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Abstract

Recent advances in nutritional and biochemical research have documented inosi-
tol as an important dietary and cellular constituent. The processes involved in inositol
metabolism and its derivatives in the tissues of mammals have been characterized /77
vivo as well as at the enzymatic level. Biochemical functions defined for
phosphatidylinositol in biological membranes include the regulation of cellular responses
to external stimuli and/or nerve transmission as well as the mediation of enzyme activ-
ity through interactions with various specific proteins. Altered production of inositol has
been documented in patients with diabetes mellitus, chronic renal failure, galactosemia,
and multiple sclerosis. Inositol has been reported to be effective in treating central
nervous system disorders such as depression, Alzheimer’s disease, panic disorder,
and obsessive-compulsive disorder. It has documented benefit for use in pediatric res-
piratory depression syndrome. In addition, recent studies have evaluated its useful-
ness as an analgesic. Inositol has been studied extensively as potential treatment to
alleviate some negative effects associated with lithium therapy. The use of inositol in
pregnant women remains controversial. Although its benefit in preventing neural tube
defects in embryonic mice is documented, the risk of inducing uterine contractions
limits its usefulness in pregnancy.
(Altern Med Rev 1998;3(6):432-447)

Introduction

Inositol has been identified as an important dietary and cellular constituent. Biochemi-
cal functions of phosphoinositol (PI) in cell membranesinclude regulation of cellular responses
to external stimuli as well as mediation of enzyme activity.

In mammals, inositol exists as phosphorylated derivatives, various phosphoinositides,
and initsfree form. These membranous bound phosphatidylinositols are cleaved by phospholi-
pase C to form diacylglycerol (DAG) and the inositol phosphates. Subsequent enzymatic pro-
cesses produce a variety of mono-, bi-, tri-, and tetraphosphate inositols depending on specific
substrate and the enzyme as described in the diagram that follows. For example, the Ins-1,4,5-
P3 kinaseis stimulated by calcium. Therefore, the conversion of Ins-1,4,5-P3to thelns-1,3,4,5-
P4 is facilitated when cytosolic concentrations are increased due to any agonistic action at the
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Figure 1. Biosynthesis of inositol.

Phosphatidylinositol (PI)
>

phospholipase C

Inositol 1 Phosphate | DAG
(Ins1P)

inositol monophosphatase

Inositol

-+———»  Phosphatidylinositol Phosphate (PIP)

phospholipase C

Inositol 1, 4 Biphosphate DAG
(Ins 1, 4 P2)

inositol polyphosphate

phosphomonoesterase

Inositol 4 Phosphate (Ins 4 P)

inositol monophosphatase

Inositol 3 monophosphate (Ins 3 P)

Inositol

Phosphatidylinositol Biphosphate (PIP2)

phospholipase C

Inositol 1, 4, 5 Triphosphate DAG
(Ins1,4,5P)

5 phosphomonoesterase 1, 4,5 P3 Kinase

Inositol 1, 3, 4, 5 Tetraphosphate
(Ins1,3,4,5P4)

5 phosphomonoesterase

Inositol 1, 3, 4, Triphosphate
(Ins1,3,4P3)

4 phosphomonoesterase
Inositol polyphosphate

phosphomonoesterase l

Inositol 3, 4 Biphosphate
(Ins 3,4 P2)

4 phosphomonoesterase

Inositol 1, 3 Biphosphate
(Ins1,3P2)

3 phosphomonoesterase

Inositol 1 monophosphate (Ins 1 P)

inositol monophosphatase

Inositol

inositol monophosphatase

cell membranesite. Likewise, theaction of the
enzyme, polyphosphate 1-phosphomo-
noesterase is inhibited by lithium and also by
calciumin the physiologic range (Figure 1).
The end product of each pathway
eventually isinositol, which is recycled back
as a component of the origina Pl precursor.
In addition, this parent compound,
phosphatidylinositol, can moderate the activ-
ity of numerous membrane enzymes.
Glycosyl-phosphatidylinositol (GPI)
structures covalently anchor several enzymes
(acetylcholinesterase, alkaline phosphatase,
membrane dipeptidase, and 5-nucl ectidase) to
the outer surface of the plasmamembrane.? In
addition, these GPI anchors may provide the

protein with other properties, such as phos-
pholipase cleavage susceptibility and the abil-
ity to cluster in detergent insoluble domains.
These anchors can also act as signalers both
intracel lularly and transmembranously to regu-
late metabolic processes of the cells. This al-
lows for enzymes to be activated when ago-
nist activity is high, thereby decreasing fur-
ther mobilization of calcium. Inactive enzymes
remain attached to the membrane and allow
agonist stimulation when calcium demand is
decreased.

The inositols are ubiquitous, cyclic
carbohydrates with a basic 6-carbon ring
structure. There are actually nine isomers of
inositol, of which myo-inositol is the most
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Figure 2. The chemical structure of myo-inositol.!

