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Modern techniques are beginning to make it possible to observe what
goes on inside the living brain, man's most complex organ and in a sense his
most vulnerable one. The last twenty years have been especially fruitful of
new knowledge of the brain due to a sharp rise in the volume of neuroana-
tomical, neurophysiological, neuropharmacological, neuropsychopharma-
cological, neurological and neurosurgical research, accompanied by swift ad-
vances in electronics and instrumentation, including the use of radioactive
tracers. Along with this, considerable amount of methodological interdigita-
tion between the above fields in the laboratory and interdisciplinary [nterac-
tion in the theoretical e~planation of such data are also taking place. Indeed,
there is a fine prospect that research now under way in divers fields of bio-
physical, neuropsychopharmacological and bio-chemical sciences will finally
shed light on how the brain works, explain what happens when something
goes wrong there and perhaps point out the elusive connecting links between
man's brain and the 'thoughts' in his head. Today, it has become
all the more important for man to "know himself", if he wants to take the
decisions that are right for him and for the community in which he lives
and maintain a healthy balance of mind in the midst of conflicting ideas and

ideologies of his environment.

The brain-early ideas and progressive developments in knowledge.-It is difficult
to appreciate how long man remained ignorant of the function of the brain
and nervous system. I t is estimated that it took at least a billion years or
evolution from amphibia to mammals and from primates to man to create the
three-pound mass, which only in the last century and. a half has begun to
acquire a dim understanding of its oWn nature. Aristotle set the locus or the
human intelligence in the heart. In the second century A.D. Galen correct •.
ed this mistake and went on to declare that he had found the reservoir of the
soul's "animal spirits" in the brain's hollow chambers, the ventricles, which
are filled with a clear watery fluid. Galen proposed that these spirits, pre-
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sumably in solution, were pumped by the brain to all parts of the body'
Galen's views went virtually unchallenged until the late seventeenth century,
when Thomas Willis, an anatomist and physician, asserted that the brain's
gray matter was the true lodging· place of the "Animal spirits" and that they
travelled about the body through a net-work of nerve fibres. The soul's
"animal spirits" were at first considered incorporeal and mysterious. The
early microscopists, however, declared them to be a subtle juice, which they
could see oozing from severed nerve fibres. "Malpighi said that this juice
transmitted sensations hydraulically from sense organs to the brain.

The first hint of the electrical nature of nerve sensation was not dis-
covered until 1791, when Luigi Galvani of Bologna, reported that the leg of a
dead frog twitched under an electric current. The belief in soul like animal
spirits faded soon after 1800, and the stage was set for modern study of the
nervous system.

Hughlings J ackson, an English neurologist, is credited with advancing
our understanding of the brain between the years 1864 and 1900. Modern
students are still amazed by the many shrewd inferences about brain function
that Jackson drew from close study of epilepsy and other disorders of the ner-
vous system, but his methods were soon over-shadowed by more fruitful tech-
niques of direct experimentation. In 1870, Sir David Ferrier, a Scottish
physiologist, was among the first to apply electric currents directly to the
exposed cortex of monkeys. He found that electrostimulation of specific re-
gions of the so-called "motor" cortex would cause a monkey to move muscles
in various parts of the body. Friedrich Goltz of Strasbourg made the then
surprising discovery that a dog could lead a fairly active life even with its
entire cerebrum removed. It was a "mindless" robot, that failed to show any
memory or emotion, and none of a dog's "purposeful" behaviour.

Another line of investigation with the peripheral nerves themselves also
led to many new and interesting ideas about the Central Nervous System and
the Brain. Anatomists found that if a nerve fibre were cut, it would quickly
degenerate along its entire length, leaving a distinctive trail that could, after
staining, be traced under a microscope. By this method, it has been possible
to trace individual pathways of nerve fibres through the spinal column into
the brain. This was followed by Pavlov's discovery of "conditioned reflexes"
in dogs. Pavlov's findings opened new possibilities in the study of the various
intriguing behaviour of impulses passing through the central nervous system
to the brain and vice versa. The brain is now properly regarded as a single
organ as its action is that of an integrated unit. Actually, it is a bundle of
structures, and when these structures react wi th each other in a normal
manner they produce the final united effect. For example, sensory. impulses
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evoked by pain travel by the sensory pathways up the posterior part of the
spinal cord to the thalamus where they are relayed to the cortex and attain
discriminative aspects of consciousness. As a result of the integrated activities
of the brain in response to the pain-evoked stimuli, impulses leave the cortex
via the pyramidal tracts to attain the anterior horn cells which are stimulated
to initiate and control motor activity.

