain sensation. COX pathway is the most common route involved in
pain induction (195). In writhing test, pain sensation is due to the production of
localized inflammatory response that release arachidonic acid from phospholipids
(tissue) by COX enzymes and produced different types of PGs (196). Therefore, the
treatment strategies for the pain disorder involve the inhibition of COX-I, COX-II and
probably COX-III. Piroxicam and its analogues inhibit COX enzymes and are used
for the clinical management of inflammation, pain and pyrexia (197).

Present study clearly showed that sulfonated esters of piroxicam are effective
in AA induced writhing test which effectively decreased the number of writhes in
mice (Table 3.3). The degree of inhibition of writhing response of standard piroxicam
was 49.9 % while test compound 1 at a dose of 5, 10 and 20 mg/kg i.p., was 63, 69.2
and 72.5% and compound 2 at same doses was 36.04, 73.62 and 81.97%, respectively
as compared with the saline treated group. Degree of inhibition of writhing response
for compounds 3 (61.3, 71, and 71.4%), 4 (61, 73.6, and 73.4%), 5 (44.2, 55, and
65.7%), 6 (52.5, 60.2, and 78%), 7 (4.82, 35.61, and 47.68%), 8 (20.87, 32.08, and
32.75%), 9 (38.90, 49.45, and 56.05%), 10 (1.20, 22.41, and 41.98%), 11 (0, 20.88,
and 45.27%), 12 (16.48, 22.20, and 33.63%), 13 (5.71,17.14, and 19.33%), 14 (17.14,
20.88, and 27.69%), 15 (18.67, 20.44, and 18.23%), 16 (2.41, 9.23, and 25.72%), 17
(20.65, 32.31, and 39.11%) and 18 (4.83, 3.50, and 21.71%) respectively by
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administering all at same doses of 10, 20 and 30 mg/kg i.p., as compared with the
saline control group.

The result showed that some of these compounds possess potent analgesic
effects than that of standard piroxicam. Compounds 1-6 and 9 showed potent
analgesic effects as compared with standard and effective in AA induced writhing test
which effectively decreased the number of writhes in mice (Table 3.3). Compound 7
is inactive at a dose of 10 mg/kg (4.82 % inhibition) but showed more potent response
at doses of 20 and 30 mg/kg i.p. Compound 8 showed low analgesic potential at dose
of 10 mg/kg but at doses of 20 and 30 mg/kg showed very potent response as
compared with standard. Compound 10 just like compound 7 was inactive at a dose of
10mg/kg i.p., potent at a dose of 20 mg/kg and more potent at a dose of 30 mg/kg.

Compound 11 was inactive at a dose of 10 mg/kg, potent at a dose of 20
mg/kg and more potent analgesic potential at a dose of 30 mg/kg i.p. Compound 12
like 7, 10 and 11 were inactive at small dose (10mg/kg i.p.) but highly potent at doses
of 20 and 30 mg/kg i.p., as compared with standard piroxicam (40). Compounds 13
and 16 were inactive at small doses (10 and 20 mg/kg i.p.) but showed potent activity
at 30 mg/kg dose. Analogue 14 was not effective in 10 mg/kg dose, showed
significance analgesic activity at 20 mg/kg dose and more potent activity at 30 mg/kg
dose. Compound 15 showed almost same response at all doses and more potent than
the standard piroxicam. Compound 17 showed significance analgesic activity at 10
mg/kg dose, more potent activity at 20 and 30 mg/kg doses. Compound 18 was
inactive at 10 and 20 mg/kg doses but showed significance activity at 30 mg/kg dose
as compared with standard piroxicam.
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3.4.1.2.1.2. Acetic acid induced writhing test and SAR

Different substituents attached to the aromatic ring are responsible for the
variable analgesic effects in AA induced writhing model in mice. All the compounds
showed good to potent analgesic effect. All the compounds were active at all doses
except of 7 (a “Cl” at para), 10 (a nitro at meta), 11 (a methoxy at ortho and a “Br” at
meta), 12 (a methyl and a nitro at ortho and meta) and 14 (three “Cl” at ortho, para
and meta) were inactive at dose of 10 mg/kg (i.p.). Compounds 13 (two “Cl” at ortho
and para), 16 (a “Cl” at ortho) and 18 (a methoxy at ortho and a “Cl” at meta) were
inactive at doses of 10 and 20 mg/kg i.p.

In this series, seven compounds exhibited more potent response than the
standard piroxicam on the basis of % inhibition. The order of potency of these
compounds is 1 ˃ 2 ˃ 4 ˃ 3 ˃ 6 ˃ 5 ˃ 9. The most active compounds are 1 and 2 and
have potent effects even in 5 mg/kg (i.p.) dose. Compound 1 consisting of a propyl
group at para position of the benzene ring of sulfonyl moiety and was most potent
among the piroxicam derivatives. Compound 2 has only benzene ring attached to the
parent compound via sulfonyl group and was second most potent analogue of this
series. Compound 4 has two methoxy group at ortho and para positions of the
aromatic ring and showed significant peripheral analgesic activity but less active than
1 and 2. In compound 3 only ethyl group (alkyl) is bonded to the parent compound
through sulfonyl group and impart high activity to the compound but less as compared
with 1, 2 and 4. Compound 6 has a nitro group at ortho position and responsible for
the high activity of this compound as compared with its analogue (compound 10) has
a nitro group at meta position of the ring. Compound 5 has two methoxy groups at
meta and para positions of aromatic ring and make it more active but less as
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compared to its analogue (compound 4). In compound 9, naphthalene imparts high
activity to the piroxicam derivative.

3.4.1.2.1.3. Conclusion

Piroxicam analogues were tested for the peripheral analgesic effect in mice.
All of the test compounds demonstrated marked antinociceptive effect in AA induced
writhing test in mice. Test compounds 1 and 2 were found to be more potent even in
small doses as compared with standard.

3.4.1.2.2. Hot plate test of piroxicam derivatives in mice

Hot plate test is used to conclude the central antinociceptive activity of the test
compounds in mice (198). All the piroxicam derivatives were found to be inactive in
hot plate test for analgesia. Hot plate analgesic model in mice was used to find out
any central analgesic effects, if present in piroxicam analogues. All of the test
compounds were tested on hot plate in order to ensure them for the opiodergic
mechanism by using tramadol as a standard. The results are summarized in Table 3.4.
After analysis, the derivatives were found to be inactive in hot plate test for central
analgesia as they did not change the latency time.
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Table 3.4: Hot plate test of piroxicam derivatives in mice.
Group

Dose/kg
(mg/kg)

