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RECENT ACHIEVEMENTS IN NEUROSCIENCES 

Brain diseases especially psychiatric disturbances, are only partially understood and only 

in part controlled by treatments. The global cost in terms of suffering as well as the economic and 

disability burden for psychiatric and neurological diseases is, however, enormous. Recent 

advances in the field of molecular neuroscience and new technologies such as NMR, PET and 

SPECT imaging are providing new clues to the understanding of normal and pathological brain 

functioning. Based on the latest knowledge, new and better drugs are being developed, leading 

scientists to a cautious optimism and providing hope to the sufferers. The expansion and 

importance of neurosciences is underscored by the editorial decision of Nature to give birth to the 

new journal Nature Neuroscience. The following paragraphs summarize some of the recent 

achievements (1997) of neuroscience and neuropharmacology in the fields of brain development, 

mechanisms of brain functioning, stress, emotions and pain, neurological diseases, psychiatric 

diseases, addiction, brain tumours and brain ageing. 

BRAIN ENERGY METABOLISM AND FUNCTIONAL lMAGING 

The signals detected with functional brain imaging techniques are based on the coupling 

between neuronal activity and energy metabolism. Positron emission tomography (PET) signals 

detect blood flow, oxygen consumption and glucose utilization associated with neuronal activity; 

the degree of blood oxygenation is currently thought to contribute to the signal detected with 

functional magnetic resonance imaging (tMRI), while magnetic resonance spectroscopy (MRS) 

identifies the spatio-temporal pattern of the activity-dependent appearance of certain metabolic 

intermediates such as glucose or lactate. Recent advances based on studies performed in purified 

cellular preparations of neurons and glia suggest that astrocytes may play a critical role in 

coupling neuronal activity to energy metabolism. Indeed, astrocytes possess receptors and 

reuptake sites for a variety of neurotransmitters, including the excitatory neurotransmitter 

glutamate. In addition, astrocytic end-feet which surround capillaries, are enriched in the specific 

glucose transporter GLUT -1. These features would allow astrocytes to sense synaptic activity 

and to couple it with energy metabolism. During activation, glutamate is the predominant 

neurotransmitter released by modality-specific excitatory pathways to a given cortical area; in 

vitro and in vivo data support a model in which glutamate stimulates during activation an initial 

glycolytic processing by astrocytes of blood borne glucose (pellerin & Magistretti, 1994). This 

glutamate-dependent process would result in transient lactate overproduction, followed by a 

recoupling phase during which lactate would be oxidized by neurons. Such a model is consistent 

with data recently obtained with functional brain imaging techniques (Magistretti & Pellerin, 

1996). 
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Brain development 

Neurological and psychiatric problems may arise or be based on events taking place even 

before birth leading to devastating diseases and lifelong disability. A great research effort is 

devoted to the understanding of the mechanisms that cause neuronal stem cells to become 

committed precursors, and also the mechanisms governing stem cells in the haemopoietic system. 

A further complexity is added by the need for nerve cells to migrate to their destination and to 

establish the proper contacts. This process appears to involve specific genes such as the one for 

astrotactin. In particular, astrotactin messenger RNA is expressed in postmitotic neuronal 

precursors in the cerebellum, hippocampus, cerebrum, and olfactory bulb, where migration 

establishes laminar structures (Zheng, Heintz & Hatten, 1996). Fink: et aI., 1997. Defects on these 

processes may produce abnormal neuronal wiring, leading to developmental disorders which 

include mental retardation, learning disabilities and possibly some psychiatric disorders, including 

schizophrenia. 

Selective and programmed neuronal death may also play a role in the genesis of correct 

brain wiring during development. This process may also contribute to neurodegeneration during 

ageing or in specific neurodegenerative pathologies or following brain injury. 

Finally, within the context of brain development, there is increasing understanding of the 

important role played by nutrition in the development of the brain, as well as greater knowledge 

of the relationship between diet constituents and brain neurotransmitters (Gordon, 1997). 

Malnutrition during a sensitive period may result in disease in adult life. This may be due to the 

lack of essential fatty acids, and tends particularly to affect premature babies born at a time when 

cell membrane development is especially vulnerable. These findings must sometimes be viewed 

with caution, as genetic and environmental influences can be paramount. There are many reasons, 

however, to suggest that correct neonatal nutrition, in particular breast-feeding, since breast milk 

contains docosahexaenoic acid and arachidonic acid, is essential for normal brain development. 

Such considerations obviously have both medical and social implications. 

Mechanisms of brain functioning 

The ultimate goal of neuroscience is to understand how experience and thinking are 

translated into bioelectrical signals modifying both the immediate and the long-term activity of the 

brain and also the reverse, how brain activity produces thinking. While this task involves also 

philosophical and ethical problems, neuroscientists are making great progress in the understanding 

of learning and memory as a first step towards the above-mentioned goal. Functional brain 
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imaging using PET tracers or functional MRl has allowed a better definitions of the cerebral areas 

linked to learning tasks and their specialization (Tulving & Markowitsch, 1997). In particular, 

functional imaging has prompted a reappraisal of the role of the hippocampus in memory, 

suggesting that the influence of the medial temporal robe regions extends beyond memory and 

that memory involves not only the hippocampus and the medial temporal and diencephalic regions 

but also widely distributed neocortical and perhaps even cerebellar regions. 