One of the great landmarks in neurophysiology is the development of the
idea by Sherrington of "the integrative action of the nervous system", the
process by which the nervous system handles a multitude of incoming stimuli
and "unifies from seperate organs an animal possessing solidarity, an indivi-
dual, etc " This was followed by many studies both in neurophysiology
and in experimental psychology in which sections of brain were systematically
removed from animals previously taught to perform acts of reasonable com-
plexity, such as running a maze.

In 1929, Lashley of Harvard University reported rather astonishing results
that in rats which had been trained to thread a maze, several parts of the
cortex can be removed without destroying the learned behaviour, so long as
the vision of the animals was not destroyed and they were not paralysed.
These findings led to two general hypotheses (I) that momory 'traces' were
scattered so diffusely throughout the cortex that so long as a fair amount of it
remained intact, memory and learning were not destroyed or (2) that memo-
ries were stored deep in the mid-or "primitive brain", into which Lashley
could not cut without destroying consciousness itself. Prior to Lashley's
work, neurophysiologists (including Sherrington) believed that the billions of
neurons in the central nervous system were inactive most of the time, that
limited neuronal networks were activated in response to particular stimuli,
.and that somehow, simple conditioned reflex arcs of the Pavlovian type, were
created through the process of learning.

The electroencephalograph.-About the time (1930) that Lashley was report-
ing his findings, Hans Berger, a german Psychiatrist, announced that he could
detect faint "brain waves" with electrodes placed on the skull. Only in the
last thirty years or so through the pioneering studies of Berger and a host of
later workers, who have used the new instrument known as the "electroencep-
halograph", we have known that the human brain produces a "spontaneous"
electrical rhythm with minute variation as little as several million parts of one
volt and could be detected only wiih very high amplifying devices. It has
become evident that this rhythm is dependent among other things upon brain
metabolism (high oxygen uptake and many enzymes) and is composed of the
graded electrical potentials of apical dendrites and dentritic felt of the corti-
cal nerve cells (a firiding based upon numerous stimulation studies of the
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brain) and not of the envelopes of "all- or none" axon potentials. This elec-
trical rhythm starts in the fetus' brain in the mother's womb, continues in
various forms, frequencies, strength and distribution through waking and
sleep, illness and health, relaxation and activity over the entire span of one's
life until 10 seconds or so after the heart stops for ever. It is possible no~ to
tell from the waves when a person is sleeping or is dreaming in his sleep
which may last for many minutes, though the content of the dreams remains
unknown. Electrically, hypnotic sleep is entirely different from ordinary
sleep, the former resembling waking.

The brain wave phenomenon has opened up a new vista of stupendous
neurophysiological and neuropharmacological research on the animal and
human brain all over the world in thousands of laboratories, unthinkable a
quarter of a century ago. It has been possible only in' the last
twenty-five years, especially the last fifteen years,' to tell from the
focal disruption of the brain wave pattern as recorded from the surface of
the head, where a brain tumor is growing, where brain hemorrhage
is present, where the brain is softening and at what particular point
of the brain a veritable electrical explosion is taking place in an

