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THE INFLAMMATORY RESPONSE

In acute or chronic inflammation.

Immunologically competent cells activated.

« Dutcome beneficial if infection controlled.

« Deleterious if no resolution of underlying injurious
process (chronic Inflammation ) as in Rheumatoid

arthritis.
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Damaged WBC s release lysosomal enzymes
Eicosanoids synthesized from liberated A A
Cycloxygenase (COX) pathway produces PG's

PG's affect blood vessels, nerve endings &

inflammatory cells
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Two isoforms of COX 1.e. COX-1 & COX-2
1
- DL COX-1 has house keeping effects

LR L s o e Nt N
.
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COX-2 induced during inflammation

Highly selective COX-2 inhibitors developed

Click to add noles

Scanned with CamScanner


https://v3.camscanner.com/user/download

n. - trT e - FEC - oedd VL SMNITETY RS  RATIFRDET B Dwet Cal - - -

- [ st  Design  Animstions  WhaeShow  Rraew View {
& A7) [ | | tem s B\ S\OoOo- Bh e ! W Fma
: " | e g ._':-_.-L_L I:T L. l‘-] - ! E..Hﬂu
B 7 ke @M oAy FESEE : . g o= Towew " ¢ Seladt

Ful bgiph

TH UTIC STRATEGIES

—— e |  Two goals of treatment of inflammation
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* 1) Relief of pain
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« 2) Arrestof tissue damaging process
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+ NSAIDs are analgesics & anti-inflammatory

* Glucocorticoids are powerful anti-inflammatory
agents but are toxic

+ Slow acting anti-rheumatic drugs (SAARDs) or
disease modifying anti-rheumatic drugs
(DMARDSs) slow down bone damage. More
toxic than NSAIDs

T -
B o S T o R ]
e, e

Click to add noles

iy F o paes alieesaiE L
e T Ty

—EEe
LW 3 TNFDF T L
ey, FU——— e

Scanned with CamScanner


https://v3.camscanner.com/user/download

) i < MEN- T Eicd) ! L oMLy MR - NSCTTT FOwa T

Hosmp inver Derign ApimatiLey ety U Fpaure Wew L
= 8 byt A a7 B =i :H.'i-i“""“' AT B\NOOO0O - U g e | Yy rma
o hevet * Mgt ALLOG - S o, LA
o 1 _!‘ f - P i m .JWI |. i “ - & P" e -'1' ‘ . . . H i ereerd | L] i; -H\'lﬁ'. { } 1.": - ..‘Tm ._..Iu . ¥ wage | of L] -
L ik daa L] _l_n-lh J ¥ aivi H.nwn-h (F L] " iaitting

NSAIDS heterogenous group of drugs.
often chemically unrelated which
nonetheless share some therapeutics
actions & ad. effects.

PROTOTYPE IS ASPIRIN, so these
compounds often referred as Aspirin like
drugs.

Since aspirin has a no. of ad. effects,
many other NSAIDS have been
developed in attempts to improve upon
aspirin’'s efficacy & dec. its toxicity.
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make them most useful in management of
disorders in which pain is related to the
intensity of inflammatory process.

« Most currently available NSAIDS inhibit

both COX1 & 2 & thereby inhibit synthesis
of PGDs & THROMBAXANES.

« COX1 constitutive in nature & found in

PLATELETS, KIDNEYS & STOMACH.
Has HOUSE KEEPING effect.
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+ Inhibition of COX2 is thought to mediate
at least analgesic pantipyretics &
antiinflammatory actions of NSAIDS but
simultaneous inhibition of COX1 results in
unwanted ad. effects esp. those related to
gastric ulcers that result from dec.

formation of PGDs & thrombaxanes.

Normally PGI, inhibits gastric acid
secretion whereas PGE- & PGF.a
stimulate synthesis of protective mucus in

both stomach & s. intestine. In presence
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resulting in 1 gastric acid secretion &
diminished mucus protection. This may
cause epigastric distress. ulceration,
hemorrhage. So selective
COX-2 inhibitors are effective analgesics.,
antipyretics, antiinflammmatory agents but

with fewer ad. effects. Have no effect on
platelet aggregation.