Intriguing additional findings concern the relationship between learning and sleep. Activity 

programmes related to a learned task and involving the cerebral cortex and hippocampus may be 

"replayed" during sleep. Sleep may depress the central processing of sensory inputs, allowing 

the stabilization of synaptic contacts in circuits encoding memories (Kavanau, 1997). 

Other studies have investigated the molecular mechanisms involved in memory trace 

formations and the importance of phosphorylation reactions, activation of transcription factors 

and recruitment during the process ofleaming (Dudai, 1997). Experiments based on anti sense 

strategy have demonstrated that anti sense to the transcription factor cAMP response 

element-binding protein (CREB) impairs memory formation but does not disrupt the retrieval of 

pre-formed memories (Larnprecht, Hazvi & Dudai, 1997). 

Stress, emotion and pain 

Several studies (e.g. Sapolsky, 1997) clearly indicate that excess stress may be detrimental 

to brain structures, in particular the hippocampus. Both animal studies and imaging studies in man 

have shown that continous stress may lead to hippocampal atrophy, including stress associated 

with neuropsychiatric conditions such as manic/depressive illness. In other words, stress-related 

disorders may produce permanent damage to the brain, underscoring the need for their treatment 

either pharmacologically or through the correction of the psychologicaVsocial stressors. 

Pain control is still an important goal in several conditions in clinical parctice, including 

surgical procedures and chronic pain linked too neoplasia. However the drugs presently available 

suffer from several drawbacks, in particular in the case of the opioids with their "built-in" 

addictive mechanism. There are now promising lines of research for developing efficacious 

analgesics devoid of addictive properties. In this context the activation of peripheral nociceptors 

is being carefully examined because of its involvement in pain regulation. Genetic approaches, 

including homology cloning, difference cloning and transgenic manipulation of mice, are providing 

useful insights into nociceptor function. Genes have been identified which encode both 

Iigand-gated and voltage-gated ion channels expressed by small-diameter sensory neurones. This 
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approach may provide new ways to manipulate nociceptor sensitivity, with potential significance 

for pain therapy (Akopian, Abson & Wood, 1996; Souslova et aI., 1997). 

A related field is the pharmacology of cycloxygenase inhibitors which are active as 

analgesics. The discovery ofthe heterogeneity of cycloxygenase enzymes has been a breakthrough 

in biology and pharmacology. Nonsteroid anti-inflammatory drugs (NSAIDs) or aspirin-like drugs 

act by inhibiting the activityofthe enzyme cyclooxygenase (COX). Two isoforms of COX exist, 

COX-I, which is constitutively expressed, and COX-2, which is an inducible isoform (see Vane 

& Botting, 1997). Prostaglandins synthesized by the constitutively expressed COX-l are 

implicated in the maintenance of normal physiological function and have a "cytoprotective" action 

in the stomach. COX-2 production is normally low but is induced by inflammatory stimuli and 

cytokines. It is thought that the anti-inflammatory effects ofNSAlDs are caused by the inhibition 

of COX-2, whereas the unwanted side effects, such as gastrointestinal and renal toxicity, are 

caused by the inhibition of the constitutively expressed COX-I. Individual NSAlDs show 

different selectivities against the COX-l and COX-2 isoforms. More intriguing for the 

neuroscientist is the discovery of the presence ofCOX-2 in the nervous system, where it may play 

an important role in spinal nociceptive transmission. Moreover it has been demonstrated that 

COX-2 is induced by experimental ischaemia, arousing new interest concerning the role of brain 

prostanoids in ischaemia-induced neurodegeneration (Nogawa et aI., 1997). This interest is 

further reinforced by data suggesting that (AD)NSAID-sensitive inflammatory phenomena may 

participate in the neurodegenerative process associated with Alzheimer disease (see the later 

section on this condition). 

NEUROLOGICAL DISEASES 

Generally speaking, advances in basic science have contributed to targeted research in 

various fields of neurology. The role of ne urogeneti cs is increasing, as is the use oftransgenic 

mice or engineered cells to increase understanding of the role of normal and mutated gene 

products associated with neurological and psychiatric diseases. There is also great interest in the 

identification of genes which are not causal but may increase the risk of developing a certain 

illness. The case of Alzheimer disease is a good example of these trends. 

