Anti-inflammatory drugs
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Anti-inflammatory drugs

Inflammation:

CHa

Prostaglandins

(PGF,,)

Tromboxanes m\jﬁﬁk
HsC I ? H

(TxA,)

Prostacyclins \

(PGl,)

Leucotrienes (LTA,) AU,

Arachidonic acid metabolism

Warious stimuli:

Membrane phospholipid membrane pertubation, tissue injury
thrombin, bradykinin
¢ epinephrine, angiotensin II

FPhospholipase A3
Qe Anti-inflammatory glucocorticoids

Arachidonic Acid

ijaxygeny X‘_‘f:!omgeme 4@ Aspirin, Indomethacin, Ibuprofen

Leukotrienes Prostagandins
and thomboxanes

COX-1: stomach/kidney

COX-2: inflammation sites



Anti-inflammatory drugs: NSAIDs

Analgesics-antipyretic:

PARACETAMOL

Analgesic and antipyretic; very low

antiinflammatory effect.

Its pro-drugs ACETANILIDE and PHENACETIN
H, ’ CH;
&;LO HNAO

H.

]

are too toxic and no more used.

No anticoagulation/ulcerogenic activity.

MName PARACETAMOL
Structure CH,
H

OH
Systematic name N-{4-hydroxyphenyl)acetamide
Formula CaHaMO3
MW 151.1626
Monoisotopic mass 151.063328537
Mp 169-172°C
H bond acceptors 3
H bond donors 2
Acid pKa 9.46 (phenol)
Basic pka --
ACD LogDpH5.5 0.475
ACD LopDpH 7.4 0.474

Solubility methanol and ethanaol but slightly in water
LDO50 1944 mg/Kg rat p.o.
Therapeutic cat analgesic-antipyretic
ATC NO2BED1
N MERVOUS SYSTEM
NOZ ANALGESICS
NO2B OTHER ANALGESICS AND ANTIPYRETICS
MO2BE Anilides
Receptors COx

MNomi commerciali {IT)

ACETAMOL, ACTIDUE, ACTIGRIP, ADOLEF,
BABYRINOLO, EFFERALGAN, GABBROCET,
MINOFEN, NORMAFLU, PANADOL,
PARACETAMOLO, PERFALGAN, PIROS,
PRACETAM, SANIPIRINA, TACHIPIRINA, TERMOL

C, RR-OTC, supposte, compresse, polvere,
sciroppo, gocce




Anti-inflammatory drugs: NSAIDs

Analgesics-antipyretics:

PARACETAMOL metabolism

Toxicity: GSH depletion and
epatotoxicity (hepatic necrosis).

Interaction with ethanol.
Children: O-sulphate

Adults: O-glucuronide

Nrindpa[e/p?ncipale

NHCOCH3; NHCOCHS3; NHCOCH3; NH2
principale © principale © secondario ©
Acetanilide OH OCyHs OCyHs
¢ cscondalis Paracetamolo Fenacetina L
NHe l metemoglobinemia,

HO-N-COCH3 anemia emolitica

OCsHs
metemoglobinemia, epatotossico
anemia emolitica l
N-COCH3z HON-COCH3
o —
o) OH

N-acetilimidochinone
“metabolita tossico”

N-acetilcistiiV \owine epatiche
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NHCOCH3 NHCOCH

NHCOCH3

S-CHy-CH-COH O _
OH | proteine
NHCOCH; OH  |epatiche
ok glutatione L

l necrosi epatica,
blocco renale
escrezione renale come
coniugato con acido
mercapturico o cisteina

Fig. 36.8. Metabolismo del paracetamolo.



Anti-inflammatory drugs: NSAIDs

Antiinflammatory agents:

Salycilates: metabolism

COx-Glu ©:002'G'Y
X o
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o
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transferasi glicina-N-acil
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S
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Ac!dO salicilico Sali dell'acido salicilico
002H

Esteri dell amdo
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o COH COzH o) COuH
: :OH ; : :OH
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Fig. 36.9. Metabolismo dei derivati dell'acido salicilico (Glu, glu-
curonide; gly, coniugato con la glicina).

Mame

ASPIRIN

Structure

0 OH

H,C

Systematic name

2-lacetyloxy)benzoic acid

Formula CqHgO4

MW 180.1574
Monoisotopic mass 180.042258744
Mp 134°C

H bond acceptors 4

H bond donors 1

Acid pKa 341

Basic pka -

ACD Log D pH 5.5 -0.69
ACDLogDpH 7.4 -1.88

Solubility ethanol, DMSO; 1g/100g water (37°C)
LD50 1010 mg/Kg rat p.o.

