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 Inflammation 
 
Though inflammation is a part of the immune system, it has such enormous effects on health and wellbeing,  and has warranted such a high profile and prominence in modern medicine, that it gets its own Chapter. 
A condition of ongoing inflammation in the body can be detrimental to health and mood and shorten lifespans.  There's evidence that inflammation, promoted in part by such factors as obesity, smoking, and a sedentary lifestyle, contributes to some of the most challenging and deadly diseases of our time, including rheumatoid arthritis, cancer, heart disease, diabetes, asthma, and even Alzheimer's disease.   Moreover, chronic inflammation can lead to accelerated aging, and researchers have coined the term "inflammaging" to emphasize the point.  Recent science shows that inflammation, as measured in blood markers such as  C reactive protein (CRP), Interleukin 6 (IL-6), and Interleukin 1-B(Il-1β), is implicated in many more health issues than previously thought.  We will be looking at these markers again and again in this Chapter, part of the vocabulary of inflammation.
Follow the Money.  There is intense interest in finding safe and effective solutions to this widespread condition.  It seems that almost weekly researchers discover new links between chronic inflammation and a common disease or disorder.  For example, the presence of these proteins suggests a novel "connection" between inflammation and autism spectrum disorder.  The Proceedings of the National Academy of Sciences published a study that found children's brains with autism spectrum disorder contain an overabundance of inflammation-stimulating markers. 
If we can tame inflammation, we go a long way in ensuring our health and feeling of wellbeing and combating aging.  Something that I'm sure is appealing to us all. 
From Rheumatoid Arthritis, to Inflammatory Bowel Disease Inflammation can take many forms, and it can have a pernicious role in mental health leading to depression and worse.   We now have the tools to measure inflammation, which allows us to track it to develop strategies to prevent it and keep it in check.  We will see how acupuncture and other strategies stimulate the body's homeostatic feedback systems to decrease inflammation through the language of science. 
So let's first look at two dramatic instances of inflammation getting out of control.  One instance is sepsis, a deadly condition often in response to a bacterial of viral infection.  The patients are typically in the ICU, requiring the highest level of intervention and management, and can end up with organ damage to the lungs, kidneys, or other organs.  The inflammation is triggered but can't be turned off and often leads to spinning out of control and death. 
Or let’s consider Covid 19.  You may have heard the term "cytokine storm" in the context of Covid.  "In late May, tenOever's team shared its findings in the biweekly journal Cell.  Their article argued that this imbalanced immune response gives severe COVID-19—which can sometimes cause blood clots, strange swelling in children, and ultra-inflammatory "cytokine storms"—the character of an autoimmune disorder.  As the virus spreads unchecked through the body, it drags a destructive immune reaction behind it.  Individuals with COVID-19 face the same challenge as nations during the pandemic: if they can't contain small sites of infection early—so that a targeted response can root them out—they end up mounting interventions so large that the shock inflicts its own damage.[endnoteRef:1] [1:  How the Coronavirus Hacks the Immune System
At a laboratory in Manhattan, researchers have discovered how SARS-CoV-2 uses our defenses against us.
By James Somers
November 2, 2020
] 


