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ABSTRACT. Recent research suggests that Chronic Fatigue Syndrome

~ (CES), Fibromyalgia Syndrome (FMS), and Persian Gulf Syndrome
.(PGS) may represent the. effects of dysfunctions involving the central
and/or peripheral nervous system, neuroendocrine system, neuromuscu-
lar system, immune system, metabolism, or sleep patterns. Each systemic
dysfunction is accepted here as being central to these syndromes but not
causal. This two-part review. introduces the theory that the syndromes
listed above represen finitely variable combinations of muitiple sys-
temic dysfunctions which all share a common underlymg etiology at
the subcellular level: magnesium deficiency plus concomitant fluoride
excess (MDFE). The theory-is introduced ‘in Part T; detailed evidence
which supports the theory is presented in Part II. Treatiment suggestions t
are listed at the end of Part Il through a call for clinical trials to test this
theory [Article copies available for a fee from The Haworth Document Deliv-
ery Service: 1-800-342-9678. E-mail address: getinfo@hawor thpressznc ‘com]
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THEORY INTRODUCTION I s

It is theorized here that the chronic Pam—Fatlgue Syndromes (P-FSs) cur-
rently known as Chronic Fatigue Syndrome (CFS), Fibromyalgia Syndrome ’
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 (FMS), and Persian Gulf Syndrome (PGS) represent finitely variable com-
. binations of multiple systemic dysfunctions which all share a common under-
- lying etiology at the subcellular level. This common etlology involves a
~particular nutrient/toxin interaction and jmbalance: magnesium deficiency plus
- concomitant fluoride excess' (MDFE). In this review the terms “deficiency”
and “excess” denote relative but not absolute states because it is the interac-
tion ‘of two fundamental elements which is central to the theory of illness
. causation proposed here. Substantial evidence points to MDFE as being the
. underlying and treatable biochemical cause of complex, multi-systemic dys-
functlons leading to devastating chronic illness.
‘Because fluorine is the most electronegative of all the elements—electrone-

- gativity indicates the inherent ability of an atom to attract electrons from

" other atoms with which it forms molecules—it is never found naturally in its
elemental state as F, except-in trace amounts in radioactive materials, but
'ex1sts in-the ionic fluoride form (F ) or as a component of a variety of
~~ organic: and'i inorganic fluorides (1). Thus, the wotd “fluoride” is common

" nomenclature. used to refer-to both fluorine and fluoride; the shortened form

- (F7) is used here to denote both ‘ionic ﬂuorlde and SImple bloavallable
fluorides unless;, clanty necessitates otherwise. -
Regardless of the source of exposure (air, food water 1ndustr1a1 chemi-

s cals, etc.) and the- method of exposure (inhalation, mgestlon, or absorption),

fluoride tightly binds i in'vivo many cations which are required for homeosta-

- sis, including the essential macromineral magnesium (2). Magnesium is nor-

“mally the second most abundant intracellular. cation, subordinate only to
potassium.-Cation ‘binding occurs in both acute and chronic fluoride expo-

- * ~.sure; the extent of cation binding-which can be immediately life threatening

.~ in high acute. exposures—dlrectly depends on the amount of bioavailable
" fluoride to which an individual is exposed (many fluorides are moderately to

- extremely toxic, others are quite inert and thus non-bioavailable). Fluoride’s

strong affinity to macrominerals enables it to combine with them at normal
temperatures to form relatively insoluble compounds such as magnesium
fluoride (MgF>) and calcium fluoride (CaFy).

- This specific electronegative effect is central to the theory of illness causa-
" tion proposed here: fluoride’s predictable and consistently unfavorable effect
on:Mg status and function via the formation of bxochermcally unpotent or

" deviant MgF, complexes, and/or direct competition for Mg binding sites.

" Both of these conditions cause the disruption of hundreds of Mg-dependent

* .enzymes crucial to normal cellular and organ system-activity: In essence,
these effects of F~ on Mg functionally decrease to a much: lower level the

- amount of bioactive Mg available for critical cellular processes.: “Thus, the
" higher the level of bicavailable F~ in the body, and the lower the level of

; " bioavailable Mg, the greater this primary pathological effect will be.

Hypothesis o 69

Although beyond the scope of this paper, essential microminerals as well
as some-nonmetals are also bound by F™ . These trace elements are vital for
normal immune system function, as well as the production and function of
critical enzyme systems (3,4). Microminerals such as iron, zinc, manganese,
and copper function as metalloenzymes, coenzymes, and enzyme activators,
or as components of biologically active macromolecules. It is proposed here
that at least some of the baffling symptoms in CFS, FMS, and PGS (identified
herein as Pain-Fatigue Syndromes—P-FSs) may be due or partially due, to the
unfavorable effects of F~ on essential micromineral bioavailability and func-
tion, especially when their dietary intake is inadequate or when substantial
losses due to stress or illness occur. “It is now cledr that essential metal
deficiencies do influence health effects from toxic metal exposures and that
adequate dietary essential metals are necessary for prevention and interven-
tion of metal toxicities (5).

In addition to the negative effect of F~ on the bioavailability and function
of Mg and other minerals, ionic fluoride mayalso produce multiple patholo-

"gies by disrupting key amino acids which form the basic structure of proteins

(6); this disruption may be particularly apparent in collagen, gelatin, and
elastin in connective tissues which exhibit widespread symptomatic patholo-
gies in P-FSs. Other principal proteins which may be subject to disruption by
F~ are myosin and actin in striated muscle tissue, thyroglobulin in thyroid,
thymus histones in thymus, keratin in the epidermis, fibrinogen in blood,

serum globulin in serum, hemoglobin in red blood cells, lecithoprotein in

blood, brain, and bile, and chondroprotein in tendons and cartllage

In brief, the macromolecular structure of all proteins is maintained by
interpeptide hydrogen bonds. These bonds occur between the Nitrogen-Hy-
drogen (N-H) group of one amide fragment and the carbonyl group of anoth-

