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Editorial

140 —

The impact of the investigations of Neuropeptides
in Modern Neuropsychiatry

Man, without any bounds, to his scientific curiosity, having reached the
moon, and searched the planets of the solar system by means of unmanned air-
craft and having reached beyond his own galaxies to the limits of the Universe,
by means of radiotelescopes must have on this occasion once more, the convic-
tion that size is not linked to importance, and that the macrocosmos and the
microcosmos hide to the intellectual curiosity many marvels beyond human un-
derstanding.

To find out its laws has been the task of generations of dedicated scholars
who have benefited mankind with its most cherished treasure; knowledge.

It seems to be that the mission of man on earth is to wilness, to the
grandeur of creation, to macht it he ought to perfect his thinking methods, to
unravel the intrincacies displayed to be mirrored in his understanding.

Nature has its own language, and the scientist who understands it, may
entertain a life long enlightening and fruitful conversation.

From all the scientific avenues opened to intellectual curiosity, one of the
most fascinating is the study of life itself, man scrutinizing nature, his own
nature in all its multifarious aspects.

Nothing more complicated than to elucidate and interpret the multiplicity
of a given function, in its mormal and impaired manifestations, and to inter-
vene in the correct way to restore health.

The study of the “Neuropeptides in the Brain™ is a topic of trascendental
importance which will shed light on such crucial aspects of human life as,
behavior, pain, memory, human growth, attention, learning schizophrenia and
so on.

Electrochemistry is at the base of life and guide its future and evolution,
above all it depends on his hormones, a better life can be achieved through the
understanding of the ways and doings of peptide linked with important phy-
sical and psychological functions.

Mimicking nature, the man of science reproduces what he discovers in na-
ture to his own bénefit and uses the same bricks to become a creator.

It is interesting to remark that while Woodward was in a train travelling
to Saint Louis he began to think about the best way of making aminoacid mo-
lecules link themselves .into chains in order to form a peptide.

Once in his laboratory, he began to search in the books and he found that
the same ideas had ocurred to two chemists, Leuch and Geiger in 1908. Howe-
ver, they missed the fact that the intervention of an enzime was necessary as
a living catalist.

Nowadays, synthetizing nature’s cwn material, has become a wonderful trick
of pharmacology in order to correct functional impairment, and to improve
human life.

In the chapter on mental illnesses we are till facing the problem that our
main difficulty is to know its etiology.

The studies on neurotransmitters and neuropeptides, have shed light on
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many aspects of neuropsychiatry disorders and the words of L Pauling twice
laureated with the Nobel Prize, have been prophetic, He said: “I believe that
the majority of the mental illnesses are biochemical abnormalities.”

The problem of the biochemical origin of certain psychotic ailments is po-
sed due to the structural relationship that exist between psychopathogenic che-
mical substances and certain natural metabolic substances.

Thus, the investigator bq not facing anymore comparative studies of sta-
tic structure, but by aiming to discover the biochemical perturbance hidden in
the neurohormonal functions is able to explain the absence of anatomical lesions.

Not long ago some investigators proclamed that it will be ever impossible
to relate the chemical transformation that occurs at the Level of the living cell
and the phenomena of psychical dynamism.

Nowadays this concept has been modified with the advenement of new
vistas about the role of neuropeptides.

As a living entity man is forced to use all his intelectual weapons so as
to control his behavior, to face and overcome danger, or obstacles to tackle his-
decisions, to aspire at reaching a higher level.

This is a subject of utmost importance in the field of neurosciences Not
only because it shed light on the normal and pathological functions of the ner-
vous System, but it puts in evidence the close relationship between the Ner-
vous and the Endocrinal System. This is determined by the direct action of
the peptides originated in the hypothalamus, pituitary, and other hormones
on the Central Nervous System This kind of studies have raised hopes as to
the possibility that these investigations may provide new therapeutic tools for
the treatment of the diseases of the nervous System.

TI'he studies of the peptides on the Central Nervous System began in 1971
with the studies if Plotnikoff in their basic aspects and in 1972 with Kasting
and Barbeau in their clinical manifestations.

Neuropeptides have called the attention of numerous investigators who are
finding its implications in such passionate topics as memory, stress, allention,
learning, Parkinson disease, depresion, psychophysiology. electrophysiology, sleep.
body temperature regulation accunputure and so on.

It has been observed that the hypothalamic releasing factors act directly
uppon the brain, besides the action determined by its endécrnal periphéral
effects.

Inveat:gatwn.s performed with the Everett Dopa pargyline potentiation test.
puts in evidence that the hypothalamic releasing factors such as Melanocytic-
stimulating hormone release inhibiting factor, Thyrotropin releasing hormone,
Somatostasin and luteininzing hormone releasing hormone in their action give
place to the potentialization of the influence upon the behavior of the Dopa in
normal rat and also in those in which the hypophisis has been removed which
means that the above mentioned peptides may be effective without the media-
tion of hormones coming from the hypophisis.

The peptides’ action on the Central Nervous System may be expressed
as neurotransmitters, or neummcdulatura and in this aspect thev participate
in the regulation of neuronal. excuabr,ltty

The neurohipophysary hormones and the substantia “P” acts particularly
as neuromodulators.

The effects of the peptides of the neurohypophisis are greater when admi-
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nistered intraventricularly than systematically which evidence that its action
is central.

It is worthwhile to mention that a small quantity of peptides is to produce
a desirable effect.

But we must also mention the difficulties to be overcome in order to get
this substance. For example to obtain 1 mgm of TRF it is necessary to get
300.000 sheeps’ hypothalamus.

A small amount of hypothalamic cells may control in its totality the dyna-
mic biochemistry by which the thyroid regulated the metabolism of the cells
all over the body.

In the Central Nervous System the peptides may act as neurotransmitters,
many of them are sythetized in the C.N.S. and have an important biological
specific action on the peripherical organs.

Concerning the neurons peptides relationships, the first that were evident
were those pertaining to the Hypothalamus. It has been accepted that the in-
teractions of neurons and peptides is very ample and cannot be restricted to
the hypothalamus. Little quantities of peptides may elicit significant celular
changes.

It is possible that the peptides acts in phychophysiological responses to
environmental stress by means of the hypothalamus and the Limbic System.

The hypothalamus is involved in numerous vital functions. It receives my-
riads of messages from nervous and endocrinal sources and contributes to the
regulation of the autonomic nervous system and to the endocrinal one.

Hormones that are principally peptides produced in the hypothalamus or
the pituitary may participate in such a complex function as is the behavior.

The peptides may influence innate as well as learned patterns.

Concerning the acquisition and preservation of new patterns of behavior
the peptides may be involved in the mechanisms of conditioning learning and
memory. The process of learning a new kind of behavior is very frequently
associated with a releasing of the pituitary hormone, ACTH, increasing the uti-
lization of hormones.

This may provide biochemical mediatiors by means of which the proteic
metabolism is activated and the plasticity of the nervous system facilitated, this
is very important to maintain behavior.

IMPLICATIONS OF THE NEUROPEPTIDES IN STRESS

Stress may be inflicted upon the body by external forces such as changes
in the temperature, information it is reveived and integrated by the ner-
vous system and possibly delivered at the hypothalamus and the basal areas of
the brain, The hypothalamus secretes corticotropine (CRP) and liberates ano-
ther factor that stimulates the pituitary wich in turn secretes the hormone
ACTH. This stimulates the cortex of the suprarrenal gland to provoke the syn-
thesis and excretions of hormones, besides CRF and ACTH which are both
polipeptide and it seems to have a direct effect upon the brain. If the supra
adrenal gland is removed the pituitary secretes abnormally great quantity of
ACTH; it is believed that the absence of the suprarenal hormone allows a li-
mitless secretion.

. Then the question is posed. Which is the function of the liberation of va-
sopressin to meet the adaptation to stress?

The liberation of vasopressin can be taken as a response to “fight” or
“flight” like a factor that. participates in the function of the preservation of
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fluid that it may be useful in case that a hermorhage is originated. 1'he vaso-
pressin liberation facing symbols of danger may represent an anticipated res-
ponse of adaptation and getting ready for fight.

VASOPRESSIN

The vasopressin besides acting as a peptide, is also acting as a neurotrans-
mitter. Nervous cells of the hypothalamus rely on vasopressin in order to sti-
mulate other nervous cells of the brain.

The vasopressin- was considered first as an antidiuretic hormone factor,
which acted in animals deprived of water ingestion diminishing the loss of wa-
ter in the urine.

Afterwards it was observed that the antidiuretic hormone could increase the
blood pressure acting as vaso constrictor, and then it was given its second name
vasopressin.

Vasopressin and oxitocin. This last peptide promotes the contraction of
the muscles of the uterus, In vertebrate animals, that are not mammals, it is
represented by only one peptide called arginine-vasotocin In mammals both hor-
mones are present, vasopressin and oxilocin.

Vasopressin and other peptides, corticotropin or endorphin affect learning
and memory.

It has been accepted that vasopressin promotes changes of behavior.

Experiments have beerc made enploying long lasting analogues of vasopre-
ssin and those who have received it experienced an incresing awareness toward
the environment and a betier memory.

Research on such reuropeptides may suggest specific tools for the treat-
ment of mental disorders related to disturbances in the functioning of the neu-
rohypophyseal system.

Aside from this function of conservation of fluids, the vasopressin may
have some other important functions. It hus been taken as a bond between CNS

and the liberation of ACTH.

Some authors have observed evidences that suggest bonds between the neuro-
hypophisis and the adenohypophisis. In thie connection a basic peptide habili-
tated for the ACTH libertation has been descnbed as a factor of liberation of
corticotropinc.

It has been observed that besides its paticipation on blood pressure and
water regulation the vasopressin has an tmportant role in improving Ihe me-
mary at a long term range during the process of learning.

Studides on the mechanism of action of the peptides in stress situation ha-
ve been directed to elucidate its poss:ble interaction by trasmitting substances
of the brain.

The norepinephrine levels have shown to be very sensitive to different
kind of stresses. It has been suggested that the biogenic amines responses to
stress may be hormonally mediated.

The hormones influence the cerebral function and specific kind of behavior
may be related with sex behavior. '

It has been indicated that gonadal hormones act upon the CNS in a di:ﬁé-
rent way in two different stages of evolution. Ist during the fetal life or neu-
natal and 2nd, during adult life.

;;" On thé ‘other hand, it has been abserved that prothalamw pepudes mﬂ,u-
‘ences ‘tipoit ‘the animic states." - ’
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The Thyrotropin releasing hormones may convert the sedative effects of
penthobarbital, chlorpromazine and ethanol.

Beside its influence in depression and schizophrenia has been observed,
Significance has been assigned to the definition of subgroupe of depression which
are based i nthe disminution of the response of Thyrotropin to the Thyrotropin
releasing hormone.

Serotonin has also been studied ard it has been observed that with i, are
actives the Thyrotropin realising hormone and luteinizing hormone-releasing hor-
mone. In its therapeutic action on Parkinson Diseases is has been studied the
peptide melanocyte-stimulatirzg hormone release inhibiting factor. It has been
oberved that it originates a benefic effect upon rigidity, akinesia and tremor.

Melanocyte-stimulating hormone releases an inhibiting factor (MSH-R-IF)
and potentiates the action of Dopa, it reverses tremor caused by oxotremorine
and reduces the reaction provoked in monkeys by deserpidine. It also provokes
stereotyped arid compulsive behavior in cats.

. Peptides are studdied with great interest because of their possibilities of
being effective in reducing clinical anxiety and aggressive behavior, as anti-
depressants for the treatmont of learning and memory disorders, of Schizophre-
mia and other mental diseases.

MEMORY

Vasopréssin ia a substances that may be liberated by collateral recurrents
of the supraoptic cells at synapsis back on supraoptic cells, which explains the
recurrent inhibitory pathways found in this system, which may determine a
feedback regulation of vasopressin release.

Neurohypophyseal peptiddes have excitatory effects on invertebrate neurons
lontophoretic application of vasopressin to snail neurons determine changes in
the properties of the neuronal membranes.

The neurchypophyseal hormones, particularly vasopressin, have perticipa-
tion in mechanism implicated in memory. Experimental studies demonstrate that
the absence of vasopressin interferes, with the process of memory and learning
the implicatior. of catecholamines in the long term memory has been suggested.

The liberation of catecholamines in affective states may be a factor that
facilitates the consolidation of learning with the stimulus of chemical processes
at recently activated neurons.

The adrenergic systems are involved in the development of expression of
long term memory.
8 Y

The neurohypophyseal peptides have also implications in this process.

- They may influence the noradrinergics systems by other means than by
direct action upon the synthesis of norepinephrine. and even if the increasing
of production of noradrenalin may influence memory consolidations this is not
enough to explain the long term effects of neurohypophyseal in relationship
with their central effects on memory.

Peptides that are liberated in the central nervous system by peptidergic
neurons may interact with presinaptic receptors with the aim to increase the
levels of cyclic adenosine 3,5 monophosphate (AMP) and in this way to stimu-
late tyrosine hydroxylase and to augment the norephinephrine synthesis.

The peptides, may also interact postsynaptically to modify the membrane
properties and to determine a change in sensitivity of N.E. stimulating adem-

lacetic cyclase (A.C.). Post synaptic effects of N.E. mat be mediated by cAMP
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and this is probably to induce changes in membrane permeability, which will
induce to the generation of postsynaptic potential.

Each one of the involved in the behavior seems to have a profile of diffe-
rent activities and each one may demonstrate to have a biochemical mechanism
of specialized action, and also specific neuronal receptors.

Time is a significant tool to measure memory, and it has been stated that
this is sensitive to hormonal influences.

Recent experiments suggest that maybe a central biogenic amine response
to hormonal treatments, may mediate the hormonal influences of memory.

Trained rats to which an intermediate dosis of epinephrine 0.01 to 0.1
mg/kg has beer administrated had markly improved retentive performance. T he-
se results were time-dependant.

Hormonal responses during the training may have a modulatory action on
memory processing, helping to store the informative material derived from ex-
perience, which in normal conditions would be linked to hormonal secretion.

Almost all the pituitary hormones are released following different kinds
uf stress.

Retention in rats after the pituitary removal is greatly impaired.

If during two hours after training ACTH is injected, its retention ability
improves. If the injection is administered 6 hours after training its performence
is not any better.

In these experiments Dr. Paul E. Gold and James L. McGaugh found that
postirial administration of different kinds of hormones, counting among them
ACTH may either improve or deteriorate retention in normal animals: just one
injection of ACTH administrated to hypophysectomised animals may improve
its poor performance. These findings favor the theory that hormonal responses
to training which mears post training events, may act as modulators in the sto-
rage of information of recent experiences.

It seems that the brain biogenic amine response to stress may be hormona-
[ly mediated since hormonal injections produce a diminution of brain norepine-
phrine concentration akin to that provoked by a stressful experience.

These results are considered as evidences of the brain state condition after
the release of rorepinephrine before its resynthesis by means of homeostatic me-
chanism.

The investigators suggest that the postirial brain norepinephrine concen-
tration is a good forecast for a good retention perfomance. Hormonal and neu-
rochemical findings suggest that a training experience, even those of normal and
un specific physiological consequences, may have importance in modulating in
the storage, and retention of that experience.

The neurobiological basis that are itmplicated in retrograde amnesia and in
intensifying memory storage are explained by the results of modulatory respon-
se to lraining.

Also, the time-dependent effects on posttrial memory put in evidence the
quality of the synchronization betweer: trainig experiences and modulatory ac-
tions. It is stressed thet hormones and neurotransmitters normally react to a
training experience in a posttricl way.

It is concluded that these systems posses a modulatory influence in memo-
ry processes, and ¢ mechanism of adaptation is set in motion, to elect from all
the experiences those that are worthwhile [ixing in the memory.

Some authors stated that the influences of peptides upon learning, are
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ortented to performance, rather than learning since they are conspicuous for
their participation in motivation, f[atigue, stress, anxiely and arousal.

Thus some concluded that they influence instinctive behavior variable per-
formance, sensitivity and attention, rather than learning.

SOMAAT O ST X T 1N

The results of the studides of R.L. Macdonald directly demonstrate thai
somatostatin (SRIF) has both pre-and post sypaptic actions on mammalian neu-
rons in dissociatied cell culture. The postsynaptic action suggests the possibili-
ty that somatostatin could serve as an inhibitory neurotransmitter while the
presynaptic suggests a presynaptic neuro-modulatory role.

MORPHIN LIKE NEUROPEPTIDES

Searching for pain FEillers Solomon Snyder and collaborators, have found
the existence in all vertebrates of specific opiate receptors which clearly imply
the presence of a substance born into the brain with a morphin like characte-
ristic.

Experiments confirm the accuracy of this theory. John Hughes and Hans
W. Kosterlitz of the University of Aberdeen were responsible for providing thro-
ugh their experiments a clear picture of this morphin like neuropeptides. The
name of enkephalin meaning in Greek “from the Head” was adopted for this
substance, formed by intimately related peptides both constituted by 5 amino-
acid units.

One -of the pepiides was the so called methionine enkephalin: the other
was known as leucine-enkephalin.

The slight differences between these two peptides may be reponsible to
achieve a delicate balance in the function of the brain.

Specific neuronal systems are involved in the acting of enkephalins ruling
the sensory information concerning emotional behavior, pain as well as some
other still unknown specific functions.

Autoradicgraphic mapping of the distribution of enkephalin performed by
some investigators revealed that the terminals are more dense in the substancia
gelatinosa of the spinal cord, the amigdala and the limbic system and central
part of the thalamus.

The presence of enkephalin in the intestinal tract, is attributed by some
investigators to the embriologic fact that the gastroinlestinal tract and the ner-
vous system are developed from the same layer in foetal evolution. The same
cun be said of somatostatin, gastrin, vaso active intestinal peptide and subs-
tancia P.

The pituitary biological function concerning endorphins has ptill many
enigmatic aspects. It is accepted that the enkephaline rol in regulating the pi-
tuitary function may be perturbed by opiates.

The analgesic property of enkephalin has raised hopes concerning the ad-
quisition of a non addictive therapeutic tool.

Research performed by science investigators of the University of Califor-
nia, has shown that enkephalin and beta endorphin may exert an addiction syn-
drome when it is administered repeatedly in the ventricules of rat.

Withdrawal symptoms were evident in the rats such as diarrea and sha-
king, when the administration of enkephalin and beta enorphin were stopped.
Still, new experiments are performed aiming to therapeutically profit these two
substances by avoiding these undesirable effects.
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The endorphines (called alpha, beta, gamma) are very large peptides mo-
re that the enkephalines and also contains in ils constitution B LHP. This su-
ggests that the Beia-lipotropine is the precursor of different opiate peptides.

A great concentration of opiate peptides found in the ceniral nervous sys-
tem at the level of the pallidum and limbic systems suggest that it is possible
that this substance has a role in controling motricity and affection. Thus its
analgesic function would be only one of its many aspects.

It is interesting to notice that injections of beta-endorphin administrated
intraventricularly in the rat ts responsible for an analgesic condition, but at the
same time it developed an adinamic state almost catatonic.

Terence and collaborators in 1976 made studides on the spinalcord fluid
of schizo phrenic patients which showed ar: increase of the endorphines activity
in those suffering of evolutive schizophrenia. Other investigators are engaged in
elucidating this fact and determining its importance.

The enkephadin 5 amino-acid sequence is contained in the 31-amino-acid
sequence of beta-endorphin, which forms part of a bigger 91-amino-acid- polype
ptide called beta-lipotropin. Betatropin reveals most no morphinlike activity. Dr.
Guillemin from the Salk Institute and Sidney Udenfriend from Roche Labora-
tories informed separately that they found in the pituitary a polipeptide which
has 30.000 molecular weight and submitted to hidrolization produces smaller
peptides that posses morphinlike properties. -

Studies are being carryed on to determine if beta-lipotropin and some other
with biological implications, may be found in this new big peptide.

Experiments conducted by Udenfriend in rat pituitaries whick are frozen
immediately after the animal dies, have demonstrated that there are 150 times
more molecules of beta-lipotropin than of beta-endorphin. 1f the pituitary were
not immediately frozen ratio of lipoiropin te endorphm decreases. demostrating
that degradation has already taken place.

Similar results may be obtained using other animals, such as sheep. cow,
guinea pig, etc.

Maybe large polypeptide chains would be the way used by nature to store
smaller molecules, At a given demand this peptide could be hydrolised to pro-
vide the organism with beta-endorphin and other molecules to fulfil their tasks.

A report appeared in the Proceedings of the National. Academy of Scien-
ce saying that it seems to be that beta endorphin is related with body heat
regulation.

It was already observed by a group of scientists that the beta endorphin
helps the body to adapt to heat. Injections with small amounts of thispeptide.
have been administrated which indyced a litle elevation of temperature. Used
in dogs it provokes at first wet-dog shakes, which are considered part of the
pattern of heat-generating behavior, followed by abundant salivation, that co-
rresponds a to heat loss behavior.

Experiments have been carried out by inducing rats to suffer acute or chro-
nic heat. Half of the animals were used as control and received saline injec-
tions; the other half received naloxone. The rats that received saline injections
adapted to the temperature by dimishing their body temperatures, while the
others that had nalaxone did not. '

This proved that nalaxone was interfering with the mechanism of heat
adjustment, revealing that endorphine may act as the body’s thermostat.

To clarify this point the investigators removed the pituitary gland from
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some rats which is the site of previlege of endorphine and possibly its source
in the brair, leaving the pituitary undemaged in others rats. Then they were
submitted to acute heat, which elicited a high temperature in both groups of
rats. Afterwards nalaxone was injected in both groups. the results were that
nalaxone augmented even more the control rats, and not those without the
pituitaries which suggests that endorphine acts as an endogenous thermostat and
that nalaxone blokades. It is evident that endorphine’s function is linked to
the adaptive mechanism to heat.

So, it seems to be that endorphine acts as a modulator of heat and pain
sensation acting upon the same neuronatomical pathways.

ANGIOTENSIN

The subcutaneous injection of angiotensin or into the cerebral ventricles
determires an identical effect to the spontaneus drinking in species encompa-
ssing from lizards to primates.

The conditions activated by angiotensin are related to the following: low
blood pressure, a low concentration of sodium, direct stimulation by nerve fi-
bers, determine that certair: cells from the kidneys segregate the renin enzime.

In the blood flow the renin acts upon a protein elaborated in the liver
and liberates the decapeptide. angiotensin 1. There is an enzime that acts in the
blood that subtracts from the angiotensin 1. two aminoacids and the octapepti-
de that remairs is the angiotensin 11. Its physiological action consists in the con-
striction of the vessels that reach the skin and the kidneys, the dilatation of
the vessels that reach the muscles and the brain. and the rise of the blood
pressure.

Besides, the angiorensin Il stimulates adrenal cortex to increase its secre-
tion of aldosterone. and in this way promotes the absortion of the sodium from
the urine by renal action.

Another activity of the angiotensine Il consists in facilitating the secre-
tion of vasopressin from the posterior lobe of the pituitary. Besides the vaso-
pressin produces the reabsortion of water from the urine.

SUBSTANCE P. VASOACTIVE INTESTINAL PEPTIDE,
CHOLECYSTOKININ, SOMATOSTATIN

Many peptides which need to be considered as exclusively related to the
gut or the endocrine system. have now been observed in the brain. Among these
substances are: Substance P. wvasoactive intestinal peptr,de and cholecystokinin.
and they have been found in local circuit neurons, in the cerebral cortex and
in the hippocampus. Besides it was possible to observe that nerve fibers that
contain substance P or the vasoactive intestinal peptide, innervate visceral ti-
ssues,. such as parts of the lung. They also innervate the thyroid gland.

Somatostatin it is a peptide integrated by fourteen aminoacids. It has been
found in the nervous system disemirated by all its structures from the cerebral
cortex to the autonomic ganglia. In the gut. somatostatin appears in the cells
that line the intestine, It is also found in the delta cells of the islets of Lan-
gerhan. In the pancreas it suppresses the secretion of insulin and slucagon.

The Substance P peptide of 11 amino acids that Euler discovered in 1931.
Forty years later it was radiscovered by Chang and Leeman in the hypothalamus
of the “bovin” it was considered to be the sought mediator of the pain fibers.

This believe was confirmed by the fact that the concentration of that sub-
stance P is 30 times greater in the posterior corn of the spinal cord than in
the anterior corn scrutinized by the electronic microscope and the immunofluo-
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rescence it has been cbserved that axonic endings form synapsis with many pos-
tsynaptic elements thet pocess round vesicles of great size contaning P substance.

It has been registered in neuronal unts of the spinal cord, of the V layer
of Rexed during painful stimulations which act differently to when morphine
or met-enkephaline are directly applied at the level of the V layer or at the
level of the gelatirous substance of Rolando (layer II and III formed by in-
terneurones) When the morphinic substances are applied directly on the V la-
yer this doesn’t modify in any way the neurons behavior when there is a painful
stimulation. It is quite different when the substance is administrated to the in-
terneuronal level of the Rolando gelatinous substence, the morphine and the
met-enkephaline exert a depresive influence on the neurons’ activity of the V
layer, action that is abolished by a previous administration of naloxone. The
painful message is thus blockade to the level where it is preformed, the synap-
sis are contacted betweer: the endings of fibers C and the dendrites of neurones

of the layer V.

The results of these experiences have led Jessel and lverson to propose the
following hupothesis; the neuromediators of nervous fibers that transmit the pain-
ful sensation is the Substance P whose rele is to activate the spino-thalamic neu-
rons specially those which belong to the V layer that projects their axons to-
ward the superior centers. The interneurones located in the gelatinous substan-
ce of Rolando have the enkephalines which posses an inhibiting property that
is exerted at the presynaptic level. According to this theory the task of the en-
kepaline would be to filter that paiful message at the entrance of the central
nervous system. It is interesting to stress that the existence of a filter in the
spinal cord was found after many Years of tests and arguments over the neu-
rophysiological fact that was posed like the “‘theory of gate control” by Mel-
zack and Wall in 1965 Autoradiografic studies aided to determine the sites of
election of the opiate receptors. It has been found that the same receptors we-
llcome substar:ces an tagonists to the morphin like the naloxone.

BOMBESIN

Bombesin extracted from the frog’s skin is a peptide of 14 aminoacid that
has powerful properties. A small quantity of this peptide injected into the brain.
diminishes the body temperature of rats already exposed to cold. Jean Rivier
and Wyli Vale found that bombesin does not cool animal that are kept at room
temperature. They think that probably bombesin interfere with the rat abzhty
to produce heat of facilitate heat loss.

Bombesin has never beer: isolated from the mamalian brain, but it is belie-
ved that this peptide may be important to normal function. They are investi-
gating the interaction of bombesin with hormones that are engaged in coordi-
nating the control of body temperature and to determine whether bombesin may
be used as a therapeutic tool to prevent fever. or to induce hvpotermza in the
body to facilitate surgery.

LUTEINIZING HORMONE RELEASING HORMONE (LHRH)

The decapeptide called the luteinizing hormone releasing hormone is a hy-
pothalamic substance that promotes the release of the luteinizing hormone from
the anterior lobe of the pituitary.

It may be established that luteinizirg hormone produces the ovulation.

It has been recently found in nerve cells pertaining to the autonomic gan-
glion that innervates the organs of reproduction.
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Experiments have been carried in which the injectionn of the LHRH in
rats have determined in the animal the adequate aititude for copulation.

This means that the above-mentioned peptide is implicated in all the cs-
pects involved in the reproductive function.

ENKEPHALINS AND FACIAL FLUSHING

Besides being associated with pain relief, pleasure, learnirg, improving the
memory, epileptic seizures, etc. the enkephalins are being studied together wi-
th the facial flushing that occurs after taking alcohol.

It has been accepted that facial [lushing after ingesting alcohol has a ge-
netic origin and it is principally found in persons ir whose families there is a
record of members suffering from nor-insulin dependent diabetes.

Dr. R.D.G. Leslie of King’s College Hospital in London and his collabor-
stors have fourd that a similar flushing can be obtained by injecting an ecnke-
phalin analogue.

And this effect may be blocked by administrating naloxone, the enkephaline
antagonist.

It is thought that persons easily flushing after drinking may be experien-
cing an inherited sersitivity to enkephalins.

It has not been clarified why facial flushing is connected with non-insulin
dependent diabetis, but it is thought that an exceptional, inherited sensitivity
to enkephalin. may be also linked to the latter. This hypothesis may be based
on the fact that the enkephalin analogue used during his studies has increased
the blood glucose in diabetics and non diabetics as well.

NATURAL SLEEP CHEMICAL

After peptides related to memory were isolated, chemically scrutinized and
synthetized other virtues were assigened to the limelighted peptides Marcel Mo-
nnier and G. Shoener:berger of the University of Basel Switzerland, has disco-
vered a peptide that trigers sleep.

Monnier discovered several vyears ago that by taking venous blood from
sleeping rabbits filtering it and then injecting it into rabbits that are awabe it
induces them to fall sleep. Because electroencephalic records taken from these
rabbits has delta waves that eloquently evider.ce that they were in the middle
of a deep sleep, he names this substances as “sleep peptide delta”.

Afterwards Monnier and Shoenenberger isolated this sleep producing subs-
tance and identified it as a polipeptide containing nime amino acids.

PROBING SCHIZOPHRENIA WITH NALOXONE

While some scientists are engaged in treating schizophrenic patients with
hemodialysis, other investigators are turning their interest in studying and
applying the effects of naloxone in patients suffering from hallucinations.

An excesive ammount of endorphine was detected in the cerebtospinal f[luid
of patients suffering from severe maniac states, and schizophrenia. This kind
of investigations were followed by others which have also melzcated endorphine
in schizophrenia, such as the finding of leucine endorphine in the blood od schi-
zophrenic patients who have been submitted to hemodialysis.
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Nancy Pritzker from Stanford University Behavioral Neurochemistry, re
ports that naloxone seems to aleviate principally auditory hallucinations in an
acutely tmpaired group of schizophrenics.

According to Dr. Stanley Watson, from Stanford University, this indica-
tes that naloxone interfere with the action of endorphines by altering several
nerve receptors in the brawn. Thus it is thought that the opiate system is in
some way involved in certain cases of psychosis.

There have been some studies which contradict there findings, where the
researchers have found no change in using naloxone, but in those studies a con-
paratively low dosis of naloxone was used 10 times lower than the above men-
tioned studies.

The patients were selected from among 1000 psychm:atric patients and the
Stanford group chose only 9 that were clearly hallucirating.

Separated by 48 hours two injections were administrated one of naloxone.
the other placebo, neither the doctors or the patients knew which one was the
real one. The results were that six of the rine patients improved notably in
their hallucinations, one had a borderline improvement, and two were indifferent.

Onre objection at using naloxone as a therapeutic agent was that even at
high dosis its effects have not long duration: even when two of the patients
showed and lmprovement lasting from one to two days. most of the pattents had
hallucinations three to six hours after the injection.

It has been our aim to offer the reader a panoramic view of this fascina-
ting subject that has attracted the atention of the most renowmed research cen-
ters of the world and we hope that our Editorial will serve as an introduction
to the enlichtened words of the outstanding group of speakers and discussers
who have honored the memory of Iohn Fulton in-the ninth International Syw-
posium that bears his name on “Neuropeptides in the Brain” that has been ca-
rried out in the hopitable City of Saint Louis, Missouri U.S.A.

It is with upmost satisfaction that we welcome in our Editorial Board two
outstanding personalities of the Scientific circles. We are refering to Dr. Janice
Stevens, Prof. of Psychiatry and Neurology of the University of Oregon and
Dr. Sid Gilmar: Prof. of Neurology at Ann Arbour, Michigan, To both of them
our heartiest welcome and I feel that their incorporation will enrich our publi:
cation with their wonderful personality.

Prof. Emeritus Dr. VICTOR SORIANO
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Neurohypophyseal Hormones and

Memory Function

Tj. B. van WIMERSMA GREIDANUS and A. R. WINTZEN *

The neurohypophyseal hormones vasopre-
ssin and oxytocin are well known for their
peripheral effects. These consist of the an-
tidiuretic action by reabsorption of water
in the kidney and the rise in bloodpressure
by peripheral vasoconstriction as far as va-
sopressin is concerned and of the induction
of milk secretion by contraction of myoepi-
thelial elements in the alveolae and the sti-
mulation of contractions of the myometrium
in the case of oxytocin. Moreover, vaso-
pressin plays a role in the release of ACTH
from the anterior pituitary, whereas the
tail tripeptide of oxytocin under certain
conditions modulates MSH release from the
neuro-intermediate lobe.

The first report about behavioral invol-
vement of neurohypophyseal principles con-
cerned a facilitation of extinction of a lear-
ned response in rats after remova! of ihe
posterior lobe of the pituitary (De Wied.
1965). The rapid extinction of a conditio-
tioned avoidance response (CAR) in these
animals could be restored by treatment
with pitressin.

Extirpation of the whole pituitary gland
resulted in a markedly impaired acquisi-
tion of an active avoidance response and
this behavioral disturbance could be correc-
ted by administration of pitressin or of syn-

thetic ~ vasopressin  (lysine-8-vasopressin:
LVP) (De Wied, 1969: Bohus et al..
1973).

Pitressin and LVP also induce marked
behavioral changes in intact rats. Although
effects on acquisition of a CAR are not so

* Dept. of Nevrology, State University Academiq
Leiden, The Netherlands.
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easily detected in these animals, mainte-
nance of a learned response was strongly
improved by vasopressin treatment (De
Wied, 1969). A single subcutaneous injec-
tion of vasopressin results in a long term,
dose dependent inhibition of extinction of
a CAR, which lasted far beyond the actual
presence of the injected peptide in the or-
ganism (De Wied, 1971; van Wimersma
Greidanus et al., 1973). This suggests that
vasopressin triggers a long term effect on
the maintenance of a learned response, pro-
bably by facilitation of consolidation pro-
cesses (De Wied et al.. 1976). This effect
is independent from the classical endocri-
ne actions of vasopressin, since removal of
the C - terminal glycinamide yields a pro-
duct (desglycinamide lysine-8-vasopressin:
DG - LVP), which is devoid of the effects
on kidney function, on blood pressure and
on ACTH release, but possesses still strong
behavioral activity (De Wied et al., 1972).

The long term behavioral effects of va-
sopressin are also found when passive avoi-
dance behavior is studied. The peptide in-
duces a facilitation of retention of a passi-
ve avoidance response in rats, when admi-
nistered either immediately after the sin-
gle learning trial of electric footshock or
prior to retention, which is usually perfor-
med 24 h after the acquisition trial (Ader
and De Wied, 1971; Bohus et al., 1972).

Using an avoidance of attack paradigm
where mice are trained to avoid attack by a
trained fighter mouse. generally the same
effects of vasopressin are obtained as in the

- Hospital
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avoidance of shock situation (Leshner et
al., 1977),

Further evidence for the effects of va-
sopressin and its congeners on memory pro-
cesses was obtained when it appeared that
vasopressin and its analogs antagonize re-
trograde amnesia and protect against pyro-
myein induced memory loss (Lande et al.,
1972; Rigter et al., 1972).

Comparable with the effect of vasopre-
ssin on passive avoidance behavior the pep-
tide affects amnesia not only when injected
after acquisition but also when given prior
to the retention test. These data suggest
that vasopressin not only enhances storage
processes involved in memory consolidation
but also promotes retrieval processes con-
cerning the use of stored information.

Also other behaviors, in some of which
learning and/or memory processes are in-
volved, appeared to be affected by vasopre-
ssin administration. In addition various
processes in the brain which may be rela-
ted to behavior are influenced by the neu-
rohypophyseal hormones (van Wimersma
Greidanus and Versteeg, in press).

Oxytocin possesses behavioral activity
opposite to that of vasopressin upon icv ad-
ministration (Bohus et al., 1978a, 1978b).
This effect however is not always present
after systemic injection and using this la-
tter route of administration behavioral in-
fluences of oxytocin have been reported
which are of the same nature as those ob-
tained after vasopressin treatment, although
the potency. of oxytocin was less (De Wied
and Gispen, 1977). A different pattern of
biotransformation after central or after
systemic administration may account for
this discrepancy (De Wied, 1976).

Following iev injection oxytocin induces
an attenuation of passive avoidance beha-
vior and a facilitation of extinction of acti-
ve avoidance behavior (Bohus et al., 1978,
1978b). Time gradient studies reveal that
oxytocin not only acts on consolidation but
also exerts inhibitory effects on retrieval
processes (Bohus et al., 1978b). Generally
it is suggested that vasopressin and oxyto-
cin modulate memory function in an oppo-
site way by a direct action on the brain and
oxytocin may be regorded as a naturally
ocurring amnesic peptide.
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Recently performed structure activity re-
lationship studies reveal that the ring struc-
ture of vasopressin and oxytocin predomi-
nantly affect consolidation, while the linear
tail portions of the molecules influence ve-
trieval processes. The intact hormones are
necessary for attenuation of consolidation
and retrieval. This suggests that the neu-
rohypophyseal hormones act as precursor
molecules for neuropeptides with specific
effects on memory consolidation or retrie-
val (Van Ree et al., 1978; De Wied and
Bohus, 1978; Bohus et al., 1978¢). Opti-
mal brain function with respect to memory
may depend on a delicate equilibrium bet-
ween bioavailable amounts of neurohypophy-
seal hormones and their fragments in the
brain.

The behavioral disturbance of posterior
lchectomized rats suggested that vasopressin
is physiologically involved in memory pre-
cesses. Support for this idea originates from
the observation that the hormone is effecti-
ve in delaying extinction of a CAR wupon
intracerebroventricular (icv) administration
of picogram amounts (De Wied, 1976).

Further and more definite information
on the physiological role of neurchypophy-
seal hormones on memory processes was
obtained from experiments with Brattleborc
rats with hereditary hypothalamic diabetes
insipidus. A homozygous variant (HO-DI)
of this strain lacks the ability to synthetize
vasopressin and in the plasma of these ani-
mals vasopressin is virtually absent whe-
reas oxytocin levels are elevated (Dogterom
et al., 1978). Memory function of HO-DI
rats is 1mpalred in a one trial passive avoi-
dance task (De Wied et al., 1975), and ex-
tinction of a multiple tr1al active avoidan-
ce task is facilitated (Bohus et al., 1975).
Treatment with vasopressin easily restores
the avoidance behavior of HO-DI rats to
normal (De Wied et al., 1975). The main
disturbance of HO-DI rats is in the mainte-
nance of the behavior rather than in lear-
ning itself, again suggesting that consolida-
tion of memory is impaired in the absence
of vasopressin, although a disturbance in
the equilibrium  between bioavailable
amounis of vasopressin and oxytocin in the
brain may be an attractive postulate as well
(Bailey and Weiss, 1979).
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Iev administration of antiserum to vaso-
pressin after the single learning trial indu-
ces a marked deficit in retention of a pa-
ssive avoidance response when tested 6 or
more h later. No interference was found
when retention was tested at less than 2 h
after injection of the vasopressin antiserum
(Van Wimersma Greidanus et al., 1975a;
Van Wimersma Greidanus and De Wied,
1976). Intravenous injection of a hundred
times as much vasopressin antiserum, which
temporarily antagonizes vasopressin activi-
ty in the circulation did not affect passive
avoidance behavier (Van Wimersma Grei-
danus et al., 1975a). These results illustra-
te the importance of centrally available va-
sopressin in relation to memory consolida-
tion.

If the icv injection of vasopressin anti-
serum is postponed for maximally 2 h after
the learning trial, the treatment still results
in a marked disturbance in passive avoidan-
ce behavior, indicating that storage proce-
sses involved in meniory consolidation last
for several hours. Moreover, administration
of vasopressin antiserum 1 h prior to the
retention session also results in passive avo-
idance deficits. This again supports the hy-
pothesis that vasopressin is involved in re-
trieval as well (Van Wimersma Greidanus
and De Wied, 1977).

Treatment with vasopressin antiserum
during acquisition of active avoidance be-
havior resulted in a tendency towards a re-
tarted acquisition, although the animals
reached the learning criterion. However, ex-
tinction of the avoidance response was faci-
litated in the group of rats which had been
injected icv with the antiserum (Van Wi-
mersma Greidanus et al., 1975b; Bohus et
al., 1978a). The results reinforce the no-
tion that learning takes place in the absen-
ce of vasopressin, but that the maintenan-
ce of an acquired response is disturbed.

In a learned helplessness paradigm as
testing situation for memory function, ani-
mals display deficits in acquiring an esca-
pe task after an initial exposure of inesca-
pable electric footschock. Mice treated icv
with antiserum to vasopressin after this
shock period did not show the later escape
deficits. These data again support the hypo-
thesis that endogenous vasopressin may be
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involved in memory (Leshner et al., 1978).

Moreover, neutralization of centrally avai-
lable vasopressin by iev administration of
vasopressin antiserum interferes with the
development of tolerance to morphine. Ti-
me gradient studies suggest that endoge-
nous vasopressin may be physiologically in-
volved in the tolerance development in a
way which is comparable with its role in
memory processes (Van Wimersma Greida-
nus et al., 1978).

Neutralization of bio-available oxytocin in
the brain by icv administration of specific
oxytocin antiserum, either immediately af-
ter the learning trial or prior to retention,
induced longer passive avoidance latencies
than found in controls. Rats which received
this antiserum prior to each acquisition se-
ssion in an active avoidance situation, sho-
wed a weak but significant increase in re-
sistance to extinction of the CAR (Bohus
et al., 1978d). These results again point
to an opposite effect of oxytocin and vaso-
pressin on processes involved in memory
function.

Although no significant correlation could
be determined between the behavioral per-
formance of rats in active and passive
avoidance situations and the levels of ra-
dioimmunoassayable vasopressin in peri-
pheral blood and/or cerebrospinal fluid
(CSF) (Van Wimersma Greidanus et al.,
1979), such a relationship was found bet-
ween retention of a passive avoidance res-
ponse and bio-assayable vasopressin in eye-
plexus blood (Thompson and De Wied,
1973 ). This latter observation is particular-
ly of interest with respect to recent fin-
dings of Legros et al., (1979), who repor-
ted a relationship between memory func-
tion and plasma neurophysin levels in hu-
mans (see below).

HUMAN STUDIES

Only recently central nervous system
effects of mneurohypophyseal hormones in
humans have been reported. It has been
suggested that vasopressin is involved in
human affective disorders (Gold et al.,
1978) and it has been found that plasma
vasopressin levels were elevated in acutely
psychotic patients and a positive correlation
existed between the levels of vasopressin and
the degree of psychosis (Raskind et al.,
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1978). These results provide evidence for
a role of vasopressin in central nervous sys-
tem functioning. Of particular interest with
respect to memory is the observation by
Unger (1971) that oxytocin concentrations
in the CSF are augmented after amnesia
induced by electroconvulsive shock treat-
ment.

Several observations on the beneficial
effect of vasopressin on memory function
have been reported. A remarkable impro-
vement of memory has been found after
the use of vasopressin in patients with Kor-
sakoff syndrome. After two weeks of vaso-
pressin treatment (nasal spray) a marked
increase in memory was observed, whereas
other less circumscribed improvements of
memory function were found as well (Le-
boeuf et al., 1978).

However, improvement of the alcohol-in-
duced amnestic state as part of the Wer-
nicke-Korsakoff syndrome was not observed
after vasopressin treatment in two patients
as reported by Blake et al., (1978).

Return or improvement of memory
and/or restoration of long-term memory has
been reported after vasopressin treatment
in patients suffering from post-traumatic
retrograde and/or anterograde amnesia
stemming from car accidents (Oliveros et
al., 1978). Additionally, administration of
the vasopressin analog DDAVP (desamino-
D-arginine-8-vasopressin), which has weak
behavioral activity in animals. improves the
ability to learn a passive avoidance respon-
se in Lesch-Nyhan children (Anderson et
al., 1979). One of the features of this di-
sease is self-mutilation. Generally, skin
sheck is very effective in treating self-inju-
rious behavior, but it is not in Lesch-Nyhan
disease. This ineffectiveness seems to be due
to an inability of these patiens to learn a
passive avoidance task and this learning de-
fect seems to be corrected by nasal applica-

tion of DDAVP.

Furthemore, elderly patients, given vaso-
pressin (nasal spray) performed better in
tests involving attention and concentration
and in memory tests than individuals in the
placebo group (Legros et al., 1978).

Finally, vasopressin sensitive diabetes
insipidus patients, who seem to have me-
mory and attention disturbances, performed
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much better in a variety of psychological
tests after treatment with LVP or DDAVP.

Improvements were observed in attention,
concentration stability and memory func-
tion especially after chronic nasal applica-
tion of DDAVP (Wagner et al., 1979).

In a pilot study we recently measured
vasopressin in plasma and lumbal CSF in
patients with and without memory deficits.
Since vasopressin is assumed to enter the
CSF intracranially and CSF samples (16
ml/patient) were collected from the lum-
bal dural sac, two separate portions of each
sample were used for vasopressin determi-
nation: one representing the first 3 ml and
the other one the 13-16th ml. Twelve pa-
tients had unequivocal memory disturban-
ces (Wernicke-Korsakoff syndrome 5; pre-
senile dementia 2; Huntington disease 2
other 4). whereas ten controls suffered
from other non-amnesic neurological disea-
ses. Table 1 summarizes the vasopressin le-
vels in plasma and CSF in the various ca-
tagories of these patients. No significant
differences between vasopressin levels in
plasma of amnesic patients and non-amne-
sic controls were found. Furthermore, an
absolute lack of correlation (r=—0.117,
n=21) was found between the individual
values of vasopressin in plasma and CSF.
The CSF levels of vasopressin appeared to
he significantly lower than the levels in the
plasma. In addition the 2nd portion of CSF
tended to contain higher levels of vasopre-
ssin than the lrst portion. Interestingly, in
the lrst pertion CSF a significantly higher
level of vasopressin was found in amnesic
patients as compared with non-amnesic in-
dividuals, while this difference was less
pronounced in the 2nd CSF portion. These
data suggest an origin of CSF vasopressin
which is different from that of blood vaso-
pressin.

This also supports the view that the se-
cretion of vasopressin into CSF or periphe-
ral circulation is mutually independent and
that different functions for vasopressin pre-
sent in these two compartments may be in-
volved (Luersson et al., 1977). The reasen
for the elevated levels of vasopressin in
CSF of amnesic patients is not well unders-
tood. It mav be that the fact that in these
patients brain areas are damaged which are
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VASOPRESSIN LEVELS (PG/ML; MEAN =+ SEM) IN PLASMA AND IN
CSF OF AMNESIC AND NON - AMNESIC NEUROLOGICAL PATIENTS

PLASMA
AMNESIC .. ... 1.84 + 0.50 0.59
NON - AMNESIC 1.78 = 0.51 0.35
ALL PATIENTS . 1.81 £ 0.22 0.48
B O U L
g9 <2
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involved in memory and which may serve
as the anatomical substrate for the action
of vasopressin, results in an increased rele-
ase of this hormone into the CSF in an
attempt of the organism to restore the dis-
turbed memory function. However, changes
in enzymatic degradation may also account
for the differences.

Recently Legros et al., (1979) reported
a significant positive relationship between
immunoreactive neurophysin (IRN) and
item 7 of Rey’s PRM memory test in nor-
mal individuals (aged >50 years). No re-
lationhsip was found between IRN and
other items of PRM, nor between those
itlems and other endoccrine parameters as
plasma levels of LH, FSH, prolactin, corti-
sol or 17B-estradiol. These data suggest
that in normal individuals a relationship
exists between the activity of the neurohy-
pophyseal system and consolidation proce-
sses involved in memory functioning. Di-
fferences in the used methods for measu-
ring neurohypopyseal principles (radio-
immunoassay vs. bioassay; vasopressin vs.

CSF | CSF 11 CSF I + 11
£ 008" WT2 & 032% 065 % 0.071*""
£ 008 047 X 007" 041 £ 0.040*
=+ 0.05 0.60 += 0.07 0.52 £ 0.05

neurophysin) may account for the discrepan-
cies between the results concerning plasma
levels of these entities, obtained in the ani-
mal experiments (see page 6) and those
from human studies.

Neuropeptides belonging to the neurohy-
pophyseal system determine the hormonal
climate in the brain which is needed for
processes related to memory function. The
finding that vasopressin and oxytocin
and/or their fragments exert opposite
effects on storage and/or retrieval proce-
sses makes it tempting to assume that dis-
turbances in the equilibrium between these
entities result in changes in brain function.
Consequently it is likely that certain disor-
ders of psychopathological nature, particu-
larly those in which memory deficits are
apparent, may be caused by disfunctioning
of the neurohypophyseal system. Develop-
ment of neuropeptides derived from the cla.
ssical neurohypophyseal hormones vasopre-
ssin and oxytocin which influence consoli-
dation or retrieval processes may yield tools
for the treatment of such mental disorders.

"SUMMARY

Neurohypophyseal hormones are invol-
ved in the formation and maintenance of
adaptive behavior. Removal of the pituitary
gland results in a markedly impaired ac-
quisition and maintenance of conditioned
avoidance behavior. These behavioral dis-
turbances can be corrected by administra-
tion of vasopressin.
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In intact animals vasopressin and its ana-
logs which are practically devoid of pre-
ssor, antidiuretic and ACTH releasing ac-
tivity, facilitate the maintenance of active
and passive avoidance behavior. Additiona-
Ily these peptides antagonize retrograde
amnesia and protect against puromycin in-
duced memory loss. The long term nature

086) — “{yE-2 SIeGQUNN — ‘Pl “JOA



NEUROHYPOPHYSEAL HORMONES AND MEMORY FUNCTION

of the effect of vasopressin, suggests that
the peptide facilitates consolidation proce-
sses.

Rats with hereditary diabetes insipidus
which lack the ability to synthetize vaso-
pressin due to a genetic failure, display dis-
turbed avoidance behavier. This deficit is
rather a disturbance in the maintenance
than in the acquisition of a learned respon-
se. Moreover, temporary neutralization of
vasopressin in the brain by intracerebroven-
tricular (icv) administration of antiserum
to this hormone causes marked behavioral
disturbances.

These results indicate that vasopressin is
physiologically involved in memory proce-
sses. Time gradient studies suggest that this
involvement is at the level of storage of
information as well as on that of retrieval
of stored information.

Several observations in man illustrate
the beneficial effect of vasopressin on me-
mory function. A remarkable improvement
of memory has been found after intranasal
application of vasopressin in patients with
Korsakoff syndrome, in elderly people and
in patients suffering from retrograde and/or
anterograde amnesia after car accidents.
Vasopressin levels in blood of amnesic pa-
tients are similar to those of non-amnesic

RESU

Las hormonas neurohipofisarias intervie-
nen en la formacion y en el mantenimien-
to de la conducta de adaptacién. La extir-
pacion de la hipéfisis provoca una neta al-
teracion en la adquisicion y el sostén de
la conducta de precaucién condicional. Es-
tos transtornos de la conducta pueden corre-
girse con la administracién de vasopresina.

En los animales intactos la vasopresina
y sus derivados que practicamente no ac-
tian sobre la tension, ni como antidiuréti-
cos y no tienen actividad de liberacion
de ACTH, facilitan el sostén del compor-
tamiento de precauciéon activa y pasiva.
Ademas estos péptidos ejercen una accion
antagénica sobre la amnesia retrégrada y
protegen contra las pérdidas de memoria
provocadas por la puromicina. La duracion
prolongada del efecto de la vasopresina in-
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controls, whereas vasopressin levels in CSF
of amnesic patients are slightly elevated as
compared with those of non-amnesic indi-
viduals. Recent reports suggest a relation
between plasma levels of neurophysin and
memory function in elderly people.

Oxytocin has an effect opposite to that
of vasopressin: i.e. oxytocin facilitates ex-
tinction of active avoidance behavior and
attenuates passive avoidance behavior in
rats. Time gradient studies in which small
amounts of this neurohypophyseal hormo-
ne or antiserum to this peptide are icv in-
jected point to an amnesic activity of oxy-
tocin at the level of both storage and re-
irieval.

The effects of fragments of vasopressin
and oxytocin on memory processes suggest
that the neurohypophyseal hormones act as
precursor molecules for neuropeptides with
more specific effects on storage or retrieval.

Research on such neuropeptides, either
stimulating or attenuating consolidation or
reirieval processes, may yield more specific
tools for the treatment of mental disorders
which are the result of disturbances in the
hormonal climate in the brain and particu-
larly in the functioning of the neurohypo-
physeal system.

MEN

cita a pensar que este péptido facilita los
procesos de consolidacion.

Las ratas afectadas de diabetes insipida
hereditaria, incapaces de sintetizar la vaso-
presina como consecuencia de una caren-
cia genética, presentan transtorno de la
conducta de precaucién. Este defecto cons-
tituye mas bien transtorno del manteni-
miento de una respuesta aprendida que de
su adquisicion. Por ctra parte la neutrali-
zacion temporaria en el cerebro de la va-
sopresina por la administracion intracere-
bro ventricular (I C V) de antisuero de
esta hormona provoca transtornos marcados
de conducta. Estos resultados indican que
la vasopresina esta implicada fisiologica-
mente en procesos de memorizacion.

Estudios efectuados sobre el gradiente
de tiempo sugieren que esta implicancia
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tiene lugar a la vez en el mecanismo de
acumular informacion y en el de restitu-
cion de la informacion guardada.

Varias observaciones efectuadas en el
hombre ilustran acerca del efecto benéfico
de la vasopresina en la memorizacién. Una
apreciable mejoria de la memoria pudo ser
comprobada después de la aplicacion in-
tranasal de vasopresina en pacientes afec-
tados del Sindrome de Korsakoff, en per-
sonas de edad avanzada y en pacientes
afectados de amnesia retrograda y/o ante-
rrograda como consecuencia de accidentes
automovilistices. El nivel de vasopresina
hallado en la sangre de pacientes amnésicos
es semejanie al de las personas no amné-
sicas; en cambio el nivel de vasopresina
hallado en el liquido cefalorraquideo de
pacientes amnésicos es algo superior al de
las personas no amnésicas. Estas referen-
cias recientes sugieren de que existe una
relacion entre los niveles de neurofisina
del plasma y la funcion de memorizacion
en las personas de edad avanzada.

La oxitocina ejerce un efecto opuesto al
de la vasopresina, es decir que la oxitocina
facilita en las ratas la extincion de la con-
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ducta activa de precauciéon y atenta la
conducta pasiva de precaucion. Estudios
efectuados sobre gradientes de tiempo en
el curso de los cuales pequenas cantidades
de esta hormona neurohipofisaria o de an-
tisuero de este péptido son inyectados en
forma intracerebro ventricular, sefialan una
actividad amnésica de la oxitocina tanto en
el aspecto de guardar como de restituir la
informacion.

Los efectos de fragmentos de vasopresina
y de oxitocina sobre el proceso de la me-
morizaciéon hacen suponer que las hormo-
nas neurohipofisarias tienen el papel de
“moléculas precursoras” de los meuropépti-
dos, presentando efectos mas especificos so
bre el depésito o sobre la restitucion de la
informacion.

Es posible que las investigaciones sobre
estos neuropéptidos, que estimulan o ate-
nian los procesos de consolidacion o de
restitucion, suministran instrumentos mas
especificos para el tratamiento de desorde-
nes mentales que resultan de transtornos
del ambiente hormonal del cerebro y en
particular del funcionamiento del sistema

neurohipofisario.

RESUME

Les hormones neurohypophysaires inter-
viennent dans la formation et dans le main-
tien du comportement adaptatif. L’ablation
de I’hypophyse entraine une nette altération
de 'acquisition et du maintien du compor-
tement d’évitement conditionnel. Ces trou-
bles comportementaux peuvent étre corrigeés
par I'administration de vasopressine.

Chez les animaux intacts la vasopressine
et ses dérivés, qui sont pratiquement sans
activité sur la tension, sans activité antidiu-
rétique et sans activité libératrice d’ACTH,
facilitent le maintien du comportement
d’évitement actif et passif. De plus ces pep-
tides exercent une action antagonique sur
I’amnésie rétrograde et protégent contre les
pertes de mémoire provoquées par la puro-
mycine. La durée prolongée de 'effet de la
vasopressine incite & penser que ce peptide
facilite les processus de consolidation.

Les rats atteints de diabéte insipide héreé-
ditaire, incapables de synthétiser la vasopre-
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ssine par suite d’une carence génétique,
présentent des troubles du comportement
d’evitement. Ce défaut constitue plutét un
trcuble du maintien d'une réponse apprise
que de son acquisition. D’autre part la neu-
tralisation temporaire dans le cerveau de la
vasopressine par l'administration intracere-
broventriculare (ICV) d’antisérum de ce-
tte hormone entraine des troubles comporte-
mentaux marqués. Ces résultats indiquent
que la vasopressine est physiologiquement
impliquée dans les processus de mémora-
tion. Des études effectuées sur le gradient
de temps suggérent que cette implication a
lieu & la fois au niveau du stockage de I'in-
formation et a celui de la restitution de
I'information stockée.

Plusieurs observations effectuées chez
I’homme illustrent I'effet bénéfique de la
vasopressine sur la fonction de mémoration.
Une ameélioration remarquable de la mémoi-
re a pu étre constatée apres application in-

Vol. 14, — Numbers 2-3-4. — 1980



NEUROHYPOPHYSEAL HORMONES AND MEMORY FUNCTION

tranasale de vasopressine chez des patients
atteints du syndrome de Korsakoff, chez des
personnes agées et chez des patients sou-
ffrant d’amnésie rétrograde et/ou antérogra-
de a la suite d’accidents automobiles. Les
taux de vasopressine trouvés dans le sang
de patients amnésiques sont semblable a ceux
de témoins non amnésiques, alors que les
taux de vasopressine trouvés dans le liquide
céphalo-rachidien de patients amnésiques
sent légérement supérieurs a ceux d’indivi-
dus non amnésiques.

