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LIST OF ABBREVIATIONS:

* Adenosin triphosphate (ATP)

* Alanine aminotransferag@LT)

» Alkaline phosphatase (ALP)

* Arachidonic acid (AA)

» Aspartate aminotransferase (AST)

« Bradykinin (BK)

» Calcitonin — gene- related — peptide (CGRP)
» Central nervous system (CNS)

» Chronic postsurgical pain(CPSP)

» Cicloxygenase (COX)

* Cyclooxygenase 2 (COX-2)

e Cytochrome P (CYP)

» Dorsal root gangliar (DRG)

* Endovenous (1V)

« Fatty acid amide hydrolase (FAAH)

e Glutamate (Glu)

* International normalized ratio (INR)

» Intracerebroventricular (ICV)

e Intramuscolar (IM)

* Intrathecal (IT)

* Leukotrienes (LTs)

* N-acetyl-p-benzoquinone imine (NAPQUI)
* Nerve growth factor (NGF)

e Neurokinin A (NA)

* Neutral endopeptidase (NEP)

* Nitric oxide (NO)

* N-methyl- D- Aspartate (NMDA)

* Non steroidal antinflammatory drugs (NSAD)

* No-observed-adverse-effect level (NOAEL)
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ABSTRACT

Acetaminophen, commonly known as paracetamol, isaative ingredient
possessing analgesic and antipyretic activity wideded in medical practice to
alleviate acute and chronic pain and to reducebtity temperature when this
exceeds physiological values. Paracetamol, conlyerse the majority of
commonly used analgesic drugs, is not an NSAID®&esit is completely devoid
of antiaggregant and anti-inflammatory activity.

The most common pharmaceutical form is the solielamtablet, granule form or
suppositories. Moreover, solution containing pat@ao®| for IV infusion can
also be found on the market. These are formulatinodgated for short-term
treatment of medium pain, in particular of the tygeperienced following a
surgical intervention. IV administration is resedvier cases in which is needed
to treat pain and/or hyperthermia urgentely or wh#érer administration routes
are not available. Paracetamol administration riahtive methods is still yet to
be extensively explored and essentially no speapbiglications have been found
in analgesic therapy.

Acute postoperative pain is a normal response tgicl intervention and is a
cause delayed recovery and discharge after suageryell as increased risk of

wound infection and respiratory/cardiovascular chcagions. Untreated acute



pain leads to reduced patient satisfaction anceas®d morbidity and mortality
and also places a burden on the patient and hggdtem finances. Acute pain
that becomes intractable and persists is considese@PSP. CPSP can have a
significant impact on the patient’s quality of lieexd daily activities, including
disturbances of sleep and affective mood. In dihitield, paracetamol is
principally used as an antipyretic in the treatmehtfebrile states. Recently,
much attention was focused on spinal administrabioparacetamol, in order to
overcome the possible hepatotoxicity after oral iadstration. The
administration of injectable solutions by spinatrawistration generally presents
limitations. First restriction is that drug is peséd in a defined and confined
space in which a limited amount of solution canrifesed.

Our aim has been to verify effect of a new supearsé&d aqueous solution of
paracetamol (SIN) at different doses (100-p0t) after IT administration in an
animal model of postoperative pain. Mechanical hglgesia was evaluated by
mechanical stimuli using the Randall-Selitto ansigeter for rats. Hyperalgesia
was assessed on incised paw 2, 4, 24, 48, 72 hsgiteal administration.

Data showed that SIN administration produced aifsogmt antihyperalgesic
effect, in dose- and time- manner. In particuldre thighest dose (500 pg)

produced a significant analgesic effect until 7&fter surgery.



Moreover, knowing the marked analgesic effect afapatamol following oral

administration, and considering the use of thisgdas a premedication before

surgery, we investigated the combination of orald aspinal routes

administrations of PARA and SIN using inactive audive doses (PARA 200

and 500 mg/kg and SIN 100 and 500 pg respectivBiyprisingly, a synergic

effect was obtained after oral and intrathecal acoatibn of inactive doses; in

fact PARA 200 mg/kg/os and SIN 100 pg/it produceg@gralonged analgesic

effect up to 24 h after administration.

Despite its medical use is consolidated by manysygaaracetamol mechanism

of action is still poorly understood. Our resuliglicated that in paracetamol-

induced analgesia cannabinergic, opioidergic andt@@nergic systems are

involved.

Finally, it is well known that orally high doses pfaracetamol could cause

perilobular hepatotoxicity, which is the main linit use this drug, especially in

fasting patients before chirurgical surgery. Itwppor the knowledge about the

possible toxicity of paracetamol after intratheadiinistration. We examined if

single or repeated SIN administration by spinahetr showed physiological

and/or morphological modification of cauda equinanerve bundles of the

lumbosacral spinal cord sections. Both acute (5p@urgepeated (200-500 ug



for 7 days) administration of SIN resulted in admnilegree of toxicity with little
or no degeneration of nerve fibers and there wadifference between vehicle-
and SIN-treated rats. Furthermore, we observed asacpically, whether SIN
administration for 7 days produced liver toxicityo significant alteration of
margins and sizes was observed in vehicle- andt&idted rats.

In conclusion, during this my PhD, we evaluated titearmacological and
toxicological profile of a new supersaturated agqusesolution of paracetamol;
our data confirm the efficacy of this drug in a joperative pain model, offering

a new therapeutic approach based on its spinalrsination.
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1 - PAIN PERCEPTION

Pain is a complex and polyhedric universe, it fédalilt to view only through a
definition; it is a perception of pain that canaalsrofoundly influence lives of
patients.

Recognition and management of pain continues toneeof the most commonly
encountered clinical situations for practitiondPsin has a considerable impact
on biological, psychological, sociological and eaical welfare of patient that
cannot be underestimated. On a global scale papadmhas far to reaching
effects upon social structure, function and ecowomelfare of society as a
whole (Breivik H. et. al; 2006). Pain medicine lea®lved over recent years into
a large specialty area, being recognized as its digeipline within Australia in
2005.

Pain is the sensation that warns about a possibteab damage to tissues. We
use the word pain to denote any sensation thas.htet there are several distinct
types of pain, which have different mechanismslaotbgical functions.
Unpleasant sensation of hurt, discomfort, or déstr&cts in two main ways: one,
is a useful response of the organism, an earlyiwgrsystem that promotes

survival in a hostile and dangerous environmentl &vo, is an expression of
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pathological change in nervous system. Former paibeneficial, or “good”

pain, while latter is “bad” pain, responsible fausing persistent suffering in

millions of patients, with a substantial cost t@isty due to lost work, disability,

and medical expenses (Clifford J. et al. 2000). eMprecisely, the International

Association for the Study of Pain defines pain as tnpleasant sensory and

emotional experience associated with actual or pidé tissue damage, or

described in terms of such damégad underlies that pains‘ unquestionably a

sensation in a part or parts of the body, but italso always unpleasant and

therefore also an emotional experieh¢glacintyre PE. et al. 2010).

Pain is vital to avoid dangerous situations, protee human body and allow

healing processes to occur. Due to its importarscé&ey mechanism of body

defence and protection, pain has evolved as arcatgr interplay between

sensory and cognitive mechanisms, distinct from ¢lassical senses: it is

inherently variable and multifaceted, it is a distnative sensation, an affective

motivation, a potent autonomic drive and a reflexmotor stimulus (Craig A. D.

2003; Perl E.R. 2011). Unlike other senses suchisagn, hearing, and smell,

pain has an urgent and primitive quality, a qualégponsible for the affective

and emotional aspect of pain perception. Moreabverjntensity with which pain

is felt is affected by surrounding conditions, dhd same stimulus can produce

12



different responses in different individuals undemilar conditions (Tracey I. et
al. 2007; Wiech K. et al. 2008).

Pain cannot be described as a sensory phenomamanhls been considered as
a composition of two part, the first defined “nagition”, which allows the
reception and transport of stimuli to CNS, that lsmemful for the organism, and
a part of the experiential (the real experience@aih), which is the mental state
of the perception of an unpleasant sensation.

Only in Europe, for example, epidemiological stsdi@ave revealed the 19% of
population suffers from chronic pain, with a gregiesvalence in women or in
adult aged between 41 and 50 years (figure 1)hEuriore, it has been reported
a varying prevalence rates for this chronic conditamong counties, ranging
from 12 to 30% (figure 1.1), but also within themsa country. In Italy, for
example, the prevalence is above 32% in the nortpert of the country and less

than 22% in the southern part (Breivik H. et al0@p
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Sex (n = 4839) Age (n = 4839)

71-80 10
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Population estimates: % respondents
male = 48%
female = 52%

Fig.1 Age and sex of 4839 responders suffering frommibrpain as described undeig. 1 Population
estimates are from US Census Bureau Internatiorasttiase (IDB), Summary of Demographic

Information. October 2002.
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Fig. 1.1 Prevalence of chronic pain among 46,394 adult8 pelrs) in 15 European countries
and Israel responding to a computer-aided teleplsoneening interview. Chronic pain was
defined as pain lasting more than 6 months, hapiig during the last month, several times
during the last week, and last experienced painnga&n intensity 5 or more on a Numeric

Rating Scale: 1 (no pain) to 10 (worst pain imabliea
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The needs of chronic pain sufferers are still Iprg@met, creating an enormous
emotional and financial burden to sufferers, care@d society. Improvements in
our ability to diagnose chronic pain and developv tecatments are needed,
together with robust and less subjective "readoofspain experience. Brain
imaging techniques have provided novel insights fanctional, anatomical and
chemical changes in the human nervous system tlhawv 4o define new
approaches that may assist current drug developeiémtts. Our knowledge
about mechanisms of pain perception, especiallgathnological conditions, is
still far from be clear and complete, as well th®gesses involved in fine
modulation of pain perception to adapt the appetprbehavioural responses to
the surrounding environment are not completely wstded (Borsook D. et al.
2006; Borsook D. et al. 2007; Borsook D. et al. 201

Multiple options are available for the clinical negy@ment of pain, most of which
are usually pointed on pharmacological therapy. tflsthese medications and
the literature surrounding them, can often be aectirily, confusing and poorly
understood. As an area of medicine there are agmis attempts to develop
more effective analgesics that are easy to adremisiafe and economically
viable. As we continue to deepen our understandirgain physiology, it can be

hoped that this will allow for further research ashelelopment into treatments

15



that can improve quality of life for both the indlual and society as a whole
(Stephan A. et al. 2014)
The research for new treatments of pain is impoftarseveral reasons:
* to understand basic mechanisms of pain and nelogical phenomena
related to it;
» for clinical research, to formulate more accuiatd efficient therapeutic
drawings for patients;
« for public health, to reduce the costs of pagraipy;

* to improve the quality of life of suffering paries.

1.1- PainTransmission

Pain is a complex experience that involves not ané/transduction of noxious
environmental stimuli, but also cognitive and emwoél processing of brain.
Progress has been made in identifying cortical fbat process pain messages,
but far greater advances have been made in undémstg the molecular
mechanisms whereby, primary sensory neurons dpé&@atproducing stimuli, a
process referred to nociception. These insight® lmredominantly arisen from
the analysis of sensory systems in mammals, as allfrom studies of

invertebrates. Of course, invertebrate organismsaoexperience paiper se
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but they have transduction mechanisms that endlglm tto detect and avoid
potentially harmful stimuli in their environment.

These signalling pathways can be regarded as tbkitenary precursors of
nociceptive processing in vertebrates, and gersttidies have facilitated the
identification and functional characterization ofolecules and signalling
pathways that contribute to detection of noxioussli in animals (David J. et
al. 2001).

Nearly a century ago, Sherrington proposed thetemig of the nociceptor,
which has the task of recognizing pain stimuli, evhican be chemical,
mechanical or thermal. A primary sensory neuroacisvated by stimuli capable
of causing tissue damage (Sherrington C. et al619Qccording this model,
nociceptors have characteristic thresholds or seitigis that distinguish them
from other sensory nerve fibers. In fact, electygvlogical studies have shown,
the existence of primary sensory neurons that eaexeited by noxious heat,
intense pressure or irritant chemicals, but notifmyocuous stimuli such as
warming or light touch (Burgess P.R. et al. 1967).

Pain is unigue among sensory modalities in thattedphysiological recordings
of single primary sensory fibers have been madawake humans, allowing

simultaneous measurement of psychophysical respowben regions of the

17



head and body are stimulated (Weidner C et al. 199®ers that innervate
regions of the head and body arise from cell bothetrigeminal and DRG,
respectively, and can be divided into three maougs based on anatomical and

functional criteria (Fig. 1.2).

Primary afferent axons

Thermal threshold
Aa and A fibres
Myelinated
Large diameter None
Proprioception, light touch

@ Ad Fibre

Lightly myelinated

Medium diameter ~53°C Typel

Nociception :

(mechanical, thermal, chemical) ~43°CTypell
(D C fibre

Unmyelinated

Small diameter

Innocuous temperature, itch ~43°C
Nociception

(mechanical, thermal, chemical)

Fig.1.2Different nociceptors detect types of pain. Peniph@erves include small-diameter
(Ad) and medium-to large diameterdA8) myelinated afferent fibres, as well as small-citen
unmyelinated afferent fibres (C).

Fibers type A have a large diameter, are myelinated, and hagehtghest

conduction velocity of all nerves in the body. Myeis a fatty white substance
that surrounds the axon of some nerve cells, fagnain electrically insulating
layer and is essential for the right functioning refrvous system. The main

purpose of a myelin layer (or sheath) is to inceeth® speed at which impulses
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propagate along the myelinated fiber. Along unmmgkd fibers, impulses move

continuously as waves, but, in myelinated fibehgyt"hop" or propagate by

saltatory conduction. Myelin decreases capacitaand increases electrical

resistance across the cell membrane. Thus, myelnditelps to prevent the

electric current from leaving the axon. It has bseggested that myelin permits

larger body size by maintaining agile communicatetween distant body parts

(Hartline DK., 2008). Most, but not al fibers, detect innocuous stimuli applied

to skin, muscle and joints and thus do not contelia pain. Indeed, stimulation

of large fibers can reduce pain, as occurs whep #ne activated by rubbing

hand (Djouhri L. et al. 1998). By contrast, smahd medium-diameter cell

bodies give rise to most of nociceptors, includimgmyelinated slowly

conductingC fibers and thinly myelinated, more rapidly conductiAg fibers,

respectively. It has long been assumed that A ambdceptors mediate ‘first’

and ‘second’ pain, respectively namely rapid ortaquain and delayed, more

diffuse, dull pain evoked by noxious stimuli (BasbaA. et al. 2000).