It would be cavalier to say that acupuncture has any role in these awful, extreme instances of inflammation, though some animal studies might argue the opposite.  But for the most part, once sepsis or florid Covid 19 takes root, we need all the Dr. One's and Dr. Twos' we can find and all of the miracles of modern medicine. 
However, there are still many stealth destabilizing effects of low grade, chronic inflammation, which Dr. One's laws might curtail.  We see that inflammation is subject to the law of balance, just as all the other conditions in this book.  But furthermore, inflammation has something to do with each and every condition in this book.  It can affect your longevity,  it can affect your mood, it can affect your immune system, and it can affect pain.  Not only that, but inflammation is reflected in your autonomic balance.  In fact, Heart Rate Variability, the complexity measure that reflects the subtle balance of the autonomic nervous system is highly correlated with the level of inflammation in the body.  The higher the inflammation in the body, the more unhealthy the Heart Rate Variability. 
Let's consider two familiar chronic conditions of  inflammation
Rheumatoid Arthritis
Rheumatoid Arthritis is an autoimmune inflammatory condition characterized by swollen painful, warm and red joints during a flare of the disease.  These qualities happen to be the hallmarks of the ancient Celsus, who described inflammation in the 1st century AD as rubor, calor, tumor, dolor 0r redness, heat, pain, swelling, and redness.  These patients also have an ongoing inflammatory process with heightened inflammatory markers,  so they are more likely to have shortened lifespans due to heart attacks and cancer.  So the disease is not just limited to the joints.
Inflammatory Bowel Disease 
 Another common inflammatory condition is inflammatory bowel disease or IBD.  This is a situation where the GI tract is in a constant state of inflammation and it can lead to gastrointestinal distress, constipation and other uncomfortable conditions
So acute inflammation is an essential survival mechanism in response to any kind of intruder that breaches the body's integrity, be it a virus or bacteria, or a splinter or acupuncture needle.  Typically, the body responds and then gets back in balance, and you go on your merry way.  However, sometimes there is ongoing inflammation that is below the surface.  It's as though the initial inflammation was a wildfire that has been put out but still has hidden embers burning underneath.  These embers are walled off, constantly releasing smoke or inflammatory substances.  The body can not heal itself because the inflammation is hidden.
Dr. One's emphasis on balance is at play here, with the body requiring just enough immune response, but not too much, which can lead to the ultimate spinning out of control death from conditions such as overwhelming reaction to infection in the form of sepsis. 
Acute inflammation 
Process of Acute inflammation.  Inflammation occurs when tissues are injured by bacteria, trauma t0 heat, or any other cause.  Acute inflammation comes on rapidly, usually within minutes, but is typically short-lived.  This cycle returns the affected area to a state of balance, and inflammation dissipates within a few hours or days.  These messengers  cause blood vessels to leak fluid into the tissues, causing swelling (tumor.) This helps isolate the foreign substance from further contact with body tissues.  The chemicals also attract white blood cells called phagocytes that "eat" germs and dead or damaged cells.  The rubor, or redness occurs because of increased blood flow to the region.. Dolor, or pain, occurs because the messengers released aggravate pain receptors.


Process of Chronic Inflammation:
The problem comes when there is ongoing inflammation that continues unabated.  Macrophages, a type of immune cell, are constantly surveilling for injury and foreign invaders and release inflammatory messengers such as Tumor Necrosis Factor (TNF), Interleukin 6 (Il-6), and Interleukin 1-β (Il1-β) when they encounter intruders.  When the body can't heal the hidden inflammation, the body stays out of balance in a constant state of global inflammatory response.
. 
So as you can imagine, western Western medicine is looking for agents to target production of certain inflammation producing chemicals such as Il-6.  But here, we are interested in the principles of Dr. One.  Dr. One believes in using the body's own homeostatic systems because inflammation is a global state in the body, it is subject to the laws of complexity science.  And remember, complexity science dictates that small interventions can have outsized effects.  Since inflammation is involved in the the myriad homeostatic feedback loops in the body from the autonomic nervous system, to the Hypothalamic Pituitary Axis, to the ever-present Immune system,  Dr. One's principles apply to inflammation just as with other conditions.  We can imagine that if we can decrease the inflammatory messengers, there will be less pain, better mood, less likelihood of cancer and heart disease and longer life.  It all goes together. 
How do we employ the Laws of Dr. One? 
The ancients had no concept of inflammation, no vocabulary for it.  But the concepts of balance, prevention, and hormesis can all be applied to the problems caused by inflammation.  
 Inflammation and Balance
Do No Harm.  The first law of maintaining balance
There are time-honored anti-inflammatory medications, of course.  One example is aspirin, in use since the 1890's an anti-inflammatory and antipyretic (fever lowering) medication. 
Other long-trusted over-the-counter anti-inflammatory medications such as Ibuprofen, or Naprosyn can be quite effective and safe if used over a few days.  They can be brutal to the GI tract, however.  (GI doctors say that orthopedic surgeons and rheumatologists keep them in business because of the havoc wrought by anti-inflammatory medications.)  
We now have biologics, or monoclonal antibodies, which can be highly effective, but limited to certain illnesses.  
And, of course, we need to mention corticosteroids such as Prednisone, which have extremely powerful anti-inflammatory action and severe side effects if taken for long periods of time.[footnoteRef:1] [1:  From Harvard pamphlet] 

All of the above-mentioned medications have their own dangers.  If taken for acute inflammation they can be safe and beneficial.  But when taken for chronic inflammation, they cause problems of their own and can destabilize the system into spinning out of control.  Dr. One and Dr. Two need to carefully evaluate the risk/benefit of these medications when advising patients.