0 min

30 min

60 min

90 min

120 min

Saline

10 ml

9.5 ± 0.73

12.6 ± 0.86

13.1 ± 0.98

12.8 ± 0.61

14.2 ± 0.94

20

10.2 ± 1.02

17.4 ± 1.27

17.7 ± 1.55

18.8 ± 1.71

19.3 ± 1.98

5

6.2 ± 0.57

6.4 ± 0.86

7.5 ± 1.02

7.2 ± 1.14

6.8 ± 0.86

10

6.8 ± 0.90

6.9 ± 1.18

7.2 ± 1.27

6.6 ± 0.61

7.0 ± 0.73

20

8.0 ± 1.14

6.9 ± 0.45

7.3 ± 0.94

7.4 ± 0.78

7.9 ± 0.64

5

8.0 ± 0.86

6.9 ± 0.45

7.5 ± 0.73

6.4 ± 0.69

7.0 ± 1.06

10

7.2 ± 1.26

7.2 ± 0.86

8.1 ± 0.10

8.2 ± 1.10

6.5 ± 0.82

20

7.3 ± 1.10

8.3 ± 1.30

7.6 ± 1.10

6.4 ± 0.86

8.1 ± 0.10

10

9.26 ± 1.06

8.4 ± 1.27

8.6 ± 1.71

7.4 ± 1.08

7.2 ± 1.04

20

9.3 ± 1.54

6.8 ± 0.76

7.2 ± 1.03

8.1 ± 1.12

7.4 ± 1.22

30

8.6 ± 1.07

6.5 ± 0.10

7.6 ± 0.86

8.0 ± 1.21

7.3 ± 0.53

10

9.1 ± 0.86

8.6 ± 1.08

5.9 ± 0.39

7.4 ± 0.45

6.4 ± 0.23

20

8.2 ± 1.49

8.4 ± 1.08

7.8 ± 0.65

7.6 ± 0.53

8.6 ± 0.76

30

7.2 ± 1.09

7.8 ± 0.10

6.0 ± 1.55

8.7 ± 1.26

6.9 ± 1.09

10

6.8 ± 0.20

7.4 ± 1.06

8.6 ± 0.86

8.0 ± 1.10

7.6 ± 0.57

20

7.2 ± 1.43

8.2 ± 1.13

7.4 ± 1.52

7.8 ± 0.88

8.6 ± 0.76

30

7.0 ± 0.86

7.5 ± 1.53

8.4 ± 1.12

8.0 ± 1.48

7.8 ± 0.73

10

6.7 ± 0.31

8.4 ± 0.57

7.4 ± 0.86

7.2 ± 0.57

8.7 ± 1.14

20

8.6 ± 1.12

8.9 ± 0.68

6.5 ± 0.57

8.1 ± 1.06

7.5 ± 0.40

30

9.0 ± 1.09

7.9 ± 1.09

7.8 ± 1.27

8.6 ± 1.08

6.6 ± 1.23

10

6.2 ± 0.65

5.3 ± 0.55

5.8 ± 0.31

6.1 ± 0.22

6.0 ± 1.05

20

6.2 ± 0.41

6.6 ± 0.21

6.8 ± 0.55

5.3 ± 1.01

6.2 ± 0.68

30

6.3 ± 0.36

6.1 ± 0.63

6.5 ± 0.82

5.4 ± 0.87

5.2 ± 0.74

10

6.1 ± 0.23

6.2 ± 0.72

5.5 ± 0.12

5.9 ± 0.25

6.0 ± 1.15

20

6.0 ± 0.40

7.2 ± 0.36

7.6 ± 0.43

5.7 ± 0.36

6.2 ± 0.85

30

7.1 ± 0.73

6.5 ± 0.09

6.2 ± 1.21

5.7 ± 1.15

5.7 ± 0.33

10

6.3 ± 0.09

6.7 ± 0.40

7.2 ± 0.62

7.5 ± 0.52

6.1 ± 1.09

20

6.2 ± 0.16

6.8 ± 1.09

6.7 ± 1.13

5.3 ± 1.13

6.0 ± 0.93

30

6.6 ± 0.25

10.6 ± 0.82

6.2 ± 1.10

6.3 ± 1.26

7.6 ± 1.01

10

5.8 ± 0.08

6.8 ± 0.46

5.3 ± 0.92

5.6 ± 0.41

6.5 ± 1.15

20

7.3 ± 0.08

5.3 ± 0.09

6.9 ± 0.09

7.3 ± 0.09

6.2 ± 0.77

30

4.6 ± 0.09

6.8 ± 0.54

8.6 ± 0.59

7.2 ± 0.52

7.7 ± 0.37

Tramadol
1

2

3

4

5

6

7

8

9

10
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10

6.1 ± 0.14

6.5 ± 0.22

6.2 ± 0.32

6.8 ± 0.46

5.2 ± 0.86

20

5.8 ± 0.17

8.6 ± 0.93

8.2 ± 0.72

7.5 ± 0.35

6.5 ± 0.42

30

6.8 ± 0.26

7.9 ± 0.57

5.6 ± 0.64

6.5 ± 0.66

7.3 ± 0.09

10

4.8 ± 0.08

4.9 ± 0.09

6.6 ± 0.90

8.2 ± 1.01

6.5 ± 0.33

20

9.3 ± 0.59

7.7 ± 0.44

5.5 ± 0.53

5.7 ± 0.80

6.2 ± 0.64

30

7.5 ± 0.42

6.8 ± 1.03

6.2 ± 1.04

7.6 ± 0.17

5.2 ± 0.36

10

6.7 ± 0.33

6.2 ± 0.42

8.5 ± 0.31

6.5 ± 0.47

6.1 ± 0.22

20

8.2 ± 0.52

7.6 ± 0.55

6.4 ± 0.22

7.3 ± 0.21

6.0 ± 1.04

30

7.0 ± 0.79

8.8 ± 0.46

6.9 ± 0.42

5.7 ± 0.33

7.9 ± 0.51

10

6.5 ± 0.25

6.8 ± 0.71

6.3 ± 0.60

6.1 ± 0.40

7.2 ± 0.24

20

5.6 ± 0.65

5.1 ± 0.25

5.5 ± 0.49

6.4 ± 0.22

6.3 ± 0.65

30

7.6 ± 0.82

5.9 ± 0.23

8.4 ± 0.84

6.2 ± 1.04

6.4 ± 0.57

10

4.8 ± 0.43

4.7 ± 0.38

5.8 ± 0.33

6.4 ± 1.06

5.3 ± 0.83

20

6.1 ± 0.09

6.4 ± 0.61

6.8 ± 0.79

8.2 ± 0.68

7.0 ± 0.43

30

9.3 ± 0.20

7.5 ± 1.10

7.2 ± 0.62

6.8 ± 0.95

6.6 ± 0.15

10

5.9 ± 0.12

5.4 ± 0.08

6.1 ± 0.09

7.3 ± 0.66

8.1 ± 0.24

20

7.2 ± 0.14

9.6 ± 0.11

6.2 ± 0.08

5.3 ± 0.84

8.4 ± 0.44

30

6.8 ± 0.37

8.5 ± 0.14

7.3 ± 0.30

6.5 ± 0.63

6.1 ± 0.12

10

5.4 ± 0.46

5.3 ± 0.32

6.8 ± 0.42

8.2 ± 0.79

10.0 ± 0.79

20

8.4 ± 0.31

6.7 ± 0.55

6.4 ± 0.50

6.8 ± 0.27

6.9 ± 0.09

30

5.6 ± 0.22

6.3 ± 0.21

10.4 ± 0.23

5.6 ± 0.75

5.3 ± 0.54

10

6.1 ± 0.08

7.8 ± 0.14

5.3 ± 0.44

7.2 ± 0.08

6.6 ± 0.71

20

7.5 ± 0.31

5.5 ± 0.19

7.1 ± 0.68

11.1 ± 1.26

6.2 ± 0.34

30

7.1 ± 0.27

7.4 ± 0.22

6.5 ± 0.31

8.2 ± 1.03

9.2 ± 0.52

For n=6 animals, results are described as mean ± SEM by using ANOVA followed by Dunnett’s test.
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3.4.1.2.2.1. Conclusion

It is concluded that no central/opiodergic, but only peripheral mechanisms are
involved in antinociceptive activity of test compounds. This Study demonstrated that
these compounds have pronounced peripheral analgesic effects and safety profile but no
central effects.

3.4.1.3. Anti-inflammatory activity of piroxicam derivatives in mice
3.4.1.3.1. Carrageenan induced paw edema model of piroxicam derivatives in
mice
The anti-inflammatory effect of piroxicam analogues are summarized in the Table
3.5, with average paw edema volume. Piroxicam derivatives showed varying degree of
anti-inflammatory potential as compared with standard piroxicam.
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Table 3.5: Anti-inflammatory effects of piroxicam derivatives in mice.
Treatment

Saline
Piroxicam
1

2

3

4

5

Dose (mg/kg)