There are two main classes of A nociceptors (Rdja & al. 1999): g and A,

both responding to intense mechanical stimuli,daut be distinguished by their

differential responsiveness to intense heat omdismjury. Most of C fiber

nociceptors are polymodal, responding to thermad amechanical noxious
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stimuli, while others are mechanically insensitibet respond to noxious heat
(Raja S.N. et al. 1999).

Spinal dorsal horn receives sensory informatiomfgrimary afferenAé and C
fibers after nociceptive stimuli (Figure 1.3) (Brdzet al. 2014 ;Todd AJ. et al.
2010; Prescott SA. et al. 2014). Terminals of C Afddibers are concentrated in
the superficial dorsal horn, and activate projectioeurons and excitatory
interneurons (Figure 1.3). On the contrary, themieals of A3 fibers are
concentrated in the deeper dorsal horn, and matafget excitatory and
inhibitory interneurons (Figure 1.3) and projectioeurons that are in the same
area. Although A fibers polysynaptically link to projection neuroms the
superficial dorsal horn, the link is consideredo®normally strongly repressed
by inhibitory interneurons. Therefore, under normahditions, A fibers do not
activate nociceptive projection neurons, not pravglpain.

Unraveling the mechanisms of pain hypersensitigdysed by nerve damage is
therefore essential for the development of newajeutic drugs for neuropathic

pain.
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Spinal cord

(Lumbar) Spinal cord

; (dorsal horn)
Spinal nerves L

Dorsal root
ganglion
Sciatic nerve

(Ventral horn)

Ao fiber
Cfiber

Inhibitory interneuron

Projection neuron

Ad fiber

};‘ Excitatory interneuron

To brain

Fig 1.3 Schematic illustration of primary afferent senséibers and neuronal circuits in the
dorsal horn. The dorsal root ganglion contains belllies of primary afferent neurons that
transmit sensory information from the periphery ttee spinal dorsal horn. Nociceptive
information is mainly mediated b&é and C fibers, and innocuous mechanical informaigon
mediated by B fibers. C andAd fibers terminate in the superficial dorsal horngd activate
projection neurons and excitatory interneurons. fEnminals of A fibers are concentrated in
the deeper dorsal horn, and connect to excitatoayirzhibitory interneurons.

1.2 Neurochemistry of nociceptors

All sensory systems must convert environmental @iinmto electrochemical

signals. Nociception is unique because individuaingry sensory neurons of
‘pain pathway’ have the remarkable ability to detacwide range of stimulus
modalities, including those of physical and cheinicature. Compared with
sensory neurons of other systems, nociceptors th@vefore be equipped with a

diverse repertoire of transduction devices. Atshene time, markedly different
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stimuli of chemical (capsaicin and acid) or physiffeeat) variety can excite
nociceptors by activating a single receptor, emgblithe cell to integrate
information and respond to complex changes in thgsiplogical environment.
Primary afferent nociceptors are also unique inetktent to which their receptive
properties can be modulated. Thus, nociceptorsoniyt signal acute pain, but
also contribute to persistent and pathological paonditions (allodynia) that
occur in the setting of injury, wherein pain is gueed by innocuous stimuli
(Basbaum A. et al. 2000; Raja S. N. et al. 199%n8dt R. F. et al.
1995;Gebhart G. F. et al. 1996; Snider W. D. el888;HoOkfelt T. et al. 1994,
Woolf C. J. et al. 2000; Basbaum A. et al. 1999).

Allodynia can result from two different conditionsicreased responsiveness of
spinal cord ‘pain’ transmission neurons (centralsgi&zation), or lowering of
nociceptor activation thresholds (peripheral s&wion). With central
sensitization, pain can be produced by activity nion-nociceptive primary
sensory fibers. Peripheral sensitization is produsféen nociceptor terminals
become exposed to products of tissue damage atammftion, referred to
collectively as the ‘inflammatory soup’ (Fig. 1.4%uch products include
extracellular protons, AA and other lipid metabedit 5-HT, BK, nucleotides and

NGF, all of which interact with receptors or ionacimels on sensory nerve
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endings. Nociceptors can release peptides and tnaosmitters (for example,
SP, CGRP and ATP) from their peripheral terminahemw activated by noxious
stimuli, they are able to facilitate production thfe inflammatory soup by
promoting the release of factors from neighbouriman-neuronal cells and
vascular tissue, a phenomenon knowmes ogenic inflammation (Woolf CJ.
et al. 1999). As early as 1910, it was recognited the application of mustard
oil to the conjunctival sac in experimental modpisduces inflammation that
can be blocked by sensory nerve ablation (Bruce AtNl. 1910; Bruce A.N. et
al 1913). SP, NA and CGRP are now known to coeéxisensory neurons and to
have potent vasodilatory properties (Tanaka D.Talei985; Uddman R. et al.
1988). Direct stimulation of sensory nerves producasodilatation (Hinsey JC.
et al. 1939; Jancso-Gabor A. et al. 1970), whiah loa blocked by depletion of
SP with capsaicin (Gasparovic |. et al. 1964; Chahlet al. 1988). The sensory
fibers involved in neurogenic inflammation have médentified as C-fibers with
a slow velocity of 1-2 m/sec (Ehrlanger J. et 829). Progress has been made in
understanding the regulation of neurogenic inflatmoma(Nadel JA. et al. 1991).
A cell-surface enzyme, NEP, downregulates neuraganflammation by
degradating SP. In the lung this enzyme is inhibibg cigarette smoke, viral

infections, and toluene diisocynate, whereas amsteroids increase NEP.
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Neurogenic inflammation is now a well-defined ploysgical mechanism by
which mediators are directly released from sensogrves to produce-
vasodilatation, edema, and other manifestationsnfshmmation. The nerve
fibers have been identified as slow velocity C-ffjeand the regulation of
neurogenic inflammation has been studied.

In addition to SP and CGRP, other substances sscila and PGs are
synthesized and released from small diameter sgnmsurons. The release of
glutamate from central terminals of sensory neuisngell documented, but its
peripheral actions and potential role in neurogenitammation are still to be
determined. Evidence also suggests that sensoryromgu contain
cyclooxygenases and are capable of synthesizingflaammatory prostaglandins
(Vasko et al., 1994). Because glutamate and priastdiop receptors are localized
on small diameter sensory neurons (Carlton et 28Q1; Donaldson et al.,
2001;Southall MD. et al. 2001), it is intriguing $peculate that these substances
have autocrine as well as paracrine actions whieased. The questions remain
as to what other potential mediators of neurogemil@mmation are released
from capsaicin-sensitive sensory neurons and whaitieer types of sensory

neurons contribute to the inflammatory symptoms.
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Injury heightens our pain experience by increasi@gsensitivity of nociceptors
to both thermal and mechanical stimuli. This pheaoam results, in part, from
production and release of chemical mediators frieengrimary sensory terminal
and from non-neural cells (for example, fibroblast&st cells, neutrophils and
platelets) in the environment (Zhang J. et al. 2q6&. 1.4). Some components
of the inflammatory soup (for example, protons, ABRBrotonin or lipids) can

alter neuronal excitability directly by interactingith ion channels on the

nociceptor surface, whereas others (for exampkegyikinin and NGF) bind to

metabotropic receptors and mediate their effectsutih second-messenger
signaling cascades (Prescott SA. et al. 2014).

Considerable progress has been made in undersgatigirbiochemical basis of

such modulatory mechanisms.
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Stimulus Representative
| receptor
NGF TrkA

Bradykinin | BK,

Serotonin | 5-HT;
ATP P2X3

Mast cell or
neutrophil H* ASIC3/VR1
/(“;3;“% Lipids PGE,/CB1/VR1
(- % Heat VR1/VRL-1
R Sug)stance Pressure DEG/ENaC ?
Q \O%o P
l 3
Histamine \,
Aradykinin ; per \ DRG cell body
N \ {)
5-HT —> 7).

Spinal cord

Fig.1.4 The molecular complexity of the primary affererdciteptor is illustrated by its
response to inflammatory mediators released atsiteeof tissue injury. Some of the main
components of the ‘inflammatory soup’ are showrtgluding peptides (bradykinin), lipids
(prostaglandins), neurotransmitters (serotonin {9-ehd ATP) and neurotrophins (NGF). The
acidic nature of the inflammatory soup is also ¢ated. Each of these factors sensitize (lower
the threshold) or excite the terminals of the nggior by interacting with cell-surface receptors
expressed by these neurons. Examples of thesedantd representative molecular targets are
indicated in the box. Activation of the nociceptat only transmits afferent messages to the
spinal cord dorsal horn (and from there to therf)rdiut also initiates the process of neurogenic
inflammation. This is an efferent function of theociceptor whereby release of
neurotransmitters, notably substance P and caioitpene related peptide (CGRP), from the
peripheral terminal induces vasodilation and plasiteavasation (leakage of proteins and fluid
from postcapillaryvenules), as well as activatidnnm@ny non-neuronal cells, including mast
cells and neutrophils. These cells in turn contgbadditional elements to the inflammatory

soup.
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1.3 Pain classification

Even though the experience of pain varies from peeson to an other, it is
possible to categorize different kind of pain; waily, we can distinguish two
different types of pain, with specific characteastof duration and therapeutic
responsiveness: acute and chronic pain.

Acute pain appears suddenly and allows the individual to @névynore damage
to the body. It is normally localized, lasts forfew days and decrease with
healing. Causes inducing pain are usually cleargesy, trauma, infectious
disease in place or tissue damage. However tissogge causes the release of
potassium ions, bradykinin (BK) and serotonin (5}fRosland, J.H. et al. 1990]
5-HT is responsible of vasodilation and edema. BKvates C fibers receptors
and PLA2/COX cascade that synthesize many eicodan@®Gs, PG| LTs)
responsible of pain amplification. Currently, tmeant options for acute pain
control are varied and effective in most cases. télf&a the origin, acute pain
produces defense and security reactions, including:

» mood swings (depression, anxiety, fear)

« modifications in the autonomic nervous systenafges in heart rate and blood
pressure, nausea, vomiting, sweating)

* tendency to change posture.
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Chronic pain oppresses hundreds of millions people in the wanld alters their

physical, emotional health and working conditiois.is long-lasting, often

determined by the persistence of the damaging kisrand/or by phenomena of

self-maintaining, which retain the nociceptive silation even when the initial

cause is limited. This kind of pain is charactedizgy a major emotional and

psycho-relational components, strongly limits pbgbsiand social performance of

patient and is often linked to chronic diseaseseymhatic, bone, cancer,

metabolic). Chronic pain is hard to treat, requir@scomprehensive and

frequently multidisciplinary therapeutic intervearis, managed with high level

of expertise and specialization. From an etiopathetjc standpoint, pain can be

classified in: nociceptive, neuropathic and psychic

Nociceptive pain: is the process whereby a stimulus noxious (thermal

mechanical or chemical) is perceived in peripheyynlociceptors (peripheral

nerves), next transmitted to the CNS. It is a filmgpain, proportional to noxius

stimuli and disappear at the end of this one.tloa classified in:

o "Superficial", as in case of injuries or minor burns, when trigge

nociceptors activation on skin, looks like an acpe&n and is well

localized.
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e "Somatic", when is caused by nociceptors stimulation in desd
ligaments, bones, blood vessels and musclesaitlidl ache.
 "Visceral", as in endometriosis, intestinal obstruction or rstgiEc
cancer; is a throbbing pain, piercing, hard to tecageneralized or
reported (perceived in areas distant from the dahagrea, often
superficial) frequently accompanied by nausea, tiomiand feeling
unwell.
Post-operative pain can be classified as nociceam, associated with changes
in peripheral and CNS, in which psychological comgrt may have a variable
weight: is therefore a complex syndrome that respua multimodal treatment.
Neuropathic pain: is a chronic disease resulting from dysfunction tioé
nervous system often due to peripheral nerve injdgpersensitivity to sensory
stimuli (mechanical, thermal or chemical) is a coonnsource of pain in patients
and ion channels involved in detecting these siimnd possible candidates for
inducing and/or maintaining the pain.
Neuropathic pain is a multifactorial condition caddy damage or dysfunction
of the nervous system resulting in loss of affesarsory function, hyperalgesia
and allodynia (Campbell JN. et al. 2006). Hypersiges accentuated responses

to painful stimuli while allodynia is pain in respge to normally innocuous
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stimuli, and spontaneous pain. The sites of inpng often peripheral nerves of
DRG sensory neurons, which have an inherent pigsti€hanges in the
biological properties and functions of neurons lteisulong-lasting hyperalgesia
and/or allodynia that continue well after healirfighe initial damage. The bases
for these pathological conditions are gene expsasshanges in transmitters,
receptors and ion channels that ultimately resaltdistorted connectivity,
structure or survival of the neuro(\&oolf CJ. et al. 2000).

It is more frequently described as a feeling ottle shock, burning or tingling
continuous, and is associated with diseases sudtiaggtes mellitus, AIDS,
Herpes Zoster, multiple sclerosis, but also to maystrauma of the spine,
amputation (limb ghost), stroke and as a side eftédcsome chemotherapy.
(Treede RD. et al. 2008)

Psychic pain:it is physical pain caused, increased or prolongeémotional or
behavioral factors. It can be seen in patients wigntal disorders, but more
frequently it accompanies events such as sociattiep, the pain of love or the
loss of a loved one, and is manifested as head&elokache or stomach ache.
People who suffer of this pain are often stigmakjzeecause doctors tend to treat
psychic pain as “not real” and therefore not in ched appropriate therapy,

further exacerbating the mental state of the patien
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Table 1
Types of pain

Nociceptive Pain

e Normal processing of stimuli that damages normal tissues

e Responds to opioids

Somatic e Pain arises from bone, joint, muscle, skin, or connective tissue
e Aching, throbbing
e Localized

Visceral e Avrises from visceral organs
e Tumor: localized pain
e Obstruction of hollow viscus: poorly localized

Neuropathic Pain e Abnormal processing of sensory input by PNS or CNS
Centrally generated e Deafferentation pain: injury to PNS or CNS (eg, phantom pain)

e Sympathetically maintained pain: dysregulation of autonomic

nervous system (eg, complex regional pain syndrome | and )

Peripherally generated e

Painful polyneuropathies: pain is felt along the distribution of
many peripheral nerves (eg, diabetic neuropathy)

Painful mononeuropathies: associated with a known peripheral
nerve injury (eg, nerve root compression, trigeminal neuralgia)

Fig. 1.5Pain assessment and classification

Everyone reacts in a unique way to a painful stisubased on past experiences

and its pain threshold, and each person is ablasgess, according to its

parameter, how strong its

measurement. It is important that everyone leaiméasure pain (Carpenter JS.

et al. 1995).

pain and therefore ise aidl quantify by a

Pain is measured through the use of official scak&lated by international

clinical trials. Intensity is the parameter lesdicgfnt, because it rests on

subjective nature of pain perception (Fig. 1.6).

