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He was a raw recruit from Parris Island, taking a beachhead in the
Pacific. He was scared to death. Heavy enemy fire was killing his bud-
dies all around him. When a shell burst nearby, he felt an excruciating
pain and the sensation of blood pouring down his leg. There was a call
for a corpsman, and he was carried to a medical station, where doctors
discovered he had indeed been hit—on his canteen. They sent him back
out. More shells, more bombs. Suddenly, he felt a sharp pain in his
head, hit the sand, rolled over, and ran his hand across his forehead.
Sure enough, there was blood. Again they carried him to the medical
station. The doctor took some tweezers, picked out a few fragments of
metal from his face, slapped on some adhesive bandages and sent him
back to fight once more. By then, almost his entire company had been
wiped out. For the third time, a shell burst near him. It tore off his leg.
He did not feel a thing. (Wallis, 1984, p. 66)

This soldier’s experience illustrates a basic fact about pain: It is not
simply determined by the extent of tissue damage but by many factors,
including the expectations and emotional state of the individual, the con-
text, and the nature of the injury. Although this variability has long puz-
zled pain researchers, animal studies have led to major advances in un-
derstanding the neurobiological and psychological mechanisms that can
inhibit or facilitate pain. As researchers’ knowledge of pain mechanisms
has grown, so too has their ability to design new and more effective pain
treatments.

Pain normally serves an adaptive function, alerting us to tissue dam-
age and promoting recuperation until healing is complete. In contrast,
pathological pain (e.g., chronic pain caused by inflammation or nerve dam-
age) produces persistent pain that can overwhelm and incapacitate a per-
son. In the United States alone, an estimated 65 million people experience
chronic pathological pain that takes the form of arthritis, neuropathic pain
(caused by nerve damage), back pain, migraine headaches, degenerative
diseases (e.g., multiple sclerosis), and terminal diseases such as cancer.
Indeed, pain is a major health problem that is responsible for 80% of all
physician visits and approximately $70 billion annually in health care
costs and reduced productivity. This epidemic of pain syndromes has mo-
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tivated scientists to develop animal laboratory models to investigate the
mechanisms underlying both normal and pathological pain states.

Current clinical procedures to treat pain are based on research with
laboratory animals. In the section that follows, I introduce how pain can
be studied in animal subjects. Next, I consider the neural systems that
carry the pain signal to the brain and how these systems can be sensitized,
a process that enhances the level of pain a person experiences. I then
discuss how the brain can regulate the pain signal by means of descending
neural pathways that travel from the brain to the spinal cord. I will show
that, depending on the environmental conditions, the nervous system can
either inhibit or sensitize the pain signal, altering the level of pain a per-
son experiences. Throughout this chapter, I show how the discovery of
effective treatments to prevent and reduce pain in humans has depended
on animal studies.

Using Laboratory Animal Models to Study Pain

A variety of animal models have been developed to study acute and chronic
pain. Because animals cannot verbally report their level of pain, this state
must be inferred using behavioral signs. One approach is to measure reac-
tivity to gradually incremented stimuli (e.g., heat or pressure) applied to
the tail or paw of a rat and determine the intensity of stimulation required
to elicit a vocalization or withdrawal response (e.g., King, Joynes,
Meagher, & Grau, 1996). To verify that these measures reflect acute pain,
researchers examine the impact of physiological and pharmacological ma-
nipulations known to reduce human pain. For example, rats receiving the
opiate morphine require much higher stimulus intensities to evoke a vo-
calization and tail-withdrawal response. Another approach is to develop
animal models of chronic pain (e.g., arthritis, unilateral inflammation of
a paw or joint, or neuropathic pain) and measure behavioral signs that
parallel the symptoms observed in humans with chronic pain (e.g., Cod-
erre & Katz, 1997). For instance, the behavioral signs associated with
inflammatory pain include guarding of the affected limb, hyperreactivity
to heat and mechanical stimulation, and reduced spontaneous locomotor
activity. In addition to quantifying behavioral signs, physiological changes
can be measured through electrophysiological recordings of neurons in the
pain pathway, as well as histological markers of neural activity (e.g., c-
fos). In all instances, these studies are monitored by university and federal
animal ethics committees that require that experimenters minimize stress
and assure animal welfare. Thus, when tail-withdrawal latencies to ra-
diant heat are measured, the heat must be terminated after a predeter-
mined time to prevent tissue damage. Likewise, electrophysiological pain
studies (e.g., recording electrical impulses from a nerve) are performed
under light anesthesia.

Pain is a complex biological and psychological process that must be
investigated in a living organism. Because no adequate alternative exists,
most pain research must be conducted with laboratory animals. Animal
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research has led to advances in understanding pain and its treatment,
including treatments for pain due to nerve damage, migraine headache,
childbirth, surgery, amputation, cancer, and arthritis. Despite these ad-
vances and ethical oversight, the use of animals in pain research has come
under attack. Over the past 20 years, the animal rights movement has
used the media to persuade many Americans that pain research in labo-
ratory animals is unnecessary and that this issue can be studied through
alternative methods. Unfortunately, this change in public opinion has led
some regulatory agencies to create barriers to conducting laboratory ani-
mal research on pain at many institutions. If this trend continues, ad-
vances in pain prevention and treatment will be halted.

Ascending Pain Transmission

Animal research has clarified that the experience of pain is due to the
combined activity of distinct systems that transmit and modulate pain
(Wall & Melzack, 1999). This section focuses on the bottom-up process of
pain transmission that provides the brain with information about tissue
damage (Figure 15.1). The following section considers the top-down influ-
ence of modulatory systems that regulate pain transmission. I show how
pain research in laboratory animals provides insights into the mechanisms
of acute and pathological pain and its prevention through pharmacological
and psychological interventions.

Pain Transmission Pathway

The pain transmission system provides information to the brain about
stimuli that have the potential to cause tissue damage (Jessell & Kelly,
1991; Wall & Melzack, 1999). All pain-sensitive regions of the body contain
sensory neurons called primary afferent nociceptors that respond to in-
tense thermal, mechanical, and chemical stimuli. The peripheral endings
of these nociceptors are activated by chemicals (e.g., bradykinin, prosta-
glandins, and histamine) released during tissue damage and inflamma-
tion, causing them to transmit signals in the form of action potentials. The
axons of these nociceptors carry this signal to the spinal cord, where they
release neurotransmitters that activate pain transmission neurons in the
dorsal horn of the spinal cord. Next, these pain transmission neurons carry
this message to various regions of the brain, where it is processed and
evaluated. One class of pain transmission neurons, spinothalamic tract
neurons, carry signals from the spinal cord to specific thalamic nuclei.
These thalamic neurons have reciprocal connections to a region of the ce-
rebral cortex known as the somatosensory cortex, which provides a spatial
mapping of the body surface. Human brain imaging studies suggest that
activity within these thalamocortical pathways encodes the sensory qual-
ity of pain (e.g., intensity, location, and duration). Other projections, to the
amygdala and cingulate/anterior insular cortex, appear responsible for








