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Tramadol Vs Tapentadol: Anew Horizon in Pain Treatment?
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Abstract: Problem statement: Acute and chronic pain is a common presenting sigimimal species
and human being#\pproach: Classical opioids provide very effective paineélialthough they may

be less effective in the treatment of chronic pdire to their limited therapeutic windows and the
induced opioid receptor down regulation. Atypicaiaids, such as tramadol and tapentadol, have a
dual mechanism of action and have been designedeiwome these issues through an opiate-sparing
effect. Results: Tramadol activates mu opioid receptors and in tewidi inhibits serotonin and
noradrenalin reuptake. These actions are the refktlie different enantiomers and tend to be relsm
their metabolism. Indeed, the O-desmethyltramatiebp | metabolite, is 200-300 times more potent for
mu opioid receptor activation than the parental poumd. For these reasons, the drug’s effectiveraass
vary among subjects. In veterinary medicine itectifeness, especially after oral administratierstill
uncertain and controversial. Tapentadol is a natghical opioid with a unigue mechanism of actibn.
was launched on the European drug market at theoérD11. It has been proposed as the first
representative of a new pharmacological class ofrady acting analgesics, namely, the mu opioid
receptor agonist, noradrenalin reuptake inhibitdl® first human studies describe this moleculsads

and effective (equianalgesic to morphine). The dnag great potential for veterinary use because it
exists as a single enantiomer only, it does natiregmetabolic activation to be effective and adeer
effects triggered by the serotonin reuptake inigibit action are negligible.
Concluson/Recommendations. For these reasons, TAP is a promising compoundebemat this
stage, more investigation is required before it b@nrecommended for regular use in veterinary
medicine, the possibility of undesirable effectgasto be entirely excluded.

Key words: Non Steroidal Anti Inflammatory Drugs (NSAIDs), MQOpioid Receptor (MOR),
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INTRODUCTION substantial increase in dosing is required in orier
maintain a clinically satisfactory analgesic effect
Acute and chronic pain is a common presentingDickenson and Suzuki, 2005). Furthermore, morphine
condition in animal species and human beings anflas a limited therapeutic window, its analgesie@ff
many pain relief options are available. Non Steabid generally coincides with several side effects (paus
Anti Inflammatory Drugs (NSAIDs) and opioid gm_esjs, constipation and.resp.iratory depressio@hNh
receptor agonists are used most commonly!”’f“t its usefulness esp_emally in cases of chrgmédn.
Unfortunately, the drugs in these classes rangelywid CGIven these shortcomings, there is a need for more
in both their therapeutic and side effects. tolerable_op|0_|ds that have a better efficacy aafdty
Compounds that activate opioid receptors, infor chronic pain therapy. _ _
particular the Mu Opioid Receptor (MOR) subtype  Attempts have been made to synthesize diverse
have been used for decades in the treatment d&porphine derivatives with the aim of producing a
moderate to severe pain (Meldrum, 2003). Extensivéompound with a higher efficacy than morphine
clinical experience with the prototypical MOR agstni however; elimination of undesirable side effects is
morphine indicates that, although this compouncery ~ yet to be achieved (Buschmann, 2002). It is now wel
effective against acute pain, it may be less dffedor ~ established that MOR stimulation accounts for both
conditions precipitating chronic pain, especiallythe analgesic effectiveness and the side effects
neuropathic pain or pain of inflammatory origin.igh (Kieffer, 1999).
reduced effectiveness for chronic pain is due t® th Another approach has been to combine the MOR
MOR down regulation with long-term therapies; aactivation with an additional compound that progide
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analgesia via a different mechanism of action, Itegu

in an opiate-sparing effect. Activation of the
noradrenergic descending pain inhibitory pathway
could be considered a candidate for such an additio
mechanism (Wanaet al., 2008). Active ingredients that S . }
inhibit the reuptake of Noradrenalin (NA) are effee Yaiah N
analgesics, particularly in chronic pain conditions
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1
CH; CH,

Tramadol: The first molecule showing this dual Tap T

mechanism of action was Tramadol (T). It produces

MOR activation as well as inhibition of serotonin Fig. 1: Molecular structures of tapentadol (TAPHan
(5HT) and NA reuptake. T is a racemate (Fig. Lhwit tramadol (T). The common structure is
active enantiomers; each of these has a diffenerfile highlighted in bold

