The Physiology of Pain
Pain: a biopsychosocial phenomenon of an unpleasant sensory & emotional experience associated with
actual or potential tissue damage or described in terms of such damage.
Facts:
•
•
•
•
•
•

80 million suffer from chronic disabling pain syndrome.
31 million at one time suffer from low back pain resulting in $50 billion/yr. in lost wages.
Over $8 billion/yr. spent on pai meds.
Headaches are 40% of PC visits
Clinical depression 4X more likely in chronic pain sufferers
90% of chronic pain cases have no structural impairment

Children: do feel pain.
•
•
•
•
•
•
•

Week 7 embryologically nociceptors formed.
Week 20 fetal brain developed
Week 35-37 fetus able to differentiate pain and touch
2-6 yr. olds clear drugs faster = more frequent dosing
Always use non-opioid interventions anyway.
Sugar increases endorphins
Skin contact, familiar scents, mom’s voice increase endorphins.

Women: it’s not in your head.
•
•
•
•
•
•

More likely to get painful conditions and report greater pain levels.
Mores sensitive to other signals of danger, ie. smell changes, visual cues. Makes sense they
would feel more pain. (Child rearing aid)
Systemically under medicated: coronary bypass study: 30 men, 30 women. Women given
sedatives, men given pain medication.
79% of all research done on male mice.
Testosterone protects against pain, Estrogens not so clear-cut.
Transsexual study: male to female 1/3 developed chronic pain…especially headaches. Female to
male, chronic pain decreased.

Types of General Pain:
1. Acute (fast): rapid after stimulus applied, superficial, not deeper regions, sharp, pricking, short lasting
(medium A-delta fibers)
2. Chronic (slow): increase intensity over second-minutes, skin or deeper, excruciating, burning,
throbbing, and aching. (C-fibers). Disease of nervous system, not just a symptom. Pain lasts 3-6 months
or longer.
3. Referred Pain
4. Phantom Pain
Pain Threshold: Enough stimuli to initiate firing of nociceptors to perceive pain. The same for
everyone.
Pain Tolerance: Duration of intensity of pain endured before acknowledging and seeking help. Varies
according to culture, age, sex, and emotional state.
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The Pain Pathway
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Types of Chronic Pain: Nociceptive, Inflammatory, Dysfunctional, And Neuropathic.
A. Nociceptive: instant and intense, adaptive, alerts us.
Stimuli: mechanical force (bone on bone, heart injury, acute injury) or increased
cold.

heat or

B. Inflammatory: adaptive or nonadaptive (pro-inflammatory cytokines keep releasing, making
individual hypersensitive). Immune cells release cytokines (TNF alpha, IL-1B) or pain messengers (BK,
PG-E2, NGF)
Stimuli: tissue damage & swelling

C. Dysfunctional: maladaptive, no damage to nervous system or inflammation, (Fibromyalgia, Irritable
Bowel Syndrome, some headaches)
Stimuli: amplification of nerve signals in CNS & PNS
D. Neuropathic: alters the way nerves function, amps up, not necessarily from an external stimulus.
Causes: trauma to nerves (surgery), pressure on nerves (herniated discs, sciatica), chemotherapy
(injury from toxic chemicals), infection from neurotropic viruses (Herpes zoster).
Stimuli: damage to the nervous system

Synapse Physiology of Neuropathic Pain
•
•
•
•
•

Sometimes nerve cells can start making more NMDA receptors making the neuron more
sensitive.
Surrounding nerve cells start firing for no good reason.
Nerve cells can alter gene expression and start making more pain neurotransmitters (Substance P,
BDNF, NP-Y).
GABA & Glycine, neurotransmitters normally inhibitory, become excitatory.
Some GABA neurons die off (too tired from all the work?).
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Spinal Nerve:
C-Fibers: unmyelinated, 15X slower than A-Delta fibers, Chronic pain.
A-Delta Fibers: myelinated, medium speed, acute pain.
A-Beta Fibers: myelinated, fastest, from skin, muscle, fascia, ligaments, touch, pressure, and

mov

The Brain and Pain
“We are feeling creatures who think.” – Jill Bolte Taylor, PhD.
•
•
•
•
•
•
•