The scales, validated by international clinicahlsj include (“Pain Intensity
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Instruments”. National Institutes of Health-Warr@rant Magnuson Clinical
Center. July 2003):

- Visual Analogue Scales (VASYAS is a measurement instrument that tries to
measure a characteristic or attitude that is betlel@ range across a continuum
of values and cannot easily be directly measured.example, the amount of
pain that a patient feels ranges across a continiam none to an extreme
amount of pain. From the patient's perspective ghectrum appears continuous
+ their pain does not take discrete jumps, as agoaization of none, mild,
moderate and severe would suggest. It was to @i idea of an underlying
continuum that the VAS was devised.

Operationally a VAS is usually a horizontal lin@01lmm in length, anchored by
word descriptors at each end, as illustrated in EigThe patient marks on the
line the point that they feel represents their gption of their current state. The
VAS score is determined by measuring in millimetiresn the left hand end of
the line to the point that the patient marks.

- Scale VDS It is a one-dimensional scale that offers a sssion of adjectives
(None, Very soft, Feeble, Moderate, strong, vergrg}) that patient can choose
the one that best characterizes their status.

- Numerical Rating Scales (NRSB)RS is an 11-point scale where 0 is no pain
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and 10 the worst imaginable pain and is prefernganbst patients (Hjermstad
MJ. et al. 2011). There is, however, a discrepabeyween patients and
healthcare professionals regarding how the ratiings the pain assessment
should be interpreted (van Dijk FM. et al., 2012¢veral studies have described
and compared the use of different pain scales (hexrd MJ. et al. 2011), but no
study has described how patients perceive the fugg@ain scale in postoperative
care. Knowledge of patients' different perceptiaren facilitate healthcare

professionals' possibilities to meet individual de€Sjostrom B. et al. 2002)

Fig B. VRS?
‘ @ d 3 ] ] ® L ] L ] ® L L]
No pain Little Medlium Large \Worst
pain jpain pain possible pain

Fig C. NRS®
Worst
Mo pain Moderate pain possible pain

0 1 2 3 4 5 6 7 & 9 10

Fig D. VAS®
’ Visual analogue scale (VAS)
j. No pain Worst I
possible pain

Fig. 1.6Representation of pain scales
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2 — POST OPERATIVE PAIN

Effective control and management of post-operapiam are clearly of primary

concern to the patient and also of importance ecstirgeon, because of potential

adverse effects of the physiologic response to [fl@m surgery. Inadequate

treatment of postoperative pain continues to bengortant clinical problem, not

only leading to worse outcomes in the immediatequesative period but also

an increased risk for persistent postoperative.pain

An estimated 25 million inpatient surgeries and ahditional 35 million

ambulatory surgeries are performed annually inUls& (Hall MJ. et al. 2010;

Cullen KA. et al. 2009). Greater than 80% of suabipatients experience

postoperative pain, and 39% experience “sever&xtreme” postoperative pain

(Apfelbaum JL. et al. 2003). The mismanagementostqperative pain, whether

undertreatment or overtreatment, is associated \waitlvariety of negative

consequences, including cardiac alterations anceased risk of myocardial

ischemia or infarction, thromboembolic and pulmgneomplications, immune

alterations, increased risk of persistent postdpera pain, impaired

rehabilitation, increased length of stay and/orpitas readmission, decreased

quality of life, and adverse events related to egive analgesic use (Taylor S. et

al. 2003; Lucas CE. et al. 2007; Gandhi K. et L2 Lavand’homme P. et al.
34



2011; American Society of Anesthesiologists TaskrcBoon Acute Pain
Management 2012). Consequences of overtreatmenftareoverlooked but can
be life-threatening. Indeed, an observational swfdsurgical patients found high
rates of analgesic-induced oversedation in the filsspostoperative hours, with
dangerous levels of sedation occurring in 72.7%atients on PCA (Taylor S. et
al. 2003). A variety of new analgesic medicatiomsl dechniques have been
introduced to more effectively manage acute posaipe pain during the
preoperative, intraoperative, and postoperativeiogsy all of which may

contribute to the development of acute postopergiain.

2.1 Pathophysiology of postoperative pain

Acute postoperative pain is a nhormal responsergicl intervention and causes
delayed recovery and discharge after surgery at agebn increased risk of
wound infection and respiratory/cardiovascular cbhecagions (Khan R. et al

2011). Untreated acute pain leads to reduced pategrsfaction and increased
morbidity and mortality and also places a burdentlo@m patient and health
system finances. Acute pain that becomes intraetaibd persistent is considered
as CPSP. CPSP can have a significant impact opatent’s quality of life and

daily activities, including disturbances of sleem affective mood (Butterworth
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et al. 2013; Khan R. et al 2011). Acute postsutgi@an occurs secondary to
inflammation from tissue trauma or direct nervauigjand can be classified as
nociceptive or neuropathic. Tissue trauma relebksxad inflammatory mediators,
which can produce hyperalgesia (increased sengitta stimuli in the area
surrounding an injury) or allodynia (misperceptiof pain to non noxious
stimuli). Other mechanisms contributing to hypeealg and allodynia include
sensitization of the peripheral pain receptors nfpry hyperalgesia) and
increased excitability of CNS neurons (secondanyehgligesia) (Kodali BS. et
al. 2014). It is increasingly recognized that genttctors should be considered
within the context of the interacting physiologig@sychological, and
environmental factors that influence responsesin and analgesia. Pain control
has traditionally used opioid analgesia to targettal machanisms involved in
the perception of pain. A multimodal approach retbgg the pathophysiology
of surgical pain uses several agents to decrease rpaeptor activity and
diminish the local hormonal response to injury (KbdBS. et al. 2014;American
Society of Anesthesiologists Task Force on Acut@ Renagement 2012). This
approach lessens the dependence on a given mediaaid mechanism. For
example, local anesthetics can directly block peeceptors activity, anti-

inflammatory agents can decrease the hormonal megpo injury, and drug such
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acethaminophen, ketamine, clonidine, dexmedetomjdyabapentin pregabalin
can produce analgesia by targeting specific neamsmitters (Kodali BS. et al.

2014).

2.2 Pain management approaches targeted at the poperative period

Traditional pharmacological approaches to pain rgament in postoperative
period include oral or intravenous administratiom opioids and oral
administration of paracetamol BISAIDs. These approaches are associated with
a variety of adverse events, including respiratdepression (Dahan A. et al.
2010), nausea and vomiting (Becker DE. et al. 20pf)ritus (Tey HL. et al.
2011)and constipation (Camilleri M. et al. 2011) thwi opioids, and
gastrointestinal injury (Scarpignato C. et al. 20lyocardial infarction or
stroke (Trelle S. et al 2011), and acute renalfailHarirforoosh S. et al. 2009)
with NSAIDs. Accidental overdose and death alsnasuncommon after opioid
use (Porucznik CA. et al 2011). New opioids, dredivery approaches and
systems, and PCA techniques have been developetihance the analgesic

effects of NSAIDs and opioids and to minimize ttsk 1of adverse events.
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2.2.1 Paracetamol

Oral, rectal, and parenteral paracetamol can beeféective component of
multimodal anesthesia. Paracetamol significantlguoes pain intensity and
spares opioid consumption after abdominal surgéng. analgesic effect is 30%
less than that of NSAIDs, but side effects are fe{Baitterworth J. et al. 2013).
Paracetamol can also be used in conjunction withN&AIDs to improve

postoperative analgesia and as an adjunct to PGdéidgpto reduce morphine
requirements (Elia N. et al. 2005; Remy C. et 803). The primary concern
with use of paracetamol is hepatotoxicity, whichnm®st concerning in the
elderly and patients who chronically consume altdtus Food and Drug

Administration(FDA) 2005]. Even if paracetamol ieeoof the oldest and most
used analgesics, the debate on its mechanism iohaobntinues. Contrary to
previous assumptions, the analgesia is most likedgiated centrally and may
involve direct and indirect inhibition of centralOX, but also the activation of
the endocannabinoid system and spinal serotoneeaglovays (Graham GG. et
al. 2013).

The more recent availability of a paracetamol prapen for infusion has

increased its usefulness, in particular in thegpenative setting (Tzortzopoulou

A. et al. 2011). Perioperative administration rezkipostoperative nausea and
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vomiting, in particular if prophylactically givert anduction of anesthesia (Apfel
CC. et al. 2013).

With regard to adverse effects, concerns about tbapacity with overdose,
which is in 50% of cases unintentional, continubgden M. et al. 2014) and has
lead the FDA to enforce a reduced dose per tabtmtiever, in therapeutic doses
below 4 g/day, hepatotoxicity is very unlikely toooir (Dart RC. et al. 2007);
surprisingly, even excessive alcohol consumptieanseto be no risk factor for

paracetamol -induced hepatotoxicity (Graham G@l.2013).

2.2.1 Non-steroidal anti-inflammatory drugs (NSAIDSs)

NSAIDs such as ibuprofen, ketorolac, naproxen ar@dX& inhibitors are
effective analgesics in a variety of acute paitestand have a broad spectrum of
anti-inflammatory and antipyretic effects (MacirgyrPA. et al. 2010).
Intravenous ketorolac is widely used during theiqperative period for short-
term treatment of acute pain and as an adjunciptioids for the treatment of
moderate to severe postoperative pain. Maximal fitemecurs when the
NSAIDs is continued for 3 to 5 days postoperati@ivir-Lazo O. et al. 2010).
The addition of NSAIDs to systemic opioids dimireshpostoperative pain

intensity, reduces opioid requirements, and deeseapioid side effects, such as
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postoperative nausea and vomiting and respiratepyes$sion (Butterworth J. et
al. 2013). NSAIDs are the key components of muldaloanalgesia but are
generally inadequate as the sole analgesic agentcomtrol of severe

postoperative pain. When used in combination wikoids, NSAIDs improve

analgesia, decrease opioid consumption and its reelveffects, such as
postoperative nausea, vomiting, and sedation (Mgeret al. 2010).

NSAIDs increase the risk of gastrointestinal blagdand postoperative bleeding,
decreased kidney function, impaired wound healsgg risk of anastomotic
leakage (Butterworth J. et al. 2013). Their useukhtherefore be guided by the
type of surgery being performed and by consultabetween the surgical and
anesthesia teams. COX-2 inhibitors also reduceopesative pain, with less risk
of NSAID-related platelet dysfunction and bleedirgt are associated with
cardiovascular risk in the perioperative period t(Buwworth J. et al. 2013). The
risk of adverse renal effects of nonselective NS\lhd COX-2 inhibitors is

increased in the presence of preexisting renal immast, hypovolemia,

hypotension, and use of other nephrotoxic agents angiotensin-converting

enzyme inhibitors.
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2.2.3 Ketamine

Ketamine can be used as an antihyperalgesic ipgatieperative period (Grosu I.
et al. 2011). Although traditionally used intracggrely, low-dose ketamine has
increasingly been given for postoperative analgésiarley R. et al. 2010).
Perioperative subanesthetic doses have been showdedrease the opioid
requirements and decrease the reported pain itgghiirley R. et al. 2010). At
the low doses used in the postoperative periodanieie does not result in

hallucinations or cognitive impairment that areeafseen with high doses.

2.2.4 Local Anesthetics

Lidocaine patch is primarily used for allodyniaie&l(painful hypersensitivity)
and chronic pain in postherpetic neuralgia. Onseapproximately 4 hours.
Absorption is dependent on dose, application site] time exposure. Time to
peak effect of 5% transdermal lidocaine is appratety 11 hours after
application of 3 patches. Lidocaine patches hawn hesed successfully for the
treatment of pain secondary to rib fractures, ljzaok, and orthopedic surgeries.
On-Q pain relief system is a non-narcotic elastaenpump that automatically

and continuously delivers a regulated flow of loemlesthetic to a patient’s
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surgical site or in close proximity to nerves, pding targeted pain relief for up
to five days. Studies have suggested clinical benah use of this system after
abdominal, gynecologic, and thoracic surgeries (Mse et al. 2010;Ventham
NT. et al. 2013;Gebhardt R. et al. 2013). A metahgis of studies using the
system after colorectal surgery via laparotomy (Ki&esalinigam A. et al. 2008)
showed a reduction in pain with movement and deerem total opioid

consumption, but no decrease in length of stayewusi Definitive conclusions

about the overall benefit of this approach awaithier study.

2.2.5 Opioid analgesics

Opioids remain the cornerstone of the managemesurgfical pain, despite their
potential side effects, and can be given through IM, oral or transdermal
routes. IV opioids provide rapid and effective gesia for patients with
moderate to severe pain. Morphine is the protoalpapioid agonist and the
standard for management of acute pain. It has mtel@nalgesic potency, slow
onset, and intermediate duration of action. Thd-lifal is 2 hours, and its
duration of action is about 5 hours. The metab®ldEmorphine are excreted by
the kidney and therefore the sedating effects @prblonged in patients with

renal failure (Gandhi G. et al. 2012). Hydromorphdos a semisynthetic opioid,
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which is 4 to 6 times more potent than morphines ibnset of action is more
rapid than morphine, but short-acting. It is a dretthoice for patients with renal
failure and has a lower incidence of pruritus aadasion than morphine. It is
particularly useful in patients who are opioid talet.

