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The ponsteroidal antiinflammatory drugs
NSAIDS) and antipyretic analgesics are a class

of drugs that have analgesic, antipyretic and
anmnﬂammatow actions in different measures. In
contrast to MoI] phine they do not depress CNS,
do not produce physical dependence, have no
abuse liability and are particularly effective in
inflammatory pain. They are also called nonnar-
cotic, nonopioid or aspirin-like analgesics. They
act primarily on peripheral pain mechanisms,
hut also in the CNS to raise pain threshold.
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hapter 14 Antiinflammatory Drugs and
Antipyretic-Analgesics

They are more commonly employed and many

are over-the-counter or nonprescription drugs.

Willow bark (Salix alba) had been used as a medicine
for many centuries. Salicylic acid was prepared by hydrolysis
of the bitter glycoside obtained from this plant. Sodium
salieylate was used for fever and pain in 1875, Its great
success led 1o the introduction of acetylsalicylic acid (aspirin)
in 1899. Phenacetin and antipyrine were also produced at
that time. The next major advance was the development
of phenylbutazone in 1949 having antiinflammatory activity
almost comparable to corticosteroids. The term Nonsteroidal
Antiinflammatory Drugs (NSAIDs) was coined to designate
such drugs. lrdomethacin was introduced in 1963. A host

NONSTEROIDAL ANTIINFLAMMATORY DRUGS/ANTIPYRETIC-ANALGESICS

' |
‘iﬁ }«-uﬁ{‘? falc ‘
| Kimpsallde | § | Celecoxib i
| Diclofenac ; Etoricoxib
' Aceclofenac Parecoxib
' Meloxicam )
' Etodolac ; IL
i = 3
f ‘ m]
Para ammophenol Benzoxazocine
derivative |  derivative
[ Paracetamol | Nefopam
| (Acetaminophen)

1 | 1 1 1
' | Propionic acid Fenamate Enolic acid || | Acetic acid Pyrazolone
| | derivatives derivatives derivatives derivatives
Aspirin Ibuprofen E\/Iephenamic Piroxicam | | Ketorolac f Phenylbutazone
Th—t Naproxen acid Tenoxicam | | Indomethacin | Oxyphenbutazone
Ketoprofen ' Nabumetone Propyphenazone
| Flurbiprofen
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of compounds heralded by the propionic acid derivative
ibuprofen have been added since then, and cyclooxygenase
(COX) inhibition is recognised to be their most important
mechanism of action, Subsequently some sclective COX-2
nhibitors (celecoxib, clc.) have been added.

The NSAIDs are chemically diverse, but all
are weak organic acids or their active metabo-
lites are organic acids.

NSAIDs and prostaglandin (PG)
synthesis inhibition

In 1971 Vane and coworkers made the landmark
observation that aspirin and some NSAIDs blocked
prostaglandin (PG) generation. This is now
considered to be the major mechanism of action
of NSAIDs. Prostaglandins, prostacyclin (PG 1)
and thromboxane A, (TXA,) are produced from
arachidonic acid by the enzyme cyclooxygenase (see
p- 198) which exists in a constitutive (COX-1) and
an inducible (COX-2) isoforms; the former serves
physiological ‘house keeping’ functions, while
the latter, normally present in minute quantities,
is induced by cytokines and other signal mole-
cules at the site of inflammation. This leads to
generation of PGs locally which mediate many
of the inflammatory changes. However, COX-2
s constitutively present at some sites in brain,
in juxtaglomerular cells and in the foetus; it
may serve physiological role at these sites, Most
NSAIDs inhibit COX-1 and COX-2 nonselectively,
but now some selective COX-2 inhibitors have
been produced. Features of nonselective COX-1/
COX-2 inhibitors (traditional NSAIDs) and selective
COX-2 inhibitors are compared in Table 14.1
Aspirin inhibits COX irreversibly by acety-
lating one of its serine residues; return of COX
activity depends on synthesis of fresh enzyme,

Beneficial actions'duedo PG synihesis

* Analgesia: prevention of pain nerve ending
sensitization

* Antipyresis

* Antiinflammatory

Antithrombotic

Closure of ductus arteriosus in newborn

Other NSAIDs are competitive and reversible
inhibitors of COX; return of activity depends

\»\

on their dissociation frop the en,\.‘\
in turn is governed by the Phar];{}{:\ie Whiy
characteristics of the compoypg "inel-lh
Analgesia PGs induce hyperalgegia Tt
by affecthg the transducnlng pmperty D, 2[53)
nerve endings so that stimuyl; that n°~f freg Actic
do not elicit pain are able tq do o, lmahy
do not affect the tendernesg induce 2 A_[D% 1. Ana
application of PGs, but block e Pain g ey 2. An
ing mechanism induced by bradykinin, Tlijlnz\ 3. Ant
interleukins (ILs) and other algesic Subst, By, 4 Ant
primarily by inhibiting COX-). This Consti:Qes agq
the peripheral component of the analgesic acllites B Sa
of NSAIDs. They are, therefore, more effeCti(\),n 6 :
against inflammation associateq pain, ¢ ' r;

Lately the central component of Analgeg, 7. De
action of NSAIDs has also beep shown ¢, et
involve inhibition of PG synthesis in the Sping| 8. D
dorsal horn neurones as well as iy brain, g, ¢
that PG mediated amplification of pain impulgeg t 2
does not occur.
Antipyresis  NSAIDs lower body temperature j; med
fever, but do not cause hypothermia in normo- COXN
thermic individuals. Fever during infection and med|
tissue injury is produced through the generation of | mat
pyrogens including, ILs, TNFaq, interferons which | a lay
induce PGE, production in hypothalamus—raise | 1;;2‘
its temperature set point. NSAIDs block the
action of pyrogens but not that of PGE, injected i - 0‘)\
into the hypothalamus. The isoform dominant | sl
this site appears to be COX-2 (possibly COX-3, Cyld
a splice variant of COX-1 that is inhibited by \ Sin
paracetamol as well). However, fever can occur | -
through non-PG mediated mechanisms as well \ add
Antiinflammatory The most important mecht- | Zﬁ‘(
nism of antiinflammatory action of NSAIDS 5 G
considered to be inhibition of COX-2 m"-'dfate('i \ lyn
enhanced PG synthesis at the site of inju? | ma
However, there is some evidence that inhibitio? me
of the constitutive COX-1 also contributes ;‘2 | cel
suppression of inflammation, especially m,to \ 0
initial stages. The antiinflammatory POte{]szi[ | %
different compounds roughly corresponds me- ;\\
their potency to inhibit COX. However ?ivey .4 I\:
sulide is a potent antiinflammatory but rél2 f the ‘ w
weak COX inhibitor. PGs are only 0n¢ ©

. —
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Action COX-1/ COx.2
COX-2 innibitors
inhibitors
1. Analgesic " N
2. Antipyretic 5 P
3. Antiinflammatory + N
4. Antiplatelet 5 B
aggregatory
5. Gastric mucosal & ~
damage
6. Renal salt/water + "
retention
7. Delay/prolongation o + -,
labour -
8. Ductus arteriosus + 9
closure
9. Aspirin sensitive 1 i

asthma precipitation

mediators of inflammation, and inhibition of
COX does not depress the production of other
mediators like LTs, PAF, cytokines, etc. Inflam-
mation is the result of concerted participation of
a large number of vasoactive, chemotactic and
proliferative factors at different stages, and there
are many targets for antiinflammatory action.
Activated endothelial cells express adhesion
molecules (ELAM-1, ICAM-1) on their surface
and play a key role in directing circulating leuco-
cytes to the site of inflammation (chemotaxis).
Similarly, inflammatory cells express selectins
and integrins. Certain NSAIDs may act by
additional mechanisms including inhibition of
expression/activity of some of these molecules
and generation of superoxide/other free radicals.
Growth factors like GM-CSF, IL-6 as well as
Iymphocyte transformation factors and TNFa
may also be affected. Stabilization of lysosomal
Mmembrane of leukocytes and antagonism of
certain actions of kinins may be contributing
to antiinflammatory action of NSAIDs.
DySmenorrhoea Involvement of PGs in dysme-
horrhoea has been clearly demonstrated: level of
Gs in menstrual flow, endometrial biopsy and
Fhat of PGFZQ metabolite in circulation are raised
n dysmenorrhoeic women. Intermittent ischaemia
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of the myometrium is probably responsible for
menstrual cramps. NSAIDs lower uterine PG
levels—afford excellent relief in 60-70% and
partial relief in the remaining. Ancillary symp-
toms of headache, muscle ache and nausea are
also relieved. Excess flow may be normalized.