Mean paw edema volume (ml)
1 hr

2 hr

3 hr

4 hr

5 hr

10 ml/kg

0.34 ± 0.009

0.35 ± 0.010

0.42 ± 0.011

0.40 ± 0.012

0.33 ± 0.014

10

0.26 ± 0.010*

0.24 ± 0.010*

0.28 ± 0.026**

0.29 ± 0.010*

0.28 ± 0.012 ns

10

0.31 ± 0.010 ns

0.28 ± 0.026 ns

0.31 ± 0.012*

0.32± 0.026 ns

0.29± 0.009 ns

20

0.36 ± 0.026 ns

0.32 ± 0.009 ns

0.31 ± 0.010*

0.33 ± 0.021 ns

0.35 ± 0.009 ns

30

0.33 ± 0.026 ns

0.28 ± 0.010 ns

0.26 ± 0.010**

0.24 ± 0.023*

0.30 ± 0.014 ns

10

0.36 ± 0.012 ns

0.33 ± 0.010 ns

0.31 ± 0.010*

0.22 ± 0.010**

0.26 ± 0.019 ns

20

0.28 ± 0.008 ns

0.24 ± 0.010*

0.26 ± 0.007**

0.28 ± 0.010**

0.29 ± 0.008 ns

30

0.33 ± 0.010 ns

0.25 ± 0.009*

0.22 ± 0.009**

0.27 ± 0.026**

0.21 ± 0.007*

10

0.31 ± 0.009

ns

20

ns

0.31 ± 0.010*

0.34 ± 0.023

0.30 ± 0.010 ns

0.30 ± 0.009 ns

0.28 ± 0.010*

0.28 ± 0.026**

0.30 ± 0.015 ns

30

0.36 ± 0.026ns

0.34 ± 0.010 ns

0.31 ± 0.021*

0.28 ± 0.009**

0.31 ± 0.024 ns

10

0.44 ± 0.014ns

0.44 ± 0.009 ns

0.42 ± 0.010 ns

0.41 ± 0.010 ns

0.38 ± 0.019 ns

20

0.38 ± 0.023ns

0.34 ± 0.010 ns

0.33 ± 0.026 ns

0.29 ± 0.010 ns

0.32 ± 0.009 ns

30

0.35 ± 0.009 ns

0.34 ± 0.009 ns

0.32 ± 0.010 ns

0.29 ± 0.025*

0.32 ± 0.016 ns

10

0.37 ± 0.010 ns

0.31 ± 0.014ns

0.37 ± 0.026 ns

0.32 ± 0.017 ns

0.30 ± 0.019 ns

20

0.38 ± 0.022 ns

0.35 ± 0.021ns

0.31 ± 0.025*

0.28 ± 0.010*

0.29 ± 0.008 ns

30

0.30 ± 0.010 ns

0.26 ± 0.026 ns

0.29 ± 0.009**

0.28 ± 0.010*

0.26 ± 0.020 ns

0.30 ± 0.010

ns

0.29 ± 0.021 ns

67

Chapter 3

6

7

8

9

10

11

12

Results and Discussion

10

0.33 ± 0.023 ns

0.35 ± 0.010 ns

0.30 ± 0.008**

0.26 ± 0.010**

0.30 ± 0.021 ns

20

0.36 ± 0.010 ns

0.31 ± 0.009 ns

0.28 ± 0.010***

0.28 ± 0.010**

0.29 ± 0.008 ns

30

0.38 ± 0.010 ns

0.26 ± 0.010**

0.29 ± 0.010***

0.27 ± 0.009**

0.27 ± 0.020 ns

10

0.28 ± 0.012 ns

0.28 ± 0.022 ns

0.28 ± 0.025 ns

0.33 ± 0.009 ns

0.33 ± 0.008 ns

20

0.36 ± 0.009 ns

0.31 ± 0.010 ns

0.28 ± 0.010 ns

0.27 ± 0.009 ns

0.30 ± 0.009 ns

30

0.36 ± 0.010 ns

0.31 ± 0.010 ns

0.30 ± 0.017 ns

0.30 ± 0.023 ns

0.30 ± 0.014 ns

10

0.30 ± 0.026 ns

0.29 ± 0.010 ns

0.28 ± 0.011*

0.28 ± 0.024**

0.29 ± 0.013 ns

20

0.28 ± 0.009 ns

0.24 ± 0.010**

0.26 ± 0.009**

0.28 ± 0.010**

0.28 ± 0.009 ns

30

0.29 ± 0.021 ns

0.24 ± 0.026**

0.24 ± 0.020**

0.27 ± 0.010**

0.26 ± 0.007 ns

10

0.26 ± 0.026 ns

0.29 ± 0.016 ns

0.26 ± 0.009*

0.30 ± 0.029 ns

0.29 ± 0.012 ns

20

0.24 ± 0.010 ns

0.28 ± 0.009 ns

0.26 ± 0.010*

0.28 ± 0.010*

0.26 ± 0.013 ns

30

0.33 ± 0.010 ns

0.31 ± 0.010 ns

0.22 ± 0.010**

0.25 ± 0.010*

0.31 ± 0.016 ns

10

0.34 ± 0.015 ns

0.32 ± 0.026 ns

0.30 ± 0.010*

0.27± 0.008 ns

0.31 ± 0.012 ns

20

0.28 ± 0.012 ns

0.31 ± 0.027 ns

0.30 ± 0.010*

0.29 ± 0.010*

0.32 ± 0.009 ns

30

0.31 ± 0.026 ns

0.31 ± 0.010 ns

0.30 ± 0.026*

0.28 ± 0.010*

0.36 ± 0.013 ns

10

0.26 ± 0.010 ns

0.28 ± 0.010 ns

0.26 ± 0.010 ns

0.28 ± 0.010 ns

0.28 ± 0.008 ns

20

0.26 ± 0.010 ns

0.30 ± 0.010 ns

0.30 ± 0.010 ns

0.32 ± 0.022 ns

0.38 ± 0.026 ns

30

0.28 ± 0.010 ns

0.30 ± 0.009 ns

0.28 ± 0.012 ns

0.25 ± 0.025*

0.28 ± 0.020 ns

10

0.29 ± 0.009 ns

0.24 ± 0.026 ns

0.31 ± 0.026*

0.26 ± 0.026*

0.26 ± 0.011 ns

20

0.23 ± 0.010 ns

0.27 ± 0.020 ns

0.28 ± 0.026**

0.24 ± 0.010**

0.26 ± 0.008 ns

30

0.21 ± 0.026 ns

0.23 ± 0.026 ns

0.23 ± 0.010*

0.25 ± 0.010**

0.26 ± 0.012 ns
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10

0.23 ± 0.011*

0.24 ± 0.010*

0.23 ± 0.011**

0.16 ± 0.010***

0.25 ± 0.009*

20

0.24 ± 0.015*

0.22 ± 0.010*

0.18 ± 0.010**

0.20 ± 0.010***

0.22 ± 0.007*

30

0.24 ± 0.010*

0.22 ± 0.009*

0.18 ± 0.010***

0.20 ± 0.007***

0.22 ± 0.011**

10

0.24 ± 0.010 ns

0.26 ± 0.021*

0.23 ± 0.010**

0.26 ± 0.009**

0.28 ± 0.010 ns

20

0.24 ± 0.010 ns

0.26 ± 0.010*

0.24 ± 0.010**

0.26 ± 0.026**

0.28 ± 0.015 ns

30

0.26 ± 0.026 ns

0.22 ± 0.009**

0.26 ± 0.026**

0.23 ± 0.026**

0.26 ± 0.008*

10

0.24 ± 0.009*

0.24 ± 0.009*

0.26 ± 0.023**

0.27 ± 0.010 ns

0.28 ± 0.013 ns

20

0.24 ± 0.010*

0.24 ± 0.010*

0.26 ± 0.020**

0.25 ± 0.008*

0.26 ± 0.011*

30

0.25 ± 0.017*

0.26 ± 0.010*

0.26 ± 0.010**

0.24 ± 0.022*

0.25 ± 0.007*

10

0.26 ± 0.021 ns

0.31 ± 0.010 ns

0.27 ± 0.010**

0.24 ± 0.010**

0.27 ± 0.012 ns

20

0.24 ± 0.013 ns

0.22 ± 0.010**

0.25 ± 0.010**

0.24 ± 0.020**

0.30 ± 0.015 ns

30

0.26 ± 0.010 ns

0.23 ± 0.023**

0.24 ± 0.010**

0.26 ± 0.010**

0.31 ± 0.007 ns

10

0.30 ± 0.020 ns

0.26 ± 0.010*

0.24 ± 0.026***

0.26 ± 0.010*

0.28 ± 0.009 ns

20

0.28 ± 0.026 ns

0.27 ± 0.025*

0.24 ± 0.026***

0.26 ± 0.010*

0.26 ± 0.011*

30

0.28 ± 0.009 ns

0.25 ± 0.010**

0.26 ± 0.010***

0.24 ± 0.009**

0.24 ± 0.013*

10

0.31 ± 0.006 ns

0.27 ± 0.010 ns

0.28 ± 0.014**

0.24 ± 0.008**

0.25 ± 0.021 ns

20

0.27 ± 0.010 ns

0.27 ± 0.009 ns

0.25 ± 0.022***

0.24 ± 0.012**

0.26 ± 0.009 ns

30

0.26 ± 0.010*

0.24 ± 0.012*

0.26 ± 0.026***

0.26 ± 0.010**

0.26 ± 0.012 ns

For a group of six animals, the mean paw volume (ml) ± SEM in normal saline, standard and test compounds in carrageenan induced paw edema model by using
ANOVA followed by Dunnett’s test to find the level of significance (*P < 0.05, **P < 0.01 and ***P < 0.001).
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3.4.1.3.1.1. Discussion

Carrageenan induced paw edema is a well established animal model to assess the
anti-inflammatory effect of natural products as well as synthesized derivatives. For the
anti-inflammatory screening of test the compounds/ natural products, carrageenan is most
widely used to induce inflammation in experimental animals by injecting in the sub
planter tissue of right hind paw of mice/rats (199). Carrageenan administration is
responsible for the acute phase of inflammation where COX enzyme induce the
production of PGs, histamine and bradykinin. Piroxicam, aspirin and diclofenac having
COX inhibitory effect and therefore, used for the treatment of inflammation to reduced
the paw volume (edema) (200).

Piroxicam derivatives were screened for the anti-

inflammatory effect due to the participation of COX enzyme by using the piroxicam as a
standard (40).

Compound 1 was effective at all doses but the most potent effect was shown at 30
mg/kg dose. At doses of 10 and 20 mg/kg the potent effect observed during 3rd hr (Table
3.5). At a dose of 30 mg/kg the more potent anti-inflammatory effect was appeared in 3 rd
hr and continued up to 4 th hr as compared with the standard piroxicam. Significant effect
of compound 2 at a dose of 10 mg/kg was appeared during 1st hr and became more
prominent in 4th hr as compared with the standard. The significant effect of compound 2
at a dose of 20 mg/kg was appeared during 2 nd hr and just like to the effect of standard in
2nd and 3rd hr but more efficient effect was appeared in 4 th hr as compared with the
standard. Compound 3 showed effect similar to compound 1 at a dose of 10 mg/kg in 3 rd
hour while at doses of 20 and 30 mg/kg its effects just like 10 mg/kg dose of compound
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2. It showed that the compound 2 was more effective than the compound 3 which was
due to the result of substitution. Compound 4 was almost inactive and no significant
effect was seen at any dose except of 30 mg/kg where the effect was appeared only in 4 th
hr and has less anti-inflammatory potential as compared with the standard.

Compound 5 was inactive at a dose of 10 mg/kg and significant effect was
appeared during 4th and 5th hr at a dose of 20 mg/kg. At a dose of 30 mg/kg no significant
effect was appeared during 1st three hrs but in 4th and 5th hr the significant antiinflammatory effect was seen. Compound 5 like compound 4 was less active in
carrageenan induced paw edema model in mice as shown by the data in Table 3.5.
Compound 6 showed potent anti-inflammatory effect at a dose of 10 mg/kg during 4th
and 5th hr of experiment. At a dose of 20 mg/kg the more potent effect was shown by the
compound 6 during 4th hr and slightly decreased in 5 th hr. Compound 6 at a dose of 30
mg/kg was not significant in first two hrs but significant effect was appeared during 3rd
hr, most potent effect during 4th hr and in 5th hr and the effect slightly turnover just like
the effect of 3rd hr. No significant effect was shown by the compound 7 at 10 and 20 and
30 mg/kg doses during all stages of experiment as compared with standard.

Compound 8 showed significant anti-inflammatory effect at a dose of 10 mg/kg
during 4th hr and more potent effect during 5th hr in mice by using the carrageenan
induced paw edema model. Same effect was seen for compound 8 at doses of 20 and 30
mg/kg that were appeared during 4 th hr of the experiment as compared with standard. No
significant effect was shown by compound 9 at a dose of 10 mg/kg (i.p.). Compound 9
showed significant effect at a dose of 20 mg/kg during 3 rd and 4th hrs while at a dose of
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30 mg/kg, the more significant effect was observed during the 4 th hr as compared with
standard. The significant anti-inflammatory effect of compound 10 was appeared during
3rd hr at a dose of 10mg/kg. It showed the same effect at 20 and 30 mg/kg doses that was
appeared during 3rd and 4th hrs as compared with standard. Compound 11 did not showed
significant result at 10 and 20 mg/kg doses but at a dose of 30 mg/kg, the significant
effect was appeared during 4th hr of the experiment. Its activity was much less than the
standard piroxicam even in large dose.

