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	Executive Summary
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The executive summary must not exceed 2 sides in total of A4 and should be understandable to the intelligent non-scientist.  It should cover the main objectives, methods and findings of the research, together with any other significant events and options for new work.

	1. Anticoagulant poisons are markedly inhumane, but the most efficient and commonly used method for killing rodents. Society sees animals, which include rodents, as objects of moral concern, and there is increasing pressure to extend a duty of care to animals killed during wildlife management. Thus the extensive use of a markedly inhumane poison is the subject of increasing concern.

2. Adding analgesics to anticoagulants has been suggested as a possible method of improving the humaneness of these rodenticides. There are however some technical problems that would need to be overcome, for this approach to work. These are: a) What is the potential for pain alleviation from the addition of candidate analgesics to anticoagulant poisons; in particular are there indications of a decrease in the duration and intensity of suffering, as opposed to only a decrease in the time to death? b) What are the side effects of the candidate analgesics, and the implications for secondary poisoning? c) What is the likely environmental fate of the candidate analgesics. The objective of this review was to determine if advances in the field of analgesics had advanced sufficiently to address these concerns and outline research requirements to develop this concept.
3. Although analgesic compounds for clinical use are subjected to a range of tests to determine their effectiveness, none involve alleviation of pain caused due to anticoagulants. In addition the cause of pain during anticoagulant poisoning has not been investigated and is not understood. Unfortunately, the only way to determine if an analgesic can decrease the severity of pain, would be to administer it to anticoagulant poisoned animals. However, there are some other specific issues relating to administration of an analgesic that can be assessed from previous scientific studies. For an analgesic to work, in addition to decreasing pain, it has to be palatable and not reduce bait uptake, it has to be effective at the time that painful symptoms appear and the effective dose has to be low enough to be contained in a bait.
4. A review of the literature on analgesics identified meloxicam as a potentially suitable analgesic for this application. In experimental studies and in clinical use it has been found to be palatable to horses, cats and dogs. It has a relatively long duration of action such that it is only required to be administered once daily, and has been found to be as effective at treating post-operative pain in rats as an opioid analgesic. If the analgesic was effective at reducing the pain during the early stages of poisoning, rats should continue eating bait, rather than reducing uptake as typically occurs during the onset of anticoagulant poisoning, and therefore continue to self-administer more analgesic closer to death. The majority of rats visit a bait station at least once a day after they initially take the bait, and so should be able to consume the analgesic at an effective rate.  The effective dose of meloxicam appears low enough to permit a bait formulation that would deliver an effective dose if half of a rat’s daily food intake consisted of bait.
5. No side effects have been reported during clinical use of meloxicam and its metabolites are chemically inert. Although meloxicam is licensed for use in horses, dogs, cats, pigs and rodents, the licensing authority does not require submission of environmental fate data for the active substance. It is assumed that none will be spilt, and all the chemical will be ingested by or injected into the target animal. These environmental fate data would be required for registration of any new anticoagulant/analgesic combination, however this would be no different than that required for addition of a dye or preservative. There is no anticipated synergistic interaction between the analgesic and the anticoagulant.
6. The next step in developing this concept further would be to determine if the analgesic meloxicam is effective at reducing pain during anticoagulant poisoning. If this is successful then further studies would be required to confirm palatability, and effectiveness in a free-feeding population of wild rats.
7. The overall conclusion from this review is that there is an analgesic that has the potential to alleviate some of the pain that is inflicted on rodents during anticoagulant poisoning and an approach has been identified to evaluating this potential.
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
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
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Introduction

Bait containing anticoagulant poison is the most widely used method for controlling rodents in both rural and urban areas. In 1997 it was estimated that over 1.5 million kg of anticoagulant bait was used on farms in England (arable and grassland) (Cowan & Quy 2004). It is thought that over 20 million rats are killed each year using anticoagulants in the UK (Fox & McDonald 1999). However, anticoagulant poisons are recognised as being “markedly inhumane” (PSD 1997). and their extensive use represents the single biggest known welfare issue associated with wildlife management in the UK.

Studies carried out at Central Science Laboratory (CSL, now the Food and Environment Research Agency, Fera) and various clinical papers (see below) indicate that pain is the main contributor to the poor welfare of rats killed by anticoagulant poison. The 1997 PSD report argued that research should be carried out looking at the potential for analgesics to be used to alleviate this pain. In 2000 a pilot study was undertaken at CSL to assess the palatability and the effectiveness of the analgesic drugs phenylbutazone and indomethacine when given with warfarin bait to wild Norway rats. Although there was some indication that time to death was decreased due to a synergistic effect of phenylbutazone (i.e. it caused a reduction in the metabolism of warfarin) this result was not conclusive due to the low numbers of animals used. However, the pilot study did clearly demonstrate that there were problems with the palatability of both drugs. Whilst problems of palatability can potentially be overcome by micro-encapsulation of the unpalatable compounds, the proposed micro-encapsulation of phenylbutazone and indomethacine would have very limited application outside of rodent control and hence the cost of developing the appropriate technology would be prohibitive.

The idea of using analgesics in combination with poisons was subsequently investigated in Australia (Marks et al. 2000). This work involved the incorporation of analgesics into relatively fast-acting poisons (such as sodium monofluroacetate (1080)) and the technology was developed such that a formulation was developed for testing in the field.