of activity. NA and 5-HT reuptake inhibition are

predominantly the actions of the () and (+)Clinical and preclinical trials with selective 5-HT
enantiomers of the parent compound, respectivelyinhibitors, selective NA reuptake inhibitors andxed
while MOR activation resides in the (+) enantioroér 5-HT/NA reuptake inhibitors showed that analgesia i
O-desmethyl tramadol (the active metabolite isechll mostly due to NA reuptake inhibition rather than5to
M1) and to a lesser extent, in (+) T itself (Graamad  HT reuptake inhibition (Staigeet al., 2003; Briley,
Sablotzki, 2004). It has been demonstrated tha2004). Additionally, it has been reported that 5-HT
systemic administration of either (+) or (-) T imehs reuptake inhibitor drugs (i.e., selective serotonin
analgesia, this finding suggests that a noradrémergreuptake inhibitors) are largely ineffective in the
mechanism may contribute to the analgesic profile otréatment of chronic pain because they indirectly
the racemic T (Hui-Cheret al., 2004). The relative proc_iuce concomitant activation _of inhibitory as lwel
contributions of the different mechanisms to therayf ~ €Xcitatory 5-HT receptors (Suzustial., 2004).

analgesic effect vary over time. As the parent The Minimum Effe_ct|ve Concentrations .(ME.C.)
compound is metabolized, the contribution of NA angreported for T and l\fl in humans have been ideultfie
5-HT reuptake inhibition falls while the contribati of 25 0.310.2 mg 1m1_ (Lehmann et al., 1990) .and
MOR agonism rises, resulting in a complex time- an .08+0.06 mg mL (Grondet aI_., 1999), reipectlvely.
metabolism-dependent pattern of pharmacological he analgesm potency of T is at.’O.Ut 1QA’ of that of
activities (Grond and Sablotzki, 2004). In additin mor‘%h'T]zgo"gw'lggvpisgt:‘era'p%‘zg:g;”agcc’gé teses o
has been demonstrated that the analgesic efficagy o clinically relevant respiratory or cardiovascular

is less pronounced in “poor ”_‘.etabo"sef SUbJeCtSeffects, lacks pharmacodynamic tolerance, haslittl
(who showed a reduced capability to form the M1

; . . effect on gastrointestinal motility and is well
metabolite) as compared to “normal metaboliser’yyarated with a low incidence of adverse effeats i

subjects who produced relatively high levels of thep mans (Grond and Sablotzki, 2004).

metabolite. This finding indicated that the MORiaet The lack of side effects, characteristic of opioid
metabolite, M1 contributes = significantly to the gerivatives, shown by this drug and the absence of
analgesic profile of T (Stamet al., 2007). typical side effects caused by NSAIDs, recommend T

It can be argued, however, that inhibition of 5-HT 35 3 molecule for long-term treatment of chronia jra
reuptake contributes less to the analgesic profild  animals. To date, T has been studied in severatani
than MOR and NA reuptake inhibition. First, it is species however these experiments have usuallyndraw
highly likely that the analgesic efficacy of (+) &  on several assumptions extrapolated from human data
mediated by the (+) M1 metabolites (200-300 timesThe activity of the diverse enantiomers has neesnb
more potent on MOR activation than the parentakested, nor has the activation of MOR by the M1
compound). Secondly, it was shown that, while Tmetabolite. Although many Pharmacokinetic (PK)
induced analgesia is partially blocked by co-studies have been carried out in the last 5 yealy,a
administration with either the MOR antagonistsmall number of these have investigated
naloxone or the NA antagonist yohimbine; it wasPharmacodynamic (PD) properties.
completely abolished by combined administration of = Nowadays, T is widely used in veterinary clinical
both antagonists (Enggaaetial., 2006). practice. Although it has been used for some time,n
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our understanding and ability to predict the tinerse  (Tzschentkeet al., 2009). Furthermore, the threshold
of its pharmacological effects in animals are stilldose for these effects was 100 times higher for TAP
hampered by the presence of active metabolitestend than for morphine. Also aligning with these findsng
coexistence of opioid and non-opioid mechanismsTAP had a weaker inhibitory effect than morphine at
Recently, T has been reported to be metabolizedrfas €quianalgesic intraperitoneal doses on both (i)
to inactive metabolites N-desmethyl tramadol (Mayla 9astrointestinal motility assessed from charcoahdit
0,N-didesmethyl tramadol (M5), in goats (Soesal., and (i) prostaglandin-induced diarrhoea (Tzschestk
2008), dogs (McMillanet al., 2008; Giorgiet al., al., 2006). Several comparative human preclinical
2009a; 2009b; 2009c; 2009d; 2010a; Kukanich angtUdies involving other analogue opioids confirrasta
Papich, 2011), horses (Giorgfi al., 2007; Shiloet al., experimental ﬂndlngs (Afilaleet al., 2010; Etropolski
2008; Coxet al., 2010; Giorgiet al., 2010b), llamas ©t &l 2011, Wilhorn and Kraus, 2011). _
(Cox et al., 2011), alpacas (Giorgét al., 2010c), I_n vivo and in vitro preclinical pha_rmacologlcal
peafowl (Blacket al., 2010), hawks (Souz al., 2011) Swdies ~demonstrated that TAP  displays = weak
than in cats (Pypendop and llkiw, 2008). The us@& of gnt}ch_olmeruc activity and a negligible 5HT_rea_i|0_e_
has also been suggested for zoo animals (Souza a}(‘rjfrnblnon but a pronounced NA reup_take |nh|b|t_|on
Cox, 2011). zs_chentkg et al., 2006). Following chronic

