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ead was one of the most dangerous environmental toxic substances for a long time in west-

ern countries, and this is still the case for many places on earth today. Its neurotoxic poten-

tial is highly significant but its secure blood level concentration remains unknown. The aim

of this study was to approach the above issue from the perspective of social psychiatry. A
systematic search was made of Dialog and Datastar interfaces for data regarding the neuropsychi-
atric complications of direct or chronic exposure to lead, and a review of the relevant literature was
conducted using the databases Medline, Embase, CAB Global Health and Cochrane. Lead affects
the cholinergic, dopaminergic and gloutamergic systems, thus intervening in the normal function
of neurotransmion. The consequence of neurotoxicity in the central nervous system includes apo-
ptosis and excitotoxicity. Direct as well as chronic exposure causes serious neurological symptoms
and possibly constant cognitive impairment. Acute encephalopathy, the most serious expression
of lead poisoning, occurs in blood level concentrations over 100 pug/dL in adults and 80-100 pg/dL
in children. Early symptoms of lead neurotoxicity include irritability, headaches and difficulties in
concentration in both children and adults. Continuous exposure in children produces neurobehav-
ioral symptoms, such as decreased concentration, inability to follow instructions, difficulty to play
games and low IQ, which are associated with concentrations of 10-35 pg/dL. However, some stud-
ies claim that cognitive decline and low IQ can occur in concentrations <10 pg/dL. The commonest
symptom in adults is peripheral neuropathy with foot drop. Prenatal exposure to lead has been
correlated with antisocial behavior and schizophrenia. Long-term lead exposure causing low and
medium lead concentration in blood has been linked to depression as well as generalized anxiety
disorder and other behavioral disorders. High blood level concentrations correlate with psychotic
symptoms like delusions and hallucinations but more rarely with psychotic syndromes. Despite the
fact that lead has been banned from gasoline, paint and water pipes, quite significant quantities of
lead still exist, particularly in deprived areas of modern cities, in transition zones and city centers,
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and there are also great concentrations around lead mines and in developing countries, but even
for the remaining areas there is no safe threshold. CONCLUSIONS: Lead was and still is an environ-
mental factor that increases neurologic and psychiatric morbidity. It also causes developmental dis-
orders, especially in deprived areas. Prevention should be the single most important way of dealing

with lead poisoning.
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Introduction

Lead is a well known neurotoxicant that causes
a variety of clinical conditions. Recent data now
indicate that low level exposure (blood lead levels
below 10 pg/dL) results in cognitive dysfunction,
neurobehavioral disorders, neurological damage,
hypertension and renal impairment.! Exposure
to heavy metals early in development can predis-
pose the brain to develop a neurodegenerative
disease later in life. Alternatively, lead can exert
their adverse effects through acute neurotoxicity
or through slow accumulation during prolonged
periods of life.? Inorganic and organic forms of lead
are absorbed mainly by ingestion and inhalation;
organic compounds may also be absorbed through
the skin® and can cross the placental barrier.*® In
occupational settings, exposure through inhalation
is more common, whereas in the general popula-
tion it is largely through ingestion.®

Exposure, absorption
and distribution

Exposure to lead has been known to be neuro-
toxic since Roman times.” The removal of lead from
paint in the 1970s and leaded gasoline in 1990 re-
sulted in substantial lowering of mean blood lead
levels. Between 1976 and 1991, levels fell from 15.8
to 2.8 pug/dL in adults and 13.7 pg/dL to 3.2 pg/dL
in children.®? Nowadays, common sources of lead
exposure are lead-based paint in old houses, con-
taminated soil, household dust, old water pipes and
lead-glazed ceramics.'® Children are more suscepti-
ble to lead toxicity than adults, due to particular ex-
posure pathways via hand-to-mouth activities like
pica,"'? and because they have a developing sys-
tem of cell differentiation and growth that is more
vulnerable to inhibition and damage.”