Renewed interest in this area of work in the UK was initiated by the Universities Federation for Animal Welfare (UFAW) Rodent Control Working Group. The Rodent Control Working Group is comprised of scientists involved in this field, representatives of the pest control industry and policymakers. Discussions were held about possible research following on from the CSL pilot study. This research was to identify whether the previously trialled non-steroidal anti-inflammatory drugs (NSAIDs) reduced pain associated with anticoagulants, in addition to the reduction in time to death. Rodenticide manufacturers were involved in these discussions with a view to being involved in any subsequent collaborative research. A perceived major obstacle to the practical implementation of analgesic/anticoagulant mixtures was how such new compound combinations would be viewed by the regulatory bodies; in particular the data requirements that might be required. These regulatory issues were discussed at the EU Biocides Technical Meeting of regulatory authorities held in Arona, Italy in October 2007. The following questions were raised at this meeting: a) What is the potential for pain alleviation from the addition of candidate analgesics to anticoagulant poisons; in particular are there indications of a decrease in the duration and intensity of suffering, as opposed to only a decrease in the time to death? b) What are the side effects of the candidate analgesics, and the implications for secondary poisoning? c) What is the likely environmental fate of the candidate analgesics?

Since the pilot work conducted at CSL in 2000 several new drugs have been developed, and are now in widespread use, that are potentially more appropriate than the phenylbutazone and indomethacin used in that study. The aim of this review is to address the questions raised at the Biocides Technical Meeting, particularly in relation to these new drugs, and to identify potential new research that would take this work forward.

The welfare implications of the use of anticoagulant poisons
The mode of action of anticoagulant poisons is to inhibit the blood-clotting mechanism by blocking enzymes in the vitamin K cycle, and thereby cause severe haemorrhages (e.g. MacNicoll 1988). These severe haemorrhages lead to a reduction in blood pressure and ultimately death. The exact pathways that result in the perception of pain during anticoagulant poisoning are unknown. However, whilst bleeding per se is not thought to result in pain, the accumulation of blood in restricted locations may cause pressure on organs and nerves resulting in pain that can, depending on location, be severe in humans (Yates & Smith 1989). 

Studies of the location of haemorrhages found in post mortem examinations of rats killed by anticoagulant poisons (CSL 1991,1994) grouped the haemorrhage sites into a number of anatomical regions: cutaneous, thoracic, gastrointestinal, gonads, cranial and bladder (however the source of blood in the bladder could not be identified from the post-mortem reports used in these studies, for example it may have come from the kidneys). The welfare implications of haemorrhage in these regions can be assessed by reference to studies involving patients undergoing the early forms of anticoagulant therapy. 

Cutaneous: Anticoagulants often cause purple patches (i.e. petechiae and ecchymoses) to appear on the skin and these frequently evolve into necrotic tissue which is painful (e.g. Cole et al. 1988). Petechiae and ecchymoses are distinct from subcutaneous haemorrhages which also occur, are painful and can result in the sloughing of tissue (e.g. Verhagen 1954).

Thoracic: Thoracic haemorrhages fall into two categories; pulmonary and cardiac. Anticoagulant induced haemorrhage in the lungs leads to congestion and pulmonary emboli resulting in sharp, severe chest pains (e.g. Macon et al. 1970).  Anticoagulants have often been used to treat patients with myocardial infarction and so reports of their effects upon the heart usually come from patients who already have heart problems. The most common anticoagulant induced complication is haemopericardium, i.e. blood leakage into the pericardial cavity, which causes recurrent cardiac pain.

 Gastrointestinal: The most common form of anticoagulant induced gastrointestinal complaint in humans is a blockage resulting from an intramural intestinal haematoma (e.g. Azizkhan et al. 1982). The haematoma usually occurs in the jejunum and ileum and is associated with the onset of severe cramping pains (e.g. Stanton et al. 1974). Intramural haematoma may also result in gastro-intestinal bleeding; which also triggers abdominal pain and causes the second largest number of fatalities of any anticoagulant complication in humans (Pastor et al. 1962). Anticoagulant poisoning can produce bleeding from the rectum and anus which again is painful (e.g. Kirby & Lawson 1988).

Gonads: Anticoagulants can cause ovarian haemorrhage, which results in acute lower abdominal pain, and also painful follicular cysts (e.g. Lee & Krazmier 1977). Bleeding frequently occurs from a corpus luteum and may lead to a massive intraperitoneal haemorrhage (Dacus 1968). Haemorrhage into the vagina can occur (Coon & Willis 1974), as can very painful genital necrosis (e.g. Kandrotas & Deterding 1988).

Cranial: Intracerebral, subdural and extradural haematoma have all been reported in humans undergoing anticoagulant therapy (e.g. Wells & Urrea 1960, Macon et al. 1970), as well as cerebral thrombosis and emboli (e.g. Bass 1983). The nature of the pain experienced depends upon the location of the haemorrhage. As well as persistent headache (e.g. Blattner 1967) there may be intense pain in other parts of the body; for example the “agonising” hand pain following parietal lobe haemorrhage reported by Sandyk (1985).

