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gANALGESICS
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% “A drug that selectively relieves pain by acting in CNS or on
peripheral pain mechanism  without significantly altering
consciousness.”

+* Analgesic are divided into two categories:-
1. Opioid Analgesics
- Narcotic/Morphine like analgesic

2. Non opioid Analgesics
-NSAIDS/Non narcotic, aspirin like analgesics




INTRODUCTION

@ Non-steroidal anti-inflammatory drugs

-non narcotic,nonopioid or aspirin like
analgesics

@ ACTIONS-
analgesic
antipyretic
anti-inflammatory

W N



NSAIDS is a group of drugs
which include

- N
- * Drugs curing pain.
* Drugs curing
inflammation.




Introduction of NSAIDs

o The drugs which comes under NSAIDs category have
analgesic, antipyretic and anti-inflammatory action.

o These are the drugs without steroidal ring.

o NSAIDs don’t depress CNS, don’t produce physical
dependence, have no abuse liability and are weaker
analgesic instead morphine shows all characteristics.

o It’s also known as Non-narcotic, non-opoids or
aspirin like analgesic.

o Mainly NSAIDs act on peripheral pain mechanisms,
but also in the CNS to raise pain threshold.




NSAIDs

* |t produces anti-inflammatory action means it

acts against the inflammation.

What’s Inflammation

* Inflammation is derived from Latin word
inflammatio which means to set on fire.

* It’s a complex biological responses of body
tissues to harmful stimuli, such as pathogens,
damaged cells, or irritants.

* this complex process involvesseveral immune
cells, blood vessels and molecular mediators.




Importance of Inflammation

* Inflammation occurs in body to eliminate the initial
causes of cell injury, clear out necrotic cells and
tissue damage.

5 Signs of Inflammation

Calor Heat Local vessel dilation

Dolor Pain Local release of enzymes & increased
tissue pressure

Rubor Redness Local vessel dilation

Tumor Swelling Influx of plasma proteins &

phagocytes cells into the tissue spaces

Functio laesa Loss of functions Lack of oxygen or nutrients, and
insufficient blood flow to the area
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Mode of action: NSAIDs inhibit cycloxygenase (COX). the enzyme that catalyses the
synthesis of cyclic endoperoxides. from the arachidonic acid to form PGs. The two COX
isoenzymes are COX-1 and COX-2. The function of COX-1 is to produce PGs that are
involved in normal cellular activity, (protection of gastric mucosa, maintenance of kidney
function). While, COX-2 1s responsible for the production of PGs at the inflammation sites.
Most NSAIDs inhibit both COX-1 and COX-2 with varying degree of selectivity. Selective
COX-2 inlubitor may eliminate the side effects associated with NSAIDs due to COX-1

inhibition, such as gastric and renal effect.



How is COX activated ?

Injury / infection / trauma

Attacks cell membrane

'

Cell membrane contains phospholipids

r

Activation of phospholipids

.

Formation of arachidonic acid

-

Metabolized by
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Prostaglandins (PGs) are derived from arachidonic acid

Cell Membrane (phospholipids)
l phospholpase A
Lipoxyoenase (LOX
Arachidonic acid » | Leukotrienes
cyclooxygenase aspirin, indomethacin
(COX1 & COX2)
Cyclic endoperoxides (PGG,, PGH,)
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Can cause

Stomach
ulcers.

Pain, fever.
mflammaton is
reduced.
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potential of
T blood clotting |
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Side Effect

L.

<+ NSAIDs are associated with a number of side effects. The most
common side effect are Gastro Intestinal Tract (GIT) disturbance
such as nausea, diarrhoea, constipation, vomiting, decreased appetite

and peptic ulcer.

