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Basic Pain physiology

Pain is caused by activation of afferent fibers (Nociceptors). These Nociceptors can be  activated by mechanical, thermal, chemical, or injury stimuli and can be specific or polymodal.  

1. Tissue injury releases various substances:  Histamine, Prostaglandins, Bradykinins, Leukotrienes, Serotonin, Sub. P and other mediators that can activate afferent nociceptors.

2. Noxious stimuli from the periphery is relayed to the spinal cord and then to the brain stem, thalamus, and higher brain centers.  Pain impulses can be “modified”  by descending pathways and from other “ascending” input (rubbing an injured area will help to modify the input).  Therefore, the meaning of pain to each person is DIFFERENT (past experience with pain can also modulate pain response). Variations in pain sensation are NOT due to differences in pain receptors: but diff. in transmission, modulation, and perception of signal (due to this, threshold of pain is unique to each individual).

3. Substance P:  Released by Nociceptors and can activate the spinothalamic and spinoreticular afferent pathways.


2 different pain pathways (types of pain):

· Chronic: Dorsal root C fibers (unmyelinated, smaller axons) - mediate slow, dull, constant, chronic pain, use substance P, terminate in the Dorsal Horn of the spinal cord.

· Acute:  Fast pain fibers (A type):  large myelinated fibers mediate sharp, acute pain, also terminate in the Dorsal Horn.

Gate Theory of Pain Control:

Dorsal Column-Medial-lemniscal tract (no pain, but touch, proprioception) sends out collateral branches (inhibitory axons) to interneurons of the spinothalamic tract and spinoreticular tracts (temp. and pain) in the posterior horn of the spinal cord. Perception of pain is a summation of nociceptive and OTHER input. These neurons act as a “gate” for pain action potentials.  ( activity of the Dorsal Column-Medial Lemniscal tract (DCML) due to massage, acupuncture, exercise can reduce the intensity of chronic pain.  Rubbing a large area around a skin prick can reduce the pain in that area through this pathway.  Acupuncture pain relief may work this way  by releasing endogenous opiates.

Modulation of Pain by Descending (Efferent) Pathways:  2 major pathways:

1. Originates in the locus coeruleas (medulla), descends to the dorsal horn of the spinal cord and releases NE ( (-) pain.

2. Originates in the midbrain (periaquaductal gray) and releases 5-HT ( (-) pain.

Both these pathways can have input from the cortex and both can inhibit afferent pain (Spinothalamic).  Dorsal horn of the spinal cord, the thalamus, the brain stem (locus coeruleus, periaquaductal grey), and the limbic system are all rich in opioid receptors.

Opiates and Opioids
Opioid Receptors:    3 Major classes:  ( (Mu), ( (Kappa), and ( (Delta) also Sigma.



1. ( (Mu) receptors:  




a.  Location:  In Thalamus, brain stem ( locus coeruleus, periaquaductal gray, raphe nucleus), GI tract. 

a. Function:  Analgesia, Respiratory Depression, Euphoria, Emotional quieting (antianxiety - nothing matters), 


Sedation, Tolerance/Dependence and Reinforcement properties, Constipation. 




c.  Endogenous agonist:  (-endorphin



2. ( (Kappa) receptors:




a.  
Location:  Dorsal horn of the spinal cord, brain stem.




b.  
Function:  Spinal analgesia, Meiosis (Pinpoint pupils, Oculomotor nucleus)), Sedation:  NOT euphoria 




(dysphoria for pure agonists), respiratory depression, and physical dependence.



c.  Endogenous agonist: Dynorphin (contains Leu-enkephalin:  5 A.A. residues w/ Leu at carboxyl end)



3. ( (Delta) receptors:  




a.  Location:  Probably in brainstem, spinal.




b.  Function:  Spinal analgesia, positive reinforcement.




c.
Endogenous agonist: ?



All 3 Opioid receptors signal cells by ( cAMP and intracellular Ca++.  Tolerance at the cellular level may be due 



to ( cAMP and Calcium levels in cells constantly exposed.