Des rapports récents suggerent qu’il exis-
te une relation entre les taux de neurophy-
sine du plasma et la fonction de mémora-
tion chez les personnes agées.

L’oxytocine exerce un effet opposé a celui
de la vasopressine, c’est-a-dire que 'oxytoci-
ne facilite I'extinction du comportement
d’évitement actif et atténue le comportement
d’évitement passif chez les rats. Des études
effectuées sur le gradient de temps, au cours
desquelles de petite quantités de cette hor-

mone neurophypophysaire ou, d’antisérum
de ce peptide sont injectées de fagon intra-
cérébroventriculaire, indiquent une activité
amnésique de I'oxytocine a la fois au niveau
du stockage et a celui de la restitution de
I'information.

Les effets de fragments de vasopressine
et d’oxytocine sur les processus de mémora-
tion font supposer que les hormones neuro-
hypophysaires tiennent le role de “‘molécu-
les-précurseurs” des neuropeptides tout en
présentant des effets plus spécifiques sur le
stockage ou sur la restitution de l'informa-
tion.

Il est possible que des recherches sur ces
neuropeptides, qui stimulent ou atténuent
les processus de consolidation ou de restitu-
tion, fournissent des instruments plus spe-
cifiques pour le traitement de désordres
mentaux résultant de troubles du climat
hormonal du cerveau et en particulier du
fonctionnement du systeme neurohypophy-
saire.

ZUSAMMENFASSUNG

Neurohypophysische Hormone sind an
der Formation und Aufrechterhaltung von
adoptivem Verhalten beteiligt. Entfernung
der Hypophyse resultiert in deutlich verrin-
gerte Erwerbsfaehigkeit und Aufrechterhal-
tung von bedingtem Vermeidungsverhalten.
Diese Verhaltensstoerungen koennen durch
Vasopressinapplykation korrigiert werden.

In Normaltieren erleichtern Vasopressin
und seine Analogen, die praktisch pressor-
frei sind und keine antidiuretische oder
ACTH-abgebende Wirkung haben, die Bei-
behaltung von aktivem und passivem Ver-
meidungsverhalten. Zusaetzlich wirken die-
se Peptide ruecklaeufiger Amnesie entge-
gen und schuetzen vor Gedaechtnisverlust
verursacht durch Puromycin. Die lang-
anhaltende Dauer der Vasopressinwirkung
suggeriert, dass dat Peptid Konsolodierungs-
prozesse erleichtert.

Ratten mit erblicher diabetes insipidus
die auf Grund eines genetischen Versagens
nicht imstande sind Vasopressin zu synthe-
tisieren, zeigen gestoertes Vermeidungsver-
halten. Dieses Fehlen zeigt sich eher in der
Beibehaltung als in der Erwerbung einer
erlernten Erwiderung. Weiterhin kann eine

Vol. 14. — Numbers 2-3-4, — 1980

voruebergehende Neutralisation von Vaso-
pressin im Gehirn durch eine intrazerebro-
ventrikulae Applikation (icv) des Antise-
rums dieses Hormons auffallende Verhal-
tensstoerungen erzeugen. Die Resultate deu-
ten an, dass Vasopressin physiologisch am
Erinnerungsprozess beteiligt ist. Zeitabha-
engigkeitsstudien deuten an, dass diese Be-
teiligung sowohl auf dem Niveau der In-
formationsspeicherung als auch auf dem
der Erinnerung stattfindet.

Verschiedene Beobachtungen an Mens-
chen illustrieren den nuetzlichen Effekt
ven Vasopressin auf die Gedaechtnisfunk-
tion. Eine erstaunliche Verbesserung des
Gedaechtnisses nach intranasaler Applika-
tion von Vasopressin konnte bei Patienten
mit Korsakoff Syndrome, bei aelteren Mens-
chen und bei Patienten die an ruecklaufi-
ger und/oder vorlaeufiger Amnesie nach
Autounfaellen litten, beobachtet werden.
Der Vasopressingehalt im Blut von Amne-
siepatienten ist dem von nicht-amnesischen
Kontrollen aehnlich, waehrend der Vaso-
pressingehalt in CSF von Amnesiepatienten
leicht erhcent ist wenn verglichen met dem
ven Individuen ohne Amnesie. Neuren Be-
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richten zufolge ist ein Zusammenhang zwis-
chen Plasmagehalt von Neurophysin und
Gedaechtnisfunktion bei aelteren Leuten
angedeuted.

Oxytozin hat eine dem Vasopressin ent-
gegengesetzte Wirkung, d.h. Oxytozin er-
leichtert die Aufhebung von aktivem Ver-
meidungsverhalten und verringert passives
Vermeidungsverhalten in Ratten. Zeitabha-
engigkeitssiudien, bei denen kleine Gaben
dieses neurohypophysischen Hormons oder
das Antiserum dieses Peptide intrazerebro-
ventrikulaer injiziert wurden, zeigen eine
amnesische Wirkung des Oxytozins sowohl
auf dem Niveau der Speicherung wie auch
auf dem der Erinnerung an.

INTERNATIONAL

JOURNAL OF NEUROLOGY

Die Wirkungen von Vasopressinfragmen-
ten und von Oxytozin auf die Erinnerungs-
prezesse deuten an, dass die neurohypophy-
sischen Hormone als Precursor - Molekuele
fuer Neuropeptide mit spezifischeren Wir-
kungen auf Speicherung und Erinnerung
auftreicn. Erforschung solcher Neuropepti-
de. die entweder stimulierend oder vermin-
dernd auf Konsolidierungsprozesse wirken
keennten mehr spezifische Werkzeuge sein
um solche Geistesstoerungen zu behandeln,
die das Resultat von Stoerungen im hormo-
nalen Haushalt des Gchirns und besonders
beim Funktionieren des neurohypophysis-
chen Systems sind.
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Central Effects of Vasopressin

in Man

A. AUDIBERT, J.M. MOEGLEN AND IOANA LANCRANJAN

Clinical Research Department, Sandoz Ltd. Basle/Switzerland

Vasopressin is one of the brain peptides
which exert both endocrine and behavioral
effects. Like oxytocin, vasopressin is a no-
napeptide secreted by the neurohypophysis
and synthesized in magnocellular neurons
of the supraoptic (SO) and paraventricular
(PV) nuclei. Vasopressin is also elaborated
in the parvocellular neurosecretory neu-
rons of the suprachiasmatic nucleus. In all
species investigated so far oxytocin, vaso-
pressin and their associated neurophysins
are located in different neurons (1): vaso-
pressin neurons are mainly in the ventral
part of the SO nucleus and the medial
part of the PV nucleus whereas the oxyto-
cin neurons are in the dorsal part of the
SO and the lateral part of the PV nucleus
(1). Gainer, Sarne and Brownstein (2)
have shown that vasopressin and its res-
pective neurophysin are manufactured from
a common precursor, a glucopeptide with
a molecular weght of 20,000. The hypo-
thesis-one hormone, one neurophysin, one
cell - gained support when Burford et al
(3) and Sunde and Sokol (4) demonstra-
ted biochemically the absence of the neu-
rophysin, which is the carrier of vasopre-
ssin (the bovine neurophysin II) in the
brain of Brattleboro rats homozygous for
diabetes insipidus.

The neurosecretory material synthetized
in the magnocellular neurons is transpor-
ted, packaged in granules, via the axons of
the hypothalamo-pituitary tract to:

1) the posterior pituitary, where it is
stored and released into the general
circulation,

2) the external zone of the median emi-

nence (ME) in contact with the por-
tal vessels which reach the anterior
pituitary, and

3) the third ventricle.

From nerve terminals which are in con-
tact with the third ventricle vasopressin can
be released into the CSF and then vehicu-
lated to different areas of the brain. Va.
sopressin vehiculated by the CSF can
account for some of its behavioral effects.
Vasopressin is also released in the portal
system as reported by Zimmerman et al
(5) in the monkey and by Oliver et al (6)
in the rat. The high amounts of vasopre-
ssin found in the portal blood may account
for its possible effect on ACTH secretion,
Indeed, Stillman et al (7) showed that
neurophysn and vasopressin are increased
in the external zone of the ME in adrena-
lectomized rats, whereas they are absent in
adrenalectomized rats treated with predni-
sone. This suggests that vasopressin may
act as a corticotrophin releasing factor. Va-
sopressin and its neurophysin stored in ihe
posterior pituitary are released into the ge-
neral circulation under the physiological
stimulation of low osmotic pressure, postu-
ral hypotension, pain, apprehension and
stress. Angiotensine II, nicotine and acetyl-
choline also stimulate the release of vaso-
pressin.

In man, besides the hypothalamo-pituita-
ry tract and its theree areas of distribution,
vasopressin and oxytocin fibres from mag-
nocellular neurons are also projected via
the stria terminalis to the central amygda-
la, while descending fibres are distributed
to the nucleus solitarius in the medulla
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oblongata and to the central grey and late-
ral parts of the spinal cord. In addition, va-
sopressin fibres originating in the parvo-

cellular neurons of the suprachiasmatic
nucleus are directed to the lateral septum,
posterior hypothalamus, interpeduncular
nucleus, mediodorsal thalamus, lateral ha-
benulae and preventricular grey of the
brain stem. In addition, fine fibres are
present in the medial amygdala and the

ventral hippocampus (8).

The wide distribution of vasopressin fi-
bres in the brain and their connection with
the limbic system strongly suggest that va-
sopressin could have important neuromo-
dulatory and behavioral effects in ma-
mmals. Indeed, a great deal of evidence has
been accumulated supporting the role of
vasopressin in learning and memory pro-
cesses in rats (9). De Wied was the first
to report that the extinction of a conditio-
ned avoidance response in rats is markedly
accelerated after the removal of the poste-
rior lobe of the pituitary. Subsequent stu-
dies have shown that a posterior pituitary
extract or vasopressin restores the disturbed
extinetion process (10, 11).

In intact rats, the s.ec. injection of a
posterior pituitary extract preparation or
lysine vasopressin (LVP) had long term
effects on the extinction of the conditioned
avoidance response (9). Studies with va-
sopressin analogs have shown that the be-
havioral effects of vasopressin are indepen-
dent of its endocrine action.

Indeed, desglycinamide —Ilysine-8-vaso-
pressin—, which has almost no pressor or
antidiuretic activity, is still centrally acti-
ve, its central potency being 50% of that
of arginin vasopressin (AVP). Administe-
red i.v.. LVP increased also avoidarice la-
tencies and retention in passive avoidance
behavior studies. Furthermore, the fact ihat
the intracerebroventricular (IVC) adminis-
tration of VP inhibited the extinction f
the pole jumping avoidance responce at do-
ses 200 fold less than were needed for its
systemic administration, suggests that VP
may be physiologically involved in memo-
ry processes (10). The intraventricular ad-
ministration of VP antiserum after a lear-
ning trial leads to a deficit in passive avoi-
dence retention and the peripheral admi-
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nistration of large amounts of VP antise-
rum has no effects on behavior, which al-
sc supports the physiological implication
of VP in memory processes (9).

Further evidence for the role of VP in
memory processes was given by studies
showing that vasopressin protects against
puromycin induced memory loss, CO and
electroshock induced amnesia (11). There-
fore, a large body of convincing evidence
has been accumulated showing that vaso-
pressin is involved in memory processes in
experimental animals.

Based on these animal data, we initiated
several studies in man in order to assess
whether or not vasopressin is involved in
the modulation of memory processes in hu-
mans. Two groups of studies were carried
out in various hospitals:

1) Studies in healthy volunteers using
electrophysiological and psychometric me-
thods and

2) studies in patients with either memo-
ry disturbances or psychiatric diseases,
using appropriate scales.

I.  Electrophysiological
Normal Volunteers
Influence of LVP on the sponta-
neous EEG in man

Timsit-Berthier et al. (12) have already
reported the effects of intramuscular (i.m.)
and intra-nasal administration of LVP on
the spontanecus EEG of young healthy vo-
lunteers. A dose of 10 I.U. i.m. decreased
the alpha activity and increased the delta
activity 1-2h after the LVP injection. This
effect lasted for 4-6h and was accompanied
by clinical sedation. On the other hand
5.4 1.U. LVP nasal spray did not influen-
ce the EEG patterns, but 3 out of 4 sub-
jects reported a “feeling of elation and
well-being”. In a crosss over, randomised
placebo controlled study in 8 normal volun-
teers, Matejcek (data to be published) con-
firmed the effects of LVP on the sponta-
neous EEG. Indeed after placebo and 1 I1.U.
LVP i.m., no effect on EEG has been no-
ticed, whereas after 2 and 4 1.U. LVP i.m..
a dose-response effect has been recorded.
This effect — a reduction of the alpha —
activity and an increase of the delta and
theta activity — was significant after 4

Studies in
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hours and lasted for up to 6 hours after
the administration of LVP. On the other
hand, 7.5, 15 and 30 I.ULVP administe-
red intranasally showed only a late effect.
namely an increase in the alpha-activity
which was statisticaly significant only 6
and 8 hours after the administration of 15
and 30 I.U. LVP.

i.11. Influence of LVP on the CNV

The contingent negative  variation
(CNV) is considered as a sensitive and re-
liable indicator of the central effects of
drugs with stimulant and depressant ac-
tiecns (13). It is a slow cortical potential
recorded at the vertex, extracted from the
spontaneous EEG by averaging several EEG
fragments in the same phase in relation to

Table I.
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the stimuli. The CNV is obtained by war-
ring the subjects, by way of a first, condi-
tioned stimulus (S1), of the arrival of a
second, unconditioned stimulus (S2) to
which he must give a response. Between Sl
and S2 there is a negative slow potential,
the CNV, which is developed in the {ron-
tal lobes of the brain and stopped by the
occurrence of S2.

In the studies carried out by Timsit-
Berthier et al. (13) the EEG was recorded
for 30 min with the subject’s eyes closed
and 100 pairs of stimuli were delivered:
S1 was a brief tone, and S2 a long tone
that the subject had to stop by pressing a
button. The interval between S; and S.
was 1.5 sec and the interval between the
pair of stimuli varied at random from
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10-20 sec. Each CNV was obtained by ave-
raging 12 artefact-free vertex EEG frag-
ments in phase-relation to 12 successive
pairs of stimuli. So, for each subject a set
of six to eight successive CNV was collee-
ted and analysed. It was thus possible to
appreciate the evolution of CNV in time.
15 minutes after placebo administration a
progressive decrease of CNV amplitude was
noticed, whereas the administration of LVP
induced a resistance to this habituation
phenomenon and the amplitude of CNV
remained constant.

Further evidence for the central effects
of LVP has been given by Devos et al. (da-
ta to be published) also using the CNV re-
cording. In a cross-over, double-blind study
with placebo and a single 15 1.U. dose of
LVP administered intra-nasally in 10 young
healthy male volunteers, a significant in-
crease of the wave P 300 2 hours and of
the CNV 6 hours after the administration
of LVP has been registered. Recent on-going
studies carried out by Timsit-Berthier con-
firmed these consistent long-term effects of
LVP and, moreover, showed that the
effect on CNV pattern of a single intra-na-

sal dose of 15 I.U. LVP lasted 1 week.

11. Influence of LVP on Memory in
Healthy Elderly Man

The decrease of neurophysines levels be-
yond the age of 50 in man (14) prompted
Legros et al. (15) to carry out a double-
blind study in 23 male patients (aged
50-65 years) with no metabolic, cardiovas-
cular and psychiatric diseases. In a rando-
mised order 12 men received approximate-
ly 16 I.U. LVP intra-nasally/day (divided
in three doses) and 11 men received place-
bo for 3 days. Besides clinical (weight, pul-
se rate, blood pressure) and biological in-
vestigation (urinary volume, serum and
urinary osmolarity, blood ureea nitrogen,
proteins and sodium plasma levels) a psy-
chological investigation testing mood, atten-
tion (KT, WAIS: digit symbol) and memo-
ry (PRM, 15 words, 30 figures, complex
figure of Rey) was carried out before and
after 3 day treatment with LVP/Placebo.
No statistically-significant changes were no-
ted in the clinical, biological and mood
evaluation. However, the psychometric
tests revealed statistically significant diffe-
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rences (Median-Test — 21 statistics) bet-
ween the 2 groups of subjects. The sub-
jects receiving LVP performed better in
tests of attention, concentration and motor
rapidity (KT Attention Test and Wais Di-
git Symbol Test) and in memory tests
using visual graphic material for the mea-
surement of visual retention (30 figures of
Rey), recognition (sub-tests 2,5,3 and 4
of the PRM of Rey) and immediate and
delayed free recall (sub-tests 6 and 7 of
the PRM and complex figure of Rey).
Using audioverbal material, it has been
found that LVP improved attention and
immediate memory (Wais Digit Span) as
well as learning and recognition (15 words
of Rey).

111, Influence of LVP
Patients

Oliveros et al. were the first ti report
the therapeutic effects of LVP administe-
red intra-nasally in 4 patients with post-
troumatic retrograde amnesia (16). Nega-
tive results n two patients (treated with
LVP 16 1.U.) for 2 weeks (17) and good
results in another patient (43 year-old)
with Korsakoff psychosis (18) treated with
22 I.U. LVP as nasal spray were subse-
quently reported. Recently, the therapeutic
effect of LVP in post-traumatic amnesia
was confirmed in another open study in 6
patients (Timsit-Berthier, personal commu-
nication).

An improvement of memory and mood
was noticed in 5 of the 6 patients treated
with LVP 15 L.U. intra-nasally for 15 days.
The /effects occurred either during the
treatment or 1-2 months after the end of
the treatment. The effect lasted for the 6
month —observation period. The only ca-
se that did not show an improvement was
a woman suffering of antero-retrograde am-
nesia which occurred 8 years previously af-
ter a brain trauma. Moreover, positive re-
sults were also obtained in a double-blind
placebo controlled study carried out in 5
patients with post-traumatic amnesia (Tim.-
sit-Berthier to be published). Furthermore.
the administration of the vasopressin ana-
log 1-deamino -8 - D - arginine vasopressin
(DDAVP) has been shown to improve the
ability of Leasch-Nyhan to learn a passive
avoidance responce (19) an the psycholo-

in Amnesic
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gical status of children under DDAVP the-
rapy for central diabetes insipidus (20).
Based on the analysis of a 61 -item ques-
tionnaire Waggoner et al. (20) concluded
that DDAVP treatment “affords the child
an enhanced energy level and out-look on
life and permits the child freer use of ima-
ginative and creative abilities”. Moreover,
Gilot et al. (21) and De Wied (personal
communication) reported that patients with
hereditary diabetes insipidus have a deficit
of attention and memory which may be
improved after the application of LVP.
IV. Influence of LVP Treatment in
Psychiatric Patients

As early as 1952 Foriz published remar-
kable clinical results in schizophrenic pa-
tients treated with Pitressin 10 I.U. every
24 or 48 hours for 6 to 12 months. In
two-thirds of the 62 patients treated most
of them with chronic residual schizophre-
nia, there was a notable effect and in one
third of the patients. the improvement was
spectacular (22). The following beneficial
effects have been described: increase of the
sleeping time, reduction in the psycho-mo-
tor activity and better adequacy of the
emotions, increase awareness of the enviro-
nment, disappearance of ward problems,
the patients showing more interest in their
families and more insight. More recently,
Vranckx et al. (23) in an open clinical
trial have reported very good and good re-
sults in 8 of 16 schizophrenic patients trea-
ted for 28 days with 7.5 to 45 1.U. LVP
nasal spray. daily. 14 of the patients had
chronic schizophenia with deterioration and
the other two had chronic schizophrenia
with delusions and hallucinations. Tables
I and II summarise the results obtained.

A statistical significant change in the fo-
llowing items was noticed: somatic con
cern, anxiety, emotional withdrawal, de-
pressive mood, uncooperativeness, motor
retardation and blunted affect. There was
a tendency for the item ‘“‘excitement” to
deteriorate and this was related to discon-
tinuation of the drug in one case, because
of insomnia. The histograms in Table I al-
so show that the effects observed took pla-
ce very rapidly, i.e. from days 3 and 7 of
treatment, reaching a plateau on day 14.
The final global assesment reveals very
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good results in 3 cases, good in 5, inade-
quate in 6 and failures in 2. Compared to
previous treatment, LVP was noted supe-
rior in 8 cases. 12 of the 16 patients had
an unsatisfactory response to their previous
treatment: in 5 of these 12 cases LVP had

a good or very good therapeutic effect. In

4 patients the improvement observed was

sufficient to allow discharge from hospital

(Table II).

Apart from the quantitative data of the
BPRS and from the final global evaluation,
vasopressin seems to act at the level of the
interactions with the therapist, other pa-
tients and the family, which fits with the
remarcable changes in the items “emotio-
nal withdrawal”, “uncooperativeness” and
“blunted affects”.

Comparison of efficacy of vasopressin
with the previous drugs (neuroleptics in 15
cases and neuroleptic plus antidepressant
in 1 case) has shown that in contrast with
the sedative effect which neuroleptics usua-
lly have, VP has a contrary action, demons-
trated by the improvement of the “motor
symptoms (items 8,12 and 17 of the
retardation”. No aggravation of productive
symptoms (items 8, 12 and 17 of the
BPRS) or of aggressiveness was noticed
and the effects of VP in these patients we-
re very suggestive of the effects of shock
ireatment.

In conclusion the following are the main
central effects of vasopressin described so
far in man:

1) A sedative effect (EEG and clinical)
after i.m. application;

2) A late stimulatorv effect (6h up to
1 week) on the CNV pattern after in-
tra-nasal application in normal volun-
teers;

3) Stimulation of attention, concentra-
tion, metor rapidity and memory in
elderly volunteers:

4) Improvement of retrograde and ante-
rograde amnesia in patients with post-
traumatic amnesia;

5) Antiautistic effects in schizophrenic
patients.

The central effect of vasopressin in hu-
mans might be mediated by:
— changes in the neurotransmitter tur-
nover in specific brain nuclei
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activation of prostaglandin synthesis
or ¢cAMP formation

stimulation of critical enzymes in
the brain

stimulation of all or one of the hy-
pothetical biochemical events invol-
ved in learning and memory proce-
sses, namely, RNA polymerase acti-
vity, RNA and protein synthesis and
axonal transport,

modulation of the phosphorylation
of myelin

stimulation of the endogenous ACTH
secretion

changes of the sleep pattern and nyec-
tohemeral secretion of pituitary hor-
mones

possible relationships with the natu-
ral opiate peptides.

The central effects of vasopressin in
man could be mediated by changes of
neurctransmitters’ turnover in specific
brain nuclei

Increasing evidence shows that in ani-
mals the intracerebroventricular (ICV) ad-
ministration of vasopressin causes signifi-
cant changes in the turnover of catechola-
mines in specific brain nuclei. Tanaka et
al. (24) reported that following the ICV
administration of arginine-vasopressin (30
ng) to rats, noradrenaline turnover was in-
creased in the dorsal septal nucleus, the
anterior hypothalamic nucleus, the medial
forebrain bundle, the parafascicular nu-
cleus, the dorsal raphé nucleus, the locus
coeruleus, the nuecleus tractus solitarii and
the Al-region. It has been previously shown
that the following limbic structures are the
most probably involved in the consolida-
ticn of memory and the retrieval of stored
information: the rostral septal area, the re-
gion of the parafascicular nucleus of the
thalamus and the dorsal hippocampus (9).
In two of these regions, the dorsal septal
nucleus and the parafascicular nucleus, NA
turnover is enhanced by ICV administra-
tion suggesting that the effect of VP in
memory processes is mediated by an in-
crease of the NA turnover in these regions.
Data recorded in Brattleboro homozygous
rats showed that these rats have an altered
brain catecholamine turnover, in a diree-
Vol. 14.
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tion opposite to that of the changes indu-
ced by the ICV administration of vasopre-
ssin (25). Furthermore, the ICV adminis-
tration of an antiserum antivasopressin in-
duces a decrease of the NA turnover in the
dersal septal nucleus, the parafascicular
nucleus and the rostral part of the nucleus
tractus solitarii (9). A further support
that the effect of VP on memory consoli-
dation is mediated by the NA system was
given by the work of Kovacs et al. (26)
who showed that the destruction of the as-
cending dorsal NA bundle by microinjec-
tion of 6-OH DA abolished the effect on
memory consolidation in rats. Moreover, it
has been found that bilateral injection of
small amounts of vasopressin (25 pg) in
regions containing terminals of the coeru-
leo-telencephalic noradrenergic system, viz.
the dorsal septal nucleus, the dentate gy-
rus of the hippocampus and the dorsal ra-
phé nucleus caused a facilitation of me-
mory consolidation, whereas microinjec-
tions in the central amygdaloid nucleus
and the locus coeruleus. which contain the
cell bodies of this system, failed to do so
(26). In contrast with this well documen-
ted evidence in animals supporting the
mmodulatory effect of VP on the NA struc-
tures in the limbic system, no data on this
subject are available in man. Ongoing stu-
dies will provide us material to appreciate
whether or not in humans the effect of
VP is mediated by changes of the neuro-
transmitter turnover. Particular attention
will be payed to the cholinergic system,
due to its eritical involvement in senile de-
mentia (27) and in memory processes in
man (28). Indeed. the septal-hippocampal
structures and pathways are included in
the cholinergic system and are known to
be involved in the storage of memory.

In man the amnesia produced by le-
sions of the hippocampal complex is cha-
racterized not only by the severity of me-
mory storage impairment but also by the
isolated occurrence of memory impairment.
Furthemore, the pattern of memory cogni-
tive changes in aging and dementias is si-
milar to that seen with cholinergic blo-

ckade (28).
Vasopressin — Prostaglandins’
thesis and/or cAMP Formation

Synte
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The effects of vasopressin on cAMP for-
mation and prostaglandins’ synthesis at the
renal and bladder-level is well documented
(29). Orloff and Handler (30) showed
that ¢cAMP mediated the antidiuretic ac-
tion of VP and Bentley (31) showed that
AVP stimulated the adenyleyclase whereas
valinomycin blocked both the adenyleycla-
se and the action of VP on the bladder.
Furthermore, Grantham and Burg (32)
reported that AVP stimulated also the
adenyleyclase in the renal medulla. A num-
ber of investigators showed that cAMP ac-
tivates a proteinkinase which catalyse the
phosphorylation of membrane proteins
which in turn regulate membrane permea-
bility (29). Finally, Barker (33) found
that the iontophoretic application of VP in-
o snail neurons produced changes in the
perraeability of the neuronal membranes.
Thus, it is likely that VP via synthesis of
cAMP can also change the permeability of
neurons in the mammalian brain. Data ha-
ve been also accumulated showing that VP
stimulates PGE. synthesis in the toad uri-
nary bladder and in vascular preparations
(34, 35). On the other hand, there are no
available data so far on whether vasopre-
ssin has similar effects on ¢cAMP and PG
synthesis in the brain.

Vasopressin — Stimulation of Critical

Enzymes in the Brain

Knowing that hormones exert metabolic
effects by stimulating key enzymes one may
wonder whether VP has selective effects
on one of the critical enzymes involved in
the synthesis or metabolism of neurotrans-
mitters and/or on enzymes involved in the
RNA-protein synthesis. If one agrees with
Rose and Haywood (36) that the bioche-
mical events involved in learning and me-
mory are increased RNA polymerase, in-
creased RNA and protein synthesis and in-
creased axonal flow to synapses, one sho-
uld investigate the effects of vasopressin
on all these processes.

Vasopressin — Modulation of the
Phosphor lation of the Myelin

Another new biochemical finding is that
in aged rats the in vivo phosphorilation of
myelin in the cortex and hippocampus is
increased. The administration in both
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young and old rats of 0.05 1.U. LVP/rat
is followed by a reduction of the phospho-
rylation of the myelin in vive in the cor-
tex and hypothalamus (Hiestand, to be pu-
blished). Additional experimental work is,
however, requested for correlating the
phosphorylation of the myelin with memory
processes.

Vasopressin and ACTH secretion

The fact that VP releases ACTH after
i.m. or i.v. injection and that ACTH has
central effects in animals and man raises
the question whether or not the central
effects of VP are mediated by the release
of ACTH. In a cross-over study carried
out in 2 groups of 6 young male volunteers
placebo and 3 doses of LVP were adminis-
tered either i.m. or intranasally and ACTH
plasma levels were measured in the sub-
sequent 2 hours. A dose response ACTH
releasing effect was noticed after the i.m.
administration of 1, 5 and 10 LU., whe-
reas no effect on ACTH release was noti-
ced after the intranasal admistration of
LVP (7.5, 15 and 30 I.U.).

Moreover, a daily ACTH profile was
made before and after 7 days treatment
with LVP (15 I.U. intranasally daily) and
showed that LVP had no effect on the
ACTH pattern. Based on these data we ru-
led out the possibility that the central
cffect of LVP is mediated by the ACTH
release. These conclusions are in agreement
with De Wied’s data showing that ACTH
and VP have different central effects,
ACTH being involved in attention, moti-
vation and retrieval and not in memory
storage (11).

Vasopressin and the Nyctohemeral
Secretion of Pituitary Hormones

Vasopressin is a main constituant of the
suprachiasmatic nucleus, and increased
evidence support the idea that the supra-
chiasmatic nucleus is the site of the con-
trol of biological rhythms. Indeed, studies
in adult and neonatal rats revealed the pri-
mary significance of the suprachiasmatic
nucleus and the retinohypothalamic projec-
tion in the generation and maintenance of
circadian rhythms (37).

It has been recently reported that the
total ablation of the suprachiasmatic nu-
cleus in 2 day-old rats permanently abo-

Vol. 14. — Numbers 2-3-4, — 1980



CENTRAL EFFECTS OF VASOPRESSIN

lishes circadian rhythms (38). On the ot-
her hand, it has been reported that dete-
rioration in cognitive processes in schizo-
phrenic patients is associated with a flatte-
ning of the diurnal rhythm of 17 ketoste-
roids or with a reversal of it (39). Mo-
reover, Murri et al. and Vigneri et al.
(40, 41) reported a disappearance of the
nocturnal GH peak in schizophrenic pa-
tients when their slowave sleep is absent
“as it seems to happen rather frequently in
schizophrenia™.

To test the mechanism of LVP action
in schizophrenia, we first investigated the
effect of LVP on the nyctohemeral rhythm
of pituitary hormones.

The nyctohemeral rhythm of growth
hormone (GH) and prolactin (PRL) se-
cretion in two schizophrenic patients (Lan-
cranjan et al., to be published) showed a

IN MAN

normalisation after 3 weeks’treatment with
LVP doses built-up to 22.5 1.U.

These results, in spite of the limited
number of cases, support the hypothesis
that one mechanism of LVP action in psy-
chiatric diseases might be the normalization
of the circadian rhythms. Moreover, we
expect that LVP could also normalize the
sleep pattern (stage III-IV of sleep) in
schizophrenic patients due to the fact that
the nocturnal GH peak is related with the
slow wave sleep mainly during the first 2
hours. Animal data have also shown thal
the hippocampal theta activity in Brattle-
boro rats is significantly lower and could
b= temporarily normalized by the intraven-
tricular injection of AVP (42).

Vascpressin — The Natural
Opiate Peptides
Recent data strongly suggest that pitui-

Table 11

FINAL OVERALL EVALUATION

Case |Previous treatment |Vasopressin|Comparison
no. Type |Response Response
1 NLV (*) ® LVP > NL
2 NL {*}) (%) LVP = NL
3 NL (*) (*) LVP = NL
4 NL 0 (*) LVP > NL
5 NL ol . D LVP > NL
6 NL (%) (*) LVP = NL
7 NL ) 0 LVP < NL
8 NL £*) (%) LVP = NL
9 NL ¢ 0 LVP < NL
10 NL (*) (*) LVP < NL
11 NL (*) iR ] LVP > NL
12 NL x N LVP = NL
13 NL % o TR 1) LVP > NL
14 NL+AD[, (*) : LVP >NL +

AD

15 NL (*) * D LVP > NL
16 NL (*) & LVP > NL

NL : neuroleptics 0 = failure

AD = antidepressants f.} z gggg

@ = discharged

tary opiate peptides and neurohypophyseal
hormones may participate in a regulatory
loop in which each affects the other’s re-
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lease. It has been shown that plasma ACTH
and beta-LPH rose in parallel in response
to VP in normal subjects and in patients
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with Cushing disease and Nelson syndro-
me (43). On the other hand, Weitzman et
al. (44) reported that beta-endorphin sti-
mulates secretion of arginine vasopressin in
vivo, data in agreement with the antidiure-
sis produced in dogs and monkeys by opia-
tes (45). Moreover, Simantov and Snyder
(46) reported the presence of high concen-
trations of opiate receptors in membrane
preparations of the posterior lobe of the pi-
tuitary, which might suggest a physiologic
role of endogenous opiate beta LPH and
beta-endorphin in the medulation of neu-
rochormone secretion. Furthermore, Mata et
al. (47) reported that dehydrated rats, with
increased oxytocin and vasopressin release,
have significantly decreased levels of pitui-
tary opiate peptides, probably owing to de-
pletion of their endogenous stores. Finally
Rossier et al. (48) found a close anatomi-
cal relationship between enkephalin fibers
from the PV and SO nuclei and the neuro
intermediate pituitary lobe.

They found high amounts of enkepha-
lin-like material in extracts of the neuropi-
tuitary, enkephalin cell bodies in the PV
and SO nuclei and enkephalin fibres in
the pars nervosa of the pituitary. Section
of the pituitary stalk produced the disa-
ppearance of enkephalin-fibres in the pos-
terior pituitary whereas lesions of the PV
nucleus produced a decrease by only 40
per cent of the enkephalin content in the
pituitary. Furthemore, the fact that dehy-
dration decreased also enkephalin concen-
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trations supported the idea that enkephalin
fibres modulate the release of VP at the
pituitary levels. Finally, the fact that the-
re are opiate receptors in the pars nervosa
suggests that enkephalin fibres control the
secretion of VP in rats.

In order to assess whether or not there
are functional relationships between endo-
genous opiates and VP in humans a pilot
study wusing the CNV technique was ca-
rried out in 10 normal male volunteers
(49). Eeach of them received 0.4 mg i.m.
naloxone and 30 min. later either placebo
or 15 L.U. LVP intranasally. The CNV
was recorded three times: before injection.
5 min. and 30 min. after the single appli-
cation of either placebo or LVP. Naloxone
alone produced a marked and significant
decrease of the wave Psoy 5 min. after its
injection. The effect was consistent but las-
ted only one hour.

Furthemore, after naloxone, LVP not
only stopped the CNV habituation process
but reversed it. The preliminary conclusion
of this study was that LVP and natural
opiates may have antagonist actions, al
least on the CNV pattern.

In conclusion, preliminary data show
that VP has central effects in man and this
fact opened a new and extremely interes-
ting field of research. However, much
effort is still requested in order to clearly
delineate these effects and to explain the
central effects of VP in man.

SUMMARY

A great deal of evidence has been accu-
mulated favouring the role of vasopressin,
in learning and memory —processes in
rats. Memory disturbances observed in Bra-
ttleboro rats and Wistar rats treated with
vasopressin antiserum intraventriculary co-
uld be reversed by vasopressin and intra—
and extrahypothalamic vasopressin path-
ways were described in rats giving anato-
mical support to behavioural effects of va-
sopressin. Finally, changes in neurotrans-
mitters’ turnover namely, NA and DA, in
specific areas of the brain were observed
after intra-ventricular administration of va-
sopressin in rats.
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Based on these animal studies, we initia-
ted several studies to test the psychotropic
effects of L-vasopressin (LVP) in man.
Two groups of studies were carried out in
various university hospitals using LVP, ad-
ministrated intra-nasally: A) studies in
healthy volunteers using psychometric, elec-
trophysiological and hormonal parameters
and B) studies in patients with either me-
mory disturbances or psychiatric diseases
using appropriate scales.

Preliminary results in healthy volun-
teers have shown that LVP nasal spray a)
improves altention, concentration, motor
rapidity and memory. b) influences the
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contingent negative variation pattern wi-
thout having ¢) on the EEG profile and
d) on the ACTH secretion the effects no-
ticed after its i.m. administration.

In conclusion, in normal man, LVP has
specific central effects which are not me-

diated by ACTH secretion.

RESU

Existe una clara evidencia en favor del
papel de la vasopresina en el proceso del
aprendizaje y de la memoria en ratas. Dis-
turbios de la memoria observados en ratas
Battleboro y ratas Wistar tratadas con sue-
rc antivasopresina por via intraventricular,
desaparecen después de la administracion
de vasopresina. Han sido descritas vias in-
tra y extrahipotalamicas de vasopresina en
la rata y ellas dan el sostén anatémico a
los efectos comportamentales de esta sus
tancia. Ademas modificaciones del “turno-
ver” de los neurotransmisores NA y DA
han sido observados después de la adminis-
tracion intraventricular de vasopresina, en
areas especificas del cerebro.

Basados en estos resultados en animales,
hemos iniciado varios estudios para probar
los efectos psicotrépicos de la L-vasopresina
(LVP) en el hombre. Dos tipos de estu-
dios fueron realizados en varios hospitales
universitarios utilizando LVP administrada
por via intranasal:

a) Estudios sobre voluntarios sanos. utili-
zando parametros psicométricos, elec-
trofisiologicos y hormonales.

IN MAN

Preliminary results in patients showed
that LVP administrered intra-nasally has
important therapeutic effects in postrau-
matic amnesic patients and in some chro-
nic schizophrenics, strongly suggesting that
LVP could be used as a therapeutic tool.

MEN

b) Estudios sobre pacientes afectados por
disturbios de la memoria o enferme-
dad psiquiatrica.

Los resultados preliminares en volunta-

rios sanos demostraron que la LVP admi-

nistrada en pulverizacion nasal:

a) Mejora la atencién, la concentracion.
la rapidez motriz y la memoria;

b) Actia sobre la variacion contingente
negativa (V.C.N.) sin tener

¢) Sobre el perfil EEG y

d) La secrecion de ACTH

los efectos observados después de la ad-
ministracion i.m.

En conclusion, la LVP ejerce en el hom-

bre normal efectos centrales especificos que

no dependen de una mediacion por la se-

cerecion de A CT H.

Los resultados preliminares observados
en los pacientes muestran que la adminis-
tracion intranasal de LVP produce impor-
tantes efectos terapéuticos en la amnesia
postraumatica y en la esquizofrenia croni-
ca lo que sugiere que puede ser empleado
como recurso terapéutico.

RESUME

L’influence de la vasopressine sur I'a-
pprentissage et la mémoire chez le rat est
désormais soutenue par un grand nombre
de preuves. Les troubles de la mémoire ob-
servés chez les rats Brattleboro et Wistar
apres traitement intraventriculaire au sé.
rum antivasopressine disparaissent apres
I’administration de vasopressine. Les voies
intra— et extrahypothalamiques de la va-
sopressine chez le rat ont été décrites, et
elles donnent, sur le plan anatomique, un
support aux effects comportementaux de
cette substance. Enfin, des modifications du
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turnover des neurotransmetteurs, NA et
DA, ont été observées, apres l’administra-
tion intraventriculaire de vasopressine, dans
certaines régions cérébrales.

Compte tenu de ces études chez I'animal,
nous avons entrepris plusieurs essais por-
tant sur les effets psychotropes de la
[—vasopressine (LVP) chez I’homme.
Deux groupes d’études utilisant la LVP par
voie intranasale ont été pratiquées dans di-
vers hopitaux universitaires:

a) études chez des volontaires sains, a
I'aide de parameétres psychométriques,
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electrophysiologiques et hormonaux;

b) études chez des patients présentant
des troubles de la mémoire ou des ma-
ladies psychiatriques.

Les résultats préliminaires obtenus chez
les volontaires sains, montrent que la LVP
sous forme de pulvérisation nasale:

a) ameliore I'attention, la concentration,
la rapidité motrice et la mémoire;

b) agit sur la variation contingente néga-
tive (V.C.N.) sans avoir

¢) sur le profil EE.G. et

d) la séerétion d’A.C.T.H.

INTERNATIONAL JOURNAL OF NEUROLOGY

les effets observés apres administration
im.

En conclusion, la LVP exerce chez 1’ho-
mme normal des effects centraux spécifi-
ques qui ne dépendent pas d’une médiation
par la sécrétion d’A.C.T.H.

Les résultats préliminaires enregistrés
chez des malades révelent que I'adminis-
tration intranasale de LVP produit d’impor-
tants effets thérapeutiques dans l'amnésie
post-traumatique et dans la schizophrénie
chronique, ce qui tendrait a suggérer son
emploi en thérapeutique.

ZUSAMMENFASSUNG

Es wurden zahlreiche Beweise dafir ge-
sammelt, dass Vasopressin Lernprozesse und
Gedéchtnisleistungen bei Ratten beeinflusst.
Gedachtnisstorungen bei Brattleboro— und
Wistar —Ratten, die nach intraventriku-
larer Verabreichung von Vasopressin-Anti-
serum beobachtet wurden, konnten durch
Vasopressin behoben .werden. Ausserdem
wurden intra— und extrahypothalamische
Vasopressin— Bahnen an der Ratte bes-
chrieben, welche die verhaltensmodifizie-
renden Wirkungen von Vasopressin anato-
misch bekrawtigen. Schliesslich wurden
nach intraventrikularer Verabreichung von
Vasopressin an Ratten Aenderungen des
Neurotransmitter — Umsatzes (NA und
DA) in bestimmten Hirnregionen beobach-
tet.

Auf diese Tierversuche gestutzt, fiihrten
wir mehrere Studien durch, um die psy-
chotropen Effekte von L — Vasopressin
(LVP) am Mensch zu priifen. Zwei Grup-
pen von Studien wurden in verschiedenen
Universititskliniken durchgefiirht, wobei
LVP intranasal verabreicht wurde: A) Stu-
dien an normalen Probanden, unter Ver-
wendung psychometrischer, elektro-physio-
logischer und hormonaler Parameter: B)

Studien an Patienten mit Gedachtnisstorun-
gen oder psychiatrischen Krankheiten, un-
ter Verwendung geeigneter Rating-Skalen.

Vorlidufige Ergebnisse bei normalen Pro-
banden zegt, dass LVP-Nasenspray
a) die Aufmerksamkeit, Konzentration,

motorische Schnelligkeit und Gedich-
tnisleistung verbessert,

b) das Muster der kontingenten mnegati-
ven Variation (CNV) beeinflusst, ohne-
die nach i.m. Applikation zu beobach-
tenden Wirkungen,

¢) auf das EEG-Profil und

d) auf die ACTH-Sekretion zu zeitigen.

Wir ziehen daraus die Schlussfolgerung,
dass LVP am normalen Menschen spezifis-
che zentrale Effekte hervorruft, die nicht
durch die ACTH-Sekretion vermittelt wer-
den.

Vorlaufige Ergebnisse an Patienten zeig-
ten, dass LVP bei intranasaler Verabrei-
chiung an Patienten mit posttraumatischer
Amnesie und einige Patienten mit chroni-
scher Schizophrenie betriichtliche therapeu-
tische Wirkungen zeitigt. Diese Resultate
legen dringend die Vermutung nahe, dass
LVP als therapeutisches Mittel eingesetzt
werden konnte.
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The Role of Neuropeptides in
Modulating PRL and GH Secretion

IOANA LANCRANJAN, A. AUDIBERT AND * P. MARBACH

Vasopressin and oxytocin, nonapeptides
with a disulfide bridge, were the first neu-
ropeptides characterized and synthesized in
1952 by du Vigneaud et al (1). These two
hormones, considered for many vyears as
hormones of the posterior pituitary are in
fact synthetized by the neurons of the hypo-
thalamic supraoptic and paraventricular nu-
clei and carried by the axoplasmic flow
down to nerve endings. in contact with ca-
pillary vessels in the posterior lobe of the
pituitary. From there, vasopressin and oxy-
tocin are released into the general circula-
tion in response to a variety of physiologi-
cal stimuli.

In recent years, in addition to vasopre-
ssin and oxytocin, several other peptides ha-
ve been identified in central and peripheral
neurons using histochemical (histofluores-
cence, immunocytochemistry) and bioche-
mical techniques (enzimes isotopic methods,
radioimmunoasays, mass spectrometry, Ii-
quid chromatography).

Table I shows the peptides identified so
far in the central nervous system including
the hypothalamus. Their concentrations are
especially high in the median eminence, a
fact which suggests that neuropeptides may
be involved in the control or modulation of
the anteropituitary secretion. Indeed, for
many years, it has become evident from ex-
perimental studies using localized hypotha-
lamic stereotaxic lesions and stalk section
with transplantation of the pituitary under
the renal capsule that the secretion of the
adenohypophysis requires intact anatomical
connections between the pituitary and the
hypothalamus. That the hypothalamic con-
trol of the anterior pituitary is not media-
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ted through neural pathways was suggested
by the absence of an important nerve su-
pply to the anterior pituitary gland.

In 1947 Green and Harris (3) postula-
ted that hypothalamic substances transpor-
ted via the hypophysial portal system des-
cribed by Popa and Fielding in 1930 (4)
control pituitary function. The neurohumo-
ral concept of Harris and Green was the-
reafter confirmed by the isolation, charac-
terization and synthesis of the first hypo-
thalamic  regulatory hormones: TRH,
LH-RH (5) and somatostatin, GIH (6) by
the groups of Guillemin in la Jolla and
Schally in New Orleans. The discovery of
these neurohormones formed the basis of
the concept that anteropituitary hormones
are physiologically regulated by releasing
and release-inhibiting hypothalamic factors
or hormones which are triggered by neuro-
transmitters e.g. noradrenaline (NA),
adrenaline (A), dopamine (DA) and sero-
tonin (5HT). Until recently it was thought
that PRL and GH secretion are also modu-
lated by releasing and release-inhibiting hy-
pothalamic peptides: prolactin inhibiting
factor (PIF), prolactin releasing factor
(PRF). growth hormone releasing factor
(GH-RF) and growth hormone release-in-
hibiting hormone (GIH) (8, 9). In spite
of the fact that some data support the
presence of PRF, PIF and GH-RH mate-
rial in hypothalamic extracts (10, 11), at-
tempts to identify these substances have
thus far been unsuccessful and only GIH
has now been isolated and structurally iden-
tified. On the other hand, a growing body
of evidence suggests that DA is a PIF and.
moreover. that other neuropeptideds found
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in the hypothalamus namely opioid pepti-
des, beta-endorphin and enkephalins, VIP,
bombesin, neurotensin, substance P and
TRH regulate GH and/or PRL secretion.
The question then arises whether or not
some of these neuropeptides might account
for the releasing factors not yet isolated and
identified.

At least two of the following criteria ha-
ve to be fulfilled by a neuropeptide for it
to be considered a hypothalamic releasing
hormone:

I. it must stimulate the in vivo and in
vitro secretion of one or several pi-
tuitary hormones:
it must be released by the hypotha-

]
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lamus into the portal blood:

3. it must change its turnover into the
hypothalamu and its concentration
into the portal blood in relation with
physiological stimuli:

4. it must have specific receptors at the
pituitary cell level.

Accordingly, we will review some of the
available data on the effects of neuropepti-
des on GH and PRL secretion attempting
to delineate whether or not some of them
account for the hypothetical PRF and
GH-RF.

Table Il shows the effect on GH and
PRL secretion of the neuropeptides tested
so far in the rat. As in most studies phar-
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macological doses of neuropeptides were in-
jected either i.v. or intracerebroventricularly
to test their effects on pituitary secretion,
it is difficult to delineate which neuropep-
tides are physiologically involved in the
control of PRL and GH secretion. However,
three peptides, namely TRH, somatostatin
and VIP have been found in the portal
blood thus suggesting that they might play
a physiological role in the control of the
pituitary secretion (12, 13).

Neurcpeptides and PRL secretion
TRH stimulates TSH and PRL secretion

in all species investigated so far (1) and is
the physiological hypothalamic factor which
controls the release of TSH. However, it
is not generally accepted that TRH is also
physiologically involved in the control of
PRL secretion. The fact that PRL and TSH
are not released by the same physiologic
stimuli, namely suckling releases only PRL
and exposure to cold only PRL and expo-
sure to cold only TSH, -has been used as
evidence against the idea that TRH might
be a PRL-releasing hormone (14). Howe-
ver, the 50 and 70% decrease in serum
PRL and TSH levels respectively, observed
after administration of antiserum to TRH to
rats, supports the view that TRH could
play a physiological role in the control of
both hormones (15). Moreover, in vitro ex-
periments support the existence of an inte-
rrelation between DA and TRH in the con-
trol of PRL secretion. Hill-Samli and Mac
Leod (16) found that addition of TRH to
rat anterior hemipituitaries incubated in vi-
tro had little effect on PRL secretion, but
partially blocked the DA inhibition of PRL.
Moreover, 17 [(3-estradiol which increases
PRL secretion stimulates basal as well as
TRH-induced PRL release, and simulta-
neously, causes an almost complete reversal

of DA inhibition of PRL release (17).

In vivo, DA-TRH relationhips have been
reported by Burrow et al. (18), who have
shown that the PRL release response elici-
ted by TRH in rats is blunted by a DA in-
fusion starting 5 min. after the TRH bolus.
In humans L-DOPA or bromocriptine pre-
treatment also blocks the PRL-releasing
effect of TRH.

The possible physiological involvement
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of TRH in the control of PRL secretion is
also supported by the fact that in rat TRH
regulates the PRL gene at the level of
m-RNA transeription (21). Moreover, it
has been shown that PRL secretion after
TRH stimulation is increased during the
pro-estrus period, while estrogen levels are
high (19). The fact that the administra-
tion of estrogens not only stimulates PRL
secretion but also increases the hypothala-
mic TRH content (20), supports the idea
that TRH might be involved in the control
of PRL secretion.

VIP, a polypeptide with 28 amino acids,
also has a PRL releasing effect in rats af-
ter i.v. (1 and 10 pg/100g bw) and intra-
cerebroventricular administration (200ng,
1 and 10 pg/100g bw) (22). As VIP has
been found in high amounts in the median
eminence of rats and humans (23) and in
the portal blood of rats (13) and, since
specific binding of VIP has been reported
in the anterior pituitary of rats and human
PRL secreting adenomas (23), it might be
expected that VIP could have a physiologi-
cal role in modulating PRL secretion. From
studies in vivo and in vitro in rats, Kato
et al. (22) concluded that VIP stimulates
PRL secretion through two mechanisms.
One is the activation of an opiate receptor
in the central nervous system, since nalo-
xone decreases the PRL releasing effects of
VIP in vivo The second one is the inhibi-
tion of the action of DA at the pituitary le-
vel since the addition of VIP (10-"M) to
the incubation medium significantly blocks
the inhibition of PRL release induced by
DA (10-"M). Consequently, it seems that
TRH and VIP act at the pituitary level in
the same way, partially blocking the DA
induced inhibition of PRL release.

Bombesin, a tetradecapeptide originally
isclated from the skin of various anurans
(24) and recently found to occur in ma-
mmalian brain (25, 26), has been shown
to stimulate PRL secretion after either i.v.
(0. 1 pg) or intracisternal (1 - 3 pg) ad-
ministration (27). On a molar basis, bom-
besin and the related peptide alytesin are
the most active releasers of PRL and GH.
The PRL releasing effect of bombesin in vi-
vo is not blocked by naloxone thus indica-
ting that opiate receptors are not invol-
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ved. The fact that in pituitary cultured
cells bombesin has no effect on PRL se-
cretion (27) suggests that bambesin proba-
bly acts via hypothalamic neurotransmi-
tters to influence the release of PRL.
Substance P and Neurotensin

Rivier et al. (28) have reported that
ncurotensin, a tridecapeptide, and substan-
ce P, an undecapeptide isolated from bo-
vine hypothalamus, injected iv. (20 pg)
stimulate the release of PRL in normal or
estrogen-progesterone pretreated male rats.
The PRL-releasing effect could not be bloc-
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ked by naloxone but was inhibited by di-
phenhydramine, a histamine H;, receptor
antagonist. Further evidence that substance
P (5 and 50 pg/100g bw) stimulates PRL
release was obtained by Kato et al. (29),
More recently, Chihara et al. (30) repor-
ted that substance P administered intraven-
tricularly has no effect on PRL release.
These results were partially confirmed by
Vijayan and McCann (31) with a low do-
se (0.5 pg) of substance P. On the con-
trary, a higher dose (2 pg) injected intra-
ventricularly caused a significant elevation
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in conscious rats,

of PRL release. However, the physiological
role of substance P, if any, in modulating
PRL secretion is difficult to establish as
long as there is no specific antagonist avai-
lable. Neurotensin (0. 5 and 2 pig) adminis-
tered intraventricularly decreases PRL se-
cretion, whereas i.v. it enhances PRL relea-
se (32). Similiar discordant effects were
noticed by Vijayan and MacCann (31) af-

ter gastrin administration.

Cholecystokinin (CCK) has been also
reported to stimulate PRL secretion in rats
(32) while somatostatin which is the GIH
does not seem to be involved in the phy-
siological control of PRL secretion. It has
been reported that neither the basal levels
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of PRL nor the suckling induced rise of
PRL in rats is influenced by somatostatin
administration (34, 35). Moreover, in hu-
mans somatostatin administration reduces
PRL levels only in acromegalic patients in
whom it reduces also GH plasma levels
(36).
Vasopressin and Oxytocin

Conflicting results have been reported
as to whether or not neurohypophyseal hor-
mones are able to stimulate PRL release. It
has been suggested that oxytocin might ini-
tiate the release of PRL in rats, but Val-
verde et al. (37) showed in the rat that,
whereas vasopressin had a marked stimu-
latory effect on PRL secretion, oxytocin had
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no effect. Further evidence that vasopre-
ssin releases PRL in the rat has been given
by Vaughan et al. (38) who noticed a sig-
nificant rise in plasma PRL after the ad-
ministration of 1 ug of either arginine of
lysine vasopressin. On the other hand, this
effect has not been confirmed in man (39).
Opiate receptor agonists and
PRL secretion

In 1976 Lien eet al. (40) reported that
the pentapeptides methionine ond leucine-
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enkephalin stimulated PRL release in vivo
at a dose of 5mg/kg/rat and in vitro in
monolayer cultures of rat pituitary cells
(Dose range 5 - 50 ng/ml). In 1977 Ri-
vier et al. (41) reported that morphine sul-
fate and B-endorphin stimulated PRL re-
lease in steroid-primed and untreated male
rats when injected intravenously or intra-
cisternally. Morcover, it has been reported
thai on a molar basis (-endorphin is 20
times more potent than morphine in vivo
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Table 1

The neuropeptides identified in the brain

(41). Since the effect of enkephalins and
B-endorphin on PRL secretion has been re-
ported. intensive investigations have been
carried out to confirm this effect in ani-
mals and humans and to define the mecha-
nism of action of opioid peptides. Of the
opiate receptor agonists studied, FK 33-824,
a stable, orally acting analogue of methio-
nine-enkepthalin (Sandoz), exhibited potent
PRL and GH releasing effects in rats and
humans (42.43) in addition to its longlas-
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Angiotensin

VIP

TRH

LH-RH
Somatostatin
Substance P
Neurotensin
Enkephalins
B Endorphin
B LPH

a MSH

B MSH

ACTH

1

Gastrin
CCR (33 and
Bombesin

8)

Carnosine
Vasopressin
Oxytocin

GH

PRL

ting and potent analgesic action in animals.

The PRL-releasing effect of FK 33-824
could be blocked by pretreatment with na-
loxone and the DA agonist bromoeriptine.
Fig. 1 and 2 show the effect of placebo,
FK 33-824 0.1 and Img/kg (20 - 200
ig/rat) administered i.v. in conscious rats
before and after 0. lmg/kg bromocriptine
pretreatment. Complete blockade of the
PRL-releasing effect of FK 33-824 was ob-
tained in rats with bromocriptine, and si-
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Table 1I

The effect of

neuropeptides on GH and PRL

secretion

Neuropeptide  Way of Effect on the secretion of
administration GH PRL
TRH i.v - A
VIP 2% ¥ 4y
BOMBESIN i.v A Ly
: 4 4
SUBSTANCE P T 8T i
T or - or N
NEUROTENSIN A P
i * ¢
GASTRIN . 4\
. v v
CCK t N
g ENDORPHIN i.v P ™
n )
ENKEPHALINS 1,V i N
i, s A
SOMATOSTATIN 3 N \L g

milar results were obtained in humans (del D-leu’-enkephalin (47) strongly suggest

Pozo, personal communication). Conse-
quently, in all species investigated (rat,
dog, man) the opioid peptides enkephalins
and B-endorphin have been shown to have
a PRL releasing effect. Several -data were
also accumulated to explain the PRL-relea-
sing effect of opioid peptides. A synergism
in vitro between the PRL-releasing actions
of TRH and leucineenkephalin has been
reported by Mittler et al. (44) and a de-
creased DA turnover in the median eminen-
ce (ME) after methionine-enkephalin ad-
ministration was reported by Labrie et al.
(45). Moreover, Fuxe et al. (46) and De-
yo et al. (47) reported that (3-endorphin
decreases also the DA turnover in the ME.
Similar effects of morphine and D-Ala?,
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that the effect of opioid peptides on PRL
secretion is mainly mediated via decreased
DA turnover in the ME. Furthermore, En-
jalbert et al. (48) reported that morphine,
methionine-enkephalin and beta-endorphin
also suppress the inhibitory effect of DA
on PRL release in vitro. Accordingly, the
opiate-DA interactions at both the hypotha-
lamic and pituitary levels on the one hand
and the synergistic effect of TRH and
opioid peptides on the other could account
for the PRL-releasing effect of opioids in
all species investigated.

