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Mech-Sense	
•  Medical	gastroenterology,	Aalborg	Hospital	
•  Pain	and	neurophysiology	of	visceral	origin	
•  45	publica&ons/year	
•  1	professors	
•  8	post	docs	
•  6	PhD	students	
•  Masterstudents,	etc	
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Pain	pathway	
	

•  Transduction  
•  Noxious stimuli translated to electrical stimuli at 

sensory nerve endings 
•  Transmission 

•  Propagation of impulses along spinothalamic tract 
•  Modulation 

•  Transmission is modified 
•  Perception  

•  Affective and emotional aspects 
•  Interpretation and behavior 

EACH OF THESE PROCESSES PRESENT A POTENTIAL TARGET FOR ANALGESIC TREATMENT  
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IntroducAon	to	pain	and	analgesics	
	
•  Transduc&on	

•  Peripheral	receptor	
•  Peripheral	sensi&za&on	

•  Tranmission	
•  Synnapse	
•  Central	sensi&za&on	

•  Modula&on	
•  Descending	inhibi&on	/descending	fascilita&on	

•  Percep&on	
•  Personality/stress/anxiety/coping/placebo-effect	
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TransducAon	
Noxious stimuli translated to electrical 
stimuli at sensory nerve endings 
 
Physiological way: 
“A specialized cell or group of nerve endings that responds to  
sensory stimuli”. 
 
Biochemical way:  
“A molecular structure or site on the surface or interior of a 
cell that binds with substances such as hormones, antigens, 
drugs, or neurotransmitters”. 
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AcAon	potenAal	
•  	Change	in	the	electrical	membran	poten&al	in	the	neuron	
•  	Dura&on	2-5	msec	
•  	Absolute/rela&ve	refractory	periode.	
•  Targets	can	either	be	a	hormon	producing	cell,	a	neuro	

secretory	cell	e.g.	in	the	hypothalamus	or	a	muscle	celle	
•  4	phases:		

•  Res&ng	poten&al	
•  Depolariza&on	
•  Repolariza&on	
•  Recovery/refractory	
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ResAng	potenAal	
•  The negative resting potential of -70-80mV   
•  Negative charged ions e.g. proteins indside the cell 
•  Positive charged potassium ions, moves passively from outside            
the cell to the indside, untill equilibrition. 
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•  Following	s&mulus,	sodium	gated	channel	proteins	open	and	
sodium	ions	rush	(fascilitated	Na+	diffusion)	from	the	outside	
of	the	axomembrane	to	the	inside.		

•  	Polarity	change	across	the	neuron	from	-65mV		to	+40mV.		
•  	The	axoplasm	is	now	posi&vely	charged	compared	to	the	

outside	of	the	neuron.		

DepolarizaAon	
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•  Sodium	influx	opens	potassium	gated	channels	and	potassium	
ions	rush	(facilitated	K+	diffusion)	to	the	 	outside	of	the	
axomembrane.		

•  Outside	of	the	membrane	posi&vely	charged	The	poten&al	
across	the	membrane	returns	from	+40mV	back	to	-65mV.	

			RepolarizaAon		
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Recovery/Refractory	Period		
	 •  Recovery periode no generation of action potential  
•  The active transport of sodium and potassium (energy 

dependent Na+/K+ pump) is re-establishing the resting 
potential by pumping sodium ions out and potassium ions 
back in through the axomembrane.  
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Nerve	conducAvity	
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•  Neurotransmi[ers	are	upregulated	
•  LT	and	HT	fibres	are	ac&vated	
•  NGF:	retrograd	transport	to	the	celle	nucleus	
in	the	paravertebral	ganglion.	
	-	enhances	the	pep&d	forma&on,			
	-	upregulats	the	number	of	ion-channels		
	-	upregulates	the	number	of	receptors	

•  	Silent	fibres?	

Peripheral sensitization 
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Low	Threshold	and	High	Threshold	fibres	

What activates HT to LT? 