Hormesis The second law of Dr. One 
Acupuncture.Harnessing our body's own feedback to fight inflammation
When the body senses an intruder, such as a bee sting or an acupuncture needle, nerves signal the brain, which reacts through the two branches of the autonomic nervous system to keep the inflammation from spinning out of control.  The brain also uses the hypothalamic-pituitary-adrenal axis, the body's source of cortisol.  The sympathetic (fight/flight) nervous system plays a role here to decrease the release of chemicals (cytokines) that lead to more inflammation (Tumor Necrosis Factor (TNF), Il1B, IL 6) and increase those that decrease inflammation (IL10).   But lab and clinical evidence shows that the parasympathetic nervous system (rest/digest) plays the leading role in reducing inflammation .  This vagal, parasympathetic rest/digest outflow affects the major organ systems AND tissue macrophages (cells which are part of the immune surveillance system.). It tells them to stop making the inflammatory messengers.  This feedback system was named the Cholinergic Anti-inflammatory pathway by our colleagues in the field of Neuromodulation, led by Dr. Kevin Tracey.  
The Cholinergic  Anti-inflammatory feedback loop 
Tracey's group discovered in the early 2000's[endnoteRef:2] the vagus nerve activity through a particular receptor (α7nACh receptor)  was able to inhibit the potentially fatal inflammatory response in animals to toxins resembling septic shock.  Sepsis is a situation, as we mentioned, where the increased inflammation can damage vital organs such s lungs and kidneys, leading to a lethal feedforward, vicious cycle response leading to an imbalance leading to inflammatory cytokines causing tissue death.  And can lead to the ultimate imbalance  death.   ICU physicians dread the appearance of sepsis in their patients since it is devilishly tough to treat. [2:  Molecular Medicine Volume 9 number 5-8  May-August 2003] 

Tracey's group focused on the vagus portion of this feedback system, reasoning that by stimulating the vagus nerve, they could decrease inflammation more safely than intervening with acetylcholine or an acetylcholine equivalent.  Acetylcholine, the chemical that binds to the α7nACh receptor carries significant side effects.  Tracey found and published in Nature the finding that vagal stimulation led to a decrease  in flammatory markers.  [endnoteRef:3]   [3:  Nature. 2000 May 25;405(6785):458-62.
VAGUS NERVE STIMULATION ATTENUATES THE SYSTEMIC INFLAMMATORY RESPONSE TO ENDOTOXIN.
Borovikova LV1, Ivanova S, Zhang M, Yang H, Botchkina GI, Watkins LR, Wang H, Abumrad N, Eaton JW, Tracey KJ. https://ksparrowmd.com/vagus-nerve-stimulation-attenuates-the-systemic-inflammatory-response-to-endotoxin-17254-2/ (tracey article from 2000)

] 


  This one particular subunit of the receptor  for acetylcholine, the α7 subunit ((α7nAChR)  is found in macrophage cells of the immune system involved in surveillance.Macrophages sense and respond to pathogens and other environmental challenges and participate in tissue repair after injury but most relevant to our discussion they release inflammatory cytokines such as TNF, IL-6, and Il-1B. . [endnoteRef:4]  When this receptor ((α7nAChR)  on macrophages is stimulated it decreases these inflammatory messengers Direct stimulation of the vagus nerve through implanted electrodes can reduce inflammation in conditions like rheumatoid arthritis through acetylcholine stimulating the α7nAChR receptors on macrophages which then stop emitting the inflammatory messengers.   So though direct vagal nerve stimulation, which is now big business, would not be considered a hormetic intervention in Dr. One's toolkit, it harnesses the body's homeostatic feedback systems.  But these efforts have not met with uniform success, and there can be complications from the implantation process.  Man ≠ Machine even when tinkering with some of the most subtle of levers.  [4:  Watanabe S, Alexander M, Misharin AV, Budinger GRS. The role of macrophages in the resolution of inflammation. J Clin Invest. 2019;129(7):2619-2628. Published 2019 May 20. doi:10.1172/JCI124615] 