~pileptic attack. Only in th last ten years, with ten to over 150 very fine
electrodes planted deep in the brain, a conscious animal or a man is revealing
to the investigators normal functional characteristics of deep centres 'and cir-
cuits, confirming and sometimes going ahead of neuroanatomical knowledge.
When certain points in the brain are electrically stimulated different emotions
such as rage, anxiety, etc. emerge and also different behaviour patterns. Some
animals can electrically self-stimulate in utter frenzy their diencephalon and
neighbouring areas in persistent enjoyment of pleasure or reward (6Ids). The
deep midline structure of hypothalmus and deep limbic regions are now defi-
nitely established to mediate much of our basic emotional drives, vegetative
functions, pleasure-pain dichotomy, and instinctual tendencies, (MacLean)
although the consciousness or control of all these experiences is recognised by
many to be associated with the upper mantle of the brain. Animals can be
made overwrought, overanxious, overbelligerent, oversexual, overgluttonous
and overabstemious of food by the electrical stimulation or ablation of some
of the special point or points in the temporal lobe and hypo thalamus. Penfield
of Canada and others before sectioning some of the diseased parts of temporal
lobe of human brains have stimulated them in thousands of instances, and the
conscious patients at the operating table have reported aloud their vivid
experiences. of the past-visual images, songs, lights, colours, panoramas, etc,
hitherto buried in their momory. Other brain points when stimulated do not
evoke momory.Is the temporal lobe then the seat of memory? A clear answer
to this question is not yet forthcoming.
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Emotional substratum of the brain.-One of the most important discove-
ries in the last 10 years pertains to the function of the medial reticular forma-
tion of the brain stem (the so-called reticular system), and the limbic system,
regions that represent portions of the emotional substratum of the brain and
which are among the most ancient from the standpoint of evolution. The

OCCIPITAL
A~EA

FRONTAL
AREA

Reticular System-The primary site of action of hypnotics and general anaesthetics and
psychomotorstimulants like ritalin, pipradrol, etc..

up-stream and down-stream excitatory and inhibitory action of the reticular
system has been presented by them in numerous studies. Into this medial
reticular formation the classical up-going sensory path. ways send their collate-
rals. It is well-known from experiments that a slight stimulus in that medial
part of the brain stem will immediately awaken a sleeping brain and produce
alert.iess or 'waking' both in behaviour and in the electrical patterns (EEG).
When, in contrast, the function of the reticular activating system is decreased,
we observe various degrees of relaxation or sleepiness-again both in behavi-
our and in the EEG.

The second great system involved in emotion is the Papez circuit. This
integrates both functionally and anatomically with the activating system to
bring additional influences upon emotional behaviour. Our early ancestors,
the amphibians-who left the oceans for the land-developed a new part of
the brain concerned with smell. With economy of nature, additional centres
coordinating emotional behaviour were developed from the old "smell brain".
All those structures are even today called the rhinencephalon or the
limbic system. The close association between odours and emotions is well-
known. The Pap ex circuit is of importance because it may correlate the emo-
tion areas of the brain with the cerebral cortex and thus integrate the crude
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CINGUlATE GYRU!.

THALAMUS

AMYGDALA

THE PAPEZ CIRCUIT
(LIMBIC SYSTEM)

awareness of the older cerebral parts wi th the discriminative aspects of cons-
ciousness afforded by the cerebral cortex. It is well known that extirpation
of the amygdala may produce tranquillization, while the removal of an associ-
ated area, the septum, may evoke rage.

It is maintained by some that the most intricate electrical fields rising in
and spreading through 10 billion nerve cells of the living brain, in its upper
surface and depth, and trillions and trillions of nerve fibres and innumerable
axe-dendritic and axo-sornatic synapses, and showing constant fluctuating
emphasis at one or more points at one time, then at other points at other
times but still maintaining a dynamic equillibrium-these electrical fields
mediate consciousness in its diverse functional modes of sensation, perception
emotion, attention, abstract thinking and decision making. Even this general
answer is not easy to picture. The notion that the seat of consciousness is in
one particular point of the brain has many opponents like Lashley although
it is recognized that some of the subcortical structures like hypothalamus
(Hess), reticular formation of the pons (Magoun), thalamus and periaque-
ductal grey matter have crucial parts to play in the maintenance of cons-
ciousness. A tumour, hemorrhage or blow given to such areas and not con-
fined to the cortex may directly or indirectly produce somnolence or coma.

