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Activity Description
This activity will provide participants with an understanding of the fundamental principles required to relate drug mechanisms of
action to the pathophysiological pathways responsible for the elicitation of a pain response. Participants will learn about the
components of pathophysiological pathways, including cognitive mechanisms, nociceptive responses, wind-up, and central
sensitization. As well, focus will be placed on the identification and description of points of therapeutic intervention in the brain
and cerebral cortex, along ascending (afferent) and descending (efferent) pathways, and throughout the central and peripheral
nervous systems.

Learning Objectives
1. Review the basic structure and function of the nervous system.
2. Relate physiological and biochemical features of signal transmission and transduction of nerve impulses.
3. Describe the anatomy and physiology of the pathways involved in nociceptive and neurogenic pain.
4. Explain the mechanisms of peripheral and central sensitization and how they relate to acute and chronic pain.
5. Describe the contributing factors to pathophysiological pathways including cognitive mechanisms, nociceptive responses,
wind-up, and central sensitization.
6. Identify pharmacological targets for the treatment of pain.
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and peripheral nerve stimulation. Dr. De la Garza is an accomplished author having published numerous research papers and
abstracts. He has presented at regional and national academic conferences on the topics of anesthesia and pain medicine. He is a
consultant for numerous pharmaceutical and medical device manufacturers.
Dr. Miguel de la Garza received his Bachelor of Science in Molecular Biology and a Bachelor of Arts in Chemistry from Texas
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He has also assisted in the development and facilitation of many nationally recognized ACPE educational programs. Moreover,
Ken was an advisor for the development of the Pharmacy Compounding Accreditation Board (PCAB) and remains an active
surveyor and accreditation expert for PCAB/ACHC (Accreditation Commission for Health Care). He has also served as president of
the National Home Infusion Association (NHIA) as well as president of large hospice program in the United States.
Dr. Speidel received a Bachelor of Science and Doctor of Pharmacy from Ohio Northern University. He has been awarded
Fellowship status with the International Academy of Compounding Pharmacists as well as the American College of Apothecaries.
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Basic Structure and Function of the Nervous System
The nervous system is a complex structure that coordinates voluntary and involuntary actions by transmitting signals to and from
different parts of the body. This system is divided into two main parts: the Central Nervous System (CNS) and the Peripheral
Nervous System (PNS). The CNS consists of the brain and spinal cord, while the PNS consists of all the nerves that branch out of
the spinal cord into the body (Figure 1). The PNS is divided into the somatic, autonomic, and enteric nervous system. The somatic
nervous system is responsible for transmitting information from motor and sensory neurons to the CNS. The autonomic nervous
system is largely responsible for regulating autonomic functions, such as digestion, respiratory and heart rate, pupillary response,
and certain reflexes (e.g., coughing, sneezing, swallowing, and vomiting). The autonomic nervous system is divided into two
sections: the parasympathetic and sympathetic nervous system. The parasympathetic system is responsible for stimulating
activities that occur while the body is at rest, especially after eating, while the sympathetic system is responsible for stimulating
activities that occurs in response to a perceived harmful event, attack, or threat to survival i.e. fight-or-flight response.

Image modified from http://www.biologyreference.com/Oc-Ph/Peripheral-Nervous-System.html.

Figure 1. The nervous system: CNS and PNS (left) and autonomic nervous system (right).
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The nervous system is composed of two types of cells: neurons and glial cells. Neurons are specialized cells that transmit
information from one part of the body to another through electrical and chemical signals. Glial cells are non-neuronal cells that
maintain the integrity of the nervous system. Glial cells do not conduct electrical signals but protect and provide physical support
to neurons in the nervous system. The anatomical features that make up a neuron include the cell body, dendrites, axon, and
myelin sheath (Figure 2). The cell body (or soma) contains the nucleus which stores all the genetic information required for the
neuron to function. The cell body is also the site where virtually all proteins are synthesized. The cell body is typically surrounded
by dendrites which are short branched extensions that receive signals from other neurons. Axons are the long threadlike
projections on neurons that conduct information from one neuron to another through a particular type of electrical impulse
called action potentials. These electrical impulses represent a series of voltage changes across the membrane (electrical
potential). To ensure the electrical impulse is conducted efficiently, some neurons have their axons covered with a layer of
myelin called the myelin sheath. These myelin sheaths are dielectric meaning that they are electrically insulating and prevent the
local current from flowing across the membrane. Myelin sheaths are produced by a special type of glial cell called Schwann cells.
Unmyelinated gaps between the myelin sheaths are called nodes of Ranvier and represent the uninsulated portion of the axon
through which the electrical impulse is propagated along the axon.

Figure 2. The basic structure of a neuron.
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Skeletal Structure of the Spinal Column & Vertebrae
The vertebral column (often referred to as the spinal column, spine or backbone) is a component of the axial skeleton and serves
to protect the spinal cord from damage. The main bones of the spine are vertebrae, organized into a stacked orientation (Figure
3). There are a total of 33 vertebrae, divided into five sections of the spine:






7 cervical vertebrae (C1-C7)
12 thoracic vertebrae (T1-T12)
5 lumbar vertebrae (L1-L5)
5 sacral (fused) vertebrae (S1-S5)
4 coccygeal (fused) vertebrae (sometimes 3 or 5, making the total number of vertebrae 32-34)

Image modified from https://figures.boundless.com/19616/large/figure-38-01-07.jpe

Figure 3. Regions of the vertebral column.
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The structure of vertebrae differs depending on the spinal region in which they are found; the general structure of a typical
vertebra is presented in Figure 4. Vertebrae help protect both the spinal cord and spinal nerves, provide the body with structural
strength and support, and allow a diverse range of motion and movement. The main segment of the vertebra is the vertebral
body; it is also the primary load-bearing component while standing. The site of attachment for intervertebral discs is also found
at the vertebral body. The spinal cord and nerve roots are protected by the anterior section of the vertebral body. Descending
along the spinal column, the vertebral bodies and discs increase in size, with the lumbar vertebrae among the largest and
supporting the greatest proportion of body weight. The facet joints exist as paired joints, with one pair on both the right and left
vertebral sides. These joints function as connection points with other vertebrae both above and below, forming the stacked
orientation. For the two pairs of joints, the ones pointing upward and downward are termed the superior and inferior articular
facets, respectively. From the rear of the vertebrae are two projections of hard bone known as the pedicles. They are responsible
for bridging the gap between the anterior and posterior portions of a vertebra, and also protecting the spinal cord and nerves
from lateral damage. The laminae (2 per vertebra) are found on the superior potion of the vertebra; they are the attachment site
for spinal ligaments and also provide both protection and support for the spinal cord. The recognizable bumps on an individual’s
back that can both be seen and felt are termed the spinous processes. They exist as bony projections, protruding centrally in a
posterior orientation and are attachment sites for ligaments and muscles. The transverse processes (2 per vertebra) are found on
the right and left sides of a vertebra; they are also attachment sites for ligaments and muscles. Intervertebral discs are composed
of fibrocartilage and as their name suggests, they are found in between adjacent vertebrae. These discs are primarily responsible
for shock absorbance but also allow for some movement. Finally, the spinal canal provides a bony, protective cavity for the spinal
cord to pass through.

Image modified from https://upload.wikimedia.org/wikipedia/commons/3/35/718_Vertebra-en.svg

Figure 4. Anatomy of a typical vertebra
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Action Potential Conduction
The propagation of an action potential is also known as action potential conduction or transmission. Under resting conditions, an
unstimulated cell will maintain a negative internal potential between –30 and –70 mV because the ion composition inside the cell
is different from the surrounding extracellular fluid. To initiate an action potential, the electrical polarity of the membrane needs
to be reversed so that the inside of the cell becomes positively charged and the outside of the cell becomes negatively charged.
This is achieved in part through the opening and closing of ion channels, such as voltage-gated channels that transiently open in
response to changes in membrane potential and ligand-gated channels that open in response to extracellular chemical ligands
called neurotransmitters. In myelinated neurons, the myelin sheaths prevent the local current from flowing across the
membrane so that the current is forced down the axon from one node of Ranvier to the next (Figure 5, left). Since the nodes of
Ranvier are highly concentrated in ion channels, they are able to rapidly regenerate and propagate the action potential from one
node to the next by a process called saltatory conduction (Figure 5, right). In unmyelinated neurons, the action potential is
propagated throughout the membrane and fades as it diffuses back through the membrane to the original site of depolarization
(Figure 6). Consequently, unmyelinated neurons conduct electrical pulses more slowly than myelinated neurons that rely on
saltatory conduction (Figure 5). In both cases, once an action potential has occurred, there is a transient negative shift in
membrane potential, called the refractory period, which prevents an action potential from traveling back the way it came.

Image modified from http://classroom.sdmesa.edu/eschmid/F09.07.L.150.jpg.

Figure 5. Action potential conduction in unmyelinated and myelinated neurons.
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Figure 6. The various phases of an action potential as it passes a point on the membrane.
To initiate an action potential, the membrane potential must reach a specific threshold value. Smaller shifts in membrane
potential that do not meet the threshold value represent failed initiations and are called subthreshold potentials (Figure 6). These
subthreshold potentials slightly depolarize the membrane but are not strong enough to reverse the membrane potential to fire
an action potential. If the strength or frequency of subthreshold stimuli is increased and the membrane potential reaches the
threshold value, an action potential is fired. If the stimulus is the weakest stimulus that that could generate an action potential, it
is called a threshold stimulus. If the stimulus is stronger than the threshold stimulus, known as a suprathreshold stimulus, it also
elicits a single action potential. This is because action potentials follow an “all-or-nothing” rule, in that the amplitude of an action
potential is independent of the amount of electrical energy used to produce it. As long as the intensity of a stimulus exceeds the
threshold stimulus, an action potential will be triggered. However, the frequency of action potentials will depend on the intensity
of the stimulus, which means that a strong stimulus will initiate a higher volume of action potentials than a weaker stimulus in
the same amount of time. Therefore, a neuron can transmit information by varying the frequency of action potentials fired, i.e.,
the number of action potentials transmitted per second. A given stimulus can produce excitatory potentials, which cause
positively charged ions to enter and depolarize the cell, or inhibitory potentials, which cause the membrane potential to become
more negative than the resting potential and thus hyperpolarize the cell. Consequently, inhibitory potentials render it more
difficult to fire an action potential.
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Ion Channels
Action potentials do not propagate passively across the membrane, but instead depend on special ion channels. Neurons express
different types of ion channels that perform specific functions to support the electrical activity of a neuron. These ion channels
include:
+
+
 sodium (Na ), potassium (K ), and chloride (Cl ) leak channels, which are always open independent of the resting
membrane potential
+
+
2+
 Na , K , and calcium (Ca ) voltage-gated channels, which only open when the membrane potential is depolarized or
above the threshold for activation
+
+
2+
 K /Na , Ca , and Cl ligand-gated channels, which open when its ligand or agonist binds to the receptor
Neurons mostly use voltage-gated channels to propagate action potentials. In unstimulated cells, no ions pass through the
+
+
voltage-gated ion channels. As the membrane potential increases, Na ion channels open, allowing Na ions to enter the cell and
induce a sudden and transient depolarization (Figure 7, top). If the membrane potential increases above the threshold required
+
for activation, the neuron will fire an action potential. At the peak of the membrane potential, the Na ion channels close and the
+
+
voltage-gated K channels open to allow K ions to escape the neuron, causing the membrane potential to decrease below the
+
+
resting potential and resulting in the refractory period (Figure 7, middle). The efflux of K ions through the K channels helps to
+
+
+
+
restore the membrane potential but does not re-establish the Na and K concentration gradients. Instead, the Na and K
+ +
+
+
concentration gradients are actively restored by Na /K transporters (or pumps), which pump Na ions out of the cell and bring K
ions into the cell (Figure 7, bottom). This is considered an active process because it requires energy in the form of adenosine
triphosphate (ATP). Specifically, the hydrolysis of ATP to adenosine diphosphate (ADP) provides the energy required to restore
+
+
the Na and K concentration gradients.

Voltage-Dependent Calcium Channels
These voltage-dependant calcium channels (VDCCs) represent a diverse group of calcium-specific ion channels that are involved
in a variety of processes. They can be separated into 5 types:






L-type calcium channel (Long-Lasting)
P-type calcium channel (Purkinje) /Q-type calcium channel
N-type calcium channel (Neural)
R-type calcium channel (Residual)
T-type calcium channel (Transient)

N-type and T-type calcium channels have been well-characterized in terms of their roles in pain pathways. With N-type channels,
inhibition results in a reduction of neurotransmission and therefore pain; as such they considered a research avenue for
developing novel analgesics. T-type channels are important in understanding the mediation of chronic pain, especially with
respect to certain disease pathologies like diabetic neuropathy, where inhibition of T-type channels can return the pain profile to
within a normal range. R-type channels are considered to be most functionally similar to T-type channels, possibly being involved
in inflammatory pain. P/Q-type channels are well-documented for their role in migraine but are believed to be functional in
general pain pathways, albeit to a lesser extent than N- and T-types. Finally, L-type channels are important for triggering the
excitation/contraction of cardiac, smooth and skeletal muscles, with some evidence available for their role in pain pathways but
with a need to further elucidate the mechanisms.
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Image modified from https://www.boundless.com/biology/textbooks/boundless-biology-textbook/the-nervous-system-35/how-neurons-communicate200/nerve-impulse-transmission-within-a-neuron-resting-potential-761-11994/.

Figure 7. The role of ion channels in creating excitatory, inhibitory, and resting membrane potentials.
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Ligand-Gated Channels
Ligand-gated channels are similar to voltage-gated channels in that they are closed at resting membrane potential but can open
in response to certain stimuli. The main difference between ligand-gated and voltage-gated ion channels is that ligand-gated
channels depend on the binding of special types of endogenous chemicals (ligands) to induce the structural changes required to
open the channel, while voltage-gated channels open in response to a specific change in membrane potential. The endogenous
chemicals that open ligand-gated channels are called neurotransmitters and are responsible for transferring information
between neurons. Neurotransmitters predominantly act at the synapse or synaptic junction of two neurons (Figure 8). Once an
action potential reaches the end of the neuron (presynaptic neuron), the signal is translated into a chemical signal
(neurotransmitter) that is released into the synaptic cleft where it can act on its protein target (or receptor) on the next neuron
(postsynaptic neuron). More specifically, as the nerve impulse reaches the end of the presynaptic neuron, it causes the voltagegated channels to open, releasing positively charged ions (cations) into the cell, which eventually leads to the opening of voltage2+
gated Ca channels that trigger the release of neurotransmitters from the synaptic vesicles to the synaptic cleft. Once these
neurotransmitters are outside the presynaptic neuron, they are free to bind to their receptors on the postsynaptic neuron and
+
trigger the influx of Na ions into the cell and, potentially, re-create the action potential if the threshold for activation is reached.
This change from electrical to chemical to electrical signals from one neuron to the next is called transduction. The various ways
in which synaptic transmission can be affected by drugs are outlined in Figure 9.

Figure 8. Mechanism of nerve impulse transduction.
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Image modified from http://biology-forums.com/gallery/medium_321806_30_03_15_4_24_57_211291150.jpeg

*AGO, Agonist; ANT, Antagonist; NT, Neurotransmitter; ACh, Acetylcholine
Figure 9. Drug-induced effects on synaptic transmission.

17
DISCLAIMER: The information contained in this program, which may include treatment modalities, diagnostic and therapeutic information, and instructions related to regulatory
guidelines and current standards of practice for pharmacy compounding, is FOR EDUCATIONAL PURPOSES ONLY and should not be taken as a treatment regimen, product indication,
suggested treatment modality, or suggested standard of practice. NOTE TO MEDICAL OR ALLIED HEALTH PROFESSIONAL: Any treatments, therapies, or standards of practice must be
fully investigated and prescribed by a duly licensed medical practitioner in accordance with accepted professional standards and compendia. Any regulatory or practice standard must be
fully investigated by a licensed pharmacist in accordance with accepted professional practice standards and compendia.

Pain: Pathophysiology and Neuroscience

Neurotransmitters
Transduction is mediated by a variety of neurotransmitters, including neuropeptides, monoamines, purines, amino acids,
gtransmitters, and others (Table 1). Neurotransmitters are generally classified as: 1) excitatory neurotransmitters such as
glutamate, which activate postsynaptic neurons; 2) inhibitory neurotransmitters such as γ-aminobutyric acid (GABA), which
impair the ability of a postsynaptic neuron to transmit an action potential; or 3) neuromodulators such as adenosine, which
modify the response of postsynaptic neurons to other neurotransmitters. Unlike most neurotransmitters, gasotransmitters are
liposoluble and released soon after they are produced. These gasotransmitters are free to diffuse into postsynaptic neurons
where they can act on their targets to impair or promote the generation of action potentials. Neurotransmitters that have the
potential to activate postsynaptic neurons through membrane depolarization include oxytocin, calcitonin gene-related peptide
(CGRP), substance P, vasoactive intestinal polypeptide (VIP), and aspartate. Neurotransmitters that have the potential to inhibit
postsynaptic neurons through membrane hyperpolarization include somatostatin, dynorphin, and bombesin. It is important to
note that the specificity of the neurotransmitter response depends on the receptor bound by the neurotransmitter and not the
neurotransmitter itself. For example, acetylcholine is an excitatory neurotransmitter when it binds to nicotinic acetylcholine
receptors, but an inhibitory neurotransmitter when it binds to muscarinic acetylcholine receptors. Thus, a given neurotransmitter
is excitatory when it leads to an excitatory postsynaptic potential and inhibitory when it leads to an inhibitory postsynaptic
potential.

