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Thalamus

Relay and descending
modulation

Brain stem

Transmission

Peripheral stimulus
Conduction f

Signal transduction

Copyright © 2006, American Scciety for Neurochemistry. All rights reserved.
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Table 31-1 « GLUCOCORTICOSTEROID PREPARATIONS
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ANTI-INFLAMMATORY EQUIVALENT DOSE SODIUM-RETAINING PLASMA HALF-LIFE BIOLOGIC HALF-LIFE

POTENCY (mg) POTENCY (min) (h)
Hydrocortisone 1 20 2+ 90 8-12
Cortisone 08 25 2+ 30 8-12
Prednisone B} 5 E3 60 12-36
Prednisolone 3 5 1+ 200 12-36
Methylprednisolone 5 4 0 180 12-36
Triamcinolone 5 <+ 0 300 12-36
Betamethasone 20-30 0.6 0 100300 36-34
Dexamethasone 20-30 075 0 100-300 36-54

From Garber EK, Targoll C, Paulus HE: In Paulus HE, Furst DE, Droomgoole SH (eds): Drugs for Rheumatic Diseases. New York, Churchill Livingstone, 1987, p 446.

© 2004, 2000 Elsevier Inc. All rights reserved.
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Acido arachidonico (AA)
esterificato nei fosfolipidi

di membrana
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Radicali liberi
Diversi stimoli fisici, chimici, —
infiammatori e mitogeni wmpp- §  FosfolipasiA,
Acidi epossieicosatrienoici > Isoprostani
(EETs)
1
\ g _ g 6_ 5\/\/ COOH
Citocromo N N

P450 AA (20 :4 cis D5,8,11,14)

. /\/\/

Lipossigenasi / \ Ciclossigenasi

(LOX) (COX)
HETEs Prostaglandine
Leucotrieni Prostaciclina Prostanoidi
Lipossine Trombossano

Figura 18-1. Vie metaboliche di rilascio e metabolismo dell’acido arachidonico.
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Arachidonic acid
Coxibs

Notes: COX-I and COX-2 catalyze conversion of arachidonic acid into the intermediate metabolite
-—> - PGH,, which is the rate-limiting step of prostanoid formation. The activity of different prostanoids
in a tissue depends on the cell type-specific expression of their receptors and on their
biosynthesis. NSAIDs and coxibs act by selectively inhibiting COX-I-dependent and/or COX-2-
INSAIDs Y INSAIDs dependent prostanoid biosynthesis. 19.88-90
2 Abbreviations: COX, cyclooxygenase; PGES, cytosolic PGE, synchase; CRTH2, chemoattractant

\ receptor-homologous molecule expressed on T helper 2 cells; DP, PGD2 receptor; EP, PGE receptor;

| | | | | FP, PGF receptor; Gl, gastrointestinal; H-PGDS, hematopoietic PGD synthase; IP, PGI, receptor; L-

Prostanoid H-PGDS mPGES-1 PGDS, lipocalin-type PGD synthase; mPGES, membrane-associated PGE, synthase; PG,

synthases L-PGDS PGFS mPGES-2 PGIS . ore . .
y cPGES prostaglandin; PGFS, PGF synthase; PGIS, PGI, synthase; eNSAIDs, traditional non-steroidal anti-

inflammatory drugs;
Prostanoids TP, TX receptor; TxA,, thromboxane Azi TXS, thromboxane synchase.
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EJ; Aspirina 8,0 >100

% Celecoxib 28 6.0

% Diclofenac 10 027

‘:2 Ibuprofene 58 67

ﬁ Indometacina 0,46 5,0
Ketoprofene 1.0 22
Ketorolac 0,0034 0.4
Naproxene 110 260
Nimesulide 4 10
Rofecoxib >100 6.0

|Cs0 concentrazione di farmaco necessaria per inibire ['80% dell'attivita di COX-1e COX-2
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Nota 66

Un effetto analgesico si ottiene in genere in una settimana, mentre per un effetto antinfiammatorio completo (anche dal punto di vista
clinico) servono spesso anche tre settimane. Se trascorso questo tempo non vi sono risultati, € bene tentare con un altro farmaco