RSN S8 SR GRS
* Gastric mucosal damage
* Bleeding: inhibition of platelet function
* Limitation of renal blood flow : Na* and water
retention
¢ Delay/prolongation of labour
* Asthma and anaphylactoid reactions in susceptible
individuals

Antiplatelet aggregatory NSAIDs inhibit
synthesis of both proaggregatory (TXA,) and
antiaggregatory (PGL) prostanoids, but effect on
platelet TXA, (COX-1 generated) predominates.
Therapeutic doses of most NSAIDs inhibit platelet
aggregation and prolong bleeding time. Aspirin
is highly active, because it acetylates platelet
COX: irreversibly in the portal circulation before
getting deacetylated by first pass metabolism in
liver. Small doses of aspirin are therefore able
to exert antithrombotic effect for several days.
Risk of surgical and anticoagulant associated
bleeding is enhanced. '

Ductus arteriosus closure During foetal
circulation ductus arteriosus is kept patent by
local elaboration of PGE, by COX-2. Unknown
mechanisms switch off this synthesis at birth
and the ductus closes. When this fails to occur,
small doses of indomethacin or aspirin bring
about closure in majority of cases within a few
hours by inhibiting PG production. Administra-
tion of NSAIDs in late pregnancy has been
found to promote premature closure of ductus
in some cases. Risk of post-partum haemorrhage
is increased. Prescribing of NSAIDs near term
should be avoided.

Parturition  Sudden spurt of PG synthesis by
uterus occurs just before labour begins. This is
believed to trigger labour as well as facilitate
its progression. Accordingly, NSAIDs have the
potential to delay and retard labour. However,
labour can occur in the absence of PGs.
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fic pain,
Gasiil mugosal eamage ?ascti“lcos}s) are
mucosal erosion/ulceration gﬂd bloo s: relative
caused by all NSAIDs to varying extent i the
gastric toxicity is a major 00l151de‘a“01 edi
zhoice of NSAIDs. Inhibition qf COX- II)GE
ated synthesis of gastroprotective PGsl( ctioﬁ
PGL) is clearly involved, though loga a o
inddcing back diffusion of H* loHE 1 gfaPGs
mucosa also plays a role. DeﬁCI&?lle 0
reduces mucus and HCO, secretion, tends to
enhance acid secretion and may promote muco_sal
ischaemia. Thus, NSAIDs enhance aggressive
factors and contain defensive factors in gastric
mucosa; are therefore ulcerogenic. Paracet:amol,
a very weak inhibitor of COX Is practically
free of gastric toxicity and selective COX-2
nhibitors are relatively safer, Stable PG ana-
logues (misoprostol) administered concurrently
with NSAIDs counteract their gastric toxicity.

Renal effects Conditions leading to hypovo-
laemia, decreaged renal perfusion and Na* loss
induce renal PG synthesis which brings about
Intrarenal adjustments by promoting vasodila-
tation, inhibiting tubular Cl" reabsorption (Na*
and water accompany) and Opposing ADH action.

NSAIDs produce renal effects by at least
3 mechanisms:

* COX-1 dependent im
flow and reduction of
renal insufﬁciency.
Juxtag]omerular
also) inhibition
retention,
Ability to cause Papillary necrosis gp
habitua} intake,

Renal effects of NS

pairment of rena} blood
g.fr, which ¢an worsen

COXo (probably COX-1
dependent Ng* and water

Or antihypertensiyeg.
edema cap oceur; dj 1
drug effects are bly

nted.
Involvement of

PG

f NSAIDs and chronic/repeated urin-dry trac g
erease the risk of analgesic nephropatyy, P ]:Q.
;lesions are papillary necrosis, tqbular ﬂtrophy t‘ollo\_gtkal
renal fibrosis. Urine concentratmg ability i los 1\ed b
kidneys shrink. Because phenacetin Was firgy © pf:d the
it went into disrepute, thovgh other ““algGSics ér:a‘%
liable to produce similar effects. alg,
Anaphylactoid reactions Aspirin Precipi,
asthma, angioneurotic swellings, Urticy; \

) g L S :

rhinitis in certain susceptible lndl\/ldual& T e
subjects react similarly to chemically di‘/erse
NSAIDs, ruling out Immunologicgy| basi b
the reaction. Inhibition of COX with Conge,
quent diversion of arachidonic acid to [ ang
other products of lipoxyg may b,
instrumental, but there j

Ly

chase pathway
$ NO proof.

SALICYLATES

Aspirin (prototype)
Aspirin is acetylsalicylic
converted in the body to s
18 responsible for most of
actions are the result of

ing COX. [t
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OH
OCOCH3 (ASPIRIN)

Pharmacological Actions
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Long-term intake of Jarge dose decreases

Cliong i
Ogicy or reaction compo'nen‘t of the pain is missing. s G0
ed by, No sedation, subjective effects, tolerance or synthesis of clotting factors 1n liver and pre-
d the { dependence is produced. disposes to bleeding. This can be prevented
38;5, ASPilijn resets the hypothalamic 1h_ermoslat by prophylactic vit K therapy.

° and rapidly reduces fever by promoting heat 4 Metabolic and other effects of high
i » loss (sweztin;ge,asceutlz]izjtous. Zasct)'dilatation), but (antiinflammatory/toxic) doses Analgesic
- Or | o Il‘(')tﬂ e1‘,1Cmat01 actior%l)lis e “103 : high d doses of aspirin (0.3-0.6 g 6-8 hourly) cnpioyes
ese ) An%n a;r 100 iqo/k /dae;(elsg at Hfgvllﬂoses for headache, fever, etc. produce almost no
rse (Jﬁ6' gl'élic}é ain tendZmiss syw'e]li]fns \ "d'la]tn- other action. However, high dose?? (3-5 g/day
for n'1at1011d1 Ieuﬁoc};te inﬁltratic,)n are SL% V;SSO :ja ?- ar 100 mgfleg/day) meeded t'“o'r anmnﬂammatory
G- | U(;):i]'t?:)]n to COX inhibition quenchl?ﬁ OSIE ﬁ'eg action in rheumatoid arthritis/rheumatic fever
nd ?dilcals may contribute to its antiinﬂeinmato progue sevesd other effects. iall
be rac However, progression of th — Y« Cellular metabolism is enhanced, esp'emal y

gtion. X8 > PrOSTessior © underiymg in skeletal muscles, due to uncoupling of
disease ,m rheumatmd.arthrms, osteoarthritis and oxidative phosphorylation. Glucose utiliza-
. rheumatic fever, etc. is not affected. tion is increased resulting in fall in blood
2. GIT Aspirin, as well as salicylic acid glucose level (especially in diabetics); liver
released from it irritate gastric mucosa, cause glycogen is depleted. However, toxic doses
epigastric distress, nausea and vomiting. At may cause central sympathetic stimulation

131, ‘ high do's'es, it stimulates CTZ. Vomiting caused and rise in blood sugar.
- by dpinm has a central component as well.  Respiration is stimulated by direct action on
' Aspirin (pKa 3.5) remains unionized and respiratory centre as well as due to increased
! diffusible in the acid gastric juice, but on en- CO, production. Hyperventilation followed by
£ tering the mucosal cell (pH 7.1) 1t ionizes and respiratory depression occurs at toxic doses.
i becomes indiffusible. This ‘ion trapping’ (see . Respiratory stimulation tends to washout CO,

and produce respiratory alkalosis. This is
compensated by enhanced HCO,™ excretion by
kidney. Most adults receiving 3—5 g/day stay
in a state of compensated respiratory alkalosis.
Still higher doses depress respiration while
excess CO, production continues to cause
respiratory acidosis. Increased production of
metabolic acids (lactic, pyruvic, acetoacetic)
and dissociated salicylic acid may contribute
to uncompensated metabolic acidosis, since
plasma HCO, is already low. Dehydration
occurs due to excess water loss in urine,
sweating and hyperventilation. Most children
menifest this phase during salicylate poisoning,
while in adults it is seen only in late stages
of poisoning.
* Aspirin has no direct effect on heart or cir-

p. 17) in the gastric mucosal cell enhances
gastric toxicity. Further, aspirin particle coming
in contact with gastric mucosa promotes local
back diffusion of acid. This causes focal necrosis
of mucosal cells and capillaries — acute ulcers,
erosive gastritis, congestion and microscopic
haemorrhages. The occult blood loss in stools
is increased by even a single tablet of aspirin.
Blood loss averages 5 ml/day at antiinflamma-
tory doses. Haematemesis occurs occasionally:
may be an idiosyncratic reaction.

Soluble aspirin tablets containing calcium
carbonate + citric acid and other buffered prepa-
rations are less liable to cause gastric irritation,
but incidence of ulceration and bleeding is not

significantly lowered.