 Although there is evidence that the probability of haemorrhage at different anatomical sites varies significantly between anticoagulant poisons (CSL 1991, 1994), the data are insufficient to determine if there are also significant differences in the welfare of rodents killed by the various anticoagulant rodenticides (PSD 1997). 
Studies into the behaviour of rats and possums after ingestion of brodifacoum, found several indicators of distress (Littin et al. 2000, Littin et al. 2002). There was a significant reduction in food intake, and activity and increases in lethargy and abnormal postures. Similar findings were reported in the PSD (1997) report.
Any potential analgesic for alleviating pain during anticoagulant poisoning would at least need to be effective against pain caused by swelling. However, as all the causes of pain during anticoagulant poisoning are not established, analgesics causing strong general effects should be considered.

The action of analgesics 

Pain can be separated into two types, physiological and pathological (Woolf & Chong 1993). Physiological pain is a means of detecting noxious stimuli, and can be thought of as a ‘protective’ pain, whilst pathological pain refers to a perception that is more intense than the apparent noxious stimuli. For example, where a peripheral stimulus has resulted in inflammatory changes, the perception of pain can be increased. Chronic ongoing pain can lead to a centrally sensitised state. The response to noxious stimuli involves a number of processes. The stimulus is detected at peripheral receptors that send signals along the afferent sensory nerve fibres to the spinal cord. Processing of these signals may occur here before they are passed on to the brain, and the brain may try to suppress the signals by a descending inhibition on the spinal cord. If an inflammatory response has occurred this has the effect of sensitising the peripheral nerve fibres and thereby increasing the signal intensity arriving at the spinal cord. After some time modulation at the cord switches from suppression to amplification that forces the animal to rest, thereby promoting healing.

Various analgesic drugs have been developed to intervene in the processing of the pain signals at many of the stages from peripheral receptor to brain, and most are hypoalgesic, i.e. they reduce pain rather than abolish it. The two main categories of analgesic are those collectively known as the opioids and those known as the non-steroidal anti-inflammatory drugs (NSAIDs). In the UK, many of the opioid analgesic drugs are subject to control under the Misuse of Drugs Act 1971 and all are prescription-only medicines (POMs). It is very unlikely that these drugs would ever be licensed for general use in conjunction with anticoagulants. This leaves the NSAIDs as the most appropriate analgesics for the current application.

The non-steroidal anti-inflammatory drugs (NSAIDs) are a group of weak organic acids (the carboxylic and enolic acids) with anti-inflammatory, analgesic and antipyretic actions. They work by inhibiting the cyclo-oxygenase enzymes (COX) that are responsible for the release of prostaglandin and thromboxane after tissue damage. COX are also found in the central nervous system but here their role is unclear. Most NSAIDs are readily absorbed after oral dosing, and a high proportion of the active compound is bound to plasma proteins. Although this can limit the movement of the drug into the interstitial fluid it can also prolong their effectiveness, and as a result the plasma half-life of a NSAID is not a good indicator of duration of therapeutic effect. Most NSAIDs need to be administered only once a day in order to produce good therapeutic effects in animals (Lees 1998).

The candidate NSAIDs tested in the CSL pilot study (phenylbutazone and indomethacine) were found to be unpalatable to rats, and their use will be restricted in future due to non-renewal of the relevant authorisations with the Veterinary Medicines Directorate. However, several new NSAIDs have now replaced these drugs in clinical use and some of these would be potentially suitable for the current application. The analgesics currently authorised for use in rodents are, acetylsalicylic acid, carprofen, diclofenac, ibuprofen, ketoprofen, meloxicam, paracetamol and piroxicam. Although much of the basic data on NSAIDs have been gathered on rodents there have been very few controlled clinical trials to determine effective therapeutic dose rates in these species (see Table 2). 

As many NSAIDs interfere with the metabolism of anticoagulants these analgesics have not generally been used to relieve pain for haemophiliacs and patients on anticoagulant therapy. However, paracetamol is known to reduce the pain associated with bleeding into joints (Elander & Barry 2003) and some of the new NSAIDs (i.e. the so-called COXIBs, e.g. meloxicam) are now being successfully used to alleviate severe pain in haemophiliacs and can be tolerated by patients undergoing warfarin therapy (e.g. Turck et al. 1997). After reviewing the available information it would appear that two relatively new NSAIDs, meloxicam and carprofen, have the greatest potential to reduce pain associated with the ingestion of anticoagulant rodenticides (Table 2).This potential was assessed using potency in pain models and duration of effective analgesic action. The first scientific reports of studies of meloxicam were published in 1995. Since then over 1000 studies involving meloxicam have been published but relatively few of these have been in rats or in models of pain. The majority of trials have been focused on clinical use and its side effects for alleviation of both human and animal arthritic pain. 
In tests involving rats meloxicam was found to be several times more effective than other NSAIDs (i.e. piroxicam, indomethacin, diclofenac and naproxen) in several pain models (Engelhardt et al. 1995). With respect to the total effect of a single oral dose, the anti-exudative effect of meloxicam on carrageenan-induced oedema in the rat exceeded that of all the NSAIDs included in the comparison. Additionally, meloxicam showed the greatest potency of all the compounds examined with respect to adjuvant-induced arthritis in the rat, the granuloma pouch model and the cotton pellet test in the rat. In the carrageenan pleurisy model in the rat, meloxicam caused both a dose-dependent reduction in exudate volume and also inhibition of leucocyte migration. Meloxicam showed a strong and lasting effect on inflammatory pain in the rat. Like other NSAIDs, meloxicam had no effect in the hot plate and tail clamp tests, which are used to identify weak central analgesic effects. Meloxicam did reduce yeast-induced fever in the rat in a dose-dependent manner. Like piroxicam, meloxicam had a uricosuric effect on rats treated with oxonic acid. Low-dose meloxicam inhibited both bradykinin-induced and PAF-induced bronchospasm in the guinea-pig, but had no effect on acetylcholine-induced bronchospasm. Piroxicam had greater ulcerogenic effects in the rat stomach than meloxicam. The therapeutic range of meloxicam in the rat, with regard to inhibition of adjuvant arthritis, was several times greater than that of piroxicam, indomethacin, diclofenac and naproxen. 

