Transdermal Histaminein Multiple Sclerosis,
Part Two: A Proposed Theoretical

Bagssfor ItsUse.

George Gillson, MD, PhD,
Jonathan V. Wright, MD, Elaine DelL ack, RN,
and George Ballasiotes, BSc, Pharm

Abstract

This paper is the companion to an earlier publication, which discussed preliminary
results of transdermal histamine use for ameliorating symptoms of both relapsing-
remitting and progressive multiple sclerosis (MS). Here we include preliminary findings
on the impairments of digestion and assimilation in MS patients seen in a private clinic.
Although only a small number of patients was surveyed, an association was found
between impaired gastric acid production, impaired protein hydrolysis, and subnormal
plasma histidine levels in patients with MS. Impaired digestion might, therefore, impair
the ability of MS patients to synthesize histamine. This paper discusses how impairment
of histamine synthesis might lead to symptoms of MS, and conversely how exogenously
administered histamine might alleviate symptoms. Various mechanisms of action are
suggested, including: enhanced gastric acid and pancreatic enzyme secretion,
augmentation of subnormal cerebral tissue levels of histamine, improved electrical
function of demyelinated fibers, increased cerebral blood flow, suppression of aberrant
autoimmune responses, and stimulation of remyelination. We also discuss the observed
failure of digestive function in MS and point out that pathological changes which parallel
CNS findings have been found in the enteric nervous system (ENS) of patients with
Parkinson’s disease. Similar parallels might exist between the CNS and ENS in multiple
sclerosis.

(Altern Med Rev 2000;5(3):224-248.)

Introduction

A previous paper® discussed preliminary results of usage of a transdermal histamine/
caffeine preparation for ameliorating symptoms of multiple sclerosis (MS). Improvement was
seen in 37 of 55 patients (67%) followed for at |east six weeks. Thiswork has continued, and at
the time of writing 167 patients had been followed for at least six weeks, with 26 percent of
patients experiencing significant improvement as defined previously,! 29 percent experiencing
some improvement, and 45 percent seeing no benefit. Improvements at three months have, in
most cases, continued at six months.
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Areas of improvement have been ob-
served in extremity strength, balance, bladder
control, fatigue, heat tolerance, cognitivefunc-
tion, peripheral edema, and activities of daily
living. Improvement is often seen within afew
hours or days of starting therapy, and there
have been minimal side-effects. This is in
keeping with the findings of others who have
administered similar amounts of subcutaneous
histamine for such clinical problems as ver-
tigo, headache,? and cancer.?

Five possible mechanisms of action of
histamine on the symptoms and clinical mani-
festations of MS were introduced in Part One
of thisarticle.! Theseinclude augmentation of
subnormal cerebral tissue levelsof histamine,
improved electrical function of demyelinated
fibers, increased cerebral blood flow, modu-
lation of autoimmune responses, and stimula-
tion of remyelination.

Although the respective bodies of lit-
erature on histamine and MS are vast, there
areno recent studiesexploring histamine'srole
inthetreatment of MS, and only afew studies
even tangentialy examinetheroleof histamine
in the pathophysiology of MS. A recent
Medline search under theterms* histamineand
multiple sclerosis’ returned 16 citations, with
only some of these papers relevant to the is-
sues discussed here. Consequently, we empha-
size that the ideas discussed here are mostly
specul ative and unsupported by direct experi-
mentation. Should histaminetherapy continue
to show promise, we hope other researchers
will use this paper as a starting point for test-
ing these hypotheses.

Histamine Neurophysiology and

Neuroanatomy

There is considerable evidence in the
literature that histamine isan ancient and per-
vasive regulator of physiologic processes. His-
taminergic neural paths extend throughout the
bodies of lower organisms, including insects*
and marine animals.® Histaminergic fibersare

found in the sympathetic chains of mice® and
higher mammals.

Histaminergic neural paths extend
from the brain to synapsesin the higher cervi-
cal spinal cord.” In humans, histaminergic fi-
bers project from a dense population of cell
bodiesin the hypothalamusto almost all areas
of the brain, including the cerebellum.&° The
goat pineal gland contains a large amount of
histamine.*! This suggestsalink between his-
tamine and melatonin production, although
similar dataon humans has not been obtained.
Histamineis synthesized within these neurons
by decarboxylation of theamino acid histidine.

The hypothalamic histaminergic sys-
tem modulates diverse and crucia aspects of
physiology, including thirst, hunger, sex drive,
circadian rhythm, arousal level,? urine out-
put,*>14 thermoregul ation,* nociception,*? and
vestibular function.'®” Histamine a so partici-
patesin other aspects of neuroendocrine func-
tion, including stress-induced secretion of such
mediators as adrenocorticotropin (ACTH),
beta endorphin, melatonin, prolactin, and pe-
ripheral catecholamines.’8%

Three different receptor subtypes, de-
noted H1, H2, and H3, mediate these re-
sponses. Discussion of these receptors can be
found in reference 20. Briefly, all the hista-
mine receptors are thought to be G-protein
coupled receptors. Stimulation of the H1 re-
ceptor is, in general, associated with an in-
crease in intracellular Ca?* and formation of
inositol triphosphate and diacylglycerol.
Stimulation of the H2 receptor results in an
elevation of intracellular cyclic adenosine
monophosphate (CAMP). The intracellular
coupling of the H3 receptor is not well under-
stood; possible mechanisms include coupling
to calcium channels. On neurons, the H3 re-
ceptor is a presynaptic receptor that isinhibi-
tory both for release of histamine
(autoreceptor) and other neurotransmitters
(heteroreceptor).

The interpretation of experimental
findings pertaining to histamine is sometimes
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difficult due to the number of histamine re-
ceptors and their diverse actions. For a given
phenomenon, the action of histamine at H1
receptors often opposesthat seen at H2 recep-
tors.?! Sometimes the effects of stimulation at
both receptors are the same.*® Furthermore, H3
receptor stimulation inhibitstherelease of his-
tamine from mast cells, including brain mast
cells.2 The effect of histamine in any given
situation may, therefore, be sensitive to the
relative populations of the three receptor sub-
types at a given location, as well as the con-
centration of histamine in the vicinity of the
receptors.