3.- Blood  Aspirin, even in small doses, irrever-

Sibly inhibits TXA synthesis by platelets. culation, but doses which enhance metabolic

Thus, it interferes \fvith platelet aggregation rate, increase cardiac output indirectly. Toxic

and bleeding time is prolonged to nearly twice doses depress vasomotor centre, so that blood
pressure may fall. CHF may be precipitated

the normal valuye, This effect lasts for about a

Week (turnover time of platelets). if cardiac reserve is low.
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Aspirin interferes with urate excrotnon a;idd
antagonises the uricosuric effect of plobonec .
Honiever, at high doses (> 5 g/day) it may
block urate reabsorption and increase ns excie-
tion, but aspirin is not a reliable uricosuric.

Pharmacokinetics

Aspirin s absorbed from the stomaoli and
small intestines. g poor water solubility. 18
the limiting factor in absorption: microﬁmng
the drug-particles ang inclusion of an alkali
(solubility g more at higher pH) enhances
absorption, However, higher PH also favours
ionization, thus decreasing the diffusible form.

Aspirin g rapidly deacetylated in the gut
wall, liver

Proteins and hag 5

volume of distribution ~0.17
L/kg. Entry into by

ain is slow, but aspirin freely
irin and salicylic

with glycine to

0, only 1/10th ig
1c acid.

Adverse effects
(a) Side effects

gesic doge
(0.5-2.0 g/day) are Nausea Vomiting, epigastric
distress, Increased occult blood loss
Tt

B

(c) Antiinflammatory doseg 35
produce the syndroine called 'Salicyli5m~
ness, tinnitus, vertigo, reversible impﬁirme 123,
hearing and vision, excitement, hype“'ehtil:t- of
and electrolyte imbalance. gy
Aspirin therapy in children With they, .
arthritis has been found tq raise sery;y, tramam.d
nases, indicating liver damage, Most Cageg “1\1\
asymptomatic but it is Potentially dangermlsl e
association has beep noted betweer, salicylat
therapy and ‘Reye’s syndrome’, a rare forn oti“
hepatic encephalopathy seen i childrey, hayi,
viral (varicella, inﬂuenza) nfection 3
In adults also, long-term .therapy With higy
dose aspirin can cause hepatic mjury, Salt ang
water retention occurs in a dose related Manne;
(d) Acute Salicylate poisoning IS more
common in children. Fatal doge In adyg is
estimated to be 15-30 g, but ig considerably
lower in children, Manifestationg are:
Vomiting, dehydration, electrolyte imbalance,
acidotic breathing, hyper/hypoglycaemia,
petechial haemorrhages, restlessness, delirium,
hallucinations, hyperpyrexia, convulsiong,
to respiratory fajlyre
*+ cardiovascy|y, collapse.
Treatmeny is Symptomatic ang Supportive. Mot
important g e€xternal cooling and iy, fiyig with
CO, and glucose according to need
repeated monitoring, Blood transfy.
sion and it K i

Precautiong and contraj
* Aspirin ig contraindicated in patients who
are sensitive tq i and in those with peptic
ulcer of bleeding tendencies; in children
chicken pox or inﬂuenZ’fL
Due to rigk of Reye’s syndrome, pediatric
formulations of aspirin are prohibited 1n
K.

ndications

India apg the U
In chropje liver d
€patic necrosis,
Aspirip should be

IS€ase aspirin can precipit

- - n
avoided in diabeticz HIF
those With low cardiac reserve or frank

and ip Juvenile rheumatoid arthritis.

.. ore
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elective Surgery.
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about marked symptomatic relief in 1-3

;]S’Kg(;?a).’) . Given 1‘<‘-‘P§ated[y dl”'i“g.p"Cg“ﬂﬁCy it may it brings ‘ o er 4.7
iI.I‘l]"lentZZL be responsible for low birth weight babies.  days. Dose l‘.CdLlCllOH may be stanek a;da s
i of Delayed or prolonged labour, greater post- days. and maintenance doses (?0 mg/ g fy ;
on partuim blood loss and premature closure of  continued for 2-3 weeks or till signs of active
eumato ductus arteriosus are possible if aspirin is  disease (raised ESR) persist. Withdrawal should
; oid taken at or near term. be gradual over the next 2 weeks. .
213225332}]— . Aspirin should be avoided by breastfeeding Gra.nulg)matous lesions, nodules, cardxa(ci
rous Ale mothers. ' - c01ampl|catlon§, valvular defects, choreal.an-
;81iCy.Iatel . Avoid high doses in G-6PD deficient indi-  duration of disease are not altered by salicy
form of viduals—haemolysis can occur. late therapy.
4. Rheumatoid arthritis ~ Aspirin in a dose of
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Interactions

1. Aspirin displaces warfarin, sulfonylureas,
pheuytoin and methotrexate from binding sites
on plasma proteins: overdose symptoms of
these drugs may occur. Its antiplatelet action
increases the risk of bleeding in patients on

oral anticoagulants.
2. Aspirin at analgesic doses inhibits tubular

secretion of uric acid and antagonizes uricosuric
action of probenecid. Tubular secretion of
methotrexate is also interfered.

3. Aspirin blunts diuretic action of furosemide
and thiazides and reduces K* conserving action of
spironolactone. Competition between canrenone
(active metabolite of spironolactone) and aspirin
for active transport in proximal tubules has
been demonstrated.

Uses

1. Asanalgesic For headache (including mild
migraine), backache, myalgia, joint pain, pulled
muscle, toothache, neuralgias and dysmenor-
rhoea; it is effective in low doses (0.3-0.6 g
6-8 hourly). Analgesic effect is maximal at
~ 1000 mg (single dose).

2. As antipyretic ~ Aspirin is effective in fever
of any origin; dose is same as for analgesia.
However, paracetamol, being safer, is gener-
ally preferred,

8. Acute theumatic fever Aspirin is the first
drug to be used in all cases; other drugs are added
Or substituted only when it fails or in severe
jises (corticosteroids act faster). In a dose of

3 g or 75-100 mg/kg/day (in divided portions)

3-5 g/day produces relief of pain, swelling
and morning stiffness, but progress of the
disease process is not affected. Since large
doses of aspirin are poorly tolerated for long
periods, it is rarely used now; newer NSAIDs
are preferred.

5. Osteoarthritis It affords symptomatic relief,
but is infrequently used now; paracetamol is
the first choice analgesic for most cases.

6. Postmyocardial infarction and poststroke
patients By inhibiting platelet aggregation
aspirin lowers the incidence of reinfarction.
TXA, synthesis in platelets is inhibited at low
doses. It has been argued that high doses can
reverse the beneficial effects by concurrently
inhibiting PGI, (antiaggregatory and vasodilatory)
synthesis in vessel wall. Large studies have
demonstrated that aspirin 75-150 mg/day reduces
the incidence of myocardial infarction (MI):
it is now routinely prescribed to post-infarct
patients. ‘New onset’ or ‘sudden worsening’
angina is associated with high infarction rate.
This can be reduced to half by 100-150 mg
aspirin per day for 12 weeks.

Aspirin reduces ‘transient ischaemic attacks’
and lowers incidence of stroke in such patients.
But the risk of stroke in post-MI patients is
not reduced.

7. Prevention of preeclampsia Imbalance
between synthesis of TXA, and PGI, is believed
to be causative in pregnancy related hyperten-
sion and preeclampsia. Aspirin 80—-100 mg/day
administered from 12th week of gestation till
child birth has been found to reduce the risk of
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Gastrointestinal tric irritation, erosions, peptic Raised transaminases p ure (rare)
Nausea, anorexia, gastric N, bitie ”
ulceration, gastric bleeding/perforation, esophag geadache, finnitus, mental oMtusion vets .
{ ’ I
Renal precipitation e
ena ‘ ) '
Na* and water retention, edema, chronic renal failure, Haematological
nephropathy, papillary necrosis (rare)

Cvs

Rise in BP, risk of myocardial infarction (especially with
COx-2 Inhibitors), CHE

preeclampsia i pregnant wom

chronic Kidney disease and ot
conditions,

en with diabetes,
her predisposing

8. Other conditions in which as
— Familial coJopje polyposis:

Suppress polyp formatjon
relief in this rare disorder,

PIrin may be used are:

tumours express |

arge quantities of COX
the rofecoxib tr

-2. However,
ial (APPROVE) was

prematurely
10 increased

Celecoxib (APC) trial has also been
terminated due 1o 7 5 fold increase i risk of major
fatal/nonfatal cardiovascular events,