Effective dose rates and duration of action for clinical use of these drugs have had to be predicted for rodents; however subsequent clinical experience has supported these predictions (Flecknell & Waterman-Pearson 2000). Trials have found that meloxicam is as effective at reducing post-operative pain in rats as an opioid analgesic, generally thought to have a strong effect (Roughan et al. 2009). 

In previous trials meloxicam and carprofen appeared to be ineffective at reducing pain associated with a cancer tumour in rats, but carprofen was effective at reducing pain after abdominal surgery (Roughan & Flecknel 2001). This anomaly may have resulted from the NSAIDs in the cancer model being administered after hyperalgesia had been triggered. Meloxicam was found to be both palatable and effective in reducing pain in horses suffering from musculoskeletal disorders (Friton et al. 2006). Carprofen also reduced pain in lame broiler chickens and the amount of treated food selected by lame birds increased with the severity of the lameness (Danbury et al. 2000). However, there is little specific information on the effectiveness of these new NSAIDs in relation to their potential for mitigation of the adverse welfare found in rodents treated with anticoagulant poisons. Correspondence with leading pain researchers has confirmed that the only way to determine if a particular NSAID would indeed be effective at reducing pain associated with anticoagulant poisoning would be to carry out an experimental study focussed on this specific question.

What is the potential for pain alleviation from the addition of candidate NSAIDs to anticoagulant rodenticides?

In order for the addition of NSAIDs to rodenticide bait to improve the welfare of rodents dying from anticoagulant poison, not only must the animal consume sufficient of the drug to induce analgesia but also consumption and the subsequent period during which analgesia is induced should match the period between onset of pain and irreversible unconsciousness. Whether these requirements can be met is a function of a) the effect of the NSAID on bait palatability, b) the duration of the analgesia induced following NSAID consumption, and c) the frequency and duration of bait consumption.

a) Palatability: The pilot study undertaken at CSL in 2000, found that both phenylbutazone and indomethacine were relatively unpalatable to rats. However, some of the new NSAIDs, like carprofen and meloxicam, are far more palatable and have been self-administered by several species under a range of test conditions. For example, chickens that are lame will self-administer carprofen and do not find the NSAID treated feed unpalatable (Danbury et al. 2000). Meloxicam and carprofen have also been found to have good palatability for dogs (Payne-Johnson et al. 2007) and meloxicam for horses (Friton et al. 2006). Such studies suggest that palatability may be much less of an issue with the new NSAIDs.

b) Analgesia in relation to onset of painful symptoms induced by anticoagulant rodenticides: Typically the time to death of rats from anticoagulant poisoning is 6-7 days after first bait consumption (Littin et al. 2000). The NSAIDs that have been identified for potential use all have a therapeutic effect when given once daily, i.e. the analgesia lasts 24 hours after a single dose (Lees 1998). Hence, if animals consume baits containing these drugs daily they will potentially experience continuous analgesia. However, typically 3 to 4 days after first consumption of an anticoagulant bait the activity level of the rat starts to drop and its food intake, including treated bait, decreases (Littin et al. 2000). If consumption of bait containing NSAID were to cease at this point then the analgesia would not last for the duration of the period between the onset of painful symptoms and irreversible unconsciousness. However, post-operative decreases in activity and feeding behaviour are thought to result from the presence of moderate or severe pain rather than the anaesthetic (Morton & Griffiths 1985; UKCCCR 1998; Roughan et al. 2004), and that this is true for both popular bait stations i.e. that have several different rats visiting them, and for less preferred stations that may be visited by only one individual. Therefore, as long as the analgesic is palatable, the majority of the rat population exposed to rodenticide should potentially experience less pain if the NSAID is added to the bait formulation. 
. Therefore, if the drug has an analgesic effect over the initial period of bait consumption the resultant decrease in pain could be expected to limit the subsequent decreases in activity, food intake and bait consumption. As a result the rat should continue to consume more of the bait containing both anticoagulant poison and NSAID. Adding the drug to the bait could have multiple beneficial effects in that not only would it reduce the degree of suffering during the period when the animal would otherwise be experiencing pain, but it might also reduce the potential for sub-lethal exposure to the rodenticide and hence the possibility of subsequent recovery (Smith et al. 1994). Recent research on the patterns of bait intake of wild rats has found that the majority of the population return to the bait stations daily (e.g. Klemann & Pelz 2006)
c) The frequency and duration of bait consumption: Determining the concentration required in a bait depends on the effective dose and bait consumption rates with respect to body size. A general rule during screening of compounds as potential rodenticides is that they should be effective at a concentration of no more than 100 mg/kg (R. Quy, pers comm.) if they are to have no adverse effect on palatability. Both carprofen and meloxicam have effective doses in rodents much lower than this (Table 1). The weight of food that wild rats can eat in a single day is thought to be approximately 10% of body weight (Leslie & Ranson 1954). However, it must be taken into account, when calculating the formulated concentration of the active substance, that the bait may only form a proportion of total food intake (Rzoska 1954). Bait formulations for anticoagulants generally assume that 50% of the daily food intake will be bait and thus this amount should contain an effective dose of the rodenticide. Hence, bait formulations of second-generation anticoagulants typically contain 50mg of active substance per kg of bait.  Using similar logic the concentration of meloxicam required in a bait formulation to deliver an effective dose can be estimated (Table 1). The resulting estimated concentration of 20 mg of meloxicam per kg of bait is a realistic practical formulation.
Table 1. Estimation of meloxicam concentration required in formulated bait.
	