All sensory stimuli arrive at the limbic brain first and then travel to the cerebral cortex.
Anticipation of pain primes the brain to feel it.
Anger and sadness increase pain perception.
Falling in love and being in good relationships decreases pain perception.
Lonely people get sicker and have more overactive inflammatory diseases (cancer, heart disease,
neurodegeneration).
Depression follows onset of chronic pain.
Opioids don’t work as well in depression and anxiety sufferers.

Catastrophizing: maladaptive cognitive & emotional habit that leads to focusing obsessively on pain.
•
•
•
•

Pain endless, life wrecking, horrible and unfixable.
Accounts for differences in men and women and pain, not depression.
Amplifies the nervous system’s processing of pain.
Increases IL-6 levels.

Changes in Brain from Acute to Chronic
•
•
•

Decrease in neuroplasticity. Chronic pain decreases gray matter in the prefrontal cortex &
thalamus (ages 20 yrs).
Increases in Sensitization. Nerve cells become more responsive to weaker signals. Selfperpetuating.
Allodynia: the brain becomes so over reactive it responds to benign input with pain (feather
touch feels like a blow torch).

Neuroglia
•
•
•
•

100 billion neurons in the brain.
Neuroglia outnumber neurons 10:1
In developing brain, guide neurons to correct place to form the 100 trillion connections with each
other.
Always believed just for support. Wrong.
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•
•
•

Form a glial network of information that sometimes bypasses neurons altogether.
Can contribute to chronic pain.
Astrocytes, oligodendrocytes, microglia.

Astrocytes:
•
•
•
•
•

From nerve cell progenitors but act like immune cells (make cytokines).
Form barrier between blood and neurons (blood brain barrier) for nutrients and wastes.
Mediate communication between neurons.
Increase CB2 receptor numbers when activated.
Produce cytokines that signal chronic pain.

Oligodendrocytes:
•
•

From nerve cell progenitors
Make myelin in CNS (speed up nerve transmission…possibly of pain)

Microglia:
•
•
•

From immune cell progenitors.
Fight infection, repair damaged cells, crucial to brain function.
Increase CB2 receptor numbers when activated.

If cells of the body are activated by pain signals from neurons or physical trauma, chemotherapy,
Diabetes mellitus, nerve damage, inflammation or blood leaking out of vessels, they release substances
called alarmins. Alarmins then travel to the brain and activate glial cells. Neuroglia then release cytokine
chemicals that can excite the surrounding area in the brain and travel back to the body. They are:
•
•
•

IL-1: WBC flock to site of infection. Neuroexcitatory.
IL-6: Immune stimulant, fever. Neuroexcitatory.
TNF: Immune stimulant

*Chemicals can travel to the CSF around the spinal cord and excite ascending nerves to fire faster,
therefore increasing the incoming pain signal.

•
•
•

Experiments show that blocking glial cell production of these chemicals with naltrexone
decreases pain.
Classically we know, Morphine binds the mu receptor on nerve cells decreasing pain.
New evidence also shows that Morphine binds TLR-4 receptor (like Alarmins) on glial cells
increasing pain.
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Interrupting the Pain Pathway: Mechanism of Action
1. @ Nociceptor
Analgesics: decrease pain without eliminating other sensations.
•
•
•

Decrease Substance P, Prostaglandins & Histamine in the tissue.
Methylsalicylate and salicylic acid on the epidermis.
Cannabis: THC, CBD, Myrcene, Linalool, Caryophyllene

Anti-inflammatories: decrease pain from:
•
•
•
•
•

Increased pressure of edema.
Physical or chemical injury of nerve fiber.
Irritation of nerve endings from toxic microbes.
Decreases Prostaglandins and Kinins.
Willow, Filapendula, Cannabis (THC, THCA, CBD, CBC, Myrcene, Pinene,
Caryophyllene)