Fentanyl is a synthetic opioid, which is 50 to 8hes more potent than
morphine. It has a rapid onset of within 5-7 misyteith a short duration of
only about 1 hour. IV fentanyl can be particulagfjective when rapid analgesia
is needed, such as in the post-anesthesia careouniitensive care unit.
Transdermal fentanyl is an alternative to sustamdehse oral morphine and
oxycodone preparations. This patches have a disgyveir, which is separated
from the skin by a microporous rate-limiting menmiwaand provide medication
that last for 2 to 3 days. Meperidine lowers saztireshold, has a dysphoric
effect, and is not recommended for postoperativim gantrol. In addition,
meperidine has a slower rate of metabolism in tderly and in patients with
hepatic and renal impairment, leading to accumutatf meperidine and its
active metabolite normeperidine, and consequekfoisseizures.

Oxycodone is a potent opioid agonist, which is nelized in the liver. In an
experimental pain model, oxycodone was more effedtian morphine for pain

related to mechanical and thermal stimulation eféeophagus, suggesting that it
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could be more effective than morphine for visceeh.

Tramadol is an effective analgesic for mild to mmade pain and neurophatic
pain. The risk of respiratory depression is lesnmared with other opioids, and
significant respiratory depression has been redaonly in patients with severe

renal failure.

2.2.6 Antidepressants

Antidepressants are useful for patients with nelatp pain, even when
depression is not a diagnosis of the patient. Tiadgasic effects occur at lower
doses than needed for antidepressant activity. rGligyclic agents, such as
amitriptyline and nortriptyline, which block theugtake of 5-HT and NE, seem
to be more effective than selective serotonin rakgptnhibitors (Butterworth J.
et al. 2013). The onset of pain relief is usualbt mmediate and may take
weeks to have a complete effect. Antidepressantk west for pain from nerve
damage secondary to diabetes, peripheral neurgp@hal cord injury, stroke,

and radiculopathy (Butterworth J. et al. 2013).
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2.2.7 Anticonvulsants

Anticonvulsant medications are useful for patiemi$h neurophatic pain as well
as for suppressing postoperative pain (MelemenieAal. 2007). The most
commonly used agents include gabapentin, phenytcambamazepine, and
clonazepam. Pregabalin is a newer agent, whiclbéas approved for all forms
of neuropathic pain (Butterworth J. et al. 2013heTsynergism between
gabapentin and opioids results in an opioid spaefigct (Melemeni A. et al.
2007). Procedures in which gabapentin use for pesative pain relief has been
studied include breast surgery, hysterectomy, $moegery, postamputation,

orthopedic surgery, and post thoracotomy (Melemermit al. 2007).

2.2.8 Corticosteroids

Corticosteroids when used as an adjuvant decrgas&l @onsumption and help
reduce postoperative pain (Elvir-Lazo O. et all®0 Dexamethasone is the
preferred corticosteroid, because it also reducestoperative nausea and

vomiting.
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3.0 PARACETAMOL
Paracetamol (an international name used in Eurape) acetaminophen (an
international name used in the USA) are two offino@mes of the same chemical
compound derived from its chemical name: N-acetyhpaminophenol (the
segment “cet” inserted between “para’” and “amin@fhd N-acetyl-para-
aminophenol. This drug has a long history and, tasften happens with
important discoveries, it was found by chance hin80s of the 1®century, two
young doctors at the University of Strasburg, ideorto eradicate worms by

mistake dispensed acetanilide to a patient instéadphthalene (Fig. 3).

o)
I
CHD HN—C— CHy
HN—C— CH,

@ \ l? / OCsz
Acetanilide HN—C— CHj Phenacetin

OH

Paracetamol
(Acetaminophen)

Fig.3 Chemical structure of analgesics - aniline denest Phenacetin until the 80s of the
20th century was included in the composition of euras mixtures.

They noticed that the drug had a small impact ¢estmal parasites, however, it
significantly decreased high temperature. Youngatsc-Arnold Chan and Paul
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Heppa - quickly published their discovery and aciéitle was introduced into

medical practice in 1886 under the name of antifeChan A. et al. 1886).

Soon it appeared that although the production «f thug was very cheap,

acetanilide could not be used as an antipyreticicaetent due to its high

toxicity, the most alarming of which was methemdgh@mia. This resulted in a

great deal of research on less toxic derivativeacetanilide. Phenacetin and N-

acetyl-p-aminophenol appeared to be the most gaistompounds, which had

been earlier synthesized by Harmon Northrop Morsd878 (Fig. 3) (Morse

H.N. et al. 1878). The first clinical trials witlhdse two acetanilide derivatives

were performed by a German pharmacologist JoseptMasing. On the basis of

the obtained results, a faulty conclusion was dralat paracetamol was

characterized by high toxicity similar to acetaawlj therefore phenacetin was the

first derivative to be introduced into medical gree in 1887. Phenacetin was

widely used in analgesic mixtures until the timeewht was associated with the

development of analgesic nephropathy after a pgadrusage (von Mering J. et

al 1893). In Poland, phenacetin was used as a coempf very popular and

available everywhere analgesic “tablets” with thecross”. In fact,

acethaminophen/paracetamol became popular halfaa lgger in 1948 when

Bernard Brodie and Julius Axelrod demonstrated plaaacetamol was the main
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active metabolite of acetanilide and phenacetiparsible for their analgesic
and antipyretic action and that methemoglobinemas wnduced by another
metabolite, phenylhydroxylamine (Brodie B.B. et. E348). That discovery
revolutionized the pharmaceutical market of anatgekugs and since then

paracetamol has started its staggering career.

3.1 Use of paracetamol

Paracetamol was introduced into pharmacologicalketain 1955 by McNeil
Laboratories as a prescribed analgesic and antipyteig for children under its
trade name Tylenol Children’s Elixir (the name tgéderives from its chemical
name N-acetyl-p-aminophenol). One year later, 5@0tablets of paracetamol
were available over the counter in Great Britaidemnthe trade name of Panadol,
which were produced by Frederick Stearns & Co,ldrench of Sterling Drug
Inc. In Poland, paracetamol became available in1186d since then it has
belonged to the one of the most frequently soldgaséc medications. There are
about 100 preparations in the trade offer, whichtaio paracetamol alone or in
combination with other active substances.

The paracetamol place on the WHO analgesic laad@ch precisely defines the

rules for application of analgesic drugs, is impres. This drug has been placed
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on all three steps of pain treatment intensity.different pains of moderate
intensity, paracetamol as a weak analgesic togettitr NSAIDs or co-
analgesics (e.g., caffeine) is a basic non-opimidigesic (the first step of the
analgesic ladder). When pain maintains or incregsa®cetamol is used as an
additional analgesic with weak (e.g., caffeine,madol) or strong (e.g.,
morphine, phentanyl) opioids from the second andl tetep of the analgesic
ladder, respectively. Paracetamol, if efficientaisecommended first choice oral
analgesic to be used for a long time, e.g., in $gmptic treatment of slight and
moderate pain occurring in osteoarthritis as weliramuscle or tendon pains.
Moreover, it is a drug of choice in patients in whapplication of NSAIDs are
contraindicated, e.g., in the case of gastric glcaypersensitivity to aspirin,
impairments in blood coagulation, in pregnant womeuarsing mothers and
children with fever accompanying a disease (Leungtlal. 2012). The use of
paracetamol in children requires special care aachtain in an adequate dosage
(based on age), which significantly differs fromarslard adult. The
recommended dosage for children consider the migaboof paracetamol,
which determines the toxicity of the drug, espégiakpatotoxicity (see below).
In children, paracetamol metabolism changes wiix @&g younger children the

sulfation pathway is dominated route of paracetamlohination (which is
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mature at birth); the glucuronidation pathway takbsut two years to matut
The oxidation ofparacetami, which takes place mainlyith the participation o
the enzyme CYP2EL1 in neonates is negligible, bec#hs activity of CYP2E

increases with age, reaching the adult value afi-10 years.

STEP 3

STEP 2

STEP 1

MILD PAIN

non opioid
(NSAID's, Paracetamol)

+/- adjuvant

Figure 3.1Paracetamobn the WHO analgesic ladder (the rules for usirgjgasics, whicl
consider individual intensity of pai

3.2 Mechanisms of actio

More than 100 years after its synthesis, the mashmanf action of paracetam

remains unknown. In particular, it isll under discussion as to whether it e
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peripherally and/or centrally and which analgesthgvay is mainly affected by
its administration (Smith HS. et al. 2009). Potantnechanisms include an
inhibition of COX isoenzymes (Graham GG. et al. 200nteraction with the
endogenous opioid pathway (Raffa RB. et al. 2004gtivation of the
serotoninergic bulbospinal pathway (Roca-Vinardelet al. 2003) involvement
of NO pathway (Bujalska M. 2004), and an increase&annabinoid/ vanilloid
tone (Ottani A. et al. 2006). As the analgesicamdiof paracetamol resemble
those of NSAIDs, the first effort to explain its amanism of action was directed
at demonstrating that paracetamol also inhibits CBlgwer and Vane showed
that the antipyretic effect of paracetamol is esfato the inhibition of PGs
synthetase in the brain (Flower R. et al. 1972)hi 1990s a major advance in
physiology and pharmacology was the discovery @& thwo COX isozymes
(COX-1 and COX-2), which catalyze the conversionA#t to PGs, TXs, and
PGI2 and represent the targets of NSAIDs. PGs adiators of fever, pain and
inflammation. Both of the COX enzymes have cyclapxyase and peroxidase
activity. The cyclooxygenase activity converts AA PGG2, which is a
hydroperoxide, and then the peroxidase part of ¢heyme catalyzes the

metabolism of PGG2 to PGH2 (Chandrasekharan N¥l. €004).
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COX is sensitive to the local oxidation environmewtich is influenced by
organic peroxides and by reducing or oxidizing agler reducing agent is
required to convert the COX enzyme from the actixiglized form (F&") to the
inactive resting form (F&). In broken cell preparations, a phenol that is
commonly added to the cells represents the redwgegt (Lucas R. et al. 2005).
Paracetamol (para-acetyl-amino-phenol) is a suibstitphenol; therefore, it acts
as a reducing agent (Aronoff DM. et al. 2006). Aligh it has no affinity for the
active site of COX, it blocks its activity by redng the active oxidized form of
the enzyme to an inactive form. In intact cells,ewtihe levels of the substrate
AA are low (less than 5 umol/L), paracetamol is @ept inhibitor of PG
synthesis, because it blocks the physiological megdion of peroxidases; thus,
the process is stopped. However, in broken cellsgnwthe concentration of
hydroperoxides is high, paracetamol is a weak itdrilof PG synthesis (Ouellet
M. et al 2001). The inhibitory effect of paracetdnom PGI2 production is
completely blocked by butyl-hydroperoxide (Bouta@ et al. 2002).This
peroxide-dependent COX inhibition explains why patamol is not active at
peripheral sites of inflammation where peroxideaanirations are high, whereas

it is active in the brain where peroxide conceitreg are low.
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Paracetamol selectively inhibits COX activity inllsewith a low oxidant status
(endothelial cells), rather than cells with a hmgtidant status (platelets) (Lucas
R. et al. 2005). The selective inhibition of COX @NS explains why
paracetamol is not associated with gastric sidecesfand inhibition of platelet
activity that are typically observed with NSAIDs.nQhe other hand, these
findings support the hypothesis that paracetamoésdmot possess anti-
inflammatory efficacy similar to NSAIDs, but rath#grhas only analgesic and
antipyretic actions. However, due to the similanfysome of its in vivo effects
to those of selective COX-2 inhibitors, some auhoraintain that paracetamol
has some anti-inflammatory activity; however, ikally does not suppress the
types of severe inflammation that accompany diseasech as rheumatoid
arthritis (Graham GG. et al. 2005).

A second hypothesis posits that paracetamol actsebgctively inhibiting a
particular isoform of the COX enzyme; this isoformhich was characterized
and cloned in dog brain, was designated COX-3 (Glemekharan NV. et al.
2002). COX-3 is highly expressed in specific tissuguch as the brain and the
heart. The presence of COX-3 could explain the mphaapological actions of
paracetamol and other drugs that are weak inhgitdr COX-1 and COX-2

(Botting R. et al. 2005). However, COX-3 is simalyariant of COX-1 that is
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derived from the same gene on chromosome 9 anihsetdaron 1. The retained
intron sequence could alter folding and may afteetactive site of the enzyme,;
this might lead to altered enzymatic propertiessta@wvn by the lower potency
(about 1/5) in generating PGE2 (Schwab JM. et @32. Therefore, as COX-3
is unlikely to be the elusive target of paracetamdhuman tissues, the mystery
as to how paracetamol exerts an analgesic effabibut affecting COX-1 and
COX-2 remains unsolved. Recent findings have shthah the analgesic effect
of paracetamol involves a “self-synergistic” intetfan between spinal and
supraspinal sites, with recruitment of endogenquisid pathways. IT (spinal)
administration of paracetamol in mice produced de$ts#ted antinociception that
was insensitive to the opioid antagonist naloxambereas ICV (supraspinal)
administration had no effect. However, combined iadstration produced
synergistic antinociception that was reversed whaloxone was given either
spinally or subcutaneously (Raffa RB. et al. 200@lpreover, each of the
subtype-selective opioid receptor antagonists [Hetaaltrexamine (W),
naltrindole §), and Norbinaltorphimine xj attenuated the site/site synergy
produced by paracetamol; thus, each of the opieckptor subtypes and
endogenous pathways (endorphin, enkephalin, andrgigim) were implicated to

some degree in this synergy (Raffa RB. et al. 2084) paracetamol does not
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bind to opioid receptors (Raffa RB. et al 1996) aatbxone does not reverse its
analgesic effect at a single site but only attessiétte spinal/supraspinal synergy
(Raffa RB. et al. 2000) these findings support ligpothesis that the analgesic
activity of paracetamol includes the activationdsscending opioid pathways
and a synergistic interaction at the level of thmal cord. Many studies support
the hypothesis that 5-HT participates in the cérdratinociceptive effect of
paracetamol. 5-HT and NA are the two main neurstratiers implicated in the
endogenous descending pain inhibitory pathway, knaag the “analgesic
system”, which originates at the level of the maibrin the periaqueductal gray
and in the magnus raphe nucleus that lies withenntiedulla (Coluzzi F. et al.
2005)

In rat brain, the antinociceptive action of patao#l is associated with changes
in the serotoninergic system. A significant dowgtiation of 5-HE, binding
sites in the frontal cortex in response to 5-Heask was demonstrated in rats
after the administration of paracetamol; this iatks that the serotoninergic
system plays a major role in the mechanism undeglynalgesia produced by
this drug (Srikiatkhachorn A. et al 1999).