Epilepsy 

Epilepsy is the third most common neurological disorder following Alzheimer disease and 

stroke. Research is revealing genetic causes for some of the over 40 distinct forms of epilepsy (for 

a review, see Berkovic & Scheffer, 1997), and the better understanding of the molecular causes 
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producing abnormal electrical activity is allowing the design of new drugs for the improved 

control of seizures. From the point of view of the availability of new treatments, in the last few 

years after a period of over 20 years during which there were very few developments, several new 

antiepileptic drugs (vigabatrin, lamotrigine, gabapentin, oxcarbazepine, topiramate, felbamate, 

zonisamide and tiagabine) have reached or approached the registration phase. Compared with 

older agents, many new drugs have simpler pharmacokinetics and are devoid of significant enzyme 

inducing or inhibiting properties. Some of them, such as topiramate, oxcarbazepine and 

felbamate, may, however, induce the metabolism of steroid oral contraceptives. In addition, 

felbamate also acts as a metabolic inhibitor. To date, the efficacy of new drugs has been evaluated' 

extensively only under add-on conditions in patients with partial seizures (with or without 

secondary generalization) refractory to conventional treatment. However, there is evidence that 

lamotrigine, zonisamide, felbamate and possibly topiramate may also be effective in generalized 

epilepsies. In placebo-controlled studies, typically between 15 and 40% of patients with 

difficult-to-treat partial epilepsy have shown an improvement after the addition of a new drug. 

Compared with older agents, some of the new drugs may be better tolerated. At present, the main 

use of the new agents is in patients refractory to first-line drugs such as carbamazepine or 

valproate, and further studies are required to characterize their activity spectrum as well as their 

potential value in monotherapy (Perucca, 1996). 

Alzheimer disease and other dementias 

Alzheimer disease (AD) is the most common of the dementing disorders. Once considered 

a rare disorder, it is now recognized as a major cause of death and a growing public health 

problem. A family history of AD in a parent or sibling means a three- to four-fold increase in the 

risk of developing the illness. Most cases of AD have a late age of onset (over 65 years) and are 

sporadic, but a minority of cases have an early age of onset (less than 65 years) and are clustered 

within families. The history of genetic studies in AD dates back to 1987, when a locus on 

chromosome 21 was found to be associated with a very aggressive form of AD with a strong 

familial transmission (autosomal dominant inheritance). In 1991 a mutation within the gene 

encoding the beta-amyloid protein precursor (-APP) was identified. This protein is deposited in 

the plaques found in the brains of patients suffering from AD. However, this mutation proved to 

be a very rare cause of the disease. In 1992, it was demonstrated that a second gene capable of 

causing AD must be located on chromosome 14. In 1995 the gene was identified and it has been 

named presenilin 1, or PS-I. It codes for a novel protein that occurs not only in brain cells but 

also in a wide variety of other tissues; the function of this protein is not yet known. To date, 

about 35 different mutations have been identified in about 50 families of different ethnic origin 

(Lendon, Ashall & Goate, 1997) Mthough mutations in the PS-l gene are a more common cause 
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of early - onset AD than mutations in the -APP gene, they probably account for only about 50% 

offamilial early-onset AD, with a range of32-56 years in the age of onset and a penetrance of 

100%. A gene related to the PS-l gene has subsequently been identified on chromosome 1 and 

named presenilin 2, or PS-2. Two different PS-2 mutations were reported, and the age at onset 

ranges between 40 and 90 years. While the physiological function of the presenilins is unknown, 

presenilins may cause AD by increasing amyloid deposition in the brain. The known genetic 

causes account for a small percentage of AD cases (Farrer, 1997). What is not rare (at least 25% 

of all cases of AD) is a history of dementia in one first-degree relative. This observation led to the 

conclusion that, in addition to FAD with an autosomal dominant inheritance, other fonns of 

"familial AD" exist, in which genetic factors play a role in combination with environmental factors. 

In 1993, the association between the apolipoprotein E 4 allele (APOE 4) and the risk ofiate

onset AD was described. Cross-sectional studies later confinned the higher frequency of the 4 

allele in the late-onset and early-onset sporadic AD fonn (Farrer et aI., 1997). A recent 

population-based study of incident AD confinns that APOE 4 is an important genetic risk factor 

for AD, but suggests that it accounts for a fairly small fraction of the disease occurrence; in fact, 

persons with APOE 4/4 or 3/4 had 2.27 times the risk of incident AD compared with those with 

3/3 genotype (Evans et aI., 1997). These findings indicate that, in 4 carriers, AD phenotype can 

be expressed due to the converging effects of the 4 allele with other genetic or environmental 

factors. The APOE genotype also appears to modulate the age of onset of AD in APP mutation 

families, but not in PS-l mutation families. Several studies have shown that 4 allele is a risk 

factors not only for AD, but also for incident vascular dementia, and poor recovery after head 

trauma or stroke. Recently, with genomic screening in late-onset familial AD, a locus on 

chromosome 12 was identified as a new AD susceptibility locus (pericak -Vance et aI., 1997). The 

gene is a susceptibility gene, raising the risk of developing the disease, though the extent of the 

role of chromosome 12 gene in the development of late-onset AD remains to be determined. 