It has been determined that lead can cross the
placenta with fetal uptake beginning at 12 weeks of
gestation and continuing up to birth. In fact, preg-
nant women with high blood lead levels may not
display the toxic effects of lead poisoning, yet the
development of the fetus can still be damaged in
any trimester.'*"'

Mechanisms of lead neurotoxicity

Lead can affect the nervous system by multiple
mechanisms, an important one of which competes
with or mimics the action of calcium (influx) in neu-
ron cells due to the chemical similarity. This disturbs
calcium entry into cells and alters mitochondrial
structure, leading to inhibited cellular respiration
and altered calcium-based reactions and neuronal
signalling.!”'®

Calcium is the natural physiologic activator of
Protein Kinase C (PCK), but the ability of lead to sub-
stitute calcium in the activation of PCK can lead to
the impairment of brain microvascular formation
and function, while high levels of lead exposure
may disrupt the blood-brain barrier.”* Excessive
PCK activation can disrupt prefrontal cortical regu-
lation of behavior and thought, possibly contribut-
ing to signs of prefrontal cortical dysfunction such
as distractibility, impaired judgment and thought
disorder.”!

Lead also affects the glutamatergic, cholinergic
and dopaminergic systems.?? Most of the evidence
available suggests that lead interferes with gluta-
mate, which is critical for learning in the developing
brain, by acting as an antagonist with its receptor
(N-Methyl-D-Aspartate receptor-NMDAr).?* It may
also impair the regulation of dopamine synthesis
and release, block evoked release of acetylcholine
and decrease cholinergic function, and interfere
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with y-Amino Butiric Acid (GABA) neurotransmis-
sion by heme synthesis inhibition.?* Furthermore,
lead affects the levels and metabolism of seroto-
nin®®> and the hypothalamic-pituitary-adrenal (HPA)
axis which can lead to permanent HPA axis dysfunc-
tion.”®

Lead can also cause neurotoxicity by increasing
free radicals or by direct depletion of antioxidant
reserves such as glutathione.?” Lead-related oxida-
tive stress can result in increased neuron vulnerabil-
ity, activating the apoptosis program and inducing
excitotoxicity, notably for astrocytes and microglia.

The dose-effect relationship of lead toxicity in the
human brain seems to be associated with low level
exposure in a biphasic pattern. Hence, in low blood
lead level concentrations, it seems that there is a
suppression of the glutamatergic system not seen
in higher concentrations but which reappears in
even higher concentrations following a pattern of
reversed U.

Cecil?® showed that a higher mean childhood

blood lead concentration is related to region-
specific reductions in adult gray matter volume,
especially in the anterior cingulate cortex, which
may affect mood regulation. Bellinger® confirmed
that the greater lead-associated neurocognitive
and behavioral findings in males suggest an un-
derlying physiologic difference in how the brains
of men and women respond to childhood lead
exposure. The authors agree with previous stud-
ies suggesting that volume loss in both the cogni-
tive and emotional territories of anterior cingulate
cortex can explain the behavioral and cognitive
problems with lead exposure. Bellinger observed
that childhood lead exposure is associated with a
significant and persistent impact on white matter
microstructure.

Neurologic and neurocognitive
implications of lead intoxication

The toxic effects of lead vary greatly, ranging
from potentially fatal encephalopathy in acute lead
poisoning to subtle changes in neurocognitive
function at low level exposure. As exposure pro-
gresses, symptoms may manifest differently.>°
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Brain damage (encephalopathy) is common at
high exposure (blood levels above 100-120 pg/dL
for adults and 80-100 pg/dL in children) and can
be fatal or permanently disabling, resulting in de-
mentia.?"3

Chronic exposure to high lead concentration in-
duces cognitive deficits in the domains of viso-spa-
tial perception, attention, recognition memory and
new learning as well as neurological impairment
such as gait ataxia, dysdiachokinesia and increased
tendon reflexes, and can also lead to toxic encepha-
lopathy.®3

Moderate blood lead levels between 20-70 pg/
100 mL can cause cognitive impairment as well as
mood and behavioural disorders and other physical
symptoms like anorexia, intermittent vomiting, ab-
dominal pain, peripheral neuropathy with the char-
acteristic foot drop, and lethargy. Results of more
recent cross-sectional and prospective studies indi-
cate that postnatal lead exposure resulting in blood
levels as low as 25 pg/dL, and probably lower, are
also associated with deficits in intellectual attain-
ment and affect behavior.*

Baker reported various neurobehavioral ef-
fects in workers with blood lead concentrations
between 40 and 60 micrograms/100 mL showing
impaired performance in tests of verbal concept
formation, visual/motor performance, memory,
and mood. Furthermore, this impairment occurred
in the absence of peripheral nervous system de-
rangement and increased in severity with increas-
ing lead concentrations.>® Similar results were
obtained by other studies that associated lead ex-
posure with subclinical decrements of neurocog-
nitive function.’’°