Therapeutic cat antiinflammatory

ATC NO2BAD1

AD1ADOS5, stomatological
BO1ACOB, platelet aggregation inhibitor

N MERVOUS SYSTEM

NO2Z ANALGESICS

NO2B OTHER ANALGESICS AND ANTIPYRETICS
NO2BA Salicylic acid and derivatives

Receptors

COX-1, (COX-2)

MNomi commerciali {IT)

ACIDO ACETILSALICILICO, ASASO, ASCOPIR,
ASPIRINA, ASPIRINETTA, ASPRO,
CARDIOASPIRIN, GANADOL, NICCOPIR, SALICIL
MIX, VIVIN

C, OTC-RR, compresse, polvere




Anti-inflammatory drugs: NSAIDs

Antiinflammatory agents:

Salycilates: DIFLUNISAL

O~

HO

Arylalkanoic acids:

Ar-CHR-COOH

SAR: acidic moiety (carboxylic acids, enols, sulphonamides, tetrazoles, hydroxamic acids)
related to arachidonic acid COOH. 2-3 C chain. Aromatic/heteroaromatic ring (related to
5, 8 ar. ac. double bonds). In some compounds there is a second, non coplanar, lipophilic

area.



Anti-inflammatory drugs: NSAIDs

Antiinflammatory agents:

Arylacetic acids:

INDOMETHACIN

H.C N cH

OH

Analgesic: 10 x ASA

SULINDAC

Analgesic: 10 x ASA

DICLOFENAC

Analgesic: 40 x ASA



Anti-inflammatory drugs: NSAIDs

Antiinflammatory agents:

Arylpropionic acids:
IBUPROFEN

S-(+) active form. Lysine salt to increase

solubility.

Metabolism: w, w-1, w-2 oxidation of
iBu lateral chain. Enantiomeric

conversion to S(+).

Name IBUPROFEN
Structure H

H,C.

'.k,
H,

Systematic name 2-[4-(2-methylpropyl)phenyl]propanoic acid
Formula Cy3H150;
MW 206.2808
Monoisotopic mass 206.13067982
Mp 76°C
H bond acceptors 2
H bond donors 1
Acid pKa 4,85
Basic pka -
ACD Log D pH 5.5 2.38
ACD LogDpH 7.4 0.58

Solubility chloroform, actanol, in water <1 mg/mL
LD50 636 me/Kg rat p.o.

Therapeutic cat antiinflammatory

ATC MO1AEDL

CO1EB16* CARDIAC THERAPY

M MUSCULO-SKELETAL SYSTEM

MO1 ANTHNFLAMMATORY AND
ANTIRHEUMATIC PRODUCTS

MO1A ANTIINFLAMMATORY AND
ANTIRHEUMATIC PRODUCTS, NON-STEROIDS
MUO1AE Propionic acid derivatives

Receptors

COX

Nomi commerciali {IT)

ALGOFEN, ANTALFEBAL, ANTALGIL, BRUFEN,
BUSCOFEM, CALMINE, CIBALGINA, FEBRALT,
IBUPROFENE, KENDO, MABENECS, MOMENT,
MOMENTACT, NUROFEN, PEDEA, SINIFEN,
SPIDIFEN

C, OTC, compresse, sospensione, gocee, capsule
molli,

C, ospl, iniettabile *trattamento dotto
arterioso neonatale




Anti-inflammatory drugs: NSAIDs

Antiinflammatory agents:

Arylpropionic acids:

KETOPROFEN

NAPROXEN

tllo
I
w

Analgesic: 7 x ASA

FLURBIPROFEN

OH

O ch,

2
&

Analgesic: 536 x ASA
Antipyretic 403 x ASA



Anti-inflammatory drugs: NSAIDs

Antiinflammatory agents:

N-arylanthranilic acids, enolic acids, sulphonamides

MEFENAMIC ACID PIROXICAM

CH,

H,C

OH HN

OH pK, 4.76

NIMESULIDE

(@]
H. C--.,:“ Y
C{! “NH

OH pK, 6.86



Anti-inflammatory drugs: NSAIDs

Antiinflammatory agents:

NSAIDs gastrophathy (PGE,)

H:C-..DL/\/\‘/

MISOPROSTOL

Risk of GI complications is dependent
on the relative NSAID toxicity

Estimated relative risk of haemarrhage

or perforation
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Anti-inflammatory drugs: NSAIDs

Antiinflammatory agents:

Selective COX-2 inhibitors
CELECOXIB

No g.im. Toxicity. Action on induced COX-2

(Alzheimer, colon carcinoma).