The fact that naloxone lowers PRL plas-
ma levels in primates (49) and man (50)
and blocks the suckling and stress induced
PRL release (45) supports the idea that
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opioid peptides are involved in the physio-
logical release of PRL. In conclusion, TRH
and natural opioid peptides stimulate PRL
secretion in laboratory animals and man
and evidence is accumulating suggesting
that both neuropeptides are physiologically
involved in the control of PRL release. The
effect of substance P, neurotensin, VIP and
bombesin on PRL release has only been re-
ported in animals and some evidence su-
ggest that VIP and bombesin (active in
very low dose) might also be involved in
the physiological contral of PRL release.
The neuropeptides vasopressin and oxytocin
have an action on PRL secretion in ani-
mals only in pharmacological doses and are
without any effect in humans.

Neuropeptides and GH secretion

Krulich and collaborators were the first
to notice the GH-inhibitory effects of the
ovine hypothalamic extract (51) and the-
reafter Brazeau et al. (7) isolated, identi-
fied and characterized: somatostatin, the
GIH. This neuropeptide with 14 amino
acids is equally active biologically in a li-
near and cyclic form. In rats somatostatin
inhibits the rise of GH plasma levels ob-
served after pentobarbital anesthesia, mor-
phine, gentling, or the injection of NA in-
to the ventromedial nucleus of the hypotha-
lamus and the GH release induced by elec-
trical stimulation of the basal medial hypo-
thalamus (52). Moreover, somatostatin in-
hibits GH release from rat tumors and from
human acromegalic pituitary adenomas
(52).

The administration of somatostatin anti-
serum to rats resulted in increased basal le-
vels of GH and TSH, prevention of stress-
induced, in rat, GH decrease and enhan-
ced TSH response to cold. (52), indica-
ting that somatostatin plays a physiological
role in the regulation of GH and TSH se-
cretion in rats. The fact that higher soma-
tostatin levels were measured in the hypo-
physial portal blood than in the systemic
blood and that somatostatin levels in the
hypophyseal portal blood are affected in the
rat by anesthetics such as urethane, pento-
barbital and althesin (53) that are known
to influence GH plasma levels, gives new
support to the hypothesis that somatostatin
is the final inhibitory pathway of GH se-
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cretion. High concentrations of somatosta-
tin were found in the arcuate nucleus and
ME, in the ventro medial and suprachias-
matic nuclei, preoptic area of the hypotha-
lamus and amygdala (54) and Patel et al.
(55) found that 30% of the nerve termi-
nals on the portal capillaries contain soma-
tostatin. A large body of evidence has been
accumulated showing that somatostatin has.
in humans and animals, a strong inhibitory
effect on GH released by all stimuli
(36, 56). Furthermore, the data in animals
and humans show that somatostatin inhibi-
ts not only the secretion of GH and TSH
but also that of insulin, glucagon, gastrin,
gastric acid, pepsin, secretin, pancreozymin
and cholecystokinin secretion; it also inhi-
bits gastric motility, the absorbtion of glu-
cose, amino acids and triglycerides, food
and water intake, ACh release from the
myenteric plexus and firing rate of some
neurons. It appears that somatostatin is not
only the GIH but a “panhibin™ as sugges-
te by Me Cann (57).

Besides somatostatin, other neuropeptides
have been reported to influence GH release.
Enkephalins and B-endorphin, VIP. bom-
besin, gastrin and CCK, neurotensin and
substance P administered i.v. in rats stimu-
late the release of GH. Vasopressin in phar-
macological doses also releases GH in hu-
mans, monkeys and rats but has no phy-
siological role in the modulation of GH se-
cretion whereas TRH even in pharmacolo-
gical amounts has no effect on GH release
in rats and normal man (58). The GH re-
leasing effect of substance P (5, 10, 20 pg
i.v.) was first reported by Kato et al. (29).
These workers also demonstrated that the
simultaneous administration of either 1-do-
pa or nicotin blunted GH release induced
by substance P in male, urethane anasthe-
tized rats with intact hypothalamus, thus
suggesting that a DA and/or a ACh pat-
hway is involved in this stimulation.

Neurotensin and substance P effects on
GH release were also reported by Rivier
et al. (28) in urethane anesthetized normal
and estrogen-progesterone pretreated male
rats. Neurotensin (10 pg) and substance P
(20 pg) i.v. significantly increased GH se-
cretion, an effect which was blocked by di-
phenhydramine Furthermore, Vijayan and
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McCann (31) reported that 0.5 pg and
5 pg/rat substance P and neurotensin in-
jected intraventricularly in conscious, ovari-
ectomized rats elevated GH plasma levels,
whereas their systemic administration was
without any effect. In conscious, normal
rats we were also unable to stimulate GH
secretion with 5 pg substance P whereas a
significant PRL release was recorded in
the same animals. Finally, Maeda and Fro-
hman (32) have shown that the intraven-
tricular administration of 2 and 5 pg neu-
rotensin inhibits and 30 pg/kg administe-
red i.v. stimulates GH release.

In vitro incubation of hypothalamic frag-
ments from male rats in the presence of neu-
rotensin 10-’M resulted in an increase in
somatostatin release which could explain
the GH release inhibiting effect of neuro-
tensin administrated intraventricularly. The-
se contradictory data suggest that indeed
neurotensin administrated intraventricularly
increases somatostatin release and conse-
quently depresses GH secretion, whereas
neurotensin administered i.v. has GH re-
leasing effects, possibly via histamine pat-
hways.

The central inhibiting effects of subs-
tance P have been reported by Chihara et
tl., (30) who showed that antisubstance P
in urethaneanesthetized male rats did not
influence GH secretion, whereas the injec-
tion of substance P 10-°M into the lateral
ventricle suppressed serum GH levels in
normal serum and antisubstance P-treated
rats. This suppressant effect of substance P
was not obtained in animals pretreated with
serum anti-somatostatin. These results led
Chihara et al. (30) to suggest that subs-
tance P may stimulate hypothalamic soma-
tostatin release, thereby decreasing GH se-
cretion. On the other hand, the same group
reported that substance P potentiated the
GH and PRL releasing effects of (3-endor-
phin and morphine, data which support the
complex modulatory action of neuropepti-
des.

However, the GH releasing effects of
substance P and neurotensin administered
i.v. cannot be attributed to a direct effect
of these peptides at the pituitary level be-
cause a lack of effect in monolayer culture
of isolated anterior pituitary cells has been
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reported for both (28).

The stimulating effects of bombesin on
GH secretion have been reported by Rivier
et al. (27). The i.v. administration of 0.1
pg and the intracisternal injection of 1 pg
bombesin stimulates GH release, and nalo-
xone and somatostatin reverse this GH-re-
leasing activity. The lack of an effect in vi-
tro on the pituitary, however, suggests that
bombesin cannot account for a hypothala-
mic releasing hormone. It represents howe-
ver the most activite peptide so far repor-
ted, capable of stimulating PRL and GH
secretion via possibly central opioid recep-
tors. One may also wonder whether or not
bombesin acts at the hypothalamic levels li-
ke neurotensin and possibly substance P,
by reducing the amount of somatostatin re-
leased in the portal blood and consequen-
tly increasing GH secretion.

GH releasing effects of opioid peptides
in vivo have been also reported. Labrie et
al. (17) were the first to show that like
morphine 1000 pg methionine-enkephalin
and 2 pg (B-endorphin stimulated GH re-
lease in conscious rats, the PRL releasing
effect of natural opioids being more sensi-
tive.

When (D-Ala?) methhionine-enkephalin
was used the stimulation of GH release was
obtained with 150 pg i.v. showing that the
synthetic enkephalins are more potent that
methionine-enkephalin itself. Indeed, using
the long-acting enkephalin analog, FK
33-824, GH-releasing effects were obtained
with doses of 0.1 and lmg/kg (20-200
pg/rat) injected i.v. in conscious rats (Fig.
3 and 4). The effect of B-endorphin and
enkephalins on GH secretion could be blo-
cked by pretreatment with naloxone and
by the blocker of cholinergic muscarinic
receptors atropine (17, 59). These data su-
ggest that central opiate receptors and cho-
linergic pathways are involved in the GH-
releasing effects of opioid peptides. On the
other hand, we found that pretreatment
with bromocriptine potentiated the effect
of FK 33-824 on GH secretion (Fig. 4),
indicating that, unlike PRL, the GH-re-
leasing effect of opioids cannot be ex-
plained by decreased DA turnover in the
ME. Moreover, the fact that the pretreat-
ment with antisomatostatin serum increa-
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sed GH released by morphine in anestheti-
zed rats (17) strongly suggests that opioids
act not by inhibition of somatostatin se-
cretion but by an increased release of hy-
pothalamic GH-releasing material.

In humans, only somatostatin and opioid
peptides have been investigated and their
GH-releasing effects reported (42, 43).

In conclusion, to date no PRF and PIF
hormones have been isolated and characte-
rized in hypothalamic extracts. Instead
compelling evidence has been accumulated
supporting the hypothesis that DA is the
PIF or a PIF. Indeed, the fact that DA
lowers the PRL secretion in vive and in
vitro, that tuberoinfundibular nerve termi-
nals end on portal capillaries, that variation
of DA concentrations in the portal blood
have been found to be correlated with phy-
siological events and druginduced changes
of PRL secretion and, also that DA recep-
tors have been found at the lactotroph cell-
levels, support the physiological role of DA
as PIF (see rev. 60).

On the other hand, we suggest that so-
me neuropeptides which have been found
in the hypothalamus and been shown to
have PRL-releasing effects may account
for the PRF activity of hipothalamic ex-
tracts. Evidence is accumulating that TRH,
VIP and opioid peptides have receptors at
the pituitary levels and are released in the
portal blood, suggesting that they are phy-
siologically involved in the stimulation of
PRL release. In conclusion, the PRF ac-
tivity can be completed by different pep-
tides released from the hypothalamus into
the portal blood, neuropeptides which sti-
mulate PRL secretion either by acting on

their own receptors (e.g. VIP, TRH) or by
changing the sensitivity or the number of
DA  receptors (e.g. the opioid peptides).
The other neuropeptides which have no di-
rect effect at the pituitary levels (neuroten-
sin, substance P, gastrin, bombesin, CCK?),
might act by changing DA turnover within
the median eminence.

The GIF has been isolated, characteri-
zed and its physiological role acknowled-
ged. On the other hand, the GH-RH has
not been yet isolated and, furthermore, all
ncuropeptides with GH-releasing activity in
rats have no direct effect at the pituitary
level and, consequently, cannot account for

the GH-RH.

From the neuropeptides with GH relea-
sing effects investigated so far, neuroten-
sin acts by reducing somatostatin release.
Substance P and bombesin might have a
similar mechanism of action whereas opioid
peptides probably act by stimulating the
release of a GH-RH. The screening studies
reported so far, using mainly pharmacolo-
gical doses of neuropeptides, have opened a
new field of research. However, the studies
to come should, using other approaches,
better define the physiological role of neu-
ropeptides. Changes in the turnover of hy-
pothalamic neuropeptides and neurotrans-
mitters, modulation of hypothalamic and
pituitary receptor sensitivity as well as
changes in the output flow of DA, soma-
tostatin, VIP, TRH and possibly other
neurotransmitters in relation with physio-
logical stimuli (i.e., sleep, stress, suckling)
would probably better define the role of
neuropeptides in the control of pituitary
secretion.

SUMMARY

Increasing evidence supports the role of
neuropeptides in modulating PRL and GH
secretion. In the recent years, it has been
shown that endorphins and enkephalins,
substance P and neurotensin bombesin, VIP,
oxytocin and vasopressin could modulate
GH and/or PRL secretion in rats.

As the effects of some neuropeptides are
opposite after their intraventricular and

Vol. 14, — Numbers 2-3-4. — 1980

i.v. application, a review of these aspects
is given and their possible physiologic
and/or pharmacologic effects is discussed.

Finally results obteined in humans are
presented confirming the stimulatory effect
of enkephalins on the PRL and GH secre-
tion and showing the lack of effect of va-
sopressin and oxytocin on PRL and GH
secretion in man.
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RESUMEN

Pruebas siempre mas numerosas, subra-
yan el papel que desempenan los neuro-
péptidos en la regulacion de la secrecion
de PRL y GH.

En el curso de los ultimos anos, ha si-
do demostrado que la secrecion de GH y/o
de PRL en la rata es modificada por
las endorfinas y las encefalinas, la substan-
cia P, la neurotensina, la bombesina, la
ocitocina y la vasopresina.

Teniendo en cuenta que ciertos neuro-
péptidos tienen efectos diferentes después

de su aplicacién intraventricular e intrave-
nosa estos aspectos son considerados y una
delimitacion de sus eventuales efectos fisio-
l6gicos y/o farmacolégicos ha sido realiza-
da.

En el hombre los estudios han conforma-
do la accion estimulante de las encefalinas
sobre la secrecion de PRL y de GH, mien-
tras que la vasopresina, la ocitocina y la
caleitomina se han mostrado sin efectos so-
bre la secrecion de PRL y de GH en el

hombre.

RESUME

Des preuves toujours plus nombreuses,
soulignent le réle que jouent les neuropep-
tides dans la régulation de la sécrétion de
PRL et de GH. Au cours des dernieres an-
nées, il a été démontré que la sécretion
de GH et/ou de PRL chez le rat est modi-
fiéce par les endorphines et les enképhali-
nes, la substance P, la neurotensine, la
bombésine, I'ocytocine et la vasopressine.

Etant donné que certains neuropeptides
ont des effets différents apres leur applica-

tion intraventriculaire et intraveineuse, ces
aspects sont revus et une délimitation de
leurs éventuels effets physiologiques et/ou
pharmacologique est faite.

Enfin, chez I'’homme, les études ont con-
firmés 'action stimulante des enképhalines
sur la séeretion de PRL et de GH. Tandis
que la vasopressine, l'ocytocine et la calei-
tenine sont montrés sans effets sur la sé-

ceretion de PRL et de GH chez ’homme.

ZUSAMMENFASSUNG

Immer mehr Anhaltspunkte deuten da-
rauf hin, dass Neuropeptide eine Modula-
tion der PRL— und GH— Sekretion be-
wirken konnen. In den letzten Jahren wur-
de nachgewiesen, dass Endorphine und En-
kephaline, die Substanz P und Neurotensin,
Bombesin, VIP, Oxytocin und Vasopressin
die GH— und/oder PRL-Sekretion an Ra-
tten modulieren konnen.

Da einige Neuropeptide nach intraven-
trikuldrer und i.v. Applikation eine gegen-
satzliche Wirkung zeitigen, werden wir

zunachst diese Aspekte kurz beleuchten
und versuchen, deren mogliche physiolo-
gische und/oder pharmakologische Aus-
wirkungen zu skizzieren.

Abschliessend werden am Menschen ge-
wonnene Daten vorgelegt, die den stimulie-
renden Effekt von Enkephalinen auf die
PRL— und GH-—Sekretion bestitigen und
das Fehlen einer Wirkung von Vasopre-
ssin, Oxytocin und Calcitonin auf die
PRL— und GH—Sekretion am Menschen

beweisen.
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At present there is ample anatomical,
biochemical and physiological evidence to
implicate the degeneration of a y—amino-
butyric acid (GABA) striatonigral pathway
as being central to the pathophysiology of
Huntington’s disease.”

This GABA ergic pathway exerts an in-
hibitory influence on the firing of the ni-
grostriatal’ pathway, and its loss accounts
for a hyperactivity in this system, which
then leads to the clinically observed ‘hy-
perdopaminergic’ behavior as characterized
by choreiform movements. Although GABA
is the inhibitory transmitter found in the
striatonigral loop, it is believed that sub-
stance P may mediate a facilitatory effect
in this system. Substance P is highly con-
centrated in the striatum and substantia ni-
gra ®, and hemi-transection rostral, to the
nigra results in substance P depletion, thus
supporting that it is stored in striatonigral
neurons'.  Moreover, Microiontophoretic
application of substance P to the substan-
tia nigra results in increased nerve firing'”.

It may well be that the pathophysiology
associated with Huntington’s disease may
not necessarily be associated with the loss
of GABA’s inhibitory effect on the subs-
tantia nigra, but may rather reflect a re-
lative substance P over-activity. To date,
only few investigations have looked at ihe
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potential role of substante P in Hunting-
lon’s disease and, moreover, few pharma-
cological studies have looked at the role of
substance P in the extrapyramidal system.
We thus propose to study what pharmaco-
logical role, if any, does substance P play
in the striatum, and whether substance P
can be responsible for the development of
the choreiform movements seen in Hun-
tington’s disease.

METHODS

Albino male Sprague-Dawley rats (200-
250 g) were used in all studies and housed
in environmentally controlled quarters.

Animals were cannulated with stainless
steel cannulae, 0.8 mm in diameter, and
fitted with an indwelling obturator exten-
ding 1 mm beyond the inner end of the
annula. Animals were anesthetized with
pentobarbital (40 mg/kg, i.p.) and placed
into a David Kopf stereotaxic apparatus.
Bilateral cannulae were stereotaxically posi-
tioned to a point corresponding to the zo-
na reticulata of the substantia nigra accor-
ding to the coordinates of Pelligrino and
Custiman (—3.0 mm anterior, 1.9 mm la-
teral, and 8.9 mm ventral)®.

The cannulae were fixed into place with
dental acrylic cement after jeweler’s screws
were placed into the skull immediately an-
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terior and posterior to the cannulae. To
check cannulae placement, animals were
sacrificed by cervical dislocation, and the
brains fixed in 10% formalin and then
cut into 50 pm slices on a cryostat and im-
bedded in paraffin. Data was wused only
from those animals where there was verifi-
cation that the cannulae were in the zona

INTERNATIONAL JOURNAL OF NEUROLOGY

reticulata.

All solutions for intracerebral injection
were at pH 7.4 and were dissolved in arti-
ficial cerebrospinal fluid and infused at a
rate of 0.5 pl/min. The total volume of
intracerebral injection was 1 pl. Animals
were placed into wire mesh cages after the
intracerebral injections and observed by

STEREOTYPY SCORE
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Figure 1. — Effect of seven day bilatera]l intranigral substance P on stereotyped
behavior. Substance P (100 ng) bilateral intranigral administration.
** *Bilateral intranigral administration of vehicle. On each day, animals re-
ceived d-amphetamine (1 mg/kg, i.p.) five minutes after intracerebral injections
and were then rated for stereotypy during the subsequent one hour. Stereo-

typy scoring sysem : O — no stereotyped behavior; 1 — increased exploratory
behavior, groommg 2 — discontinuous stereotyped head-bobbing and sniffing;
3 — continuous stereotyped sniffiag, discontinuous stereolyped head-bibbing;
4 — continuous sereoyped sniffing and head-bobbing, remains in one location
for less than five minutes; 5 — continuous stereotyped sniffing and head-bobbing,
remains in one location for over five minutes. *p<0. 05,

* * <D 01,
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two blind independent observers using a ra-
ting scale for stereotypy and a checklist for
general motor activity?, Observations were
made for a minimum of one hour follo-
wing every pharmacologic treatment.
Agents used in pharmacologic tests were
dissolved in saline and administered intra-
peritoneally in a volume of 0.1 ml/100 g.
Statistical analysis was by the Student’s
L-test.

RESULTS

In our studies, we used 100 ng of sub-
stance P to induce rotation, and in all ca-
ses animals received an intranigral injec-
tion of the vehicle on the side opposite to
that receiving substance P. Animals assu-
med a nose to tail position pointing contra-
lateral to the side of substance P injection.

5—

Animals then began to rotate in tight ecir-
cles, at a rate of three to four turns/min
in a direction contralateral to the side of
substance P administration. This rotational
behavior ceased after approximately fifteen
minutes, at which time the animal assumed
a contralateral body assymetry for the sub-
sequent 30 min. In pharmacological stu-
dies we found that the dopamine blocking
agent haloperidol (0.25 mg/kg) abolished
substance P elicited rotation.

Animals receiving bilateral nigral admi-
nistration of substance P (100 ng) exhibi-
ted stereotyped behavior, consisting of sni-
ffing and grooming. Animals were also ob-
served to have yawning and bruxism as
well as ‘wet-dog shakes,” a behavior most
commonly associated with narcotic withdra-
included a doubling of total food intake.

x 2
q —
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SALINE HALO CLOZA THIO ARECO CHOLINE  TRIHEXY
PERIDOL PINE RIDAZINE LINE PHENIDYL
Figure 2. — Effects of various pretreatments on :tereotypy induced by d-amphe-
tamine (1 mg/kg, i.p.) in animals pretreated seven days with bilateral intrani-
gral substance P (100 ng). Dosages of acute pharmacologic pretreatments are
found in the text. Animals were observed for stereotyped behavior over a one
hour period. The rating scale for stereotypy is found in the legend for Figure 1.
‘ *p<0. 05.
**p<0. 0L
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wal in animals. Other unusual behaviors
included a doubling of total food intake,
and involuntary beating movements of the
forepaws which appeared to be ‘choreic-li-
ke’. Also noted were head and neck iics.

When animals were pretreated with apo-
morphine (0.5 mg/kg),there was an atte-
nuation of substance P -induced behavior,
animals showing only increased exploratory
behavior, with all stereotypies abolished. In
contrast, pretreatment with d-amphetamine
(2 mg/kg) in a dose which does not pro-
duce stereotypy, evoked intense stereotyped
sniffing and head-bobbing in animals rece-
iving substance P. Moreover, as shown in
Figure 1, when d-amphetamine was admi-
nistered to animals receiving intranigral sa-
line or substance P, there was a reverse
tolerance phenomenon to d-amphetamine’s
behavioral effects in substance P pretrea-
ted animals. Thus, over a one week period,
substance P administration sensitized ani-
mals to the hehavmral actions of substan-

ce P.

In pharmacological experiments, animals
had all been pretreated with the drug com-
bination of d-amphetamine (1 mg/kg) and
substance P (100 ng, intranigral) over a
one week period, at which time stereotypy
scores were stabilized. Acute pretreatment
with haloperidol (0.25 mg/kg) abolished
all stereotypy. Similarly, two less potent
ncuroleptics, clozapine (10 mg/kg) or thi-
oridazine (20 mg/kg), significantly antago-
nized stereotyped behavior (Figure 2). The
cholinergic agonists arecoline (0.5 mg/kg)
and choline (75 mg/kg) both significantly
antagonized stereotypy, whereas the choli-
nergic blocking agent trihexyphenidyl (50
mg/kg) potentiated stereotypy.

DISCUSSION

Our results show that the wunilateral
application of substance P results in con-
tralateral rotation, consistent with the data
of others (7). This indicates that substan-
ce P activated nigrostriatal dopaminergic
transmission. In support of this view, it has
been demonstrated that intranigral substan-
ce P significantly increases levels of stria-
tal homovanillic acid, a dopamine metabo-
lite, only on the side ipsilateral to the in-
jeetion'”. We also found that the neurolep-
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tic haloperidol abolished all rotatory beha-
vior, even when administered in a noncata-
leptic dose.

Our results with the bilateral actions of
substance P were most intriguing. We
found that substance P itself was capable
of producing stereotypy, and that this be-
havior was potentiated by d-amphetamine
and antagonized by apomorphine, thus pa-
ralleling the clinical evidence on Hunting-
ton’s disease and the kainic acid animal
model for this disease®. Furthermore, we
found that repeated administration of sub-
stance P produces a sensitization to the be-
havioral effects of d-amphetamine. It is di-
[ficult to reconcile an apparent sensitiza-
tion of dopamine receptors as witnessed by
the increased response to d-amphetamine,
with the decreased response to apomorphi-
ne, and, as yet no one answer fully expla-
ins this phenomenon’, %, 11,

In investigating the pharmacology of sub-
stance P and d-amphetamine elicited ste-
reotypy, we found that haloperidol antago-
nizes stereotypy. Moreover, cholinergic ago-
nists such as choline and arecoline antago-
nize stereotypy, whereas trihexyphenidyl po-
tentiates this behavior, thus implicating
substance P administration as affecting the
striatal cholinergic-dopamine axis.

We have thus demonstrated that substan-
ce P appears to play a pharmacological ro-
le in the extrapyramidal system, and that
substance P administration results in a sen-
sitization to dopamine’s actions on motor
activity, which resemble those found in
Huntington’s disease. Is there any reason
to belive, however, that substance P overac-
tivity is involved in the pathophysiology of
Huntington’s disease? We believe so, becau-
se although the concentration of substance
P is decreased in Huntington’s disease®.
there is an even greater decrease in GABA
levels, thus resulting in a relative prepon-
derance of substance P, which as we have
shown affects the activity of brain dopa-
mine in a manner consistent with the eli-
nically observed motor disturbances in hun-
tingtonian patients.

Furthermore, drugs with variable thera-
peutic efficacy in man, such as haloperidol,
apomorphine, and choline antagonize the
actions of substance P. It is therefore rea-
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sonable to expect that agents with more
specific actions on substance P systems may
provide more powerful drugs in treating
Huntington’s disease.
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SUMMARY

The bilateral intranigral administration
of substance P to rats produces stereotyped
behavior. This daily pretreatment leads to
a dopaminergic behavioral sensitization res-
ponse which is potentiated by d-amphetami-
ne and antagonized by apomorphine. Fur-
thermore, neuroleptic dopamine blockers

and cholinomimetics decrease stereotypy,
RESU
La administracion bilateral de la sus-

tancia P a la sustancia nigra de las ratas
produce una conduccion esterestipada. Este
tratamiento conduce a una exaltacion de la
conducta dopaminérgica, mientras que la
anfetamina produce un aumento marcado,
y la apomorfina produce una reduccion de
la respuesta a la sustancia P. También
los neurolépticos que bloquean los recepto-
res de la dopamina y los colinomiméticos

whereas anticholinergics increase stereoty-
ped behavior.

These responses mimic the pharmacology
of Huntington’s disease and suggests that
substance P may contribute to the clinica-
lly observed hyperdopaminergic behavior in
this illness.

MEN

producen una inhibicion de la conducta es-
tereotipada, mientras que los anticolinérgi-
cos producen un aumento de la conducta
estereotipada. Estas respuestas son como la
farmacologia de la enfermedad de Hunting-
ton y estos estudios indican que la substan-
cia P desempefia un papel importante en
la patogenia de los desordenes motores
desquinéticos e hiperdopaminérgicos.

RESUME

L’administration bilaterale de la substan-
ce P aux substance nigra des rats produit
une conduite stéréotypique. Ce traitement
produit un exaltation de la conduite dopa-
minergique, tandis I'anfetamine produit une
augmentation marqueé, et l’apomorphine
produit une reduction de la résponse a la
substance P. Aussi, les neuroleptiques qui
blocantes des récepteurs de la dopamine, et
les cholinomimetiques produit une inhibi-

tion de la conduite stéréotypique, tandis les
anticholinergiques produit une augmenta-
tion de la conduite stéréotypique. Ces rés-
ponses sont comme la pharmacologie de la
maladie de Huntington, et ces études indi-
quent que la substance P jouet un réle im-
portant dans la pathogénie de les disordres
moteurs diskinétiques et hyperdopaminergi-
que.

ZUSAMMENFASSUNG

Die beiseitige Verordnung der Substance
P in Ratten erzeugt stereotypische Bene-
hmungen. Die taegliche Behandlung fuehrt
zu einer dopaminartigen sensitiziehrenden
Ausartung. Diese Ausartung ist vom d-Am-
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phetamine verstaerkt und vom Apomorphi-
ne entgegnet. Weiter kann man sagen dass
ncuroleptic dopamine Blocker und coliner-
gische Mimiker die stereotypung verrin-
gern, ober gegen-cholinergische Medika-
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mente erhohen das stereotypische Betragen.
Diese Resultate nachahmen die Pharmaco-
logie der Erkrankung des Huntington und

1.

0.
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geben zu verstehen dass die Substance P
zu der clinischen sehbaren hyperdopamine
Benehmung in dieser Krankheit beifraegt.
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It is extremely likely that enkephalins
(ENKs) play a neurotransmitter role in
the CNS and therefore, that efficient and
possibly specific inactivation system turn
off the signal these peptides represent. In-
deed, following their intraventricular ad-
ministration H-ENKs were shown to have
a half-life of less than 1 min. in rat (28)
as well as in mouse (J.P. Swerts and R.
Perdrisot, unpublished observation).

Initial studies on the mode of breakdown
of ENKs by brain tissues were conducted in
various laboratories either with whole ho-
mogenates or soluble fractions, and have
led to converging results: the first step
consists in the cleavage of the Tyr-Gly
bond, as demonstrated by the identifica-
tion of Tyr as the firstly released amino-
acid (13, 18, 19, 23, 24, 27, 28, 42) to-
gether with the tetrapeptide Gly-Gly-Phe-
Met (19). That aminopeptidases are pla-
yipg an important role in the inactivation
of exogenous ENKs is consistent with the
observation that replacement of Gly, by D.
Ala, leads to analogs possessing an enhan-
ced duration of action (31). However, a
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varietly of enzymes are involved in the
ENKhydrolysing activity of rat brain ex-
tracts, asalready suggested by the hetero-
geneous pattern of inhibition by several
agents when assessed in various subcellular
fractions (24).

CHARACTERISATION AND PROPERTIES
OF ENKEPHALINASE ACTIVITY

Enkephalinase activity was initially cha-
racterised as a highaffinity component of
the total ENK-hydrolysing activity of stria-
tal membranes, responsible for the cleava-
ge of the Gly-Phe bond of these pentapep-
tides (25).

However, because this component repre-
sented less than 20% of the total ENK-hy-
drolysing activity in striatal membranes,
even at low substrate concentration its pro-
perties could not be well investigated due
to a high “background” of aminopeptida-
se activity i.e. Tyr-releasing enzyme activi-
ty. The observation that puromycin is a po-
tent inhibitor of aminopeptidase activity
(4, 23, 43) but does not affect the Tyr-
Gly-Gly-releasing enzyme activity (26) pro-
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vided a useful tool for such investigations.
In a complementary way, the tetrapeptide
Gly-Gly-Phe-Met inhibits almost complete-
ly at 0.1 mM the “enkephalinase™ activity
(Table 1). Thus two assays for “enkepha-
linase™ activity could be developed. In both
cases incubations are performed in the pre-
sence of puromycin and with low *H-Leu-
ENK' concentrations, and followed by ei-
ther the selective estimation of *H-Tyr-Gly-
Gly by thin-layer chromatography (26) or
the evaluation of total *H-metabolites sepa-
rated from unchanged *H-Leu-ENK on Po-
rapak columns (43). In the latter case the
hydrolysing activity not due to enkephali-
nase is estimated by a separate incubation
in the presence of 0.1mM Gly-Gly-Phe-Met
and this “*blank™ representing approximate-
ly 20% is subtracted. Results obtained
with the two methods show excellent agre-
ement.

INTERNATIONAL JOURNAL OF NEUROLOGY

Enkephalin dipeptidyl carboxypeptidase
or “enkephalinase” activity is defined as
the peptidase activity from brain tissues
able to release the C-terminal dipeptide
from ENKs in low concentrations. Howe-
ver a well-defined membrane-bound enzy-
me, peptidyl dipeptide hydrolase (EC 3.4.
15.1), i.e. angiotensin-converting enzyme
(A.C.E.) has a broad substrate specificity
and releases the C-terminal dipeptide not
only from angiotensin I but also from a
variety of other peptides (14). The possi-
bility that “enkephalinase” is identical with
A.C.E. has to be raised because this enzy-
me purified to homogeneity released the
characteristic tripeptide Tyr-Gly-Gly from
Met-ENK or Leu-ENK and this hydrolysis
is completely blocked by 10-°M of SQ
14,225 (Captopril, 2-D-Methyl-3-mercapto-
propanoyl-L-proline) a potent inhibitor of
this enzyme (15).

TABLE |
DIFFERENTIAL INHIBITION OF ENKEPHALIN-HYDROLYSING ENZYME ACTIVITIES

FROM STRIATAL MEMBRANE BY VARIOUS COMPOUNDS

Inhibition by
Puromycin SQ 14,225 Gly-Gly-Phe-Met
(0.1 mM) (1 pM) (0.1 mM)
Aminopeptidase 90% 0 30%
Enkephalinase 0 0 90%
A.C.E. 0 100% 0

Aminopeptidase and "enkephalinase” activities evaluated by estimation of the initial
rate of 3H-Tyr and 3H-Tyr-Gly-Gly formation from 10nM 3H-Leu-ENK (thin-layer chroma-

tography). A.C.E. activity represents the
Hip-His-Leu.

Nevertheless the use of compound SQ
14,225 allows to clearly distinguish between
the release of *H-Tyr-Gly-Gly elicited by
“enkephalinase” and A.C.E., respectively:
in the presence of 10-°M of this potent
A.C.E. inhibitor (Ki around 10-*M), *H-
Tyr-Gly-Gly formation from concentrations
of *H-Leu-ENK below 10-°M is not affec-
ted whereas at higher substrate concentra-
tions, *H-Tyr-Gly-Gly formation is dimini-
shed in a progressively higher proportion.
These data indicate that the Km of *H-Leu-
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initial rate of His-Leu formation from 1mM

ENK for “enkephalinase™ is 27 + 3 pM
whereas for A.C.E. it is around ImM i.e. a
100-fold difference. The latter value is in
agreement with the Ki value of ENKs for
A.CE., also in the mM range, when eva-
luated from the inhibition of Hip-His-Leu
hydrolysis by the ame striatal membrane
preparation (40). In addition, Benuck and
Marks (6) have recently reported that the
Km of Met-ENK for A.C.E. purified from
rabbit brain is about 0.ImM. Similarly,
large differences in the affinities of the
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two potents A.C.E. inhibitors SQ 14,225
and SQ 20,881 (by 2-3 order of magnitu-
de) can be noted regarding A.C.E. and “‘en-
kephalinase”, respectively (40). Hence,
these data show unambiguously that A.C.E.
activity does not participate in *H-Tyr-Gly-
Gly formation under the conditions of our
assays i.e. when concentrations of the sub-
strate, *H-Leu-ENK, are kept below 100nM.
A.CE. is a chloride-activated enzyme,
strongly inhibited by chelating agents which
probably act by forming a complex with
the Zn atom present in the active site of
this glycoprotein (14). The exact catalytic
mechanism of A.C.E. is not known but by
analogy with that of carboxypeptidase A
which has been elucidated following the
complete determination of its structure
(33), this Zn atom probably plays a key-
role in the cleavage of the peptide bond of
substrates (12). The strong inhibition of
“enkephalinase™ activity by EDTA and
o-phenantroline as well as its restoration by
addition of Zn *+ (39) suggest that it is
a metalloenzyme and that its catalytic me-
chanism might be similar to that of carbo-
xypeptidase A or A.C.E. On the other hand
no activation of the enzyme by Cl- occurs
as reported for A.C.E. but it hould be no-
ted that for the latter, the extent of the
effect varies with the substrate (14).

INHIBITORY POTENCY OF VARIOUS
PEPTIDES ON “ENKEPHALINASE”
ACTIVITY

The specificity of peptidases can be indi-
rectly evaluated, as long as these enzymes
are not purified, by assessing the inhibitory
potency of various peptides. Using this
approach it was originally concluded that
“enkephalinase’” has a very restricted sub-
strate specificity (25). But this conclusion
was reached by analysis of biphasic satura-
tion curves, an assay of low accuracy
which, in addition, did not allow to deter-
mine the inhibitory potency of several pep-
tides due to interference of the high ami-
nopeptidase activity in the membrane pre-
paration.

We have reinvestigated this problem
using incubations in the presence of puro-
mycin. It can first be noted that under such
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conditions a much lower Km value is found
for Leu-ENK than previously reported (40)
whereas the IC;, for Met-ENK is in the
same range (Table 2).

In addition, it appears that “enkephali-
nase’”’ does not exhibit an extremely strin-
gent specificity towards a variety of pepti-
des. This is evidenced by the IC;, in the
micromolar range, like that of Met-ENK,
of various peptides structurally unrelated

to the ENK molecule (16).

This is the case for relatively large pep-
tides like insulin, as well as for oligopep-
t‘des (angiotensin I, Gly-Gly-Phe-Met) or
even dipeptides like Tyr-Gly. On the other
hand a variety of other peptides, including
B-endorphin, do not appear to be recogni-
zed by the enzyme.

This relatively broad specificity of “en-
kephalinase” may suggest that the entire
molecule is not necessarily recognized by
the enzyme. However the determination of
inhibitory potencies of ENK analogues
throws more light on this matter. The in-
version of the configuration of the amino-
acids either in position 3 (D.Alaz-Met-ENK)
or position 4 (D.Phe,-Met-ENK) strongly
reduces the inhibitory potency. Interestin-
gly, although the effects is less marked
when the inversion affects the aminoacid
in position 2, it is still noticeable as shown
by the significantly reduced potency of
D.Ala,-Met-ENK as compared to Met-ENK
(Table 2).

The importance of a free carboxyle group
is nicely shown by the reduced potency
when this group is esterified and even mo-
re when amidified, suggesting its interac-
tion with the active site of enkephalinase.
Assuming for this dipeptidyl carboxypep-
tidase a catalytic mechanism analogous to
that of carboxypeptidase A (33), this fea-
ture could be expected. A similar assump-
tion could explain the low potency of Tyr-
Arg and Tyr-Lys as compared to Tyr-Gly
(16): in carboxypeptidase A the free car-
boxyle group of the substrate interacts with
the Arg 145 residue, an effect which is
conceivably inhibited when the C-terminal
aminoacid of the substrate is of basic na-
ture. The low potency of Tyr-L-Arg and
Tyr-D-Arg (IC5, > 100uM) excludes that

inhibition of “enkephalinase” accounts for

— 197



their analgesic activity (41). On the other
hand the good inhibitory potency of dipep-
tides like Tyr-Gly (IC5) = 1.6 + 0.9uM)
might explain that a mixture of dipeptides

INTERNATIONAL

JOURNAL OF NEUROLOGY
could protect endogenous ENKs released

from depolarised brain slices by inhibiting
“enkephalinae™ (21).

TABLE 11

INHIBITORY POTENCY OF VARIOUS ENKEPHALIN ANALOGS ON
"ENKEPHALINASE" ACTIVITY FROM MOUSE STRIATUM

Compounds
Tyr- Gly - Gly - Phe -Leu OH (Leu-ENK)
Tyr- Gly - Gly - Phe -Met OH (Met-ENK)
Tyr- Gly - Gly - Phe -Met OCH,
Tyr- Gly - Gly - Phe -Met NH,
Tyr-D.Ala- Gly - Phe -Met OH
Tyr-D.Ala- Gly - Phe -Met NH,

Tyr-L.Ala- Gly - Phe -Met OH
Tyr- Gly -L.Ala- Phe -Met OH
Tyr- Gly -D.Ala- Phe -Met OH
Tyr- Gly - Gly -D.Phe-Met OH
Tyr- Gly - Gly -MePhe-Met OH
Tyr-D.Met- Gly - Phe -Pro NH,
Tyr-D.Ala- Gly - MePhe-Met(0)-01

FK.33-824

IC, (11M)

110 2= 1.0
0.5
1.6
15
0.7
8.0
0.5
0.4
9.0
2.0
8.0
90
90

1.4
8.3
40.0
3.8
65.0
2.3
14
32.0
11.0
440
310.0
420.0

H & &+ E & B H B B HF K

+

Enzyme activity determined as described in Table 2 in the presence of increasing con-
centrations of the various peptides. IC,, determined by iterative compute analysis,

based on the least squares estimates.

The loss of potency in Tyr-Gly-Gly-Me
Phe-Met could be due either to a steric
hindrance by the methyl group in the vi-
cinity of the amide bond to be cleaved or
to the loss of an eventual hydrogen-bonded
interaction with the enzyme at this level.

Taken together, these features may ac-
count for the increased biological activity
(not explained by a higher affinity for re-
ccptors or resistance to aminopeptidase ac-
tivity) in ENK analogues combining va-
rious modifications resulting in a lesser re-
cognition by “enkephalinase”. This is the
cese of Tyr-D-Met-Gly-Phe-Pro-NH, (3) a
compound 20-times more active as an anal-
gesic than Met-ENK and even more for
FK 33-824 which is 250 times more potent
(34). In connection with this, it is intere-
sting to observe that the inhibition of ami-
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nopeptidase activity by replacement of Gly*
by D.Ala? in ENKs leads to a three-time
increase of the analgesic activity whereas
the protection from enkephalinase activity
by methylation of the Gly-Phe peptide bond
roduces a twelve time-enhancement of po-
tency (35).

REGIONAL DISTRIBUTION AND
LESION STUDIES

An important although indirect approach
to evaluate the possible physiological sig-
nificance of the various ENK-hydrolysing
enzymes consists in determining whether
their localisation, asssessed by regional dis-
tribution and lesion studies, are consistent
with a presence within post-synaptic struc-
tures of putative enkephalinergic synapses.

The distribution of “enkephalinase”
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shows a large variation between regions of
mouse brain (26) the extreme values being
found in cerebellum and striatum which
differ by a factor of 3. This distribution
parallels rather closely that of opiate recep-
tors, as indicated by the correlation coeffi-
cient between the two sets of values
(r = 0.96). Recently Sullivan et al. (38)
have also determined the regional distribu-
tion of “enkephalinase” in rat brain and
their data confirm that it parallels that of
opiate receptors, although the enzyme acti-
vity they report is markedly lower than
that we find under similar conditions.

In addition, opiate receptors appear to be
located on membranes of a restricted num-
ber of neurons, the identity of which is pro-
gressively unraveled, especially by lesion
studie (32). Following kainic acid injec-
tion into rat striatum a significant decre-
ase in opiate receptor binding as well as
“enkephalinase’ activity is observed sugges-
ting that both membrane components are
present on post-synaptic neurons (26). Fur-
thermore, lesioning specifically the nigro-
striatal dopaminergic neurons results in a
similar post-degenerative decrease in opiate
receptors and ‘“‘enkephalinase™ activity in
rat striatum (26). This indicates that the
same class of neurconal cells i.e. dopaminer-
gic neurons possess these two membrane
components, a finding which is obviously
consistent with their possible location in
vicinity.

In contrats, the distribution of the other
enkephalin-hydrolysing enzymes does not
show any parallelism with that of opiate
receptors. Thus, the aminopeptidase activi-
ty is rather homogeneously distributed bet-
ween regions of mouse (26) and rat (6,
38) brain. On the other hand A.C.E. acti-
vity is distributed in a markedly heteroge-
neous manner between regions of rat brain
(44) and kainic acid lesion data suggest
its neuronal localisation (1, 37) like for
“enkephalinase”. However the distribution
of A.CE. differs markedly from that of
“enkephalinase” and therefore also of opi-
ate receptors. Recently Benuck and Marks
(6) have reported that the regional distri-
bution of Tyr-Gly-Gly forming enzyme was
strietly parallel to that of A.C.E. (evalua-
ted by measurement of Hip-His-Leu hydro-
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lysis) and concluded that the two enzymes
were identical. The discrepancy with our
data can, in part, be explained by the high
concentration of Leu-ENK used by these
authors which is likely to make significant
the contribution of A.C.E. in ENK-hydro-
lysing activity. However the reason for the
discrepancy in the A.C.E. distribution they
report and that found by Yang and Neff
(44), the latter confirmed by our data
(40) is unclear.

ONTOGENETIC DEVELOPMENT

The knowledge of neurochemical chan-
ges occuring during the maturation of the
CNS often helps to elucidate the functional
role eof cerebral constituents. Hence we ha-
ve recently compared (5) the post-natal
changes in the levels of several parameters
linked to the putative enkephalinergic
transmission. ek

As shown in Fig. 1, striatal levels (ex-
pressed per mg of protein) of Met-ENK ex-
hibit a 4-5 fold increase between birth and
adulthood; this increase is comparable both
in amplitude and time-course to the chan-
ges reported for several neurotransmitters
in this region, a finding which is therefo-
re compatible with the idea that ENKs are,
indeed, playing a similar role.

In agreement with previous studies (2.
8, 10) the density of opiate receptors in-
creases only about 2-fold during this pe-
riod. It is interesting to note that the den-
sity of other classes of striatal receptors
show a slightly more pronounced increase
during development (11, 29). Approxima-
tely 1/3 of opiate receptors in the adult
rat striatum are localised on dopaminergic
neurons (32), the density of which incre-
ases by about 6-fold during ontogenesis
(9). Taken together these data suggest
that dopaminergic neurons might contribu-
te predominantly in the post-natal increase
in opiate receptor density in striatum. Like
opiate receptors striatal “enkephalinase”
activity also increases approximately 2-fold
between birth and adulthood (Fig. 2) but
the pattern of development is clearly diffe-
rent: by 15-21 days “enkephalinase” acti-
vity expressed per mg of protein is signi-
ficantly higher than in adults whereas this
is not the case for opiate receptors binding.
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In fact it can be estimated that when
“enkephalinase™ activity is expressed per
total striatum, it has already reached the
adult level by 15 days. This feature pro-
bably reflects an early development of this
enzyme activity during brain maturation
and not a change in its properties because
its Km for Leu-ENK at 21 days is not sig-
nificantly different from that of adults. The

developmental pattern of the other ENK-
hydrolysing activities is distinct from that
of “enkephalinase”. The Tyr-releasing en-
zyme activity has the same value (per mg
of protein) in the newborn as in the adult
striatum (not shown) a feature which re-
flects a progressive increase paralleling that
of the weight of the structure.

In contrast A.C.E. activity increases
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approximately 6 - fold between birth adul-
thood but its developmental pattern is mar-
kedly different from that of “enkephalina-
se”: its delayed development is particular-
ly demonstrated by comparison of levels of
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the two enzyme activities in the 15-day old
animal (Fig. 2). This difference confirms
that the two activities reflect two distinet
enzyme species.

Vol. 14. — Numbers 2-3-4. — 1980



“"ENKEPHALINASE", A NEWLY CHARACTERISED DIPEPTIDYL...

EFFECT OF MORPHINE TREATMENTS

The physiological implication of “enke-
phalinase” in enkephalinergic transmission
can be indirectly assessed by evaluating the
changes in this enzyme activity following
a sustained stimulation of opiate receptors.

In mice implanted with morphine pe-
llets, “enkephalinase™ activity in striatum,
cortex or hypothalamus increases progres-
sively. This increase is maximal on the
first day following pellet removal and di-
sappears by the 2nd day. The increase pro-
bably results from an enhanced level of
enzyme because the kinetic properties of
“enkephalinase” are not modified.

Although these changes are not drama-
tic, the maximal increase being by 20-25%.
they are highly significant and seem rela-
tively specific since the other ENK-hydro-
lysing enzyme activities are not modified
under these conditions (36). On the other
hand, a single administration of morphine
hydrochloride (50 mg. kg') is not follo-
wed, 24h later, by any significant modifi-
cation in striatal “enkephalinase™ activity.

Obviously it is tempting to speculate
that this increase might reflect an homeos-
tatic adaptation of target-cells of enkepha-

linergic neurons to the chronic overstimu-
lation of opiate receptors. This would im-
ply that the same cells bear the opiate re-
ceptors and the “enkephalinase™, as lesion
studies suggest it. In the cholinergic sys-
tem in brain, homeostatic changes in res-
ponsiveness to cholinergic agents appear to
result from changes in acetylcholinesterase
activity (7) whereas the density of musca
rinic receptors does not appear to be mo-
dified under these circumstances. A para-
llel could be made with the development of
tolerance to and dependence on opioids
which does not involve a modified number
of receptors as evidenced by binding stu-
dies with synthetic opiates (20, 22, 30)
or *H-Leu-ENK (unpublished result) as Ii-
gands. Because the increase in “enkepha-
linase™ activity overlasts the morphine
treatment, is might be assumed that this
change results in an increased rate of ENK
inactivation and therefore contributes to
the craving for opiates.

Nevertheless it should be stressed that
opiates, especially when they are adminis-
tered in high dosage, affect a large variety
of neuronal systems and the change we ob-
serve might be interpreted in a less straig
htforward manner.

CONCLUSION

It appears that “enkephalinase” is as
yet an undescribed enzyme, present in
brain tissues and cleaving the Gly-Phe bond
of ENKs, as recently confirmed by the
identification of the dipeptide Phe-Met
among the hydrolysis products (45). Thus
this dipeptidyl carboxypeptidase is clearly
distinet from the well studied A.C.E. i..
peptidyl dipeptidase, also present in brain
but its low affinity for ENKs suggests that
it does not participate in the physiological
inactivation of the pentapeptides.

Several features suggest that such might
be the case. Firstly enkephalinase might be
strategically located to have this function
as is uggested by its regional distribution

paralleling that of opiate receptors and
ENK levels in rodent brain and by the
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effect of lesions. Secondly the substrate
specificity of “enkephalinase” seems to
account for the enhanced biological activi-
ty of the most potent ENK analogs, not
explained by modified recognitions by opia-
te receptors or other peptidases. Thirdly
the selective increase in ‘“‘enkephalinase”
activity following morphine treatments is
also suggestive of the involvement of the
enzyme in the long-term regulation of en-
kephalinergic transmission.

Other approaches are obviously needed
to assess definitively whether “enkephali-
nase” is the “acetylcholinesterase of ENKs”
but the important implications that inhibi-
tions of the enzyme would have in Neuro-
logy and Psychiatry, if this is the case, ma-
ke this aim particularly attractive.

— 201



INTERNATIONAL JOURNAL OF

NEUROLOGY

SUMMARY

Properties as well as possible synaptic
funetions of “enkephalinase™ a newly cha-
racterized dipeptidyl-carboxypeptidase is re-
ported. This enzyme releasing *H-Tyr-Gly-
Gly from *H-LeuEnkephalin (Leu-ENK)
differs from Angiotensin-Converting-Enzy-
me (A.C.E.), as seen by inhibition studies.
To further characterize this “enkephalina-
se” the inhibitory potency of various Enke-
phalin analogs was tested.

On another hand its physiological role
is suggested by the parallelism of its regio-
nal distribution as compared to that of

of opiate receptors. Such correlation was
not found concerning aminopeptidase(s)
which also degrade Leu-ENK. The differen-
ce between both Leu-ENK degrading acti-
tivities is further assessed through ontoge-
netic development. Finally “enkephalinase”
is increased during morphine treatment
raising the possibility that such an increa-
se represents an adaptation of the target-
cell to an overtimulation of opiate recep-
ters. Enkephalinase could thus be involved
in the turning off of endogenous enkepha-
lins.

RESUMEN

Son estudiadas las propiedades asi como
el papel en la transmisién sinaptica de la
“encefalinasa”, una dipeptidil-carboxipepti-
daza no descripta hasta el presente. Esta
enzima que libera a partir de 3h-Leu—
cncefalina, el tripéptido 3h—Tir-Gly-Gly
es diferente de la Angiotensina in — Con-
vertasa como lo demuestra el efecto de di-
versos inhibidores.

Para poder caracterizar mas a la “ence-
falinasa™ se realizo el estudio del poder in-
hibidor de diversos analogos de encefali-
nas.

Por otro lado su papel fisiologico es su-
gerido por el paralelismo entre la distribu-
cién regional de esta enzima y de los re-

ceptores opidceos. Esta correlacion no se en-
cuentra en los casos de la actividad amino-
peptidasica que degrada también las ence-
‘alinas.

El desarrollo ontogenético de las dos en-
zimas confirma las diferencias entre los dos
mecanismos posible de degradacion.

Finalmente la “encefalinasa™ se acre-
cienta durante el tratamiento de morfina,
estableciendo la posibilidad de que tal au-
mento representa una adaptacion de la ce-
lula “blanco™ en respuesta a una estimula-
cion sostenida de los receptores opiaceos. La
“encefalinasa’” podria pues estar implicada
especialmente en la inactivacion de las en-
cefalinas.

RESUME

Les propriétés ainsi que le role dans la
transmission synaptique de 1" “enképhalina-
se”, une dipeptidyl-carboxypeptidase mnon
décrite jusqu’a present, sont étudiées. Ce-
tte enzyme qui libére a partir de 3h-Leu
cnkephaline, le tripeptide 3h-Tyr-Gly-Gly
est différente de 1’Angiotensin-Convertase
comme le prouvent l'effet de divers inhibi-
teurs.

Une caractérisation plus poussée de 1 “en-
képhalinase” a été réalisée par 1'étude du
pouvoir inhibiteur de divers analogues des
enképhalines. Par ailleurs son role physio-
logique est suggéré par le parallélisme en-
tre la distribution régionale de cette enzy-
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me et des récepteurs opiacés. Cette correla-
tion ne se trouve pas dans le cas de I'acti-
vité aminopeptidasique qui deégrade égale-
ment les enképhalines. Le développement
ontogénétique des deux enzymes confirme
des différences entre ces deux mécanismes
possibles de dégradation. Enfin I'activité de
I’enképhalinase est augmentée par un trai-
tement chronique a la morphine ce qui
pourrait représenter un mécanisme d’adap-
tation de la cellule cible en réponse a une
stimulation soutenue des récepteurs opia-
cés. L’enképhalinase pourrait donc étre im-
pliquée spécifiquement dans I’ inactivation
des cnképhalines.
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"ENKEPHALINASE", A NEWLY CHARACTERISED DIPEPTIDYL...

ZUSAMMENFASSUNG

Die Eigenschaften, ebenso welche Rolle

in der synoptischen Transmission der en-
zephalinase eine dipeptydyl-carboxypeptida-
se spielt, welche bisher noch nicht beschrie-
ben ist, wird studiert.
Dieses Enzym., welches besonders 3h-Leu-
enzephalin, das tripeptid 3h-Tri-Gli-Gli frei
macht, ist anders, als das angiotensin in
konvertase, wie es der Effekt verschiedener
inhibidose zeigt.

Zur besseren Charakterisierung dir “En-
zephalinasen™ ist das Studium der inhibie-
renden Kraft der verschiedenen Analogen
der enzephalinasen gemacht worden.

Andrerseits ist seine physiologische Ro-
lle durch den Parallelismus zwischen der
regionalen Verteilung dieses Enzyms wund
der opiumalen Rezeptoren suggeriert wor-

den. Diese Korrelation besteht nicht in den
Fallen der aminopeptidasischen Aktivitat,
die auch die enzephalinasen degadiert.

Die ontogenetische Entwicklung der
zwei Enzyme bestitigt die Differenz zwis-
chen den zwei moglichen Meschanismen
der Degradation.

Schliesslich nimmt die ‘“‘enzephalinase”
wihrend der Behandlung von Morphium zu.
wobei die Moglichkeit besteht, dass die Ver-
mehrung eine Adaption der “weissen™ Ze-
lle darstellt als Antwort auf eine Stimulie-
rung, hergestellt durch die opiumierten Re-
zeptoren. Die “enzephalinase” kann daher
spezifisch in der Inaktivierung der enzepha-
linasen impliziert sein.
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Neurological Effects of MIF-1, MSH, and
Opiate Peptides in Clinical Studies
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INTRODUCTION

It could be said that the field of neuro-
legy has played an essential role in develo-
ping the concept of CNS effects of pepti-
des found in the hypothalamus, i.e. brain
peptides. Antiparkinsonian agents are ac-
tive in the dopa-potentiation system used
in animals to demonstrate that the pituita-
ry gland is not required for potentiation of
the effects of the tripeptide MIF-1 (Pro-
Leu-Gly-NH:) on motor activity (23). This
led to the early evaluation of MIF-1 in pa-
tients with Parkinson’s disease (14). Sub-
sequently, other hypothalamic peptides ha-
ve been found to have “extrapituitary” or
“extra-endocrine” effects. The more recent
discovery of the opiate peptides enkephalin
and endorphin in the brain has focused
even more attention upon the brain pepti-
des. This brief review will discuss the cli-
nical studies involving neurological fin-

dings that have been performed with
MIF-1, MSH, and the brain opiates,

MIF — |

The series of animal studies that demon-
strated the CNS effects of MIF-1 have
been reviewed several places, including
Life Sciences (17). In the initial clinical
study of this peptide in Parkinson’s disease,
doses of 20-50 mg MIF-1 were administered
iv for an hour orally for up to 3 months.
Improvement in rigidity, akinesia and tre-
mor averaged between 20-40 % (14). In
1974, two additional studies were reported.
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New Orleans, Lousiana,
In one, 20 mg was infused over an hour
in 6 patients and a “mild amelioratory
effect in 3 of 6 untreated patients” was
described (6). The second study of that
year found that “the neurological assess-
ment after 14 days of 30 mg MIF showed
a mild but significant improvement in the
entire status™ (10).

More dramatic results were reported in
1975. One study more closely approximated
the animal model of the dopa-potentiation
test by using patients already receiving do-
pa (2). Barbeau found *the improvement
obtained in almost all (5/6) cases of such
magnitude that it far surpassed the clini-
cal effect of any of the numerous antipar-
kinson drugs which we have tested in our
laboratory over the past 15 years, including
levodopa alone”. That same year, Gersten-
brand et al. (11) used much larger doses
of MIF-1 (400 mg) infused iv continuously
for 10 days. He found 25-75 % improve-
ment in 9 of 10 patients, concluding that
“MIF-I is a very promising therapeutic
agent in the management of Parkinson’s
disease” (11).

Two other investigations published the
following year used MIF-1 alone. In one,
the group receiving MIF-I orally for a
month in the dose of 250 mg daily sho-
wed 24 % motor improvement compared
with 6 % for the group receiving placebo,
but this improvement disappeared as the
study continued with higher doses (4). In
the other, a single injection of 200 mg
MIF-1 wes given to 8 patients with Parkin-
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son’s disease by the iv route over a 5 mi-
nute period. Improvement began within 2
hours and persisted about 6 hours (3).

