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Abstract

Regrettably, the list of unique analgesic tools has expanded very slowly over the past few decades. 

Many very promising drugs have failed once tested in clinical populations, and the associated 

costs of these translational failures have been extremely high. Part of this problem can be traced to 

the ways we select and use preclinical tools and perhaps in the way we report our findings. We are 

beginning to reevaluate our selection of animal models and the methods we use to measure pain-

related responses in these animals. In addition, many journals now require a clear statement of the 

experimental hypothesis, the details of the experimental methods, a description of the statistical 

approach to analyzing the data and the disclosure of conflicts of interest. These new practices pose 

challenges to laboratory-based research groups. However, a more rigorous approach to preclinical 

investigations may be necessary for the successful development of new analgesics.

That we have a limited ability to control both acute and chronic pain is clear. With respect to 

acute pain, one recent survey suggested that >60% of patients experience moderate to 

extreme levels of pain postoperatively despite the creative use of our existing armory of 

analgesics1. This figure has changed little in more than 10 years2. Acute pain, of course, is 

not the only problem; approximately 25% of the US population suffers from chronic pain, a 

problem costing the economy hundreds of billions of dollars annually3. Moreover, the 

overzealous use of our most powerful class of analgesics, the opioids, has spurred an 

epidemic in prescription opioid overdose as reported by the Centers for Disease Control4. 

Looking more closely at the situation reveals that most treatments for pain including 

analgesics, injections, devices, complementary approaches, etc. are fundamentally similar to 

ones we have used for decades (or in the case of some complementary approaches, 

centuries).

How could this be? Pain research is a robust and diverse field. The scientific literature is 

replete with compelling reports from laboratories around the world describing the cellular 

and molecular details of signaling mechanisms, neuroplastic changes occurring after tissue 

injury, alterations in the functioning of glial cells and many other pain-related phenomena. 
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In preclinical models newly designed drugs have been impressively effective in changing 

pain-related behaviors. Unfortunately, clinical trials using these same drugs have most often 

failed, and the costs of analgesic development are substantially higher than for many other 

types of medications5. The number of companies pursuing analgesic development has 

therefore dwindled in recent years.

Pain research now finds itself at a crossroads; what went wrong and how can we do better? 

This question has been the focus of several recent publications6,7, and has been a featured 

topic at pain research meetings8. The themes emerging from this soul searching fall into 

three basic arenas: poor animal models, poor pain measures and poor reporting 

practices9–12. We need to up our game!

Poor preclinical pain models

Why do we use the models that we do? For example, diabetic neuropathy and radiculopathy 

are two of the most common types of neuropathic pain seen clinically, but much of our 

animal work focuses on nerve injury models, typically involving partial ligation of the 

sciatic nerve or its distal branches, with the implicit assumption that the observations made 

will be generalizable and translatable. This has not worked out very well. Similarly, there 

exist a host of commonly used models involving the subcutaneous injection of noxious 

substances, e.g. formalin, carrageenan, capsaicin, etc., said to mimic inflammatory pain such 

as accompanies rheumatoid arthritis or surgical incision with similar difficulties experienced 

in translation. For example, while it is clear that inflammation accompanies incision, it has 

been clearly shown that drugs effective in reducing responses in simple inflammatory 

models are not always effective in incisional models involving the disruption of skin, muscle 

and connective tissue13. A potential problem represented in these examples is face validity – 

the models selected should resemble the conditions they are intended to inform. Moreover, 

most studies use single models although it is seldom clear why one model was selected over 

another that could provide very different results. Another problem involves the time courses 

we often study; does it make sense to study nerve injury days after surgery when clinical 

neuropathic pain often involves pain experienced months to years after the presumed inciting 

events? And what about the inclusion of biological and psychological variables known to 

affect clinical pain and analgesic responsiveness including sex differences, ages, genetic 

backgrounds, stress, sleep disturbance, etc.? Shouldn’t these variables be explored in 

laboratory pain models before attempting to translate experimentation to human subjects? 