Cardiovascular toxic effects: inhibition of

PGI, synthesis, atherogenesis, infarction.

ROXECOXIB, VALDECOXIB out of production

MName CELECOXIB
Structure B
e
N
CH,
o=5=0
L

Systematic name

4-[5-(4-methylphenyl)-3-(trifluoromethyl)-1H-
pyrazol-1-yl]benzenesulfonamide

Formula Ll?Hl;F;N]DzS
MW 381.372
Monoisotopic mass 381.075882012
Mp 212-213°C

H bond acceptors 5

H bond donors 2

Acid pKa 10.70

Basic pka -

ACD Log DpH 5.5 19
ACDLopDpH 7.4 39

Solubility water 3.3 mg/L
LD50 2000 mg/Kg rat p.o.

Therapeutic cat

anti-inflammatory

ATC

L01XX33 antineoplastic

MO1AHO1

M MUSCULO-SKELETAL SYSTEM

MO1 ANTINFLAMMATORY AND
ANTIRHEUMATIC PRODUCTS

MO1A ANTINFLAMMATORY AND
ANTIRHEUMATIC PRODUCTS, NON-STEROIDS
MO1AH Coxibs

Receptors

COX-2 [selective)

MNomi commerciali (IT)

ARTILOG, CELEBREX

A, RR, capsule




Anti-inflammatory drugs: DMARDs

Antiinflammatory agents:

Synthetic disease-modifying antirheumatic drugs (DMARDs)
AURANOFIN

Immunology response suppression via macroglobulin formation

inhibition. Inhibit lysosomial enzymes.

Skin, mouth, lung, kidney and blood toxic effects: Au elimination could

be increased by use of dimercaprol.
Other gold complexes: AUROTHIOGLUCOSE, GOLD THIOMALATE
G

OH

CH,
D
HS OH



Anti-inflammatory drugs: DMARDs

Antiinflammatory agents:

Synthetic disease-modifying antirheumatic drugs (DMARDs)
HYDROXYCLOROQUINE

Cornea/kidney toxic effects.

. CH,
Immunosuppressive agents H
LI N
LEFLUNOMIDE N=

Antiinflammatory and immunosuppressive. Pro-drug of
TERIFLUNOMIDE (a-cyanoenol). Both Inhibit proliferation of
lymphocytes B via decreasing pyrimidinic nucleotides intracellular

concentration.

HO



Anti-inflammatory drugs: DMARDs

Antiinflammatory agents:

Synthetic disease-modifying antirheumatic drugs (DMARDs) /Q)%r/\ro
ey

METHOTREXATE DHFR inhibitor. K

SULFASALAZINE Prodrug of 5-aminosalicylic acid. S_Q_ =N

Immunosuppressive agents

OH

Biological disease-modifying antirheumatic drugs (DMARDs)
= Cytokines inhibitors: TNF (tumour necrosis factor) blockers. Antibodies
= [nterleukyne-1 receptor antagonists

= Co-stimulation modulators



Anti-inflammatory drugs

MH
. GMP IMP ——— AMP
Antiinflammatory agents: l testidases l adenylate deaminase
N
Guanosine Inosi m‘H#-—I-|4 Adenosine

; adenosine deaminase
+—— nucleoside —P

phospharylases

Anti-gout
Guanine m m Hypoxanthine
Ha N

2. HED
Uricosuric agents: NHD\A ganne sxidase

PROBEN ECI D | H m wanthine -:-x1dasf~ Hmﬂ -
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H DQ,HQD o H
increases uric acid excretion in the urine. Xanthine Hzlz  Urate

o}
H
HN N
| =0
OJ\JHIH H 0

Uric acid synthesis inhibitors: OH
N7 ™ A\

ALLOPURINOL tu/
H

inhibitor of the enzyme xanthine oxidase. Antimetabolite.