+ Nephrotoxicity has been observed for all
these drugs which is due in part to
inter!arence __ autoregulz
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lated salicvl salicylic acid

ce
derivative)

Acetyl salicylic acid (aspirin)

Non Acetylated salicvlates

Magnesium choline salicylate

Sodium salicylate
Salicyl salicylate
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PROPIONIC ACID or
PHENYLALKANOIC ACID
DERIVATIVES

Ibuprofen

Fenoprofen
Flurbiprofen
Ketoprofen
Naproxen
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PHENYL ACETIC ACID
DERIVATIVES

Diclofenac
INDOLE DERIVA

Indomethacin Sulindac

PYRROLEALKANOIC ACID
DERIVATIVE: Tolmetin
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PYRAZOLONE DERIVATIVES
Phenylbutazone

OXICAMS
Piroxicam

Tenoxicam (RARELY
USED)
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NAPHTHYLACETIC ACID PRODRUG

ACETIC ACID DERIVATIVE

Nabumetone

Etodolac

MISCELLANEQUS
Ketorolac

PARA AMINO PHENOL DERIVATIVES
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'COX 2 SELECTIVE INHIBITORS
Celecoxib Meloxicam
(Rofecoxib, Etoricoxib, Valdecoxib)

Selective COX2 inhibitors do not

affect platelet function.
rincidence of cardio vascular
thrombotic events & refocoxib &

___.,_l_!_ L_J- - _..-_1 e

Scanned with CamScanner


https://v3.camscanner.com/user/download

RSN et Tuli 1L DNy AR R TELOF POkt T =

& o) Loyt A e "l:"id fest T epeies E;I - _"I__“_'_“ } I-I'il , g i ﬂlﬂ
87 J Cagy s =) vevet m _ | A Tpail ) ‘L‘Lr:,u dh N . .“_d ,_‘. B 1nape Oulies £, Replaee =
¥ Pommn e L Delrle B/ =8 W A EESEE ey e e BNOUL T - b Ui Minchs g Seteet =
 hplisads i Lty Pt syt [ wminy . feiiting
r — S
|

e e e ]
Bt R SRR R ]

W gt w g
B e ]
- ——

o A e —————
L e T B R

B T R ST
| S ey
L se =t o
T E

—— =

Click to add noles

GENERAL COMMON PROPERTIES

+ All are weak organic acids(except
nabumetone, a nonacid prodrug activated
to acidic active drug)

« All well absorbed, not much effect of food
on biocavailability.

+ Most of them highly metabolized by

phase 1 &11 reactions. Others by direct

P a45(
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+ Renal excretion is most imp. route.

Z =z + All undergo varying degree of
I enterohepatic circulation.

= All highly protein bound upto 98% to
i albumin.

A + All appear in synovial fluid after repeated
e —— dosing. Drugs with shorter t, , remain

: longer in joints while drugs with longer t,,
disappear from synovial fluid at a rate
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+ NSAIDs | vessel sensitivity to histamine
& bradykinin.

« Affect lymphokine production from T
lymphocytes & reverse vasodilatation of
inflammation.

» To varying degree, all newer NSAIDS
(except COX 11 selective & non-

acetylated salicylates) inhibit platele
aggregation. All are analgesic, antipyretic
& anti-inflammatory.

« All cause gastric irritation (newer agents

. [il:k.tn add noles
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« All are nephrotoxic & hepatotoxic.
Nephrotoxicity has been observed for all
these drugs which is due in part to

con 1 et oo e | interference with autoregulation of renal
- blood flow which is modulated by PGDs.

+ NSAIDs are anti-inflammatory but do not
alter the course of an arthritic disorder.

» Several NSAIDS including ASPIRIN
appear to reduce the incidence of colon
cancer when used chronically. Mechanism
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ASPIRIN: 0ld drug available without

prescription. It was the drug to which all other
F——~<—%d E NSAIDS were compared.
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o=y - Now replaced by ibuprofen & naproxen which
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have become standard against which all other
- NSAIDS are compared now-a-days.
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* Now rarely used as an anti-inflammatory

(L -
e + Effective & has good safety records
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« ACTIVE INGREDIENT is SALICIN which

. on hydrolysis yields SALICYLIC ACID.

E;E-::: ACETYL SALICYLIC ACID synthesized in

Saseere B 1853 but not used till 1899 when found to
be effective in arthritis & also well

absorbed.

» One of the most widely used drugs for
more than a century. Over 40000 tons of
Aspirin consumed every year in world.
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Aspmn (ASA) has a pKa of 3.5

» sodium salicylate & aspirin are equally effective
as anti-inflammatory but aspirin is more

Bl e w LS S
g TR N W

o ] effective as an analgesic.