“er fragment on a parallel chain. Ionic fluoride is bioisosteric with the hydro-

gen (H) atom as well as the hydroxyl (OH ™) group, and it has been suggested
that the F~ ion can compete successfully for the N-H bond in amide systems
(the amide-fluoride hydrogen bond is the second strongest hydrogen bond
known) and possibly other systems involving N-H bonding (6). “Consider-
ing the prevalence of hydrogen bonding involving N-H in biological systems,
including DNA, it may well be important to avoid undue exposure in high
concentrations of fluoride ion, which may be able to disrupt them. We believe
that we have found, in its strong hydrogen bonding potential toward the NH
group of amides and related biomolecules, an explanation of how this reput-
edly inert ion [F~ ] could disrupt key sites in biological systems™ (6). In
addition, fluoride also readily replaces hydroxyl (OH™) groups (7); this
occurs, for example, in hydroxyapatite, with the F~ replacement of OH™
groups forming fluorapatite in bone and teeth which has a. crystal lattice
structure very different from, and structurally and metabolically inferior to,
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hydroxyapatrte Thus,- it is these other biochemical: effects of fluoride; in
_addition to its direct effect on Mg status and. function; ‘which, though. not
.described 'in great detail here, are also- 1mportant to. thrs theory of 111r1ess
. causatron e
It is. hypothesrzed here that, when conmdered together, the result of

- chronic fluoride exposure plus chronic magnesium deficiency(both brleﬂy »

- reviewed next) comprise the devastating constellation- of multl systemlc

R symptoms in Pain-Fatigue Syndromes.

_First, the: followmg symptoms of “hydrofluorosis” (also known as endem-
ic ﬂuorOSIS) in humans reflect the w1despread systermc effects of chronic,
" low-level fluoride exposure (8) which is most common in tropical and sub-

tropical areas of the world having variable levels of naturally-occurring wa-
~terborne fluoride:

Lo, The disease is initiated by dull pam in the lower spine, by paresthesras
.+ and tuscular pains in the distal portion of arms and legs. The pains are
 fleeting, worse on awakening; they tend to .improve with increased
- muscular activity; they are associated with cutaneous hyperesthesia
. and hypoesthesia.
2. The patient loses muscular control of -armis and legs At-first, he drops
. “such items as cups and books from his hands. While ‘walking or stand-
" ing, loss of control of the lower extremeties causes him to fall down.
- As the disease progresses, akinesia and ‘mask-like face reminiscent of
" Parkinson’s Disease develop. Later complete paraplegia-ensues [in se-
. vere cases].
N Nausea, anorexia and vomiting, abdominal distension,. spasuc pain in
various parts of the abdomen occur early in the disease in approximate-
R ly 40% of the cases. X-rays -of the stomach are either negative or
" suggestive of chronic gastritis. There is achlorhydria and achylia.
" 4. The gastrointestinal symptoms may assume-the features of chronic gas-
e ftr1t1s, ileitis, colitis, associated with episodes of ulcers in the buccal

" cavity. In the bowels there is increased spasticity, leading to e1'rher'

- constipation or diarrhea.
"'5."General malaise, fatigue, loss of mental acuity and hypokinesia gradu-
- ally turn into extreme exhaustion and a state of cachexia. Headaches
~ range from dull to extremely severe mlgralne type. Increasmg pain and
stiffness of the lumbar and cervical spine lead to typical “poker back’
.. before skeletal changes are demonstrable by x-ray.
. '6. Even in its early stages, urinary tract pathology, namely pyehtrs cysti-

tis and urethritis occur accompamed by polyuria and polydipsia,, dry- -

_ b_ “... ness in'mouth, conjunctivae and in nasal passages. This may lead to
*+ . blepharitis and secondary pyogenic lesions in the anterior nares and in
"+ eyelids.
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7. Visual disturbances, due to degenerative changes in the retina and al-

lergic manifestations such as urticaria, dermatitis, and allergic nasal
disease occur.”

Individuals who have been diagnosed with CFS, FMS, or PGS are all too
familiar with the symptoms listed above. Thus, it is proposed here that en-
demic fluorosis is just one-of many serious illnesses on a limited three-di-
mensional spectrum of systemic dysfunctions caused by fluoride excess and
its in vivo effects on, primarily, the essential macromineral Mg and various
critical proteins. '

Second, symptoms of Tetany syndrome (9), caused-by-chronic Mg deficit,
will also be very familiar to patients diagnosed with a Pam-Fa’ngue Syn-
drome (hereafter P-FS):

“1. central manifestations of emotional lability, breathlessness and hyper-
ventilation, tremor, headache, dizziness, insomnia and asthenia;
2. peripheral manifestations of paresthesia, formication, fasciculation,
cramps, radicular pain and poor exercise tolerance;

3. organ-specific functional disorders-producing palpitation, chest pain, -

pallor, diaphoresis, Raynaud’s phenomenon, biliary dyskinesia or spas-
tic colon; ‘ '

4. “trophic’ phenomena with fragility of nails, hair and teeth; -

5. [when Mg deficiency is severe] acute crises characterized by hyper-
ventilation, syncope; convulsion, carpal-pedal spasm.”

Individuals with latent tetany who are normocalcemic (adequate Ca, low
Mg) are prone to chronic candidiasis and candida allergy, and often experience
associated clinical syndromes such as dysmenorrhea, migraine headaches, and

"irritable bowel (10). These additional pathologies are extremely common in

patients with P-FSs.

Although Mg deficiency has been logically suspected in the etlology of
PF-Ss (11) and clinical trials utilizing Mg therapy have been conducted with
CFS and FMS patients (12-14) with modest to moderate success, the levels of
Mg that were employed as well as the length of time that they were employed
are proposed here to have been insufficient. It is hypothesized here that when
a significant level of bioavailable F~ is present in vivo the daily requirement
of Mg will be much greater, perhaps several times greater, than the current
U.S. recommended dietary allowance (RDA) of 4.5 mg/kg of Mg per day for
adults, and 6 mg/kg of Mg per day for children ages 1-15 (15,16). (These
values are approximately equal to 285 mg of Mg per day for a 140 pound
adult woman, and 218 mg of Mg per day for an 80 pound child.). Long-term

U.S. RDA; more than' 1000 mg per day is often necessary to maintain a

. balance studies have indicated much greater needs for Mg than the current
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- positive balance when a person is under stress (17 18). [This hypothe51s will

_ - likely hold true for trace elements as well; organisms under stress are at much
" “higher risk from consequences of trace element deficiencies; tissues under
S anabohc stress are especially sensitive to trace element deficiencies (19).]