The following examples illustrate the
diversity of action of histamine in the brain.
In rats, H1 stimulation decreases feeding,®
increases alertness, and increases
nociception,*? whereas H3 receptor stimula-
tion provokes drinking.* Both H1 and H2
stimulation (viaintracerebroventricular hista-
mine receptor agonist injection) elicited hy-
pothermia in mice, whereas H3 stimulation
prevented development of hypothermia.®
Intracerebroventricular injection of histamine
also stimulates diuresisin rats® viaH2 recep-
tors. Histamine al so stimulates rel ease of mel-
anocyte stimulating hormone from the pitu-
itary via both H1 and H2 receptor stimula-
tion.'®

Approximately one-half of the hista-
minein the mouse brain resides in mast cells,
as shown by Maeyama, who studied mutant
mice devoid of mast cells.Z Outside the brain,
considerable histamineisstored in the entero-
chromaffin-like (ECL) cells of the gastric
mucosa, where histamine plays acritical role
in acid secretion. Histamine is also found in
circulating basophils, eosinophils and plate-
lets, as well as mast cellsin many tissues, in-
cluding the skin, heart, lungs, liver, kidneys,
spleen, bladder, ovaries, and testicles.??" Fur-
ther discussion of theroleof histamineinthese
tissues is beyond the scope of this article.

Pathophysiology of MS

The majority of current research sup-
ports the view that MSis an autoimmune dis-
order in which immune cells (T lymphocytes
and macrophages) in the blood are “primed”
(sensitized), possibly by viral-related antigens,
to attack myelinated neuronsand glial cells of
the central nervous system.?% Candidate vi-
ruses include measles,* herpes,® vaccinia,®
and multiple sclerosis retrovirus.®3

The concept of Th1/Th2 balance is
central to any discussion of the immunologic
aspects of MS. Briefly, many diseases recog-
nized as autoimmune can be classified accord-
ing to the activity of two T cell subpopula-
tions: Thl and Th2.* Differentiation of naive
CD4+ T cellsto a Thl phenotype is induced
by interleukin-12 (IL-12).*® Thl-polarized
cells up-regulate various aspects of cell-me-
diated immunity by the secretion of cytokine
mediators, including IL-1, alL-1, BIL-2, IL-
8, IL-12, tumor necrosisfactor alpha (TNFa),
and interferon gamma (IFNy). Th1l-dominant
conditions include infection by intracellular
pathogens, rheumatoid arthritis(RA), Crohn’s
disease, autoimmune thyroiditis, and delayed
hypersensitivity reactions.

Differentiation of naiveT cellstoaTh2
phenotype is primarily promoted by IL-4.%¢
Th2-polarized cells secrete mediators includ-
ing IL-4, IL-5, IL-10, and IL-13, which up-
regulate humoral immune responses com-
monly regarded as “allergic,” including IgE
production and eosinophil function.® Th2-
dominated conditions include parasitic infec-
tions, atopic dermatitis, asthma, systemic lu-
pus erythematosus, and progressive systemic
sclerosis. Pregnancy isalso consideredto bea
Th2 dominated state.* Th2 cellsmay also con-
trol the devel opment and activity of Thl cells.®

Immunochemical factors, including
IL-1, granulocyte-macrophage colony stimu-
lating factor (GM-CSF), TNFa and others act
to bias naive CD4+ cells toward a Thl state
by stimulating production of IL-12 from anti-
gen-presenting cells, including monocytes and
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dendritic cells. Other factors, including IL-10,
histamine, corticosteroids, vitamin D3, and
betaagonistsinhibit production of IL-12 from
these same cells. Nagelkerken has suggested
that hypothalamic-pituitary-adrenal (HPA)
axisdysfunction, with deficient corticosteroid
production, may lead to Th1 dominant states.>”

MS is regarded as a Thl dominant
state, and Beck® reported increased Thl
cytokine (IL-1, TNFa) secretion prior to re-
lapse. Van Boxel-Dezaire® demonstrated in-
creased IL-12 mRNA and decreased IL-10
MRNA in MS patients compared to controls,
and 1L-12 mRNA levels correlated with dis-
ease activity. Administration of Copolymer 1
(Copaxone) has been shown to rebalance the
immune response in M S by encouraging Th2
responses.*®4! |n contrast, administration of
interferon beta (IFNp) actually promotes|FNa
production (Thl response), yet IFNa is ben-
eficial for some M S patients.*? Also, evidence
of increased activity of Th2 cellsin MSisseen
in the form of elevated levels of autoantibod-
ies® Thisillustratesthat athough the Th1/Th2
paradigm is very useful, it is not a complete
description of immune dysregulation in MS.

Accepting that “priming” of the im-
mune system occurs, permeability of the
blood-brain barrier is an important factor to
consider, since no nerve damage occurs un-
lessthe primed cells gain accessto the central
nervous system. Spatial and temporal correla-
tions between breachesin the blood-brain bar-
rier and subsequent devel opment of MSlesions
support the central role of changesin perme-
ability of the blood-brain barrier.#4 Kwon
demonstrated that longstanding plaques ex-
hibit evidence of permanent damage to the
blood-brain barrier.*

Variousfactors known to alter the per-
meability of the blood-brain barrier have been
directly or epidemiologically linked to theini-
tiation of MS, or are associated with relapse.
Exampl esincludethiamine deficiency,*” heavy
metal toxicity,”® and heat stress.* A good sum-
mary of some of the evidence supporting the

importance of blood-brain barrier permeabil-
ity in MS is given by Wallace® along with a
discussion of the evidence supporting the use
of various supplemental nutrients to improve
the integrity of the blood-brain barrier.

The microscopic appearance of MS
plagues changes with time, but in both acute
and chronic MS there is an inflammatory re-
action dominated by T lymphocytes and mac-
rophages. Myelinated fibers are engulfed by
macrophages™ while other cells, such as per-
ipheral lymphocytesand plasmacells, areaso
seen in close contact with myelin.5? In fresh
lesions, demyelination isaccompanied by de-
struction of other tissue elements, including
oligodendrocytes, astrocytes, and axons. This
destruction ends within a few weeks in many
cases, and remyelination may follow, oncethe
lesion has been repopul ated with oligodendro-
cytes.®

Blakemore> and Franklin®® conclude
that remyelination depends on migration of
oligodendrocyte progenitors, such as those
observed by Prineas,*®® from nearby undam-
aged tissue into the area of inflammation.
Franklin al so suggests extensive, recurrent, or
longstanding inflammation will deplete sur-
rounding healthy tissue of oligodendrocyte
progenitors, ultimately limiting the
repopulation of plagues and theremyelination
of damaged axons.