OH

This “second messenger” concept is
not uniqueto hormones. Theoriginal “ sec-
ond messenger” to be discovered was cy-
clic adenosine monophosphate (CAMP).
For this reason, CAMP is aso the best un-
derstood. For example, the hormonal ef-
fects of epinephrineand norepinephrineare
regulated by CAMP. The neurotransmitters
released at nerve endingsare also regul ated
by CAMP,

abundant isomer in the central nervous system
of mammals (Figure2). Myo-inositol isunique
in that it has asingle axial hydroxyl group at
the number 2 carbon.!

Physiology

Because amines, polypeptides, and
glycoproteins cannot penetrate the lipid layer
of target cell membranes, an alternative acti-
vator is required. It is known that most hor-

When the agonist binds to the cell
membranereceptor, ATPisconverted to cAMP
which in turn activates a kinase enzyme. The
Kinase becomes the “second messenger” asit
continuesin the cycle to promote the original
agonistic effect (Figure 3).

Phosphoinositide composition of the
central nervous system cell membranes are
fatty-acid enriched and consist primarily of
phosphatidylinositol (Pl), phospha-
tidylinositol-4-phosphate (PIP), and
phosphatidylinositol-4,5-bi phosphate (PIP2).
Oncethemembraneisstimulated,

Figure 3. Signaling system where cCAMP activates akinase to

promote the agonistic intent.
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phospholipase C is activated and
consequently inositol triphos-
phatealongwith diacylglycerol is
produced. Pl is used as a precur-
sor for phosphatidylinositol-3-
phosphate [PI(3)P] and 3,4,5-
triphosphate (Figure 4).

Cytoplasmic calcium concen-
tration iskept very low by active
transport carriers, calcium pumps
in the cell membrane itself, and
in the endoplasmic reticulum.
Usually the calcium concentra-
tion inside the cytoplasm is
5,000-10,000 timeslessthan the
concentration in the extracellu-
lar fluid.

This endoplasmic store of cal-

mones act as a “second messenger” by bind-
ing to these cell membrane receptors and be-
ginning acascade of reactionsthat producesa
“messenger” to actually potentiate theintended
action.®

cium can be accessed upon
stimulation by inositol. Inositol triphosphate
is released from the cell membrane and trav-
els through the cytoplasm until it reaches the
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endoplasmic reticulum. Thisinositol then re-
|eases the sequestered calcium, which can go
on to mediate the release of neurotransmitters
in response to depolarization (Figure 5).*

In addition to releasing endoplasmic
reticulum calcium, myo-inositol functions as
the major central nervous system non-nitro-
genous osmoregulator. Modulation of this
inositol pool isregulated in response to states
of high or low osmolalities. The

supplementation to improve renal function in
compromised patient populations.

The specificity of the IP3 receptors as
well as the identification of other inositol re-
ceptors may play an important rolein the de-
velopment of newer inositol agents that can
be directed to a specific receptor or enzyme.
Recently, the work of Monkawa et a identi-
fied three different types of inositol-1,4,5-

inositol pool issupplied viaaso-
dium/inositol transporter, a so-
dium dependent active transport
system, and a passive low affin-
ity transporter.

Hypo- or hyperfunction-
ing occursin different areasof the
brain depending on the concen-
tration of a specific myo-inositol
pool.! Regulation of the brain
inositol system ismaintained ex-
clusively by the production of in-
trinsic myo-inositol. Levels of
intrinsic myo-inositol must be
closely regulated, as an increase
or decrease in the concentration
candirectly affect cellular signal-
ing. IMPase, a magnesium de-
pendent enzyme that hydrolyzes

myo-inositol monophosphate ..

into intracellular myo-inositol,

accomplishes this regulation.®
Using rats as models,

Kitamura et a proposed modu-
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Figure 4. Inositol signaling system with inositol
triphosphate acting as the second messenger.
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DAG = diacylglycerol, PIP2 = phosphatidylinositol-4,5-biphosphate.

lation of osmolality by inositol
occursin therenal medulla, especialy the as-
cending limb of Henle.® During this study,
acute renal failure was induced by injection
of MMI (2-0, C methylene-myo-inosital), a
sodium transport inhibitor, producing a sig-
nificant increase in serum creatinine and urea
nitrogen 12 hours after the dose was adminis-
tered. The subsequent administration of myo-
inositol prevented acute renal failure and im-
proved tubular injury after MMI injection.®
This may suggest a future role for inositol

triphosphate receptorsin therat kidney.” Type
1 inositol triphosphate receptors were most
commonly located in the glomerular mesangial
cells and in vascular smooth muscle cells.
Receptors of type 2 specificity were located
in the collecting ducts from the cortex to the
inner medulla. Type 3 inositol triphosphate
receptors can be found at all sites.®

Although receptor differences in the
human model are not as clearly understood,
calcium may have the potentia to inhibit IP3
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Figure 5. Inositol mediates the release of calcium from the
endoplasmic reticulum. Calcium then augments the

neurotransmitter release into the synapse.
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system. Thereceptorslisted
in Table 1 are linked to the

Neurotransmitter G protel ns and produce

oreliaot.sﬁj.' DAG and inositol-1,4,5-
oe " triphosphate as second mes-

sengers.! The receptors
listed can befoundin nearly
every human organ system.
The potential interactions
between thesereceptorsand
their agonists are respon-
sible for regulation of the

binding to types 1 and 3 triphosphate recep-
tors. Calcium binding to type 3 receptors may
be stimulated at intermediate concentrations
of calcium. As a result of these differences,
type 3 receptors are more sensitive to | P3 than
type 1 receptors when the cytosolic calcium

body on aday-to-day basis.