In the population-based sample of adults 20-59
years of age participating in the National Health
and Nutrition Examination Survey Il (NHANES III)
study, no relationship was found between blood
lead concentration (geometric mean 2,51 pg/dL)
and covariate-adjusted performance assessment
of neurocognitive function. However, significant
associations have emerged in some studies involv-
ing older adults with slightly higher blood lead con-
centrations. A recent study with 991 participants,
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which sought to determine whether long-term ex-
posure to high levels of lead in the environment is
associated with decrements in cognitive ability in
older Americans, concluded that permanent cogni-
tive decline is an effect of cumulative lead dose fol-
lowing previous environmental exposure and also
that a portion of age-related decrements in cogni-
tive function in this population might be associated
with earlier lead exposure.*® Wright*' studied the
association of lead exposure biomarkers with cog-
nitive test scores as well as the modifying effects of
age on the lead cognition relationship, and found
that lead exposure might accelerate age-associated
cognitive decline.

However, a meta-analysis of occupational stud-
ies by Goodman* suggested that none of the indi-
vidual studies is adequate or conclusive in provid-
ing information on the subclinical neurobehavioral
effects of lead exposure. Additionally, the authors
claim that the studies do not provide adequate da-
ta for drawing firm conclusions about the biological
effects of current lead exposure.

Effect in children

The levels of lead considered tolerable for chil-
dren have been repeatedly lowered over the past
three decades. In the early 1960s, the toxic thresh-
old was established as blood lead levels of 60 ug/
dL.*® In 1970, the threshold was reduced to 40 pg/
dL;** it was further reduced to 30 pg/dL in 1975 and
again to 25 pg/dL in 1985.

Finally, in 1991, CDC set the international level at
10 pg/dL.** According to Bellinger,*® although this
level only intends to serve as a risk guidance and
management tool, it has been widely and incorrect-
ly imbued with biological significance for the indi-
vidual child. Indeed, the intervention level is often
interpreted as a threshold; thus, a level lower than
10 pg/dL would be considered “safe,” and a higher
level “toxic.” There is no safe level of lead exposure
given that factors such as the endpoint of inter-
est, age at exposure and at assessment, duration
of blood lead elevation, and the characteristics of
the child’s rearing environment must also be con-
sidered.
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Children are particularly vulnerable to lead poi-
soning. Some argue that the most detrimental
effect of lead in children is neurotoxicity within
the CNS.*” Mild and moderate lead levels can also
cause cognitive and behavioral problems. For each
10 pgr/dL increase in blood lead level, cognitive
test scores decrease by 3.2 points.*® Usually the
effects are long-term and affect 1Q scores, devel-
opmental delays, learning disabilities and other
neurocognitive and behavioral effects.***° The
outcomes of four key studies of the neurobehav-
ioral effects of low-level lead exposure in chil-
dren were reviewed and analyzed by Davis®' who
concluded that blood lead levels of 10-15 pg/dL
can cause impaired neurobehavioral activity. The
results of a study involving 246 inner city young
Afro-American children with a mean age of 7.5
years showed neurobehavioral deficits in areas of
intelligence, reaction time, visual-motor integra-
tion, fine motor skills and attention, including ex-
ecutive function at levels <10 pug/dL.>

Blood lead levels above 10 pg/dL have been reli-
ably associated with Attention Deficit Hyperactivity
Disorder (ADHD), with the only real dispute being
the magnitude of the effect.>*>° Lead exposure is
a plausible neurobiological candidate for ADHD in-
volvement because it disrupts midbrain dopamine
and other neurotransmission circuitry,”® systems
that are also implicated in ADHD.*’

In a cross-sectional study of 756 children with
a mean blood lead level of 11.4 pg/dL, Roy et al®®
noted that lead exposure affected behavior across
multiple domains, including anxiety and social be-
havior. Their results also suggested that executive
functions and attention are especially vulnerable
to insult by lead among young children. They also
observed that children with higher blood lead lev-
els presented with more ADHD-type behaviors, es-
pecially the inattention component. However, it is
not clear if behavioral changes precede lead expo-
sure and could even induce lead exposure through
behavioral pathways such as increased hand-to-
mouth behavior. In contrast, Nigg et al*® reported
that even very low levels of blood lead exposure
(<5 pg/dL) were associated with ADHD. They con-
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firmed their previous findings and concluded that
when applying DSM-IV ratings, blood lead was
found to be reliably associated with hyperactivity
but not inattention.