©..In short, it is hypothesized here that even individuals who ingest amounts

o of ‘Mg currently believed to be nutritionally adequate will experience symp-

~toms of hypomagnesemia in the presence of substantial in vivo levels of
" bioavailable F~ (this would hold true for pets, livestock, and all other ani-
mals as well as humans). In essence, a “mild” Mg deficiency as determined
by laboratory tests may, in physiological reality, be a moderate to severe Mg
- deficiency due to the presence of significant bioavailable F~. In addition, a

" “low normal”” reading may in fact reflect a mild to moderate deficiency of
- Mg. “In general, suboptimal intakes of the essential nuirient [Mg] exacerbate

the adverse effects of the toxic element [F ], whereas intakes of the nutrient

* greater than requirement protect against the toxic element” (20). It is hypoth-
~ esized hiere that ingesting a consistently high level of Mg will not only protect

against symptoms of Mg deficiency, but may also “bind” excess ionic fluo-

", ‘ride and render it incapable of producing many additional pathologles via

direct effects on protein systems, for example.

" During the past 50+ years, however, humans have experienced chronically
+_deficient intakes of Mg (according to U.S. RDA guidelines) as well as chron-
" ically-increasing exposure to F~ from many different sources (21,22). It is
theorized here that this fundamental nutrient/toxin interaction and imbalance,
. 'which has increased in severity over time and continues to do so, has pro-
duced profound systemic pathologies. The result is baffling and devastatmg

" chronic illnesses (various Pain-Fatigne Syndromes) which have not been
L -attrnbuted to other known causes. These illnesses have become mcreasmgly :
. - common in the past twenty years, and are becommg strikingly apparent in
. ever-younger patient populations. “Chronic pain syndromes such as fibro-
*. myalgia and reflex sympathetic dystrophy constitiite an increasing percent-

age of new patient referrals to pediatric theumatology clinics™ (23).
It is proposed here that the chronic illness caused by MDFE presents with

' ' ’ per51stent identical or nearly identical constellations of symptoms of varying

severity that typically wax and wane. Spontaneous, permanent remissions are
very rare (24,25). These symptoms include but are not limited to profound
fatigue and weakness, musculoskeletal pain, headaches of variable intensity
. and form, gastrointestinal disturbances, significant cognitive difficulties, al-
’tered emotional states, profound sleep disturbances, and significantly altered
~immune system function. All symptoms invariably worsen when the affected

- individual experiences additional psychological or physical stress.

.z All symptoms listed above, and others not specifically mentioned, are .
~ theorized here to be either direct results of MDFE or indirect results of
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compensatory physiological mechanisms which follow from specific subcel-
lular, cellular, organ, and system dysfunctions caused by MDFE. Depending
on the individual, these compensatory mechanisms may or may not be signif-
icantly successful in regaining a degree of homeostasis, and may often work
against each other to cause even more distressing symptomatology. A “cas-
cade” of dysfunction (widely described in the literature on CFS and FMS)
follows from MDFE, and results in an extremely complex and ultimately
baffling web of pathology containing many “vicious cycle” elements. It is
suggested here that human physiology is only partially able to effectively and
adaptively deal with the myriad fundamental effects of MDFE which impact
every cell and organ system; chronic illness of varying severity is the unfor-
tunate but inevitable result.

This illness syndrome is not new but is increasing in prevalence in modern
societies (23,26), posing an alarming threat to public health. Known today
primarily as FMS, CFS, or PGS in the U.S,, this grave illness has gone by

- many other names throughout human history. A partial list probably includes:

Iceland (Akureyri) disease, Royal Free disease, Punta Gorda fever, New-

castle’s disease, war syndromes, neurocirculatory asthenia, psychogenic

rheumatism, cardiac neurosis, post-traumatic stress disorder, chronic Epstein-
Barr virus, fibrositis, postviral fatigue syndrome hysteria or mass hysterla
atypical poliomyelitis, anxiety neurosis, epidemic vegetative neuritis, epi-
demic neuromyasthenia, neurasthenia, and myalgic encephalomyelitis (ME,
a term still used in Great Britain, Canada, and Europe) (27-37). Somatization
disorder and hypochondria may also be included in this list, and are hypothe-

. sized here to share the same biochemical etiology.

Itis p.roposed here that FMS, CFS, and PGS (among closely-related oth-
ers) are, in reality, the same illness which manifests itself in slightly different

" ways depending upon multiple factors which are addressed here in Parts I and

II. When one looks carefully at modern clinical test results and chronic
symptomatology, the former distinctions between patients with differing
diagnoses disappear. . . . few differences exist in the domains of symptoms,
examination findings, laboratory tests, functional status, psychosocial fea-.
tures, and psychiatric disorders” in patients with CFS and FMS (32). “CFS
in children and PJFS (primary juvenile fibromyalgia syndrome) appear to be
overlapping clinical entities and may be indistinguishable by current diagnos—
tic criteria” (33).

Therefore, both historical and current differential diagnoses do not reflect
the real existence of separate and distinct illnesses having significantly differ-
ent etiologies, signs, symptoms, and clinical courses. Rather, differential
diagnoses are proposed here to reflect one.or more of the following:

1. the Patient’s most bothersome symptom(s) reported at the time of diag-
nosis;
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2. identifiable clinical signs at the time of diagnosis; .
3. the diagnosing physician’s area of expertise or bias (34);
.~ 4. the patient’s individual physiologic responses to MDFE;
R '5 : the patient’s current or recent levels of bioactive Mg and bioactive F ™.

RN Factor 1 alone for example, easily produces the following: If a patient
S _presents with fatigue as the most bothersome of the entire constellation of

symptoms, she will likely be diagnosed with CFS. If a patient presents with

_ pain being primary, she will likely be diagnosed with FMS. Should the

. patient be a veteran of the Gulf War, she will likely be diagnosed as having

' ~ PGS. At present, the values of factors 4 and 5 will be unknown both to the

patient and physician, but will theoretically determine the values of factors 1
- and 2..