The antinociceptive activity of intraperitoneallgiainistrated paracetamol in the

hot-plate test in mice was increased by the sekediiockade of 5-Hi, and 5-
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HT.g receptors, whereas it was antagonized by the astmation of selective
agonists for these receptors (Roca-Vinardell et 2003). IV and oral
administration of paracetamol in rats, followingtraplantar injection of
formalin, reduced nociceptive behaviors (biting éioking) in both phases of the
typical nocifensive response to the test.

The antinociceptive activity of paracetamol was ptately blocked by the IT
administration of a 5-H{, receptor antagonist. Conversely, intraplantarctipe

of paracetamol failed to induce any anti-inflamnmmateffect and reduced
nociceptive behavior only at high doses in the yegthase of the test; this
suggested a lack of relevant local activity (Boimmef]. et al. 2003). The potent
5-HT; receptor antagonist tropisetron has been reported reverse
antinociceptive effect of paracetamol in the paespure test in rats (Pelissier T.
et al. 1996). However, IT injection of other 5-Hieceptor antagonists, such as
ondansetron and granisetron, was unable to bleckctivity. This suggested that
a specific spinal tropisetron-sensitive receptomuld¢obe involved in the
antinociceptive mechanism of action of paracetathddert F. et al. 2004).All
these findings reinforce the evidence for a celytatting component of
paracetamol that involves the serotoninergic inbrgi descending pathway.

Among various mechanisms proposed to account ferathalgesic action of
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paracetamol is the nitric oxide pathway. The L-airgg-NO pathway is activated
by SP and NMDA, and its activation results in tlaeilitation of nociception
transmission. Paracetamol inhibited SP-mediated ettaygesia. Moreover,
inhibitors of nitric oxide synthase activity prodwt antinociception and
markedly increased the analgesic action of paraw#téBujalska M. et al. 2004).
Recent investigations have demonstrated that asialgéfect of paracetamol is
due to the indirect activation of cannabinoid ;GBceptors (Bertolini A. et al.
2006). In brain and spinal cord, paracetamol, folthy deacetylation to its
primary amine (p-aminophenol) and conjugation wi&A by the action of
FAAH, is converted to the bioactive metabolite Ndathanolamine (AM404)
(Hogestatt ED. Et al. 2005).

As it is an inhibitor of the cellular reuptake afaandamide (the first recognized
endocannabinoid), AM404 can indirectly activate ,GBceptors by increasing
the levels of endogenous cannabinoids in the bkdameover, AM404 is a potent
activator of vanilloid subtype 1 receptor (TRPVEygmunt PM. Et al. 2000).
The antagonism of CBreceptor activity completely prevents the analgesi
efficacy of paracetamol (Ottani A. et al. 2006). AB4 inhibits in a dose-
dependent manner both COX-1 and COX-2, and beaafubee consumption of

AA, it reduces the production of PGs (Zygmunt PMak 2000) . This could
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explain why paracetamol inhibits prostaglandin piitbn in the brain.
Moreover, besides inhibiting nociception, cannaldleomarkedly lower body
temperature via activation of GBeceptors. Therefore, the potential involvement
of the cannabinoid system could also help explamipgretic effect of
paracetamol. Finally, the well-known effects of iabinoids (relaxation,
euphoria and feelings of wellness) are shared bynananalgesics, such as

paracetamol, acetanilide, and phenacetin (Bertélirat al. 2006).

3.3 Potential toxicity and safety profile

Paracetamol has been used safely and effectiveljnémy years. At therapeutic
doses, it is considered to be safer than NSAIDgcigfly for chronic pain
management (Courtney P. et al. 2002). Indeed dursently recommended by
several international guide-lines as the first lir@atment for chronic conditions,
such as osteoarthritis pain (Recommendations ferntiedical management of
osteoarthritis of the hip and knee: 2000 update.eAran College of
Rheumatology Subcommittee on Osteoarthritis Guidsl). However, in a small
minority of patients paracetamol is responsible lfi@-threatening liver injury.
This potential hepatotoxicity could still represenperceived barrier to its use

among some physicians.
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The liver is the organ that is most affected bytacparacetamol toxicity.
Damage to the liver following paracetamol ingesti®mnot due to the drug itself,
but to the toxic metabolite NAPQI. Once absorbegpraximately 90% of
paracetamol is metabolized by conjugation (mairlycgronidation) via UDP-
glucuronosyltransferase  (isoform UGT1A6) and swdfat via two
sulfotransferases (SULT1A1 and SULT1A3); the enodpcts are inactive
metabolites that are eliminated in urine. A smadicfion (5%) is eliminated
unchanged. The remaining 5% is oxidized by the (&PZubfamily of
CYP450, which leads to the formation of NAPQI (GEoCK. et al. 2007).
Other human CYP450 isoforms, including CYP1A2, C¥B3and CYP2A6,
have been reported to form NAPQI in vitro, but theantributionsin vivo seem
negligible (Manyike PT. et al. 2000). Paracetansohliso oxidized by CYP2A6
to form inert catechols, such as methoxyparacetamol

In the liver, NAPQI is quickly combined with the dwgenous antioxidant
glutathione to form non-toxic conjugates that afamieated in the urine.
However, after an overdose (when glutathione storeshe liver become
depleted), free NAPQI begins to accumulate andesaaentrilobular necrosis of
the liver. Critical events that lead to cell deattlude the oxidation of enzymes,

DNA fragmentation, and mitochondrial injury. Hemainjury can be limited
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through administration of N-acetylcysteine, whiokplenishes the levels of
glutathione in the liver (Gelotte CK. et al. 200Risk factors that may

predispose patients to paracetamol-induced hepatdioare excessive dosing,

increased CYP450 activation (as in patients treat@hd anticonvulsants and

isoniazid, etc.), decreased gluthatione availahilénd chronic severe ethanol
abuse (Bertolini A, et al. 2006).

Paracetamol overdose remains a significant clinpcablem, accounting for as

many as 40% of acute liver failure cases in thetadhiStates and the United
Kingdom. Furthermore, recent data suggest an iseremn paracetamol

intoxications in recent years. Besides suicidengtts, unintentional overdoses
constitute at least half of paracetamol relatedpitalszations. It is important to

emphasize that the median dose ingested by indilsdwho developed acute
liver failure was 24 g (equivalent to 48 tablet® $0g) (Larson AM. et al. 2005).

Risk factors include repeated dosing in excess axfkage labeling, use of

multiple paracetamol containing products, simultarseuse or abuse of alcohol
and narcotics, age, and comorbidities that incliur diseases and depression
(Myers RP. et al. 2008). Conversely, when used ratappropriate dosage,

paracetamol is a safe drug for both acute and ahnosmin management. The

maximum daily dosage is 4 g; this is consistenhwite decline in analgesic
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activity, which normally occurs over a period ofi@urs. The recommended dose
for IV paracetamol injection in adults is 1 g.

The perception that paracetamol should be avoidgxhiients with chronic liver
disease arose from an awareness of the assodmismeen massive paracetamol
overdose and acute liver failure. However, themigvidence in the literature of
an increased risk of hepatotoxicity in these pasienth the recommended doses.
Alcoholic patients treated with the maximum recomoed daily dose of
paracetamol (4 g per day for three consecutive)ddigisnot develop increases in
serum transaminases or other measures of liveryifKuffner EK. et al. 2007).
Therefore, paracetamol can also be used safelgtiarjis with liver disease.
Paracetamol -induced nephrotoxicity occurs in 1ef%atients with paracetamol
overdose, and this becomes evident after hepatityxit can be differentiated
from hepatorenal syndrome, which may complicatenimnt hepatic failure.
The pathophysiology of renal toxicity in paracetdnpwisoning has been
attributed to CYP450 mixed function oxidase isoeneyg that are present in the
kidney. The role of N-acetylcysteine therapy in ®witing of paracetamol -
induced renal failure is unclear. Paradoxicallytathione conjugates have been

implicated in the formation of nephrotoxic composr@lazer M. et al. 2008).
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Generally, paracetamol is thought to have only miifects on renal function,
as it does not affect constitutively expressed CDX-

In contrast to traditional NSAIDs, paracetamol isually not considered to
influence platelet function. However, recent inigations have shown that IV
paracetamol is a weak inhibitor of platelet COXwith a dose-dependent
antiaggregatory effect observed in healthy voluistéer at least 90 min after its
administration (Munsterhjelm E. et al. 2005).

Paracetamol causes a mild degree of COX-1 inhibitidien associated with
parecoxib and it potentiates the antiaggregatdigcesd of aspirin and diclofenac
(Galliard-Grigioni KS. et al. 2008). Platelet aggaéon is more impaired by
diclofenac than paracetamol, even when administratehe loading dose of 3 g
(Silvanto M. et al. 2007).

The antiaggregatory effect of paracetamol doeseein to be clinically relevant,
and surgical bleeding attributable to paracetamehss unlikely (Munsterhjelm
E. et al. 2005). However, in chronic treatmenth@ligh paracetamol is
considered the analgesic of choice in patientsivige anticoagulants, the
combination of paracetamol and warfarin is notae,sas is generally believed.
A recent international study showed a significamtréase in the INR and

significant reductions in vitamin K-dependent dloft factors in patients
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receiving a stable treatment of warfarin who reedi¥ g paracetamol per day for
14 days. These results suggest that an intendiN&l monitoring in patients
treated with oral anticoagulants and paracetamadmssable (Mahel I. et al.
2006).

The identification of drug-drug interactions isiarportant aspect of patient care.
Paracetamol is widely metabolized by UDP-glucurghdsansferase (UGT)
enzymes that play a key role in drug-drug intecansj as they catalyze the
conjugation of various endogenous and exogenoustautes. Experimental
evidence indicates that ranitidine, propanolol, arsdpride inhibit paracetamol
glucuronidation, whereas estrogen-containing asatraceptives increase it. The
effects of carbamazepine, phenytoin, phenobarlatad, rifampin on paracetamol

glucuronidation remain to be determined.
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4.0 AIM OF STUDY

Paracetamol is an active ingredient possessingesialand antipyretic activity.

In clinical field, paracetamol is principally used an analgesic in mild and

medium pain and as an antipyretic in the treatroémebrile states in adults and

children.

The most common pharmaceutical form is the solielantablet, granule form or

suppositories. Moreover, solution containing pat@ao®l for IV infusion can

also be found on the market. These are formulatindeated for short-term

treatment of medium pain, in particular of the tygeperienced following a

surgical intervention. IV administration is resedvier cases in which is needed

to treat pain and/or hyperthermia urgentely or wh#érer administration routes

are not available.

Paracetamol administration by alternative methadstill yet to be extensively

explored and essentially no specific applicatioasenbeen found in analgesic

therapy. Recently, much attention was focused ambpdministration, in order

to overcome the hepatotoxicity after oral admiistm of high doses.

However spinal administration of injectable solnsogenerally shows some

limitations. First restriction is that drug is peséd in a defined and confined

space in which a limited amount of solution canrifesed.
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In case of hypersaturated paracetamol solutioslithitation is overcome, since
a therapeutically effective dose of paracetamdissolved in a lower volume
compared to an unsaturated conventional solution.

In this regard, our aim has been to verify the afféf a supersaturated aqueous
solution of paracetamol (SINTETICO; SIN) after sgiadministration in a post-
operative pain model. This solution was suppliedpbwarmaceutical company
“Sintetica S.A”. Moreover, knowing the marked aredg effect of paracetamol
following oral administration (PARA) and considagithe use of this drug as a
premedication before surgery, we investigated tffecaey of paracetamol
combination by oral and spinal routes.

Furthermore, despite paracetamol medical use isatiolated by many years, its
mechanism of action is still poorly understood. fEhare several hypothesis
concerning the possible mechanism of action, shgpwirat paracetamol has
pleiotropic effects on several receptors. In fask studied the possible
mechanism of the analgesic effect of paracetamollowing spinal
administration; in particular, on basis of liten&s data, we evaluated the
involvement of cannabinergic (GBand CB), opioidergic  and k) and

serotoninergic (5HJ) systems.
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Finally, is well known that orally high doses of raeetamol could cause
perilobular hepatotoxicity, which is the main lintat use this drug, particularly in
fasting patients before surgery.

To date, paracetamol toxicity after spinal admmaisbn is still poorly known; so
we examined if single or repeated administratioowsd physiological and/or
morphological modification of cauda equina or neouadles of the lumbosacral

spinal cord sections.
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5.0 MATERIALS AND METHODS

5.1 Animals

The experiments were performed on Wistar Han 15199 g rats Harlan,
Italy) housed in the animal care facility of the d@aetment of Pharmacy -
University of Naples. Animals were housed in a roewith controlled
temperature (22+1°C), humidity (60+£10%) and ligh2  per day); food and
water were availablead libitum Rats were randomly allocated to each
experimental group. Each group was composed byeast!|6 animals.
Following surgery, rats were housed singly in cagestaining clean soft
bedding. All procedures involving rats were carr@gt in accordance with
institutional guidelines and complied with Italidinistry of Health Decree
Law no.116 of 27 Jan 1992 and associated guidelir@® European

Communities Council Directive 86/609/EEC of 24 NI886.