Stimuli to remyelination include
growth factors, such as platel et-derived growth
factor,> triiodothyronine (T3),%8%° and vitamin
B12.59¢! Elevation of intracellular CAMP has
also been shown to play arole in induction of
oligodendrocyte progenitor differentiation and
myelin synthesis in the rat brain® and in pe-
ripheral Schwann cells.%3%4

Thiaminealso playsarolein myelina-
tion. Demyelinationisahallmark of thiamine
deficiency,® although deficiencies of other
nutrients such as copper® also cause demyeli-
nation. Thiamine, in the form of thiamine py-
rophosphate, helps stabilize nerve cell mem-
branes.®” Myelin-synthesi zing oligodendrocyte
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cell bodies contain thiamine pyrophosphatase
(TPPase),% the enzyme which generates thia-
mine pyrophosphate. TPPase has been local-
ized to the Golgi complexes of various neu-
ronal cells,® and Trapp found protein zero
(PO), the main component of myelin basic pro-
tein, in Golgi complex membranes in rat
Schwann cells.™

The inflammatory cascade leading to
demyelination is complex, and current under-
standing of it isby no means complete. There
has been increased awareness lately of the
important role of mast cellsin central nervous
system (CNS) inflammatory processes, includ-
ing MS."%"2 Substances released from mast
cellscan attack myelin, and myelin breakdown
products can stimulate further mast cell de-
granulation.™ Skaper has suggested that down-
regulation of mast cell activation could be a

therapeutic strategy in neuroinflammatory
conditions,™ and proxicromil, amast cell sta-
bilizer, has been employed successfully in ex-
perimental autoimmune encephalomyelitis
(EAE), the mouse model of MS.®

Mast cells are known to release
leukotrienes,” inflammatory mediators that
affect vascular permeability and exhibit
chemoattractant properties. Elevated levels of
leukotriene C4 and leukotriene B4 are found
in the cerebrospinal fluid (CSF) of MS pa-
tients.”” Inhibition of 5-lipoxygenase, an en-
zymeinvolved inthe synthesis of leukotrienes,
prevented the development of symptoms in
guineapig EAE and significantly reduced his-
tologic inflammation scores.”

Matrix metalloproteinases (MMPs), a
family of zinc-containing enzymes which can
digest connective tissue and myelin,”>™ are
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another important class of inflammatory me-
diators. They are also known to be disruptive
to the blood-brain barrier.® Mast cellscontain
and release MM Ps, 278 and MM Ps are found
to be elevated both in the CSF of M S pati ents®
and in EAE mice.®® Blockage of MM Psinhib-
its or reduces the severity of EAE.884

Earlier, reference was made to “prim-
ing” of peripheral immune cells. An example
of thisisthe observation that peripheral mono-
cytes and macrophages contain elevated lev-
els of MMPs.2828 The release of MMPs by
mast cells may feed the inflammatory spiral
in several ways. First, by generating myelin
fragments such asmyelin basic protein, which
elicit further mast cell degranulation,™ 8 and
second, by liberating cytokines such as TNFa.
from the cell membranes of monocytes® or
myelin autoreactive CD4+ T cells® TNFa. lev-
elsin the CSF of M S patients have been cor-
related to disease severity.®”% Blockade of
TNF by anti-TNF antibodies prevented the
development of EAE in one mouse study.®

Mast cells also release TNFo di-
rectly™ " and mast cell-derived TNF affectsthe
release of neurotoxic NO radicals (from as-
trocytes in mast cell/hippocampal co-cul-
tures)® and MM Ps.*! Thus, as mentioned, mast
cell degranulation, with release of mediators
suchasMMPsand TNF, might set up apoten-
tial positive feedback loop (Figure 1) promot-
ing more mast cell degranulation.

Histamine is the most widely
recognized mediator released by mast cells.
Release of histamine by brain mast cells may
initially accelerate inflammation by increasing
the permeability of the blood-brain barrier, an
H2 receptor-mediated phenomenon.®?
Increased blood-brain barrier permeability
would then presumably increase the influx of
sensitized peripheral immune cells. This
process is thought to be central to the
pathophysiology of MS. Ongoing mast cell
degranulation with histamine release might
also create an increased demand for histidine
(the direct precursor of histamine), and

potentially compromisethe supply of histidine
at other histamine-synthesizing sites in the
brain, such as histaminergic neurons.

Interestingly, the number, location, and
hi stamine content of mast cellsin mouse brain
have been shown to be inherited traits.%% If
thisis also true in humans, some individuals
might exhibit increased susceptibility to MS
and other inflammatory conditions because of
this genetic programming.

Gut Function in MS

Constipation is a common complaint
of MS sufferers. For example, 68 percent of
280 patients surveyed by Weber® reported
constipation or fecal incontinence. These
symptoms may reflect CNS damage as well
asenteric nervous system (ENS) dysfunction.%
(Reference 96 is an overview of the ENS.)

Other aspects of gut function impair-
ment in MS are less well recognized. These
includeimpaired digestion and assimil ation of
nutrients. Gupta® reported evidence of fat
mal absorption and protein maldigestion in 40
percent of 52 M S patients. Xylose malabsorp-
tion was seen in 27 percent, and B12 malab-
sorption in 12 percent. Absorption of fat-
solublevitaminsA and beta carotenewas also
impaired to a certain extent. larosh noted en-
doscopic atrophic changes, gastritis, and ul-
cerations consistent with achlorhydria in 32
MS patients.®® Thetotal number of M S patients
in that study was 89, but selection criteriafor
endoscopy were not given.

Over the past 25 years, one of the au-
thors (JW) has observed abnormal gastric acid
secretion, as assayed by Heidelberg capsule,®
in approximately 70 percent of patients with
MS, although these findings have never been
published. Recently Gillson found severe hy-
pochlorhydriaor achlorhydriain 9 of 14 (64%)
patients with MS, also using the Heidelberg
capsule. Fasting plasma essential amino acid
levels were also measured in 12 unselected
patients with MS, prior to their starting hista-
mine treatment. Ten of 12 had at |east five ab-
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Table 1. Gastric Acid Secretory Status and Amino Acid

Statusin MS Patients.

trols. A total of 24 amino
acids were measured in
the study, and the levels of
other amino acids were
“more or lessthe samein
thetwo groups’ according

Low or
borderline
plasma
Histidine

Patient Impaired Abnormal
Initials gastric levels of more
acidity than 5 essential
amino acids

———

to the abstract, although
histidine was not men-
tioned specifically.
Overall, the
present work supports
published abnormalities
of amino acid levels in
general in MS patients.
Our work and one previ-
ous study also show de-
creased histidinelevelsin
MS; findings from two

normal values (out of 10 measured).

A small number of M S patients at our
(JWIGG) clinic recently had both a Heidel-
berg assay as well as measurement of fasting
plasma essential amino acids, including histi-
dine. Six of six patients had low values on six
or more of the 10 essential amino acids mea-
sured. Five of the six had histidine levelsvery
close to the low end of the normal range, and
five of six patients were achlorhydric or se-
verely hypochlorhydric. Five of these six pa-
tients have had a favorable response to exog-
enous histamine therapy. These results are
summarized in Table 1.