Compound 12 was more active than the compound 11 and even showed
significant effect at doses of 10 and 20 and 30 mg/kg. The more potent effect of this
compound was observed during 3 rd and 4th hrs of the experiment as compared with
standard. Piroxicam analogue 13 has significant anti-inflammatory effect from 1st to the
5th hr of experiment at all doses. At doses of 10 and 20 mg/kg the significant effects were
appeared even during 1 st hr of the experiment. During 3 rd and 4th hrs, the effect was
appeared to be more to most potent. At a dose of 30 mg/kg the effect was more potent
than the dose of 10 and 20 mg/kg and became most potent during 3 rd and 4th hrs.
Compound 14 showed significant anti-inflammatory effect at all doses. At doses of 10
and 20 mg/kg the response were same as appeared during 2nd , 3rd and 4th hrs. At a dose of
30 mg/kg the response was more potent than the doses of 10 and 20 mg/kg and was
observed during 2 nd, 3rd and 4th hrs. The significant anti-inflammatory effect of
compound 15 was observed during 1st hr and abolished during 3 rd hr of the experiment.
At doses of 20 and 30 mg/kg the effect of this analogue was same. In such doses the
significant effect was appeared during 1 st hr and continued up to last hr of the experiment.
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Compound 16 showed more potent effect at a dose of 10 mg/kg and observed
during 3rd and 4th hrs only. At doses of 20 and 30 mg/kg the anti-inflammatory potential
was same. More potent effect was shown by this compound and observed during 2 nd to
3rd hrs of the experiment as compared with standard piroxicam. Compound 17 was also
effective at all doses. The significant effect was shown by this analogue during 2 nd to 3rd
hrs and potent effect during 3rd hr of the experiment at a dose of 10 mg/kg. At a dose of
20 mg/kg the significant effect was seen during 2 nd, 4th and 5th hrs and potent effect only
in 3rd hr of the experiment (Table 3.5). At a dose of 30 mg/kg the effect was more potent
than the dose of 10 and 20 mg/kg. For compound 18 the potent anti-inflammatory effect
was observed during the 2 nd and 3rd hrs. The response of the dose 20 mg/kg was just like
the dose 10 mg/kg but the only difference was the appearance of the potent effect during
the 3rd hr of the experiment for 20 mg/kg dose. Dose 30 mg/kg of compound 18 showed
dramatic change in the response. The significant effect was shown during 1st and 2 nd hrs
which differentiates it from the other two small doses.

3.4.1.3.1.2. Anti-inflammatory activity and SAR

The difference of substituent remarkably affects the inhibitory potential of
individual derivative as an evident of SAR. All the compounds except of 7 were found to
be active. Compound 13, 14 and 15 were found to be most potent in this series.
Compound 13 having two “Cl” at ortho and para positions of the aromatic ring greatly
enhance the activity of the compound. Similarly compound 14 having three “Cl” at ortho,
meta and para positions of the ring which also potentiate the anti-inflammatory activity
of this analogue. The presence of a single “Cl” at ortho position in compound 7 is
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responsible for the deactivation. Compound 15 having a methoxy group at ortho and “Cl”
at meta positions and enhance the effect of this analogue. Compound 18 also has potent
effect (at 20 and 30mg/kg doses) due to the presence of a methoxy group at ortho and a
“Cl” at para positions of the aromatic ring.

Compounds 2, 3, 6, 8 and 16 have potent activity. Compound 2 has a benzene
ring attached to the parent compound via sulfonyl moiety. Compound 3 has ethyl group
attached to the parent compound and enhance the anti-inflammatory effect. Compound 6
has a nitro group at ortho position of aromatic ring and declared it more active than its
analogue 10 which has a nitro group at meta position. Compound 8 has a methoxy group
at ortho position and compound 16 has a “Cl” at meta position making them more active
than compound 7 (an analogue of compound 6).

Compounds 1 (a propyl group at para), 5 (two methoxy at meta and para), 9 (a
naphthalene directly attached to the sulfonyl moiety), 10 (a nitro at meta) and 12 (a
methyl and a nitro at ortho and meta) showed very good anti-inflammatory activity.
Compound 4 has weak activity due to the presence of two methoxy groups at ortho and
para positions and less active than its analogue 5 (two methoxy at meta and para
positions).

3.4.1.3.1.3. Conclusion

We have screened piroxicam derivatives for the anti-inflammatory activity in
carrageenan induced paw edema model in mice and were able to inhibit, increasing in
paw edema volume more effectively or similarly as compared to piroxicam. All of the

74

Chapter 3

Results and Discussion

derivatives were found to be effective in carrageenan induced paw edema model except
of compound 7 which is inactive. Compounds 4 and 11 showed week response only at
high dose (30 mg/kg i.p.) as compared with standard piroxicam.

3.4.1.4. Antipyretic activity of piroxicam derivatives in mice
3.4.1.4.1. Brewer’s yeast induced pyrexia model of piroxicam derivatives in mice
Piroxicam analogues were tested for the antipyretic activity by using “Brewer’s
yeast induced pyrexia model” at three different test doses of 10, 20 and 30 mg/kg (i.p.).
The results of antipyretic activity are summarized in the Table 3.6. All derivatives have
variable antipyretic effect as compared with standard paracetamol 150 mg/kg (i.p.). All
the test doses produced antipyretic effects more significantly during 2nd hr. The
antipyretic effect was mostly dose dependent and much stronger with a dose of 30 mg/kg.
The standard paracetamol showed more potent antipyretic effect during 2 nd hr and potent
effect during 3rd hr while non significant during 1st, 4th and 5th hrs of the experiment in
animal model (mice).
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Table 3.6: Antipyretic effect of piroxicam derivatives in mice.
Treatment

Dose (mg/kg)

