From Aspirin to Coxibs and Beyond



Inflammation is the response of the body to invasion by a pathogen (infection) or injury,
directed at destroying the infectious agents and repairing the damaged areas.
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STEROIDAL AND NON-STEROIDAL
ANTIINFLAMATORY DRUGS (NSAIDS)
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Synthesis of cortisone, Sarett et al., J. Biol. Chem.,162, 601 (1946)

* |Introduction of cortisone® was followed by many other improved

steroidal antiinflamatory drugs but side effects were many including
effects on salt and calcium balance

« Aspirin, the butazones and related compounds came to be known as
non-steroidal antiinflamatory drugs (or NSAIDS) Merck-Frosst




Inflammatory Mediators Released by Mast Cell
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The Mast Cells are uniquely placed at the sites of possible entry o the tissues of pathogen o

mosious agent: near skin surfoces, close o the mucous membranes lining body cavities and around
blood vessels. They are capable of secrating or generating an array of mediators which have the
ability to modify vascular and cellular reactions as well a3 (o affect some of the plasma factors
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Chemical Classification of Analgesic, Antipyretic, and Nonsteroidal Anti-
inflammatory Drugs.

Salicylic acid derivatives (e.g. Aspirin, sodium salicylate, choline magnesium
trislicylate, salsalate, diflunisal, salicylsalicylic acid, sulfasalazine, clsalazine).
Para-aminophenol derivatives (e.g. Acetaminophen)

Indole and indende acetic acids (e.g. Indomethacin, sulindac, etodolac).
Heteraryl acetic acids (e.q. Tolmetin, diclofenac, ketorolac).

Arylpropionic acids (e.qg. Ibuprofen, naproxen, flubiprofen, ketoprofen, fenoprofen,
oxXaprozin).

Anthranilic acids (fenamates) (e.g. Mefenamic acid, meclofenamic acid).
Enolic acids (e.g. Oxicams (piroxican, tenoxicam), pyrazolidinediones
(phenylbutazone, oxyphenthratrazone)).

Alkanones (e.g. Nabumetone).



Development of NSAIDs

Q 1500 B.C. : Dried Myrtle leaves for rheumatic pain of the womb - Egypt

Q 500 B.C. : Hippocrates used willow bark to relieve pain of childbirth
and fever

Q 1763 : 1st "clinical trial" reported on the use of willow bark in fever*

Q 1859 : 1st synthesis of salicylic acid
Q 1899 : Discovery of acetyisalicylic acid (aspirin)

Q 1971 : Elucidation of the mechanism of action of aspirin,
inhibition of PGs production

Merck-Frosst
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The Aspirin and Heme-binding Sites of Ovine and Murine
Prostaglandin Endoperoxide Synthases*

David L. DeWitt, E. A. El-Harith, Stacey A. Kraemer, Martha J. Andrews, Eveline F, Yao,
Robert L. Armstrong, and William L. Smith

Acetylation of Ser-530 of sheep prostaglandin endo-
peroxide (PGG/H) synthase by aspirin causes irrevers-
ible inactivation of the eyvclooxygenase activity of the
enzyme. To determine the catalytic function of the
hydroxyl group of Ser-530, we used site-directed mu-

,J'L\ tagenesis to replace Ser-530 with an alanine. Cos-1

HC™ O cells transfected with expression vectors conlaining

220l 1 coH the native (Ser-530) or mutant (Ala-530) cDNAs for
0

Cr

sheep PGG/H synthase expressed comparable cycloox-

ygenase and hydroperoxidase activities. K, values for

arachidonate (8 uM) and IDy, wvalues for reversible

inhibition by the eyvclooxXygenase h'lhlhitﬁl‘ﬂ, flurbipro-

,.L M fen (6 uM), flufenamate (20 yMm), and aspirin (20 mm),
COX-07 "CHy + COuH were also the same for both native and mutant PGG/H
synthases; however, only the native enzyme was irre-

versibly inactivated by aspirin. Thus, the “active site”

Ser-530 of P:/H synthase is not essential for catal-

ysis or substrate binding. Apparently, acetylation of

native PGG/H synthase by aspirin introduces a bulky

sidechain at position 530 which interferes with arach-

idonate binding. In related studies, a ¢eDNA for mouse

THE JOURNAL OF BIOLOGICAL CHEMISTRY
Vol. 285, No. 9, lseue of March 25, pp. 5192-5198, 1990
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Flurbiprofen
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NSAID in Rat Stomach

Control Indomethacin

(3 mg/kg, 5 hr postdose)

Merck-Frosst Seminar
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Merck-Frosst

Rationale for Development of
COX-2 Specific Inhibitor

NSAIDs are believed to inhibit both the COX-1 and the
COX-2 enzymes

Toxicity of NSAIDs due to inhibition of constitutive enzyme
(COX-1)

Therapeutic utilities of NSAIDs due to inhibition of inducible
enzyme (COX-2)

A COX-2 specific inhibitor will effectively reduce
inflammation, pain and fever with reduced risk of Gl toxicity

Varne et al. Inflam Res. 1995;44:1-10 Bakhle et al. Med Inflamm. 1996;5:305-323
Donnelly et al. Aliment Pharmacol Ther.11,227-236. Simon. J Clin Rheumatol 1996;2(3):135-140.
Klippel, Primer on Rheum Diseases 1997; 422-426.  Lane. J Rheumatol 1997;24 (suppl 49):20-24.
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Will selective Cox-2 inhibitors have the same
anti-inflammatory,

analgesic and anti-pyretic activities as standard NSAIDs ?