¢ NSAIDs may also cause fluid retention leading to oedema; the most
serious side effects are kidney failure, Liver failure, Ulcer and
prolonged bleeding after injury and surgery.




ification of NSAIDs

([ ﬂ
Non Selective COX Inhibitor

| Trick :- SOAAPP-F

Salicylates e Sodium Salicylate, Aspirin, Salol

Oxicam * Tenoxicam,Piroxicam

Aryl Acetic Acid e Sulindac, Indomethacin

Aryl Acetic Acid
Derivatives
Propionic Acid
Derivatives

Pyrazolone )
Derivatives *Phenylbutazon, Oxyphenbutazon

* Diclofenac,Acelofenac

* Naproxen, |lbruprofen

-

-

Fenamate *Mefanamic acid, Meclofenamic acid




Selective COX-Il Inhibitor [COXIBs]

[-Celecoxib, Valdecoxib, Etoricoxib, Parecoxib]

Preferential COX-ll Inhibitor

[-Nimesulide,l\/lelcmicam, Nabumetone ]

Analgeic and Anti-Pyretics

1.

Para-aminophenol derivatives — Paracetamol R

2. Pyrazolone derivatives — Metamizol,
Propiphenazone

3. Benzoxazocine derivatives - Nefopam )




Classification of NSAIDs. Anti-inflammatory agents:,

I. Salicylic acid derivatives: Salicylates not only possess antipyretic, analgesic, and anti-

inflammatory properties, but also other actions that have been proven to be therapeutically
beneficial because salicylates promote the excretion of uric acid and they are useful in the

treatment of gouty arthritis. More attention has been given to the ability of salicylates

(aspirin) to inhubit platelet aggregation, which may contribute to heart attack and strokes,
and hence, aspirin reduces the nisk of myocardial infarction. In addition, a recent study
suggested that aspirin and other NSAIDs might be protective against colon cancer.

Examples. Sodium salicylate, Aspirin,




Salicylate (Asprin)

It’s a Prototype OTC drug. \L(
Aspirin is acetylsalicylic acid.

After administration in body it converts rapidly into the
salicyclic acid which is responsible for most of the
action.

Mainly it decreases the body temperature and pain
threshold.

Regular use or high consumption of aspirin leads to
death or other side effect.

Natural Sources — Fruits, Vegetables, herbs, spices, nuts
and tea. |




i. Sodium salicylate. Properties and uses: Sodium salicylate C[ e

1Is a white crystalline powder, soluble in water, spanngly OM

Sodium salicylate
Sodium 2-hydroxybenzoate

soluble i alcohol. It 1s used for fever and for the relief of pan.
It also possesses anti-inflammatory actions similar to aspirin

and symptomatic therapy of gout.

ii. Aspirin. Properties and uses: Aspirin 1s a white crystalline O:Cm”

powder, slightly soluble in water and soluble in alcohol, OCOCH,

oo . . : : Aspirin

indicated for the relief of munor aches and mild-to-moderate pain 2-Acetoxybenzoic ecid (or) Acety
Syl

in the conditions such as arthritis and related arthritic condition.

Also used in myocardial infarction prophylaxis.
\ \




Synthesis of Asprin
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Pharmacology of Aspirin
Pharmacodynamics :-

1. Analgesic, Antipyretic and Anti-inflammatory

» Aspirin s Produce analgesic effect by inhibiting the
synthesis of PGs (Prostaglandins) and prevents

sensitization of peripheral nerve ending.




* Aspirin sssp Also acts on temperature
regulating centre and increase heat loss but
doesn’t affect the production of heat.

* Aspirin mm) Sometime it also increases the
threshold level in body and decreases the

sensation of pain.
J-'-: ':j

2. Metabolic effect — o | i

 Aspirin mmmp Decreases utilization of glucose
from peripheral tissue which produce
hypoglycemia (condition produced mainly in
diabetic patient).




5.Gastro-intestinal Tract (GIT) effect—

Aspirin/Salicyclic acid

Cause hyperacidity in stomach

And produces irritation in gastric mucosa , peptic ulcer, nausea
and vomiting
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*» Uses —
= Jt 1s used to reduce fever and relieve mild to moderate pain
from condition such as muscle aches.
= Jf may also be used to reduce pain and swelling in condition of
injury
= Jt1s used as an antipyretic, analgesic and anti-rheumatic.
= Jtis also used in myocardial infarction.
+» Side effects —
= Nausea. Vomiting, Epigastric Distress
= Increase occult blood loss 1n stools.