Rectal temperature (ºF)
Temperature after test compounds administration

Saline
Paracetamol
1

2

3

4

5

Normal

After 24 hrs

1 hr

2 hr

10 ml/kg

96.70 ± 0.69

97.90 ± 0.75

98.00 ± 0.99

98.20 ± 0.59

98.25 ± 0.92

97.85 ± 0.98

98.20 ± 0.92

10

96.85 ± 0.99

98.30 ± 1.04

97.40 ± 0.67 ns

96.76 ± 0.81**

95.88 ± 0.84***

96.87 ± 0.92 ns

96.62 ± 0.83 ns

10

94.76 ± 1.02

101.08 ± 1.10

98.87 ± 1.04 ns

97.37 ± 1.01 ns

96.95 ± 0.92*

96.67 ± 0.84 ns

98.75 ± 1.32 ns

20

95.45 ± 0.74

101.35 ± 0.87

98.62 ± 0.81 ns

98.68 ± 0.84 ns

98.20 ± 0.81*

96.25 ± 0.83**

97.92 ± 0.69 ns

30

94.93 ± 0.59

101.00 ± 0.85

98.63 ± 0.69 ns

98.13 ± 1.03 ns

97.20 ± 0.89*

95.95 ± 0.89**

96.85 ± 0.84*

10

95.68 ± 1.10

100.75 ± 0.76

98.10 ± 1.03 ns

94.47 ± 0.81***

94.75 ± 0.88***

94.87 ± 0.92***

97.27 ± 0.92 ns

20

96.85 ± 0.96

101.78 ± 0.68

97.60 ± 0.81 ns

95.53 ± 0.69***

94.90 ± 0.59***

94.77 ± 0.79***

96.42 ± 1.32**

30

97.58 ± 0.92

101.32 ± 0.98

96.52 ±1.02**

96.28 ± 0.84***

96.03 ± 0.92***

95.33 ± 0.84***

96.35 ± 0.89**

ns

96.82 ± 0.81**

96.35 ± 0.59*

97.13 ± 0.79 ns

97.30 ± 0.89

3 hr

ns

4 hr

5 hr

10

96.30 ± 0.87

100.90 ± 1.03

97.37 ± 0.69

20

96.10 ± 1.04

100.3 ± 1.06

97.33 ± 0.81 ns

96.85 ± 1.03**

96.72 ± 0.84**

96.10 ± 0.92*

96.77 ± 0.92*

30

96.52 ± 1.21

100.63 ± 0.89

97.30 ± 0.77 ns

96.85 ± 1.01**

96.38 ± 0.88***

95.78 ± 0.77**

96.48 ± 0.88**

ns

96.98 ± 0.84*

96.63 ± 1.01**

95.98 ± 0.89*

97.00 ± 0.84 ns

10

96.93 ± 0.84

100.80 ± 0.78

97.87 ± 0.84

20

96.72 ± 0.63

100.7 ± 0.95

97.53 ± 0.77 ns

96.93 ± 0.81*

96.68 ± 0.92**

96.37 ± 1.32*

96.67 ± 1.03*

30

96.65 ± 0.69

100.63 ± 1.14

97.85 ± 0.69 ns

96.80 ± 0.89**

96.38 ± 1.03***

96.22 ± 1.02**

96.58 ± 0.92*

10

96.38 ± 1.04

101.05 ± 1.05

97.20 ± 1.03 ns

96.62 ± 0.77**

96.03 ± 0.81***

96.48 ± 0.79**

97.10 ± 0.79*

20

96.92 ± 0.70

100.82 ± 0.74

96.88 ± 0.92 ns

96.68 ± 0.84**

96.42 ± 0.89***

96.35 ± 0.81**

96.90 ± 0.84**

30

96.50 ± 0.58

102.20 ± 0.92

96.60 ± 1.01*

95.87 ± 1.03***

95.55 ± 0.59***

94.65 ± 1.32***

96.78 ± 0.75**
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10

6

7

8

9

10

11

12

96.95 ± 0.88

99.58 ± 0.83

97.83 ± 0.84 ns

97.03 ± 0.76**

96.50 ± 0.92***

95.95 ± 0.89**

96.82 ± 0.79*

ns

96.50 ± 0.79**

95.97 ± 1.03***

95.92 ± 1.02**

96.82 ± 0.89*

20

96.88 ± 0.92

100.53 ± 1.33

97.10 ± 1.02

30

96.97 ± 0.95

101.10 ± 1.21

97.03 ± 0.83 ns

96.50 ± 0.84**

95.73 ± 0.84***

95.10 ± 0.79***

96.30 ± 0.84**

10

96.60 ± 0.74

100.20 ± 0.91

97.58 ± 0.78 ns

97.21 ± 0.76*

96.23 ± 0.76***

97.02 ± 1.32 ns

97.42 ± 0.75 ns

20

96.82 ± 0.66

99.33 ± 1.04

97.62 ± 1.32 ns

97.25 ± 1.02*

96.45 ± 1.32***

96.53 ± 0.79*

97.26 ± 0.81 ns

30

96.73 ± 0.70

99.76 ± 0.88

97.13 ± 0.92 ns

96.85 ± 0.88**

95.90 ± 0.92***

96.02 ± 0.84**

96.95 ± 0.88*

10

98.01 ± 1.02

100.55 ± 0.65

97.25 ± 0.69 ns

96.90 ± 0.84**

96.05 ± 0.56***

96.17 ± 0.83**

96.87 ± 0.84*

20

98.55 ± 1.07

100.65 ± 0.88

97.68 ± 0.84 ns

96.83 ± 0.89**

96.42 ± 0.89***

96.23 ± 0.59**

97.00 ± 0.92*

30

98.23 ± 0.73

101.25 ± 0.76

97.30 ± 1.02 ns

96.33 ± 0.79**

95.98 ± 0.84***

95.67 ± 0.92***

96.13 ± 1.32***

10

98.58 ± 0.78

101.17 ± 1.05

97.32 ± 0.83 ns

96.98 ± 1.01**

96.52 ± 1.32***

96.17 ± 0.76**

97.03 ± 0.83**

20

98.13 ± 0.69

100.45 ± 0.97

96.88 ± 1.32 ns

96.80 ± 1.12**

96.03 ± 0.76***

95.98 ± 0.83**

96.98 ± 0.79**

30

97.72 ± 1.03

100.63 ± 1.12

96.72 ± 0.76*

96.83 ± 0.77**

96.02 ± 0.92***

96.01 ± 1.32**

97.10 ± 0.92**

10

98.33 ± 1.10

100.42 ± 1.24

97.40 ± 0.69 ns

96.78 ± 0.83*

95.97 ± 1.01**

95.70 ± 1.02**

95.52 ± 0.77***

20

98.38 ± 1.12

100.50 ± 1.30

97.43 ± 0.84 ns

96.70 ± 0.76*

96.17 ± 0.68**

95.58 ± 0.77**

95.60 ± 0.88***

30

96.15 ± 0.90

99.97 ± 0.77

97.15 ± 0.78 ns

96.60 ± 0.79*

96.58 ± 0.83**

95.82 ± 0.84**

95.37 ± 0.77***

10

95.55 ± 0.62

100.53 ± 0.98

97.47 ± 1.02 ns

97.15 ± 1.02*

96.68 ± 0.77**

96.10 ± 1.01**

97.73 ± 1.32 ns

20

95.67 ± 0.81

99.78 ± 0.84

97.22 ± 1.03 ns

97.03 ± 0.75*

96.30 ± 0.83***

96.00 ± 0.92**

97.05 ± 0.75*

30

95.23 ± 1.05

100.13 ± 1.32

97.45 ± 0.75 ns

96.92 ± 1.32**

95.97 ± 0.92***

95.57 ± 1.32***

96.65 ± 0.89**

10

96.13 ± 0.78

100.42 ± 1.21

97.13 ± 0.69 ns

97.47 ± 0.84 ns

97.38 ± 1.03*

97.22 ± 0.84 ns

97.53 ± 1.03 ns

20

95.95 ± 1.03

100.33 ± 1.36

97.60 ± 0.92 ns

97.20 ± 0.88*

97.10 ± 1.01**

96.75 ± 0.76 ns

97.35 ± 0.76 ns

30

95.15 ± 1.04

99.70 ± 0.75

98.20 ± 0.84 ns

96.93 ± 0.84**

97.18 ± 1.02**

96.73 ± 0.89*

97.10 ± 0.84*
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10

95.43 ± 0.75

100.23 ± 0.77

98.30 ± 0.79 ns

97.78 ± 1.02 ns

97.32 ± 0.89*

97.12 ± 1.03 ns

97.85 ± 0.79 ns

20

94.95 ± 0.59

99.93 ± 0.87

97.83 ± 1.01 ns

97.53 ± 0.88 ns

97.00 ± 0.76**

97.23 ± 0.92 ns

98.12 ± 0.92 ns

30

95.42 ± 1.01

100.02 ± 1.10

97.56 ± 0.92 ns

97.10 ± 0.92 ns

96.43 ± 1.32***

96.35 ± 0.84**

96.93 ± 0.83**

10

95.25 ± 1.09

99.58 ± 1.04

97.78 ± 0.84 ns

97.43 ± 0.84 ns

97.08 ± 0.84 ns

96.42 ± 0.76 ns

97.47 ± 0.79 ns

20

95.53 ± 1.01

100.38 ± 0.95

97.38 ± 0.79 ns

96.95 ± 0.77*

96.62 ± 0.89**

97.12 ± 0.83 ns

97.83 ± 0.76 ns

30

94.82 ± 0.96

99.72 ± 1.04

97.32 ± 0.84 ns

96.78 ± 0.92**

96.32 ± 0.77**

95.88 ± 1.01**

96.62 ± 0.84**

10

95.65 ± 0.91

100.07 ± 1.10

97.87 ± 0.92 ns

97.80 ± 0.77 ns

97.67 ± 1.03 ns

97.47 ± 0.92 ns

97.58 ± 0.92 ns

20

97.02 ± 1.12

100.13 ± 0.83

96.95 ± 0.75 ns

96.72 ± 0.76*

96.47 ± 0.76**

96.32 ± 0.84*

96.70 ± 0.88*

30

94.7 ± 0.74

99.57 ± 1.32

97.15 ± 0.84 ns

96.95 ± 0.92*

96.58 ± 0.89**

96.28 ± 0.88*

96.67 ± 0.84*

10

96.00 ± 1.02

98.48 ± 0.76

96.85 ± 1.01 ns

96.38 ± 0.81**

95.25 ± 0.84***

95.42 ± 0.76***

94.55 ± 0.75***

20

95.27 ± 0.82

99.90 ± 0.69

97.35 ± 0.92 ns

96.58 ± 0.84**

96.10 ± 0.81***

95.08 ± 0.75***

94.57 ± 0.89***

30

94.93 ± 1.04

99.57 ± 0.93

97.12 ± 0.84 ns

96.77 ± 0.75**

96.20 ± 0.89***

95.88 ± 0.92***

96.12 ± 0.83***

10

95.45 ± 0.78

100.13 ± 0.77

98.00 ± 0.89 ns

97.43 ± 0.76 ns

96.93 ± 1.03**

96.45 ± 0.85 ns

96.92 ± 1.05 ns

20

94.75 ± 1.05

100.21 ± 1.12

97.17 ± 0.75 ns

96.37 ± 0.77**

96.05 ± 0.76***

96.30 ± 0.89 ns

97.27 ± 0.76 ns

30

95.73 ± 1.04

99.20 ± 1.01

97.33 ± 0.89 ns

96.63 ± 0.89**

96.28 ± 0.75***

95.93 ± 0.75**

97.18 ± 0.83 ns

10

94.53 ± 1.06

100.10 ± 0.84

98.93 ± 1.01 ns

98.78 ± 0.75 ns

98.00 ± 0.89 ns

96.93 ± 0.83 ns

96.98 ± 0.89 ns

20

95.27 ± 0.83

100.17 ± 0.82

98.23 ± 0.77 ns

97.53 ± 0.75 ns

97.12 ± 1.03 ns

96.58 ± 0.76*

97.02 ± 0.75*

30

95.50 ± 0.68

100.65 ± 0.79

97.73 ± 0.89 ns

96.93 ± 0.89*

96.88 ± 0.76*

96.12 ± 0.92**

95.82 ± 0.76***

For a group of six animals, the mean rectal temperature (oF) ± SEM in normal saline, standard and test compounds in “Brewer’s yeast induced pyrexia test” by
using ANOVA followed by Dunnett’s test to find the level of significance (*P < 0.05, **P < 0.01 and ***P < 0.001).
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3.4.1.4.1.1. Discussion

Most anti-inflammatory drugs possess the antipyretic activity due to the
involvement of COX enzymes. Such drugs produce the antipyretic effect by blocking the
COX enzymes which are responsible for the production of PGs in hypothalamus (201).
Piroxicam derivatives were screened for the antipyretic effect due to the involment of
COX enzymes in pyrexia.