Table 1. Classification of neurotransmitters.
Category
Neuropeptides

Monoamines
Purines
Amino Acids
Gasotransmitters
Miscellaneous

Examples
Opioids: enkephalins, endorphins, dynorphins
Tachykinins: substance P, neurokinin A
Glucagon-related: vasoactive intestinal polypeptide, pituitary adenylate cyclase activating peptide
Others: neuropeptide Y, somatostatin, neurotensin, calcitonin gene-related peptide
serotonin (5-hydroxytryptamine, 5-HT), dopamine, norepinephrine (noradrenaline), epinephrine
(adrenaline), histamine
adenosine, adenosine triphosphate
glycine, γ-aminobutyric acid, glutamate, aspartate, D-serine
nitric oxide, carbon monoxide, hydrogen sulfide
acetylcholine , anandamide
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Neurotransmitter Receptors
Neurotransmitters are recognized by specific receptors on postsynaptic neurons. These receptors generally fall into one of two
groups:
1) Ligand-gated ion channel or ionotropic receptors
2) Second messenger-linked or metabotropic receptors.
As we saw earlier, neurotransmitter binding to a ligand-gated channel causes the ion channel to open and allow the flow of
charged ions into (or out of) the cell. This process depolarizes the region of the membrane surrounding the ion channel which
allows action potentials to be generated. Ligand-gated channel receptors can be further divided into excitatory channels that are
permeable to positively charged ions and inhibitory channels that are permeable to negatively charged ions. Examples of ligandgated excitatory and inhibitory ion channels are listed in Table 2. Second messenger-linked or metabotropic receptors use special
molecules, such as G proteins, to execute the chemical changes needed to transduce chemical information provided by the
neurotransmitter. Unlike ionotropic receptors, which are actually ion channels, metabotropic receptors depend on a series of
intracellular signaling events that involve multiple messengers to open or close ion channels (Figure 10). There are three major
types of metabotropic receptors: G protein-coupled receptors (GPCRs), tyrosine kinase receptors, and guanylyl cyclase receptors.

Table 2. Excitatory and inhibitory ligand-gated ion channels
Type
Excitatory Receptors

Inhibitory Receptors

Ligand/Neurotransmitter
Acetylcholine
Glutamate

Receptor Class
Nicotinic receptors
NMDA receptors

Glutamate

AMPA receptors

Glutamate

Kainate receptors

Serotonin
GABA

5-HT3 receptors
GABAA receptors including
GABAA-rho receptors
(formerly known as GABAC
receptors)

Glycine

Ion Channels
+ +
Na /K
+ +
2+
Na /K and slight Ca
permeability
+ +
Na /K and sometimes Ca2+
depending on subunits
present
+ +
2+
Na /K and slight Ca
permeability
+ +
2+
Na /K and Ca
Cl

-

Cl
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Figure 10. Ionotropic and metabotropic neurotransmitter receptors.
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G Protein-Coupled Receptors
Neurotransmitters mainly act through GPCRs, which are characterized by seven transmembrane-spanning domains or segments.
In the absence of ligand, G proteins are associated with the intracellular portion (largest inner loop) of the GPCR. These G
proteins are composed of three subunits α, β, and γ, which are tethered to the membrane through lipid molecules. The Gα
subunit contains intrinsic GTPase activity, which means it can hydrolyze guanosine triphosphate (GTP) to guanosine diphosphate
(GDP), thereby regulating other biochemical processes. Prior to G protein activation, the Gα subunit is bound by GDP. Once the
GPCR is bound by its ligand, the receptor undergoes a conformational change that allows the Gα subunit to exchange GDP for
GTP. Once this occurs, the G protein is activated and the Gα-GTP complex dissociates from the Gβγ subunits (Figure 11). Both the
Gα-GTP and Gβγ complex are then free to diffuse across the membrane and activate their target proteins, which can be an ion
channel directly or an enzyme (e.g., adenylate cyclase) that will generate second messengers to activate multiple downstream
targets. Once the GTP bound by the Gα complex is hydrolyzed to GDP, the Gα subunit is free to reunite with the Gβγ complex to
form an inactive G protein that can re-associate with the receptor.

Figure 11. G protein activation results in two subunits that are free to interact with its target protein after neurotransmitter binds
to its GPCR.
Neurotransmitters that bind GPCRs can open ion channels in different ways (Figure 12). Usually, the activated Gα-GTP complex
binds its target protein to initiate a signaling cascade that eventually leads to the opening of its associated ion channel (Figure 12,
a). However, in some cases, the Gα-GTP complex or the Gβγ complex can directly interact with the ion channel to open it (Figure
+
12, b and c, respectively). For example, the opening of certain K channels is mediated by direct binding of a Gβγ complex. Our
genome encodes multiple variants of α, β, and γ subunits of G proteins, which combine in different ways to create a diverse
family of G proteins. Depending on the subunits that make up the G protein linked to the metabotropic receptor, the effects on
the neuron may be inhibitory or stimulatory. This is because some G proteins have a stimulatory and others an inhibitory effect
on their target protein and/or the release of second messengers required for signal transduction.
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Figure 12. Overview of pathways used by GPCRs to open ion channels.
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Secondary Messengers in Neurotransmitter Signaling
As mentioned earlier, activated G proteins can interact with a diverse array of target proteins including enzymes to transduce
chemical signals from neurotransmitters bound to metabotropic receptors. These enzymes generate secondary messengers, such
as cyclic adenosine monophosphate (cAMP), diacylglycerol (DAG), and inositol 1, 4, 5-triphosphate (IP3) to activate signaling
pathways that will, ultimately, modulate the neuron’s activity. Based on function and signaling pathways activated, the Gα
subunit can be grouped into three main subfamilies: Gαs, Gαi, and Gαq. Each family activates a given set of effectors, leading to
the production of secondary messenger molecules. Classically, Gαs activates the enzyme Adenylyl Cyclase (AC), which catalyzes
the conversion of ATP to the secondary messenger cAMP. Increased levels of cAMP activate the enzyme Protein Kinase A (PKA),
which in turn activates several downstream targets to induce various cellular responses. Conversely, Gα i inhibits adenylyl cyclase,
thus decreasing the production of cAMP. Gαq activates the enzyme phospholipase C (PLC) which is involved in the production of
two secondary messengers, DAG and IP3.
To illustrate the impact of differential G protein recruitment on neurotransmitter signaling, we will consider what happens when
dopamine binds to its receptor on a postsynaptic neuron. Dopamine can bind two types of G protein-coupled receptors, D1-like
receptors (D1 and D5) and D2-like receptors (D2, D3, and D4). Depending on the family of dopamine receptor, the downstream
effects on the neuron will be either inhibitory or stimulatory (Figure 13). Since D1-like receptors are coupled to Gαs proteins
(stimulatory), the binding of dopamine to this family of receptors will activate adenylyl cyclase to increase the levels of cAMP in
the cell, leading to the activation of PKA followed by the propagation of numerous signaling pathways that eventually stimulate
the opening of the ion channels required to depolarize the membrane and initiate an action potential. In contrast, D2-like
receptors are coupled to Gαi proteins (inhibitory) and thus inhibit the activity of adenylyl cyclase and cAMP production required
to activate the downstream signaling proteins involved in opening the ion channels needed to initiate or potentiate an action
potential.

Figure 13. The effects of dopamine receptor activation on adenylate cyclase activity.
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Gαq protein activation can also lead to the opening of ion channels. For example, histamine binding to the H1 histamine receptor
causes the Gαq subunit to dissociate and activate PLC, which regulates Transient Receptor Potential Cation Channel, Subfamily C,
Member 6 (TRPC6) ion channel activity (Figure 14). Activated PLC stimulates the production of DAG and IP3 from a specific
membrane phospholipid. As mentioned previously, DAG and IP 3 are secondary messengers that activate many downstream
signaling components that contribute to the changes that make the cell more or less responsive to stimuli. In this case, DAG can
2+
+
directly activate and open the TRPC6 ion channel to allow Ca and Na into the cell. DAG can also indirectly inhibit TRPC6 ion
channel activity through activation of protein kinase C. Moreover, IP 3 binds and activates its ligand-gated ion channel in the
2+
endoplasmic reticulum, allowing Ca into the cell, which also stimulates protein targets to regulate neuron activity.

Figure 14. Histamine-dependent regulation of the TRPC6 ion channel through Gαq proteins.
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Other Metabotropic Receptors
Neurotransmitters can also bind tyrosine kinase receptors, which are a class of receptors that have a high affinity for growth
factors, cytokines, and hormones. Tyrosine kinase receptors mediate their effects through auto-phosphorylation and
phosphorylation of downstream intracellular messengers. The nerve growth factor is a classic example of a neurotransmitter that
binds to a tyrosine kinase receptor, Tropomyosin receptor kinase A (TrkA). Neurotransmitters can also act through guanylyl
cyclase receptors. For example, the primary receptor for nitric oxide is a guanylyl cyclase receptor, soluble guanylyl cyclase (sGC).
These receptors function by synthesizing cyclic guanosine monophosphate (cGMP) from GTP to keep the cGMP-gated channels
2+
open and allow Ca to enter the cell. It is the binding of gasotransmitters to guanylyl cyclase receptors that increases the activity
of the enzyme to produce high levels of cGMP. For instance, the activity of soluble guanylyl cyclase increases at least 200 times
when bound by nitric oxide.

Neurotransmitter Reuptake
To control the degree of interaction between neurotransmitters and their receptors on postsynaptic neurons, these
neurotransmitters must be removed from the synaptic cleft shortly after being released. Neurotransmitter removal depends in
part on diffusion and reuptake into neighboring glial cells or synaptic terminals, degradation by neurotransmitter-specific
enzymes, or a combination of both. Acetylcholine, neuropeptides, gasotransmitters, and lipid neurotransmitters are mostly
removed from the synaptic cleft by enzymatic breakdown, whereas monoamine and amino acid neurotransmitters or their
metabolism byproducts are removed from the synaptic cleft by neurotransmitter-specific transporter proteins. For example,
glutamate is removed from the synaptic cleft by glutamate transporters found on a special type of glial cells called astrocytes and
norepinephrine is taken back into the synaptic terminal by norepinephrine transporters. When neurotransmitter transporters are
found on the same neuron that released the neurotransmitter, the process is referred to as neurotransmitter reuptake.
Dopamine is a classic example of a neurotransmitter that is removed from the synaptic cleft by neurotransmitter reuptake
through dopamine transporters. Many antidepressant drugs work in part by inhibiting neurotransmitter reuptake to prolong
neurotransmitter activity. For example, altropane and amfonelic acid prolong dopamine activity by blocking dopamine
transporters.

Neuromodulators
Neuromodulators are neurotransmitters that can modify the response of postsynaptic neurons to other neurotransmitters.
Unlike most neurotransmitters, neuromodulators are not immediately metabolized or taken back into the cell. Instead,
neuromodulators spend a significant amount of time in the extracellular space, which allows them to influence or modulate the
overall activity of several neurons. Unlike neurotransmitters, which act directly at the synaptic junction to influence one
postsynaptic neuron, neuromodulators diffuse throughout the nervous system and influence several neurons. Some
neurotransmitters, such as dopamine, serotonin, and histamine, are also neuromodulators because they can act locally and
diffuse throughout the nervous system to act on multiple neurons.
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Nerve Structure and Function
Nerves or tracts (in the PNS and CNS, respectively) refer to the bundle of fibers or neurons that transmit sensory and motor
information from one body part to another. A summary of the nerves found in the body is shown in Figure 15 (left). Although the
terms nerve and neuron are often used interchangeably, a nerve refers to the actual projections of the neurons. More
specifically, a nerve refers to the bundles of different types of axons or fibers that are enclosed together in a layer. Each nerve is
covered by three layers: the inner endoneurium, a layer of delicate connective tissue that surrounds the nerve fibers (or axons);
the perineurium, a sheath of connective tissue surrounding a bundle or fascicle of nerve fibers; and the epineurium, a sheath of
connective tissue that forms the outer layer of the nerve (Figure 15, right). There are two types of nerves in the nervous system:
afferent nerves, which transmit nerve impulses toward the CNS, and efferent nerves, which transmit nerve impulses away from
the CNS (Figure 16). Afferent nerves are also known as sensory nerves because they transmit sensory information from the
periphery such as from the skin to the brain. Nociceptive signals relating to or denoting pain arise from the stimulation of
afferent nerve cells. Efferent nerves, on the other hand, are involved in sending information from the brain to any muscle, gland,
or organ that responds to stimuli from nerves.

Image to the left is from the American Medical Association AMA's Current Procedural Terminology (CPT), Revised 1998 Edition.
The nerve structure image to the right was modified from “Structure of a Nerve Endoneurium surrounds each fiber/axon Groups of fibers are bound into fascicles
by perineurium Fascicles are bound together by epineurium” Copyright © 2009 Pearson Education, Inc., publishing as Benjamin Cummings PNS.

Figure 15. The nerves found in the body and their inner structure.

26
DISCLAIMER: The information contained in this program, which may include treatment modalities, diagnostic and therapeutic information, and instructions related to regulatory
guidelines and current standards of practice for pharmacy compounding, is FOR EDUCATIONAL PURPOSES ONLY and should not be taken as a treatment regimen, product indication,
suggested treatment modality, or suggested standard of practice. NOTE TO MEDICAL OR ALLIED HEALTH PROFESSIONAL: Any treatments, therapies, or standards of practice must be
fully investigated and prescribed by a duly licensed medical practitioner in accordance with accepted professional standards and compendia. Any regulatory or practice standard must be
fully investigated by a licensed pharmacist in accordance with accepted professional practice standards and compendia.

Pain: Pathophysiology and Neuroscience

Figure 16. Afferent and efferent nerve impulse direction.
Peripheral nerve fibers are grouped into three categories based on their diameter: group A, B, and C. Group A nerve fibers have a
large diameter due to a thick layer of myelin sheath, which enables them to conduct nerve impulses very rapidly. There are four
types of group A fibers: Aα, Aβ, Aγ, and Aδ. Aα and Aβ fibers are found in both afferent and efferent nerves, while Aγ fibers are
exclusively found in efferent nerves, and Aδ fibers are exclusively found in afferent nerves. Group B fibers are also myelinated but
have a smaller diameter due to a thinner layer of myelin sheath and thus have lower conduction velocity. Group C fibers also
have a smaller diameter and lower conduction velocity but are unmyelinated. The afferent nerve fibers found in the periphery
are Aβ, Aδ, and C. Aβ fibers are primarily involved in the conduction of non-nociceptive signals such as vibration, movement, and
light touch. Aδ and C fibers are primarily involved in sensing temperature changes and mechanical and thermal nociception. C
fibers can also detect chemicals such as capsaicin.
Aδ fibers are further divided into two groups based on their specificity and response to different stimuli: mechanonociceptors,
which respond to intense and potentially harmful mechanical stimulation, and polymodal Aδ fibers, which respond to
mechanical, thermal, and chemical stimulation. Under certain circumstances, mechanonociceptors can also increase their firing in
response to intense thermal stimulation. Although C fibers are much smaller and lack myelin (so they conduct nerve impulses
much slower than the other types of afferent nerve fibers), they are the main conduit for the transmission of nociceptive
stimulation and can also be involved in the transmission of non-nociceptive somatosensory information, such as itching
(pruritus). Aδ fibers are faster than C fibers at transmitting nociceptive signals and, consequently, when activated by noxious
stimuli, Aδ fibers lead to a rapid, sharp, localized, and pricking pain sensation instead of the more diffuse, aching, dull, or burning
pain sensation transmitted by C fibers.
Table 3. Properties of different peripheral afferent nerve fibers
Properties
Diameter
Myelinated
Conduction
Role

Aβ
6 to 12 micron
Yes
35-75 m/s
Light touch
Proprioception
Vibrations

Aδ
1 to 5 micron
Yes
5-30 m/s
Temperature
Mechanical & thermal
nociception

C
0.2 to 1.5 micron
No
0.5-4 m/s
Mechanical, thermal, and
chemical nociception

Adapted from Marchand, S. “The Physiology of Pain Mechanisms: From the Periphery to the Brain.” Rheum Dis Clin N Am 34 (2008) 285-309.
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Nociceptors
Nociceptors are sensory neurons found throughout the body that sense noxious stimuli from outside or inside the body. A
noxious stimulus is an actual or potentially damaging event like a cut, burn, or surgical wound. Nociceptors (or sensory neurons)
respond to noxious stimuli to alert the brain of tissue damage and/or a potentially dangerous or unpleasant experience.
Nociceptive stimuli can come in the form of a change in pressure, swelling, incisions, ischemia (decreased blood flow), infection,
burns, etc. Nociceptors are divided into five categories based on the nature of the noxious stimuli they respond to:
1)
2)
3)
4)
5)

Mechanical nociceptors: respond to pressure, swelling, and incisions.
Chemical nociceptors: respond to certain excitatory neurotransmitters, ischemia, and infections.
Thermal nociceptors: respond to burns, extreme heat or cold.
Polymodal nociceptors: respond to different stimuli such as halogens or a combination of stimuli such as extreme
pressure and temperature changes.
Silent (or sleep) nociceptors: do not typically respond to mechanical, chemical, or thermal noxious stimuli unless they
have been “awakened” or made active through inflammation or tissue injury.