In view of the intricacy of these systems and

thelir actions, a perfect balance is required for
regulation of the signaling systems.

Theoretically, an imbalance of inosi-

tol concentration could potentially affect the

development and function of oneor all of these

receptors. Therefore, any or-

Table 1. Receptorsidentified in the inositol signaling system.

Receptor System Types

M1, M2, M3
SHT2a & 5HT2c

Cholinergic
Serotonergic
Adrenergic
Glutaminergic

mGlul & mGlu5
H1

Nk1, Nk2, & Nk3
CCKa & CCKb
BB1 & BB2

Bl & B2

PAF

Histaminergic
Tachykinins
Cholecystokinin
Bombesin

Bradykinin

Platelet activating factor

alpha 1a, alpha 1b, & alpha 1d

gan system that housesthese
receptors could also be po-
tentially affected. Cholin-
ergic receptorsarelocated in
theliver, heart, stomach, and
lungs. Serotonin and
glutamine receptors are
found mostly inthe CNStis-
sues. Adrenergic receptors
are present in varioustissues
including CNS, vascular tis-
sues, and heart. Histaminer-
gic receptors are predomi-
nantly found inthelungsand
stomach. Given the omni-
presence of inositol or inosi-

concentration is within normal range.® How-
ever, as the cytosolic calcium concentrations
increase, type 1 receptors become more sen-
sitive to 1P3 compared to type 3 receptors.

In addition to the I P3 receptors, numer-
ous non-inositol receptors have been identi-
fied in the central nervous system that can po-
tentially interact with the inositol signaling

tol related entities, maintain-
ing a state of euinositolism may be a promis-
ing objective for regulation of functions re-
quired for devel opment and/or mai ntenance of
organ systems.

Under normal conditions the average
dietary intake of inositol is only about one
gram per day. Fortunately, oral intake of inosi-
tol accounts for only one of three pathways
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for inositol production. Inositol monophos-
phate can be produced as aresult of areceptor
mediated salvage system and from glucose-6-
phosphate. Inositol from either of these two
pathways is metabolized by a lithium sensi-
tive enzyme, polyphosphate-1-phospho-
monoesterase. These two pathways account for
the majority of inositol produced (Figure 6).
Inositol accumulation from the third pathway,
attained as a result of dietary uptake, is con-
sidered aminor pathway.

Patential Clinical Applications

A changein CNSavailability of inosi-
tol may produce altered brain signaling and
eventually lead to the development of neuro-
logical disorders. Studiesevaluating the

for depressed patients. Kavouss et al reported
bupropion (a semi-serotonin agent) and
sertraline (an SSRI) equally effective for the
treatment of depression.® However, orgasm
dysfunction, nausea, vomiting, somnolence,
and sweating were frequently reported side-
effects in the sertraline group.®® Lydiard et a
reported amitriptyline not superior to placebo
for several subjective assessments of
depression.™* Van Houdenhave et a reported
23 percent of study patients experienced mild
to moderate gastrointestinal effects for
sertralinetreated patientsand awithdrawal rate
of eight percent.'? Venlafaxine was eval uated
by Dunner et a and a dropout rate of 11.5
percent due to side-effects associated with

effectiveness of inositol indicateit may
be effective in the treatment of depres-
sion, Alzheimer’s disease, panic disor-
der, obsessive compulsive disorder, au-
tism, post-traumatic stressdisorder, and
pain control.

Figure 6. Two maor productive pathways for inositol.

Depression The prevalence of
depression in the United States is not
definitively known. Depressive symp-
toms occur in 13-20 percent of the U.S.
population. Depressionistwiceaslikely
to occur in females, average age of on-
set being 35-45; whereasit is 55 years
of age for men.

The biological etiology for de-
pression is believed to be linked to a
deficiency of neurotransmittersat post-
synaptic receptor sites. In the catechol -
amine theory the deficiency is norepi-
nephrine; in the indolamine theory the
deficiency is serotonin. Receptors
linked to the inositol signaling system
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include serotonin (5HT2a and 5HT2b) and
norepinephrine (alpha 1a, 1b, and 1d). There-
fore, inositol may be an important participant
in this neurological arena.