This feedback system is key to the effectiveness of acupuncture in suppressing inflammation.   It also explains the benefits of many nonmedical interventions such as heat shock proteins (as discussed in the Longevity chapter), exercise as hormetic, and breathing, biofeedback, meditation since they all can stimulate vagal activity of the parasympathetic nervous system which then feeds back on the macrophages telling them to stop producting inflammatory cytokines. 
Acupuncture and Anti-inflammatory effects
The receptor for acetylcholine found in the macrophages (α7nAChR) has been key to understanding this significant way that acupuncture helps us to heal.  We know that acupuncture on one of the most commonly used acupuncture points, Stomach 36, can reduce Tumor Necrosis factor (TNF), Interleukin 6,  Il-6 and Interleukin 1β , IL1-B with mitigation of lung and kidney damage in septic rodents.[endnoteRef:5]  [5:  112. Huang, C.L. et al. (2007) Acupuncture stimulation of ST36 (Zusanli) attenuates acute renal but not hepatic injury in lipopolysaccharide-stimulated rats. Anesth. Analg. 104, 646–654 113. Huang, C.L. et al. (2006) Acupuncture stimulation of ST-36 (Zusanli) significantly mitigates acute lung injury in lipopolysaccharide-stimulated rats. Acta Anaesthesiol. Scand. 50, 722–730] 

The cytokine that was NOT reduced in Tracey's original study was Interleukin 10, Il10, an anti-inflammatory cytokine (not a pro-inflammatory cytokine like Il 6 and 1-β.) Interestingly  acupuncture has been shown to increase [endnoteRef:6] IL-10.  [6:  da Silva MD, Bobinski F, Sato KL, Kolker SJ, Sluka KA, Santos AR. IL-10 cytokine released from M2 macrophages is crucial for analgesic and anti-inflammatory effects of acupuncture in a model of inflammatory muscle pain. Mol Neurobiol. 2015;51(1):19-31. doi:10.1007/s12035-014-8790-x] 

Il-10 is also linked to myokines, produced with exercise.  Exercise provokes an increase in circulating levels of IL-10, suggesting that physical exercise fosters an environment of anti-inflammatory cytokines.[38][39]

So lets think about this.  we know that the hormetic of acupuncture actually increases anti-inflammatory messengers and decreases inflammatory messengers, and it decreases inflammatory messengers through the autonomic nervous system.  So it sets cascades of effects into motion, triggering the body's homeostatic mechanisms to achieve a global effect.