Finally, there is the thorny issue of basic differences in neurophysiology. The failure of 

agents effective in rodents to translate to humans suggests that the chemistry and wiring of 

pain in humans may be different from these laboratory animals in fundamental ways.

These problems are difficult, but perhaps not insurmountable. Although the idea that models 

with higher apparent face validity will provide more readily translatable results is itself a 

hypothesis, we do have models more closely resembling their targeted clinical conditions 

than many in common use. For example, several types of joint inflammation models are 

available in which to study arthritis that are sometimes used in parallel in the same overall 

project to bolster confidence in the results14. Complex regional pain syndrome (CRPS) can 

be modeled by creating the same circumstances in animals that lead to many cases of CRPS 
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appearing in our clinics: distal limb fracture followed by immobilization15. Chemotherapy 

induced neuropathy, diabetic neuropathy, post-surgical pain and other common types of pain 

all have multiple models available for laboratory use, but they are often passed over in favor 

of ones that are simpler or more popular.

Once a model is selected, we have the technical capabilities to study the animals under a 

broad array of conditions relevant to clinical pain. For example, we are able to age animals 

prior to injury, follow cohorts for months rather than days, induce stress, deprive of sleep, 

control exercise levels, etc. This is fortunate since funding organizations including the 

National Institutes of Health (NIH) have adopted guidelines and requirements for the 

representation of biological diversity and common comorbidities in preclinical work they 

support. We also have available various approaches to the problem of studying pain in single 

strains of laboratory animals. Dozens of strains of rats and mice are available in which to 

determine the robustness of an investigator’s findings. Beyond the use of rodents, we have 

large animal models of many common types of pain including ones involving dogs, sheep, 

pigs, horses and primates12. Some of these species naturally develop conditions similar to 

those we wish to study in humans, e.g. osteoarthritis and cancer, or undergo surgery, and 

investigators are beginning to use these animals in preclinical analgesic development16,17. It 

is hoped, but remains to be demonstrated, that the basic pain-related pathology, 

neurophysiology, pharmacokinetics and pharmacodynamics in these alternative species 

provide translational advantages over rodents.

Poor preclinical pain measures

Why do we use the measures that we do? Pain is an experience we cannot directly measure 

in laboratory animals although some investigators regularly use the term “pain” when 

interpreting behaviors in rodents. Therefore, we focus on nociception, a term related to the 

processing of information related to the application of a noxious stimulus. Most commonly 

noxious heat or mechanical stimulation is applied to a rodent’s paw in order to evoke a 

response. These evoked responses largely involve spinal reflexes. They are rapid, 

reproducible and inexpensive to use. Unfortunately, thermal hyperalgesia and mechanical 

allodynia are often not the sole drivers of a patient’s pain complaints. For example, cross-

sectional data from a group of 1236 neuropathic pain patients found mechanical allodynia in 

only about 20% of the cohort and many had sensory loss rather than gain18. In addition, a 

recent study involving patients with complex regional pain syndrome demonstrated that anti-

hyperealgesic responses to medications correlate poorly with reductions in clinical pain 

scores19. Relatedly, we have reached the consensus that in clinical trials in order to 

understand the therapeutic potential of candidate analgesics, outcomes should include 

changes in emotional status and functional capabilities, e.g. IMMPACT guidelines20. 

Seldom do our animal studies attempt to address these endpoints.

Fortunately, there are many alternatives to evoked responses involving hopefully more 

informative behaviors. One group involves the animal’s “body language.” These measures 

include the automated analysis of spontaneous flinching, guarding, changes in facial 

expression, alterations in weight bearing on injured limbs, ultrasonic vocalization and other 

endpoints. More sophisticated analyses involve conditioned place preference paradigms and 
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various types of operant assays applicable to pain and analgesic testing. These assays probe 

the tonic aversive nature of a stimulus and the effects of injuries and drugs on an animal’s 

affective state. In some cases, these experiments have led to conclusions different from those 

obtained using simpler reflexive assays21,22 although comprehensive comparisons of results 

obtained when using evoked versus spontaneous measures have not been reported. Likewise, 

techniques to assess anxiety and depression-like states, cognitive status and physical 

functions such as gait and balance are available for rodents and larger species.