= The most important adverse effect of aspirin 1s gastric mucosal
damage and peptic ulceration.




SAR of Salicylates
COO
CL,

a) Subst. on either the “COOH or —OH grp may affect the potency and toxicity.-

b) Reducing the acidity of “COOH grp retains the analgesic action but is devoid of-

Anti-inflammatory property. E.g. Salicylamde-

¢) Placing the “OH grp meta / para to -COOH erp totally abolishes the analgesic activity .-

d) Subst. with halogens on the aromatic ring will increases the potency as well as

toxicity.-

e) Subst. of aromatic ring at the 5" posn of salicylic acid increases the anti-

inflammatory activity. E.g. Diflunisal




III. Anthranilic acid derivatives (Fenamates):

COOM CH,

. . M CH
Mefenemic acid, ﬁj,"‘i)/ y
Used as an analgesic and anti-inflammatory agent.

Mefenamic acid

Q
Meclofenamate. EE
N s
Used as an analgesic and anti-inflammatory agent.

Meclolenamate Sodium
Sontasm 142 B O I ety T g e 2O e

Mefenamic acid Synthesis

COOH

NH, OOH CH,
Cl CH, Copper-bronze H CH,
. Ullmann condensation N
CH,

2-Chilorobenzoic acid 2,3-Dimeathylbenzenamine Meaefenamic acid




Anthranilic Acid Derivatives (Fenamate)
Pharmacodynamics

» It’s used to treat pain and typically prescribed for
oral administration.

» It exhibits anti-inflammatory, analgesic and
antipyretic effects.

» The pharmacodynamic of Mefenamic Acid is quite
similar to othre NSAIDs, isn’t completely

understood but may be related to prostaglandins
(PGs) inhibition.




SAR of Anthranilic acid derivatives

.
O

a) The position of the “COOH group 1s more important for the activity whereas '
the m & p-amino benzoic acid analogs are not active.

b) Replacement of -COOH group with the Isostenic tetrazole results in the retention of
anti-inflammatory activity.

¢) Subst. on the anthramhic acid ring generally decreases the activity.

d) Subst. on the N-aryl ring can leads to conflicting results. (i.e.) In the UV erythema
assay for anti-inflammatory, the order of activity was, 3°> 2'> 4" for monosubst,
With CF, grp (Flufenamic acid) being particularly potent.

e) The opposite order of activity was observed in Rat Paw oedema assay, that is 2"-Cl
> 37-Cl analogs.
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o Uses —

Mephenamic acid is used in treatment of acute and chronic rheumatoid
arthritis.
It has analgesic, anti-inflammatory and anti-pyretic action.

Mephenamic acid is indicated primary as analgesic in muscle, joint and
tissue pain.

“* Adverse effect —

Diarrhoea 15 the most important dose related side effect, Epigastric
distresses complained but gut bleeding is not significant.

Skin rashes. dizziness and other CNS manifestation have occurred.
Haemolytc anaemia 1s a rare but serious complication.



IV. Indole acetic acid: Indomethacin.

H,CQ CH,COOM
wm’ Properties and mves: [t 5 a wiute or yvellow crystalline powder, nsolulde m water and

| spanngly soluble m sloobol [ndomethacin s more effective than aspann. The most froquent
co < > c1 ]| sade effects are pastiic destress and headache. It also has been assocuted with peptic
ulccration, Mood dmorders, Used as anti-m” ammatory and amigesic m rheumatac arthrtes,

Indomethacin spondyitrs. and 10 kessear extont i pount

1-(p-Chioro benroyl) -5-mmethoay- 2
mcthyl indobe-3-acetc acud.

