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Salicylic acid derivatives

: Jxo salicylic acid derivative J! s NSAIDs JU e S 2 category Jo
 Example: aspirin, salicylate salts and diflunisal

* Salicylates (with the exception of aspirin) are reversible

nonselective inhibitor of cyclooxygenase. . .
non selective COX2 inhibitor !9y (o ssdl'ie Lo Salicylic acid J! ©liiiw s
Therapeutic uses:

ree «.5-9 PSS

* External applications: Salicylic acid is used topically to treat
acne, corns and calluses (painful thickenings that form in
the skin in areas of excessive pressure. A callus refers to a
more diffuse, flattened area of thick skin, while a corn is a
thick, localized area that usually has a conical or circular

shape. ) and warts (local growth in skin). warts JJis3

* Methyl salicylate (“oil of wintergreen”) is used externally
as a cutaneous counterirritant. +
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Salicylic acid derivatives

Pharmacokinetics: Orally Available

* After oral administration, the un-ionized salicylates are passively absorbed

| partly frtm the stomach anq mostlyjfrom the upper small intestine.

* Aspirin is rapidly deacetylated by esterases in the body, thereby producing
salicylate.

» Salicylates (except for diflunisal) cross both the blood-brain barrier and
the placenta and are absorbed through intact skin (especially methyl
salicylate).

Salicylate ---> except diflunisal ----> cross : BBB and placenta dsiwll g
and intact skin psud! sl
methyl salicylate s» intact skin J! J3s (o Jle wolowal as yS1g

" : e Deacetylation .
Acetylsalicylic acid (Aspirin ) ===-======--ccuu-- >Salicylate ¢

By esterase
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Aspirin

Mechanism of action:

* Aspirin_irreversibly inhibits platelet COX so that

aspirin's antiplatelet effect lasts 8-10 days (the

life of the platelet).
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* In other tissues, synthesis of new COX replaces

the inactivated enzyme so that ordinary doses

have alduration of action of 6-12 hours}
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Aspirin has 3 therapeutic dose ranges:

The low rangel (<300 mg/d) il effective in reducing platelet antiplatelet

aggregation.

intermediate doses|(300—2400 mg/d) hiave antipyretic and analgesic
effects. 85155} a8ls-g (Suua

high doses [2400—-4000 mg/d) afe used for an anti-inflammator

EffeCt. anti Intflammatory

In the presence of other NSAIDs, aspirin is now rarely used as an anti-
inflammatory medication. Kad 3 qud g ginn & guslusl (S dol sl
It is primary use is as anti-platelet drug. NSAIDs JI (3L 20 4)lda

Because aspirin inhibit platelet aggregation and a prolong bleeding time,
aspirin should not be taken for at least 1 week prior to surgery.
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Dose-dependent effects of salicylates

Plasma concentration of salicylate (mg/dL}
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Salicylate toxicity

daasual Sleydl Jl> 3 mild (5S (Ses toxicity J! Ue 8
o golsel siug basg IS 989 « &dlall Ul sl sie severe ! e B
* Salicylate intoxication may be

e The mild form is caIIednd is characterized by nausea, vomiting,.

* _When large doses of salicylate are administeredl severe salicylate |
may result. The symptoms listed above are followed by




|Reye syndrome |

* Aspirin and other salicylates given during viral infections have been
associated with an increased incidence of Reye syndrome, which is an
often fatal, fulminating hepatitis with cerebral edema.

* This is especially encountered in children, who, therefore, should be given
acetaminophen instead of aspirin when such medication is required to
reduce fever. Ibuprofen is also appropriate.
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Aspirin-induced asthma

_2lselg bronchoconstriction pelless b ylie (sl 19151 233 Lo asthmatic a1y e J! ol

abdominal cramping ¢ slse>! Jio o Liucgl 31581 dons 45U
* It has long been known that 5-10% of asthmatics are exquisitely sensitive

WVAAAAANAAAANAANANAANY
to aspirin, so that ingestion of even a very small dose causes profound

bronchoconstriction and sxmetoms of sxstemic release of histamine: such

as flushing and abdominal cramping.

* Because this reaction to aspirin is not associated with any evidence of
allergic sensitization to aspirin or its metabolites and because it is Emahde
produced by any of the NSAIDs, it is thought to result fron] inhibition of |

prostaglandin synthetase (cyclooxygenase), shifting arachidonic acid
metabolism from the prostaglandin to the leukotriene pathway.
* Support for this idea was provided by the demonstration that leukotriene

pathway inhibitors impressively reduce the response to aspirin challenge
and improve overall control of asthma on a day-to-day basis.




Decreased urate

excretion
Salicylate Drug Interactions
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* Salicylate is roughly 80% to 90% plasma protein T
bound (albumin). . .
— Aspirin can displace other highly protein-bound
drugs,
resulting in higher free concentrations of these
agents

&Xcretion dg-ucu = aSi organic acid s s ,L...:_b — |
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* Being an organic acid, sallcylate is secreted into altered effects of drugs or
metabolites are shown in
the urine and can affect uric acid excretion.