5.2 Drugs

SIN 3-5% (batch RD039, EXP. 05/2014-batch RDO40PERS5/2014) were
synthesized in Sintetica laboratories (Mendrisiowit&rland). This

formulation is an paracetamol supersaturated iaetagueous solution for
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analgesic use by spinal administration, whereid sapersaturated injectable
aqueous solution comprises paracetamol in a coratamt ranging from 2 to
5 % w/v. The doses of SIN used were 100, 200,3@050® pg; 10 pl/it/rat
and dissolved in sterile saline. SIN was administtdefore incisional paw.
PARA was purchased from Sigma-Aldrich (Milan, Ifalit was dissolved in
sterile saline. Drug was os administrated at tlreed@f 200, 300 and 500 mg/
kg (0.5 ml/rat ), 15 min before surgery, but durcmmbination with spinal
route, acetaminophen was administrated 5 min besfoireal injection.
Moreover, CB and CB antagonists (AM281/AM630),u, & and «
antagonists (Naloxone and Nor-Binaltorphimine) aBHT; antagonist
(Tropisetron) were purchased from Tocris (TocrisdBience, Bristol, UK).
All antagonists were administrated at the doseOofid/ IT. Antagonists were

injected by spinal route 5 min before SIN admi@san.

5.3 Spinal administration

Animals were anesthetized by inhaling enflurane/Qixture and the
anesthesia was maintained by a mask during therliy @dministration

procedure. A foam block was placed under the arsnadddomen, in order to
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produce a larger field for the needle insertionteAtlisinfecting the area with
betadine, a 26G needle connected to a Hamiltomggyriwas introduced
through the intervertebral space L4-L5. Puncturéhefdura was followed by
a marked tall flick, indicating the good practidemection. The volume used
for single spinal administration was 1l The injection lasted 30-40 sec.,
Rats with taill movement or motor dysfunction in thiemdlimbs following
spinal injection have not been used for our expenits, and were sacrificed.

Incisional paw model was made 5 min following spa@ministration.

5.4 Intrathecal catheterization

The procedure of IT catheterization has been destrearlier (Malkmus and
Yaksh, 2004). Briefly, the animals were anesthetizath a mixture of
ketamine and xylazine (respectively 100 and 5 mgitktyaperitoneal). The
head was fixed in a stereotaxic frame. An incisi@s made over the back of
the neck and scalp and the underlying muscle dethéfom the occipital
crest. The muscle on either side of the externeipgal crest was detached
and retracted to expose about 3-4 Taithe atlanto-occipital membrane. The

membrane was incised by a needle, which led te#oape of cerebrospinal
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fluid. The caudal edge of the cut was lifted ancbwb8.5 cm of 28G
polyurethane catheter (Alzet 7741, Charles Rivegdo, Italy) was gently
inserted into the IT space in the midline, dorsatite spinal cord until the
lumbar enlargement.

The out-dwelling part of the catheter (3 cm) wasseld with a wire plug. The
skin was sutured (polyamide 4-0 Ethicon). Animalsowing motor

abnormalities were euthanized. The rats were atioiwerecover for 5 days.
On the 3rd day, rats were observed for temporangd limb paralysis after
intrathecal 2% lidocaine (Xylocaine) injection (10 The placement of the

catheter was also confirmed randomly by dissedidhe end of the study.

5.5Incisional pain

All rats were anesthetized with enflurane, /@ixture and anesthesia was
maintained by a mask during the administration @doce. The left paw was
disinfected with Betadine; a 1 cm longitudinal Bion was made with a
number 12 blade, through skin and fascia of thetplaaspect of the foot,
starting 0,5 cm from the proximal edge of the heed extending toward the
toes. In all animals the plantaris muscle was eésl/aand incised

longitudinally. The wound was closed with a 5-Oarythread. After surgery,
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the animals were allowed to recover in their cagBse incisions were
checked daily and any signs of wound infection ehisicence excluded the

animal from the study.

5.6 Paw edema and hyperalgesia by carrageenan

Initial paw volumes of all animals (before treatit)emwere measured using a
plethysmometer apparatus (Ugo Basile, Milan, ItaBgw edema was induced
by a subplantar injection of 50 of saline containing 1%e-carrageenan into

the left hind paw.

SIN was spinal administrated before carrageenakedgg. Paw volume was
measured at different time intervals by plethysmi@melhe increase in paw
volume was evaluated as the difference betweepdievolume measured at
each time point and the basal paw volume measuradediately before

carrageenan injection.

5.7 Mechanical hyperalgesia

Latencies of paw withdrawal (g) was evaluated bymaaical stimuli using

the Randall-Selitto analgesimeter for rats (UgoBasiVarese, Italy).
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Hyperalgesia was assessed on ispsilateral (ingipaw before (basal), 2, 4,
24, 48, 72 h after spinal administration. Each paas tested twice per

session. Cut-off force was set at 250 g.for rats HyOg for mice.

5.8 Perfusion and tissue fixation

Fixation by intracardiac perfusion is recommended fixation of tissues
which rapidly autolyse, such as nervous tissuendoerine tissue. The rat is
anesthetized with an intrperitoneal injection of tafaine/Xylazine (see
above). Once deep anesthesia is attained (absémgthdrawel reflex when
the foot is firmly pinched with forceps), the ras pinned in dorsal
recumbancy. The chest is opened, and the rightimatincisioned with
scissors. A 21G butterfly needle is placed in #fe entricle, and 120 ml of
Phosphate Buffer Saline (PBS) 1X were flushed ierdkie course of about a
minute. Thereafter, 120 ml of fixative (4% parafatdehyde) is flushed in

until rat body becomes stiff.

72



5.9 Spinal cord histological analysis

5.9.1 Decalcification

Each sample of column was then placed in 500 mélexdtrolytic decalcifier

for 30 h.

5.9.2 Processation

All samples were processed in paraffin wax and eldbd on cutting surface,
maintaining the orientation and the sequence of samples during all

working phases.

5.9.3 Cutting

Each block was cut to obtain 4 transversal slides jom thickness, far 200-
250 pm one from each other. The slices were cellecon slides
progressively numbered starting from 1, as indit@tethe drawn below. The
total number of cross-sections collected from eagimal was 20, that is 4

levels of cut per 5 spinal samples.
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5.9.4 Staining

All slides were stained with haematoxylin and eosiccording to the

following procedure:

Deparaffinize in three changes of xylene (each wiird).

* Hydrate in 100%ethyl alcohol for 2 min.

* Hydrate in 95% ethyl alcohol for 2 min.

* Hydrate in 70% ethyl alcohol for 2 min.

e« Wash in distilled water for 3 min.

* Place in Mayer’s hematoxylin for 2 min.

 Wash in tap water for 10 min.

e Place in Eosin Y solution 5 wt. % in water for 2nmi

* Rinse in tap water for 4 sec.

Dehydrate in two changes of 95% ethyl alcohol ifeafc30 sec).

»  Dehydrate in two changes of 100% ethyl alcohotlieat 30 sec).

*  Clear in two changes of xylene (each of 1 min).

. Mount with resinous medium.

Spinal cord damage was graded on a scale of Ofdlaws: grade 0, no edema

and no injured nerve fibers; grade 1, edema arite lar no nerve fiber
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degeneration; grade 2, less than 50% of nervesfimgh degeneration; grade 3,

more than 50% of nerve fibers with degeneration.

5.10 Statistical Analysis

All data were presented as % vs control group (atsmperated that received
only saline) of the mean of raw data and calculdigdhe formula: (T-C)/C
X100:
» T= medium value (expressed in g) of analgesic e#goked in rat
treated with drug
» C= medium value (expressed in g) of effect evokedantrol rat
treated with vehicle (CTR)
Analysis of data was conducted using GraphPad R@&maphPad Software Inc.,
San Diego, CA).The significance of differences lesw groups was determined
by two-way analyses of variance (ANOVA) followed Bpnferroni post hoc

tests for multiple comparisons. The level of sig@ihce was set &< 0.05.
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6.0 RESULTS AND DISCUSSION

6.1 Dose-effect of SIN following spinal administrabn in a post-

operative pain model and in carregeenan-induced paedema

Previous results showed that pretreatment with gedaanol (100ug) spinal
administration was associated with a significantréase in hind limb motor
dysfunction due to ischemic spinal cord injury 24oufs after
ischemia/reperfusion in rats (Sahin M. et al. 2012 basis of these data we
evaluated the effect of SIN in a postoperative paadel.

Following incision of paw, operated animals shovegihs of hyperalgesia if
compared to basal data. In particular, in mecharmigperalgesia experiments,
single spinal treatment with SIN 10Qug/IT produced a significant
antihyperalgesic effect only at 24 h, while no effevas observed at all other
experimental time. SIN 200g/IT showed a significant antihyperalgesic effect
from 2 to 48 h post dose, and the highest dosd¢ 88D pg/IT and 500 ug/IT)
produced a more significant and prolonged effedtl i2 h (Fig. 1; **p<0.01

and *p<0.05).
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Randall-Selitto
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Fig. 1: Effect of SIN in incision paw-induced mechanibgperalgesia. Rats received SIN 100-
500 pg before incision paw. Mechanical hyperalgesia assessed at 2, 4, 24, 48, 72 h after
spinal administration. Data are shown as mean + $EManimals per group and are presented
as % analgesia vs CTR (*p<0.05 and ** p<0.01 vs @féup).

Rezende RM and co-workers (2008), showed that sabeaus pretreatment
with paracetamol reversed hyperalgesia inducet-&arrageenan. In this study
paracetamol raised nociceptive thresholds alsominflamed paw.

Although bilateral anti hyperalgesia after paracethhad been earlier noted
(Alloui et al., 2002), it sharply contrasted wittetunilateral (only in the inflamed
paw) analgesia induced by systemically administeredibitors of PGs

biosynthesis (catalysed by both COX-1 or COX-2).
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We also evaluated SIN efficacy after IT administnatin carrageenan-induced
paw edema in mice; edema was measured after 2add @4 hours: 1Qg SIN

did not reduce edema if compared to the controlgnmice, while the dose of
100 ug produced a slight edema reduction (27 % appraeiyaafter 2 hours
from induction (Fig.2). Similar data were also obéa in carragenan-induced
hyperalgesia; in fact SIN 100g produced a slight effect on paw pressure by

Randall-Selitto test (vehicle 45g vs SIN 75g, dadaishown).
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Z 0.40- -e- Vehicle

= = SIN 10 pg/it
£ 0367 - SIN 100 pg/it
S 0.32-
CCL% 0.284

0.244

I L
0 2 4 6 24

TIME (h)
Fig.2 Effect of Sintetico in a model of inflammatory paim mice, induced by intraplantar

injection of carrageenan. Mice received Sintetl8tN(10-100 pg/it) after carrageenan injection.

Paw edema was assessed at 2, 4, 6 and 24h aftal agiministration. Data are shown as mean
+ SEM of 6 animals per group
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For better clarify this weak effect obtained bynspiinjection, we studied SIN

activity in a postoperative animal pain modejury to peripheral tissues may

produce prolonged pain, increased sensitivity tmfphstimuli (hyperalgesia)

and/or pain following innocuous stimulation (allouy).

As reported, paracetamol can be used alone ormbic@tion with an NSAID to

improve postoperative analgesia (Elia N. et al. 220Remy C. et al. 2005).

Furthermore, Bujalska M. and colleagues (2001) subthat oral administration

of paracetamol, increased the nociceptive threshdtmr both mechanical

(Randall-Selitto test) and chemical (writhing testimuli. Previously, Pelissier

and colleagues (1996) demonstrated that oral pamaoé at dose of 400 mg/kg

produced an antinociceptive effect comparable t0 B@®/kg, suggesting that

with 400mg was observed the ceiling effect.

On the basis of these results, we selected a m@ng@l doses of PARA between

200-500 mg/kg to evaluate its efficacy in a postapee pain model. As

expected, following paw incision, single oral treant with PARA (200mg/kg)

produced a significant antihyperalgesic effect bt @#hereas PARA 300 and 500

mg/kg showed a significant antihyperalgesic effeoin 2 to 6 h post dose (Fig.3

*p<0.05, **p<0.01 and ***p<0.001).
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Fig.3: Effect of PARA on incision paw-induced mechahingperalgesia. Rats received PARA
200-500 mg/Kg/os 15 min before incision paw. Mecstaryperalgesia was assessed at 2, 4, 6
and 12 h after oral administration. Data are shaszmean + SEM of 6 animals per group, and
are presented as % analgesia vs CTR. *p<0.05, &qiand ***p<0.0001 vs CTR group.

Our data confirm PARA efficacy in reduction of batloute and postoperative
pain, underlining the limited activity after oradrainistration (within 6 h), while

shows prolonged analgesia by intrathecal admirnistraMoreover, our results
suggest that to achieve a significant and prolongealgesia is preferable to
administer paracetamol by intrathecal administratend using this therapeutic

approach it is possible to bypass all side effeatsed by oral administration.
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6.2 Effect of combination of active or inactive daoss of oral
paracetamol (PARA) and intrathecal Sintetico (SIN)in incisional pain

model-induced mechanical hyperalgesia.

Injury to peripheral tissues may produce prolongaih, increased sensitivity to
painful stimuli (hyperalgesia) and/or pain followininnocuous stimulation
(allodynia) (Woolf CJ. et al. 1983). These changes usually accompanied by
enlargement of the peripheral receptive field amtaased excitability of spinal
nociceptive cells to peripheral stimulation (Hyldéh. et. al. 1989). A current
hypothesis states that excitatory amino acids atttig NMDA receptors in the
spinal cord produce excessive cell depolarizatlwat tontributes to increased
pain sensation (Dubner R. et al. 1991). Accordingthis hypothesis, the
amplification of pain long after the initial stinrud may be avoided if the
treatment of pain is introduced before its inibat{\Woolf CJ et. al. 1994). Some
studies have reported the efficacy of such "preemmnalgesia” in laboratory
animals following pre-surgical administration ofi@ips (Woolf CJ. et al. 1986).
Gaspar AF.et al. (2007) showed that pre or posatperinjection of MK886 (an
inhibitor of 5-lipoxygenase-activating protein), nabined with indomethacin

significantly reduced the mechanical allodynia. l@er, the combination was
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significantly more effective when used before tladier surgery, thus fulfilling

the criteria for preemptive analgesia.

For this reason, during our study we investigateddfficacy and the activity of
pretreatment with oral paracetamol, following upspynal administration of SIN
in postoperative pain. For this purpose we usedtiveand active doses of oral
PARA (200 and 500 mg/kg, respectively) in combimatith inactive and active
doses of inthratecal SIN (100 and 500 pgl/it/raspeetively). Firstly, we

investigated whether the analgesic effect obtawititlan active dose is modified
when administered an active dose for the otheeroftiadministration.