	Drug
	Dose
	Action
	Indication
	Contraindication
	Adverse Effects
	Interactions

	Morphine
	10 mg SC/IM or 10-30 mg  po q4 hr 
	( opioid agonist


	pain, anti-tussive


	respiratory depression, 

pregnancy (C)

morphine: GI ileus, 

oxycodone: pregnancy (C), impaired liver function, elderly, acute abdomen, BPH, GI ileus, GI obstruction
	respiratory depression (( the respiratory centers response to CO2),  

morphine: hypotension, cardiac arrest, paralytic ileus, seizures, toxic megacolon

oxycodone: respiratory depression, seizure, hepatotoxicity
	any type of nervous system depressant depressant 

	Codeine
	160 mg po q 4-6 hr
	
	
	
	
	

	Oxycodone

Percodan/

Oxycontin
	5-30 mg po q 4 hr prn
	
	pain

pain
	
	
	

	Hydro-codone
	usually combined
	
	
	
	
	


Acetaminophen and NSAIDS

Block peripheral pain impulses by inhibiting synthesis and release of Prostaglandins. Block central PG synthesis

Arachidonic Acid Cascade:  2 Major pathways 

Nomenclature:  Subscript (series) refers to number of double bonds (Arachidonic acid ( 2-series).  Production of 3-series from Omega-3 precursors:  2 major effects (inhibition of 2-series PG and LT production, ( amount of less active 3 series which are less inflammatory than series 2).

· Cyclooxygenase ( prostaglandins

· COX 1: Most cells

· COX 2:  In inflammatory cells (Neutrophils, Macrophages, and Platelets). COX2 levels are inducible: up-regulated during inflammation, by endotoxin and by adrenalectomy (glucocorticoids suppress COX2 levels and inhibit Phospholipase A2).  


Inhibition of PG synthesis decreases:  

· PGI2 (Prostacyclin): Vasodilation, ( local blood flow, Inhibits platelet aggregation, inhibits T cell proliferation

· Thromboxane A2: Vasoconstriction, Platelet aggregation, stimulates T cell proliferation.

· Both PGI2 and TXA2 are inhibited by Aspirin 

· PGD2:  ( vascular permeability (also IL-1 which ( ICAM, LFA-1 and can stimulate the AA pathway)

· PGE2:  Used to treat NSAID induced peptic ulcers by ( BF and mucous secretion

Inhibition of COX shunts more activity to LOX pathway.




· 5’-lipoxygenase ( leukotrienes 


The analgesic effect of NSAIDS and acetaminophen is due to suppression of PGE2.  PGE2 sensitizes nerve endings to substance P, bradykinin, histamine, and 5-HT and ( type II nociceptor pain transmission. Pain in the CNS is mediated by PGE2 (site of action of acetaminophen).


The antipyretic action of NSAIDS and acetaminophen is due to suppression of PGE2 in the CNS. Pyrogen release (endogenous - IL-1, TNF-() or exogenous (LPS) stimulates ( PGE2 synthesis in the anterior hypothalamus (temperature regulatory center).  Pyrogens, acting through PGE2, increase the temperature set point of the body.  As a result, a person with a fever may feel chills despite having an elevated temperature and sweat when the temperature is coming down.

Fever can ( T cell proliferation, inhibit the growth of some bacteria.  Mild-moderate fevers do not require suppression.  These drugs decrease  fever and inflammation thereby providing comfort.  However, studies show little change in or increased time of infection.  Therefore, these drugs should not be used for fever/infection unless fever is too high for comfort or sleep.

	Drug
	Dose
	Action
	Indication
	Contraindication
	Adverse Effects
	Interactions

	Acetamino-phen
	325-1000 mg po q4-6 hr; max 1 g dose, 4 g/24 hr
	central acting inhibitor of PG synthesis 
	pain, fever
	caution w/ impaired liver or renal function, alcohol use, G6PD deficiency, PKU
	hepatotoxicity, nephrotoxicity, agranulocytosis, pancytopenia, thrombocytopenia, hemolytic anemia, pancreatitis, angioedema
	combination of NSAIDS/aceta-minophen, alcohol, anticoagulants;  

NSAIDS can abolish the blood pressure lowering effects of diuretics, ( blockers, Prazosin, and Captopril

	Aspirin
	81 mg –7.8 g po qd divided
	analgesic,anti-pyretic, anti-inflammatory, 

aspirin: inhibits immune cell migration through bradykinin inhibition,  inhibition of platelet aggregation (TXA2, PAF)
	fever, mild pain, TIA, MI prevention, arthritis, rheumatic fever
	PUD, asthma, G6PD deficiency, bleeding disorder, viral infection in children, caution w/ impaired renal or liver function
	GI bleeding, Reyes syndrome, CNS toxicity, 

nephritis (not aspirin)