Over the past one hundred years there has been a back and forth swing-
ing of the pendulum between the view of punctate localization of functions to
different anatomical parts of the brain and the view that the brain acts as a
whole. Through modern stimulation experiments with superficial and deep
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leads in the brain and using 'conditioning'. ar d other ingenious techniques
including the observation of behaviour parameters of animal and man during
learning and other situations, it is becoming apparent that there are evidences
supporting both of the above views. Although the mechanisms under-
lying 'total' brain action are still somewhat obscure, there is now a tendency
to implicate strategic anatomical centres to explain 'total' action. Today, in
the light of new findings from various sources, it appears that both cortex and
midbrain psrticipate in storing patterns of learned behaviours. One sugges-.
tion is that the cortex may play a vital role in the learning of skilled motor
acts, such as playing a piano, but that in time some of the cortical pathways
may be "short circuited" permitting the reticular system and subcortical
motor centres to take over more of the job. At least the reticular substance
and the limbic system can in addition be presumed to play important roles
and thus two entirely new parameters are provided along which experimental
attacks can be made (Galambos).

Neurosurgery and electromapping of the brain.~During the last 30 years techni-
cal advances in brain surgey and the introduction of frontal-lobe operations,
e.g. leucotomy, in the treatment of mental diseases, have greatly increased the
opportunities for studying the effects on intellectual functioning of removal of
tissues from the frontal lobes. Already neuroanatomists had shown by syste-
matic work on animal brains that the nerve cells of which the cortex is com-
posed were arranged in a number of layers, the density of the layers and the
type of cell that they contained varying from one part of the cortex to an-
other. On the basis of these variations in cellular structure charts were de-
vised on which homogenous areas of the cartex were mapped out and given
distinguishing numbers or letters. The best known of these "cytoarchitec-
tonic" maps is that of Brodmann.

The lateral aspect of the human brain showing the position of Brodmann's cortical area».
The boundary lines separating the areas have been omitted.

4. Somato Motor
5. Somato Sensory
7. Analysis of Sensation
9. 10, 11, Prefrontal area (personality, imagination, etc.)
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It was soon assumed that these areas of dissimilar cellular structure were
responsible for different kinds of function, and this view gained further str-
ength when in l87J, Fritsch and Hitzig from Germany discovered that when a
certain area of the rabbit's cerebral cortex was stimulated electrically, it pro-
duced bodily movements. Within this area centres for the movements of
different parts of the body could be further localised. It was not long before
attempts were being made to localise other functions, including mental func-
tions within the brain, and it was Hitzig who suggested that the large. appa-
rently silent, area in front of the motor cortex (Brodman's area 4)- the pre-
frontal area-was the seat of man's intelligence. Confirmation of the role of
the frontal lobes as the intellectual centre of the brain seemed to be forthco-
ming when Bianchi reported a deterioration in behaviour following removal
of the frontal lobes of animals. He attributed this to the inability of the animal
to make intellectual syntheses.

In the early thirties, Hess, a Swiss neurophysiologist, devised methods for
mapping, by electrostimulation, regions deep within the brains of unanaesthe-
sized freely moving cats. Through a small hole in the cat's skull he was able
to insert electrodes reaching to the diencephalon, or "in-between-brain", a
region containing part of the reticular system. Hess's findings established that
the diencephalon is the control centre for the autonomic nervoys system-the
system that regulates the workings of the heart and other internal organs. By
stimulating the diencephalon, Hess could actually make his cats "do some-
thing". They could be made to show abnormal hunger or thirst, act as if
they had seen an unfriendly dog, pant, sneeze, urinate, or even curl up and go
to sleep.

From these, some scientific answers to the central question as to how does
the nervous system and brain operate, appear to be available. However. it
would perhaps not be correct to accept the view in totality that the frontal
lobes are the seat of human 'intelligence'. It is certainly true that when the
frontal lobes are damaged distinctive mental changes occur not infrequently.
The man with diseased frontal lobes may become indiscreet, tactless or impul-
sive, and undesirable personality traits, such as boastfulness, are given freer
expression. Behaviour, in other words, becomes inappropriate in respect of
the social circumstances in which it occurs. It is questionable however, whe-
ther the brain mechanisms that control our social behaviours have anything to
do with 'intelligence'. It is possible for the frontal lobes of the brain to
be severely damaged without any intellectual changes being demonstrated
.in standard intelligence tests, although the behavioural changes may be
pronounced.
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Drugs and brain.-Man has known for centuri~s that things which tak.e
place in his mind-that is, thoughts or feelings=-might have an effect on his
bodily processes. Fear, for instance, acts upon his physiology to prepare him
for fight or flight in the face of danger, the sight of water galvanizes the man
dying of thirst into a last desperate spurt. These as we can now view them,
are examples of a mental process with an effect on the chemistry of the body.
Man has also long realized that certain substances taken into his body-have an
effect upon his mind. Possibly the earliest example of this process was the'
drinking of alcoholic beverages Indeed alcohol has been the most consis-
tently used substance or drug in the history of man's attempts to influence'
his mind.