PHARMACOKINETICS:

LT i R S g
CENES s DT

* Administered orally, rapidly absorbed from
stomach & upper small intestine.
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e —T high conc. enter mucosal cells.
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r—e— '. Aspirin rapidly hydrolyzed to acetic acid &
— salicylate by esterases in tissue & blood.

e Salicylates bound to ALBUMEN. As serum

L e e ]
LR S ]

N O B conc. 1, a large fraction remains unbound &
available to tissues.

eena— o Salicylates excreted in unchanged form but

= eI most converted to water soluble conjugates &
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il | In low doses elimination is according to 1
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e - order kinetics.

e —— . " At high doses(4G/D) t,,inc.to 12 hrs. or more.
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L R e B e B

e -- At this dose, hepatic metabolic pathways
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become saturated & zero order kinelics

T —— prevails.
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— -- + 1, increases from 3 - § hrs (600 mg / day) to
12-16 hrs ( dosage>3.6 g/day).

TEH R RSRENAE R

Click to add notes

Scanned with CamScanner


https://v3.camscanner.com/user/download

PHARMACODYNAMIC S

¢ Ast-rtarTmanyy XM oE VEREG
Sy™i"€38 rAdtc-

* PNDITON O OO

* Dows o dr otineraxr 1 pmacion

Scanned with CamScanner


https://v3.camscanner.com/user/download

MOA Aspirin non selectively & irreversibly

acetylates enzyme COX(prostaglandin
synthase)which catalyzes the conversion of AA
to endoperoxide compounds. At appropriate
doses, drug | the formation of both PGS &
TXA, but not leukotrienes. Effectiveness of
aspirin is partly due to its ability to inhibit COX
& partly b/o effect of its primary metabolite i e
salicylate, both to inhibit COX & also to act in®
otherways e.g. as an O, radical scavenger.
Also possibly inhibition of chemotaxis, down

AC¥CY 0 =
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PHARMACOLOGICALACTIONS
1. Anti- inflammatory effect

2. Analgesic effect

3. Anti-pyretic effect

4. Anti- platelet effect

5. Uricosuric effect

6. Respiratory action

7. Action on kidneys
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ANTI-INFLAMMATORY EFFECTS
+ Aspirinis usefulin a variety of conditions

| including RA, osteoarthritis, muscloskeletal
ool | H disordes & pericarditis. Aspirin inhibits COX
| activity which leads to inhibition of PGDs
synthesis & modulates those effects of
inflammation in which PGDs act as mediaters.

So Aspirin inhibits granulocyte adherence to
damaged vasculature, stabilizes lysosomes,
mhlbrts gl'l_em_ojgzl_anf polys & macrophages to

AT rac
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ANALGESIC EFFECTS. Effectivein
reducing pain of mild to moderate intensity by |
inflammation. Pain that accompanies
inflammation & tissue injury probably results
from local stimulation of pain fibres & enhanced

pain sensitivity (hyperalgesia).

Bradykinins & cytokines appearto be
particularly imp. in eliciting pain of inflammation.
These agents liberate PGDs(E, & F,) &
probably other mediaters of inflammation that
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Aspirin acts peripherglly through its effect on
inflammation & probably inhibits pain stimuli at
subcortical sites.

ANTIPYRETIC EFFECT:
Regulation of body temp. requires a delicate

balance between heat production & heat loss.
Hypothalamus regulates this set point at which

body temp. is maintained. In fever this set point

Is elevated & aspirin permits its return to
normal. These drugs do not influence body

temperature when it is elevated by such factors
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Fever may be result of infection or may be due
to tissue damage, inflammation, malignancy,
graft rejection or any other disease.

A common feature of these conditions is
enhanced formation of cytokines in response to

of PGE, which trigger the hypothalamus to
increase the body temperature by promoting

o= B increase in heat generation or decrease in heat
loss. Aspirin suppresses this response by
inhibiting the synthesis of PGE.,.
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+ Aspinn affects hemostasis. Single low dose(80

mg/ day) aspirin — slight 1 in bleeding time
which doubles if administered for a week
Platelet functionis @ because formation of

TXA, is prevented which are denved from

LURICOSURIC ACTEON

—— L 1. g PGDS & cause platelets to aggregate. This

S A B T B Y
P wt EEE = REied A
) e T T I T

action is used to protect vascular occulsion.
* Dueto irreversible accetylation of platelet COX,

LR i R s

E R S
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until new platelets are formed.

URICOSURIC ACTION

salicylates dec. renal tubular
reabsorption of urate so salicylates can be

used to deplete gouty pts. of uric acid. For
this high doses are needed (5-8 gms/d) &
very few pts. canltulerate this.