	

	Effective dose
	1mg/kg body weight

	Effective dose per 250g rat
	0.25 mg

	Amount of  food consumed (10% of body weight)
	25 g

	Amount of bait consumed (assuming bait represents 50% of diet)
	12.5 g

	Concentration of analgesic in bait
	0.25 mg/12.5 g

	Concentration of analgesic in bait (mg/kg)
	20 mg/kg


Are there indications of decrease in duration of suffering, rather than only time to death?
None of the newer NSAIDs are thought to have a synergistic effect with anticoagulants whereby the time to death is reduced, as found with phenylbutazone in the CSL pilot study. Studies carried out in humans with meloxicam showed that there was no synergistic effect and, in fact, this NSAID was found safe to use for pain relief in haemophiliacs and patients on warfarin (Turck et al. 1997). A synergistic effect such as the interaction between phenylbutazone and warfarin is clearly beneficial in terms of reducing the period during which animals suffered pain. However, this is not critical to improving the welfare of the anticoagulant poisoned rats. If the new NSAIDs are effective in reducing pain then the rats should continue to eat the bait, as opposed to showing a reduction in food intake as discussed above, and this increased bait uptake may itself reduce the time to death (although time to death from anticoagulant poisoning is generally not directly related to dose). Furthermore, the lack of any synergistic effects means that two new data packages for both the NSAID and the NSAID/anticoagulant combination should not be required by the regulatory authorities. However, some data on the palatability of a NSAID/ anticoagulant formulation may be required.

What are the side effects of the candidate NSAIDs, and the implications for secondary poisoning?
The new NSAIDs developed over the past ten years have replaced the previous drugs in clinical use because of their increased safety. 

 Meloxicam is almost completely eliminated from the body in the form of its metabolites (Turck et al. 1996). In comparison to other NSAIDs, the metabolites of meloxicam are formed more easily and undergo quicker elimination due to the introduction of a methyl group in the thiazolyl moiety (Schmid et al. 1995b). Three principal metabolites have been identified for meloxicam in rats, these are 5’-hydroxymethyl- (AF-UH 1 SE), 5’-carboxy- (UH-AC 110 SE), and oxalyl- (DS-AC 2 SE) (Schmid et al. 1995a). Their pharmacokinetic characteristics and profiles differ markedly from that of the parent compound, with both having comparatively low absorption rates and being rapidly eliminated (Busch et al. 1998). None of these metabolites have been associated with any biological activity at pharmacologically relevant doses (Engelhardt & Trummlitz 1990) and others have reported all three metabolites produced in noticeable amounts in rats to be biologically inactive (e.g. Schmid et al. 1995a; Engelhardt 1996 and Turck et al. 1996).
Due to the continued uptake of bait, meloxicam will however still be present in the bodies of any recently exposed rats that are eaten by predators. Over 99% of meloxicam present in a rat would be bound to plasma proteins (Busch et al. 1994) but it is unknown whether this could be transferred to predators or scavengers. Muscle and liver from meloxicam treated buffalo (to achieve a dose rate of 0.8 to 2 mg/kg) has been fed to several species of scavenging birds in India. No significant effects were seen on feeding behaviour, nor in the blood haemological or biochemical indicators monitored (Swarup et al. 2007) and meloxicam.
What is the environmental fate of candidate analgesic?
Veterinary and human medicines have not previously undergone environmental impact assessment nor had such a high degree of environmental fate scrutiny as pesticides, although this is changing as a result of increasing recognition of the negative consequences of some medicines entering food chains. Searches of scientific literature databases thus yielded no relevant environmental data on any of the potential NSAID’s and the data package supplied for licensing of meloxicam does not include any environmental data (www.boehringer-ingelheim.co.uk). The procedure for assessing risk is very different for veterinary medicines under the Veterinary Medicines Regulations compared to pesticides under the Biocides Directive; this means that even the current regulatory requirements for human or veterinary medicines provide very little data relevant to the Biocides Directive. The minimum data package that would be required in order to add an NSAID to an anticoagulant poison in a rodenticide bait would involve first establishing the fate of the drug in the environment and the possible degree of exposure possible, and then assessing the direct effects of the predicted concentrations on a range of organisms. There is an established protocol for determining these requirements.  