Furthermore, other studies suggested cognitive
and behavioral deficits in children related to low
and very low lead exposure. In prospective studies,
it has been found that lead exposure in early life
can cause neurocognitive deficits with no low-dose
threshold.®® The NHANES Il findings lead to the
conclusion that deficits in cognitive and academic
skills associated with lead exposure occur at blood
lead concentrations of less than 5 ug/dL.°" However,
there is some skepticism about the methodology of
this study due to the fact that these findings proved
difficult to be replicated.®?

Latest studies also suggested that although the
developing brain is vulnerable to the neurotoxic ef-
fects of lead, it is difficult to understand the exact
correlation of lead neurotoxicity in infants, even in
the case of lead exposure.®?

Psychiatric implications
of lead poisoning

Despite the detailed knowledge regarding the
effects of lead poisoning on neurocognition, there
is significantly less and vague evidence in terms of
psychiatric complications.

In a prospective study conducted in Cincinnati,
prenatal and average childhood blood lead con-
centrations were reported to be associated with a
greater risk of delinquent behavior later in life.®*
Prenatal lead exposure may increase the risk of
other psychiatric disorders. The behavioral deficits
associated with lead exposure strongly resemble
certain premorbid features of schizophrenia, such
as reduced attention and neurocognitive impair-
ment. Opler® conducted a study of prenatal lead
exposure and schizophrenia in 2004, using 6-
aminolevulinic acid from maternal serum as an in-
direct biologic marker of lead exposure. The find-
ings suggested a possible association of prenatal
lead exposure and the development of adult-on-
set schizophrenia. In a second study in 2008 by the
same group, the results provided further evidence
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for the role of early environmental exposure in
the development of adult-onset psychiatric disor-
ders.®¢

Using logistic regression models adjusted for age,
alcohol intake, employment status, and education
status, Rhodes et al found that long-term exposure
is associated with depression, stress and behavio-
ral symptoms.®” The analysis of hair samples taken
from ten symptomatic bipolar patients and from
ten normal controls matched for age, sex and race
suggested that a relatively high body lead burden
may be associated with manic episodes of bipolar
illness.®

In a cross-sectional epidemiologic survey, Bouchard®
used NHANES data from 1999 to 2004 to investi-
gate the relation between blood lead levels and
the odds of major depressive disorder (MDD), panic
disorder (PD) and generalized anxiety disorder
(GAD) in a sample of US population aged 20 to 39
years. Increased blood lead levels were associated
with a significantly higher risk of MD and PD in
young adults with low levels of lead exposure but
not GAD.

Stanley and Wakwe’® measured serum lead levels
in 21 depressive, 20 manic-depressive and 20 schiz-
ophrenic in-and outpatients of a mental health
unit. Lead was found to be increased in depressives
(p<0.01) and schizophrenics (p<0.05) but not in ma-
nia patients.

In contrast, a cross-sectional study by Golub et
al”' did not demonstrate a consistent association
between environmental lead exposure and de-
pression within the investigated blood lead levels.
While their study found a statistically significant
association between blood lead level and depres-
sion, when exposure was modeled as a categorical
variable and only age, gender and sex were con-
sidered, the effect was small with a relative risk
around 1.3. In addition, when education level and
poverty income ratio were added to the model, no
clear trends emerged to show that the risk of de-
pression increases with the increase in blood lead
levels. The authors underline the importance of
considering the effects of socio-economic meas-
ures, such as education and poverty income ra-
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tio in the investigation of lead effects on health.
Longitudinal studies will be necessary to examine
more fully the effect of environmental lead expo-
sure on depression, including measures of HPA ax-
is function, to help elucidate potential biological
mechanisms.

Higher levels of lead concentrations are associ-
ated with psychotic symptoms such as hallucina-
tions or delusions and more rarely with psychotic
syndromes.

Rajan’? evaluated the association between lead
burden and psychiatric symptoms and its poten-
tial modification by genetic polymorphism in a
longitudinal study with 1,075 elderly male par-
ticipants. Increased lead burden was significantly
associated with increased somatization, hostility
and global distress. Participants with the allele 1-1
Aminolevulinic Acid Dehydrate (ALAD 1-1) geno-
type appeared to be at greater risk, particularly
with regard to phobic anxiety symptoms, than
those participants who were carriers of at least one
variant ALAD allele.

