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EVOLUTION OF PHYSICAL
CONTROL OF THE BRAIN

INTRODUCTION

I would like to express my gratitude for the privilege of

addressing this distinguished audienee, and also my feeling

of responsibility in following so many illustrious predeces-

sors and in honoring the founder of the James Arthur Lec-

tures on the Evolution of the Human Brain. The topics

covered by earlier speakers in this series have included be-

havioral implications derived from cerebral anatomy and

physiology, neurophysiological problems, comparative

anatomy, embryology, and fossil skulls. In this year's lec-

ture, I would like to project cerebral evolution toward the

future without losing touch with the solid ground of ex-

perimentation.

The human brain has evolved with a functional asymmetry

which may be responsible for some of the conflicts of our

present age. Apparently it has been easier for man to direct

his attention outward to the environment than inward to

deal with the complexity of his own mental structure, and

easier to understand and manipulate Nature than to control

his own behavior. In prehistoric times, and even today in

primitive societies, man was and is at the mercy of the ele-

ments. When disaster struck, and floods, pestilence, or hun-

ger desolated the land, the only possible reactions were

fatalistic resignation, appeal to supernatural powers, or

despair. Modern civilization has progressed so much in the

understanding and domination of the physical world, that

relations between man and Nature have been completely

transformed. Technology is reshaping the face of the earth,
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but the greatest change has taken place in the human brain

which is now filled with new formulas, theories, and knowl-

edge, and empowered with a new attitude of confidence

toward natural forces which are no longer the masters but

are becoming the servants of man. The expanding sciences

have directed most of our present intellectual and economic

power toward industry, biology, electronics, atomic energy,

outer space, and similar fields of endeavor, while only a

minor fraction is devoted to inquiry into the roots of men-

tal faculties. This unbalanced interest has an explanation.

When observation and reason were the main tools for the

acquisition of knowledge, philosophical speculation flour-

ished. When the discovery of new methods permitted the

scientific exploration of Nature, the study of subjects beyond

experimental reach was neglected. Certainly, the disciplines

of psychology and psychiatry have greatly expanded in our

century, but a perusal of the literature shows that until one

or two decades ago, the brain was treated as a "black box"

which could be reached only through the senses. Psycho-

logical investigations analyzed correlations between sensory

input and behavioral output, but it was not possible to ex-

plore the processes lying in between which were hidden in

the mystery of brain physiology.

During the last decade we have reached an historical

turning point because of the development of methods which

permit the coordination and synthesis of physical, physio-

logical, pharmacological, and psychological research. As

will be explained in the following pages, science has devel-

oped a new electrical methodology for the study and con-

trol of cerebral functions in animals and humans. Learning,

emotions, drives, memory, consciousness, and other phe-

nomena which in the past belonged only in the realm of

philosophy are now the subjects of neurophysiological ex-

perimentation. In the last few years, the scalpel of the brain
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surgeon has modified psychological reactions and a wealth

of wonder drugs has liberated many patients from mental

institutions.

I am not so naive as to think that cerebral research holds

all the answers to mankind's present problems, but I do

believe that an understanding of the biological bases of

social and antisocial behavior and of mental activities,

which for the first time in history can now be explored in

the conscious brain, may be of decisive importance in the

search for intelligent solutions to some of our present anxie-

ties, frustrations, and conflicts. Also, it is essential to intro-

duce a balance into the future development of the human
mind, and I think that we now have the means to investi-

gate and to influence our own intellect.

In support of these ideas, I shall present a brief outline

of the evolution of the physical control of cerebral proc-

esses, followed by several examples of our incipient control

of behavioral mechanisms, and I will end with a discussion

of the principles and implications involved.

HISTORICAL OUTLINE: THEORETICAL
AND METHODOLOGICAL EVOLUTION

Animal Experimentation

For many centures it was accepted that fluids or "animal

spirits" were the cause of muscle contraction (Galen, 130

to ca. 200 a.d.), until the famous controversy between the

schools of Luigi Galvani (1737-1789) and Alessandro

Volta (1745-1827) focused the attention of nineteenth-

century scientists and philosophers on the possible physical

control of some manifestations of life. Contractions pro-

duced in a frog nerve-muscle preparation by touching it

with a bimetallic arc were interpreted by Galvani as proof

of the existence of animal electricity, while Volta believed

that the electrical source was in the contact of two dissimilar



metals. This controversy was resolved when Alexander

von Humboldt (1769-1859) demonstrated that animal

electricity and bimetallic electricity were co-existing phe-

nomena. Leg movements evoked in frogs by the inanimate

force of electricity proved that muscle contraction could be

induced independently of the "principle of life" which had

been considered the essential mover of all biological activi-

ties. The discovery that living organs could be influenced by

instrumental manipulations directed by the will of a human
being brought about a revision of the traditional concepts

of vitalism which were challenged at that time by Emil

DuBois-Reymond (1818-1896) and other scientists. The

romantic mystery of the soul's "animal spirits" which had

dominated biology for almost 2000 years now gave place

to more prosaic chemical and physical laws, and even ner-

vous activity could be investigated experimentally. DuBois-

Reymond not only discovered many basic neurophysiolog-

ical principles, including action current, polarization,

electrogenesis, and propagation of the nerve impulse; he also

provided the technical means for study of the two most

fundamental processes of neural activity by inventing the

galvanometer for the detection of electrical currents and the

induction coil for faradic excitation of nervous tissue. At

that time, the possibility of exciting the spinal cord and brain

stem by other than physiological stimuli was violently de-

bated, and the excitability of the brain was completely

denied. Then Fritsch and Hitzig (1870) performed a beau-

tiful series of experiments, applying galvanic stimulations

to the exposed cerebral cortex of anesthetized dogs. Excita-

tions of the posterior part of the brain failed to evoke

motor effects, but in the anterior region contralateral body

and limb movements were elicited. Weak currents induced

discrete contractions localized to specified muscle groups,

while stronger currents increased the strength and spread
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of the evoked responses; it' the intensity was further aug-

mented, generalized convulsions appeared.

The scientific impact of these studies, and also the suc-

cessful clinical localization of speech functions by Broca

( 1824-1880), promoted great interest in cerebral mapping,

based on regional ablation and electrical stimulation studies

attempting to pin precise functional labels to specific ana-

tomical structures. Fortunately, there was much less specu-

lation and much more experimentation in these studies than

in the discredited phrenology, and, in spite of controversial

issues, many of the facts discovered in the last century have

remained important scientific contributions.

One of the main handicaps in these investigations was

the need for opening the skull and exposing the brain.

Operations were usually performed under general anesthesia

which blocked pain perception but also blocked some of

the most important functions of the nervous system. Emo-

tions, consciousness, and intelligence were certainly absent

in heavily sedated animals or in the isolated nerves of the

squid, and for many years scientists directed their atten-

tion to sleeping brains and overlooked the complexity of

awake minds. Textbooks of cerebral physiology were con-

cerned with synapses, pathways, reflexes, posture, and

movement, while mental functions and behavior were con-

sidered to belong to a different discipline.

Some pioneer efforts, however, were directed toward

exploration of the waking brain, and techniques were de-

vised for the introduction of wires through the skull in order

to apply electrical currents to the brains of conscious ani-

mals. In 1898, Ewald had the idea of screwing an ivory

cone into the skull of an anesthetized dog, and the following

day, when operative anesthesia had worn off, electrodes

were inserted into the brain through the ivory piece. A leash

around the animal's neck contained stimulating wires, and
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a small dry-cell battery carried by the observer served as

the electrical source. Although the technique and results

were primitive, a way had been found to investigate the

brain in awake animals. The technique of intracerebral

electrodes was dormant for many years until Hess (1932)

developed his own method to explore the hypothalamus

and other cerebral areas in unanesthetized cats. In a series

of brilliant experiments, Hess demonstrated that autonomic

functions, posture, equilibrium, movement, sleep, and even

fear and aggressiveness may be influenced by electrical

stimulation of specific cerebral structures. For the first

time, it was revealed that psychological manifestations like

rage do not depend exclusively on sensory inputs and physi-

ological stimuli, but can be induced by electrical currents

applied directly to the brain. Although these findings did

not produce a significant impact on philosophical thinking,

in retrospect they may be considered as important as the

nineteenth-century demonstration that the contraction of a

frog muscle did not depend on circulating spirits and could

be controlled by physical instrumentation.

For two decades, the methods of Hess attracted only

limited interest among biologists, but in the 1950's, there

was a sudden expansion of the new disciplines of psycho-

surgery, psychosomatic medicine, psychopharmacology,

and physiological psychology, and many investigators real-

ized the great research potential of intracerebral methods

for the study of behavioral-cerebral correlations in awake

animals. With this increased interest, a variety of technical

improvements appeared. Electrodes were no longer intro-

duced free-hand into the brain, but were inserted with

geometric precision with the aid of micromanipulators and

stereotaxic coordinates. Anatomical maps of the depths of

the brain were compiled for rats, cats, dogs, and monkeys.

Aseptic precautions and instrumental refinements permitted
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long-term implantation of electrodes, which in some cases

lasted for several years. The sight of experimental animals

with sockets on top of their heads was exceptional in 1950

but had spread to hundreds of laboratories around the

world by 1960. Electrodes were implanted not only in the

usual laboratory animals, but also in other species, includ-

ing crickets, roosters, chimpanzees, dolphins, and brave

bulls.

Experiments were generally performed under some re-

straint. Rats were convenient subjects because of their

behavioral simplicity, and they were not disturbed by a

light coil of wires connecting their terminal head sockets

with the stimulators. In this way, the brain was stimulated

in fully conscious rats while they pressed levers, ran mazes,

and maneuvered with considerable freedom, being limited

only by the length of the leads and the size of the cage. A
similar set-up was also used successfully with cats, provid-

ing they were peaceful and tame. These studies were often

extended for months and were very appropriate for the

investigation of autonomic, somatic, and behavioral effects

evoked by electrical stimulation of the brain, and also for

the analysis of electrical recordings taken during spon-

taneous or induced activities. The combination of intra-

cerebral electrodes with other physiological and psycholog-

ical techniques was very fruitful and showed that animals

can learn to perform instrumental responses to seek or avoid

stimulation of determined cerebral structures. Scientific

exploitation of these techniques continues today with uni-

versal acceptance, as shown by current scientific literature.

The use of electrodes in monkeys presented a greater

challenge because of their destructive skills and restless

curiosity. A heavy protection of the connecting leads was

necessary when the animal was observed on a testing table.

In other cases, the monkey was placed in a special restrain-
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ing chair where it could manipulate levers and feed itself

without being able to reach the terminal sockets on its

head. In these situations, conditioning and psychological

testing were successfully performed, but spontaneous be-

havior was naturally curtailed.

The connecting leads trailing behind each animal were

a serious handicap for behavioral studies and were unsuita-

ble for use in chronic stimulations or investigations of group

activities. The obvious solution was to use remote-controlled

instrumentation, with a receiver carried by the animal and

activated by induction or by radio. Several stimulators of

this type have been proposed in the last 30 years (see

bibliography in Delgado, 1963b), but solutions to many
of the technical problems involved were not found until

recently, when the development of transistors and elec-

tronic miniaturization permitted the construction of small,

practical, and reliable cerebral radio stimulators (Delgado,

1963b). After a considerable amount of trial and error, and

in spite of the primates' genius for destroying any equip-

ment within reach, monkey-proofing of instruments was

achieved (figs. 3, 4, 5 ) . The use of radio stimulators allowed

the excitation of cerebral structures in completely free ani-

mals engaged in normal activities within an established

colony and unaware of the scientist's manipulations. In this

way, the role of specific areas of the brain in social relations

was investigated. At the same time, blood pressure, body

temperature, electrical activity of the heart and brain, and

other physiological variables could be recorded by radio

telemetry. In addition, individual and social behavior have

been continuously recorded, day and night, by time-lapse

photography. Radio techniques represented an important

step toward physical control of the brain, providing an

essential tool for behavioral studies, and it may safely be

predicted that within a few years telestimulation will spread
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to most brain research institutes. We can also expect that

new developments in micro-electronics, including integrated

circuits and thin film techniques, will facilitate the eonstruc-

ton of multi-channel radio-activated stimulators reduced in

size to a few millimeters. The limits of brain control do not

seem to depend on electronic technology but on the biolog-

ical properties of living neurons.

Among possible physiological handicaps, the presence of

electrodes and repeated applications of electricity could be

disrupting factors for the normality of the nerve cells. Inser-

tion of electrodes into the brain substance is certainly a

traumatic procedure which destroys neural tissue and pro-

duces local hemorrhage, followed by inflammation, foreign

body reaction, and the formation of a glial capsule 0.1-

0.2 mm. thick around the inserted wires. All of this reac-

tive process is limited to a very small area measured in

tenths of millimeters, and there is no evidence of functional

disturbance in the neighboring neurons. Beyond the elec-

trode tract, the brain appears histologically normal and

electrodes seem to be well tolerated, as judged by the

absence of abnormal electrical activity, by the reliability of

effects evoked by electrical stimulation, and by the con-

sistency of thresholds through months of experimentation

(Delgado, 1955b). The longest reported implantation time

of electrodes in the brain has been over four years, in a

rhesus monkey.

From the functional point of view, two aspects should be

considered in implantation experiments. The first is related

to fatigability and the second to lasting functional changes.

Physiological textbooks state that motor effects produced

by electrical stimulation of the cerebral cortex fade away

in a few seconds, and that a rest period of about one minute

is necessary before the cortex recovers its excitability. If

this were true throughout the brain, electricity could not
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be effectively used for control of cerebral function. How-
ever, experimentation has shown that the fatigability of

some areas is slow or negligible. In monkeys, the putamen

has been stimulated for more than 30 minutes without

diminution of the elicited postural changes, and the hy-

pothalamus has been excited for days without fatigue of

the evoked pupillary constriction. Red nucleus stimulation

repeated every minute for 14 days has evoked reliable and

consistent sequential responses. Thus, while a few areas of

the brain show quick fatigability, it should be recognized

that many others can be stimulated effectively for minutes

or even days. The evoked effects generally have lasted only

as long as the stimulation, but in some cases enduring after-

effects have been obtained. In the cat, programmed inter-

mittent stimulations of the amygdala for one hour daily

evoked bursts of high-voltage fast activity and other signs

of increased electrical activity, along with changes in spon-

taneous behavior which outlasted stimulation periods for

many hours and occasionally for days. In other studies, ex-

citation of the basolateral nucleus of the cat's amygdala

for only 10 seconds inhibited food intake for minutes, and,

in one case, the inhibitory effect persisted for three days

(Fonberg and Delgado, 1961 ). These findings together with

extensive experimentation by many authors have demon-

strated that intracerebral electrodes are safe and can be

tolerated for years, providing an effective tool for sending

and recording electrical impulses to and from the brain

of unanesthetized animals.