In 1978 Schncider et al. (26) pursued
the interactions of MIF-1 and dopa by stu-
dyng 6 men and 6 women who were taking
dopa. In this double-blind, cross-over design,
they found statistically significant improve-
ment, especially in fine motor performance,
after the iv administration of 800 mg MIF-1
(200 mg every hour x 4). Gerstenbrand
ei al. (12) performed this second set of
trials of MIF-1 also using patients receiving
dopa. In patients injected iv with 400 mg
MIF-1 daily for 10-15 days, a 25-75 % glo-
bal improvement was observed (12).

The latest clinical study of MIF-1 in
parkinsonism failed to find statistically
significant improvement in the total disa-
bility score of 8 patients receiving dopa
(5). Improvement in a rating of self-suffi-
ciency, however, was statistically different
from that found after placebo. Moreover, a
definite trend toward improvement could
be seen in total score, rigidity, and akine-
sia, but not in tremor, after the single iv

administration of 200 mg MIF-1 (5).

The improvement in mood first observed
by Ehrensing et al. (7,8) has been confir-
med in several of the studies reported abo-
ve (2, 10-12). The dose-related effects of
MIF-1 in mental depression emphasize re-
sults obtained from animal studies, that
“more” is not necessarily better. Dose-rela-
ted effects of parenterally administered
MIF-1 in parkinsonian patients on dopa ha-
ve not been carefully explored. Moreover,
problems involving the route of administra-
tion as well as stability of the peptide re-
quire more thorough evaluation.

It is not clear whether MIF-1 ‘will ever
have widespread clinical applicability in
the treatment of Parkinson’s disease. What
is of greater importance at this time is the
fact that a naturally occurring brain pep-
tide can have any action whatsoever in a
neurological disorder. The treatment of
neurological diseases with peptides is an in-
triguing new approach. Whether alterations
in brain levels of these peptides are invol-
ved in the etiology of neurological disor-
ders also deserves consideration.
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MSH

More than 10 years ago, in the first cli-
nical study of the CNS effects of MSH, we
fcund some changes in the EEG (15). In
1971, a second study reported a significant
increase in the averaged somatosensory cor-
tical evoked response after iv infusion of
10 mg «-MSH (16). These changes were
found to be greatest when the subject was
attending to the stimulus. A large number
of studies in laboratory animals have now
shown that MSH affects the processing of
information, as in attention, rather than
memory (18).

The next clinical study of MSH used the
peptide’s active core which consists of the
fourth through the tenth amino acids of a
sequence it shares with ACTH (22). The
occipital EEG was passed through 4 band-
pass filters and analyzed in terms of the
power output of the filters. Those normal
subjects receiving MSH/ACTH 4 -10 sho-
wed an increase in the power output of the
12+ Hz and the 7 — 12 Hz bands together
with a slight decrease in the output of the
3 —7 Hz band (22). Moreover, subjects
receiving the peptide showed more alpha
(7-—12 Hz) blocking. Changes in the
magnitude of the contingent negative varia-
tion (CNV) were not significant in this
(22) or another study (1).

Electrophysiological measurements were
also made in another study of the effects of
a single sc injection of MSH/ACTH 4—10
in students (21). Averaged evoked poten-
tials were obtained from right and left oc-
cipital areas and analyzed visually and by
power spectral analysis. The visual evoked
potential data showed statistically signifi-
cant increase in the latency and decrease in
the magnitude of the negative component
ocurring about 200 msec. In addition, an
additional negative element which was ab-
sent during the control runs was observed
at about 350 msec in subjects receiving the
MSH peptide (21). EEGs obtained during
the rest periods of a continuous performan-
ce task indicated a tendency toward lower
amplitude and faster frequency alpha acti-
vity after MSH/ACTH 4—10.

These are the only clinical studies with
MSH which have used electrophysiological

measurements except for one investigation
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NEUROLOGICAL EFFECTS OF MIF-1,

which found no effect with MSH/ACTH
4—10 (9). The others, including a promi-
sing one in mentally retarded individuals
(25), have focused on psychological and
behavioral measurements. An additional po-
tential application of MSH and its active
core to the treatment of neurological disor-
ders involves a stimulatory effect on mus-
cles. This effect and some of the early cli-
nical results, have been reviewed by
Strand’s group which has pioneered this

approach (27).

The pharmaceutical company (Organon)
which has provided the 4—10 sequence of
MSH and ACTH for these clinical studies
has more recently encouraged studies with
a modified 4—9 analogue. Our group, ho-
wever, believes that fragments and analo-
gues of MSH which in one paradigm ap-
pear to differ only in potency may have in-
dependent effects which could be overlo-
oked unless different paradigms are exami-
ned. There is evidence to support this with
the MSH/ACTH peptides (24) as with the
opiate peptides (28).

OPIATE PEPTIDES

Two clinical studies performed with the
brain opiates have involved electrophysiolo-
gical measurements. Other studies were
more concerned with the possible beneficial
effects of opiate peptides on schizophrenia
and will not be discussed here. Sandoz, Ltd.
has synthesized an analogue of Met-enke-

MSH, AND OPIATE PEPTIDES...

pkalin with extremely potent analgesic pro-
perties. In one study, they found that ad-
ministration of 0.5 mg of the analogue FK
33—824 to 8 normal men caused the fo-
llowing EEG effects: an increase in the
abundance and amplitude of the EEG with
a tendency to hypersynchronization and
spindling in the alpha band, an increase
in beta activity, and a simultaneous decre-
ase of slow waves in the theta and delta
band (20). These changes differed from
those seen after placebo and from those
known to occur after the opioid alkaloids.
More importantly, the EEG changes were
not reversed by nalorphine. The findings
confirmed the somewhat similar EEG chan-
ges observed in 12 subjects in a previous
study (13). The effects in this other clini-
cal investigation also were not reversed by
nalorphine.

The failure of nalorphine to reverse the
changes induced by FK 33—824 in ihese
2 studies support the concept that the CNS
effects of brain peptides can be dissociated
from their narcotic effects. Although this
concept was very unpopular when it was
first proposed and experimentally suppor-
ted in 1976 (19), it is now well on its way
to being universally accepted, even by so-
me of its former critics. The evidence for
this concept as well as that for the CNS
effects of peptides in general has recently
been reviewed elsewhere (17).

SUMMARY

Clinical studies of CNS effects have been
performed with several of the more promi-
sing brain peptides. The tripeptide MIF-1
(Pro-Leu-Gly-NH,) has been shown effec-
tive, to varyin extents, in several studies of
patients with Parkinson’s disease. Electro-
physiological changes have accompanied the
improvement in attention seen after admi-
nistration of MSH. Recent support for our

RESU

Estudios clinicos de los efectos en el sis-
tema nervioso central han sido realizados
con varios de los mas conocidos péptidos

Vol. 14. — Numbers 2-3-4. — 1980

concept of a dissociation between the
CNS/behavioral effects of the brain opia-
tes and their narcotic effects has been
shown by the failure of nalorphine to re-
verse EEG changes found after injection of
an enkephalin analogue in normal subjects.
Peptides, therefore, may offer a new ap-
proach to the study and treatment of neu-
rological disorders.

MEN

del cerebro. El Tripéptido MIF-1 (Pro-Len-
Gly-NH.) se ha mostrado efectivo en di-
versos aspectos en varios estudios pacien-
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tes con enfermedad de Parkinson. Cambios
electrofisiolégicos han acompainado la me-
joria en la atencion observada después de
la administracion de MSH.

Apoyo reciente para nuestro concepto, de
una disociacion entre los efectos en CNS en
relacion con la conducta de los opiaceos del
cerebro v sus efectos narcoticos. han sido

INTERNATIONAL
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mostrados por la falla de la nalorfina para
invertir cambios electroencefalograficos ha-
llados después de la inyeccién de un ana-
logo de la encefalina en individuos norma-
les. Los péptidos de este modo pueden ofre-
cer un nuevo enfoque al estudio y trata-
miento de desordenes neurologicos.

RESUME

Etudes clinics des effets dans le systeme
nerveux central furent faites avec plusieurs
du plus connus peptides du cerveau.

Le Tripeptide M-I-F-1 (Pro-Len-gly-
NH;), il a aparut effectif dans divers as-
pects dans plusieurs études de patients
avec la maladie de Parkinson. Changes
electrophisiologiques ont eté observe avec
I’amélioration de l’attention produit aprés
I’administration de MSH.

En appui de nétre opinion d’une disso-

ciation entre les effets dans le systeme ner-
veux central en relation avec la conduite
des opiaces du cerveau, et leurs effets nar-
cotiques furent montrés por le défaut de la
nalorfine pour transposer changements
electroencephalographiques trouvés aprés
Iinjection d’un analogue de ’encéphaline
en individus normales. '

De cette fagon les peptides peuvent offrir
un nouveau point de vue dans I'étude et
traitement des desordres neurologiques.

ZUSAMMENFASSUNG

K-inische Studien der Effekte im Zen-
tralnervensystem sind mit verschiedenen
der meisten bekannten Peptiden des Ge-
hirns gemacht worden. Das Tripeptid
MIF-1 (pro-len-gly-nh.) hat sich effektiv
gezeigt in verschiedener Hinsicht beim
Studium von Patienten mit der Parkin-
sonschen  Krankheit. Elektrophysiologis-
che Wechsel haben die Mehrheit bei der
beobachteten Aufmerksamkeit nach der An-
wendung von MSH.

Eine Stiitze unserer Anschauung, die ei-

ner Disoziation zwischen den Effekten von
CNS in Bezug auf die Bezichung des Kon-
duktes der Opiate aufs Gehirn und seine
narkotischen Effekte, sind gezeigt worden
durch das Fehlen der Nallorphine, um elek-
troenzephalographische Wechsel zu inver-
tieren, die nach der Injektion eines Analo-
ges des enzephalins bei normalen Indi-
dividuums. Die Peptide konnen auf diese
Art einen neuen Lichtblick zum Studium
und Behandlung neurologischer Unordnun-
gen geben.
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Neurophysiological Aspects of
Centrally Acting Peptides

INTRODUCTION
Although nearly five decades have elap-

sed since a peptide substance was initially
discovered in brain by von Euler and Gad-
dum (1931) and almost three decades ha-
ve passed since it was first suggested that
peptides might mediate transmission Dbet-
ween neurons (see Lembeck and Zetler,
1962), most of our knowledge about brain
peptides has resulted from developments
within the past ten years. The rapid gro-
wth of interest in neuropeptides stems main-
ly from success in the isolation, structural
characterization and synthesis of several
endogenous brain peptides. With the intro-
duction of electrophysiological techniques
into neuropharmacology and their adapta-
tion to the study of brain peptides, there
has emerged new and exciting information
on mechanisms of interneuronal communi-
cation and neuromodulation (c.f. Renaud
and Padien, 1978: Barker, these procee-
dings).

In this paper, we present a brief review
of two closely related neurophysiological
approaches, both based on in-vivo extrace-
llular recording techniques., that we have
utilized to understand the roles and mecha-
nisms of action of neuropeptides. On the
one hand, we have utilized electrical stimu-
lation techniques to examine the localiza-
tion and central connections of two identi-
fiable peptidergic systems of hypothalamic
origin. Evidence for peptide receptors on
central neurons has been subsequently exa-
mined by microiontophoresis in search of
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peptide-sensitive neurons and evidence of
interactions between peptides and other
putative neurotransmitters.

PEPTIDE PATHWAYS OF THE
HYPOTHALAMUS

Radioimmunoassay and immunohistoche-
mical data indicate that the hypothalamus
contains a wealth of peptides and peptide
pathways. During the course of our studies
on the connections of neurons in the hy-
pothalamus (c.f. Renaud, Blume, Kearney,
Mac Kenzie and Pittman, 1978) it was de-
emed relevant to attempt a more detailed
examination of the electrophysiology of so-
me of these peptidergic pathways, and the-
refore complement the neuropharmacologi-
cal studies described elsewhere in this sec-
tion. Within the hypothalamus, two pepti-
dergic neural systems can be identified with
reasonable certainty: the neurohypophyseal
system, composed of cells that project to
the posterior pituitary, and the tuberoin-
fundibular system, composed of neurons
that project to the median eminence. The
distribution of these pathways is schemati-
cally outlined in Fig. 1. Since both of the-
se systems send axons to a termination site
that is uniquely separate from the rest of
the brain, these axon terminals can be sti-
mulated electrically in relative isolation
from adjacent neural pathways, and neu-
rens belonging to each system can be iden-
tified according to techniques of antidromic
activation.

Vol. 14, — Numbers 2-3-4. — 1980
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Fig. 1 — A simplified sketch of the rat hypothalamus in saggital section te

illustrate the two classic neurosecretory pathways related to

the pituitary: the

neurohypophyseal tract is indicated as interrupted lines originating from magno-
cellular paraventricular (PV) and supraoptic (SO) neurons, terminating in the

posterior pituitary

(PP); the tuberoinfundibular pathway is seen to origina-

te from parvicellular neurons in the medial hypothalamus, preoptic area (POA)
and mamillary body region (MB), with axon terminations on portal capillaries
in the median eminence (ME) for the release of factors that regulate anterior

pituitary (AP) secretion,

Abbreviations: AC, anterior commissure; OC, optic chiasm; I, intermediate lobe.

From Renaud, 1978.

THE TUBEROINFUNDIBULAR SYS-
TEM. The hypothalamus maintains a do-
minant influence on the secretion of ante-
rior pituitary hormones. This is accompli-
shed through a parvicellular neuronal sys-
tem that projects to the portal capillary
plexus in the median eminence. Axon ter-
minals in this region secrete release or re-
lease-inhibiting factors into the pituitary
portal circulation (Harris, 1955: Szentago-
thai, Flerko, Mess and Halasz, 1968; Blac-
kwell and Guillemin, 1973; Schally, Ari-
mura and Kastin, 1973). Although not yet
concincingly demonstrated, release of cate-
cholamines or peptides into the pituitary

Vol. 14. — Numbers 2-3-4. — 1980

portal circulation is presumed to arise in
response to appropriate neural stimuli and
to be related to activity in the tuberoinfun-
dibular system. analogous to events in the
neurohypophyseal system that are associa-
ted with the release of vasopressin and oxy-
tocin (c.f. Poulain, Wakerley and Dyball,
1977). Visualization of tuberoinfundibular
neurons has been accomplished with cur-
rent immunohistochemical techniques. Ho-
wever, relatively little is known of the neu-
rophysiology of tuberoinfundibular neurons.
Since an understanding of this neural sys-
tem has an ultimate bearing on the relea-

se and action of TRH, LH-RH, somatos-

— 211



INTERNATIONAL JOURNAL OF NEUROLOGY

tatin and other releasing factors yet to be the mediobasal hypothalamus and medial
structurally characterized, considerable at- preoptic area (Fig. 2; Makara, Harris and
tention has been devoted to a study of the Spyer, 1972; Sawaki and Yagi, 1973; Ha-
location and connections of tuberoinfundi- rris and Sanghera, 1974; Moss, Kelly and
bular neurons using electrophysiologic tech- Riskind, 1975; Renaud, 1976; Renaud,
niques. Blume and Pittman, 1978). This distribu-

Discrete electrical stimulation applied to  tion corresponds to the location of neurons
the surface of the median eminence through that demonstrate immunoreactivity for a
a transpharyngeal approach can evoke an- variety of peptides. The latencies for anti-
tidromic activation of neurons throughout dromic activation indicate that most tube-

* s Ms,

I

*
S—

10 msec

Fig. 2 — Identification and location of tuberoinfundibular neurons. The oscillo-
scope sweeps on the left illustrate antidromic invasion of a neuron in the ven-
tromedial nuecleus following stimulation of the surface of the median eminence
(at arrows). This neuron demonsirates constant latency responses to paired me-
dian eminence stimulation at frequencies greater than 150 Hz (upper trace),
and collisions at appropriate intervals between spontaneous (star) action po-
tentials and antidromic evoked action potentials (lower traces). On
the right, the black dots located throughout the medial hypothalamus and the
medial preoptic area represent the distribution of tuberoinfundibular neurons
identified using antidromic invasion criteria,

From Renaud, Blume and Pittman, 1978.

rinfundibular neurons conduct impulses at tuberoinfundibular neurons show little or
frequencies below 1.0 m/sec. Under condi- no spontaneous activity; some cells display
tions of general anaesthesia, the majority of random activity patterns: others display
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short bursts of action potentials, a pattern
that is most pronounced among tuberoin-
fundibular neurons located within the area
of the paraventricular nucleus (Blume, Pit-
tman and Renaud, 1978). The latter res-
emble the phasic activity patterns conside-
red characteristic of vasopressin secreting
neurons (Poulain, Wakerley and Dyball,
1977).

Previous electrophysiological studies on
neurons in the arcuate and ventromedial
hypothalamic nuclei have demonstrated evi-
dence for simultaneous projections to mo-
re than one area of the hypothalamus or
extrahypothalamic regions (Renaud, 1977).
Similar observations indicate the presence
of both local and distant axon collaterals
for tuberoinfundibular neurons in the me-
diobasal hypothalamus. These connections
are summarized schematically in Fig. 3.
Briefly, in addition to their main axon pro-
jection to the median eminence, axon co-
llaterals of tuberoinfundibular neurons ap-
pear to be engaged in recurrent facilitatory
or inhibitory pathways. Other axon collate-
rals project to the anterior hypothalamic
area and paraventriculuar nucleus. Our re-
cent studies also suggest that some tubero-
infundibular neurons have simultaneous
projections to the median eminence and
neurohypophysis (Pittman, Blume and Re-
naud, 1978). Furthermore. axon collate-
rals in the tuberoinfundibular system pro-
ject to several areas outside of the hypo-
thalamus, including the medial preoptic
area, midline ‘thalamic nuclei, amygdala,
and lateral septum. Thus it appears evident
that activity within tuberoinfundibular neu-
rons may have both local and distant of-
fects, some of which may be important in
feedback loops involved in central regula-
tion of the neuroendocrine system. It wo-
uld also seem appropriate to consider that
substances released from median eminence
nerve terminals are simultaneously released
from these central connections, implying
that peptides may be released at central sy-
naptic sites to affect the excitability of
neurons in both hypothalamic and extra-
hypothalamic regions. Our results with mi-
croiontophoretic applications of peptides
suoport this notion.

Numerous studies using lesion and sti-
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mulation techniques have indicated that se-
veral areas of the brain, notably within the
limbic system, can alter or evoke secretion
of anterior pituitary hormones. Recordings
from single tuberoinfundibular neurons ha-
ve confirmed that these cells receive po-
werful excitatory and inhibitory connec-
tions from extrahypothalamic areas, notably
the amygdala, lateral septum, medial pre-
optic area and dorsal hippocampus. Further-
more, there may be a topographical organi-
zation in some of these afferent connections,
implied in the observation that amygdala
stimulation has a selective influence on the
excitability of tuberoinfundibular neurons
located predominently within the hypo-
thalamie ventromedial nucleus (Renaud,

1976).

THE NEUROHYPOPHYSEAL SYS-
TEM: Neurons in the supraoptic and para-
ventricular nucleus are responsible for the
synthesis and release of oxytocin, vasopre-
ssin, and possibly other peptides (e.g. en-
kephalins) at the level of the posterior pi-
tuitary. In agreement with recent immuno-
histochemical observations for separate vaso-
pressin and oxytocin neuronal pathways,
electrophysiological studies have demons-
trated that different profiles of activity
can permit functional distinction between
oxytocin and vasopressin secreting neurons.
Thus, high frequency intermittent bursts of
activity during milk ejection characterize
the response of oxytocin producing neurons
in the lactating female rat. Conversely, sti-
muli known to be associated with the re-
lease of vasopressin, e.g. dehydration and
haemorrhage, promote characteristic and
more prolonged phasic or continuous high
discharge activity patterns from other neu-
rohypophyseal neurons. considered to secre-
t= vasopressin (Arnauld, Dufy and Vincent,
1975; Poulain, Wakerley and Dyball,
1977). Therefore. the choice of an appro-
priate experimental model will permit fune-
tional differentiation between oxytocin and
vasopressin secreting neurons, and permit
electrophysiological studies to be conducted
on each type of cell.

From a more general point of view, neu-
rohypophyseal neurons have been identified
through antidromic activation not only wi-
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thin the supraoptic and paraventricular nu-
clei, but also in lesser numbers through the
mediobasal hypothalamus (Pittman, Blume
and Renaud, 1978). Evidence for axon co-
llaterals in the neurohypophyseal system
has also been described with electrophysiolo-
gical methods indicating the existence of di-
rect or indirect recurrent inhibitory path-
ways to these neurons (Barker, Crayton
and Niecoll, 1971; Nicoll and Barker, 1971;
Dreifuss and Kelly, 1972; Negoro and Ho-
lland, 1972: Megoro, Visessuwen and Ho-
lland, 1973). More recent studies have in-
dicated that some neurohypophyseal axons
appear to send collaterals to the median
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eminence (Pittman, Blume and Renaud.
1978). Furthermore, a small population of
neurons within the periventricular region
send axons to both the neurohypophysis and
to the area of the midbrain periaqueductal
gray (unpublished observations). Some af-
ferent connections to the neurohypophyseal
system have been defined arising in the
amygdala, lateral septum, medial midbrain
and doral hippocampus (Fig. 3). It is not
yet known whether these are selective for
oxytocin or vasopressin secreling neurons;
however, the anatomical separation of each
of these peptidergic neural networks sug-
gests that their afferent connections would

LATERAL

SEPTUM MIDBRAIN

AMYGDALA
)/ HIPPOCAMPUS
NEURO
HYPOPHYSE AL
NEURCN
Ay
I
I
I
|
|
MIDER AIN 2
S
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EMINENCE
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A schematic summary sketch of the known connections of tuberoin-

fundibular neurons (on the left) and neurohypophyseal neurons (on the right).
The upper portion of each figure indicates sites known to send projections to

the tuberoinfundibular or neurohypophyseal neurons

respectively. The heavy

vertical lines refer to the main peptidergic axons projecting to the median emi-
nence portal capillary and neurohypophysis respectively, thus identifying each
cell type. Additional efferent projections are indicated as axon collaterals of
this main connection. Intrahypothalamic axon eollaterals in recurrent pathways

that either directly or indirectly

(through
the parent neuron, and whose transmitter agent is unknown

interneurons)  engage
(?) are depicie

local

by numbers 1 and 2 in each system. Additional axon collaterals extend both
within the hypothalamus and to extrzhypothalamic areas, as indicated.
From Renaud, Pittman and Blume, 1979.

also be different.

The presence of neurophysin, vasopre-
ssin and oxytocin pathways in areas outsi-
de of the hypothalamus suggested the po-
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ssibility that one and the same neuron
might simultaneously project to both the
posterior pituitary and to these extrahypo-
thalamic regions. Our studies have indica-
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ted that neurons in the paraventricular nu-
cleus do indeed project to some of these
areas, e.g., the amygdala and lateral septum,
but none have demonstrated simultaneous
connections with the neurohypophysis. Thus
with the exception of the connections of
periventricular cells to the neurohypophysis
and midbrain region described above, these
other projections of paraventricular neu-
rons (presumably peptidergic in nature)
appear separate from that to the neurohy-
pophysis.

The presence of axon collaterals in the
tuberoinfundibular and neurohypophyseal
peptidergic systems suggest the presence of
central synapses where peptides are likely
to be released in association with activity in
these two neural systems. It is therefore
appropriate that one should search with mi-
croiontophoretic techniques for the existen-
ce of neurons that display sensitivity to
peptides and may therefore contain peptide
receptors. In view of the widespread distri-
bution of specific peptides in brain, one
might expect to find peptide-sensitive neu-
rons rather widely distributed within the
central nervous system. The following sec-
tion relates our experience with thyrotropin
releasing hormone (TRH).

TRH: NEUROTRANSMITTER OR

NEUROMODULATOR?
The peptide pyroGlu-His-Pro-NH, is a
phylogenetically ancient molecule whose

presence within the brain of vertebrates.
and also in species that lack a thyroid gland
(Jackson and Reichlin, 1974) suggests that

TRH TMe

TRH may have a role in brain unrelated
to its action on TSH secretion in the ante-
rior pituitary. Several developments lend
credence to a functional role for TRH at
the synaptic level. TRH-like immunoreac-
tivity is found within neurons and nerve fi-
bres in specific areas of the central nervous
system (Elde and Hokfelt, 1978). TRH is
present within synaptosomes, and can be
released from synaptosomes under appro-
priate circumstances (Edwardson and Ben-
nett, 1977; Winokur, Davis and Utiger,
1977; Barnea, Parker, Neaves, Cho, Oli-
ver and Porter, 1978; Jeffcoate, White, Ben-
nett, Edwardson, Griffiths, Forkes and Ke-
Iy, 1979). High affinity TRH binding has
been observed in rat brain subcellular frac-
tions (Burt and Snyder, 1975). TRH bio-
synthesis has been demonstrated in neural
tissue (McKelvy and Epelbaum, 1978:
Hersh and McKelvy, 1979). TRH can in-
duce changes in body temperature and ani-
mal behavior (Breese, Cott, Cooper, Pran-
ge, Lipton and Plotnikoff, 1975; Brown
and Vale, 1975: Brown, Rivier and Vale,
1977). Systemic injections of TRH can in-
duce changes in motricity, tremor and sha-
king behavior (Prange. Breese, Cott, Mar-
tin, Cooper, Wilson and Plotnikoff, 1975:
Cohn, Cohn and Taylor. 1975; Kruse.
1976; Cooper and Boyer, 1978), increase
spontaneous electrical activity recorded from
lumbar ventral roots, and facilitate mono—
and polysynaptic reflex responses from ven-
tral roots following dorsal root stimulation

(Ceoper and Boyer. 1978).

3Me

Fig. 4 — Effects of TRH and TRH analogs on isolated frog spinal cord mo-
tomeurons as indiczted by ventral root recordings with sucrose gap. Depolariza-
tion is observed during perfusion with both TRH and the 3-methyl-histidine
TRH analog, but not with the l-methyl-histidine TRH analog.

From Nicoll, 1978.
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The hemisected frog spinal cord prepa-
ration in sucrose gap has been found sui-
table for direct and quantitative neurophar-
macological studies of peptide actions. In
this preparation, Nicoll (1977, 1978) has
noted that TRH has a depolarizing action
through both direct and indirect actions on
motoneurons, and that the 3-methyl-histidi-
ne TRH analog is equal to or more potent
than TRH, whereas the l-methyl-histidine
TRH analog is inactive (Fig. 4). Intrace-
llular recordings have also suggested that a
decrease in membrane resistance is associa-
ted with TRH actions, possibly due to an
increase in sodium ion conductance. Nicoll

INTERNATIONAL
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has therefore suggested that in the spinal
cord of this species, TRH may function in
a background manner to facilitate transmi-
ssion through pathways that subserve basic
reflex activity (Nicoll, 1977).

In the vertebrate central nervous system,
the early electrophysiological studies of
Steiner (1972, 1975) yielded the initial
evidence that microiontophoretic applica-
tions of TRH could provoke a decrease in
spike discharge frequency of some sponta-
rieously active neurons. Subsequent studies
have illustrated that TRH does have a pre-
dominantly depressant effect on spontane-
ous or glutamate evoked activity of a cer-

ACh
A 40 TRH 100
40
0
Glu ACh
B 40 120 TRH 60
FEAFT LIrTIL . Zrrrz J CEeEs Zrrr v rrn — ZIrr ——
40
0
Glu ACh
20 90 TRH 70
w— rr = “rn zz l p— xrz e— on f—

W} Ll&#‘_lul idh]

Fig. 5

rons indicate the excitatory action of intermittent
acetylcholine on the excitability of neurons in the rat
bers refer to microiontophoretic application currents,
the glutamate, but not the acetylcholine-evoked

neous application of TRH,
ponses are diminished reversibly.
From Renaud, Blume, Pittman,

tain percentage of neurons in the hypotha-
lamus, cerebral cortex, cerebellum and
brainstem (Dyer and Dyball, 1974; Renaud
and Martin, 1975: Renaud, Martin and
Brazeau., 1975, 1976: Winokur and Beck-
man, 1978). Some have reported an exci-

tatory action with TRH (Moss, Dudley and
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Imm

~ Upper and lower rate meter records obtained from two different neu-
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cortex. Num-
simulta-
res-

pulses of
cerebral
Note that during

1979.

Kelly, 1978; Mayer and McLeod, 1979).
The depressant responses of TRH are ge-
nerally brisk in onset and readily reversi-
ble, and are most evident on neurons who-
se activity is maintained by simultaneous
applications of L-glutamate. It is uncertain
whether these actions of TRH are due to

Vol. 14. — Numbers 2-3-4, — 1980



NEUROPHYSIOLOGICAL

TRH 25

Aci i

nul i i L nn

ASPECTS OF CENTRALLY ACTING PEPTIDES

Na 25

T nn nn

UL e

A*P Glu TRH 40
I?fltl?lll 38 g f— i — lmllllll f— hmm ninn - l nm - i — , —
40
0
1 min
Fig. 6 — The upper and lower rate meter records from two different rat cere-

bral cortical neurons indicate the selective depressant effect of TRH on gluta-

mate, but not on aspartate . evoked

excitations,

The figure includes a cu-

rrent eontrol sequence (sodium ions) in the upper right.

From Renaud, Blume, Pittman,
a direct effect on the neurons in question,
or to an interaction between TRH and a
glutamate-like neurotransmitter substance.
In an attempt to further characterize ihe
actions of TRH, our recent studies have
examined the effects of TRH and its acti-
ve 3-methyl-histidine analog on excitations
of cortical neurons evoked by intermittent
applications of two acidic amino acids
(L-glutamate and L-aspartate) and acetyl-

Lamour and Tan,

1979.

choline (Renaud, Blume, Pittman, Lamour
and Tan, 1979). These investigations have
suggested that both TRH and its active
analog have a rather selective action to mo-
dulate excitations evoked by glutamate, but
not by aspartate or acetylcholine (Fig. 5,
6) on sensitive cortical neurons. Thus, one
role of TRH may be to modulate or modify
postsynaptic actions of a specific endoge-
nous neurotransmitter agent.
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SUMMARY

This brief review has attempted to indi-
cate two aspects of the neurophysiological
approach to the study of centrally acting
peptides. New information has been provi-
ded by each method. While the in-vivo ap-
proach does not readily lend itself to intra-

cellular recordings, definitive answers with
the latter technique are likely to be achie-
ved with the recent introduction of several
in-vitro techniques i.e. brain slice and tis-
sue culture. The results of such studies are
reported elsewhere in this volume.

RESUMEN

iste breve anilisis tiene como propdsito
indicar dos aspectos del enfoque neurofisio-

Vol. 14. — Numbers 2-3-4, — 1980

legico al estudio de los péptidos con activi-
dad central. Nueva informaciéon ha sido
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proporcionada por cada método. Mientras
que el estudio in-vivo no se presta con fa-
cilidad a registros intracelulares, respues-
tas definitivas con la ultima técnica son
probablemente logradas con la introduccion

INTERNATIONAL
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reciente de varios métodos in-vitro, por
ejemplo cortes de cerebro y cultivo de te-
jido.

Los resultados de tales estudios son re-
feridos.

RESUME

Ce bref analyse a comme propos faire
avis aux aspects de 1’étude neurophisiolo-
gue de l'activité central des peptides.

Nouvelle information nous fut donnée
pour chaque methode. Tandis que I'étude
“in vivo” me se préte pas avec facilité aux
examen intracelulaires, réponses definitives

avec la derniére tecnique sont probablement
atteints avec I’introduction nouvellement
fait de divers méthodes “in vitro” comme
cuopes de cerveau et culture de tissus.

Les resultats de tous ces études sont rap-
portés.

ZUSAMMENFASSUNG

Diese kurze Analyse hat als Zweck zwei
Aspekte des neurophysiolologischen Fokus
beim Studium der Peptide mit Zentraler
Aktivitit anzuzeigen. Eine neue Informa-
tion ist durch jede Methode gegeben wor-
den.

Wiahrend das Studium “in vive™ mnicht
mit- Leichtigkeit gegeben ist, um Intraze-

lluldre zu registrieren; definitive Antwort
mit der letzten Technik sind wahrscheinlich
erhiltlich mit der Neueinfithrung verschie-
dener Methoden “in vitro”, z.B. Gehiens-
chnitte und Gewebskurturen.

Die Resultate dieser Studien werden ge-

bracht.
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Somatostatin actions in primary dis-
sociated cell cultures of mammalian

spinal cord neurons

INTRODUCTION

Somatostatin  (somatotropin-release inhi-
biting factor: SRIF) is a tetradecapeptide
initially isolated from hypothalamus and
shown to inhibit release of growth hormo-
ne from anterior pituitary (8,10) as well
as other endocrine and exocrine secretory
processes (30,46.,48) in anterior pituitary
(43,47), pancreas (12,13.17,29) and gas-
trointestinal tract (7). In addition to its
action as a hormone, it has been suggested
that SRIF may be a neurotransmitter sin-
ce SRIF-like immunoreactivity has been
demonstrated in axons and cell bodies of
dersal root ganglion (24) and sympathetic
ncurons (23), intrinsic neurons in the gas-
trointestinal system (1,21,31) and neurons
in the central nervous system (3.9,22,28,
36, 37.39). In addition, SRIF has been
localized to synaptic terminals and synap-
tic vesicles (4,16,39) and calcium-depen-
dent release of SRIF from various regions
of the CNS (2,5.26,38) and from dorsal
root ganglia (27.33) has been demonstra-
ted.

Attempts to characterize the physiologi-
cal actions of SRIF have, however, been
inconclusive. SRIF has been demonstrated
to inhibit neuronal firing of cortical (42).

0864 — ‘P-€-C SJAQWNN — "I "|OA
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hypothalamic (42), cerebellar (42), spinal
cord dorsal horn (40) and myenteric neu-
rons (49) and to excite hippocampal pyra-
midal (15) and sensorimotor cortical neu-
rons (25) (Table I). Both pre-and postsy-
naptic sites of SRIF action have been pro-
posed (Table II). A presynaptic action of
SRIF was suggested since SRIF inhibited
release of acetylcholine (11,19,20) and no-
repinephrine (11,32} from peripheral smo-
oth and skeletal neuromuscular junctions
without altering postjunctional neurotrans-
mitter sensitivity. SRIF also decreased the
calciumdependent component of action po-
tentials recorded in dorsal root ganglion
neuron (33). If SRIF had a similar action
at the synaptic terminals, calcium entry
and thus transmitter release would be de-
pressed. In rat cortical neurons in cell cul-
ture however, SRIF increased release of
neurotransmitter (14). A postsynaptic ac-
tion for SRIF was implied by the finding
that SRIF inhibited firing of myenteric
neurons when synaptic transmission had
been elimited by bathing the preparation
in calcium-free medium (49). In addition,
SRIF depolarized hippocampal pyramidal
cells in vitro, a presumed postsynaptic ac-
tion (15). Finally, in the isolated perfu-
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TABLE |

Somatostatin Actions on Neuronal Activity

Preparation

Investigators

Inhibition of neuronal firing

cat cerebellar, cortical and
hypothalamic neurons

cat dorsal horn neurons

guinea pig myenteric plexus
neurons

Excitation of

cat hippocampal pyramidal
neurons

rabbit sensorimotor cortical
neurons

sed frog spinal cord, SRIF increased ven-
tral root potentials evoked by dorsal root
stimulation and produced direct but small
hyperpolarizations recorded from both ven-
tral and dorsal roots suggesting that SRIF
might have both pre-and postsynaptic ac-
tions (35). We have studied the actions of
SRIF on murine spinal cord neurons grown
in primary dissociated cell culture using in-
tracellular recording and report that SRIF
had presynaptic actions to modify release
of neurotransmitter.

Methods

Neuronal cell cultures were - prepared
from spinal cords and attached dorsal root
ganglia removed from 12.5 to 14 day old
fetal mice as described previously (41).
Intracellular recordings were made from
spinal cord neurons using high resistance
(25-50 M(|) glass micropipettes under vi-
sual control on the modified stage of an
inverted phase contrast microscope which
was heated to maintain a culture tempera-
ture of 35%-379. SRIF was applied to the
surface of neurons (which had been impa-
led by a recording micropipette) using
blunt (5-20;1) micropipettes (miniperfu-
sion (MP) pipettes) filled with SRIF. The
open end of the MP pipette was connected

222 —

Renaud, Martin and
Brazeau (1975)

Randic and Miletic
(1978)

Williams and North
(1978)

neuronal firing

Dodd and Kelly (1978)

loffe et al (1978)

to a pressure regulator via a voltage acti-
vated three way valve. By using an elec-
tronic timer, SRIF could be applied for
known durations. SRIF (Cal Biochem, Sig-
ma) was dissolved in phosphate buffered
saline, 0.002N HCI1, 0.002 N HAc or dis-
tilled water to make a stock solution which
was then diluted at least 10-fold with phos-
phate buffered saline to achieve the final
SRIF concentration (0.2 to 25 pM). In all
experiments pH was confirmed to be bet-
ween 7.2 and 7.4.

Results

In some but not all neurons, SRIF ap-
plied by MP evoked a volley of action po-
tentials (Fig. 1A,) produced by excitatory
postsynaptic potentials (Fig. 1A,). The hy-
perpolarization and reduction of sponta-
neuos activity shown in the specimen re-
cords were artifacts of pressure application
(Fig. 1By, 1B:). Application of SRIF and
control solutions did not alter membrane
resistance. Constant current pulses” (50
msec) were applied through the recording
micropipette and the voltage produced was
dependent upon neuronal membrane resis-
tance. SRIF application did not alter the
amplitude of these pulses (Fig. 1A,) and

therefore did not produce a change in mem-

Vol. 14. — Numbers 2-3-4. — 1980



SOMATOSTATIN ACTIONS

TABLE 1l

IN PRIMARY DISSOCIATED CELL CULTURES...

Synaptic Site of Somatostatin Actions

Action

increased DR-VRP

Increased transmitter
release

increased transmitter
release

decreased calcium
action potential

decreased —adrenergic
transmission

decreased cholinergic
transmission

hyperpolarized VR

depolarized membrane
potential

inhibited activity

Preparation
Presynaptic

frog spinal cord

spinal cord neurons
in cell culture

rat cortical neurons
in cell culture

chick DRG neurons in
cell culture

rat vas deferens

guinea pig ileum

Postsynaptic
frog spinal cord

cat hippocampal
pyramidal neurons

guinea pig myenteric

Investigators

Padjen (1977)

Macdonald and Nowak
(this study)

Delfs et al (1979)

Mudge, Leeman and
Fischbach (1979)

Cohen et al (1978);
Magnan et al (1979)

Guillemin (1976);

Cohen et al (1978):

Furness and Costa
(1979)

Padjen (1977)
Dodd and Kelly (1978)

Williams and North

neurons

brane resistance. In some cells, hyperpola-
rization of membrane potential associated
with an increase in conductance occurred.
However, this was infrequently observed
and thus its significance was unclear. The
synaptic potentials that were evoked were
of varying amplitudes and rise and fall ti-
mes (Fig. 2) suggesting that release of
neurotransmitters was evoked from .several
different synaptic terminals. When release
was evoked, it was dose-dependent (Fig.
3). Application of 25 pM SRIF (Fig. 3B)
produced both higher frequency of release
and larger amplitudes of individual synap-
tic potentials than did 10 pM SRIF (Fig.
3A). Also, both excitatory and inhibitory
synaptic potentials were evoked. In a sin-
gle neuron at a resting membrane potential
of —40 mV, SRIF evoked hyperpolarizing
inhibitory synaptic polentials (Fig. 4A,
filled circle). Hyperpolarization of meimn-

Vol. 14, — Numbers 2-3-4. — 1980

(1978)

brane potential to —80 mV converted all
synaptic potentials to depolarizing synaptic
potentials as would be expected if the cell
was hyperpolarized past the reversal poten-
tial for the inhibitory synaptic potentials.
In addition, the surface of individual neu-
rons was not uniformly sensitive to SRIF.
As shown in one representative cell (Fig.
5), application of SRIF to three different
sites evoked different synaptic potentials.
At site 2, several excitatory synaptic poten-
tials were evoked with one being 17 mV
while at site 1, a few small excitatory sy-
naptic potentials less than 3 mV were evo-
ked. SRIF application at site 3 produced
an intermediate response with two 12 mV
excitatory postsynaptic potentials being
evoked.

Release of neurotransmitter was abolis-
hed by tetrodotoxin (TTX). TTX blocks

the regencrative inward sodium current of
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B,

CONTROL Peas CONTROL
[S5mV
SRIF 25uM Tsec

Figure 1. Somatostatin (SRIF) evoked transmitter release. A.) SRIF evoked
release of neurotransmitter from synaptic terminals demonstrated by (A,) an
increase of action potential frequency (RMP = —36 mV) and (A,) an increase
in the number and umplitude of postsynaptic potentials that ocurred without
any change of membrane resistance as indicated by a constant amplitude of the
responces to brief (30 msec) periodic (600 msec interval) hyperpolarizing cons-
tant ocurrent (1 nA) pulses. Membrane potential was hyperpolarized to —40 mV
by DC current. B.) Control solutions sometimes caused an apparent hyperpo-
larization without changing membrane resistance (B, and B, — brief periodic
hyperpolarizations due to constant current pulses) and B,) occasionally blocked
action potentials if miniperfusion pipette tips were large.

A B

!?‘Om\;’
50msec

Figure 2. SRIF evoked postsynaptic potentials (PSPs). Action potentials (A,
and PSPs (A, B) were recorded during miniperfusion of 100 pM SRIF (Cal

Biochem.). Rastered records were photographed from the oscilloscope screen.
The initial hyperpolarizations observed in A. were evoked by constant-current
pulses,
224 — Vol. 14, — Numbers 2-3-4. — 1980
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IN PRIMARY DISSOCIATED CELL CULTURES...

SRIF 1OuM

B

25mV

SRIF 25uM

Figure 3.

action potentials.
obtained : in -medium containing 10 mM

[Mg+ +] (Fig. 6A), no release was evo- -

ked in medium containing 1 pM TTX
(Fig. 6B).

Finally, we investigated the effect of
SRIF on postsynaptic amino acid respon-
ses. Glutamate was applied to the surface
of neurons by iontophoresis using 50 to
100 msec pulses (Fig. 7A) and produced
depolarizing excitatory responses. Applica-
tion of SRIF up to 25 pM by MP did not
alter the depolarization produced by gluta-
mate. Application of the inhibitory neutral
amino acid GABA by iontophoresis produ-
ced hyperpolarizing responses, reduction or
cessation of spontaneous firing of action po-
tentials (Fig. 7B) and an increased mem-

brane conductance. Application of SRIF up

to 25 pM by MP (5 pM SRIF is shown in

Fig. 7B) did not <alter.the- GABA-respon- -

sSes.

Vol, 44, —-Numbérs. -2-34, — 1980

SRIF evoked dose-dependent release ‘of neurotransmitter. A.)

While good release was

10 oM
SRIF and B.y 25 pM SRIF evoked PSPs durmg successive applications of pep-
tide on the aqne neuron from differant miniperfusion plpeue- PspP dmplllu'le
and {requency were dose- -dependent.

Discussion

‘In the present study we have demons-
trated that SRIF modified release of neu-
rotransmitter from synaptic terminals con-
tacting spinal cord neurons in primary dis-
sociated cell culture. While the primary ef-
fect observed in these experiments was re-
lease of excitatory and inhibitory neuro-
transmitter, an action to reduce release at
different SRIF concentrations cannot be
ruled out. In these experiments, SRIF
was applied to neurons in bathing medium
containing 10 mM [Mg + + ] to reduce
spontaneous activity and thus there was
usually no ongoing transmitter release. Fur-
thermore, the tecnique of MP has an arti-
fact associated with its use producing hy-
perpolarization and inhibition of transmi-
tter release. Thus, we can only conclude

“that ‘SRIF has presynaptic actlons to mo-

dify reledse of neurotransmitter.’

““Qur findings are in contrast w1th the re-

port that SRIF directly depolarized hippo-

— 2235
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SRIF S5uM
-85mV

SRIF SuM

Figure 4.

SRIF evoked both inhibitory and excitatory postsynaptic po-

tentia:s. A.) SRIF application produced both EPSPs and IPSPs (filled

circles)

only depolarizing synaptic

at a membrane potential of —40 mV. B.)
after hyperpolarizing cell membrane potential
potentials

SRIF application
(to —88 mV) evoked
(EPSPs and inverted IPSPs).

KAc-filled recording electrodes were used.

campal pyramidal cells (15). This diffe-
rence might have been due either to biogi-
cal differences between SRIF receptors and
associated ion channels in hippocampal
and spinal cord neurons or to technical dif-
ferences in the experimental protocols.

Dodd and Kelley (15) used iontophoresis

and pressure ejection from micropipettes

containing 3 mM SRIF and 5 mM sodium-
acetate while in our experiments we used

only pressure application of peptide from -

pipettes containing 0.2-to 25 pM concentra-

tions of SRIF. Thus, ‘it -is® difficult to comi-

226 =

pare the actual applied -concentration of
SRIF in the two experiments.

The presynaptic action of SRIF to mo-
dify transmitter release could have invol-
ved several alternative mechanisms. SRIF
could have directly depolarized presynaptic
terminals to produce terminal firing and

transmitter release or could have increased

the quantal content of synaptic potentials

~which were not detectable due to the noise

level of the recordings. In addition, SRIF
could have modulated calcium entry into

- presynaptic terminals to alter quantal con-

Vol. -H4..%~ Numbers 2-3-4...— 1980
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5 : 5pM

T

-%L.,.‘..
W/lsmv

Figure 5. Neurons were regionally sensitive to SREF. SRIF application did
not evoke identical post synaptic potential activity at all locations on the mneuro-
nal surfase, At position 1, little tnheurotransmitter wasreleased while at positions
2 and 3 PSPs had greater amplitude. RMP = —70 mV. Brief, periodic hyperpo-

larization in 1 and 3 were evoked by constant current stimulus pulses.

A IOmM Mg

SRIF S5uM 2sec

B 1uMTTX

SRIF S5uM lsec

Figure 6. Neurotransmitter release stimulated by SRIF was bloc-
ked by tetrodotoxin (TTX). PSPs evoked by SRIF (A.) were
not observed after TTX (1 pM) was added to the recording
medium (B.). The same miniperfusion pipette was used to apply
peptide 1o successive neurons in A and B,

Vol. 14. — Numbers 2-3-4. — 1980
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SRIF 25uM

SRIF 5uM

Figure 7.
neurotransmitters. A.)

SRIF did not appear to modulate actions of amino acid
Miniperfusion of neuronal membranes with 25

puM SRIF during glutamate iontophoresis did not alter amplitude or
duration of glumate-evoked (100 msee, 32 nA) depolarizations. RMP
was —54 mV. B.) Miniperfusion of neuronal membranes with 5 pM
SRIF did not change the duration or amplitude of GABA-evoked (200
msec, 8 nA) hyperpolarizations. GABA mediated changes of membrane
resistence were also unaffected although SRIF may have increased PSP

activity, RMP was —51 mV,

tent and thus increase or decrease resultant
evoked synaptic potentials. SRIF has been
shown to impair the uptake of 45Ca2
by pancreatic islet cells (6,34,44) and
SRIF inhibition of insulin secretion was
reversed by elevation of extracellular cal-
cium (12,13) and by the calcium ionopho-
re A23187 (18). In contrast, SRIF incre-
ased glutamate-induced 45Ca24 accumu-
lation in cortical synaptosomes (45) and

228 —

blocked release of a portion of the stored
calcium in cortical synaptosomes (45).
Thus the most likely mechanism of action
for SRIF in our experiments was that
SRIF modulated calcium entry into presy-
naptic terminals and thus modified neuro-
transmitter release. A similar presynaptic
action of SRIF has also recently been des-
cribed in cortical neurons in primary dis-
sociated cell culture (14) suggesting that

Vol. 14, — Numbers 2-3-4. — 1980
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this finding is not restricted to spinal cord
neurons.

SRIF has been demonstrated in dorsal
root ganglion neurons neurons (24) and
was shown to be released from primary af-
ferent terminals in mammalian spinal cord

(27). Our findings suggest that if SRIF

released from dorsal root ganglion neurons

has a physiological action it must have ei-
ther modify release from adjacent synaptic
terminals or must be co-released with ano-
ther transmitter. If co-released, it might
then have a feedback action on its own re-
lease or have an action to modulate the res-

ponse produced by the co-released neuro-
transmitter. Elucidation of the functional
role of dorsal root ganglion SRIF will be
of critical importance in understanding the
mechanism of action of SRIF in the cen-
tral nervous system.

We thank Mr. Frank Wilk and Mr. Ro-
hert C. Frere for their technical assistance
and Ms. Patricia Blackman for help in pre-
paring this manuseript. RLM is a recipient

of an NIH Research Career Development

Award ## NS 408-01A1 and the research
was supported by NIH Grant NS 14704-01

“to RLM.

SUMMARY

The physiological actions of the tetrade-
capeptide somatostatin (SRIF) were studies
using mouse spinal cord and dorsal root
ganglion neurons grown in primary disso-
ciated cell culture. When applied to the
surface of spinal cord neurons, SRIF indu-
ced volleys of excitatory and inhibitory sy-

naptic potentials without altering membra-
ne potential or resistance. The findings are
consistent with the suggestion that SRIF
modifies calcium entry into presynaptic
terminals and thus alters release of neuro-
iransmitter.

RESUMEN

Las acciones fisiologicas del tetradeca-

péptido somatostatin SRIF fueron estudia-
das empleando neuronas de la médula es-
pinal y del ganglio de la raiz dorsal de ra-
tones en cultive de célula primaria diso-

ciada. Cuando fue aplicada SRIF a la su-

iiépticos excitatorios e inhibitorios sin alte-

rar ei potencial de membrana o resistencia.
_Estos hallazgos son consistentes con la hi-

potesic, de que SRIF modifica la entrada de
calcio ‘en las terminales presinapticas y de

“este: modo altera la liberacion del neuro-

perficie de neuronas de la médula espinal  transmisor.
se produjeron descargas de potenciales si-.
RESUME

Les actions physmloquues du tetradeca-
peptlde somatostatin SRIF ont été étudiées
sur des neurones de la moelle épiniere et
du ganglion de la racine dorsale de rats, en
culture de cellule primaire dissociee. Apres
application de SRIF a la surface de neu-
rones de la noelle- épiniere il se produisit

«Mol. 14 -5 Numbers' 2-3-4. — 1980
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‘des décharges de potentiels synaptiques ex-
_citantes on inhibitrices sans alérer le po-

tentiel de membrane on résistance. Ces dé-
convertes vont de pais avec I’hypothese que
SRIF modifie l'entrée du Calcium dans
les terminaisons présynaptiques et altere

ainsi- la liberation du neurotransmetteur. |,
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ZUSAMMENFASSUNG

 Die physiologische Aktion der Tetrade-
capeptide,  SRIF ausgesetzt,
diert

wurden stu-

indem * Neurone des Riickenmarks

und des Ganglions der Dorsalwurzel von
Miusen in Kulturen der getrockneten Pri-
marzelle benutzt wurden. Wenn SRIF an-
gewandt wurde, bildeten sich an der Ober-
fliche der Neuronen des Riickenmarks po-

6.

9.

tentielle synaptische Entladungen exitato-

risch und inhibitatorisch,

ohne das:Poten-

tial der Membranen oder den Widérstand
zu andern. Dieser Befund bestatigt die Hy-
pothese, dass SRIF den Eintritt von Kal-
cium in die prasynaptischen Terminale mo-
difiziert und so die Frelselzung des Neuro-
transmissors idndert. 5l 5
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Multiple Modes
Substance P

INTRODUCTION

The list of neuroactive compounds has
grown in the last decade to 40 or more
and most of the latest”additions are pepti-
des. The amine and amino acid transmit-
ters are characterized by certain ecriteria:
they are synthesized in neurons and relea-
sed from neuronal terminals; their excita-
tory or inhibitory action at the post-synap-
tic membrane has a short latency and is of
short duration; and they have an enzyma-
tic or reuptake system for termination or
recycling. The peptides deviate somewhat
from these rules, particularly with respect
to biosynthesis and electrophysiology. This
review explores the latter process dealing
with a variety of actions of Substance P on
excitable membranes, as well as the appa-
rent neurosecretory properties of this pep-
tide.

NEUROMODULATION

Substance P was suspected to mediate
synaptic transmission as long ago as 1953
when Lembeck?* noted its presence in the
dorsal horn of the spinal cord where pri-
mary sensory neurons were thought to re-
lease transmitter substances. Improvements
in elecrophysiological techniques to identi-
fy the effect of Substance P on neurons and
the characterization, sequencing and sub-
sequent synthesis of pure Substance P in
1970 and 19712 5 have allowed more pre-

cise investigations of its role(s) in transmi-

Vol. 14, — Numbers 2-3-4, — 1980
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ssion. Since then, cells in several brain
areas and in the spinal cord of frogs, gui-
nea pigs, mice, cats and rats, in vitro and
in vivo, have been shown to respond in an
excitatory fashion to the application of
Substance P!, 5, 11,21 28 28 3037 Hgowever,
compared with the biogenic amine and ami-
no acid transmitters, relatively slow excita-
tory responses of long duration were often
noted as was an occasional inhibitory effect.

Another effect was observed by Krivoy
et. al.?": Substance P influenced synaptic
excitability, altering the efficiency of the
transmission process. This effect was called
“synaptic modulation” and was observed in
the decerebrate cat spinal o-montoneuron
preparation®’, ?!, When these cells are sti-
mulated orthedromically at threshold inten-
sity and at a repetition rate of 0.5 Hz, re-
cordings of single a-montoneurons show ac-
tion potentials (detonation) in response to
a certain percentage of the pulses. Ionto-
phoresis of Substance P causes an increase
(facilitation) or decrease (inhibition) in
the percent of the stimuli resulting in ac-
tion potentials. Sustained ejection of Sub-
stance P at a current of 40 nanoamperes
(nA) resulted in an increase in the num-
ber of spikes produced by electrical stimu-
lation. As the iontophoresis current was
decreased to 10 nA synaptic activity drop-
ped below control levels. The a-motoneu-
rons were, in effect, ignoring the stimula-
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TABLE |

COEXISTENCE OF AMINES AND PEPTIDES WITHIN
AMINE
serotonin
serotonin
serotonin

norepinephrine
norepinephrine
norepinephrine

acetyl choline
acetyl choline

dopamine
dopamine

tory signals from the dorsal root when low
amounts of Substance P were applied and
responding with increased synaptic excita-
bility with higher peptide concentrations.
Another example of neuromodulation in-
volves a change in the magnitude and ki-
netics of the conductance and current res-
ponses to the neurotransmitters acetylcholi-
ne and glutamate by Substance P. The sen-
sitivity of Renshaw cells to acetylcholine is
reduced by Substance P7, 2, %! and the glu-
tamate excitatory responses of cultured mou-
se neurons are attenuated by the peptide®”.

TACHYPHYLAXIS TO SUBSTANCE P

Cultured mouse spinal neurons respond
to pressure or iontophoretic application of
Substance P?®, The response is rapid and
excitatory and applications of 50 millise-
conds duration depolarize the cell membra-
ne above the threshold for generation of ac-
tion potentials. However, with sustained
Substance P release, the membrane first be-
comes less sensitive to Substance P, and
then within one second is completely des-
ensitized.

Desensitization, or tachyphylaxis, to the
excitatory effect of Substance P is also ob-
served in vivo in cells of the substantia ni-
gra’. The distinction between desensitiza-
tion and neuromodulation is subtle. The
examples of modulation above showed Sub-
stance P altering synaptic events mediated
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Substance P
Thyrotropin releasing hormone (TRH)
Substance P 4+ TRH

somatostatin
enkephalin
neurotensin

INDIVIDUAL NEURONS
PEPTIDE

enkephalin
vasoactive intestinal peptide

enkephalin
cholecystokinin

by other neurotransmitters. One could easi-
ly argue that in vive desensitization in the
substantia nigra is a result of modulation
of synaptic responses to Substance P by se-
rotonin, GABA, norepinephrine, dopamine
or peptides known to exist in that brain
area. However, the in wvitro demonstration
of tachyphylaxis in dispersed single cells
in culture suggests that the desensitizing
effect of Substance P is a membrane (re-
ceptor) phenomenon not requiring the in-
tervention of other neurotransmitters or
neuronal circuitry. Such cellular desensiti-
zation may explain the tachyphylaxis to
Substance P contractions in the isolated
guinea pig ileum and even behavioral des-
ensitization seen in rats where rearing be-
havior to Substance P injections in the sub-
stantia nigra disappears after repeated in-
jections!".

COEXISTENCE OF SUBSTANCE P AND

SEROTONIN IN NEURONS

Hokfelt, who has mapped a number of
Substance P pathways, has discovered that
the peptide “coexists” with serotonin
(5-HT) in the pars o of the nucleus re-
ticularis gigantocellularis, the nucleus intra-
fascicularis hypoglossi and in several rapheé
nuclei in the medulla oblongata of rats'.
Other amine-peptide pairs have been repor-
ted recently’”,'* and are presented in ta-

ble 1.
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It is too early to know the significance
of these amine- peptide pairs. Kosterlitz and
Hughes'® proposed a functional relation-
ship for neurons containing a classical ami-
ne transmitter and the peptide enkephalin
where the amine acts postsynaptically whi-
lo enkephalin controls further release by
acting on presynaptic receptors of the ‘ami-
ne-enkephalin’ neuron terminals. Further
study of the Substance P-5-HT neurons
should reveal if Substance P’s role in the-
se pathways is to regulate serotonin release.