To prevent flushing attending

] been magde available;
N: Lysine acetylsalicylate 900 mg + glycine
100 mg/vial for dissolving in 5 m]

water and iy, ijection,
PROPIONIC ACID DERIV

ATIVES
Ibuprofen wag the first member

Bleeding, thrombocytopenia, h
neutropenia

Others _ .
Asthma exacerbation, rhinitis, nasal po'VDOSis, SKin
rashes, pruritus, angioedema

aemolytic aNagm;,

y

aggregation is short-lasting wit, ibuprot‘en, but
longer lasting with naproxen,

Adverse effects Ibuprofen
geners are better tolerated (|,
effects are milder and their incidence N lower
Gastric discomfort, nausea and Vomiting, ify
less than aspirin or indometly

most common side effects. G
occult blood |oss

CNS side effects
blurring of Vision
Rashes, itching an

and al| g con.
an aspirip, Side

ough
acin, are stll the

astric €rosion ap
are rare,

include head

ache, dizzinegs,
and tinnjtyg

precipitate aspirin-i
Fluid retention

S less marked,
They are not tob

Propionic a¢iq derivatjye NSAIDs are well

highly bound to plasma proteins
), but displacement interactions are not

cr

NSAIDs, they are likely 1
decrease diuretic

and antihypertensive action of
thiazides, furosemide and f blockers.
ALNSAIDs of gy class enter brain, SY“T‘_
vial flyjq and crogg placenta. They are 1arg€3
ol 2bolized in Jiyey by hydroxylation an
glucuronide co

i 1 T ne
Mjugation and excreted in u
S well as i pije
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o Pharmacodynamic

Sl 3
~alay

pivretics : { diuresis
blocker N antihypertensive effect
Sizure AGE inhibitors | antihypertensive effect
Anticoagulants T risk of g.i. bleed
! Sulfonylureas : T risk of hypoglycaemia
il Alcohol : T risk of g.i. bleed
T Cyclosporine ¢ T nephrotoxicity
Corticosteroids : T risk of g.i. bleed
) Selective serotonin
Skin reuptake inhibitors : Trisk of g.i. bleed
but Uses . ‘ .

1. Tbuprofen is used as a simple analgesic and
on- antipyretic in the same way as low dose of
ide aspirin. It is particularly effective in dysmenor-
ver rhoea in which the action is clearly due to
1gh PG synthesis inhibition. It is available as an
the ‘over-the-counter’ drug.
nd 2. Ibuprofen and its congeners are widely used

in rheumatoid arthritis, osteoarthritis and other
SS, musculoskeletal disorders, especially where pain

is more prominent than inflammation.
e- 3. They are indicated in soft tissue injuries,
rS fractures, vasectomy, tooth extraction, postpartum
Y. postp

and postoperatively, wherein they suppress
swelling and inflammation.

Il Ibuprofen It has been rated as the saf-
. est traditional NSAID by the spontaneous
I adverse drug reaction reporting system in U.K.
| Ibuprofen (400 mg) has been found equally or
i more efficacious than a combination of aspirin
t (650 mg) + codeine (60 mg) in relieving dental

Drug Plasma t1% Dosage
1. Ibuprofen 2-4 hr 400-600 mg
(5-10 mg/kg) TDS
2 Naproxen  1p_16 hr 250 mg
BD-TDS
3. Ketoprofen 2-3 hr 50-100 mg
BD-TDS
% Flurbiprofen  4-g py 50-100 mg
BD-QID

g e TN SATD S

e e

Pharmacokinetic

Coumarin anticoagulants | Metabolism
Sulfonylureas inhibitedg

Phenytoin competition o
Valproate for plasma protein binding
Digoxin J Renal

Lithium excretion of
Aminoglycosides interacting drug
Methotrexate

surgery pain, but is a weaker antiinflammatory;
not suitable for acute gout and other similar

conditions.
Concurrent treatment with ibuprofen has been found to

prevent irreversible COX inhibition by low dose aspirin,
because it reversibly occupies the active serine residue of
COX-1 and protects it from irreversible acetylation by
aspirin. Thus, the antiplatelet action of ibuprofen is short
lasting, and it abolishes the antiplatelet and cardioprotective

effect of low dose aspirin.

Naproxen The antiinflammatory activity is
stronger and it is particularly potent in inhibit-
ing leucocyte migration—may be more valuable
in acute gout: dose 750 mg stat followed by
250 mg 8 hourly till attack subsides. It is
also recommended for rheumatoid arthritis and
ankylosing spondylitis. Because of longer t',
regular use can effectively suppress platelet
function. Gastric bleeding is more common
than with ibuprofen. Naproxen carries lower
thrombotic risk than diclofenac, etoricoxib, etc.

Dose should be reduced in the elderly.
Naproxen is marketed as active single S(-) enantiomer

preparation, which poses less renal burden. However, some

R(+) enantiomer is formed in vivo due to inversion.

Preparations

BRUFEN, EMFLAM, IBUSYNTH 200, 400, 600 mg
tab, IBUGESIC also 100 mg/5 ml susp.

NAPROSYN, NAXID, ARTAGEN, XENOBID
250 mg tab., NAPROSYN also 500 mg tab.

KETOFEN 50, 100 mg tab; OSTOFEN 50 mg cap.
RHOFENID 100 mg tab, 200 mg SR tab:
100 mg/2 ml amp.

ARFLUR 50, 100 mg tab, 200 mg SR tab,
FLUROFEN 100 mg tab.
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Ketoprofen  An additional action to stabilize
Ivsosomes and (o inhibit LOX has been demons-
trated with Ketoprofen: though antiinﬂamii\a-
tory efficacy is similar to ibuprofen, and side
effects are more,
Flurbiprofen 1t may have
mechanisms of andindy
more effective than ik
effects are

some additional
ammatory action, and is
uprofen, but gastric side

also more. 1¢ is used as an ocular
anliinﬂammatmy as well,

OCUFLUR, FLUR,

FLURBIN, 0.03% eye drops, 1 drop
6 hourly,

Choice among different propionic acid derivatives
is difficult: aproxen is probably more efficacious
and better tolerated n antiinflammatory doses.
It is longer acting and has the advantage of
dosing, However, individuals vary

twice daily
in their preference for different members,

FENAMATE (Anthranilic acig derivative)
Mephenamic acid A
and weaker antiinflamm
bits synthesis of PGs
some of their actions.

N analgesic, antipyretic
atory drug, which inhi-
as well as antagonises

Adverse effects Diarrhoea
tant dose-related sjide effect. E
complained, byt gut bleedin
Skin rashes, dizziness and o

is the most impor-
pigastric distress i
g 1s not significant,
ther CNS manifesta-

rare but serjous complication.

Pharmacokineticg Oral absorption is slow byt
almost complete, It is highly bound to plasma
proteins, partly metabolized and excreted ip
urine as well as bjle, Plasma t' is 2.4 hours,

Uses Mephenamic acid is indicated primarily
as analgesic in muscle, joint and goft tissue
pain where strong antiinﬁammatory action is not
needed. It is quite effective in dysmenorrhogq,
It may be useful in some cases of rheumatoig

and osteoarthritis but has no distinct advantage,

Dose: 250-50() mg TDS; MEDOL 250, 500 mg cap; MEFTAL
250, 500 mg tab, 100 mg/S m) susp.,

PONSTAN 125, 250, 500 mg tab, SO mg/m| syrp.

* Peptic ulcer

* Hypertension

¢ Congestive heart fajlyre
* Renal insufficiency

* Hemostatic disorders

ENOLIC ACID DERIVATIVES (OXiCamS)
Piroxicam 1t is a long-actin Potent g
with antiinflammatory potency simijq, 0 ;
methacin and good analgesic-ant

Itisa nonselective, reversible inhibitop of ¢ n.l
lowers PG concentration ip Synovial f,; d 'rln’
inhibits platelet aggregation\prolongmg bleegiy
time. In addition, it decreases the Productjg,
of free radicals and IgM rheumatoid factor
Leucocyte chemotaxis js inhibj )

ted. Thus, j; can
inhibit inflammation in divers

¢ ways.
Pharmacokinetics Piroxica
completely absorbed: 999, p!
largely metabolized in liver
glucuronide conjugation; e
bile; enterohepatic cycling
long—nearly 2 days. Singl
is sufficient, and steady-st
achieved in a week.

Adverse effects The g.i.
more than ibuprofen, but low
tolerated and legg ulcerogenic th
However, ulcer and g.i. bleed
with higher dogeg. Rashes and
in ~ 1% patients, and seriou
are possible. Edema and rev
have been observed.

Uses Due to slow onset of action piroxicam
is suitable for use as long-term antiinflam-
Matory drug in rheumatoid and OSt?Oarthn‘
tis, ankylosing spondylitis, etc., but is nOtsi
first choice drug for any condition becguen
of relatively higher toxicity. It has o reies
used for acute gout, musculoskeletal 1ju
and in dentistry.