Compound 1 showed weak antipyretic effect at a dose of 10 mg/kg that was
significant only in 3rd hr as compared to the standard paracetamol (202). Dose 20 mg/kg
showed good effect as compared to the dose 10 mg/kg and more potent in the 4th hr. 30
mg/kg dose showed same response as compared to the dose 20 mg/kg but the only
difference was that the former has the effect continued up to 5 th hr of the experiment.
Compound 2 showed more powerful antipyretic effect as compared to the compound 1
and standard. At a dose of 10 mg/kg, the response of the drug was most potent and
appeared during 2 nd hr of the experiment. The response of the dose of 20 mg/kg was same
as that of 10 mg/kg but continued up to 5 th hr of the experiment. At a dose 30 mg/kg the
antipyretic effect started during 2nd hr and continued up to the 5 th hr. Compound 3 at a
dose of 10 mg/kg, showed more potent antipyretic effect during 3rd hr. At a dose of 20
mg/kg the potent effect appeared during the 2 nd hr of the experiment and continued up to
5th hr (Table 3.6). At a dose of 30 mg/kg, the more potent antipyretic effect started during
2nd hr, most potent effect during 3rd hr while potent effect in 4th and 5th hrs of the
experiment. At all three doses the peak response was observed during 3 rd hr. Compound 4
showed antipyretic effect at all three doses but the response was dose dependent and the
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highest response was seen during 3 rd hr of experiment like compound 3. At all doses the
response was appeared during 2nd hr and continued up to 5 th hr (20 and 30 mg/kg). For a
dose of 10 mg/kg the potent effect was appeared during 2nd hr, more potent during 3rd hr
while during 4th hr the response turned like to 2 nd hr of experiment. At a dose of 20 mg/kg
the effect was more potent during 2 nd hr, potent during 3rd hr and then the potent effect
was observed during 4th and 5th hrs. At a dose of 30 mg/kg, the more potent effect was
seen during 2nd hr, most potent in 3rd hr and more potent to potent effect during 4th and 5th
hrs of the experiment (Table 3.6).

Compound 5 comparatively showed good antipyretic effect as compared to the
compound 4. At a dose of 10 mg/kg the effect was more potent during 2nd hr of
experiment, most potent in 3rd hr and more potent to potent during 4th and 5th hrs of the
experiment as compared to the standard. At a dose of 20 mg/kg, the potent response was
seen during 2 nd hr while most potent effect during 3rd hr. At 30 mg/kg dose the response
was noticeable even during 1 st hr. At a dose of 30 mg/kg, most potent effect was observed
during 2nd, 3rd and 4th hrs of the experiment while during 5th hr the more potent effect was
noticed. At all three doses the effect was continued up to the 5th hr. Like the compound 4
the peak antipyretic effect was seen during the 3 rd hr. Compound 6 almost showed same
response as that of compound 5. At doses of 10 and 20 mg/kg the response was same and
most potent effect was appeared during 3rd hr of experiment. At a dose of 30 mg/kg, the
response was more potent than the first two doses. The antipyretic effect was appeared
during 2 nd hr and continued up to 5 th hr of experiment in animal model. Compound 7
showed potent effect during 2 nd hr and most potent antipyretic effect during 3 rd hr of
experiment (Table 3.6). At a dose of 20 mg/kg, the effect was appeared during 2 nd , 3rd
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and 4th hrs of the experiment where most potent effect was observed during 3 rd hr. At a
dose of 30 mg/kg, the response was more potent as compared to the 10 and 20 mg/kg
doses. More potent effect was observed during 2 nd hr, most potent during 3rd hr and more
potent to potent effect during 4th and 5th hrs of the experiment.
Compound 8 showed antipyretic response from 2 nd to 5th hr of the experiment at
all doses. At doses of 10 and 20 mg/kg the results were more potent during 1st hr, most
potent during 3rd hr and more potent to potent during 4th and 5th hrs of the experiment.
For 30 mg/kg, the response was more potent than first two doses which were more
significant in 2 nd hr, most potent in 3rd, 4th and 5th hrs of the experiment as compared with
standard. Compound 9 showed same response at all three doses and seemed to be not
dose dependent. Doses 10, 20 and 30 mg/kg, the response was more potent during 2 nd hr,
4th and 5th hrs while most potent during 3rd hr of the experiment. Compound 10
comparatively showed week response during 1st and 2nd hrs of experiment as compared to
the compound 9. At three different doses of 10, 20 and 30 mg/kg, the response was potent
during 2 nd hr and more to most potent during 3rd, 4th and 5th hrs. Compound 11 showed
variable responses at different doses which were seemed to be dose dependent. Response
of this analogue was potent to more potent during 2 nd, 3 rd and 4th hrs. At a dose of 20
mg/kg, the antipyretic effect was potent during 2 nd hr, most potent during 3 rd hr and then
decreased from more potent to only potent. At a dose of 30 mg/kg, the effect was more
potent during 2 nd hr, most potent during 3rd , and 4th hrs and more potent during 5th hr.
Only for dose 20 and 30 mg/kg the effects were continued up to 5th hr with variable
degree (Table 3.6).
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Compound 12 showed only potent response during 3rd hr at a dose of 10 mg/kg.
At a dose of 20 mg/kg, the effect was potent during 2 nd hr and more potent during 3rd hr
of experiment. For a dose of 30 mg/kg, the compound 12 showed the antipyretic effect
from 2nd to 5th hrs which was more potent during 2 nd and 3rd hrs and potent only during
4th and 5th hrs. Compound 13 just like 12, showed only potent response during 3rd hr of
the experiment. At a dose 20 mg/kg the response was more potent but for a short time
period (only in 3rd hr). The response of the 30 mg/kg dose was more potent and occurred
for longer duration as compared to the 10 and 20 mg/kg doses. The response of
compound 14 was not significant at a dose 10 mg/kg. At a dose of 20 mg/kg the
antipyretic effect was significant during 2 nd hr and more potent during 3rd hr of
experiment. The effect of 30 mg/kg dose were more potent than the first two doses, more
potent during 2nd hr and continued up to 5 th hr of the experiment as compared to the
standard.

The response of compound 15 was just like 14 and non significant at a dose 10
mg/kg. The antipyretic effect of doses 20 and 30 mg/kg were same and appeared during
2nd hr and continued up to 5 th hr of the experiment. During this time period the effect was
potent to more potent. Compound 16 showed same antipyretic effect at 10, 20 and 30
mg/kg (i.p.) doses which were more potent during 2 nd hr and most potent during 3rd, 4th
and 5th hrs of the experiment. The maximum antipyretic effect of compound 17 was
observed during 3rd hr for all doses. Compound 17 showed more potent effect during 3rd
hr of experiment only. Dose 20 mg/kg the antipyretic effect was more and most potent at
2nd and 3rd hrs of the experiment respectively. The response of the dose 30 mg/kg was
same as that of 20 mg/kg but prolonged up to 4 th hr. Compound 18 was not significant at
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a dose 10 mg/kg while for dose 20 mg/kg the antipyretic effect was significant during 4th
and 5th hrs. Dose 30 mg/kg showed potent effect as compared to the doses 10 and 20
mg/kg. This effect was potent during 2nd and 3rd hrs of experiment, more potent during 4th
hr and most potent during 5th hr of the experiment in animal model as compared with
standard paracetamol (Table 3.6).

3.4.1.4.1.2. Antipyretic activity and SAR

Compounds of this series have potent antipyretic activity are 2, 3, 4 (30 mg), 5, 6,
7 (20 and 30 mg/kg), 8, 9, 10, 11 (20 and 30 mg/kg), 12 (30 mg/kg), 13 (30 mg/kg), 14
(30 mg/kg), 15 (20 and 30 mg/kg), 16, 17 (30 mg/kg) and 18 (30 mg/kg). Analogues have
significant antipyretic effects are 4 (10 and 20 mg/kg), 7 (10 mg/kg), 11 (10 mg/kg), 14
(20 mg/kg) and 17 (20 mg/kg). Derivatives have moderate effects are 12 (20 mg/kg) and
17 (10 mg/kg) while compounds have weak antipyretic effects are 1, 12 (10 mg/kg), 13
(10 and 20 mg/kg) and 18 (20 mg/kg). Compounds reported to be inactive are 14 (10
mg), 15 (10 mg) and 18 (10 mg). This variation in antipyretic activity is the result of
substitution. Various groups attached to the parent compound, are responsible for the
potent/lack of activity of piroxicam derivatives. In compounds 2 and 3 benzene ring and
ethyl groups are attached to the parent compound respectively via sulfonyl moiety and
greatly enhanced the antipyretic activity of these analogues. Two methoxy groups are
attached at meta and para positions of the benzene ring in compound 5 and enhanced
antipyretic potential as compared with its analogue 4 which is potent only at 20 mg/kg
dose due to the presence of two methoxy groups at ortho and para positions of aromatic
ring.
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Nitro group at ortho and meta positions of benzene ring enhanced the effect of the
compounds 6 and 10 respectively. The attachment of “Cl” at para position in compound
7 (only in 20, and 30 mg/kg) and at ortho position of aromatic ring in compound 16
increased antipyretic activity. In compound 8, a methoxy group is attached to the para
position of benzene ring and enhanced its antipyretic effect. Compound 9 also have high
antipyretic activity due to the addition of naphthalene ring to the parent compound via
sulfonyl moiety. Compound 11 have two different groups methoxy at ortho and a “Br” at
meta positions which decrease its activity at a dose of 10 mg/kg but enhance the
antipyretic effect at doses of 20 and 30 mg/kg. Compounds 12, 14, 15, 17 and 18 have
potent antipyretic activity at high dose (30 mg/kg) as compared with the small doses (10
and 20 mg/kg). Compound 1 have a propyl group at ortho position and impart weak
antipyretic effect to this derivative.