Future development of new formulations incorporating analgesics with anticoagulants.
At previous meetings with rodenticide manufacturers, where the candidate NSAID had a synergistic effect on the anticoagulant, no support was found for development of new formulations involving anticoagulants that would require several new data packages for registration. These data packages cost significant amounts to complete and assemble relative to the relatively small market represented by rodenticides. At the same time, although the EU Biocides Technical Committee welcomes any developments to improve the welfare of anticoagulants they are unwilling to discuss how the prohibitive costs associated with a new formulation could be avoided. However, from the information that has been reviewed with the new NSAID’s, it appears that an environmental impact data package would only be required on the NSAID. In that the NSAID would be assessed similarly to any other addition (e.g. preservative or dye) to a bait formulation. 
A comparative risk assessment must be carried out before any of the anticoagulant rodenticides can be considered for renewal of inclusion on Annex 1 of the Biocides Directive. This assessment for some of the anticoagulants must be completed by 2015. The licensing authority acknowledges that causing pain is one of the issues with anticoagulants and may use support for addressing these issues to discriminate between different active substances and/or formulations and therefore manufacturers. 
Both the EU and the UK government have clear policies regarding enhancing animal welfare and this is a subject of increasing public concern. The welfare of rats poisoned with anticoagulants is one of the most important welfare issues associated with wildlife management that needs to be addressed, in terms of both duration and intensity of pain and suffering (Meerburg et al. 2008). There is therefore likely to be increasing pressure on the industry to support areas that could improve the humaneness of essential wildlife management tools that are acknowledged to be ‘markedly inhumane’ (PSD 1997). At the same time the potential role of Government in supporting the same initiative is recognised in the policy making framework for wildlife management in England such that ‘the development of new tools thus requires Government investment to meet public good demands for humane approaches to wildlife management’ (Defra 2010).

As already stated, without further experimental studies it is uncertain whether the candidate NSAIDs, in particular meloxicam, would in practice improve the welfare of rodents killed by anticoagulant poisons. The key question is whether the strength and duration of the analgesic action is sufficient to overcome the painful symptoms that reduce bait consumption, thereby allowing the analgesia to be maintained for the period between onset of symptoms and irreversible unconsciousness and possibly also leading to a reduction in this period? This question could be addressed using a stepped approach to minimise welfare costs of the necessary research. Firstly, a study where a predicted effective dose of analgesic is administered on a daily basis to rats that have been treated with an effective dose of anticoagulant. This stage is essential to determine if the analgesic administered at established concentrations can alleviate the symptoms of pain (including reduced food intake) associated with anticoagulant poisoning. Secondly, a palatability study to determine the effect of the analgesic on food intake without an anticoagulant. Thirdly, a self-administration study of a bait formulation containing an analgesic and an anticoagulant. Support for these studies is necessary to progress this potentially feasible approach to addressing a key animal welfare issue for wildlife management in the UK. 

Table 2. Analgesic and anti-inflammatory doses quoted in literature for a range of NSAIDs in rats

	Analgesic Drug
	Plasma Half-life (hr)
	Pain Test Used
	ED50 (mg/kg)*
	Reference

	
	
	
	
	

	Acetylsalicylic Acid
	0.3
	
	
	PDR Staff (2007)

	
	1.2
	
	
	Mukherjee et al. (1996)

	
	3.4 (i.v.)
	
	
	Fu et al. (1991)

	
	
	General analgesia
	275.9
	Amanuma et al. (1984)

	
	
	
	100.0
	Flecknell (1999)

	
	
	
	100.0
	Wright et al. (1985)

	
	
	Adjuvant-induced arthritis
	145.0
	Albergres et al. (1988)

	
	
	
	108.0
	Amanuma et al. (1984)

	
	
	
	26.0
	Baruth et al. (1986)

	
	
	
	198.0
	Engelhardt (1996)

	
	
	
	175.0
	Mukherjee et al. (1996)

	
	
	
	200.0
	Vinegar et al. (1976)

	
	
	Silver nitrate-induced arthritis
	440.0
	Amanuma et al. (1984)

	
	
	Electrical stimulus
	> 320.0
	Milne & Twomey (1980)

	
	
	Non-inflamed paw pressure
	> 320.0
	Milne & Twomey (1980)

	
	
	Carrageenan-inflamed paw pressure
	56.0
	Vinegar et al. (1976)

	
	
	Serotonin-inflamed paw pressure
	22.0
	Vinegar et al. (1989)

	
	
	Trypsin-inflamed paw pressure
	10.0
	Vinegar et al. (1990)

	
	
	Yeast-inflamed paw pressure
	50.0
	Baruth et al. (1986)

	
	
	
	238.0
	Mukherjee et al. (1996)

	
	
	Carrageenan-induced paw oedema
	162.0
	Albengres et al. (1988)

	
	
	
	68.0
	Baruth et al. (1986)

	
	
	
	148.0
	Mukherjee et al. (1996)

	
	
	
	220.0
	Otterness & Gans (1988)

	
	
	Acetic acid-induced writhing
	15.2
	Niemegeers et al. (1975)

	
	
	Phenylquinone-induced writhing
	60.0
	Strub et al. (1982)

	
	
	
	
	

	Carprofen
	12.0(a)
	General analgesia
	5.0
	Flecknell (1999)


	
	
	
	
	

	
	
	Adjuvant-induced arthritis
	0.78
	Baruth et al. (1986)

	
	
	
	1.5
	Mukherjee et al. (1996)

	
	
	General inflamed paw pressure
	2-10
	Liles & Flecknell (1994)

	
	
	Yeast-inflamed paw pressure
	2.5
	Baruth et al. (1986)

	
	
	Carrageenan-induced paw oedema
	2.0
	Baruth et al. (1986)