14 

Inflammatory	soup	
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Chronic	pancreaAAs	

Vardanyan 2010 
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Transmission	&	transmiQers	
•  Pre-synaptic part (bouton), presynaptic membrane 
•  Synaptic cleft 
•  Post-synaptic membrane 
 
•  Vesicles in the boutons, chemical transmitters 
   bind to  specific receptors, and influence on  
   the membrane´s ionchannels  
•  Excitatory transmitters will enhance  
•  Na+ ion channels 
•  Inhibitory transmitters will enhance  
•  Cl- ion channels. 
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NeurotransmiQers	
1. Neurotransmitters (NT) are 
synthesized 
2. NT stored in vesicles 
3. NT that leak from vesicles are 
destroyed by enzymes 
4. Action potentials cause vesicles to 
fuse with membrane and release NT 
into the synapse. 
5. Released NT bind to autoreceptors 
and inhibit further synthesis and 
release. 
6. Released NT bind to postsynaptic 
receptors. 
7. Released NT are removed by 
reuptake or enzymatic degradation. 

1 

2 

3 
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TransmiQer	substances	

•  1)	Neuropep7des:	Acetyl	cholin	ac&ng	on	cholinerge	celles:	
Neuro-muscular	junc&on	of		striated	musculature	and	
Autonomic	ganglion,	both	sympathe&c	and	 		
parasympathe&c.	It	is	inac&vated	by	ACh-E.	

•  2)	Monoamines:	Adrenalin,	Noradrenalin	and	dopamin	
(serotonin	&	histamin)	ac&ng	on	adrenerge	celles:	
Sympathe&c	ganglions.	(F,F&F)	

•  3)Glutamate	most	common	excitatory	substance	in	CNS	
•  4)	GABA,	most	important	inhibi&ng	transmi[er	in	the	spine.	
•  5)	Glycin,	inhibitory	transmi[er	in	the	spine	and	brainstem.	
•  6)	Endorfin	and	enkefalin	binding	to	opioid	receptors	causing	

anaesthesia.	
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Chemical	Neurotransmission	

•  Stimulated vagus nerve 
from frog  
•  Transferred bath from 
stimulated heart to  
second heart 
•  Both hearts decreased 
heart rate! 
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Central	sensiAzaAon	

•  Hyper-excita&on	of	dorsal	horn	neurons	
•  NMDA		
•  Convergence	
	 	decrease	ac&va&on	threshold	
	 	enhanced	response	
	 	increased	firing	
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Hyper	excitability	

•  Same	s&mulus	
results	in	increased	
nerve	ac&vity	
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Temporal	summaAon	
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Spinal	level:	NMDA	receptor	



Hyperalgesia	and	Allodynia	

Stimulation intensity (input in the pain system) 

Pain intensity 

Sensory  
detection 
threshold 

Pain detection 
threshold 

Allodynia: pain provoked 
by a non-nociceptive 
stimulus 

Hyperalgesia: 
overreaction to 
nociceptive input 5 

0 

10 
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Ascending	transmission	

Transmission through 
brainstem,medulla obl., pons, 
midbrain,  to thalamus 
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Pain	modulaAon	

Synaptic 
Descending inhibition 
Descending fascilitation 
Supraspinal 
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SynapAc	transmission	
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Inhibitory	pathways	
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PercepAon	
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Development	of	chronic	pain	
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Todays	agenda	
•  Characterize	and	relate	loca&on,	quality	and	referral	
of	visceral	pain	to	underlying	pathology.	

•  Explain	general	characteris&cs	of	visceral		pain,	 	pain	
character,	dura&on	and	involved	triggering	

	events.		
•  Dis&nguish	pain	of	visceral	or	peritoneal/pleural	
origin.	
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Todays	agenda	
•  Characterize	and	relate	locaAon,	quality	and	
referral	of	visceral	pain	to	underlying	pathology.	