Electrodes in the Human Brain

With the background of animal experimentation, it

was natural that some investigators should contemplate the

implantation of electrodes inside the human brain. Neuro-

surgeons had already proved that the central nervous sys-
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teni is not so delicate as most people believe, and during

therapeutic surgery parts of cerebral tissue had been cut,

frozen, cauterized, or ablated with negligible adverse effects

on the patient. Exploratory introduction of needles into

the cerebral ventricles was a well-known and relatively safe

clinical procedure, and, as electrodes are smaller in diam-

eter than these needles, their introduction into the brain

tissue should be even less traumatic. Implantation of elec-

trodes inside the human brain offered the opportunity for

prolonged electrical exploration which could be decisive

for several diagnostic and therapeutic procedures. For ex-

ample, when brain surgery and ablation are contemplated

in patients suffering from epileptic attacks, it is essential

to identify the focal areas of abnormal electrical activity.

Electrodes may remain in place for days or weeks, during

which spontaneous seizures can be recorded and detailed

exploration repeated as many times as necessary. In other

cases, intracerebral electrodes have been used to deliver

intermittent stimulations for periods of days or even months

(Feindel, 1961; Heath, 1954; King, 1961; Sem-Jacobsen

et aL, 1956; Walker and Marshall, 1961). Similar pro-

cedures have also been used in patients with intractable

pain, anxiety neurosis, and involuntary movement. These

therapeutic possibilities should be considered rather tenta-

tive, but accumulated experience has shown that electrodes

are well tolerated by the human brain for periods of at

least one year and a half, and that electrical stimulations

may induce a variety of responses, including changes in

mental functions, as will be explained later. The prospect

of leaving wires inside the thinking brain could seem bar-

baric, uncomfortable, and dangerous, but actually the pa-

tients who have undergone this experience have had no ill

effects, and they have not been concerned about the idea

of being wired or by the existence of leads in their heads.
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In some cases, they enjoyed a normal life as out-patients,

returning to the clinic for periodic stimulations. Some of the

women proved the adaptability of the feminine spirit to all

situations by designing pretty hats to conceal their electrical

headgear.

The use of electrodes in the human brain is part of the

present medical orientation toward activation of physiolog-

ical mechanisms by electronic instrumentation, which al-

ready extends to several organs of the body. The clinical

success of electrical driving of cardiac functions in man
has been widely acclaimed. In spite of the delicacy and

continuous mobility of the heart, stainless steel leads have

been sutured to it, and in cases of block in the cardiac

conduction system, artificial electronic pacemakers have

been able to regulate heart rhythm, saving the lives of

many patients. The bladder has been stimulated by im-

planted electrodes to induce urination in patients with

permanent spinal block, and paralyzed limbs have been

activated by programmed stimulators. A method has re-

cently been described for placing leads in the auditory

nerve to circumvent deafness caused by inner ear damage.

Driving malfunctioning organs is simpler than attempting

to direct the awake brain where millions of neurons are

functioning and firing simultaneously for different pur-

poses, but the expected results in this case are even more

interesting. Exploring intracerebral physiology, we are

reaching not only the soma but also for the psyche itself.

Cerebral functions are usually classified in three groups:

autonomic, somatic, and psychic, and in the following

pages I shall discuss present experimental evidence for their

electrical control.
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Findings

Frog muscle contracted when stimu-

lated b\ electricity. Volta. Galvani,

DuBoa-Reymond; 1780, 1800. 1848

Electrical stimulation of the brain in

anesthetized dog evoked localized

body and limb movements. Fritscfa

and Hitzig. 1870

Stimulation of the diencephalon in un-

anesthetized cats evoked well-or-

ganized motor effects and emotional

reactions. Hess. 1932

In single animals, learning, condition-

ing, instrumental responses, pain,

and pleasure have been evoked or

inhibited by electrical stimulation of

the brain in rats. cats, and monkeys.

See bibliography in Sheer. 1961

In colonies of cats and monke\s. ag-

gression, dominance, mounting, and

other social interactions have been

evoked, modified, or inhibited by

radio stimulation of specific cerebral

areas. Delgado. 1955a. 1964

In patients, brain stimulations during

surgical interventions or with elec-

trodes implanted for days or months

have blocked the thinking process,

inhibited speech and movement, or

in other cases have evoked pleasure,

laughter, friendliness, verbal output,

hostility, fear, hallucinations, and

memories. See bibliography in

Ramev and O'Dohertv. 1960

Imim k \i IONS

"Vital spirits" are not essential for bio-

logical activities. Electrical stimuli

under man's control can initiate and

modify vital processes

The brain is excitable. Electrical stim-

uli of the cerebral cortex can pro-

duce movements

Motor and emotional manifestations

may be evoked by electrical stimula-

tion of the brain in awake animals

Psychological phenomena may be con-

trolled by electrical stimulation of

specific areas of the brain

Social behavior may be controlled by

radio stimulation of specific areas of

the brain

Human mental functions may be in-

fluenced by electrical stimulation of

specific areas of the brain

Summary: Autonomic and somatic functions, individual and social behavior,

emotional and mental reactions may be evoked, maintained, modified, or

inhibited, both in animals and in man. by electrical stimulation of specific

cerebral structures. Physical control of many brain functions is a demon-

strated fact, but the possibilities and limits of this control are still little known.
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ELECTRICAL CONTROL OF AUTONOMIC FUNCTIONS

Several areas of the brain play important roles in the

regulation of visceral activity, and extensive studies have

shown that electrical stimulation of the hypothalamus and

other cerebral structures can influence vasomotility, blood

pressure, heart rate, respiration, thermal regulation, gastric

secretion, food intake, and many other functions of the

autonomic system. To illustrate the artificial regulation of

autonomic reactions by electrical means, I shall discuss

pupillary motility because its mechanisms are relatively

simple and easy to control.

The areas that participate in the regulation of pupil size

are represented on the surface and in the depth of the brain.

Cortical zones which have inhibitory effects upon respira-

tion and upon spontaneous movements also produce pupil-

lary dilatation (mydriasis). In cats, dogs, and monkeys,

these areas are situated around the sylvian fissure, orbital

cortex, temporal tip, cingulate gyrus, insula, rhinal fissure,

and hippocampal gyrus. In the depth of the brain, pupillary

dilatation may be evoked by stimulation of the basal telen-

cephalon, hypothalamus, septum, midline group of thalamic

nuclei, subthalamus, and a large part of the midbrain

(Hodes and Magoun, 1942; Kaada, 1951; Showers and

Crosby, 1958). Pupillary constriction (miosis) has a more

limited representation, localized mainly around the genu

of the corpus callosum (Hodes and Magoun, 1942; Kaada,

1951), thalamus, and hypothalamus (Hess, 1954). Accord-

ing to the region stimulated, pupillary responses will be

unilateral or bilateral; if bilateral, each eye may respond

synergically or antagonically. Most classical studies were

performed under anesthesia and with the brain exposed,

but recent investigations have been carried out with the

use of awake animals equipped with intracerebral electrodes.

In monkeys (Delgado, 1959), electrical stimulation of
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Fig. 1. The diameter of the pupil may be electrically controlled as if it was

the diaphragm of a photographic camera. The pictures show normal eyes in a

monkey and the dilatation and constriction of the right pupil evoked by stimula-

tion of the hypothalamus. Some of these effects are indefatigable and persist for

days as long as stimulation is applied.
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the inferior part of the lateral hypothalamus produced

marked ipsilateral miosis, while stimulation of another

point situated 6 mm. higher in the same tract evoked ipsi-

lateral mydriasis (fig. 1). The magnitude of the effect was

proportional to the electrical intensity employed. Stimula-

tion of the inferior point with 0.8 milliampere (mA) pro-

duced slight pupillary constriction which increased progres-

sively as the intensity was augmented to 1.5 mA. At this

moment, miosis was maximum, and further increase in

stimulation did not modify the effect. If the hypothalamic

stimulation was slowly decreased in strength, the ipsilateral

pupil gradually returned to its normal size. In these experi-

ments, pupil diameter could be controlled precisely like

the diaphragm of a camera, by turning the stimulator dials

to the left or right. A similar dose-response relation was

seen in the higher hypothalamic point where stimulation

produced mydriasis. Implantation of electrodes in points

with antagonistic pupillary effect made it possible to intro-

duce an artificial conflict by stimulating both areas simultane-

ously with separate instruments. Results showed that a

dynamic equilibrium could be established at different levels

of simultaneous antagonistic excitation. With 1.6 foot-

candle units of illumination in the laboratory, the initial

pupillary diameter of 4 mm. was maintained when the

hypothalamic points were stimulated together at similarly

increasing intensities up to 4 mA. At any level in this

dynamic equilibrium, the pupil constricted if intensity was

increased in the inferior or decreased in the higher point.

The reverse was also true, and the pupil dilated if stimula-

tion decreased in the inferior or increased in the superior

hypothalamic point. To some extent, the effect of excitation

of the inferior miotic point could be substituted for a light

shone in the eye, illustrating the possibility of algebraic

summation of physiological, sensory, and electrical stimuli
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within the brain. These experiments demonstrated that a

regulation of an autonomic- function like pupillary size can

be effectively maintained by direct stimulation of cerebral

structures.

For how long would this regulation be effective? Would

the brain fatigue? To answer these questions, long-term

experiments were designed. Under continuous hypothalamic

excitation, mydriasis lasted for about 30-40 minutes, after

which stimulation was ineffective and the pupil gradually

returned to its original size, indicating a slow fatigability of

the effect. In contrast, pupillary miosis was maintained in

several monkeys for as long as stimulation was applied.

Each Animal was studied while free in a cage and equipped

with a portable stimulator connected by subcutaneous

leads to the inferior hypothalamic point. Under continuous

24-hour stimulation, the size of the ipsilateral pupil was

maintained at less than 1 mm. in diameter, while the other

pupil measured a normal 4 mm. As soon as the stimulation

was discontinued, a rebound effect appeared and the ipsi-

lateral pupil dilated to about 6 mm. for several hours, and

then slowly returned to its normal size. In one monkey, the

stimulation was applied for as long as three days, during

which pupil constriction was continuous; with cessation of

stimulation, a rebound effect appeared which lasted for

two days.

In other experiments, when the intensity of hypothalamic

stimulation was adjusted to produce only a 20-30 per cent

reduction in pupillary size, the reactivity of both pupils to

light was preserved, although the stimulated pupil was al-

ways smaller than the control. These results demonstrated

that a lasting functional "bias" can be introduced in auto-

nomic reactions by the artificial means of electrical stimu-

lation of the brain. The physiological equilibrium was elec-

trically modified, preserving the responses but changing the
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level of functional adjustment. These results are compar-

able to the modifications in autonomic reactivity (tuning)

induced by injection of sympathetic or parasympathetic

agents (Gellhorn, 1957).

In summary, autonomic functions can be controlled by

electrical stimulation of the brain. As an example it has

been shown that constriction of the pupil evoked by cere-

bral stimulation is reliable, precise, does not fatigue, can

interplay with physiological stimuli, and may provide a

functional "bias" to modify the level of physiological re-

sponses.

MOTOR PERFORMANCE UNDER
ELECTRONIC COMMAND

The significant nineteenth-century discovery of central

nervous system excitability was based on the fact that elec-

trical stimulation of the cerebral cortex produced observable

motor responses. Since that discovery, many investigations

have been devoted to the analysis of motor representation

in different areas of the brain. The evoked effects were

usually described as stereotyped tetanic contractions, pro-

ducing clumsy movements of the body and extremities and

lacking the precision and coordination of spontaneous ac-

tivities. These results were obtained under anesthesia, but

it was assumed that because of the complexity of the

mechanisms involved, artificial stimulation could never

induce, even in awake animals, responses as skillful and well

organized as voluntary movements. In spite of this assump-

tion, when stimulation was applied through intracerebral

electrodes to completely unrestrained animals, it was evi-

dent that motor performance under electronic command
could be as complex and precise as spontaneous behavior.

Before discussing the reasons for success in the electric

driving of behavior, I will describe examples of simple

motor responses, complex behavior, and social interaction.
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Simple Motor Responses

In the cat, electrical stimulation of the right sulcus cru-

ciatus, in the anterior part of the brain, produced flexion

of the left hind leg (fig. 2) with an amplitude of movement
proportional to stimulation intensity, provided the experi-

mental situation was constant. For example, in a cat stand-

ing on all fours, a five-second stimulation of 1.2 mA (mono-

polar, cathodal, square waves, 0.5 millisecond of pulse

duration, 100 cycles per second) evoked a leg flexion barely

off the ground. When the intensity was increased up to

1.5 mA, the hind leg rose about 4 centimeters, and when

1 .8 mA were applied, the flexion of the leg was complete.