NSAIDS
•
•
•
•
•

Bleeding in stomach and small intestine
100,000/yr. hospitalized for G.I. bleeds
7,000-10,000 deaths/yr.
Ibuprofen, Motrin, Advil
All increase risk of heart disease

Acetaminophen
•
•
•
•
•

Leading cause of liver failure.
30,000 hospitalizations/yr due to overdose.
Especially combined with alcohol.
Tylenol, in Vicodin, Percoset, Darvocet, Lortab and more.
325 mg/dose, daily max 3500 mg

2. @ Nerve….Nerve Impulse Transmission
Local Anesthetics: reversible loss of all sensation.
•
•

Blocks Calcium channels reversibly in small diameter fibers.
Lidocaine, kava, clove e.o., yarrow root

•

Decreases nerve fiber firing.

Ice

Heat
•
•
•
•

Increases blood flow, which removes pain-causing chemicals.
Increases Endorphins.
Increases firing of A-Beta fibers.
Closes small, C-fibers carrying pain.
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Vanilloid Receptor sensitizers
•
•
•
•
•
•
•
•

Increases firing in faster, A-Beta fibers
Stimulates heat receptors.
Increases Endorphins.
Rubefacients- to make red, to bring blood to tissue.
Capsaicin
Cannabis (CBD) – capsaicin-like but non-irritating, extends endogenous cannabinoids,
anti-inflammatory.
Cannabis (THC, THCV, CBN, CBC, CBG)
Endocannabinoids, OEA, PEA

3. Muscle Spasm
Anti-spasmodics: @level of synapse decreases neurotransmitter conduction to muscle.
•
•

Piper methysticum, kava kava
Cannabis (CBD, myrcene, CBG)

Sedatives: @ CNS decreases nerve excitability of spinal motor neuron.
•
•
•
•
•

Anti-anxiety
Anti-convulsants
Act by increasing GABA (inhibitory NT)
Benzodiazapenes, Cannabis (THC, Myrcene, CBN), Hops, California Poppy, Jamaican
Dogwood.
Lavender Essential Oil inhibits Glutamate (excitatory NT) comparative to Phenobarbital.

4. Hyper stimulation Analgesia
Touch: flood system with touch information.
•
•

Gate control theory
Heat will close small C-fiber (pain).

Transcutaneous Electric Nerve Stimulation (TENS)
•
•
•

Low voltage electric current stimulates large fibers.
Gate control theory
Increases Endorphins and Enkephalins.
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5. Central Level Transmission
A. Internal Analgesia System: descending sensory signals that block incoming pain before it
ascends.
•

Neurotransmitters that block the release of Substance P. (Endorphins, Enkephalins,
Dynorphins, Endogenous Cannabinoids, Opioids).

Endorphins
•
•

Bind all three receptors
Released by touch, enjoyment activities, and connection.

Enkephalins
•

200X stronger than Endorphins.

Dynorphins
•

Similar to Enkephalins but lower concentrations.

Endogenous Cannabinoids
•
•

2AG (Arachedonyl-glycerol)
Anandamide

Cannabinoids
•

THC, CBN, Myrcene (increases endorphins)

Opioids
•
•
•
•
•

Morphine
Fentanyl – 100X stronger than morphine but more side effects. Only binds mu receptor.
Codeine (weak) converted to morphine in body (strong).
10% Caucasians born with defective gene for converting codeine to morphine. No pain
relief and all the side effects.
Increased mu receptors in PAG region in male rats (2X as many as female). Why
morphine could be more effective in males.

B. Injections
•
•

Nerve blocks into epidural space – mixed results
Steroids injected into knee joints – hyaluronic acid longer lasting results.
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C. Nerve Killing (Ablations)
•

Not if pain is from neuropathy.

D. Surgery
•

Small to moderate benefit.

6. @ Brain
A. Descending Sensory Pathway (see 5A)
B. Endogenous Gaian System (Gaia-cebo)
•

Works in 30-60% to decrease pain, anxiety, nausea and sleeplessness.