Faught et al. J Clin Pharmacol 2015;80:901-919.
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Farmaci antifiammatori non steroidei

FARMACO REAZIONI AVVERSE CONTROINDICAZIONI CONSIDERAZIONI TERAPEUTICHE

FANS TRADIZIONALI GASTROLESIVITA CARDIOPATIA ISCHEMICA, INSUFFICIENZA INIBITORI NON SELETTIVI DELLA COX-1E DELLA COX-2. ALCUNI POSSONO AVERE
(IBUPROFENE, DICLOFENAC AUMENTATO RISCHIO CARDIOVASCOLARE RENALE, ULCERA PEPTICA EFFETTI CENTRALL. ALCUNI HANNO ATTIVITA" ANCILLARI (PER.ES INIBIZIONE
I I

INSUFFICIENZA RENALE DELLA SOSTANZA P)
KETOPROFENE, KETOROLAC)
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INIBITORI PREFERENZIALI AUMENTATO RISCHIO CARDIOVASCOLARE ~ CARDIOPATIA ISCHEMICA, INSUFFICIENZA

RIDOTTA GASTROLESIVITA RENALE.
DELLA COX-2 (CELECOXIB, INSUFFICIENZA RENALE
NIMESULIDE)

INIBITORI SELETTIVI DELLA COX-2

COXIB AUMENTATO RISCHIO CARDIOVASCOLARE  CARDIOPATIA ISCHEMICA, INSUFFICIENZA

MODESTA GASTROLESIVITA RENALE.
(ETORICOXIB) INSUFFICIENZA RENALE

Introduzione ai farmaci antipiretici e antinflammatori
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Excreted unchanged
in urine (1—4%) o 180575 Glucuronic acid conjugate
nosyl*‘“’"sfera (predominant in adult life)
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HN— C—CHg
|
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benzogquinoneimine
{toxic metabolite)
P-Aminophenol 8
T Yy
Depletion of Normal levels of
glutathione/ glutathione/
overdosage of terapeutic doses
paracetamol of paracetamol
. (— v v
o . NH 7 Cellular toxicity Non-toxic conjugates i
— — HN=C=CHs  (covalent binding and aryiation (glutathione, cysteine, HN~C Chs
N-arachidonoyl of crifical celf proteins) mercaptate)
phenolamine -
(AM404} OH macromolecule GSH
OH OH

Fig. 3. Metabolism of paracetamel in humans.
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Il sistema endocannabinoide
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Via inibitoria discendente

A

Somatosensory and

Forebrain association cortices

Limbic system

U Thalamic nuclei B

Periaqueductal gray Descending
pain-inhibitory tracts

Midbrain O

Spinothalamic tract
(ascending)

C or AS primary afferent

Serotonin  Enkephalin
t<+( )=§/— ~ Glutamate
Nucleus raphe magnus Subsianice P
N Others
Serotonin
Norepinephrine

Medulla

Pain-inhibitory tract in
dorsolateral funiculus
(descending)

Spinothalamic tract projection neuron

Spinal cord | = Nociceptor

Pain stimuli entering
dorsal homn via C and A8
primary afferent neurons

© Elsevier 2005. Minneman & Wecker: Brody's Human Pharmacology 4e www.studentconsult.com
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Proposed mechanisms for the antinociceptive effect
of paracetamol

FROM THE EDITED VOLUME
Pain Relief - From Analgesics to Alternative Therapies
Edited by Cecilia Maldonado