Anti-histaminic drugs

Histamine:

Mast cells

Gastric mucous membrane
Neurons:

Autonomous nervous system

Central nervous system

Main effects:
Allergic response

Gastric acid secretion

CHz —CH:—NH:
H,;-Antagonists t‘ \ H,-Antagonists
e.g., femofenadine RN ’ _ e.g., ranitidine
H HlstamV
/
-Receptors ' -Receptors
_——"_'--FFFFJ//
s =
i 4 A
I A
L= @5_1

Vasodilation

Bronchoconstriction Bowsl peristalsis ¢ permeability +

“H,-Antihistamines”
Diphenhydramine

Acetylcholine |

—— Chlorpromazine

hypnotic,
antiemehc
action

-+ Sedation, ../ \‘DDF'amine

Dopamine receptors




Anti-histaminic drugs

Histamine and inflammation/allergy:

Mast cell granules containing

A.\vl Tﬂmine and other mediators 4‘! ‘.

Released together with histamine: &

.é _—
¢ leukotrienes Expcsure to antigen = ]

Mast cells:

e -
e prostaglandins m—IgE bound to receptors n@ -
on mast cell
e platelet-activating factor (PAF) Degranulation and release of histamine

e bradykinin

A trapped
~ ingheeoli

* proteases

Twntened
= smooth
muscies

e cytokines

¢ interleukins

Yiall inftamed
and thicken

* TNFa

Asthmatic airway

Normak airway Asthmatic asrway during attack

bronchoconstriction



Anti-histaminic drugs

Histamine:

Biosynthesis:
L-histidine decarboxylase

NH2

CH,~ c —a COOH
/ ‘§ L-Histidin

N

H

Histidindecarboxylase 1
CH,

Metabolism: *N—
) 2 / R\ Histamin
N-methylation (HNMT) N
. . Diaminoxidase H Histamin-N-Methyl-
Oxidation (Hlmamlnase} transferase
CH,— CHZ— CH,— NH,
Imidazolylacetaldehyd Q‘S N'“e.Methylhistamin
N
|
Aldehyddehydrogenase CH,
Xanthinoxidase Diaminoxidase
Monoaminoxidase B
CH,~ COOH CH,— CHO

N
Imidazolylessigséure «‘g
N
H

Phosphoribosyl-

1 ransierase

" CH,— COOH
Imidazolylessigsaure- Qﬁ
ribosid N

I
Ribose

N—j
4 \ N**_Methylimidazolylacetaldehy
N

Aioehyodehydtogenase
Xanthinoxidase
CH,— COOH

L‘S N™"-Methylimidazotylessigsaure

Hy



Anti-histaminic drugs

Histamine:

N
HS/J/\’N H,

dication

BAVANY,

neutral

pH/ CBhcentration

Systematic name

2-(1H-imidazol-4-yl)ethanamine

Formula CsHgNs

MW 110.1371

Monoisotopic mass 110.071822271

Mp 89°C

H bond acceptors 3

H bond donors 3

Acid pKa --

Basic pka 9.48 (amine); 5.80 (imidazole)

ACD Log D pH 5.5

-4.41

ACD LogDpH 7.4 -3.65
Solubility water
LD50 1550 mg/Kg rat i.p.

Therapeutic cat

histaminergic

ATC

LO3AX14

L ANTINEOPLASTIC AND
IMMUNOMODULATING AGENTS
LO3 IMMUNOSTIMULANTS

LO3A IMMUNOSTIMULANTS
LO3AX Other immunostimulants

Receptors

Hi, Hz, Hs, Hy

Notes

Endogenous autacoid




Anti-histaminic drugs

Histamine receptors:

Transmembrane G-protein coupled
receptors.

1 bronchi, intestine and uterus
: stomach. 359 AA.

3: SNC (autoreceptors)

Ir I I I
N

4. hemopoietic system / mast cells

2
l

&

(j(ﬁ/

lonctropic
histamine receptors

OO

TOECOR

Ik leak
Depolarization

NMDA
Mg?+-block reduced

Cation-channel
Depolarization

Iasp (small K)
Hyperpolarization
Na*-Ca?+-exchanger
Depotarization

I Ay, @ccommodation

Iy
Depolarization

Kv3 fast firing

Block HVACC
Release of histamine
and other transmitters

NMDA (Polyamine site)

(NR1/NR2B) Histaming

Nature Reviews | Neuroscience



Anti-inflammatory, histamine-related

Leukotriene receptor antagonist (LTRA):

o]
i
ZAFIRLUKAST is an oral LTRA for the Q\ﬁ“""“

maintenance treatment of asthma, often © o)
used in conjunction with an inhaled HC,O Q
steroid and/or long-acting bronchodilator. 3
Reduces hyper-reactivity of bronchi to NH _O
histamine, following allergens inhalation 4 | Ir \D
N
H,d
monoanion
100
" . |G_gD !"'..’.51:5

pH pH