Inflammation and Hormesis and Old Friends
In the Chapter on Immunology we discussed the phenonomen of old friends.  How the removal of parasites in Sardinia led to an overactive immune response leading to an increase in autoimmune diseases on the island. 
As unlikely as it sounds, the lack of other old friends, animal dander, and dirt, can lead to increased stress leading to inflammation.  A recent study led by Stefan Reber at the University of Ulm in Germany revealed a connection between good emotional health and growing up around dirt.  Forty men were brought to the lab and put through a stress test, where they had to give a speech and solve complex math problems in front of stone-faced scientists in white coats.  Those who grew up in cities without the benefit of being repeatedly challenged by a "dirty" hormetic environment showed exaggerated, prolonged elevation of the inflammatory compound interleukin 6 (Il-6) and muted activation of the anti-inflammatory compound interleukin 10 (Il-10).  "People who grew up in an urban environment had a much-exaggerated induction of the inflammatory immune response to the stressor, and it persisted throughout the two-hour period," Lowry said.
The ones from rural environments reported feeling stressed but did not show the dramatic increase in their inflammatory cytokines. 
So, exposure to animals, dirt and dander is a hormetic challenge to the immune system that can prevent an overactive inflammatory response in the face of an intense psychological challenge.  So think about this.  The immune challenge of dirt and animal dander leads to less inflammation later in life.  If you have less immune reaction to a stress challenge, you are sturdier and less likely to spin out of control. 
Now let's remember the beagle experiment and the horse experiment in the Chapter on stress.  After acupuncture, even though the animals physically startled after a surprise, their stress levels showed a minimal reaction to the startle.  The test subjects here reacted similarly.  The ones who had been exposed to dander hormetic challenges growing up still experienced stress, but importantly their inflammatory markers did not spike dramatically. 
This is what we can call an example of radical prevention.  Even though the effect may be small, avoiding a brief spike in inflammation, we know that it all spins together.  If you are that much more stable, it may very well lead to more stability down the road because of the nature of complexity.  Remember, small inputs can have outsized results.  Indeed, animals given acupuncture and then injected with a vehicle causing sepsis had much better survival rates than those with no acupuncture.  The effect appears to last for days—prevention in action.  
Case Study: Inflammatory Bowel Disease
To use a case study for further illustration, a patients' story looking at a common inflammatory condition, inflammatory bowel disease.
 BD is a high-powered financial consultant in her 40s working for a huge company and has high-profile, high net worth clients.  She is "windex" clean, no drinking, no coffee, exercises regularly (good posterior heaven)and looks half her age( probably good anterior and posterior heaven) (which, of course is a great thing unless you're in her kind of business).  Nonetheless, she has had lifelong issues with constipation.  When she came to see me, she often had only once-a-week regularity.  Travel, dietary disruption, and long workdays all contributed to the problem, and she was given a diagnosis of Irritable bowel Disease at one point.  She was referred to me by another patient, and because of her disciplined lifestyle, she was able to keep her appointments weekly.  Within a month of sessions, her regularity had improved to daily.  She still maintains her visits as often as her work schedule allows, at least monthly.  And we see as in BD's case though acupuncture can be helpful in acute inflammation, sprained ankle, it's often in the chronic stealth inflammation where acupuncture can help stimulate the system to heal the vicious cycle. 
This case illustrates the concept of the sturdiness of resilience, just as with the study on farmers and city dwellers.   Factors that used to throw off her regularity do not anymore, and it is again a sort of radical prevention.  She found a solution through acupuncture to deal with her condition in a way that does not cause problems of its own.
We should not be surprised at her successful treatment.  Animal studies show Electroacupuncture increases gut function and decreases inflammation through [endnoteRef:7] the α7Achr pathway discovered by Dr. Tracey.  [7:  Yang NN, Yang JW, Ye Y, Huang J, Wang L, Wang Y, Su XT, Lin Y, Yu FT, Ma SM, Qi LY, Lin LL, Wang LQ, Shi GX, Li HP, Liu CZ. Electroacupuncture ameliorates intestinal inflammation by activating α7nAChR-mediated JAK2/STAT3 signaling pathway in postoperative ileus. Theranostics. 2021 Feb 19;11(9):4078-4089. doi: 10.7150/thno.52574. PMID: 33754049; PMCID: PMC7977469.] 

So we see that the parasympathetic or vagal pathway can be key for anti-inflammatory activity.  To better understand how acupuncture was so effective in helping BD, let us consider one of the most commonly used acupuncture points in acupuncture practice, Stomach 36 to examine the intimate relationship between vagal activity and acupuncture. 
The Curious Case of Stomach 36 Acupuncture Point
Stomach 36 is one of the most commonly used acupuncture points by Dr. One.  He uses both for gastrointestinal conditions like constipation and immune issues such as allergy. 
 Stomach 36  is located on the tibialis anterior, 3 inches below the kneecap on the leg.  The teaching is, that by stimulating this point, the patient will derive the most nourishment from their food by strengthening the stomach, leading to robust health.  Stomach 36 is also one of the most often used points in research in animals and humans, and it is easy to find the analog point in animals, even small animals.   Studies in animals and humans show that Stomach 36 increases the emptying of the stomach and increases gut transit times alleviating constipation.   The inflammation in BD's case is systemic, and stimulating the vagus with acupuncture helped improve her gut transit[endnoteRef:8] times, and probably lessened her inflammation overall.  The pressures of her high-powered job increases her stress response which affects her gut. Still, by countering this stress response with increased vagal activity with acupuncture, which also decreases her inflammation, she is more resilient and tougher.  The corollary to the farmers undergoing a challenge, or the beagles.   Her gut brushes off the stress and does its "business." [8:  Yu Z. Neuromechanism of acupuncture regulating gastrointestinal motility. World J Gastroenterol. 2020;26(23):3182-3200. doi:10.3748/wjg.v26.i23.3182] 

