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In the previous lecture we talked about a brief introduction of NSAIDs and how In this sheet we will talk about specific
. they modulate the inflammatory.pathway, (remember COX-1/C0X-2 and their
roles in physiological and pathological situations), these two enzymes are
 blocked by NSAIDs (both are blocked by nonselective NSAIDs, some types of
them exhibit some preference toward one of COX enzymes).

examples of NSAIDs

In general, al NSAIDs are non selective while we have noticed that recently they have little bit more selectivity or we probably concluded that from side

effects associated with the reuse.
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Now will talk specifically about some drugs L) gﬁ



/. L/ésﬁtm/&
A. The prototype of NSAIDS it is very old drug, it was used centuries ago, actually it is derived
from a tree —slaiall 3 54 that gives us salicylic acid, It is the most commonly used NSAIDs, all new
drugs of this group will be compared with aspirin.
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Do you remember what makes aspirin distinguished from NSAIDs?! The difference is related to aspirin therapeutic or pharmacological effect that it
is the only agent that has anti platelets effect and regarding to ifs selectivity (it prefers COX-1 but still it’s non selective). Also aspirin is irreversible

B. When we are asked about the pharmacological mechanism of aspirin : it is non-selective
irreversible inactivator of COX-1 & COX-2 ...... it’s very important to know that gf\; gf‘y g/‘;

C. Aspirin is rapidly deacetylated by esterases in the body producing salicylate, which has
anti-inflammatory, antipyretic, and analgesic effects.

The effect of all NSAIDs including Aspirin is inhibiting the production of prostaglandins, hmmmmmm!!!!
So why we said in the previous lecture that they give different effects.
congestion J) < g S 15355 sl J agia cpra |53 D aSé prostaglanding J) i 18 5 wedl @ b Ge | slaidng aglS aa Jiay

In which cases aspirin works and How aspirin works in these cases?!

1. Analgesia:

- for being analgesics, decreasing prostaglandin synthesis will prevent the sensitizations of pain receptors for chemical
and mechanical stimulus.

- Some studies have shown that aspirin can depress pain by having stimuli in certain subcortical regions in the brain.

2. Temperature/ fever (antipyretic):

First, let’s talk about how temperature increases during inflammation (\,

We have the production of PGE2 15 shimualed Y ———p IL- 1 which is responsible for resetting the ( set point of
temperature) through the thermoregulatory center in the hypothalamus, so it increases the set point, so when aspirin
prevents PGE2 it lowers (resets) the set point of temperature (back to the normal), but it has no effect on normal body
temperature. That was the first mechanism of lowering the temperature.
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The second mechanism:

The aspirin has the ability to cause peripheral vasodilation which will cause dissemination of heat from the skin through
sweating.
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Hypertension is contraindication of NSAIDs except ASPIRIN Q don’t forget that please!

It has direct relaxing effect in vascular smooth muscle cells (VSMC) in the peripheral blood vessels
that’'s why it causes vesodilation and leads to decrease body temperature

/ Nepirin dus no edhect on normal
R &Mmembc(;- body temperabuse

3. Effects on respiratory system: m@ elfecks on @ H
-Initially, at therapeutic doses, aspirin increases alveolar ventilation.
Increasing ventilation —) We will lose CO2 —y Respiratory Alkalosis

Higher doses work directly on the respiratory center in the medulla, resulting in hyperventilation and respiratory alkalosis
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When we increase the dose more and more we move from
respiratory alkalosis toward metabolic acidosis due to different
mechanisms

Toxicity of salicylates - ys>e

(1) stimulation of the respiratory center of the brain,
leading to hyperpnea and respiratory alkalosis

(2) uncoupling of oxidative phosphorylation, leading to

increased oxygen utilization and glucose demand, S Bl 2
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% » (3) inhibition of Krebs cycle enzymes, leading to

decreased glucose availability and increased organic .
acids -s s will skimulabe lipid @etabolism —5 casse mekabalic Acidosis
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(4) alterations in lipid metabolism and amino acid
metabolism, enhancing metabolic acidosis

(5) increased fluid and electrolyte losses, leading to
dehydration, sodium depletion, potassium depletion, and
loss of buffer capacity.

-This toxicity can happen a lot especially for little children.

-We have in the pharmacies something called baby aspirin 100mg or 81mg (low dose), this is
the one that adults use prophylactically because of its anti platelets activity to prevent
thrombosis or embolism, some people have history of thrombosis or thrombotic events include
myocardial infarction, strokes or any thromboembolic disease will use this baby aspirin.