Treatment is still dominated by the use of acetylcholinestrase inhibitors that represent the 

two FDA-approved drugs (tacrine and Donepezil) but new compounds (direct acetylcholine 

mimetics, antioxidants, anti-inflammatory drugs, estrogens and others) are being evaluated. For 

a consensus on therapy, see Small et aI., 1997). In spite of several attempts there is not yet 

available a reliable animal model of Alzheimer disease, although various transgenic mice 

overproducing beta amyloid are promising (Theuring et aI., 1997). The development of an 

animal model to shed some light on the possible pathogenic mechanisms may facilitate the faster 

development of new drugs. 

Fewer advances have been made in the case of other dementias, though a better 

characterization of vascular dementia and offrontallobe dementia (FTD) have been proposed. 
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In particular in the case ofFTD a linkage to chromosome 17 has been found in familial cases 

(Froelich et aI., 1997). 

Parkinson disease (PD) 

This condition primarily a.fiIicts people over 50 and is characterized by motor disturbances. 

The disease is progressive and is associated with degeneration ofthe nigrostriatal dopaminergic 

neurons. Causes are largely unknown; among the various possibilities are environmental factors, 

neurotoxins, head injuries, and inherited susceptibility. In this context a link with chromosome 4 

has been found (for a review of the genetics of PD, see Nussbaum, 1997) in a large family 

afflicted by several casesofPD. The symptoms of the disease can be controlled through the use 

oflevodopa, the dopamine precursor, and other doparninergic drugs; however, long-term therapy 

is hampered by a loss of activity and by the appearance the serious on-off syndrome. It has been 

proposed that the development of this condition is at least partially related to the large dopamine 

fluctuations during levodopa therapy. This has promoted the development of drug technologies 

to ensure a more constant levodopa delivery during the day and of new drugs acting as direct 

dopamine-agonists or blocking catabolizing enzymes such as monoamino-oxidases (MAO), in 

particular MAO-B and catechol oxymethyl transferases (COMT). An alternative strategy consists 

in the administration of neuronotrophic factors, such as GDNF and neuroprotectants such as 

selegeline (for a review see, Hagan et aI., 1997). While the rationale has been widely accepted, 

these drugs are still under clinical evaluation. 

The question of nerve cell transplant is somewhat controversial. The grafting of nerve or 

nerve-like cells derived either from the adrenals of the patient or from fetal tissue raises both 

technical and ethical problems and in addition does not appear to produce consistent clinical 

benefits. There are, however, some important new developments this field. In particular, 

bioengineered cells derived from the patient, with which there are fewer problems of graft 

rejection, can produce large amounts ofBDND or BDNF, and these cells can be implanted in the 

patient's brain in the hope of halting the neurodegenerative process. While this method is still 

experimental, there are plans to extend the use ofbioengineered cells to other neurodegenerative 

diseases. This field has been recently reviewed (Brustle & McKay, 1996). 

Stroke 

Most cases of stroke are due to blockage of blood flow to a brain area, while about one

fifth of cases are caused by intracerebral hemorrhage. Following the initial injury damage can 

progress for hours or days. While for the core lesion nothing can be done, the possibility of 

-7-



rescuing the penumbra area by a prompt intervention depends on a full understanding of the 

complex biochemical events taking place in the ischaemic area. The FDA-approved drug for 

stroke, rTP A, which dissolves the clot, has to be administered within the first three hours after 

the event, once the possibility ofhaemorrhagic stroke has been excluded. In spite of the fact that 

data are accumulating on the excess of release of excitatory neurotransmitters as well as of other 

neurotransmitters in the ischaemic area, the use of glutamate antagonists or of ion channel 

blockers remains speculative; in particular, their efficacy when given after the ischaemic event 

needs to be more clearly established. Two areas of major expansion in this field are the study of 

COX-IT activation by the ischaemic insult (see Nogawa et al., 1997,) and Miettinen et al., 1997) 

and the investigation of the role of apoptosis in producing neuronal death in the penumbra area 

(for a review of the general problem ofapoptosis in neurodegenerative diseases, see Stefanis et 

aL,1997) 

Huntington disease 

Huntington Disease (HD) is caused by expansion ofa CAG trinucleotide beyond 35 repeats 

within the coding region of a novel gene. The product of this gene has been named huntingtin. 

New insights into the relationship between CAG expansion in the HD gene and pathological 

mechanisms have emerged. Survival analysis of affected and at-risk individuals with CAG sizes 

over 35 repeats have yielded probability curves of developing HD symptoms and dying fHD by 

a certain age. Animals transgenic for the first exon of huntingtin with large CAG repeats lengths 

have been reported to have a complex neurological phenotype presenting some similarities to HD. 