_ g OD:
Dose: 2 Mg BD for two days followed by 20 mg

. 0
retie acti()

m is rapidly apg
asma protein boung;
by hydroxylation ang
Xcreted in uripe and
occurs. Plasma 1 i
e daily administratiop
ate concentrations are

side effects are
doses are better
an indomethacin.
ing are frequent
pruritus are seen
s skin reactions
ersible azotaemia
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@: POl ONEX. PIRONX 10. 20 mg cap. 20 mp dispersible KETOROL, ZOROVON, KIFTANOV, TOROLAC 10 mg tab,
S, 20 mg ml inj i Dand 2 mlb amps: PIRICAM 0, Ome i bl amp,
I,J o cap. KETLUR, ACULAR 0.5% eye drops; 1-2 draps 24 times a
oy ,l:;xicam A congener of I)il'()XiL‘Lllll with day for nontnfective ocular inflammatory conchtions.
:ﬁﬂlﬂl‘ properties and uscs. lhdomethacin This indole acetic acid deriya—
~roBITIL 20 mg tab: dose 20 mg OD. tive is a potent antiinflammatory drug with
prompt antipyretic action. Indomethacin relieves
ACETIC ACID DERIVATIVES 9|1Iy inflammatory or tissue injury related pain. It
1s) _ . _ is a highly potent inhibitor of PG synthesis and
Ketorolac This arylacetic acid NSAID has  suppresses neutrophil motility. In toxic doses it
AID potent analgesic but 1-nodest. ai?tnnﬂammatol‘y uncouples oxidative phosphorylation (like aspirin).
ggg‘ acri\fg’-alcﬂ };(;5;(]’222:1‘: Iljj‘zndc])teshiitegizl<lectl Pharmacokinetics Indomethacin is well
DX: tl?? e C'oi}; i 2:nd < free of .Ia.cd absorbed ora]l.y, rectal absorption is slow but
anci \§1th Of};l n T e}:) st NBATD. B 4 Olplbmt dependable. It is 90% bpund to‘ plasma proteins,
ine side é IGC >- ol refioves ol > 1 _i” ]11) s partly metabolrzesi in liver to mact'lve products
1'01; PG‘ synt 116515 o I }1’ Ipr“?arl Y by @ and excreted by kidney. Plasma t%; 1s 2-5 hours.
e periphera 1-n§c f121111511‘1.10111 51'0}111- ast.n?g pain, it Aqverse effects A high inaidense g
- has compared favourably with aspirin. 50%) of gastrointestinal and CNS side effects
Ketorolac is rapidly absorbed after oral and g produced.
im. administration. It is highly plasma protein  Gastric irritation, nausea, anorexia, gastric
nd bound and 60% excreted unchanged in urine.  bleeding and diarthoea are prominent.
d; Major metabolic pathway 1S glucuronidation; Frontal headache (Very common), dizziness,
d plasma t%2 is 5-7 hours. ataxia, mental confusion, hallucination, depres-
112 Adverse effects Nausea, abdominal pain, ~Sion and Psychosis il “GeCcIn, o
. dyspepsia, ulceration, loose stools, drowsiness, Leuk'opema, rashes and other hypersensitivity
B headache, dizziness, nervousness, pruritus, pain ~ feactions are also report.ed.
at injection site, rise in serum transaminase and ~ lncreased tisk of bleeding due to decreased
fluid retention have been noted. platelet aggregability.
e Ketorolac has been used concurrently with Indomethacin is contraindicated in machinery
r morphine to keep its dose low. However, it  operators, drivers, psychiatric patients, epileptics,
£ should not be given to patients on anticoagulants. ~ kidney disease, pregnant women and in children.
Dose: 25-50 mg BD-QID. Those not tolerating the drug orally

Use Injected ketorolac is used in postoperative,
dexltal and acute musculoskeletal pain: 15-30 mg
1.m. or iv, every 4—6 hours (max. 90 mg/day).
It may also be used for renal colic, migraine
and pain due to bony metastasis.

Orally it is used in a dose of 10-20 mg 6
ho}”]y for short-term management of moderate
Pam,.but not for osteo- or rheumatoid arthritis.
Continuous use for more than 5 days is not
l,r;iom?ended due to risk of g.i. and renal tox-
mec}i/ic tt.ShouId not be used for preanacsthetic
kEtoroa] on gr fqr obstetric ana]gesm_. Topl'cal
ocular :C 1S quite popular for noninfective

onditions.

may be given nightly suppository.
IDICIN, INDOCAP 25 mg cap, 75 mg SR cap, ARTICID 25,

50 mg cap, INDOFLAM 25, 75 mg caps, 1% eye drop.
RECTICIN 50 mg suppository.
Uses Because of prominent adverse effects,
indomethacin is used as a reserve drug in con-
ditions requiring potent antiinflammatory action
like ankylosing spondylitis, acute exacerbations
of destructive arthropathies, psoriatic arthritis
and acute gout or rheumatoid arthritis that
are not responding to better tolerated NSAIDs.
Malignancy associated fever refractory to
other antipyretics may respond to indomethacin.
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It has been the most common drug used for
medical elosure of patent ductus arteriosus:
three 12 hourly i.v. injections of 0.1-0.2 mg/
kg achieve closure n majority of cases.

Bartter's syndrome responds dramatically, as
it does 10 other PG synthesis inhibitors.

Nabumetone 1 s 4 prodrug—generates an

active metabolite 6-methoxy naphthyl acetic
acid (6-MNA) which inhibits both COX-1
and COX-2. 1t Possesses analgesic, antipyretic
and antiint‘lammatory activities; effective in
the treatment of rheumatoid and osteoarthritis
as well as in soft tissue mjury. Nabumetone
has caused 2 lower incidence of gastric ero-
sions, ulcers and bleeding, probably because
the active COX imhibitor is produced in the
tissues after absorption. However, abdominal
cramps and diarrhoea cap occur. Rashes and

photosensitivity are reported. The plasma tY%
18 24 hours.

NABUFLAM 500 mg tab; 1-2 tab QD.

PYRAZOLONES

Antipyrine (phenazone) and amj
were introduced in 1884 as antipyretic and analgesic. Their
use was associated with high incidence of agranulocyto-
sis: are banned globally. Phenylbutazone was introduced
in 1949 and soon its active

dopyrine (aminopyrine)

Propyphenazone This is the only pyrazolone stij]|

avilable in India, though prohibited in many countries
for risks similar to other drugs in this group, It has fagt
onset short duration analgcsic-amipyrelic—amiinﬂammatory
action. Marketed only as ‘over-the-counter’ analgesic-
antipyretic FDCs, it is mostly used by people for self
medication of headache, bodyache, toothache, fever, etc,

SARIDON: propyphenazone 150 mg + paracetamo] 25Q mg
+ cafleine 30 mg tab.

PREFERENTIAL COX-2 INHIBITORS

Nimesulide This NSAID is a relatively
weak inhibitor of PG synthesis and moderately
COX-2 selective. Antiinflammatory action may
be exerted by other mechanisms as well, e.g,

reduced generation of
phils, inhibition of pp
release, free radical ¢
metalloproteinase activity
gesic, antipyretic and antj
of nimesulide has beep
other NSAIDs. It has be Drimgs© o

short-lasting painful inﬂammatory conq.. o
like sports injuries, sinusitis and oy Hiop
nose-throat disorders, dental] gy, oty
low backache, dysmenorrhoea, POs
pain, osteoarthritis and for fever,

Nimesulide is almost completely absor,
orally, 99% plasma protein boung, extensiv:ld
metabolized and excreted mainly iy Urine Wit
a t/2 of 2-5 hours.

Adverse effects of nimesuliqe are gastroinge.
tinal (epigastralgia, heart burn, nausey, |
motions), dermatological (rash, Pruritus) gpg
central (somnolence, dizziness). Gastric tolerabiliy,
of nimesulide is better, though ylcer complicy.
tions are as prevalent as with other NSAID;,

Instances of Sulminant hepatic Jailure have
been associated with nimesulide and it has beep
withdrawn in Spain, Ireland, Singapore apg
Turkey; use in childrep is banned in Portugal,
Israel and now in India as well. Considering
that it has not been marketed in many countries

ralia, Canada, the overall

like the UK, USA, Aust

safety of this drug, especially in children. has
been questioned. However, most asthmatics and
those who develop bronchospasm or intolerance
to aspirin and other NSAIDs do not cross react
with nimesulide. Its specific usefulness appears
to be only in such patients.