-Aspirin is not recommended for children...... it causes hepatotoxicity and problems in the brain
(Rey’s syndrome)
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Recently we have found that there is increased incidence of Rey’s syndrome which characterized
by damaging of the liver and the brain in children under 12 years old if they have a viral infection.
CONTRAINDICATION of aspirin:

Child under 12 years old with viral infection, we don’t use aspirin or any salicylate
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HOW 70 TREAT TWIS TOXICITY ¢

1. We have high fever, we should cool the patient.
2. We should correct the acidosis by alkalization of urine.
3. Fix the electrolytes balance

There are some people who have salicylic acid allergy, we call this condition salicylism, we
should take care of these individuals, salicylate is not found in aspirin only, there are other

products and drugs that contain salicylate.
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4. Gl system effects assoceted Witk prolonged use of NshTD-

Why patients are recommended to take aspirin and other NSAIDs after eating? because these
drugs are stomach irritant through prevent the synthesis of PGE2 which is responsible for
mucus secretion so the protective layer of stomach will be remove also PGEZ2 inhibits acid
secretion, the continuous use of these drugs may cause peptic ulcer.

We can treat this problem by using a group of drugs:

A. Agents used for the prevention of gastric and/or duodenal ulcers include proton-pump
inhibitors (PPIs); esomeprazole, lansoprazole, omeprazol (prototype). They all work by
inhibiting acid secretion.

B. Other drugs can be used like histamine antagonists, histamine receptors are H1 and H2 (the
main one in the stomach, if we inhibit it we inhibit acid secretion from parietal cells.

C. Prostaglandin analog like misoprostol it mimics the action of prostaglandins in stomach, so
we can take it along with aspirin, this drug is used in abortion because it causes uterine
contraction like the natural PGs.

At stomach pH, aspirin is uncharged; consequently, it readily crosses into mucosal cells, where
it ionizes (becomes negatively charged) and becomes trapped, thus potentially causing direct
damage to the cells. Changing the route of administration will cause the same stomach
irritation.

5. Effects on the platelets aspirin is the one that has anti platelets activity so it ia thought to
be more selective towards COX-1 which is responsible for the production of thromboxane A2 TXA2
which leads to production of thrombosis.

#TXA2 enhances platelet aggregation >> Low doses 81 mg daily of aspirin can irreversibly inhibit
thromboxane production in platelets via acetylation of cyclooxygenase.

#Because platelets lack nuclei, they cannot synthesize new enzyme, and the lack of thromboxane
persists for the lifetime of the platelet (7 days to 10 days)>> As a result prolonged bleeding time.

If we prepare a patient who takes aspirin for a surgery we should wait a week to get rid from
aspirin, if we don’t wait the patient will suffer from bleeding.



6. Effects on kidney :
aspirin has lesser effect on kidney than other NSAIDs (less nephrotixic effects).

Effects of NSAIDs on kidneys:

1. Retention of urine flow causing: a. Edema, b. Hyperkalemia

2. Arterioles contraction (afferent blood vessels constriction) that leads to the stimulation of renin-
Angiotensin system and that will cause hypertension.

As a summary, most of NSAIDs have detrimental

effects on the kidneys. Do you remember how renin-angiotensin works?!
Aspirin has less effects, especially low dose Actually it causes hypertension. Renin—angiotensin
aspirin (baby aspirin) anti platelets, that is used system (RAS), or renin-angiotensin-aldosterone

as prophylactic agent in 81 or 100 mg. cvetem (RAA P e A I

81-300 mg aspirin dose still has anti platelets,

COX-1 selective activity. blood pressure, fluid %md electrolyte balance, and

- systemic vascular resistance.
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Therapeutic uses

» The salicylic acid derivatives are used in the treatment

of gout, rheumatic fever, osteoarthritis, and RA, —— — m\em Glbl(; nf”KFHS

» Commonly treated conditions requiring analgesia include

headache, arthralgia, and myalgia.

External applications:

» Salicylic acid is used topically to treat corns and warts. X
—
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Cardiovascular applications:

» Aspirin is used to inhibit platelet aggregation. Low doses
are used prophylactically to

= reduce the risk of recurring transient ischemic attacks
(TIAs) and stroke or death

= Studies have shown a reduced risk of death in those

having an acute myocardial infarction < <J"? abhee C &y
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PHARMACOKINETICS

Administration and distribution:

»  After oral administration, the un-ionized salicylates are
passively absorbed from the stomach and the small intestine

» Rectal absorption of the salicylates is slow and unreliable, but
it is a useful route for administration to vomiting children.