‘nosed with CFS, FMS, and PGS (among others), based on available laborato-
-ty-and clinical tests, are hypothesized here to prlmarﬂy reflect the interaction
effects of varying intra- and intercellular levels of F~ and Mg. These interac-
" tion éffects may, as the biochemistry is investigated and defined, eventually
" be predictable. Differing test results may also reflect a particular “stage” of
the illness. which undoubtedly mirrors not only the direct effects of underly-
. mg pathology, but also the indirect effects of variable compensatory mecha-
" nisms which are engaged at critical times and to varying degrees in response

to significant subcellular, cellular, organ, and system dysfunctlons Further

- compounding the research problem is that. these illness “stages” probably do
not reflect a progressive linear function, but most probably reflect amultitude
“of potential interaction effects involving nutrients, toxins, specific dysfunc-
- tions, specific compensatory. mechanisms, and perhaps many: unknown fac-
.. tors as well. These interaction effects are hypothes1zed here to underhe the
* . baffling variability in patient profiles. regardmg symptoms, clmlcal signs, and
“functional capacities.
.+ -This comprehensive theory of magnesmm deflclency plus concomltant
" fluoride excess (MDFE) easily explains the etiology and pathogenesis of the
" P-FSs currently known as CFS, FMS; and PGS. In addition, the myriad
blochemlcal effects of MDFE completely account for observations 1-10 which
- were developed for CFS (35) (here [the syndromes] replaces the term “CFS™):

= “1. It.causes fatigue, exhaust1on and the other. symptoms of [the syn-
o dromes);
2. If affects children as well as adults but rarely affects children under
the age of five;
- 3. It affects women more than men;
4. 1t causes both epidemics and sporadic cases;
5. Ttis rarely, if ever, fatal;

The potentially varying biochemical - profiles of patients varlously dlag—b
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It causes immune system dysfunction;
Onset of its symptoms may be either sudden or gradual
There is a spectrum of illness severity;
"-[The syndromes] occur more commonly in patients with a history of
allergy and/or asthma; '
10. There is an increased incidence of [the syndromes] within families.”

© PN

The specific causal relationship of MDFE to observations 1-10 will be
presented in Part II.

The cumulative pathological effects of chronic low-level fluoride €xpo-
sure (regardless of source), and/or periodic acute but relatively high-level,
sub-lethal fluoride exposure: (also regardless of source), when t_emporally
paired with low levels of bioavailable magnesium, elegantly account for -
observations. 1-10 noted above and easily explain each profound systemic
dysfunction as described in the literature. Overviews of these two interacting
elements are presented next to form the necessary foundation for subsequent

detailed arguments in Part II regarding the etiology and pathogenesis of
PF-Ss.

OVERVIEW OF MAGNESIUM

Approximately 90% of all magnesium in healthy individuals is found in
bone and muscle tissue; the remainder is distributed throughout the body,
including the central nervous system. The total body load of magnesium is
regulated primarily by the small intestine and kidney, which in healthy indi-
viduals moderate, respectively, absorption and excretion of Mg in response to
fluctuating Mg requirements. The excretion of Mg and Ca is 1nterdependent
excess Ca intake promotes the excretion of both Ca and Mg. Thus, in addition

to low dietary intake of Mg, significant dietary and supplemental Ca intake
_ (widely promoted by the news media and via specific product advertising to

prevent osteopor031s) may also substantially contribute to Mg" deflcxency,
particularly in women.

A normal skeleton contains approximately half of total body Mg, serving
as a storehouse of Mg and Ca as well as many trace elements; Mg incorpora-

‘tion into hard tissue increases elasticity and protects against fractures. During

acute periods of low Mg intake, impaired absorption, or excess excretion, the
existing surface Mg content of normal bone can decrease. However, this
adaptive skeletal mobilization of Mg may not be sufficient to protect the
extracellular Mg pool and critical organs (e.g., heart, kidney, brain) from the

~ consequences of Mg deficiency (36).

Intracellular Mg is an essential cofactor for hundreds of enzyme systems,
particularly those that catalyze intracellular metabolism. Perhaps most impor-
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tantly in this review are those enzymes that hydrolyze and transfer phosphate
" groups, such as enzymes participating in reactions involving adenosine fri-
‘phosphate (ATP) which is present in all cells, but especially in muscle cells—
muscle energy is stored in ATP (37). Cellular mitochondria contain the Mg-
" dependent enzymes necessary for the aerobic stages of cell respiration, and

- synthesize most ATP.

As the major constituent of the active transport mechanism of sodium and
" potassium across cell membranes, ATP is necessary for the utilization of
glucose, the metabolism of lipids, proteins, nucleic acids, and coenzymes,
’muscle contraction, methyl group transfer, and many other normal reactions;
-a deficiency of bioavailable Mg will significantly affect those functions.
Indeed, Mg is a fundamental and absolute requirement for all enzyme reac-
- tions that are catalyzed by ATP (38). Under conditions of substantial Mg
* deficiency (hypomagnesemia) mitochondrial function is greatly impaired.
This impairment increases the relative amount of anaerobic glycolys1s occur-
ring system-wide, creating a metabolic acidosis. As explained in the next
~section, alkalotic animals tolerate significantly higher fluoride doses for lon-
~ ger periods of time than do acidotic animals (39).
- Under stressful conditions of any kind, Mg deficiency increases suscepti-
bility to physiologic damage (40,41). In addition, stress causes a shift of Mg
- from the intracellular space to the extracellular space via adrenergic effects.
"This initial, short-term protect1ve effect is thought to buffer the physwloglc

o response to stress by increasing the circulating serum level of Mg (Mg is

' actively transported across the blood-brain barrier—a process which also re-
' quires adequate ATP). However, this intracellular-extracellular shift also in-
creases urinary excretion of Mg, depleting body stores which,’ if not quickly
and adequately replenished, leads to 31gn1f1cant pathologles Therefore, Mg
- deficiency and chronic stress affect each other in a pathogemc vicious cycle

-(9), and stress of any kind, whether short- or long-term, significantly in-
creases the body’s need for Mg. It is vital to efnphasize here that serum Mg
values can easily be in the normal range even when intracellular Mg is
depleted (42,43).

Therefore, the higher the bioavailable level of F~, the less Mg will need to
be lost in order to produce significant pathology. The converse is also true;
the lower the bioavailable level of F~, the more Mg will need to be lost to
produce pathology. (More about the interaction of Mg and F under “Over-
view of Fluoride” below.) Again, it is the inferaction of two elements which
is central to the theory of illness causation presented here. The issues of age
and gender and how they relate to MDFE will be dealt with in Part II.

To continue, a critical level of Mg concentration in the central nervous

- system (CNS) is required for normal function; when the CNS Mg concentra-
tion drops below this level, neurologic dysfunction invariably occurs. This .
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dysfunction may be mild to severe, depending upon the amount of bioavail-
able Mg which can be utilized for critical functions. Under conditions of
severe peripheral Mg deficiency, depressed serum levels of Mg can be par-
tially replaced by cerebrospinal fluid Mg. However, if large amounts of Mg
are lost from the CNS via bulk flow and/or diffusion, profound CNS distur-
bances occur (44,45). Symptoms of reactive CNS Mg deficiency and central
pontine myelinolysis are very similar and both occur more often in women.

