
OBESITY AND ANTINOCICEPTION: INSIGHT ON THE
PERIAQUEDUCTAL GRAY’S ROLE IN PAIN INHIBITION

Item Type text; Electronic Thesis

Authors Hassan, Yezan Haitham

Citation Hassan, Yezan Haitham. (2018). OBESITY AND
ANTINOCICEPTION: INSIGHT ON THE PERIAQUEDUCTAL GRAY’S
ROLE IN PAIN INHIBITION (Bachelor's thesis, University of
Arizona, Tucson, USA).

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 21:15:38

Item License http://rightsstatements.org/vocab/InC/1.0/

Link to Item http://hdl.handle.net/10150/630426

http://rightsstatements.org/vocab/InC/1.0/
http://hdl.handle.net/10150/630426


OBESITY AND ANTINOCICEPTION: INSIGHT INTO THE PERIAQUEDUCTAL GRAY’S 

ROLE IN PAIN INHIBITION 

By 

YEZAN HAITHAM HASSAN 

____________________ 

A Thesis Submitted to The Honors College 
In Partial Fulfillment of the Bachelors Degree With Honors in 

Physiology 

THE UNIVERSITY OF ARIZONA 

MAY 2018 

Approved by: 

__________________________________ 

Dr. Andrew Fuglevand 
Department of Physiology



Obesity and Antinociception: Insight on the Periaqueductal 
Gray s Role in Pain Inhibition                                                                                                             

Yezan H. Hassan, Aubin Moutal PhD, Rajesh Khanna PhD, and Andrew Fuglevand PhD 

Physiology, College of Health Sciences, University of Arizona, Tucson, Arizona, USA. 

 

Clinically relieving pain is a top priority in the fields of pharmacology, health sciences, medicine, 
and neuroscience. With a plethora of pain-related or pain-inflicting conditions and disorders, 

 proving to be more and more 
valuable. This review looks shines light on the role that adipose tissue and obesity can have on 
nociception and focuses on the interest in studying the periaqueductal gray matter.  

 

Introduction 
The sensation of pain is often considered 
undesirable in individuals and organisms but 
remains a very important tool. Pain is 
scientifically classified as nociception, the 
perception of pain. It is a somatosensory alert 
system that is stimulated by noxious cues and 
potentially damaging stimuli and it 
communicates with higher brain systems to 
cause an appropriate response. It is a rather 
well understood system but like much of 
neurophysiology, it has a lot more to be 
studied. 
 This review looks at some of the basic 
physiology of nociception. This includes the 
pain related sensory neurons, ascending spinal 
tracts, and some of the top-down modulatory 
structures. After the mechanisms of pain, the 
paper will transition to the periaqueductal 
gray matter in the midbrain. The anatomy of 
the brainstem, midbrain, and PAG is revealed 
to provide context to the structure before 
discussing the functions of the PAG and its 
modulation of pain. The paper will conclude 
with the effect of adipose tissue on pain 
processing and the influence that obesity can 
have on chronic pain conditions.  
  
Understanding the Pain System 
Nociception is well characterized in the health 
sciences and medicine. Research in this field 

is plentiful but unfortunately not complete. 
Many chronic pain conditions are not well 
understood and a significant amount of people 
who suffer from chronic pain do not find 
satisfying relief in their treatments.1 This 
section provides a general overview of the 
basic nociceptive processes of interest for this 
paper. 
 
Nociceptive Sensory Neurons 
The neurons that are implicated in collecting 
and processing painful information are termed 
nociceptors. Nociceptors are maximally 
activated by specific stimuli according to the 
receptors they express. These sensory neurons 
can have different myelinations that influence 
the speed of action potential conduction.2 The 
four major classes of nociceptors are thermal, 
mechanical, polymodal, and silent. 
 Thermal nociceptors are activated by 
extreme temperatures from the environment. 
This ranges from hot oil from a frying pan 
landing on skin to a high school 
chemistry student holding dry ice in his hand. 
A well-studied receptor in thermal 
nociceptors is the transient receptor potential 
(TRP) family. There are several kinds of TRP 
channels that activate from more than just 