3.4.1.4.1.3. Conclusion

In conclusion, a series of substituted derivatives of piroxicam were prepared and
screened for antipyretic activity. Piroxicam derivatives showed variable degree of
antipyretic potential at different doses due to the effect of various substituents as well as
their positions on aromatic ring. Compounds of this series have potent antipyretic activity
are 2, 3, 4 (30 mg/kg), 5, 6, 7 (20 and 30 mg/kg), 8, 9, 10, 11 (20 and 30 mg/kg), 12 (30
mg/kg), 13 (30 mg/kg), 14 (30 mg/kg), 15 (20 and 30 mg/kg), 16, 17 (30 mg/kg) and 18
(30 mg/kg). Analogues have good antipyretic effects are 4 (10 and 20 mg/kg), 7 (10
mg/kg), 11 (10 mg/kg), 14 (20 mg/kg) and 17 (20mg/kg). Derivatives have moderate
effects are 12 (20mg/kg) and 17 (10mg/kg) while compounds have weak antipyretic
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effects are 1, 12 (10 mg/kg), 13 (10 and 20 mg/kg) and 18 (20 mg/kg). Compounds
reported to be inactive are 14 (10 mg/kg), 15 (10 mg/kg) and 18 (10 mg/kg) as compared
with standard paracetamol in Brewer’s yeast induced pyrexia model in mice.

3.4.2. In-vitro biological screening
3.4.2.1. Antiglycation activity of piroxicam derivatives

Piroxicam derivatives were subjected to in-vitro antiglycation activity and have
been found that the inhibitory effects of antiglycating agents are due to the inhibition of
AGEPs as confirmed by the fluorometry assay. The results of in-vitro antiglycation assay
are summarized in Table 3.7.

Table 3.7: In-vitro antiglycation activity of piroxicam derivatives.
Comp. #

IC50 ± SEMa (µM)

Comp#

IC50 ± SEMa (µM)

1

415.3 ± 4.5

10

384.2 ± 5.47

2

178.9 ± 1.55

11

636.41 ± 1.61

3

607.7 ± 2.57

12

364.3 ± 4.78

4

237 ± 2.01

13

486.7 ± 8.7

5

397.73 ± 6.76

14

NAb

6

300.1 ± 1.89

15

591.1 ± 4.65

7

256.5 ± 2.56

16

475 ± 7.46

8

NAb

17

636.1 ± 3.32

9

444.7 ± 2.21

18

547.3 ± 3.22

Rutinc

274.5 ± 0.05

SEMa: Standard error of the mean, NAb: Not active, Rutinc: standard inhibitor for antiglycation assay.

3.4.2.1.1. Discussion

Type-2 diabetes is associated with the production of AGEPs (203), which are
significant pathogenic mediators for the complication of type-2 diabetes (118).
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Aminoguanidine is used for the treatment of late diabetic complications which prevent
the production of AGEPs but also have some toxicity problems (204). Research on
antiglycation agents is vital for the treatment of late diabetic complications due to the
availability of small numbers of effective antiglycating agents (124). Therefore, the
efforts have been made in order to develop novel, safe and effective antiglycating agents
(205).

Novel piroxicam analogues were screened for the in-vitro antiglycation assay and
the compounds 2, 4 and 7 were founded to be more potent than the standard rutin (206).
Derivatives of piroxicam showed varying degree of antiglycation potential with IC 50 value
ranging between 178.9 and 636.41 with reference to the standard rutin. Compound 2, 4,
and 7 exhibited excellent antiglycation activity far better than the reference (rutin IC 50 =
274.5 ± 0.05 µM) with IC 50 values of 178.9 ± 1.55 µM, 237 ± 2.01 µM, and 256.5 ± 2.56
µM respectively (Table3.7).

3.4.2.1.2. Antiglycation activity and SAR

The difference of substituents remarkably affect the inhibition potential of
individual derivative as an evident here the presence of two electron donating groups i.e.,
methoxy groups at ortho and para positions of aromatic ring in compound 4 showed
activity (IC50 = 237 ± 2.01 µM) greater than compound 7 (IC50 = 256.5 ± 2.56 µM)
having an electron withdrawing group (Cl) at para position of aromatic ring. However
the presence of an aromatic ring in compound 2 surprisingly showed highest
antiglycation potential. Compound 5 (IC50 = 397.73 ± 6.76 µM), 6 (IC50 = 300.1 ± 1.89
µM), 10 (IC50 = 384.2 ± 5.47 µM), and 12 (IC50 = 364.3 ± 4.78 µM) exhibited moderate
86

Chapter 3

Results and Discussion

antiglycation activity as shown in Table 3.7. Compound 5 showed lower activity than its
analogue (compound 4) due the presence of methoxy group at meta and para positions
rather than ortho and para positions of aromatic ring. Similarly in case of compound 6
and 10, nitro group has different positions i.e., ortho in former and meta in later which
contributed towards different IC50 values with ortho analogue dominant over meta. The
presence of methyl group at ortho position and nitro group at meta in compound 12
showed activity less than ortho while greater than meta analog. Moreover, the moderate
activity was might be due to “zwitter ion” formation between nitro group and carbonyl
group of methyl glyoxal.

Compounds having alkyl or aryl substituents includes compound 1, 3, and 9
showed different antiglycation potential with IC 50 values of 415.3 ± 4.5µM, 607.7 ±
2.57µM, and 444.7 ± 2.21µM. Compound 3 and 9 exhibited measureable amount of
activity due to slight electron donating effect of alkyl group and extended resonance in
napthyl group respectively. However, compound 3 was among the lowest activity
analogues due to the in-effective functional group in order to facilitate inhibition.
Compounds 11 (IC50 = 636.41 ± 1.61 µM), 13 (IC50 = 486.7 ± 8.7 µM), 15 (IC50 = 591.1
± 4.65 µM), 16 (IC50 = 475 ± 7.46 µM), 17 (IC50 = 636.1 ± 3.32 µM) and 18 (IC50 =
547.3 ± 3.22 µM) are the compounds that showed extremely low antiglycation activity
(Table 3.7) which might be due to the presence of strong electron withdrawing groups. It
is witnessed that increase in number of electron withdrawing groups with strong
withdrawing capabilities, lowered the antiglycation potential of compounds. Compound 8
and 14 were found to be completely inactive and not evaluated further for IC50 values.
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3.4.2.1.3. Conclusion

In conclusion, the sulfonated based piroxicam derivatives were screened for
antiglycation assay. Compounds showed varying degree of antiglycation potential is due
to the different substituents and their positions as well. Compounds 2, 4, and 7 were
found to be more potent than the standard rutin.

3.4.2.2. Cytotoxic activity of piroxicam derivatives

Piroxicam analogues were also screened for antineoplastic activity using MTT
cytotoxicity assay according to the established literature protocol by employing the breast
cancer cells line (MCF-7) (188). In this assay the compounds were tested by using the
doxorubicin as a standard drug and the results are summarized in Table 3.8.

Table 3.8: In-vitro MTT cytotoxicity of piroxicam derivatives.
Comp. #

IC50 ± SEMa (µM)

1

NAb

10

NAb

2

NAb

11

NAb

3

63 ± 2.3

12

NAb

4

45 ± 0.1

13

NAb

5

NAb

14

NAb

6

NAb

15

NAb

7

NAb

16

NAb

8

NAb

17

55 ± 2.05

9

NAb

18

50 ± 0.05

Doxorubicinc

Comp#

IC50 ± SEMa (µM)

1.56 ± 0.05

SEMa: Standard error of the mean, NAb: Not active, Doxorubicinc: standard for MTT cytotoxicity assay.

88

Chapter 3

Results and Discussion

3.4.2.2.1. Discussion

COX-2 enzyme is over expressed and involved in the development and
progression of colon, prostate and bladder cancers (207-209). Previously the nitric oxide
derivatives of NSAIDs (NO-NSAIDs) such as piroxicam, aspirin, indomethacin,
ibuprofen and flurbiprofen were synthesized and tested and their efficacy has been
demonstrated on prostate, bladder and colon cancer cell lines due to the involvement of
COX-2 enzyme (210-211). Selective and non selective COX-2 inhibitors have been
tested for the treatment and prevention of different types of cancers such as prostate and
bladder cancer but their use is limited due to their side effects (212). NO-NSAIDs have
maximum anticancer effect on prostate, bladder and colon cancer with low toxicities
(213-214). Previously sulindac was tested on cancer cell line (PC3 cell line) in a
concentration of 10 µM but found to be inactive (210, 215). But when the sulindac
derivatives (NO-sulindac) were tested in same concentration against the cancer cell lines,
much prominent inhibitory effects of these derivatives were observed on the cancer cells
(216).

On the basis of involvement of COX-2 enzyme, piroxicam analogues were
screened for the in-vitro MMT cytotoxic assay and were found that the some compounds
3, 4, 18, and 17 showed moderate to low growth inhibitory effects on tested cell lines.
Derivatives of piroxicam showed varying degree of cytotoxic activity against breast
cancer cell lines with IC50 value ranging between 45 ± 0.1 µM and 63 ± 2.3 µM with
reference to the standard doxorubicin (IC50 = 1.56 ± 0.05 µM) (Table 3.8). This study
showed that the compound 4 (45 ± 0.1 µM), 17 (55 ± 2.05 µM) and 18 (50 ± 0.05 µM)
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showed moderate anticancer activity while the compound 3 (63 ± 2.3 µM) showed low
growth inhibitory activity. The order of potency for the anticancer effect of these
compounds is 4 ˃ 18 ˃ 17 ˃ and 3.