NEUROSECRETION OF SUBSTANCE P

Another study of Substance P by immu-
nocytological methods shows that it is se-
creted into the bloodstream from neurons
and therefore may act as a neurohormone.
Chan-Palay and Palay® identified Substan-
ce P-reactive cells in rat sensory ganglia.
In the axons of these cells, Substance P is
found in granules 100-300 nm in diameter
while in the axon terminals it is contained
in smaller, round vesicles sized in groups
45-60, 90-110 and 110-150 nm across. The
larger vesicles (110-150) were clumped to-
gether in peripheral portions of the axon
terminal.

The Substance P-reactive cell bodies in
the ganglia send fine varicose processes in-
to the surrounding extracellular spaces bel-
ween ganglion cells and around blood ves-
sels. Electron micrographs show large dia-
meter (100-300 nm) granules moving in-
tact through endothelial cells of the capi-
llary and into the bloodstream.

The target of the secreted Substance P
is unknown. Intravenous Substance P in-
jections in rats produce an increase in
growth hormone and prolactin’® whereas
intraventricular Substance P stimulates so-
matostatin release causing decreased growth
hormone secretion and no effect on prolac-
tin!. The discrepancies in these results may
be due to the route of Substance P admini-
stration. Besides the histological evidence,
Nilsson?® hrs measured Substance P in the
plasma of man and dogs. Since Substance
P is one of the most potent vasodilators
known, its release concomitant with nerve
stimulation may lead to functional hypere-
mia of the organ involved. Since Substance
P is stable on passage through the pulmo-
nary circulation, it is well situated to ha-
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SUBSTANCE P

ve some physiological role as a circulaling
hormone. It is also found in high concen-
tration in the hypothalamus, along with a
number of peptides which at as releasing
hormones in the hypothalamo-hypophysial

axis.

CONCLUSIONS

We have reviewed a number of possible
modes of communication by Substance P.
Depending on the cells studies and the ex-
perimental conditions, Substance P can ex-
cite nerve cells to detonation, inhibit neu-
ronal firing, modulate synaptic transmis-
sion and desensitize single cells isolated in
culture or brain cells in situ. Substance P
can be secreted into the bloodstream and
coexists with the amine neurotransmitter
serotonin in specialized neural pathways.
Are these processes physiologically opera-
tional? Although it is too early to answer
this question comprehensively, the proce-
sses provide useful mechanisms to explain
some observed effects. Administration of
Substance P produces a wide variety of ef-
fects in animals. A partial list includes: hy-
potension”, gut contraction®, salivation®, se-
dation®?, %, analgesial?, 27, 32, 31 hyperalge-
sia'®, *7, behavioral posturing such as rea-
ring and rotation, '7.17,2? release or inhi-
bition of hypothalamic-hypophysial hormo-
nes', '® and inhibition of drinking®. Con-
siderable attention has been given to the
role of Substance P in the afferent trans-
mission of pain. Noxious input from the
periphery is relayed to cells in the spinal
cord by sensory neurons. It is generally ac-
cepted that the intensity of a stimulus tran-
smitted by a single neuren is coded by the
rate of its spiking, and that an increase in
spiking is positively related to the amount
of transmitter that is released from that
neuren’s terminals. If Substance P is being
released, it could have a desensitizing effect
on the spinal cells such as that found in vi-
tro in cultured mouse spinal neurons or a
biphasic, modulating effect also observed in
cord o-motoneurons. In the first instance,
where the cells are desensitized by prolon-
ged application of the peptide, the spinal
cells appear to receive information {rom
Substance P neurons about brief events on-
ly. Sustained release of Substance P would
turn the cells off. On the other hand, the
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g-motoneurons which control muscle con-
traction and avoidance of further stimuli
are more readily depolarized in response to
increasing Substance P concentration. Sub-
stance P also reaches the cord via decen-
ding neurons from the brain stem. The me-
dullary raphé projections to the dorsal horn
of the spinal cord are involved in media-
ting centrally-induced analgesia, presuma-
bly by inhibiting primary afferents in the
dorsal horn'®. Serotonin was thought io
mediate such analgesic effects. However,
since Substance P and serotonin are found
together in these decending pathways, the
regulation of information about pain by the
decending neurons may involve the coor-
dinate release of both Substance P and se-
rotonin.

INTERNATIONAL JOURNAL OF NEUROLOGY

Several of the synaptic properties of Sub-
stance P are also exhibited by other pepti-
des. First, single cells in culture become
desensitized to leucine - enkephalin as well
as to Substance P'. Second, synaptic trans-
mission is medulated by peptides other than
Substance P. For example, 3-MSH facilita-
tes submaximally evoked reflexes in the
cat'® and enkephalin reduces acetylcholi-
ne-induced excitation of Renshaw cells®.
Third, several peptides are found in neu-
rons containing amine neurotransmitters'*.

Thus, Substance P appears to possess
characteristics common to a growing group
of neuroactive peptides which are capable
of a variety of neuroreguiatory functions in
many parts of the body.

SUMMARY

We have reiewed a number of possible
modes of communication by Substance P.
Depending on the cells studied and the ex-
perimental conditions. Substance P can ex-
cite nerve cells to detonation, inhibit neu-
ronal firing, modulate synaptic iransmis-
sion and desensitize single cells isolated in
culture or brain cells in situ. Substance P
can be secreted into the bloodstream and
coexists with the amine neurotransmitter
serotonin in specialized neural pathways.

Considerable attention has been given to

the role of Substance P in the afferent
transmission of pain. Noxious input from
the periphery is relayed to cells in tho spi-
nal cord by sensory neurons.

Substance P also reaches the via decen-
ding neurons from the brain stem.

Thus, Substance P appears to possess
characteristics common to a growing group
of neuroactive peptides which are capable
of a variety of neuroregulatory functions in
many parts of the bbody.

RESUMEN

Hemos pasado revista a un numero de
posibles modos de comunicacion® por la
Substancia P. Dependiendo de las células
estudiadas y las condiciones experimenta-
les, la Substancia P puede excitar células
nerviosas hasta llegar a la detonacion, inhi-
bir descargas neuronales, modular la trans-
mision sinoptica y desensibilizar células ais-
ladas en cultivo o células del cerebro in
situ. La Substancia P puede ser segregada
er: el torrente sanguineo y coexiste con el
neurotransmisor serotonina en vias neura-
les especializadas. Se le ha prestado mucha
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atencion al papel de la Substancia P en la
transmision aferente del dolor. Influjos no-
civos desde la periferia son transmitidos a
células en la médula espinal por neuronas
sensitivas.

La Substancia P también alcanza la mé-
dula por las neuronas descendentes desde
el tronco cerebral.

La Substancia P. posee caracteristicas co-
munes a un grupo creciente de péptidos
neuroactivos que poseen una variedad de
funciones neurorreguladoras en muchas par-
tes del cuerpo.
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MULTIPLE MODES OF COMMUNICATION

BY SUBSTANCE P

RESUME

Nons avons passé en revue nn certain
nombre de possibles modes de communica-
tion grace a la substance P.

Selon les cellules étudiées et les condi-
tions expérimentales la substance P peut
exciter les cellules nerveuses jusqu’ a la
détonation, inhiber des décharges neurona-
les, moduler la transmission synaptique et
désensibiliser des cellules isolées en culture
ou des cellules du cerveau in situ. La sub-
stance P peut étre sécrétée dans le torrent
sanguin et coexiste avec le neurotransme-
tteur sérotonine dans les voies neurales spé-
cialisées.

On a considéré tres attentivement le role
de la substance P dans la transmission, af-
férente de la donleur.

Des niflux nocifs venus de 1'extérieur
sont transmis a des neurones de la moelle
épiniére par des neurones sensitifs. La sub-
stance P atteint aussi la moelle par les neu-
rones descendants renant du tronc cérebral.

La substance P posséde des caractéristi-
(ques communes a un groupe croissant de
peptides neuroactifs qui possédent une di-
versité de fonctions neurorégulatrices in di-
verses parties du corp.

ZUSAMMENFASSUNG

Wir haben wegen der moglichen Arten
der Mitteilungen der Substanz P Umschau
gehalten. Abhingig von den studierten Ze-
llen und den experimentalen Bedingungen,
kann die Substanz P nervose Zellen reizen
bis zur Explosion, neuronale Entladungen
hindern, die synaptische Transmission mo-
dulieren und einzelne isolierte Zellen in
Kulturen oder Gehirnzellen desensibilisieron
oder in situ lassen. Die Substanz P kann
in den Blutkreislauf segrediert werden und
mit dem serotonischen Neurotransmissor in
spezielle Neuralwege zusammengebracht

werden. Grosse Aufmerksamkeit hat man
der Rolle gewiedment von der Substanz P
in der Ubertragung des Schmerzweges.
Schadliche Beeinflusigungen von der Peri-
pherie aus werden nach Zellen der Medula
spinal durch sensitive Neuronen transpor-
tiert.

Die Substanz P besitzt gewohnliche Cha-
rakteristik zu einer wachsenden Gruppe
von neuroaktiven Peptiden, die eine vers-
chiedene neuroregulierende Funktion in
vielen Stellen des Korpers haben.
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During the last decade, several peptides
extracted from the pituitary gland and from
various regions of the brain have been cha-
racterized and synthetized. New therapeutic
approaches involving peptides or analogs in
the management of a variety of disorders
can be foreseen. Some peptides, like lu-
teinizing hormone - releasing hormone
(LHRH), thyrotropin - releasing hormone
(TRH) and (3-endorphin, may have some
clinical usefulness in the treatment of en-
docrine, neurological and mental disorders.
Already, significant improvement of sym-
ptoms of Parkinson’s disease has been obs-
erved in patients who received intravenous
infusions of L-prolyl-L-leucylglycine amide
(PLG or MIF-I) in combination with
L-Dopa or anticholinergic drugs (for review
see 1, 2). The first clinical trials of PLG,
a tripeptide with unconfirmed melanocyte-
stimulating hormone (MSH) inhibitory
properties, by Kastin and Barbeau (17)
were based on experimental data which had
indicated that this substance potentiated
the actions of L-Dopa and oxotremorine in
animals (26), a finding later confirmed by
numerous pharmacological studies. Recen-
tly, PLG was found also to potentiate apo-
morphine actions in rats treated with 6-hy-
droxydopamine in order to produce expe-
rimentally symptoms of parkinsonism (2,
20). The study of the role of a given pep-

tide in the central nervous system and of
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its possible implication in the patho>hysio-
logy of human disorders includes the exa-
minations of the behavioral effects of this
peptide in animals. The present paper will
review some data obtained in our laborato-
ry concerning the behavioral effects of sub-
stance P (SP) in rats and its interaction
with various trcatments modifying catecho-
laminergic systems.

Functional roles for substance P in the
ccatral nervous system are suggested by a
large number of pharmacological actions of
the extracted or synthetic peptide. For ins-
tance, electrophysiological and neurochemi-
cal evidence is accumulating that SP acts
as a transmitter or modulator of some but
not all primary sensory neurons (for review
see 23, 32). Intraventricular injections of
SP in very low doses produced naloxone-
reversible analgesia in mice while injections
of high doses of SP in combination with
the well known morphine antagonist pro-
duced hyperalgesia; these findings sugges-
ted a possible relationship between SP and
the brain opiate peptides, endorphins and
enkephalins (10). Besides its most proba-
ble invelvement in nociception, SP might
play a physiological role in the control of
motor functions, especially via interactions
with the putative neurotransmitters of the
basal ganglia.

High levels of SP have been detected in

the substantia nigra of rats and human
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brain (3, 15) and the existence of a stria-
tonigral pathway of SP containing cells ori-
ginating in the anterior striatum has been
demonstrated (4, 12, 16). There is electro-
physiological evidence that SP is released
from the substantia nigra (14) and that
it exerts excitatory actions on neurons in
this area (9). An increasing number of
neurochemical studies supports the hypo-
thesis of an excitatory input of SP on dopa-
minergic cells in the substantia nigra (6,
7. 8, 33); there is also one report sugges-
ting that SP neurons may be under the to-
nic inhibitory influence of dopaminergic
neurons (11). Indirect evidence that SP
may exert an excitatory action on nigros-
triatal dopaminergic neurons was provided
by the observation that intranigral applica-
tion of SP in rats caused contralateral ro-
tations, a behavior primarily but not solely
attributed to an asymmetric activation of
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the dopaminergic nigrostriatal pathway (13,
24). Administration of doses of SP higher
than 10 pg/rat into the right ventricle of
naive rats induced within a few minutes
horizontal rotations to the left; and then,
rotations along the length axis of the body:
the rotations were followed by a period of
general excitation (6).

We undertook an experiment to establish
the dose related effects of intraventricular
(IVT) administration of synthetic SP
(Peninsula Labs, San Carlos, Calif.) on mo-
tor activity in rats. Doses ranging from
0.07 to 80.00 pg/rat were studied. Activi-
ty scores were determined by photocell
counts recorded for a 15 min test period
which followed a 5 min pre-injection adap-
tation period. A rigid posture with exten-
sion of the limbs, interrupted by several
barrel rolling rotations was a characteristic
behavioral response to IVT infusion of SP

VEHICLE- 007 038

125, -8 20

DOSE (ug)

Fig. 1. —

Mean total activity scores during the 15 min test session following

IVT administration of sub:ztance P. Eight rats per group.
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in the 40-80 pg dose range. Similar abnor-
mal postures were observed to a lesser ex-
tent with 20 pg/rat. An analysis of va-
riance revealed significantly greater activi-
ty scores for the group of animals which
received 0.30 and 1.25 pg doses of SP.
This increase in activity induced by SP is
illustrated in Figure 1 in which mean to-
tal activity scores during the 15 min test
session are plotted for each dose of SP.
Further examination of the data indicated
that, at these doses, SP increased motor ac-
tivity during all three 5 min intervals of
the session. Mean activity scores for those
intervals are presented in Figure 2. A sig-
nificant increase in the total number of
reasings was found also in the animals in-
jected with 0.30 pg SP. Grooming was ob-
served, often accompanied by hypersaliva-
tion, but animals did not spend more time
than control rats in such activity.

In a different experimental desing allo-
wing us to study the effects of SP on mo-
tor activity for longer periods of time, we
found that the increase in activity produ-
ced by IVT 0.60 pg/rat SP did not persist

for more than 15 minutes. Moreover. admi-
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nistration of the peptide, at this dose, did
nol potentiate or reduce the stereotypy and
increased activity induced by 2 mg/kg
d-amphetamine and 1 mg/kg apomorphine,
injected simultaneously or 30 min after SP.
Results of experiments in mice confirmed
that SP shows little activity in the L-Dopa
and 5-HT potentiation tests (25) and in-
dicated that the peptide does not antagoni-
ze or accentuate tremors induced by oxo-
tremorine.

Photocell counts obtained when animals
are placed in an activity meter are an in-
dex of gross motor activity. It is not easy
from this measurement to distinguish bet-
ween locomotor activity and the fine mo-
vements of grooming behavior. Therefore,
we studied the behavioral effects of SP in
rats placed in a 16 squares open field (88
X 88 X 60 em) for 30 minutes. SP was
administered IVT in doses of 0.60 and
2.50 pg/rat. The lower dose of the peptide

- significantly increased locomotion and gro-

oming in comparison to a control group.
Mean total number of squares crossed and
mean lotal lime spent grooming during
each 5 min intervals of the test period are
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Oo—0 5-10 min

&—e& 10-15min

+

! | |

MEAN ACTIVITY SCORES t*SEM

VEHICLE 0.07

0.3

1.25 9 20

DOSE (ng)

Fig. 2.
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presented in Figures 3 and 4 respectively.
Analyses of variance and appropriate post
hoc tests revealed that locomotor activity in
the 0.60 pg SP group was increased signi-
ficantly for the first 10 min of the test se-
ssion while grooming activity remained sig-
nificantly greater almost throughout the
30 min. Those results suggest that a greater
frequency of grooming movements was pro-
bably an essential component of the SP in-
duced activity initially observed when rats
were tested in an activity meter.

In order to study at the behavioral level
the possible interaction of SP with the ca-
techolaminergic systems, various groups of
rats were administered the following treat-
ments at appropriate times before IVT in-
jections of the peptide: 250 mg/kg o-me-
thyl-para-tyrosine, a tyrosine hydroxylase
inhibitor, 20 mg/kg phenoxybenzamine. a
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predominantly post-synaptic a-adrenergic
receptor antagonist, 25 mg/kg FLA-63, a
relatively specific dopamine-f3-oxidase inhi-
bitor and 0.1 mg/kg haloperidol, a dopa-
mine receptor antagonist. All four treat-
ments produced hypokinesia in SP-vehicle
treated rats, as evidenced by decreases of
similar magnitude in locomotor activity
measured in the open field. SP in doses of
0.60 and 2.50 pg/rat did not affect the
behavioral depression produced by eo-me-
thyl-para-tyrosine, phenoxybenzamine and
FLA-63. However, the peptide systematica-
lly reversed the hypokinesia of the halope-
ridol pretreated rats. An analysis of varian-
ce and the appropriate post-hoc tests revea-
led that 0.60 pg SP increased locomotor ac-
tivity during the whole test session while
the higher dose of the peptide, 2.50 pg,
produced such effect only during the first

ekt VERHCULE
o—o 0.60ug SP

St DG SP

|

0-5
5-10

10=15 1:20-25

15202530

TIME (min)

Fig. 3. -

Mean total number of squares crossed for each 5 min intervals of

the test sessions. Eight rats per group.
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5 min. The mean total number of squares
crossed during the 30 min session and its
breakdown into each of the 5 min inter-
vals are presented in Figures 5 and 6 res-
pectively. In comparison to an appropriate
control group, time spent grooming was not
reduced by any of the four drug treatments.
However SP did not modify significantly
grooming activity in any of the group
which  received these pharmacological
agents.

Since SP reversed the hypokinesia indu-
ced by a low dose of haloperidol, we deci-
ded to examine the actions of the peptide
on some other behavioral effects of the
neuroleptic. A higher dose of haloperidol,
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10=10 20-29

1940 25-30

- Mean total time spent grcoming in sec. for each 5 min intervals of
the test sessions. Eight rats per group.

3 mg/kg, produced catalepsy, rigidity and
decreased locomotor activity in rats (unpu-
blished data). Catalepsy was determined by
placing the animal’s front paws on three
different objects: a horizontal wooden bar
(1 em width) suspended 10 em above the
table, a 9 em high wooden cork (2.5 em
diameter) and a similar 3 em high cork.
The number of sec spent in each of these
three positions up to a maximum of 60 sec
were recorded, the sum of which constitu-
ted the result of the catalepsy test. Similar-
ly, for the measurement of rigidity a rat
was suspended by its front paws grasping
a metal rod (0.5 em diameter) which was
held about 50 em above the table and the
time the animal remained in such position
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SBUFFEN

— Mean total numwber of squares crossed &+ S.EM. during the 30 min

test session. All rats pretreated with 0.1 mg/kg haloperidol ip 2 hr prior SP

injections, Eight rats per  group.

was recorded; a prolonged grasping respon-
sc has been correlated with direct measu-
res of muscle rigidity (29). Assessment of
motor activity, catalepsy and rigidity in
haloperidol pretreated rats was made at 30
min intervals for a period of 3 hr after SP
injections. Behaviorally, the animals injec-
ted with IVT 0.60 and 2.50 pg/rat SP
did not differ from controls; the peptide did
not counteract the hypokinesia and cata-
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lepsy resulting from the administration of
3 mg/kg haloperidol. However, animals
which received 0.60 pg/rat SP displayed
significantly less rigidity than controls at
cach test period. Changes in muscle rigi-
dity were observed immediately after infu-
sion of the peptide and persisted for at
least 150 min. Results at the catalepsy and
rigidity tests obtained 120 min after SP
injections are presented in Figure 7. It ap-
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session. Same animals as in Figure 5.

pears that the occurrence of the symptoms
induced by a high dose of haloperidol, ca-
talepsy, rigidity and a considerable reduc-
tion in moter activity, cannot be attributed
to a decrease of SP content in the substan-
tia nigra. In fact, it has been reported re-
cently that chronic administration of halo-
peridol significantly reduced SP content of
the substantia nigra, but also, that an acu-
te treatment with a dose of 2 mg/kg of
the neuroleptic failed to produce such neu-
rochemical change (11). Nevertheless, our
results indicated that SP exerted differen-
tial effects on the symptoms induced by
haloperidol.
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Mean number of squares crossed during the 5 min intervals of the

Destruction of catecholamine containing
neurons by microinjections of 6-hydroxydo-
pamine (6-0HDA) into the substantia ni-
gra and/or along the dopaminergic nigros-
triatal pathway have been employed to cre-
ate animal models of parkinsonism (28.
31). Bilateral injections of 6-0HDA in the
anterolateral hypothalamus produced a hy-
pekinesia in rats which is accompanied by
a generalized reduction in brain noradrena-
line levels and a reduction of dopamine in
the striatum and cerebral cortex (5).

The putative dopamine receptor ago-
nist apomorphine and several drugs used in
the treatment of Parkinson’s Disease were

— 245



A-CATALEPSY TEST

INTERNATIONAL JOURNAL OF NEUROLOGY

B-RIGIDITY TEST

3mq /Kg HALOPERIDOL

180

Hi

d , 2 O B ;:5-'::.:1
m .’¢: :‘ Y
)] XL

o

BUFFER SP S
0.6 2.5

Fig. 7.

60

-
ig
40 [

20

- -
Po, o

25 NN
BUFFER SP SP
0.6 2.5

— Results in see = S.E.M. at catalepsy (Panel A) and rigidity (Pane] B)

tests cbtained 120 min after SP injections. All rats pretreated with 3 mg/kg ha-
loperidol ip 2 hr prior to SP injections. Six rats per group.

effective in reversing this 6-0HDA induced
hypokinesia (5); as mentioned earlier, apo-
morphine effects in this model were poten-
tiated by the tripeptide PLG (2). We stu-
died the dose-related effects of IVT admi-
nistration of SP, alone and in combination
with apomorphine in rats rendered hypo-
kinetic by bilaicral 6.0HDA hypothalamic
lesions. Doses ranging from 0.07 to 20.00
ug/rat were examined. An analysis of va-
riance revealed that the dose of 0.30
pg/rat of the peptide was the only one to
significantly increase motor activity as de-
termined by photocell counts in a 5 min
test session immediately after SP adminis-
tration. This is illustrated in Figure 8 in
which mean activity scores during the test
session are plotted for each dose of SP.
Behavioral observations indicated that
the significantly greater activity in the
0.30 pg/rat SP group as well as the higher
mean activity counts in other groups which
received SP were not necessarily related to
the induction of locomotor activity in the
hypokinetic rats. Grooming was observed in
all animals injected with 0.30 pg/rat SP
while only 3 out of 8 showed locomotor
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activity. Whenever locomotion occurred,
gait of rats consisted of extremely short
steps, executed very slowly. Such abnormal
walking has been reported to occur follo-
wing injections of anticholinergics in aki-
retic 6-0HDA treated rats (27). At all do-
ses examined, SP did not potentiate or re-
duce the stereotypy and increased activity
induced by 1 mg/kg apomorphine. Alt-
hough the reversal of hypokinesia by SP
was of much less magnitude and duration
than the one produced by the administra-
tion of L-Dopa or other dopaminergic ago-
nists (5), our finding demonstrated that
IVT injection of SP elicits a behavioral ac-
tivation in rats with 6-0HDA hypothalamic
lesions.

In summary, we observed that IVT in-
jections of low doses of SP, between 0.30
and 1.25 pg/rat, induced behavioral acti-
vation in rats characterized by increased lo-
comotor activity and grooming.

Similar behavioral changes have been re-
ported following administration of SP by
this route in rabbits (22) and rats (21)
and following intranigral injections (18).
It has been demonstrated recently that ap-
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plication of SP into the ventral tegmental
area (VTA) elicits an increase in locomo-
tion and exploration without affecting gro-
oming (30); a potentiation of the effects
of d-amphetamine on activity by previous
infusion of SP into the VTA was also re-
ported (30). The latter result is in con-
trast with our finding that IVT injection
of SP did not potentiate the stereotypy and
behavioral arousal produced by ampheta-
mine and apomorphine.

Since we administered the peptide into
the ventricles, it cannot be established pre-
cisely upon which brain structures SP
might have exerted its action. The use of
two doses of haloperidol which produced
distinet behavioral symptoms in rats allo-
wed us to study separately the effects of
SF' on hypokinesia and rigidity. The pep-
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tide reversed the rigidity induced by a high
dose of the dopamine receptor antagonist
but did not affect catalepsy and hypokine-
sia. SP did reverse the hypokinesia indu-
ced by a dose of 0.1 mg/kg haloperidol but
did not affect the behavioral response to
a-methyl-para-tyrosine,  phenoxybenzamine
and FLA-63.

Locomotion and grooming were briefly
observed after SP injection in rats rende-
red hypokinetic by 6-0HDA hypothalamic
lesions. It has been demonstrated that the
increase in locomotor activity resulting
from SP infusion into the VTA could be
blocked by infusion of haloperidol into the
nucleus accumbens or by 6-0HDA lesions
of the ascending A10 neurones (19). The-
se findings suggest that SP induces its be-
havioral effects through activation of do-
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paminergic neurones; the relative contribu-
tion of the nigro-striatal, mesolimbic and
mesocortical pathways to these effects as
well as the relationships of SP containing
fibers with other neurotransmitter systems,
for example cholinergic and GABA ergic
neurons, still remain to be determined.

It is now widely recognized that brain
peptides play physiological roles in neuro-
nal and behavioral functions of the CNS. It
has been hypothesized that an important
role of the peptidergic pathways is to ex-

INTERNATIONAL JOURNAL OF NEUROLOGY

ert a trophic modulation on aminergic fun-
ctions and that a decrease in such trophic
action of peptides could result in damages
to neurons containing the putative neuro-
transmitters, like those associated with ex-
trapyramidal disorders (1). Valuable infor-
mation concerning the pathophysiology
and/or therapy of neurological disorders
could be obtained from the study of the
relationship between peptides and biogenic
amines.
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SUMMARY

In recent years, many peptides have
found a progressively more important role
in the biochemistry and physiology of the
brain in addition to their definite involve-
ment in hormonal regulation. There is gro-
wing evidence that, among these peptides
having CNS effects, the undecapeptide sub-
stance P (SP) may functionally interact
with the neurochemical mechanisms of the
basal ganglia. A series of experiments were
undertaken to determine the behavioral ef-
fects of SP in rats. Intraventricular injec-
tions of SP in doses ranging from. 30 to
1.25 pg/rat induced motor activity in nai-
ve rats placed for 15 min in an activity
meter, locomotion and grooming'in a 16
squares open field were also increased tem-
porarily. Doses over 40 pg/rat produced
immobility, rigidity and barrel rolling ro-
tations.

The interaction of SP with various tre-
atments modifying catecholaminergic sys-
tems was investigated. Administration of
SP, .60 pg/rat in combination with 30 min
after injections of 2 mg/kg d-amphetamine
and 1 mg/kg apomorphine did not poten-
tiate or reduce the hyperactivity and the
stereotyped behavior induced by these two
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drugs. SP did not affect the hypokinesia
produced by the tyrosine hydroxylase inhi-
bitor, o-methyl-p-tyrosine (250 mg/kg).
the ¢-adrenergic receptor antagonist, phe-
noxybenzamine (20 mg/kg) and the dopa-
mine-3-hydroxylase inhibitor, FLA-63 (25
mg/kg). However, SP, in a dose of 0.60
ug/rat, sistematically reversed the behavio-
ral depression and the decrease in locomo-
tor activity induced by a relatively small
dose of haloperidol (1 mg/kg), a dopami-
ne receptor antagonist. On the other hand,
SP did not counteract the catalepsy resul-
ting from the administration of a higher
dose of this neuroleptic (3 mg/kg).

Intraventricular injection of SP, 0.30
pg/rat, increased motor activity in rats
rendered hypokinetic by bilateral microin-
jections of 6-hydroxydopamine into the an-
terolateral hypothalamus; behavioral obser-
vations indicated that grooming and not lo-
comotion was mainly responsible for the
greater activity scores. The reversal of the
hypokinesia produced by administration of
apomorphine to these 6-0HDA treated ani-
mals was not potentiated by SP.

Brain peptides may modulate catechola-
minergic functions and may contribute to
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the pathogenesis of extrapyramidal disor-
ders such as Parkinson’s disease and Hun-
tington’s chorea. The possible involvement

of SP in the control of motor functions is
discussed.

RESUMEN

En los tltimos anos, muchos péptidos
han encontrado un papel progresivamente
mas importante en la bioquimica y fisiolo-
gia del cerebro agregado a su definitiva im-
plicancia en la regulacion hormonal. Exis-
t2 una evidencia creciente que entre estos
péptidos que tienen influencia sobre el sis-
tema nervioso central, el wundecapéptido
sustancia P (SP) puede actuar funcional-
mente en los mecanismos neuroquimicos de
los ganglios basales. Se realizaron una se-
rie de experimentos para determinar los
efectos en la conducta de la substancia P
en ratas. Inyecciones intraventriculares de
SP en dosis fluctuantes entre 30 a 1.25
Mg/rata inducian actividad motora en ra-
tas sin practica de conducta colocadas du-
rante 15 minutos en un medidor de acti-
vidad, locomocién y acicalamiento en wun
espacio abierto de 16 cuadrados que fueron
también acrecentados en el tiempo. Dosis
por encima de 40 Mg/rata produce inmo-
vilidad, rigidez y rotaciones.

Se investigé la interaccion de SP con va-
rios tratamientos que modifican los siste-
mas catecolaminérgicos.

La administracion de SP. 60 Mg/rata en
combinacion con inyecciones 30 minutos
después de 2 mg/kg de anfetamina y 1
mg/kg de apomorfina no acrecenté o redu-
jo la hiperactividad y la conducta estereo-
tipada inducida por estas dos drogas.

La substancia P. no afecta la hipokinesia

producida por el inhibidor de la tirosina
hidroxilasa o-metil-p-tirosina (250 mg/kg),
el antagonista del receptor a-adrenérgico, fe-
noxibenzamina (20 mg/kg) y el inhibidor
de la dopamina B-hidroxilasa, FLA-63
(25 mg/kg). No obstante SP en una do-
sis de 0.60 Mg/rata invirtio la depresion
de conducta y la disminucion en actividad
locomotora inducida por una dosis relativa-
mente pequefia de haloperidol (1 mg/kg).
antagonista del receptor de dopamina. Por
otro lado, SP no neutralizé catalepsia resul-
tante de la administracion de una dosis ma-
yor de este neuroléptico (3 mg/kg).

La inyeccién intraventricular de SP.
0.30 Mg/rata, acrecenté la actividad moto-
ra en ratas vueltas hipokinéticas por mi-
croinyecciones bilaterales de hidroxidopami-
na en el hipotalamo anterolateral; observa-
ciones de conducta indicaron que al acica-
lamiento y no a la locomocion correspon-
dian los mayores resultados de actividad.
La inversion de la hipokinesia por la ad-
ministracion de apomorfina a estos anima-
les tratados por 6-0HDT no fue potenciali-
zada por SP.

Los péptidos del cerebro pueden modu-
lar las funciones catecolaminérgicas y pue-
den contribuir a la patogénesis de los des-
ordenes extrapiramidales tales como enfer-
medad de Parkinson y corea de Hunting-
ton. Se discute la posible implicancia de SP
en el control de las funciones motoras.

RESUME

On cours des dernieres années, de nom-
breux peptides se sont montrés de plus en
plus importants dans la biochimie et la
physiologie du cerveau, outre leur role
dans la régulation hormonale. 11 est de plus
en plus évident que parmi les peptides qui
ont une influence sur le systeme nervoux
central, 'undecapeptide substance P (SP)
peut agir sur le fonctionnenent des meéca-
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nismes neurochimiques des ganglions ba-
saux. Des expériences ont été faites pour
déterminer le role de la substance P chez
le rat.

Des injections intraventriculaires de SP
a doses variant de 30 a 1,25 pg/rat provo-
quaient une activité motrices chez des rats
neufs, placés pendant 15 minutes dans un
appareil mesurant l'activité, la locomotion

— 249



et la parure dans un espace ouvert de 16
carrés qui furent augmentés avec le temps.
Des doses supérieures a pgd0/rat produi-
sent immobilité, raidissenent, rotation.

On a étudié l'interaction de SP et de di-
vers traitements modifiant les systémes ca-
técholaminergiques. L’administration de SP
60pg/rat combinée avec des injections 30
minutes plus tard de 2 mg/kg d’anphéta-
mine et 1 m/kg d’apomorphine n’a ni au-
gmenté ni réduit ’hyperactivité et la con-
duite stéréotypée induite par ces deux dro-
gues.

La substance P n’affecte pas ’hypokinese
produite par l'inhibiteur de la tyrosine hy-
droxylase, 1 méthyl-p-tyrosina (250 mg/
kg). I'antagonique du récepteur adréner-
gique phénoxiybenzamine (20 mg/kg), et
I'inhibiteur de la dopamine B-hydroxylase
FLA-63 (25 mg/kg). Cependant, SP a la
dose de 0,60 pg/rat a inverti la dépression
de conduite et la diminution de lactivité
locomotrice provoqué par une dose relati-
vement faible de haloperidol (1 mg/kg)
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antagonique du récepteur de dopamine.
D’autre part, SP n’a pas neutralisé la cata-
tepsie provoqué par L’administration d’une
dese plus porte de ce neuroleptique (3
mg/kg).

-L’injection ~intraventriculaire de SP
(0,30/rat) a augmenté P’activité motrice
chez des rats rondus hypokinétiques par
des microinjections bilatérales de 6 hydroxy-
dopamine dans I’hypethalamus antéro la-
teral. L’observation de la conduite indique
que a la parure et non a la locomotion co-
rrespondaient les résultats d’augmentation
d’activité. L’inversion de I’hypokinésie ré-
sultant de l'administration d’apomorphine
a ces animaux traités par 6-OHDA n’a pas
été potentialosée par SP.

Les peptides du cerveau peuvent modu-
ler les fonctions catécholaminergiques et
peuvent contribuer a la pathogénese des
désordres extrapyraminaux tels que la ma-
ladie de Parkinson et chorée de Huntin-
gton. On discute le possible role de SP dans
> contréle des fonctions motrices.

ZUSAMMENFASSUNG

In den letzten Jahren haben viele Pep-
tiden ein fortschreitend wichtiges Papier in
der Biochemie und Physiologie des Gehirns
zugehorig zu seiner hormonalen Regulier-
ung. Es besteht eine wachsende Beziehung
zwischen diesen Peptiden, die Einfluss ha-
ben auf das Zentralsystem; die undecaptis-
che Substanz P (Sr) kann funktionell han-
deln in dem neurochemischen Mechanis-
mus der Basalganglien. Es wurde eine Se-
ric Experimente gemacht, um die Effekte
in der Leitung der Substanz P bei Ratten
zubestimmen. Intraventrikulare Injektio-
nen von Sp in Schwankungen der Dosis
zwischen 30 bis 1,25 mg/Ratte induzierten
motorische Aktivitat bei Ratten ohne Fiih-
runsprakis wihrend 15 Minuten in einem
Messgerat der Aktivitat, Lokomotion und
Polierung in einem offenen Raum von 16
Quadraten, die auch in der Zeit vermehrt
wurden. Eine Dosis von 40 mg/Ratte mehr
verursacht eine starre Bewegungslosigkeit
und Retationen.

Die Interaktion von Sp bei verschiedenen

250 —

Behandlungen wird untersucht wegen der
Modifikation der Katecolaminergikas. Die
Anwendung von Sp.60 mg/Ratte in Kom-
binattion von 30 Minuten nach 2 mg/Kg
von Amfetamin und 1 mg/kg von Apomor-
phin erhoht oder reduziert nicht die Hype-
raktivitat und die esteriopatische Fiihrung,
eingefiihrt durch diese zwei Drogen.

Die Substanz F. greieft nicht die Hypo-
kinese, produziert durch den Inhibidor der
Tirosinhydroxilase, o - Methyl - p - thyrosin
(250 mg/kg), den Antagonisten des Reze-
ptors g-adreniko, Phenoxibenzamin (20
mg/kg und den Inhibidor der Dopamin-B
-hydroxilase, FLA -63 (25 mg/kg). Trotz
dem hat SPm in einer Dosis von 0,60 mg/
Ratte die Depression des Konduktes. inver-
tiert und die Minderung in der lokomoto-
rischen Aktivitdt durch eine relativ kleine
Dosis von Haloperidel (1 mg/kg), des An-
tagonisten des Rezeptores von Dopamin. An-
drerseite, Sp hat nicht die entstandene Ka-
talepsie neutralisiert nach der Anwendung
einer grosseren Dosis dieses aminoleptikos
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(3 mg/kg).

ie intraventrikulare Injektion von Sp,
0,30 mg/Ratte, beschleunigte die motoris-
che Aktivitat bei Ratten, die hypokinetisch
geworden waren durch Mikroinjektionen
beiderseits von Hydroxidopamin in den an-
terolateralen Hypothalamus; Observationen
des Konduktus ergaben, dass die Hervorhe-
bung und nicht die Lokomotion die gros-
sten Resultate der Aktivitat entsprachen.
Die Inversion der Hyperkinese durch die

RATS

Anwendung von Apomorphin bei diesen
mit 6-OHDA behandelten Tiere wurde
nicht durch Sp verstarkt.

Die Peptiden des Gehirns konen die Ka-
tekolaminergischen Funktionen dndern und
konnen zur Pathogenese der extrapyramida-
len Storungen beitragen wie die Parkinson
sche Krankheit und Correa von Hunting-
ton. Die mogliche Implikation von Sp in
der Kontrolle der motorischen Funktion
wird diskutiert.
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INTRODUCTION

Methionine enkephalin, amino acid se-
quence 61-65 of (3-lipotropin ((3-LPH) and
its related peptide, leucine enkephalin are
known to be endogenous peptides with mor-
phine-like properties’®. These peptides ad-
ministered intraventricularly in rats” and
mice® possess a short-lasting analgesic ac-
tion. Studies on structure activity relation-
ship of enkephalin analogues showed that
D-Ala* - Met-enkephalinamide (Tyr-D-Ala-
Gly-Phe-Met-CONH;) has a similar phar-
macological character to morphine or 3-en-
dorphin ((-LPHg-91); the enkephalin ana-
logue is more potent in the induction of
analgesia than methionine enkephalin®® and
elicits catalepsy in rats*" as (3-endorphin.

On the other hand, taurine is an ubiqui-
tous sulfar containing amino acid and is
proposed to be a neurotransmitter or a mo-
dulator in the mammalian central nervous
system (CNS)!. Recently, it has been
shown that taurine can counteract with a

certain action of morphine: the increment
in plasma growth hormone values in rats
induced by morphine administration was
completely blocked by the intraventricular
injection of taurine®. On the basis of this
observation reported, we decided to inves-
tigate whether or not taurine interferes with
another symptoms such as akinesia or cata-
lepsy or analgesia induced by an acute ad-
ministration of morphine-like peptide in
rats. Studies on effect of y-aminobutyric
acid (GABA) on akinesia and analgesia we-
re also included.

INTRAVENTRICULAR INJECTION OF
D-ALA*-MET-ENKEPHALINAMIDE AND
AMINO ACIDS

In male Wistar rats (220-310g of body

weight ), cannulation of the left lateral ven-
tricle was carried out under sodium pento-
barbital anesthesia one day before behavioral
observation. The high quality stainless ne-
edle (0.8 mm outer and 0.5 mm inner dia-
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Fig. 1. The picture shows akinesia induced by the intraventricular administra-
tion of D-Ala2-Met-enkephalinamide (50 pg/10 pl) in rats, The photograph was
taken 60 min after the injection of enkephalinamide.

meter) of which the tip length is 4.4 mm
from the stopper attached to the needle was
stereotaxically implanted into the lateral
ventricle. The needle point was determined
at 1.0 mm lateral and 1.5 mm posterior to
the bregma. After insertion, the needlé was

204 —

cemented. The correet location of the ne-
edle was confirmed by an injection of dye
and tissue slices from coronal section of the
brain in the preliminary experiments. The
outer top of the needle was connected with
a 8.0 em polyethylene tube (Fig. 1). The
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desired volume of any solution was injected
using a Hamilton microsyringe through the
tube.

D-Ala*-Met-enkephalinamide was synthe-
sized by the classical solution methods and
the product was chromatographically and
electrophoretically homogeneous®*. In a pre-
liminary experiment, the biological activity
of the peptide product intraventricularly in-
jected in rats was tested and was confirmed
by naloxone to be mediated through opiate
receptors. D-Ala*-Met-enkephalinamide was

300

dissolved in 0.85% saline solution. Each
amino acid used was dissolved in 5 mM
phosphate buffer in NaCl solution and ma-
de to iso-osmotic (280-290 mosM) and neu-
tral (pH 7.2-7.4). The injection volume for
all substances studied was 10 p1. Either tau-
rine or GABA was given 10 min prior to
the injection of 50 pg of D-Ala*-Met-enke-
phalinamide. This dose of enkephalinamide
is equivalent to the EDgy for both akinesia
and analgesia. The doses of amino acids in-
jected in the present study which varied

120

250 @ Buffer-saline(N=20)
Al eucine (N= 6)
’g‘ AGABA (
i 200+ O Taurine (
) * p<0.05
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<
h e
< 150f
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<
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=
o
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0 ;
0 10 30 60 90
TIME AFTER D-Ala*Met-Enkephalinamide (min)
Fig. 2. Effects of amino acids on akinesia induced by D-Ala2-Met-enkephalina-

mide. Test rats received each amino acid (9.5 x 10-2M/10 pl)

10 min prior to

the administration of D-Ala2-Met-enkephalinamide (50 pg/10 pl). Control ani-
mals received 10 pl of 5 mM phosphate buffer in NaCl selution and 10 min
later the same dose of enkephalinamide, All substances were administered intra-
ventricularly. The maximum time of duration for the estimation of akinesia
was determined to be 300 sec as the cut-off time, Significant difference between
the duration of akinesia in test rats and that in conirol animals is shown by":

p < 0.05. N: number of animals,
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from 2.375 x 10-*M /10 pl1 to 9.5 x 10-*M/
10 1 were chosen from our previous data
on suppressive action of taurine against ex-
perimental epilepsies '*,'*1%, L.Leucine, at
the same molar concentration as that of the
solution of taurine or GABA, was chosen
as a control in each of the present experi-
molarity and injection volume better than
ments because it monitors the factors of os-
a buffer saline solution alone.

EVALUATION OF AKINESIA
AND ANALGESIA

Immobility*.” and muscle rigidity in ani-

300

INTERNATIONAL
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mals induced by morphinelike peptide has
been often described as catatonia®,*®*" or
catalepsy”,'®,”!. Catatonia is a well-recogni-
zed pa‘-ychtatrlc condition characterized by
negativistic reactions, phases of stupor or
excitement and impulsive behavior which
are observed in patients with schizophrenia.
The similar state of immobility and muscle
rigidity are also seen as the cardinal symp-
toms in patients with parkinsomism; imn-
mobile state is described as akinesia in this
disorder, although akinesia is not well de-
fined yet.

120

[
Taurine
250 ®0 (N=10)
E £2.375X102M(N= 6)
% A4.75 X102M(N= 6)
f
) 200 09.5 X10?*M(N=10)
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X
<
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Q
= 100
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oL n = >
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TIME AFTER D-Ala®-Met-Enkephalinamide (min)
Fig. 3. Dose-dependent effects of taurine on akinesia induced by D-Ala*- Met-
enkephalinamide. Different doses of taurine with a volume of 10 pl was in-

jected 10 min prior to the

administration of

D-Ala2-Met-enkephalinamide

(50 pg/10 pl) in rats. The animals with tacrine 0 received the identical volume
of 5 mM phosphate buffer in NaCl solution. The other experimental conditions
were the same as those described in legend for Fig. 2. Significant difference
between the duration of akinesia in rats with and without taurine is shown by*:
p < 0.05. N: number of animals,
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Fig. 4. Effect of taurine on log dose response for akinesia induced by D-Ala®
-Met-enkephalinamide. Taurine (9.5 x 10-2M/10 pl) or 5 mM phosphate buffer
in NaCl soluticn (10 pl) was injected 10 min priot to the administration of
D-Ala2-Met-enkephalinamide at the indicated doses. The percentage of animals
that showed akinesia evaluated at 60 min after the enkephalinamide injection
is plotted on the probalibity scale graph. Each point represents a percentage

of 6-12 animals per dose,

Akinesia and muscle rigidity in parkin-
sonism is relieved by L-DOPA treatment,
whereas catatonia or catalepsy is not. We
feel that a term “‘akinesia™ is better descri-
bing the state of immobility induced by
morphine-like peptide than “‘catatonia™ or
“catalepsy” in rats, because this immobile
state with muscle rigidity is completely cu-
red by L-DOPA®! or apomorphine'?, a do-
pamine receptor stimulant. :

Akinesia was evaluated by placing the
forepaws of the rat on a horizontal bar with

Vol. 44, — Numbers 2-3-4. — 1980

a 10 em height and was defined as positi-
ve when the animal sustained the position
for at least 15 seconds.

Analgesia was assessed by a hot-plate pro-
cedure. The surface of the hot-plate was
maintained at 54.0 #+ 0.1°C by a thermo-
regulated water-circulating pump. The time
between placing the rat on the hot-plate
and  the first appearance of any reaction
such as licking paws, rearing or rapid mo-
vement was counted for estimation of du-
‘ration of analgesia. Analgesia was defined
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as positive when the animal placed on the
hot-plate showed no response for at least
10 seconds.

EFFECT OF AMINO ACID ON
AKINESIA INDUCED BY
D-ALA*-MET-ENKEPHALINAMIDE

Immediately after the intraventricular
administration of taurine and GABA at a
dose of 9.5 x 10-*M/10p.1, all eighteen rats
showed slightly decreased muscle tonus. Hy-
potonus lasted for several minutes and was
normalized by 10 min after the injection
of each amino acid. At a smaller dose
(2.375 x 10-2M — 4.75 x 10-*M) of these
amino acids, none of animals showed hy-
potonus. The injection of L-leucine (9.5 x

60

50

40

30

20

DURATION OF ANALGESIA (sec)

10
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10-“M/10 pl) or 5 mM phosphate buffer
in NaCl solution (10 pl) did not alter
muscle tonus.

1. Effects of taurine (Fig. 2,3,4)

The duration of akinesia estimated at 10
min after the administration of D-Ala
Met-enkephalinamide in rats which had
been pretreated with 9.5 x 10-2M taurine
was almost identical to that in control ani-
mals with 5 mM phosphate buffer in NaCl
solution. Subsequent observation demonstra-
ted that taurine-treated rats showed a sig-
nificant reduction of the duration of aki-
nesia compared with that in control ani-
mals.

Akinesia disappeared in seven out of 10
rats with taurine pretreatment at a 90 min

GABA
(N=8)
£2.375X10°M(N= 6)
A4.75 X10*M(N= 6)
09.5 X10?2M(N= 8)

% p<0.05

e0

'y - Gy e Al

P TR T

R e
60 i,

TIME AFTER D-Ala*Met-Enkephalinamide (min)

Fig. 5.

Effects of amino acids on analgesia induced by D-Ala2-Met-enkephalina-
mide. One min before the enkephalinamide injection,

all rats were erved for

the estimation of analgesia as basal value. The maximum time of duration for

the estimation of analgesia was determined to he 60 sec as the cut-off time.

'f!le

other experimental conditions were the same as those described in legend for
Fig. 2. The arrow indicates the time of injection of enkephalinamide. Significamt
difference between the duration of analgesia in test rats with amino acid and
that in control animals with 5 mM phosphate buffer in NaCl so]utmn ]S shown

DY
258 —

p < 005 N: number of animals.
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Fig. 6. Dose-dependent effects bf taurine on analgesia
Different doses of taurine with a volume of 10 pl was

Met-enkephalinamide.

induced by D-Ala2-

injected 10 min prior to the administration of D-Ala2-Mei-enkephalinamide
(50 pg/10 pl) in rats, The animals with taurine 0 received the identical volume
of 5 mM phosphate buffer in NaCl solution. The other experimental conditions
were the same as those described in legend for Fig. 2. The arrow indicates the
time of injection of enkephalinamide. Significant difference between the dura-

tion of analgesia in rats with and without taurine is shown by":

number of animals.

estimation time. The remaining three rats
showed a short duration of akinesia with
16 to 18 seconds. It should be emphasized
that these effects of taurine on akinesia was
not obtained constantly. For example, 30
min following enkephalinamide, one of 10
rats which had received 9.5 x 10-*M taurine
showed already no akinesia and three of
them had a markedly short duration of aki-
nesia with 16 to 36 seconds. The other six
rats had still the maximum state of immo-
bility. At 60 min, one of these six animals
was completely released from akinesia and
two of them had a short duration each with

Vol, 14. — Numbers 2-3-4. — 1980

*: p< 005 N:

22 seconds. The other three rats kept still
the maximum state and required more 30
min for a short duration. In other words,
some rats which had been injected with
taurine had reduction of the duration of
akinesia at relarively early point of time,
but another did at late time. Thus the va-
riation of the averaged duration of akinesia
in rats pretreated with taurine, which is not
represented on the figures, became rather
reat.

Nevertheless, effects of taurine on decre-
asing the duration of akinesia were obser-
ved in a dose-dependent manner, at least at

— 259



the estimation time between 30 and 60 min
following the injection of D-Ala*-Met-enke
phalinamide (Fig. 3). To confirm these ef-
fects of taurine, a ED;, of D-Ala*-Met-enke-
phalinamide for akinesia was determined at
60 min following the injection of enkepha-
linamide in two grous of rats. As shown in
Fig. 4, the ED;, of enkephalinamide was
five times greater in the taurine-treated rats
than that in the buffer-saline-treated ani-
mals. A calculated potency ratio (P.R.)
was 5.0 and the factor for P.R. was 2.94,
indicating that the administration of tauri-

INTERNATIONAL JOURNAL OF NEUROLOGY

ne decreased significantly the occurrence of
akinesia in rats evaluated at 60 min after
the injection of D-Ala®-Met-enkephalinami-
de.

2. Effects of GABA (Fig. 2)

The duration of akinesia in rats induced
by D-Ala*-Met-enkephalinamide was not
modified by pretreatment with 9.5 x 10-*M
GABA during a 120 min observation pe-
riod. A ED;, of enkephalinamide for aki-
nesia estimated at 60 min after the injec-
tion of the peptide analogue was 11.3 pg
with 4.72 to 27.1 pg of 95% confidence li-

99.9
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B 50 \ C 4
§ L ED E?S% =
=17.8(12.3—25.8
< -
o 0
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) ‘é
L 50t
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oL ED 5o (95%C.L. |
o =29.5(18.2—47.8)
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0.01—— : ) - : R ;
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LOG DOSE OF D-Ala?-Met-Enkephalinamide

Fig. 7.

Fffect of taurine on log dose response for analgesia induced by D-Ala®

-Met-enkephalinamide. Taurine (9.5 x 10-2M/10 pl) or 5 mM phosphate buffer
in NaCl solution (10 pl) was injected 10 min prior to the administration of
D-Ala2-Met-enkephalinamide ot the indicated doses. The percentage of animals
that showed analgesia evaluated at 60 min after the enkephalinomide injection
is plotted on the probability scale graph. Each point represents a percentage

of 6-12 animals per dose,
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Fig. 8. Dose-dependent effects of GABA on analgesia induced by D-Ala2-Met-
enkephalinamide. Different doses of GABA with a volume of 10 pl was injected
10 min prior to the administration of D-Ala2-Met-enkephalinamide (50 pg/10 pl)
in rats. The animals with GABA 0 received the identical volume of 5 mM phos
phate buffer in NaCl solution. The other experimental conditions were the
same as those described in legend for Fig. 2. The arrow indicates the time of

injection of enkephalinamide.

of animals.

mits in rats pretreated with GABA (9.5 x
10-2M /10 p1). This is not significantly di-
fferent from that in control animals with
5 mM phosphate buffer in NaCl solution,
which was 8.91 pg with 4.92 to 16.1 pg
of 95% confidence limits. A ED;, of enke
phalinamide for akinesia could not be ob-
tained at 30 min, since the high occurren-
ce of akinesia was observed even by a sma-
ller dose (12.5 pg) of enkephalinamide;
83% of rats pretreated with GABA and
67% of those with 5 mM phosphate buffer
in NaCl solution showed akinesia by enke-
phalinamide. iy

3. Effects of L-leucine (Fig. 2)

Vol. 14 —. Numbers 2-3-4.. — 1980

Significant difference between
analgesia in rats with and without GABA is shown by":

the duration of
p < 0.05. N: number

Although a ED;, of D-Ala*-Met-enkepha-
linamide was not determined in L-leucine-
treated rats, the time-course effects of this
amino acid (9.5 x 10-*M/10 pl) on aki-
nesia were found to be almost similar to
those of 5 mM phosphate buffer in NaCl
solution.

EFFECT OF AMINO ACID ON
ANALGESIA INDUCED BY
D-ALA2-MET-ENKEPHALINAMIDE

Effect of each amino acid alone upon no-
ciperceptive sensation was tested at one min
prior to the iniection of D-Ala®>-Met-enke-
phalinamide. None of amino acids wused
which were administered intraventricularly
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9 min before evaluation caused either anal-
gesia or hyperalgesia in rats (Fig. 5).
1. Effects of taurine (Fig. 5,6,7)

The duration of analgesia estimated at
10 min after the administration of D-Ala*-
Met-enkephalinamide in rats which had
been pretreated with 9.5 x 10-*M taurine
was almost identical to that in control ani-
mals with 5 mM phosphate buffer in NaCl
solution. Subsequently, a tendency to de-
crease in the duration of analgesia was ob-
tained at 30 and 60 min after the injec-
tion of enkephalinamide in taurine-treated

Buffer-saline-treated

INTERNATIONAL JOURNAL OF NEUROLOGY

rats. This tendency at these times was ob-
served in a dose-dependent manner for this
sulfar containing amino acid (Fig. 6). In-
dividual case analysis revealed that there
scemed to be a similar pattern for analge-
sic response by taurine pretreatment to that
for akinesia. For example, 30 min follo-
wing enkephalinamide, four out of 10 rats
which had received 9.5 x 10-*M taurine sho-
wed a markedly short duration of analgesia
with 11 to 13 seconds. The other six rats
had long duration with 25 to 60 seconds.
At 60 min, two rats among them which
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EDso (95%C.L.}
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Fig. 9. Effect of GABA on log dose response for analgesia induced by D-Ala2
-Met-enkephalinamide. GABA (9.5 x 10-2M/10 pl) or 5 mM phosphate buffer
in NaCl solution (10 pi) was injected 10 min prior to the administration of
D-Ala2-Met-enkephalinamide at the indicated doses. The percentage of animals
that showed analgesia evaluated at 30 min after the enkephalinamide injection
is plotted on the probability scale graph. Each point represents a percentage

of 6-8 animals per dose.
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had a duration of 25 or 48 seconds at a
30 min estimation time showed normal res-
ponse against pain stimulation. The pro-
longed duration (60 sec) of analgesia in
the remaining four animals was not alte-
red by taurine pretreatment during a 120
min observation period.

A EDj;, of D-Ala*-Met-enkephalinamide
for analgesia determined at 60 min follo-
wing enkephalinamide was slightly greater
in taurine-treated rats than that in buffer-
saline-treated animals (Fig. 7).

A calculated P.R. was 1.66 and the fac-
tor P.R. was 1.84, indicating that the two
curves are not significantly different. At 30
min, a ED;, of enkephalinamide was also
determined and found to be 12.5 pg with
5.69 to 27.5 pg of 95% confidence limits
in taurine-treated animals. A ED;, in con-
trol rats at this time was 6.76 pg with 3.89
to 11.8 pg of 95% confidence limits. A
calculated P.R. was 1.85 and the factor
P.R. was 1.87, indicating that the EDj;, of
enkephalinamide for analgesia was not sig-
nificantly increased by taurine pretreat-
ment.

2. Effects of GABA (Fig. 5,8,9)

The duration of analgesia estimated at
10 and 30 min after the administration of
D-Ala*-Met-enkephalinamide in rats which
had been pretreated with 9.5 x 10-*M GA-
BA was significantly shorter than that at
each time in control animals with 5 mM
phosphate buffer in NaCl solution (Fig. 5).
This suppressing effects of GABA against
analgesia was observed dose-dependently
during the first 60 min after the injection
of enkephalinamide (Fig. 8). A ED;, of
D-Ala*-Met-enkephalinamide for analgesia
determined at 30 min following enkephali-
namide was three times greater in GABA-
treated rats than that in control animals
(Fig. 9). A calculated P.R. was 3.09 and
the factor P.R. was 3.07, indicating that
the administration of GABA significantly
decreased the occurrence of analgesia in
rats evaluated at 30 min after the injection
of D-Ala*-Met-enkephalinamide.