WA chidonic
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5 Arachidonicacid
B
=]
)
§ Gl mucosa Kidneys Cardiovascular
N N B I B
é NSAIDs oCoX1 cox18&2 A0S oy g D NSAIDs
v | | |
9p] PGE, PGE, & PGl, PGl, & TXA,
Z B Gastric protection = Afferentarteriolar = Vascular (COX-2: PGI,)
< «  Tmucus secretion vasodilation [TGFR] « vasodilation
& « Thicarbonate »  Tsodium & water » inhibit platelet aggregation
»  Tmucosal blood flow excretion = Platelet (COX-1:TXA,)
+«  vasoconstriction
NSAID side effects:  COX-1 inhibition COXinhibition COX-2 > COX-1 inhibition
= Peptic ulcers = Sodium & water retention = Stroke
= Gl bleeding ®  Hypertension ®  Myocardial infarction
®  Hemodynamic acute
kidney injury
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Arachidonicacid
Gl mucosa Kidneys Cardiovascular
T — NSAIDs T
NSAIDs < ocox1 CCOX1&2 O ( COX-18&2 H——NSAIDs
PGE, PGE, & PG, PGl, & TXA,
®  (Gastric protection ®»  Afferentarteriolar = Vascular (COX-2: PGI,)
«  Tmucus secretion vasodilation [TGFR] +  vasodilation
+ Tbicarbonate »  TSodium &water + inhibit platelet aggregation
+  Tmucosal blood flow excretion = Platelet (COX-1: TXA,)
* vasoconstriction
NSAID side effects:  COX-1inhibition COX inhibition COX-2 > COX-1inhibition
= Peptic ulcers = Sodium & water retention = Stroke
= Gl bleeding = Hypertension " Myocardial infarction
= Hemodynamic acute
kidney injury
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020 >< PGE
fatty —» =52
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antagonists

\
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pirenzepine @—(ACh

+
superficial epithelial cell

Mucous 2 Gastric
Layer Lumen
pH7 pH?2

Copyright @2006 by The McGraw-Hill Companies, Inc
All rights reserved,
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Endogenous prostaglandins help maintain the gastric mucosal Contents of gastric lumen

barrier and protect the epithelium from luminal contents o_  Hydrogen ions

%2 Contribute to acidity in lumen

2D Pepsin .
5 Breaks down protein

Gastric mucus layer

Mucus secreted from epithelial cells Tight junctions
protects mucosa from acid and pepsin Form impermeable seal
between cells to prevent
Loose Adherent pH 1-2 (acidic) diffusion of luminal contents

mucus layer mucus layer
- — Cellular proliferation
- g 7 Facilitates repair from

minor injury

L, ,-Hm\ -Vw.\ ,. \\,.,-

pH 7 (neutral)
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| 20”1 i B ensory
Paal \‘ \‘ \ '.‘ [ Bicarbonate (HCO;) HIpLs :>
e\ ¢ JiuM ‘ Secreted from epithelial cells——+—A-N—chch 4. L
: \';\'\' W5 L.~/ and diffuses from blood, ' & Nt
N " buffering mucus against ) ‘ o
¥ luminal acid S ~
Y Mucosal blood flow ¢
7 , e /  Supplies oxygenand
" Immune cell . 2y " “'f"-/nnutnents to promote
N WO e O : & /) \ S tlssue health and repair
/= . - -
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Endogenous prostaglandins help maintain the gastric mucosal Contents of gastric lumen

barrier and protect the epithelium from luminal contents o_ Hydrogen ions

"5 Contribute to acidity in lumen

) Pepsin
Y Breaks down protein

Gastric mucus layer

Mucus secreted from epithelial cells Tight junctions
protects mucosa from acid and pepsin Form impermeable seal
between cells to prevent
Loose Adherent pH 1-2 (acidic) diffusion of luminal contents
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minor injury
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Arachidonicacid

Gl mucosa
i

NSAIDs—— " cox1

Kidneys
— _I_ T
C;_CD){-l & 2__::;

|

Cardiovascular
.

NSAIDs — ____E“l
\‘a-__gpi-l _&_2_____/ MNSAIDs

PGE,
®  Gastric protection
«  Tmucus secretion
«  Thbicarbonate
+  Tmucosal blood flow

PGE, & PGl,

»  Afferentarteriolar
vasodilation (TGFR)

»  TSodium & water
excretion

NSAID side effects:

COX-1 inhibition

" Peptic ulcers
= Gl bleeding

COX inhibition

= Sodium & water retention

®  Hypertension

®  Hemodynamic acute
kidney injury

PGl, & TXA,
= Vascular (COX-2: PGl,)

* vasodilation

* inhibit platelet aggregation
= Platelet (COX-1: TXA,)