Nociceptors are found in somatic and visceral structures. Nociceptors located in somatic structures such as the skin and deep
tissues respond to variety of mechanical, chemical, and thermal stimuli. Well-defined and well-localized pain sensations often
result from the activation of nociceptors found in somatic structures. Somatic nociceptors found deep within tissue are less
sensitive to noxious stimuli compared to those found on the surface of the skin. However, deep somatic nociceptors are easily
sensitized by inflammation. Nociceptors located in visceral structures, or visceral organs such as the liver or intestines, respond
to pain induced by ischemia, spasms, inflammation, and mechanical stimulation from the distension of the mesentery (a fold of
membranous tissue that attaches the stomach, small intestine, pancreas, spleen, and other organs to the abdominal wall). Some
organs such as the heart, lung, testis, and bile duct have specific nociceptors, whereas other organs such as the intestines have
polymodal nociceptors. Generally, the pain felt in visceral structures is poorly localized and depends on which nociceptors are
present and what type of stimuli they can respond to at the site of stimulation. For example, the polymodal nociceptors in the
intestines respond to smooth muscle spasms, ischemia, and inflammation, but not to cutting during surgery. Other organs such
as the brain do not have any nociceptors in certain areas. For example, adequate anesthesia is only required at the beginning of
neurological procedures that require the brain to be exposed because the nociceptors are found in the meninges and not the
brain itself.
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Dermatomes
Somatic nociceptive or musculoskeletal pain is characterized by a sharp, crushing, or tearing sensation and is arranged in
dermatomes. A dermatome is an area of skin that is supplied by a single spinal nerve. There are 8 cervical nerves (C1–C8), 12
thoracic nerves (T1–T12), 5 lumbar nerves (L1–L5), and 5 sacral nerves (S1–S4 and S5 at the coccyx) that relay sensations from
each region of skin covered by the dermatome to the brain (Figure 17). Although the overall distribution of dermatomes is similar
between individuals, specific regions may vary significantly. Dermatomes are clinically important because they allow us to
determine the origin of pain along the spinal cord. This is particularly useful when assessing and diagnosing the level of spinal
cord injury. Dermatomes can also be used to diagnose the specific nerve affected by herpes zoster infections (shingles) because
the virus, which lies dormant in spinal cord nerve cells, only affects the dermatome served by that nerve.

Image modified from https://www.studyblue.com/notes/note/n/cns--pns/deck/11261535.

Figure 17. Anterior and posterior view of the dermatomes in a male subject.
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Referred Pain
Visceral nociceptive pain is diffuse and poorly localized. It is often described as deep, colicky, cramping, squeezing, dull, and/or
burning sensation. Visceral pain is different from somatic nociceptive or musculoskeletal pain because it is not arranged in
dermatomes. However, visceral pain can sometimes radiate in a somatic dermatomal pattern, a process referred to as referred
pain (Figure 18). This is because referred pain represents a convergence of noxious stimuli activating neurons in the spinal cord
that are normally responsive to somatic sensations (cutaneous nociceptors). This leads to a misinterpretation of the incoming
signal by the brain and the impression that the pain is coming from a specific region of the body that may or may not be near the
visceral organ where the injury or irritation initially occurred. For example, the pain felt during a heart attack (myocardial
infarction) is often described as pain radiating from the sternum, arms, and wrists. Under these circumstances, it is thought that
the sensory fibers activated in the heart follow the sympathetic nerves that leave that organ to the T1–T5 thoracic dorsal root
ganglia and synapse on the same second-order neurons that would otherwise be activated by the nociceptors from the upper
thorax and upper limbs. Consequently, the CNS structures involved in the perception of pain cannot clearly distinguish between
the sensory inputs from visceral and somatic structures and the pain is ascribed to the relevant dermatomes.

Image modified from http://www.proprofs.com/flashcards/story.php?title=health-assessment-1-pain-assessment.

Figure 18. Referred pain in a female subject.
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Myofascial Trigger Points
Commonly referred to as trigger points, they are localized, hyperirritable spots in the fascia of skeletal muscle that can often be
palpated as small nodules, ranging from pea- to thumb-sized. Physical detection of these nodules is based on firmer texture
compared to the surrounding tissue. These points can produce pain both locally and radially; this is known as referred pain (as
above). In addition, the trigger point can produce a twitch reaction in the local muscle group. Trigger points can appear following
repetitive activities that lead to trauma or simply following an acute injury. The pain associated with trigger points can present in
a variety of forms, including lower back pain, decreased range of motion in affected muscles, tension headaches, tinnitus and
joint pain. The inactivation of trigger points is sought out as an effective method of pain relief, incorporating a variety of
techniques like stretching, massage, and application of heat/ice. Topical analgesics can also be effective in relieving the pain
associated with trigger points. Some of the common trigger points are outlined in Figure 19

Image modified from https://s-media-cache-ak0.pinimg.com/736x/ba/cf/3c/bacf3cbe1e4722a12360afa79bca549d.jpg

Figure 19. Major trigger points.
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The Physiology of Pain
Pain is a complex and subjective experience initiated by an unpleasant (or noxious) stimulus associated with actual or potential
tissue damage. Pain is a primitive response that motivates us to withdraw from the source that is causing the pain and protect
the body from further damage. The unpleasant feeling associated with pain is also stored in our memory so that we can avoid
similar situations in future. There are two aspects to pain:
1)
2)

the motivational/affective aspect, i.e., the unpleasant feeling associated with pain
the sensory/discriminative aspect, i.e., where the pain is coming from and how to respond to it appropriately

To better understand the physiology underlying the motivational/affective and sensory/discriminatory components of pain, we
will explore the complex CNS structures that mediate and respond to nociceptive information.

Pain and the Brain
The main parts of the brain involved in pain sensation include the primary somatosensory cortex (S1), the secondary
somatosensory cortex (S2), the insula, and the anterior part of the cingulate gyrus (Figure 20). The S1 and S2 somatosensory
cortices are primarily involved in the sensory/discriminative aspect of pain, and the insula and anterior part of the cingulate
gyrus, which are part of the limbic system, are involved in the motivational/affective aspect of pain. Specifically, the
somatosensory cortices S1 and S2 are involved in sensing the location, duration, and intensity of the pain, while the limbic
structures are responsible for the emotional response to the pain. The thalamus also plays a role in the perception of pain. Some
structures of the thalamus are involved in the sensory/discriminative aspect of pain, while others are involved in the
motivational/affective of pain.

Figure 20. The anatomy of the brain with emphasis on the regions involved in localizing pain (motivational/affective aspect) and
sensing the unpleasant feeling (sensory/ discriminative aspect) associated with pain.
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The Brainstem
Many parts of the brainstem are involved in the perception of pain, particularly the motivational/affective aspect of pain. The
brainstem is composed of the midbrain (mesencephalon), pons (part of metencephalon), and the medulla oblongata. The
periaqueductal gray matter, deep layers of the superior colliculus, and the red nucleus, which are part of the midbrain, are
involved in pain perception (Figure 21, top). Other parts of the midbrain that are involved in pain perception include the anterior
and posterior pre-tactal nuclei, the nucleus of Darkschewitsch, and the interstitial nucleus of Cajal (not shown). The pons also has
stuctures involved in the perception of pain (Figure 21, middle). These structures include the locus coeruleus and the lateral
parabrachial nucleus. The locus coeruleus contains norepinephrine-containing neurons that project to many CNS structures to
modulate pain while the lateral parabrachial nucleus receives input from many ascending spinoreticular tract neurons, which are
responsible for automatic responses to pain. The medulla also has components involved the perception of pain including the
rostral medulla, the gigantocellularisa, and the lateral nucleus (Figure 21, bottom). The raphe nucleus is particularly important
because it is involved in the descending pathway that suppresses pain.

The brainstem image was taken from http://www.rci.rutgers.edu/~uzwiak/AnatPhys/Neuroanatomy.html and the cross section images were modified from
http://www.anaesthetist.com/icu/pain/Findex.htm#pain3.htm

Figure 21. Anatomy of the brainstem with a cross-section of the midbrain, pons, and medula highlighting the structures invoved
in pain sensation in red.
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The Spinal Cord
The spinal cord primarily functions as a transmission center of neural signals, relaying signals back and forth from the brain and
the body. The three major functions of the spinal cord are to:
1) Act as a conduit for motor information from efferent neurons
 Information travels down the spinal cord
2) Act as a conduit for sensory information
 Information travels up the spinal cord
3) Coordinate certain reflexes
The activation of afferent neurons in response to noxious stimuli is primarily conveyed to the dorsal root of the spinal cord to
make connections with other neurons in the dorsal horn that transmit this information to the brain. The cell bodies of the
afferent neurons that sense the noxious stimuili in the periphery are found in the dorsal root ganglion and their proximal axon
terminals are found in the dorsal horn of the gray matter (Figure 22).

Image modified from http://www.nimesulide.net/public/img_mngr/pain.png

Figure 22. Activation of an afferent sensory neuron.
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The dorsal horn can be divided into ten layers called Rexed laminae I to X (Figure 23). Most incoming pain is dealt with in Rexed
laminae I to V.

Figure 23. Cross-section of the spinal cord gray matter.

35
DISCLAIMER: The information contained in this program, which may include treatment modalities, diagnostic and therapeutic information, and instructions related to regulatory
guidelines and current standards of practice for pharmacy compounding, is FOR EDUCATIONAL PURPOSES ONLY and should not be taken as a treatment regimen, product indication,
suggested treatment modality, or suggested standard of practice. NOTE TO MEDICAL OR ALLIED HEALTH PROFESSIONAL: Any treatments, therapies, or standards of practice must be
fully investigated and prescribed by a duly licensed medical practitioner in accordance with accepted professional standards and compendia. Any regulatory or practice standard must be
fully investigated by a licensed pharmacist in accordance with accepted professional practice standards and compendia.

Pain: Pathophysiology and Neuroscience

Types of Pain
It is important to remember that pain is a multidimensional sensory experience. As we saw earlier, pain may vary in intensity
(mild, moderate, or severe), quality (sharp, burining, or dull), duration (transient, intermitent, or persistent), and dermatomal or
referred (from somatic or visceral structures). Pain can be classified in terms of its duration, etiology, and physiology, namely as
acute or chronic pain. Acute pain, which usually follows a physical injury, is transient and resolves with healing. Conversely,
chronic pain is often defined as any pain lasting more than 12 weeks, which usually has unclear etiology or multiple causes,
persisting even after healing. Acute pain usually serves a protective function, whereas chronic pain usually performs no adaptive
function. An example of acute pain is touching a very hot object. The brief exposure to this hot object will cause a rapid but brief
pain sensation and initiate a withdrawal reflex to prevent and/or minimize tissue injury. In so doing, this type of pain also serves a
protective (or adaptive) function because it protects the individual from further injury. Hence, acute pain is often categorized as
adaptive pain. In contrast, chronic pain is often categorized as maladaptive pain as it serves no protective function, but instead
results from abnormal functioning or damage to the nervous system. Maladaptive pain is not associated with noxious stimuli but
to abnormal sensory processing. In addition to these categories, pain can be seperated into the following different types of pain:
nociceptive, inflammatory, neuropathic, and functional (Figure 24).

Nociceptive Pain
Nociceptive pain results from noxious stimuli that are either mechanical, thermal, or chemical, and that elicit tissue damage and
activate nociceptors. This type of pain can further divided into somatic pain, which affects somatic structures; visceral pain,
which affects visceral structures; and inflammatory pain, which results from the release of inflammatory substances in the
periphery by cells in the affected area. Nociceptive pain usually results from tissue damage following injury (e.g., surgery, trauma,
or wounds). At times nociceptive pain can persist after healing and cause chronic pain (e.g., after surgery). Therefore, it is
important to treat acute pain to prevent it from becoming chronic pain. The treatment of nociceptive pain usually involves
+
analgesics, nonsteroidal anti-inflammatory drugs (NSAIDs), and Na channel blockers. Opioids can also be used in the treatment
of pain because peripheral opioid receptors are increased after an inflammatory response.

Neurogenic Pain
Neurogenic pain is a direct consequence of diseases that affect the somatosensory system. Neurogenic pain can further be
divided into neuropathic and functional pain. Neuropathic pain often results from lesions to the PNS and CNS. For example,
neuropathic pain that occurs from CNS lesions includes diabetic neuropathy or acquired immune deficiency syndrome (AIDS)
polyneuropathy, post-herpetic neuralgia, or lumbar radiculopathy. Neuropathic pain that results from lesions to the nervous
system include spinal cord injury, multiple sclerosis, or a stroke. Functional pain is different from neuropathic pain in that it
occurs in the absence of a defined anatomic lesion within the nervous system. Instead, functional pain results from an abnormal
responsiveness or function of the nervous system. In other words, functional pain occurs from the dysfunction of pain
modulation mechanisms, such as the activation of endogenous excitatory systems that amplify nociceptive signals or the
dysfunction of inhibitory mechanisms. Thalamic pain syndrome, which usually occurs after a thalamic stroke or lesion to the
thalamic nuclei, is an example of functional pain. The thalamus contains many inhibitory interneurons that can modulate
transmissions to the brain. Therefore, a lesion to the thalamic nuclei can often cause hyperactivity of the thalamic neurons, which
are normally inhibited by a complex network of interneurons, to cause an intense pain covering a large part of the body. Other
examples of functional pain include fibromyalgia, irritable bowel syndrome, and some forms of noncardiac chest pains. The
treatment of neurogenic pain often involves using pharmacologic approaches that reverse or reduce the hyperactivity of
nociceptive neurons or activation of endogenous inhibition. For example, opioids, anticonvulsants, antidepressants, and
cannabinoids are used to treat neurogenic pain.
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Image modified from Woolf, CG. “Pain: Moving from Symptom Control toward Mechanism-Specific Pharmacologic Management”. Ann Intern Med. 2004;140:441451.

Figure 24. Different types of pain.
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Other Types of Pain
There are other types of pain that are not as easily categorized, for instance migraines and cancer pain. Migraines are episodic
neurological disorders with a complex pathophysiology and usually involve hypersensitivity to sensory stimuli and abnormal
processing of sensory information in between migraine attacks. Hyperexcitied nerve cell nuclei in the brain stem are the usual
point of origin for migraines (Figure 25a). As a result of this excitation, an increased concentraion of neuropeptides are released
from the trigeminal nerve endings (Figure 25, b & c). In turn, inflammation occurs and causes blood vessels of the dura mater to
dilate, increasing in diameter and exerting pressure on surrounding tissue (Figure 25, b & c). Adjacent pain receptors of the
trigeminal nerve are activated; this culminates with the perception of the pain signal in the brain stem exemplified as the
characeristic pulsing headaches of a migraine. Migraines possess features of functional and inflammatory pain. Cancer pain
depends on the type of tumor, its location, and its proximity to other tissues. For example, cancer pain may be caused by
mechanical compression or invasion of a nerve, distention, ischemia, neurotoxic side effects from chemotherapy, or
inflammation caused by tissue necrosis. In some cancers, such as osteosarcoma, the tumor itself may directly release chemical
signals to cause pain.

Image modified from http://www.nature.com/scientificamericanmind/journal/v17/n6/images/scientificamericanmind1206-38-I1.jpg

Figure 25. Anatomy of a migraine.

38
DISCLAIMER: The information contained in this program, which may include treatment modalities, diagnostic and therapeutic information, and instructions related to regulatory
guidelines and current standards of practice for pharmacy compounding, is FOR EDUCATIONAL PURPOSES ONLY and should not be taken as a treatment regimen, product indication,
suggested treatment modality, or suggested standard of practice. NOTE TO MEDICAL OR ALLIED HEALTH PROFESSIONAL: Any treatments, therapies, or standards of practice must be
fully investigated and prescribed by a duly licensed medical practitioner in accordance with accepted professional standards and compendia. Any regulatory or practice standard must be
fully investigated by a licensed pharmacist in accordance with accepted professional practice standards and compendia.

Pain: Pathophysiology and Neuroscience
Under certain circumstances, pain may share features of nociceptive and neuropathic pain. This is the case for certain forms of
lower back pain or back surgery pain, which can involve somatic and nervous tissue injury. Treatment of these types of pain
depends on the cause and underlying mechanisms responsible for generating the pain and involves finding the means to alleviate
symptoms by normalizing the sensitivity and preventing hypersensitivity from settling in to cause chronic pain. For example,
over-the-counter analgesics like acetaminophen, NSAIDs, triptans (serotonin receptor agonists), and ergotamine are used to treat
2+
a migraine attack, while anticonvulsants, beta-blockers, and Ca channel blockers are used to prevent migraines from occuring.
In contrast, lower back pain is often treated with NSAIDs, plus skeletal muscle relaxants for acute lower back pain or tricyclic
antidepressants for chronic lower back pain.