•  Explain	general	characteris&cs	of	abdominal	pain,	
like	pain	character	and	dura&on	and	involved	
triggering	events.		

•  Dis&nguish	pain	of	visceral	or	peritoneal	origin.	
•  Conduct	an	appropriate	examina&on	of	an	individual	
in	abdominal	pain.	
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Characterize	abdominal	pain	
Underlying	pathophysiology	
•  Nocicep&on	vs.	Pain	
•  Frequency	of	abdominal	pain	
•  Soma&c	vs	visceral	pain	
•  Autonomous	system	
•  Characterize	symptoms	
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What	is	nocicepAon?	

•  Nocicep&on	is	the	unconscious	sensory	
process,	peripheral	or	central,		
through	an	ac&va&on	of	sensory	transducers	
•  Examples:	homeosta&c	regula&ons		
sensa&on	of	e.g.	sa&ety	and	fullness.	
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What	is	pain?	

•  Pain	is	the	unpleasant,	sensory	and	emo&onal	
experience,	in	rela&on	to	direct	or	poten&al	
&ssue	injury.	

•  It	involves	cogni&ve	and	affec&ve	
components.	

•  “No	brain-	no	pain”	



Frequency of abdominal pain 

12.275.373 



SomaAc	vs.	Visceral	pain	
Visceral e.g., gallstone disease Somatic e.g. skin lesion •  Pain	can	be	felt	all	

over	the	body	
•  Localisa&on	of	the	

s&mulus	is	exact	
•  The	feeling	of	pain	is	

related	to	the	nature	
of	the	s&mulus	
(pricking,	warm,	etc.)	

•  Intensity	related	to	
extent	of	lesion	

•  Withdrawal	reflexes	
and	pain	behaviour		

•  Pain	does	not	arise	in	all	
viscera	

•  S&muli	are	not	always	
painful	

•  The	feeling	of	pain	is	non-
specific	

•  Diffuse	localisa&on	of	pain	
•  Referred	pain	to	soma&c	

areas	
•  Accompanied	by	greater	

autonomic,	emo&onal	and	
motor	responses		
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ParasympatheAc	&	sympatheAc	
InnervaAon	
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LocaAon	

•  Complexity	i	neural	structures	explain	
differences	in	clinical	pictures.	

•  Classical	example	is	acute	appendici&s:	
•  Ini&al	diffuse	loca&on	in	midline	(primary	visceral	afferents)	
•  Ac&va&on	of	autonomous	system	and	ENS:	nausea,	sweat	etc.	
•  More	localised	pain	(silent	fibres)	and	muscle	fibres	
•  Cutaneous	hyperalgesia	
•  Transmural	affec&on	of	peritoneum	
•  Mc	Burneys	point	
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LocaAon	

The symptoms in diseases of the colon have 
great inter- individual variation and are NOT 
localized above the diseased organ. 
Embryologic considerations may explain 
the findings 

Drewes et al. Scand J Gastroenterol 
1999 
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LocaAon	

The symptoms in strictly localised diseases of the stomach 
(such as peptic ulcers) have great inter-individual variation. 
The clinician should be aware of the many clinical pictures  
and perform an endoscopy despite atypical pain referral. 
 
This is also valid for diseases in the small and large intestine 

Drewes et al. Gut 1997 
Drewes et al. Scand J Gastroenterol 1999 
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Pain	referral		

•  	Animal	models	
•  Experimental	human	models	
•  Head	1893,	described	viscerotomes	
•  Example	is	pain	in	lej	arm	due	to	heart	
ischemia	
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Viscero-somaAc	referrals	

-  Pharynx 	 	Ear	
-  Heart 	 	Lej	shoulder,	arm	
-  Esophagus 	Substernal	
-  Gallbladder 	Shoulder	
-  Pancreas 	Mid	back	



46 

Skin/muscle/bone etc 

SchemaAc	-	pain	referral	
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Viscero-somaAc	referral	
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Viscero-visceral	referral	

 
1

2 

2 

1

2 

1

2 

3 

1



49 

Todays	agenda	
•  Characterize	and	relate	locaAon,	quality	and	
referral	of	abdominal	pain	to	underlying	pathology.	