» Salicylates must be avoided in children and teenagers (<15

The aspirin must not be use with

1. Phenytoin , pp e

2. Warfarin

3. Valproic

because they are all bound to albumin if we administered
aspirin with phenytoin, aspirin will be bound and the free
dose of phenytoin will increase (the unbound form) this
will cause toxicity.

years old) with varicella (chickenpox) or influenza to prevent . o S ?ch\e‘

Reye's syndrome. Docter co0d £V ol "\ Conn \neSREV

» Salicylates are highly protein bound the (rotein Hrot cosges mott 14
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Dosage:

The salicylates exhibit analgesic activity at low doses; only at
higher doses do these drugs show anti-inflammatory activity .
may (eac\n \OOO Mg —s PG‘S aNewdson Ve N\ ),\a\(w\'eu& eﬂfgci‘g on Gl T

» For exam[)le, two 325-mg aspirin tablets administered four
times daily produce analgesia, whereas 12 to 20 tablets per day
produce both analgesic and anti-inflammatory activity.

@ thomboembolihic events @l’ﬂ"s;”‘l" ischemic abfack

»  For long-term myocardial infarction prophylaxis, the dose is
81 to 162 mg/day

» for those with RA or osteoarthritis, the initial dose is 3
grams/day o)
Afler Was vale Aspirin will lose \s sy
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» for stroke prophylaxis, the dose is 50 to 325 mg/day
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» At dosages of 650 mg/day, aspirin is hydrolyzed to salicylate o [
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and acetic acid by esterases in tissues and blood .

» Salicylate is converted by the'liver to water-soluble conjugates
that are rapidly cleared by the kidney

»  Both hepatic and renal function should be monitored
periodically in those receiving long-term, high-dose aspirin
therapy.

» aspirin should be avoided in patients with a creatinine
clearance of less than 10 mL/min.

Other side effects
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Hypersensitivity: Approximately 15 percent of patients taking aspirin . _

experience hypersensitivity reactions. /)SP'“V\ over Jose o U\“_( CVV\:\ l’lm/e,
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» Symptoms of true allerg?!l include urticaria, bronchoconstriction, or
angioedema. Fatal anaphylactic shock is rare.

»  Aspirin and other salicylates given during viral infections has been
associated with an increased incidence of Reye's syndrome, which is .
an often fatal, fulminating hepatitis with cerebral edema. ewce@re NN

» This is especially encountered in children, who therefore should be
given acetaminophen instead of aspirin



Drug interactions:

» Salicylate is 90 to 95 percent protein bound and can be
displaced from its protein-binding sites, resulting in increased
concentration of free salicylate

» alternatively, aspirin could displace other highly protein-bound
drugs, such as warfarin, phenytoin, or valproic acid, resulting

in higher free conientrations of |the other‘agent .
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» Concomitant use of ketorolac and aspirin is contraindicated
because of increased risk of Gl bleeding and platelet

aggregation inhibition.

Aspirin and pregnhancy

» In pregnancy: Aspirin is classified as

FDA pregnancy category C risk during
r/ Trimesters 1 and 2
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» category D during Trimester 3.
Fo k‘iﬁi\x)m@ arleriosis ;_J

» Because salicylates are excreted in
breast milk, aspirin should be avoided
during pregnancy and while breast-
feeding.
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/(\Don’t mix two NSAIDs together,

this will notenhance the
pharmacological efficacy, rather
itwould exaggerate the side
effects.

FDA Pregnancy Categories

Category

A Adequate and well-controlled studies have failed to demonstrate a risk to
the fetus in the first trimester of pregnancy (and there is no evidence of
risk in later trimesters).

B Animal reproduction studies have failed to demonstrate a risk to the fetus
and there are no adequate and well-controlled studies in pregnant
women.

Cc Animal reproduction studies have shown an adverse effect on the fetus
and there are no adequate and well-controlled studies in humans, but
potential benefits may warrant use of the drug in pregnant women
despite potential risks.

D There is positive evidence of human fetal risk based on adverse reaction
data from investigational or marketing experience or studies in humans,
but potential benefits may warrant use of the drug in pregnant women
despite potential risks.

X Studies in animals or humans have demonstrated fetal abnormalities
and/or there is positive evidence of human fetal risk based on adverse
reaction data from investigational or marketing experience, and the risks
involved in use of the drug in pregnant women clearly outweigh potential

benefits.
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Reye's syndrome
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Reye's syndrome is a potentially fatal disease that
has numerous detrimental effects to many organs,
especially the brain and liver, as well as causing a
lower than usual level of blood sugar
(hypoglycemia) The classic features are a rash,
vomiting, and liver damage. The exact cause is
unknown and, while it has been associated with
aspirin consumption by children with viral illness, it
also occurs in the absence of aspirin use.

