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Mechanism of Action of NSAIDs:
The Vane Hypothesis

1990 Hypothesis: 2 COX Isoforms Exist

Arachidonic Acid

NSAIDs:
Cyclooxygenase Anti-inflammatory
Analges!
T {f‘ intestinal Toxiclty
Renal Toxicity (rare)

Prostaglandins

Support Renal and Protect {nflammation and Pain
Platslet Function Gastoduodenal
1 .

Mucosa
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Arachidonic Acid
Glucocorticolds
/ \ (block mRNA expression}
COX-1 coxX-2
(Constitutive) (Cytokine Inducible)
NSAIDs

Stomach Inflammatory Site:

Intestine ¢ Macrophages

Kidney * Synoviocytes

Platelet » Endothelial cells
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COX-2 Inhibitors:
Mechanism Based Drug Targeting

Arachidonic Acid

RN

Breakthroughs in Anti-Inflammatory Therapy

COX-1 coXx-2 epecif COX.2
(Constitutive) {Inducible) Inhibitor
Celebrex
(celecoxib)

Stomach Disease Targets:
Intestine --mwms
Kidney '

« Colon Cancer
Platelet * Alzhelmer's
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* 1897 Invention of aspirin
* 1963 Development of NSAIDs
e 1971 Mechanism of aspirin
* 1990-91 Paradigm shift - Discovery of COX-2
‘s 1992 Rational drug development begins
+ 1998 Delivery of a new class of drugs
~ Delivers the effectiveness of NSAIDs in arthritis and
ain
- F;mvides greater safsty than the NSAIDs
- Diffarentiated class with a clear therapeutic index
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COX-2: Targeted Drug Discovery

Identification and Evaluation
of COX-2 Inhibitors

Scientific Objectives:
~ Mechanism of Specificity
- Evaluation of the COX-2 Hypothesis
- Efficacy and Safety Profile Consistent with
COX-2 Specific Mechanism

— Clinical Evaluation
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In vitro pharmacology
—Becombinant human COX-1 and COX-2
- Coells

In vivo pharmacology

- Selsctivity

- Anti-inflammatory and analgesic activity

* Safety

- Acute and chronic
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Enzyme Inhibition Profiles of
Celecoxib and NSAIDS

Enzyme Inhibition Profiles of
Celecoxib and NSAIDS

Enzyme + Drug Naproxen ibuprofen Naproxen
# hCOoX-1 ® hCOX-1
+ Arachidonate 5 -&- hCOX-2 ~8- hCOX-2
&
Measure §
Prostagiandin
R i human enzy yed in vitro
uM uM
7 1128 = ASCar e a V1IN — AdCamlen
Enzyme Inhibition Profiles of Enzyme Inhibition Profiles of
Celecoxib and NSAIDS Celecoxib and NSAIDS
Celecoxib Ibuprofen Naproxen Celecoxib Ibuprofen Naproxen
® hCOX-1
- &= hCOX-2
§ 2
g 8 ICs,
uM uM uM
Glernn ot of , Biochem, J. 308:479, 1566
Punning st al, J Med.Chem. 40:1347, 1987
VIS = AdCer M 10 VIR ~ AdComblain
Inhibition of Cyclooxygenases in vitro Inhibition of Cyclooxygenases in vitro
1Cso (M) I-cso (M) : ! .
Diclofenac 0.03 0.01 3 Celecoxib 15 0.04 375
Etodolac >100 54 >2
Ibuprofen 38 17 0.4 (‘2‘*“
Nabumetone (6-MNA) 82 >1000 <0.1 &
Naproxen 32 235 0.1
N
o
Qlerue ot af , Blochem. J. 305:479, 1995 Penning ot al, J.Med Cham, 40:1347, 1997 H:
11 U Gt 12 1 - AdCemitan
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COX-1 with flurbiprofen in the COX-2 with celecoxib in the
active site active site

Kurumball st si, Scisnce
(In prass)

Plcot, Loit and Garavito
Nature 367:243, 1084

Mechanism of Celecoxib Enyzme Selectivity

+ Binds to a side pocket unique to the COX-2
active site
* Selectivity Is due to a novel mechanism:
- Low affinity, competitive inhibition of COX-1
— High affinity, non-competitive inhibition of COX-2; very
slowly reversible
—Duration of action longer than pharmacokinetic T,
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Identification and Evaluation of
COX-2 Inhibitors