— At low doses of aspirin (less than 2 g/day), uric acid
secretion is decreased,

— whereas at high doses, uric acid secretion may be
unchanged or increased.

erefore, aspirin 1s avoided in goUt or in patients
taking probenecid. o

therapeutic effects, and toxicity

Bilirubin
Phenytoin
Valproic acid
Thyroxine
Tritedothyronine
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Figure 36.13
Drugs interacting with salicylates.



Propionic acid derivatives

Ibuprofen J! Wsls &9.1 &cgaxa Jaic propionic acid J!
s dyga¥l éh’b Y

Ibuprofen was the first in this class of agents to become available in the

United States. It has been joined by naproxen, fenoprofen, ketoprofen,

flurbiprofen, and oxaprozin.

nalgesi

nd anti- pvreti

All of these drugs possess_anti-inflammator

activity. LA slowg 3ylodl pdls g (Sune I 1glozdn

All are well absorbed odministration.

Oxaprozin has the longest half-life and is administered once daily.

Ibuprofen is used IV to close a patent ductus

arteriosus (PDA). Patent ductus arteriosus

is a congenital disorder in the heart wherein

a neonate's ductus arteriosus fails to close after birth. *

Ibuprofen as IV JI pasuiw
JI dl> S neonate J! e
PDA
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long half life

[ Oxygen-rich Blood
I oxygen-poor Blood
I Mixed Biood

’ Patent Ductus Arteriosus (PDA)

Vessel connecting Aorta
and Pulmonary Artery

LA = Left Atrium
RA = Right Atrium
LV = Left Ventricle
RV = Right Ventricle
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Acetic acid derivatives

:acetic acid derivative J! Lle &l (o
e This group of drugs includes indomethacin, sulindac, tolmetin and
etodolac.

wadl =M=l tolmetin J! pasuss b
Indomethacin uses: : dilalasuiw!  indomethacin J! pgsd 319 sl

1. An ophthalmic preparation is efficacious for cniungiivalinflammation
and to reduce pain after traumatic corneal abrasion. 3301 S ans oYl i

2. Gingival inflammation is reduced after administration of indomethacin
orarrimse. oo &l olgdl a

3. Epidural injections produce a degree of pain relief similar to that
achieved with methylprednisolone in post laminectomy syndrome
(chronic back and/or leg pain that occurs after spinal surgery).

53] ] Ldasy ] dovead] uii Lidnsiyg « 3¢201 3o
post laminectomy syndrome J! 4> % methylprednisolone



COX-2 selective inhibitors

COX-2 selective inhibitors (celecoxib and meloxicam) were developed in
an attempt to inhibit prostaglandin synthesis by the COX-2 isozyme
induced at sites of inflammation without affecting the action of the
constitutively active “housekeeping” COX-1 isozyme found in the Gl tract,
kidneys, and platelets.

They selectively bind to and block the active site of the COX-2 enzyme
much more effectively than that of COX-1.

Celecoxib was the first member of a newer NSAID subgroup, the
cyclooxygenase-2 (COX-2)-selective inhibitors, which were developed in an
attempt to lessen the gastrointestinal toxicity associated with COX
inhibition while preserving efficacy. Unfortunately, clinical trials involving
some of the highly selective COX-2 inhibitors have shown a higher
incidence of cardiovascular thrombotic events than the nonselective
drugs.
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COX-2 selective inhibitors

COX-2 inhibitors have analgesic, antipyretic, and anti-inflammatory effects
similar to those of non-selective NSAIDs but with an approximate halving
of Gl adverse effects.

However, because COX-2 is constitutively active within the kidney,
recommended doses of COX-2 inhibitors cause renal toxicities similar to
those associated with traditional NSAIDs.

Rofecoxib and valdecoxib, two previously marketed, selective COX-2
inhibitors, were withdrawn from the market because of their association
with increased cardiovascular thrombotic events.
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chemical structure J! e agawds

Therapeutic disadvantages
of selected NSAIDs*

Upper Gl disturbances
are common

|

Mo antipyretic
effect

Very potent; should be
used only after less
toxic agents have

proven ineffective

CNS disturbances are
common

. myocardial Infarctions

| Potentlal forincreasing
- and strokes

Therapeutic advantages
of selected NSAIDs

Low cost; lon

Sallcylates: history of safety
Aspirin

~ salicylate salts
= Diflunisal ' Laess Gl irritation
than aspirin
Acetic aclds:

Indomethacin
Sulindac

Tolmetin | Long half-life permits daily
Proplonic acids: or twice dally dosing
Ibuprofen :
Fenoprofen - Lower toxicity and better
Flurbiprofen . acceptance In some
Ketoprofen - patients. Naproxen Is
Naproxen ) considered by some experts
Oxaprozin ; as one of the safest NSAIDs
Oxlcams:
Piroxicam
Meloxicam
Fenamates:
Mefenamic acid
Meclofenamic acld
, Less Gl irritation than
COX-2 Inhibitors aspirin