Presently, serotonin reuptakeinhibitors

therapy was reported.*®* Presently, the SSRIs
as a class are probably the best tolerated
antidepressants currently available for use in
patients with depression. They are commonly
selected over the anticholinergic agents due

(SSRIs) arethe primary classof agentsuitilized to their effectiveness and lack of
anticholinergic side-effects.
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Anticholinergic effects of antidepres-
sants include dry mouth, blurred vision, con-
stipation, and urinary hesitancy. Autonomic ef-
fects include sweating, impotence and g acu-
lation dysfunction. At normal doses cardiac
adverse effects include tachycardia and EKG
changes. Other effects include: orthostatic
hypotension, sedation, restlessness, insomnia,
weight gain, anorexia, nausea, vomiting,
tremor, and confusion.

In 1978, Barkai et al demonstrated de-
pressed patients had significantly decreased
CSF levelsof inositol as compared to healthy
patients.!* In 1993 this theory was expanded
to conclude that administration of high-dose
inositol could increase CSF levelsby asmuch
as 70 percent.”® Thisled to the study of inosi-
tol for treatment of depression.'6

In 1995 Levine et al completed a,
double-blind study for treatment of depression
using inositol at adose of 12 gramsdaily com-
pared to placebo.® Patients receiving inositol
showed significant improvement in depression
as ranked by the Hamilton Depression Rating
Scale (33.4 +/- 6 versups 21.6 +/- 10). Side-
effects experienced by theinositol group were
nausea and flatus. There were no hematologi-
cal abnormalitiesin laboratory parameters. A
few patients experienced mild elevations in
fasting serum glucose concentrations. There-
searchers concluded that twelve grams daily
was well tolerated. Another important obser-
vation was the absence of manic episodesin
the bipolar patients treated with inositol. This
lack of manic episodes may suggest that when
the signaling system is not overactive, addi-
tion of inositol will not increase the signaling
system’s activity.!8

Another study reported in 1995 by
Levineet a evaluated the potential for relapse
of depression once inositol therapy was dis-
continued. In this study, patients treated with
12 grams inositol daily experienced signifi-
cant antidepressant effects. Half of the patients
who responded to therapy relapsed rapidly on
discontinuation of inositol .

It can be concluded that inositol at a
dose of 12 grams daily may be effective in
treating the clinical manifestations of depres-
sion and should be considered a treatment al-
ternative. In addition to the possible clinical
responses relative to symptom resolution,
therapy with inositol may be advantageous
since potential side-effects of the more con-
ventional therapy can be avoided.

Panic Disorder:Panic disorder begins
as an acute or spontaneous attack of anxiety
that involves an intense, terrifying fear. The
attack seemsto peak in about ten minutes and
lasts approximately 20-30 minutes. The dis-
order is usually progressive and patients may
develop anticipatory anxiety asaresult. Most
patients will eventually develop symptoms of
avoidance behavior or agoraphobia.

Several drugsfor thetreatment of panic
disorders are available, although response is
often unpredictable. Conventional therapy in-
cludes SSRIs, the serotonergic agent
clomipramine, tricyclic antidepressants such
asimipramine or desipramine, MAOIs (espe-
cially phenelzine), alprazolam, and
clonazepam. However, treatment with these
medi cations continuesto produce asignificant
number of adverse reactions.

Papp et a concluded clomipramine at
therapeutic doses produced asignificant num-
ber of adverse drug reactions and a high drop
rate.?° Paroxetinefor panic disorder was evalu-
ated by Ballenger et al who reported adverse
drug reactions consi stent with those most com-
monly reported for the classasawhole.? The
most compelling adverse drug reaction infor-
mation wasreported by Cowly et al, who found
27 percent of the clinical trials reporting in-
tolerable side-effects asthe most common rea-
son for treatment failures, especially with tri-
cyclic antidepressants.?? Rosenbaum et a con-
cluded clonazepam in higher doses was more
likely to cause somnolence and ataxia, while
normal maintenance doses were more likely
to be associated with depression, dizziness,
fatigue, and irritability.?
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Benjamin et a expanded the clinical
use of inositol by evaluating its effectiveness
in panic disorder.* This was an eight week
double-blind, crossover study whereby pa-
tientsweretreated with 12 gramsinositol daily
for four weeks and then crossed over to the
other study arm. Improvement was assessed
using patient diaries, the Marks-Matthews
Phobia Scale, the Hamilton Anxiety Rating
Scale, and the Hamilton Depression Scale. The
frequency and severity of panic attacks and
the severity of agoraphobia declined signifi-
cantly more after inositol than after placebo
(adecrease from 10 attacks per week to 3 per
week in the treated group compared to a de-
creasefrom 10to 6 inthe placebo group.) The
authorsconcludeinositol’s efficacy and safety,
and the fact that inositol is a natural compo-
nent of the human diet make it a potentially
attractive therapeutic agent for panic disorder.