* wvasoconstriction

COX-2 > COX-1 inhibition
= Stroke
" Mpyocardial infarction

Introduzione ai farmaci antipiretici e antinflammatori

40



Podocytes : COX-2 Renin-secreting

granular cells Afferent

Q
—
%
=
2
&)
=
S
)
%)
Z
<
2y

Glomerulus: arteriole:
COX'L Co;r_l1o .
COX-2 COX-Z'
Distal
tubule
Proximal
convoluted tubule
~t+ Macula
asIZri\cdking / densa:
limb: cox-2
COX-2
Loop of Henle ‘
|

Efferent arteriole: COX-1, COX- 2

Cleveland Clinic Journal of Medicine
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Mechanisms of Renin Release

Juxtaglomerular
(JG) cells
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Afferent arteriole

—L.D.
/ ©lIEBN
Baroreceptor mechanism: Sympathetic nerve Macula densa mechanism:
Increased pressure in afferent arteriole inhibits mechanism: Increased NaCl in distal nephron inhibits renin
renin release from )G cells (red arrows); decreased B1-Adrenergic nerves stimulate release (red arrows); decreased load promotes
pressure promotes renin release (green arrows) renin release (green arrows) renin release
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Summarization of main renal pathomechanisms
associated with NSAIDs usage

HEMODYNAMIC

DISORDERS OF NSAIDs DISTURBANCES AKI
@ " ‘- s
PROLONGED EXPOSURE HYPERSENSITIVITY TIN
TO NSAIDs REACTION
< L e »-H-«
) a» o @
CHRONIC USE HEMODYNAMIC CKD
OF NSAIDs DISTURBANCES

é.,ﬂ - ‘/// - *H'é
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Some antimicrobials and their major pathophysiological
mechanisms leading to drug-induced kidney injury

Haemodynamic

« Amphotericin B
« Vancomycin
* Aminoglycosides

Tubular Necrosis

Polymixin
Amphotericin B
Vancomycin
Aminoglycosides
Cidofovir
Acyclovir
Foscarnet

Cast Nephropathy

« Vancomycin /

Interstitium

Beta-Lactam Drugs
Vancomycin
Fluoroguinolones
Sulfa Antibiotics
Rifampicin
Macrolides
Antivirals

Crystal Nephropath

Amoxicillin
sulfamethoxazole
sulfadiazine
Acyclovir
Foscarnet
Ciprofloxacin
Levofloxacin
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Arachidonicacid
Gl mucosa Kidneys Cardiovascular
T — NSAIDs T
NSAIDs < ocox1 CCOX1&2 O ( COX-18&2 H——NSAIDs
PGE, PGE, & PG, PGl, & TXA,
®  (Gastric protection ®»  Afferentarteriolar = Vascular (COX-2: PGI,)
«  Tmucus secretion vasodilation [TGFR] +  vasodilation
+ Tbicarbonate »  TSodium &water + inhibit platelet aggregation
+  Tmucosal blood flow excretion = Platelet (COX-1: TXA,)
* vasoconstriction
NSAID side effects:  COX-1inhibition COX inhibition COX-2 > COX-1inhibition
= Peptic ulcers = Sodium & water retention = Stroke
= Gl bleeding = Hypertension " Myocardial infarction
= Hemodynamic acute
kidney injury
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Lesioni di parete

PGl2

Intrinseco Estrinseco

Xa

‘/@/Trombina e P rotrombina

\/O\/Fibrinogeno

Figura 34-1. Formazione del trombo in sede di parete vasale danneggiata (EC, cellula endoteliale) e ruolo delle piastrine e dei fattori
della coagulazione. Tra i recettori di membrana piastrinici vi sono il recettore glicoproteico (GP) la che lega il collageno (C), Ib che le-
ga il fattore von Willebrand (vVWF) e llb/llla che lega il fibrinogeno ed altre macromolecole. La prostaciclina (PGl,), ad azione antiaggre-
gante piastrinica, viene rilasciata dall’endotelio. Tra le sostanze aggreganti rilasciate a seguito della degranulazione piastrinica vi sono
I'ADP, il TXA, e la 5-HT. La formazione del fattore Xa & esemplificata nella fig. 34-2. (Ridisegnata e riprodotta, previo consenso, da Si-
moons ML, Decker JW: New directions in anticoagulant and antiplatelet treatment [Editorial], Br Heart J 1995; 74:337).