V. Indene acetic acid: Sulindac

Properties and uses: Sundac i a yellow crystalhne powder, vary shightly soduble mn water,
The (Z) romer of sulmdac showed much more potert anti-n® ammatory actroty than the
correspoading (E)-somer. It bs amalgesic. anhipyretxc, and asty-in” acumatory propestaes. [t s
Sulimdac unually emploved m the treatment of rheumat ad musculy sheketal disorden., acute pouty

$ Fhooro-2- methyl - 1[(4 methyd salphiny) athnti. and ostcoarthnts
pheny| macthabene | Indene-3-acctc acnd




SAR of Indole acetic acid derivatives
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a) Replacement of the “.COOH group at 3™ posn with other acidic functionalities
decreases the acunvity. Amide analogs are mactive.

b) Subst. at R', useful for increasing anti-inflammatory activity are ranked as
CH,CH,>CH,>H

¢) Acylation of the Indole Nitrogen with aryl / alkyl carboxylic acids results in the
decreasing of actuvity.

d) The N-benzoyl denvatives subst. in the Para position with F, Cl, CF, & 5-CH,
groups are the most active.

e) At the 5" position, X-subst. activity are ranked as OCH, > F > N(CH,), > CH, >
COCH, > H than the unsubstututed analogs.

) Presence of Indole nng nitrogen 15 not essential for acuvity because the
corresponding 1-benzylidenylindene analogs (i.e. Sulindac) 1s also active.

g) CH, group at 2™ position are more active than aryl subst. analogs.
h) Subst. of CH, group at the a-position of the acetic acid side chain leads to equally
active analogs.

1) Anu-inflammatory acavity 1s displayed only by the dextrorotatory enantiomer (25
times more active than phenylbutazone)




IX. Pyrrole acetic acid:

i. Tolmetin, Properties and wuses: It 1s a lLght vellow,

0
| | | | i .
crystalline powder, soluble in water, slightly soluble in HC Cc L,COONa
I

alcohol. It has antipyretic, analgesic, and anti-inflammatory

CH
actions. It i1s employed in the treatment of rheumatic and Tolmetin Sodiu |:|
musculoskeletal disorders. The drug 1s. however, Sodium 2-{1-methyi-5-(4-methyenzoy)

-1Hpyrrol-2-y Jacetate

comparable to indomethacin and aspirin in the control and

management of disease activity.

H,C
ii. Zormipirac. P rti d : A ter d n
i rmipirac. Properties and uses: A greater degree G—Q—cu | CH,COOH
CH,

of analgesia for severe pain is claimed for Zomepirac. It

’ . . Zomepirac
1 and an ant-inflammat o\
1s used as an analgesic and an ant-infl ory drug. | 1 4. Dimethyl-5- (p-chloro benzoyl)

. . s ) - TH
is four times as potent as tolmetin. pyrrole-2-acetic acid




SAR of Pyrrole aceticacid derivatives

O | COOM

a) Replacement of p-Tolyl group with p-chloro benzoy! group produces little effect on
activity.

b) Introduction of ~CH; group in the 4" position and p-chloro benzoyl analog (i.e.
Zomepirac) was 4 umes as potent as Tolmetin.




acetic acid derivatives

il T——

Diclofenac
Structure — s, ¥
j @-(2, 6-Dichloro anilino) :-::u.wlpl-lq.-:tl-. acid
<» Uses —
= Diclofenac i1s used to treat pain, Inflammatory disorder and

dysmenorrhea.
It is used in the treatment of rheumatoid arthritis and osteoarthntis
It is effective against menstrual pain and endometriosis.

Diclofenac is used commonly to treat mild to moderate postoperative or
post-traumatic pain.

<+ Side effect —

Indigestion, gas, stomach pain, nausea and vomiting.

Diarrhoea, constipation, headache, dizziness, drowsiness, itching.
increased sweating, increased blood pressure or swelling or pain in your
ams or legs.




ii. Diclofenac. Properties and uses: Diclofenac sodium 1s a white
or shightly vellowish crystalline shightly hygroscopic powder,

sparingly soluble 1in water. soluble in methanol and alcohol.