Dose: 100 mg BD; NIMULID, NIMEGESIC, NIMODOL
100 mg tab, 50 mg/S ml susp.
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Diclofenac sodium An analgesic-antipyret™
antiinflammatory drug, similar in efficacy t(i
haproxen. It inhibits PG synthesis and is som.ewhat
COX-2 selective, The antiplatelet action 18 ?}?e
appreciable due to sparing of COX'I.’ .an.d not
cardioprotective effect of low dose aspirin l(;ide
blocked, Neutrophil chemotaxis and supegu‘ced-
production at the inflammatory site are I¢ 99%
Diclofenac is well absorbed Orallyéi poth
protein bound, metabolized and excrete
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i urine and bile. The plasma 12 is ~2 hours.
However, it h.as good‘ IISSII.C }‘)enclmbili[y and
meC”“"“iO” m s_\’l'mvml ﬂu?d IS maintained for
1 gimes longer period than in plasma, exerting

\tended therapeutic action in joints,
& §

saverse effects of diclofenac are generally mild:
epigﬂsﬂ'ic pain.. nausea, hcada.che. dizziness, rashes.
Gastric ulceration and bleeding are less common.
Some comparative trials have found its gastric
toxicity to be similar to celecoxib and etoricoxib,
Like many NSAIDs, diclofenac can increase the
risk of heart attack and stroke, probably reflecting
Jack of antiplatelet action. Reversible elevation of
serum amino-transferases has been reported more
commonly. Renal blood flow and g.fr may be
reduced, especially at higher doses.

Diclofenac is among the most extensively used
NSAID; employed in rheumatoid and osteoarth-
ritis, bursitis, ankylosing spondylitis, toothache,
dysmenorrhoea, renal colic, post-traumatic and
postoperative inflammatory conditions—affords

quick relief of pain and wound edema.

Dose: 50-75 mg TDS, then BD oral, 75 mg deep i.m.
VOVERAN, DICLONAC, MOVONAC 50 mg enteric
coated tab, 100 mg S.R. tab, 25 mg/ml in 3 ml amp. for
im. inj. DICLOMAX 25, 50 mg tab, 75 mg/3 ml inj.,

DYNAPAR AQ, JUSTIN AQ: diclofenac sod. 75 mg in
I ml for im./i.v. injection; This more concentrated par-
enteral formulation of diclofenac can be given im. (less
painful, because propylene glycol is not used) as well as
by bolus Lv. injection without dilution.

Diclofenac potassium: VOLTAFLAM 25, 50 mg tab,

ULTRA-K 50 mg tab; VOVERAN 1% topical gel.
DICLONAC, VOVERAN OPHTHA 0.1% eye drops.
Aceclofenac A moderately COX-2 selec-
tive congener of diclofenac having similar
Properties. Enhancement of glycosaminoglycan
Synthesis may confer chondroprotective property

to aceclofenac.

Dose: 10 mg BD:;

ACECLO, DOLOKIND 100 mg tab, 200 mg SR tab,
Meloxicam  This newer congener of piroxicam
has a COX-2/C0x-1 selectivity ratio of about
0. Since measurable inhibition of platelet
XA, Production (a COX-1 function) occurs

laatbg;]erap‘euuc doses of me]oxicam, it has been

of ed preferential COX-2 inhibitor’., Efﬁce.lc'y
- Meloxicam in osteo- and rheumatoid arthritis

* Comparable to piroxicam. Plasma t%4 is 15-20

221

hours permiting single daily dose. In short-term
studies, gastric changes with the lower dose (7.5
mg/day) were found to be similar to placebo,
but at the higher dose (15 mg/day) they were
intermediate between placebo and piroxicam.
Gastric side effects of meloxicam are milder,
but ulcer complications (bleeding, perforation)
have been reported on long-term use. There
is no convincing evidence that meloxicam is

safer than other NSAIDs.

Dose: 7.5-15 mg OD;
MELFLAM, MEL-OD, MUVIK, M-CAM 7.5 mg, 15 mg tabs.

Etodolac This newer indole-acetic acid NSAID
is moderately COX-2 selective with properties
similar to diclofenac. At lower doses, gastric
tolerance is better than older NSAIDs. It is
metabolized by hydroxylation and glucuronide
conjugation, and excreted in urine with a t% of
7 hours. Postoperative analgesia with etodolac
lasts for 6-8 hours. Side effects are abdominal
pain, rashes and dizziness. It is approved for
use in osteo- and rheumatoid arthritis as well

as in acute musculoskeletal pain.

Dose: 200-400 mg BD-TDS;
ETOVA 200, 300, 400 mg tabs, ETOGESIC 400 mg tab.
Etodolac 400 mg/2 ml for i.m. injection has been approved

for postoperative orthopedic pain.

SELECTIVE COX-2 INHIBITORS (Coxibs)

Because of the theoretical advantage of
inhibiting COX-2 which is induced at the sites
of inflammation without affecting the ‘house
keeping’ COX-1 function, some highly selective
COX-2 inhibitors have been introduced over
the past 3 decades. They cause less gastric
mucosal damage; occurrence of peptic ulcer
and ulcer bleeds is clearly lower than that with
traditional NSAIDs. They do not depress TXA,
production by platelets, because it is COX-1
dependent; do not inhibit platelet aggregation
or prolong bleeding time, but reduce PGI,
production by vascular endothelium. Thus, they
lack the cardioprotective property of aspirin.
Currently, 3 selective COX-2 inhibitors
(also called coxibs) Celecoxib, Etoricoxib and
Parecoxib are available in India. Rofecoxib and

v
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COX-2 inhibitors reduce endothelial PGI, production
without affecting platelet TXA, synthesis. This appears
to exert prothrombotic influence and enhance CV risk.
* VIGOR (VIOXX gastrointestinal outcomes research)
Study in over 8000 patients found 4-fold higher
incidence of myocardial infarction (MI) in rofecoxib
(VIOXX) recipients compared to those on naproxen.
APPROVE {adenomatous polyp prevention on
VIOXX) a placebo controlled trial among subjects
with history of Colorectal adenomas was stopped
Prematurely at 3 years because it confirmed higher
risk of heart attack and stroke: rofecoxib was
withdrawn globally in 2004.
A metaanalysis of 18 trials with rofecoxib for
musculoskeletal disorders has also inferred that it
increases incidence of M.
Valdecoxib increased occurrence of Ml in patients
undergoing coronary bypass surgery. There were
reports of severe skin reactions as well. It was
withdrawn in 2005.
* Though CLASS (celecoxib long-term safety study)
did not find any increase in CV events, the APC
(adenoma prevention with celecoxib) trial has been

terminated prematurely due to 2.5 fold higher risk
of the same.

There is no clear evidence as
increases CV risk.

A joint committee in USA (2005) concluded that
enough evidence to withdraw all selective COX-2

inhibitors is lacking, but that their labelling should
include a warning of CV risk.

yet that etoricoxib also

Valdecoxib were withdrawn within few years of
marketing for increasing cardiovascular (CV)
risk. Lumiracoxib marketed only in Europe has
been suspended due to hepatotoxicity.

It has been concluded that selective COX-2
inhibitors should be used only in patients at
high risk of peptic ulcer, perforation or bleeds.
If selected, they should be administered in the
lowest dose for the shortest period of time,
Moreover, they should be avoided in patients
with history of ischaemic heart disease/hyper-
tension/cardiac failure/cerebrovascular disease,
who are predisposed to CV events. Combination
of low-dose aspirin with COX-2 inhibitors for
reducing cardiovascular risk increases gastroduo-
denal injury, and is not advised.

Concerns, other than cardiovascular, have
also been expressed about selective COX-2
inhibitors (see box).

ATt seidimG ou
A R
¢ COX-1 generated PGs may alse " Wl

inflammation: COX-2 inhibitorg ma RN in COX-

broad range of efficacy ag traditiong NSRTSQ ag abdon

* Ulcer injury and H. pylor; induce o 2 & mout!
mucosa, which may contribute tg astro ngastric pares

PG synthesis; COX-2 infibition may oo 0 €ivg Dt

healing. Moreover, part of gastric muCOSaTVCuicer NUC

activity may be constitutive, OX- Pare
* Juxtaglomerular COX-2 g Constitytiyg. . St

b Utive; | oper

inhibition can cause salt and water retent; p ;

Pedal edema, precipitation of CHF ang rise j on. simi

i . In Bp 3
can occur with all coxibs. Serl
be
Dosi
pelecoxnb The CQX-Z selectivity of celecoyi, REA
18 modest (about 10 times). Tt exerts antiinflap,
matory, analgesic and antipyretic actions g, P
low ulcerogenic potential, Comparatiye trialg Ph
, . 5.0 . ges!
in rheumatoid arthritis have foung It 10 be 4 ana
effeCtl.VG 8 maproxen or d}clofenac, Withoy Pa
affecting COX-1 actwny.m gastroduodena[ de
mucosa. Platelet aggregation in response to Wi
collagen exposure remained intact in celecoxib ha
recipients and serum TXB, levels were not
reduced. Though tolerability of celecoxib i
better than traditional NSAIDs, still abdominal
pain, dyspepsia and mild diarrhoea are the usual
side effects. Rashes, edema and a small rise
in BP have also been noted.