Little has been written about plasma
amino acid levelsin MS. Oriente'® noted sig-
nificantly decreased histidine, methionine, and
valine levelsin nine patients with progressive
systemic sclerosis (equivalent to MS in the
Russian literature) compared to 15 controls.
A study by Ivanokov® on 45 M S patients re-
ported “marked deaminoacidemia tending to
hypoaminoacidemia.” The abstract did not
elaborate regarding which amino acids were
measured. Quereshii® noted decreased levels
of methionine, valine, phenylalanine, and
lysine in 12 patients with MS versus 12 con-

previous studies are
equivocal. Nyhan reported five cases of
hypohistidinemiain maleswithout M S. Inter-
estingly, all had CNS abnormalities.'®

Evidence of malabsorption of other
nutrients, such as zinc'® and copper'®1% has
also been reported in M S. Both zinc and cop-
per deficiency have been tied to histidine
depletionin dogs,'® and copper deficiency has
been linked to demyelination, as mentioned
earlier. Copper is also a mast cell stabi-
lizer.1971%8 A possible connection between CNS
histidine deficiency, copper deficiency, mast
cell degranulation, and demyelination might,
therefore, be worth investigating.

Proposed Connections between
Histamine, Histidine, and the
Pathophysiology of MS

With the foregoing background infor-
mation in mind, the framework outlined in
Figure 2 is proposed.

A central feature is the establishment
of asystemic depletion of histidineonthebasis
of impaired gut function, as well as possible
additional histidine depletion due to ongoing
or intermittent episodes of CNS mast cell
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degranulation. Mast cell mediators are
presumed to be involved in promulgation of
demyelination, as discussed earlier.
Demyelination is assumed to underlie some
of the motor symptoms seenin M S, in accord
with accepted thinking.

Histidine is needed for histamine syn-
thesis (both systemically and in the CNS) for
mast cells, and histaminergic neurons. Histi-
dine deficiency may, therefore, lead to impair-
ment of histaminergic pathways in the CNS
viadiminished release of histamine in synap-
tic clefts of histaminergic synapses. We pos-
tulate that some of the symptoms of MS, such
as fatigue, impaired balance, and poor heat
tolerance might be due to thisimpairment.

The Possible Role of Carnosine

Carnosineisahistidine-alanine dipep-
tide found primarily in skeletal muscle, car-
diac tissue, and the brain.'® A murine study
showed carnosine can be absorbed intact from
the gut.'° If the same is true in humans, car-
nosine might be subject to the same factors
putatively impairing histidine assimilation in
MS. A carnosine deficiency might then con-
tribute to an existing histidine deficit, since
carnosine might provide arapidly mobilizable
source of histidine in times of high histamine
turnover.'** Both Fitzpatrick!*? and
Flanchbaum® demonstrated increased conver-
sion of carnosine to histamine in various tis-
sues of animals under stress. Carnosine may
also act as a histidine reservoir for normal
metabolic demands. Prolonged or episodic
inflammatory episodesin MSmight, therefore,
eventually deplete carnosine muscle stores,
which would not be replenished by uptake
from the gut. Deficiency of carnosine might
also make the CNS more susceptible to dam-
agefrominflammation, inlight of itsstatus as
alipophilic antioxidant.**+116

Conversion of carnosineto histidineis
carried out by the enzyme carnosinase, and
decreased carnosinase activity has been

demonstrated in MS.*” This may be due to
subtle thyroid impairment, since decreased
serum carnosinase activity is also seen in
hypothyroidism.® Kiessling''® observed
elevated T4 levels with reduced T3 levelsin
MS patients, suggesting possible impaired
conversion of T4to T3.

The Possible Role of Thiamine

Histidine residues are known to be
critical sitesin thiamine-binding proteins, such
as thiamine pyrophosphokinase, the enzyme
that generates thiamine pyrophosphate from
thiamineand ATR* Higtidineresiduesarea so
critical residues in other proteins known to
bind TPP or thiamine itself.*?*'22 Histidine
deficiency might therefore result in decreased
TPP synthesis or decreased transport of TPP
or thiamine to relevant sites such asthe brain.

Asmentioned, thiamineisinvolvedin
maintaining the stability of the blood-brain
barrier and aso in myelin formation — two
central aspects of MS pathophysiology. Thia-
mine deficiency can also feed back to impair
gut function inrats, as shown by Khramtsov'#
who demonstrated impaired gastric secretory
function in response to histaminein thiamine-
deficient animals.

Given the dependence of thiamine
binding proteins on histidine residues, abnor-
mal thiamine status might developin MSasa
consequence of histidine deficiency, and once
established, may reinforce the histidine defi-
ciency. A thiamine deficiency would then pro-
mote demyelination as discussed above; ater-
natively, subclinical thiamine deficiency might
be afactor which tipsapredisposed individual
closer to acute MS or relapse.

A PossibleViral Connection

The notion that a histamine deficit
exists in the histaminergic neurons of some
patients with MS due to a slow viral attack
has been proposed by Del_ack.*?* If suchavira
attack occurs, it might be centered on the
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Figure 2. Framework of Proposed Mechanisms of Action of Exogenous Histamine.
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hypothalamus, since this is where
histaminergic neurons originate. Since these
histaminergic neurons regulate basic
physiologic functions, one might expect the
course of MSto be more aggressive, with more
pronounced disruption of “life support”
functions. There is at least one report in the
literature'®® of wasting and a rapidly fatal
course in MS, with lateral hypothalamic
lesions, but such presentations are rare.
Immunol ogic assaysdirected toward detection
of suchaviral attack on histaminergic neurons
might help to determine the extent and
selectivity of a possible viral attack on
histaminergic neurons.

Detailed Discussion of Potential
M echanisms of Action of Exogenous
Histaminein the Proposed

Framewor k

Symptom alleviation in patients who
have benefited from exogenous histamine has
at times been rapid — hours to several days.!
One inference, which might be drawn from
this observation, is that the effects are due to
thedirect action of histamine onceathreshold
concentration has been achieved in the target
tissue. If the primary mechanism involved is
an indirect action such as modulation of the
immune response, stimulation of repair of
damaged tissues, or improved nutritional sta-
tus, one might expect a longer timescale of
action (similar, for example, to the response
of rheumatoid arthritis to disease-modifying
agents). Some users of exogenous histamine
report they continue to improve over a time
span of weeks to months. This suggests that
mechanisms with longer timescales of action
might also be operative in some cases.