Subacute magnesium deficiency is now common in industrialized soci-
eties because of Mg-depleted agricultural soils, changing dietary patterns,
alcohol use, Mg-dépleting processing of foodstuffs, Mg-depleting pharma-
ceutical use [e.g., aminoglycosides (46,47)], and use-of surface water with
low Mg content (48,49). It has been estimated that at least 15-20% of the
population in developed countries experiences a marginal primary magne-
sium deficit which reflects a typical intake of less than 4 mg/kg per day (50).
“A reasonable estimate of this decrease is that magnesium intake decreased
by almost 20% during the period 1910-1965, but may now be 29- 38% lower
than it was in 1910” (21).

In addition to greatly reduced dietary intake of Mg, many widely-used
prescription drugs, including penicillamine, decrease bioavailable Mg levels.
Penicillamine is hypothesized to reduce Mg levels by chelating Mg and
inactivating pyridoxine hydrochloride (vitamin Bg) which is required for the
cellular uptake of Mg. Experimental vitamin Bg deficiency causes cellular

‘losses of both magnesium and zinc; both of these minerals are necessary for
* pyridoxine-dependent enzymes. This loss of Mg and Zn has been hypothe-

sized to lead to aberrations of lymphoid tissue (51). Other drugs which can
cause excessive losses of Mg are some diuretics, cisplatin, dlgoxm, and

“cyclosporin (45). Ethyl alcohol use, though, may represent the most impor-

tant drug induced cause of Mg deficiency in adults (52).

.note that the toxic effect of fluoride is a direct function of the severity
of the magnesium deficiency. Thus, very low levels of dietary fluoride are
toxic at ultra-low levels of dietary magnesium, whereas much higher levels of
fluoride are innocuous when dietary magnesmm is increased” (21). ngher

levels -of fluoride are probably not innocuous in the long term even in the .

presence of moderate to high levels of Mg, but may be considerably less
hkely to cause severe pathologies in the short term provided toxicity-reduc-
ing levels of Mg are present

OVERVIEW OF FLUORIDE

. Fluorine, an element in the'halogen group (with chlorine, iodine, and
bromine), is widely distributed in nature. It is approximately the 13th most
common element in the earth’s crust, the most electronegative of all elements



- 78 JOURNAL OF CHRONIC FATIGUE SYNDROME

- (easily oxxdlzmg many elements to their hlghest oxidation state), and one of

.. the most v1olently reactive substances known. As noted earlier, it is never

*  found naturally in its elemental state as F, except in trace amounts in radioac-
- tive matenals, but exists in the ionic form (F ™) or as a component of a variety

- of organic and inorganic fluorides. These fluorides demonstrate a wide diver-

sity of chemical and physiologic activity (1). Elemental fluorine combines
. with hydrogen to form hydrogen fluoride which easily dissolves in water to
o form Hydrofluoric acid (HF).

.. Acute fluoride poisoning produces profound hypocalcemia (catlon-bmd—
’?1ng process) with resultant inhibition of normal blood coagulation. As a

- ‘metabolic poison, it stimulates some enzymes, such as adenylate cyclase, but

. severely inhibits others, such as Na*-K*-ATPase and the enzymes of carbo-
- hydrate metabolism such as succinate and isocitrate dehydrogenase. Fluoride
_can affect enzymes of active transport mechanisms (alkalme phosphatase),
- “lysosomal enzymes (acid phosphatase), enzymes involved in the anaerobic
“metabolic pathway (lactate dehydrogenase and alpha-glycerophosphate dehy-
.- drogenase), and enzymes of the pentose shunt (6- phosphogluconate and glu-
' cose-6-phosphate dehydrogenases) (53). In acute fluoride toxicity, death can
~ result from these processes and also from a delayed, explosive: hyperkalaemla

5 Wthh essentially shuts down cardiac muscle activity (54).
~ Although acute fluoride exposure is relatively uncommon, chronic human
_ exposure to fluorides from multiple sources has increased significantly in the
past-100 years. The two most common routes of human fluoride exposure are

 inhalation and ingestion. Fluorides can also be easily absorbed through the -

" .skin (as in accidental occupational poisoning) and to a lesser extent through

‘- ‘the oral mucosa (from fluoride-containing dentifrices). Plasma fluoride levels

increase in proportion to the chronic level of fluoride exposure regardiess of
_ the method or source, rather than being homeostatlcally controlled as was

- ‘once believed (55). '

; The use of fluorinated compounds i in medicine has greatly increased since
" thie 1950s; four unique properties of elemental fluorine have promoted its use

in biologically active compounds (2):

".%1. fluorine most closely resembles bioactive hydrogen analogues with re-

: spect to steric requirements at the receptor sites;
“- 2. fluorine alters electronic effects, owing to its high electronegativity;
3. fluorine imparts improved oxidative and thermal stability to the parent
molecule;
4. fluorine imparts lipid solubility, thereby increasing the in vivo absorp-
tion and transport rates in membranes.”

o _ The Carbon-Fluorine bond’s size similarity to the Carbon-Hydrogen bond
analogue allows a fluorinated comipound to readily enter into a binding site,
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which subsequently produces a biological effect which is longer-term with
much slower metabolism and excretion of the active compound (2). The extent
to which any fluorine-containing pharmaceutlcal can be metabolized to release
organic and inorganic fluorides is of concern. General categories of drugs
which contain bioactive fluorinated- compounds include analgesics (e.g., flufen-
amic acid), antibacterial agents (e.g., ciprofloxacin, floxacillin), appetite de-
pressants (e.g., fenfluramine); franquilizers (e.g., triflupromazine, haloperidol),
antidepressants (e.g., fluoxetine), diuretics (e.g. flumethiazide), muscle relax-
ers (e.g., flumetramide), anti-inflammatories (e.g., flazalone), and inhalation
anesthetics (e.g., isoflurane). In addition, nuclear magnetic resonance imag-
ing (NMR) techniques employ perfluoro crown ethers which are of particular
use when administered to the cerebrospinal fluid. compartment for brain and
spinal cord diagnostics.

- Many herbicides, insecticides, and fungicides are also fluorinated organic
compounds (2). For example, sodium fluoroacetate is an effective rodenticide
and is highly toxic to all animals, including humans. This compound mimics
acetate and is mcorporated into the tricarboxylic acid cycle of cellular respi-
ration. Here it is converted to fluorocitric acid which inhibits aconitate hydra-
tase, the enzyme which normally catalyzes the dehydration of citric acid.
Thus, the energy -producing cycle is interrupted and citric a01d accumulates in
the organism.