CH,CO0H Q@

O-F

slightly soluble in acetone. Used in the treatment of rheumatic a-|:.ﬁlh..hknuml -:-ernm-;numd

arthritis.

ili. Naproxen, Properties and uses: Naproxen 1s a white crystalline
powder, practically insoluble in water, soluble in ethanol and in
methanol. It possesses analgesic, anti-inflammatory, and antipyretic
actions, and it is used in the treatment of rheumatic arthritis,

dysmenorrhea, and acute gout.

iv. Ketorolac, Properties and uses: Ketorolac is a white crystalline
powder, soluble in water and in methanol, slightly soluble in
ethanol, practically insoluble in methylene chloride. Ketorolac is a
potent analgesic indicated for the treatment of moderately severe

and acute pain.

H,CO
¢)2-(6-NMethouy-2-naphthyl) propeoms s

COOH
o
Ketorolac
S-Benroyt-2 I-divdro-1Hpymolone
-1-carboxylc acd



_ @imlic acid derivatives

ol =

¢ Aryl propionic acid derivatives are effective and useful NSAIDS.

+* They may offer significant advantage over aspirin and indomethacin
since they are usually better tolerated.

*» Ibuprofen was the first member of propionic acid derivatives.

Ibuprofen
<+ Structure -

CHS—CH—CHE—(\ CH— COOH
En, 7]

CH,
2 (p-Iso butyl-phenyl) propionic acid
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<+ Synthesis —
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CH,




Pharmacodynamics / Mode of Action

* Ibuprofen acts by inhibiting the Cyclooxygenase
(COX) enzyme, which converts the Arachidonic acid
to prostaglandins (PGs).

* PGs are then converted into two PGs subunits by
enzymatic process into PG G2 & PG H2 (which are
act as mediators in pain, fever, inflammation,

stimulates platelets aggregation and leads to the
formation of blood clots. /
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Continue. ...

= Jbuprofen i1s used as simple analgesic and anti-pyretic in the
same way as low dose of aspirin.
= [t is particularly effective in dysmenorrhoea.

= Jbuprofen and its congeners used in rheumatoid arthritis,
osteoarthritis and musculoskeletal disorder.

%+ Side effect —

= Gastric discomfort, nausea and wvomiting though less than
aspirin.
= Gastric erosion and occult blood loss are rare.

= CNS side effect include headache, dizziness, blurring of vision
and depression.



R of Ibuprofen

T e
CH,— EH—CH,—Q ll::H COOH
H. |
” CH., :

2 (p-lso butyl-phenyl) propionic acid

* The substitution of an alpha methyl group on the alkanoic acid
portion of acetic acid derivatives enhance anti-inflammatory action
and reduce many side effects. For example — The acetic acid

analogue of ibuprofen, ibufenac is less potent and more hepatotoxic
than ibuprofen.

= The (+)- enantiomer of ibuprofen posses greater activity in vitro than
(-) 1Isomer.

= The S-isomer of ibuprofen i1s more active than R-isomer.

H

5
o,
L:-H—L;-I-I‘—D— 3 — OO
il
e

3

§ !

2= p-1sobbul vi-phenyl ) aceiic acid




VII. Oxicams: Piroxicam.

cHd O
i
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Pursriiam
§-Hydroay-2-eaethyl N-2 pyndiend- 1.2 beruothurae

b Cartotanmade- 1, | -daoande

SAR of Oxicams

Properthes and unves: Proocam i a whate or shightly yellow crvstalline powder, practcally
unoluble I water, soluble m metinlene chionde. and slightly soluble n cthamol It &
cmploved for acute and long-tomm therapy for the relief of symptoms of osteomthritis asd
thoumatord arthetis. It also possciics mncos ke action and has bocn used m the trestment of
acutc gout

o
s

1
o'

a) Most active analogs have subst. ~CH, group on the N, and electron withdrawing subst.
like Cl, CF; on the anilide phenyl group.

b) Introduction of heterocyclic ring in the amide chain significantly increases the anti-
inflammatory activity. (e.g.) Sudoxicam (2-thiazolyl ring) 1s potent than Indomethacin.