The value of alcohol lies mainly in its. capacity to ease the mind. It does
this by acting as a paralyser of the higher mental functions. The functions
which were the last to be developed in the evolution of the human race are
the first to be impaired by alcohol: thus, it dulls such qualities as wariness,
subtlety, tactfulness, self-awareness, and shyness. This property of alcohol is
the prime reason for drinking, for it is by this means that man loses SOIJireof
his mental tension and apprehension, traditionally his worst affliction from
early times. Other substances have also been used for the same purpose and
many are employed in medicine: they include such drugs as bromide, barbi-
turates, alkaloids and resins, usually obtained from vegetable sources, of which
opium and hemp (Cannabis indica) are examples.

Knowledge of the importance of the physical state of the body in the'
production of nervous or mental disease was first put to practical use in the·
nineteenth century, when camphor was injected to produce convulsion in the'
first recorded treatment of the disease, melancholia. It was thought that the
convulsions would shake up the patient effectively to bring him back to nor-
malcy. The treatment of' general paralysis of the insane through malaria gave
further impetus to the exploration of the causative factors in mental dis-
orders. Between the years 1920 to 1930, insulin and cardiazol, well known for
their value in other diseases, began to be used in the treatment of the two'
great mental diseases, schizophrenia and manic depressive psychosis. Then,
in 1940,Cerletti and Bini (Italy) discovered that the convulsive effects of drugs.
could be imitated, and indeed improved upon, by the use of electricity; and,
from that time electrically induced convulsions took the place of drug, treat-
ments. Here was a clear illustration of a physical process carried out on, the'
body whose ultimate effect was upon the mind.

In the early 1950s, new drugs that affect man's behaviour attracted an
enormous amount of scientific and professional attention. Rauwolfia; known
for centuries in India and whose first pharmacological studies' were
undertaken in Calcutta School of Tropical Medicine, was the first to be:
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given serious consideration by western physicians, for its hypotensive pro-
perties and later as a tranquillizer. There has been since an accelerating use
of Rauwolfia congeners, (of the phenothiazines, chlorpromazine, largactil,
etc), the propanediols, and miscellaneous compounds' with tranquillising
properties, as well as the antidepressants or psychic energizers, and the
psychotomimetics.

The importance of the discovery of the psychoactive drugs can scarcely
be overemphasised. For the first time a powerful tool had been found which
selected as its chief mode of action the control of emotion, and which in or-
dinary doses interfered, little with other nervous functions. In schizoph-
renia and in manic depressive psychosis, where emotional disorder is a cons-
tant problem, it became possible to achieve control in many cases by means
of a drug which could be given by mouth, or if necessary, by injection. Pa-
tients who had previously required constant supervision and great quantities
of paralysant sedatives, and whose lives were made miserable by the abnor-
malities of their mental processes. became capable of living and working
once again as social human beings. A discovery of such fundamental impor-
tance acted as a stimulus to research and proved to be the starting point of a
great new scientific development. This has been given the name of psycho-
pharmacology, in other words, the study of drugs which affect mental status.

The drugs commonly used in treatment may by grouped under various
arbitrary headings: there are the tranquillieers, the drugs with hibernating
properties; there are the anti-depresants , whose main action is to relieve the
feelings of patients with depressive illnesses; there are drugs which iron out
the waves of emotion which occur in certain mental states; there are the

psychic energizers which, as their narn e suggests, produce activity and release
mental energy, there are other drugs which can bring about disturbances of
contact with reality in normal persons, hallucinogens, and produce various forms
of mental disorder in healthy persons.