thermal stimuli3, but the two that best 
characterized are the TRPV1 and TRPM8.4 
 TRPV1 is a vanilloid receptor that 
activates by noxious heat temperatures and a 
chemical found in spicy peppers, capsaicin.5,6 
In fact, when nociceptors send these noxious 
heat stimuli to higher-order structures, this 
instigates responses including metabolic 
shifts, sweating, and vasodilation.3,7 The 
complementary cold-sensing receptors is TRP 
melastatin 8 (TRPM8). This receptor is 
activated by noxious cold temperatures as 
well as chemicals, such as methanol.8,9 Like 
TRPV1, TRPM8 elicits behavioral responses 
in the body, such as shivering or searching for 
heat in the environment.10 Both the TRPV1 
and TRPM8 receptors allow for nociceptors 
to relay dangerous thermal stimuli. 
 Mechanical nociceptors are pain sensing 
neurons that activate by mechanical stimuli 
such as hard touch, pressure, stretch, etc. This 
can include getting hit by a baseball or 
stubbing your pinky toe on a table. The ion 
channels that are found to send this kind of 
information are mechanically gated ion 
channels.11 Whenever a noxious stimulus 
physically opens these channels, it allows for 
an action potential to propagate. If this 
stimulus causes tissue damage, leading to 
inflammation, redness, and bruising, two 
receptors can be activated. The PTX3 receptor 
can sense free ATP in the extracellular space 
from ruptured cells and send a pain signal 
upstream.12 There are also acid-sensing ion 
channels (ASIC) that can pick up on the drop 
in pH from lysosomes.13  These channels can 
also send a signal of the strength and damage 
of a mechanical stimulus. 
 Polymodal nociceptors are exactly what 
they sound like; pain sensing neurons that 
detect many modalities of noxious stimuli. 
They express similar receptors and channels 
as the mechanical and thermal nociceptors.14 

They respond to chemicals, pressure, and 
temperatures but they are different in their 
myelinations.  

Mechanonociceptors and 
thermonociceptors -
fibers while polymodal nociceptors are C-
fiber -fibers send nociceptive 
information much quicker to the 
somatosensory cortex (S1) than C-fibers. 
Non-painful mechanical stimuli will actually 
activate fast, myelinated -fibers to S1.15,16 
The difference in the myelinations of the 
mechno/thermonociceptors and polymodal 
nociceptors accounts for a phenomenon called 
first pain and second pain. First pain is a 
short, sharp pain felt soon after the onset of a 
stimulus and second pain is a longer, dull pain 
felt a bit beyond the presence of the 
stimulus.2,17 

The final class of nociceptors are the silent 
nociceptors. This is a very enigmatic and 
underinvestigated nociceptive class which is 
often attributed to playing a role in visceral 
pain. These nociceptors do not fire with acute, 
transient pain alone, but require persistent 
pain and inflammation, which sensitizes these 
silent neurons to fire and propagate an action 
potential.18 Further research can exemplify 
the silent nociceptors role in secondary 
hyperalgesia and central sensitization.2 
 
Circuitry and Spinal Projections 
Sensory neurons are considered the primary, 
afferents of the ascending tracts. Nociceptors 
have free nerve endings in the soft tissue, 
skin, joints, etc and the cell bodies are housed 
in the dorsal root ganglion or trigeminal 
ganglion.19 The axons of these neurons 
project to the secondary sensory neurons of 
the dorsal horn in the spinal cord.  
 The secondary neurons of the dorsal horn 
are organized within laminae. Lamina I and 



Lamina II are known to receive input from 
nociceptive, thermoreceptive, and 

- and C-Fibers. Lamina 
III and IV receive input from hair and 
mechano - -fibers 
(Figure 1).20 Lamina V also receives some 

like lamina I.16 
Many of these secondary neurons coordinate 
responses by communicating through 
interneurons, which modulate activity before 
projecting to higher order neurons.2 
 There are five spinal tracts that are 
understood to project nociceptive information 
to higher central nervous system structures. 
These five are the spinothalamic, 
spinoreticular, spinomesencephalic, 
cervicothalamic, and the spinohypothalamic 
tracts. The spinothalamic 
neurons arise from the first, fifth, sixth, and 
seventh laminae of the spinal cord and 
innervate the central lateral nucleus and 
ventral posterior lateral nucleus of the 
thalamus. The third order neurons of the 
thalamus then project to S1.21 
 
neurons originate in laminae V, VII, and VIII 
they project to the reticular formation nuclei 
of the medulla and pons.22,23 The tertiary 
neurons of these structures then project to the 
thalamus before quaternary neurons project to 
S1. The spinomesencephalic tract mainly 
projects from lamina I and lamina V to the 
reticular formation, periaqueductal gray, and 
parabrachial nucleus of the mesencephalon.21 
This pathway sends sensory information to 
the structures of the brain in charge of 
emotion, behavior, and autonomic responses. 
The spinomesencephalic tract is the informer 
to the PAG for pain-related modulation. The 
three pathways all ascend through the 
anterolateral white matter column of the 
spinal cord.2 