Table 4. Classification of pain and examples of pharmacologic treatments.
Type of Pain
Nociceptive

Somatic
(tissue injury)

Visceral
(peritoneal irritation, cystitis)

Neurogenic

Mixed

Characteristics
superficial (skin) or deep
pain (muscle, tendons)

Mechanisms
Mechanical, thermal or
chemical stimuli

Treatment Examples
Acetaminophen, Na+
channel blockers,
NSAIDs, steroids,
opioids

poorly localized, dull,
cramping, or colicky

Visceral distension

NSAIDs, antispasmodics

Inflammatory
(musculoskeletal)

localized or diffuse pain

Associated with
localized inflammation

NSAIDs, steroids

Neuropathic
(neuralgia, radiculopathy)

spontaneous, paroxysmal
pain

CNS or PNS lesions

Anticonvulsants,
opioids,
antidepressants

Functional
(thalamic syndromes)

diffuse deep pain

Dysregulation of
excitatory or inhibitory
mechanisms in CNS

Antidepressants,
anticonvulsants,
opioids, cannabinoids

Lower back pain,
Back surgery pain

soft tissue pain plus
radicular pain

Combined somatic and
nervous tissue damage

Tricyclic
antidepressants,
opioids, NSAIDs,
skeletal muscle
relaxants

Adapted from Marchand, S. “The Physiology of Pain Mechanisms: From the Periphery to the Brain.” Rheum Dis Clin N Am 34 (2008) 303.

39
DISCLAIMER: The information contained in this program, which may include treatment modalities, diagnostic and therapeutic information, and instructions related to regulatory
guidelines and current standards of practice for pharmacy compounding, is FOR EDUCATIONAL PURPOSES ONLY and should not be taken as a treatment regimen, product indication,
suggested treatment modality, or suggested standard of practice. NOTE TO MEDICAL OR ALLIED HEALTH PROFESSIONAL: Any treatments, therapies, or standards of practice must be
fully investigated and prescribed by a duly licensed medical practitioner in accordance with accepted professional standards and compendia. Any regulatory or practice standard must be
fully investigated by a licensed pharmacist in accordance with accepted professional practice standards and compendia.

Pain: Pathophysiology and Neuroscience

Overview of Pain Pathways
As we saw earlier, pain is a complex experience that starts from a noxious stimuli delivered to the brain through a series of
electrical (action potentials) and chemical events (neurotransmitters) that are modified by emotional and cognitive perspectives.
Pain can be sensed (or caused) through multiple mechanisms including nociception, peripheral sensitization, central sensitization,
ectopic excitability, structural reorganisation, and decreased inhibition. Nociception is a four-step process that involves
transduction, transmission, conduction, and perception. Transduction is the conversion of noxious thermal, mechanical, or
chemical stimuli into electrical activity in the peripheral terminals of primary afferent sensory fibers. This process usually involves
specific ion channels that open in response to heat, cold, acids, and mechanical stress. Transmission is the synaptic transfer and
modulation of the electrical activity from neuron to another. Conduction is the transmission of the nerve impulse from the
peripheral nociceptors to the CNS. Perception occurs when the nerve impulse reaches the higher cortical centers, including the
primary and secondary somatosensory cortices (S1 and S2), anterior cingulate, and insular cortex. Peripheral sensitization occurs
in inflammatory pain and post-herpetic neuralgia, while central sensitization usually contributes to inflammatory, neuropathic,
and functional pain. Ectopic excitability, structural reorganization, and decreased inhibition are usually associated with
neuropathic pain.

The Anatomical Pathways of Pain
The anatomical pathways that relay nociceptive information can be divided into four parts:
1) The peripheral system
2) The spinal and medullary dorsal horn system
3) The ascending system
4) The supraspinal system
The Peripheral System
The peripheral system is composed of the free nerve endings found in most organs including the viscera, skin, muscles, joints,
and other somatic tisue (Figure 26). These free nerve endings belong to primary afferent neurons whose cell bodies lie in the
dorsal horn of the spinal cord. Primary afferent neurons from visceral organs enter the spinal cord more diffusely, often
synapsing with multiple dermatomal levels and/or crossing over to the contralateral (or opposite) side of the dorsal horn, which
explains why visceral pain is more variable and unspecific in nature. The activation of unmyelinated polymodal C nociceptors by
tissue injury (e.g., a surgical wound) is responsible for the long-lasting burning pain sensation. This is due to the fact that, as
discussed previously, these nerve fibers slowly conduct nerve impulses compared to myelinated nerve fibers. The activation of
myelinated Aδ nociceptors is associated with a brief but sharper pain sensation, in part, because these nerve fibers conduct
nerve impulses more rapidly than the unmyelinated C fibers. Interestingly, the activation of C fibers in response to noxious stimuli
can be suppressed by concurrent stimulation of Aδ fibers or by Aβ fibers. For example, acupuncture activates Aδ fibers to block
the sensation of pain. Transcutaneous electrical nerve simulation or simply rubbing the skin also helps to relieve the sensation of
pain by activating Aβ fibers to reduce the transmission of noxious stimuli by the C fibers. There are also silent (or sleep)
nociceptors in the skin and deep tissues which are normally unresponsive to noxious stimuli, but can become active after the
release of inflammatory mediators and/or tissue injury. About 15% of C nociceptors fall into this category with many visceral
nociceptors being silent nociceptors.
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Image was obtained from http://fog.ccsf.cc.ca.us/~mmalacho/anatomy/Skin/images/ReceptiveFields.jpg.

Figure 26. Receptive fields in the skin for two primary afferent nociceptors.

The Spinal and Medullary Dorsal Horn System
If a noxious stimulus causes an action potential to be generated, the signal will be conducted from the peripheral terminal along
the axon of the primary afferent sensory neuron, which runs through the peripheral nerves to the dorsal root ganglion and into
the dorsal root of the spinal cord where it will synapse with dorsal horn neurons (Figure 27). The transfer of nociceptive signals
from the nociceptors to the neurons that project to the brain can occur directly (monosynaptic contact) or through multiple
interneurons. These interneurons can be either excitatory or inhibitory and thus play an important role in modulating the signal
from nociceptors. To transmit their signal to the dorsal horn neurons, the Aδ fibers release glutamate, which acts on AMPA
receptors at the synaptic junction. Activated C fibers release glutamate and substance P to activate postsynaptic neurons. The
glutamate released from the C fibers usually acts on AMPA and NMDA receptors. AMPA receptors are found on most excitatory
postsynaptic neurons and are responsible for transmitting fast excitatory synaptic potentials throughout the CNS. This is because
AMPA receptors only require glutamate binding to open the channel (Figure 28, left). In contrast, NMDA receptors are much
2+
2+
more complex with multiple binding sites including glutamate, glycine, magnesium (Mg ), Zn , and polyamine sites. The
2+
glutamate, glycine, and Mg binding sites confer ligand-gated and voltage-gated properties to the ion channel (Figure 28,
2+
middle). The other sites, Zn and polyamine sites, are not required for receptor activation but affect the effectiveness of the ion
channel. Glutamate can also bind metabotropic glutamate receptors (mGluR) to modulate the effects of glutamate and other
neurotransmitters (Figure 28, right).
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Image modified from http://knowingneurons.files.wordpress.com/2013/09/spinalcord_1000.png?w=610

Figure 27. Nociceptive signal transfer.

Figure 28. The AMPA and NMDA glutamate receptors.
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To transfer nociceptive information to the brain, activated nociceptors will release glutamate from the central terminals that will
then bind ligand-gated channels on the postsynaptic dorsal horn neurons. Other pain-producing substances (algesics) include
aspartate, CGRP, VIP, ATP, acetylcholine, serotonin, histamine, prostaglandins, bradykinin, and substance P. However, the
thalamus (thalamic nuclei) only receives a fraction of the input that it relays to the cortex. This is because the central nociceptors
contain presynaptic receptors, including GABA receptors and voltage-gated calcium channels (VGCC), that can alter transmitter
release. The presynaptic central terminal is the major site of inhibitory neurotransmitters and compounds that modulate pain
transmission, such as opioids, cannabinoids, GABA receptor agonists, and the anticonvulsant gabapentin, which binds to the α2δ
subunit of the VGCC to reduce calcium influx and inhibit glutamate release (Figure 29). This postsynaptic inhibition results from
the hyperpolarizing inhibitory potential created from the opening of potassium and/or chloride channels in response to inhibitory
neurotransmitters, such as endogenous opioids and GABA. Other pain inhibiting substances (analgesics) include endogenous
opioids (enkephalins, dynorphins, and beta-endorphins), somatostatin, serotonin, norepinephrine, GABA, and neurotensin.
Endogeneous analgesics activate opioid, alpha-adrenergic, and other receptors that inhibit glutamate release from the primary
afferent nociceptors or decrease the postsynaptic response of the second-order projection neurons.

Image modified from http://dm5migu4zj3pb.cloudfront.net/manuscripts/43000/43158/medium/JCI43158.f1.jpg and
http://www.nature.com/neuro/journal/v5/n11s/images/nn942-F1.jpg for the noxious stimuli pictures.

Figure 29. The conduction of nociceptive signals from the periphery to dorsal horn neurons.
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Pain: Pathophysiology and Neuroscience
The Ascending System
The ascending system transmits nociceptive input from the dorsal horn to the brainstem, hypothalamus, and thalamus via
specific tracts (the equivalent of peripheral nerves in the CNS), namely:
1)
2)
3)

The spinothalamic tract
The spinoreticular tract
The spinomesencephalic tract

The spinothalamic tract is the main pathway used to transmit pain signals from the dorsal horn through the brainstem to the
thalamus. The spinothalamic tract is divided into two parts: 1) the lateral spinothalamic tract, which transmits pain and
temperature; and 2) the anterior spinothalamic tract, which transmits crude touch and firm pressure. The lateral spinothalamic
tract transmits sensory information from the dorsal horn to the thalamus. The spinothalamic tract is reponsible for transmitting
the decriminative (localization, fast) and affective (slow) components of pain to different regions of the tract. The spinothalamic
tract projections to the reticular formation in the brainstem are involved in the arousal effects of painful stimuli and the decrease
in upward pain transmission by negative feedback. The spinoreticular tract transmits sensory information from the dorsal horn
to the reticular formation in the brainstem and is involved with the motivational and affective (emotional) aspects of pain. The
spinomesencephalic tract transmits information from the dorsal horn to the midbrain tectum (dorsal part) and periaqueductal
gray matter, where it integrates somatic sensations with visual and auditory information.
The Supraspinal System
The supraspinal system is involved in the processing of nociceptive information in the CNS. Before the spinothalamic tract
reaches the brain it splits into the neospinothalamic and paleospinothalamic tracts. The neospinothalamic tract allows us to
detect fast pain transmitted from primary afferent neurons. This pathway is responsible for the rapid perception, localization,
and fast withdrawal from noxious stimuli. The paleospinothalamic tract allows us to detect slow pain transmitted from primary
afferent neurons. The paleospinothalamic tract also makes connections with third-order neurons that project to various regions
in the limbic system, including the amygdala and cingulate gyrus, which is responsible for the suffering aspects of pain and the
unpleasant emotions that develop and persist after the incident that caused the pain to occur.
Descending Pathways
The descending pathways are neural pathways that descend from the brain to the dorsal horn to inihibit the transmission of
noxious stimuli from the ascending pathway. Enkephalinergic interneurons use enkephalins, which are endogenous opioid
peptides produced by the body, to modulate nociceptor activity. Neurons that project from the locus coeruleus to the dorsal
horn also stimulate enkephalinergic interneurons to regulate nociceptor activity (Figure 30). The descending pathway modulates
the transmission of pain signals using endogenous opioids, norepinephrine, and serotonin neurotransmitters. The projections
from the locus coeruleus to the dorsal horn primarily rely on norepinephrine and those from the periaqueductal gray matter to
the nucleus raphe magnus rely on serotonin. In fact, tricyclic antidepressants, a subset of serotonin-norepinephrine reuptake
inhibitors, produce their analgesic effects by blocking serotonin and norepinephrine transporters to increase the synaptic
concentrations of serotonin and norepinephrine and potentiate the inhibitory signals of the descending pathway. Descending
inhbitory signals from the frontal cortex, cingulate gyrus, and hypothalamus also have the ability to modulate the transmission of
pain signals. For example, anxiety, stress, and depression increase pain, in part, through reducing descending inhibitory signals.
Conversely, cognitive therapies might help facilitate the activation of descending pathways to reduce pain.
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Images modified from http://what-when-how.com/neuroscience/somatosensory-system-part-2/.

Figure 30. Descending pathways and effects on interneurons to modulate pain signals conduction to the CNS.
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Nociceptive Pain Pathway
Nociceptors are responsible for transforming noxious stimuli into electrical signals that will be conducted to the CNS where they
will be perceived as pain to ensure that the appropriate response ensues. These nociceptors are a highly specialized group of
primary sensory neurons that only respond to intense noxious stimuli. These nociceptors express ion channel receptors capable
of transducing signals from noxious heat, cold, mechanical force, acids, and other direct chemical irritants (Figure 31). Usually,
+
these transducer ion channel receptors are nonspecific cation or Na channels that have a high threshold of activation to external
stimuli. Unlike voltage-gated ion channels, these transducer ion channels are gated by temperature, chemical ligands, and
+
mechanical shearing forces. Once activated, they allow Na and/or other cations into the neuron to depolarize the membrane. If
+
+
the depolarizing current is sufficient, the Na voltage-gated channels will also open and cause an influx of Na to further
depolarize the membrane and initiate an action potential. The frequency and duration of this action potential reflects the
intensity and duration of the noxious stimuli. For example, the transient receptor potential cation channel subfamily V member
1 (TRPV1), also known as the capsaicin receptor and the vanilloid receptor 1 , ion channel is activated in response to noxious
+
+
heat, such as the flames from a fire (Figure 32). TRPV1 activation triggers the entry of Na and Ca into the neuron, which
+
depolarizes the membrane and activates the Na v1.8 and Nav1.9 Na voltage-gated channels to further depolarize the membrane
and initate a burst of action potentials that is proportional to the intensity and duration of the exposure to the noxious heat.

Image modified from http://www.nature.com/neuro/journal/v5/n11s/images/nn942-F1.jpg.

Figure 31. Nociceptive pain pathway.
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This image was modified from http://www.nature.com/neuro/journal/v5/n11s/images/nn942-F2.jpg.

Figure 32. Nociceptor response to noxious heat.
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Inflammatory Pain
The transduction of inflammatory pain is similar to the transduction of nociceptive pain except that the nociceptors respond to
substances that are released from the injured cells and the immune cells (e.g., macrophages, mast cells, neutrophils,
granulocytes) that respond to the injury. These substances make up what is called the “inflammatory soup” and include nerve
+
growth factor, bradykinin, serotonin (5-HT), ATP, protons (H ), histamine, and prostaglandins (Figure 33). Once released, these
substances bind to their receptor on the appropriate nociceptors to directly or indirectly activate the peripheral terminals to
initiate a burst of action potentials. Tissue injury and inflammation also leads to the release of CGRP and substance P from
activated nociceptive peripheral terminals to increase vascular permeability and release of plasma proteins into the tissue,
causing edema at the site of injury. Substance P can also act on mast cells and/or neutrophils to release histamine which will bind
and activate its receptor on the peripheral terminals to promote and potentiate the firing of action potentials. TNFα (Tumor
Necrosis Factor-α) is a prominent member of the TNF family of cytokines in the inflammatory soup, serving as one of the main
regulators of the inflammatory response. It is also responsible for increasing the synthesis of various agents that enhance pain
perception. As such, TNF is an interesting target for inhibition, in an effort to reduce inflammatory and neuropathic pain.

Image modified from http://www.nature.com/neuro/journal/v5/n11s/images/nn942-F1.jpg.

Figure 33. Inflammatory pain.
Many of the substances released at the site of injury can initiate action potentials by directly binding to transient receptor
potential (TRP) ion channels or indirectly inducing the activation of these ion channels through secondary messengers (Figure
+
34). For example, protons (H ) directly bind and activate the TRPV1 ion channels under acidic conditions (low pH), allowing
positively charged ions into the cell to depolarize the membrane and to promote the generation of action potentials. Other
inflammatory factors like bradykinin (or BK) bind to their receptor and signal through secondary intracellular messengers to
increase the sensitivity of the TRPV1 and transient receptor potential cation channel, subfamily A, member 1 (TRPA1) ion
channels to reduce their activation threshold, making them more likely to open and depolarize the membrane to initiate a burst
of action potentials (Figure 28). Reactive oxygen species (ROS), such as peroxides, are chemically reactive molecules that are
naturally produced as a byproduct of cellular metabolism. ROS are dramatically increased following tissue injury and, as a result,
are free to oxidize lipids in the plasma membrane to create 4-Hydroxynonenal (4-HNE), which activates the TRPA1 ion channel to
depolarize the membrane. The binding of nerve growth factor (or NGF) to its receptor can also lead to membrane depolarization
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through multiple mechanisms, including increased TRPV1 activation by lowering the threshold for activation and increasing the
production and transport of TRPV1 to the plama membrane (Figure 34).