Obsessive Compulsive Disorder
(OCD). OCD isthefourth most common psy-
chiatric disorder. It isestimated 2.5 percent of
adults and one percent of children meet the
DSM-IV classificationfor OCD. It usualy first
appearslatein adolescence or early adulthood.
OCD incidence is higher in females than in
males. The age of onset is usually earlier in
males than in females, 6-15 years compared
to 20-29 years, respectively.®

Although OCD can occur following a
brain injury, there is usually no neurological
precipitant. Most compelling for the evidence
suggesting a biological cause is the success-
ful treatment using SSRIs. Currently the medi-
cation of choice for treating OCD is the ben-
zodiazepine agent, clomipramine. Flament et
al reported a 26-percent discontinuation rate
for OCD treated with clomipramine and 11
percent for those treated with the serotonin
agent, sertraline. In addition, thereis poor tol-
erance for long-term use of clomipramine.®
Nausea, vomiting, and decreased sleep were
the most commonly reported side-effectsin a
study of citalopram for OCD.# Patients also

reported decreased sexual desire and orgasmic
dysfunction.

Sincethe phosphatidylinositol cycleas
asecond messenger isknown to affect severa
neurotransmitters, including serotonin recep-
tors, inositol at 18 gramsdaily was studied for
treatment in OCD in a double-blind, placebo
controlled, crossover trial. Thirteen patients
were treated for six weeks. There was a sig-
nificant improvement at week six during the
inositol period when compared to placebo pe-
riod. There were no side-effects reported dur-
ing the study period.?® Theimprovement noted
with inositol in this study was comparable to
that reported for fluvoxamine and fluoxetine.?
Longer periods of inositol therapy may pro-
duce even more significant results.

Alzheimer’s Diseasé&lzheimer'sDis-
ease (AD) isadegenerative brain disorder that
affects approximately four million people in
the United States.? This number isanticipated
to increase to nearly nine million by the year
2040. It is estimated that currently more than
10 percent of the U.S. population aged 65 or
older and 48 percent of those aged 85 or older
have AD.*®

Annually, the national cost of AD is
estimated at 110 billion dollars. Thisincludes
thedirect costs of medical care and social ser-
vices, informal costs, and costsdueto lost pro-
ductivity. First characterized in 1907 by Alois
Alzheimer, AD is adementia of insidious on-
set, with deterioration of intellectual ability
occurring gradually. Clinically, itisaprogres-
sive brain failure that results from neuronal
dysfunction and ultimately cell death. Multiple
neuronal pathways are destroyed in AD. This
destruction is believed to be caused by accu-
mulation of neuritic plagues and neurofibril-
lary tangles (NFT).

NFTsarelocated intracellularly within
the cytoplasm of neurons. The neuritic plaques
are extracellularly located (brain and cerebral
vasculature). Both the plagues and NFTs sig-
nificantly interferewith neuronal transmission.
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Table 2. Agents approved and in clinical trial for the treatment of AD.

Cholinesterase Inhibitor Nausea, vomiting, Increased Approved
LFT

Cholinesterase Inhibitor Approved
Cholinesterase inhibitor | n sdy

Metrifonate Organophosphate Decrease blood cholinesterase | In study
derivative headache, vertigo

| Cx516 |

Calcium channel Block NMDA receptor Bradycardia, headache, In study
blockers hypotension

NSAIDS anti inflammation Gastrointestinal In study

Nicotine Nicotinergic Tachycardia, headache, Controversial
insomnia, dizziness

Nerve growth Stimulate nerve growth Undisclosed In study

factor

+ cholinergic function Nausea, vomiting, spotting In study
Gastromtestinal In Study
Acetylcholine releaser Undisclosed In study

Sabeluzole Benzothiazole Nausea, headache, dizziness In study
derivative

Cholinesterase Inhibitor Undisclosed In study

fected by the deregu-
lation of calcium
concentration, possi-
bly due to inositol
depletion, supple-
mentation  with
inositol may produce
positive CNS ef-
fects. Recent data
suggests the loss of
Pl second messenger
system target sites
and |P3 receptors
may add to cognitive
impairment and the
failure of conven-
tional therapies in

AD. Therefore,
supplementation of

Although the role of aluminumin AD
isstill speculative at best, the presence of alu-
minosilicates at the core of senile plaquesin
diseased neuronsisaconsistent feature found
inthe CNS of AD patients during autopsy.® It
is known that aluminum inhibits the incorpo-
ration of inositol into phospholipids and the
hydrolysis of the phosphoinositides by bind-
ing to one of two specific phosphate groups.
This copulation of phosphate and aluminum
affectsthe calcium releasing effects of thecell.
The resulting profound disturbance of the
phosphatidylinositol second messenger system
may account for neuronal malfunction and
eventual cell death.®!

Currently all medications for AD are
palliative. Even with newer agentsliketacrine,
the prognosis for AD is not improved. The
newer agents do not affect the underlying dis-
ease processes, although progression of the
disease may beretarded. Table 2 lists the cur-
rently approved agents and those currently
being studied for Alzheimer’s disease. 032

Since the potential role of aluminum
as a causative agent for cell death may be af-

inositol to replenish
the diminished Pl system may be beneficial in
the treatment of AD.