The number ofhuntingtin-interacting proteins continues to expand with the identification of other 

proteins interacting with it and possibly involved in regulating events associated with the 

cytoskeleton. The ability ofhuntingtin to interact with some of the other protein partners appears 

to be influenced by CAG length. Caspase 3, a protease known to play a role in neural apoptosis, 

has also been demonstrated to specifically cleave huntingtin in a CAG-Iength-dependent manner. 

These findings have suggested mechanisms by which the pathogenesis ofHD may be initiated and 

have allowed the development of appropriate in vitro and animal models for HD. (Wellington & 

Hayden, 1997; Penneyet al., 1997; Wellington et al., 1997). 

Multiple sclerosis 

Multiple Sclerosis (MS) is a common chronic disease of the central nervous system in 

young adults. Genetic studies (Dyment, Sadnovich & Ebers, 1997) show that relative familial risk 

appears to be detennined largely by genes while popUlation risk is strongly influenced by 

environmental factors. As regards treatment, data are accumulating on the role of interferons. 
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Interferon-beta (IFN-beta) is the first therapeutic intervention shown to alter the natural history 

of multiple sclerosis. Since publication of the first randomized placebo-controlled trial of 

IFN-beta, and subsequent acquisition of United States and European product licences for use in 

relapsing-remitting MS, it has become clear that IFN-beta is not a cure. However, the treatment 

has clinical advantages in a proportion of patients, albeit with high therapy costs (Hall, Compston 

& Scolding, 1997) Data are also accumulating on treatment with copolymer I (Cop-I). In 

clinical trials Cop-I was found to slow progression of disability and reduce the relapse rate in 

exacerbating-remitting multiple sclerosis (MS). In vivo and in vitro studies suggest that the 

mechanism for Cop-I activity involves the binding of Cop-l to major histocompatibility complex 

class 11 molecules as an initial step (Teitelbaum, Arnon & Sela, 1997). New perspectives for 

intervention are also being explored. In particular, researchers are focusing on the remyelination 

process. Studies in both human and experimental models demonstrate that myelin repair occurs 

in the central nervous system and is a normal physiological response to myelin injury. However, 

remyelination in MS is often incomplete and limited. The outcome of an actively demyelinating 

lesion depends on the balance between factors promoting myelin destruction and myelin repair. 

Therefore the stimulation of the remyelination process ma constitute a therapeutic goal. 

(Lucchinetti, Noseworthy & Rodriguez, 1997). 

Amyotrophic lateral sclerosis 

Amyotrophic lateral sclerosis (ALS) is a progressive and rapidly fatal neurodegenerative 

disease in which both upper and lower motoneurones are involved. The essential clinical feature 

of the disorder is relentless, lethal paralysis. The mean age at onset of ALS is 55 years; the mean 

duration is about 4 years. The incidence of new cases is approximately I per 100,000 population. 

The total number of cases is about 5 per 100,000 population. The disease is caused by a slow, 

progressive loss of motor neurons in the brain and spinal cord. In most cases, there is concurrent 

involvement of corticospinal (upper) and spinal (lower) motor neurons. Involvement of the spinal 

motor neurons produces muscle denervation of the affected muscles and fasciculations, followed 

by muscle atrophy. When corticospinal motor neurons degenerate, the weakness is accompanied 

by spasticity. About 10% of cases are inherited as an autosomal dominant trait; familial and 

sporadic ALS are clinically indistinguishable. In this context, the recent discovery of mutations 

affecting the superoxide dismutase (SOD) gene has given impetus to research on the role of 

oxidative stress in the pathogenesis of familial ALS, while further evidence for a role of 

excitotoxicity in the disease process has emerged. Large, well-controlled clinical trials have taken 

place to test potential therapies suggested by different aetiological hypotheses, including 

immunosuppressive therapies, neurotrophic factors, antioxidants and anti-excitotoxic drugs. These 

trials have led to the first modest steps in the treatment of this devastating neurological disease, 
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mostly based on an intervention related to glutamate excitotoxicity (Brown, 1997; Louvel, 

Hugon & Doble, 1997). 

PSYCHIA TRIC DISEASES 

Schizophrenia 

The desire to understand the pathogenesis of schizophrenia has stimulated a great research 

effort. Advances in genetic methodology have allowed the search for susceptibility genes although 

a definitive genetic cause has not been proved. In addition to the original dopamine hypothesis 

recent neurochemical studies have explored the involvement of aminoacid neurotransmitters 

including GABA and glutamate. Anatomical studies have led to the suggestion of a 

neurodevelopmental origin for schizophrenia (Stefan & Murray, 1997; Braff & Swerdlow, 1997). 

In spite of these hypotheses the biological bases of schizophrenia still elude full elucidation (for 

a review, see Weinberger, 1997). 

According to the developmental damage theory a defective migration and organization of 

developing neurons from the neural subplate to the location where they ultimately function may 

be the basis of the disease. 