Brain biochemistry·-Along with psychopharmacology, neurochemistry is
helping to elucidate many preblems and ideas regarding brain function and
localization of 'active' centres there. The internal chemistry of minute nerve
cells, 60 to 70 mfL in diameter packed some 15,000 to the cubic milIimeter, is
now under severe scrutiny. In the University of Michigan" mapping of oxi-
dative enzymes in the human brain is being done by Friede, using histo-
chemical enzyme techniques. This indicates differential concentration of
DPN-diaphorase activity at different points of the human brain. An atlas,
only one of its kind on the subject, has been recently published.

The availability of a variety of psychoparmacological agents with specific
action on different phases of neural activity has rendered the experimental
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study of the molecular physiology of brain function comparatively easy. The
newer techniques of cell disruption and fractionation into 'subcellular units
have been profitably emploved along with the tranquilizers, depressers and
hallucinogens in the study of receptor sites, electrical transmission mechanism
of neurons and axons and the overall control exerted by the neurohormonal
agents originating from the hypothalamus. The mitochondrial subunits of
brain cells have'been shown to possess properties of swelling and contraction
quite different.from those exhibited by mitochondria isolated from liver and
kidneys. In view .of the possible role of muco-polysaccharides and mucopro-
teins in myoclonic epilepsy. the biosynthesis and metabolism of these poly-
mers have been extensively studied and all the enzyme systems involved in
the synthesis of active sulphate, uridine diphosphoglucosamine and uridine
diphosphoglucose have been shown to be present in brain. The synthesis of
brain glycogen in predominently mediated by the Leloir pathway involving
uridine diphosphoglucose. The sulphatides and phosphatides form moeities
of the gangliosides and other receptor cofactors which play a vital role in the
excitability of neurons. The structure of cerebroside sulphuric ester has been
worked out using cortical slices and suspensions. It has been possible to de-
monstrate that in cerebral neurons the y -aminobutyric acid pathway rep-
resents functionally a major route in the basic sequences of neuronal oxidative
metabolism.

'What may be the first correlation between "intelligence" and some
physiological (and perhaps genetically determined) aspect of the brain was
reported in 1954, by psychologists working under David Krech. They
found that "maze-bright" strains of rats had more cholinesterase in certain
areas of the cortex than do "maze-dull" animals. If this finding could be
confirmed, it would open up a momentous new line of research.

The 'Model builders' and the brain.-Among brain investigators, two
scientists, McCulloch and Pitts have had great influence on modern bioma-
thematical efforts to guess how the brain operates. Certain of the
results which have been reported by this group of investigators, appear
to convince mathematicians at least, that every imaginable aspect of
the brain's activity might conceivably be duplicated by some man-made
mechanism. In discussing this matter with other brain investigators, Pitts
said-ccI think model makers in general really have two functions. First,
they want to demonstrate that such and such a function, which various
people suppose can be done only by the mind's substance or some other non-
physiological entity, not by any mechanism, can in fact be done by some
mechanism. As soon as the psychologists know exactly what it is they want
the brain or the mindin question to do, we can certainly build a machine to
do it." In 1943, McCulloch and Pitts demonstrated mathematically how
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networks of "neurons" having certain formal properties could produce any
desired output (i. e. behaviour). A few years ago, Neumann, the eminent
mathematician, supported the conclusions arrived at by M. I. T. researchers,
thereby proving that almost any special phase of any conceivable from of
behaviour can be studied by means of these mathematical devices.

The second function of model makers is to find models that throw a light
on brain mechanism in advance of discovering the brain's wiring diagram.
An outstanding feature of the models now visualized by both Pitts and Me,
Culloch is that the fine details of their neuronal connection shall be essen-
tially random, for it is difficult to imagine that the nervous system could be
put together in any other way. Recent estimates make it extremely unlikely
that enough 'information' could be coded into the genes to specify all the
connections of the brain's 10 billion neurons. Presumably, randomness
reaches a climax in the cerebral cortex of the brain where neurons are
packed some 15,000 to the cubic millimeter.