¢) Interchanging of benzene ring with Thiophene gives biologically active compounds.

(e.g.) Tenoxicam.



VIII. Pyrazolidine dione derivatives: Phenyl butazone.

00
)9

OO
Mhm
- Butyl- 1.2 bephenyl 3, 5 prrasolidinedone

1

Properties and wses: Phenylbutazone 1 a whste crystallne powder, soluble in aloobol, md
soluble m alkalme solutions. It 15 a pyrazole dervative that has antipyretic, aslgesic, and
2ot i+ inflammatory actions, because of its toxiaty # 18 not wsed & a general antpyretic o1
amlgesic. 11 a wsual practice reserved for use m the trestment of osteoarthrons, skylosng
spondylms, anthuts, acute superfical thrombophiebatss, pamful shoulder, and Retter's
disease, where less toxic drugs have failed



SAR of 3,5-pyrazolidinediones ., .

|
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a) Pharmacological activity is related to the acidic H at 4™ posn. Thus, presence of
dicarbonyl grp at 3™ & 5" posn increases the acidity of H atom at the 4'"® posn.

b) Decreasing or eliminating the acidity by removing the acidic H at the 4" posn may
completely abolishes anti-inflammatory acuvity. e.g. 4, 4-dialkyl dernivatives.

c) If acidity is increased oo much, anti-inflammatory & Na retaining activity decreases,
while other property such as the uricosunc effect increases.

d) A single alkyl grp at the 4™ posn increases the anti-inflammatory activity. Although
n-butyl group increases the acavity more.

e ) Presence of keto group in the y-posn of the butyl side chain produces the active
compound with better anti-inflammatory activity.

') Presence of y-OH-n-butyl derivative possesses pronounced uricosuric activity but gives
lesser anti-inflammatory activity.

2) Subst. of 2-phenyl thio ethyl group at the 4" posn produces anti-gout activity

e.g. Sulphin pyrazone.

1) Presence of both phenyl group is essential for both anti-inflammatory & analgesic activity.

2) m-Subst. in one of the aryl nngs gives inactive compounds, but p-Subst. with —CH ., -Cl,
NO, or OH in one of the phenyl rings retains the activity.

h) Replacement of one of the N, atom with an O, atom yields Isoxazole analogs which are as

active as E:r.uulidi nediones.




II. p-Amino phenol derivatives: These denvatives possess analgesic and antupyretic action,
but lack anti-inflammatory effects.. Examples, Phenacetin. Acetaminophen, (Paracetamol),

i. Phenacetin. Properties and wuses: It exists as a white
glistering powder with a bitter taste, sparingly soluble in water
and soluble 1in chloroform. It 1s an analgesic and an antipyretic
with similar effectiveness as an aspinin. It has a greater
potential for toxicity (hemolytic anaemia and

methemoglobinaemia).

ii. Acetaminophen, (Paracetamol), Properties and uses:
Paracetamol exist as white crystalline powder, sparingly soluble
in water, soluble in alcohol. Paracetamol produce antipyresis by
acting on the hypothalamic heat-regulating centre and analgesia
by elevating the pain threshold. Hepatic necrosis and death have
been observed following over dosage: hepatic damage 1s hikely
in an adult who takes more than 10 g in a single dose or if a 2-
year old child takes more than 3 g.

Cﬁﬂ@ﬂmg

Phenacetin
p-Ethoxy acetandde

o -

Paracetamol
Acetarmirophwen
Para acetamno phendol



aminophenol derivatives

“** Structure Activity Re]atinnship

NHCOCH

Lo |
Aacetaminophean

= Etherification of the phenolic function with methyl or propyl
groups produces dernvatives with greater side effects than ethyl
derivatives.

= Substtuents of the nitrogen atom, which reduce the basicity, also
reduce activity unless the substituent 1s metabolically labile.
Example—acetyl groups.

= Amides denved from aromatic acid. Example—N-phenyl
benzamides that are less active or inactive.