Concerning the genetic clues, links have been suggested with genes on various 

chromosomes including 6 and 15 (Turecki et al., 1997). Interestingly, the gene on chromosome 

15 appears to be one of the nicotinic receptors (Freedman et aI., 1997) These receptors help 

the brain to concentrate, which is the effect looked for by cigarette smokers. Notably many 

schizophrenics are heavy smokers, perhaps trying to compensate for their deficiency. The linkage 

data provide unique new evidence that the alpha 7-nicotinic receptor gene may be responsible for 

the inheritance of a pathophysiological aspect of the illness. 

As regards drug development, the new compounds, appear to have a c1ozapine-like 

profile with multiple receptor blocking properties and a D3/4 dopamine receptor antagonism 

activity. The two goals of the newer compounds such as olanzepine, sertindole and others are 

considerably fewer side effects than most current antipsychotic medicaments and activity against 

negative symptoms of schizophrenia (Reynolds, 1997). 

Mood disorders 

Major concepts in this field include the following: (I) the pathogenesis of affective illness 
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may be conceptualized as an interaction between early and current life stressors and genetic 

vulnerability; (2) affective illness has been increasingly conceptualized as a potentially chronic 

progressive illness rather than an intermittent illness with full recovery between episodes; (3) 

affective illness, including its various stages, may be readily documented and monitored through 

changes in functional brain imaging; and (4) due to advances in molecular biology technology, 

there has been increasing evidence documenting changes in genetic activity involved in the 

pathogenesis of affective disorders from environmental stressors and/or from inherited genetic 

alterations and of the reversal of these changes accompanying successful pharmacotherapy. 

(Risch, 1997). 

In addition to a genetic contribution to the vulnerability for mood and anxiety disorders, 

recent studies have underscored a pre-eminent role of early adverse life events in the pathogenesis 

of these disorders. In particular, corticotrophin releasing factor (CRF), the major regulator of the 

mammalian stress response, may be the seminal neurobiological substrate mediating the effects 

of early life stress on subsequent psychopathology. Clinical studies have provided evidence for 

increased activation of CRF neuronal systems in major depressive disorders as well as in 

post-traumatic stress disorders. Early adverse life events might render the human individual 

vulnerable to the effects of stress later in life, resulting in an increased risk of developing 

psychopathology via long-lived alterations in CRF-containing neural circuits. Based on these 

findings, new therapies including early intervention have to be developed to treat individuals 

exposed to severe stress early in life (Heim, 1997). 

Also relevant are studies on the genetics of bipolar disorders (Genomic survey of bipolar 

illness in the NIMH genetics initiative pedigrees, 1977). The strongest findings so far appear to 

be on chromosomes 1,6, 7, 10, 16, and 22. Support has also been found for some previously 

reported linkages, including 21q and possibly Xq26. 

Addiction and addictive mechanisms 

Addiction is a chronic relapsing disorder and is ultimately a brain albeit with disorder, 

important social implications. Comorbidity is very frequent, and the treatment of the coexisting 

disorder is important. Some antidepressants such as fluoxetine can be effective in reducing 

depressive symptomatology and the alcohol use of severely depressed alcoholics (Leshner, 1997). 

At molecular level drug addiction is the result of brain neuron adaptation following repeated 

exposure to a drug of abuse. Progress have been made in identifYing such time-dependent 

adaptations and in relating them to specific behavioural features. Of particular concern is the 

understanding of craving and relapse, possibly identifYing also genes contributing to individual 
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differences in vulnerability to addiction, ultimately providing better treatment for it (Nestler & 

Aghagenian, 1997). At neurotransmitter level, dopamine continues to be considered central to the 

problem of addiction as the transmitter involved in the mesolimbic "rewarding pathway" (Koob 

& Nestler, 1997). Moreover, mice with a deactivated dopamine uptake system (which is exactly 

the system inhibited by cocaine) behave like mice treated with cocaine or amphetamine. So far, 

however, drug treatments aimed at interfering with dopaminergic transmission have failed to 

achieve significant clinical results in addiction. Also of particular importance are studies on 

alcohol abuse involving a large population at risk. Family, twin, half-sibling and adoption studies 

of alcoholic subjects suggest that the heritability of liability to alcoholism is high. These findings 

have promoted intensive investigation in the fields of neurology, biochemistry, genetics and 

molecular biology aimed at the identification of markers for the risk of alcoholism (Ferguson & 

Goldberg, 1997). On the other hand anti-craving compounds have recently been registered for 

relapse prophylaxis in alcoholics in various European countries (acamprosate) and in the United 

States (naltrexone). Acamprosate interacts with NMDA receptor-mediated glutamatergic 

neurotransmission while the opioid receptor antagonist naltrexone most probably interferes with 

alcohol-induced reinforcement via the block of opioid receptors (Spanagel & Zieglgansberger, 

1997). 