Effect of Exogenous Histamine on

Gut Dysfunction
Local release of histamine from the
ECL cells of the gastric mucosa stimulates

release of acid by an H2 receptor-mediated
mechanism. Histamine also stimulatesthe re-
lease of pancresatic secretions via H1 receptor
stimulation.'?1% |f thereis aloca deficiency
of histamine synthesisinthe ECL cells, exog-
enous histamine may stimulate gastric and
pancreatic function, improve protein hydroly-
sis, and eventually replenish histidine and car-
nosine levels. Improved gastric acid secretory
function might improve B12 and thiamine ab-
sorption, with possible beneficial effects on
myelination. Absorption of various other nu-
trientsimportant for maintaining myelin (such
as copper) should also improve due to im-
proved gastric acidity.

Histaminergic fibers have been noted
in the submucous ganglion cell layer of the
ileum of the rat and the guinea pig.**® If such
fibersarealso present in the human ENS, they
may be involved in the regulation of peristal-
sis, aswell astheregulation of secretory func-
tionsthrough the action of histamine either on
histamine receptors or serotonin receptors
(cross-talk between histamine and serotonin
receptorsisdiscussed inreference 20). Dimin-
ished histamine synthesis in these postul ated
enteric histaminergic pathways might there-
foreimpair secretory and peristaltic functions.
Conversely, exogenous histamine might im-
prove the function of enteric histaminergic
pathways by directly increasing the concen-
tration of histamine in relevant synapses, or
indirectly, by stimulating gastric acid produc-
tion and absorption of histidine, and eventu-
ally improving endogenous histamine produc-
tion.

At thisjuncture, it isnot clear whether
gut dysfunction is a primary or secondary
feature of MS. Primary failure mechanisms
might include a cell-mediated attack on the
ENS which parallels that experienced by the
CNS, or avira attack on intestinal mucosa,
pancreatic tissue, and/or neuronal tissue.
Secondary mechanisms might include a
disruption of CNS vagal efferents (due to the
effectsof MSinthebrain), which areinvolved
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in the control of gut function. One of the
authors (GG) has measured achlorhydria in
two patients within months of first onset of
neurologic symptoms, supporting the notion
that gut dysfunction might precede
development of neurologic symptoms.

The concept that pathological pro-
cesses affecting the CNS might be mirrored
in the ENS is discussed by Gershon® and is
supported by research on patients with
Parkinson’s disease. Singaram®* observed
depletion of colonic dopaminergic neuron
populations in 9 of 11 Parkinson’'s patients,
and decreased levels of dopamine in muscu-
larisexternaspecimensin four of four patients
versus zero of four controls. Wakabayashi**
also reported the presence of Lewy bodies—
markers of neurona degeneration character-
istic of Parkinson’'s disease — in the ENS
(myenteric and submucosal plexusesfromthe
upper esophagus to the rectum) of 28 of 30
patients with Parkinson’s disease.

Meadlesviral antigens have been noted
in jejunal biopsies of MS patients,* support-
ing the notion that direct viral attack on the
gut might be afactor in some patients.

Central vagal outflow isimportant for
gastric acid secretion,**? and various investi-
gators have studied the central effect of hista-
mine onvagal tone. Both inhibitory and stimu-
latory effects, depending on histamine con-
centration, have been observed.’**'% Vagal
toneisalsoinfluenced by other factors, includ-
ing thyrotropin releasing hormone** and in-
flammatory mediators such as IL-13.%* Fail-
ure of central vagal outflow to the stomach
might explain reduced gastric acid secretion
in MS, but it is unclear how this might arise,
or whether an alteration in central histaminer-
gic activity is even involved.

A reasonable body of evidence
supports the existence of impaired digestion
and uptake of nutrients in MS, but the
mechanisms are not well understood at this
time. This is an important area that needs
additional study, since similar gut dysfunction

maly be associated with other chronic diseases.
For example, Gerber®® reported on 26 patients
with active rheumatoid arthritis who had
significantly lower serum histidine levels
compared to controls. Also, histidine has been
shown to be an important residue for binding
and uptake of other nutrients, including
biotin*® and fol ate.** Histidine-deficient dogs
also had lower whole blood concentrations of
zinc and copper,1® as mentioned earlier.
Histidinelevelsand gastric acid secre-
tory capacity data are needed from a larger
number of M S patients. Data on thiamine and
carnosine status would also help to confirm or
refute some of our hypotheses. It remains to
be seen whether the M S patients studied via
Heidelberg capsule will recover gastric acid
secretory capability with long-term
transdermal histamine supplementation. Im-
munohistochemical studiesof pathol ogy speci-
mens obtained from M S patientswho undergo
intestinal surgery could befruitful to delineate
the role of histaminergic fibers in the human
ENS, and whether the ENS in general exhib-
itsdemyelination or other degenerationin M S.

Effect of Exogenous Histamine on
the Proposed Histaminergic

Neuronal Histamine Deficit

Exogenous histamine supplementation
might directly increase the concentration of
histamine in CNS synaptic clefts, as well as
indirectly through increased synthesis of his-
tamine (due to increased availability of histi-
dine through effects on the gut). Either way,
increased synaptic cleft histamine might ac-
count for improvements in symptoms such as
fatigue, balance impairment, and heat intoler-
ance. Thisis envisioned to be rapid-acting if
direct, slower if indirect.

It might reasonably be asked if any
decreasein the CSF histamine level isseenin
MS patients (assuming CSF is representative
of the environment within the synaptic clefts).
CSF histamine concentrations have been
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measured by various researchers, with
inconsistent findings. Suojaranta-Y linen'*
measured CSF histamine levels in normal
patients and found them to be on the order of
60 + 40 pg/ml. Kiviranta'** found histamine
levelsin the CSF of 21 normal children to be
40 = 8 pg/ml. Rozniecki** found histamine
concentrations in the CSF of 55 patients with
MS to be 40 = 40-80 pg/ml and saw no
difference, compared to 39 controlswith other
neurologic disease.

In the same study, Rozniecki also saw
no differencein CSF tele-methyl histamine (the
CNS metabolite of histamine) levels between
controlsand M S patients. Thelevel of tryptase,
a mast cell mediator, was however, found to
be significantly higher in MS patients, com-
pared to controls (p<0.002). Rozniecki’sdata,
therefore, reflect evidence of mast cell de-
granulation, but not histamine elevation.

The findings of both Tuomisto* and
Molnar'* are markedly in contrast, and show
a significant elevation of CSF histamine lev-
elsin patients with MS compared to controls.
Elevated level swere seen both in patientswith
relapsing-remitting and progressive M S. Con-
trol levels of histamine were roughly 10-fold
higher in Tuomisto’s study (440 pg/ml) and
50-fold higher in Molnar’s study (2200 pg/ml)
compared to the other three studies (40 pg/ml).
The data from the three most recent papers
(<10yearsold)“*42 gre all in agreement. The
two earlier papers are older, and it is difficult
to say how much of the disparity between the
two groups of results is due to differencesin
analytical methods. Itisalso possiblethat CSF
histamine levels are simply not representative
of histamine statusin brain tissue, aswas pro-
posed by Rozniecki.’*? For these reasons, no
firm conclusions may be drawn from the CSF
histamine data.