	
	
	Kaolin-induced paw oedema
	2.6
	Strub et al. (1982)

	
	
	Hot-plate
	Inactive
	Strub et al. (1982)

	
	
	Tail-flick
	Inactive
	Strub et al. (1982)

	
	
	Phenylquinone-induced writhing
	5.0
	Strub et al. (1982)

	
	
	
	
	

	Diclofenac
	13.4
	
	
	Mukherjee et al. (1996)

	
	
	General analgesia
	10.0
	Flecknell (1999)


	
	
	Adjuvant-induced arthritis
	15.4
	Albengres et al. (1988)

	
	
	
	1.23
	Engelhardt (1996)

	
	
	
	0.05
	Gierse et al. (2005)

	
	
	
	4.0
	Gubler & Baggiolini (1978)

	
	
	
	0.9
	Mukherjee et al. (1996)

	
	
	Carrageenan-inflamed paw pressure
	5.1
	Bartoszyk & Wild (1989)

	
	
	Yeast-inflamed paw pressure
	7.67(b)
	Engelhardt et al. (1995)

	
	
	Carrageenan-induced paw oedema
	7.1
	Albengres et al. (1988)

	
	
	
	2.1
	Gierse et al. (2005)

	
	
	
	3.0
	Gubler & Baggiolini (1978)

	
	
	
	2.1
	Mukherjee et al. (1996)

	
	
	
	10.0
	Otterness & Gans (1988)

	
	
	Kaolin-induced paw oedema
	2.9
	Strub et al. (1982)

	
	
	Phenylquinone-induced writhing
	10.0
	Strub et al. (1982)

	
	
	
	
	

	Ibuprofen
	1.3
	
	
	Mukherjee et al. (1996)

	
	1.7
	
	
	Shah & Jung (1987)

	
	
	General analgesia
	97.8
	Amanuma et al. (1984)

	
	
	
	7.5
	Wright et al. (1985)

	
	
	Adjuvant-induced arthritis
	9.0
	Amanuma et al. (1984)

	
	
	
	11.34
	Capetola et al. (1980)

	
	
	
	44.0
	Mukherjee et al. (1996)

	
	
	Silver nitrate-induced arthritis
	115.0
	Amanuma et al. (1984)

	
	
	Serotonin-inflamed paw pressure
	23.0
	Vinegar et al. (1989)

	
	
	Trypsin-inflamed paw pressure
	1.6
	Vinegar et al. (1990)

	
	
	Yeast-inflamed paw pressure
	80.0
	Mukherjee et al. (1996)

	
	
	Carrageenan-induced paw oedema
	12.0
	Maj et al. (1987)

	
	
	
	78.0
	Mukherjee et al. (1996)

	
	
	
	45.0
	Otterness & Gans (1988)

	
	
	Acetic acid-induced writhing
	18.6
	Hidaka et al. (1986)

	
	
	Phenylquinone-induced writhing
	25.0
	Strub et al. (1982)

	
	
	
	
	

	Indomethacin
	4.1
	
	
	Mukherjee et al. (1996)

	
	4.0
	
	
	Taha et al. (2009)

	
	
	General analgesia
	> 5.6
	Amanuma et al. (1984)

	
	
	Adjuvant-induced arthritis
	2.1
	Albengres et al. (1988)

	
	
	
	0.83
	Amanuma et al. (1984)

	
	
	
	0.2
	Baruth et al. (1986)

	
	
	
	> 3.0
	Capetola et al. (1980)

	
	
	
	0.7
	Engelhardt (1996)

	
	
	
	0.7
	Gierse et al. (2005)

	
	
	
	0.5
	Gubler & Baggiolini (1978)

	
	
	
	4.5
	Mukherjee et al. (1996)

	
	
	Silver nitrate-induced arthritis
	5.8
	Amanuma et al. (1984)

	
	
	Non-inflamed paw pressure
	> 56
	Milne & Twomey (1980)

	
	
	Serotonin-inflamed paw pressure
	1.5
	Vinegar et al. (1989)

	
	
	Trypsin-inflamed paw pressure
	0.48
	Vinegar et al. (1990)

	
	
	Yeast-inflamed paw pressure
	1.2
	Baruth et al. (1986)

	
	
	
	13.0(b)
	Engelhardt et al. (1995)

	
	
	Carrageenan-induced paw oedema
	3.3
	Albengres et al. (1988)

	
	
	
	2.0
	Baruth et al. (1986)

	
	
	
	1.2
	Gierse et al. (2005)

	
	
	
	2.0
	Gubler & Baggiolini (1978)

	
	
	
	2.72
	Jain et al. (2002)

	
	
	
	9.2
	Maj et al. (1987)

	
	
	
	2.0
	Otterness & Gans (1988)

	
	
	Kaolin-induced paw oedema
	6.3
	Strub et al. (1982)

	
	
	General writhing
	> 56.0
	Milne & Twomey (1980)

	
	
	Acetic acid-induced writhing
	3.8
	Hidaka et al. (1986)

	
	
	Phenylquinone-induced writhing
	20.0
	Strub et al. (1982)

	
	
	
	
	

	Ketoprofen
	
	
	
	

	
	12.8
	
	
	Mukherjee et al. (1996)

	
	
	General analgesia
	5.0
	Flecknell (1999)

	
	
	Adjuvant-induced arthritis
	5.4
	Mukherjee et al. (1996)