[bookmark: _Hlk99841291]We can look to a study on animals using acupuncture on Stomach 36,. showing that the acupuncture decreased inflammatory markers via the vagus nerve and promoted gastrointestinal motility through the α7Achr pathway.[endnoteRef:9] Another group showed similar triggering of the α7Achr pathway in mice with induced acute pancreatitis[endnoteRef:10]  So ancient practice provides a way to trigger the body's own homeostatic healing mechanisms through vagal stimulation sought by Tracey and his colleagues.  [9: EA suppressed intestinal inflammation and promoted gastrointestinal motility. Mechanistically, EA activated the α7nAChR-mediated JAK2/STAT3 signaling pathway in macrophages which reduced the production of inflammatory cytokines. Furthermore, we also demonstrated that hindlimb region stimulation drove vagal efferent output by inhibiting the expression of GABAA receptor in DMV to ameliorate inflammation.
 ]  [10:  Zhang L, Wu Z, Zhou J, et al. Electroacupuncture Ameliorates Acute Pancreatitis: A Role for the Vagus Nerve-Mediated Cholinergic Anti-Inflammatory Pathway. Front Mol Biosci. 2021;8:647647. Published 2021 May 13. doi:10.3389/fmolb.2021.647647] 

But the fact remains that acupuncture doesn't always work, and often requires multiple treatments.  It has tremendous potential, but it is not as reliable as we would hope.  But from a recent study, we may have some clues as to how we may be able to improve acupuncture's results. 
In a fascinating and groundbreaking development, a study published in late 2021 in the prestigious journal Nature found that Stomach 36 is close to a hindlimb nerve with specific markers (protein Prokr2).[endnoteRef:11] When these markers are found on a nerve, they predict whether that nerve will directly stimulate vagal activity[endnoteRef:12].  We know that there is a general vagal effect needling the body, but this is more specific and powerful.  What this means is that some peripheral nerves will stimulate more vagal activity than others.  This study shows that Dr. One was using the correct point for all these centuries, Stomach 36, when tackling problems of gastrointestinal distress and improving immunity.   [11:  ]  [12:  Ulloa_Review_NatureOct2021.pdf] 

When I read about this study, I immediately started using electoacupuncture at stomach 36 on patients and measuring their HRV, assuming that the needling would improve vagal activity.  In fact, the opposite occurred, and I saw a spike in sympathetic activity.  As it turns out, this is an additional aspect of the study.  The type of stimulation to the nerve matters greatly.  If it's too intense, you get too much sympathetic overdrive, and it needs to be low-intensity stimulation.  The hope is that we can have improved results and more streamlined, user-friendly treatment with more study and more sophisticated means of acupuncture point stimulation.
The ancients had no idea they were triggering sophisticated immune response systems and control from the limbs to the brain and back to the vagus and macrophages.  But that is what they were doing.  
Inflammation and Autonomic Balance 
Remember from previous chapters that we can evaluate the autonomic nervous system with a complexity tool that can capture the subtle homeostatic systems in the body,  Heart Rate Variability (HRV).  This was the measure used in the beagles and in the horse startle experiments.  An overall measure of HRV as a measure of stress turns out to be relevant to the inflammatory state of a person. 
Rheumatoid arthritis 
In rheumatoid arthritis patients for example,  their autonomic balance is often unhealthy with too much flight/fight and not enough rest/digest.  But researchers are considering whether  the autonomic imbalance is an inherent part of the disease and not a result of ongoing pain and disability. 
"Autonomic imbalance seems to be an early finding, rather than the result of chronic inflammation, in patients with [rheumatoid arthritis] RA.  In a prospective cohort study, …individuals at risk of RA who subsequently developed arthritis had significantly higher resting [heart rates] HRs than healthy subjects (24).  This finding is in agreement with those from other studies, which reflect reduced (parasympathetic nervous system activity) PNS (vagal) activity and hence an impaired inflammatory reflex, in patients with RA (25, 26).  The early impairment of the PNS in RA, even before the fulfillment of the disease classification criteria (27), is consistent with the correlation between increased inflammatory status and decreased parasympathetic activity observed in healthy subjects in large observational studies (28–30).  Another study looked at RA and autonomic balance and inflammatory markers and found that the lower and more unhealthy the HRV of the subjects the higher the inflammatory markers (Il-6 and CRP.)  Keep in mind that Il-6 is decreased with acupuncture as shown by numerous studies. [endnoteRef:13] These findings suggest that lower HRV is associated with increased inflammation and independently associated with increased reported pain in rheumatoid arthritis sufferers. [endnoteRef:14]  In this context, Tracey's group's use of vagal stimulation is particularly appropriate.  But of course, this is a "cool toy" and we could easily argue that using noninvasive methods such as acupuncture, meditation, and other interventions and increasing parasympathetic activity may help too. [13:  Song J, Yin J, Sallam HS, Bai T, Chen Y, Chen JD. Electroacupuncture improves burn-induced impairment in gastric motility mediated via the vagal mechanism in rats. Neurogastroenterol Motil. 2013 OEndocrinology. 2015 Oct;156(10):3649-60. doi: 10.1210/EN.2015-1018. Epub 2015 Jul 21.
EFFECTS OF ACUPUNCTURE, RU-486 ON THE HYPOTHALAMIC-PITUITARY-ADRENAL AXIS IN CHRONICALLY STRESSED ADULT MALE RATS.
Eshkevari L1, Mulroney SE1, Egan R1, Lao L1.
ct;25(10):807-e635. doi: 10.1111/nmo.12183. Epub 2013 Jul 12. PMID: 23848593.]  [14:  Adlan AM, Veldhuijzen van Zanten JJCS, Lip GYH, Paton JFR, Kitas GD, Fisher JP. Cardiovascular autonomic regulation, inflammation and pain in rheumatoid arthritis. Auton Neurosci. 2017;208:137-145. doi:10.1016/j.autneu.2017.09.003] 