3. Effects of L-leucine (Fig. 5)

Although a ED;, of D-Ala®>-Met-enkepha-
linamide was not determined in L-leucine-
treated rats, the time-course effects of this

amino acid (9.5 x 10-°M/10 pl) on anal-
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gesia were found to be almost similar to
those of 5 mM phosphate buffer in NaCl
selution,
DISCUSSION

Among amino acids used at the limited
dose, L-leucine was only the substance not
to modify both akinesia and analgesia in-
duced by D-Ala*-Met-enkephalinamide in
rats. These findings implicate that actions
of teurine and GABA observed in the pre-
sent study may be specific.
1. Effects of taurine

Although suppressive effects of taurine
on akinesia in rats caused by D-Ala*-Met-
enkephalinamide was clearly observed, tho-
se of the amino acid on analgesia was not
great. However, a tendency toward decrea-
sing the duration of analgesia in a dose-
dependent manner or increasing the EDj,
of enkephalinamide for analgesia was ob-
tained by taurine pretreatment. Additional
individual analysis revealed that there se-
emed to be a different suitable time for su-
ppressing effects of taurine in each rat on
both akinesia and analgesia; some animals
which had been pretreated with taurine
showed a decrease in the duration of anal-
gesia as well as that of akinesia at 30 min
after the administration of enkephalinami-
de, whereas another did only at later time
(60 or 90 min). This time difference in
effects of taurine in each rat might be due
to a delicate difference in the intensity of
akinesia and analgesia, which we could not
estimate accurately in the behavioral pro-
cedure.

Considering these findings, the inhibito-
ry action of taurine against analgesia ob-
served in the present study may be signi-
ficant, albeit mild. Thus it appears that tau-
rine may exert in a similar way its action
upon both akinesia and analgesia elicited
by the morphine-like peptide analogue. This
consideration may also be supported by the
fact that the mode of onset of taurine ac-
tion for analgesia is analogous to that for
akinesia; taurine pretreatment did not al-
ter either duration of akinesia or that of
analgesia at the most early point of time
(10 min) after the enkephalinamide injec-
tion, but altered those at 30 min or more
later. This implies that taurine promotes a
recovery from akinesia and analgesia indu-

— 263



ced by D-Ala®-Met-enkephalinamide in rats.

The relatively delayed effect of taurine
suggesis that its action may not be media-
ted by a competition at opiate receptor si-
tes between the sulfar amino acid and the
morphine-like peptide analogue. It has been
demonstrated that (-endorphin has a selec-
tive depleting action on calcium content in
synaptic membranes and synaptic vesicles,
probably by inhibiting the binding of cal-
cium to synaptic membrane®*. Calcium ion
is indispensable for the neurotransmitter
release mechanisms. Taurine can also chan-
ge intracellular Ca+ +4 content in the
CNS',1820 and modify the release of nor-
epinephrine and acetylcholine®’. Recently,
Yamamoto et al. (in preparation) found
that the decreased binding capacity to sy-
napiic membrane by morphine was norma-
lized by taurine. Therefore, one of possi-
bilities could be that behavioral counterac-
tion observed by the administration of
D-Ala®-Met-enkephalinamide and taurine in
rats may be associafed with intracellular
mechanism. Another possibilities that tauri-
ne might accelerate the excretion and/or
metabolism of D-Ala*-Met-enkephalinamide
from the CNS could not be excluded.
2. Effects of GABA

Unlike the delayed effect of taurine,
GABA suppressed analgesia caused by
D-Ala%-Met-enkephalinamide from the ear-
ly time (10 min) following the injection
of enkephalinamide. We do not know whe-
ther GABA competes with D-Ala*-Met-en-
kephalinamide at the opiate receptors. Ho-
wever, this possibility may be less, since
GABA alone failed to cause analgesia in
rats. The inhibitory action of GABA aga-
inst enkephalinamide-induced analgesia, the-
refore, may be indirect. Perhaps by interac-
ting on ' other neuronal systems, GABA
which'is a potential candidate for the neu-
rotransmitter in the CNS would modulate
analgesic “actions of D-Ala®-Met-enkephali-
namide.

Our results are consistent with those by
Ho et al.'' who demonstrated that elevating
the GABA content of the brain by amino-
oxyacetic acid (AOAA, an inhibitor for
GABA transaminase) or inhibiting GABA
upteke in the neurons by 2,4-diaminobuty-
ric acid antagonized the analgesic action of
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morphine in mice. However, other conflic-
ting data have also been previously repor-
ted the administration of AOAA to mice*®
or that of muscimol (a stimulant for GABA
receptor) to mice and rats’ potentiated
morphine analgesia; decreasing the GABA
content by semicarbazide (an inhibitor for
GABA synthesizing enzyme)*® or inhibiting
GABA receptors by bicuculline®*® attenua-
ted analgesia in mice. It is difficult to de-
lineate at the present time the difference
between our results, together with those of
Ho et al.'’, and those conflicting data men-
tioned above. Difference in strain of ani-
mals may be an important factor responsi-
ble for different analgesic response by mor-
phine or morphine-like peptides'®.

With respect to effects of GABA on aki-
nesia, it has been reported that the injec-
tion of muscimol to rats® or that of AOAA
to mice*® enhanced ‘“‘catalepsy” induced by
morphine. Therefore, the administration of
GABA was expected to prolong the dura-
tion of akinesia caused by D-Ala*-Met-en-
kephalinamide, although the subconvulsive
dose of bicuculline or picrotoxin has been
shown not to affect significantly morphine
“catalepsy” in mice*®. In spite of this ex-
pectation, GABA did not alter the duration
of akinesia in the present study. It might
be possible that the estimation time for
akinesia following the GABA injection at
a dose of 9.5 x 10-*M/10 pl was too late
to detect any efficacy of this neurotransmi-
tter candidate which is thought to be re-
pidly inactivated. However, this possibility
may be less, if any, with the following re-
asons. The first observation in the present
study was carried out 20 min after the
injection of GABA.

Unlike akinesia, analgesia caused by en-
kephalinamide was significantly suppres-
sed with the same time schedule for the
administration of GABA. Moreover, in our
previous studies, this time lag followins the
intraventricular injection of GABA was
found to be enough to protect rats from ru-
nning seizures induced by ouabain, cardiac
glycoside’*.

When drugs that activate the GABA
neuronal system in the brain are used, be-
bavioral evaluation for akinesia should be
accounted carefully, since such drugs can
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decrease muscle tonus; the intensity of aki-
nesia evaluated would be possibly overlaid
by hypotonus and might look as if akine-
sia was potentiated. We did not examine

this possibility, because muscle tonus in
rats pretreated with GABA was normal at
least at the time of the injection of D-Ala*
Met-enkephalinamide in the present study.
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SUMMARY

Effects of taurine or y-aminobutyric acid
(GABA) on akinesia and analgesia induced
by D-Ala*-Met-enkephalinamide were inves-
tigated in rats. Administration of taurine
(2375 x 102M — 9.5 x 10°M/10 pl)
into the left lateral ventricle 10 min prior
to the injection of D-Ala*-Met-enkephalina-
mide (50 pg/10 pl) showed a dose-depen-
dent reduction of duration of akinesia and
to some extent that of analgesia estimated
at 30 and 60 min following the enkephali-
namide injection; at the first point of es-
timation time (10 min), taurine did not
alter either the duration of akinesia or that
of analgesia. The median effective dose
(EDj5o) of D-Ala®-Met-enkephalinamide for
akinesia determined at 60 min after enke-
phalinamide was 5 times greater and ihal
for analgesia assessed at the same time was
1.7 times greater in taurine-treated rats
than each that in control animals.

Administration of GABA under similar
experimental conditions showed a dose-de-
pendent reduction of duration of analgesia
from the initial estimation time (10 min)
following the injection of D-Ala®*-Met-enke-
phalinamide. The EDj;, of D-Ala®-Met-en’
kephalinamide for analgesia determined at
30 min after enkephalinamide was 3 times
greater in GABA-treated rats than that in
control animals. Unlike the effects of tau-
rine, GABA did not alter the duration of
akinesia. Neither the duration of akinesia
nor that of analgesia was modified by tau-
rine or GABA alone in rats tested 9 min
after the injection of each amino acid.

These finding indicating that taurine
may promete a recovery from both akinesia
and analgesia, while GABA suppress only
analgesia induced by morphine-like pepti-
de in rats.

RESUMEN

Se investigo en ratas los efectos de la
taurina o el acido y-aminobutirico sobre la
akinesia y analgesia inducida por D-Ala’-
Met-encefalinamid. La administracion de
taurina (2.375 10 M-9.5 x 10 M/10pul)
en el ventriculo lateral izquierdo 10 minu-
tos antes de la inyeccion de D-Ala -Met- en-
cefalinamida (50pg/10/p') mostro una re-
duccién de la duracion de la akinesia de-
pendiente de la dosis y también de la anal-
gesia estimada a los 30 y 60 min. despueés
de la inyeccion de encefalinamida. Cuando
se observa a los 10 min. la taurina no al-
tera la duracion de la akinesia o de la
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analgesia. La dosis media efectiva (ED3)
de D-Ala-Met-encefalinamida para la akine-
sia determinada a los 60 min. fue 5 veces
mayor que aquella empleada para la anal-
gesia tomada al mismo tiempo, fue 1.7 ma-
vor en ratas tratadas por taurina.

La administracion de GABA bajo condi-
ciones experimentales similares mostré una
reduccion de la duracién de la analgesia de-
pendiente de la dosis a los 10 min., des-
pués de la inyeccion de D-Ala*-Met-encefa-
linamida. El ED;, de D-Ala*-Met-encefali-
namida para analgesia determinada a los
30 minutos después de la inyeccion de en-
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cefalinamida fue 3 veces mayor en las ra-
tas tratadas por GABA que en los anima-
les de control. Distinto a los efectos de la
Taurina, GABA, no alteré la duracion de
la akinesia. Ni la duracion de la akinesia
de la analgesia fueron modificadas por la
taurina o GABA solas en ratas sometidas a

INTERNATIONAL JOURNAL OF NEUROLOGY

prueba 9 min. después de la inyeccion de
cada aminoacido.

Estos hallazgos indican que taurina pue-
de promover una recuperacion de ambas,
akinesia y analgesia, mientras que GABA
suprime solo analgesia inducida por pépti-
dos del tipo de morfina en ratas.

RESUME

On a clerché chez le rat les effects de la
taurine on [lacide <y-aminobutyrique sur
I'akinésie et analgésic produite par D-Ala®-
Met. encéphalinamide. L’administration de
taurine (2.375x10-°M/10p.') dans le ven-
tricule latéral gauche 10 minutes avant
I'injection de D-Ala*-Met. encéphalinamide
(501.g/10p') a donné une réduction de la
durée de l’akinesia dependant de la dose
et également de l'analgesie 30 a 60 min.
aprés l'injection de L’encéphalinamide.

Quand on observe aprés 10 min. la tau-
rine n’altere pas la durée de l'akinésie ni
de l'analgésie. La dose meyonne efficace
(EDjso) de D-Ala*-Met. encéphalinamide,
peur l'akinésie déterminée apres 60 min.
a été 5 fois plus grande que celle employée
pour l'analgésie prise en mémé temps. Elle
a été 1.7 fois plus grande pour les rats trai-
tés avec la taurine.

L’administration de GABA dans des con-
ditions expérimentales similaires a montré

une réduction de la durée de 'analgésie, dé-
pendant de la dose, 10 minutes apres l'in-
jection de D-Ala*-Met. encéphalinamide. Le
ED;y de D-Ala*-Met. encéphalinamide, pour
I’analgésie déterminée 30 min. aprés l'inje-
ction de I'encéphalinamide a été 3 fois plus
grande dans les rats traités par GABA que
dans les animaux de controle.

Contrairement aux effects de la taurine
GABA n’a pas alteré la durée de I'akinesie.

Ni la durée de I'akinesie ni celle de I'a-
nalgésie ont été modifiées par la taurine
ou le GABA chez des rats nus en expérien-
ce 9 min. aprés I'injection de chaque ami-
noacide.

Ces résultats indiquent que la taurine
peut proroquer une récupération de I’aki-
nésie et de l'analgésie, tandis que GABA
supprime seulement l'analgésie induite par
des peptides du geure morphine chez le
rat.

ZUSAMMENFASSUNG

Bei Ratten wird der Effekt des Taurins
oder der y-aminobutyrisiure auf die Akine-
se und Analgie, verursacht durch D-Ala*-
Met-enzephalinamid, untersucht. Die An-
wendung von Taurin (2.375x10 M-9,5x10
M/10p.') in den lateralen linken Ventrikel
10 minuten vor der injektion von D-Ala®
Met-Enzephalinase (50mg/10pl) zeigte ei-
ne Reduktion der Dauer der Akinese, ab-
hiangig von der Dosis und auch der Anal-
gesie, geschatzt auf 30 und 60 Minuten,
nach der Injektion des Enzephalinamids.
Nach der Beobachtung nach 10 Minuten
andert Taurin nicht die Dauer der Akine-
se in der Analgese. Die mittlere wirkhame
Dosis (Ed;q) des D-Ala*-Met-enzephalina-

mids fiur die Akinase bestimmt nach 60

966~

minuten, war 5 mal grosser als die an’
gewandte fiir die Analgese, die zur selben
Zeit genommen wurde, und 1,7 mal grésser
bei Ratten, mit Taurin behandelt.

Die Anwendung von GABA unter expe-
rimentalen Bedingungen dhnlicher Art zeig-
te eine reduktion in der Dauer der Anal-
gesie, abhingig von der Dosis nach 10 Mi-
nuten nach der Injektion von D-Ala®
Met-enzephalinamid. Das Ed;, von D-Ala*
Met-enzephalinamid fiir die Analgesie, bes-
timmt nach 30 minuten nach der Injektion
von enzephalinamid war 3 mal grosser bei
Ratten mit GABA behandelt als bei den
Kontrolltieren. Verschieden von den Effek-
ten des taurins, GABA iandert nicht die
dauer der akinese. Weder die dauer der
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akinese noch die analgie wurden durch das
taurin oder GABA allein geiindert bei rat-
ten, nach der Probe 9 minuten nach der
Injektion jeder aminosaeure.

Diese befunde zeigen an, dass taurin eine

rekuperation bei der akinese und analgesie
kervorrufen kann, wihrend GABA nur
analgesie unterdriickt hervorgerufen durch
peptide vom typ morphium bei ratten.
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Hypothalamic Releasing Factor in
Primary and Situational Depression

Ever since 1972, when Prange and his
associates (1) first noted a definite antide-
pressive effect following administration of
thyrotropin-releasing hormone (TRH), in-
creasing attention has focused on the pos-
sible therapeutic role of other hypothala-
mic releasing hormones, particularly khe
decapeptide luteinizing hormone- releasing
hormone (LHRH). in depressed patients.
The evidence from these studies has been
unclear and sometimes conflicting; some
investigators (2) have substantiated the
antidepressive effect of LHRH, whereas ot-
hers (3) have failed to replicate these fin-
dings. Controversy has centered principa-
Ily on whether the patients treated were
suffering from primary depression or from
that due to situational stress. For example
in German and Stampfer’s work (4) in 19
endogenous depressives and 8 with stress-
associated depression, the eight situational
depressives responded dramatically to a sin-
gle 0.5 mg injection of LHRH (HRF
Ayerst), whereas in those with primary af-
fective illness the effect was minimal.

In order to help clarify this rather am-
biguous situation, and to arrive at appro-
priate criteria for patient selection for ihe
therapeutic use of LHRH (HRF Ayerst)
in depressed patients, we have initiated a
systematic study, of double-blind, placebo-
controlled, crossover design, comprising 18
patients who have met the research diag-
nostic criteria for primary major depressi-
ve disorder. in addition to six normal con-
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trols. This study will be reported in detail
elsewhere. We have completed a prelimi-
nary study in three patients with major
depressive disorders, the results of which
suggest some possible variations in thera-
peutic approach.

Two of our patients, both women, fully
met the research diagnostic criteria for pro-
bable or definite endogenous major depre-
ssive disorder, while the third, a male, was
diagnosed as having a major depressive di-
sorder associated with stress. A pretreat-
ment psychiatric profile of each patient
was established by Zung and Hamilton ra-
tings, and repeated psychiatric evaluations
were made ai intervals during treatment
and at its conclusion.

All three patients showed a clear, posi-
tive response to treatment with HRF, with
eventual clearing of symptoms and return
to normal life. The rapidity of such res-
ponse, however, varied greatly among the
three, one — the situational depressive —
responding within hours, the others not for
several days or even weeks.

Although the injections given varied
from 0.1 mg to 0.5 mg of HRF, no conne-
ction could be established between degree
of response and size of dose. Rather, ihe
determining factor seems to be frequency
of dosing.

In the patient whose depression was
stress-related, his disorder dated from six
years earlier. when his wife left him for
another inan, taking their children with
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her; he never saw them again. In this pa-
tient, dramatic subjective improvement oc-
curred within 5 to 8 hours after the first
injection and persisted for a wew days. De-
pressive symptomatology then returned, ho-
wever so the reported subjective improve-
ment could not be established by Hamil-
ton rating during the first psychiatric eva-
luation. By the fourth injection (sixteen
days after the start of treatment), impro-
vement in mood and behaviour was esta-
blished objectively by Hamilton rating. Mo-
reover, the patient reported that he felt be-
tter at that moment than he had done in
the previous five years. This time, too, the
complete resolution of the depression lasted
only a few days. During the whole treat-
ment almost each injection caused the the-
rapeutic effects just mentioned, but four
to seven days after the injection depressi-
ve symptomatology returned. The thera-
peutic effect of the injections seemed to be
best maintained by grouping the injections
in pairs, one day apart.

The subjective as well as the objective
response was more delayed in the two pal-
ients with primary major depression. One
patient reported less anxiety and weeping
after the third injection, but her Hamilton
scores remained at pretreatment levels un-
til the eighth injection. From the tenth
injection on, she showed more definite and
more rapid improvement, and this positive
clinical evaluation was confirmed by the
patient’s husband.

The third dpatient, who was hospitalized
following a vaginal hysterectomy — the
ovaries were intact — was treated for iwo
weeks in a doubleblind, placebo-controlled
manner, and showed no improvement on
placebo. By the third HRF injection, ho-
wever, her Hamilton scores began to show
definite improvement; at this point we
switched to an open treatment mode, for a
total of 9 HRF injections separated by in-
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tervals ranging from 1 tot 25 days. Sub-
jective marked improvement was noted af-
ter seven injections; the Hamilton ratings
continued to decrease to a more marked de-
gree. After 11 HRF injections given over
approximately five weeks, her depression
was completely resolved.

None of our patients reported side ef-
fects; it should be noted that improvement
in sleep patterns was not reported, in con-
trast to the findings of some investigators.
(4) In all three patients, despite the diffi-
culty of studying the widely varying patter-
nsof response to the repeated injections, we
are convinced that the observed response,
as objectively established by Hamilton ra-
ting, was too well differentiated and cha-
racteristic to be a plavebo effect.

The results are in contrast to those re-
ported by Benkert et al (3) and by Ams-
terdam et al (5), who could not establish
a therapeutic effect of HRF in primary de-
pressive disorders when the agent was ad-
ministered as a single injection. Even Ger-
man and Stampfer (4). giving monthly in-
jections, obtained no very impressive res-
ponse to that regimen in their endogenous
depressives. We feel that it is important io
give an adequate number of injections, with
relatively close intervals between the early
injections. The amount of the dose does
not seem to correlate with the degree of
response.

The effects observed in these three pa-
tients suggest that HRF can exert a bene-
ficial effect in more than one type of de-
pression, but that further research is mnee-
ded to determine appropriate patient sele-
ction and to develop an effective dosage
schedule. We thus feel amply justified in
undertaking a larger study to help esta-
blish the practical significance of HRF in
the treatment of various depressive disor-
ders.

SUMMARY

The author presents his first successfu-
Ily treated depressed patients with LH-RH
(HRF Ayerst) out of a series of double-
blind placebo controlled cross-overed study
in progress.
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Evaluation has been based on repeated
psichiatric examinations including the ob-
jective Zung and Hamilton ratings. Empha-
sis is given in discussing his findings with
those already reported in the literature and
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HIPOTHALAMIC RELEASING FACTOR IN PRIMARY AND....

the differences in the rapidity of respon-
ses to HRF in primary and stressed asso-
ciated depression. In the latter, response is
observed earlier with symptomatic impro-
vements within hours, in the former ho-
wever the subjective as well as the objec-

tive responses is delayed and requires se-
veral injections. No correlation could be
established between the degree of response
and the size of dosage. The determining
factor seems to be the frequency of dosing
in both types of depression.

RESUMEN

El autor presenta sus primeros pacien-
tes tratados con éxito con LH-RH (HRF
Ayerst) en un estudio que se realiza en
series de placebo doble ciego controlados.

La evaluacion se ha basado en examenes
psiquiatricos repetidos incluyendo las va-
loraciones objetivas de Lung y Hamilton.
Se da énfasis en la discusion de sus hallaz-
gos con aquellos ya referidos en la litera-
tura y las diferencias en la rapidez de res-
puesta al HRF en la depresion primaria y

la asociada al stress. En la ultima, la res-
puesta es observada antes con mejorias sin-
tomaticas en el transcurso de horas, en la
primera la respuesta subjetiva lo mismo
que la objetiva es demorada y requiere va-
rias inyecciones. No se pudo establecer una
correlacion entre el grado de respuesta y la
magnitud de la dosis. El factor determi-
nanie parece ser la frecuencia de la dosifi-
cacion en ambos tipos de depresion.

RESUME

L’auteur présent ses premiers patients
traités avec succés par LH-RH (HRF
Ayerst) dans une étude reéalisée en une
série de placebo double aveugle, controlés.

L’évaluation a été basée sur des examens
psychiatriques répétes, y compris les valo-
rations objetives de Lung et Hamilton. On
insiste dans la discussion des résultats sur
ceux déja contenus dans la littérature et
sur les différences concernant la rapidite
de la réponde au HRF dans la dépression

primaire et celle qui est associée au stress.

Dans cette desniére la réponse est observée
d’abord avec des ameéliorations systémalti-
que au cours de quelques heures, dans la
premiere la réponse subjective, de méme
que la réponse objective est retardeé et de-
mande plusieurs injections. On n’a pas pu
établis de corrélation entre le degré de la ré-
ponse et l'importance de la dose. La facte-
ur déterminant semble étre la fréquence
de la dosification dans les deux sortes de
dépression.

ZUSAMMENFASSUNG

Der Autor berichtet von seinen ersten
erfolgreich mit LH-Rh (HRF Ayerst) be-
handelten Patienten in einer Studie, die in
Serien durchgefuehrt wird unter doppelter
Blindkontrolle mit Placebo.

Die Beurteilung ist erfolgt durch wieder-
holte psychiatrische Untersuchungen eins-
chliesslich  objektiver Beurteilung nach
Lung und Hamilton. Man legt Wert auf
die Diskussion seiner Befunde mit den an-
deren in der Literatur schon berichteten
und auf die Unterschiede in der Raschheit
der Reaktion auf das HRF in der primae-
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ren Depression und der mit Stress Verbun-
denen. Bei der Letzteren wird die Wirkung
frueher beobachtet mit symptomatischer
Besserung im Lauf von Stunden. In der
Ersten braucht die subjektive Wirkung
ebenso wie die objektive laenger und beno-
etigt mehrere Injektionen Man konnte
kein Verhaeltnis zwischen dem Grad der
Wirkung und der Hoehe der Dosis {estste-
llen. Der bestimmende Faktor scheint die
Haeufigkeit der Dosierung bei beiden Ar-
ten %zu isein.. 2.
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Fragments of Cholecystokinin and Gastrin as
neurotransmitters in mammalian peripheral
and central nervous system (Abstract)

The recent introduction of radioimmuno-
assay has led to the discovery, in many re-
gions of the brain and peripheral nervous
system, of peptides which were previously
regarded simply as hormones of the gastro-
intestinal system. The presence of several
of these peptides in the hippocampus has
allowed us te examine their postynaptic ac-
tions on cortical neurones thought to be in-
nervated by specific peptidergic pathways.
Experiments, in which fmolar per sec quan-
tities were applied by pressure ejection from
a multibarrelled micropipette placed in the
vieinity of the recording microelectrode, sho-
wed somatostatin, vasoactive intestinal poly-
peptide, bombesin and cholecystokinin io
be potent excitants of pyramidal cells.

Perbaps more significantly, brief applica-
tions of the biologically active, tetra —and
octa— peptide, C - terminal fragments of
cholecystokinin evoked abrupt and rapidly
reversible depolarizations which were acco-
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mpanied by marked increases in excitabili-
ty. Comparison of the actions of these pep-
tides with those of glutamate and acetylcho-
line, released from the same multibarrelled
micropipette, showed that the rate of onset
of the cholecystokinin-evoked response was
similar to that of the response evoked by
clutamate and very much faster than that
evoked by acetylcholine. However, the de-
sulphated form of the cholecystokinin octa-
peptide was inactive, as was substance P,
a peptide not normally found in the hippo-
campus. Since a number of authors have
shown pyramidal cells to be excited by mor-
phine and enkephalin, despite the fact that
opiate binding in the hippocampus is poor
cur experiments might suggest that these
excitations may be mediated by one or mo-
re populations of receptors which are not
normally activated by enkephalin but by
a variety of other endogenous hippocampal

peptides.
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The Role of Substance P in Primary
Sensory Transmission an
Nociception (Abstract)

Substance P is contained within one po-
pulation of small diameter sensory neurons
that have their terminal fields within lami-
nae I and 1I of the dorsal horn. The ionto-
phoretic application. of substance P excites
dorsal horn neurons that respond to noxious
peripheral stimuli, providing some eviden-
ce that substance P may play a role in pain
transmission. To examine in more detail
the role of substance P as a sensory trans-
mitter, release of the peptide was measured
from mammalian spinal cord in vive in res-
ponse to the specific activation of primary
senory neurons. Rats and cats were anaes-
thetized and a polyethylene cannula inser-
ted into the subarachnoid space to the cau-
dal margin of the lumbar spinal cord. Out-
flow was collected from a cannula in the
cisterna magna or by a concentric cannula
opening at the level of T-12 in cats. The
spinal cord was then superfused with CSF
and samples collected and assayed for sub-
stance P by radioimmunoassay. In rats, the
release of substance P detectable in control
periods was 1-2 fmol/min. Superfusion of
the spinal cord with CSF-containing 40mM
potassium for 10 min evoked a 4-fold in-
crease in substance P release. In cats, bilate-
ral stimulation of the sciatic nerve at inten-
sities sufficient to activate only rapidly con-
ducting, low threshold afferents did not in-

T. M. JESSELL

Dept. of Pharmacology, Harvard Medical School
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crease the release of substance P. However,
increasing the stimulus intensity to recruit
A delta and C fibers produced a 2-4 fcld
increase in substance P release.

Opiate receptors and enkephalin-contai.
ning neurons are alo highly concentrated
within laminae I-III of the dorsal horn. The
release of substance P from the central ter-
mminals of primary sensory neurons was in-
hibited by the administration of opiate al-
kaloids and opioid peptides in a naloxone-
reversible manncr. The direct spinal anal-
gesic action of opiates may therefore be me-
diated by the activation of presynaptic opia-
te receptors, causing an inhibition of sub-
stance P release.

Release of substance P can be evoked in
vivo and in vitro by the homovanylic acid
derivative capsaicin, which appears to exert
a specific activation of C-fibres. Furthermo-
re, a single intrathecal injection of 30 pg
capsaicin into rats depleted substance P
from primary sensory neurons and produ-
ced a prolonged elevation in the thermal
and chemical pain threshold with no dis-
cernable change in response to noxious me-
chanical stimuli.

These results provide further evidence
that substance P is directly involved in no-
ciception and may be related specifically to
C-fibre mediated pain.
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The Distribution of Peptide Pathways in the Brain

A Review of Immunocytochemical Studies
(Abstract)

In recent years seme important informa-
tion concerning the localization of more
than 17 peptides in the central nervous
system has been obtained by regional assay
and immunocytochemical procedures. By ap-
plication of immunofluorescence and immu-
noperoxidase methods it has become appa-
rent that different peptides are formed in
different neuronal pathways. As a result of
the identification and synthesis of each pep-
tide and production of specific antiserum
to it, a new chemical neuroanatomical map
for each peptide is now being constructed.
Many of these are widespread and complex.
A remarkable explosion of new data, gene-
rally incomplete, on the subject of peptide
pathways is available, and promises to be-
come much more complex as additional pep-
tides are discovered or studied.

At present it appears that there are pep-
tide systems with cell bodies of origin which
are relatively localized in one area of the
brain and their destruction leads to a less
of their peptide in branches to other re-
gions. Examples of these include several hy-
pothalamic sites: the vasopressin, oxytocin,
neurophysin system of the magnocellular
paraventricular region which projects to
many forebrain sites including amygdala
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and the brainstem and spinal cord; the
ACTH, B-LPH, «-MSH, (-endorphin cells
in the periarcuate region projecting to the
forebrain and midbrain central grey; and
the LHRH system in preoptic area ending
in brainstem and other regions. Other pep-
tides are generally found in perikarya and
are presumably formed in more widespread
brain regions: somatostatin, TRH, enkepha-
lin, substance P, neurotensin, and vasoac-
tive intestinal polypeptide (VIP), for exa-
mples. Some of these are probably contai-
ned in both long and short pathways. Al
though the distribution of several peptides
shows remarkable similarities in some areas
such as innervation of the central nucleus
of the amgydala and bed nucleus of the
siria terminalis by enkephalin, neurotensin
and VIP, there is not yet convincing evi-
dence for two different peptide systems in
the same cell. ACTH and B-LPH and pro-
bably their products (a-MSH, $-endorphin)
are found in the same arcuate neurons, bul
they are derived from the same common
precursor. Despite overlaps of a number of
peptide maps in certain regions, the overall
distribution of each appears to be a unique
and separate system,
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Training Neurologlsts For The Future

“A neurologist must learn to know his
diseases not as a zoologist knows species.
genera and orders — by descriptions of
comparative characters — but as a hunter
knows his lions and tigers.” Critchley (1).

How should neurology be taught now
that we have computerized tomography.
arteriography, ultrasound, electrodiagnos-
tic, studies, and soon nuclear magnetic re-
sonance for making precise anatomic, and
perhaps chemical localization of central
nervous system disease? Because they are
quicker and more precise for diagnosis and
treatinent why then should we train neu-
rologists? Will there be too many (2)? Si-
milar to Lubbites are we waging a battle
against technology or should we embrace ‘i
as our own? Will neurolegists become ox-
tinct just as phthisiologist and syphilolo-
gists? These and questions related to ithe
core of information that house officers must
know so that they can recognize and irea!
disease of the nervous system are very ap-
propriate questions for current leaders in
the field to consider before they recruil
and train its future generations.

For me the answer is apparent — the
field of neurology will grow but the role
of the neurologist must change if this is
is to occur. The medical technology vevo-
lution has created a machine and image
oriented health care system but there is an
accelerating need for more humanistic, pa-
tient oriented phyqlclans who will advise,
select. and supervise appropriate studies
and tretment of the patient (3).

Many have written that the health ca-
rc system is now so large and complex that
it has become impersonal and I agree. The-
refore the neurologist, as head of a health
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care team, must lend his personality and
be the link between patient and the sys-
tem. How can this be taught to future neu-
rologists?

Let us divide the elements necessary for
training of a neurologist into:

Faculty

Curriculum

Trainees

Academic environment
Faculty

Members of a training program have ma-
ny functions. (1) recruiter, (2) supervi-
sor, {3) dean of curriculum, (4) role mo-
del and (5) disciplinarian.

The requirements for faculty include
far more than knowledge of the field. Cut-
ting edge knowledge in one area is, of cour-
se, the basie ingredient but in addition hc
has many other functions. I will be able
to consider only a few.

Most of todays teachers are products of
an era when the bedside ritual was the key
to correct diagnosis. Consummate use of
eye, hand and brain aided by hammer, op-
hthalmoscope, pin, and key were the mea-
sure of one’s prowess. Stethoscope was es-
chewed and laboratory tests used only as
an adjuvant to one’s clinical impression.
Those of us who trained with Critchley.
Carmichael, Symeonds, Brain and Walshe of
England or Merritt, Wolff, Denny-Brown,
Gammon or Adams in the USA remember
their ability to elicit subtle neurologic ab-
iorinalities by detailed testing and to pre-
diet location and pathology which would
subsequenily be confirmed by autopsy.
Alas! Their meticulous and laborious tech-
niques have been supplanted by the accu-
racy of arteriography, computerized cranial
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TRAINING NEUROLOGISTS FOR THE FUTURE

tomography, ard ultrasonography. No lon-
ger is the neurologist dependent upon ex-
haustive bedside examination for localiza-
tion because it is now possible to locate
anatomically and to identify etiology more
accurately with special diagnostic tests. As
a consequence the prolonged investment of
time for training in bedside technique se-
ems superfluous. Yet the orientation of
neurologic training programs have not yet
changed radically to adjust to the new era.
Curriculum:

It is very cnlightening to review the
perspective on the development of neurolo-
gy which was written by one of the lumi-
naries in American Neurology, H. Houston
Merritt in 1975 on the cccasion of the
100th anniversary of the founding of the
American Neurological Association (4).
He wrote, “Fifiy years ago all practioners
of the specialty were neuropsychiatrists. It
was a common expression of the day that
the so-called ncuropsychiatrist got his ple-
asure from the study and treatment of pa-
tients with organic disease of the nervous
system but he imade his living by treatting
psychiatric paticnts. There were only a few
residencies in neurology available to young
graduates at that time. Even as late as 1936
there were only 16 hospitals listed in the
United States as being approved for trai-
ning for residency in neurology. In addi-
tion, most of the physicians who took a re-
sidency in neurology went on to practice
ncuropsychiatry. A few chose internal me-
dicine or neurosurgery. This was perhaps
due to two faciors: first the training they
received in neurology was very scant, usu-
ally only a year, and as a result they did
not know much more about the diseases of
the nervous system than did the internist
who reccived several years of training in
internal medicine. In addition there was a
areat pressure for the care of patients with
mental illnesses and most of those ho had
any iraining in psychiatry gradually beca-
me almost totally concerned with the ireat-
ment of psychoneurotic and psychiatric pa-
tients.” Dr. Merritt goes on to recall that
“Before the birth of the National Institute
of Neurologic Diseases and Blindness in
1947 there was 32 residency positions in
neurology in less than a dozen hospitals. In
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less than 25 years this has increased over
30 fold to include more than 1,000 resi-
dency p{)aitians and 108 university-affilia
ted hospitals.” (4) This dramatic change
in emphasic and in manpower which occu-
rred during the span of one neurologists
career will, I predict, occur once again du-
ring the succeeding twenty-five years.
Because of rapid evolution of technology.
how to train the aspirant neurologist is now
an unsettled matter. Only seven years ago

Critchley (1) published a program for
training his ideal neurologist.

1 Year — Internship in medicine, sur-
gery, gynecology and ophthalmology.

18 mos — Internal medicine

18 mos — Basic sciences including 6

mornths of genetics and statistics, 12 mon-
ths of anatomy, physiology. biochemistry, or
epidemiology

4 years — Clinical neurology of which
1 yecar shauld be spent in a laboratory in
German speaking country to make f{riend-
ships to last a lifetime and to develop {lu-
cacy in this tongue

1 year — Completion of neurological
training in the mother institution.

Note that Dr. Critchley’s program enco-
mpasses nine years only five of which in-
clude bedside neurology and none of which
incorporates training in diagnostic proce-
dures. Aleng the way he advocated acquisi-
iion of Latin, Greek, French, and Queens
Finglish in order to provide finesse and po-
lish to the preduct. He did not favor irai-
ning in psychiatry but considered psycho-
logy to be an option. How quaint this so-
unds just seven years later!

In the United States today the require-
ments for residency training are half that
recommended by Dr. Critchley but far mo-
re complicated (5) The training period
must expand once more to at least 6 years
because of the burgeoning of information
and skills which the neurologist of the fu-
ture must have.

The American Board of Psychiatry and
Neurolony requires only four years at pre-
sent. It is of interest that they reaffirm the
traditional linkage between psychiatry and
neurology despite the stresses and strains of
divisive forces within each discipline. Ne-
vertheless the continued existence of one

— 277



Board for the two specialties is tangible ex-
pression that there are common roots from
which each discipline grows.

The current training requirements are:
one year of post-graduate experience empha-
sizing internal medicine, pediatrics, or {a-
mily practice followed by three years of spe-
cialized training in neurology. The requi-
rements for admission to the Board Exa-
mination include clinical neurology, neuro-
pathology, neurochemistry, neuropharma-
cology, neurcanatomy, neurophysiology.
neuroradiology, computerized axial tomo-
graphy, EEG and evoked responses, EMG,
visual fields, ccular fundi, neuro-otology,
cerebral spinal fluid, radioisotopic scans.
sonography, neuro-immunology, neuro-viro-
legy, and neuroendocrinology.

The psychiatric portion of the examina-
tion includes questions on growth and de-
velopment, psychopathology, biological psy-
chiatry, psychosocial psychiatry, and diag-
nostic procedures., The candidate who su-
ccessfully passes the written examination
which includes the areas described above is
ihen eligible for the part Il oral examina-
tron question which includes the examina-
tion of patients under the supervision of
an examiner. The manner of examining
patients, and the reasoning and deductions
therefrom constitute an important part of
the examination. Knowledge of basic scien-
ce principles, special diagnostic procedures,
and management recommendations and
risks are essential parts of this examination
which is focused on the evaluation of cli-
patient and his findings with their exami-
nical skills.

Candidates are expected to discuss the
patient and his findings with their exami-
ner responding to questions which cover
differential diagnosis, treatment and prog-

nosis.

The patient examination includes psy-
chiatry, and child and adult neurology. In
the near future this examination will be
conducted largely with audio-visual sys-
tems particularly with videotapes.

The Liaison Committee on Graduate Me-
dical Education of the American Medical
Association (5) describes approved training
programs in neurology as having the obje-
ctive to train physicians skilled in the ca-
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re of patients with neurological diseases.
This training should be based on supervi-
sed clinical work with increasing responsi-
bility for out-patients and in-patients. It
should include not only specific diseases of
the nervous system of different age groups
but also the neurological complications of
medical and surgical conditions.

There shoul be organized instruction in
the basic and clinical sciences relating to
neurclogy. This is often best obtained by
participating in and performing laboratory
procedures and attending instructional ex-
ercises in which clinical correlation with

laboratory data are emphasized.

Residents should have instruction and
practical cxperience in the critical, orderly,
and detailed patient interview and recor-
din~; of the clinical history. There must al-
so be instruction and experience in the me-
theds of clinical examination of patients, A
trainee should undestand the performance
and interpretation of various diagnostic
procedures including radioisotopic studies
and computerized axial tomography; elec-
troencephalography: electromyography and
nerve conduction studies; psychological
testing methods; and ophthalmologic and
ctolaryngologic investigations pertinent to
clinical neurology. They should learn io
correlate the information derived from the-
ce techniques and for cther laboratory tests
with the clinical histories and with those
data from bedside observation informula-
ting a differential diagnosis and a plan of
treatment for patients with disorders of the
nervous system. Instruction in neurodiag-
nostic techniques must be directed toward
this goal.

In addition to the supervised experience
with in-patients and out-patients on the
neurology service, the residents should par
ticipate in consultations and other appro-
priate liaison operations with the medical
surgical, pediatric, and psychiatric services
and their sub-specialties. The neurological
cut-patient clinics and consultation service
should be supervised by an experienced
neurologist and where feasible a close re-
lationship should be maintained with other
clinics. There should be an especially clo-
se relationship with neurosurgery so ihat
the residents can follow their patients
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throughout the neurosurgical operation.

During their training residents should
have experience with problems in child
neurology including neurological examina-
tion of newborns and infants. Particular
~cmphasis should be given to the changes in
growth and development of the nervous
system of a child. This training is best ob-
tained on a child neurology service under
the supevvision of a qualified child neuro-
logist.

It is important that the residents have
sufficient opportunity to acquaint themsel-
ves with the iechniques, procedures, and
services of physical medicine and rehabi-
litation. Acquisition of the knowledge of
community rescurces for patients with aeu-
rological diseases is essential for the proper
care, rehabilitation, and placement of pa-
tients.

Residents in neurology should have or-
ganized instruciion in the examination of
the mental staius of patients and should
be acquainted with the symptomatology
and differential diagnosis of the more fre-
quently encouniered psychiatric syndromes,
particularly these associated with lesions of
the nervous sysiem. Trainees should be ma-
de aware of the psychological aspects of
the patient-physician relationship and the
importance of personal, social, and cultu-
ral factors in disease processes and their
clinical expression.

Using the pa‘t as recalled by Merritt and
the present reguirements for training can
we project reguirements for training the
neurologist of the future? I believe that he
will continue to be a skilled historian, will
a new role as coordinator of a management
team, supervisor of procedures and will
provide critical judgment as to which
among many remedial actions to choose.

Because of time constraints and increa-
sed knowledge training programs will be-
come ever more rigidly construcic! io cn-
sure a core of nowledge. For example, we
must teach the techniques of team mana-
gement and instill the difficult art of in-
terviewing patients (6, 7). These will be
added to the continued necessity to teach
a detailed knowledge of the most complex
part of the human body knowledge of which
is forever expanding. For these reasons the
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length of training must increase.

We will have to contend with the con-
cept of brain death and the problems ol
access to scarce or rationed resources so we
must provide time for training in ethics.
teach scientific objectivity for evaluation of
new therapies and, crass at it sounds, busi-
ness methods, so that he will possess a skill
which will be sought in the marketplace.
If he also learns empathy and a desire io
communicate with the global community ot
his colleagues. one will have trained him
well.

Trainees

Our specialty encompasses all symptoms
and disorders referable to the nervous sys-
tem with the realization that disease of al-
most any organ can affect the brain. The-
refore, a neurologist must first be skilled
in general medicine before specializing in
reurology.

Because most patients are frightened, he
must have patience, understanding ‘and
cmpathy. His function is not only to solve
diagnostic conundrums but to give hope
and solace to patients. Therefore potential
neurologists should be selected for these ap-
titudes in measure equal to their knowled-
~e and then their different talents and -ap-
titudes must be developed. Some are action
oriented, others contemplative, some self
ncsured, others hesitant. Some would - order
tests rather than use their brains. Recogni-
ning this, the program director must select
trainees, not because patient care responsi-
bilities are to be covered, but because the
candidate has the prerequisite character
traits, the most important of which is the
desire to listen, observe carefully, to learn
to lead and to be adaptible.

The beginner must become a skilled ob-
server, using his eyes and ears to gather in-
formation which his brain can synthesize
and use for the patients’ benefit (8). Be-
cause listening is not synonymous with
hearing; he must develop intuitive skills at
evaluating, interpreting, and responding.
To my knowledge this essential- feature of
a neurologist’s training is taught only i
psychiatry programs and it is for this rea-
son that I require a period of time to be
spent in -rotation through our companion
specialty. Melvin Yahr said it best when
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describing Dr. H.H. Merritt’s skills as a
clinician (9). “Houston Merritt’s ability
as a diagnostician is legendary. This unu-
sual capability was founded on a remarka-
ble understanding of the complexities of
the nervous system, a broad range of me-
dical knowledge, and keen clinical skills.
He was masterful in elicting and assessing
the essentials of a diagnostic problem, se-
parating the wheat from the chaff, in both
history and examination. Coupling this
with an astonishing ability to recall instan-
taneously comparable cases he had encoun-
tered, he rendered the most complex diag-
nostic dilemma approachable. At first sight,
Dr. Merritt’s abilities seemed to be almost
intuitive, for his conclusions were decisive
and reached with lightning speed. Howe-
ver, it did not take long to appreciate that
his skills were deeply based and indicative
of a combination of talents rarely encoun-
tered in our profession.”

Part of the process involves disciplining
one’s self to judge content and not method
of delivery or deportment of the patient,
to concentrate on what the patient is sa-
ying and to resist distraction, to control
one’s emotions, and to focus one’s attention
entirely on the patient. I make it a point
to teach this skill hy emphasizing that ski-
lled listeners recognize four levels of com-
munication.

1. Informal: conversation that esta-
blishes rapport.

2. Informative: one gathers informa-
tion.

3. Cathartic: the patient ventilates
feelings, problems and frustrations.

4. Persuasive: attitudes are reinfor-
ced, motivation is provided, and leadership
is exert. :

Haw best does one teach a harried resi-
dent distracted by the responsibility for 20
or more patients, and a variety of procedu-
res, yet determined to learn the skills ne-
cessary for becoming a neurologist (10,11).
There is no one formula, but my method
evolved during 30 years is first to be a ro-
le model and second to use Socratic met-
hods for developing logic and knowledge.
The focus is on the patient and his problem
and is done with patient present in Osle-
rian tradition. I elicit the history from stu-
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dents and house officers who have evalua-
ted the patient and confirm its accuracy
and completeness by quizzing each, corro-
borating it with the patient, and if possi-
ble a family member who has observed the
patient closely. I have found it best to be-
gin by inviting the most inexperienced
member of the group to recite the history
then asking in sequence the more senior
house officers, concluding by asking pa-
tient and family members to verify the ac-
curacy of information. It amazes me to dis-
cover haw frequently three interviewers ha-
ve been given (or have interpreted)

formation quite differently.

After examining the patient, my role
then becomes that of group leader and co-
ordinator. I use the data base for Socratic
dialogue utilizing: 1) leading questions,
2) questions which require reasoning and
judgement not facts, 3) yes/no responses
which I program into algorhythms, particu-
larly the interpretation of symptoms and
signs which I elicit during my examination
until finally the woof and warp of facts
and findings are woven into a clinical diag-
nosis which becomes a hypothesis to be pro-
ved by the selection of appropriate tests.
We discuss these tests and their utility for
reinforcement of the hypothesis or to eli-
minate other possibilities, and I emphasize
that the culmination of the diagnosticians
art lies in the selection only of tests which
are sensitive, specific and cost-efficient and
which do not expose the patient to unne-
cessary risk. We consider risk/benefit ra-
tios with the understanding that the best
physician is the one who is able to make
the correct diagnosis most safely in least ti-
me at lowest cost, and who institutes appro-
priate therapy, which results the quickest
cure. Young physicians must be shown this
technique in action, so that they become
cognizant of the ramifications of their de-
cisions. There must be no ordering of su-
perfluous, expensive or hazardous tests.
Sensibilities of the patient and family must
be paramount and most important of all
trainees must be made to realize that they
will someday be the leader of a team of
people engaged in the most difficult and
demanding profession, which coordinates
the activities of large numbers of skilled

Vol. 14. — Numbers 2-3-4. — 1980



TRAINING NEUROLOGISTS FOR THE FUTURE

workers in what I consider to be the most
hazardous environment on earth — the
hospital. These institutions, which are the
meeting ground for complex technology
and human misery must be balanced by
the wisdom and humanity of the physician
who is continuously torn between sympa-
thy for patients and the need for scientific
detachment in order to achieve correct diag-
nosis and cure.

It seems to me that some trainees are
educated in theory beyond their understan-
ding. In the search for scientific detail
(12) and in the effort to outstrip their fe-
llows they may forget that the great hu-
man values of medicine lie in simplicity.
The inexperienced physician will all too
often choose the difficult approach while
the experienced neurologist simplifies pro-
blems as much a possible.

The Curriculum

There is a raging debate about the len-
gth of time which is necessary for training
a competent neurologist. Because the ma-
jority of student neurologists are destined
to be practitioners and only the minority
clinical researchers and academicians, I be-
lieve that the content of our programs
should be so tailored Faculty must unders-
tand the environment in which neurologists
practice and what colleagues will expect of
him in order to train neurologists to fit
properly into a community. Foremost a
neurologist must be able to recognize early
phases of neurologic illness and to differen-
tiate it from general medical or psychia-
tric disorders: second we must recognize
that the majority of his care will be delive-
red to ambulatory patients. Third we must
recognize him as a leader of a team who
will be the most proficient physician in
the community for performance and inter-
pretation of diagnostic procedures such as
EEG, EMG, CCT, arteriography, and ultra-
sonography. The training program should
be constructed with the above in mind.

Because undergraduate medical curricu-
lum varies so greatly, there is no standard
core of neurologic knowledge for gradua-
tes of our medical schools, Therefore, the
first post-graduate year must be adjustible
to suit individual needs but, in general. a
solid base of pediatrics or internal medici-
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ne preferably two but a minimum of one
year is necessary. Responsibility for hospi-
talized patients with vascular, infectious,
renal, neoplastic, and hematologic disorders
provides a solid base upon which to build
one's special knowledge of the nervous
system and its diseases.

The next two years of neurologic specia-
lization should be spent on rotations such
as: 14 months of ambulatory and hospitali-
zed patient care of children and adults, 3
months each of electrodiagnostic procedu-
res, neuroradiology including CCT, myelo-
graphy, arteriography, and ultrasound, 3
months of psychiatry and of neuropatholo-
8y-

During the fourth and final year some
will be competent to be fully responsible
for patient care with minimal supervision,
others will need extra time before achieving
this. There should be available during this
time about 6 months for elective work
which for some would be clinical research.
for others travel, and still others the ho-
ning of special diagnostic skills. If the trai-
nees wants knowledge in depth about a spe-
cial aspect of neurology a fifth year of fe-
llowship is necessary.

I attempt to teach my house officers to
spend their lime with patients using eyes,
ears, nose, and hands, acquiring bedside
skills, for therein lies the secret of diagno-
sis, not in a battery of tests or in the con-
tents of books. After all, it is diagnostic
ocumen and judgement which they must
acquire. This is founded on the observation
partly motor and sensory in the use of
hands, eyes, ears, or nose and is partly in-
terpretive. The interpretation is only partly
logical depending to an important extent
upon memory, and even more, perhaps,
upon intuition, or hunch, which springs
from unconscious memory.

Lord Russell Brain said it well:

“Most young physicians, when they be-
gin practice, have a brain full of knowled-
ge that may be quite correct, but most of
which is complicated beyond any hope of
applicability. This complexity is neither ne-
cessary nor desirable. Rather, let the young
man know the basic principles of disease
with which he must struggle, and know
them well; let him know the value (or
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lack of it) of the simple, basic procedure
of diagnosis and therapy. And, most im-
portant, let him know the true value of the
physician himself, which, whether we of
the profession approve it or not, unders-
tanding the distinction between the biolo-
gic events of disease and the human events
of illnes and the importance of care that

gives attention to both. Third, ambulatory
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care experience permits the trainee who
has had inpatient experience with discrete,
major illness events sharpen his or her com-
petence by focusing on minor manifesta-
tions of disease in relation to major diagno-
stic possibilities. A fourth gain is experien-
ce in efforts to forestall or avoid hospitali-
zation.”

REFERENCES

1. Critchley M: The training of a neurologist.
International Journal of Neurology 9:308,
1975.

2. Menken M: The coming oversupply of neu-
rologists in the 1980s: implications for neu-
rology and primary care. JAMA 245: 2401
2403, 1981.

2. Barondes JA: The training of the internist
with some messages from practice. Ann of
Interna] Med 90: 412-417, 1979,

4. Merritt HH: The development of neurolo-
gy in the past fifty years. Centennial Anni-

versary Volume, American Neurological
Association, D Denny Brown (Ed), New
York, 1975.

Essentials of approved residency programs.
Liaison Committee on Graduate Medical
Education, 1980. American Medical Asso-
ciation, Chicago, Illinois.

o

282 —

6. Stevenson I: Medical history taking. Hoe-
ber Medical Division, Harper and Row,
New York, 1960.

7. Gardner M: Science good, bad, and bogus.
Prometheus Books, Buffalo, New York,
1981.

8. Barrows HS, Hamilton, and Bennett K:
The diagnostic (problem solving) skill of
the neurologist. Arch Neurol 26: 273-278,
1972.

9. Clinical ecompetence in internal medicine,
American Board of Internal Medicine, Ann
of Internal Med 90: 402-411, 1979.

10. Lewitt LP: Neurologica] education of non-
neurologists. Neurology 29: 1514-1516, 1979.

11. Feinstein AR: What kind of basic science
for clinical medicine? Special article. Cli-
nical Med 283: 847-852, 1970.

Vol. 14, — Numbers 2-3-4. — 1980



HISTORY OF MEDICINE

Medicine And

GEORGE CHEYNE SHATTUCK, the
younger (1813-93), whose father. George
Cheyne Shattuck, the elder (1784-1854),
left the bequest that led to the founding of
this lectureship, died early in 1893, and
Osler," who gave the fourth lecture of the
series in that year, chose for his subject
“Tuberculous Pleurisy”, a theme in which
the younger Shattuck had been interested
since his early days in Paris, when he stu-
died under the great French clinician,
Louis. Shattuck’s son, Frederick Cheever
Shattuck (1847-1929), was, like his father
and grandfather, a great force in New En-
gland medicine. The Shattucks were men
of humor, forthright candor and passionate
loyalty to the traditions of this country.
Their humor is well illustrated in a lively
encounter between Frederick Cheever Shat-
tuck and Harvey Cushing, who gave the
Shattuck Lecture in 1913.%2 Dr. Shattuck
had read Cushing’s account of the Western
Reserve and its traditions.” and was horri-
fied to find the word tomahawk misspelled.
Dr. Cushing, his secretariat and the Cleve-
land proofreaders had all passed “tommy
bawk™ — spelled like “tommy-gun.” This
was too much for Frederick Cheever, who
immediately commandeered conveyance to
to the Peter Bent Brigham Hospital, and,
wearing a pair of enormous plus fours, da-
shed in the side door of Dr. Cushing’s offi-
ce to tell him that the Moseley Professor of
Surgery, who had been born in the West-

ern Reserve out among the Indians, should
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Air Supremacy

John F. Fulton, M.D.*
NEW HAVEN, CONNECTICUT

# The Shattuck Lecture, delivered at the annual
meeting of the Massachusetts Medical Society,
Boston, May 26, 1942,

From the Laboratory of Physiology, Yale Uni-
versity School of Medicine.

know the spelling of tomahawk:; not con-

tent with this, he wrote Cushing a letter

referring him to the Century Dictionary.
whnl's

I have said that the Shattucks were men
of intense loyalty to this country’s tradi-
tions, and when your committee requested
aviation medicine as the subject of this dis-
course, it secemed obviusly a theme wholly
appropriate for a lecture devoted to the me-
mory of this remarkable line of American
physicians; moreover, a topic with military
implications is not without precedent, for
just twenty-five years ago, — in June, 1917,
— Dr. Walter B. Cannon gave a Shattuck
Lecture on traumatic shock.' In accepting
the honor, I have, however, taken on a hea
vy responsibility, and one that for various
reasons is embarrassing.”

The National Research Council and the
Office of Scientific Research and Develop-
ment have followed the policy of classifying
as “confidential” or “secret” all topies ha-
ving to do with offensive instrumentalities
of war. The airplane is clearly such an ins-
trumentality, as are many of the devices
within the plane designed to improve the
performance of the pilot in his rapid, high-
altitude maneuvers; so that medicine, per-
haps for the first time in its history, has
come to be divided, so far as war is con-
cerned, into offensive and defensive spheres.
Advances that have to do with increasing
the effectiveness of human performance in
combat become military secrets, and cannot
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now be openly discussed. Defensive measu-
res, on the other hand, designed for trealing
the wounded, either civilian or military, or
for prophylaxis, as by inoculation, fall into
the category of defensive measures and can
be freely described. Aviation medicine falls
squarely across the broad categories of of-
fense and defense, and I am therefore obli-
ged to devote attention primarily to the de’
fensive phases of the subject.

It has become obvious, even to the most
casual observer, that air supremacy will de-
termine the outcome of the present war.
Shipping still has vast importance and we
look carefully to our tonnage, but all the
ships of the United Nations would become
virtually useless without command of the
air. Supremacy in aviation is not wholly a
question of more and faster planes with
greater firing power than the enemy. This,
lo be sure, is important, but equally so is
the problem of securing well-selected, well-
trained and adequately protected flying per-
sonnel. The performance of modern aircraft
has far outstripped the physiological limi-
tations of the pilot. The newer combat pla-
nes can fly higher than is compatible with
life, even when the fliers are breathing pu-
re oxygen. They can perform maneuvers
causing centrifugal force of such intensity
that blood tends to be drawn away from
the brain, a condition that results in tran-
sient blindness (blacking-out) and uncons
ciousness. And, finally, the range of the
modern four-motored bombers — some of
which can remain for twentyfour hours in
the air — has raised problems of pilot fa-
tigue, severe stresses and strains from cold,
psychological tension and loss of sleep that
impair the performance of flying personnel.
It is the responsibility of medicine in its
broadest sense, including psychology, psy-
chiatry, physiology and the special branches
of clinical medicine, to protect flying per-
sonnel from these and many other hazards
that they face. The role of the physician in
both the offensive and defensive phases of
the war effort has therefore become increa-
singly vital for broad military strategy.

Air supremacy involves not only flying
personnel but ground personnel. It is esti-
mated that for every man in the air there
are nine or ten men on the ground, both
in civilian airlines and in military aviation:
men on the ground are as essential as the
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men in the air, and if the Army should
wish 100,000 pilots it must recruit
1,000,000 men. Air supremacy also extends
to the men in the aircraft factories, who are
exposed to special hazards peculiar to air-
craft production. I cannot speak of indus-
trial hazards in aircraft plants, but they are
real and their successful handling rests with
industrial physicians. In an aviation plant
recently visited, 600 from a total of 30,000
employees were treated daily for accidents
or illness occurring in the plant — that is,
2 per cent of the total personnel became ill
or were injured each day. This is far higher
than one would wish or anticipate, and yet
with the vast expansion of the past twelve
months, such injuries are to some extent
inevitable. In a plant that is not expanding,
injury rates diminish, but usually only as
rapidly as the measures taken for their pre-
vention. The need for industrail physicians
in all phases of the war effort continues to
be enormous.

To give a more general idea of the scope
of aviation medicine, I shall deseribe a cla-
ssified bibliography of the subject that is

now in the process of publication.

