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Abstract: Problem statement: Acute and chronic pain is a common presenting sign in animal species 
and human beings. Approach: Classical opioids provide very effective pain relief, although they may 
be less effective in the treatment of chronic pain due to their limited therapeutic windows and the 
induced opioid receptor down regulation. Atypical opioids, such as tramadol and tapentadol, have a 
dual mechanism of action and have been designed to overcome these issues through an opiate-sparing 
effect. Results: Tramadol activates mu opioid receptors and in addition, inhibits serotonin and 
noradrenalin reuptake. These actions are the result of the different enantiomers and tend to be reliant on 
their metabolism. Indeed, the O-desmethyltramadol phase I metabolite, is 200-300 times more potent for 
mu opioid receptor activation than the parental compound. For these reasons, the drug’s effectiveness can 
vary among subjects. In veterinary medicine its effectiveness, especially after oral administration, is still 
uncertain and controversial. Tapentadol is a novel, atypical opioid with a unique mechanism of action. It 
was launched on the European drug market at the end of 2011. It has been proposed as the first 
representative of a new pharmacological class of centrally acting analgesics, namely, the mu opioid 
receptor agonist, noradrenalin reuptake inhibitors. The first human studies describe this molecule as safe 
and effective (equianalgesic to morphine). The drug has great potential for veterinary use because it 
exists as a single enantiomer only, it does not require metabolic activation to be effective and adverse 
effects triggered by the serotonin reuptake inhibition action are negligible. 
Conclusion/Recommendations: For these reasons, TAP is a promising compound however at this 
stage, more investigation is required before it can be recommended for regular use in veterinary 
medicine, the possibility of undesirable effects is yet to be entirely excluded. 
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INTRODUCTION 
 
 Acute and chronic pain is a common presenting 
condition in animal species and human beings and 
many pain relief options are available. Non Steroidal 
Anti Inflammatory Drugs (NSAIDs) and opioid 
receptor agonists are used most commonly. 
Unfortunately, the drugs in these classes range widely 
in both their therapeutic and side effects. 
 Compounds that activate opioid receptors, in 
particular the Mu Opioid Receptor (MOR) subtype 
have been used for decades in the treatment of 
moderate to severe pain (Meldrum, 2003). Extensive 
clinical experience with the prototypical MOR agonist 
morphine indicates that, although this compound is very 
effective against acute pain, it may be less effective for 
conditions precipitating chronic pain, especially 
neuropathic pain or pain of inflammatory origin. This 
reduced effectiveness for chronic pain is due to the 
MOR down regulation with long-term therapies; a 

substantial increase in dosing is required in order to 
maintain a clinically satisfactory analgesic effect 
(Dickenson and Suzuki, 2005). Furthermore, morphine 
has a limited therapeutic window, its analgesic effect 
generally coincides with several side effects (nausea, 
emesis, constipation and respiratory depression) which 
limit its usefulness especially in cases of chronic pain. 
Given these shortcomings, there is a need for more 
tolerable opioids that have a better efficacy and safety 
for chronic pain therapy. 
 Attempts have been made to synthesize diverse 
morphine derivatives with the aim of producing a 
compound with a higher efficacy than morphine 
however; elimination of undesirable side effects is 
yet to be achieved (Buschmann, 2002). It is now well 
established that MOR stimulation accounts for both 
the analgesic effectiveness and the side effects 
(Kieffer, 1999). 
 Another approach has been to combine the MOR 
activation with an additional compound that provides 
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analgesia via a different mechanism of action, resulting 
in an opiate-sparing effect. Activation of the 
noradrenergic descending pain inhibitory pathway 
could be considered a candidate for such an additional 
mechanism (Wang et al., 2008). Active ingredients that 
inhibit the reuptake of Noradrenalin (NA) are effective 
analgesics, particularly in chronic pain conditions. 