The evoked movement usually began slowly, developed

smoothly, reached its peak in about two seconds, and lasted

until the end of the stimulation. This motor performance

could be repeated as many times as desired, and it was

accompanied by a postural adjustment of the whole body

which included a lowering of the head, raising of the pelvis,

and a slight weight shift to the left in order to maintain

equilibrium on only three legs. The electrical stimulation

did not produce any emotional disturbance, and the cat was

as alert and friendly as usual, rubbing its head against the

experimenter, seeking to be petted, and purring. However,

if we tried to prevent the evoked effect by holding the left

hind leg with our hands, the cat stopped purring, struggled

to get free, and shook its leg. Apparently the evoked motility

was not unpleasant, but attempts to prevent it were dis-

turbing for the animal. The artificial driving of motor ac-

tivities was accepted in such a natural way by the animal

that often there was spontaneous initiative to cooperate

with the electrical command. For example, during a

moment of precarious balance when all paws were close

together, stimulation produced first a postural adjustment,

and the cat spread its forelegs to achieve equilibrium by
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shifting its body weight to the right, and only after this

delay did the left hind leg begin to flex. It was evident that

the animal was not in a hurry and was taking its time to

prepare its position for the indueed movement. Preliminary

adjustments were not seen if the cat's posture was already

adequate for the required motor performance. In other

cases, when the animal was lying down with its hind legs

already flexed, the stimulation effect was greatly diminished

and consisted mainly of increased muscular tension.

In cases of conflict between the free movements of the

animal and those elicited by the experimenter, the final

result depended on the relative strength of opposing sig-

nals. Stimulations of the cruciate sulcus at threshold level

of 1.2 mA, which produced a small leg flexion, were in-

effective if applied while the cat was walking. To test

stronger conflicts, the cat was enticed into jumping off a

table to reach food placed on the floor, and, while it was

in the air, the cruciate sulcus was electrically stimulated.

In this situation, intensities of up to 1.5 mA, which usually

evoked a clear motor response, were completely ineffective;

physiological activity seemed to override the artificial ex-

citation and the cat landed with perfectly coordinated move-

ments. If the intensity was increased to 2 mA, stimulation

effects were prepotent over voluntary activities; leg flexion

started during the jump, coordination was disrupted, and

the cat landed badly.

A variety of motor effects have been evoked in different

species, including cat, dog, bull, and monkey. The animals

could be induced to move the legs, raise or lower the body,

open or close the mouth, walk or lie still, turn around, and

perform a variety of responses with predictable reliability,

as if they were electronic toys under human control (see

figs. 1-6). Behavior elicited by electrical stimulation was

not always comparable to spontaneous activity. In a few
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experiments, movements beyond the animal's voluntary

control were observed, such as the clockwise rotation of

the eye. In other cases, abnormal responses, disorganized

contractions, and loss of equilibrium have also been in-

duced, depending on the cerebral area and parameters of

stimulation.

Complex Behavior

Normal activities in animals are not confined to simple

motor responses such as hind-leg flexion but include a suc-

cession of different acts such as body displacement and

social interaction. In order to study these complex activi-

ties, which require a situation as free and normal as pos-

sible, our experimental design included ( 1 ) the establish-

ment of a colony with four to six monkeys, (2) the con-

tinuous recording of spontaneous and evoked behavior by

time-lapse photography, in order to qualify and quantify

individual and social actions, and (3) stimulation of the

animals by remote control. The behavior of a group of

monkeys is an entertaining spectacle, and a few minutes'

observation gives the impression that their playing, groom-

ing, chasing, and comic activities are rather unpredictable.

Long-term studies, however, have shown that individual

and social behavior is predictable within a known range of

variability. The study of group behavior is possible pre-

cisely because of the recurrence of patterns that can be

identified. Every day the monkeys will eat, play, groom,

pick, sit, and perform a series of acts which can be analyzed

and quantified (Delgado, 1962). After the individual pro-

files of behavior are established, the responses evoked by

electrical stimulation of the brain may be precisely evalu-

ated.

A typical example of complex behavior was observed

in a monkey named Ludi while she was forming part of a
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Fig. 3. Yawning evoked in the monkey by radio stimulation of the pars magno

cellularis of the red nucleus. Observe the spontaneous qualities of the evoked

effect and also the fact that when the monkey is asleep the response diminishes.
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colony with two other females and two males. Ludi was an

aggressive female who dominated the whole group and

exercised the usual prerogatives of being the chief, enjoying

greater territoriality and more food, and moving freely

around the colony. After different areas of the brain had

been studied under restraint, the radio stimulator was

strapped to Ludi, and excitations of the rostral part of the

red nucleus were started, with the monkey free in her

colony. Stimulation produced the following complex se-

quence of responses (fig. 4): (1) immediate interruption

of spontaneous activities, (2) change in facial expression,

(3) head turning to the right, (4) standing on two feet,

(5) circling to the right, (6) walking on two feet with

perfect preservation of equilibrium by balancing the arms,

touching the walls of the cage, or grasping the swings, (7)

climbing a pole on the back wall of the cage, (8) descend-

ing to the floor, (9) low tone vocalization, (10) threatening

attitude directed toward subordinate monkeys, (11) chang-

ing of attitude and peacefully approaching some other

members of the colony, and (12) resumption of the activity

interrupted by the stimulation. The whole sequence was

repeated again and again, as many times as the red nucleus

was stimulated. Responses 1 to 8 developed during the five

seconds of stimulation and were followed, as aftereffects, by

responses 9 to 12 which lasted from five to 10 seconds. The

excitations were repeated every minute for one hour, and

results were highly consistent on different days. The re-

sponses resembled spontaneous activities, were well organ-

ized, and always maintained the described sequence. Climb-

ing followed but never preceded turning of the body; vocal-

ization followed but never preceded walking on two feet; the

general pattern was similar in different stimulations, but the

details of motor performance varied and were adjusted to

existing circumstances. For example, if the stimulation
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surprised the animal with one arm around the vertical pole

in the cage, the first part of the evoked response was to

withdraw the arm in order to make the turn possible. While

walking on two feet, the monkey was well oriented and was

able to avoid obstacles in its path and to react according to

the social situation. In some experiments, three monkeys

in the colony were simultaneously radio-stimulated in the

red nucleus, and all three performed the full behavioral

sequence without interfering with one another. Changes in

the experimental situation could modify the evoked re-

sponse, as shown in the case of external threat to the colony.

Waving the catching net or a pair of leather gloves on one

side of the home cage induced a precipitous escape of all

monkeys to the other side. Red-nucleus stimulation applied

at this moment was ineffective and did not interfere with

the escape of the animals. In other experiments, after being

deprived of food for 24 hours, the animals were offered

bananas and oranges which they grabbed and ate voraci-

ously. During this time, Ludi's response to radio stimulation

of the red nucleus was completely absent or was reduced to

only a short turn. In one long experiment, excitation of the

red nucleus was repeated every minute, day and night, for

two weeks, with a total of more than 20,000 stimulations.

The remarkable reliability of responses was demonstrated

throughout the whole period, with the following significant

exception. During the day, monkeys take several naps, and

during the night they have a long period of sleep which is

interrupted by several periods of general activity. Time-

lapse recordings showed that, as the stimulated monkey was

falling asleep, the evoked responses progressively dimin-

ished until only a small head movement remained. As soon

as the stimulated animal awoke, the responses reappeared

with all of their complexity. This finding indicates that the

effects evoked by cerebral stimulation are not inflexible and
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rigid, but may adapt to changes in the physiological situa-

tion. Examples of other patterns of sequential behavior

have been evoked by excitation of several diencephalic and

mesencephalic structures (Delgado, 1963a, 1964a, 1964b),

showing that sequential activities are anatomically repre-

sented in several parts of the central nervous system.

SOCIAL INTERACTION

The social interaction of animals requires continuous

mutual adaptation, and activities depend on a variety of

factors, including sensory inputs, problem-solving capacity,

emotional background, previous experience, conditioning,

drives, instincts, and intelligent integration of all these

processes. In spite of the extraordinary complexity of these

supporting mechanisms, there is experimental evidence that

electrical stimulation of specific areas of the brain may
influence social interaction such as contactual relations,

hierarchical situations, submissive manifestations, sexual

activity, aggressive behavior, and social fear. By definition,

this type of research requires at least two animals which can

interact with each other, but the study of groups is naturally

preferable.

In 1928 Hess demonstrated that during electrical stimu-

lation of the periventricular gray matter, cats responded

as if threatened by a dog, with dilatation of the pupils,

flattening of the ears, piloerection, growling, and well-

directed blows with unsheathed claws. Similar offensive-

defensive reactions have been described by several authors

(see bibliography in Delgado, 1964a), but it was debatable

whether the apparently enraged animal was aware of its

own behavior and whether the evoked reactions were pur-

posefully oriented; in other words, if the observed phe-

nomena were true or false rage. Today it is known that

both types of rage may be elicited, depending on the loca-
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tion of the stimulated points, and we have conclusive evi-

dence that, in cats and monkeys, well-organized behavior

may be evoked by stimulation of the amygdala, postero-

ventral nucleus of the thalamus, fimbria of the fornix, tectal

area, central gray, and other cerebral structures. The fact

that one animal can be electrically driven to fight against

another has been established (Delgado, 1955a). In this

experiment, stimulation of the tectal area in a male cat

evoked the well-known pattern of offensive-defensive reac-

tions. When this animal was placed on a testing stage in

the company of a larger cat, they enjoyed friendly relations,

lying close to each other and purring happily until the

smaller cat was stimulated in the tectal area. At this mo-

ment, it started growling, unsheathed its claws, and launched

a fierce attack against the larger animal which flattened its

ears, withdrew a few steps, and retaliated with powerful

blows. The fight continued as long as the stimulation was

applied. The effect could be repeated, and the stimulated

cat always took the initiative in spite of the fact that it was

smaller and was always overpowered in the battle. After

several stimulations, a state of mistrust was created be-

tween the two animals, and they watched each other with

hostility.

Similar experiments were repeated later in a colony

formed by six cats. When one of them was radio-stimulated

in the tectal area, it started prowling around looking for

fights with the other subordinate animals, but avoiding

one of them which was the most powerful of the group. It

was evident that brain stimulation had created a state of

increased aggressiveness, but it was also clear that the cat

directed its hostility intelligently, choosing the enemy and

the moment of attack, changing tactics and adapting its

motions to the motor reaction of the attacked animal. In

this case, brain stimulation seemed to determine the affec-
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live state of hostility, but the behavioral performance
seemed dependent on the individuality of the stimulated

animal, including its learned skills and previous experi-

ences. Stimulation that increased aggressiveness was usually

tested for only five to 10 seconds, but, as it was important

to determine the fatigability of the effect, a longer experi-

ment was performed by reducing the intensity to a level

which did not evoke overt rage. The experimental subject

was an affectionate cat which usually sought petting and

purred while it was held in the experimenter's arms. When
it was introduced into the colony with five other cats, a low-

intensity radio stimulation of the amygdala was applied

continuously for two hours during which the animal's be-

havior was affected. It withdrew to a corner of the cage and

sat there motionless, uttering barely audible growls from

time to time. If any other cat approached, the stimulated

animal started hissing and threatening, and, if the experi-

menter tried to pet him, the growls increased in intensity

and the animal often spat and hissed. This hostile attitude

disappeared as soon as the stimulation was over, and the

cat became as friendly as before. These experiments demon-

strated that brain stimulation could modify animals' reac-

tions toward normal sensory perceptions by a modulating

of the quality of the responses. The effect was similar to the

modifications of spontaneous behavior observed in normal

emotional states.

Monkeys offer better opportunities than cats for the

study of social interaction because of their more numerous

and skillful spontaneous activities. It is well known that

these animals form autocratic societies, where one estab-

lishes himself as boss of the group, claiming a large amount

of the living quarters as his territory, feeding first, and

being avoided by the others, which usually express their

submissiveness by typical actions such as grimacing,
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crouching, and presenting. In several of our monkey colo-

nies, we demonstrated that radio stimulation of the postero-

ventral nucleus of the thalamus and central gray increased

the aggressiveness of the stimulated animal and affected

the social hierarchy. Stimulation of the boss monkey in-

duced well-directed attacks against the other members of

the group, which were chased around and occasionally

bitten, but it was evident that the orientation of the evoked

response was influenced by previous experiences. During

stimulation, the boss usually attacked and chased the male

monkeys which represented a challenge to his authority,

but he did not threaten the female who was his favorite

partner. These results confirmed the finding in cat colonies

that aggressiveness induced by cerebral stimulations was

not blind and automatic, but selective and intelligently

directed.

Rhesus monkeys are destructive and dangerous crea-

tures which do not hesitate to bite anything within reach,

including leads, instrumentation, and occasionally the ex-

perimenter's hands. Would it be possible to tame these

ferocious animals by means of electrical stimulation? To

investigate this question, a monkey was strapped to a

chair where it made faces and threatened the investigator

until the rostral part of the caudate nucleus was electrically

stimulated. At this moment, the monkey lost its aggressive

expression and did not try to grab or bite the experimenter,

who could safely put a finger into its mouth! As soon as

stimulation was discontinued, the monkey was as aggres-

sive as before. Later, similar experiments were repeated

with the monkeys free inside the colony, and it was evident

that their autocratic social structure could be manipulated

by radio stimulation. In one case in which the boss monkey

was excited in the caudate nucleus with 1.5 mA for five

seconds every minute, after several minutes the other mon-
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keys started to circulate more freely around the cage, often

in proximity to the boss, and from time to time they

crowded him without fear. The intermittent stimulation

continued for one hour, and during this time the territo-

riality of the boss dropped to zero, his walking time was

diminished, and he performed no aggressive acts against

the other members of the colony. About 12 minutes after

the stimulation hour ended, the boss had reasserted his

authority, and his territoriality seemed to be as well estab-

lished as during the control period. In other experiments,

monkeys instead of investigators controlled the activation

of radio stimulation. In this situation, subordinate animals

learned to press a lever in the cage which triggered stimula-

tion of the boss monkey in the caudate nucleus, inhibiting

his aggressive behavior (fig. 5; Delgado, 1963c). Inhibitory

effects have been demonstrated in several species including

brave bulls, as shown in figure 6 (Delgado, et at., 1964).

A different type of effect was demonstrated in another

monkey colony. Radio stimulation of the nucleus medialis

dorsalis of the thalamus in a female monkey produced a

sequential pattern of behavior characterized by a movement

of the head, walking on all fours, jumping to the back wall

of the cage for two or three seconds, jumping down to the

floor, and walking back to the starting point. At this mo-

ment, she was approached by the boss of the colony and

she stood on all fours, raised her tail and was grasped and

mounted by the boss in a manner indistinguishable from

spontaneous mounting. The entire behavioral sequence was

repeated once every minute following each stimulation, and

a total of 8 1 mountings was recorded in a 90-minute period,

while no other mountings were recorded on the same day.