For Pain
•
•
•
•

Lowers anticipation
Changes perception of pain
Changes pain ratings after treatment
Lowers heart rate

How it works:
•
•

Increases Endorphins – lowers pain pathway. (Naloxone blocks)
Increases Endogenous Cannabinoids (Rimonabant blocks)

C. Endogenous Cannabinoids continued
•
•
•
•
•
•
•

They function as synaptic circuit breakers: relax, eat, sleep, forget, protect, decrease pain,
runners high.
CB1 receptors found in CNS & PNS. Responsible for Gaia-cebo, decreased attachment to
emotional aspect of pain and distraction.
CB2 receptors found on Immune cells, microglia and not much in CNS. Responsible for
decreasing inflammation, decreased activity of spinal cord in pain, and protecting nerves
from oxidative damage.
People deficient in Endogenous Cannabinoids more susceptible to migraines, Irritable
bowel, fibromyalgia.
CBD & NSAIDS decrease the breakdown of Endogenous Cannabinoids.
Mice with decreased receptors for ECs have increased anxiety and depression, decreased
appetite and lose weight.
CBD potentiates THC analgesia

Cannabis (THC, CBD, Terpenes and 100’s more constituents)
•
•
•
•
•
•
•
•

Migraine treatment in ancient China, India, Rome, Greece, Egypt.
Recommended for: nausea, vomiting, glaucoma, decreased appetite, IBD, Migraines,
muscle spasticity of MS, muscle spasms, Tourette’s, epilepsy, ALS and pain.
As effective as opioids for chronic pain.
Decreases chronic pain by 30%
Makes opioids more effective by decreasing tolerance, so lower dose required.
Better for chronic pain, not acute.
THC 20X stronger than aspirin.
THC 2X stronger than hydrocortisone.

© 2019 Tammi Sweet

11
Opiates
•
•
•
•
•
•
•
•

1/3 chronic pain patients who need them don’t get them.
12,000,000 abusers/200,000,000 prescriptions = 12%
16,651 deaths/yr.
30% opiates only = 5,000 deaths/yr
443,000 deaths/yr from cigarettes
80,000 deaths/yr from alcohol
7,000-10,000 deaths/yr from NSAIDS
Peshawar Poppy (Paper somniferum var. album)

D. Nervines
•
•
•
•
•
•

Help with sleep.
Substance P levels decrease with sleep.
Depression & decreased sleep lowers Serotonin.
Decreased Serotonin increases pain sensitivity.
Somatostatin increases during sleep.
Decreased Somatostatin decreases pain threshold.

E. Adaptogens
•
•
•

Adaptogens help the body respond to stress better.
Pain induces the stress response, which causes chronic inflammatory changes at
nociceptors (chronically in excited state), which leads to more pain.
Ashwaganda, Rhodiola, Siberian Ginseng, Tulsi, Nettles, Milky Oats….

7. Overall
Massage
•

Lowers Cortisol, pain, inflammatory cytokines, Vasopressin (lowers blood pressure).
Increases A-beta firing, Endorphins and blood flow.

Acupuncture - Increases Endorphins.
Diet
•
•
•

Anti-inflammatory diet.
Increase omega-3’s.
Vitamin D
o Baby: 400-1000 IU’s
o 1-18: 600-1000 IU’s
o >18: 1500-2000 IU’s

Exercise
•
•
•

#1 for managing chronic pain.
High dose @ least 20 minutes/day.
Especially low back pain.

Yoga
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Self-Care for Chronic Pain
1. Understand how pain works.
2. Progressive Relaxation. Relaxation Response by Herbert Benson
3. Increase adaptive responses and decrease maladaptive responses.
4. Set realistic goals.
5. Acceptance.
6. Add pleasure activities to every day.
7. Cognitive Behavioral Therapy. Feeling Good and the New Mood Therapy by David Burns.
8. Distraction
9. Biofeedback
10. Meditation
11. Hypnosis
Based on the book, A Nation in Pain by Judy Foreman.
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