 The cervicothalamic and 
spinohypothalamic tracts are not very 
important for this discussion but they are 
involved in sending some nociceptive 
information. The cervicothalamic tract 
originates in laminae III and IV of the upper 
two cervical segments and sends information 
to midbrain, thalamic, and medullary nuclei. 
The spinohypothalamic tract contains neurons 
from lamina I, V, and VIII and project to the 
hypothalamus. This region is seen to be 
implicated in pain-related autonomic 
neuroendocrine and cardiovascular 
responses.2,21  
 
Central Nervous System Pain Matrix 
In the central nervous system (CNS) there are 
several structures targeted by the five spinal 
pathways that relay nociceptive information. 
Through functional magnetic resonance 
imaging technology, a system of cortical and 
subcortical CNS structures were identified as 
consistently being activated by pain-invoking 
stimuli. This system was termed the pain 
matrix and included the thalamus, 
somatosensory cortices (S1 and S2), insula, 
rostral anterior cingulate cortex, pregenual 
cingulate cortex, amygdala, and the 
periaqueductal gray (PAG).24,25  
 The thalamus is the major target of the 
spinothalamic tract and an indirect target of 
the other four spinal tracts discussed. In the 

Figure 1 Laminae I through IV of the dorsal horn (Cervero and Iggo, 
1980) 



CNS, it serves as a relay station for most 
ascending and descending information,26,27 
which makes it no surprise that it is included 
in the pain matrix. Research has indicated that 
lesioning of the medial thalamus relieved pain 
in about two-thirds of patients and that the 
central lateral nucleus of the thalamus is a 
central structure in neurogenic pain.28 
 As a relay station, most of the nociceptive 
information of the thalamus is represented at 
the somatosensory cortices. At S1 and S2, the 
location and strength of painful stimuli is very 
well organized along the matrix. This 
somatotopic organization of pain is revealed 
by fMRI studies.29 S1 is the highest cortical 
region of pain processing and S2 also serves 
to collect nociceptive pain and process it 
accordingly.30 
 The insular cortex, or insula, is a region 
nearby and deep to the somatosensory 
cortices. This region of the brain has a 
dynamic function that includes interoceptive 
awareness and emotional responses.31 In pain, 
research by Wiech et al (2010) revealed 

affecting the 
perception of pain according to context about 
the strength of the stimulus.32 Both the 
perception of strength and attention-guided 
awareness are prominent features of 
localizing noxious stimuli and behaving 
accordingly. 
 In the rostral anterior cingulate cortex 
(rACC), one of the general functions is 
emotional conflict resolution. This means that 
when an organism sees a threatening stimulus, 
they can cognitively function without 
insubordinance due to an emotional 
distraction.33 In a similar capacity, the rACC 
is responsible for pain affect which is the 
perception of pain (similar to the insula). 
Studies have indicated that this role allows for 
an individual to modulate the nociceptive 

activity by decreasing the level of perceived 
unpleasantness 34,35 

 The pregenual cingulate cortex (pCC) is 
another structure in the cingulate cortex most 
popularly known to be involved in negative 
decision making. An example of this would 
be an individual who chooses to undergo an 
amputation of an expansive cancer in the arm, 
which would otherwise lead to death.36 The 
pCC has been shown to respond to unpleasant 
experiences by initiating autonomic activity.37 
The integration of emotion and contextual 
pain would allow for organisms to properly 
respond and function in stressful or 
threatening spaces. 
 The amygdala is a very well-studied 
structure of the limbic system. This region of 
the brain is strongly activated in emotion, 
fear, anxiety and is known to be implicated in 
threat detection.38 The central nucleus of the 

am which is important for the 
emotional dimension of pain.39 The amygdala 
is well understood to have strong connections 
with the PAG and thalamus, which makes it a 
strong influence of the emotional aspects of 
cognitive and cortical functions.40 
 The PAG is such an integral structure of 
the ascending and descending information. It 
is the most caudal structure of the pain matrix 
making it a focal target of many cortical and 
subcortical regions. With the 
spinomesencephalic tract directly providing 
sensory data to the mesencephalon, the PAG 
is one of the immediate structures to activate 
with sensory activation. The structural, 
anatomical, and functional relevance of the 
PAG and its role in pain are discussed in the 
next section. 
 