AR B.G.KATZUNG
FARMACOLOGIA S.B.MASTERS
GENERALE E CLINICA AJ.TREVOR

FARMACOLOGIA
GENERALE E CLINICA

»»»»»»
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Figura 3. Relazione tra la percentuale di inibizione delle COX-1 e delle COX-2 misurata su sangue intero e gli effetti anti-trombotici (A) e
antinfiammatori (B) in vivo, misurati come inibizione della sintesi di tromboxano (TXA,) e prostaciclina (PGI) (modificata da [8]). PGI-M,
metabolita della prostaciclina
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Catalytic site

Platelet

(@) Platelet cyclooxygenase-1

Serine residue
at position 529

Arachidonic

Channel of acid
access

(b)

With aspirin

Acetyl
serine
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B Diclofenac Acetaminophen Ketorolac
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% TX synthesis [% of control] IC,,

é 0 20 40 60 [umol/]

E none I| | | | -

v acetaminophen | 155 + 65

‘£ diclofenac [ 0.70 £ 0.24

g ketoprofen I 0.04 + 0.01
naproxen —— 11.6 £2.0
mefenamate ———— —— 3.3+0.7
flufenamate — —— 6.1+2.5
ibuprofen /3 4.9+ 1.1
phenazone - 53.9 + 8.8
sulindac I 3.9+1.2
dipyrone ——— 3.9£1.2
piroxicam I 22+0.8
propyphenazone [EENNN—— 38205
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ORIGINAL WORK

: : . ®
History of Nonsteroidal Anti-inflammatory ==
Drug Use and Functional Outcomes After
Spontaneous Intracerebral Hemorrhage

Matasha Ironside’"®, Ching-Jen Chen', Victoria Dreyer®, Dale Ding®, Thomas ). Buell’
and Edward Sander Connolly’

0 20D Springer Scienos+ Business Media, LLC, part of Springer Nabuee and Newrooitical Care Society
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Conclusions: History of nonselective COX inhibition may affect functional outcomes in ICH patients. Pre-admission
NSAID use did not appear to worsen the severity of presenting ICH or increase the risk of recurrent ICH. Additional
clinical studies may be warranted to investigate the effects of pre-admission NSAID use on ICH outcomes.
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@ %i BRLTISH
meﬂﬁ]
ORIGINAL ARTICLE

Does coprescribing nonsteroidal anti-inflammatory drugs and
oral anticoagulants increase the risk of major bleeding, stroke
and systemic embolism?

Leonie S. Penner'? | Sean P. Gavan' | Darren M. Ashcroft??>
Niels Peek?* | Rachel A. Elliott!

Conclusion: When 0ACs are coprescribed with NSAIDs, the risk of adverse bleeding
events increases and, simultaneously, the protective effect of OACs to prevent strokes
reduces. There is a need for interventions that reduce hazardous prescribing of
NSAIDs in people receiving OAC therapy.
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Brividi

Vasocostrizione

Adipe bruno aumenta il calore
Aumento dell’attivita metabolica
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Patogenesidella febbre

Vie nervose
dai termorecettori
periferici

RISPOSTE

Risposte
comportamentah

: - . . 5 Termoconservazione

Ormoni ipotalamici

Neotermogenesi

MURRETSUS PiSle OGRS

AN cl et o vt o5
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2.57
2.0
1.5-
1.0+
0.51
0.0+

ATb (°C)

-0.5-

-0 "'.-"EWSAL{FE;
-e— \Veh/Tsv (n=6
-0~ AA/SAL (n=5)
- AAMTsv (n=5)

Time after Tsv injection(h)

Temperature 2:4, 506--521; October/November/December 2015
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Prostaglandin-dependent pathways

Prostaglandin-independent pathways

[ |
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CCL22 .l' }
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Febrile response
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-0~ Veh/SAL (n=10)
-~ Veh/ET-1 (n=10)
-0~ AA/SAL (n=9)

|-~ AAET-1(n=0)

Time after ET-1 injection (h)

Introduzione ai farmaci antipiretici e antinflammatori




Q
-
%
B~
=
)
=
S
v
A
Z
<
=

Introduzione ai farmaci antipiretici e antinfiammatori 61




Q
—
%
=
2
&)
=
A
)
%)
Z
<
£
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