As is natural in social interaction, the evoked responses

affected not only the animal with cerebral electrodes, but

also other members of the colony.
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Fig. 6. A bull in full charge may be suddenly stopped by radio stimulation of

the anterior part of the thalamus.
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ANALYSIS OF EVOKED MOTOR BEHAVIOR

The experimental evidence presented in the previous

pages clearly demonstrates that electrical stimulation of

the brain can induce predictable behavioral performance

similar to spontaneous activities. Understanding the sig-

nificance of these findings requires analysis of the physio-

logical mechanisms involved in voluntary movements. A
simple act such as leg flexion requires the precise and pro-

gressive contraction of several muscles in which the strength,

speed, and amplitude of activation of many motor units are

determined by the processing of messages coming from

joints and muscle spindles integrated with another vast

amount of information circulating through the central ner-

vous system. The complexity of neuronal events is even

greater during performance of sequential responses, in

which timing and motor correlations must be adjusted to

the purpose of the movement and adapted to changes in

the environment. Mechanisms responsible for the physio-

logical excitation of spontaneous motility must be highly

sophisticated. In contrast, electrical stimulation of the brain

is very simple and depends on primitive techniques that

apply a train of pulses without modulation, without code,

without specific meaning, and without feedback to a group

of neurons which by chance are situated within an arti-

ficially created field. In view of the complexity of neuronal

integrations, it is not surprising that a few authors have

downgraded the significance of stimulation effects. How
can we explain the contradiction between the crudeness of

these excitations and the refinement of the responses that

they can elicit?

When considering whether a simple electrical stimulus

could be the cause of the many events of a behavioral re-

sponse, we could ask whether a finger pushing a button to

launch a man into orbit is responsible for the complicated
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machinery or for the sequence of operations. Evidently the

finger, like a simple stimulus, is only the trigger of a pro-

grammed series of events, and consequently electrical

charges applied to the brain cannot be accepted as the

direct cause of leg flexion or aggression. The effect of elec-

tricity is simply to depolarize some neural membranes and

to initiate a chain reaction. We must remember that even

at the neuronal level, electrical excitation is not responsible

for the many biochemical, enzymatic, thermal, and elec-

trical processes which accompany the evoked action poten-

tials. Evoked effects, like other chain reactions, depend

more on the functional properties of the activated struc-

tures than on the starter. If electrical stimulation is con-

sidered as a non-specific trigger, our discussion must be

focused on what is triggered. Why do movements start, de-

velop, and end? Which motor mechanisms are involved

within the brain? These basic neurophysiological questions

are very difficult to answer because of our limited knowl-

edge, but at least we now have some new tools to initiate

their study, and experimental hypotheses to guide future

research.

A tentative explanation of some of the mechanisms in-

volved in motor activities has been proposed in the theory

of fragmental representation of behavior (Delgado, 1964a)

which postulates that behavior is organized as fragments

which have anatomical and functional reality within the

brain, where they can be the subject of experimental analy-

sis. The different fragments may be combined in different

sequences like the notes of a melody, resulting in a suc-

cession of motor acts which constitute specific behavioral

categories such as licking, climbing, or walking. The theory

may perhaps be clarified with one example. If I wish to take

a cookie from the table, this wish may be considered as a

force called the starter because it will determine the initia-
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tion of a series of motor acts. The starter includes drives,

motivations, emotional perceptions, memories, and other

processes. To take the cookie it is necessary to organize a

motor plan, a mechanical strategy, and to decide among
several motor choices, because the cookie may be taken

with the left or right hand, directly with the mouth, or even

by using the feet if one has simian skills. Choice, strategies,

motor planning, and adjustments depend on a set of cerebral

structures, the organizer, which is different from the set

employed by the starter, because the desire for cookies may
exist in hungry people or in completely paralyzed patients,

and the hands can move and reach the table for many dif-

ferent reasons even if there are no cookies. Finally, the

actual contraction of muscles for the performance of the

selected movement to reach the cookie—for example, using

the right hand—depends on a cerebral set, the performer,

different from the previous two, because motor represen-

tation of hands, mouth, and feet is situated in different

areas of the brain, and the choice of muscle group to be

activated is under the supervision of a given organizer.

Naturally, there is a close correlation among these three basic

mechanisms, and also between them and other cerebral

functions. The concept of a brain center as a visible ana-

tomical locus is unacceptable in modern physiology, but

the participation of a constellation of neuronal groups (a

functional set) in a specific act is more in agreement with

our present knowledge. The functional set may be formed

by the neurons of nuclei far from one another: for instance,

in the cerebellum, motor cortex, pallidum, thalamus, and

red nucleus, forming a circuit in close mutual dependence,

and responsible for a determined act such as picking up a

cookie with the right hand.

If we accept the existence of anatomical representation

of the three functional sets: starter, organizer, and per-
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former, it is logical that they can be activated by different

types of triggers, and that the evoked results will be related

to the previous experiences linked to the set. The same set,

evoking a similar behavioral response, may be activated by

physiological stimuli, such as sensory perceptions and idea-

tions, or by artificial stimuli, such as electrical impulses.

Depending on the location of contacts, when we stimulate

the brain through implanted electrodes we can activate the

starter, the organizer, or the performer of different behav-

ioral reactions, so that natural and artificial stimuli may

interplay with one another, as has been experimentally

demonstrated.

These theoretical considerations may facilitate the un-

derstanding of so-called willful, free, or spontaneous ac-

tivity. Obviously, the will is not responsible for the chem-

istry of muscle contraction, for the electrical processes of

neural transmission, or even for the intimate organization

of movements; these phenomena depend on spindle dis-

charges, cerebellar activation, synaptic junctions, reciprocal

inhibitions, and other subconscious mechanisms. Voluntary

activity is initiated by a physiological trigger which acti-

vates a chain of preformed mechanisms which exist inde-

pendently inside the brain. The uniqueness of voluntary

behavior lies in its wealth of starters, each one of which

depends on a vast and unknown integration of past experi-

ences and present receptions. However, the organizers and

performers are probably activated in a similar manner by

the will and by electrical means, providing the possibility

of investigating experimentally some of the basic mecha-

nisms of spontaneous behavior.

One limitation of electrical activation of behavior is the

anatomical variability of the brain. Just as there are ex-

ternal physical differences between individuals, there are

variations in the shape and size of our cerebral structures
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which make it impossible to place an electrical contact in

exactly the same location in different subjects. Another

important limitation is functional variability. The organi-

zation of brain physiology depends to a great extent on

individual experience which determines the establishment

of many temporary or permanent associations among
neuronal fields. For example, the sound of a bell is neutral

for a naive animal, but will induce secretion of saliva if it

has previously been paired with food, and stimulation of

the auditory cortex should increase salivary secretion only

in the conditioned animal. Anatomical and functional

variabilities are the bases for the differences in individual

personalities. When we stimulate the motor cortex, we can

predict the appearance of a movement but not the details

of its performance, indicating that the effects elicited by

electrical stimulation of the brain have a statistical but not

an individual determination.

ELECTRICAL DRIVING OF
MENTAL FUNCTIONS IN MAN

Elemental psychic phenomena such as hunger and fear

can be analyzed in both animal and man, but processes like

ideation and imagery that are expressed verbally can be

studied only in human beings. The most extensive informa-

tion on this subject has been obtained by Penfield and his

group (see, for instance, Penfield and Jasper, 1954) dur-

ing surgical operations for epilepsy, tumors, or other ill-

nesses. In these procedures, the brain was exposed under

local anesthesia and stimulated electrically under direct

visual control. More recently, as explained in a previous

section, electrodes have been implanted in the brain for

days or weeks, permitting repeated studies in a relaxed

atmosphere, with the patient in bed or sitting comfortably

in a chair. From Penfield's publications and from implanted-
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electrode studies, a considerable amount of information has

demonstrated that brain stimulation may induce anxiety,

fear, hostility, pleasure, feelings of loneliness, distortion of

sensory perception, recollection of the past, hallucinations,

and other psychic manifestations. From all this material, I

shall select several representative examples dealing mainly

with ideation, which is perhaps the most interesting and

least understood of the mental processes.

Speech Increase

Patient A. F. was an 11 -year old boy committed to an

institution because of his uncontrollable epileptic seizures

and destructive behavior (see Higgins et ai, 1956). Since

his response to drugs and treatment was unsatisfactory,

brain surgery was decided upon. To direct the operation,

four electrode assemblies were implanted in the temporal

lobes for six days. During this time, intracerebral activity

was recorded, and several spontaneous seizures were regis-

tered. Exploration of the patient included several tape-

recorded interviews of from one and a half to two hours,

behavioral observations, and 69 intracerebral stimulations.

Study of the collected data indicated the existence of a

focus of abnormality in the left temporal tip, and this area

was successfully removed. Recovery from surgery was un-

eventful, and in a few weeks the boy was able to enjoy a

normal life and return to school. Five years later he was

still seizure-free.

In our investigations, the conversations between patient

and therapist were tape-recorded while the spontaneous

electrical activity of the brain was also being registered,

and programmed stimulations were applied to different

cerebral points. The general procedure was explained to

the patient, but, to avoid possible psychological influences,

he was not informed of the exact moment of the stimula-
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tions. To establish behavioral and electrical correlations,

the recorded interviews were transcribed, divided into peri-

ods of two minutes, and analyzed by two independent in-

vestigators who counted the number of words and identified

and quantified the verbal expressions according to 39 dif-

ferent categories. Table 1 shows the stimulation effects on

verbal production. During this interview, the patient was

quiet and spoke only four to 17 words every two minutes.

Whenever point RP 1-2 was stimulated, the patient's atti-

tude changed; he became more animated, and his verbal

output increased sharply to a mean of 88 words per two-

minute period.

TABLE 1

(From Higgins. Mahl, Delgado, and Hamlin. 1956)

Stimulations RP 1-2 (N-7) r-Test

Time interval 2'Postim. 2'Prestim. P-Value

All Others /-Test

Stimulations (7V-7) P-Value

2'Postim. 2'Prestim.

Mean % friendly remarks 6 53 0.02 17 10

Mean N words by patient 17 88 <0.01 4 9 0.15

Mean N words by Int. 43 46 —

'

16 30 >0.30

"Insignificant by inspection.

These effects were repeated seven times, and in each

stimulation the patient appeared to be especially optimistic,

emphasizing the pleasant side of sensory perceptions and

the happy aspects of his memories and ideas, with many

of his comments affectionately directed and personally re-

lated to the therapist. Verbal expression was spontaneous

in character, his usual personal style and phraseology were

preserved, and conversational topics were related to the

experimental situation without a preferred theme. Table 1

shows that the evoked increase of words and of friendly

remarks were highly significant, as evaluated by the /-test,

and also that the effect was specific because it was not pro-

duced by stimulation of other cerebral points.

40



Si \ial Ideation

In three different patients, thoughts and expressions with

sexual eontent were indueed by electrical stimulation of

the temporal lobe. The first case, S. S., was an intelligent

and attractive woman. 32 years old, who had suffered from

uncontrollable epileptic attacks for several years. During

the interviews she was usually reserved, but the first time

that point A in the second temporal convulsion was excited

with 6 volts, she became visibily affected, holding the hands

of the therapist to express her fondness for him and to

thank him for all his efforts. Several minutes later, after

another stimulation of the same point, she started to say

how much she would like to be cured so that she might

marry, and other stimulations of point A were also followed

by flirtatious conversation. The provocative play and ideas

expressed under stimulation of point A did not appear fol-

lowing stimulation of other cerebral points and contrasted

with this woman's usually reserved spontaneous behavior.

The second patient, V. P., was a woman 36 years old

who had suffered from epilepsy since childhood. Point C
in the temporal lobe was excited five times at intervals of

from five to 10 minutes, and after each stimulation the

patient's mood became friendlier; she smiled, questioned the

therapist directly about his nationality, background, and

friends, and declared that he "was nice," that his country

(Spain) "must be very beautiful," that "Spaniards are very

attractive," and she ended with the statement "I would like

to marry a Spaniard." This particular train of thought and

manner of speaking seemed completely spontaneous, but it

appeared only after stimulation of point C in the temporal

lobe, and no such shift to a flirtatious mood was noted

in her spontaneous conversations following stimulations of

other cerebral points.

The third case of evoked change in sexual ideology was
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a young epileptic boy, A. F., who, following stimulation of

point LP 5-6 in the left temporal cortex, suddenly began

to discuss his desire to get married. After subsequent stimu-

lations of the point, he elaborated on this subject, revealed

doubts about his sexual identity, and voiced a thinly veiled

wish to marry the male interviewer.

Experiential Hallucinations

Hallucinations evoked by electrical stimulation of the

brain have been lucidly described by Roberts ( 1961 ), who

wrote: "It is as though a wire recorder, or a strip of cine-

matographic film with sound track, had been set in motion

within the brain. A previous experience—its sights and

sounds and the thoughts—seems to pass through the mind

of the patient on the operating table. ... At the same time

he is conscious of the present. . . . The recollection of the

experiential sequence stops suddenly when the electric cur-

rent ceases. But it can again be activated with reapplication

of the electric current." The hallucination may develop

during the stimulation, with a normal-like progression of

movements and sounds, which appear more real and vivid

than when the events actually happened. It is as if the pa-

tient had a double life, one in the past recalled by the elec-

trical stimulation, and another in the present, perceiving all

the sensory stimulation of the surroundings, but both with

a similar quality of reality, as if the person had a "double

consciousness" of subjective sensations. In some cases, com-

ponents of the hallucination are completely new and do

not belong to the subject's past experience, but usually, as

Penfield (1952, 1958, 1960) emphasized, the responses

are a detailed reenactment of previous experiences, an exact

"flash-back" activation of memories.