Image modified from Trevisani et al. PNAS 2007;104:13519-13524.

Figure 34. Transduction of inflammatory factors. Abbreviations: ROS, reactive oxygene species; BK, bradykinin; H+, protons; NGF, nerve growth factor;
4-HNE, 4-Hydroxynonenal; BR, bradykinin receptor; ER, endoplasmic reticulum.

The substances that are released from tissue damage can be grouped into two categories: 1) nociceptive activators, which
directly activate nociceptor terminals to produce pain; and 2) nociceptive sensitizers, which sensitize the nociceptive terminals to
make them more likely to fire in response to subsequent stimuli. ATP is a nociceptive activator because once it is released from
damaged tissue. It binds to its receptor and immediately signals tissue damage and causes pain. In contrast, prostaglandin E 2 and
nerve growth factor are nociceptive sensitizers because they alter the sensitivity of the terminal without causing direct
nociceptor activation. Prostaglandin E2 reduces the threshold for activation by binding to its receptor, a GPCR, which results in
the activation of adenylyl cyclase and increased production of cAMP. The increased concentration of cAMP leads to increased
2+
intracellular Ca levels that then activate calcium-dependent protein kinases, leading to the phosphorylation of TRPV1 and
potentially other ion channels and receptors to alter their activity. Once TRPV1 is phosphorylated, its threshold for activation is
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decreased so that the ion channel is activated at body temperature instead of its usual 42°C. Therefore, the kinetics and
threshold for receptor and/or ion channel activation is altered by the changes induced by nociceptive sensitizer signaling.

Sensitization
Sensitization is defined as the enhancement of response to stimuli such that a stimulus that is otherwise innocuous is perceived
as noxious. Sensitization can occur by different mechanisms, including increased spontaneous nociceptor activity, a lower
threshold for nociceptor activation, and increased action potential firing following a suprathreshold stimulus. Peripheral
sensitization represents an increased response of nociceptors to noxious stimuli. In contrast, central sensitization occurs when
the dorsal horn neurons’ excitability is increased and, as a result, the response to sensory input is facilitated. Central sensitization
can manifest itself in response to tissue or nerve injury as increased spontaneous activity, hyperexcitability, and/or an increase in
the receptive fields of wide dynamic range secondary neurons. Central sensitization can also be achieved through summation,
which is a method of signal transduction between neurons that determines whether an action potential is fired or not based the
combined effects of postsynaptic potentials.

Peripheral Sensitization
Peripheral sensitization is often manifested as allodynia or hyperalgesia. Allodynia refers to pain induced by stimuli that would
not normally cause pain. Hyperalgesia is an increased sensitivity to pain or an exacerbated response to a noxious stimuli due to
sensitization of the nociceptors at the site of injury (primary hyperalgesia) or in the surrounding tissue (secondary hyperalgesia).
Hyperalgesia can occur at specific locations (often after tissue injury) or across the body. There are also other types of
hyperalgesia such as referred hyperalgesia, visceral hyperalgesia, and opioid-induced hyperalgesia. Referred hyperalgesia refers
to the hyperalgesia that exists in remote areas from the site of injury, i.e., in an area other than the one in which the injury took
place. Visceral hyperalgesia refers to heightened sensitivity to noxious stimuli in the viscera, such as abdominal pain reported in
certain patients with irritable bowel syndrome. Visceral hyperalgesia usually occurs after an injury or inflammation in an internal
organ. Opioid-induced hyperalgesia can occur after long-term use of opioids to treat chronic pain.
Peripheral sensitization decreases the activation threshold of high-threshold and silent nociceptors and increases the sensitivity
to pain in response to nociceptive and inflammatory pain. Peripheral inflammation increases the expression of TRPV1 in the
peripheral terminals of nociceptors, which increases the peripheral sensitivity to heat. Increased expression of synaptic
modulators, such as substance P and nerve growth factor, also increases membrane excitability at the site of injury or
inflammation. Peripheral sensitization can also occur in response to neurogenic pain. For example, during early-phase postherpetic neuralgia, peripheral sensitization manifests itself at the sites of erythematous skin in the form of increased heat
sensitivity partially due to increased expression of TRPV1 and voltage-gated sodium channels. The altered expression of
neurotransmitter receptors and ion channels on nociceptors is also responsible for the increased membrane excitability and
peripheral sensitization associated with spontaneous neuropathic pain that occurs after peripheral nerve damage.

Central Sensitization
In addition to nociceptors, other neurons in the dorsal horn can be sensitized after tissue damage or inflammation by a process
termed central sensitization. This process amplifies and facilitates the communication between central terminals of nociceptors
and other dorsal horn neurons. Central sensitization is triggered by nociceptive input and sustained by gene expression changes
induced by the activation of stimuli-dependent signaling pathways. For example, a surgeon cutting through the skin with a scalpel
will activate nociceptors and trigger the release of neurotransmitters at the synaptic junction. These neurotransmitters will bind
their receptors on the postsynaptic dorsal horn neurons and alter the threshold and kinetics for the activation of certain
receptors and ion channels to facilitate excitability and transfer of pain. Typical changes associated with central sensitization
include:
-

Increased response to noxious stimuli in inflammed and non-inflammed tissues
Decreased threshold for nociceptive specific neuron activation
 They become like wide dynamic range neurons
Increased receptive field of dorsal horn neurons
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Wind-up
Central sensitization can be initiated by a process known as wind-up, which is the increased pain perceived due to increased C
fiber activation in response to tonic stimulation or frequently repeated stimuli. Wind-up is caused by sustained excitatory
postsynaptic potentials that occur, in part, through prolonged NMDA receptor activation. The molecular mechanisms underlying
wind-up are thought to be related to the molecular characteristics of the NMDA receptor complex used to transduce the
2+
electrical signal. The NMDA receptor is a high capacity Ca channel whose permeability depends on both ligand-binding and
2+
membrane potential properties. Normally, the NMDA receptor is blocked by Mg and requires the membrane to be slightly
2+
depolarized to release Mg in addition to the binding of the receptor’s ligands to open ion channels. Therefore, excitatory
2+
neurotransmitters that bind to non-NMDA receptors and trigger enough membrane depolarization to expel Mg from the
NMDA receptor render it more readily susceptible to open in response to its ligands. Once the NMDA receptor is fully open,
2+
following ligand-binding, the influx of Ca triggers many intracellular processes, including phosphorylation of certain membrane
proteins, activation of immediate and early genes that regulate protein synthesis, and activation of nitric oxide synthase to
produce NO, which acts as a gasotransmitter and diffuses to surrounding neurons, thus expanding the receptive field of activity.
Wind-up may also contribute to the down regulation of opioid receptors, which causes opioid tolerance. Altogether, these
biochemical changes lead to central sensitization and cause a painful response to otherwise innocuous stimuli.
Continued activation or inhibition across the synaptic junction can lead to long-term changes in the synaptic activity of neurons.
Central sensitization is a form of neuroplasticity, which encompasses both synaptic plasticity and non-synaptic plasticity.
Synaptic plasticity is the ability to strengthen or weaken synapses over time through long-term potentiation and depression of
excitatory synaptic transmission. Long-term potentiation is an activity-dependent increase in the efficacy of communication
between neurons at the synaptic junction. In contrast, long-term depression is an activity-dependent reduction in the ability to
transmit signals between neurons at the synatic junction. These forms of synaptic plasticity are activity-dependent because they
are induced after stimulation. Long-term potentiation is a potential consequence of wind-up. Briefly, a noxious stimulus triggers
2+
the release of glutamate and substance P. This leads to the release of Mg and opening of the NMDA receptor (Figure 35) and
2+
2+
2+
voltage-gated Ca channels, as well as Ca release from intracellular stores. The increase in intracellular Ca levels activates
2+
Ca -dependent signal transduction pathway effectors, including protein kinases and transcription factors, to strengthen the
synapse through: 1) the phosphorylation of synaptic proteins to regulate their activity, such as the phosphorylation of AMPA; 2)
the altered trafficking of synaptic proteins, such as the increased insertion of AMPA in the postsynaptic membrane; and 3) the
synthesis of new proteins including synaptic proteins.
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Image obtained from https://classconnection.s3.amazonaws.com/839/flashcards/1404839/png/untitled1336437471347.png.

Figure 35. NMDA-mediated long-term potentiation.
Central sensitization contributes to the establishment and maintenance of various types of pain including post-surgery pain,
rheumatoid arthritis, osteoarthritis, fibromyalgia, headaches, migraines, neuropathic pain, complex regional pain syndrome, and
gastrointestinal tract pain. Since NMDA receptor activity is important in triggering central sensitization, it stands to reason that
NMDA receptor antagonists could be used to treat these types of pain. Indeed, topical dosage forms of ketamine, an NMDA
receptor antagoinist, are used to treat post-surgical neuropathic pain, complex regional pain syndrome, lumbar radiculopathy,
post-herpetic neuralgia, and idiopathic proctodynia. However, given the widespread distribution of NMDA receptors in the CNS,
NMDA antagonists have many CNS side effects such as hallucinations, lightheadedness, fatigue, nightmares, and dissociative
mental states. Compounded dosage forms of NMDA antagonists thus offer an advantage of limiting exposure of ketamine to the
CNS.
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Structural Reorganization
As mentioned previously, central sensitization is a form of neuroplasticity, which can involve synaptic plasticity and non-synaptic
plasticity. Long-term potentiation is a method used to induce central sensitization that involves synaptic plasticity. Structural
reorganization is another method used to induce central sensitization, but involves non-synatic plasticity. Changes in nonsynaptic plasticity also modify the intrinsic excitability of the neuron but in a different way than synaptic plasticity, which directly
affects the ability of synapses to strengthen or weaken over time. Instead, non-synaptic plasticity affects synaptic integration,
subthreshold propagation, and other important neuron mechanisms at the cellular level. Non-synaptic plasticity can reflect
changes in the characteristics of nonsynaptic structures such as the cell body, axon, and/or dendrites. Experiments in animal
models have shown that structural rearrangements can occur after peripheral nerve injury. These strucural rearrangements
occur in the form of new growth or sprouting of the nerve terminals post-injury (Figure 36). It is possible that these structural
rearrangements contribute to the heightened sensitivity to pain observed in patients with neuropathic pain conditions.

Image modified from http://7e.biopsychology.com/step/19/1905-1.jpg.

Figure 36. Axon sprouting following nerve injury.
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Disinhibition
Central sensitization usually produces hypersensitivity to pain by directly increasing excitation through glutamate and substance
P release at the synaptic juction. However, sustained activation of central neurons can also occur through the loss of inhibitory
neurons that release inhibitory neurotransmitters such as GABA. This process is known as disinhibition. Peripheral nerve damage
can also lead to the loss of inhibitory signals from the death of inhibitory interneurons. This in turn leads to pain hypersensitivity.
The death of these inhibitory neurons are thought to occur in part through excitotoxicity, otherwise known as programmed cell
death, induced by excessive neuron activation by excitatory neurotransmitters such as glutamate at the synaptic juction.
Therefore, disinihibition is another mechanism by which pain hypersensitivity can occur in neuropathic pain. Since gabapentin
and other GABA-mimetic drugs have been shown to relieve neuropathic pain, it is possible that their success might reflect their
ability to relieve the effects of disinhibition.

Pharmacological Treatment of Pain
We have reviewed the pathways involved in pain transduction, transmission, and perception. In this section, we will present an
overview of the drugs used to treat pain, based on their mechanism of action or therapeutic target. First, however, we will briefly
review agonists and antagonists. An agonist is a drug that binds to a receptor and activates it to produce the same effect as its
natural ligand or neurotransmitter. More generally, an agonist is a compound that initiates a physiological response when it binds
to its target receptor. An antagonist is a drug that blocks the effects of the natural ligand or neurotransmitter on its receptor or
prevents a physiological response from occuring when it binds its target receptor.
The different classes of drugs used in pain management can be broadly grouped as follows:

Figure 37. Overview of drug class targets along the nervous system.
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Peripheral Targets
NSAIDs and Acetaminophen
Peripheral drug targets mainly act in the periphery to relieve pain. Nonsteroidal anti-inflammatory drugs (NSAIDs) and
acetaminophen are commly used to alleviate pain. These drugs have anti-inflammatory activity and are primarily used to treat
inflammatory pain. Since prostaglandins are involved in peripheral sensitization of nociceptors and brain and spinal cord
excitability, NSAIDs are also used to relieve chronic pain associated with inflammatory processes such as rheumatoid arthritis. In
contrast, NSAIDs as single agents are usually ineffective at treating chronic neuropathic pain. However, NSAIDs used in
combination with other pain treatments help to alleviate pain caused by swelling around the nerve in some patients. Examples of
NSAIDs used to treat pain include indomethacin, diclofenac, ibuprofen, naproxen, and celecoxib. NSAIDs work by reducing the
production of prostaglandins from arachidonic acid by inhibiting cyclooxygenase enzymes, including COX-1 and COX-2. While it
also inhibits cyclooxygenase, acetaminophen is unique in that it mainly exerts its effects in the CNS and not the periphery.
Capsaicin
Capsaisin and its related derivative molecules, known as vanilloid compounds, bind the TRPV1 ion channel. Intradermal injection
of capsaisin is responsible for immediate burning sensation and secondary release of inflammatory and vasoactive peptides
(CGRP and substance P). However, repeated topical application of capsaicin produces an analgesic effect through nociceptor
desensitization and dysfunction, followed by substance P (and CGRP) depletion and, eventually, destruction of TRPV1-expressing
nociceptors (Figure 38).

Image modified from Pain Pract. 2010 May-Jun; 10(3): 185–200.

Figure 38. Topical capsaicin mechanism of action.
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Corticosteroids
Corticosterioids are also used to treat pain when an inflammatory component or nerve compression is involved. For example,
dexamethasone is used to treat rheumatic pain. By reducing inflammation, corticosteroids also inhibit peripheral sensitization of
afferent nociceptors by pro-inflammatory factors.
µ-Opioid Receptor
Also known as MOR, it is the most potent peripheral opioid receptor. Functional interaction between TRPV1 and MOR has been
previously demonstrated, thus linking it to inflammatory pain. These receptors can be found in the dorsal root ganglion and upon
ligand binding (opiates), there is a well-documented anti-inflammatory effect.
Metabotropic Glutamate Receptors
Known as mGluRs, these receptors are pervasive in the PNS and CNS, where they are capable of modulating signaling through
both NMDA and AMPA receptors. They also fall into the superfamily of GPCRs. Due to its ubiquitous nature, the mGluR system is
an attractive target for novel drug development, in addressing therapeutic concerns of chronic pain.
NMDA Receptors
These receptors are among those that bind glutamate, one of the main excitatory neurotransmitters of the CNS; NMDA receptors
2+
differ from other glutamate-binding receptors in that they are highly permeable to Ca and require a coagonist for activation. It
is believed that they mediate peripheral sensitization, due to their presence in peripheral nociceptive fibers.

Axon Targets
+

Na channel blockers
+

+

Axon targets impair action potential conduction by blocking Na channels. Lidocaine and bupivacaine block the influx of Na ions
+
through voltage-gated Na channels, thus preventing membrane depolarization and action potential potentiation. Other ion
channel blockers include lamotrigine, topiramate, and zonisamide.
+

Na channel stabilizers
+

Na channel stabilizers, such as carbamazepine, oxcarbazepine, and propranolol, decrease action potential conduction by
+
modifying Na channel gating, making fewer of these channels available to open.
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Peripheral/Central Interface Targets
NMDA antagonists
Peripheral/central interface targets act in the dorsal horn where primary afferent nociceptors synapse with central dorsal horn
neurons. NMDA antagonists are an important class of drugs that target the peripheral/central interface. These drugs treat
central sensitization caused by wind-up or relieve long term potentiation caused by increased NMDA activity. Commonly used
NMDA antagonists include ketamine, dextromethorphan, memantine, and methadone. NMDA antagonists such as ketamine are
particularly effective at treating chronic neuropathic pain and post-operative pain.
Anticonvulsants
Anticonvulsants (also known as antiepileptic drugs) are a diverse group of pharmacological agents used to treat epileptic seisures
and neuropathic pain. Anticonvulsants that are used to treat neuropathic pain include gabapentin, pregabalin, carbamazepine,
oxcarbazepine, phenytoin, valproate, and lamotrigine. Anticonvulsants generally work by enhancing GABA function to reduce the
release of excitatory glutamate at the synaptic junction. Gabapentin and pregabalin are GABA analogs (gabapentoids) that do not
bind GABA receptors but to the α2δ subunit of VGCC on afferent nociceptors to inhibit glutamate release in the dorsal horn.
Interestingly, animal studies have revealed increased α 2δ subunit expression in the spinal cord and afferent nociceptors following
nerve injury, suggesting that this may also occur in patients with chronic neuropathic pain. Other studies have also shown that
the activation of the α2δ subunit is important in the formation of new excitatory synapses. Since neuronal hyperactivity and the
formation of new synapses occur after nerve injury, the gabapentoids may alleviate neuropathic pain by reducing the formation
of new excitatory synapses when administered chronically. Other anticonvulsants, such as carbamazepine, block voltage-gated
+
Na channels to reduce neuron excitability by interfering with the propagation of action potentials.
Cannabinoids
Cannabinoids are a diverse group of chemicals, including endocannabinoids, phytocannabinoids, an synthetic cannabinoids,
which act on cannabinoid receptors to inihibit neurotransmitter release. Tetrahydrocannabinol (THC) is the most notable
phytocannbinoid used for its analgesic properties to manage pain. Its pharmaceutical formulation, dronabinol, is used to treat
several neurodegenerative disorders and neuropathic pain. Nabilone, a synthetic cannabinoid, is also used as an adjunct therapy
for chronic pain management. Cannabinoids act on two types of cannabinoid receptors. CB1 receptors are largely expressed on
neurons in the CNS and PNS while CB2 receptors are largely expressed in immune cells and microglia in the brain. Activation of
2+
+
CB1 receptors reduce neurotransmitter release by inhibiting adenylate cyclase activity and modulating voltage-gated Ca and K
ion channels. Activation of CB2 receptors modulates the immune response. Therefore, CB2 receptor agonists might be beneficial
for chronic pain with an immune/inflammatory component. Cannabinoid signaling interacts with other pathways involved in pain
perception, such as opioid, TRPV1, serotonin, NMDA, and COX-2 receptor signaling. Theses interactions may in part explain some
of the side effects observed in patients taking cannabinoids, namely: hypothermia, hypotension, motor depression and tolerance.
It is important to note that the use of cannabinoids in pain management is an active field of research. With few clinical trials
currently available in the literature and results mixed to modest, the efficacy of cannabinoid use for analgesic purposes is still
under investigation.