Even in people without rheumatoid arthritis, the levels of inflammatory markers [C-reactive protein (CRP) and IL-6] are inversely related to HRV in young adults (29), and circulating TNF level is an independent predictor of depressed HRV (31), reinforcing the concept of a complex dialog between immunity and the ANS.[endnoteRef:15]    [15:  Ingegnoli F, Buoli M, Antonucci F, Coletto LA, Esposito CM, Caporali R. The Link Between Autonomic Nervous System and Rheumatoid Arthritis: From Bench to Bedside. Front Med (Lausanne). 2020;7:589079. Published 2020 Dec 7. doi:10.3389/fmed.2020.589079] 

In the next Chapter we will be considering mood disorders and the rules of Dr. One.  But an essential aspect of it all spinning together, is that Mood disorders are increasingly regarded as inflammatory conditions.  Patients with Rheumatoid arthritis often have depressive symptoms and complications of atherosclerosis and heart attacks (presumably due to increased inflammation), leading to higher mortality in these patients.  The depression can be destabilizing and lead to spinning out of control since the patients might be less likely to adhere to treatment and therapy.  The presence of depression decreases the patients' quality of life and overall outcomes. [endnoteRef:16]  Doing what we can to improve autonomic balance with Dr. One's treatments and strategies may help prevent and reverse this spinning out of control.  [16:  Abundant data support associations between autoimmune diseases and psychiatric disorders, with immune activation identified as the common core feature (50, 51). The prominence of psychiatric comorbidities, including major depressive disorder (MDD), bipolar disorder, and anxiety disorders (ADs), in the presence of autoimmune diseases such as RA supports the theory that affective disorders can be considered to be inflammatory conditions (52)…. In addition, comorbid depression in patients with RA favors the onset of medical complications such as atherosclerosis (98) and myocardial infarction (99), resulting in increased lethality (100, 101). Depressive symptoms also may prevent patients' treatment adherence, thereby worsening the prognosis of RA (96, 102). Taken as a whole, these data indicate that depression worsens the quality of life (90, 103) and general health status (104) of subjects with RA.
] 
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______________________________________________________________________________


	 
Anti-inflammatory Effect Acupuncture via the Vagus Nerve.pdfThe key markers for acute inflammatory processes are: IL1, IL6 and TNF alpha.  These all  decrease in majority cases with ACP and EA.  From Sandro Silverio Lopes chapter on acupuncture and immunity
So it is a worthwhile area to discuss for active prevention in maintaining toughness sturdiness resilience stability.
Lixing Lao study[endnoteRef:17] [17:  ] 