 
 
 



The Periaqueductal Gray 
The periaqueductal gray matter (PAG) is a 
highly reviewed structure of the brain stem 
implicated in several functions. Its role in 
pain processing and modulation has been 
studied for several decades. There is even an 
North Atlantic Treaty Organization Advanced 
Study Institute (NATO ASI) book dedicated 
to discussing the PAG, The Midbrain 
Periaqueductal Gray Matter Functional, 
Anatomical, and Neurochemical Organization 
edited by Antoine Depaulis and Richard 
Bandler.41 
 In this section, the location the PAG will 
be clarified. In understanding where the PAG 
is found in comparison with other structures 
of the brain, its circuitry can be better 
illuminated. The anatomy in relationship to its 
functions will allow some of the processes 
and integrative roles of the PAG be more 
sensible. Finally, the pain circuit from the 
PAG down to the dorsal horn neurons of the 
spinal cord will provide imperative 
information for how inhibition functions 
properly. 
 
Location of the PAG 
The central nervous system is generally 
divided into three major sections  the brain, 
spinal cord, and brainstem. The brainstem is a 
structure between the spinal cord and the 
brain that contains the main structures 
involved in autonomic functions (breathing, 
heart rate, vascular tone, digesting, etc.).42 
The brainstem contains the medulla 
oblongata, pons, reticular formation, and the 
midbrain (aka mesencephalon). The midbrain 
is the region of the brain that houses the PAG. 
 The midbrain is the most rostral 
component of the brainstem, making it the 
last structure ascending afferent information 
will cross before projecting to the brain and 
the first structure descending efferent 

information sees before reaching its final 
target. The midbrain is compartmentalized 
into three sections  the tectum, tegmentum, 
and cerebral peduncles  and includes the 
medial longitudinal fasciculus, interstitial 
nucleus of Cajal, red nucleus, raphe nuclei, 
substantia nigra, cerebral aqueduct, superior 
colliculi, and PAG (Figure 2).43,44,45,46 

 The PAG surrounds the cerebral aqueduct, 
just caudal to the third ventricle and including 
the fourth ventricle.47 The PAG can be further 
subdivided as the next section will discuss 
and those regions can be understood both 
functionally and anatomically. 
 
Anatomy and Functionality of the PAG 
The PAG can be divided into four 
subcompartments that comprise of columns 
extending along the rostrocaudal extent. 
These are the dorsomedial, dorsolateral, 
lateral, and ventrolateral columns (Figure 3).48 
Interestingly, the space in the ventral area and 
in the immediate few cells around the 
aqueduct are excluded from representation. 
The ventral region includes the oculomotor 
nucleus and the dorsal raphe nucleus 
(DRN).49 These raphe nuclei are very 
important in one of the pathway discussed in 
the next section. 
 These four columns were defined 
according to the types of receptors found, 
incoming/outgoing projections, and function 
elicited. The receptors ranged from 
muscarinic cholinergic, kainate, GABA 

Figure 2 Basic anatomical diagram of the midbrain and some 
relevant structures. 



receptors, glycine receptors, and adenosine 
receptors and each varied in density and 
distribution allowing the four columns to be 
anatomically determined.48 
 The dorsomedial column receives input 
from higher-order cortical and subcortical 
brain regions but not the lower-order sensory 
information from the spinal cord.50,51,52 This 
region of the midbrain is believed to project 
to the rostral ventromedial and rostral 
ventrolateral medulla. Activation of this area 
is shown to lead to lead to hypertension.49,53,54 

 The dorsolateral column is the more 
elusive of the four columns in that it is not 
well understood. Like the dorsomedial 
column, it receives projections from higher 
order structures but not the spinal cord.50,51,52 
Stimulation of this region has been shown to 
prompt vocalization,55,56,57 cardiovascular 
hypertension (like the dorsomedial 
region),49,53 and defense reactions.58,59 
Another important anatomical feature of the 
dorsolateral PAG is that it does not project 
directly to the brain stem or descending 
regions. This region is also known to be very 
heavy in GABAa receptors which makes it an 

attractive region for housing GABAergic 
inhibitory interneurons.48,60,61,62  
 A very well-characterized function within 
the dorsal columns of the PAG is lordosis. 
Lordosis is a sexual behavior that is activated 
in very specific conditions where an animal 
arcs its back to raise its head and rump. The 
ventromedial hypothalamic nucleus provides 
input for this behavior and appears to release 
substance P on GABAergic neurons after 
male stimulation.63,64,65 