Celecoxib is absorbed slowly, 97% plasma A
protein bound and metabolized primarily by c
CYP2C9 with a t% of ~10 hours. It is approved 0
for use in osteo- and rheumatoid arthritis in a .
dose of 100-200 mg BD. f
CELACT, REVIBRA, COLCIBRA 100, 200 mg caps. ¢

Etoricoxib  This newer COX-2 inhibitor has
the highest COX-2 selectivity. It is suital?le,
for once-a-day treatment of osteo/rheumatglﬁ/
acute gouty arthritis, ankylosing Sponc.iylms(i
dysmenorrhoea, acute dental surgery pain ant
similar conditions, without affecting platelt‘e/v
function or damaging gastric mucosa. Th?d‘o:
is ~ 24 hours. The rate of thrombotic CaLelen
vascular events with etoricoxib use has ver,
found similar to that with diclofenac. HOWetiorl
it should be considered as a treatment f?; al
only as per conditions stated above

B, —
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ON-2 inhibitors. Side effects are dyspepsia,
nal pain, pedal edema, rise in B, dry

n[\dl‘n” q :
aphthous ulcers, taste disturbance and

lnolllh-

1,“.CS(hcsins. L o
Ppse: 60-120mg OD: ETOSHINE TOROCOXIA, 151015,

NUC(“M 00, 90. 120 mg tabs.

parecoxib It 15 a prodrug of valdecoxib
suitable for injg:‘ctlon. and to be used in post-
operative or stmilar short-term pain, with efficacy
similar to ketorolac. 1t shares the same risk of
serious cutaneous reactions as valdecoxib; should

pe stopped at the first appearance of a rash,
Dose: 40 mg oral/i.m./i.v., repeated after 6-12 hours,
REVALDO, VALTO-P 40 mg/vial inj, PAROXIB 40 mg tab.

PARA-AMINO PHENOL DERIVATIVES

Phenacetin introduced in 1887 was extensively used as anal-
gesic-antipyretic, but was banned when it was implicated in

analgesic abuse nephropathy (see p. 212)

Paracetamol (acetaminophen) It is the
deethylated active metabolite of phenacetin that
was also introduced in the last century, but
has come into common use only since 1950.

lNH—CO—CH3

PARACETAMOL

l
OH O-C,H, PHENACETIN

Actions  The central analgesic action of para-
cetamol is like aspirin, i.e. it raises pain thresh-
old, but has weak peripheral antiinflammatory
component. Analgesic action of aspirin and
baracetamol is additive. Paracetamol is a good
and promptly acting antipyretic.

Paracetamol has negligible antiinflammatory
action, It is g poor inhibitor of PG synthesis
_1'” Peripheral tissues, but more active on COX
! the brain. One explanation offered for the
dlscrepancy between its analgesic-antipyretic
ang antiinflammatory actions is its inability
0 inhibit COX jn the presence of peroxides
Which are generated at sites of inflammation,
Ut are not present in the brain. The ability of
ij;lCetamO] to inhibit COX-3 (an isoenzyme

ar located i dog brain) could also account

or L - ;
It analgesic-antipyretic action.

In contrast to aspirin, paracetamol does not
stimulate respiration or alfect acid-base bal-
ance; does not increase cellular metabolism.
[t has no effect on CVS. Gastric irritation is
insignificant—mucosal erosion and bleeding
occur rarcly only in overdose. It does not
alfect platelet function or clotting factors and
is not uricosuric.

Pharmacokinetics ~Paracetamol is well absor-
bed orally, only about 1/4th is protein bound
in plasma and it is uniformly distributed in the
body. Metabolism occurs mainly by conjugation
with glucuronic acid and sulfate: conjugates
are excreted rapidly in urine. Plasma tY% is
2-3 hours. Effects after an oral dose last for
3-S5 hours.

Adverse effects In isolated antipyretic doses
paracetamol is safe and well tolerated. Nausea
and rashes occur occasionally, leukopenia is rare.
Acute paracetamol poisoning It occurs espe-
cially in small children who have low hepatic
glucuronide conjugating ability. If a large dose
(> 150 mg/kg or > 10 g in an adult) is taken,
serious toxicity can occur. Fatality is common
with > 250 mg/kg.

Early manifestations are just nausea, vomi-
ting, abdominal pain and liver tenderness with
no impairment of consciousness. After 12—18
hours centrilobular hepatic necrosis occurs which
may be accompanied by renal tubular necrosis
and hypoglycaemia that may progress to coma.
Jaundice starts after 2 days. Further course
depends on the dose taken. Fulminating hepatic
failure and death are likely if the plasma levels
are high. If the levels are lower —recovery
with supportive treatment is the rule.

Mechanism of toxicity N-acetyl-p-benzoqui-
noneimine (NABQI) is a highly reactive ary-
lating minor metabolite of paracetamol which
is detoxified by conjugation with glutathione.
When a very large dose of paracetamol is taken,
glucuronidation capacity is saturated, more of
the minor metabolite is formed—hepatic glu-
tathione is depleted and this metabolite binds
covalently to proteins in liver cells (and renal
tubules) causing necrosis. Toxicity thus shows
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tathione is depleted to a critical pc ,
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In chronic alcoholics even 9 because
one day can result in hepatotoxicity ’l“;_ o
alcoholism induces CYP2ET that metabolis
i paracctamol to NABQL S
| Paracetamol is not recommended In pl.enjf
ture infants (< 2 kg) for fear of hepatotoxicity.
Note: Exercising abundant caution, because paracetamol
15 an over-the-counter drug, the US-FDA (2009) has ‘6?0':;'
mended 1o reduce the amount of this drug in fllly single
dosage form (tab./cap.) to 650 mg (in PIE‘FC of 1000 m.g
earlier limit). and the total daily dose for an adult to
2600 mg (in place of 4000 mg carlicr).
1 Treatment 1f the patient is brought early, vomi-
ting should be induced or gastric lavage done.
Activated charcoal is given orally or through
the tube to prevent further absorption. Other
supportive measures, as needed, should be taken.
Specific antidote: N-acetylcysteine (MUCOMIX,

MUCARE 200 mg/ml inj in 2, 5 ml amps, ACETINE
1 g/5 ml inj.) MUCOMYKS 1 g/5 ml inj, 600 mg tab.)

150 mg/kg should be infused i.v. in 200 ml 5%
glucose solution over 15 min, followed by the
same dose given i.v. over the next 20 hours.
Alternatively, 75 mg/kg may be given orally
every 4—6 hours for 2-3 days. It replenishes
the glutathione stores of liver and prevents
binding of the toxic metabolite to other cel-
lular constituents.

Ingestion-treatment interval is critical; earlier
the better. It is practically ineffective if started
16 hours or more after paracetamol ingestion.

Uses Paracetamol is one of the most com-
monly used ‘over-the-counter’ analgesic for
headache, mild migraine, musculoskeletal pain,
dysmenorrhoea, etc. but is relatively ineffective
when inflammation is prominent as in rhey-
matoid arthritis. Paracetamol is recommended
as first choice analgesic for osteoarthritis by
many professional bodies. It is one of the best
drugs to be used as antipyretic for fever due
to any cause, especially in children (no risk
of Reye’s syndrome). However, antipyretics
are not useful in fever due to hear Stroke,

in which only external cooling lowers body
lemperature.

RELATED DRUGS

Dose to dose paracetamol is eqy,

ally

cious to aspirin for noninflammatory COi*.diti !

It is much safer than aspirin in termg gasns' 5
irritation, ulceration and bleeding (cap, be [it’nc N
(o ulcer patients), does not prolong blesd"ien .
time. Hypersensitivity reactions are are ny ;
metabolic effects or acid-base dismfbanc@, e
Paracetamol can be used in all age grou;' . y
(infants to elderly), pregf‘ant/lactating Diiny ns P
in presence of other disease states and iii (

patients in whom aspirin is contraindicatey ,
It does not have significant drug interactions,

Thus, it may be preferred over aspirin for Mog;
minor conditions.