Dorsal Horn Targets
Dorsal horn drugs primarily target neurons that modulate nociceptive activity in the dorsal horn. These neurons include inhibitory
interneurons, which release inhibitory neurotransmitters such as GABA and endogenous opioid peptides to modulate nociceptor
2+
activity. These include GABAA and GABAB receptor agonists, Ca channel blockers, and gabapentoids.
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Ascending Pathway Targets
Ascending pathway targets affect the CNS tracts that transfer information from the periphery to the brain. These tracts include
the spinothalamic tract, spinoreticular tract, and spinomesencephalic tract. One way to modulate the ascending pathway is to
+
+
directly inject Na channel blockers such as bupivacaine directly into the spinal cord. As we saw earlier, the Na channel blockers
prevent membrane depolarization thus impairing action potential conduction.

Descending Pathway Targets
Descending pathway targets affect the transfer of inhibitory information from the brain to the spinal cord to modulate the
activity of nociceptors. These neurons rely primarily on endogenous opioids, serotonin, and norepinephrine to modulate
nociceptor activity and reduce pain.
Opioid analgesic
Opioid receptors are widely distributed throughout the body including the spinal cord and periphery. There are multiple opioid
receptor types including mu (µ), kappa (κ), delta (δ), and nociceptin receptor. Opioids modulate pain perception in the CNS. For
example, opioids can modulate the excitability of neurons in the dorsal raphe nucleus and the locus coeruleus. Opioids can also
2+
+
bind to their receptors in the dorsal horn to inhibit Ca channels on the presynaptic neuron and K channels on the postsynaptic
neuron. Opioids that are commonly used to treat pain include morphine, tramadol, oxycodone, fentanyl, and methadone.
Although most opioids activate µ receptors to produce analgesia, some opioids also bind other receptors to alleviate pain. For
example, tramadol and tapentadol are serotonin and norepinephrine reuptake inhibitors and methadone is an NMDA antagonist
in addition to being a µ agonist.
Antidepressants
Antidepressants are also used to target the descending pathway by increasing serotonin and norepinephrine levels in the CNS to
enhance the inhibitory signals from the descending pathway to reduce pain. Since serotonin promotes inflammation and afferent
nociceptor sensitization in animal studies, and peripheral norepinephrine is important for capsaicin-induced sensitivity in afferent
C-fiber nociceptors in rodents, antidepressents are primarily thought to act in the CNS to alleviate pain. Amitriptyline,
nortriptyline, desipramine, fluoxetine, paroxetine, duloxetine, and venlafaxine are examples of antidepressants used to treat
neuropathic pain.

Central Targets
Pain is perceived and interpreted by the brain. The primary and secondary somatosensory cortex is particularly important for this
process. For example, motor cortex stimulation is used as a last resort to alleviate pain when non-surgical methods for pain
management fail. This method relies on electrical stimulation of the cerebral cortex to reduce pain.
Muscle Relaxants
Muscle relaxants are also used to treat pain. Muscle relaxants are grouped into two categories: 1) neuromuscular blockers, which
block transmission at the end plate of the neuromuscular junction; and 2) spasmolytics, which are thought to reduce pain by
enhancing the level of inhibition, or reducing the level of excitation of the neurons that modulate or transfer nociceptive signals
to the brain. The exact mechanism by which spasmolytics reduce pain is not well known. Examples of muscle relaxants used for
pain management include cyclobenzaprine, and baclofen. Cyclobenzaprine is structurally related to tricyclic antidepressants and
is thought to act on the locus coeruleus where it results in increased norepinephrine release, potentially through the fibers that
innervate and inhibit motor neurons in the ventral horn of the spinal cord. Baclofen is a GABA derivative that acts on GABA-B
receptors to enhance gabanergic signaling in the brain and spinal cord to produce its analgesic effects.
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Other Targets
Multimodal analgesics target multiple receptors and pathways to alleviate pain. For example, tramadol can activate opioid
receptors, prevent serotonin and norepinephrine reuptake, antagonize the NMDA receptor, 5-HT2C serotonin receptor, and (α7)5
nicotinic acetylcholine receptor. Botulinum toxin is a neurotoxin used to treat chronic headaches, migraines, and myofascial pain.
Botulinum toxin impairs pain transmission by preventing vesicles from docking/fusing with the interior of the nerve plasma
membrane at the synapse, blocking neurotransmitter release. Other pain management treatments include adrenergic drugs for
complex regional pain syndrome and nerve growth factor modulators for osteoarthritis.

Topical Compounded Analgesics
Drugs used for pain management have been compounded into topical/transdermal dosage forms to treat many conditions, such
as lower back pain, fibromyalgia, postherpetic neuralgia, joint pain, arthritis, and diabetic neuropathy. Topical formulations have
many advantages over other formulations:
1. The drug is directly administered to the site of pain. Thus, avoiding first-pass metabolism.
2. Topical dosage forms are often associated with lower systemic toxicity i.e. reduced side effects associated with oral and
injected medication.
3. Topical dosage forms are easy to use and generally associated with greater patient compliance.
There are many preclinical/clinical studies that have evaluated the effects of various compounded formulas for use as a single
drug-agent or in combination with other compounds for pain relief. For example, amitriptyline, gabapentin, cyclobenzaprine, and
baclofen are also often formulated alone or in combination with other agents as topical transdermal gels or creams. Since
neuropathic pain is a complex process potentially involving multiple physiological pathways, it may be advantageous to target
this form of pain using multiple agents with different mechanism of actions simultaneously. However, combining multiple
pharmacological agents orally could result in severe side effects. So, a topical multi-agent approach might be more beneficial in
the treatment of neuropathic pain. Consistent with this hypothesis, a double-blind placebo-controlled trial revealed topical gel
preparations, containing baclofen, amitriptyline HCL, and ketamine (BAK) compounded into a pluronic lecithin organogel (PLO)
base, were effective at treating chemotherapy-induced peripheral neuropathy (Barton et al., 2011). More specifically, the study
revealed the BAK compounded topical gel was more effective than the PLO base alone (placebo) at relieving the tingling,
cramping, shooting, and burning sensation without any evidence of systemic toxicity. Therefore, additional studies will be
important to evaluate the efficacy of different combinations of multi-agent topical analgesics in pain management.
You can find a short list of additional studies on the use of topical analgesics for pain management in the References –
Compounded Analgesics section.
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Overview of drugs used for pain management
Table 5.
Targets
Peripheral

Examples
Cyclooxygenenase inhbitors
celcoxib, diclofenac, etodolac,
fenoprofen, flosulide,
ibuprofen, indomethacin,
ketoprofen, ketorolac,
meloxicam, naproxen, sulindac

Mechanism of Action
Anti-inflammatory effect, inhibits
cyclooxygenase enzyme
responsible for producing
prostaglandins from arachidonic
acid released from tissue injury or
repetitive c-fiber activation causing
prostaglandin release from the
spinal cord

Dosage Forms
Oral, topical preparations as
patches, gels, creams,
injected, and drops

acetaminophen
Acts mainly on cyclooxygenase
enzymes found in the CNS
TRPV1 ion channel agonist
capsaicin, resiniferatoxin

Corticosteroids
dexamethasone
Axon

+

Na channel blockers lidocaine,
bupivaciane
lamotrigine

Ongoing TRPV1 binding to deplete
substance P to decrease C fiber
function
Anti-inflammatory effect
Blocks action potential conduction
+

Oral, injected, patch, gels
and creams

Blocks voltage-gated Na channels
and inhibits glutamate release
+

2+

Na and Ca channel antagonist
topiramate, zonisamide

+

Stabilizes Na channels to suppress
spontaneous firing of nerve fibers

+

Na channel stabilizers
carbamazepine, oxcarbazepine,
propranolol
Peripheral/Central
Interface

NMDA antagonists
ketamine, dextromethorphan,
memantine, methadone,
guaifenesin, levorphanol

Antagonize (or inhibits) NMDA
receptor activity

Oral, intravenous,
intramuscular, suspension,
suppository, lotion, patch,
subdermally implantable
drug-delivery device and
inhalation pump
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Targets
Dorsal Horn

Examples
GABAA receptor agonists
Benzodiazepines: clonazepam,
diazepam, lorazepam

GABAB receptor agonists
baclofen

2+

Mechanism of Action
Binds and activates the GABAA
receptor to enhance the effects of
the GABA neurotransmitter
(presynaptic)

Binds and activates the GABAB
receptor to enhance the effects of
the GABA neurotransmitter
(postsynaptic)

Ca channels blockers
ziconotide, amlodipine,
diltiazem, verapamil

Blocks Ca channels, which
reduces neurotransmitter release

Gabapentinoids
gabapentin, pregabalin

Binds the α2δ subunit of Ca
channel

+

Dosage Forms
Oral, intravenous,
intramuscular, intrathecal,
and rectal

2+

2+

Ascending Pathway

Intra-spinal Na channel
blockers
bupivacaine

Binds to the intracellular portion of
+
voltage-gated Na channels and
+
blocks Na influx to prevent
depolarization and action potential
conduction

Parenteral, topical

Descending Pathway

Opioid analgesic
buprenorphine, pentazocin,
nalbuphine, butorphanol,
alfentanil, buprenorphine,
butorphanol, codeine, fentanyl,
hydrocodone, hydromorphone,
levorphanol, methadone,
morphine, nalmephene,
naloxone, naltrexone,
oxycodone, oxymorphine,
pentazocone, propoxyphene,
sufentanil

Mixed opioid receptor agonist
and/or antagonist, synthetic opioid
analgesics

Oral, sublingual,
intravenous, intramuscular,
transdermal, intranasal,
rectal, and subcutaneous

Antidepressants
Serotonin/norepinephrine
reuptake inhibitors (SNRIs)
Tricyclic antidepressants:
amitriptyline, mirtazapine,
desipramine, nortriptyline

Blocks norepinephrine and
serotonin reuptake to increase
norepinephrine and serotonin
concentrations in the inhibitory
descending pathway to suppress
pain signals
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Targets
Descending Pathway

Examples
Non-tricyclic SNRIs:
duloxetine,venlafaxine,
milnacipran
Norepinephrine/dopamine
reuptake inhibitors
bupropion

Mechanism of Action
Blocks norepinephrine and
serotonin reuptake to increase
norepinephrine and serotonin
concentrations in the inhibitory
descending pathway to suppress
pain signals

Dosage Forms
Oral, sublingual,
intravenous, intramuscular,
transdermal, intranasal,
rectal, and subcutaneous

Selective serotonin reuptake
inhibitors (SSRIs)
(limited effectiveness in
treatment of pain)
fluoxetine, citalopram,
paroxetine
Atypical antidepressants
trazodone, mirtazapine,
vortioxetine
Central

Muscle relaxants
carisoprodol, methocarbamol,
cyclobenzaprine

Acts on CNS, mechanism of action
not well understood

Oral, intravenous, and
sublingual formulation of
cyclobenzaprine is under
development

Other

Multimodal analgesics
Tramadol, tapentadol

Acts on several CNS/PNS targets

Oral, intravenous,
intramuscular, and rectal

used to treat chronic
headaches, migraines &
myofascial pain

Botulinum toxin
Onabotulinumtoxin A

Prevents vesicles from
docking/fusing with the interior of
plasma membrane to block
neurotransmitter release

Intramuscular,
subcutaneous, and
intradermal

some effcacy in the
treatment of
osteoarthritis

Nerve growth factor
modulators
tanezumab

Monoclonal antibody against nerve
growth factor (Phase III clinical
trials) to prevent it from binding
and activating its receptor

Intravenous, subcutaneous

used to treat complex
regional pain syndrome

α-Adrenergic drugs
α-antagonists:
phentolamine

Influences epinephrine function,
causes vasodilation due to its
ability to block the α1-adrenergic
receptor

Oral, intravenous,
intramuscular, Intranasal,
epidural, transdermal,
topical

central α-agonist:
clonidine, tizandine

activates α2-adrenergic receptors
in the brain

Adapted from http://www.capanet.org/uploadedfiles/content/resources/pathophysiology-of-pain.pdf.
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Abbreviations
4-HNE

4-Hydroxynonenal

AC

adenylyl cyclase

ADP

adenosine diphosphate

AIDS

acquired immune deficiency syndrome

ATP

adenosine triphosphate

Ca

2+

calcium

cAMP

cyclic adenosine monophosphate

cGMP

cyclic guanosine monophosphate

CGRP

calcitonin gene-related peptide

-

Cl

chloride

CNS

central nervous system

DAG

diacylglycerol

GABA

γ-aminobutyric acid

GDP

guanosine diphosphate

GPCR

G protein-coupled receptors

GTP

guanosine triphosphate

IP3

inositol 1, 4, 5-triphosphate

+

K

potassium
2+

magnesium

+

sodium

Mg
Na

NGF

nerve growth factor

NSAIDs

nonsteroidal anti-inflammatory drugs

PKA

protein kinase A

PLC

phospholipase C

PNS

peripheral nervous system

ROS

reactive oxygen species

S1

primary somatosensory cortex

S2

secondary somatosensory cortex

sGC

soluble guanylyl cyclase

TrkA

Tropomyosin receptor kinase A

TRP

transient receptor potential

TRPA1

transient receptor potential cation channel, subfamily A, member 1

TRPC6

Transient Receptor Potential Cation Channel, Subfamily C, Member 6

TRPV1

transient receptor potential cation channel subfamily V member 1

VIP

vasoactive intestinal polypeptide

VGCC

voltage-gated calcium channel
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Appendix A: Example of Assessment Chart for Pain Management
ASSESSMENT SPECIFIC TO TARGETING FOR PAIN MANAGEMENT – CASE: <Template>
PATIENT INFORMATION
Name:

Each case template is preceded by a case description.

Age:
Sex:

Vitals
 M

 F

Other Demographic & Contact Information:

HR:

Height:

Systolic:

Weight:

Diastolic:

Basic demographic information will appear here

DIAGNOSIS WITH CONTRIBUTING FACTORS
Differential Diagnosis:

This table provides an initial presenting diagnosis. It also presents contributing factors and their respective
percent probabilities with respect to causation.
Contributing Factors

Estimated % Influence

1
2
3
4
5
TOTAL

PATHOPHYSIOLOGICAL PATHWAYS RELATED TO CONTRIBUTING FACTORS: KNOWN OR HYPOTHESIZED
1

This table lists known, probable or possible pathophysiological cause for the above condition(s).

2

3

4

5
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ASSESSMENT SPECIFIC TO TARGETING FOR PAIN MANAGEMENT – CASE: <Template>
PRIOR MEDICAL HISTORY
1

2

3

4

This table allows the documentation of pertinent history directly or indirectly associated with the case.

5

This lower section allows for the development of a discipline-specific table. They represent frequently asked questions.

