 The lateral column receives input from the 
hypothalamus, amygdala, and ACC from the 
top.50,51 Lots of sensory information is sent 
here through the spinomesencephalic tract 
from the cervical enlargement, lumbar 
enlargement, and spinal trigeminal nucleus.52 
The lateral column strongly projects to the 
medulla and activation of this column in 
different regions along the rostrocaudal extent 
causes different autonomic and defense 
behaviors.53,66 

 Finally, the ventrolateral column is a 
shorter column that only exists in the caudal 
half of the PAG. The afferent input and 
efferent output of the ventrolateral column 
appears to be the same as the lateral column.49 
The most significant difference is that 
activation of this column causes opposite 
effects of those in the lateral column.53,66,67 
 The role of antinociception of the PAG is a 
very global in the region. Stimulation in 
various sites across the PAG caused analgesia 
and this role was believed to be homogenous 
in the entire gray matter.68 Although analgesia 
may be evoked in every column of the PAG, 
studies have supported a two-part nociceptive 
system in the PAG: the dorsal system and the 
ventral system. The dorsal-system included 
the dorsomedial, dorsolateral, and lateral 
columns, while the ventral-system contains 

Figure 3 Drawing showing the relative locations of the PAG 
columns. (Abbreviations: DM - Dorsomedial Column, DL  
Dorsolateral Column, L - Lateral Column, VL - Ventrolateral 
Column, DRN - Dorsal Raphe Nucleus, and CAq - Cerebral 
Aqueduct). 



the ventrolateral column and dorsal raphe 
nucleus.69 
 The analgesic differences between the two 
regions surround , response to 
naloxone, and projections outside of the PAG. 
In terms of purity, studies have found that 
activating columns of the dorsal-system lead 
to analgesia with aversive behaviors. These 
behaviors included running and 
jumping.69,70,71 The ventral-system is shown 
to possess 
behavior side effects were shown (Figure 4). 

However, work by Gold et al. (1990) revealed 
that stimulation of the ventral system does 
result in more subtle responses such as 
freezing.72 
 Naloxone is a popular opioid receptor 
antagonist that can attenuate stimulus 
produced analgesia. Studies revealed that the 
ventral-system analgesic response is affected 
by naloxone, but the dorsal-system is not.73,74 
This reveals a difference in the receptors 
involved in the antinociception for these 
separate regions of the PAG. The final 
difference is the ability of each region to 
modulate the antinociception process through 

ascending projections. In a study by Morgan 
et al. (1989), the dorsal-system appears to not 
have the ability to communicate nociceptive 
information to higher order brain structures 
while the ventral-system could. This reveals 
the capacity of the different areas of the PAG 
to communicate with other structures of the 
brain.75 Overall, it is believed that the dorsal-
system invokes a stress-induced analgesia 
while the ventral system is responsible for 
more analgesic exclusive activity. 
 
PAG Top-Down Pain Processing 
The PAG sends information to efferent 
neurons through three separate pathways  the 
noradrenergic (NA), serotonergic (5-HT), and 
the PAG-RVM-Dorsal Horn pathways. These 
pathways take the integrated information the 
PAG receives from the cortical, subcortical, 
and spinal cord afferents and activates an 
appropriate response. 
 Although the PAG does not have NA 
neurons, its activation does appear to release 
norepinephrine levels in the cerebrospinal 
fluid. This same effect was noticed with 5-HT 
neurons missing from the PAG but its 
stimulation causing release of serotonin in the 
spinal cord.76,77 In fact, antagonist of both 
chemicals in the PAG/RVM system blocks 
stimulation produced analgesia in the 
rat.78,79,80,81 

 Considering that the PAG and RVM both 
do not contain NA neurons, its release of 
norepinephrine is peculiar. However, studies 
revealed that the PAG/RVM does project to 
NA containing connections  namely the 
Locus Coeruleus and K lliker-Füse 
nuclei.82,83,84 These structures make direct 
connections to the dorsal horn of the spinal 
cord, so its activation will lead to 
antinociception through this NA pathway. 
 In the same way the release of serotonin 
was speculated to come from 5-HT neurons in 

Figure 4 A diagram indicating what stimulation of 
different areas causes a rat to do. This shows the 
heterogeneity of the PAG and the very small area of 
analgesia-only response (Fardin et al., 1984). 