Fluorides are widely used in other industries, for example: rnanufacturmg
aluminum; producmg fertilizers; smeltmg nickel, copper, gold, and silver;
catalyzing organic reactions; preserving wood; inhibiting fermentation; creat-
ing steel, iron, glass, ceramics, pottery, and enamel products; coating welding
rods; and cleaning graphlte windows, metals, and glassware. High industrial
exposures can occur in aluminum production, fertilizer production, and
manufacture of glass; variable exposures are widespread in the remammg
industries noted above and others (56). Occupational fluorosis, which is
similar to endemic fluorosis described below, was first described in 1932
involving cryolite (fluorine-containing ore, Na3AlFg) workers, and can occur
with any long-term occupational exposure to common fluorides. A decade or
two earlier, reports described the chronic fluorine intoxication of livestock (a

-disease called gaddur, long known in Iceland) near alurmnum and superphos-
_phate factories in Europe (57).

Local airborne concentrations of fluorides depend primarily on the level of
industrial gaseous and particulate fluoride emissions, coal-burning activity
(industrial energy production or individual home heating and cooking activi-

ties), and/or the presence of active fluoride-emitting volcanoes and fuma-

roles. All major sources of airborne fluoride substantially contaminate plants,
soil, and water locally and downwind of the origin (58). :
Hekla volcano in Iceland, for example, is one of many volcanoes world-
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w1de ‘which are consistently high fluoride emitters. It has erupted 20 times
since Iceland was settled, and exploded in 1947 after a hundred year period of
- qulet this massive eruption lasted from March 1947 until April 1948, send-
" ing fluoride-containing aerosols and ash as far away as-Finland. In the au-
- tumn of 1948 the first cases of “epidemic neuromyasthenia” were identified
*-in Iceland; later this came to be known as Akureyri disease or Iceland disease
" (27). There is also a high unexplained incidence of thyroid cancer in Iceland
.+ (59). Damage to the thyroid gland’s structure and function has been observed in
rats'with both iodine deficiency and excessive fluoride intake (60). It has been
- shown that NaF is clastogenic in human and great ape cells (but not in rodent
cells), although clastogenicity does not always imply carcinogenicity (61).

- Fluorinated general anesthestics are also a common source of inhaled

V ﬂuorldes exhibiting varying levels of toxicity (e.g., hepatic and renal dys-

" function) primarily depending upon the particular chemical formulation of -
_anesthetic used, duration of anesthesia, and-hepatic and renal status of the

vpat1ent The extent to which an anesthetic can be :metabolized to release
- -inorganic ﬂuorlde (which is then stored and excreted to variable extents) is
“generally of greatest concern. Early fluorinated anesthetics (e.g., methoxyﬂu—

.. rane) were metabolized to a much: greater extent than are. anesthetics in
* current use (this may be significant for older P-FSs patients who underwent

.. one or more surgeries many years ago). However, modern compounds such
.- as isoflurane, destlurane, and sevoflurane still undergo some degree of fluo-

L 'rlde-releasmg biotransformation and can cause: hepatotoxwlty and nephro-

- toxicity in any surgical panent (62-64). ..

.- The level of fluoride in foods and water vaties w1dely in normal “free .

' l--chonce” human diets; tiny amounts (at the level of mlcrograms) ‘of fluoride
" are ubiquitous in foods, and it is impossible to develop a nutritious diet
- completely free of fluoride. Water supphes may be naturally or: art1f1C1a11y
- fluoridated; the natural/artificial distinction is irrelevant here, however, since
***common water-borne fluorides such as CaF are soluble in gastric acid (HCI)
. even if relatively insoluble in water, and are then readily absorbed.
. Ingested fluoride is absorbed primarily from the gastric lumen as the
undissociated molecule HF [all F~-releasing compounds form HF when
~mixed with HCI in the stomach (65)]; the rate and magnitude of absorption is
. pH-dependent. Note that HF also permeates renal tubules, urinary bladder,
- and lipid bilayer membranes (66). Persons with higher than normal gastric

~“acidity (e.g., stress-induced) will absorb F ™~ to a faster and greater extent than

-usual. There is some evidence to suggest that higher peak levels of plasma

- F~ ‘are more toxic than are lower levels. If fluoride is absorbed faster and to a

_greater extent than normal, these peak levels will also be higher and poten-
tially produce more severe symptomatology. This scenario is predictable
given fluoride’s ability to bind cations as well as disrupt proteins.
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After gastric absorption of the undissociated molecule HE, upon reaching'
regions of higher pH the molecule dissociates to release ionic fluoride and
protons. Fluoride migrates passively and predictably in vivo from areas of

lower pH (acidic) to areas of higher pH (alkaline). “Fluoride can be forced to

migrate from cells” (and can thus be excreted, or re-deposited in hard tissues
or lipids) “by alkalinization of the extracellular fluid, a process which ex-

"pands the transmembrane pH gradient” (39); as previously noted, alkalotic

animals tolerate significantly higher fluoride doses for longer periods of time
than do acidotic animals. After ingestion or inhalation by adults, under nor-
mal circumstances approximately 50% of F~ is excreted by the kidney
within 24 hours—also a pH-dependent process (67)—and-about 50% is depos-
ited in bone and other calcified tissues. A portion can also be easily stored in
lipids, as F~ can permeate lipid bilayer membranes; note that the CNS

~ contains a high propottion of lipids.

It is important to note- that upon exposure children excrete significantly
less and store significantly more F~ in bone; children have much lower renal
clearance rates of F~ (68). In addition, fluorides exert a toxic effect on the

- carbohydrate metabolism of the kidney, creating severe metabolic distress in

the tissue that is actively-involved in excreting fluoride. For example, hlgh
levels of lysosomal enzymes found in the distal convoluted tubules of squir-
rel monkeys who were provided water containing 1 or 5 ppm fluoride were
hypothesized to indicate an increased catabolism of the epithelial cells lining
the nephron (53). Thus, individuals with underlying kidney disease are at
much higher risk of fluoride toxicity, and individuals who have no prior
kidney dysfunction may develop chronic renal disease when fluoride excre-
tion levels are significant over long periods of time (69,70).