•  Explain	general	characterisAcs	of	abdominal	pain,	
like	pain	character	and	duraAon	and	involved	
triggering	events.		

•  Dis&nguish	pain	of	visceral	or	peritoneal	origin.	
•  Conduct	an	appropriate	examina&on	of	an	individual	
in	abdominal	pain.	
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Gut-brain	Axis	

•   Peripheral level 
•   Peripheral sensitization 

•   Spinal level 
•   Hyperalgesia 
•   Central sensitization  
•   NMDA receptor  

•   Supraspinal level 
•   Cortical plasticity 



10% 

Peritoneum 

Somatic tissue 

Prevertebral 
ganglion 

Sympathetic  
trunc 

Enteric  
nerve system 

Gallbladder afferents 
Gut afferents 

Somatic afferents 

80% 

Primary afferents 
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Ascending	transmission	

Transmission through 
brainstem,medulla obl., pons, 
midbrain,  to thalamus 

 



The	spinal	level	
II: Nociceptive-specific 
 neurons 

V: Wide-dynamic  
neurons 



The	supraspinal	level	
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The	Somatosensory	Cortex	
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•  Neurotransmi[ers	are	upregulated.	
•  LT	and	HT	fibres	are	ac&vated	
•  NGF:	retrograd	transport	to	the	celle	nucleus	
in	the	paravertebral	ganglion.	
	-	It	enhances	the	pep&d	forma&on,			
	-	Increases	the	number	of	ion-channels		
	-	Increases	the	number	of	receptors	

•  	Silent	fibres?	

Peripheral sensitization 
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Inflammatory	soup	
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Central	sensiAzaAon	
•  Substance	P	are	released	from	the	nerve	fibres,	
crea&ng	a	faster	excitatory	poten&al,	and	thus	
polarisa&on	of	the	post	synap&c	cell	

•  Neurokinin	1	is	ac&vated	through	chronic	pain,	
especially	pain	of	neurogenic	origin	

•  NMDA	receptor	is	blocked	by	a	Mg++	ion,	but	through	
s&mula&on,	this	is	released,	resul&ng	in	an	open	
channel	

•  PKA	(protein	kinase	A),	PKC	(protein	kinase	C),	
	NOS(	Nitrogenoxid	synthease)	

•  Loss	of	inhiba&ng	interneurones,	loss	of	GABA	
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Spinal	level:	NMDA	receptor	
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CorAcal	level	

Thalamus 

ACC  insula 
Prefrontal 

cortex 

SI 
SII 

1) Direct pain processing 
2) Pain associated phenomena 
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Todays	agenda	
•  Characterize	and	relate	locaAon,	quality	and	
referral	of	abdominal	pain	to	underlying	pathology.	

•  Explain	general	characterisAcs	of	abdominal	pain,	
like	pain	character	and	duraAon	and	involved	
triggering	events.		

•  DisAnguish	pain	of	visceral	or	peritoneal	origin.	
•  Conduct	an	appropriate	examina&on	of	an	individual	
in	abdominal	pain.	
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DisAnguish	pain	from	peritoneum	

PERITONEUM 
SOMATC 

 INNERVATION  
ORGANOTOPIC  
LOCALISATION 
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Peritoneum	parietale	(somaAc	innervaAon)	

•  Peritoneum	parietale	
•  Embryology	mesoderm	
•  Peritoneum	precise	localisa&on	
•  Covers	liver	capsula	(metastasis)	
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Take	home	messages	

•  Visceral	pain	differs	from	soma&c	pain	
•  Involvement	of	autonomus	nervous	system	
•  Poor	organotopic	localisa&on	
•  Pain	referrals	
•  Segmental	overlap	
•  Peritoneum/pleura	parietale	
				receives	soma&c	innerva&on	
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Pharmacological	opAons???	
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Analgesics	in	the	periphery	