¢ In vitro pharmacology
- Recombinant human COX-1 and COX-2
-Cells
¢ In vivo pharmacology
— Selectivity
~ Anti-inflammatory and analgesic activity
* Safety
~ Acute and chronic
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Assessment of Specificity with Human Platelets

-] %g

° oo

oY, cox-1

o%o0 ¢ +Arachidonate ——» TxA, — Aggregation
°°

Platelets
(in vitro)

Clot
Blood ——» TxA, ——» Serum TxB,
Bleeding Time {invitro)  COX-1
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Effect of Single Dose Celecoxib on
Human Platelet Aggregation and Serum TxB,

Effect of Singie Dose Celecoxib on
Human Platelet Aggregation and Serum TxB,

-4~ Celecaxib 400 mg
~4 Colecoxih 800 mg
¥ Ibuprofen 80O mg

- Placebo
-8 Gaiecoxid 100 mg

e~ Celaconity 400 mg
4~ Calacoxib 800 mg
-~ idbupralen 300 mg

-l Ptacebo
B~ Celecon® 10amg

Aggregation Aggregation Serum TxB,
* = * 100
fs o §= o F
=
& -
L H i 4
2 i 4 .
g R g =
i i
s /. /.
100 100 200 —
Pre0 2 4 8 g 24 PreG 2 4 8 8 28 Pred 2 & 8 g 24
Doss Hours Dose Hours Dase Hours
Single doss; n =7 © <008 ve baseline McAdem w al, PNAS (I press) Singie doss; nu 7 * P£ 0ok . beadics
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Effect of High Dose Celecoxib on Serum TxB,

4B Placebo (n=1%)
-8 Celecoxib 200 mg BID (n=11)
- Celecoxlb 400 mg BID (n=10}

300 -~ Naproxen 500 mg BID {n=10)
250
3
.guma 200
=cso
€
o g
= E 100
50
0 =
Day 1 Day1 Oay 7 Day7
pradose 2hrs «30 min 2hrs
"p<0.05 ve. Basefine-oversll compariacn
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Whole Blood Assays of COX-1 and COX-2

COX-1 =

o

%%

2% COX-1

000 o +  Arachidonate ——» TxA, —» TxB,
o® TxSynthase

Monocyte
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Whole Blood Assay of Celecoxib ex vivo

)

= HEOX: ra
N i
2w 2
i o
g 100 o X
* T 2COX-2%
, | LPSTSPGE, ,
° o i 10 100
Celecaxib (M)
21 1103084 ~ AdCamMan

Relationship of COX Inhibition
to Celecoxib Doses in Humans

Range of

therapsutic
plasma levels
250 200- 400mg/day o
200 -1 M
g \/ﬂ sCOX-1L 5 E
5 460 )
£ £
o o0 o
E 100 L X
®Fecox2 |\
° T T T 0
9 a1 1 10 100"
Celecoxlb (uM)
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Celecoxib Platelet Effects

* No effect of celecoxib at 2X the maximum
therapeutic dose on:
- Platelet aggregation
- TxB, production

~—» COX-1 sparing

23 THENES — ASCumian

Identification and Evaluation of
COX-2 Inhibitors

 In vitro pharmacology

- Recombinant human COX-1 and COX-2

- Celis
¢ [n vivo pharmacology

- Selectivity

- j-i n i ivi
e Safety

- Acute and chronic

24 117709 — AaComiian
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Effect of Celecoxib on Acute Inflammation

Effect of Celecoxib on Acute Inflammation

-0~ Vehicle
12. -~ Naproxen

-o Celecoxib

£

g~

2

g 08 -

2

N 04 -

-9

<

-0~ Vehicle
11. -~ Naproxen

-e- Celecoxid
‘-

.