NUTRITION DURING CHILDHOOD IN ESSENTIAL FOR THE NORMAL 

DEVELOPMENT AND FUNCTIONING OF THE BRAIN 

Nutrition during the prenatal and postnatal period is crucial for the optimal function of the 

brain throughout life. Studies on animals and humans have shown that nutritional deficiencies 

early in life can have long-lasting effects on key functions of the brain, including 

neurotransmission and neuroendocrine transduction Early-life deprivation of food causes a 

decrease in the number and size of cells in the human brain. Normally there is a steady accretion 

of cells in whole brain throughout most of the first year oflife. Dobbing's studies also suggest 

that there may be increases in the number of brain cells during the second year oflife (Dobbing, 

1973, 1974; Dobbing & Sands, 1970, 1971, 1973) . Analysis of DNA content, indicative of cell 

number, has shown that in postnatal life there is accretion of DNA in the forebrain throughout the 

first two years oflife, while the maximum DNA content of the cerebellum is achieved at I year 

of age. Studies of children who died with marasmus have shown decreased cell number and cell 

size in the cerebrum and cerebellum (Dodge, Prensky & Feigin, 1975). 

Over thirty years ago a classical study was published on the effects of nutrition in the brain 

(Cravioto & Robles, 1965) in severely malnourished children admitted to a nutrition ward of a 

children's hospital in Mexico City. Immediately after treatment of acute infections and metabolic 
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stabilization the children were psychologically tested at 2-week intervals throughout the period 

of hospitalization for up to 190 days. In an effort to assess the relative importance of 

undernutrition at various ages in life, three age ranges were studied: below 6 months (n = 6), 

15-29 months (n = 9), and 37-42 months (n = 5). A clear difference in response to treatment was 

demonstrated between the youngest group (under 6 months of age) and the other groups. The 

older children did increasingly well with rehabilitation, but no such improvement was noted in the 

youngest group, particularly in language development. Important additional factors, such as 

maternal education and parental IQ, were evaluated and no significant differences between the 

study populations were found. These results demonstrate that infants malnourished to a significant 

degree below 6 months of age fail to recover full mental function. 

It is therefore clear that nutritional deprivation in early life causes decreases in the number 

and size of brain cells, resulting in impaired mental function. What are the biochemical alterations 

that occur in the brain as a result of nutritional deprivation? Very few studies have addressed this 

question directly. This may be for practical as welJ as for ethical reasons. Even in the most 

sophisticated research settings in developed countries it has only been in recent years that imaging 

and neuroendocrine studies have started to assess in detail key functions of the living human brain. 

Moreover, there are ethical problems in performing sophisticated tests in individuals deprived of 

food. 

A few studies have assessed neuroendocrine function during recovery from marasmus. 

Malozowski et al. (1990) studied the circadian rhythm and the response of the 

hypothalamic-pituitary-adrenal (HP A) axis to ovine corticotropin-releasing hormone (oCRR) 

stimulation and dexamethasone suppression in 32 children with grade II-III marasmus. Their 

results support the concept that malnutrition is associated with decreased responsiveness to 

corticotropin-releasing hormone (CRR) and incomplete dexamethasone suppression, indicating 

hypothalamic dysfunction during starvation, and that these abnormalities are restored after 

nutritional rehabilitation. Various authors (Alleyne & Young, 1967; Misra et aI., 1980; Schonland 

et aI., 1972; Tuchinda & Chatranon, 1982; Vashi & Jagatiani, 1980) have confirmed 

hypothalamic-pituitary-adrenal dysfunction in states of marasmus and kwashiorkor, further 

indicating hypothalamic dysfunction due to food deprivation. Other endocrine alterations due to 

malnutrition were studied by Laditan (Laditan, 1982; 1983), who measured hormonal changes in 

severely malnourished children (24 with kwashiorkor and 10 with marasmus) all of whom were 

aged 3 years and below. Serum insulin levels were depressed and growth hormone (GH) elevated 

among the kwashiorkor children, most especially among the kwashiorkor sub-groups 11 and III 

cases who had the greatest deficit of body weight. Although the GH values were also elevated in 

the marasmic patients, the levels were much lower than those for the kwashiorkor children. There 
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was no statistically significantdifference in the mean serum concentration of both cortisol and 

thyroxine among the different sub-groups of kwashiorkor and the marasmic subjects. With 

improved dietary intake and some degree of anthropometric recovery, GH concentration fell 

steadily while insulin levels rose, especialIy among the kwashiorkor cases. Interestingly, the 

validity of this early African work was confirmed by the recent work ofRavelli et aI., (1998) on 

702 individuals who were exposed in utero to deficient maternal nutrition due to the Dutch famine 

of 1944-1945. In 1998 those individuals had impaired glucose tolerance, particularly those who 

were exposed during mid and late gestation. Individuals born as thin babies to mothers with low 

body weight had the highest glucose concentrations. Prenatal exposure to famine was related to 

increased fasting insulin and proinsulin levels, which suggests an association with insulin 

resistance. Thus, complex metabolic alterations can occur not only during food deprivation but 

also as long-term sequelae of early food deprivation, even forty years after full nutritional 

rehabilitation. Insulin resistance and hyperglycaemia are well-known contributors to 

atherosclerosis, which can result in adverse effects on brain function secondary to heart disease 

or stroke. 