In 1996 Barak et al completed a
double-blind, controlled, crossover study of six
gramsinositol daily compared to placebo for
30 daysin 11 Alzheimer’s patients.* Patients
in the study were diagnosed with dementia of
the AD type as classified by DSM - |1IR and
aged 65 years or older. The Cambridge Men-
tal Disorder of the Elderly Examination
(CAMDEX) was used asthe basi c assessment
parameter and was administered upon admis-
sion into the study. Included in CAMDEX is
part A: patient’s present physical and mental
state, part B: Cognitive Subscale of CAMDEX
(CAMCOG), part C: interviewers observa-
tions, and part D: physical examination.
CAMCOG was repeated at two, four, six, and
eight weeks. Participants scored 80 or lesson
the CAMCOG examination and their symp-
toms of depression were not severe.

Patients were excluded from the study
if they had a history of psychiatric, acohal,
and/or drug addiction disorders, or abnormali-
tiesin baseline laboratory values (blood count,
electrolytes, liver or kidney functions, VDRL,
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or CT scan) not consistent with AD. Patients
with additional neurologic, metabolic, endo-
crinologic disorders, or presence of internal
disease that grossly impaired brain function-
ing were also excluded.

Subjectswere given either three grams
inositol or placebo in the morning and again
inthe evening. After four weeks patientswere
crossed over into the other arm (inositol or
placebo) for an additional four weeks. Only
benzodiazepines were allowed during the
study period (15 mg of oxazepam or equiva-
lent), provided the patient was receiving it on
study entry.

post-synaptically are relatively preserved in
AD patients, whereas the number of pre-syn-
aptic receptors (M2) are reduced (Figure 7).4
Therefore, stimulation of intact post-synaptic
membranes by M1 receptor agonistsmay theo-
retically be more efficacious in treatment of
AD than treatment with conventional thera-
pies like acetylcholinesterase inhibitors that
predominantly act on dysfunctional pre-syn-
aptic membrane receptors.

Inositol’s proposed mechanism of ac-
tion in the CNS does not include direct ma-
nipulation with either pre- or post-receptors.

Analysisof theimprovement scores
of al patients who completed the study
showed inositol increased the total
CAMCOG score from a baseline of 31.36
+/- 20.90 t0 40.09 +/- 24.54, while the pla-
cebo group increased from baseline of 35.9
+/- 25.96 to 39.27 +/- 25.10. The authors
concluded only two of the eight subscales
(language and orientation) showed signifi-
cant improvement with inositol. Adverse
effects of the inositol treated group were
considered mild and transient (insomnia
and flatus).

Figure 7. Muscarinic 1 receptors are believed to be

intact in AD, whereas M 2 receptors may
be decreased or dysfunctional

Presynaptic =~ M2

Neuron
2 M1 Postsynaptic
. Neuron

Further studiestargeting orientation
and/or improvement in language skillsarewar-
ranted. Therelatively small number of patients
enrolled in the study may have lacked the sta-
tistical power to identify other significant dif-
ferencesthat may have existed. Itisalso ques-
tionable why the researchers decided to use
inositol at adoseof six gramswhenitisknown
relatively larger doses (12 grams or more) are
generally required. Thirdly, thelength of time
inositol was administered may have been too
short since studies in which patients were
treated for threeto five months produced more
favorable results.

Recent advances in AD neurobiology
have provided evidence for development of
more effective and lesstoxic strategiesfor dis-
ease management. Of most significanceisthe
realization that muscarinic receptors (M1)

However, it may indirectly affect the relation-
ship between receptor and agonist. By medi-
ating the physiochemical characteristicsof the
M1 pre-synaptic receptor (solubility, osmola-
lity, etc.), inositol may alter the binding site
and influence the signaling that occurs as a
result.

The development of a diagnostic test
to confirm the existence of an “Alzheimer’s
protein” may also provide beneficial early
therapy for patients predisposed to AD. In
December 1997 the discovery of a protein
caledAD7c-NTPinnerve cellsthat may cause
Alzheimer-like changes, including cell death,
was announced.* This might enable
physicians to identify patients with the AD
protein and begin appropriate therapy, which
can include inositol given its benign adverse
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reaction profile. Presently, the debilitating
neurological signs on presentation are often
theinitial prognosticatorsof AD. By thistime,
however, the damage that has occurred is
usually severe and untreatable. Physiciansmay
opt toincludeinositol in addition to one of the
other agents for AD before neurological
deterioration is severe.

Post Traumatic Stress Disorder
(PTSD):PTSD isapathological reaction to a
psychologically traumatic experience. Symp-
toms may be acute or delayed, and are charac-
terized by nightmares and flashbacks where
the event is re-experienced.

Resistance to drug therapy may best
be explained by Adamac who reported thetrau-
matic event may actually produce a “photo-
graph” of the occurrence in the CNS. This
permanent emotional memory may be trig-
gered exogenously and the event is relived
continually upon exposure to agonists.*®

Only about 50 percent of PSTD pa-
tientsreported significant improvement in de-
pressive symptoms at one month when com-
pliant with medications. SSRIs produced bet-
ter outcomes than norepinephrine inhibitors.