LITERATURE OF AVIATION
MEDICINE

In recent months, my associates, Dr. and
Mrs. Ebbe C. Hoff, and I have had the
responsibility of searching out, listing and
classifying all available literature bearing
on the medical aspects of aviation. The pro-
ject was proposed nearly eighteen months
ago, and the labor is now completed, for
the bibliography will be published within a
few weeks.® The subject matter covers a vast
range, the principal topics being indicated
by the main chapter headings of the biblio-
graphy:

1. History and General Aspects of
Aviation Medicine.

2. The Special Physiology of Avia-
tion. (This section is divided into
nineteen subsections including all
the organ systems and special sen-

ses.)

3. The Special Pharmacology of Avia-
tion.

4. The Special Psychology of Avia-
tion.

5. Aeromicrobiology. (Bacteriology
and immunology in aviation and

high altitudes.)

Vol. 14. — Numbers 2-3-4. — 1980



6. Diseases and Accidents in Aviation
and Conditions Simulating Flight.

7. Selection and Assessment of Effi-
ciency of Flight Personnel.

8. Training, Performance and Fatigue

of Flight Personnel.

9. Protection of Flight Personnel:
Preventive medicine and therapeu-
tics of aviation.

10. Aviation and Public Health.

11. Organization of Aviation Medicine.

12. Special Problems.

13. General Studies in Aviatiton Medi
cine.

14. Bibliographies.

It may be of interest that, although appro-
ximately six thousand separate items were
found, the author index contains some ni-
neteen thousand names, from which one
must infer that those who write on the sub-
ject generally write in trios. And this ex-
presses what some of us had gradually co-
me to realize: that research endeavor in this
field is inevitably co-operative. The flight
surgeon uses a pilot or some fellow flight
surgeon as a subject of an experiment, so-
metimes in the air, sometimes in a decom-
pression chamber and sometimes in a hu-
man centrifuge. When decompression expe
riments are involved, five or six people ge-
nerally constitute a team, and their names
may appear as co-authors of the report.

The bibliography itself cuts across the
scientific periodical literature of all phases
of science in all countries, articles from
about eight hundred journals having been
cited. Of these, less than half are medical

journals.

In passing, one may mention that from
the bibliographical standpoint it would be
impossible to cite a vast literature of this
sort if one restricted abbreviations to a sys-
tem worked out purely for medical journals.
On this point, we were fortunately forewar-
ned and at the start adopted the conventions
of A World List of Scientific Periodicals”
as a basis for abbreviations; this made po-
ssible the ready citation in conveniently ab-
breciated form of any scientific journal in
any language, without serious confusion.

In surveying this literature, we were im-
pressed by the large number of Japanese ar-
ticles on aviation medicine. Much more
striking, however, was the fact that about
thirty Russian journals were represented in
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the bibliography, embodying a vast and
well-co-ordinated literature on the subject—
far ahead, incidentally, of that of Japan.

There is a widespread feeling that biblio-
graphy is a dull preoccupation reserved for
spinsters and old maids of the male sex. Ac-
tually, it is far from that, for careful ana-
lysis of the literature of any subject reveals
trends of research, and in the bibliography
under consideration, it has exposed trends
and emphasis of far-reaching international
significance. The Germans, for example,
began publishing papers on the effects of
high acceleration in aircraft five years be-
fore the flight surgeons of the United Na-
tions had given any general consideration
to the problem, and everyone must realize
what the dive bomber has meant to ihe
Axis war effort. For better or for worse, the
Allies have depended largely on horizontal
bembing, but with our fast fighters we are
quickly learning the significance of high
acceleration, and are studying the modes of
counteracting its effects on aircraft perso-
nnel.

PROBLEM OF ANOXIA

The responsibility of carryng on re-
secarch in the more academic phases of
aviation medicine falls largely to the civi
lian laboratories, although one looks for-
ward to research institutes within the mili-
tary services that will continue with active
investigative endeavor in times of peace.
But in the present war crisis, it is clearly
up to the civilian scientists to undertake
the long-range problems, and in aviation
medicine the most basic of these is a study
of the adjustments of the body to anoxia.
There are many aspects of the problem as
yet imperfectly understood, — individual
variations, variations of the individual, —
factors that aid the body in making the
adaptations, all of which involve fundamen-
tal physiological, biochemical and endocri-
nological research; the aim in view is to
increase knowledge of the processes invol-
ved and to search out ways of improving
human performance in the higher altitude
ranges. To use the language of aviation, the
basic problem is to raise the aviator’s *‘cei-
ling.” But from the purely academic stand-
point, we wish first to extend our knowledge
of the processes involved.

In" his excellent monographic review on
the éffects of anoxia in the body. Van Liere®
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gives a broad picture of the manifold chan-
ges that occur when the body is exposed to
Jow oxygen partial pressure. In adjusting,
for example, to a fall of half an atmosphere,
giving an equivalent altitude of 18,000 feet,
there is a veritable ionic cataclysm between
blood and tissues and renal tubules, accom
panied by a shift of the blood pH to the
alkaline side, with an extensive loss of so-
dium and chloride ions in the urine. Van
Liere, however, makes little attempt to elu-
cidate the important problem of how these
ionic shifts are integrated. What organ res-
ponds in the first instance to the lowered
oxygen partial pressure? From the work of
Cannon’ and of Gellhorn and his collabora-
tors,’®!! it is known that the sympathetic
system is exquisitely sensitive to anoxia and
that many of the adjustments arise from
the direct stimulating action of low oxygen
tension on the central neurons of the sym-
pathetic system. From the sympathetic co-
mes the reflex mobilization of idle red blood
cells from spleen, bone marrow and other
reservoirs, and a vast series of vasomotor
readjustments designed to improve the cir-
culation of vital organis is brought about,
also reflexly, through interaction of the sim-
pathetic and parasympathetic systems. No
one, however, appears previously to have
suggested that the ionic shifts essential for
anoxic acclimatization are likewise mediated
through reflex channels. The evidence to
date is incomplete, but suggestive, and it
turns largely on recent developments bea-
ring on the part played by the adrenocorti
cal hormone in anoxia.

Anoxia and Adrenal Cortex

Two papers published by French flight
surgeous at the end of the last war suggested
that the asthenia that certain aviators de-
veloped after repeated missions to high al-
titudes was due to adrenal insufficiency. Fe-
rry'” observed urinary retention of nitrogen
and alkali, low blood pressure and patholo-
gical heart sounds in a group of overfati-
gued aviators, and he was led on the basis
of these findings to the conclusion just men-
tioned. The paper of Josué'® was based on
a study of physiological and psychological
alterations in fatigued pilots. But since at
that time there was no clear distinction bet-
ween the adrenal medulla and the cortex,
the suggestion can remain only of historical
interest. More recently, Armstrong and
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Heim'* found on exposing rabbits for four
hours a day to an atmosphere equivalent to
18,000 feet that, in the early stages, hyper-
trophy of the adrenal gland resulted and
was followed later by degenerative changes
in the adrenal cortex. In his well-known
book on aviation medicine, Armstrong'® la°
ter pointed out that overfatigued pilots, es-
pecially those subjected to many high-alti-
tude missions, developed symptoms strikin-
gly similar to those seen in early Addison’s
disease.

Sundstroem,'®!” whose early studies on
the adaptation of man to high altitudes are
well known, was led some years ago to stu-
dy the relation of the adrenal glands to ac-
climatization and, independently of Arms-
trong and Heim, confirmed the existence
of adrenal hypertrophy resulting from ano-
xia; in his monograph about to appear from
the University of California Press, he'®
shows that the degree of adrenal hypertro-
phy can be roughly correlated with the ex
tent to which the oxygen partial pressure
is diminished. All animals exposed to dimi-
nished atmospheric pressure during the pe-
riod of acclimatization tend to lose weight.
This loss of weight is shared according to
Sundstroem, by all organs of the body ex-
cept the adrenal cortex (and possibly the
kidney); the adrenal hypertrophy is there-
fore regarded as something specific to the
anoxic state. On the basis of the hypertro-
phy, Sundstroem asked himself whether this
might not indicate increased secretion of
the giands. He set out to obtain a direct an-
swer to the question in two ways. In the
first place, adrenal steroids were extracted
from tissues, such as the heart and liver,
from control animals at sea level and from
groups exposed to the high-altitude ranges;
the tissues of the latter animals invariably
showed a larger proportion of adrenal ste-
roid than the corresponding tissues in ani-
mals at sea level.

More impressive, however, was the study
of Giragossintz and Sundstroem,'? in which
it was found that adrenalectomized animals
could not survive in the high-altitude ran-
ges and that it took twenty times more cru-
de extract of the adrenal cortex to maintain
rats at 20,000 feet than it did at sea level.
This clearly suggested that to maintain the
bedy at high altitude increased secretion of
adrenocortical extract is essential.
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The problem has recently been taken up
anew in my laboratory by Langley and Clar-
ke,2021 who have confirmed the fact that
adrenal hypertrophy develops in rats expo-
sed to 20,000 feet; and in adrenalectomized
animals, they find that at sea level the ma-
intenance dosage for an average adult rat
is 05 cc. of total extract a day (Wilson), or
0.03 mg. of desoxycorticosterone acetate. At
20,000 feet, a rat on this maintenance do-
se¢ rapidely loses weight and dies, and Lan-
gley and Clarke find that 2 or 3 cc. of to-
tal extract is essential at that altitude and
that 1 mg. of desoxycorticosterone is requi-
red. When acclimatization has taken place,
however, after one week at 20,000 feet, ihe
mainlenance dose can be reduced to the
sea-level amount.

Langley found, as had Gerald Evans?*
5 that exposure of a fasting rat to an alti
tude of 20,000 feet for twenty-four hours
causes an elevation of both the bloou-sugar
and liver-glycogen levels. This suggests that
Compound E, the carbohydrate fraction of
the adrenocortical secretion, is mobilized in
conditions of anoxia. But the desoxycortico-
sterone fraction appears also to be mobili-
zed, since Langley has found in dogs expo-
sed to an altitude of 20,000 feet that a mar-
ked increase occurs in sodium and chloride
and also in potassium excretion. Following
adrenalectomy, dogs subjected to anoxia fai-
led to show the sodium and chloride excre-
tion, although potassium loss continued. The
failure of the sodium, chloride and carbo
hydrate adjustments in adrenalectomized
animals exposed to anoxia indicates that the
presence of adrenal extract is apparently
essential to make the bodily adjustments to
altitude, and one naturally wishes to know
how the adrenal cortex is specifically acti-
vated — whether directly by the blood stre-
am' or in some way through the nervous
system. Langley,?’ in discussing the ques-
tion, remarks: “It is possible that the in-
crease in sodium chloride and urine volu-
me observed in the normal animal exposed
to anoxia was brought about by increased
excretion of these specific fractions [desoxy-
corticosterone] of the adrenal cortex. This
observation suggests that the adrenal cortex
is capable of secreting certain components
of the whole extract independently of the
others.”

The recent important work of Dr. Geor-
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ge Thorn,”* the newly appointed Hersey
Professor of Medicine at the Harvard Me-
dical School. has also established in animals
that a large increase in sodium, chloride
and potassium excretion occurs on exposure
to anoxia, and he has found conspicuous ni-
trogen retention in man under these condi
tions. Treatment of adrenalectomized ani-
mals with the so-called *““carbohydrate-regu-
lating™ factor caused a striking increase in
sodium, chloride and water excretion, but
nc increase in potassium. Thorn and his co-
llaborators®®~*7 have just given an account
of the effect on rats, rabbits and dogs of
intermittent exposure to altitudes equivalent
to 18,000 and 27,000 feet. They have con-
firmed Armstrong and Heim’s'! observation
that adrenal hypertrophy develops in con-
sequence of such repeated exposure in rab-
bits (and also rats); they have found mo-
reover, that the adrenalectomized animal
fails to survive repeated “flights” to these
altitudes, and that their capacity for adjust-
ment can be restored by administration of
adrenocortical hormone.

From the studies of Collip*® and his stu-
dents, it appears probable that the adrenal
cortex is normally activated, not by the
blood stream directly, but rather by the
adrenotropic hormone of the anterior pitui-
tary. The ingenious work of Uotila®?#? in-
dicated that the thyrotropic hormone is un-
der the direct control of nerve centers in
the hypothalamus whose axons passed down
the pituitary stalk, and that the reaction to
cold results from therman stimulation (via
the blood) of the hypothalamic centers.
Since the adrenal cortex also plays a large
part in the reaction to cold and to anoxia:
it is likely that the primary activation of
the adrenal cortex comes from the hypotha-
lamus through the adrenotropic hormone.
Favoring this is the fact, originally discio-
sed by Gerald Evans®* and recently confir-
med by Catchpole®' that the chronically hy-
pophysectomized rat has no greater altitude
tolerance than the adrenalectomized animal.

All this brings one to a far clearer con-
cept of the mode of integration of the bodily
adjustments to altitude. The part played by
the respiratory center in the medulla has
long been recognized. Mobilization of red
cells and the reflex adiustments of the heart
and circulation arise in part from direct
stimulation of the chemoreceptors of the ca-
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rotid body, as well as from the direct effect
of lowoxygen tensicn on the sympathetic
system; there appears to be further reflex
control, through the centers in the hypotha-
lamus, of the ionic pattern and carbohydra-
te level of the blood. Undoubtedly, when
the complete picture has been put together,
the posterior pituitary gland will also be
found to play a part in these adjustments
through the influence of its antidiuretic
kormone on the kidney tubules. This stron-
gly suggests that the bodily adjustments to
anoxia are in large measure integrated by
the central nervous system.

SAFETY IN CRASHES

The military phases of aviation medicine
are rigidly practical. General academic re-
search is encouraged at some of the larger
bases and institutions, but for the immedia-
te purposes of the war effort a group of
practical problems has arisen for which so-
lution is required in a matter of months.
Combat fliers, for example, are constantly
exposed to rough landings under blackout
conditions, or to crash landings when ma-
chines are disabled, and the question arises
whether mechanical factors for safety. simi-
lar to those introduced within the past few
vears in automotive design, cannot be adap-
ted to aircraft. This raises the question of
the factors respousible for injuries, fatal and
otherwise, in air crashes. Close study of the
large literature on air crashes indicates that
impact of the hody, especially the head, with
some solid part of the aircraft is generally
the cause of death or of serious injury, even
in minor accidents. When the body or the
head strikes something that yields, as when
the flier is thrown through a fabric roof or
the windshield, the victim generally esca-
pes serious injury. What, then, are the ba-
sic factors that govern the degree of injury
in such circumstances?

The most significant clues have come
from two sources: De Haven’s®? analysis of
nonfatal suicidal leaps from high buildings,
and a study, for which Denny-Brown is lar-
gely responsible, of the effects of sudden
acceleration on the head.

Nonfatal suicidal leaps. In a series of re-
cent papers, De Haven®?? has drawn atten-
tion to some remarkable cases of suicidal
leaps from high buildings that proved not io
be fatal. A number of such cases — in whi-
ch all data were available concerning the
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exact distance of the fall, the position of
the body during the fall and on landing,
and the character of the surface that the
body struck — permitted him to draw cer-
tain generalizations: in the nonfatal leap,
the victim generally landed flat on the back
or flat on the stomach, so that the long bo-
nes or the head was not driven into the
trunk. But more interesting is the fact that
a slight degree of cushioning of the head,
as in landing in a garden plot instead of
on a cement sidewalk, prevented concussion
and serious injury of other parts. A typical
case may be cited®*:

A twenty-one-year-old woman, mentally
depressed because of an amorous disappoin-
tment, took a room on the tenth floor of a
hotel, consumed half a bottle of whiskey,
and leap in her nightdress to the street be-
low — a free fall of 93 feet. She landed
squarely on her back in a small garden in
which the etrth had been freshly turned.
her head, back and legs sinking into the
earth to a depth of 4 to 6 inches. A hand,
which struck the cement border of the gar-
den plot, sufered a fracture to a small bone
in the wrist, but except for this and a frac-
tured rib she was uninjured, suffered no
concussion, and could walk without assistan-
ce. Her height was 5 feet, 7 inches, and her
weight 115 pounds.

The important point about this and simi-
lar cases is that the head experienced a brief
interval of deceleration, instead of an abrupt
impact on a rigidly solid object. De Haven
calculates that the girl’s body was falling at
a rate of 73 feet a second (50 miles an
hour) at the time of the impact, and that
the deceleration distance, which amounted
to 4 to 6 inches of garden turf, must have
taken place in a small fraction of a second;
the rate of deceleration was 166 g (1g = 32
feet per second per second). There is a vast
difference between being decelerated from
50 miles an hour in 0.001 second and being
decelerated in 0.1 or even in 0.01 second.
Little attempt has been made so far to mea-
sure these brief but vital deceleratory time
intervals in relation to injury.

A more complex case ocurred several
months ago in New York and is mentioned
because of the relatively long distance of
the fall. A woman leaped from the seven-
teenth floor, falling 144 feet, and landed

in a “‘steamer-chair” position on a metal
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ventilator box 24 inches wide, 18 inches
high and 10 feet long. The force of her fall,
De Haven points out, crushed the structure
to a depth of 12 to 18 inches. Both arms
and one leg extended beyond the area of
the ventilator, with resultant fractures of
both bones of both forearms, the left hu-
merus and the left os calcis. The woman re-
membered falling and landing, but had no
marks on her head or subsequent loss of
consciousness. She sat up and asked to be
taken back to her room. No evidence of
abdominal or intrathoracic injury was found,
and x-ray films failed to reveal other frac-
tures. The minimum gravity increase in
this case was 80 g (average, 100 g).

Stunt drivers. A practical application of
the principle of gradual deceleration has
leng been used by circus performers and
stunt drivers, who deliberately drive a car
at 60 miles an hour into a brick wall. The-
ir trade secret is to jump into the back seat
of the car and lie hard against the rear of
the front seat, a hand or an elbow being
placed between the side of the head and the
back of the front seat. The car then cra-
shes into a solid object and the superstruc-
ture crumples up against the wall, but in a
finite time interval sufficient to give ade-
quate deceleration of the head and the rest
of the body. If the head or the body were
thrown without having the benefit of ihe
car’s own crumpling deceleration, ““Reckless
Peter”, one of the best known of these
stunt drivers, could be reckless no longer.

Aireraft®* and automobiles. at the insti-
gation of the National Safety Council, have
been studied from the point of view of di-
minishing hazards to the head in the event
of crash, and flying personnel are being in-
doctrinated with the principles of how to
“take” crashes. For some pilots, this is in-
stinctive, but the fact that the head and bo-
dy should be placed hard against some solid
part of the structure of the machine when
a crash is anticipated is not commonly ap-
preciated. Any yielding substance placed
between the head and the solid area of su-
perstructure has cushioning value in making
deceleration more gradual; but if the head
is free and hurled against the solid object
at the time of a crash, the injury sustained
is inevitably severer. Those stationed in the
rear of the automobile or plane when it
strikes a solid object have more opportunity
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for deceleration than personnel situated far-
ther forward.

Experimental concussion. Denny-Brown
and Russell?® have approached the problem
in the reverse direction, — namely, by ana-
lyzing factors of acceleration in relation to
injury rather than through deceleration, —
but the prineiples in the two approaches
are the same. Denny-Brown and his colla-
borator have found that when the head of
an animal is struck by a moving pendulum,
concussion does not occur unless the head
is free to move free to be accelerated. If a
head, hard against an anvil or a brick wall,
is accidentally siruck, a nasty fracture may
result, but the subject is not rendered un-
conscious; for this an acceleration of the
head in space is essential. In Denny-Brown’s
cxperiments, the rate of acceleration essen-
tial to cause concussion was relatively high:
a critical value of 46.000 feet per second
per second. If the head is cushioned, as by
a helmet, the same blow may give the same
ultimate velocity after the head has moved
5 mm.., but if it does not start off with the
same high acceleration, concussion is pre-
vented. The implications of this in relation
to crash helmets for absorbing blows from
falling debris and flying bomb fragments
are obviuos, and it is no longer a secret that
both the British and the Germans have a
mandatory regulation to wear crash helmets
in all operations of mechanized units, espe-
cially motoreycles. Such helmets have enor-
mously diminished the number of serious
head injuries sustained on being thrown, es.
pecially during blackout conditions.?®

Ruptured intervertebral disks. A syndro-
me common in the military services, espe-
cially in airforce personnel, that is not of-
ten diagnosed is that of the ruptured inter-
vertebral disk.?” When men are maneuve-
ring in aircraft, accelerations as great as
8 or 9 g may occur, that is, eight or nine
times the normal acceleration of gravity,
which cause strains on the vertebral column
of intense character, making the weight of
the torso at the lumbosacral articulation
equal to about 800 pounds if the body wei-
ght of the pilot is 200 pounds. One means
of lessening the physiological effects of high
acceleration is the assumption of a crou-
ched posture, which brings the lower extre-
mities nearer the heart and thus diminishes
the length of the hydrostatic column of
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blood subjected to acceleratory force.*® The-
re is no doubt that the assumption of such
a posture increases tolerance to high degrees
of acceleration, but it also greatly increases
strain on the lumbar vertebrae, the annulus
fibrosus and the pulpesus nuclei between
the vertebrae. In these ecircumstances, one
or more of the nuclei may rupture and her-
niate into the spinal canal, and thus may
give rise to pain from compression of senso-
ry-nerve trunks and rootlets. This accident,
which is also common in civil life, especia-
Ily in young adults, is one of the most {re-
quent causes of acute and incapacitating
sciatic pain.

The syndrome of the ruptured interver-
tebral disk is one with which every flight
surgeon should be familiar, for the injury
not only occurs as a result of high accelera-
tion in aircraft but also is a common com-
plication of injuries sustained as a result of
a crash landing. Mild cases improve on sim-
ple immobilization, but there is a growing
conviction among neurosurgeons, especially
Spurlin,®* of Louisville, and Love,*® of ihe
Mayo Clinic, that when pain is enduring
even with immobilization, operative remo-
val of the ruptured disk is the only satis-
factory therapy. Group Captain Symonds,*’
of the Royal Air Force, reports on the Bri-
tish experience with ruptured disks and ex-
presses his doubts of the wisdom of opera-
tion, for in his experience few, if any, ca-
ses can be returned to active service. Spur-
ling,'' on the other hand, reports that in
his noncompensation group fully 75 per
cent have returned to their former occupa-
tions within three months; the details of
treatment must, however, be left to the neu-
rologist and to the neurosurgeon.

From the point of view of aviation me-
dicine, the importance of the intervertebral
disk lies in the fact that one must be fami-
liar with the condition so as to make posi-
tive diagnosis possible, and the flight sur-
geon should be interested in any procedure
or device that will lessen the incidence of
this accident in combat operations. Various
forms of mechanical restraint, such as seat
belts and shoulder harnesses, have been pro-
posed to prevent flying personnel from being
thrown or overstressed during landings and
high-speed maneuvers, but there is as yet
no unanimity of opinion on this point, and
the matter is one-that clearly deserves in-
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tensive study, not only for the purpose of
diminishing lumbosacral injuries but also
to reduce the large numbers of unnecessary
injuries to the head sustained in combat
maneuvers and crash landings.

AFTERMATH OF INJURY

The flight surgeon and other physicians
who attend air-corps personnel not only
must heed the problems of the air cadet in
iraining or the pilot engaged in combat ope-
ration, but he must also consider the ma-
nagement of incapacitated flying personne!.
Some may be wounded by machine- gun
builets, and others may be hurt less serious-
Iy by a crash landing or a violent air ma-
ncuver. Still others may deterioraté from
fatigue, or from too many missions at a high
altitude. A medical officer in charge of any
command must be able quickly to distin-
guish the three types of incapacity and must
know how best to manage each one — whe-
ther it is a physical injury from gunfire,
an injury from crash or maneuver, or a psy-
chological insult from anoxia.

Watson-Jones'* in a recent slimulatin pa-
per, one of the few released for public con-
suraption from the Royal Air Force, has dis-
cussed the ultimate problem with which all
flight surgeons will sooner or later be faced
namely, the rehabilitation of personnel di-
sabled by combat operation. He begins his
article with a story of an injured air gun-
ner.

Arn air gunner was admitted to a civilian
orthopaedic hospital in November 1940, {for
the treatment of a torn and displaced semi-
lunar cartilage. In August 1941, no less
than ten months after admission, he was
still in hospital and still totally incapacita-
ted. Why was recovery so long delayed?
What possible explanation could there be?
The diagnosis had been correctly made and
a skilful operation permormed. The wound
had healed by first intention: there was no
infection, arthritis, or surgical complication.
Daily massage had been continued. but the
muscles were still wasted and weak. Two
manipulations had been performed under
anaesthesia, but movement was only half of
normal. The gait was slow and hesitant; he
limped; he could not run — he had never
tried to run. The medical officer blamed
him because ‘he would not co-operate,” be-
cause he was disinterested, depressed, and
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resentful. He was certainly depressed, for
after ten months the incapacity was more
complete than on the day of admission. He
was disinterested because, in his own words,
‘nobody takes any notice, and it looks os if
it is hopeless.” He was resentful because he
could not believe that the fault was his.
ITad he not been told that ‘the nerve to his
knee was cut’?

He was transferred to one of the orthopa-
edic rehabilitation centres of the R. A. F.
Medical Service. He saw the sky, the sea,
the open spaces. I'or many months he had
seen only the stone walls of hospital wards,
the stone walls of massage rooms, the stone
walls of many corridors. In his new surroun-
dings there was a lounge and writing-room:
there were tasteful decorations and flowers,
a varied menu, and an atmosphere of well-
being and contentment. After a few days
he smiled. There was sometimes a sparkle
in his eye. He sensed a spirit of optimism
and was reassured. His difficulties were ex-
plained, and he was taught special exerci-
ses. He learned to walk and then to run.
He became an enthusiast and worked in the
gymnasium, played on the fields, swam in
the pool, cycled on the track. In the eve-
nings he attended lectures and concerts, or
played billiardds and table-tennis. Time ra-
ced past, for he was busy. He became bron-
zed and fit. He laughed and was full of the
joy of life. In seven weeks he returned to
his unit and to full duty. The ‘nerve in his
knee’ was forgotten.

Ten months — total incapacity; seven
weeks — full recovery: that is the story
of rehabilitation in one air gunner. But is
this an isolated case from which no conclu-
sion should be drawn?

We must face the fact that our air for-
ces will bear the sting of heavy casualty:
convalescent homes for study and rehabili-
tation of air-force personnel must be deve-
loped on a national scale, with a well-plan-
ned program for analysis of injuries pecu-
liar to modern air combat, as well as facili-
ties to meet the needs — physical and spi-
ritual — of rehabilitation.

Watson-Jones’s recommendations concer-
ning the injuried man in the air service are
essentially conventional, at least conventio-
nal to our nonmilitary eyes in this country.
But many military hospitals cannot study
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their cases from a scientific standpoint, and
there may be many that would do for ten
months what was done for the air gunner
of Watson-Jones’s report. It is highly im-
portant that the injured men from Peari
Harbor, Bataan, Corregidor, Cebu, Panay,
Australia, Singapore, Java, India, Africa,
the Mediterranean and the North Atlantic
sea lanes be given a sense of the importan-
ce of the contribution they have rendered,
be given a sense of the part that they may
still be able to contribute if put back into
active service. I am not speaking as a psy-
chiatrist, or even as a practical surgeon, but
essentially as a layman. I have, however,
had opportunity to survey the literature and
have een hospitals filled with sicke men,
seriously injured men, of the fighting for-
ces of Britain; I cannot too vigorously em-
phasize the value of maintaining the mo-
rale of the injured man, of allowing him
to take part in the care of others more se-
riously incapacitated than himself, and of
giving him opportunity to discuss combat
problems with those who have been placed
before their injury in military situations si-
milar to his own.

Lt ASM,

Expansion of the air corps of both the
United States Navy and Army has created
an unprecedented need for medical perso-
nnel. The Navy within the year expects to
complete training of more than 1000 air
medical officers including several hundred
flight surgeon, and Colonel David Grant.
Air Surgeon of the Army, authorizes me to
say that the Army Air Forces have now in
service some 2300 medical officers and that
an expansion is expected within the year to
bring a total of 19,000 flight surgeons and
aviation medical officers. If this demand is
filled, it would alone absorb all the gradua-
tes of Class A medical schools in the Uni-
ted States during the past three years.

This war is probably more challenging
to the physician than any other conflict in
the world’s history. Those who serve. espe-
cially those who serve the air forces, must
have special knowledge; they must be cog-
nizant of this, cognizant also of the part
that they can play in maintaining air su-
premacy, and of re-establihing the right of
free men to live in peace.

— 291



10,

BT

12.

13.

14.

15.

16.

17

. Cushing,

. Cannon,

REFERENCES

. Osler, W. Tuberculous Pleurisy. Boston M.

& 80 134-138,

1893.

129:53-57, 81-85, 109-114,

H. Concerning diabetes insipidus
and the polyurias of hypophysial origin.
Boston M. & S. J. 168:901-910, 1913.

. Idem. The Western Reserve and Its Medical

Traditions. 33 pp. Cleveland: Privately Prin-
ted, 1924,

W. B. The physiclogical factors
concerned in surgical shock. Boston M. & S.
J. 176:859-867, 1917.

. Fulton, J. F. Physiology and high aititude

flying: with particular reference to air em-
bolism and the effects of acceleration.
Science 45:207-212, 1942,

Hoff, E. C., and Fulton, J. F. A. Bibliogra-
phy of Aviation Medicine. Prepared for the
Committee on Aviation Medigine, National
Research  Counecil. Springfield, Illinois:
Charles C. Thomas (in press).

. Smith, W. A, 4 World List of Scientific Pe-

riodicals Published in the Years 1900-1933.
Second edition. 779 pp. London: Oxford Uni-
versity Press, 1934.

. Van Liere, E. J. Anoxias Its effect on the

body. 269 pp. Chicago: University of Chica-
go Press, 1942,

Cannon, W, B. The Wisdom of the body. Se-
cend edition. 333 pp. New York: W. W.
Norton & Co., 1939,

Gellhorn, E. Fundamental principles in the
adjustment reactions of the organism to ano-
xia. Ann. Int, Med. 14:1518-1532, 1941.

Gellhorn, E., and Lambert, E. H, The vaso-
motor system in anoxia and asphyxia. Illi-

nois M. & Dent. Monogr. 2(3) :1-71, 1939,

Ferry, G. Les signes prémonitoires de l’as-
thénie des aviateurs. Compt. rend. Soc. de

biol. 82:637, 1919.

Josué, 0. L’asthénie des aviateurs. Comp.
rend. Soc. de biol. 82:641-643, 1919,

Armstrong, H. G., and Heim, J. W, The ef-
fect of repeated daily exposures to anoxemia.
J. Aviation Med. 9:92-96, 1938.

Armstrong, H. G. Principles and Practice of
Aviation Medicine. 496 pp. Baltimore: Wi-
lliams & Wilkins Co., 1939.

Sundstroem, E. S, Studies on adaptation of
man to high altitudes., Univ. California Publ.,
Physiol. 5:121-132, 1919.

Idem. The physiological effects of tropical
climate, Physiol, Rev, 7:320-362, 1927,

292 —

18.

19.

20,

21.

23.

25.

26.

28.

30.

3.

Idem. Adrenal Cortex in Adaptation to Alti-
tude, Climate and Cancer. Berkeley: Univer-
sity of Califernia Press (in press).

Giragossintz, G., and Sumdstroem, E. S. Cor-
tico-adrenal insufficiency in rats under redu-
ced pressure. Proc. Soc. Exper. Biol. & Med.
36:432-434, 1937.

Langley, L. L. The Role of the Adrenal Cor-
tex in the Reaction to Low Atmospheric Pre-
ssure, A dissertation precented to the Facul-
ty of the Graduate School, Yale University,
in ezndidacy for the {egree of Doctor of Phi-
los~phy, 1942,

Langley, L. L., and Clarke, R. W. The role
of the adrenal cortex in the reactions to low
atospheric pressure. Yale J. Biol. & Med.
14:529-546, 1942,

. Evans, G. The effect of low atmospheric pre.

ssure on the glycogen content of the rat. Am.
J. Physiol. 110:273-277, 1934.

Idem. The adrenal cortex and endogenous
carbohydrate formation. Am. J. Physiol. 114:
297-308, 1936.

1. Lewis, R. A., Thorn, G. W., Koepf, G, F.,

and Dorrance, S. S. The role of the adrenal
cortex in acute anoxia. J. Clin. Investigation
21:33-46, 1942,

Thorn, G. W., Jones, B. J., Lewis, R. A,
Koepf, G. F., and Mitchell, E. R. The role
of the adrenal cortex in anoxia. The effect
of repeated daily exposures to reduced oxy-
gen pressure. I. Experiments on rats. Am. J.
Physiol. (in press).

Jones, B. F., Thorn, G. W., Lewis, R. A. and
Kennedy, T. J., Jr. The role of the adrenal
cortex in anoxia. The effect of repeatel dai-
ly exposures to reduced oxygen pressure. II.
Experiments on rabbits. Am. J. Physiol. (in
presz).

. Thorn, G. W., Jones, B. F., Lewis, R. A.,

and Eisenberg, H. The role of the adrenal
cortex in anoxia, The effect of repeated dai-
ly exposures to reduced oxygen pressure. 111
Experiments on dogs. Am. J. Physiol. (in
press).

Collip, J. B., Anderson, E. M., and Thom-
¢saon, D. L. Adrenotropic hormone of anterior
pituitary lobe. Lancet 2:347, 1933.

. Uotila, U. U. The regulation of thyrotropic

functicn by thyroxin after pituitary stalk se-
ction. Endocrinology 26:129-135, 1940,

Idem. Hypothalamic control of anterior pi-
tuitary. A research Nerv. & Ment. Dis., Proc.
(1939) 20:580-588, 1940.

Catchpole, H, R. Personal communication,

Vol. 14. — Numbers 2-3-4. — 1980



32

33.

36.

Vol.

. Committee on

De Haven, H. Miraculous safety. Air Facts
4:21-26, 1941.

Idem. Mechanical analysis of survival in falls
from heights of fifty to one hundred and
fifty feet. War Melicine (in press),

Aircraft Accidents, Aircraft
Accidents Method of Analysis. United States
National Advisory Committee for Aeronau-
tics Report N? 576. 10 pp. Washington: Go-
vernment Printing Office, 1941.

. Denny-Brown, D., and Russell, W. R. Expe-

rimenial cerebral concussion. Brain 64:93-164
1941.

Cairns, H. Head injuries in motor-cyelists:

the importance of the erash helmet. Brit
M. J. 2:465-471, 1941.

14, — Numbers 2-3-4. — 1980

37.

38.

39.

40.

41.
42.

Bradford, F. K., and Spurling, R. G. The
Interveriebral Disc with Special Reference
to Rupture of the Annulus Fibrosus with
Herniation of the Nucleus Pulposus. 158 pp.
Springfield, Illinois: Charles C Thomas, 1941.

Grow, M. C., and Armstrong, H. G. Fit to
Fly: A medical handbook for fliers. 387 pp.
New Yeork: D. Appleton-Century Co., 1941,

Love, J. G., and Walsh, M. N. Intraspinal
protrusion of intervertebral disks. Arch. Surg.
40:454-484, 1940. ;

Symends, C., P. Sciatic pain, Lancet 1:186,
1942,

Speriing, R. G. Personal communication,

Watson-Jones, R. Rehabilitation in the Ro-
yval Air Force. Brit. M. J. 1:403-407, 1942.

— 293



HISTORY OF MEDICINE

Aeromedical Research at Yale

Effects of High Altitudes Studied
in Decompression Chamber

The rapid development of commercial
and military aviation has focused attention
upon the many physiological problems en-
countered by men who fly. Unaided man
cannot function effectively at altitudes
above 10,000 feet; indeed he mannot even
survive unassisted at the altitudes at which
some aircraft now routinely fly. The suc-
cess of our air forces in World War II was
in large part due to the successful develop-
ment of accessory equipment; for example,
cxygen supply systems and heated clothing,
hased upon sound physiological principles,
have enabled men to withstand the rigors
of the stratophere. Much of this develop-
ment unfortunately took place under the
stress of the war years. In 1939 our coun-
try was gravely unprepared for the war
emergency and it was only by the intense
effort of many men' both in the services
and out, that partial solutions to the bio-
logical problems of high altitude flight we-
re reached. It must be recognized that des-
pite the success already achieved, many of
the problems are only incompletely solved
and much more study, both fundamental
and practical, is required before man will
completely conquer the stratosphere and
before he can reap in full the benefits of
the age of flight.

In 1940, requests for information on
medical problems began to come to the Na-
tional Research Council from the military
services. It was early realized that to ans-
wer some of these requests, research work
by qualified civilian investigators would be
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essential. On June 30, 1941, the Office of
Scientific ~Research and Development
(OSRD) was created, which not only co-
ordinated the activities of the civilian scien-
tists in problems relating to the war effort,
but also financed much of the civilian
scientific work in these fields. Through its
two divisions, the National Defense Rese-
arch Council (NDRC) and the Committee
on Medical Reearch (CMR), the OSRD
began to function effectively by September
1941, and in early October, 1941, the Co-
mmittee on Aviation Medicine (CAM) en-
dorsed a proposal from the Department of
Physiclogy of the Yale University School
of Medicine for the construction of a re-
frigerated low pressure chamber for human
beings. In late November the proposal was
acted upon favorably by the CMR and the
dav before the attack on Pearl Harbor the
University signed a contract with the York
Ice Machinery Company for the construc-
tion of the decompression chamber.

The plans for the decompression cham-
ber, the principal item of equipment for
the Yale Aeromedical Research Unit, had
been drawn in detail during the previous
summer and were based in part upon a
survey of the engineering fealures of exis-
ling installations conducted by Lt. Col.
Pharo Gagge' formerly of the John B. Pi-
erce Laboratories of New Haven, at the re-
quest of the CAM. A special design for ra-
pid cooling which had been proposed by
the engineers of York Ice Machinery Com-
pany was incorporated. The Yale chamber

Vol. 14. — Numbers 2-3-4. — 1980



AEROMEDICAL RESEARCH AT YALE

The

taken to altitude at a time.

was the first to include the rapid cooling
feature and it served as a prototype for the
miany chambers subsequently constructed
for the military services and the aircraft
companies. In the Yale chamber, it is po-
ssible to reach a simulated altitude of
40,000 feet and simultaneously to drop the
air temperature from plus 70°F. to minus
70°F. within four minutes, rates of change
of pressure and temperature much moie
rapid than would be encountered in the
present corabat aircraft. Six months were
required to fabricate the chamber at York.
Pennsylvania, and after delivery, a further
three months were required to install it.
Formal operations began in November,
1942, and durirg the period up to the first
of January, 1946, when the contract iermi-
nated, the Yalec Aeromedical Research has
been supported by the OSRD through re-
peated renewals of the original contract re-
commended by the CAM. Space to house
the Aeromedical Research Unit was made
available in the laboratories of the Physio-
logy Department and the Unit consists of
the decompression chamber and its acces-

Vol. 14. — Numbers 2-3-4. — 1980

interior of the decompression

Eight

subjects can be

chamber.

sory equipment, a small, well equipped
machine shop, a biochemical laboratory,
and a physiology laboratory. During the
war, the investigations were of necessity ca-
rried on under the security regulations' but
many of the reporis have been released for
publication and will eventually appear in
the various scientific journals.
Biological Problems

In aviation the body must make conti-
nouos adjustments to rapid changes in the
environment and it is a study of mecha-
nisms of adjustment for which the physio-
iogist is well qualified. The duty of ihe
avia tion physiologist is twofold. He must
learn how the comepnsatory mechanisms of
the body work to bring about the necessary
adjustments in order to aid these mecha-
nisms by suitable external apparatus. He
must also set the limits of the stresses io
which a human body, aided or unaided,
can be safely exposed. The stresses encoun-
tered by the aviator in normal flight are
esentially of four types. The first type of
stress results from marked variations in
barometric pressure. The pressure fluctua-
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The exterior of the decompression chamber, A staff of five is required to operate the
chamber with subjects inside, 3
Professors Fulton, Nims and Miles studying the effect of high altitude on aviators.

tions can affect the ears, the sinuses,—in
fact, any of the gas containing cavities of
the body. A reduction in external pressure
allows the expansion of gases in these ca-
vities. For example, the intestinal gases may
expand more than sixfold in going from sea
level to an altitude of 40,000 feet. At al-
titudes above 25.000 feet, a second conse-
quence of the reduced pressures may deve-
lop. The tissues of the body are saturated
with gases much like a bottle of charged
water and when the pressure around the
hody is greatly reduced, these gases are re-
leased from solution and form bubbles in
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the tissues and blood vessels giving rise to
a group of symptoms which have become
well known as characteristié of decompres-
sion sickness. Fortunately, the aviator,unli-
ke the deep sea diver or the caisson wor-
ker, bas a simple maneuver to relieve him
of these symptoms. By decreasing his alti-
tude he increase the pressure and the pain-
ful manifestations rapidly disappear.

A second stress-is the fall in the oxygen
partial pressure of the air as altitude is gai-
ned. Without oxygen equipment, no one
can fly successfully for long above 15,000
feet since performance is seriously impai-
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red even at that height. The anoxia pro-
duced in unprotected men at altitudes abo-
ve 20,000 feet can rapidly cause uncon-
sciousness and death. Many of the unex-
plained accidents in aircraft have in all
probability been due to men trying to f{ly
at altitudes where their performance is se-
riously inadequate because of anoxia. The
problems of anoxia are peculiarly difficult:
involving as they do adjustments in all of
the physiological mechanisms of the body,
and much more investigation is needed be-
fore all of the effects of anoxia are thorou-
ghly understood.

A third stress encountered by high alti-
tude flyers is the extreme cold. At altitudes
of 10,000 feet, the temperatures commonly
range from 0° to minus 10°F. at 40,000
feet the temperatures may be as low as mi-
nus 70°F. Aviators must, therefore, be pro-
tected from the cold by special heating de-
vices, and at extreme altitudes special clo-
thing is required to protect flying perso-
nnel. ;

A fourth stress arises from the high
speeds and maneuverability of the aireraft
particularly fighter planes and jet prope-
lled craft of all types. A sharp turn or pull

A subjeet equipped for altitudes of
35,000 feet or more and temperatures as

low as minus 70°F, receiving a final
check from Miss Eleanor M. Eddy, fo-
merly of the Navy Altitude Training
Unit at Cherry Point, North Carolina.
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out from a dive can subject a flyer to tre-
mendous acceleratory forces, far greater
than the compensatory mechanisms of the
body can successfully combat. With accel-
eratory forces greater than four times that
of gravity, the heart cannot pump sufficient
blood to supply the tissues with oxygen.
The central nervous system suffers first
and loss of vision, followed by unconscio-
usness, develops rapidly. With the advent
of jet propulsion and the greater speeds of
aircraft, the acceleration problem as well
as other physiological problems of flight is
much intensified, and much more study is
needed to insure the safety of those who
man all types of high speed planes.

The New Haven group was given the
task of studying the effects of reduced pre-
ssures and anoxia on man and animals. The
major portion of the time was therefore
spent in studying the effects of mild ano-
xia and decompression sickness on human
subjects. Volunteers from the medical cla-
sses, the Divinity School, and the high
schools served as subjects for the majority
of experiments. To carry out these experi-
ments with the maximum of safety, the
personnel who conducted the chamber runs
were thoroughly trained in decompression
chamber operaticn: both in the Yale unit
and at other centers, military and civilian.
All prospective subjects were given a tho-
1ough physical examination, including elec-
tracardiograms, electroencephalograms, blo-
od and urine examinations before being ac-
cepted. While the actual procedures in the
chamber were eminently safe with a well
trained crew, all precautions were taken io
insure that the subjects would not be inju-
red in any way by their participation in
the experiments. Three main conclusions
resulted from the work on decompression
sickness. All persons exposed to high alti-
tudes for sufficient length of time develop
signs of decompression sickness, but the
young, physically well trained subject is
much more resistant than an older person
in poor physical condition. The variation
in susceptibility is such that selection pro-
cedures are useful in picking a group of
men who can be counted upon to perform
creditably at high altitudes. However, the
average susceptibility of all men is such
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The vactium pumps, which reduce the pressure in the decompression
chamber, being started by Mr. Jack Marshall, Engincer for the Unit.

that in addition to selection, a protective
procedure is necessary in order to insure
the greatest freedom from the manifestati-
ons of decompression sickness at altitude.

The cause of the trouble arises from the
tissue nitrogen, and since nitrogen compri-
ses about four-fifths of the air we breathe.
it is possible to rid the body of nitrogen by
breathing pt:= oxygen for a variable period
of time before ascent. This is not a perfect
solution of the difficulties, for such me-
thods are time-consuming since nitrogen is
washed out of the body relatively slowly.
However, by combining a selection and a
protection procedure, it is possible to obtain
a group of men who have relatively little
difficulty in withstanding the effects of as-
cent to 38,000 feet for practically useful
periods of time.

Many studies were made if the effects
of ancxia. One of the more important con-
clusions of the work on this phase of avia-
tion physiology was the objective demons
tration of a thesis propounded with great
cmphasis by the late Professor Yandell Hen
derson. The effects of mild anoxic-anoxia
are in large part duve to a disturbed carbon
dioxide equilibrium in the body. If this dis-
turbance in the carbon dioxide content of
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the blood is prevented, as can easily be do-
ne by suitable means, many of the conse-
quences of mild anoxia can be ameliorated.
Studies have been made of blood sugar: la-
ctic acid and phosphate, liver glycogen, ad-
renal cholesterol ester. urinary excretion,
the electroencephalogram and the physiolo-
gical performance of animals and men ex-
posed to anoxia. In all instances, with mild
anoxia, the addition of carbon dioxide to
the breathing mixture would completely or
partially prevent the effects thought to be
due to a reduced pressure of oxygen. Cer-
tain aspects of this work were of such fun-
damental interest, that plans have been ma-
de to continue the anoxia studies in a mo-
re thorough and basic level, Particularly
is it important to clarify more completely
the interrelations between the two respirato-
ry gases, oxygen and carbon dioxide, in the
general economy of the body as a whole.
One of the difficulties in carrying on
particular experiments contemplated by the
research group was the obtaining of suita-
ble subjects for these experiments. At the
request of the United Aircraft Company.
the group decided to indoctrinate the flying
personnel of the Pratt and Whitney, the
Chance Vought, and Hamilten Propeller
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Compenies. In return for this indoctrina-
tionin the use of high altitude equipment
and the practices and procedures of high
altitude flight, the men were used as sub-
jects in whatever series c¢f experiments the
Unit was conducting. The indoctrination
procedure was extremely successful, for it
not only furnished the Unit with a group
of several hundred men who were well mo-
tivated and had an intelligent interest in
the experiments, but it also provided a
means of direct and valid comparison bet-
ween the conditions in the chamber and
those obtained in actual flight. Much of
the success of the experiments was the ve-
sult of the enthusiastic cooperation of this
group of men.

The future of the Unit is at present so-
mewhat uncertain. Efforts are being made
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to continue fundamental investigations on
the effects of anoxia on man and animals.
This field of investigation, while of imme-
diate importance to the well being of those
who fly, is of fundamental significance to
many problems in the physiology of man
and the practice of medicine. The country
is entering upon an air-minded age and it
is hoped that the Yale Unit can contribute
in a substantial manner to the physiologi-
cal knowledge of man so much needed to
make aircraft flight the safer comfortable
means of transportation it is destined to be-
come.

NOTE: The work described in this report wis
done under a contract recommended by the Co-
mmittee of Medical Research between the Offi-

ce of Scientific Research and Development and
Yale University 1946.
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_/Taztifziqua

Time is conquered by speed that reduces it as the distance shrinks. So n
few hours after we left New York we were arriving at the “Martinique”. One
of the lesser Antillas Islands which go from Puerto Kico to Trinidad. 1'hey form
what is known as “The Caribean Arc” because they form half a circle and in
the maost prominent part of the arc is La Martinique, half way from Puerto Rico

and Trinidad.

A taxi took us from the Airport to the Hotel. The road was winding and
going up and down all the time amid beautiful landscapes with all the shades

of greens splashed by bright flowers. There were lakes like pools of light reflec-
ting the sky.

Emerging and [ading mountains were seen at every turn of the road, some
of them were going into the sea, others emerged from it surrounded by water.
Ve had rented a bungalow right on the beach. Behind us the horizon was closed
by mountains. In front of us the sea was voluptuously swaying to and fro its
silky waters. Then standing in front of it I felt foreign to that environment. I
still had all my being perfused with the wild rhythm of New York. My blood
was still throbbing at the fast pulse of the big City. I was still a piece of that
environment of very high mountain of steel glass and concrete created by man’
of the mad race of quivering subways, compelling everyone to run... run.
run. .. Faster... Higher... Higher... Faster... Faster... Faster...

The placid atmosphere didn’t permeate myself yet, I felt uncomfortable like
a gear out of place.

It took some time to wash that sensation away. But it was serenely dissol-
ved in that world where the rhythm of Nature prevads with a quieter but more
intense life.

As soon as we arrived at our temporary shelter, we were trying to make
of the bungalow a provisional home. Hanging clothes; exploring where the key
to every bulb of light was, and placirg on the desk some books to be read, gave
us a precarious sense of stability so needed in a fast moving trip.

We were at this task when there reached us the sound of music and the
voices of people speaking aloud. Soon we realized that the big covered space we
passed on going to our bungalow was a movie house, and that raised our respect
for the place. ““So, they also have a movie house”, I thought.

The dialogue sounded tense. A harsh voice was shouting, another tremo
lous reflected fear. A cornered life I guessed. After several minutes of moun-
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ting tension it climaxed with three Bang!. .. Bang!. .. Bang!... And I could
hear the steps of a person running down the stairs.

Afterwards a shrill ery informed us that the crime had been discovered. We
heard distinctly the police cars siren with a cry of a wounded beast, and the
sound of wildly running wheels, whizzing in every curve. A musical background
was effectwely chosen mcreasmg a sense of danger, fright, dispair and arwur,sh
involved in the persecution of man chasing man.

Something happened that brought the wheels to a halt. Afterwards we heard
shouting voices and the rattle of a machine gun, which sounded as if Death was
macabrely dancing with castagnets.

A soft soothing music informed us that on the silver screen was played «
love scene and that the story was brought to a happy end.

We didn’t mind that time to hear an unseen movie. But soon we realized
that this was the only movie they had, and it was played over and over again
everylime a new customer arrived to impress him. So we knew when we had
new neighbors at the bungalows, because we were going again through the dra-
matic argument the Bang...! Barg...! Bang...! the car races, etc.

In our bungalow there was no hot water or air conditioning but it was
new and clean, I say with certain reluctance that it was clean, because everyone
who does not like a place immediately says “But it is clean” and we liked our
little bungalow. We had dinner and lunch at an arbour in front of the sea.

We were never told what we were going to eat but we always liked it.

There are in the Martinique beautiful big hotels, with air conditioning and
swimming-pools. All the comfort you can find in United States. But, who cares
to travel far away to feel always the same sensations? Some people carry their
comfort like a protective shell and will feel uncomfortable naked without it. We
came here, decided “to feel” the tropics and My God! We were not deceived. If
we wanted to have a steam bath, we only had to shut the windows and doors
and we were melting like a Christmas candle lit the whole night.

But if we opened the doors we were immediately relieved by the trade winds
(vents alizés) which blow the whole year continuously East-North-East from the
Azores toward the Equator. They are produced by the rotation of the Earth and
the movement of the Air toward the equatorial regions in the course of its cir-
culation between the warmer and the colder portions of the Earth. We enjoyed
Nature’s air-conditioning especially on this side of the tropics where it is so nee-
ded and it is working all the time.

One feels wonderfully caressed by its freshness.

But we were not so happy about the sudden storms that took us unaware
when we were enjoying our getting acquainted with the Island. But this are
the tropics. Sometimes even storms may look wonderful.

And that was the case when siuting in front of our bungalow, with the
mountains at our back and the sea at our feet, we felt something like the dru-
mming of a far distant assembling of players. At their calling, blackened clouds
began to gather covering the bluishness of the sky.
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The drumming grew louder, lightnings shed an intermittent sinister glow,

zigzagging like a scintillating spade, a thunderbolt wounded the firmament which
groaned with pain.

Sheets of rain fell over the mountains and the little houses on their slopes,
over the trees and the sea.

Everything blurred under the aqueous curtains; it seems a wet waler-color
with its colors running and the palm trees had their tops madly streched by
the wind.

Slowly the rain was getting rid of the shadows, the atmosphere got clearer
and clearer, until the sun shone again, and everything looked nicer than before.

The trees covered with shining drops of water looked greener.

The flowers with more intense hues. And I felt part of that nature, hap-
pier, cleaner, alive.

Elation ran through my wveins, the air carried mingled the smell of the
salt sea and a concoction of perfumes from the humid vegetation. Newly washed,
some clouds immaculately white were hanging [rom the sky drying to the sun.

From the green depth of the trees, like the organ of a chapel, the tiny pi-
pes of exalted birds elevated a Hymn to Nature.

Courting a glittering flower, a brightly colored humming bird stood strea-
mlined in the air nimble by the vibrating halo of its wings.

FORT DE FRANCE

The Capital city of La Martinique is on the other side of the bay just in
front of Trois Illets. A small boat takes us there every day. A crossing of more
or less twenty minutes which is in itself very rewarding. You get a wonderful
view from the sea of the Island, in which the roofs palm trees and the colorful

flowers rioting the mountains seem to dance from the goings up and down of
the boat.

What a gift for a painter’s eyes!

No wonder Gauguin, sick and tired of the artificiel life of big cities, left
Paris to come to La Martinique. Even though he needed to work as a digger in
the Panama Canal to pay his way to that lovely Islend. “We are going to dig
the Canal —he said— and in a couple of months we will have enough to get to
Martinique, and live on for a long time”.

And La Martinique didn’t deceive him. A paradise compared with Panama.
Everything there appealed to his sensibility. The exultant freshness of the na-
ture, the beautiful women dressed in flamboyant colors. The mountains covered
with green hues and crowned with misty clouds, the palm trees and the banana
plantations serve as a suilable background to the natives se naturaliy integrated
with it.

On his return to Paris, Degas bought some paintings by Gauguin among
them a landscape of La Martmzque
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Arriving at Fort de France we were immediately attracted by groups of
people selling the most beautiful shells and handicrafts in the Island.

In the middle of the square that is just in front of the Port was an impo-
sing monument erected to Josephine by her grandson Napoleon II1. Nearby there
is a very interesting Museum that records the life of the inhabitants of the Is-
land from prehistoric times to the present day.

Going through it came to my mind the biblical words. “Generations come
& " 8 Yy BOUC
and generations go and the Earth always remains”.

SECOND ARAWAK PERIOD (1660 to

— POTTERY FROM THE 2x

1000 B.C.)

1

Fig.
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a) Cut from an excavation’s
quarry. First Arawak Period
demonstrates that the inhabi-
tants left the place after a
volcanic eruption,

b)..Cut of a quarry sited in
the North East of the Island,
representing the two Arawak
Periods separated by wvolca-
nic soil.

P

¢)..Cut of an excavation
quarry Arawak Implantation
(Second Period) followed by

a Caraibe implantation,

There, in a few hroken pieces of pottery was the Indian Arawak, speaking
« voiceless language from the remote pasi, peaceful, industrious, humble, lca-
ding a quiet life. Then came the Indian Caraibes who from the coast of the
Orinoco invaded the Caribean Island. Warriors, ferocious, cannibals, they easily
defeated and were merciless with the defenseless Arawaks and La Martinique
became their possession. But sooner or later they would pay for their crime, be-
cause in History no one is free from also becoming the sufferers of the same
pain they have inflicted. Remembering Arnold Toynbee when he related the
ritual of the Golden Bow at Nemi the priest who slew the slayer and shall him-
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self be slain was free from blood guiltness by dooming himself ti suffer pre-
decessor’s fate at the hand of his successor.

In the same way the Caribeans were going to suffer for their sins at the
hands of new conquerors. And that happened when Pierre d’Estambuc, a Nor-
man geritleman, took La Martinique in 1637 and declared in the name of his
Majesty, La Martinique a French possession.

Fig. 3. — Pottery from the first Arawak Period. 180-450 A.C.

Fig. 4. — Pottery form the first Arawak Period. 180 to 460 A.C.
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‘ig. 5. — Antropomorphic sculpture from the Second Arawak Period.

Fig. 6. — Petroglyphs found in St. Luke (Montravail Forest) South Martinique.
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SAINT - PIERRE

He founded the city of his Saint Patron, named it Saint Pierre, and built
at Fort to defend himself from other European countries, eager to dispossess him
and from the Caribean Indians against whom he fought so fiercely that they
were expelled from the Island in 1658.

But there is a legend that says that the Caribeans, having lost all hope,
went to a very high cliff, blinded themselves and threw themselves from it.

It is said that before going to the encounter of such terrible death, they
cast a malediction on the French. “The Mountain of Fire will avenge us”. The
cliff is known as “The Caribean Tomb” until today.

As time passed by and the city prospered to the point that is was regarded
as the most modern town in the Antilles West Indies, it flourished to such a
degree that nobody even remembered the Caribean prophecy.

They had a fantastic Theater whose grandeur got to outshine others of
its kind in Europe. La Martinique’s Botanical Gardens supplied the Courts of
Europe with exotic plants and flowers.

Then something happened that upset the gracious living of Saint Pierre.