To construct a useful mathematical model of a random nerve network
has turned out to be enormously difficult. The British mathematician,
Mackay, hopes that out of this very complex type of theoretical model
making, a way would emerge by which the "thinking process" could be
described sufficiently close to psychiatric realities to be useful in diagnosis,
yet sufficiently operational and objective to allow the physiologist to make
his maximum contribution to the study and treatment of mental illness.
Mathematically speaking, living brain has nothing unreal about the way it
works. All the known 'working' of the brain can operate on purely 'physical'
principles, though it cannot yet be described as a 'glorified computer.'

Atomic medicine and electronmicroscopy in brain studies. -One of the many
peaceful uses of atomic energy consists in localizing lesions of the brain.
Radioactive mercury (Hg 203)-Neohydrin-500 to 700 microcuries-is
injected intravenously with relatively little risk to the kidney and photo-
recording is done using a collimeter and accessories, thus outlining a brain
tumor or other focal pathology.

o

Electronmicroscopy, by using a magnification up to several hundred
thousand times, instead of one to two thousand times hiterto available in
light microscopy, is telling the story of the interior of the nerve cells of the
brain, and other structures of the body, the active site of DNA, RNA,
intercellular spaces, ribosomes, endoplastic reticulum, pores in the membrane
surrounding the nucleus, which was never possible before. Here electronrni-
croscopy is helping neuro-chemistry in elucidating the location of the more
important activation mechanisms in the various layers of the brain surface
and brain stem.
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CONCLUSION

Only a few of the latest advances that biophysical and neuropharmaco-
logical techniques have contributed towards the understanding of the brain,
man's most complex; most vital and most sensitive organ where atleast 10
billion nerve cells are working' quietly all the time, have been mentioned here.

ANTERO-POSTERIOR VIEW OF HEMISECTED HUMAN BRAIN

So quietly indeed that at one time it was thought to have no energy meta-
bolism and that the brain was filled with 'cotton wool.' Out of the enormous
effort made by modern science in recent years to unravel this complexity,
have come at least three major developments: (i) a far reaching new theory of
consciousness, (ii) the recognition, that the cerebral cortex, except in a few
critical regions, is surprisingly expendable, (iii) an attempt to formulate
mathematical "models" that can explain, in some sense, how the brain works:

Of the three developments, the new theory of consciousness is not only
the most recent, having emerged in just the last few years, but also the one
that pulls together the greatest number of experimental observations. Recent
findings seem to support a view of brain function that the brilliant neurosur-
geon, Wilder Penfield, was perhaps the first to propose, nearly 25 years ago.
Many details of the concept are still obscure, but if the new view should
prove substantially valid, it will mark a major turning point in man's effort
to understand the brain.

Briefly, the new hypothesis argues that the neurons that perform
the 'highest level of integration" are to be found not in the brain's
cortex 'as was long supposed but deep within the brain, in the socalled reti-
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HUMAN BRAIN WITH THE SKULL CAP REMOVED

1. HypotbalamU8 Controls-Heart, Respiration, Sleep, Hunger, Thirst, Metabolism,
Growth, Sexual Instincts, etc. 2. Pituitary Gland Stimulates Thyroid (Alertness), Excites
Adrenal (Defence), and Inhibits Sex glands (Reproduction). 3. Reticular Formation 4.
Olfactory Sensation (Smell of Flower). 5. Synthesis of Personality; Variations in Character and
Individuality. 6. Origin of Creative, Imaginative, Artistic, and Scientific Thought. 7. Hand-
the First Instrument through which the child gains awareness of his body, working of his Intelli-
gence & Nature of the World-it plays an Important Part in Development of the Brain
8. Cerebral Cortex Posterior where all sensations from hand, etc. are projected and analysed
9.• Eye. 10. Retina with inverted image of flower 11. Optic tracts conveying sensation to
the back of the brain (12) 13. Olfactory tracts enable the scent of the flower to be enjoyed in
the temporal lobe (14) 15. Area responsible for writing, drawing, trade and professional skill
16. Auditory area. 17. Excited by hum of an insect 18. Speech Centre 19. Carotid &
Vertebral Arteries supplying blood to the brain 20. Sensory area 2 I. M otor Area 22. Sen-
sation onalysed area most· easily affected in thrombosis or hypertension 23. Cerebellum-the
seat of physical balance. There is no corresponding area in thp. brain for keeping mental balance.