FAMILIAL HISTORY
1

2

3

4

5

This table allows the documentation of pertinent patient familial medical history that may be directly or indirectly associated with the
patient’s case.
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ASSESSMENT SPECIFIC TO TARGETING FOR PAIN MANAGEMENT – CASE: <Template>
RELEVANT PRIOR & CONCOMMITANT INTERVENTIONS - THERAPIES - PHARMACOTHERAPIES
 Prior Surgical

 Prior Therapeutic

 Concomitant Therapeutic

 Prior Pharmacotherapeutic
This table provides documentation of prior and / or current interventions related to the treatment and abatement of the pain syndrome as well
as an area to document prior tolerances and / or intolerances to past therapies.
 Concomitant Pharmacotherapeutic

 Side-Effects, Adverse Events & Drug-Drug Interactions

 Allergies, Chemical Sensitivities & Sensitizations

 Addictions, Tolerances & Physical Dependencies

SATISFYING REASON & RATIONALE FOR COMPOUNDING


Availability of documentation
regarding a specific compounded
medication



Ability to compensate for potential
allergic reactions to common
preservatives, diluents, fillers and
lubricants, etc…

Ability to establish a reasonable
Beyond Use Date



Rationalization regarding dosage,
content, use, administration method



Quality assurance, efficacy and
reliability of compounded medication



Ability to demonstrate both quality
assurance and quality control



Documentation associated with a
compounded medication



Relationship between expected
duration of therapy and BUD



Establishment of criteria for assessing
patient outcome



Ability to assess pharmacokinetic
profile as compared to bioequivalent



Legislative or regulatory drug specific
restrictions



Commercial availability as it applies to
dosage form, strength, route of
delivery and delivery system



In addition to the clinical rationale it is important for compounders to determine why formulating a compounded preparation is appropriate.
You will be asked to enter that information here.
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ASSESSMENT SPECIFIC TO TARGETING FOR PAIN MANAGEMENT – CASE: <Template>
PHYSICAL ASSESSMENT & TARGETED PATHOPHYSIOLOGICAL INTERVENTION
 Dermatome Involvement
 Myotome Involvement
 Sclerotome Involvement
 Referred Pain Pattern
 Trigger Points

 Cognitive/Psychosomatic

Cognitive / Psychosomatic

Nociceptive

Neuropathic

 Nociceptive

 Perception

 Chemical

 AMPA

 Neuropathic

 Interpretation

 Mechanical

 Secondary Messengers

 Neuroma

 Integration

 Inflammatory

 Budding & Plasticity

 Thermal

 Nitric Oxide Diffusion

 Central Sensitization
 Vascular

 Enhanced Neuronal Signaling

 Acute

 Chronic

 Breakthrough

This table begins to document general pain classification and their respective sub-categories leading to a proposed approach and / or target.
This is the beginning of the targeting approach to pain management.
 Peripheral

 Central

 Non-malignant

 Somatic

 Visceral

 Malignant

LABORATORY FINDINGS & IMAGING
Urinalysis
Saliva

Blood

Other

















































Pertinent diagnostic findings are noted here.
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ASSESSMENT SPECIFIC TO TARGETING FOR PAIN MANAGEMENT – CASE: <Template>
PROPOSED PHARMACOTHERAPEUTIC GOALS & OBJECTIVES
Targets









Initiators and / or Neurotransmitters
Nerve Cell Body
Axon
Synaptic Bouton
Synaptic Cleft
Dendrite Receptor
Muscle (Skeletal)
Blood Vessel
Intended Actions










Stops action potential propagation; Sodium channel
Stops action potential propagation; Calcium channel
Blocks receptor site
Occupies receptor site
Decreases activity of enzymes that destroy neurotransmitters
Alters initiator activity
Alters neurotransmitter activity
Alters neurotransmitter reuptake

















Routes of Delivery

Oral: Systemic
Oral: Buccal / Sublingual
Intranasal
Rectal: Local
Rectal: Systemic
Vaginal
Urethral
Topical: Cutaneous
Topical: Subcutaneous
Topical: Muscular
Topical: Percutaneous
Injectable: SQ
Injectable: IM
Injectable: IV
Intrathecal

Site of Application

This entire page emphasizes and identifies the target(s).
It identifies anatomical and functional areas along a given pathophysiological pathway that is responsible for the pain signaling.

Class Mechanism of Action
1

We will be reviewing anatomy and physiology in order to
well identify structural and functional targets.

Drug-Specific Mechanism of Action
Once determined, a target can be cross referenced to a drug’s mechanism of
action and route of administration.

2

3

4

5
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ASSESSMENT SPECIFIC TO TARGETING FOR PAIN MANAGEMENT – CASE: <Template>
THERAPEUTIC GOALS & OBJECTIVES ARE RELATED TO…
 Prevention

 Cure

 High Level Performance

 Functional Capacity

 Activities for Daily Living

 Palliative Care

Active Agent

COMPOUNDED PHARMACOTHERAPEUTIC FORMULATION
Qty
Unit
Delivery System

Composition

1
2
3
4
5
Dosage Regimen
For every treatment, goals must be established. The top table provides for that documentation.
The specific pharmacotherapeutic agent, its dose, delivery system and composition: Solution or Dispersion; emulsion or suspension, you will list
in the above table.

NON-COMPLIANCE-RELATED MATTERS
1

COMPLIANCE-RELATED SOLUTIONS

In this table you will be provided past experiences….

…or you will be asked to identify future considerations of…

Non-compliance-related matters on the left…

…and their respective compliance-related solutions on the right.

2

3

4

5

RISK-TO-BENEFIT RATIO RELATED TO DRUG-SPECIFIC GOALS & OBJECTIVES
1

RISK 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 BENEFIT

2

RISK 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 BENEFIT

3

RISK 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 BENEFIT

4

RISK 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 BENEFIT

5

RISK 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 BENEFIT

In this table you will list the pharmacotherapeutic agents selected for treatment and their respective risk-to-benefit ratio. In all
cases of therapeutic choice, evaluating risk-to-benefit ratio is one factor in deciding a course of treatment.
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ASSESSMENT SPECIFIC TO TARGETING FOR PAIN MANAGEMENT – CASE: <Template>
RULE OUT VARIABLES THAT CAN INTERFERE WITH PHARMACOTHERAPEUTIC GOALS & OBJECTIVES


A changing clinical situation without change in treatment



Onset of intolerable side effects



Device failure; example: If tubing displaces



Selection of a wrong treatment modality; ignoring neuropathic components



Using CIII agents due to fear of addiction instead of appropriate CII



Fear of regulatory agencies causing limitation of applied therapy



Reimbursement driving treatment options



Limited access to advanced options / therapies - patient



Limited access to advanced options / therapies - family



Addiction issues interfere with therapeutic initiatives



A problematic compliance issue; hoarding versus misapplication



Route of delivery failure; NPO, no IV access, displaced tube



Lack of familiarity with adjunctive agents



Conversion failure or miscalculation



Lack of resources; hospice, HHC, etc…



Lack of resources; family



Lack of resources; money



Loss of coverage by 3rd party



Alcohol problems or co-administration



Dysfunctional social situation



Educational or intellectual limitations



Somnolence or mental condition interferes with compliance



A physician's decision not to treat

Sometimes events and activities can occur that may interfere with an established therapeutic plan.
It is important to consider these events that might go wrong before they do or respond to new ones.
The table above allows you to correct past events and / or anticipate future ones.
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ASSESSMENT SPECIFIC TO TARGETING FOR PAIN MANAGEMENT – CASE: <Template>
DATE
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

PAIN - FUNCTIONAL CAPACITY - ACTIVITIES FOR DAILY LIVING INVENTORY
PAIN RATING
FUNCTIONAL CAPACITY
2 3 4 5 6 7 8 9
0 1 2 3 4 5 6 7 8 9
2 3 4 5 6 7 8 9
0 1 2 3 4 5 6 7 8 9
2 3 4 5 6 7 8 9
0 1 2 3 4 5 6 7 8 9
2 3 4 5 6 7 8 9
0 1 2 3 4 5 6 7 8 9
2 3 4 5 6 7 8 9
0 1 2 3 4 5 6 7 8 9
2 3 4 5 6 7 8 9
0 1 2 3 4 5 6 7 8 9
2 3 4 5 6 7 8 9
0 1 2 3 4 5 6 7 8 9
2 3 4 5 6 7 8 9
0 1 2 3 4 5 6 7 8 9
2 3 4 5 6 7 8 9
0 1 2 3 4 5 6 7 8 9
2 3 4 5 6 7 8 9
0 1 2 3 4 5 6 7 8 9
2 3 4 5 6 7 8 9
0 1 2 3 4 5 6 7 8 9
2 3 4 5 6 7 8 9
0 1 2 3 4 5 6 7 8 9
2 3 4 5 6 7 8 9
0 1 2 3 4 5 6 7 8 9
2 3 4 5 6 7 8 9
0 1 2 3 4 5 6 7 8 9
2 3 4 5 6 7 8 9
0 1 2 3 4 5 6 7 8 9
2 3 4 5 6 7 8 9
0 1 2 3 4 5 6 7 8 9
2 3 4 5 6 7 8 9
0 1 2 3 4 5 6 7 8 9
2 3 4 5 6 7 8 9
0 1 2 3 4 5 6 7 8 9

ACTIVITIES FOR DAILY LIVING
0 1 2 3 4 5 6 7 8 9
0 1 2 3 4 5 6 7 8 9
0 1 2 3 4 5 6 7 8 9
0 1 2 3 4 5 6 7 8 9
0 1 2 3 4 5 6 7 8 9
0 1 2 3 4 5 6 7 8 9
0 1 2 3 4 5 6 7 8 9
0 1 2 3 4 5 6 7 8 9
0 1 2 3 4 5 6 7 8 9
0 1 2 3 4 5 6 7 8 9
0 1 2 3 4 5 6 7 8 9
0 1 2 3 4 5 6 7 8 9
0 1 2 3 4 5 6 7 8 9
0 1 2 3 4 5 6 7 8 9
0 1 2 3 4 5 6 7 8 9
0 1 2 3 4 5 6 7 8 9
0 1 2 3 4 5 6 7 8 9
0 1 2 3 4 5 6 7 8 9

GRAPHICAL REPRESENTATION OF PAIN - FUNCTIONAL CAPACITY - ACTIVITIES FOR DAILY LIVING INVENTORY
9
8
7
6
Pain Rating

5

Functional Capacity

4

Activities for Daily Living

3

The above table and the entire page, allows for the charting and graphic display of
the patient’s progress at baseline and during therapy. It provides the clinical team
with any known evidence-based justification(s) for the therapeutic selection being
utilized. It serves to substantiate your efforts and can lead to further business.

2
1
0
Date Range

ROUTE - DRUG

PHARMACOTHERAPEUTIC DRUG SELECTION-RELATED REFERENCE CITATIONS
REFERENCE

1

This section affords you the opportunity to provide supportive evidence related to your therapeutic
choices. It provides you with much needed credibility.

2

We will use it to substantiate our suggested pharmacotherapeutic initiatives.

3

We hope you use it in the future to bring credibility to your practice.

4

References will be weighted as they relate to their level of corroborative clinical evidence.

5

Reference citation abstracts will be made available for cases presented during seminar.



 References are weighted as they relate to their level of corroborative clinical evidence.
3 – Efficacious; 2 – Supportive; 1 – Limited; 0 – None available
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Appendix B: Drug Class Mechanism of Action
DRUG CLASS

MECHANISM OF ACTION

Alpha 2 Agonist

Binds to, and stimulates, alpha 2-adrenoceptors activating an inhibitory neuron in the brain
stem, thus resulting in reduced sympathetic outflow from the CNS

Anticonvulsant

Maintains the sodium ion channel in an inactivated state which prevents action potential
propagation

Antiemetic

Blocks activity of histamine at the H1 receptor site which inhibits the inflammatory response
mechanism

Antipruritic

Acts as a histamine H1 receptor antagonist

Antispasmodic
Benzodiazepine
Calcium Channel Blocker
Corticosteroids

Binds as an agonist pre-synaptically to GABAb receptors causing down regulation of high
voltage calcium channels, inhibiting the neurotransmitter release onto the motor neurons in
the dorsal horn, thus decreasing spasticity
Binds to the dendrite voltage-gated sodium channel receptor decreasing its reset capability
preventing action potential propagation
Inhibits voltage-gated calcium channels of vascular smooth muscles which inhibits muscle
contraction
Prevents mediators prostaglandin and leukotriene from participating in the inflammatory
process

Glycolysis Inhibitor

Inhibits glycolysis pathway that produces energy on a cellular level

Local Anesthetics

Blocks sodium ion channel preventing nerve cell membrane polarization which prevents
action potential propagation

Muscle Relaxant

Inhibits norepinephrine reuptake and facilitates serotonergic system inhibition

NMDA Receptor Antagonists Channel Blockers
NSAID - Anti-Inflammatory

Opioid Analgesics

Partial mu Agonist Norepinephrine & Serotonin
Agonist
Serotonin (5-HT) Agonist
Substance P Depleting Agent

Stabilizes magnesium connectivity to NMDA receptor sites preventing magnesium release
and subsequent massive depolarizations thus preventing secondary messengers from
exciting neighboring neurons
Inhibits cyclooxygenase 1 and / or 2 enzymes the conversion of arachidonic acid to
prostaglandins which inhibits the inflammatory response mechanism
Inhibits the release of excitatory neurotransmitters from the synaptic bouton; Promotes the
release of inhibitory neurotransmitters from the synaptic bouton; Hyperpolarizes nerve cell
membranes which increases the threshold for the onset of an action potential minimizing
action potential propagation; Activates opiate receptors which prevents action potential
propagation
Inhibits norepinephrine and serotonin reuptake in the central nervous system’s descending
inhibitory pathway
Stimulates 5-HT receptor agonist activity which leads to vasoconstriction of cerebral blood
vessels
Causes the release of Substance P from the receptors depleting the amount available for
signaling

Sympathomimetic Amine

Membrane Excitation

Tricyclic Antidepressant

Blocks reuptake of serotonin and norepinephrine in the descending inhibitory pathway
which enhances transduction in the synapse
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Appendix C: Alphabetically Listed Drug Agents and their Associated Drug Class
Refer to Appendix B for a detailed description of the drug class description.
DRUG AGENT

CLASS

2-Deoxy-D-Glucose

Glycolysis Inhibitor

Acetaminophen

NSAID - Anti-Inflammatory

Alfentanil
Amantidine
Amitriptyline

Opioid Analgesics
NMDA Receptor Antagonists - Channel Blockers
Tricyclic Antidepressant

Amlodipine

Calcium Channel Blocker

Baclofen

Antispasmodic

Benzocaine

Local Anesthetics

Betamethasone

Corticosteroids

Bupivacaine

Local Anesthetics

Buprenorphine

Opioid Analgesics

Butorphanol

Opioid Analgesics

Capsaicin

Substance P Depleting Agent

Carbamazepine

Anticonvulsant

Celcoxib

NSAID - Anti-Inflammatory

Clobetasol

Corticosteroids

Clonazepam

Benzodiazepine

Clonidine

Alpha 2 Agonist

Cocaine

Local Anesthetics

Codeine

Opioid Analgesics

Cyclobenzaprine

Muscle Relaxant

Desipramine

Tricyclic Antidepressant

Dexamethasone

Corticosteroids

Dextromethorphan

NMDA Receptor Antagonists - Channel Blockers

Diazepam

Benzodiazepine

Diclofenac

NSAID - Anti-Inflammatory

Dihydroergotamine

Serotonin Agonist

Diltiazem

Calcium Channel Blocker

Diphenhydramine

Antipruritic

Dyclonine

Local Anesthetics

Epinephrine

Sympathomimetic Amine

Ergoloid Mesylate

Serotonin Agonist

Ergotamine Tartrate

Serotonin Agonist
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DRUG AGENT

CLASS

Etodolac

NSAID - Anti-Inflammatory

Fenoprofen

NSAID - Anti-Inflammatory

Fentanyl

Opioid Analgesics

Flosulide

NSAID - Anti-Inflammatory

Fluocinonide

Corticosteroids

Gabapentin

Calcium Channel Blocker

Guaifensin

NMDA Receptor Antagonists - Channel Blockers

Hydocodone

Opioid Analgesics

Hydrocortisone

Corticosteroids

Hydromorphone

Opioid Analgesics

Hydroxyzine

Antipruritic

Ibuprofen

NSAID - Anti-Inflammatory

Indomethacin

NSAID - Anti-Inflammatory

Ketamine

NMDA Receptor Antagonists - Channel Blockers

Ketoprofen

NSAID - Anti-Inflammatory

Ketorolac

NSAID - Anti-Inflammatory

Lamotrigine

Anticonvulsant

Levorphanol

NMDA Receptor Antagonists - Opioid

Lidocaine

Local Anesthetics

Lorazepam

Benzodiazepine

Meloxicam

NSAID - Anti-Inflammatory

Mepivacaine

Local Anesthetics

Methadone

NMDA Receptor Antagonists - Opioid

Methadone

Opioid Analgesics

Methazolamide

Anticonvulsant

Methocarbamol

Muscle Relaxant

Mexiletine

Local Anesthetics

Morphine

Opioid Analgesics

Nalbuphine

Opioid Analgesics

Nalmephene

Opioid Analgesics

Naloxone

Opioid Analgesics

Naltrexone

Opioid Analgesics

Naproxen

NSAID - Anti-Inflammatory

Nifedipine

Calcium Channel Blocker

Nortriptyline

Tricyclic Antidepressant
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DRUG AGENT