the PAG and RVM. This was not the case and 
research revealed that the 5-HT neurons 
originate from the nucleus raphe magnus of 
the pons.85 In this way activation of the PAG 
and RVM allowed for release of serotonin 
through their projection to the nucleus raphe 
magnus, which can incite nociception at the 
spinal cord. 
 The PAG-RVM-dorsal horn pathway is 
one of the most highly implicated analgesic 
producing pathways. The PAG is known to 
receive lots of sensory, cortical, and 
subcortical input. This information is then 
projected to the rostral ventrolateral medulla 
(RVM) as the final relay station before 
projecting to the dorsal horn.86 The RVM has 
been shown to receive little input from the 
spinal cord but these connections require 
more research.87,88  

The RVM has been shown to contain two 
classes of projecting cells that have opposite 
nociceptive effects. On-cell activation causes 
increased perception of pain while off-cells 
lead to an analgesic response. A third class of 
RVM cells, called neutral-cells, do not 
respond to any nociceptive processes.88 

When on-cells are activated, they cause an 
increased response to noxious stimuli. They 
are known to be inhibited by opioids and its 
latency to nociceptive information is 
relatively quick. Off-cells have nearly 
opposite characteristics. These cells activate 
with decreased nociceptive activity, are 
stimulated by opioids, and their latency for 
activation is long. The on-cells are known to 
facilitate nociception while the off-cells are 
known to inhibit it.89,90,91 

This increased nociceptive perception by 
activation of the PAG and RVM has been 
revealed in studies but not well 
understood.69,92 With the presence of these 
on-cells in the RVM, it is interesting that the 
antinociceptive response of this circuit 

dominates the faciliatory nociceptive 
response. This phenomenon can be explained 
in an anatomical study by Mason et al. 
(1990), which they find that on-cells are 
planar cells oriented parallel to one another in 
the rostrocaudal axis of the RVM. This 
includes the dendrite and axons, which do not 
branch extensively beyond their area. Off-
cells, on the other hand, have an expansive 
influence because their axons travel the 
rostrocaudal extent making connections with 
on- and off-cells alike, allowing for a more 
dominant effect (Figure 5).90,93,94  

 

 
 The on-cells of the RVM may seem to be 
useless, considering their activation is not 
significant to prevent analgesia. This is not 
the case, however. The latency of these cells 
indicates that when a nociceptor is stimulated, 
the on-cells fire when the off-cells are silent.95 
This stimulation can increase the pain 
sensation, alerting the entire body to a 
dangerous stimulus more quickly. This can 
prime the pain matrix to respond accordingly 
before eliciting an analgesic response by 
RVM off-cell activation.  
 
Obesity and its Influence on Pain 
A very recent dimension in the study of pain 
has been its relationship with obesity. Obesity 
is characterized in many different capacities 
but is essentially a result of excess adipose 
tissue in the body. This adipose tissue can be 
a product of diet, genetics, or countless other 

Figure 5 Anatomical representation of three on-cells with 
a traversing off-cell axon (Mason et al., 1990). 



factors. In the instance of diet, it occurs when 
an individual eats a greater calorie amount 
then their body needs, so the rest is stored as 
adipose tissue.  
 This adipose tissue is known to be a 
dynamic structure in the body.  It responds 
contributes to the functions of nervous, 
endocrine, and cardiovascular systems and 
provides support for connective tissue. 
Adipose tissue has an influence on the 
metabolic role of an organism. It also released 
several cytokines and chemical factors into 
the environment making it no surprise as an 
important structure in nociception. 96 
 
Characterizing Obesity 
Research in the mechanisms and 
characteristics of obesity is primarily 
supported by the National Institute of 
Diabetes and Digestive and Kidney Diseases. 
Th
impact on metabolic syndrome makes it a 
dominant factor in development of conditions 
such as diabetes, kidney failure, and some 
cancers. Its global influence leads to increased 
risks in heart disease, stroke, and arthritis 
among other conditions.97 
 Obesity is a product of excess energy 
storage in the form of adipose tissue. This 
occurs when an individual has an imbalance 
of energy intake (diet) and energy expenditure 
(basal metabolism or exercise). Being 
overweight is often mistaken as being 
synonymous with obesity but being 
overweight is a character of weighing more 
than 
weight can be a product of muscle, bone 
density, and body water as well as fat.97 These 
two classes are defined through a body mass 
index (BMI) of weight vs height, where 
overweight is between a 25.0-30.0 and obese 
is broken up into three subclasses: 30.0-35.0, 

35.0-40.0 and >40.0 as Obese I, Obese II and 
Obese III, respectively.98 
 The influence of obesity is widespread, 
and its relevance is becoming greater every 
day. Obesity has been connected to 
hyperinsulinemia, depression, metabolism, 
neuropathy, migraines, and pain.99 In the 
United States and the United Kingdom, 
studies have indicated the prevalence of 
obesity in their population over the past few 
years. In a United States, the incidence of 
obesity was reported to be almost 40% in the 
adult population and 18.5% in youth between 
the years of 2015-2016.100 In the United 
Kingdom, about half the population is 
expected to obese by the year 2030.99 With a 
growth in the population of obese individuals, 
treating the instances of chronic pain and 
chronic migraines is becoming more 
important for health care and the civic 
responsibilities of national governments.  
 