A Paw Volume (mi)

' ) '

Normal
Inflamed

PGE, (ng/paw)

; ! : ! ; ! : ! Vehicls Celecoxib Naproxen
Caragoanan Time () Carrageenan Time (hr) Seibert of al, PNAS 91:12011, 1984
Zhang st &, JPET 203:1049, 1967
25 VXN — AdComMan 25 VIR = AqComMar
Cyclooxygenases in Acute Inflammation Specific COX-1 Inhibitor
- HaN
0 s ©
| B § , 0
|4
T ’ .
& § COX-2 — Inflammation NN -
=) Pain . A
) e e
o y o
lj '/// } cox1 S$C-560 Celecoxib
Basal Inflamed ICy: COX-1 0.009 15
(uM) COX-2 63 0.04
27 TSR — AdCom M 28 N TII — AdCarm ban

In vivo Specificity of SC-560

Inhibition of COX-1 is Not

Anti-inflamma

tory or Analgesic

« Alr Pouch (COX-2)

PGE, (% control)

» Gastric Mucosa (COX-1)

+ T T nd —
w2 - 1 10 100

8C-560 (mg/kg)

Qrrith ot of, PNAS 95:13313, 1968
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Edema

A Paw Volume (mi)
2
©

Hyperalgesia

(038} Koumer emeipyum v
asuodsay urey

1l

Normal  Vehicle SC-560 Calecoxib

Smith ot al, PNAS 86:13313, 1958

+ Carragesnan
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Rapid Reduction of Pain by Celecoxib

Ketorolac, p.o. Celecoxib, p.o.
} " i Vehicle

.
Pain Responss {sec)
~
L]
3
$
L]

. Vehicle
.
L\T' - r
: i - * 10 mg/kg
. 30 mg/kg N
m'" [ v ) - L N ’y 7

Time (hr) Time (hr)

Rat Adjuvant Arthritis

sMononuclear Celf Infiltrate ™=~

*COX-2 expression % Normal Paw
*Marked PG Production ~& Adjuvant

-x +Indomethacin
*Edema and Joint Destruction —~ 4+ Celecoxib
. % + Dexarnethasone

as

Begin dosing
5 3
£
E 25 2.
f . 2
H
a1 1 x
1 PV SO T T Normal * End dosing
o 4 8 12 18 20 24 o F] 0 5

* pPcos Day After Adjuvant injection
Zhang et al, IPET 203:1068, 1997 Llpsky andisakecn J. Rheum 24:9, 1947
31 11T — AdCemMan 32 1R —~ AdCombdan
Effect of COX Inhibitors on Rat Adjuvant Arthritis Conclusions
Celecoxib . e .

= ™ £D,, = 300 ng/ml * Specitic inhibition of COX-2 by celecoxib results in

£ oM the same maximal efficacy as inhibition of both

E 7 COX-1 and COX-2 by NSAIDs

® e Therefore, in animal models COX-2 is the

N ‘ ] . therapeutic target for NSAIDs
Dose (mg/kg/day)

33 THIVI8 — AdCamidan 34 V113~ AdComban

Identification and Evaluation of
COX-2 Inhibitors

e In vitro pharmacology
- Recombinant human COX-1 and COX-2

Two Forms of Cyclooxygenase

Arachidonic Acid

/

- Calls
* In vivo pharmacology CcCOoXx-1 coX-2
-~ Selectivity
= Anti-inflammatory and anaigesic activity 1 PGs 1 PGs
. f
Safety ) G.l. Tract Inflammatory Cells
- Acute and chronic Platelet (TxA) Female Reproduction
= Rat (6 months to 2 years) Kidney Kidney
« Dog (1 year) Most tissues Brain
35 1178 — AdCom Man. 36 117209 — RCamidemn




Preclinical Toxicology of Celecoxib COX-2 Inhibitors:
Relevant to Mechanism Mechanism Based Drug Targeting
* Pregnancy Celecoxib
- No effect on ovulation or fertility Pid
- EHects on embryo viability (implantation) at exposures ’ \
6-12 foid therapeutic ’
* No adverse effects related to: COX-1 COX-2
— Bleeding
- CNS
* Renal
- No renal papillary necrosis Gl Tract Arthritis
- Transient anti-natfiuresis in rats Platelet Pain
* Gastrointestinal + +
- Chronic safety established at exposures 3 to 6 fold Specific COX-2
therapeutic ir:y sensitve species Frgt and dog) Specificity + Maximal Efficacy = P";’ hi;itar
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