 
Tramadol: The first molecule showing this dual 
mechanism of action was Tramadol (T). It produces 
MOR activation as well as inhibition of serotonin 
(5HT) and NA reuptake. T is a racemate (Fig. 1) with 
active enantiomers; each of these has a different profile 
of activity. NA and 5-HT reuptake inhibition are 
predominantly the actions of the (-) and (+) 
enantiomers of the parent compound, respectively, 
while MOR activation resides in the (+) enantiomer of 
O-desmethyl tramadol (the active metabolite is called 
M1) and to a lesser extent, in (+) T itself (Grond and 
Sablotzki, 2004). It has been demonstrated that 
systemic administration of either (+) or (-) T induces 
analgesia, this finding suggests that a noradrenergic 
mechanism may contribute to the analgesic profile of 
the racemic T (Hui-Chen et al., 2004). The relative 
contributions of the different mechanisms to the overall 
analgesic effect vary over time. As the parent 
compound is metabolized, the contribution of NA and 
5-HT reuptake inhibition falls while the contribution of 
MOR agonism rises, resulting in a complex time- and 
metabolism-dependent pattern of pharmacological 
activities (Grond and Sablotzki, 2004). In addition, it 
has been demonstrated that the analgesic efficacy of T 
is less pronounced in “poor metaboliser” subjects 
(who showed a reduced capability to form the M1 
metabolite) as compared to “normal metaboliser” 
subjects who produced relatively high levels of the 
metabolite. This finding indicated that the MOR active 
metabolite, M1 contributes significantly to the 
analgesic profile of T (Stamer et al., 2007).  
 It can be argued, however, that inhibition of 5-HT 
reuptake contributes less to the analgesic profile of T 
than MOR and NA reuptake inhibition. First, it is 
highly likely that the analgesic efficacy of (+) T is 
mediated by the (+) M1 metabolites (200-300 times 
more potent on MOR activation than the parental 
compound). Secondly, it was shown that, while T 
induced analgesia is partially blocked by co-
administration with either the MOR antagonist 
naloxone or the NA antagonist yohimbine; it was 
completely abolished by combined administration of 
both antagonists (Enggaard et al., 2006).  

 
 
Fig. 1: Molecular structures of tapentadol (TAP) and 

tramadol (T). The common structure is 
highlighted in bold 

 
Clinical and preclinical trials with selective 5-HT 
inhibitors, selective NA reuptake inhibitors and mixed 
5-HT/NA reuptake inhibitors showed that analgesia is 
mostly due to NA reuptake inhibition rather than to 5-
HT reuptake inhibition (Staiger et al., 2003; Briley, 
2004). Additionally, it has been reported that 5-HT 
reuptake inhibitor drugs (i.e., selective serotonin 
reuptake inhibitors) are largely ineffective in the 
treatment of chronic pain because they indirectly 
produce concomitant activation of inhibitory as well 
excitatory 5-HT receptors (Suzuki et al., 2004).  
 The Minimum Effective Concentrations (MEC) 
reported for T and M1 in humans have been identified 
as 0.3±0.2 mg mL−1 (Lehmann et al., 1990) and 
0.08±0.06 mg mL−1 (Grond et al., 1999), respectively. 
The analgesic potency of T is about 10% of that of 
morphine following parenteral administration.  
 T has a low abuse potential, possesses no 
clinically relevant respiratory or cardiovascular 
effects, lacks pharmacodynamic tolerance, has little 
effect on gastrointestinal motility and is well 
tolerated with a low incidence of adverse effects in 
humans (Grond and Sablotzki, 2004).  
 The lack of side effects, characteristic of opioid 
derivatives, shown by this drug and the absence of 
typical side effects caused by NSAIDs, recommend T 
as a molecule for long-term treatment of chronic pain in 
animals. To date, T has been studied in several animal 
species however these experiments have usually drawn 
on several assumptions extrapolated from human data. 
The activity of the diverse enantiomers has never been 
tested, nor has the activation of MOR by the M1 
metabolite. Although many Pharmacokinetic (PK) 
studies have been carried out in the last 5 years, only a 
small number of these have investigated 
Pharmacodynamic (PD) properties.  
 Nowadays, T is widely used in veterinary clinical 
practice. Although it has been used for some time now, 
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our understanding and ability to predict the time course 
of its pharmacological effects in animals are still 
hampered by the presence of active metabolites and the 
coexistence of opioid and non-opioid mechanisms. 
Recently, T has been reported to be metabolized faster 
to inactive metabolites N-desmethyl tramadol (M2) and 
O,N-didesmethyl tramadol (M5), in goats (Sousa et al., 
2008), dogs (McMillan et al., 2008; Giorgi et al., 
2009a; 2009b; 2009c; 2009d; 2010a; Kukanich and 
Papich, 2011), horses (Giorgi et al., 2007; Shilo et al., 
2008; Cox et al., 2010; Giorgi et al., 2010b), llamas 
(Cox et al., 2011), alpacas (Giorgi et al., 2010c), 
peafowl (Black et al., 2010), hawks (Souza et al., 2011) 
than in cats (Pypendop and Ilkiw, 2008). The use of T 
has also been suggested for zoo animals (Souza and 
Cox, 2011).  
 The clinical effectiveness of T is uncertain for 
some animals, particularly in species that metabolize 
the molecule to inactive metabolites. It is possible 
therefore that this drug may not provide as effective and 
safe treatment for pain as in humans (Giorgi et al., 
2007; 2009a; 2009b; 2009c; 2009d; 2010a; 2010c; 
Sousa et al., 2008; Kukanich and Papich, 2011). No 
stereoselective pharmacokinetic studies on T and its 
metabolite have been reported in animals to date. 
Although T has been reported as effective in a small 
number of clinical studies (Vettorato et al., 2010, 
Pypendop et al., 2009), its efficacy in veterinary 
medicine is still controversial. 
 