	
	
	Yeast-inflamed paw pressure
	3.1
	Mukherjee et al. (1996)

	
	
	Carrageenan-induced paw oedema
	9.0
	Mukherjee et al. (1996)

	
	
	
	33.0
	Otterness & Gans (1988)

	
	
	Acetic acid-induced writhing
	0.45
	Niemegeers et al. (1975)

	
	
	
	
	

	Meloxicam
	15.0
	
	
	Schmid et al. (1995b)

	
	16.0
	
	
	Engelhardt et al. (1995)

	
	
	General analgesia
	1.0
	Naveen et al (2002)

	
	
	Adjuvant-induced arthritis
	0.12
	Engelhardt (1996)

	
	
	Yeast-inflamed paw pressure
	6.14(b)
	Engelhardt et al. (1995)

	
	
	Carrageenan-induced paw oedema
	1.07
	Jain et al. (2002)

	
	
	Thermal hindpaw hyperalgesia
	5.8
	Bianchi & Panerai (2002)

	
	
	
	
	

	Naproxen
	5.0
	
	
	Castaneda-Hernandez et al. (1995)

	
	5.1
	
	
	Mukherjee et al. (1996)

	
	
	Adjuvant-induced arthritis
	30.0
	Albengres et al. (1988)

	
	
	
	11.8
	Engelhardt (1996)

	
	
	
	0.9
	Gierse et al. (2005)

	
	
	
	8.0
	Mukherjee et al. (1996)

	
	
	Carrageenan-inflamed paw pressure
	56.0
	Albengres et al. (1988)

	
	
	
	1.6
	Gierse et al. (2005)

	
	
	
	6.8
	Jain et al. (2002)

	
	
	
	20.0
	Mukherjee et al. (1996)

	
	
	
	29.0
	Otterness & Gans (1988)

	
	
	Yeast-inflamed paw pressure
	20.3(b)
	Engelhardt et al. (1995)

	
	
	Acetic acid-induced writhing
	7.0
	Hidaka et al. (1986)

	
	
	
	
	

	Paracetamol
	1-4(a)
	
	
	PDR Staff (2007)

	
	
	General analgesia
	110-305
	Wright et al. (1985)

	
	
	Adjuvant-induced arthritis
	232.3
	Capetola et al. (1980)

	
	
	
	210.0
	Vinegar et al. (1976)

	
	
	Electrical stimulus
	682.0
	Behrendt & Cserepes (1985)

	
	
	Carrageenan-inflamed paw pressure
	110.0
	Vinegar et al. (1976)

	
	
	Kaolin-inflamed paw pressure
	305.0
	Vinegar et al. (1976)

	
	
	Serotonin-inflamed paw pressure
	> 60.0
	Vinegar et al. (1989)

	
	
	Trypsin-inflamed paw pressure
	17.0
	Vinegar et al. (1990)

	
	
	
	
	

	Phenylbutazone
	6.0
	
	
	Burns (1969)

	
	5.5
	
	
	Mukherjee et al. (1996)

	
	
	General analgesia
	112.4
	Amanuma et al. (1984)

	
	
	Adjuvant-induced arthritis
	11.7
	Amanuma et al. (1984)

	
	
	
	10.0
	Gubler & Baggiolini (1978)

	
	
	
	34.0
	Mukherjee et al. (1996)

	
	
	Silver nitrate-induced arthritis
	115.0
	Amanuma et al. (1984)

	
	
	Yeast-inflamed paw pressure
	125.0
	Mukherjee et al. (1996)

	
	
	Carrageenan-induced paw oedema
	20.0
	Gubler & Baggiolini (1978)

	
	
	
	33.2
	Maj et al. (1987)

	
	
	
	50.0
	Mukherjee et al. (1996)

	
	
	
	40.0
	Otterness & Gans (1988)

	
	
	Acetic acid-induced writhing
	22.4
	Niemegeers et al. (1975)

	
	
	Phenylquinone-induced writhing
	30.0
	Strub et al. (1982)

	
	
	
	
	

	Piroxicam
	6.0
	
	
	Milne & Twomey (1980)

	
	8.3
	
	
	Mukherjee et al. (1996)

	
	
	Adjuvant-induced arthritis
	3.4
	Albengres et al. (1988)

	
	
	
	0.77
	Engelhardt (1996)

	
	
	
	0.2
	Gierse et al. (2005)

	
	
	
	1.0
	Mukherjee et al. (1996)

	
	
	Electrical stimulus
	> 100
	Milne & Twomey (1980)

	
	
	Yeast-inflamed paw pressure
	13.3(b)
	Engelhardt et al. (1995)

	
	
	Carrageenan-induced paw oedema
	3.1
	Albengres et al. (1988)

	
	
	
	2.4
	Gierse et al. (2005)

	
	
	
	1.7
	Maj et al. (1987)

	
	
	
	3.0
	Mukherjee et al. (1996)

	
	
	
	4.5
	Otterness & Gans (1988)

	
	
	General writhing
	2.3
	Hiranuma et al. (1988)

	
	
	
	
	


* All ED50 values quoted relate to trials in which the analgesic drugs were administered orally 
(a) Value for plasma half-life only available in humans.

(b) Results quoted in literature as ED150 corresponding to an increase in pain threshold of 50% as opposed to reduction of pain 6hr after administration of the yeast.
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