We saw that in beagles, horses preemptive acupuncture prevents stress activation, this study shows that acupuncture after cold stress decreases both the markers of inflammation and the behaviors
Law of Balance [endnoteRef:18] [18:  Not for use, but to stash
Balance of bacterial immune function versus parasitic One type of inflammation, Hou explains, is designed to battle harmful bacteria or parasites. “If there’s an infection or an invading virus or bacteria, the body generates inflammation that destroys the invading agents,” he says. Meanwhile, there’s another type of inflammation that signals the body is recovering from injury. When the body is wounded, inflammation floods the injured area with cells and “cell-derived components” that repair, replace, or dispose of damaged tissue, says Valter Longo, a professor of biological sciences at the University of Southern California.
When a person’s immune system is working as it should, these and other forms of inflammation are transitory; they flare up in response to a legitimate threat or injury, and they settle down when that threat or injury has been addressed. But there are countless ways in which the immune system’s many inflammatory processes can go haywire.
In some cases, “inflammation that is normally designed to kill harmful viruses and bacteria can become misguided and start doing damage to healthy cells,” Longo explains. This form of inappropriate inflammation is present in people with autoimmune disorders such as Celiac disease and lupus, and there’s evidence that something similar may be going on in the brains of people with Alzheimer’s disease, he says. Some inflammation may be normal. But too much of it for too long can still be harmful. This seems to be the case when it comes to persistent inflammation caused by chronic stress or injuries.
There’s evidence that imbalances in immune-system activity can lead to harmful or out-of-control forms of inflammation. Hou explains that one branch of the immune system deploys inflammation in an effort to protect the body from parasites, while a separate branch uses inflammation to attack harmful bacteria or microorganisms. “The body likes to balance these, so when one is turned on, the other is turned down or off,” he says.
But if one of these branches becomes over- or under-active, the resulting imbalance can cause problems. This sort of imbalance may help explain why rates of some autoimmune disorders have skyrocketed in recent years. “In modern western societies, we’ve almost totally reduced exposure to worms and parasitic infections, and so as that part of the immune system is not used, the other part may be becoming hyperactive,” he explains.
] 


Old friends the challenge of old friends.  There is evidence for two kinds of immune response.  If there
Heat shock
	(Heat shock proteins also bind to the α7nAChReceptor[endnoteRef:19]) [19:  Rothbard JB, Kurnellas MP, Ousman SS, Brownell S, Rothbard JJ, Steinman L. Small Heat Shock Proteins, Amyloid Fibrils, and Nicotine Stimulate a Common Immune Suppressive Pathway with Implications for Future Therapies. Cold Spring Harb Perspect Med. 2019;9(7):a034223. Published 2019 Jul 1. doi:10.1101/cshperspect.a034223] 

Exercise[endnoteRef:20] [20:  Shimojo G, Joseph B, Shah R, Consolim-Colombo FM, De Angelis K, Ulloa L. Exercise activates vagal induction of dopamine and attenuates systemic inflammation. Brain Behav Immun. 2019;75:181-191. doi:10.1016/j.bbi.2018.10.005
When you needle with acupuncture it initiates an acute inflammatory response, and prods the body to go into healing mode. The patient often experiences this as itching or aching at the needle site, but then a relaxation state overall. 
 
2. It is a system condition, meaning it is in the entire body, remedies that can treat the entire body are called for.  
3. There is a powerful connection between the nervous system, both the peripheral nervous system and central nervous system  and inflammation


https://ksparrowmd.com/why-does-inflammation-seem-to-underlie-all-sickness-culprit-in-diseases-ranging-from-arthritis-to-depression/

Likewise, research has linked excessive inflammation to mental health conditions, including depression and bipolar disorder. 
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[Allfrom Ulloa_Review_NatureOct2021.pdf
Whereas high-intensity ES of ST36 activates the sympathetic nervous system, which supports 'fight or flight' responses to stress, low-intensity stimulation activates the parasympathetic nervous system, which regulates physiological functions that occur during rest.  (And indeed this solved a puzzle for me that I had noted for years, that sometimes electroacupuncture at st36 lowers HRV not improves it.  I had always chalked this up to chance and variability.) … .  The location of Prokr2-expressing neurons in the deep tissues below ST36 predicts that the anti-inflammatory effects of low-intensity ST36 ES depend on the deep innervations of the common peroneal nerve.}
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Concept of systems and systems biology 