In addition to the direct effects of calorie and protein deprivation on brain cells, nutrition 

can dysregulate hypothalamic neuroendocrine function due to a deficiency in the fat cell hormone 

leptin, which is required for normal neuroendocrine function. Recent research has shown that a 

certain amount of body fat is crucial for the development of neuroendocrine function. The fat cell 

hormone leptin stimulates the neuroendocrine system to promote the growth and development 

of the gonads and it also triggers puberty (Chen et aI., 1996; Flier, 1997; Lee et aI., 1996. 

Additionally, leptin contributes to regulate minute-to-minute fluctuations in 

hypothalamic-pituitary-adrenal function and hypothalamic-pituitary-ovarian function (Licinio et 

al., 1998; 1997). Leptin production depends on adequate nutrition. When nutrition is insufficient, 

fat mass decreases and leptin levels go down, resulting in a disruption of neuroendocrine function. 

Starvation-induced dysregulation of neuroendocrine function can be reversed by leptin 

administration (Ahima et aI., 1996). Leptin has also been shown to affect key functions of the 

brain, such as behaviour: infertile homozygous female OB/OB mice can be treated by repeated 

administration of only the recombinant human leptin, which corrects their sterility, and results in 

ovulation, pregnancy and parturition (Chehab et at." Lim & Lu, 1996). Moreover, normal 

prepubertal female mice injected with leptin reproduce up to 9 days earlier than controls and show 

earlier maturation of the reproductive tract (Chehab, et aI., 1997). 

These results suggest that leptin acts as a signal triggering puberty, and support the 

hypothesis that fat accumulation enhances maturation of the reproductive tract. Kiipp et aI. (1997) 

have showed that menstruation ceased to occur when leptin levels were under the range of 1.85 
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~ gJL; they concluded that adequate levels of leptin are required not only for the maturation of 

reproductive function, but also for the maintenance of normal menstrual function in humans. Thus 

it appears that malnutrition or starvation-induced reduction ofleptin levels is a major contributor 

to the neuroendocrine alterations associated with insufficient or inadequate food intake. 

What are effects of food deprivation on catecholaminergic neurotransmission? The most 

studied paradigm in this field has been the impact of tryptophan depletion on brain serotonin 

levels, resulting in depressed mood (Miller et aI., 1992). Recent studies investigated whether 

lowering of brain serotonin activity by depletion of its amino acid precursor, tryptophan, could 

provoke a short-term relapse of clinically significant symptoms in women vulnerable to major 

depressive disorder (Smith, Fairbum & Cowen, 1997). The subjects were 15 women who had 

suffered recurrent episodes of major depression but had recovered and were no longer on drug 

treatment. Patients received two amino acid mixtures in a double-blind cross-over design. One 

of the mixtures was nutritionally balanced and contained tryptophan and the other was identical 

except that it contained no tryptophan. Participants were scored on the Hamilton rating scale for 

depression before and after drinking each mixture. They also completed hourly self-rated 

measures of mood during this period. Blood samples were also taken at baseline and 7 h for 

measurement of plasma tryptophan. The tryptophan-free mixture produced a 75% reduction in 

plasma tryptophan concentration. After drinking the tryptophan-free mixture, ten of the 15 

women had temporary but clinically significant depressive symptoms. The mean difference in total 

depression scores (7 h minus baseline) were significantly higher after the tryptophan-free mixture 

than after the nutritionally balanced mixture (p < 0.001). No changes in mood occured in those 

taking the nutritionally balanced mixture. The authors concluded that changes in nutritional intake 

can cause lowering of brain serotonin function and precipitate clinical depressive symptoms in 

well, untreated individuals who are vulnerable to major depressive disorder. This indicates that 

nutrition, through its effects on the neurotransmitter serotonin, can affect brain function and 

precipitate depressive symptoms. 

In conclusion, nutrition, particularly in childhood, can affect neurotransmitters and 

neurohormones in four ways: (I) calorie deprivation early in life (particularly under six months 

of age), causing decreases in the number and size of brain cells, resulting in permanent brain 

dysfunction; (2) protein and calorie deficiency acutely, directly, and reversibly affecting brain 

functioning, resulting in hypothalamic dysfunction, as well as in decreased serotonin levels, 

resulting in psychiatric manifestations such as depression; (3) malnutrition causing low body 

weight and decreased leptin level, which results in hypothalamic dysfunction secondary to 

decreased leptin actions in hypothalamic neurons; and (4) early-life deprivation in food intake, 

resulting in permanent alterations in metabolic homeostasis, decreased glucose tolerance and 
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insulin resistance, which is associated with many adverse health consequences for the circulatory 

system, ultimately resulting in coronary artery disease and stroke, which have serious negative 

impact on brain function. 
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