The only other data with even a
tangential connection to synaptic cleft
histamine level swas reported by larosh® who
measured whole blood histamine levels in
controls and MS patients as a function of

disease duration. He reported an elevation of
histamine levels compared to controls in
patientswho had M Slessthan fiveyears, with
the greatest elevation seen less than two years
after disease onset. Patients who had MS
greater than five years were found to have
lower blood histamine levels than controls.
Patients with gastric ulcerations (shown by
concurrent endoscopic studies) had the lowest
histamine levels.

Once again, it is difficult to interpret
this data. Whole blood histamine levels vary
with both sex and age, with females having
higher histamine levels at any given age, and
levelsin both sexes declining with age.** Un-
less control patientswere age and sex matched,
there is potential for significant bias in the
larosh study. Unfortunately, the age and sex
stratifications of the study and control groups
were not provided in the article.

Histamine is intimately involved in
various aspects of reproductive physiology,
including uterine contractility (guineapig),*#
estrogen and progesterone secretion by human
ovarian granulosacells,** and ovulation (ham-
ster).28 Thus, an increased need for histidine
and histamine for orchestration of reproduc-
tive function in women seems reasonable. It
ispossiblethat thewhole blood histaminelevel
reflects the body’s histidine pool, since baso-
phils, eosinophils, and platelets all either syn-
thesize or store histamine. Thismight explain
why young women have the highest whole
blood histamine levels, and why these levels
peak in the childbearing years.® The blood
level may merely reflect the need for higher
circulating histidine levels (to support
histamine's role in reproduction).

From theforegoing, any processwhich
impairs CNS availability of histidine might
tend to affect women of reproductive age more
than men, since the body might tend to divert
available histidine toward reproductive en-
deavors, and short-change the CNS. Because
the incidence of MS is highest in women of
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reproductive age, another tentative link be-
tween MS and histidine/histamine might be
proposed; i.e., those with a greater systemic
need for histidine/histamine might be more
susceptibleto MS.

It appears the available evidence from
CSF and blood does not conclusively support
or refute the concept of a deficit of histamine
in histaminergic neurons or synapses. Also, it
remainsto be explained how ahistamine defi-
cit could even arise in the face of mast cell
degranulation, with rel ease of presumably co-
pious amounts of non-synaptic histamine.
Non-synaptically released histamine should
till be able to diffuse into the synaptic clefts
and “make up” for any intrinsic neuronal syn-
thetic deficit. This seems logical, but in the
face of ongoing or recurrent inflammatory
episodes, we postul ate a depl etion of mast cell
histamine (due to a lack of histidine precur-
sor) but not other inflammatory mediators.
Degranulation would still occur, but non-syn-
aptic histamine would no longer be available
to drift into the histamine synapses. Inthelight
of thisidea, perhaps Rozniecki’s data can be
interpreted in a different way; i.e., no hista-
mine was seen in the CSF because mast cells
wereno longer releasing it (although they were
still degranulating as evidenced by thetryptase
data).

Accepting that a histaminergic synap-
tic histamine deficit may exist at some point
after the onset of MS, how might such a defi-
cit cause symptoms, such as difficulty main-
taining balance when walking, fatigue, and
heat intolerance? How are histaminergic neu-
rons involved in these aspects of function?

Hypothalamic histaminergic neurons
project to the human cerebellum as shown by
Panula,® and also to the vestibular nuclei in
the cat brainstem.'® Both areas are important
for maintaining balance; the cerebellum for
coordination of motor impulses, and the ves-
tibular nuclei for processing sensory afferents
from the vestibular apparatus in the inner ear.
A left-right imbalance in electrical or caloric

stimulation of the middle ear (effectively
stimulating theinner ear) resulted inincreased
firing of hypothalamic histaminergic neurons
in rats.t” Decreased release of histamine by
relevant histaminergic neuronsin MS might,
therefore, result in problems with balance.
None of these studies determined the relevant
receptor type, although H1 receptor blockade
isacommon pharmacological intervention for
vertigo arising from vestibular disorders.

Fatigue is a common, though difficult
to define, symptom in MS.** Many MS pa
tients describe their fatigue as alack of moti-
vation or lack of interest, as well as actual
sleepiness or difficulty staying awake. Al-
though the cause of “fatigue” is undoubtedly
multifactorial, many users of exogenous his-
taminereport asubstantial improvementinthis
symptom in the persona experience of the
principal author. This may be partly attribut-
able to the action of exogenous histamine at
H1 receptors, since H1 receptor stimulation
appearsto have an animating effect on behav-
ior. H1-receptor-deficient rats displayed sig-
nificantly lessinterest intheir environment and
less activity on an exercise wheel,*2 and H1
receptor blocking agents are also common in-
gredients in non-prescription sleep aids.

Heat intolerance is a common symp-
tom in MS.™ The accepted explanation for
worsening of MS symptoms upon heat expo-
sureisconduction block of demyelinated nerve
fibers, athough at least one author has pro-
posed the etiology of heat intolerance is mul-
tifactorial, since conduction block does not
explain various anomalous or paradoxical re-
sponses.® Therefore, it is worthwhile to ex-
amine the potentia role histamine may play
in the response to warming.

Intracerebroventricular injection of
histamine lowered rectal temperature in rats;
thiswas shown to be mediated by both H1 and
H2 receptors.™® We postulate that histamine
release by hypothal amic histaminergic neurons
might be part of the response to warming in
humans also. Mounting the proper response
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to warming (such as increased skin vasodila-
tion) likely takes precedence over other CNS
usesof histamine, since braintemperatureisa
vital physiologic parameter. In MS patients,
warming might therefore consume available
histidine to stabilize brain temperature at the
expense of other histamine-requiring neuro-
logic processes, including thoseresponsiblefor
maintaining alertness, and may thus result in
the “wilting” or fatigue experienced with
warming. Once again, exogenous histamine
may mitigate thiseffect by directly increasing
the amount of histamine available; thisshould
manifest over a short time period.

Histamineisalso well recognized asa
peripheral vasodilator.**? Increased blood flow
to the skin with exogenous histamine supple-
mentation should improve heat tolerance by
improving the ability to release excess heat
through the skin.