. “The precise dietary concentration at which fluoride ingestion becomes
harmful is difficult to define. No single value is appropriate because low-lev-
el toxicosis depends upon duration of ingestion, solubility of the tluoride

" source, general nutritional status, species of animal, age when ingested, and

toxicity-modifying components of the diet” (71). The average human intake
of fluoride, however, has increased from 0.2-0.8 mg/day in the 1940s and
1950s to the 2-5 mg/day levels found in more recent years (21). The preva-
lence of dental fluorosis in North America has also increased since the
1930s-1940s (22). “It is no longer feasible to estimate with reasonable accu-

. racy the level of fluoride exposure simply on the basis of concentration in

drinking water supply” (43).
With an average intake of 4 mg of F™ per day, at least half (or 2 mg)
would be normally retained; “a retention of 2 mg/day would mean that after

" 40 years the bone of an average individual would have fluoride levels of

approximately 10,000 ppm, i.e., similar to those associated with skeletal
fluorosis™ (72). The phenomenon of fluoride storage in bone (and other
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j'tlssues) is critical here: substantial stored fluoride plus ongoing fluoride

- intake constitutes greater in vivo bioavailability of fluoride than intake alone
. .would create. (It is important to note that individuals are commonly diag-

- nosed as having CFS or FMS around age 40; many symptorms, however, are
. likely to have been present and disturbing for some years prior to diagnosis at
- middle age.) This phenomenon (further explained below) becomes critical in
women near and at menopause, when the loss of estrogen contributes to
“greater bone resorption, and thus creates higher systemic exposure to fluoride
previously stored in bone.
.. * As mentioned earlier, endemic fluorosis (dental and skeletal fluorosis, also
" “called chronic fluorine poisoning or hydrofluorosis)-occurs in many areas of
the world having variable but usually significant levels of natural fluoride in
the drinking water, especially in tropical and subtropical countries of the
. African and Asian continents, and in many areas in the Indian subcontinent.
- Fluorosis also occurs in regions (as in China) where water levels of F~ are
" not significant but where coal burning is primarily.used for home cooking
_and heating.: When burned or heated to high temperatures, nonsoluble F~
contained in coal and hearth/oven bricks is converted into water-soluble F~
“which is then chronically inhaled, especially by women and children (73)

Fluorosis is characterized by increased metabolic turnover of bone, im-

' paired bone collagen synthesis, and increased avidity for calcium, and is

associated with a generalized mﬂammatory reaction (74,75). Symptoms of
" endemic fluorosis are common in both humans and livestock in affected
. “areas; the disorder is known as darmous in North Africa. The severity of
" endemic fluorosis is usually related to the level of fluoride in drinking water,

" length of time of exposure, average regional temperature, economic and

nutritional status of the population, and patterns of physical activity (76).
. “Patterns of physical activity” may be of particular interest here, as many
(most?) P-FS patlents report being at least moderately and often extremely
' physically active prior to symptom development. At least three factors may
- be at work; (a) physical exercise is a stressor which may significantly con-
- tribute to Mg depletion; (b) people who are physically active, especially in
hot weather, must drink more fluids—the level of fluoride (parts per million,
- -or ppm) in highly-consumed fluids will be a factor; and (c) physical exercise
- may promote the incorporation of F~ into bone and other hard tissues (espe-
" cially in regularly-exercised muscle-bone connections), and some of the
- stored F~ may be subsequently released into extracellular fluids and soft
-tissues during normal bone resorption processes.

The term “fluorosis” was originally applied in the early 1900’s to the

" “more obvious clinical signs and symptoms of high fluoride deposition in
- bone and tooth enamel (for example, skeletal exostoses and mottled teeth).
More recent studies have confirmed, however, that fluorosis involves wide-

y
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spread, systemic effects as well. Among.the soft-tissue pathologies reported

are skeletal muscle degeneration, red blood cell abnormalities, adrenal gland
dysfunction, and widespread .connective tissue abnormalities (77). It is of
considerable interest. here to note that orthopedic surgeons in industrialized
countries are encountering disorders in young, sometimes very young, ath-
letes that were formerly seen only in adults, such as stress fractures, disloca-
tions, subluxations, and epicondylitis (78).

With continuing exposure to F~ at any level, 1ncorporat10n into bone

normally proceeds in a linear fashion, and always produces bone which is-

abnormal (79). With regard to the use of fluorides in caries prevention efforts,
“the dental successes may have occurred at the expenseé of the skeleton”
(80). Osteosclerosis is predominant in patients with fluorosis who also have
adequate Ca intake; osteomalacia or osteoporosis occurs in patients who have
marginal or suboptimal Ca intake. ““We must consider the very real possibil-

ity that fluoride (even at levels felt to be safe and optimal for the prevention-

of dental caiies) may, in fact, aggravate the risk of developing osteoporosis”
(79). The nutritional status of Ca in individuals with fluorosis appears to greatly
influence hormonal profiles and modifies the type of bone changes (74).

Fortunately, with continuous modeling (in children) and remodeling (in
adults) of bone in the absence of continued fluoride exposure from external
sources, fluorosis is slowly reversible. The “excess” fluoride is excreted in
the urine and normal bone is formed if the essential ingredients are present.
On the other hand, “continued release of accumulated fluoride could prevent
blood fluoride concentrations from returning to normal and could cause a
continued exposure of other body tissues to fluoride. The reversibility of
skeletal fluorosis and skeletal storage of fluoride could then, theoretically,
lead to chronic effects™ (81). It is hypothesized here that these chronic effects
may be prevented or successfully treated with substantial intake of Mg (most
particularly) and other nutrients such as Ca and trace minerals.

Thus, the degree of continuing soft-tissue toxicity may well depend on the
stored levels of F~ in the body, the rate of F~ turnover and excretion (in the
absence of continued F~ intake), plus the fluctuating levels of bioavailable
Mg; it has been suggested that about half of accumulated F~ in the body
would be excreted in about eight or nine years under normal, “no treatment”
circumstances (81). ‘

It is interesting to note here that in a follow-up study of osteoporotic

patients previously given sodium fluoride (NaF) to increase bone mass, at 1.5
years after the NaF was discontinued these patients actually lost spinal bone
mass at a rate faster than that usually seen during the phase of rapid bone loss
immediately after menopause—despite ongoing therapy with estrogen (estro-
gen normally inhibits bone resorption) and calcium (82). This occurrence
may reflect the body’s attempt to rid itself of the toxic levels of F~ stored in
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" 'bone. In addition, it is hypothesized here that the “normal” rapid bone loss
“ seen after menopause may reflect a complex adaptive process whereby sig-
" nificant levels of F~ are finally released from female bone during a time
when pregnancy (and fetal exposure to higher, more toxic levels of F7)
" cannot occur. Further evidence regarding gender and MDFE is presented in
~ PartIL '
. " Fluoride’s impact on acetylcholinesterase (AChE), the ubiquitous critical
enzyme which hydrolyzes acetylcholine (ACh) at a high rate of activity