Is there a component of the inflammation / pain / fever
response
mediated by Cox-1 derived products?

Will selective Cox-2 inhibitors be G.I. sparing compared to
standard NSAIDs ?




———Merck-Frosst

Potential Indications for Highly
Selective Cox-2 Inhibitors

* Osteoarthritis

* Analgesia

* Rheumatoid Arthritis and Other
Inflammatory Conditions

* Colon Cancer

* Alzheimer’s Disease




Whole-Blood Assay for COX-2 Activity

| 24 hour

37°C

» Monocyte COX-2

o

Heparinized + Lipopolysaccharide

Whole Blood (LPS)
Plasma

PGE,

0 4 24 Hours

LPS » PGE,
Monocyte COX-2

Patrignani et al. J Pharmacol Exp Ther. 1994;271:1705-1712. Merck-Frosst
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Whole-Blood Assay for COX-1 Activity
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atrignani et al. J Pharmacol Exp Ther. 1994;271:1705-1712.




Drug or Compound IC50 Cox-1 (zM) IC50 Cox-2 (M) Cox-2 /Cox1
Piroxicam 0.0005 ELS 600
10
000527 01745 33
Aspirin 167 278 166
25-60
Indomethacin 0.028 1.6a 60
2260
30
Sulindac Sulfide 31
Ibuprofen 0.7-50
Tenoxicam 0.0201 0322 16
Meclofenamic Fi
Flurhiprofen b Cox1
Naproxen 1
Diclofenac 157 1.1 0.70
0.70Cox2
6-MHA <= Nahumetone 27 187 0.67
Etodolac 34 3.4 0.100
Meloxicam 4.8 0.43 0.090
Nimesulide 9.2 2572 0.057
DuP&£97 0.01¢
SC 58125 387 jis2a 0.007
NS 398 B8 0.1 0.006
L-745,337 Ja4 1.5 0.004
DFU el 0.04 <0.001
Celecoxib, SC 58635 155 0.04 0.003
b.3 1 0.159
Refecoxib, MK 966 19 0.5 0.026
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Precursor of Celecoxib



Story of Rofecoxib

Merck-Frosst Centre for Therapeutic Research



\ SELECTIVE LEADS |

HUMAN WHOLE BLOOD
ICsy VALUES (uM) RATIO

COX-1 COX-2
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‘ THIOPHENE REPLACEMENTS |

S
K : - (N
(O A

‘ Most are inactive or not bioavailable |




SOLVING THE BIOAVAILABILITY ISSUE:
PRODRUG APPROACH
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Merck-Frosst

REPRESENTATIVE LACTONE COMPOUNDS

COX-2 COX-2 RATIO
whole blood whole blood

ICso(uM)
0.6 10

33 ND

0.9 13

0.5

1.8




Merck-Frosst

‘COmpadson of in vivo activity of Rofecoxib and Indomethaclnl

INDOMETHACIN

Rofecoxib

EDso, mg/kg
Rat Paw Edema 1.5

Rat Pyresis 0.2
Rat Paw Hyperalgesia 1.0

Adjuvant Arthritis 0.7 (b.i.d.)




-month Endoscopy Studies: Cumulative Incidence of
Gastric/Duodenal Ulcer> 3 MM

Placebo (N=340)

B Rof 25mg (N=373)

® Rof 50mg (N=360)
Ibuprofen (N=354)

135%

73%  81% 1% * p <0.001 vs. placebo,
47% rofecoxib 25 mg, and
—‘ rofecoxib 50 mg

12-Week 24-Week

Merck-Frosst Laine et al. Gastro 1999




Second Generation of Cox-2 Inhibitors
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End of Medicinal Chemistry?

However...



Problems with Bad/Good Approach

Small effect in one study (2% vs. 4%)
Very narrow choice of patients

In a study vs. Naproxen, cardiovascular side
effects significantly increased

Renal side effects

Cox-3 and beyond

Upregulation of isozymes
Unexplained effects of some NSAIDS



Phosphalipids

* Phospholipase A,
Arachidonic acid

salectve COX-2 inhibitors - Act on COX -2 only

COX-2 in endothelium Prostaglandin Hs COX-1 in platelats
HOOC / ,{ % \ \
CO0H
.
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¥ / \ ¥

Feduces thrombosis Fromotes thrombosis

19APRIL2002 WVOL295 SCIENCE 474



Felative Inansity
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Aspirin-like Molecules that Covalently

Inactivate Cyclooxygenase-2

Amit S. Kalgutkar, Brenda C. Crews, Scott W. Rowlinson,
Carlos Garner,” Karen Seibert, Lawrence J. Marnettt
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{ Fouch Flatelet
y Treatment  D°%°  PGE T,
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HMHz
Vehicle - 82 -6 108 ~12
APHS 5 4+1 118 =19
APHSE 50 0 g5 + 14
Inclomethacin 2 0] 11.53 = 06
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147 4 85,2
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