The Effect of Exogenous Histamine
on the Electrical Properties of

Demyelinated Nerve Fibers

The foregoing has focused on subop-
timal functioning of otherwise undamaged his-
tamine-dependent neural pathways, which
might beimproved by exogenous replacement
of histamine. The majority of neurologic defi-
citsin MS however, are thought to be due to
faulty conduction by demyelinated fibers, al-
though there is some evidence that reversible
secondary factors are important.*>® Rapid-on-
set beneficial effectsof histamine supplemen-
tation might be expected if histamine can en-
hance the conduction of demyelinated fibers;
moreover, thisshould be areversible phenom-
enon, with effects being observed only when
sufficient histamine is present in the tissue
around the demyelinated axons.

A “booster” effect of thistype hasbeen
observed with 4-aminopyridine (4AP), which
is known to modify conduction in
demyelinated nerves by blocking potassium
channels.®> In two animal studies 4AP also

restored conduction in blocked, demyelinated
nerves.®*%% Two controlled trials "% have
demonstrated the ability of 4AP to reversibly
improve symptoms of MS. One researcher
commented that effects usually manifested
within 60 minutes of oral administration, and
reversed gradually over four to seven hours.*’
The clinical utility of 4AP is somewhat
compromised by side-effects, including
dizziness, paresthesias, and seizure in higher
doses.™®

Histamine has been shown to facilitate
nerve conduction in the same fashion as 4AP;
i.e., by blocking a slow polarizing potassium
current. This effect has been observed in hu-
man cortical neurons,™ rat cholinergic neu-
rons,'® rat supraoptic nucleus neurons,! and
ferret vagal afferent neurons.'®? Histaminewas
also shown to depolarize neurons by inhibi-
tion of a slow post-spike hyper-polarizing po-
tassium aftercurrent.162162 Both effects were
mediated through H1 receptor activation.

There have been reports of synergistic
effects of histamine and 4AP. Histamine-in-
duced vasoconstriction was augmented in rab-
bit ear arteries by 4AP-stimulated release of
glutamate from hippocampal neurons.641%
Co-administration of histamine and 4AP
might, therefore, prove beneficial for enhanc-
ing nerve conduction in demyelinated fibers.

If this mechanism is operative to any
significant extent, then treatment with H1
blockers might be expected to abolish its ef-
fect. A study of the effects of H1 blockers on
the response of M S patientsto exogenous his-
tamine should clarify the relative importance
of this mechanism.

Effect of Exogenous Histamine on

| mmune Function

Histamine can suppressitsown release
by inhibiting mast cell degranulation. Its pos-
sible role as amodulator of the severity of in-
flammation was proposed by Bourne.’®6 Ex-
ogenous histamine might, therefore, serve to
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slow or halt theinflammatory spiral provoked
by the release of other CNS mast cell inflam-
matory mediators, taking over the role of en-
dogenous CNS mast cell histamineiif its syn-
thesis and release is impaired by decreased
availability of histidine. This effect could op-
erate over both short and long timescales.

It is generally recognized that hista-
mine can exert bivalent effects on theimmune
system, with stimulatory effects generally
mediated by H1 receptors and suppressive ef-
fectsgenerally mediated by H2 receptor stimu-
lation.?! For example, mouse H1 receptor-de-
ficient T cells demonstrated impaired prolif-
erative responseto antigensin one study, ¢’ and
subcutaneous histamine administration (4 mg/
day) plus an oral H2 blocker (thereby stimu-
lating H1 receptors) resulted in prolongation
of survival in patients with metastatic mela-
noma.® Thisis the same dose range currently
being used in MS (3-6 mg/day), suggesting
small amounts of histamine seem to exert pro-
nounced effects on immune function. Inhibi-
tion of 1L-2 production in mitogen-stimul ated
human monocytes was shown to be mediated
by H2 receptors.®®

Sometimestheinhibitory effects of H2
receptor stimulation can enhance the overall
immune response. In one report, the tumor
cell-killing ability of natural killer (NK) cells
was enhanced by the addition of histamine.'®
The effect was shown to be H2 receptor-me-
diated and involved suppression of therelease
of NK cell-toxic reactive oxygen intermedi-
ates from intratumora monocytes.

Exogenous histamine may also be act-
ing to suppress the overactive Thl cell-medi-
ated immune response seen in MS and boost
the underactive Th2 response. Two research-
ers'’® have demonstrated that histamine (H2
receptor-mediated) can suppress the produc-
tion of IL-12. Elenkov also showed histamine
stimulatesthe production of IL-10, once again
by H2 receptor stimulation.'”® As discussed
earlier, down-regulation of IL-12 and up-regu-
lation of IL-10 is thought to be beneficial in

MS. Exogenous histamine might exert an over-
all favorable effect on the immune system in
MS by this mechanism, athough this has not
been studied. Note aso that histamine may
exert the same effect on Th1/Th2 balance as
copolymer 1;%*this suggests the two might be
used simultaneously for a synergistic effect.
The concept that histaminerel ease may
provide negative feedback on inflammation
mediated by mast cellswas mentioned above.
The dose-dependent inhibition of antigen-in-
duced release of histamine from human leu-
kocytes by exogenous histamine reported by
Bourne was shown to be H2 receptor medi-
ated.*” Histamine has been shown to exert the
same effect on CNS mast cells via H3 recep-
tor stimulation.?? Therefore, there is reason-
able support for the view that exogenous his-
tamine might exert a braking effect on CNS
inflammation in MS, possibly by balancing
Th1/Th2 activity and by stabilizing mast cells.
Caffeineisincluded inthetransdermal
histamine patch utilized in the Part One study
previously published in thisjournal* and may
synergizewith histaminein several ways. Mast
cell degranulation involves several processes.
an influx of C&* ions to the cell, a transient
decrease in the intracellular concentration of
cAMP™ and a transient increase in the acti-
vation of protein kinase C (PKC).}"* Phos-
phodiesterase inhibitors, such as theophyl-
line'” and caffeine!’™ are ableto stabilize mast
cells against degranulation by preventing a
dropinintracellular cAMP levelsand prevent-
ing activation of PKC. Therefore, caffeine
would synergizewith histaminein thisregard.
Most H2 receptors have CAMP as a
second messenger; i.e., stimulation of an H2
receptor by histamine results in the transient
increase in intracellular cAMP. Co-
administration of aphosphodiesteraseinhibitor
with histamine would then serve to amplify
the “message”’ delivered by histamine, by
prolonging the elevation of CAMP. Thus,
CAMP-specific phosphodiesterase inhibition
would seem to be atherapeutic strategy worth
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investigating. In fact, phosphodiesterase Type
IV inhibitors have been proposed as a
treatment for M St¢ and have been successfully
employed in the treatment of EAE.Y"”

Recent work has shown phosphodi-
esteraseinhibitorsexhibit Th1-suppressing and
Th2-enhancing effects on human leukocytes'’
and in M S patients;'”® asmentioned, histamine
also exertsthese effects. If caffeine acts simi-
larly to other phosphodiesteraseinhibitors, this
isyet another point in favor of the concurrent
use of histamine and caffeine. Caffeine may
reinforce the actions of histamine and in par-
allel, may produce some of the sameimmune-
modul ating effects as histamine.