Uricouric action is greater in alkaline urine.
Low doses of aspirin (2gms/d or less)
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* RESPIRATORY ACTIONS: At therapeutic doses
aspirin 1 alveolar ventilation. Salicylates uncouple
oxidative phosphorylation which leads to elevated CO,
& trespiration. Higher doses work directly on
respiratory center in medulla resulting in
hperventilation & respiratory alkalosis. At toxic doses,
central respiratory paralysis occurs & respiratory

acidosis ensues b/o continued production of CO,

ACTION ON KIDNEYS: COX inhibitors prevent
synthesis of PGE; & PGI,( PGDs responsible for
maintaince of renal blood flow) so | synthesis of PGDs
can result in retention of sodium & water & may cause
edema & hyperkalemia in some pts.

Interstitial nephritis can occur in some pts with all

Click to add notes
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— | « ANALGESIC: pain of mild to moderate intensity

T e T S P

A ST
- - -

i 1 of non visceral origin e.g. headache, myalgias,
dysmenorrhea. etc.
« ANTIPYRETIC very effective provided no
contraindications.
« ANTIINFLAMMATORY: In high doses, effective

in RA, Rh.fever & other inf. joints diseases.
« Transient ischemic attacks

* Unstable angina
« Coronary artery thrombosis & M. |
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* Aspirin available as PLAIN, BUFFERED.
SOLUBLE, EFFERVESCENT & ENTERIC
COATED TABS.

* Analgesic or antipyretic less than 0.6-0.65¢g
oral/3-4 hrs. Larger doses prolong the effect.

* Anti inflammatory dose3.2-4gms/d in divided
doses. Blood levels 15-30mg/dl associate with
Antiinflammatory effect.

. a_ﬂmti inflammatory, analgesic or antipyretic dose
In children 50-75 mg/kg/d in divided doses
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ADVERSE EFFECTS

» At usual dosage gastric upsets, gastric &
duodenal ulcers

* Upper GIT bleeding due to erosive gastritis.
About 1Tml. of blood loss is normal which is inc.

to about 3-4mls. with ordinary dose which
furthur increases with inc. in dosage.

After 4-6 weeks b/o mucosal adaption, blood
loss is back to normal.

+ Salicylism & higher doses i.e. vomiting, vertigo,
tinnitus & decreased hearing. Reversible with

Click to add notes
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Larger doses —hyperpnea due to direct
stimulation of medulla.

~Toxic levels — respiratory alkalosis

followed by metabolic acidosis (salicylate
accumulation)

Respiratory depression, cardio toxicity &
glucose intolerance can occur at toxic
doses.

Scanned with CamScanner



https://v3.camscanner.com/user/download

™ Eal - Hon-decidal | [Compehbilldy Mode| - Mecroialt Posol Point - L A

Hame et Druign Animations  Shde Show  Review View !
W G =] i Lyt - v - I - i gl e Deveven EIR‘H.::'_ L ok Shaee 11 A rina
E Yl Doy -——-—l hm : A a = =N |"'— _:_!**'F"""T .ELL[D: 1 _1...! I‘r ‘ e CLit ﬂ‘.m.
gl e ... TSR L L T L L I i S i ~ Ik m_nn.iu!;:-: P 15 Sutet =

e ey e e e
gl T

= T e ) S
> marT, TEEES LT L
=T

e e o s 2 g or less increases uric acid levels & doses
terthan4 g daily decrease urate levels

Elevated liver enzymes, hepatitis(rare)
Decreased renal function(dec. GFR)

Bleeding (contraindicated in hemophilia)

Rashes

Asthma (aspirin sensitivity, COX inhibition
—ted Leukotriene synthesis)
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C/l: 1.Hemophilia. 2. REYE'S SYN.

Vomiting & lethargy may progress to delerium &
coma in children recovering from viral inf. Also
inflammatory cerebral edema & fatty
degeneration of liver & kidney. Death in 20-30%
of pts. & permanent brain damage in many
more.  So Aspirin C/l in children during or

immediately after viral inf.
ACETAMINOPHIN recommended.

3 Previously C/l in pregnancy b/o anemia, ante
& post partum hemorrhage. Also due toinc. in

4 =1 . = L

MLl ] t o
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COX 2 SELECTIVE INHIBITORS
(COXIBS)
. Were developed with intend that housekeeping
effect of COX1 in kidneys, GIT & platelets
should not be affected.

« Inhibit induceable COX2 at sites of
inflammation. Block active site of COX2 much

more effectively than that of COX1.

. Are antipyretic, analgesic & anti-inflammatory
similar to other NSAIDS but with fewer GIT

side effects.
Selective COX2 inhibi
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COX 11 inhibitors mainly recommended for
treatment of

« Osteoarthritis & rheumatoid arthritis
Primary familial adenomatous polyposis

= Dysmenorrhea

Acute gouty arthritis
Acute musculoskeletal pain

. Click to add notes
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+ An enolcarboxamide, related to piroxicam that
preferentially inhibits COX 2 at lowest
therapeutic dose 7.5mg/d.