As expected, oral treatments with a paracetamoh hdgse (300 mg/Kg)

increased pain threshold from 2 h to 6 h after adstration; at same way,
intrathecal SIN injection (300 pg/it) produced gnsiicant analgesic effect from
2 h to 48 h after administration (Fig. 4; fuchsiadablue columns). This
antihyperalgesic effect was also obtained usingctirabination of these drugs
and was comparable to single treatment (Fig.4 *@506*p<0.01 ***p<0.001 vs

CTR).
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Fig. 4: Effect of single or combination of paracetamol &@idtetico on incision paw-induced
mechanical hyperalgesia. Rats received Paracet@PadtA 300 mg/Kg), Sintetico (SIN 300
ug/it) and Paracetamol +Sintetico (PARA 300 mg/KdN-800 pug/it). Mechanical hyperalgesia
was assessed at 2, 4, 6, 24 and 48 h after adratiost Data are shown as mean = SEM of 6
animals per group (*p<0.05, **p< 0.01, and *** P01 vs CTR group).

Other aim was to investigate the efficacy of combon of active or inactive
oral doses of paracetamol with active or inactiveaithecal doses of Sintetico.
Oral treatment with a inactive dose of ParacetaiffoARA 200 mg/Kg) showed
a weak analgesic effect only 2h after administrgtiavhile the intrathecal

administration of active dose of Sintetico (SIN 300g/it) showed

antihyperalgesic effect at all experimental timéeTco-administration of these
doses showed an antihyperalgesic activity fromt@ K8 h after administration
(Fig. 5A., *p<0.05 and **p<0.01 vs CTR). These dasaiggested that
combination of inactive oral dose of paracetamal an active intrathecal dose

of Sintetico did not produced an significant in@e@ of pain threshold, if

83



comparator at the effect of IT SIN injection (FEBA). The same results were
obtained using active oral doses of paracetamolaanmhactive dose intrathecal
of Sintetico. In fact, oral treatment with high dosf Paracetamol (PARA 300
mg/Kg) produced a significant analgesic effect frédnto 6 h after oral
administration; no significant activity was obtaingollowing intrathecal
administration of Sintetico (SIN 100 pg/it). Comdéiiion of these two doses

showed a significant antihyperalgesic effect ugdl h (Fig. 5B, *p<0.05 and

*p<0.01 vs CTR).

A Bl PARA 200 mg/Kg/os B Il PARA 300 mg/Kg/os
I SIN 300 pg it [ SIN 100 pg it
Il PARA 200 mg/Kg/os + SIN 300 pg it [ PARA 300 mg/Kg/os + SIN 100 pg
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Fig. 5A: Effect of single or combnation of paracetamol &matetico on incision paw-induced
mechanical hyperalgesia. Rats received paracetd@®A 200 mg/Kg/os), Sintetico (SIN 300
pg/it) and Paracetamol +Sintetico (PARA 200 mg/KdN-800 ng/it). Mechanical hyperalgesia
was assessed at 2, 4, 6, 24 and 48 h after adratiost Data are shown as mean + SEM of 6
animals per group (*p<0.05 and **p< 0.01 vs CTRupp

Fig. 5B: Effect of single or combination of paracetamold &intetico on incision paw-induced
mechanical hyperalgesia. Rats received paracetéPddRA 300 mg/Kg), Sintetico (SIN 100
pg/it) and paracetamol +Sintetico (PARA 300 mg/KdN-&00 pg/it). Mechanical hyperalgesia
was assessed at 2, 4, 6 and 24 h after administrddiata are shown as mean + SEM of 6
animals per group (*p<0.05 and **p< 0.01, vs CTRup).
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Finally, we investigated the activity of the comdtion of two inactive doses.
Results showed that oral paracetamol (PARA 200 mpgh&ad a weak analgesic
effect only 2 h after administration, while singhrathecal injection of Sintetico
(SIN 100 pg/it) did not produce analgesic effectalh experimental time.

Surprisingly, oral and intrathecal combination cdr&etamol and Sintetico
produced a prolonged analgesic effect from 2 upitb after administration (Fig.
6, *p<0.05). The analgesic effect obtained aftemlimation of two inactive

doses of drug, has produced an synergic effect @}ig

Randall-Selitto

100+ Bl PARA 200 mg/Kg/os
B SIN 100 pg it
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Fig. 6. Effect of single or co-administration of parageth and Sintetico on incision paw-
induced mechanical allodynia. Rats received orshgetamol (PARA 200 mg/kg), intrathecal
Sintetico (SIN 100 pg/it), paracetamol+Sintetico (PARA 200 mg/Kg+SIN 01@ug/it);
mechanical allodynia was assessed at 2, 4, 6 arfddler administration. Data are shown as
mean + SEM of 6 animals per group (*p<0.05 vs CT&up).
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6.3 Role of cannabinergic, opioidergic and serotonergic systems

after SIN IT administration.

After well more than a century of clinical use, andspite of being one of the
most prescribed and consumed drugs in the worldicetamol’'s mechanism of
action has remained a mystery. Several data sutigepbssibility that the site of
action of its antinociceptive effect may be in @blS. Moreover, endogenous
cannabinoids (anandamide and 2-arachidonylglyceseBm to be tonically
released and to control basal nociceptive threshidliddng et al. 1998).
Cannabinoids produce antinociceptive effects byceleding spinal inhibition,
and cannabinoid CBeceptors are almost exclusively involved.

Ottani A. et al. 2006 have demonstrated that asalgectivity of paracetamol is
prevented by the blockade of cannabinoid CB1 recepin rats. Moreover
acethaminophen dose-dependently decreased medhaltockynia and lowered
nociceptive scores associated with hyperalgesiintesThese effects were
inhibited by the administration of cannabinoid GBM251) and CB (AM630)
receptor antagonists (Dani M. et al. 2007). Onhlihsis of these evidences, we
have investigated whether the analgesic pathwagsroeéd following PARA oral

administration, could be involved after SIN IT admtration.
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In our experiments we evaluated the role of cammbic, opioidergic and

serotoninergic receptors: specific anatgonist we€radministrated 5 min before

SIN spinal injection in both non operated rats ¥agiand in operated rats

(incisional paw).

In mechanical hyperalgesia experiment, single $pim@tment with Sintetico

(SIN 30Qug) incresed pain threshold from 2 to 4 h in na@es;rusing the same

dose in operated rats, SIN produced a significatihgperalgesic effect lasted

until 6 h post dose.

In naive rats, analgesic effect of SIN was revenisthg a CB antagonist,

AM281 (10 pg/it), while a CBantagonist, AM630 (10 pg/it), did not produce

any effect (Fig. 7A).

In operated rats, results showed that both rece@@8r and CB are involved. In

fact, AM281 (10 pg/it) reduced SIN analgesic effieot 2 until 6 h after spinal

administration, while AM630 (10 pg/it) reverted Seffect up to 4 h (Fig.7B;

*p<0.05,**p<0.01 and ***p<0.001 vs CTR; ## p<0.0ha### p<0.001 vs SIN

300 pg). Our data suggested the involvement of cannafimeystem in pain

modulation; in particular, CBeceptors are involved in pain modulation both in

naive and operated rats, while {Bceptors modulated analgesic effect only in

operated rats.
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Fig. 7. Effect of Sintetico and AM281/AM630 on naive (And operated rats (B) in Randall
Selitto test. Rats received Sintetico (SIN 3@it), AM281 1Qug/it (SIN+AM281) and AM6330
10 pg/it (SIN+AM630). Mechanical hyperalgesia was asedsat 2, 4 and 6 h after spinal
administration. Data are shown as mean + SEM afithals per group. *p<0.05, **p< 0.01,
and *** P<0.001 vs CTR group; ## p<0.01 and ###.08Q vs SIN 300g/it.

Moreover it has been reported that the antinocizeiction of oral PARA high-

(400 mg/kg) and low dose (100 mg/kg) is antagonidz®d naloxone, a

nonselective opioid receptor antagonist, and tlma& &ntinociceptive action
caused by morphine is enhanced by PARA low-dosetlaisceffect is due to an
interaction with opioidergic systems (Bujalska M.a¢é 2004;Sandrini M. et al.

1999).

Furthermore, there is evidence that the antinotioepeffects of opiaces are
potentiated by some NSAIDs (Poggioli et al., 198BIxves et al., 1994) and by

paracetamol (Pircio A.W. et al., 1978), whereasoxahe is able to revert
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antinociception induced by diclofenac in rats (Bjoan R. et al., 1990). Thus
studying paracetamol effect on serotonergic andideigic systems, might
throw some light on the complex antinociceptiveiaiyt of this widely used
drug.

For this purpose, our experiment was conducted dm gnsight into the
mechanism of the analgesic action of spinal paaacet and the influences of
opiod system, using a specific antagonists (nalexard nor-Binaltorphimine) in
Randall-Selitto test.

As reported in Fig. 8A, in mechanical hyperalgesiinal dose of SIN (SIN
300ug) incresed pain threshold up to 4 h after admigi€n in naive rats; while,
in operated rats, the same dose used before thgomal paw, has prolonged
analgesic effect to 6 h after administration (f8B).

Analgesic effect of Sintetico was reverted by Nalox (10 ug/it), and Nor-
Binaltorphimine administration (10 pg/it), in bagnoups and in all experimental
time (Fig. 8 A and B *p<0.05, **p<0.01 and ***p<00Q vs CTR; # p<0.05 and
### p<0.001 vs SIN 300g). Therefore we have hypothesized that opioidergic

system is involved in paracetamol mechanism obacti
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Fig. 8:Effect of administration of Sintetico and Naloxddef-Binaltorphimine (Nalo/NorBi) on
naive (A) and operated rat (B)-induced mechanigglehalgesia. Rats received Sintetico
(SIN30Qug/it), Naloxone 1Qg/it (SIN+Nalo) and Nor-Binaltorphimine 1g/it (SIN+NorBi).
Mechanical hyperalgesia was assessed at 2, 4 anafter spinal administration. Data are
shown as mean + SEM of 6 animals per group. *p<sCfix 0.01, and *** P<0.001 vs CTR
group; # p<0.05 and ### p<0.001 vs SIN | 39@.

Multiple serotonin receptor subtypes have beentifieth in CNS: 5-HT, 5-HT,

and 5-HT seem to be involved in the 5-HT-mediated antinggiive mechanism

(Sufka KJ. et al. 1992). There are conflicting firgb concerning the relationship

between the antinociceptive effects of 5-HT to #pecubtypes of 5-HT

receptors. Recently it has been suggested that,5ahid 5-HTE receptors mediate

antinociception to chemicatimuliin the spinal cord (Sasaki M. et al. 2001).

In rat paw pressure tesiCourade JP. and co-workers showdtat the

antinociceptive action of paracetamol intravenousiyas inhibited by

intrathecally injection of 5-Hfs, 5-HT,s, 5-HT,c antagonists and by
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Tropisetron, known as a 5-HBpecific antagonistAlloui A. et al. 2002; Alloui
A. et al. 1996; Pelissier T. et al 1996)

Our data reveal that spinal administration of Siote (SIN 30Qug/it) had a
significant analgesic effect from 2 up to 4 h aféeministration in naive rats,
while in operated animals this effect resulted nmariglent until 6 h. Also in this
case, Tropisetron (10 ug/it) reduced the analgeffect of Sintetico in both
naive and operated rats (Fig.3 A and B *p<0.05,0®4 and ***p<0.001 vs

CTR, # p<0.05, ## p<0.01 and ### p<0.001 vs SIN:gRO0
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Fig. 9:Effect of single administration of Sintetico andopisetron (TROP) on naive (A) and
operated rat (B) induced mechanical hyperalges#a#s Received Sintetico 300y (SIN300
pg/it), Tropisetron 10g/it (SIN+TROP). Mechanical hyperalgesia was agskss$ 2, 4 and 6 h
after spinal administration. Data are shown as me&EM of 6 animals per group. *p<0.05,
**p< 0.01, and *** P<0.001 vs CTR group; # p<0.0%# p<0.01 and ### p<0.001 vs SIN

300ug.
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Therefore, also our results suggested an involvewfeserotoninergic system in

pain modulation.

6.4 Spinal cord and liver toxicity after SIN IT administration

Paracetamol toxicity is not due to drpgr se but to one of its metabolites,
NAPQ1. Paracetamol biotransformation involves cgajion with glucoronide
and sulphate. A small amount of paracetamol is boditeed by mixed function
oxidase enzymes to form highly reactive compound PRA, which is
immediately conjugated with glutathione (GSH) amdbsequently excreted as
cysteine and mercapturic conjugates. In overddagge amounts of paracetamol
are metabolized by oxidation because of saturatiothe sulphate conjugation
pathway (Benjamin N. et al. 2002;Pajoumand A. et2@03), but once the
protective intracellular glutathione stores areletgul, hepatic and renal damage
may ensue. Hepatotoxicity is the most remarkablaetufe of paracetamol
overdose (Rumack BH. et al 1975). Paracetamol aoutzdoses can cause
potentially fatal liver damage and, in rare indivads, a normal dose can do the
same; the risk is heightened by alcohol consumptamacetamol toxicity is the
foremost cause of acute liver failure. Renal efeauft paracetamol overdose are

less commonly seen than hepatic effects.
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Venkatesan P.S. and colleagues (2014) suggesinti&irague Dowley rats of
either sex paracetamol oral administration up t6 &@y/kg did not show any
impact on feeding, body weight gain, behaviour, gpblpgical and biochemical
parameters; moreover the suspected target organ.dnd kidney, were found to
be normal on histopathological analysis. Theselteguwicated that paracetamol
NOAEL in rats following oral administration is fodnto be 500 mg/kg.
Furthermore, El-Kott AF. (2015) showed that oralgée-dose administration of
paracetamol (800mg/kg) was hepatotoxic in rats hasva by the significant
increases in plasma ALT and AST activities as vesl ALP concentration.
Abnormal levels of hepatic enzymes in plasma atevs to be an indicator of
hepatocyte injury (Ozer J. et al. 2008).

According to these data, our aim has been to sludiéSIN administration
produced side effects in spinal cord and in livéerasingle and repeated
injection.

