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Inflammation

Inflammation is a normal, protective response to tissue injury
caused by phy5|cal trauma noxious chemicals, or
microbiologic agents.

Inflammation is a protective attempt by the body to inactivate
or destroy invading organisms, remove irritants, and set the

stage for TtiSSUE repair.

When healing is complete, the inflammatory process usually
subsides. However, inappropriate activation of the immune
system can result in chronic inflammation, leading to immune-
mediated diseases such as rheumatoid arthritis (RA).
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RHEUMATOID ARTHRITIS
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The classical signs of acute inflammation are pain, heat, redness, swelling
and loss of function. TTTmmmmmemmoooooooooooooo-

Redness and heat are due to increased hlood flow at body core _ __
temperature to the inflamed site. When inflammation occurs internally—
where tissue is normally at body core temperature—no increase in heat is
apparent.

Swelling is caused by accumulation of fluid.
Pain is due to release of chemicals that stimulate nerve endings. Pain

occurs only when there are appropriate sensory nerve endings in the
inflamed site—for example, acute inflammation of the lung (pneumonia)
does not cause pain unless the inflammation involves the parietal pleura,

where there are pain-sensitive nerve endings. 7T
Loss of function has multiple causes.
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* The inflammatory mediators play different roles in the inflammatory
reactions such as:

1. Vasodilation - histimine, NO, PGI2
Vasoconstriction: TXA2 Thromboxane A2

3. Increased vessel permeability: histamine, bradykinin, LTC4, LTD4,
LTE4, C3a/C5a (Anaphylaxis) edema lasu

4. Pain: bradykinin, PGE2
5. Fever: PGE2, IL-1,TNF
6. Chemotaxis: C5a, LTB4, IL-8
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Anti-inflammatory drugs, acetaminophen,
drugs used in gout

Anti-inflammatory Acataminophe Drugs used
drugs . in gout
DMARDs Acute Chronic
e | . | L |
Other '2 Uricosurics ¥anthine oxidas
Aspirin | nonselective | inhibilors NSAIDs  Glucocorticoids ~ Colchicine —lcoouncs | Janihing exicase
NSAIDs (celecaib) (probenecid) | inhibilors (allopurinol)
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NSAIDs
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* Most of these drugs are well absorbed, and food does not substantially
change their bioavailability.
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TABLE 36-1 Properties of aspirin and some other
nonsteroidal anti-inflammatory drugs.

Urinary
Excretionof Recommended
(hours) Drug Dosage 4J! TSI IZY-TN o
Aspirin 0.25 <2% 1200-1500 mgq tid agw PK Jl WMz Lals
salicylate’ 2-19 2-30% ee footnote <
Celecoxib 1 27% Sl on rasd] oo
Diclofenac 1.1 <1% 50-75 mg qid “‘99] BA gale
Diflunisal 13 3-9% 500 mg bid Lled agolel lodran = yuladlg
Etodolac 6.5 <1% 200300 mg gid
Fenoprofen 25 30% 600 mg qid
Hurbiprofen 38 <1% 300 mg tid
Ibuprofen 2 <1% 600 mqg qid
Indomethacin 4-5 16% 50-70 mg tid
Ketoprofen 1.8 <1% 70 mg tid qd : once dally
Ketorolac 4-10 58% 10 mg gid"* . . .
._ | , ik bid: twice daily

Meloxicam 20 Data not 7.5-15mg qd . ] .

found tid: three times daily
Nabumetone® 26 1% 1000-2000 mg qd® qid: four times daily
Naproxen 14 <1% 375 mg bid
Owaprozin 58 1-4% 1200-1800 mg qﬂfﬁ '
Piroxicam 57 4-10% 20 mg qd®
Sulindac 8 7% 200 mg bid
Tolmetin 1 7% 400 mg qid

"Major anti-inflammatory metabolite of aspirin
’1:53Iic5rlate is usually given in the form of aspirin.



NSAIDs

Jos«wall s Arachidonic acid J!
Pharmacodynamics Cyclooxygenase J! s e
* Arachidonic acid derivatives are important mediators of inflammation.

* NSAIDs anti-inflammatory activity is mediated chiefly through inhibition of

cyclooxygenase and thus prostaglandin biosynthesis.
: &xwod inhibition J«=5 z NSAIDs J!

- prostaglandins and Thromboxane

- Cyclooxygenase --> COX1, COX2
* The NSAIDs, including aspirin, have three major therapeutic actions, they:

Actions:

1. reduce inflammation (anti-inflammation)
2. reduce pain (analgesia)

3. _reduce fever (antipyrexia)
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NSAIDs

. Anti-inflammatory actions:

Because NSAIDs inhibit cyclooxygenase activity, it diminishes the
formation of prostaglandins and, thus, modulates those aspects of
inflammation in which prostaglandins act as mediators.

. Analgesic action:

PGE, is thought to sensitize nerve endings to the action of bradykinin,
histamine, and other chemical mediators released locally by the
inflammatory process. Thus, by decreasing PGE2 synthesis, aspirin and
other NSAIDs repress the sensation of pain.

No single NSAID has demonstrated superior efficacy over another, and all
agents are generally considered to have equivalent efficacy.