 Role in Chronic Pain  
The relationship between obesity/adipose 
tissue and chronic pain/migraines is elusive in 
the science community. Although several 
studies propose hypothesis for the influence 
that obesity has on pain, pain has on obesity, 
or external factors on both, its appropriate to 
say that the primary cause can be dynamic 
and subjective. In a Gallup Survey between 
2008 and 2010, a report of over a million 
people in the United States revealed that 
overweight individuals experience 20% 
higher rates of pain and obese individuals in 
groups I, II, and III experience 68%, 136%, 
and 254% higher rates than low-normal BMI 
groups, respectively. Even after controlling 
for medically related pain conditions, these 
numbers showed 14%, 34%, and 58% for 
Obese groups I, II, and III, respectively, with 
overweight being the same as low-normal 
BMI.101 The possible mechanism for these 



results are currently a high topic of interest in 
the scientific and medical community, but 
some attributes include cytokine release, 
disease/disorder-related impacts, and 
nociceptive property changes. 

One of the primary drivers of chronic pain 
is the release of cytokines and inflammatory 
mediators. These chemicals are released from 
adipocytes in the adipose tissue and include 
interleukins, tumor necrosis factor, monocyte 
chemoattractant protein, and C-reactive 
protein. Each influence several systems and 
their responses.99, 102,103 A well-studied release 
factor from adipose tissue is leptin. Obesity is 
characterized by an increase in leptin levels, 
which allows cognitive structures to sense a 
state of satiety (feeling of being full). The 
drop in leptin levels during weight loss can 
explain why individuals feel hungrier than 
other individuals.104 In a separate study, leptin 
levels in the pontine reticular formation 
appeared to interact with adenosine A1 

receptors to influence the analgesic role of 
this region. This study found that activation of 
A1 receptors produced antinociception based 
on concentration of the agonist and that the 
presence of leptin caused a nociceptive 
response. Interestingly, this same study found 
that leptin replacement in leptin-deficient, 
obese mice also could partly restore 
antinociception.105 Although more work is 
required to make mechanistic conclusions, 
this work indicates that cytokines can have a 
dynamic role on descending antinociceptive 
systems. 
 A more direct role of obesity on chronic 
pain can be seen in the studies of 
musculoskeletal pain. With an increase in 
BMI, there is greater mechanical stress on 
knees and joints. Mechanoreceptor activation 
due to heavy weight on joints can lead to the 
release of interleukin-1 and metalloproteases. 
The interleukin-1 response leads to 

inflammation-caused pain and the 
metalloproteases are known to degrade the 
extracellular component that buffer and 
protect nearby bones from rubbing.106,107 
Interestingly, however, even though this 
chronic pain can be mechanistically attributed 
directly to weight, there is an apparent 
relationship with BMI and pain in upper limbs 
as well.108 
 Other studies have shown that different 
physiological diseases and psychological 
disorders are related to increased pain. 
Metabolic syndrome is actively promoted by 
increased BMI, which can lead to diabetes. 
Besides this disease being related to 
hyperinsulinemia and catecholamine release, 
it is also charged with neuropathy.99 The 
neuropathic impact of diabetes can directly 
cause neuropathic pain in individuals through 
damage of nociceptors and their pathways. 
The catecholamine release is interesting 
because although one study shows that 
norepinephrine can activate pain-sensitive 
nerve fibers,109 the release of norepinephrine 
by the PAG-LC-DHN pathway causes 
antinociception (as discussed earlier). This 
can indicate that although many modulators 
can have both nociceptive and antinociceptive 
roles, the net influence is one or the other. 
 Depression is a psychological disorder that 
is known to be strongly correlated to 
pain.110,111 One major way this is implicated is 
through inflammation factors such as 
interleukin-6. This adipocyte-released 
cytokine is known to activate the indoleamine 
2,3-dioxyganse enzyme which uses a 
serotonin-precursor, tryptophan. With less 
tryptophan, tryptophan hydroxylase is unable 
to sustain serotonin levels leading to 
depression.112 As discussed earlier, serotonin 
is extremely important in the PAG-Nucleus 
raphe magnus-DHN serotonergic pathway for 
the inhibition of nociceptive information. 