After single, three and ten SIN administrationshagher dose (50Qug/it),
histopathological results of rat spinal cord regiadicated a low toxicity degree
of SIN within 24 h. In particular, single injectiodid not produce
histopathological alteration while, both three aed IT administrations produce

a weak cell infiltration (not significant) in submageal and/or perifascicular
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region and/or in spinal cord. These data were densd a sequel to the technical
procedures of administration, so no-treatment-e€elagffects were observed in
vehicle animals (data not shown).

Finally, repeated SIN (200 and 500 pg/it) admiatstns for 7 days showed a
mild toxicity degree with little or no degeneratioh nerve fibers; there was no

difference between SIN-treated and vehicle-treede@Fig. 10).
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FFig.10 Hematoxylin-eosin stained spinal cord sections frbfferent animal groups . Naive is
animal group without catheter, Vehicle is animabugr with catheter and that recevied only
salina for 7 days. SIN 2@@ and SIN 500g are animal groups that received for 7 day Sicaeti
by spinal catheter.
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Furthermore, in this last experiment, we also ole@macroscopically whether
SIN administrations for 7 days produced liver clesgn terms of margins and
sizes. As shown in Fig. 11, no significant altemas were observed between

vehicle- and SIN-treated rats.

Vehicle SIN 200ug SIN 500ug

Fig.11 Liver photos of Vehicle, SIN 200 pg and SIN 500 after chronic administration
(7days).
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7.0 CONCLUSION

Acute pain after surgery and trauma represent tivth® biggest concern of
hospital in patients and the management of pairofisutmost importance
(Macintyre PE. et al. 2010). Acute and chronic pstiates account for a large
proportion of presentations to general practition@nd the emergency
department. The past ten years have witnessed gréater focus upon the
management of acute, cancer and chronic pain; &iésgs have culminated an
international pain summit leading to the declaratid Montreal that access to
pain management is a fundamental human right (latemal Pain Summit Of
The International Association For The Study Of Reclaration of Montreal
2011).

Despite massive progress in the understanding @ piysiology and
pharmacology of pain there is only a limited numbémew compounds used
into clinical practice. In an ideal world the maratent of pain should be
associated to one medication that produces ldtieotside effects, and capable to
treat multiple types of pain. To date, pain managenms hard to reach, because
of the complex nature of pain physiology and theoamted social, psychological

and economical components.
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Therefore, pharmacological pain treatment is cedt@n a multimodal approach
with old medications that have new uses and indinat Combined with the
increasing understanding of pain perception, and appreciation of the
multifactorial nature of pain, this could lead tdure personalization of analgesic
therapy.

During our study, the attention was focused onttneat of postoperative pain.
Postoperative pain is an individual multifactoriekperience influenced by
patient culture, psychology, genetics, previous parents, beliefs, mood and
ability to cope, as well as the type of procedwdqgrmed. Inadequate treatment
of postoperative pain continues to occur, despithvaaces in analgesic
techniques, placing patients at risk and significhsability.

Optimal pain results from proper management inpiie@perative, intraoperative,
and postoperative periods, requires appropriateattin of physicians, nurses,
other health care providers, and patients. An stdeding of the
pathophysiology of postoperative pain and the weri@ptions available for
analgesia often results in a procedure-specifidfimadal approach, optimizing
pain relief, decreasing adverse effects, and crgatibetter patient experience.
Many new analgesic medications and techniques haga developed to reduce

acute postoperative pain. These include preoperase of NSAIDs, anxiolytics,
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and anticonvulsants; intraoperative use of neuranalgesia, continuous local
anesthetic wound infusion, epidural morphine, weraous paracetamol,
intravenous ketamine; and postoperative use ofavettous ibuprofen, new
opioids (eg, tapentadol) or opioid formulations (ptone- oxycodone).

Many of these drugs have demonstrated analgeskrisupy to placebo and a
comparable activity to traditional therapy, coupledh a reduction in adverse
events. Several of the newer medications and tguksiimprove analgesia and
minimize the risk of adverse events, although aaititi research is needed to
establish their efficacy and safety profile. Nevpragaches to acute postoperative
pain management may provide safer and more efteatmalgesia than traditional
therapy such as postoperative spinal analgesiesd@&telopment of chronic pain
syndromes following surgery is not rare and mayiheppreciated by clinicians.
The risk factors for developing chronic pain aftseurgery are several:
preoperative pain, repeat surgery, prolonged syrggounger age, severe
postoperative pain, surgical approaches with aédrigisk of nerve damage,
chemotherapy or radiation, and some psychologicabepressive symptom
(Kehlet H. et al. 2006).

To help prevent these, it is important to inforra ffatient about the management

of postoperative pain and patients should be abhecaed about analgesic
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agents, their risks and benefits, and encouragexskoquestions. It is usual to
find that many patients underestimate or overeséinthe potential risks of
opioid analgesics.

Moreover, a written protocol for best practices pastoperative pain should be
developed. This should encompass certain establiffechmarks: patients
should be educated about the risk, benefits, argingoinstructions of their
medicines and prescribed break-through pain medicéivhere appropriate) and
antiemetic agents, if required. The protocol shalb allow for adjustments to
theregimenin patients who are at risk for cardiorespiratoryrbidity. Shortfalls,
gaps, or failures of the analgesic protocol shdodd promptly detected and
rectifed, in no more than 2 hours. Further, thetquol set forth by a hospital
should be subject to periodic audit. It has presipishow that postoperative
epidural analgesia decreased 30-day postoperatgality, pneumonia, and
deep vein thrombosis and shortened intensive caiteand hospital length of
stay, nevertheless epidural analgesia should béuaed for postoperative
analgesia only in highly selected cases and foeipit who are otherwise at high
risk for other analgesic regimens (Rawal N. et2112; Low JA. et al. 2008).
Today the most widely drug used for treatment et@@nd postoperative pain is

paracetamol. This drug place on the WHO analgesicldr, which precisely
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defines the rules for application of analgesic drugs impressive. It is a
recommended oral analgesic of a first choice tadss for a long in time, e.g., in
symptomatic treatment of slight and moderate patuwing in osteoarthritis as
well as in muscle or tendon pains. Moreover, & idrug of choice in patients in
whom application of non- steroidal anti-inflammatodrugs (NSAIDs) are

contraindicated, e.g., in the case of gastric slclypersensitivity to aspirin,

impairments in blood coagulation, in pregnant womeuarsing mothers and
children with fever accompanying a disease (Leun@Q12).

Although paracetamol was discovered several yegsiss mechanism of action
has not been elucidated until now (Smith HS. e2@D9; Graham GG. et al.
2005; Raffa RB. et al. 2004; Roca-Vinardell A. €t2003; Bujalska M. 2004;

Ottani A. et al. 2006). The mechanism of actiorcasnplex and includes the
effects of both the peripheral (COX inhibition),dacentral (COX, serotonergic
descending neuronal pathway, L-arginine/NO pathwegnnabinoid system)

antinociception processes and redox mechanisnsel@eidences underline the
possibility of paracertamol to interact with sevesgistems: cyclooxygenase,
opioidergic, cannabinergic and serotoninergic. @liiph higher doses are not
associated with hepatotoxicity, the recommendea @ddgpresent is 1 g in a 15

min infusion every 6 hours. However, administratorparacetamol by means of
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methods alternative (as spinal administration) realitional methods (oral or
intravenous) is still yet to be explored extenstyelnd essentially no specific
applications have been found in the field of ansilgéherapy.

In present study we used a new supersaturated asjsetution of paracetamol
(SIN) to verify the effect of this solution in agtoperative pain model in rat after
spinal administration. This solution is highly d&gb has an increased
concentration of acetaminophen in the solvent, e be mixed with other

drugs in order to obtain a solution with a totalwoe that is compatible with the
volume injectable by a single spinal administratidts above reported, the
administration of injectable solutions presentsguts/ limitations that could be

overcome by this supersaturated solution.

Our data suggested that SIN spinal administrateforie paw incision, produced
an significant, marked and prolonged analgesiccefthat was dose- and time-
dependent. Our data support the hypothesis thalteamative administration

route, as the spinal one, could be used in botlteaand postoperative pain.
Moreover, it was observed that in order to obtam adequate analgesic
postoperative effect is necessary to administen Hmses of analgesics or opioid
(Kodali BS. et al. 2014;American Society of Anesibéogists Task Force on

Acute Pain Management 2012). Both of these thetapapproaches not only
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expose patients to many side effects but in moses;ado not provide an

adequate analgesic response. In this regard, thigesmic activity was assessed

using combinations of paracetamol of inactive actd/a oral doses (100 and 500

mg/kg, respectively) with inactive and active ITsds (100 and 5Q@/it,

respectively). The most important data of this afeexperiments was obtained

using the combination of oral and spinal inactieses. In fact, results showed

that this combination produced a synergic and Baarit antihyperalgesic effect.

The possible mechanism of action underlying théopmiged analgesic activity of

paracetamol was also investigated, deepening tr@viement of cannabinergic

(CB; and CB), opioidergic (1 andx receptors) and serotonin (5kJBystems, in

naive (not operated) and in operated rats.

The recent discovery that paracetamol acts asdrymgqa donor of a moiety of

an endogenous cannabinomimetic) by triggering-@Bdiated effects, provided

explanation of the peculiar effects of this drug.

Ottani et co-workers suggest a so far unforeseechamsm for the analgesic

effect of paracetamol; i.e the activation of cannaiol system, or at least of the

components of such system that are involved inntlbelulation of nociception

and whose signal trasduction requires the avaitaloif CB; receptors.

102



Our results showed that analgesic effect with gingpinal treatment with
Sintetico 300ug was reverted using AM281 (GBantagonist) in naive rats;
while, in operated rats both receptors,@Bd CB, are involved.

Many of the documented analgesic effects of camuads are based on the
interaction of these compounds with QBceptors on spinal cord interneurons in
the superficial levels of the dorsal horn, known fts role in nociceptive
processing. In particular, GBeceptors are heavily expressed in layers 1 aofd 2
spinal dorsal horn and in lamina 10. These locatina of CB receptors are
responsible for analgesic and antihyperalgesicceff®bserved in naive and
operated animals.

CB, receptors are manly localized on the mast celt@wk to facilitate the
inflammatory response, and are not expressed orapitve Sensory neurons;
these underline the key role of this receptor anlpathological condition such
as inflammation due to surgery.

It has been reported that the antinociceptive acwd oral high dose of
paracetamol is antagonized by naloxone, whichneraselective opioid receptor
antagonist (Bujalska M. et al. 2004, Bujalska M.akt2004;Godfrey L, et al.
2005). Our results are in agreement with these, datact, IT administration of

naloxone reduced SIN analgesic effect, both inenaivd operated animals.
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Same results were obtained using k-opioid antagdisr-Binaltorphimine).
These data clearly indicated the role of opioidseptors in SIN-induced
analgesia. Finally, as reported by Sandrini M. le{(E099) the antinociceptive
action obtained by morphine is enhanced by paraw#tiw-dose and this effect
is dependent on the cross-talk between opioideagd serotoninergic systems.
Moreover, the involvement of serotonergic systenanalgesia induced by non-
opioid analgesics has been demonstra®drkman R.et al. 1995), but the
detailed mechanism by which serotonin acts, togetfite the exact nature of the
receptor subtypes involved, has not yet been elteitd Richardson BP. et al.
1990; Courade JP. et al. 2001).

Paracetamol antinociceptive effect may be medidigddifferent serotonin
receptor subtypes at spinal and supraspinal leVéis. is suggested by results
obtained by some authors, indicating that paraceltawctivity is prevented by 5-
HT; receptor antagonist Tropisetron IT injected (Bsiér T. et al. 1995).

Many studies support the hypothesis that 5-HT @adies in the central
antinociceptive effect of paracetamol. 5-HT and N#e the two main
neurotransmitters involved in the endogenous de&kogn pain inhibitory
pathway, known as the “analgesic system”, whiclginates at the level of the

midbrain in the periaqueductal gray and in the magraphe nucleus that lies
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within the medulla. In rat brain, the antinociceptiaction of paracetamol is

associated with changes in the serotoninergic sys#®& significant down-

regulation of 5H}, binding sites in the frontal cortex in responseStHiT

release was demonstrated in rats after the admatist of paracetamol; this

indicates that the serotoninergic system plays gpmale in the mechanism

underlying analgesia produced by this drug. Moreowe potent 5-HJ receptor

antagonist Tropisetron has been reported to rebesantinociceptive effect of

paracetamol in the paw pressure test in rats. HewdV injection of other 5-

HT3 receptor antagonists, such as Ondansetron ands@étram, were unable to

block its activity. This suggested that a specsfmnal Tropisetron-sensitive

receptor could be involved in the antinociceptivectranism of action of

paracetamol (Courade JP. et al. 2001) In agreemigntthis, our data showed

that spinal administration of Tropisedron reverd@algesic effect of SIN both in

naive and operated rats, underlying the involveroétitis receptor.

During our studies we also investigated the possigpinal cord toxicity,

following acute or repetitive spinal administratiohnSIN. As we know, liver is

the largest complex organ in the body, which plapsimportant role in the

internal environment maintenance by its multipledtions. It plays a central role

in the metabolic pathways of carbohydrates, lipadsl proteins. It is also
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involved in the detoxification and excretion of ngaandogenous and exogenous

compounds by its xenobiotic metabolism. The liverthe organ that is most

affected by acute paracetamol toxicity. This pogritepatotoxicity could still

represent a perceived limitation to its use amamgesphysicians.

This problem could be overcome, using an altereatoute of administration,

such as the spinal one. In fact, our results shothatl single and repetitive

treatment with SIN, using low and high doses, shibwe signs of spinal and

liver toxicity.

These results open a new scenario for treatmeposioperative pain, because

this new formulation and administration route alldw obtain a prolonged

analgesic effect using low doses of paracetamats(@ering these evidences and

lower toxicity, this new therapeutic approach tstoperative pain could be a

great benefit for public health; more studies aepdearches are needed for

developing more information guidelines and educatativities to fight pain.

When patients receive effective postoperative asady it can reduce

postoperative morbidity, enhance and acceleratevezyg, shorten the hospital

stay, and improve patient satisfaction (Kehlet Hale 1994). Considering the

relatively low cost of analgesic agents, this tgp&reatment has a very favorable

cost-to-benefit ratio.
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