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The Glymphatic System and Pain
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ABSTRACT

The glymphatic system is network of perivascular spaces through which cerebrospinal fluid and interstitial fluid
can move through the brain, clearing metabolic waste, such as amyloid beta, lactate and more, from the
parenchyma. This cleaning system is regulated by sleep and norepinephrine, with increased levels of norepi-
nephrine during wakefulness inhibiting fluid movement. Norepinephrine is also essential for transition from
acute to chronic pain, and sufferers of chronic neuropathic pain frequently present with sleep disruption. These
connections among glymphatic clearance, sleep, and pain are very intriguing, and might lead to non-
pharmaceutical interventions for pain treatment. This short perspective provides a rationale for the hypothesis
that mind-body interventions—such as acupuncture—can reduce norepinephrine and increase glymphatic
function, ultimately relieving chronic neuropathic pain.
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INTRODUCTION

AIN IS AN UNCOMFORTABLE WARNING SIGN intended to

draw attention to a body part at risk. It is an adaptive
mechanism initiated to avoid additional injury. However,
chronic neuropathic pain, such as back pain, persists long
after the initial insult and is often maladaptive, negatively
impacting the life quality of a large number of people
worldwide."? The conventional prescribed analgesics are
often not effective or are associated with unacceptable
side-effects. The current opioid overdose epidemic is—at
least in part—a result of providing uncritical prescriptions
to patients in need of temporary pain relief, for example,
following surgeries. Here, this article presents a new un-
derstanding of brain homeostasis and cleaning, combined
with conventional views on chronic neuropathic pain de-
velopment, to propose the idea of treating multiple aspects
of pain, perhaps via acupuncture, as a new approach to
chronic neuropathic pain.

DISCUSSION

In tissue throughout the body, cellular debris and toxic
molecules in the interstitial fluid (ISF) are drained via
lymphatic vessels. However, the brain and spinal cord lack a
conventional lymphatic system and only a few waste
products, such as amyloid-f§ (Af}), a protein, can be trans-
ported across the blood-brain barrier.®> Furthermore, the
buildup of protein aggregates is a common feature in
many age-related neurodegenerative disorders, such as
Alzheimer’s disease and Parkinson’s disease. Although the
brain and central nervous system are characterized by dis-
proportionately high metabolic rates, compared to the rest
of the body, conventional lymphatic vessels are not re-
sponsible for elimination of their metabolic wastes. The
mechanisms underlying solute clearance in the brain
have long puzzled researchers. It was previously believed
that, due to the lack of a conventional lymphatic system,
the human being’s most vital organ—the brain—was
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Model of glymphatic fluid movement. Cerebrospinal fluid (CSF) enters the subarachnoid space, ultimately traveling down

periarterial spaces. From there, the bulk flow of fluid causes CSF and interstitial fluid (ISF) mixing. The “‘dirty”” ISF, containing waste
and perhaps cytokines/inflammatory markers, exits the brain via the perivenous spaces. Graphic courtesy of Dan Xue. Color images are

available online.

responsible for recycling its own wastes. Attempting to
understand this paradox ultimately led to the current
authors’ interest in the novel brain-clearance mechanism—
the glymphatic pathway.

The glymphatic system is a glial-dependent perivascular
network that plays a pseudolymphatic role in the brain
(Fig. 1). Within the glymphatic pathway, CSF enters the
brain via periarterial spaces, passes into the interstitium, and
ISF, containing waste products, exits via the perivenous
spaces and along cranial and spinal nerves.* This process is
facilitated by perivascular astrocytic aquaporin-4.> CSF
transport is set in motion as a polarized, directed fluid
flow driven by arterial pulsations, respiration, and slow
vasomotion.®~'® This is achieved through pumping the CSF
into the brain along the periarterial spaces via the pulsatility
of the vessel wall.® The perivascular spaces form a complex
brain-fluid transport system that supports fast exchange with
interstitial fluid and clearance of waste products from the
brain from the intricate environment of the neuropil. In
addition to protein waste, such as Apf, the glymphatic sys-
tem also transports lactate, glucose, lipids, and cytokines.'!
Glymphatic dysfunction has been shown in animal models
of traumatic brain injury, Alzheimer’s disease, and stroke,
indicating that waste clearance is essential to keep the brain
healthy."!

Perhaps the most interesting aspect of the glymphatic
system is that fluid transport is regulated by sleep'? and
sleeplike brain activity.'® Indeed, human positron emission
tomography studies have revealed that Aff accumulates in

the healthy brain after a single night of sleep deprivation,
suggesting that the human glymphatic pathway might also
be primarily active during sleep.'* The initial findings
demonstrated that'*:

(1) Clearance of metabolites increases twofold during
sleep relative to the waking state

(2) Natural sleep was associated with enhanced peri-
arterial CSF-tracer influx along with improved in-
terstitial solute clearance

(3) The arousal-mediator norepinephrine is chiefly re-
sponsible for turning the glymphatic system off
during wakefulness, decreasing the size of the inter-
stitial space and thereby increasing the resistance to
fluid transport in the interstitial space.

Arousal causes a burst of norepinephrine release,
maintaining a continued higher level of norepinephrine
during wakefulness. This phenomenon is responsible for
the low glymphatic activity in the wakened state. Nor-
epinephrine release decreases during sleep, resulting in an
expansion of the interstitial space and a subsequent po-
tentiation of glymphatic-fluid transport. Along with
wakefulness, pain is linked to increased adrenergic sig-
naling'>'® and an impairment of sleep quality.'”™"? It is
still an open question regarding how pain affects the
glymphatic system.

Based on what is known about the glymphatic system,
the current authors suggest that pain might suppress the
glymphatic system. The disruptions in sleep that often
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accompany chronic neuropathic pain create a malfunc-
tioning of the brain state. Additionally, pain affects brain
homeostasis negatively, tilting the system toward excita-
tion®* and inflammation,?' which would reduce glympha-
tic clearance. Would this lack of glymphatic clearance
cause accumulation of proinflammatory agents that ag-
gravate pain? Conversely, could manipulations that in-
crease glymphatic clearance, such as mind-body therapy
or improvements in sleep, be effective approaches to re-
duce chronic pain? Does mind-body therapy, such as
acupuncture, which has an analgesic effect correlated to
local neuromodulators of pain,zz’24 affect the glymphatic
system? Acupuncture might, by reducing the severity
of pain concurrently with improving sleep quality, act to
normalize glymphatic clearance. The current authors
speculate that acupuncture reduces adrenergic tone by
multiple mechanisms, accelerating glymphatic clearance
and thereby reducing the severity of neuroinflammation
and the sensation of pain.

CONCLUSIONS

Sleep is necessary for brain homeostasis, cleaning
waste via the glymphatic system. Pain might block
glymphatic-system function by disrupting sleep, altering
neuronal function, and inducing neuroinflammation.
Therapies for addressing chronic neuropathic pain and
glymphatic dysfunction should reduce pain, reduce in-
flammation, and improve sleep. The overall question for
this proposal is: Are nonaddictive mind—body interven-
tions, such as acupuncture, viable alternative approaches
to chronic pain relief?
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