More than a century after the last Caribean died, the Fire Mountain be-
came restless and a violent carthquake was felt. Sulphorous emanations killed
several wild ariimals But after that all regained the usual calm, nobody gave
much attention to it. And that seemed to be justified since 500 years slipped by
until another carthquakc indicated that the Fire Mountain was again awake,
this time the noises were louder and frightened the menaced inhabitants of
Saint-Pierre. From August to October the volcano kept its activity and shed
ashes everywhere. The birds, due to the sulphur in the atmosphere, were cho-

ked to death. Everything looked muddy and dirty, a very disheartening view
indeed.

A scientific mission was sent to study the phenomena closely and to ev
press their opinion about it. When they returned they gave a very scientific
report of the Mont Pelé activity: ending their findings with this curious word:
“With fine weather the passengers abouard the ship arriving from France who
can see this long wreath of white smoke rippling straight up into the sky must
think that is a picturesque decoration added to the country, the final touch,
the majesty of our old Mount Pelé lacked”.

They seemed to be right, nothing harmful happened and half a century
slipped by and Saint-Pierre was a wonderful city praised in the chronicles cf
travellers who were delighted at its sight.

So the people grew accustomed to the temperamental velcano without sus.
pecting that in 1902 the Mont Pelé tumultous activity would have a tragic end.

So although the first warning was given in February with a strong sul-
phuric smell, they continued their routine live.

Toward the end of April, the things were turning worse and worse.

The sound of a great explosion was heard and noises muffled like rum-

bling thunder. The earth trembled.

The next day, it seemed that an eclipse had occurred; it was so dark. All
of a sudden, with the sound of a cannon, the sky was set ablaze. Over the City
fell a shower of ashes, and the situation became more critical.

But they seemed to be charmed. One was assuring the others that nothing

would happen. They were just like the Caribeans blindly going to the encounter
of their death.
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Besides, there were elections going on in the country, and the results were
almost even for the parties. In order to obtain a majority that would give the
victory, another ballot was going to take place. So both parties were fighting and
influencing their adherents in order to obtain victory. That seemed to be also
diabolically planned so that nobody would leave the place and suffer the Cari-
bean malediction. The people were uneasy, the authorities of Saint-Pierre called
Fort-de-France, telling the Governor about the situation. The answer was “not
to encourage the people to leave the City”.

Nobody can understand why they were so chained to that place that even
in the newspaper appeared an announcement inviting people to go to Mont
Pelé to take a close view of the phenomena ending with this paragraph:

“Weather permitting, the excursionists will spend a day which they will
with pleasure remember for long”.

Fig. 7. — Sculpture symbolizing St. Pierre rising from her ashes.

But this nice prospect was annulled when the next day, at 1wo o’clock, the
volecano began vomiting flames and hurling stones miles away.

The schools were closed. It became difficult to breathe and everybody was
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coughing. That was May 3 The bells were tolling and the population was orde-
red to throw water over the streets in order to get rid of the ashes.

There were no vegetables for eating' and people got very much upset. As
the days passed, the situation grew worse. The White River became a black to-
rrent madly going down to the sea. And a mass of mud 18 feet high pushed the
buildings of a big Company which were on its way to the sea, killing 23 people,
the first victims of the Fire Mountain.

The eruption went on the next days. Nevertheless it is necessary to read
the following notice on May 7 to realize how blind they were to the immediate
danger.

“According to exterior signs the intensity of the eruptior is decidedly de-
clining. The height of the column of ashes which, last Sunday night, reached
about 5.700 yards, only reached 2.600 yards this morning. The outflow of stea-
ming mud in the valley of the white River no longer goes as far as the Sea. Ma-
ny tourists have made for the crater”.

A scientific mission serit to study the situation, headed by Lieutenant Co-
lonel Gerbault, polytechnician and Artillery Director, with the participation of
N.Mirville, a pharmacist-officer in the Colonial Army, M. Leonce a state civil
engineer, M. Doze and M. Landes both teachers of Natural Sciences at Saint-
Pierre, High-School.

In @ telegram sent up, signed by Mr. Lardes, is synthesized the judgement
of several personaliiies who did not realize the danger hanging over Saint-Pierre.

“In my opinion, our Mont Pelé does not endanger the town of Saint-Pierre
more than the Vesuvius endangers Naples™.

By an irony of destiny he was, without knowing it telling the truth.

But then when the explosions began to be heard one after the other the
people were panicked. The authorities of Saint-Pierre called the Governor at
Fort-de-France telling him about the situation. The Governor said that he would
go personally to pacify the people.

So the Governor and Colonel Gerbault with their wives and Mr. Husson,
a private chancellor, arrived at Saint-Pierre on May 7 at four o’clock. Their pre-
sence brought some hope to the unhappy people and 1eassured them that no-
thing wrong would happen.

Only a few more sceptics ran away conscious of the imminent danger.

During the whole night, it seemed that the City was near the front line of
a battlefield. Detonations were heard without pause. A column of dark smoke
with gleaming flames were menacing the sky.

No one could sleep. A word began to run “This is an accursed place”; in
their fright they were running madly from one place to the other, some to the
church dressed in their best, others were feverishly trying to save their most
precious possesions to be carried with them.

All this was in vain. The bell was Angelus tolling on that fatidic May
8, 1902 when suddenly a formidable explosion resounded and the “Fire Moun-
tain” made true honour to its Caribean name, offering a Dantesque vision, bla-
zing in flames. After two centuries and a half the Caribean prophesy:

“The Fire Mountain will avenge us” became true. It was 7.50 and life had
stopped at Saint-Pierre.

Just after the tremendous blast a dark cloud crossed by lightnings emerged
frem the top of the Mountain and formed a colosal burning cloud, which with
sinister glare, covered the mountain and fell over the City of Saint-Pierre, co-
vered it and reached the sea in a terrible blazing whirl. shaking twisting, bur-
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ming, destroying everything even some ships that were in the Port. The next
day, Saint-Pierre the site of the “Creole” aristocracy, the mast famous city in
the Caribean Islands, was just a big cementery for 30.000 people.

That was the end of that glorious city 200 years old, destroyed by a fiery
furnace that twisted and melted everything.

In the middle of that desolation among 30.000 people dead, one man only
was alive. After the danger passed many came back in despair to ee if anv
of their relatives were alive. But soon they realized that nobody could escape
that tragic end. So when four days after the explosion three persons, coming
down Victor Hugo Street were highly surprised and shocked when they heard
a kind of low groan, they couldn’t believe it. That sound came from behind
the ruins of what had been the beautiful theater, the pride of Saint-Pierre.

Could anybody escape what would be compared to an atomic explosion?

In less than two minutes the fiery clouds, like a revengeful hand, came
from the mountain to the sea with d«oafenmﬂ' fury destroving everything, shaking
the boats and shedding death on the air, land and water.

The moanings they heard were coming from a prison that was behind the
theater.

They ceme nearer welking over the still warm ashes. Twisted irons, and
heaps of ruins. There, at the foot of Morne Arbel, inside a small cell, stonebuilt,
where the light hardly showed the way through a little opening crossed by iron
bars: was a human being miraculously alive.

So, the only man that the Fire Mountain had spared was a convict, na-
med Sykbaris, born in Le Precheur. He was charged and sentenced to prison
for assault and battery and brawl. He had almost finished his sentence when
he was taken to do some task. It came to his knowledge that in his native vi-
llage was a nice festivity, so, he ran away in order not to miss it, after enjoying
a great time, he gave himself up to finish his time. He was punished for his
escapade with eigth days in the dungeon placed almost at the foot of Morne
Abel, which saved his life.

This was the only safe shelter, a true atomic-bomb refuge.
Looking at it, a dark hole in the lowest part of the mountain, and thinking

in the irony of destiny, we thought: “And after that they say that Crime doesn’t

”

pay”.

After being rescued and suffering from horrible burns he was the only per-
son able to tell what had happened that fatidic morning of May 8; “It was about
eight, sudderly a tremendous noise burst out, everyone called for help, cried out
“I am dying”. Five minutes later, there were no more cries, except mine”.

Those simple words eloquently told the magnitude of the Saint-Pierre tra-
gedy.
Since then it has never recovered its magnificence; now it remains as a

little village of fishermen all the activities have been centered in Forte-de-France
which is the biggest and only city of La Martinique.

The convict saved by the Mountain owed to it a decent living.
He was under contract by the Barnum Circus to tell the world his incre-

dible story and to show the numerous scars in his face and body, souvenirs of
the “Fire Mountain™.

His portrait can be seen at the Museum of Saint-Pierre alorg with many
momentos of the terrible fate of an elegant creole elite tragically disappeared

that 8 th of May, 1902.
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Happily Dr. Garcin’s family, who lived nearby in a place called Basse Poin-
te left the place in time to find refuge in Forte de France where they still live
nowadays.

Dr. Garcin’s birth-place was completely destroyed by the volcanic eruption
that made history.

Dr. GARCIN’S FAMILY

We came to the Martinique in homage to the memory of our dear friend
Prof. Raymond Garcin, who loved so much his birthplace to which he frequen-
tly referred to. He was so attached to his beautiful Islend that he had pictures

of it at his Office at the Salpetriere.
This offered us the pleasure of meeting his very charming family. When

Fig. 8. — Profesor Ravmond Garcin, femous French Neurologist, born at Marti-
nique, arrives accompanied by the Uruguayan Professors Varela Fuentes and
Mussio Fournier and is greeted by Dr. and Mrs Victor Soriano at a reception
gaven in his honour, at their home in Montevideo,

Dr. Daniel Garcin, also a successful practicing doctor, called on us at our place
at Trois Ilets, inviting us to a cocktail. we had the surprise of having before us
a person in many aspects different to our friend. He is a tall, blond and clear-
eyed man, while Raymond as everybody remembers was short, a little stooped,
as if for bending too much over books or over the patients beds.

But in which you learn unmistakenly the family ties, is in their sympathetic
and kind smiles, and the real trade mark of the family, the nose.

Characteristics that we also found in an elder brother a banker, also tall
but a stouter man.

The Garcins were very kind to invite the whole family in order to see us
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including some couples of the younger generation. All of them were very char-
ming people.
There were many kind of remembrances and anecdotes about our dear friend

Raymond.

Their voices sounded proud when they referred to how brilliant he was in
his youth, how he used to study in a very peculiar way placing several open
books in line, reading a little of them at a time, going from one to another in
a fabulous gymnastic of the intelligence. Iparnmg at the same time different
bub}ects including some of spiritual guidance which always occupied a relevant
place in his studies.

He left the Island under scholarship because of the modest means of a nu-
merous family. to become afterwards one of the most brilliant Profesors of Neu-
rology of France.

But he never forgot his little Island. Their brothers told us that when he
returned after many years, he could barely disguise his emotion going from one
place to another and standing in awe of reverence in front of the graves of his
parents and the places of his childhood.

The people of the Martinique who went to Paris to be examined and cured
knew that they had there a real friend, Dr. Garcin, who took special care of
the patients placed them all together, so they would not feel lonesome and de-
jected in the big city and far from home. He kindly talked to them in creole,
a special disfigurement of the French language, but with a musical ting agreea-
ble to the ears.

The moments spent with the Garcins and their charming family made us
at this and other occasions feel that we didn’ lose one friend but that we have
gained many like him at La Martinique.

We were also introduced to the special cuisine of the Island and many tro-
pical fruits of delicious taste never seen before.

Clara got very fond of a delicious but strong cocktail made with rum of
the Island. After bravely struggling with her French she was elated, because she
said the cocktail improved her French. but I think that it only lowered her
selferiticism.

When at the last meeting, Dr. Daniel Garcin took us to the small quay
to take our boat to Trois Illets, we were for a long time talking on the seashore.
The stars were brightly shining, some people were seated waiting for the little
ship and we felt sorry when we grasped his friendly hand to say good bye.

— ———— + D + CE—
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EMPRESS JOSEPHINE'S BIRTHPLACE

TROIS 1TLLETS

Fig. 9. — EMPRESS JOSEPHINE Fort de France. Monument erected to Josephine
by her grandson Napoleon 111,
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TROIS ILLETS

We were living at Trois Illets, a little village that owes its name to three
little islands that dominate its landscape.

At a short walking distance from our bungalow was the house where Em-
press Josephine lived with her parents, as we were informed. And we began to
walk, on the road which offered us a wonderful view as we were ascending the
slope. We cauld say that they were of breathless beauty, because they were bea-
utiful and we were really breathless with the ascending effort!

Luckily we had a lift from very kind people as we were using our thumbs
for the first time in our lives as a means of transportation!

We found it very convenient. It served us as a psychological experience.
We were happily surprised to find heart-warmed people and at the same time
reassured that we impressed them.

We were left at the very enirance of the place which was amidst a luxu-
riant vegetation. There stood long ago a ranch named “La Petit Guinée” owned
by the T'achers of la Pagerie and there was born Marie Joseph Rose Taschers
who became Empress Josephine.

When we arrived at her parent’s place we were a little diappointed; all that
was left of the “Little Guinée” of 500 hectaries where 300 slaves worked was
a kitchen miracously well preserved, which became “Le Musée de La Pagerie”
of the ranch former construction were only left, some marks which show where
the walls stood.

The presence of the past was felt invading our souls pounding at our he-
arts. As if under a magic spell we witnessed the past conquering the present,
as in the vision of Ezequiel where the dried bones resurrected and became alive.
absent walls began to rise. There, standing on a hill, the master house, was
taking form a vast rectangle crowned by a flattened roof covered with flat sca-
fed tiles, sustained by wooden columns and surrounded by a gallery.

Towards the north there was a gallery with wooden blinds, which permi-
tted to profit the cooling effects of the winds, served as a dining room, then a
big and solid construction where the lady of the house loved to be alone and
rest. From it we could enjoy the sight of the colorful splashes of brilliant flo-
wers, and smell their inebriating perfumes.

Nearby was a mill to crush the sugar-cane that rotated pulled by patient
sxen. 3 Auf

Hurther away was the building where the sugar was procesed, with a square
chimney, then the houses of the slaves and their Hospital.

There was a time when the “Petit Guinée” was considered one of the ri-
chest of the Island, its numerous slaves cultivated the sugar cane, the cacao’s
tree, the cotton. They also made a very much praised delicious rum.

The place of our evocation belonged to the Desverges, whose ancestor Do-
minique Desverges came [rom Annet-Sur-Marne and fought the English side
by side with his brother in law Robert Lonvilliers de Poincy, Governor of the
Island San Cristobal defending the French portion of it, and when this was lost
Dominique leaving behind all his belongings, escaped to the Martinique.

In a short time the Desverges were counted among the most prominent fa-
milies of the Island. Jean Desverges a member of the famdy married the grand-
daughter of the famous Guillaume d’Orange one of the pioneers of the coloni-
zation. His son Joseph Desverges married Marie Brown, less conspicuous, but
who brought some economical advantages to the couple. Their house carried the
name of Sanots, and they had a daughter whose name was Rose-Claire. When she
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was twenty years old this girl married Joseph Tascher de la Pagerie whose fa-
mily came from Saint-Mandé near Blois.

It was his pride to tell the children about the five years he spent in court
serving as page of the Dauphine Marie-Joséphe de Saxe, Mother of King Louis
XVI.

He also was sub-lieutenant in a company of the Marine’s Artillery.

His father Gaspar Tascher de la Pagerie came to the Martinique in 1726
and he married Francois Boureau de la Chevaliere, a direct descendent of the
brother of Belain d’Estambuc a name venered in th Island as the one who gave
Martinique to France.

Fig. 10. — Typical Martinique Hall. Furniture made from the Island’s wood.
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inique.

Fig. 11. — Bedroom. Similar to that used by Josephine in her adolescence in

Mart

Gaspar proved not to be a good administrator and soon dilapidated his wi-
fé’s fortune. His son Joseph Tascher de la Pagerie, as soon as he was married
to Rose-Claire went to live with her parents.

One year before this wedding took place, in 1760, the Marquis de Beauhar-
nais colonial Governor of Martinique had at Fort Royal (to-day Fort de France)
a son, who was baptized Alexander Vizcount de Beauharnais. His godmather
was Mme. Renaudin, an aunt of Josephine, who in later years would play a de-
cisive role on the first marriage of her niece, with her god-son.

She was the Governors wife, accompanying lady, but she became the Go-
vernor’s mistress and when this finished his term in the Island, Mme. Edmée
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Renaudin left Martinique and sailed to Paris with the Governor’s family.

She became prevalent in the Marquis’life, and Mme. de Beauharnais, fee-
ling defeated left the home to live in retirement in one of her properties, a
castle near Blois. Rose-Claire and Joseph de la Pagerie, had a child, and at
a nearby small church there is an act of baptism that states “Today, July 27,
1763, I have baptized a girl of five weeks old from legitimate marriage of Mr.
Joseph Gaspar de Taschers, Gentleman Lord de la Pagerie, Lieutenant of Re-
formed Artillery, and of Mrs Marie-Rose Desverges de Sanois: her father and

mother. . ... ..

When they held the little body of Marie-Joseph-Rose their first offspring,
they were far from thinking that this tender baby would become Josephine,
Empress and Queen of France.

One year later, on December 11, 1764, another girl was born to the cou-
ple and received the name of Catherine-Desirée, and two years later another
girl came to the de Tascher’s home on September 3 1766, and was baptized with
the name of Marie Frangois. The name of Josephine was given by Napoleon to
his love, and until that epoch she was known as Marie-Josephe-Rose, or Ma-
rie-Rose, or Rose as her mother.

During her infancy she was called Yeyette, as she was nicknamed.
Yeyette was a sensitive child that loved the Island’s environment, the bea-

uty of the flores, its dazzling birds, the rumor of the forest giving messages to
the winds. .......

Oh! Yeyette loved that place, and even in the more splendorous moments
of her life was yearning for it. Thus, she tried to recreate it at her castle of
Malmaison' importing rare and colourful birds, and exotic tropical plants, trying
to recapture the atmosphere of her infancy, when she played with Genevieve
and Mauricette, and enjoyed the placid environment of a home where her pa-
rents tenderly loved each other and grand-mother Marie Brown was ready to
satisfy her wishes.

Her father was not a practical and active man, cven if he was a valiant
one, who' the same year that Yeyette was born, bravely fought the English, de-
fending the Island.

Thus, the “Petit Guinée” wasn’t as powerful us before. The Master’s hou-
se was practically “gone with the wind”, since a cyclone destroyed it, and il
was never restored because of a lack of resources. Their temporary quarters at
the sugar refinery became a permanent one.

Thus, Yeyette could not afford to attend an expensive school like the Con-
vent of the Ursulines in Saint Pierre, where the girls of aritocratic rich fami-
lies went.

Saint Pierre was at that time famous in the whole Antillas for the high
standart of life of its inhabitants who used to enjoy fastuous reunions.

So, she was sent to a more modest school, that was attended by the daugh-
ters of good families who had not many economical resources, and at the age
of nine, she became a boarder at the Convent of the Ladies of Providence at
Fort Royal accross the bay, where she spent five years acquiring all the quali-
ties a young lady ought to have to present herself in society.

She learned how to make a reverence gracefully, how to play the clavecin
dance with elegance, and avoid making mistakes in her writings. Then she
was qualified to leave the College.

Martinique, even today is permeated by Indian and African superstitions,
many of ‘“vaudou” origin.

Yeyette loved mystery and one day in 1777, she convinced her good wei-
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Fig. 12. — Martinique Costumes towards 1858.

nurse, Gertrudis to take her to a nearby ravine called the “Croc-Souris” where
1 liberated slave Euphémie David delighted the attendants to her “sciences” ma-
king magic filters capable of doing wrong or right according to the client’s
wishes, and claimed that she was able to foresee the future.

We can imagine the girl trembling of emotion approaching the black witch
to have her future predicted.

What the woman said would leave Yeyette perplexed, and it rung to her
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ears all the time with the strangeness of her message “You will become more
than a Queen”.

What could a girl of fourteen think of this prediction?.

They carried a simple islander’s life, enjoying the beauties of nature, pla-
ying at the river that sinously went through the valley under the acacia trees.

They were far away from the big metropolis, separated from France by a
long trip crossing the Atlantic and depending or the quality of the Winds. Their
only occassion for a real excitement was when they visualized on the horizon the
approaching vessels with their inflated set of sails going towards Fort Royal.

They anticipated the pleasure of being invited to dazzling receptions given
by her uncle, the Baron des Tascher, Commander of the port. Like fireworks
that disrupted the rutinary spectacle of life, the balls given in honour of the

Fig. 13. — Martinique Woman.

Sc%dp:ure by Malvina Hoffman. Museum of Natu-
ral History New York. /

|
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visitors whether of oficial character, in Fort Royal, or more familiar at Trois
Ilets, they seasoned her life and made her yearn for their return when the ve-
ssels were shrinking until they disappeared on the horizon.

There was a magic word that arose in her imagination the most cherished
dreams and that word was “*Paris” Paris! to go to Paris was her most sublime
obsession' and that was granted to her in the most unsuspected way.

Mme Renaudin, aunt Edmée, reigned all powerful in the household of her
lover the Marquis de Beauharnais, and in order to strergthen the bonds that
attached her to this home, she thought that the best way was to marry his godson
the Viscount Alexandre with some of her three nieces.

There was no doubt that he would marry one of them, the only question
was which one.

The bridegroom was al that time seventeen, and Marie-Josephe-Rose was
fourteen, and was considered too old, while Catherine Desirée of thirteen was
considered a suitable match. Unfortunately when the letter arrived indicating
Catherine-Desirée as the chosen bride, she was dead.

This left open for discussion which of the remaining daughters would be
the one to take the placc of the unfortunate Catherine Desirée.

It took a considerable length of time and of exchange of letters, to decide
this question if the eldest Marie-Josephe then fifteen or Marie Frangoise of
eleven.

We can imagine the anxiety of Marie-Josephe-Rose, having this doubt pen
- gl yl - - = - . g p
ding over her destiny, and her wishes to visit Paris the city of her dreams.

Her father came to her aid, sending a letter in which he explained that
the younger one, didn’t like to leave her mother, and the eldest would be most
pleased to go and continue exalting her virtues describing her as having an
“exceptionally sweel disposition a fire complexion, and beautiful arms and eyes.”

Aunt Edmée, and the father of the groom were ready to please him: and
Mme Renaudin answered “We leave you to be guided by Providence. Bring
either one of your daughters but come, come, I conjure you. Marquis de
Beauharnais answered in the same way accepting his decision expressmg “Bring
us whichever daughter you consider more likely to suit my son’

It would horrify a girl of nowadays to become engaged in th;s way, without
having seen the groom, even once, or being chosen by him as the best to share
his life. Father Joseph Tascher received the marriage banns, sent by the Mar-
quis of Beauharnais leaving in blank the name of the bride, to be filled in as
he wished.

Even under these conditions, Marte-Jesephe-Rose was elated. To go to Pa
ris!. to be married to a young and handsome (so they said) viscount. would
have seemed to her a fairy tale.

Her father ought to be greatly indebted to aunt Edmée, she not only pro-
vided an exceptionally good husband for his daughter, but gave him the 20.000
livres stipulated in the marriage contract.

Full of golden illusions, Marie-Josephe-Rose accompanied her father on a
trip that ended in Brest ¢cn October 12, 1779,

Two weeks after Marie-Josephe-Rose’s arrival to Brest accompanied by her
father and her mulatto maid Euphemie, Alexandre came to greet them and to
analize this provincial import who would become his wife.

Viscount Alexandre was a handsome young man, elegent and cultivated

already an expert as a lover and conqueror of hearts of ladies older than himself.
What he really thought of this awkward and timid girl: whose charms we-
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re still underdeveloped and didn’t impress as beautiful, was softened in a leiter
commenting this encounter with his father, by telling “Mademoiselle de La Pa-
gerie”, may perhaps strike you as less pretty than might have been anticipated
but I can assure you that her delightful manner and the sweetness of her nature
exceed our fondest expectations”, and in this he was truthful for these charac-
teristics of her personality captivated everyore who knew her all along her life,
and to which may be added a melodious voice, that was one of her most enga-

Fig. 14. — Josephine, when she was still called Marie-Josephe-Rose and nickna-
med Yeyelte.
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ging charms.

And what about Marie-Josephe-Rose? She must be dazzled at his sight, and
surely ready to love him, and to bless her good fortune.

Soon fortune will seems not to be so bright as she thought.

After a short period of good behavior, restricted to the honey moon, Ale-

Fig. 15. — Alexandre de Beauharnais, who under an agreable appearance hid a
very cruel and pedantic nature.
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xandre began the ways of bachelor’s life. His young wife was unsuitable to be
introduced in the glitering social circle he used to mingle with. Surely they
would laugh at her umpolished manners and aspect, the naivite of her remarks,
which will stress her condition of a “Creole” as it was called those being born
in far away colonial Island, this has nothing to do with any kind of mixture
of black blood, only the fact that they were born in that midst, far away from
France.

So, the poor girl lived secluded in the castle of her father in law, while
her unfaithful dashing husband spent his time attending parties and involving
himself in new amorous adventures.

But he promised himself to prepare his wife to meet the 1equircments of
Paris social life, and fill the gaps of an inadecuate education, so he said in a
letter addressed to his tutor Praticol “I proamptly propose to compensate for the
sad neglect of her fifteen years of life by divising a plan for her education™
and it was his ambition that she took lessons in geography and history, reading
aloud of verses by the best dramatists; to this ought to be added lessons of harp
which would round a glittering profile of the personality of the voung viscountess
of Beawharnais.

This were his plans and young Marié-Josephe-Rose was left to meet this
end alone in his father’s home, because Alexandre spent the remaining part of
his first year of marriage in garrison with his regiment, returning home for a
brief period in which they conceived their first child.

To this followed a long and lonely time of pregnancy, during which she
tried unsuccessfully to acomplish the program of education imposed upon her.

Her mood may have not been the best of the world. Her husband was dis-
tant and disdainful. Poor Marie-Josephe-Rose must have regarded her memories
of Martinique. as the Paradise lost.

Mme Renaudin, her aunt, was distressed at the sight of a deteriorating re-
lationship between the couple.

Finally Alexandre confessed that he felt that there was nothing in common
between them He wes a highly educated person that had spent years of prepa-
ration in the College of Plessis and the University of Heilderberg, while his wife
was incapable to meet the plans of education he hed traced for her. She was
scorned as “indolent” and he left the project of educating his wife null.

She really became a kind of martyr in this her first marriage, she was
blamed as “jelalous”, when she had reasons for it, and she must have felt his
despise in the bottom of her soul. that she felt grateful when he returned to
Paris one vyear later.

Patient Marie-Josephe-Rose received him extreming her devotion and affec-
tion. But when her second child was born, his father was far away and couldn’t
come to reassure his wife of his love.

Seven months before the birth. the night of September 5, 1782, while his
wife was asleep, he left the home leaving an explanatory and grandiloguent me-
ssage: in which he reported. that he had decided to join the French Army to
the orders of Marquis Boulle to fight against the British, or in the alliance of
the American, whether in the Atlantic or in the Caribean Sea.

His words were telling her that he was sacrifving his love and willingness
to be near her for the glory of the country and the future of their children.

There is no doubt that Marie-Josephe-Rose loved her husband, but things
would happen that would affront her bevond description.

Among the ladies in Paris who shared his gallantries was one older than
him, Mme Longure, a relative of his wifer whose malice proved to be without
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limits. She not only impudently maintained an amorous relationship with a yo-
ung man married with a member of her own family, but even tried to cast sha-
dows on Marie-Josephe-Rose’s honesty, by telling him that she carried a disho-
nest life before her marriage.

This intrigant lady had already had a son from his lover, and having re-
cently lost her husband, managed to go in the ship with Alexandre to Martini-
que.

W hile Marie-Josephe-Rose was expecting her second child, Alexandre was
openly courting Mme. Longvre in her own Island, news of his misbehavior was
sent to Paris, and Marie-Josephe-Rose distressed did not sent him the news of
her daughter’s arrival. Mme. Longvré was ready tc inflict another blow on her
reputation by telling her husband that according to the rules that prevailed at
ihat time, the child came to this world before the prescribed nine months and
was not his own. This made to his dignity flare and he launched against his
wife the most infamous campaign Alexandre went to the limits of trying to
bribe slaves from La Pagerie in order to obtain testimony of her depravity be-
fore her marriage.

Many like Brigette, refused with indignation to second his manouver to
. . g - - g
dirty Marie-Josephe-Rose honorability.

Only one slave named Maxime responded to bribery, and calumnied her,
but paid his disloyalty by being chained: but the wrong deed had been consu-
med, and rendered bilter [ruits.

In a letter highly insultant, the disolute husband, assumed a righteous
wrath and these were Viscount de Beauharnais harsh words:

“If I had written you in the first hour of my rage, my pen would have
scorched the paper... But now three weeks have passed, and, despite my des-
pair and suffocating fury, I shall be able to control myself, to tell you in cold
blood, that you are one of the vilest of creatures and that my sojourns in the
Island had acquainted me with your abominable conduct here”.

The letter continues pouring out diatribes against her honour pilling accu-
sation upon accusation. He accused her of having an affair while accompanying
her father to join him at Brest. “Any creature who would open her arms to a
lover even as she makes ready to join the man to whom her throth is plight,
has no soul: she is lower than the lowest strumpests of this earth... in the
light of such excesses, what am I to think of the clouds and conflicts that have
marred our marriage, what am I to think of this last child. . .?...I must accept
it but I swear by heavens that it is the progeny of another, another’s blood
flows in its veins”.

Thus, he, who carried a scandalous life injured an inocent soul by sen-
ding words that made her feel as though she were stabbed by a poisoned dart.

In conclusion, he ordered her to retire to a convent, or to return to Mar-
tinique' threatening her with taking more severe measures if she dare to defy
his orders. —

Such an unjust behavior towards his innocent wife didn’t find echo in
both families. Her parents at la Pagerie condemned his infamous conduct and
proclaimed their daugter’s honorability, corroborated by many of the people
of the Island.

Alexandre’s father who testified in favor of her daughter in law declared
that her behavior was all the time without blemish.

This didnot change viscount de Beavharnais feelings toward his wife and
he stated in another letter. “I urge vou to warn my father and your aunt that
their efforts to intervene will prove not only fruitless but even damaging your
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cause. For six months now I have been hardeniag my heart against you. Resign
vourself as I have a distasteful course of action, to a separation which must
he an affliction above all to our children, and belicve me, Madame, when I
said that, of the two of us you are not the one to be more pitied” And expre-
ssed his disgust because she had neither gone to Martinique nor to the conveni.

Being the things as it were Marie-Josephe-Rose, left his father in law’s home
taking refuge in the convent of Pedemont, taking with her, her son Eugene and
leaving her daughter to be cared by a foster mother.

Aunt Renaudin chose for her a very fashioneble convent. one of the best
of Paris to which went the best ladies of France in distress to cure their souls
from the misfortunes of life.

This was a new world of distinguished people to which she had access en-
tering by the doors of sorrow, and the humiliation of rejection. In their company
she learned to behave as the best ladies of the French Society at that time ac-
quiring their actitudes and behavior, polishing her manners, incorporating their
way of talking. their expressions, learning all the ways and doing of the people
in the court life, she was like a chrysalis preparing herself in the convent to
emerge years later as a dazzling social butterfly.

Marie-Josephe-Rose, reinforced with the testimony of her parents and father
in law about the purity of her lifer initiated a legal action demanding divorce
from her husband, who at his turn could not prove all the charges of infidelity
and misbehavior of which he accused his wife

So, she won the law suit, and Viscount Alexandre de Beauharnais had to
apoligize for having falsely injured her good name and neglected his duties as
¢ husband.

He conserited in the payment of five thousand livres annually for her main
tenance plus an additional one thousand livres, for the maintenance of his dau-
ghter, thus legally recogrmuzing the daughter as his own child.

Martie-Josephe-Rose entered the convent at the age of twenty, mother
of two children and lived there peacefully for two years, while her husband mo-
re liberated now than ever after legal separation continue his libertine way of
life, begeting childrei: out of wedlock, some of them generously protected by
Josephine, when she was Empress of France. Still suffering from the impact of
separetion and ihe cruel experiences lived, after leaving the convent her first
thought was to return to her beloved Island, Martinique. and on 1738 she sailed
home, to stay there two years.

La Pagerie was nol as gay as she knew it, Her beloved grandmother Marie
Brown had already died and she found her father and her younger sister in a
critical state of health.

There among her people she shed all the tender feelings that always filled
her heart.

But her fatidic years did not end yet: the flame of the French Revolution
reached the far away Island and drsrupted its peaceful Caribean atmosphere.
and started a civil war bringing panic to its inhabitants.

Josephine was terrified. and protected by her friends at Fort Royal, amid
a heavy bombardemer:t she crossed the Savana and a cannon bullet almost ki-
lled her when it exploted dangerously near her in the same place where her
imposing statue stands to-day. Gone were the peaceful days spent in her beloved
Island, she would never come back to it she would never see her family again;
her father died in 1790, when she reached France, and a year later. her younger
sister of 25 year old succumbed to the scurvy.

Thus, without luggage. and without kissing goodby to the dear members
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of her family, Marie-Josephe-Rose stepped into the frigate “La Sensible” which
took her to Toulon.

Their dramatic scape is related by her daughter in her memortes as follows:

“The revolution has begun in the colony: the Government forced us to
flee precipitantly.

We were staying at the Government house in Fort Royal, when suddenly
one evening my mother was advised that the town was under attack. She rus-
hed out instantly to seek refuge on board of a vessel (The Sensible) which was
commanded by an acquantance of hers. As she crossed the Savana (a public
square) a cannon ball fell close beside us’.

“The next day the mutineers, having overwhelmed the town, ordered the
French ships io returr to port, threatening them with fire from the port. Our
chip’s crew shouted out their determinction to return to France and hurried to
pull out of range of ihe shore batteries, just as the threat was put into execu-
tion; the cannors boomed but we escaped [rom their shots. Fate has spared us.
And there we were unexpectedly on the high seas without so much as an adieu
to anyone ashore’.

In reachirg Toulon on October 29, 1790, Marie-Josephe-Rose and Horten-
se learned that the turmoil that agitated France was like fliying from a danger
to step into another greater one.

The tremendons change that France had experienced during her absence
shook her with its menacing messoge of impending danger.

She was an aristocrat, and that was very dangerous in France in those days.

There were new three colored flags everywhere substituting the royal one
Indicating that the Royal Government and every ather power linked to it had
collapsed. Everyone addressed each other as “Citizen” levelling and abolishing
tormer ranks of distinction.

As Marie-Josephe-Rose advanced towards Parts, she grew more and more
upsel— Burning houses, blood— stained streets, etc. forced her to escape to
Fontainebleau where her aunt Elmée ard Marquis de Beauwharnais lived quietly.
There at least she felt fairly safe in a family reassuring atmosphere, enlightened
by the encounter with his beloved son Eugene, then nine years old. who had been
placed by his father in the College of Harcout.

Families became divided between royalists and revolutionaries and so were
the children of Merquis de Beauharnais. while the eldest sen remained loyal
to the King and escaped into exile, the younger one, Alexandre de Beauharnais,
was ready to proclaim himself a revolutionary. and joined them in persecuting
the same privileged cast that he once belonged to.

Soon: the neme of Viscount de Beauharnais faded in the also pompous one
General de Beauharnais.'He paid few visits to his wife and children, and was
remise in sending them ecornomical support.

When things seemed settled, the French community ought to suffer ano-
ther upheaval. Rumors had arisen that the Princes of Bourbon, seconded by the
Royal dignities, were approaching France to impose their vengeance upon the
rebels ' g4

This started @ mass hysteria and reactivated dormant suspicions on all tho-
se aristocrats that had embrased the Revolution and may have been linked with
the menacing invasion.

General de Beauharnais. disolute behavior and orgies had disgusted the
Minister of War as well as his poor record as General carrying out his missions.

Abashed General de Beauharnais resigned pretending illness to avoid being
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Fig. 16. — Josephine matured into a beautiful lady whose charms captivated
Napoleon.

destituted on the grounds of incompetence. But more important than that, was
the fact that he had the misfortune to arouse suspicion. And all his showman-
ship as a revolutionary, all the persecution of former f[riends in the name of
Revolution were not enough to make him less vulnerable to the risk of being
imprisoned under the claim of treason.

Marie-Josephe-Rose forgot all the bitterness that could have generated in
her soul the past conduct of her husband, and risking her own safety wrote ma-

Vol. 14. — Numbers 2-3-4. — 1980

— 329



330 —

ny letters claiming her husbands innocence and loyalty to the cause, not to be
confounded with that of his eldest brother a manifested Royalist.

All her pleading letters were useless and only led to attract the attention
upon her and to be arrested and taken to prison.

At last both of them were under same roof, the tetric and unhospitable
roof of the Carmes prison—

Men and women were in separate quarters: the condition of which were
disastrous. Aristocratic ladies slept side by side in a humid room, feeling the
abhorrent visits of rats, infested with vermins, having as its only way of airba-
rred slits. In that suffocationg unhealthy atmosphere. survival was a question
of high spirits, and many of these well bred ladies had the resource of humor
to lessen their penuries. At this, Lady de Beauharnais excelled. and her charms
and tact were laler described by some of the survivors.

The guillotin was having its daily quota of aristocratic necks to be beheaded
by its sharp cutting edge.

Marie-Josephe-Rose tried to communicate with her children inventing new
tricks when the correspondence of the prisioner to the members of their family
was cul.

Every week a basket containing food and clean linnen were sent to the pri-
soner from their family and in order that her mother had the certainty that
they were alive, they copied the list of the contents of the basket every time
alternating Eugene and Hortense, so she may recognize their hand writing like a
little voice telling, “Mother, rest peacefully, we are alive™.

Another means of communication was Fortune, a little dog of Marie-Jose-
phe-Rose, who knew how to pass like an exhalation through the guards to reach
like a dart her owner and to come back in the same way carrying back and
forth messages hidden in its collar.

Destiny was preparing for the self-reliant Viscount Alexandre de Beawhar-
nais a dramatic end.

Hortense recorded in her memories this curious episode in which God knows
how some unknown friends managed so they could see their parents.

“An unknown womar. came one day — Hortense refers — and mysteriously
led us to a rear of the garden on the Rue de Sevres and up the stairs of a gar-
dener’s house, all the while cautioning us to keep silence. Accross from us we
could see a huge building. .. and then a window opening, in which my mo-
ther and father appeared. Ir. surprise and great emotion, I stretched out my arms
to them and cried out. They made signs to me to be still but a sentinel at the
foot of the wall had heard us, and he began to shout. The unknown woman
hurried us out and home. .. We learned that the window of the prison has been
sealed. This was the last time I saw my father: a few days later he was dead”.

This unfortunate event came to happen around the middle of July when
their father’s name was included in the daily quota of fifty heads to be guillo-
tined. '

Some of her biographers said that the de Beauharnais were reconciled “in
extremis’.

A new days later the jailer came to seel Mme de Beauharnais’s bed and
when somebody asked him if they were going to give her a better one, he ans-
wered with a sinister smile that she would have the need of none, because she

was going to be guillotined. The ladies began to cry and to lament, and Mme de
Reauharnais trying not to lose her composture. assured them that that would
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not happen, because a prophecy ought to be fulfilled and she would become
more than a Queen in France.

According to Madmoiselle Ducrest’s memories these were Mme de Beau-
harnais words.

“At which these ladies tears began to flow faster; they were afraid I had
gone stark mad Actually I was not affecting a show of courage; I was at that
moment convinced that the prediction made by my fortune teller would be rea-

lized.

With Madame d’Aguillon about to faint, I pulled her toward the window
and was opening it to give her a breath of air, when suddenly I saw a woman
below making vigorous and incomprehensible gestures in our direction. She-
kept plucking and pointing to her dress also could not imagine what that could
signify. But when she persisted I called out Robe? To which she noded vigo-
rously Yes. Then she picked up a stone, put it in her apron, took it out again
and held up in her hands. “Pierre” (stone) I cried out. I cried, and this time
‘o her obvious delight Next, holding up her dress and the stone together she
began to go through the motions of slitting her throat, and then to dance about
and to clap her hands. This singular charade filled us with an inexpressible
emotion, for we dared to interpret that Robespierre had been guillotined, that we
had a right to hope that France was saved. A few moments later, a crowd of
our companions in misfortune rushed in and gave us the details of that memo-

rable day. . .

They brought me back my bed of leather strips webbing: on which I slept
the soundest night’s sleep of my life. Beforc I retired, I said to my friends “You
see I have not been guillotined, I shall yet be crowned Queen of France”.

She never doubted that prophecy made by Auphemie David. the old mula-
tto, in her adolescence in that far away Island of her birth, the Martinique.

How this would come to pass it was a mystery to her. Time will tell.

Drifting in the Revolution’s turbulent waters Marie-fosephe-Rose experien
ced the joy of liberation that induced the people into frenzied dancing in the
streets, and the bitter taste of pertaining to the lot of the neediest who had
to fight their place in the long line of people waiting for food.

The Martinique was under English occupation and no resources could be
expected from it. Her husband’s properties have been confiscated by the state.

Alone with two children to fight adversity, Marie-Josephe-Rose had to bo-
rrow from friends and to live thanks to the generosity of Madame Dumoulin,
who provided her board and granted her daily bread.

A very dark outlook of life for one who expects to become Empress and
Queen of France. Fighting teraciously in order to recover her husband’s and
her own properties. aided by friends she could obtain the restitution of all her
belongings left at her apartment ir Paris when she was arrested, clothes, furni-
ture, silverware etc. But regarding her other possessions she had to wait a few
years more.

In the meantime visiting Goverment offices in order to obtain its devolu-
tion, became her daily routine. She became acquainted with important people
and made very influential friends.

After having experienced a life in which she was not spared any kind of
suffering ard humilliation in her marriage, and having felt the frozen nearness
of Death, and the pangs of hunger, Marie-Josephe-Rose was regaining the joy
of life and at thirthy one she exhibited that femenine beauty whose softness
was captured in numerous paintings and marbles. She became the most elegant

lady of France.
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She was approaching her destiny, but the last link in the chains of events
ought to be her own son, Eugene.

How they met it is related in Napoleon’s memories dictated in Saint Elene
to the Count de las Casas, in third person as follows:

“Into his headquarters was ushered a boy of ten or twelve, who said, that
he had come to entreat the commanding general to return the swords of his
father, a former General of the Republic. This young child was Eugene de Bea-
uharnais. the future Viceroy of Italy, Napoleon, responsive to the appeal of youth
and sensitive io the nature of the request, granted it. Eugene burst into tears
at the sight of his father sword.

The general was touched and manifested him such good favor that Mada-
me de Beauhurnais felt obhged to come, the followmg day, lo express her thanks
in person. Napoleon lost no time in returning the visit,

“Her extraordinary grace and her irresistibly sweet manners” as Napoleon
expressed in his memory, conquered kis devotion and affection, and this reunion
florished in ardent love and marriage was consumated on March 9, 1796. Here-
after she would be only known as Josephine, and few years later in solemn ce-
remony that David inmortalized in one of the Louvre’s most visited painting,
tre Dame Cathedral was resplendent of opulent gala the glitering light ilumi-
Napoleon himself- Crowned Josephine Empress and Queen of France. The No-
nated one of the most fascinatig pages of history. Thus, the profecy of Euphe-
mie, the clarivident was fulfilled—

The MUSEUM OF LA PAGERIE

All that rest from “The Petit Guinée” Josephine’s birthplace at the Marii-
nique, is a kitchen, that huracans, and time has respected and become the Mu-
seum of the Pagerie.

e

Fig. 18. — Museum de la Pagerie. In a case Josephine’s handkerchif, and beside
it a very sad memento a piece of weced grown in Napoleons tomb in St. Elene,
and the emaciated deuth mask of the once Emperor of France.
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Fig. 17. Corner of the Kitchen-Museum de la Pagerie.
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There is like a summary of the two lives. Respetuosly we enter in this room
filled with memories of the past.

We could admire Josephine’s beauty from a painting of hers with her dark
eyes wide open, her small mouth, and her curly air softly surrounding her soft
complexion. Nearby her bed, of colonial style, in a case her delicate handker-
chief, the minute partner of her coquettish movements, but beside it a very sad
remembrance, a piece of weed grown on Napoleon’s Tomb at Saint Elene, and
beside it the emaciated death mask of the Emperor of France. More stimulating
was to see two magnificent sculptures in Marble of the famous couple in their
full brilliancy, when France and most of Europe were humble at their feet. In
a small kitchen at La Martinique are mary other mementos of those two sin-
gular lives. One from the Isiand of Corcica, the other from La Maertinique, which
made us think: Behave world of the Islanders! They have the conquerors soul.

Prof. Dr. VICTOR SORIANO
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e News

NINCDS NOTES
LAZZARINI RECEIVES PHS HONOR

Dr. Robert A. Lazzarini, acting chief of the
newly created NINCDS Laboratory of Mo-
lecular Genetics, has won the Public He-
alth Service Superior Service Award for
work on defective interfering virus parti-
cles. The Superior Service Award is the hi-
ghest honor the Public Health Service can
bestow on a civil service employee.

The award recognizes Dr. Lazzarini’s dis-
coveries about the origin of the particles
and the mechanism by which they limit vi-
ral infections. Defective interfering parti-
cles are aberrant virus fragments which
compete in an infected cell for enzymes ne-
eded by its destructive parent virus. The
particles can prevent the infected cell from
producing complete pathogenic viruses and
may protect healthy cells from later virus
infection.

Dr. Lazzarini, an NINCDS staff member
since 1964, serves on the editorial boards
of four virology journals, and in 1980 was
a member of the Virology Study Section of
NIH’s Division of Research Grants. A Uni-
versity of California, Los Angeles gradua-
te, he received his postdoctoral training at
the Johns Hopkins University.

NINCDS SOLICITS ALZHEIMER’S
DISEASE RESEARCH PROPOSALS

Innovative research projects involving Al-
zheimer’s disease and related dementias are
being sought by NINCDS and its sister or-
ganization, the National Institute on Aging.

Proposals are now being accepted for stu-
dies to determine the etiology or pathoge
nesis of Alzheimer’s disease, to improve
diagnosis, and to develop effective therapy.
Areas of particular interest include cerebral
circulation and metabolism, neurochemis
try, immunology and virology, neurcendo-
crinology, genetics and epidemiology, ani-
mal models, and differential diagnosis. Both
program (P01) and individual (R01) pro-
ject applications are invited.

Proposals for both fundamental and eli-
nical studies are welcome. Deadlines for re-
ceipt of P01 applications are October 1.
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February 1 and June 1; ROl proposals
must be received by November 1, March 1
and July 1. The complete text of the pro-
ram announcement can be found in the
NIH Guide for Grants and Contracts, vol.
10, no. 7, Maay 22, 1981.

Information about application procedures
can be obtained from Dr. Eugene J. Oli-
ver, Health Scientist Administrator, Neuro-
logical Disorders Program, NINCDS, Fede-
ral Bldg., Rm. 710, Bethesda, Md. 20205;
tel: (301) 496-6541.

INSTITUTE SCIENTISTS AUTHOR
BRAIN DYSFUNCTION BOOK

The collaborative efforts of NINCDS scien-
tists Drs. Paul L. Nichols and Ta-Chuan
Chen have resulted in a new book: Mini-
mal Brain Dysfunction: A Prospective Stu-
dy.

The book is one of a series of volumes
dealing with specific developmental pro-
blems in children whose mothers participa-
ted in NINCDS’s Coliaborative Perinatal
Project. The publication examines the re-
lationships between minimal brain dysfun-
ction symptoms and over 300 pre- and pos-
tnatal variables found in a group of nearly
30,000 children.

Among the many findings reported in
the study are some with possible implica-
tions for public health pelicy. A strong re-
lationship was discovered, for example, bet-
ween maternal smoking and subsequent be-
havioral, learning, and neurological pro-
blems in children. In addition, many pre-
sumed perinatal hazards had less effect on
children than did some social-class and de-
mographic variables.

The 300-page book can be obtained from
the publishers: Lawrence ¥rlbaum Asso-
ciates, Inc., 365 Broadway, Hillsdale, N.J.
07642.

BOOKLET SERIES OUTLINES NIH
TRAINING OPPORTUNITIES

A new series of pamphlets, Research and
Research-Related Manpeower Development
Programs Supported by the National Insti-
tutes of Health, outlines postdoctoral and
other training opportunities available in the
biosciences through NINCDS and its sister
organizations.
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The four-part series of booklets examines
NIH training programs for the following
educational levels:

® postdoctoral
® postbaccalaureate
® college

® high school

Program summaries are provided in each
pemphlet; included is information on eli-
gibility, funding, points of contact, and ap-
plication deadlines.

For copies of individual booklets or the
complete four-part series, contact the Grants
Inquiries Office, Division of Research
Grants, Rm. 449, Westwood Bldg., 5333
Westhard Ave., Bethesda, Md. 20205 Tei:
(301) 496-7441.

This information is prepared monthly by
the Office of Scientific and Health Reports,
National Institute of Neurological and Co-
mmunicative Disorders and Stroke, Natio-
nal Institutes of Health, Bethesda, Md.
20205. Tel: (301) 496-5751.

REYE’S CONSENSUS STATEMENT
RELEASED

Final recommendations have been issued by
a 13-member panel of experts for the dia-
gnosis and treatment of Reye’s Syndrome,
the subject of an NIH consensus develop-
ment conference held in Bethesda, Md., in

March.

The NINCDS was lead agency for the
conference, which provided a forum ior
considering signs, symptoms, and laborato-
ry findings associated with Reye’s Syndro-
me. Participants at the conference, inclu-
ding research scientists, physicians, and pa-
rents, discussed the effectiveness of dife-
rent treatments and the further studies ne-
eded to understand and treat the illness.
The resulting consensus statement strongly
recommended wide distribution of informa-
tion about Reye’s Syndrome.

Panel members urged prompt medical at-
“tention for children who “during or while
recovering from a viral illness (most com-
monly chicken pox or influenza) unexpec-
tedly develop repetitive vomiting and alte-
red behavior such as lethargy, confusion,
irritability, or aggressiveness”. The consen-
sus statement outlines laboratory tests hel-
pful in diagnosing Reye’s Syndrome, and
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advocates a uniform five-stage system for
measuring the severity of the illness and
for guiding treatment. In addition, the sta-
tement identifies a ‘“‘lengthening list” of
illnesses that mimic Reye’s Syndrome and
cause diagnostic problems for the physician.

The consensus panel also addressed the
question of differing treatments at different
stages of the illness. The administration of
dextrose-containing fluids was regarded by
panel members as a standard therapy for
the earliest stage of the syndrome; osmolal
therapy and hyperventilation were recogni-
zed as common treatments for controlling
the intra-cranial pressure frequently found
in later stages of the illness. Other pressu-
re-control methods, including high-dose bar-
biturates, corticosetroids, cerebrospinal fluid
withdrawal, and decompressive craniotomy,
were judged to be still “experimental.”

The usefulness of intracranial pressure
monitoring generated some debate among
conference participants. The consensus sta-
tement concludes: “Some physicians belie-
ve it improves their ability to manage pa-
tients; others do not.”

The possible relationship between Reye’s
and the use of salicylates or acetaminophen
was also explored. Panel members counse-
led physicians and parents to “be aware
that most, if not all, medications have po-
tential deleterious effects thus, caution in
the use of salicylates in children with in-
fluenza and those with varicella is prudent.”
The panel agreed, however, that more da-
ta were needed before changes in current
fever management practices could be reco-
mmended.

While emphasizing that complete reco-
very from Reye’s Syndrome could be ex-
pected in the majority of cases, panelists
also agreed that possible psychological after
effects might be seen in some children who
experience the more severe stages of the il-
Iness. Panel members offered useful sugge-
stions to help ease the recovery period.

The consensus statement identifies seve.
ral research areas for greater attention. The
etiology and pathogenesis of Reye’s Syndro-
me, with prevention the ultimate goal, we-
re judged to be the most eritical research
concerns; epidemiologic. diagnostic, and
management and outcome studies were al-
so urged.

Copies of the final Reye’s Syndrome con-
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sensus statement can be obtained from Mi-
chael J. Bernstein, Director of Communica-
tions, Office for Medical Applications
of Research, NIH, Bldg. 1, Rm. 216, Be-
thesda, MD 20205; tel: (301) 496-1143.
Proceedings of the conference will be avai-
lable later.

COMPUTER TOMOGRAPHY
CONFERENCE SET FOR NOVEMBER

“Computer Tomography Scanning of the
Brain” will be the subject of an upcoming
consensus development conference sponso-
red by the National Institutes of Health.

The conference will be held November
4-6, 1981, in Masur Auditorium of the NIH
Clinical Center (Bldg. 10).

The NINCDS is the lead Institute for
this conference. Co-sponsor is the National
Cancer Institute, in conjunction with the
National Center for Health Care Technolo-
gy. Assistance will be provided by the NIH
Office for Medical Applications of Research.

The purpose of the conference is to re-
ach agreement on issues involving compu-
terized tomography (CT) scanning of the
brain. Key questions include: What are ihe
indications for employing CT scanning as
a primary or secondary diagnostic tool for
lesions of the brain? Are there any contra-
indications? How much radiation is delive-
red during use of current CT scan equip-
ment, and how is this dosage commonly ex-
pressed? Has CT scanning influenced the
management of intracranial disorders, such
as malignancy, trauma, vascular anomalies,
and cerebrovascular disease? Has the avai-
lability of CT brain scanning influenced
the use of other methods of imaging the
brain? What is the practical limit of defi-
nition and resolution in CT scanning that
may preclude its value in the diagnosis of
brain disease? What can be expected of fu-
ture efforts in the development of CT sca-
nning beyond its current diagnostic capa-
bilities?

This consensus development conference
will bring together biomedical research
scientists, radiologists, radiation therapists,
neurologists, neurosurgeons, other practicing
physicians, consumers, and other persons
from relevant fields. On the first two days,
a series of experts will present their expe-
riences and discuss the key issues with pa-

Vol. 14, — Numbers 2-3-4. — 1980

nel members responsible for developing a
statement of consensus. On the third day,
the panel, chaired by Dr. Fred Plum, chair-
man of the Department of Neurology at
Cornell University Medical College, will
present its preliminary report and invite
comments from the audience.

Technical information on the conference
can be obtained from Dr. Michael Walker,
Director, Stroke and Trauma Program,
NINCDS, Federal Bldg., Rm. 8A08, 7550
Wisconsin Ave., Bethesda, Md. 20205; tel:
(301) 496-2581. Administrative arrange-
ments are being handled by Ms. Yvonne Le-
wis, Prospect Associates, 11325 Seven Locks
Rd., Suite 220, Potomac, Md. 20854; tel:
(301) 983-0535.

HUNTINGTON’S DISEASE ROSTER A
NEW “MATCHMAKER” FOR
RESEARCH

The national Huntington’s disease research
roster is proving to be a natural “match-
maker” between scientists studyng the di-
sease and HD patients and their families
eager to facilitate research.

The NINCDS-supported roster, develo-
ped under the direction of Dr. Michael Co-
nneally by Indiana University Medical Cen-
ter’s Department of Medical Genetics, of-
fers HD families the chance to participate
in research while supplying interested scien-
tists with useful demographic or statistical
data. The roster also allows investigators
throughout the country to identify potential
research subjects who are willing to be con-
tacted and to locate individuals of particu-
lar research interest.

Huntington’s disease families who agree
to participate in the national roster are sent
a family history questionnaire to complete
and return, along with a consent form ex-
plaining the roster and its uses. The roster
is volutary, and provisions have been made
to maintain strict confidentiality. Comple-
ted questionnaires are checked by the ros-
ter staff, and may be followed up to con-
firm diagnoses and clarify inconsistencies
or omissions. Pedigrees are linked where
possible.

Scientists who ask for statistical data not
involving names are sent the information.
In cases where the names of specific fami-
lies or individuals are needed (to obtain
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tissue samples, for example), roster offi-
cials contact the family and explain the re-
quest. Roster personnel must obtain written
permission from the family or the patient
before releasing a name to an investigator.

Additional details about the HD roster
are contained in a pamphlet available from
Indiana University. To obtain the publica-
tion, or to parlicipate in the project as a
registrant or investigator, contact the HD
Roster, Department of Medical Genetics, In-
diana University School of Medicine, 1100
W. Michigan St., Indianapolis, Ind. 46223:
or call collect (317) 264-2241.

NINCDS OFFERS REVISED
SPECIAL REPORTS

Special reports on NINCDS research pro-
grams in multiple sclerosis, Huntington’s
disease, stroke, and spinal cord iniury and
nervous system trauma have been revised
for 1981 and are now available in limited
quantities.

These reports briefly describe the etiolo-
gy, diagnosis, treatment, prevention, and
ongoing research for specific disorders. The
publications are prepared by the NINCDS
Office of Scientific and Health Reports
(OSHR) in connection with yearly Con-
gressional appropriation hearings.

An additional revised special report on
the NINCDS hearing, speech, and langua-
ge program will be published soon. Still
available are 1980 reports on epilepsy, mus-
cular dystrophy and other neuromuscular
disorders, spina bifida and neural tube de-
fects, and amyotrophic lateral sclerosis.

Single copies of these reports may be ob-
tained from the Office of Scientific and
Health Reports, NINCDS, NIH, Bldg. 31,
Rm 8A06, 9000 Rockville Pike, Bethesda,
Md. 20205; tel: (301) 496-5751.

VOLUNTARY AGENCY PA]\./IPHLET
UPDATED

A revised and expanded edition of the
NINCDS pamphlet Voluntary Health Agen-
cies Working to Combat Neurological and
Communicative Disorders is now available.

The pamphlet lists mere than 50 volun-
tary health organizations alphabetically by
disease category, and gives addresses, pho-
ne numbers, and key personnel for each or-
ganization.

338 —

Copies can be obtai