Not as selective as celecoxib. t,» 20hrs.
Dose 7.5-15mg aid for rheumatic diseases &
osteoarthritis.

Less GIT symptoms than piroxicam, diclofenac

e reeiotd & naproxen.

] While meloxicam is known to inhibit synthesis

o i ——
B T i

G of TXA2 even at supratherapeutic doses, its
N blockade of TXA2 does not reach level that
result in decreased platelet function in vIvo.
'Other toxicities similarto other NSAID's.

+Ei¢ to add notes
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DICLOFENAC
Phenylacetic acid derivative
COX non selective & adverse effects in 20%

GIT distress, GIT bleeding & gastric ulceration
less common than some other NSAIDs.

A preparation combining Diclofenac &

misoprostol | GIT ulceration but may resuit in
diarrhea.
* T,» 1.1hr. Dose 50-75mgQID.

. Di_clufgnggwom_g!d appears to impair renal

! Chick to add notes
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= B + Raises serum aminotransferases more
commonly with this drug than with other
NSAIDs.
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« A 0.1% ophthalmic preparation recommended
for for postoperative ophthalmicinflammation.

+ 3% topical gel effective for solar keratosis. Also
available as rectal suppository form, as
mouthwash & for iyfm administration.
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Oral 2.4g ibuprofen equivalent to 4g aspirn in its ant-
inflammatory effect 2

In | than 2.4g dose. it is analgesic but not anti
inflammatory.

Used as topical cream for knee osteoarthritis.

A liquid jel preparation of lbuprofen 400 mg for post
surgical dental pain.

As safe & as effective as indomethacin in closing PDA
in preterm infants both orally & i/v

Decreases total anti-inflammatory effect of aspirin
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- Indole derivative introduced in 1963

* Is a non selective COX inhibitor
+ Also inhibit phospholipase A, & C

+ | neutrophil migration & | T & B cell
proliferation.

* Ty, 4-5hrs & dose 50-75mgs.
* Probenecid jes indomethacin’s t ., by
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ACETAMINOPHEN

One of most imp. drug used in mild to
moderate pain when an anti-inflammatory
effect is not required. Phenacetin, a
prodrug that is metabolized to
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acetaminophen, is more toxic than its
active metabolite & has no rational
indication.

Acetaminophen is active metabolite of
phenacetin & is responsible for its
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N-acetyl-p-benzoquinone is normally
rendered harmless by conjugation with
SH(thiol) group of glutathione. However
supply of hepatic glutathione is limited & if
amount of metabolite formed is greater
than the availability of glutathione, then

the metabolite is available to cause cell
death. This explains why the paracetamol
normally a safe drug can cause hepatic
necrosis in overdosage i.e. 10gms or
more(20 tabs).
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INDICATIONS: Although equivalent to
aspirin as an analgesic and antipyretic agent, it

differs in that it lacks anti-inflammatory
properties. It does not affect uric acid levels &

also lacks platelet inhibiting properties.

» Useful in mild to moderate pain such as
headache, myalgia, post partum pain & other
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circumstances in which aspirin is an effective

analgesic. Alone itis inadequate for
inflammatory conditions such as RA, it maybe

used in combination with other anti-

\inflammatory drugs.
> Used as an alternalive in patients allergic o
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e aspirin or when salicylates are poorly tolerated.

| |} » Itis preferable to aspirin in patients with
e haemophilia or a H/O peptic ulcer & in whom
bronchospasm is precipitated by aspirin.

» Itis preferred to aspirin in children with viral
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AD. Effects: in therapeutic doses, reversible

mild 1 in hepatic enzymes may occur without
jaundice
With larger doses, dizziness, excitement and

. Click to add notes
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Also may cause acute renal tubular necrosis.
Doses more than 4-6gms per day not
recommended.

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

Therapy to hepatic damage is that apart from
supportive measures, sulfhydryl groups in the

form of acetylcysteine to neutralise toxic
metabolite.

Cases of renal damage without hepatic damage
have occured even after usual doses of

_—— e

Click to aid noles

Scanned with CamScanner


https://v3.camscanner.com/user/download

s i - R T ERRTElE) 1] EFRSNBHTY LSS AR P e T -

Hemolytic anemia and met-hemoglobinemia are
very rare adverse effects.

Interstitial nephritis and papillary necrosis
(serious complications of phenacetin) have not
occurred nor Gl bleeding.

Caution: should be given very carefully in

patients with any type of liver disease

Dose. Acute pain and fever may be
effectively treated with 325-500mg QID and
proportionately less for children.
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