Q gl @3\\@&5-@6@
. g N 0y &SN

9. Other NLASDs

—

Ya Thuplofen

yx Na’)(o e

3. kete Froﬁctn

U boroprofer @
h- }/ur/w.p/o}d/\ @

) . 3 N

\e Me /c namic

Yo indomethacw \e proxCovn

2. c\wmdoc @ 2+ Medoxicar~
20 Flodol\ac @



Propionic acid derivatives

» Ibuprofen , naproxen, fenoprofe, ketoprofen , flurbiprofen

» All these drugs possess anti-inflammatory, analgesic, and
antipyretic activity

» their Gl effects are generally less intense than those of aspirin.
» These drugs are reversible inhibitors of the cyclooxygenases

» All are well absorbed on oral administration and are almost
totally bound to serum albumin. Dor’t PR 2 NSATD:

» They undergo hepatic metabolism and are excreted by the
kidney.

» The most common adverse effects are Gl, ranging from
Apcd dyspepsia to bleeding. pephic uleef.

» Side effects involving the central nervous system (CNS), such as L j Aza .
headache, tinnitus, and dizziness, have also been reported + reversible loss © 4 'fﬂ

. The use of sulindac has also been llnkeggwm_e_“y vehicle
pancreatitis.The use of dimethglsulfoxid (DMSO) topically in B —
combination with sulindac has been reported to induce severe

neuropathies ‘

Naproxen and Ibuprofen
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» Pregnancy : category C, category D from 2 &~
sk 2 hrimeshers

» Increase the risk of cardiovascular thrombotic eve
stroke. Ma\j})t due te ks prc/crmc& of Lox-2
Pathvuay -
» Increase risk of Gl bleeding.

» |buprofen not exceed 3200mg/day., and take with food
with water to avoid Gl effect. ‘

Asthmatic patient. C,OV\J‘MMC)‘CQ}'\O\A



Acetic acid derivatives
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»  Indomethacin , sulindac ,
Etodolac

» _All have anti-inflammatory, analgesic, and antipyretic activity.
They act by reversibly inhibiting cyclooxygenase.

» Despite its Rotgncy as an anti-inflammatory agent, the toxicity
of indomethacin limits its use to the treatment of acute gouty
arthritis, ankylosing spondylitis .

» The adverse reactions caused b¥ sulindac are similar to, but
less severe than, those of the other NSAIDs, including
indomethacin.

» Etodolac has effects similar to those of the other NSAIDs

Indomethecin - closes Ducdros Arterioss,
Aller btk

» acute and chronic rheumatoid arthritis and osteoarthritis.

> Also useful in ankylosing spondylitis, acute gouty arthritis,
bursitis, and tendinitis.

» Side effects:

> It produces more CNS side effects than most of the
other NSAIDs. Severe headache occurs in 25 to 50% of
patients; vertigo, confusion, and psychological
disturbances

> Gl symptoms also are more frequent.

> Hematopoietic side effects (e.g., leukopenia,
hemolytic anemia, aplastic anemia, purpura,
thrombocytopenia, and agranulocytosis

> Ocular effects (blurred vision, corneal deposits)
Hepatitis, jaundice, pancreatitis, and hypersensitivity
reactions ;e
raate

Oxicam derivatives

» Piroxicam and meloxicam
» are used to treat RA, ankylosing spondylitis, and osteoarthritis.

» They have long half-lives, which permit once-daily
administration, and the parent drug as well as its metabolites
are renally excreted in the urine.

»  Meloxicam inhibits both COX-1 and COX-2, with preferential
binding for COX-2, and at low to moderate doses shows less Gl
irritation than piroxicam.
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Fenamates @

Diclofenac sodium @

X » Used PO 50mg after food, I.M. inj 75mg
» Mefenamic
» Diclofenac potassium is prompt release and has
»  have no advantages over other NSAIDs as anti- onset where as the Diclofenac sodium is delayed re!
inflammatory agents.
» Pregnancy: category C

» Their side effects, such as diarrhea, can be severe, and
they are associated with inflammation of the bowel.

Diclofenac sodium @

» Cases of hemolytic anemia have been reported o
B>

Heteroaryl acetic acids @ > Hypersensitivity

» Asthmatic patient.
» Diclofenac and tolmetin , ketorlac

» Patient with history of peptic ulcer.
» are approved for long-term use in the treatment of RA,
osteoarthritis.

» Metabolism: liver.

» Diclofenac is more potent than indomethacin or naproxen.

»  An ophthalmic preparation is also available. . .
P prep > Excretion: urine.

» Diclofenac accumulates in synovial fluid, and the primary route of
excretion for the drug and its metabolites is the kidney.
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Selective COX-2 inhibitor

Celecoxib ,ﬂofwﬂ\b-——yo(awn %fam t
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» more selective for COX-2 than for COX-1.

» Adverse effects are slighter than other NSADs.
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» Long-term studies of the incidence of clinically
significant gastrointestinal ulcers and bleeding are n
yet completed.

May increase the incidence of edema and hyperte
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