In one of our patients with intracerebral electrodes, de-

tailed study of the tape-recorded interviews demonstrated

that the perceptual content of some experiential responses
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was related to the patient's thoughts at the moment of

stimulation. For example, when the patient was talking

about her daughter's desire for a baby sister, a stimulation

was applied to the temporal lobe and the patient heard a

female voice saying "I got a baby—sister." Baldwin ( 1960)

has reported a similar observation in which the content of

visual hallucinatory responses evoked in a 28-year old man

varied with the sex and identity of the observer seated be-

fore him in the operating room. In a previous article (Mahl

et at., 1964) we have suggested that "The patient's 'mental

content' at the time of stimulation is a determinant of the

content of the resulting hallucinatory experiences," and we

offered the so-called "altered-state hypothesis" in which the

essential effect of stimulation is to alter the state of con-

sciousness of the patient in such a way that primary proc-

ess thinking replaces secondary process thinking. (See

Freud, 1900.) According to this hypothesis, the electrical

stimulation of the temporal lobe would not activate memory

traces in the ganglionic record, as postulated by Penfield,

but would induce a state of consciousness which would in-

crease the functional probability of primary processes.

Pleasure

The possibility that "pleasure centers" might exist in the

brain was supported by the extensive work of Olds and his

collaborators (1954, 1956, 1961), who demonstrated that

rats prefer to stimulate some points of their brains by press-

ing a treadle, than to satisfy drives of hunger, thirst, and

sex. Positive behavioral qualities of cerebral stimulation

have been confirmed in other species including the cat (Sid-

man et al., 1955) and the monkey (Bursten and Delgado,

1958). However, "pleasure" has an experiential factor

which animals cannot report because they lack verbal com-

munication. Only studies in humans could reveal whether
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electrical stimulation of the brain is able to induce pleasur-

able sensations. The study of patients with implanted elec-

trodes yielded affirmative evidence (Delgado, 1960; Sem-

Jacobsen and Torkildsen, 1960). In one of our cases,

stimulation of the temporal lobe evoked "pleasant tingling

sensations of the body" which were openly declared to be

very enjoyable. The patient's mood changed from its usual

peaceful state to one of giggling and laughing. She teased

the doctor and made fun of the experimental situation with

humorous comments.

In another patient, temporal-lobe stimulation evoked

"statements avowing his pleasure at being 'up here' and

'subject to us' which were classified as 'passive compliance'

'

(Higgins et al., 1956). For example, when the patient

had been silent for five minutes, a point in the temporal

cortex was stimulated and he immediately exclaimed, "Hey!

You can keep me longer here when you give me these; I like

those." and he insisted that the "brain wave" testing made
him "feel O.K." Similar statements followed stimulation of

other temporal points, but were never expressed spontane-

ously in the absence of excitations. The statistical signifi-

cance of these results was P <0.001. as contrasted by X-

analysis.

During increased pleasure, the subjects were oriented

mainly toward themselves, and they often reported experi-

encing agreeable physical sensations, while during artifici-

ally increased speech and changes in sexual ideology they

expressed friendliness for the nearby people. In both cases,

there was a shift of emotional mood to a happy interpreta-

tion of reality, and this experience was interpreted by the

patient as spontaneous and valid, usually without being

directly related to the stimulation. A shift from pleasurable

thinking to friendliness and to sexual ideas has been ob-

served in some cases.
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CONSFQUFNC ES OF BRAIN CONTROL

Probably the most significant conclusion derived from

electrical stimulation of the awake brain is that functions

traditionally related to the psyche such as friendliness,

pleasure, and verbal expression can be induced, modified,

and inhibited by direct stimulation of cerebral structures.

This discovery may be compared with the revolutionary

tinding almost two centuries ago that contraction of frog

muscle may be induced by electricity without need of the

soul's "animal spirits," because experimental analysis of

mental functions can now proceed without implicating

metaphysical entities. Research concerning the electrical

driving of emotions, anatomical correlates of memory, or

electrical signals related to learning does not interfere with

personal ideas about the natural or supernatural destiny of

man and does not involve theological questions, which

should be disassociated from neurophysiological inquiry. In

addition to electrical stimulation, there are now techniques

for exploration of brain function which include electrical

recording, chemical stimulation, intracerebral chemistry,

and electron microscopy. The task that we are facing is the

correlation of neuro-anatomy and physiology with mental

functions; the investigation of cerebral areas involved in

psychic manifestations; the analysis of their electrical and

chemical background; and the development of methods to

induce or inhibit specific activities of the mind.

Already we know that some structures, including the

hypothalamus, amygdala, central gray, and temporal lobe,

are involved in emotional phenomena, while other areas,

such as the parietal cortex, do not seem to participate in

psychic experience. Brain research has expanded rapidly

in recent years with the creation of institutes for multi-

disciplinary studies, but this field should attract even more

of our intellectual and economic resources. Human behav-
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ior, happiness, good, and evil are, after all, products of

cerebral physiology. In my opinion, it is necessary to shift

the center of scientific research from the study and control

of natural elements to the analysis and patterning of mental

activities. There is a sense of urgency in this redirection

because the most important problem of our present age is

the reorganization of man's social relations. While the mind

of future generations will be formed by pedagogic, cultural,

political, and philosophical factors, it is also true that edu-

cation is based on the transmission of behavioral, emotional,

and intellectual patterns related to still unknown neuro-

physiological mechanisms. Investigators will not be able to

prevent the clash of conflicting desires or ideologies, but

they can discover the neuronal mechanisms of anger, hate,

aggressiveness, or territoriality, providing clues for the di-

rection of emotions and for the education of more sociable

and less cruel human beings. The precarious race between

intelligent brains and unchained atoms must be won if the

human race is going to survive, and learning the biological

mechanisms of social relations will favor the cerebral

victory.

Electrical and chemical analyses of mental functions

have introduced new facts into the much debated problem

of mind-brain relations. In the interpretation of data, we
should remember that spike potentials, neurohumors, and

synaptic transmitters may represent happiness and sorrow,

love and hate, war and peace, and in the near future we
can expect to find answers to classical questions concerning

psychological aspects of the physical brain. How can elec-

trical stimulation of the temporal lobe be felt as pleasure,

music, or fear? Why is a ferocious monkey tamed by apply-

ing a few volts of electricity to its caudate nucleus? As
discussed in a previous article (Delgado, 1964b), psycho-

physical correlations may be related to the two elements

46



which transmit information in the nervous system, namely,

the material carrier and the symbolic meaning. In the re-

ception of sensory inputs, there is an initial electrical cod'

ing which is the carrier necessary for neural circulation of

impulses. When a monkey, a savage, or a civilized man
looks at a pencil, the received visual stimulus is transformed

into electrical signals and transmitted through optic path-

ways to the brain. At the levels of retina and optic nerve, the

coding of the stimulus depends on the visual input, inde-

pendent of its possible meaning. Symbolism is created by

the association within the brain of two or more sensory

receptions or of present and past experiences, but it does

not depend on the material structure of the object or on

the pattern of its electrical coding. For a naive monkey or

for a savage, the pencil is a neutral object; for a writer, the

pencil is full of associations, uses, and meaning. Symbolism

is not intrinsic in the object, nor inborn in the brain: it

must be learned. The most important symbolic tool of the

mind, language, is not invented by each individual; it is a

cultural gift of the species. The symbolic meaning may be

considered an immaterial element of mental functions in

the sense that it is related to a spatio-temporal association

between two or more sensory receptions and not to the

material structure of the inputs. The elements for symbolic

recognition already exist in the electrical code of the trans-

mitted signals; however, they are not determined by the

pattern of the code but by spatio-temporal relations between

present and past codes which cannot be deciphered by any

instrument if the reference point of the past is not known.

These temporal and spatial relations may be considered

as material or immaterial, depending on the investigator's

point of view. Obviously, the relations depend on the mate-

rial existence of some events, but, at the same time, the

relations are independent of the material organization of
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each event. It is a question of definition, and, if we explain

the meaning of our terms, there is no conflict. I think, how-

ever, that it is more practical to consider symbolism as

non material in order to emphasize the relativity of its

existence and the fact that it does not depend on the intrin-

sic qualities of matter but on the previous history of the

object and of the observer. In the last analysis, behavior

could be reduced to movement of atoms, but if we are dis-

cussing the emotional behavior of the monkey, it would be

difficult to explain it in terms of orbiting particles, and it is

far more useful to employ psychological concepts. It should

be clarified that, in the observer, conscious understanding

of meaning is probably dependent upon progressive steps

of electrical subcoding of sensory inputs with the creation

of new material and symbolic elements related to the activa-

tion of a new series of chemical and electrical phenomena

affecting specialized neurons. However, the distinction be-

tween material carrier and symbolic meaning simplifies the

interpretation of neurophysiological data, because analysis

of events in receptors and in transmitting pathways will

provide information about the carrier but not about sym-

bols. At the same time, it should be expected that electrical

stimulation of neuronal groups may activate processes re-

lated to both material carriers and symbolic meaning. This

working hypothesis may help in the differentiation between

cerebral mechanisms responsible for transmitting inputs

and for cognitive processes of received signals.

From its beginning, wiring of the human brain aroused

emotional opposition even among scientists, while similar

wiring of the heart or of the bladder has been received

enthusiastically. The difference in attitude was no doubt

related to a more or less conscious personal fear that our

identity could be attacked and that our mind could be

controlled. Personal traits such as friendliness, sexual in-
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clination, or hostility have already been modified during

cerebral stimulation, and we can foresee other influences

on emotional tone and behavioral reactions. Eleetrieity is

only a trigger of pre-existing mechanisms which could not,

for example, teach a person to speak Spanish, although it

could arouse memories expressed in Spanish if they were

already stored in the brain.

Entering into the field of speculation, I would like to

comment on one question which has already caused wide-

spread concern. Would it be feasible to control the behavior

of a population by electrical stimulation of the brain? From

the times of slavery and galleys up to the present forced-

labor camps, man has certainly tried to control the behavior

of other human beings. In civilized life, the intervention of

governments in our private biology has become so deeply

rooted that in general we are not aware of it. Many coun-

tries, including the United States, do not allow a bride and

groom to marry until blood has been drawn from their veins

to prove the absence of syphilis. To cross international

borders, it is necessary to certify that a scarification has

been made on the skin and inoculated with smallpox. In

many cities, the drinking water contains fluoride to

strengthen our teeth, and table salt is fortified with iodine

to prevent thyroid misfunction. These intrusions into our

private blood, teeth, and glands are accepted, practised,

and enforced. Naturally, they have been legally introduced,

are useful for the prevention of illness, and do generally

benefit society and individuals, but they have established a

precedent of official manipulation of our personal biology,

introducing the possibility that governments could try to

control general behavior or to increase the happiness of

citizens by electrically influencing their brains. Fortunately,

this prospect is remote, if not impossible, not only for obvi-

ous ethical reasons, but also because of its impracticability.
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Theoretically it would be possible to regulate aggressive-

ness, productivity, or sleep by means of electrodes im-

planted in the brain, but this technique requires specialized

knowledge, refined skills, and a detailed and complex ex-

ploration in each individual, because of the existence of

anatomical and physiological variability. The feasibility of

mass control of behavior by brain stimulation is very un-

likely, and the application of intracerebral electrodes in

man will probably remain highly individualized and re-

stricted to medical practice. Clinical usefulness of electrode

implantation in epilepsy and involuntary movements has

already been proved, and its therapeutical extension to

behavioral disorders, anxiety, depression, and other illness

is at present being explored. The increasing capacity to

understand and manipulate mental functions of patients

will certainly increase man's ability to influence the be-

havior of man.

If we discover the cerebral basis of anxiety, pleasure,

aggression, and other mental functions, we shall be in a

much better position to influence their development and

manifestations through electrical stimulation, drugs, sur-

gery, and especially by means of more scientifically pro-

grammed education.

These possibilities pose tremendous problems. As Skin-

ner asked recently (1961), "Is the deliberate manipulation

of a culture a threat to the very essence of man or, at the

other extreme, an unfathomed source of strength for the

culture which encourages it?" Scientific discoveries and

technology cannot be shelved because of real or imaginary

dangers, and it may certainly be predicted that the evolu-

tion of physical control of the brain and the acquisition of

knowledge derived from it will continue at an accelerated

pace, pointing hopefully toward the development of a more

intelligent and peaceful mind of the species without loss of
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individual identity, and toward the exploitation of the mosl

suitable kind oi feedback mechanism: the human brain

studying the human brain.
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  in brain-stimulation research four decades ago, goes largely 
   unacknowledged today. What happened? 

IIn the early 1970s Jose Manuel Rodriguez Delgado, a professor of phys-
iology at Yale University, was among the world’s most acclaimed—and 
controversial—neuroscientists. In 1970 the New York Times Magazine 
hailed him in a cover story as the “impassioned prophet of a new ‘psy-

chocivilized society’ whose members would infl uence and alter their own 
mental functions.” The article added, though, that some of Delgado’s Yale 
colleagues saw “frightening potentials” in his work.

Delgado, after all, had pioneered that most unnerving of technologies, the 
brain chip—an electronic device that can manipulate the mind by receiving 
signals from and transmitting them to neurons. Long the McGuffi ns of sci-
ence fi ction, from The Terminal Man to The Matrix, brain chips are now 
being used or tested as treatments for epilepsy, Parkinson’s disease, paralysis, 
blindness and other disorders. Decades ago Delgado carried out experiments 
that were more dramatic in some respects than anything being done today. 

ELEC TRIC AL BR AIN-S TIMUL ATION 
DE VICES (opposite page), invented 
by Jose Delgado for his research 
into behavior and motor control, 
were implanted into apes, monkeys 
(shown above), bulls, cats and 
humans. Electrodes could remain 
implanted for more than two years 

 CHIPS   
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He implanted radio-equipped electrode 
arrays, which he called “stimoceivers,” 
in cats, monkeys, chimpanzees, gibbons, 
bulls and even humans, and he showed 
that he could control subjects’ minds and 
bodies with the push of a button.

Yet after Delgado moved to Spain in 
1974, his reputation in the U.S. faded, 
not only from public memory but from 
the minds and citation lists of other sci-
entists. He described his results in more 
than 500 peer-reviewed papers and in a 
widely reviewed 1969 book, but these 
are seldom cited by modern researchers. 
In fact, some familiar with his early work 
assume he died. But Delgado, who re-
cently moved with his wife, Caroline, 
from Spain to San Diego, Calif., is very 
much alive and well, and he has a unique 
perspective on modern efforts to treat 
various disorders by stimulating specifi c 
areas of the brain.