Poor reporting practices

Do our scientific reports contain clear and accurate descriptions of the work as it was 

conducted? At this point it is well-recognized that the reproducibility of preclinical research, 

not just that related to pain, is alarmingly low. Several retrospective analyses have suggested 

that for less than 50% of published preclinical studies can the results be fully reproduced, 

and this generates more than $28 billion in wasted effort in the US alone each year23. 

Problems related to study design, data analysis and laboratory protocols have been identified 

as major contributors to the reproducibility problem emphasizing the need for reports to be 

clearly and accurately written, for all key experimental details to be included, and for 

sources of potential bias to be disclosed.

Observations such as this have led to the development of reporting guidelines including 

ARRIVE – Animals in Research: Reporting In Vivo Experiments24, and the more 

specifically pain-related guidelines from the Preclinical Pain Research Consortium for 

Investigating Safety and Efficacy (PPRECISE) group9. Key requirements of the ARRIVE 

checklist for authors include a clear statement of the guiding hypothesis, well-described 

methods, descriptions of observational blinding procedures, details of statistical methods, 

transparency concerning sources of support and other factors. Such guidelines may 

encourage better scientific practices and facilitate the reproduction of results, the foundation 

upon which scientific progress and ultimately successful clinical translation rely.

What we might do differently

Moving forward there is probably a need to define expectations for preclinical pain research 

projects and reports. It is suggested that we begin with what admittedly might be seen as an 

over simplification – laboratory projects should either be considered mechanistic or pre-

translational. Mechanistic or “discovery” projects could be viewed as refined versions of 

today’s better reports. The hypotheses should involve the exploration of novel biological 

concepts rather than incrementally different questions. The techniques should be highly 

robust, contemporary and designed to test the central hypothesis from various angles. The 

project should follow a pathway or explore a mechanism in sufficient detail that our 

understanding of the relevant area of biology is improved fundamentally by the data. In this 

type of project, it would be permissible for the model to be simple and the outcomes narrow 

if that allows the biological process to be studied rigorously. In contradistinction, pre-

translational projects would be expected to generate data upon which an early phase clinical 

trial could be based. They would use one or more well-validated models. Both sexes of 

animals would be assessed for key endpoints along with biological and environmental 
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variables important to the treatment of pain. Investigators might chose to employ multiple 

strains of the same species of animal or use different species. The intervention, e.g. use of a 

novel drug, might be conceptually simple, but rigorous pharmacological testing and the 

assessment of a panel of pain-related outcomes would be expected, e.g. nociceptive 

sensitization, the intensity of a tonic aversive state, anxiety-like behaviors, cognitive 

function, gait, etc.

It will not be easy to change our approach to preclinical pain research. I admit that my own 

laboratory program does not always pursue its investigations as outlined in the preceding 

paragraphs. In fact, a major obstacle to advancement is that we do not know which new 

models and tests will provide additional translational value, and which will simply add 

unnecessary effort. This issue itself should be the subject of careful investigation. Additional 

barriers include the costs of retooling laboratories to conduct more sophisticated tests, the 

time required to fully validate new experimental procedures and the effort required to retrain 

investigators and staff regarding new experimental and reporting standards. Indeed, 

departments, review groups and funding agencies will need to focus less on numbers of 

papers when judging productivity and more on the structure and potential impact of the work 

completed. Such expectations for preclinical research raise the bar significantly. On the other 

hand, if our goal is to hasten the availability of much needed analgesic therapies, these are 

changes we need to make.
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