One exception is ketorolac, which can be used for more severe pain but
for only a short duration (5 days).
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NSAIDs Uses

range of diseases, most are probably effective in: e

1. Rheumatoid arthritis. p3<lag) 0\ e

2. Osteoarthritis. Jolall &gas- @y
3. Gout. i el

4.  Localized musculoskeletal syndromes, eg, low back pain,
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sErains (stretching or tearing of ligaments, the tough
bands of fibrous tissue that connect one bone to another = cumermm oo

in the joints.)

and strains (stretching or tearing
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of muscle or tendon. A tendon

Tendinitis {Elbow strain}

is a fibrous cord of tissue that

connects muscles to bones).
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NSAIDs

3. Antipyretic action:

* NSAIDs suppress the PGE, synthesis in the CNS that is stimulated when
endogenous fever-producing agents (pyrogens) are released from WBCs
that are activated by infection, hypersensitivity, malignancy, or
inflammation and thereby reduces fever.

sensitize nerve Jo=2o 4l LsS> PGE2 ! J-d‘-’ 2 ANTIPYRETIC
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NSAIDs Adverse Effects
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* Adverse effects are generally quite similar for all of the NSAIDs:
1. Central nervous system: Headaches, tinnitus, and dizziness. " 1
d:"QJ"j ".AJ.b"' ¢&.\.¢0
2. Cardiovascular: Fluid retention, hypertension, edema, and °
Jilguadl salnt

rarely, myocardial infarction, and congestive heart failure.

3. Gastrointestinal: Abdominal pain, dysplasia, nausea, vomiting,
and rarely, ulcers or bleeding.
4. Hematologic: Rare thrombocytopenia, neutropenia, or even

it's very very rare P )
aplastic anemia.

5. Hepatic: Abnormal liver function tests and rare liver failure.
il yui oS A5 g

6. Pulmonary: Asthma.

more common in people who's suffering from pulmonary problem
7. Skin: Rashes, all types, pruritus. wigi guam; catadl zawll

8. Renal: Renal insufficiency, renal failure, hyperkalemia, and
proteinuria.



NSAIDs Adverse Effects

Gastrointestinal side effects:
* Normally:

— prostacyclin (PGI2) inhibits gastric acid secretion

— PGE2 and PGF2a stimulate synthesis of protective mucus in both the
stomach and small intestine.

— PGE1 increases bicarbonate and mucus secretion and decreases acid

secretion.
* | By blocking COX dnzyme, these|prostanoids are not formed, fesulting in
increased gastric acid secretion and diminished mucus protection.

* This may cause epigastric distress, ulceration, hemorrhage, and iron-
deficiency anemia.
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NSAIDs Adverse Effects

Gastrointestinal side effects:

Buffered and enteric-coated preparations are only marginally helpful in dealing

with this problem. Taking the NSAIDs with food and large volumes of fluids
diminish dyspepsia.

Agents used for the prevention of gastric and/or duodenal ulcers include the
PGE1-derivative misoprostol and the proton-pump inhibitors (PPIs)

esomeprazole, lansoprazole, dexlansoprazole, omeprazole, pantoprazole, and
rabeprazole).

PPIs can also be used for the treatment of an NSAID-induced ulcer and are
especially appropriate if the patient will need to continue NSAID treatment.

H,-antihistamines (cimetidine, famotidine, nizatidine, and ranitidine) relieve
dyspepsia due to NSAIDS, but they may mask serious Gl complaints and may
not be as effective as PPIs for healing and preventing ulcer formation.
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NSAIDs Adverse Effects

Renal side effects:

* Cyclooxygenase inhibitors prevent the synthesis of PGE2 and PGI2,
prostaglandins that are responsible for maintaining renal blood flow,
particularly in the presence of circulating vasoconstrictors.

* Decreased synthesis of prostaglandins can result in retention of sodium
and water and may cause edema and hyperkalemia in some patients.
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NSAIDs Adverse Effects
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Disease states leading
to increased vasoconstrictors
-
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Renal disease | Decreased renal
Cardiovascular blood flow

disease

Increased
vasoconstrictors:
Anglotensin Il

Catecholamines
Vasopressin

Cirrhosis
Nephrosis
Heart fallure
Diuretics

ated
with NSAIDs

Response of renal blood f

_______

Prostaglandin synghesis normally
antagonizes intrarenal effects of

vasoconstrictors.

[ NSAIDs inhibit prostaglandin
synthesis, leaving actions of
vasoconstrictors unopposed.

Vasoconstriction

NSAIDs J! | gy ejﬂ d’ob.o‘ﬂl éhb @D IiC u-" oWl

local vasodilator % L (32




NSAIDs Adverse Effects

PGI2 J! zsl s Jas 7 4 Wyt yo 38T Lalle side effects W 55 COX2 selective 55 J! NSAIDs J!
reducing systemic blood pressure, increasing coronary blood flow and relaxing s2 <dalle PGI2 55U

Cardiac side effects: isolated vascular strip

Agents with_higher relative COX-2 selectivity have been associated with an
increased risk for cardiovascular events, possibly by decreasing PGI2

r ion medi X-2. s
production mediated by €O | sse3sd1 31 MI, stroke Jasi Sas NSAIDs J1 JS
An increased risk for cardiovascular events, including Ml and stroke, has

been associated withlall NSAIDs except aspirin.

Use of NSAIDs, other than aspirin, is discouraged in patients with

established cardiovascular disease, o0 |9essuiu pgooiis b Gl olsal e I puldl

sl si ] NSAIDs J!
For patients with cardiovascular disease in whom NSAID treatment cannot

be avoided, naproxen appears to be the least likely to be harmful.

LS yay | paadass (San il olyel e JI bl gla Uis
gl safe s Nopain D.S Jue (S 9 Wl

*
- v s o .
o d.!‘ t-m&d,
[ 3 .

patients with Cardiovascular disease:
All NSAIDs © except Aspirin and Naproxen



