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Clinical Understanding of Coxibs
Dong-Kuck Lee, MD

Department of Neurology, Catholic University of Daegu School of Medicine, Daegu, Korea

ABSTRACT The cyclooxygenase (COX) inhibitors are the most common drugs used worldwide. COX, also known as
prostaglandin endoperoxide synthase, is the key enzyme required for the conversion of arachidonic acid to
prostaglandins. Two COX isoforms have been identified, COX-1 and COX-2. In many situations, the COX-1
enzyme is produced constitutively (e.g., in grastric mucosa), whereas COX-2 is highly inducidle(e.qg., at sites
of inflammation and cancer). And COX-1, which is largely associated with physiological functions, and COX-2,
which is largely associated with pathological functions. Traditional non-steroidal anti-inflammatory drugs
(NSAIDs) inhibit both enzymes, and a new class of COX-2 selective inhibitors(Coxibs) preferentially inhibit the
COX-2 enzyme. Because of the pivotal role of COX in the inflammatory processes, NSAIDs that suppress COX
activities have been used clinically for the treatment of inflammatory diseases/syndromes; however, traditional
NSAIDs exhibit serious side effects such as gastrointestinal damage and hypersensitivity owing to their COX-1
inhibition. The COX-2 selective inhibition was designed to minimize gastrointestinal complications of
non-selective inhibition However, this exclusive COX-2 inhibition associated with serious cardiovascular
events, for causing an imbalance between prostacyclin and thromboxane production.

(J Pain Auton Disord 2014;3:52-59)
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Table 1. Known and potential processes involved with
COX-2 upregulation

Inflammation
Pain
Fever
Ovulation, pregnancy, and childbirth
Renal function
Bone metabolism
Tissue repair
Myocardial infarction
Stroke
Atheroma
Diabetes
Diabetic retinopathy
Allograft rejection
Urogenital disease
Alzheimer’s disease
Cancers:
Familial adenomatous polyposis
Colorectal
Prostate
Pancreatic
Skin
Head and neck
Esophagus
Breast
Lung

COX, Cyclooxygenase.

Table 2. Selective COX-2 Inhibitors

O|E= | Coxibse| A 0[5
2 8
1. Prostanoid ‘44t
o}g}7)=AHarachidonic acid)& AAS E81AL T

o g2 gl=dl4k(linoleic acid)o] A3tE|o] AJ7|= 4=

HRAtolc), o] AJHMARS eicosanoidsZ G2 2l YA slgtES

EZi

F

Ag-Edolth e = ligo] o7l EARS ARt
AR A} of H| Z3K(esterification) & F3H A Ujof] ofF &
oF ZA8tkc) webA] A ofely|=A o] 8= eicosanoids
IS 2H5= AR olsfE). of#}7]| =ARS phospholi-

pase A, T0] BES Fo BYTozbE BulE F COX
2 &&= prostaglandin G/H synthaseo]| 2J3] tAd A7}
A

COX A= COX-11} COX-22 Uth o] aas= o]
EAbO 2 HE EQPASH prostaglandin endoperoxide (PGH,) &
W= PGHy+= PGI synthase?} TXA synthase®] & A~21-8-3}
PGD isomerase, PGE isomerase & PGF isomeraeS £3F H| &
4 AH8-2 53f thromboxanel} prostanoids® Y& Al prosta-
gandin D, B, F 2 1 28 TjoReh SUES wlSo] AANLS
of sttt 18 E R COXE prostanoids AJAto] Q31
52 &th(Fig 1).

Prostanoids= = Q.5F %— ul} 7§ A (mediator) ©| t}. &3] pro-
staglandin PGE,2} PGL= 7323t d&A| o]0, T3t hista-
mine¥} bradykinin 5-of] 2|3 HH M=+ F3Hg (permeability) &

Ec(())rrlrlllrjr(l);r;il name ) apf)eezi;nfce Eluuel bioaxgirlilbility EelRi(t) ey Rlaiisg°
Rofecoxib” (Vioxx) 1999 Removed in 2004 92-93% 17 2-3 272
Celecoxib” (Celebra) 1999 Available in market 22-40% 12 2-4 30
Valdecoxib® (Bextra) 2001 Removed in 2005 83% 8 2-3 51
Parecoxib” (Bextra IM/IV 2001 Hospital use only — 0.3 IV:0.04 51
pro-drug of valdecoxib) IM: 0.2

Etoricoxib® (Arcoxia) 2002 Dose of 120 mg 100% 22 1 344

removed in 2008
Lumiracoxib” (Prexige) 2005 Removed in 2008 74% 4 2-3 700

lst generation of Coxibs.
*2nd generation of Coxibs.