Celecoxib




Choice of NSAIDs
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« All NSAIDs, including aspirin, are about equally efficacious with a few
exceptions:

— Tolmetin seems not to be effective for gout | . il acusernn b

— Diflunisal does not have antipyretic effect Syl 28ls o 456 ] Lo

* Thus, NSAIDs tend to be differentiated on the basis of toxicity and cost-

effectiveness. For example, the Gl and renal side effects of ketorolac limit
its use. sleedl fums LIS ago 9031 Gl Jlo LIS Lo dasladl 1ol 5 BT dAl<dl g toxicity JU ! galisu

* Some surveys suggest that indomethacin and tolmetin are the NSAIDs
associated with the greatest toxicity, while ibuprofen is the least toxic.

indomethacin, tolmetin ----- > High toxicity
Ibuprofen ----> least toxicity



Choice of NSAIDs

The relatively expensive, selective COX-2 inhibitor celecoxib is probably
safest for patients at high risk for Gl bleeding but may have a higher risk of

cardiovascular toxicity. ¢ safe L& 35T 4SINSAIDs J! bl &ylis I s
ddlle yhas dl -3 high risk Gl bleeding J! 2
Celecoxib or a nonselective NSAID plus omeprazole or misoprostol may be
appropriate in patients at highest risk for Gl bleeding; in this
subpopulation of patients, they are cost-effective despite their high

acquisition costs. non selective COX2 inhibitor+ Omeprazole/ misoprostol

-==> JI o5 & cyai| high risk Gl bleeding
The choice of an NSAID thus requires a balance of efficacy, cost-
effectiveness, safety, and numerous personal factors (eg, other drugs also

being used, concurrent illness, compliance, medical insurance coverage),
so that there is no best NSAID for all patients.
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Acetaminophen

anti inflammatory £ pasciu
« Acetaminophen (paracetamol) is one of the dosage formas IV < «:8Mx

most important drugs used in the treatment of
mild to moderate pain when an anti-

NSAIDs

inflammatory effect is not necessary.

Pharmacokinetics | ‘

* Acetaminophen is administered orally. Strong
Absorption is related to the rate of gastric |
emptying, and peak blood concentrations are Anti- Analgesic  Antipyretic
usually reached in 30—60 minutes. ey offect et

* The half-life of acetaminophen is 2—3 hours and
is relatively unaffected by renal function,

* The drugis also available in intravenous and
rectal formulations.
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Acetaminophen




Acetaminophen

Mechanism of Action e Jorio JI ATl d8gy00 Lo
* The mechanism of analgesic action of acetaminophen is unclear.

* The drugis only a weak COX-1 and COX-2 inhibitor in peripheral tissues,
which accounts for its lack of anti-inflammatory effect.

* Evidence suggests that acetaminophen may inhibit a third enzyme, COX-3,
in the CNS.

Effects

 Acetaminophen is an analgesic and antipyretic agent; it lacks
antiinflammatory or antiplatelet effects.

/ 8 o« COX1 .COX2 inhibitor < J&ud
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Acetaminophen

Jio Ao adl Mey dodsuiuwy

Indications: 33 ol sn p.ﬂg g2l pﬂg ¢ laall
* The drug is useful in mild to moderate pain such as headache, myalgia,
postpartum pain. tolerated of ;s p0 daslus ssic Josid! > P PEARWEY

* For mild analgesia, acetaminophen is the preferred drug in patients
allergic to aspirin or when salicylates are poorly tolerated.

* |tis preferable to aspirin in patients with hemophilia or a history of peptic
ulcer and in those in whom bronchospasm is precipitated by aspirin.

« Acetaminophen alone is inadequate therapy for inflammatory conditions
such as rheumatoid arthritis, although it may be used as an analgesic

adjunct to anti-inflammatory therapy. RA J! d> 38 SIS ) yuni
* |tis preferred to aspirin in children with viral infections.
D viral infection J! dbu sl Jos o 933908l 8 givca Ll LS

* | Acute pain and fever may be effectively treated with 325-500 mg four
times daily and proportionately less for children.

 |Dosing in adults is now recommended not to exceed 4 g/d, in most cases.

p9dl 4g - «w toxic dose !



Acetaminophen

Toxicity:
* Intherapeutic dosages, acetaminophen has negligible toxicity in most
persons.

* However, when taken in overdose or by patients with severe liver
impairment, the drug is a dangerous hepatotoxin.

* Early symptoms of hepatic damage include nausea, vomiting, diarrhea,
and abdominal pain.

* Doses greater than 4 g/d are not usually recommended and a history of
alcoholism contraindicates even this dose.

o320 98 b SIL JSLi saie 1S ol dia jou 38l a5l osuadl 13] &l el
nausea, vomiting, < &ladb jolsel Wl 4sSs J! o hepatotoxin 4=a seoq
diarrhea, abdominal pain
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