Condray”® investigated the relationship between
chronic solvent exposure and adult lifetime psychi-
atric disorders as well as the relationship between
solvent exposure and personality changes. In this
study, 29 male painters and 32 male non-painter
control subjects underwent semi-structured diag-
nostic interviews for DSM-1II-R Axis | and Axis Il dis-
orders. Results showed that the probability of be-
ing diagnosed with a mood disorder differed sig-
nificantly between painters (41%) and control sub-
jects (16%). The groups did not differ in regard to
personality disorders involving an onset before 25
years of age. In contrast, painters exhibited a sub-
clinical pattern of personality dysfunction involv-
ing symptomatology and particularly increased
difficulties in the domains of interpersonal rela-
tionships and impulse control that was measured
allowing for onset after the age 25. Finally, a sig-
nificant dose-response relationship was observed
between career solvent exposure, blood lead level,
and personality symptoms. These data showed
an increased rate of psychological disturbance in
a significant and substantial number of painters.
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However, not all painters were so characterized.
This latter pattern raises the question of the poten-
tial role of differential vulnerability. ALAD-1 allele is
also suggested as being partly responsible for this
phenomenon.

Despite the above evidence, mainly deriving from
epidemiological studies, no clear cause-effect re-
lationship between lead poisoning and psychiatric
symptoms has been established. Clinical improve-
ment after lead burden reduction treatment can be
helpful in providing some evidence regarding a po-
tential relationship, although it is moderately effec-
tive as single treatment in the majority of reported
cases.

An older study, regarding 1,113 autistic or hyper-
active children with a mean blood lead value of 15.6
mgc following a program to reduce lead burden, re-
sulted in clinical improvement of their symptoms.”
In another study, Dimercaptosuccinic Acid (DMSA)
was used to diminish the body burden of lead in
clinically depressed patients after chronic lead ex-
posure; few cases of documented clinical improve-
ment following treatment have been reported. One
case, involving a long-term lead worker with mod-
erate to severe depression, appeared to respond
dramatically to DMSA.” In another case study, a
52-year old male artisan of stained glass was admit-
ted to hospital for depression twice, with one sui-
cidal attempt and without neurological symptoms,
cognitive or memory problems. His depression was
lifted once the body burden of lead was reduced.”®

Although there is strong evidence that lead bur-
den can be related to anxiety, depressive and be-
havioral symptoms, the degree to which psychiat-
ric symptoms cluster together to constitute psychi-
atric syndromes is not certain. Furthermore, most
studies suggest that individual vulnerability due
to genetic, socio-economic or other confounding
factors must be considered before drawing any
certain conclusions. Bouchard et al suggest that
when assessing the role of lead as a risk factor for
mental health outcomes, an indicator of long-term
lead exposure, such as bone lead level, is desirable.
Bone lead level has a clearance half-life of years to
decades.
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As a general conclusion, it is worth considering
lead exposure as an occupational or environmental
hazard during the psychiatric interview, especially
when anxiety, behavioral or depressive symptoms
are apparent.

Prevention

Prevention of lead poisoning, other than the ob-
vious social benefit, can also prove cost-effective
and can be accomplished with the implementa-
tion of policies aimed to control possible sources of
lead in the environment, and/or with educational
programs that place the burden of preventing ex-
posure on the individual and the family. Phasing
out lead from gasoline, paint and food containers
has been highly effective in reducing average lead
exposure, but racial and income disparities per-
sist. Although enforcement and lead abatement
have been shown to reduce the societal cost of
lead exposure within the home, dust control has
limited efficacy.”” Surveys conducted to examine
whether pamphlets can increase the awareness of
lead preventive techniques have shown mixed re-
sults.”®”® Similar results were obtained by Polivka®
who found it difficult to raise the awareness in peo-
ple with low income and low education. People in
poor areas tend to suffer more often from mental
health problems, mainly depression, which makes it
more difficult to implement lead exposure preven-
tion programs either for them or their children.®’
According to DeSilva,? the intellectual deficits
caused by lead exposure promote behaviors that
increase the exposure itself. Nevin® also found that
violent crime rates, rates of pregnancy at the age
of 15 or less and unwed pregnancies are related to
societal lead exposure over the last 50 years.