When Lobotomies 
Were the Rage
bor n in 1915 in Ronda, Spain, Del-
gado went on to earn a medical degree 
from the University of Madrid in the 
1930s. Although he has long been 
dogged by rumors that he supported the 
fascist regime of Francisco Franco, he 
actually served in the medical corps of 
the Republican Army (which opposed 
Franco during Spain’s civil war) while he 
was a medical student. After Franco 
crushed the Republicans, Delgado was 
detained in a concentration camp for fi ve 
months before resuming his studies.

He originally intended to become an 
eye doctor, like his father. But a stint in 

a physiology laboratory—plus exposure 
to the writings of the great Spanish neu-
roscientist Santiago Ramón y Cajal—left 
him entranced by “the many mysteries 
of the brain. How little was known then. 
How little is known now!” Delgado was 
particularly intrigued by the experiments 
of Swiss physiologist Walter Rudolf 
Hess. Beginning in the 1920s, Hess had 
demonstrated that he could elicit behav-
iors such as rage, hunger and sleepiness 
in cats by electrically stimulating differ-
ent spots in their brains with wires.

In 1946 Delgado won a yearlong fel-
lowship at Yale. In 1950 he accepted a 
position in its department of physiology, 
then headed by John Fulton, who played 
a crucial role in the history of psychia-
try. In a 1935 lecture in London, Fulton 
had reported that a violent, “neurotic” 
chimpanzee named Becky had become 
calm and compliant after surgical de-
struction of her prefrontal lobes. In the 
audience was Portuguese psychiatrist 
Egas Moniz, who started performing 
lobotomies on psychotic patients and 
claimed excellent results. After Moniz 
won a Nobel Prize in 1949, lobotomies 
became an increasingly popular treat-
ment for mental illness.

Initially disturbed that his method of 
pacifying a chimpanzee had been applied 
to humans, Fulton later became a cau-
tious proponent of psychosurgery. Del-
gado disagreed with his mentor’s stance. 
“I thought Fulton and Moniz’s idea of 
destroying the brain was absolutely hor-
rendous,” Delgado recalls. He felt it 
would be “far more conservative” to 
treat mental illness by applying the elec-

trical stimulation methods pioneered by 
Hess—who shared the 1949 prize with 
Moniz. “My idea was to avoid loboto-
my,” Delgado says, “with the help of 
electrodes implanted in the brain.”

One key to Delgado’s scientifi c suc-
cess was his skill as an inventor; a Yale 
colleague once called him a “technolog-
ical wizard.” In his early experiments, 
wires ran from implanted electrodes 
out through the skull and skin to bulky 
electronic devices that recorded data and 
delivered electrical pulses. This setup re-
stricted subjects’ movements and left 
them prone to infections. Hence, Del-
gado designed radio-equipped stimo-
ceivers as small as half-dollars that could 
be fully implanted in subjects. His other 
inventions included an early version of 
the cardiac pacemaker and implantable 
“chemitrodes” that could release precise 
amounts of drugs directly into specifi c 
areas of the brain.

In 1952 Delgado co-authored the fi rst 
peer-reviewed paper describing long-
term implantation of electrodes in hu-
mans, narrowly beating a report by Rob-
ert Heath of Tulane University. Over the 
next two decades Delgado implanted 
electrodes in some 25 human subjects, 
most of them schizophrenics and epilep-
tics, at a now defunct mental hospital in 
Rhode Island. He operated, he says, only 
on desperately ill patients whose disor-
ders had resisted all previous treatments. 
Early on, his placement of electrodes in 
humans was guided by animal experi-
ments, studies of brain-damaged people 
and the work of Canadian neurosurgeon 
Wilder Penfi eld; beginning in the 1930s, 
Penfield stimulated epileptics’ brains 
with electrodes before surgery to deter-
mine where he should operate.

Taming a Fighting Bull
delgado show ed that stimulation 
of the motor cortex could elicit specifi c 
physical reactions, such as movement of 
the limbs. One patient clenched his fi st 
when stimulated, even when he tried to 
resist. “I guess, doctor, that your electric-
ity is stronger than my will,” the patient 
commented. Another subject, turning 
his head from side to side in response to 
stimulation, insisted he was doing so vol-

■   Jose M. R. Delgado, a pioneer in brain-implant technology, is perhaps most 
famous for halting a charging bull by merely pressing a button on a device that 
sent signals to the animal’s brain.

■   In the early 1970s Delgado went from being acclaimed to being criticized. In 
1974 he moved from the U.S. to Spain and then gradually faded from public 
consciousness and the citation lists of neuroscientists.

■   His accomplishments, however, helped to pave the way for modern brain-implant 
technology, which is enjoying a resurgence today and is improving life for patients 
with epilepsy and such movement disorders as Parkinson’s and dystonia. 

■   Delgado, now 90, recently returned to the U.S., complete with strong opinions 
on the promise and perils of the ongoing work. 

Overview/Brain Implants
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untarily, explaining, “I am looking for 
my slippers.” 

By stimulating different regions of 
the limbic system, which regulates emo-
tion, Delgado could also induce fear, 
rage, lust, hilarity, garrulousness and 
other reactions, some of them startling in 
their intensity. In one experiment, Del-
gado and two collaborators at Harvard 
University stimulated the temporal lobe 
of a 21-year-old epileptic woman while 
she was calmly playing a guitar; in re-
sponse, she fl ew into a rage and smashed 
her guitar against a wall, narrowly miss-
ing a researcher’s head.

Perhaps the most medically promis-
ing fi nding was that stimulation of a lim-
bic region called the septum could trigger 
euphoria, strong enough in some cases to 
counteract depression and even physical 
pain. Delgado limited his human re-
search, however, because the therapeutic 
benefi ts of implants were unreliable; re-

sults varied widely from patient to pa-
tient and could be unpredictable even in 
the same subject. In fact, Delgado recalls 
turning away more patients than he treat-
ed, including a young woman who was 
sexually promiscuous and prone to vio-
lence and had repeatedly been confi ned 
in jails and mental hospitals. Although 
both the woman and her parents begged 
Delgado to implant electrodes in her, he 
refused, feeling that electrical stimula-
tion was too primitive for a case involv-
ing no discernible neurological disorder.

Delgado did much more extensive re-
search on monkeys and other animals, 
often focusing on neural regions that 
elicit and inhibit aggression. In one dem-
onstration, which explored the effects of 
stimulation on social hierarchy, he im-
planted a stimoceiver in a macaque bully. 
He then installed a lever in the cage that, 
when pressed, pacifi ed the bully by caus-
ing the stimoceiver to stimulate the mon-

key’s caudate nucleus, a brain region in-
volved in controlling voluntary move-
ments. A female in the cage soon 
discovered the lever’s power and yanked 
it whenever the male threatened her. Del-
gado, who never shied from anthropo-
morphic interpretations, wrote, “The 
old dream of an individual overpowering 
the strength of a dictator by remote con-
trol has been fulfilled, at least in our 
monkey colonies.”

Delgado’s most famous experiment 
took place in 1963 at a bull-breeding 
ranch in Cordoba, Spain. After inserting 
stimoceivers into the brains of several 
“fi ghting bulls,” he stood in a bullring 
with one bull at a time and, by pressing 
buttons on a handheld transmitter, con-
trolled each animal’s actions. In one in-

C AROLINE DELGADO, shown monitoring 
encephalographic readings from a monkey, 
has assisted her husband since their meeting 
at Yale University in the 1950s.
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stance, captured in a dramatic photo-
graph, Delgado forced a charging bull to 
skid to a halt only a few feet away from 
him by stimulating its caudate nucleus. 
The New York Times published a front-
page story on the event, calling it “the 
most spectacular demonstration ever 
performed of the deliberate modifi cation 
of animal behavior through external 
control of the brain.” Other articles 
hailed Delgado’s transformation of an 
aggressive beast into a real-life version of 
Ferdinand the bull, the gentle hero of a 
popular children’s story.

In terms of scientific significance, 
Delgado believes his experiment on a fe-
male chimpanzee named Paddy deserved 
more attention. Delgado programmed 

Paddy’s stimoceiver to detect distinctive 
signals, called spindles, spontaneously 
emitted by her amygdala. Whenever the 
stimoceiver detected a spindle, it stimu-
lated the central gray region of Paddy’s 
brain, producing an “aversive reac-
tion”—that is, a painful or unpleasant 
sensation. After two hours of this nega-
tive feedback, Paddy’s amygdala pro-
duced 50 percent fewer spindles; the fre-
quency dropped by 99 percent within six 
days. Paddy was not exactly a picture of 
health: she became “quieter, less atten-
tive and less motivated during behavior-
al testing,” Delgado wrote. He nonethe-
less speculated that this “automatic 
learning” technique could be used to 
quell epileptic seizures, panic attacks or 

other disorders characterized by specifi c 
brain signals.

Delgado’s research was supported 
not only by civilian agencies but also by 
military ones such as the Offi ce of Naval 
Research (but never, Delgado insists, 
by the Central Intelligence Agency, as 
some conspiracy theorists have charged). 
Delgado, who calls himself a pacifi st, 
says that his Pentagon sponsors viewed 
his work as basic research and never 
steered him toward military applica-
tions. He has always dismissed specula-
tion that implants could create cyborg 
soldiers who kill on command, like the 
brainwashed assassin in the novel and 
fi lm versions of The Manchurian Candi-
date. (The assassin was controlled by 
psychological methods in the original 
1962 film and by a brain chip in the 
2004 remake.) Brain stimulation may 
“increase or decrease aggressive behav-
ior,” he asserts, but it cannot “direct ag-
gressive behavior to any specifi c target.”

Envisioning a 
“Psychocivilized Society”
in 1969 delgado described brain-
stimulation research and discussed 
its implications in Physical Control of 
the Mind: Toward a Psychocivilized So-
ciety, which was illustrated with photo-
graphs of monkeys, cats, a bull and two 
young women whose turbans concealed 

FIGHTING BULL with a stimoceiver in its brain (below) charged Delgado in a Spanish bullring in 
1963 (middle two photographs) and then stopped and turned in response to a radio signal 
from Delgado ( far right). Critics contended that the stimulation did not quell the bull’s 
aggressive instinct, as Delgado suggested, but rather forced it to turn to the left. Delgado, 
who grew up in Ronda, Spain, a bastion of bullfi ghting, admits he felt “frightened” just before 
his signal made the bull abandon the chase. 

C AT LIF TED ITS HIND LEG in response to stimu-
lation by an electrode implanted in its brain. 
The cat, Delgado says, displayed no discomfort 
in this experiment done in the early 1950s. 
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stimoceivers. (Female patients “have 
shown their feminine adaptability 
to circumstance,” Delgado remarked, 
“by wearing attractive hats or wigs to 
conceal their electrical headgear.”) Spell-
ing out the limitations of brain stimula-
tion, Delgado downplayed “Orwellian 
possibilities” in which evil scientists en-
slave people by implanting electrodes in 
their brains. 

Yet some of his rhetoric had an 
alarmingly evangelical tone. Neurotech-
nology, he declared, was on the verge of 
“conquering the mind” and creating “a 
less cruel, happier, and better man.” In a 
review in Scientifi c American, the late 
physicist Philip Morrison called Physi-
cal Control “a thoughtful, up-to-date 
account” of electrical stimulation ex-
periments but added that its implications 
were “somehow ominous.”

In 1970 Delgado’s fi eld was engulfed 
in a scandal triggered by Frank Ervin 
and Vernon Mark, two researchers at 
Harvard Medical School with whom 

Delgado briefl y collaborated. (One of 
Ervin’s students was Michael Crichton, 
who wrote The Terminal Man. The 
best-seller, about a bionic experiment 
gone awry, was inspired by the research 
of Ervin, Mark and Delgado.) In their 
book, Violence and the Brain, Ervin 
and Mark suggested that brain stimula-
tion or psychosurgery might quell the 
violent tendencies of blacks rioting in 
inner cities. In 1972 Heath, the Tulane 
psychiatrist, raised more questions about 
brain-implant research when he reported 
that he had tried to change the sexual 
orientation of a male homosexual by 
stimulating his septal region while he 
had intercourse with a female prostitute.

The fi ercest opponent of brain im-
plants was psychiatrist Peter Breggin 
(who in recent decades has focused on 
the dangers of psychiatric drugs). In tes-
timony submitted into the Congressio-
nal Record in 1972, Breggin lumped 
Delgado, Ervin, Mark and Heath to-
gether with advocates of lobotomies and 

accused them of trying to create “a soci-
ety in which everyone who deviates from 
the norm” will be “surgically mutilat-
ed.” Quoting liberally from Physical 
Control, Breggin singled out Delgado as 
“the great apologist for technologic to-
talitarianism.” In his 1973 book Brain 
Control, Elliot Valenstein, a neurophys-
iologist at the University of Michigan at 
Ann Arbor, presented a detailed scien-
tifi c critique of brain-implant research by 
Delgado and others, contending that the 
results of stimulation were much less pre-
cise and therapeutically benefi cial than 
proponents often suggested. (Delgado 
notes that in his own writings he made 

FEMALE MAC AQUE ( far left in fi rst photograph) 
learned that by pulling a lever in the cage she 
could escape encounters with an alpha male. 
The lever sent a signal to a stimoceiver in his 
brain, pacifying him. The alpha male is in the 
pacifi ed state at the far right in the left image 
and has become aggressive in the other shot. 
Delgado carried out many investigations, such 
as this one in the early 1960s, into the effects 
of brain stimulation on social interactions.

COPYRIGHT 2005 SCIENTIFIC AMERICAN, INC.
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many of the same points as Valenstein.)
Meanwhile strangers started accus-

ing Delgado of having secretly implanted 
stimoceivers in their brains. One woman 
who made this claim sued Delgado and 
Yale University for $1 million, although 
he had never met her. In the midst of this 
brouhaha, Villar Palasi, the Spanish 
minister of health, asked Delgado to help 
organize a new medical school at the Au-
tonomous University in Madrid, and he 
accepted, moving with his wife and two 
children to Spain in 1974. He insists that 
he was not fl eeing the disputes surround-

ing his research; the minister’s offer was 
just too good to refuse. “I said, ‘Could I 
have the facilities I have at Yale?’ And he 
said, ‘Oh, no, much better!’”