CLASS

Orphenadrine

NMDA Receptor Antagonists - Channel Blockers

Oxycodone

Opioid Analgesics

Oxymorphone

Opioid Analgesics

Pentazocone

Opioid Analgesics

Phenobarbital

Anticonvulsant

Phenylbutazone

NSAID - Anti-Inflammatory

Phenytoin

Anticonvulsant

Piroxicam

NSAID - Anti-Inflammatory

Prednisolone

Corticosteroids

Pregabalin

Calcium Channel Blocker

Prilocaine

Local Anesthetics

Prochlorperazine

Antiemetic

Promethazine

Antiemetic

Propoxyphene

Opioid Analgesics

Ropivacaine

Local Anesthetics

Sufentanil

Opioid Analgesics

Sufentanil citrate

Opioid Analgesics

Sulindac

NSAID - Anti-Inflammatory

Tetracaine

Local Anesthetics

Tizanidine

Alpha 2 Agonist

Topiramate

Anticonvulsant

Tramadol

Opioid Analgesic: Partial mu Agonist - Norepinephrine & Serotonin Agonist

Triamcinalone

Corticosteroids

Valproic Acid

Anticonvulsant

Verapamil

Calcium Channel Blocker
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Appendix D: Drug Agents Classified by Drug Class
Refer to Appendix B for a detailed description of the drug class description.
DRUG CLASS

DRUG AGENT

Alpha 2 Agonist

Clonidine
Tizanidine

Anticonvulsant

Antiemetic
Antipruritic
Antispasmodic
Benzodiazepine

Calcium Channel
Blocker

Corticosteroids

Carbamazepine
Lamotrigine
Methazolamide
Phenobarbital
Phenytoin
Topiramate
Valproic Acid
Prochlorperazine
Promethazine
Diphenhydramine
Hydroxyzine
Baclofen
Clonazepam
Diazepam
Lorazepam
Amlodipine
Diltiazem
Gabapentin
Nifedipine
Pregabalin
Verapamil
Betamethasone
Clobetasol
Dexamethasone
Fluocinonide
Hydrocortisone
Prednisolone
Triamcinalone

Glycolysis Inhibitor

2-Deoxy-D-Glucose

Local Anesthetics

Benzocaine
Bupivacaine
Cocaine
Dyclonine
Lidocaine
Mepivacaine
Mexiletine
Prilocaine
Ropivacaine
Tetracaine
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DRUG CLASS
Muscle Relaxant

NMDA Receptor Antagonists
- Channel Blockers

NSAID - Anti-Inflammatory

Opioid Analgesics

DRUG AGENT
Cyclobenzaprine
Methocarbamol
Amantidine
Dextromethorphan
Guaifensin
Ketamine
Levorphanol
Methadone
Orphenadrine
Acetaminophen
Celcoxib
Diclofenac
Etodolac
Fenoprofen
Flosulide
Ibuprofen
Indomethacin
Ketoprofen
Ketorolac
Meloxicam
Naproxen
Phenylbutazone
Piroxicam
Sulindac
Alfentanil
Buprenorphine
Butorphanol
Codeine
Fentanyl
Hydocodone
Hydromorphone
Levorphanol
Methadone
Morphine
Nalbuphine
Nalmephene
Naloxone
Naltrexone
Oxycodone
Oxymorphone
Pentazocone
Propoxyphene
Sufentanil
Sufentanil citrate
Tramadol
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DRUG CLASS

DRUG AGENT

Partial mu Agonist Norepinephrine & Serotonin
Agonist

Tramadol

Substance P Depleting Agent

Dihydroergotamine
Ergoloid Mesylate
Ergotamine Tartrate
Capsaicin

Sympathomimetic Amine

Epinephrine

Tricyclic Antidepressant

Amitriptyline
Desipramine
Nortriptyline

Serotonin (5-HT) Agonist
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Learning Assessment
The completion of this learning assessment, with a minimum passing grade of 70%, is required in order to receive credit for the
home study component of this accredited CPE activity.
Completion Instructions

1.



Submit your learning assessment – please follow the instructions on the accompanying answer sheet.

True
False

True
False

True
False

Which of the following statement is false:
a.
b.
c.
d.

5.

Choose the best possible answer for each question.

The cell body is a long threadlike projection on neurons that conduct information from one neuron to another through a
particular type of electrical impulse called action potentials.
a.
b.

4.



The parasympathetic system is responsible for stimulating activities that occur while the body is at rest, especially after
eating, while the sympathetic system is responsible for stimulating activities that occurs in response to a perceived harmful
event, attack, or threat to survival i.e. fight-or-flight response.
a.
b.

3.

Answer all questions on the accompanying answer sheet.

Ligand-gated channel receptors can be divided into excitatory channels that are permeable to positively charged ions and
inhibitory channels that are permeable to negatively charged ions.
a.
b.

2.



Unmyelinated gaps between the myelin sheaths are called nodes of Ranvier and represent the uninsulated portion of
the axon through which the electrical impulse is propagated along the axon.
The cell body (or soma) contains the nucleus which stores all the genetic information required for the neuron to
function. The cell body is also the site where virtually all proteins are synthesized.
Axons do not conduct electrical signals but protect and provide physical support to neurons in the nervous system.
Myelin sheaths are dielectric meaning that they are electrically insulating and prevent the local current from flowing
across the membrane.

Under resting conditions, an unstimulated cell will maintain a negative internal potential between –30 and –70 mV because
the ion composition inside the cell is different from the surrounding extracellular fluid.
a.
b.

True
False
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6.

Which of the following statement is false?
a.
b.
c.
d.

7.

Action potentials do not propagate passively across the membrane, but instead depend on special ion channels. Neurons
express different types of ion channels that perform specific functions to support the electrical activity of a neuron. Which of
the following statement is false?
a.
b.
c.
d.

8.

Leak channels, are always open independent of the resting membrane potential.
Voltage-gated channels, open when the membrane potential is depolarized or above the threshold for activation.
Ligand-gated channels open in response to extracellular chemical ligands called neurotransmitters.
None of the above.

Which of the following statements about voltage-dependant calcium channels is/are true?
a.
b.
c.

d.
9.

Ligand-gated channels transiently open in response to changes in membrane potential.
Once an action potential has occurred, there is a transient negative shift in membrane potential, called the refractory
period, which prevents an action potential from traveling back the way it came.
A neuron can transmit information by varying the frequency of action potentials fired.
A given stimulus can produce excitatory potentials, which cause positively charged ions to enter and depolarize the cell,
or inhibitory potentials, which cause the membrane potential to become more negative than the resting potential and
thus hyperpolarize the cell.

Voltage-dependant calcium channels (VDCCs) represent a diverse group of calcium-specific ion channels that are
involved in a variety of processes. They can be separated into 5 types.
With N-type channels, inhibition results in a reduction of neurotransmission and therefore pain; as such they considered
a research avenue for developing novel analgesics.
T-type channels are important in understanding the mediation of chronic pain, especially with respect to certain disease
pathologies like diabetic neuropathy, where inhibition of T-type channels can return the pain profile to within a normal
range.
All of the above.

What do enkephalins, endorphins, neurokinin A, and Calcitonin gene-related peptide have in common?
a.
b.
c.
d.

They are opioids.
They are neuropeptides.
They are gasotransmitters.
a), b) and c)

10. The endogenous chemicals that open ligand-gated channels are called neurotransmitters and are responsible for transferring
information between neurons. Neurotransmitters predominantly act at the synapse or synaptic junction of two neurons.
Once an action potential reaches the end of the neuron (presynaptic neuron), the signal is translated into a chemical signal
(neurotransmitter) that is released into the synaptic cleft where it can act on its protein target (or receptor) on the next
neuron (postsynaptic neuron).
a.
b.

True
False
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11. Neurotransmitters can be excitatory or inhibitory depending on the properties of the bound receptor.
a.
b.

True
False

12. Which of the following neurotransmitters is/are excitatory?
a.
b.
c.
d.
e.

Acetylcholine
Glutamate
Glycine
a) and b)
a), b) and c)

13. Depending on the α-subunits that make up the G protein bound to the GPCR, the effects on the neuron can be inhibitory or
excitatory.
a.
b.

True
False

14. To control the degree of interaction between neurotransmitters and their receptors on postsynaptic neurons, these
neurotransmitters must be removed from the synaptic cleft shortly after being released. Neurotransmitter removal depends
on which of the following mechanism(s)?
a.
b.
c.
d.

Diffusion and reuptake into neighboring glial cells or synaptic terminals.
Degradation by neurotransmitter-specific enzymes.
Nerve impulse direction.
a) and b)

15. When dopamine binds to D2-like receptors it activates the enzyme that catalyzes the production of cAMP, which leads to the
opening of ion channels.
a.
b.

True
False

16. Nociceptors are sensory neurons that are grouped into different categories based on the nature of the stimuli they respond
to. Examples of nociceptor categories include including silent and polymodal nociceptors.
a.
b.

True
False
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17. Which of the following statements is/are false?
a.
b.
c.
d.
e.

Visceral structures include the skin, spleen, and stomach.
Activated nociceptors in somatic structures often produce a well-localized pain sensation.
Pain associated with certain visceral structure can be described as diffuse and colicky in nature.
Deep somatic nociceptors can be sensitized by inflammation.
a) and d)

18. Which of the following statements about dermatomes is/are true?
a.
b.
c.
d.
e.

A dermatome is an area of skin that is supplied by a single spinal nerve.
The specific regions that define the dermatomes are the same in all individuals.
A herpes zoster infection (shingles) only affects the dermatomes served by the infected nerves.
a) and c)
a), b) and c)

19. Although visceral pain is often described as diffuse and poorly localized, it can sometimes radiate in somatic dermatomal
patterns, a process known as referred pain.
a.
b.

True
False

20. Which of the following statements about pain is false?
a.
b.
c.
d.
e.

Nonsteroidal anti-inflammatory drugs (NSAIDs) are used to treat inflammatory pain.
Thalamic pain syndrome is an example of functional pain.
Functional and inflammatory pains are different types of neurogenic pain.
Chronic pain can also be classified as maladaptive pain.
Neuropathic pain results from lesions to the nervous system.

21. The substances released from tissue damage can be categorized as nociceptive activators or nociceptive sensitizers.
Nociceptive activators immediately signal tissue damage whereas nociceptive sensitizers alter the sensitivity of the terminal
without causing direct nociceptor activation. In other words, nociceptive sensitizers can alter the kinetics and threshold for
ion channel activation to make nociceptors more likely to fire in response to stimuli.
a.
b.

True
False
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22. Which of the following statements on sensitization is false?
a.
b.
c.
d.

Sensitization can occur by different mechanisms including increased action potential firing following a
suprathreshold stimulus.
A surgeon cutting through the skin with a scalpel resulting in an activation of nociceptors and triggering the release
of neurotransmitters at the synaptic junction is an example of central sensitization.
Central sensitization can be initiated by a process known as wind-up.
None of the above.

23. Central sensitization can be initiated through a process known as wind-up, which is caused by increased C fiber activation in
response to tonic stimulation or repeated stimuli. Wind-up leads to sustained excitatory postsynaptic potentials due in part
to prolonged NMDA receptor activation.
a.
b.

True
False

24. Which of the following statements is false?
a. Central sensitization is a form of neuroplasticity.
b. Neuroplasticity, encompasses both synaptic plasticity and non-synaptic plasticity.
c. Long-term potentiation is an example synaptic plasticity.
d. None of the above.
25. Which of the following statements about pain management is/are true?
a.
b.
c.
d.

Topical application of capsaicin produces an analgesic effect through nociceptor desensitization and dysfunction,
followed by substance P (and CGRP) depletion and, eventually, destruction of TRPV1-expressing nociceptors .
NSAIDs used to treat pain include indomethacin, diclofenac, ibuprofen, naproxen, and celecoxib.
Tramadol and tapentadol are examples of multimodal analgesics because they target multiple receptors and pathways.
All of the above.

26. Which of the following statements about structural reorganization is/are true?
a.
b.
c.
d.

Experiments in animal models have shown that structural rearrangements can occur after peripheral nerve injury.
Non-synaptic plasticity affects synaptic integration, subthreshold propagation, and other important neuron mechanisms
at the cellular level.
Non-synaptic plasticity cannot reflect changes in the characteristics of nonsynaptic structures such as the cell body,
axon, and/or dendrites.
a) and b)

27. Which of the following statements is false?
a.
b.
c.

By reducing inflammation, corticosteroids also inhibit peripheral sensitization of afferent nociceptors by proinflammatory factors.
Nonsteroidal anti-inflammatory drugs (NSAIDs) and acetaminophen are commly used to alleviate pain.
NMDA receptors bind glutamate, one of the main inhibitory neurotransmitters of the CNS.
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+

+

28. Lidocaine and bupivacaine block the influx of Na ions through voltage-gated Na channels, thus preventing membrane
depolarization and action potential potentiation.
a.
b.

True
False

29. Ascending pathway targets affect the transfer of inhibitory information from the brain to the spinal cord to modulate the
activity of nociceptors. These neurons rely primarily on endogenous opioids, serotonin, and norepinephrine to modulate
nociceptor activity and reduce pain.
a.
b.

True
False

30. Opioid receptors are widely distributed throughout the body including the spinal cord and periphery. Which of the following
statements is false?
a.
b.
c.
d.

Opiods are also used to target the descending pathway by increasing serotonin and norepinephrine levels in the
CNS to enhance the inhibitory signals from the descending pathway to reduce pain.
Opioids that are commonly used to treat pain include morphine, tramadol, oxycodone, fentanyl, and methadone.
There are multiple opioid receptor types including mu (µ), kappa (κ), delta (δ), and nociceptin receptor.
Opioids modulate pain perception in the CNS.

31. Which of the following is false?
a.
b.
c.
d.

Multimodal analgesics target one receptors or pathway at a time to alleviate pain.
Topical formulations allows for the drug to be directly administered to the site of pain. Thus, avoiding first-pass
metabolism.
Topical dosage forms are often associated with lower systemic toxicity i.e. reduced side effects associated with oral and
injected medication.
Topical dosage forms are easy to use and generally associated with greater patient compliance.

32. Which of the following statements is false?
a.
b.
c.
d.

Nociception is a 4-step process that involves transduction, transmission, conduction and perception.
Perception occurs when the nerve impulses reaches higher cortical centers.
Free nerve endings of sensory neurons are only found in the skin.
Rubbing the skin helps to relieve pain by activating Aβ fibers to reduce the transmission of noxious stimuli by the C
fibers.

33. Which of the following statements about pharmacological treatment of pain is/are false?
a.
b.
c.
d.

An antagonist is a drug that binds to a receptor and activates it to produce the same effect as its natural ligand or
neurotransmitter.
An agonist is a drug that blocks the effects of the natural ligand or neurotransmitter on its receptor or prevents a
physiological response from occuring when it binds its target receptor.
By reducing inflammation, corticosteroids also inhibit peripheral sensitization of afferent nociceptors by proinflammatory factors.
a) and b)
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34. Which of the following statements about pharmacological treatment of pain is/are true?
a.
b.
c.
d.
e.

+

Axon targets impair action potential conduction by blocking Na channels.
Peripheral drug targets mainly act in the periphery to relieve pain.
Peripheral/central interface targets act in the dorsal horn where primary afferent nociceptors synapse with central
dorsal horn neurons.
Dorsal horn drugs primarily target neurons that modulate nociceptive activity in the dorsal horn.
All of the above.

35. Which of the following statements about ascending pathway drug targets is false?
a.
b.
c.
d.

Ascending pathway targets affect the CNS tracts that transfer information from the periphery to the brain.
Ascending pathway targets include include the spinothalamic tract, spinoreticular tract, and spinomesencephalic tract.
+
Na channel blockers prevent membrane depolarization thus impairing action potential conduction.
Ascending pathway targets affect the transfer of inhibitory information from the brain to the spinal cord to modulate
the activity of nociceptors.

36. Muscle relaxants are also used to treat pain. Muscle relaxants are grouped into two categories: 1) neuromuscular blockers,
which block transmission at the end plate of the neuromuscular junction; and 2) spasmolytics, which are thought to reduce
pain by enhancing the level of inhibition, or reducing the level of excitation of the neurons that modulate or transfer
nociceptive signals to the brain.
a.
b.

True
False

37. Central sensitization contributes to the establishment and maintenance of various types of pain including post-surgery pain,
rheumatoid arthritis, osteoarthritis, fibromyalgia, headaches, migraines, neuropathic pain, complex regional pain syndrome,
and gastrointestinal tract pain.
a.
b.

True
False

38. Peripheral sensitization is often manifested as allodynia or hyperalgesia. Hyperalgesia refers to pain induced by stimuli that
would not normally cause pain.
a.
b.

True
False

39. Myofascial Trigger Points are commonly referred to as trigger points, they are localized, hyperirritable spots in the fascia of
skeletal muscle that can often be palpated as small nodules, ranging from pea- to thumb-sized. The points can produce pain
both locally and radially; this is known as referred pain.
a.
b.

True
False
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40. The vertebral column (often referred to as the spinal column, spine or backbone) is a component of the axial skeleton and
serves to protect the spinal cord from damage. Which of the following statements is false?
a.
b.
c.
d.

The main bones of the spine are vertebrae
Vertebrae are organized into a stacked orientation and there are a total of 33 vertebrae, divided into five sections of the
spine.
The laminae provides a bony, protective cavity for the spinal cord to pass through.
The 5 sections of the spine include the cervical vertebrae, thoracic vertebrae, lumbar vertebrae, sacral (fused)
vertebrae, and the coccygeal (fused) vertebrae.
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