Medical treatment of individuals with overt lead
intoxication involves decontamination, supportive
care and judicious use of chelating agents.®* A va-
riety of chelating agents have been demonstrated
to decrease blood lead concentrations. A recent
clinical trial of oral chelation in young children with
blood lead concentrations raging from 22 to 44 ug/
dL found that the drug succimer lowered blood
concentrations transiently but did not improve
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cognitive function.?># Although in some instances
chelation therapy has proved effective in improv-
ing depressive symptoms and more rarely in treat-
ing depressive episodes, and anecdotal evidence
suggests that chelation has been associated with
improvement in symptoms and decreased mortal-
ity in patients with lead encephalopathy, controlled
clinical trials demonstrating efficacy are lacking.?”58

Despite the available chelation treatment or other
alternatives to reduce body lead burden, primary
prevention will be the most important technique in
the future for eliminating lead poisoning.

Conclusions

Lead neurotoxicity may be a contributing factor
for adverse mental health outcomes, even at levels
generally considered to pose no risk. Studies con-
tinue to describe apparent effects that were previ-
ously unknown and show that these effects can be
detected at increasingly lower levels of exposure.

The well-known pharmacokinetics of lead in the
nervous system combined with the epidemiologi-
cal data mentioned above are in accordance with
recent theories regarding schizophrenia.®’

These data rate lead exposure as a severe environ-
mental hazard that needs to be addressed through
health policies and also to be taken into account in
the differential diagnosis of neurological and men-
tal health disorders.

The implementation of measures concerning lead
poisoning prevention within the home lies mainly
in the hands of individuals, despite various national
policies. Awareness must be raised regarding lead
poisoning and related protective techniques, espe-
cially in those that have been exposed the most. In
addition, simple measures like pica management
can be effective,”® especially since routine screen-
ing for blood lead levels in all children admitted to
a psychiatric inpatient unit appears to be neither ef-
ficacious nor cost effective.”!
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Agv ummapyxel oplo acpaneiag
ywa v ékBeon erov ponuBoo:
Mua BiBAloypaiky avaGkomnei

©. BopPoAdkog, Xt. Apoeviou, M. Zapakoupn

Touéac Yuxiatpiknc, Tuiua latpikric, Anuokpiteto lNavemotruio Opdkng,
Mavemotnuiaké leviké Noookoueio AAe€avdpoumoAnc, AAeéavépourmoln