In 1996 the effects of inositol in pa
tients suffering from PSTD were evaluated by
Kaplan et al. Patients were given 12 grams
daily or placebo for four weeks, then crossed
over into the other study group for an addi-
tional four weeks. There were no significant
differences in improvement between the
treated group as compared to the placebo
group.*

Autism:Theuse of inositol at 200 mg/
kg wasevaluated in nine children for thetreat-
ment of autism.*® Theinvestigators concluded
there was benefit for its use in this patient
population. Studies on a larger population
seem warranted.

Respiratory Distress Syndrome Disor-
der (RDSD):One of the oldest documented
uses of inositol isfor usein neonatal RDSD.*
Itisknown that inositol administration to im-

mature animals increases pulmonary surfac-
tant levels. Administration of inositol at 80
mg/kg parenterally to premature infants may
decrease the likelihood of respiratory distress
syndrome. Hallman et al concluded parenteral
inositol therapy during the early neonatal pe-
riod may also decrease the incidence of se-
vere, chronic injury of the retina.*’

AnalgesiaGiven the success of inosi-
tol for some central nervous system disorders,
itsusefor pain control wasrecently evaluated.
Tarnow et a reported an analgesic effect for
inositol-1,2,6-triphosphate in a double-blind,
randomized study of 24 patients undergoing
cholecystectomy.® Opioid analgesia require-
ments were significantly reduced when pa-
tientsreceived abolusinositol dose of 240 mg
followed by 90 mg/hr for 24 hours. Therewere
no side-effectsreported with the bolusor main-
tenance infusions.

The analgesic relationship between
inositol and pain was also investigated by
Raffa et al who reported the phosphoinositide
pathway may play an important rolein opioid
efficacy and in the development of morphine
tolerance.®

The recent work of Ferrara et a pro-
posed an anti-edematous action of alpha-
trinositol when used to treat canine scald inju-
ries, reportedly through adecrease of thetrans-
membrane flux.>

Lithium-Induced Adverse Reactiofs:
is believed lithium inhibits inositol
monophosphatase which in turn depletesbrain
stores of inositol. In fact, this may be the
mechanism for lithium’s effectivenessin treat-
ing manic-depressive disorder.

Concern is therefore warranted over
the concept of treating lithium induced side-
effects with inositol, since administration of
inositol may cause the concentration of inosi-
tol to rise and subsequently reintroduce manic
or depressive episodes. However, the exog-
enous administration of inositol does not ap-
pear to alter the manic-depressive control at
all.
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It is theorized inositol derived from
inositol phosphate breakdown is recycled for
use in membranous phosphatidylinositol.
Hyperactivated systems would be affected by
lithium’s depletion of the recyclable inositol
pool, whereas isosystems would not be af-
fected.®® A similar finding was reported by
Berridge et a who concluded lithium inhibits
phosphoinositide derived second messengers
of activated systems only.>

Johnson et al concluded inositol deple-
tion induced by lithium can be bypassed by
introduction of exogenous inositol.>® They
administered inositol at 1500 mg daily (500
mg three times daily) to 11 patients who ex-
perienced polyuria-polydipsia as a result of
lithium treatment. Forty-five percent of the
patients experienced dramatic improvement in
polyuria-polydipsia complaints; another 36
percent reported mild improvement. Thisim-
provement may be more related to the osmo-
regulatory effect of inositol than its function
asasecond messenger. Improvement was also
noted in lithium-induced psoriasis.

Possible Clinical Contraindications

for Inositol Supplementation

Attention Deficit Hyperactivity Disor-
der (ADHD): ADHD is a disorder of early
childhood which can be symptomatic well into
adulthood. These patients are inattentive, im-
pulsive, quick-tempered, unable to tolerate
stress, and arerestless since childhood. ADHD
is most commonly treated with methylpheni-
date, but propranolol and tricyclic antidepres-
sants are also alternatives.

Evaluation of inositol in 11 children
with attention deficit hyperactivity disorder
was reported in 1995 by Levine et a in a
double-blind, crossover study.>* Therewereno
therapeutic advantages observed in the inosi-
tol group. Infact, therewasatrend toward the
worsening of thedisorder intheinositol treated
group. Therefore, inositol appears to have no

clinical advantagesfor thetreatment of ADHD
and may even antagonize the condition.

Schizophrenia:Schizophrenia ac-
countsfor 7-20 percent of all psychiatric hos-
pital admissions. It is estimated that 0.5-1.0
percent of the worldwide population will ex-
perience aschizophrenic episode at some point
in life. Schizophrenia usually begins in ado-
lescence and early childhood, only rarely be-
ginning before adolescence or after the age of
40. It affects the sexes equally and usually
becomes more pronounced at approximately
age 20. Males tend to have an earlier onset
than femal es (15-24 years versus 25-34 years,
respectively).