With a decrease in global serotonin levels, 
this has an undoubted influence on this PAG 
pathway as well, but further research is 
necessary to validate these claims. 
 Related to the musculoskeletal pain 
mechanism an interesting phenomenon called 
eating analgesia has been described in some 
studies.113,114 Eating analgesia is described as 
pain-relief when an organism eats pleasant 
foods. For individuals who suffer from 
osteoarthritis, they become less inclined to 
exercise due to fear of the pain and more 
inclined to eat foods that masks their pain. 
This leads into a paradoxical loop where 
inactivity leads to pain, which can lead to 
eating analgesia, perpetuating obesity, and 
even more pain related conditions.99 
 The final influence discussed here is the 
effect that obesity may have on the properties 
of nociceptors themselves. In a study by 
Tashani et al. (2017), the group made two 
major conclusions about the impact BMI can 
have on pain perception. First, they found that 
the pain pressure threshold was lower in 
obese individuals compared to normal and 
overweight groups in a low-subcutaneous fat 
area. Secondly, they found that for thermal 
detection, obese individuals have higher 
thresholds than both the other groups. 115  The 
group hypothesized that the pain pressure 
thresholds could be due to local pro-
inflammatory cytokine influence on 
mechanonociceptors in the tissue.116 In terms 
of the thermal response, they speculated that 
this influence could be due to 
depth/density/sensitivity thermonociceptor 
changes due to excess adipose under the skin 
or sensitivity changes in the CNS (modulatory 
pathways or cerebral structures alike).117,118 
However, there is a plethora of literature that 
both supports and contrasts these 
findings.116,119,120,121 It is clear that these 
mechanisms need further investigation. 

PAG Influence on Adipose Tissue  
In the previous section, we can see that the 
brainstem and its structures can be 
fundamentally impacted by the physiological 
influence that adipose tissue has on the body. 
This included both the increased NA 
activation due to diabetic mechanisms or the 
5-HT decreases because of depression. The 
influence of the PAG in these systems are 
central and clearly influenced by obesity-
related effects. 
 An interesting study performed in rats, 
however, show a relationship that the PAG 
has on the metabolism of brown adipose 
tissue. Brown adipose tissue provides heat 
through non-shivering mechanisms in 
response to noxious cold environments. It 
appears that several hypothalamic regions, 
such as the preoptic area, activate in response 
to the cold and project to raphe nuclei (ventral 
to the PAG) and ventrolateral regions of the 
caudal PAG. This region allows for the 
activity of sympathetic neurons that innervate 
the brown adipose tissue. This study showed 
temperature-change specificity by measuring 
the temperature of the adipose tissue and the 
rectum. The result was that the change in 
adipose temperature was not secondary to 
whole body temperature increases, indicating 
direct causality from caudal ventrolateral 
PAG stimulation.122 
 This tissue is believed to only be found in 
mammals as a defense mechanism to the 
cold.123 Work has shown that brown adipose 
tissue is more prevalent in children, 
decreasing with age and higher in people 
living in colder environments.124,125 Although, 
there is no real research put into the impact 
that the PAG has on the white adipose tissue 
that comprises obese individuals, future work 
may reveal a possible weight cutting role in 
the PAG.  
 



Conclusion and Future Directions 
  There is a clear relationship between 
obesity and pain but the mechanism behind 
this is unknown as of now. I
dimensions of nociception and obesity 
overlap as seen by the positive correlation 
between BMI and chronic pain. Although 
research is scarce in this field, it appears that 
interest is growing to understand the 
mechanisms.  
 In this paper, I focused on the major 
mechanism of nociception, the analgesia role 
of the PAG, and the relationship between 
obesity and pain based on the literature to 
date. There is not a significant amount of 
research devoted to the influence that obesity 
may have on the descending processes from 
the brain and brain stem. This is in addition to 
the low understanding of the PAG s function 
and the wide-range, dynamic influence of 
obesity on the body, are important areas to 
devote attention. 

Future research may find fruitful evidence 
in the mechanisms of nociception and the 
etiology/effects of obesity. The research 
showing the changes in norepinephrine and 
serotonin provide exciting data for better 
understanding the relationship between top-
down cortical processes and obesity. Studies 
that focus on the difference in antinociceptive 
properties PAG stimulation or of its pathways 
in relationship with obesity may find crucial 
details for different ways to clinically 
understand and treat chronic pain in these 
individuals. 
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