Tapentadol: At the end of 2011, a novel opioid drug, 
Tapentadol (TAP), was launched on the European 
market for human use. This drug has a structure 
similar to T (Fig. 1). Based on its unique mechanism 
of action, it has been proposed as the first 
representative of a new pharmacological class of 
centrally acting analgesics: the MOR agonist, NA 
Reuptake Inhibitor (MORNRI) (Kress, 2010). 
 Interestingly, even though it’s MOR affinity is 50-
fold lower than that of morphine, this reduces to a 2-3-
fold difference after systemic administration. This 
finding, consistent across different pain relief 
evaluation models, may be due to a better brain 
penetration of TAP, but also suggests that the NA 
reuptake-inhibitory property, contributes to a more 
potent analgesia that would be expected solely from its 
MOR agonism (Tzschentke et al., 2006). Given the 
moderate affinity of TAP at the MOR and the opioid-
sparing effect of TAP’s NRI component, it seems 
logical that TAP would produce fewer opioid-related 
side effects than classical MOR agonists, such as 
morphine. Indeed, compared to morphine, TAP 
produces much less nausea and vomiting in ferrets, the 
duration of these side effects was also shorter 

(Tzschentke et al., 2009). Furthermore, the threshold 
dose for these effects was 100 times higher for TAP 
than for morphine. Also aligning with these findings, 
TAP had a weaker inhibitory effect than morphine at 
equianalgesic intraperitoneal doses on both (i) 
gastrointestinal motility assessed from charcoal transit 
and (ii) prostaglandin-induced diarrhoea (Tzschentke et 
al., 2006). Several comparative human preclinical 
studies involving other analogue opioids confirm these 
experimental findings (Afilalo et al., 2010; Etropolski 
et al., 2011; Wilhorn and Kraus, 2011). 
 In vivo and in vitro preclinical pharmacological 
studies demonstrated that TAP displays weak 
anticholinercic activity and a negligible 5HT reuptake 
inhibition but a pronounced NA reuptake inhibition 
(Tzschentke et al., 2006). Following chronic 
administration of TAP, tolerance development took 
much longer compared with morphine (Ahlbeck, 2011).
 The PK features of TAP have been tested in 
rodents and humans. In summary, the drug is almost 
completely absorbed after oral administration but 
undergoes high levels of phase II metabolism 
glucuronidation, limiting oral bioavailability at 8 and 
32% in rats and humans, respectively. Phase I 
biotransformation is negligible and does not produce 
active metabolites. TAP has shown no potential for 
CYP450 induction or inhibition (Terlinden et al., 2007). 
 Recently, evaluation of new pharmaceutical 
ingredients approved for use in human medicine and of 
potential interest for veterinary medicine, included 
assessment of TAP (Emmerich, 2011). There is great 
potential for use of this drug in veterinary species. 
Theoretically, it might overcome a number of the 
disadvantages of T such as: (i) TAP exists only as a 
single enantiomer; (ii) only the parent compound is 
involved in its pharmacological activity (i.e., no 
metabolic activation is necessary); (iii) the time 
dependent changes in the dynamic of opioid and 
monoaminergic analgesia occur in parallel; (iv) no 
CYP450 induction/inhibition exists which could 
negatively affect analgesia; (v) the 5HT reuptake 
inhibition triggering adverse effects is negligible. 
However, TAP still has some disadvantages, namely: 
(i) it has antimuscarinic activity, albeit weak, which 
produces a well known cadre of adverse effects; (ii) it is 
a weak blocker of 5-HT3 receptor (e.g., as mirtazapine, 
metaclopramide, ondasteron,…), as yet it has not been 
determined whether this property is helpful or harmful; 
iii) it has very low oral bioavailability (although a 
prodrug with amino acids or short peptides increasing 
the bioavailability by a factor of 10 has been patented 
(US Patent Application 20100227921); (iv) the 
bioavailability in cats and in other animal species 
deficient of glucuronic acid, might be much higher. 
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 TAP is a promising compound but much more 
data, especially PK/PD, is required before its regular 
use in veterinary medicine can be recommended.  
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