Aspirin can cause salicysm:  tinnitus, vertigo, decreased hearing
	

	Ibuprofen

Advil/ Motrin
	300-600 mg q 4-6 hr; max 2400 mg qd
	
	osteoarthritis, rheumatoid arthritis, dysmenorrhea, pain,  fever
	pregnancy(3rd Tri), 

asthma, caution w/ nasal polyps, GI bleed, elderly, HTN, CHF, SLE
	
	

	Naproxen

Naprosyn
	250-500 mg po bid; max 1500 mg/d x 3-5 days
	
	osteoarthritis, rheumatoid arthritis, dysmenorrhea, pain, ankylosing spondylitis, acute gout
	
	
	


Methotrexate

	Drug
	Dose
	Action
	Indication
	Contraindication
	Adverse Effects
	Interactions

	Methotrexate
	7.5-25 mg po q wk
	immunosuppres-sant, inhibits dihy-drofolate reductase and lymphocyte proliferation
	rheumatoid arthritis 
	pregnancy, lactation, alcohol abuse, liver dysfunction, effusion, immuno-deficiency; caution w/ PUD, UC
	thrombocytopenia, leukopenia, anemia, hepato-toxicity, nephro-toxicity, neuro-toxicity, immuno-suppression, OI…
	NSAIDs, folic acid, oral antibiotics


Gout Medications


Primary gout is due to a direct defect in uric acid production or excretion(most have a renal defect) leading to hyperuricemia.  Subsequent urate crystal formation and inflammation results in phagocytosis of the crystals by neutrophils/macrophages leading to the death of these cells and release of the lysosomal contents. Since the joints are more acidic and blood flow is less, crystal formation more often occurs in the joints; usually the urate level must be about 7 mg/dL to be at saturation.

Presentation:  

· Tophi: Inflamed swelling of subcutaneous tissue - often in the toe, ankle or heel.  All people with gout have ( uric acid but it takes many years of ( urate to get gout.  Also, not all patients with acute gout have elevated uric acid at the time. 

· Renal Stones:  Acidic environment of the renal tubule can ( the formation of renal stones - about 20% of people with primary gout also have renal stones.

Treatment of Gout:  

1. ( Uric acid synthesis:  prophylactic  (use in acute Tx can exacerbate an acute attack)


Uric acid is the end-product of purine metabolism.  The average person produces 0.6 grams of urate/day. Xanthine Oxidase is the 


enzyme that converts hypoxanthine and xanthine to uric acid; the most common defect is a deficiency in HGPRT resulting in 


Hypoxanthine (  Inosinic Acid.

2.  
( Uric acid excretion:  prophylactic   (use in acute Tx can exacerbate an acute attack) ( urate reabsorption in the proximal tubule.  


Increased fluid intake and alkalization of the urine is helpful with the gout and with uricosuric agents (i.e. Probenecid (Benemid)) 

3.  ( Inflammation:  acute

	Drug
	Dose
	Action
	Indication
	Contraindication
	Adverse Effects
	Interactions

	Colchicine
	.5-.6 mg po q 1-2 hr (acute)
	inhibits microtubule polymerization ( (leukocyte migration and phagocytosis, inhibits LT B4 formation, reduce crystal deposition by diminishing lactic acid production
	acute gout, gout prophylaxis
	blood dyscrasia, severe CVD, pregnancy, caution w/ impaired GI, renal or liver function
	aplastic anemia, thrombocytopenia, agranulocytosis, extravasation, neutropenia,

cellulitis, myoneuropathy
	vitamin B12, cyclosporine

	Allopurinol
	100 mg po qd
	inhibits xanthine oxidase 
	gout prophylaxis
	impaired renal function


	skin rash, fever, GI upset, hepato-toxicity,aggravates acute gout
	mercaptopurine, 

uricosuric agents


Genitourinary Analgesics

	Drug
	Dose
	Action
	Indication
	Contraindication
	Adverse Effects
	Interactions

	Phenazo-pyridine

Pyridium
	100-200 mg po tid x 2 d
	topical analgesic
	dysuria
	glomerulonephritis, severe hepatitis, uremia, renal insufficiency
	anaphylaxis
	no significant interactions

	Methylene Blue
	1-2mg/kg IV over 5 min; 100-300 mg po qd
	converts ferrous iron to ferric iron
	methhemaglobin-emia
	pregnancy (C), renal insufficiency
	greenish blue urinary discoloration
	