In Spain, Delgado shifted his focus to 
noninvasive methods of affecting the 
brain, which he hoped would be more 
medically acceptable than implants. An-
ticipating modern techniques such as 
transcranial magnetic stimulation, he in-
vented a halolike device and a helmet that 
could deliver electromagnetic pulses to 
specifi c neural regions. Testing the gad-
gets on both animals and human volun-
teers—including himself and his daugh-
ter, Linda—Delgado discovered that he 
could induce drowsiness, alertness and 
other states; he also had some success 
treating tremors in Parkinson’s patients. 

Delgado still could not entirely es-
cape controversy. In the mid-1980s an 
article in the magazine Omni and docu-
mentaries by the BBC and CNN cited 

Delgado’s work as circumstantial evi-
dence that the U.S. and Soviet Union 
might have secretly developed methods 
for remotely modifying people’s 
thoughts. Noting that the power and 
precision of electromagnetic pulses de-
cline rapidly with distance, Delgado dis-
misses these mind-control claims as 
“science fi ction.”

Except for these fl ashes of publicity, 
however, Delgado’s work no longer re-
ceived the attention it once had. Although 
he continued publishing articles—espe-
cially on the effects of electromagnetic 
radiation on cognition, behavior and em-
bryonic growth—many appeared only in 
Spanish journals. Moreover, brain-stim-
ulation studies back in the U.S. bogged 
down in ethical controversies, grants 
dried up, and researchers drifted to other 
fields, notably psychopharmacology, 
which seemed to be a much safer, more 
effective way to treat brain disorders 

Brain Implants Today
When Jose Delgado and a few other intrepid scientists fi rst 
began exploring the effects of implanting electrodes in the 
brain half a century ago, they could not foresee how many 
people would one day benefi t from this line of research. By far 
the most successful form of implant, or “neural prosthesis,” 
is the artifi cial cochlea. More than 70,000 people have been 
equipped with these devices, which restore at least 
rudimentary hearing by feeding signals from an external 
microphone to the auditory nerve. Brain stimulators have 
been implanted in more than 30,000 people suffering from 
Parkinson’s disease and other movement disorders (including 
17-year-old Kari Weiner, shown at the right). Roughly the same 
number of epileptics are being treated with devices that 
stimulate the vagus nerve in the neck.

Work on other prostheses is proceeding more slowly. 
Clinical trials are now under way to test brain and vagus nerve 
stimulation for treating disorders such as depression, 
obsessive-compulsive disorder, panic attacks and chronic 
pain. Artifi cial retinas— light-sensitive chips that mimic the 
eye’s signal-processing ability and stimulate the optic nerve 
or visual cortex— have been tested in a handful of blind 
subjects, but they usually “see” nothing more than 
phosphenes, or bright spots.

Several groups have recently shown that monkeys can 
control computers and robotic arms “merely by thinking,” as 
media accounts invariably put it—not telekinetically but via 
implanted electrodes picking up neural signals. The potential 
for empowering the paralyzed is obvious, but so far few 

experiments with humans have been carried out, with limited 
success. Chips that might restore the memory of those 
affl icted with Alzheimer’s disease or other disorders are still 
a year or two away from testing in rats.

The potential market for neural prostheses is enormous. An 
estimated 10 million Americans grapple with major depression; 
4.5 million suffer from memory loss caused by Alzheimer’s 
disease; more than two million have been paralyzed by spinal 
cord injuries, amyotrophic lateral sclerosis and strokes; and 
more than a million are legally blind.  —J.H.

JOHN HORGAN, director of the center 
for science writings at the Stevens In-
stitute of Technology in Hoboken, N.J., 
was a staff writer for Scientifi c Ameri-
can from 1986 to 1997 and then, until 
recently, a freelance writer. His books 
include The End of Science, The Undis-
covered Mind and Rational Mysticism. 
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K ARI WEINER was confi ned to a wheelchair (left) for seven years by 
dystonia, a condition that causes uncontrollable muscle spasms. 
Now (right) she walks without assistance, thanks to battery-
powered electrodes that were implanted in her brain when she was 
13—and to surgeries that then repaired her twisted muscles and 
lengthened her tendons. 
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than brain stimulation or surgery. Only 
in the past decade has brain-implant re-
search revived, spurred by advances in 
computation, electrodes, microelectron-
ics and brain-scanning technologies—

and by a growing recognition of the lim-
its of drugs for treating mental illness.

Delgado, who stopped doing re-
search in the early 1990s but still follows 
the fi eld of brain stimulation, believes 
modern investigators fail to cite his stud-
ies not because he was so controversial 
but simply out of ignorance; after all, 
most modern databases do not include 
publications from his heyday in the 
1950s and 1960s. He is thrilled by the 
resurgence of research on brain stimula-
tion, because he still believes in its poten-
tial to liberate us from psychiatric dis-
eases and our innate aggression. “In the 
near future,” he says, “I think we will be 
able to help many human beings, espe-
cially with the noninvasive methods.”

Delgado’s successors have faced 
some of the same questions that he did 
about possible abuses of neurotechnol-
ogy. Some pundits have expressed con-
cern that brain chips could allow a 
“controlling organization” to “hack into 
the wetware between our ears,” as New 
York Times columnist William Safi re 
put it. An editorial in Nature recently 
expressed concern that offi cials in the 
Defense Advanced Research Projects 
Agency, a major funder of brain-implant 
research, have openly considered im-
planting brain chips in soldiers to boost 
their cognitive capacities. Meanwhile 
some techno-enthusiasts, such as British 
computer scientist Kevin Warwick, con-
tend that the risks of brain chips are far 
outweighed by the potential benefi ts, 
which will include instantly “download-
ing” new languages or other skills, con-
trolling computers and other devices 
with our thoughts, and communicating 
telepathically with one another.

Delgado predicts that neurotechnol-
ogies may never advance as far as many 
people fear or hope. The applications en-
visioned by Warwick and others, Del-

gado points out, require knowing how 
complex information is encoded in the 
brain, a goal that neuroscientists are far 
from achieving. Moreover, learning 
quantum mechanics or a new language 
involves “slowly changing connections 
which are already there,” Delgado says. 
“I don’t think you can do that suddenly.” 
Brain stimulation, he adds, can only 
modify skills and capacities that we al-
ready possess.

But Delgado looks askance at the 
suggestion of the White House Council 
on Bioethics and others that some scien-
tifi c goals—particularly those that in-
volve altering human nature—should 
not even be pursued. To be sure, he says, 

technology “has two sides, for good and 
for bad,” and we should do what we can 
to “avoid the adverse consequences.” We 
should try to prevent potentially destruc-
tive technologies from being abused by 
authoritarian governments to gain more 
power or by terrorists to wreak destruc-
tion. But human nature, Delgado as-
serts, echoing one of the themes of Phys-
ical Control, is not static but “dynamic,” 
constantly changing as a result of our 
compulsive self-exploration. “Can you 
avoid knowledge?” Delgado asks. “You 
cannot! Can you avoid technology? You 
cannot! Things are going to go ahead in 
spite of ethics, in spite of your personal 
beliefs, in spite of everything.”  

M O R E  T O  E X P L O R E
Brain Control: A Critical Examination of Brain Stimulation and Psychosurgery. Elliot S. 
Valenstein. John Wiley and Sons, 1973. (A contemporaneous scientifi c critique of the work of 
Delgado and other neuroscientists.)

Controlling Robots with the Mind. Miguel A. L. Nicolelis and John K. Chapin in Scientifi c 
American, Vol. 287, No. 4, pages 46–53; October 2002.

Rebuilt: How Becoming Part Computer Made Me More Human. Michael Chorost. 
Houghton Miffl in, 2005. (A personal story on the pros and cons of brain implants.)

The President’s Council on Bioethics Web site is at www.bioethics.gov

An overview of modern brain stimulation can be found at 
www.bioethics.gov/transcripts/june04/session6.html

Other Web sites extol the utopian possibilities of brain stimulation, www.wireheading.com, or 
deplore it as a government mind-control plot, www.mindjustice.org/

DELGADO, holding two of his brain implants in a 
photograph taken in August, once wrote that 
human ity should shift its mission from the ancient 
dictum “Know thyself” to “Construct thyself.”
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Jose Delgado: 

A Case Study; Science, Hubris, Nemesis and Redemption 

 

Long, long before men and women became scientists the Greek playwrights portrayed the justice 

meted out toward the overweening pride and ambition of their heroes by the Gods’ wrath and 

retribution. Hubris invited nemesis and only rarely was there hope of redemption. Nothing Freud or 

the analysts added altered this dynamic as the following case study from the twentieth century 

illustrates. 

The Case 

Jose Manuel Rodriguez Delgado 

(1915-2011) 

This biography has an unusual provenance and was not something I might have anticipated writing.  

Born almost twenty years after Delgado at the beginning of the neuropsychopharmacology era I was 

not familiar with his pioneering work in physiology using electrode implants in animals and humans 

to modify emotion and behavior. It might have crossed my horizon during psychiatric training (1962 

– 1967) at a time when his research began attracting international attention but I was too immersed in 

my own animal pharmacology studies to take serious note. 

Jose emigrated from Spain to the USA in 1950 and spent 20 years in America before returning to 

Spain when controversy engulfed his career. Based on his pioneering work at Yale University he was 

among the small number of clinical and animal researchers who became founding members of the 

ACNP in 1961. Although we were fellow members for most of our careers our paths never crossed; 

neither of us served on any of the organization’s committees or held office nor did he receive any of 

its awards. 

In 2005 at the age of 90 Delgado was interviewed for the ACNP’s Oral History Project (Series Editor 

Ban TA 2011) by Joel Braslow, a psychiatrist and historian but not a member of the organization. The 

interview is published in Volume 2 Neurophysiology, (Volume Editor Fink M). It is relatively brief 

and some rather vague answers suggest early cognitive impairment. Additional comments on 

Delgado’s pioneer contributions are provided by the series editor in the Preface and by the volume 

editor in Dramatis Personae. Three of Delgado’s key publications in English are cited in the references 

to the preface. (Delgado JMR 1952a, 1952b, 1955). 

Jose Delgado died at the age of 96 just three months before December 2011 when the ACNP 

celebrated its fiftieth anniversary. It was not until nine months later that I received a request to write 

an obituary due to some reluctance among members better suited to the task, perhaps attributable to 

the still ongoing controversy about Delgado’s life’s work. I had two months to complete the task. 

(Blackwell B 2012). After a brief overview of existing information I felt convinced that the topic 
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deserved a more exhaustive analysis both because of the unusual perspective it offers from an 

historical view of science but also for an opportunity to offer a much maligned pioneer some belated 

redemption. This led to an extended biography published in my memoir (Blackwell B 2013) and 

reproduced here. 

The Man of Science  

Jose Delgado was born on August 8th in Ronda, a province of Malaga in Spain. His father was an 

ophthalmologist who Jose planned to emulate until he became entranced by the work and writings of 

Santiago Ramon y Cajal, often considered the “father of neuroscience”. Cahal was a Nobel Laureate 

in 1906 in Physiology and Medicine, together with Golgi, for work on the structure of the nervous 

system. Captivated by the mysteries of the nervous system Jose began working as a student in 

physiology under Juan Negri at the Madrid Medical School. On the first paper listed in his bibliography 

he is a second author to J.G. Valdecasas who worked with Servco Ochea in Negri’s lab on glycolysis 

of heart muscle. It was published in 1933 when Jose was a pretentious 18 years old! 

Delgado must have formally become a medical student around the outbreak of the Spanish Civil War 

in 1936 between the elected Republican Government (loyalists) and the insurgents led by General 

Franco, supported by Nazi Germany and Italy. As the fascists gained control first Ochea and then 

Negri fled Spain whilst Delgado dropped out of his studies to join the Republican side as a medical 

corpsman. After the fascist victory in 1939 he spent five months in a concentration camp before 

returning to medical school to complete his M.D. in 1940, graduating cum laude.He then began work 

immediately as an instructor in physiology and in 1942 obtained his Doctor of Science, also cum laude. 

Between 1942 and 1950 Jose resumed his animal research in physiology and received several awards; 

Countess of Maude's Prize (1944), Roel Prize (1945) and the Ramon y Cahal Prize awarded by the 

Spanish Government (1952). During this period he published 14 papers on his primate research in 

European Journals mostly in his native language. This work primarily involved selective brain ablation 

and electrical stimulation of various nuclei and regions with implanted electrodes. 

At this time Joel was handicapped by difficulty obtaining primates for his research. In the OHP 

interview he tells of travelling to Africa to purchase animals. On the two week return journey he 

bonded to a gorilla and feeling unable to operate on his “new friend”, donated it to the local zoo! 

Later on, this period in Jose’s career would be characterized by his detractors as “under the fascist 

regime” implying guilt by association with fascist atrocities while ignoring his service as a corpsman 

on the Republican side, incarceration in concentration camp after the war and humanitarian treatment 

of his animal subjects. 

In 1950 Delagado won a two year James Hudson Brown Scholarship to Yale University Medical 

School and joined the physiology department under John Fulton. Impressed with his work Fulton 

appointed him an Assistant Professor in the department (1953-1955), promoted him to Associate 

Professor (1955) and eventually to Full professor of both Physiology and Psychiatry in 1966 at the age 

of 51. Delgado flourished at Yale, described by a colleague as a “technological wizard” he invented a 

device he named the “stimoceiver”, a small implanted array of electrodes that permitted two way 
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communications with a fully mobile animal and allowed Delgado to stimulate different regions of the 

brain, producing changes in behavior and affect. 

Delgado’s research was a sophisticated and less destructive continuation of Fulton’s earlier work. In 

1935 Fulton had reported on his experiments demonstrating a dramatic reduction in violent behavior 

by a chimpanzee following ablation of the pre-frontal cortex. This finding was credited with providing 

the impetus for the Portuguese psychiatrist Moniz to extend the work to humans by performing 

lobotomies on psychiatric patients, claiming excellent results for which he won the Nobel Prize in 

1949.  