cular and the limbic systems. The term. 'integration' means in neurophy-
siology a summing up, the achieving of unity out of diversity. Recognizing
that the brain is being continuously bombarded, even during sleep, with
sensory impulses, the problem for science has been to discover how the brain

filters out meaningful stimuli, assigns priorities among stimuli competing for attention
(ignoring them all, if sufficiently fatigued), and finally, makes a decision to dojust one
thing at a time, out of the near- infinity of possible things to do.
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According to the new hypothesis, all this is acheived by a complex
interchange of nerve impulses, bearing 'coded' information between corti-
cal neurons and. neurons in the reticular and limbic systems. One task of
the cortex, evidently, is to assign "meanings" to incoming stimuli notably to
things seen, heard, smelled, tasted, and touched and to store these meanings,
in some fashion, conceivably by modifying slightly the actual protein
molecules of which cells are composed, for future reference. The cortex also,
it seems, transmits some sort of condensed, edited, and annotated version of
the flood of incoming sense stimuli into the reticular and/or limbic system,
where the final integrating process takes place. This final integration may
lead the reticular and/or limbic system to issue impulses that will 'arouse'
appropriate sensorimotor regions of the cortex to initiate a type of muscular
response that has proved successful under similar circumstances in the past or
alternatively, it may call upon some part of the brain (probably the cortex)
to give more' 'thought" to the problem.

Despite all the new knowledge that we have gathered and are still
actively gathering, we are far from giving an adequate answer to the pre-
vailing idea amonst psychologists to regard man as an empty organism and
his brain as a black box. We do not yet understand the 'thought processes'
inside the brain, neither are we able to explain self conciousuess and how
our judgements are made.

It is a great deal easier to study the immediate reactions of the nervous
system, than the more persistent changes which alter its habits and give us
our 'memories'. We know very little about the 'plasticity' (Adrian)
which is the most important feature of the brain. We are still far from being
able to explain what is "intelligence" and how the brain's "plasticity" makes
different levels of intelligence possible.

To the question of the relation between brain and mind, the answer given
by a physiologis t 60 years ago was "ignorabismus" (unknown). Modern
science spends little time in arguing the "mind-body" problem dear to
generations of philosophers, or debating "free will." The tendency is to regard
these two issues as semantic rather than real. The American neurosurgeon,
Bailey, expresses a widely held point of view when he says: "mind is simply
a name which we give to the functioning of the brain." Similarly, Sherrington
has summed up the modern view of scientists regarding "free will". If "free
will" means a series of events in which at some point the succeeding is not
conditioned by reaction with the preceding, such an anomaly in the brain's
series of events is scientifically unthinkable.

Researches in the fields of brain physiology and biochemistry during the
last l(). years, ably supported by the increasing use of biophysical instrumenta-
ion, have given a tremendous lead in our concept about neural pathways,
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•

relay centres and the working of the controlling centres of man's brain.
However, we are still left with the feeling that the shrouded veil is not yet
lifted'. Man's brain. which has enabled him to transform the world and to
create his mastery over the sky and underneath the sea, is probably not
clever enough to understand itself. Otherwise it is difficult to imagine how
the same brain could engage itself in devising way s and means of destroying
its own creations. It is conceivable that in the brain most of the hard pro-
blems of science reach a climax and science comes face to face with indeter-
minacy or uncertainty on a macro scale.

If with luck, biophysicists and biomathematicians ultimately succeed in
building the great automaton (electronic brain) complete with 10 billion
neuron-like switching units, it will still lack something. What that "something"
is, modern science is not able yet to answer today. Some will call it a soul.
Others will be satisfied if it is simply called compassion. They will suggest
that man owes whatever compassion he may possess, not to his soul or his
stars, but to a million human experience of every quality and descriptionfrom his envi-
ronment. From such experiences, automata are forever excluded and inspiration
may have to be drawn perhaps from "religion."
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