Wuxiatpikn 2016, 27:204-214

O néAuBdoc anotéleoe évav amod Toug o eMIKIVOUVOUC TOEIKOUC TTEPIBANNOVTIKOUG TTAPAYOVTES
otov SUTIKO KOGOUO, Kal e€akolouBei va amoTelei kivduvo og TOANEC TEploxéC Tou TAaviTn. H
veupoToéIkr Tou Spdon ival TOAU évtovn Kal o€ peyalo Babuod ta 6pla ac@aleiag TNG CUYKEV-
TPWONG TOU OTO dipd TapAPEVOUV AyVWOoTa. ZKOTIOC TN mapoloag epyaociag gival n BiAloypa-
@IKA avaokomnon tou BépaTtog amd TN PEPLA TNG KOWWVIKAG YuXIaTPLKAG. Aounpévn —He Tn
xprion tou mepifdAovtog Dialog Datastar- BiAloypa@ikry avackomnon otig Bdoelg Sedopévwv
MEDLINE, EMBASE, CAB Global Health, Cochrane Library yopw amé Ti¢ veupoPpuxlatpikég ekdn-
ADOEIC TNG AMEONC KAl HaKpoXpoviag éKBeong Tou opyaviopol otov HoAudo. O pdAuBdocg emi-
Opd 0TO XOAIVEPYIKO, VTOTTAMIVEPYIKO KAl YAOUTAUIVEPYIKO OUOTNHA, EMeUPaivovTtag pe auTov
ToVv TPOTO 0TN PUOIoAOYIKN A&ltoupyia Twv veupodiafifactwy. Ot veupotolikég emOpAoElS TOU
MOAUBS0OU 0TO KEVTPIKO VEUPIKO cUOoTNUA TTEPIAAUBAVOoLY amdnTwaon Kal ToEIKOTNTA anmd umepP-
S1éyepon (excitotoxicity), emdpwvtag otnv amodrkeuon kat ameAeubépwon veupodiafifactwv
Kal peTafdilovtag Toug urmoSoxeig Toug. Tooo n dpeon 600 Kal N HaKPOoXPOvia ékBeon oTov po-
AuB 6o mpokalei coapd VEUPOAOYIKA CUUTTWHATA KAl MOAVWE HOVIHA YVWOolakd eNeippaTa. H
mo oofapn emintwon TnG SnAntnpeiaong amd poAuBdo ota maidid gival n o€eia eykepalomdadeia,
0€ OUYKEVTPWOELG MAdopaTog >100 pg/dL otoug evilikeg kat 80-100 pg/dL ota maidid. Mpwipa
ouumTWHATA veupoTtoIkOTNTAC armd HOAUB S0 mepidapufdvouy guepeBioToTNTA, KEQAAaAyia, dia-
TAPAYEG TIPOCOXNG, TOOO GTOUG EVANIKEG 600 Kat oTa matdid. Oco n ékBeon ota maidid avédvetal,
mapouctalovtal VEUPOCUUTIEPIPOPIKES SlaTapayéc, OTwE Yeiwon TnG mpoooxng, aduvauia va a-
KoAouBnoel 08nyieg Kal eVTOAEG, PElWPEVN evaoxOAnon pe maixvidia, xaunAdg Seiktng vonpuoou-
vng o€ emimeda mAdopatog 10-35 pug/dL. Mepikég épeuveg uooTnPI(OLV TTWG N YVWOLAKI EKTITWON
Kal n peiwon tou Seiktn 1Q ota maidid pmopei va mpokAnBei kat o€ XaUNAOTEPEG CUYKEVTPWOELS
HOAUBSou oto mMAdopa, akdpun Kat <10 pg/dL. To 1Mo Kowvé VEUPOAOYIKO CUUTITWHA OTOUG EVAAL-
KEG ATOTEAEL N TTIEPIPEPLKT VEUPOTIABEL, PE TTWON KapmoL f/kal dkpou modd¢. Mehéteg £dei§av
OUOoXETION HETAEU TTPOYEVVNTIKAG €KOEONC OTOV HOAUB SO PE AVTIKOIVWVIKE CUMUTTEPLPOPA KAl OXI-
Coppévela. H pakpd ékBeon otov pOAUBS0 mou KATAAAYEL O€ XaUNAR HE pecaiov peyéBoug ou-
YKévTpwon PoAUBSou oto MAAoua €xel CUOXETIOOET e KATABAIYN, yevikeupévn ayxwdn Statapa-
XN KAl AANEG CUUTTEPLPOPIKEG SlaTapaxEC. YYNAEG OUYKEVTPWOELG LOAUPBSOU 01O TTAGOUA €XOUV
OUOXETIOOEl HE YUXWOLIKAE CUPTTITWHATA, OTTWG PeLSAIOONOELG KAl TTapaAnpnTIKEG 16€€g, Kal TTlo
omdvia pe Puxwolkd cuvdpopa. Mapd Tnv amaydpeuon NG Xpriong tou poAuRSdou otn Bevdivn,
OTA XPWHATA KAl 0TI CWANVWOELG TOU VEPOU, ONUAVTIKEC TTOCOTNTEG POAUPBSOL TTapapuévouy o
UTTOB OB UICHEVEC TTEPLOXEG CUYXPOVWY PUNTPOTTIOAEWV, KUpiwg oTI¢ (WwVeG HETABAONG, OTA KEVTPA
TWV TOAEWV, KABWC Kal o€ TEPLOXEG E€OPLENC LOAUBSOU Kal OTIC AVATTTUCOCOUEVEG XWPEG, EVW Ol
A0QAAEIC CUYKEVTPWOELG 0TO TIEPIBAANOV Sev gival akOpa capwc kaboplopévec. O poAufdoc amo-
TeNoUoe alld kal e€akolouBei va amotelei évav mepIBarlovTikd mapdyovTta mou au€Avel TN VEU-
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POAOYIKN Kal YuxlaTpik voonpeotnta. Emiong cupBAaiiet idlaitepa otnv mpdKANGon avamtuélakwy
Slatapaywv Kupiwg og umoabuiopéveg meploxeg. H mpoAnwn Ba mpémnel va amotelei To onpavti-
KOTEPO PEOOV AVTIMETWTIONCS TNS SNAnTnpiaong amo poiuvfdo.
Né€eig eupeTnpiov: MOAUBSOC, €kBeon, veupoTo&IkOTNTa, 6plo aoPalEiag.
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