Dose: 325-650 mg (children 10-15 mg/kg) 3—4 times 4 iy
CROCIN 0.5 g tab, 120 mg/5 ml oral susp., 100 mg/g o
drops; METACIN, PARACIN 500 mg tab, 125 mg/5 m| Syrup,
150 mg/ml paed. drops, ULTRAGIN, PYRIGESIC, CALPOL
500 mg tab, 125 mg/5 ml syrup, NEOMOL, FEVASTIN,
FEBRINIL 300 mg/2 ml inj., CROCIN PAIN RELIEF: 630
mg + Caffeine 50 mg tab.

KABIPARA: paracetamol 1g/100 ml for slow i.v. injection;
AEKNIL: 150 mg/ml inj in 2,3,15 ml amps, for slow i.v. inj.
JUNIMOL-RDS 80, 170, 250 mg suppository (for children),
PARACETAMOL RECTAL SUPPOSITORY 80, 170 mg.

BENZOXAZOCINE DERIVATIVE r

Nefopam It is a nonopioid analgesic which does not
inhibit PG synthesis but relieves traumatic, postoperative
and short-lasting musculoskeletal pain. It may be used if
pain is persistent and is not adequately relieved by other
analgesics.

Nefopam produces anticholinergic (dry mouth, urinary
retention, blurred vision) and sympathomimetic (tachycardia,
nervousness) side effects, and nausea is often dose limiting.
It is contraindicated in epileptics.

Dose: 30-60 mg TDS oral, 20 mg i.m. 6 hourly. S
NEFOMAX 30 mg tab, 20 mgin 1 ml amp.

Topical NSAIDs

Many NSAIDs have been marketed in topical
formulations (mostly as gels) for application
over painful muscles or joints. These prepard-
tions are being used for osteoarthritis, sprais,
Sports injuries, tenosinovitis, backache, Spondymfs
and other forms of soft tissue rheumatism. It i
presumed that the drug would penetrate to e
subjacent tissues attaining high COnCen“,a“O,ns
in the affected muscles/joints, while main@r”
ing low blood levels, Consequently, the & ¢
and other systemic adverse effects would ke
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- ised and ﬁrﬂ pass hepatic metabolism

”””;1 also be avoided.
“'O\l{;”-,e there 1s no doubt about theiy salc-
. doubt has been raised about {hejy actual
{';";‘ic:10\" over and above a strong placebo
;ﬁ"ccl of local applicn‘lion, massaging and
hat due to presen.ce ol Counl.cr irritants Jike
memhol. methyl SHI'C.}’IHTC. GIC m most of them,
Often they are psed m addition to oral NSAID
medication. Guidelines .of several professional
hodies recommend tqplcal NSAIDs in mild-
to-moderate osteoarthritis of knee and hand as
initial or adjunctive therapy.

Measurement of drug concentration attained
in tissues underlying the site of application,
as well as concurrent blood levels has shown
that systemic absorption from topical NSAID
preparations is slow taking ~10 times longer time
to attain peak concentration compared to oral
dosing. Highest blood levels remain below 15%
of that attained after the same dose given orally.
This is consistent with their lack of systemic
toxicity. Local concentrations are high upto a
depth of 4-6 mm, ie. in dermis, but at 25 mm
depth in muscles, the concentration is low and
nearly the same as in blood. Marked variation
has been noted in the concentration attained in

muscles and joints depending on the type of
formulation, depth and distance from site of
application as well as among different individuals.
Reports on the clinical efficacy of topical NSAIDs
are also variable. Better responses have generally
been obtained in short lasting musculoskeletal
Pein. Clinical trials in osteoarthritis of knee have
generally rated topical formulations of NSAIDs,
notably those of diclofenac and ketoprofen to be
Superior to placebo, Though overall efficacy of
pical NSAIDs in musculoskeletal pain is low,
I appears 1o pe clinically valuable.

Preparations
DfC]Ofenac 1

VOLINI GEL, RELAXYL GEL,
DICLONAC GEL
RIBUFEN GEL
NAPROSYN GEL
: RHOFENID GEL
: FROBEN GEL

% gel

Ibuprofcn 10%, gel
4Proxen 10, gel
€loprofen 2.5% gel
Jurbiprofen 59, gel

YRETIC-ANALGESICS
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NIMULID TRANS GEL,
ZOLANDIN GlL,
NIMEGESIC-T-GEL
DOLONEX GEL, MOYVOM GFEL,
PIROX GEL, MINICAM GEL

Nimesulide 1% gel
Piroxicam (.5% gel

Choice of nonsteroidal antiinflammatory
drug
Efficacy differences among different NSAIDs
arc minor, but they have their own spectrum
of adverse effects. They differ quantitatively
among themselves in producing different side
effects and there are large inter-individual dif-
ferences. At present NSAIDs are a bewildering
array of strongly promoted drugs. No single
drug is superior to all others for every patient.
Choice of drug is inescapably empirical.
The cause and nature of pain (mild, moderate
Or severe; acute or chronic; ratio of pain: inflam-
mation) along with consideration of risk factors
in the given patient (age, concurrent disease and
drug therapy, history of allergy) govern selection
of the analgesic. Also to be considered are the
past response of the patient, acceptability and indi-
vidual preference. Patients differ in their analgesic
response to different NSAIDs. If one NSAID is
unsatisfactory in a patient, it does not mean that
other NSAIDs will also be unsatisfactory. Some
subjects ‘feel better’ on a particular drug, but not
on a closely related one. It is inthis context that
availability of such a wide range of NSAIDs may
be welcome. Some guidelines are:
1. Mild-to-moderate pain with little inflam-
mation: paracetamol or low-dose ibuprofen.
2. Postoperative or similar acute but short- last-
ing pain: injectable ketorolac, or diclofenac
or oral propionic acid derivative/nimesulide.
3. A parenteral NSAID may be employed for
renal colic, acute gout, acute back pain, den-
tal pain, fractures and other grievous trauma.
Three NSAIDs, viz. Ketorolac, diclofenac and
parecoxib are available for i.m./i.v. use. Par-
acetamol can be given by slow i.v. infusion.
4. Exacerbation of rheumatoid arthritis, anky-
losing spondylitis, acute gout, acute rheumatic
fever: naproxen, piroxicam, indomethacin,

high dose aspirin.
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disposed Patients: a selective COX-2

Oror paracetamol. Arthritis patients who

are dependent o NSAIDs and I
Peptic uleer myg receive
Pump inhibitor as gastroprotective,

0. Patien(s with history of asthma or anaphy-

lactoid reaction 1o aspirinfother NSA[Ds:

nimesulido. COX-2 mhibitor,
7. Patients Wwith hy

factor for heart att

ave developed
concurrent proton

pertension or other rigk
ack/stroke: avoid selective
COX-2 nhibitor; g Propionic acid derivatiye

Or aspirin may pe used at the lowest dose for
the shortest period.

8. Paediatric Patients: Only par
ibuprofen ang naproxe
evaluated ip children
preferred in chj]
Syndrome, aspiri

9. Elderly patients:
NSAID.

10. Fast acting dry
fever, headach
while longer
formulations
arthritic pain,

11. Pregnancy: paracetamol is the safest; low-doge
aspirin is probably the second best.

12. Hypertensive, diabetic, ischaemic heart disease,
epileptic and other patients receiving long-term

nhave been adequately
‘One of these should be
dren. Due to risk of Reye’s
0 should be avoideq.

use lower dose of the chosen

g formulation is suitable for
¢ and other short lasting pain,
acting drugs/sustained release
are appropriate for chronjc

of further myocardial infarction, |
(a) Which analgesic/NSAID will be suitable for
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I (c) Whether any locally applied medication can
| (see Appendix-1 for solution)
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Analgesic Combinationg

oo
=
o

Con'ﬂ.)ination of aspirin and arace
additive (not supra-additive)

analgesic effect is obtained en the to;:ﬂ lling
of aspirin + Paracetamo) g .. 100g .. ™oun
same is true of Combinatjopg of arai- he
with other NSAIDS like ibuprofen, dicloge
etc. T.here. 1S no convmcipg evidence that Nag,
combinations are Superior tq single
either in efficacy or ip safety. I gy g
such combinations should be limiteq +,
periods,

‘Coml?ipation of codeine '(an Opioid Analgegiy)
with aspirin or paracetamol is g]g, additive, but iy
this case combination provides additiong] analgesiy
beyond the ceiling effect of aspirin/paracetamol.
However, this is trye only when each i given iy
full dose which wi| produce opioid sje effects
(nausea, vomiting, constipation, drowsiness, risk
of dependence) as wel|. The
relief by these two classes o
Such combination should be considered only for
pain refractory to single agent.

To obviate nadvertent miguge and chance of producing depen-
dence, the fixed dose combinations of analgesics with hypot-
ics/sedatives/anxiolytics is banned in India.

relieving her knee pain?
cribed for her? 3
be helpful in relieving her knee pain?