•  Lidocain		
•  Bupivacaine	
•  Paracetamol	
•  NSAIDS	
•  Opioids	
•  Specific	antagonists	(TRPV,	Nk,	NGF,	Glutamate)	
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NSAIDS	
•  COX	inhibi&on	

•  Finadyne:	Flunixine	
•  Equipalazone:	Phenylbutazone		
•  Metacam:	Meloxicam	
•  Rimadyl:	Carprofen	

•  COX	2	inhibi&on:	
•  Equioxx:	Firocoxib	
•  Previcox:	Firocoxib	



NSAID:  
Systemic (incl CNS) inhibition  
of the cyclooxygenase  
inhibiting formation of prostaglandins 

Lidocaine: Suppress firing through Na++ blockade 
Anti-inflammation, direct effect on smooth muscle  
cells in ENS 

Peripheral effects 

Lidocaine and NSAIDs 

Equine medicine: 
Malone 2006 
Brianceau 2002   
Merck Vet Journal  
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Analgesics	in	the	spinal	cord	

•  NSAID	
•  NMDA-	antagonist		
•  Opioids	
•  Noradrenergics	
•  Gabapen&n/pregabalin	
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NMDA	receptor	
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NMDA-antagonism	
•  NMDA-antagonist	

•  Ketalar:	Ketamine	
•  Zole&l:	Tiletamine	+	zolazepam	
•  Methadone	
•  Dextrometorphane	
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MulAple	mechanisms	of	ketamine	

Sleigh 2014 
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Analgesics	and	descending	inhibiAon	

•  Opioids	
•  SSRI/NSRI	
•  adrenergics	
•  gabapen&n/pregabalin	
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α-2-adrenergic	receptor	agonists	

•  α-2	adrenergics	
•  Domitor:	Medetomidine	
•  Domosedan:	Demetodine	
•  Rompun:	Xylazine	
•  Clonidine	

Antagonised with revivon, antisedan, temgesic 
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NeuroinflammaAon	

Gabapentinoids 
Noradrenergics 
Cannabinoids 



Anticonvulsants (gabapentinoids) 

1 
2 

3 

4 

Dependent of intact   
descending control 

Inhibit calcium channels  



Opioids 
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Mechanisms	of	opioids	



Opioids 

1 
2 

3 

4 

Hyperpolarization of  
CNS neurones 

Change in activity of  
descending control 

Peripheral effects 

Effects in  
limbic system 

Staahl et al. Basic Clin Pharmacol Toxicol 2011 
Lelic et al. J Clin Neurophysiol 2011 
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Analgesics	and	the	brain	

•  NSAID	
•  Paracetamol	
•  Opioids	
•  SSRI/SNRI/TCA	
•  Pregabalin/gabapen&n	
•  Cannabinoids	
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Neuropathic	pain	

Drewes et al. 2010 



83 

The	role	of	microglia	
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Treatment	of	neuropathic	pain	



Tricyclic antidepressants and SSRI/SNRI 

1 
2 

3 

4 
Potentiates endogenous opioids  
and activates NMDA receptors 

Change in activity of  
descending control 

Peripheral effects 
adenosine, 5HT 



Receptor profile 

Camilleri et al. Gastroenterol 2006;130:1421-34 
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AnA-depressants	
•  SSRI	/	SNRI	
•  Prozac:	Fluoxe7ne	
•  Venlafaxine	

•  TCA		
•  Clomipramine:	Clomicalm	



Receptor profile 

Camilleri et al. Gastroenterol 2006;130:1421-34 
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Cancer	pain	overview	
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Summarize…..	

•  Pain	can	be	modulated	at	all	levels	
•  Combina&on	therapy	are	strategic	
•  Mechanism	based	undertanding	of	the	
different	analgesics	favor	the	proffessional	
pain	management	
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Questions 
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QuesAons	