The most accepted and well-supported
biochemical etiology for the development of
schizophrenia involves the neurotransmitter,
dopamine. It is believed excessive concentra-
tions of dopamine may induce psychotic/
schizophrenic episodes.

Although anti-psychotics drugs are
effective in treating the disorder, the adverse
reactions associated with them can be severe.
The side-effects can range from Parkinsonian-
like symptoms to anticholinergic effects (dry
mouth, constipation, urinary retention, drowsi-
ness, etc) depending on the pharmacological
class of the agent. Therefore, noncompliance
with anti-psychotic medications is a pivotal
problem for patients and caregivers.

In 1993, Levine et a performed the
first study utilizing inositol as an agent for
schizophrenia. Thisstudy found no significant
benefit of inositol supplementation.>>% How-
ever, the authors concluded the dose of six
gramsdaily was probably not sufficient to pro-
duce asignificant clinical effect. Large exog-
enous doses are usually required since inosi-
tol absorption from the periphery intothe CNS
is poor. In addition, losses of seven to eight
grams daily can result from degradation by
renal enzymes.>

Another theory for thelack of efficacy
of inositol may be explained by the recent work
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of Jope et al who reported schizophreniamay
be associated with an increased, rather than
decreased, activity of the phosphoinositol sig-
naling system.®® Therefore, it may be contra-
indicated in schizophrenia.
Pregnancy:lnositol may stimulate
uterine contractions. Oxytocinisapotent uter-
ine stimulator whose clinical use in labor and
delivery iswell documented. Phaneuf et al re-
ported oxytocin'sclinical effectivenessisdue
to the activation of phospholipase C to pro-
duce inositol-1,4,5-triphosphate which re-
leases calcium from intracellular stores and
stimulates uterine contractions.®® The activa-
tion of the phosphatidylinositol signaling sys-
tem by calcium agonists is aso supported by
the work of Chien et a who noted dose-re-
lated myometrial contractionswhen laboratory
mice were injected with a calcium agonist.®°
Reece et a reported inositol supple-
mentation of 0.08 mg/kg/day significantly de-
creased embryonic neural tube defects from
20.4 percent to 9.5 percent in diabetic rats.
They concluded the incidence of diabetic em-
bryopathy and congenital malformations may
be reduced by supplementation with inositol .5
Similarly, Greeneet al stated about 30 percent
of al neural tube defectsareresistant to supple-
mentation with folic acid alone. However, ad-
dition of inositol significantly decreased the
incidence of spinal neural tube defectsin mice
by increasing protein kinase activity and de-
laying the closure of the neuropore. They con-
cluded that combination therapy of folic acid
and inositol may prevent neural tube defects
like spinabifidain humans.®* Therefore, while
inositol may prevent neural tube defects, its
use during pregnancy may be contraindicated
due to the potential for uterine stimulation.

Conclusion

Propelled by incredible advancesinthe
understanding of the pathological etiologies
and characteristics of psychiatric disorders,
prospects for treatment have brightened con-

siderably inthelast 10 years. It is known that
achangeinthe CNS concentration of inositol
may lead to modified brain cell signaling path-
ways, and possibly to the development of a
psychiatric disorder. Recent evidenceindicates
inositol has psychoactive effects by interact-
ing with the second messenger system and ulti-
mately regulating the cytosolic concentration
of calcium.

The signaling by calcium is known to
mediate an array of cellular functions (secre-
tion, contraction, and conduction). Dueto the
role calcium plays, its regulation intracellu-
larly is known to be a complex phenomenon
involving anumber of activeand passivetrans-
port systems. Inositol is now established as a
significant mediator of calcium mobilization
in the endoplasmic reticulum. Modifying this
mobilization of calcium may be effective in
treating some CNSdisorderslikeAlzheimer’'s
disease, depression, panic disorder, obsessive
compulsive disorder, and as an analgesic for
pain control. Likewise, its use to alleviate
lithium-induced adverse reactions is also
promising.

The benefit of inositol therapy in post
traumatic stressdisorder and autism hasyet to
be established. To date most studies have been
characterigtically small innumber. In addition,
studies have not consistently approached rea-
listic doses of inositol for therapeutic effect to
be evaluated. There is a need for additional
studies to be performed utilizing large num-
bers of patients and increased supplemental
doses of inositol.

At this time inositol supplementation
for the treatment of schizophrenia and atten-
tion deficit hyperactivity disorder is not be-
lieved to be effective. In fact, it may be con-
traindicated as it might exacerbate these con-
ditions. Therisk of premature labor induction
versus benefit for prevention of embryonic
defects should be considered thoroughly be-
foreinitiation of inositol therapy during preg-
nancy.
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1.

2.

10.

As new clinical studies involving

inositol are concluded and the research is
evaluated, the understanding of inositol’srole
inintracellular and extracellular signaling may
provide even better insight into the therapeu-
tic applications of inositol and inositol-based
products.
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