Since the CNS damage in MSiis pre-
sumed to be due to the influx of autoreactive
T cells, permeability of the blood-brain bar-
rier (BBB) is an important factor to consider
when discussing aspects of the immune re-
sponsein M S. Both Sharma® and Gulati®? have
shown histamine increases BBB permeability
through H2 receptor stimulation, which sug-
gests exogenous histamine should worsen M S
symptoms by increasing BBB permeability. It
may well be that exogenous histamine does
increase BBB permeability (which could eas-
ily be proven with an MRI tracer study), but
potential negative sequelae of this permeabil-
ity increase are over-ridden by other benefi-
cial effects.

The Effect of Exogenous Histamine

on Myelination

Exogenous histamine may exert aposi-
tive influence on remyelination by direct and
indirect means. Exogenous histamine might
directly stimulate remyelination by enhancing
migration of oligodendrocyte progenitor cells
into areas of inflammation, by inducing and/
or facilitating the development of mature oli-
godendrocytes, and by stimulating myelinfor-
mation by oligodendrocytes. Although stimu-
lation of H2 receptors elevates intracellular
cAMP, and elevation of intracellular cAMP has

been linked to induction of oligodendrocyte
differentiation and myelin synthesis, no stud-
ies directly connect histamine to myelin for-
mation through elaboration of CAMP.

Exogenous histamine may indirectly
spur remyelination by its effect on other fac-
torstied to myelination, including T3 and vi-
tamin B12. For example, histamine is known
totrigger therelease of thyrotrophin releasing
hormone,*® and mouse thyroid has been shown
to bear H2 receptors, which stimulate thyroid
hormone secretion.®! Histamine may exert a
similar stimulating effect on the human thy-
roid gland, so exogenous histamine may as-
sist remyelination through stimulation of thy-
roid function. Exogenous histamine might
enhance uptake of B12 in particular, and other
nutrientsin general, and this may impact my-
elination over alonger time period. Note also
that improved thyroid function might increase
carnosinase activity.

The Effect of Exogenous Histamine

on Oxygenation of Cerebral Tissues

Decreased cerebral blood flow (CBF)
and decreased oxygen metabolism are well
recognized in MS, as demonstrated by early
studies employing radio-labeled xenon gas'®
and later studies employing MR and PET#
imaging. Both white and grey matter exhibit
decreased cerebral blood flow. Lycke found
decreased CBF correlated to neurologic dis-
ability, cognitive function, and visual perfor-
mance.’® Sun demonstrated cerebral hypo-
metabolism (a measure of oxygen consump-
tion) was correlated with the number of re-
lapses.’ Lycke a so demongtrated that patients
with progressive M S had agreater decreasein
grey matter CBF than relapsing-remitting pa-
tients. 18

Recent data concerning the effect of
histamine on CBF generally agree. Various
researchers havereported that histamine stimu-
lates vasodilation by an H2 receptor-mediated
mechanism, and vasoconstriction by an H1
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receptor-mediated effect. The observed effect
(vasodilation or vasoconstriction) is concen-
tration dependent, 8% and al so depends on the
anatomic location of the vessel.’® No recent
studies measuring the net effect of low-dose
systemic histamine administration on CBF
were found, but older studies may shed some
light on the question.

In the January 1951 issue of Post-
graduate Medicine, Horton stated, “ Theresults
of arecent study indicatethat histamine causes
a greater increase in blood flow to the CNS
than any other drug known. Photographic
records of the pulsations of the human brain
indicated that the subcutaneous administration
of 0.25 mg of histamine base produced a 725
percent increase in the amplitude of the pulsa-
tions of the brain.” ' Later in the same article,
Horton al so reported that during an exploratory
craniotomy, he observed the following effect
of theintravenous administration of histamine:
“The cortex became fiery red and vessels
which usually were hardly visible became
prominent.”

These data support the notion that ex-
ogenous histamineincreases CBF and oxygen-
ation. Increased oxygen delivery could lessen
fatigue, increase alertness, and increase cog-
nitive performance. Over the long term, con-
tinued augmentation of CBF could also exert
beneficia effectsthrough stimulation of repair
by enhanced delivery of oxygen and nutrients.

Conclusion

A framework has been proposed in
which histamine supplementation might
alleviate some of the symptomsof MS. Centra
to this framework is the notion of a systemic
histidine deficiency, which limits the ability
of the body to synthesi ze requisite amounts of
histamine at sites such as the CNS and the
gastric mucosa. We have reported preliminary
findings which support the existence of a
hi stidine deficiency in some patientswith M S,
and correlateit withimpaired or absent gastric
acid production as measured by the Heidel berg

capsule. The proposed histidine deficiency
might be brought about by afailure of gastric
and pancreatic exocrine function, but it is
unclear whether impairment of gut function
might beaprimary or secondary feature of MS,
and what might initiate the impairment. CNS
mast cell degranulation may also contribute
to a shortage of histidine.

Histamine supplementation may im-
pact this state of affairs by directly augment-
ing the concentration of histaminein relevant
synaptic clefts, by suppressing CNS mast cell
degranulation, or by improving protein diges-
tion and histidine status. Exogenous histamine
might also augment cerebral blood flow, im-
prove the conductivity of demyelinated nerve
fibers, or help balance Thl and Th2 immune
functions. The timescales over which these
mechanisms might act are roughly consistent
with observed timescal es of improvement.

As pointed out in the introduction,
many of the ideas discussed in this paper are
speculative. A host of unanswered questions
remain, and we have proposed various ways
some of these questions might be addressed.
Whole brain n-acetylaspartate (NAA) assay
via MRI has recently been proposed as a
marker of disease progression.® This tech-
nigue might proveto be particularly useful for
studying mast cell degranulation and the role
of histaminein MS; if brain mast cells contain
NAA as do peritoneal mast cells.*' We hope
histamine will continue to show promise for
M S patients, and that the curiosity of other MS
and histamine researchers will be stimulated
by some of the ideas presented in this paper.

Secondary deficits of nutrientssuch as
histidine, thiamine, carnosine, and copper may
feed back and amplify the damage done by
the primary disease processin MS. Webelieve
broad-spectrum nutritional support along with
efforts to improve gastric acidity and protein
digestion are strongly indicated, in conjunc-
tion with whatever other trestment modalities
are used for this disease. We also believe sig-
nificant effort should be put into untangling
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