“Ratio of values of Cls (Clsy COX-1/Clsg COX-2; the higher the value, the higher the COX-2 selectivity).
Clso, necessary concentration of the drug to inhibit 50% of COX-1 or 50% of COX-2; COX, Cyclooxygenase; IM, intramuscular; IV,

intravenous.
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Figure 1. Mediators derived from cyclooxygenase (COX) and site of action. Arachidonic acid, which is normally esterified to
membrane phospholipids, is released by the action of phospholipase A, enzyme. Once released, arachidonic acid can be
converted to several biologically active compounds by the initial action of COX-1 or COX-2 enzyme and sequentially, by
other tissuespecific enzymes and also by non-enzymatic mechanisms. The produced prostanoids (PGE,, PGF,, PGD,, PGL,
and TXA;) exert their main effects by the activation of 7-transmembrane receptors.
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Figure 2. Vascular effects of prostacyclin (PGI) and thrombox- AAAE 2 H prostacyclin (PGL) AJAke] Fol=th 772l
ane A; (TXA,). Prostacyclin and thromboxane have opposite ef- A PGL2] 60-70%= COX-25 £3) wF=o] 2tk ulaha COX-2
fects on the cardiovascular system.
Flow signal
Mechanotransmission
COX-1
?
Gene expression
Blood flow >
—
Shear
stress
Endothelial cell
Smooth muscle cell
Figure 3. Shear stress effect (parallel to the surface of endothelial cells) generated by blood flow. The mechanical
stimulus generated by blood flow in the endothelial cell can activate signal transduction factors, which in turn can
lead to increased COX expression. COX, Cyclooxygenase.
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Protective effect

Prostacyclin Prostacyclin

Coxibs =——1

Coxibs —|‘

Stimulus
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Figure 4. Balance between pro-atherogenic and anti-atherogenic
mediators. In a normal state (healthy endothelial cell), PG pro-
duction is largely dependent on COX-1. However, in a vascular
injury situation (inflamed endothelial cell), COX-2 expression is
induced in endothelial cells, contributing to PGL, production, in
opposition to the atherogenic effects of TXA, produced by
COX-1 from the platelets. The use of selective anti-inflamma-
tories for COX-2 (Coxibs) may reduce PGI, production, gen-
erating an imbalance between TXA; and PGI,. COX, cyclooxy-
genase.
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COX-2 inhibitors
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induce O&NS
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COX-2 inhibitors
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damage

induce xanthine
oxidase;
increase lipid
peroxidation
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reduce GSH, -/+
and glutathione | =——3
reductase and
peroxidase

COX-2 inhibitors
may:

cause neuro-
inflammation; ot /_

interfere with Inflam

Antidepressants

mitochondria;
impair ATP
production;

COX-2
inhibitors may:
+/- | increase
P neuronal
damage;
have
neurotoxic
effects

.'

CMI

COX-2 inhibitors
may:

blood-brain
permeability;
increase
expression of PICs

cause a Thi-like
response

Figure 5. This figure shows 6 new pathophysiologically guided drug targets to treat depression, i.e. 1) inflammation
(inflam), including increased production of pro-inflammatory cytokines (PICs), 2) cell mediated immune (CMI)
activation, including a T helper (Th)1-like response, 3) activation of oxidative and nitrosative stress (O&NS) pathways, 4)
decreased antioxidant (AOx) defences, including lowered glutathione (GSH), 5) mitochondrial disorders (MtD), including
reduced adenosine triphosphate (ATP) production and 6) neuroprogression (NP). Antidepressants target all 6 pathways
and 1) have anti-inflammatory properties, 2) attenuate Thl-like responses, 3) normalize O&NS, 4) increase lowered
antioxidant defenses, 5) protect mitochondria and 6) have neuroprotective effects. New antidepressive drugs should target
these 6 pathways. Cyclooxygenase-2 (COX-2) inhibitors, on the other hand, have mixed effects and may even induce

disorders in each of these 6 pathways
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