3.4.2.2.2. Cytotoxic activity and SAR

Compound 4 having two methoxy groups at ortho and para positions of aromatic
ring that contribute to the moderate activity of the compound. Compound 5 is an
analogue of compound 4 has two methoxy groups at meta and para positions of aromatic
ring which contribute to the inactivity of the compound. Compound 8 has a single
methoxy group at para position of the aromatic ring and was founded inactive.
Compound 18 having a methoxy group at ortho and “Cl” at para positions of aromatic
ring. These two groups are although strong electron withdrawing groups but make the
compound moderately active. Compound 15 is an analogue of compound 18 also has two
different strong electron withdrawing i.e., groups methoxy at ortho and “Cl” at meta
positions of aromatic ring, make it inactive. Compound 17 has a nitro group at meta
while “Cl” at ortho positions make the compound also moderately active but less as
compared with compounds 4 and 18. In Compound 3, a methyl group directly attached
to the sulfonyl moiety of the compound and having low anticancer activity as compared
with the 4, 17 and 18. Other compounds of this series having no anticancer activity and
therefore, not evaluated further.

90

Chapter 3

Results and Discussion

3.4.2.2.3. Conclusion

Compounds 4, 17 and 18 possess moderate anticancer activity while compound 3
having low anticancer activity against the breast cancer cells line. This shows that the
type as well as the position of substituents at aromatic ring greatly changed the activity of
the compounds from moderate to low activity or make them inactive.

3.4.2.3. Immunomodulatory activity of piroxicam derivatives

The piroxicam derivatives were screened for the immunomodulatory activity
against the standard ibuprofen. None of the compounds possess immunomodulatory
activity. It can be concluded that changing the substituents or changing the position of
substituents at aromatic ring do not impart immunomodulatory activity to the compounds.

3.4.2.4. Dipeptidyl peptidase-IV activity of piroxicam derivatives

Piroxicam analogues were also screened for DPP-IV activity and the results are
summarized in Table 3.9. Some piroxicam derivatives were found to show weak in-vitro
DPP-IV inhibitory activity against standard sitagliptin.
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Table 3.9: In-vitro DPP-IV activity of piroxicam derivatives.
Comp. #

IC50 ± SEMa (µM)

Comp#

IC50 ± SEMa (µM)

1

88 ±1.01

10

NAb

2

NAb

11

60 ± 4.02

3

NAb

12

NAb

4

70.3 ± 0.46

13

75.5 ± 0.82

5

NAb

14

70.8 ± 0.25

6

NAb

15

NAb

7

NAb

16

NAb

8

NAb

17

NAb

9

NAb

18

NAb

Sitagliptinc

0.0246 ±.04

SEMa: Standard error of the mean, NAb: Not active, Sitagliptinc: standard for DPP-IV assay.

3.4.2.4.1. Discussion

DPP-IV is an enzyme present on the surface of most cells. It is associated with
different function of the body like apoptosis, signal transduction, immune regulation,
cancer suppression but a major role in glucose metabolism and a pathogenic role in the
development of fibrosis (147-150). Therefore, DPP-IV inhibitors are rising as a novel
treatment for the patients with type-2 diabetes (165). The majority of DPP-IV inhibitors
have been reported to incorporate α-amino acid except of few drugs (166-167). Recently
new DPP-IV inhibitors with β-amino acid based have been reported that are highly potent
but have poor pharmacokinetic profile (168). Diclofenac has inhibitory effect on DPP-IV
but responsible for the hepatotoxicity in rats. Such inhibitory effects were also observed
for the other NSAIDs (217) that guided us to screen the piroxicam derivatives (1-18) for
the in-vitro DPP-IV inhibitory assay.
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Compounds 1, 4, 11, 13 and 14 were found to have inhibitory potential with IC50
values of 88 ± 1.01 µM, 70.3 ± 0.46 µM, 60 ± 4.02 µM, 75.5 ± 0.82 µM and 70.8 ± 0.25
µM respectively as compared with standard sitagliptin (IC 50 = 0.0246 ± 0.04 µM) as
shown in Table 3.9. The order of potency of compounds is 11 > 4 > 14 > 13 > 1, the
evidence of SAR at “OH” group of parent compound piroxicam. Only five compounds
showed some inhibitory potential but no one is potent like standard.

3.4.2.4.2. Dipeptidyl peptidase-IV activity and SAR

The most active analogue among these is 11, has two different groups methoxy at
ortho and “Br” at meta positions of the aromatic ring. The presences of these substituents
declare it more active among these compounds but less active as compared with the
standard. Compound 4 is the second most active compound and has potent DPP-IV
inhibitory activity as compared with the 14, 13 and 1 but less active as compared with the
standard and compound 11. Compound 4 has two methoxy groups at ortho and para
positions of benzene ring and has some activity as compared with its analogues 5 (having
two methoxy groups at meta and para positions) which is inactive. The presence of three
“Cl” at ortho, para and meta positions of benzene ring in compound 14 also impart some
inhibitory potential to this compound as compared with its analogue 13 which has two
“Cl” at ortho and para positions and is less active as compared with the compound 14.
Compound 1 has a propyl group at para position of the ring and also has some inhibitory
activity. Other compounds of this series are inactive and therefore, not evaluated further
for the IC50 values.
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3.4.2.4.3. Conclusion

Piroxicam derivatives were tested for the in-vitro DPP-IV activity. The
compounds having inhibitory effects are 1, 4, 11, 13 and 14 as compared with the
standard. It can be concluded that only five derivatives of piroxicam have week inhibitory
potential while the others are inactive.

3.4.2.5. Leishmanicidal activity of piroxicam derivatives

All piroxicam analogues were tested randomly for the in-vitro leishmanicidal
assay. Derivatives of piroxicam showed varying degree of leishmanicidal potential with
IC50 value ranging between 45.3 ± 2.9 µM and 64.1 ± 2.1 µM with reference to the
standard pentamidine (IC50 = 5.09 ± 0.04 µM) as shown in the Table 3.10.

Table 3.10: In-vitro leishmanicidal activity of piroxicam derivatives.
Comp#

IC50 ± SEMa (µM)

Comp#

IC50 ± SEMa (µM)

1

NAb

10

64.1 ± 2.1

2

NAb

11

NAb

3

NAb

12

NAb

4

NAb

13

46.7 ± 2.2

5

NAb

14

62.6 ± 2.9

6

NAb

15

NAb

7

62.3 ± 2.4

16

NAb

8

63.2 ± 2.3

17

45.3 ± 2.9

9

NAb

18

NAb

Pentamidine c

5.09 ± 0.04

SEMa is the standard error of the mean, NAb Not active, Pentamidine-c standard for
antileishmanial assay.
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3.4.2.5.1. Discussion

Leishmaniasis is a global public health problem and about 12 million people were
affected by this disease in 90 centuries (218). Currently different drugs used for the
treatment of leishmaniasis are amphotericin-B, pentamidine, bis-amidines, glucantine,
antimonial and stilbamidine. However, high toxicities and microbial resistance lead to the
failure of therapy (173-174). The involvement of COXs and PGE2 enzymes in
leishmaniasis guided the scientists for the use of NSAID. The salicylate derivatives were
synthesized and tested for the leishmanicidal effect and emerged as novel leishmanicidal
agents (219-224). Piroxicam derivatives were tested for the leishmanicidal effect due to
the participation of COX and PGE2 enzymes in the pathophysiology of leishmaniasis.

Compounds 7, 8, 10, 13, 14 and 17 showed good to low leishmanicidal activity
while compounds 1, 2, 3, 4, 5, 6, 9, 11, 12, 15, 16 and 18 showed less than 100 %
inhibition values therefore, we concluded them as inactive. Compound 13 and 17
exhibited good leishmanicidal activity comparable to the reference pentamidine (IC 50 =
5.09 ± 0.04 µM) with IC50 values of 46.7 ± 2.2 µM and 45.3 ± 2.9 µM respectively
(Table 3.10).

3.4.2.5.2. Leishmanicidal activity and SAR

Different electron withdrawing substituents amazingly changed the inhibitory
effect of these derivatives. Compounds 13 and 17 showed good leishmanicidal activity,
might be due to the presence of strong electron withdrawing groups. Aromatic ring and
types of substituents is responsible for variation of leishmanicidal effect of these
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analogues. In compound 17 the presence of two electron withdrawing groups (NO 2 and
Cl) at ortho and para positions of aromatic ring is responsible for the good leishmanicidal
activity (45.3 ± 2.9 µM) among the series. In compound 13 (46.7 ± 2.2 µM) two “Cl”
groups are present at ortho and para positions of aromatic ring is also responsible for the
good effect but slightly less than compound 17. Compounds 7 (62.3 ± 2.4 µM), 8 (63.2 ±
2.3 µM), 10 (64.1 ± 2.1 µM) and 14 (62.6 ± 2.9 µM) showed moderate leishmanicidal
effects. Compound 7 and 14 have comparable low activity as compared with its analogue
(compound 13). In compound 7 single “Cl” group is present at para position of aromatic
ring while in compound 14 three “Cl” groups at ortho and para position and greatly
minimizing the effect.
The presence of single “Cl” at ortho position in compound 16 makes it inactive.
In compounds 8, a single methoxy group attached to the para position of the ring which
contributes to the leishmanicidal activity. In compound 4, two methoxy groups at ortho
and para positions and in compound 5, these two groups are present at meta and ortho
positions of the aromatic ring and responsible for the loss of leishmanicidal activity.
Compound 10 has a nitro group at meta position of the ring and responsible for the
measureable amount of activity as compared with its analogue (compound 6) has a nitro
group at ortho position of the aromatic ring and is inactive. Other piroxicam derivatives
are inactive and not evaluated further for the leishmanicidal effect.

3.4.2.5.3. Conclusion

Two compounds (13 and 17) were found to possess good leishmanicidal activity.
Some compounds (7, 8, 10 and 14) were found to have low activity that can be enhanced
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further by derivatization. Nitro, chloro and methoxy groups at different positions of
aromatic ring are responsible for good to low leishmanicidal activity. Others groups
attached to the different positions of the aromatic ring are responsible to make them
inactive.
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