_._(turnover time of 150 microseconds), is particularly relevant to this argument

since (a) magnesium is a potent activator of AChE, and (b) various fluoride

: - compounds (e.g., sulfonyl fluorides) irreversibly bind to the active sites of

. AChE action in vivo, completely inhibiting AChE action at those bound sites.
Acetylcholine is widespread throughout the body and functions in various
classes of neurons in both the central and peripheral nervous systems by, for
example, conveying sensory information to the brain and controlling muscu-
“lar tension. These neurons include preganglionic.fibers of both the sympa-
“thetic and parasympathetic nervous systems, motor neurons to skeletal
muscle, and neurons within the central nervous system.
‘ Acetylcholine release can be either excitatory (e.g., skeletal muscle cell) or
inhibitory (e.g., cardiac muscle cell), depending on the nature of the receptor
-and tissue type with which it interacts.. ACh.is. critically involved with, for

: example, motor behavior, sleep, memory, vasodilation, gastrointestinal peri-
- stalsis, and cardiac inhibition. In the central nervous system (CNS), musca-

rinic rather than nicotinic responses predominate, but many central cholino-
ceptive neurons exhibit either mixed responses (e.g., Renshaw cells, small

“"cells with short axons that connect motor nerve axons with each other) or

.. predominately nicotinic responses which are excitatory with fast onset and

* short duration (e.g., neurons in-the thalamus, the region of the brain which
receives all sensory stimuli as the site of initial recognition and integration of
*pain, touch, and temperature, and which also plays an important role in the
generation of signals that regulate the hypothalamic-pituitary -adrenal (HPA)

" “axis) (83). Dysfunction of the HPA axis has been demonstrated in patients
- with FMS (84) and CFS (85).

- As noted above, ACh normally has an exceptionally short life span as its
. action is terminated within microseconds by enzymatic degradation. Acetyl-
.-choline is hydrolyzed to acetate and choline by AChE, which is located in the
synaptic cleft between neurons, or between the neuron and the muscle cell
‘membrane. (Interestingly, cholinesterases are also found in non-neuronal
.. tissues—a fact which may be highly relevant to this argument, but specific
" effects are unknown.) When the action of AChE is blocked (as by a fluoride
‘compound), ACh accumulates in the synaptic cleft and persists in regions

.. "-close to the neuronal membrane for at least several seconds because removal -
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by diffusion alone is very slow. The ACh molecule which: diffuses off a
receptor and is not immediately degraded by AChE “may attach to another
rgceptor and open its ionophore, thus repeatedly depolarizing the membrane”
(86)

The excess ACh which accumulates can also spill over onto adjacent neu-
rons (87) producing as yet undefined and potentially devastating neurochemi-
cal effects in the peripheral-as well as the central nervous system; one very
possible CNS result could be the disturbance of serotoninergic systems (88)
found in FMS and CFS patients. In addition, it appears that spontaneous
release of ACh is increased by F~ which stimulates adenylate cyclase, an
enzyme necessary for the production of cyclic AMP(89). Furthermore,
AChE is inhibited by excess substrate; that is, AChE is most active against

- low concentrations of ACh, but is inhibited by higher concentrations (90).

Anticholinesterase agents (including many fluorinated compounds, such
as DFP and Sarin) cause ACh to accumulate at cholinergic receptor sites.
This inhibition of AChE function is capable of producing effects that are
equivalent to excessive stimulation of cholinergic receptors throughout the -
central and peripheral nervous systems (91). Anti-ChE agents. are responsi-
ble, at variable dosages, for stimulation of muscarinic receptor responses at

- autonomic effector organs, stimulation (followed by-with high enough do-

ses—depression or paralysis) of autonomic ganglia and skeletal muscle, and
stimulation (with occasional subsequent depress1on) of chohnerglc receptor
sites in the CNS.

Anti-ChE agents, especially organophosphorous types, also exert a num-
ber of “direct” postsynaptic actions on the receptor-channel macromolecule
and/or its' channel component; they cause morphological, pathological
(muscle myopathies and neurotoxicity followed by demyelination), and ter-
atological changes (83). Nicotinic actions of anti-ChE agents at the neuro-
muscular junctions of skeletal muscle cause muscle. fatigue and generalized
weakness, involuntary twitchings, scattered fasiculations, and eventually se-

vere weakness and paralysis (91). “When inhibition of the enzyme [AChE] is -

great, synaptic function can be so completely disrupted that the nervous
system cannot operate and the organism dies; it is for this reason that inhibi-
tors of AChE are the major products used throughout the world as insecti- .
cides and as potential war ‘nerve’ gases” (86).

Thus, F~ excites skeletal muscle possibly by activating adenylate cyclase
in the nerve ending, inhibiting cholinesterase, and/or increasing sensitivity of
the endplate to ACh—mechanisms unrelated to decalcification at the site of

* the neuromuscular junction. One precise mechanism investigated in experi-

ments using sodium fluoride (NaF) is hypothesized as follows: “NaF acti-
vates adenylate cyclase, thus raising the cCAMP level in the nerve ending;.
cAMP improves spontaneous or evoked release -of the transmitter; the
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" mig.p.p. frequency is raised, ChE is inhibited, and the ACh sensitivity of the

endplate is increased; depolarization of the endplate region by ACh is made-

~ - so intensive that the action potential is generated; finally fibrillation occurs or
- the twitch is augmented as a result of recruitment of the muscle fibers” (92).

“+ Decreased degradation of ACh may also result in increased quantltles of
g ACh reaching’smooth muscles, which activates ex01tatory muscarinic recep-

tors.. Cholinesterase inhibition can, therefore, also increase sympathetic tone

by eliciting spontaneous discharge of ganglionic neurons and activating cen-
. tral sympathoadrenal pathways, which when chronic can result in a sustained,
- exhausting, system-wide “fight or flight” response. For example, intrave-
" nous administration of physostigmine (a “reversible” AChE inhibitor) in the
“absence of stimulation results in a gradual increase in muscle tension. When
 muscle tension returns to baseline, parasympathetic stimulation then results
" in a large, abrupt contraction. Thus, following AChE inhibition parasympa-
. thetic activation elicits muscle contraction by stimulation of sympathetic
nerve terminals. Over-activity of sympathetic neurons may be produced
' within various body systems as a consequence of AChE inhibition (93)
. Part II of this review describes in greater detail the theorized prlmary role
'of MDFEFE in the etiology and pathogenesis of P-FSs.

-
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