,The clinical effectiveness of T is uncertain for administration of TAP, Folerance. development_took
some animals, particularly in species that metaboli muc_rllr:gn%eé ng&?;id (\;\;ltq_?grphr;\r/]: (Qggectlé’sfgj' 1|)n
the molecule to inactive metabolites. It is possibl

heref hat this d i ind rodents and humans. In summary, the drug is almost
therefore that this drug may not provide as ellﬁec.an completely absorbed after oral administration but
safe treatment for pain as in humans (Gicegial.,

undergoes high levels of phase Il metabolism

2007; 2009a; 2009b; 2009c; 2009d; 2010a; 2010Cy,cyronidation, limiting oral bioavailability at &nd

Sousaet al., 2008; Kukanich and Papich, 2011). NO 350, in rats and humans, respectively. Phase |
stereoselective pharmacokinetic studies on T asd ityintransformation is negligible and does not praduc

metabolite have been reported in animals to datectie metabolites. TAP has shown no potential for
Although T has been reported as effective in a kmalcyp4s50 induction or inhibition (Terlindest al., 2007).

number of clinical studies (Vettoratet al., 2010, Recently, evaluation of new pharmaceutical
Pypendopet al., 2009), its efficacy in veterinary jngredients approved for use in human medicineatnd
medicine is still controversial. potential interest for veterinary medicine, incldde

dol- h 4 of | opioid d assessment of TAP (Emmerich, 2011). There is great
Tapentadol: At the end of 2011, a novel opioid drug, ,ential for use of this drug in veterinary specie

Tapentadol (TAP), was launched on the Européaipeqretically, it might overcome a number of the

market for human use. This drug has a Strucwr%isadvantages of T such as: (i) TAP exists onlyaas

similar to T (_Fig. 1). Based on its unique mechemi_s single enantiomer; (i) only the parent compound is
of action, it has been proposed as the firs

. f h logical cl ﬂvolved in its pharmacological activity (i.e., no
representative of a new pharmacological class Ofetapolic activation is necessary); (iii) the time

centrally acting analgesics: the MOR agonist, NAdependent changes in the dynamic of opioid and
Reulptakelrjhllfnor (MOENRP] (Kreﬁgémﬁq): < £0 monoaminergic analgesia occur in parallel; (iv) no
fold Interesttrllng );,he;/e?t ou%. I Sth' da |n|ty‘2|rs& CYP450 induction/inhibition exists which could
fgld czivi\li;aerrenacr(]e ;fteor ?;srt%rlnr:g aclismzﬁisltjrcaeti)n This negatively affect analgesia; (v) the SHT reuptake
g : . . inhibition triggering adverse effects is negligible
finding, consistent  across _ different pain relief owever TAgF? stillghas some disadvantagesgn%mely:

evaluation models, may be due to a better brairn. . : . . : .
penetration of TAP, but also suggests that the NAI) it has antimuscarinic activity, albeit weak, iafm

reuptake-inhibitory property, contributes to a moreProduces a well known cadre of adverse effectst i
potent analgesia that would be expected solely ftem @ Weak blocker of 5-Hireceptor (e.g., as mirtazapine,
MOR agonism (Tzschentket al., 2006). Given the metaclqpramlde, onda_steron,...), as yet it has nehbe
moderate affinity of TAP at the MOR and the opioid- determined whether this property is helpful or hiaim
sparing effect of TAP’s NRI component, it seemsiil) it has very low oral bioavailability (althougfa
logical that TAP would produce fewer opioid-related prodrug with amino acids or short peptides incregsi
side effects than classical MOR agonists, such athe bioavailability by a factor of 10 has been ptad
morphine. Indeed, compared to morphine, TAP(US Patent Application 20100227921); (iv) the
produces much less nausea and vomiting in fertleés, bioavailability in cats and in other animal species
duration of these side effects was also shortedeficient of glucuronic acid, might be much higher.
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TAP is a promising compound but much moreEtropolski, M.,
data, especially PK/PD, is required before its fagu
use in veterinary medicine can be recommended.
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