With this background and working in Fulton’s department Delgado expressed his wish to shun the 

crude ablation of brain pathways, replacing that with more discrete direct chemical and electrical 

stimulation of selected areas. Possibly encouraged by Moniz’s fame and success Delgado extended his 

animal experiments into twenty five carefully chosen patients with chronic treatment refractory 

epilepsy and schizophrenia at a Rhode Island asylum and for whom there were no effective treatments 

available.His ground breaking paper describing the results was published in 1952. This appeared with 

the provocative title, “Technique of Intracranial Electrode Placement for Recording and Stimulation 

and its Possible Therapeutic Effects in Psychotic Patients” (Delgado 1952c) 

1952 was the watershed year in neuroscience. At precisely that moment Chlorpromazine was being 

given to schizophrenic patients for the first time with success that would spawn the 

neuropsychopharmacology revolution. Delgado positioned himself between the burgeoning 

disapproval of mutilating surgical lobotomies and the belief that direct electrical or chemical 

stimulation of specific brain areas was scientifically and clinically superior to oral administration of 

drugs whose effects on the brain were inevitably mitigated by metabolism in the liver, obstruction by 

the blood-brain barrier and uncertain distribution throughout the brain. 

Delgado was not entirely alone in these beliefs. His 1952 paper narrowly pre-empted publication of 

somewhat similar research in humans by Robert Heath, Chairman of Neurology and Psychiatry at 

Tulane University. 

In a seventeen year period (1952-1969) Delgado produced 134 scientific publications on his research 

in cats, monkeys and patients, both psychotic and non-psychotic. This work included research on both 

physiological and chemical stimuli of specific regions in the central nervous system ( Delgado JMR 

1956). In 1959 he reported on cerebral excitability in the monkey after administration of iproniazid, 

an early MAO inhibitor antidepressant, (Delgado 1959a), and in the early days of the ACNP he 

published a review titled, “Neuropharmacology of Behavior”, (Delgado 1966). 

Nevertheless the bulk of Delgado’s research concentrated on his special area of expertise in electrical 

stimulation. In the early days this tended to focus on discrete emotional and behavioral outcomes in 

individual animals and, more rarely and selectively, in humans. A retrospective review of Jose’s 

pioneering workin Scientific American, (Hogan J 2005), comments, “Delgado limited his human 

research, however, because the therapeutic benefits of implants were unreliable; results varied widely 
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from patient to patient and could be unpredictable even in the same subject. In fact Delgado recalls 

turning away more patients than he treated.” 

It was in the decade from 1960 to 1970 that several events occurred which ushered in the controversy 

that would end Jose Delgado’s career in America. After 1960 some of his research involved work on 

more global social behaviors sometimes in colonies of monkeys inviting speculation about mind 

control in human society. Two particular events in this time period encouraged Delgado to widen the 

scope of speculation about the possible societal and philosophical implications of his research. 

In 1963, during a spell in his native country, Jose performed and filmed an experiment that would 

bring him international attention. After implanting his “stimoreceiver” in the caudate nucleus of a 

fighting bull at a Cordoba ranch Jose stood in the bullring.  Waving a red cape and facing the charging 

animal he brought it to a sudden halt by pressing a handheld transmitter. Two years later, in 1965, the 

New York Times published a front page story, including a photograph with the headline, “A Matador’s 

Radio Stops a Wired Bull” by John A. Osmundsen. During an interview with the reporter Jose Delgado 

speculated about the implications of his research in changing human behavior and society. 

“…electrical brain stimulation does not simply evoke automatic responses but reactions that become 

integrated into social behavior according to the individual’s own personality or temperament”, 

Dr.Delgado said. A videotape of the bull experiment, narrated by Delgado himself is still available on 

U-tube today. 

Sometime after 1965 Delgado received an invitation to contribute a book to be published in a series 

entitled “World Perspectives”. This was the forty first Volume in a series edited by Ruth Nanda Anshen. 

This remarkable woman lived to be 103, obtained her Ph.D. in philosophy under Alfred North 

Whitehead and was an author, editor and philosopher who established the “Seminars on the Nature 

of Man”, named after her at Columbia University. Her proclaimed wish as an editor was to be an 

“intellectual instigator” of new ideas. To this end she sought out and edited the works of many of the 

world’s leading scientists and thinkers encouraging them to speculate on the broader societal and 

philosophical implications of their own often narrow fields. The goal was to “extrapolate an idea in 

relation to life”.  To this end she had edited the writings of individuals as diverse as Albert Einstein, 

Paul Tillich, Eric Fromm, Jonas Salk and Margaret Mead. For each of the many series she edited in 

her lifetime she selected an editorial board of the world’s leading thinkers.  

For “World Perspectives” she chose twelve individuals. To better understand the company Jose Delgado 

was invited to join and the impact it may have had on his contribution I will briefly list them. 

 Sir Kenneth Clark:  one of the best known historians of his generation and writer, producer 

and presenter of the BBC TV series, “Civilization”. 

 Richard Courant: An internationally acclaimed mathematician, a German Jew who fled Nazi 

Germany to become Professor at New York University and founder of the Courant Institute 

of Mathematics. 
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 Werner Heisenberg: A theoretical physicist of international stature who developed the 

principle of quantum theory named after him and for which he received the Nobel Prize 

in1932. 

 Ivan Illich: An Austrian born philosopher and internationally acclaimed social critic of medical 

hegemony in his book, “Medical Nemesis”. 

 Konrad Lorenz: An Austrian zoologist, a founder of modern ethology who discovered the 

principle of “imprinting” in new born birds and shared the Nobel Prize in 1973. 

 Robert M. MacIver: Chancellor of the New School of Social Research at Columbia University 

and President of the American Sociological Society. 

 Joseph Needham: A British Scientist and historian of Chinese Science who was a fellow of the 

Royal Society, the British Academy and recipient of the Queens’s Companionship of Honor, 

the only person to hold all three titles. 

 Isador Isaac Rabi: Received the Nobel Prize for Physics in 1944 honoring his discovery of 

nuclear magnetic resonance. 

 Sir Sarvepalli Radhakrishrian: An Indian scholar of comparative religion whose writings 

reconciled the traditions of East and West. He was President of India after the end of British 

rule from 1962 till 1967. He was also Professor of Eastern Religion and Ethics at Oxford 

University (1936-1952) and received a knighthood from the King in 1931. 

 Karl Rahner S.J.: A German Jesuit and one of the most respected theologians of the 20th. 

Century whose ideas influenced the Second Vatican Council. 

 Sir Alexander Sachs: An American economist, member of the National Policy Committee 

prior to World War II, he recommended to President Roosevelt that America pursue nuclear 

research. Knighted by Queen Elizabeth for counsel to the Office of Strategic Services during 

the war. 

 C.N.Yang: A Chinese-American physicist who became Albert Einstein Professor of Physics 

at Stony Brook and founder of the Institute of Theoretical Physics named after him. He 

received the Nobel Prize for Physics in 1957. 

Finding himself in such distinguished company it is impossible to know if Jose Delgado was 

emboldened or seduced but, either way,  he chose a thought provoking, perhaps provocative  title 

for his volume, “Physical Control of the Mind: Toward a Psychocivilized Society”.(Delgado JMR 1977). 

Nor is it possible to know how much editorial influence was exerted either by the editorial board 

or the series editor on the title, style or content. But because this book became the backbone of 

the controversy that engulfed Jose Delgado it seemed imperative that I become familiar with what 

was actually said. So I was able to purchase a used hardback copy from Amazon for only eleven 

dollars. 

What follows is a brief review of the book’s structure and content with verbatim quotations to 

represent Delgado’s actual thoughts and ideas. 
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The editor’s introduction to the series contains this statement (p.xiv), “The Volumes in this series 

endeavor to demonstrate that only in a society in which awareness of the problems of science 

exists can its discoveries start great waves of change in human culture…” 

This ideal finds an echo in Delgado’s own Acknowledgments; “As T.M. Hesbacher, president of 

Notre Dame University has said; “Scientists cannot be neutral. We must understand the social 

responsibility attached to our research and the moral impact it has on the world of men, including 

ourselves”. 

The volume begins in Part 1 with a discussion of “Natural Fate Versus Human Control”. Contrary 

to the reflexive feel of “Control of the Mind” (aka as mind-control) this is a nuanced discussion 

of the caution required in exerting freedom of choice, the need for awareness of outcomes, 

personal responsibility and a caution that mankind should pay more attention to development of 

man himself rather than machines. 

The next chapter contrasts our increasing knowledge and control over material resources with our 

relative ignorance of the functions of the brain and mind. It ends with a quotation from a 

contemporary psychologist, “Man’s greatest problem today is not to understand and exploit his 

physical environment but to understand and govern his conduct … If he is to survive he must 

proceed to explore himself and to control his own activities … If science provides knowledge 

society will display wisdom”. (Beach F.A.1966). 

The concluding chapter of Part 1 on Mental Liberation and Domination ends with the following… 

“The thesis of this book is that we now possess the necessary technology for the experimental 

investigation of mental activities, and that we have reached a critical turning point in which the 

mind can be used to influence its own structure, functions and purpose, thereby ensuring both 

thepreservation and advance of civilization.” 

Part II of the book is philosophical tour de force that explores the well-trod topic of “The Brain and 

Mind as Functional Entities” followed by “Extra Cerebral Elements of the Mind”. Beginning with 

Aristotle, Plato and Socrates it proceeds on to an extended discussion of how mind and emotions 

develop, the nature-nurture hypothesis and the work of scientists from Freud to Harlow in 

humans and primates. 

Next are back to back chapters on “The Mindless, Newborn Brain” and “Sensory Dependence of 

the Adult Mind” that end with the rather platitudinous statement, “The cerebral mechanisms 

which allow us to receive, interpret, feel and react, as well as the extra cerebral sources of stimuli 

should be investigated experimentally”. 

Part III titled, “Experimental Control of Brain Functions in Behaving Subjects” is essentially a 

synopsis of Delgado’s scientific research in lay terms accompanied by photographs of both animal 

and human subjects. It deals particularly with systems for punishment and reward; “Hell and 

Heaven within the Brain”, with memory and hallucinatory mechanisms and finally with inhibitory 

effects, primarily on aggression.  
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Part IV is “Evaluation of Electrical Control of the Brain”. Here is where Delgado gets to grips 

with the essence of scientific and philosophical concerns raised by his research findings. To do 

justice to the claims he is alleged to have made I will quote his written words verbatim as they 

relate to each specific aspect of the research. 

1. Activation of the “Will”: “We may conclude that electrical stimulation of the brain (ESB) 

can activate and influence some of the cerebral mechanisms involved in willful behavior. 

In this way we are able to investigate the neuronal functions related to the so-called will, 

and in the near future this experimental approach should permit clarification of such highly 

controversial subjects as “freedom”, “individuality” and “spontaneity” in factual terms 

rather than in elusive semantic discussions. This possibility of influencing willful activities 

by electrical means has obvious ethical implications, which will be discussed later”. (p.184-

189) 

What Delgado fails to point out is that all the evidence he cites is from animals, consisting 

of cats, monkeys and roosters which occasionally appear able to impose some volitional 

components on ESB induced changes in emotional state or motor activity.  For example 

isolated roosters stimulated by ESB to become restless would attack other roosters when 

placed in their presence. This is far removed from his claim that “in the near future” it 

might be possible to use ESB to influence the highest levels of free will in humans.  Jose’s 

hyperbole extrapolates far beyond the limits of his experimental findings and one can only 

be grateful that he adds a caveat about the ethical implications of what he is suggesting. 

2. Characteristics and Limitations of Brain Control: “The possibility of man’s controlling the 

thoughts of other men has ranked as high in human fantasy as the control over 

transmutation of metals, the possession of wings, or the power to take a trip to the moon. 

In the world of science, however, speculation and fantasy cannot replace truth. In spite of 

its spectacular potential, ESB has practical and theoretical limitations which should be 

delineated”. (p.190). 

Here a comment on semantics is appropriate. Although the overall tone is reasonable 

Delgado persistently substitutes the word “control” when “stimulation” would be more 

accurate. Similarly, while admitting the limitations of ESB he also alleges its “spectacular 

potential”. Note the company in which he places ESB by equating it with mind control. 

3. Predictability: “When electrodes are introduced into a cerebral structure and stimulation 

is applied for the first time, we really cannot predict the quality, localization, or intensity 

of the evoked effects. We do not even know that a response will appear. The anatomical 

and functional variability of the brain are factors which limit the predictability of ESB 

results … the location of a desired target requires careful exploration and implantation of 

only a few contacts may be rather disappointing. Present information about functional 

mapping in most cerebral areas is still rather incomplete”. (p.191). 

Note that these modest assertions are made after twenty years of research in multiple 

species and tend to undermine Jose’s earlier hope that electrode placement would be a far 

more precise and predictable methodology than oral administration of drugs. 
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 Functional Monotony: “Electrical stimulation is a non-specific stimulus which 

always activates a group of neurons in a similar way …The responses, therefore, 

are repeated in a monotonous way, and any variability is related to changes in the 

stimulated subject. This functional monotony rules out the possibility that an 

investigator could direct a subject toward a target or induce him, like a robot, to 

perform any complex task under remote-controlled orders… The inherent 

limitations of ESB make realization of this fantasy very remote … Induced 

performance of more complex acts would be far beyond available methodology”. 

(p. 191-192). 

This should be reassuring to a reader concerned about mind control but it is 

curiously discordant with the prior comments about ESB’s spectacular potential 

and possibility of controlling the human will. 

 Skillful Performance: “The acquisition of a new skill is theoretically and practically 

beyond the possibility of electrical stimulation, but ESB can create the desire to 

perform certain acts which may be skillful.” (p.192). 

This is a nuanced statement but what follows makes it clear that the “certain acts” 

are confined to those which already exist in the subject’s repertoire; what changes 

is the emotional or volitional climate that encourages them to appear. 

 Individual Stability: “ESB cannot substitute one personality for another because 

electricity cannot replicate or influence all the innumerable factors that integrate 

individual identity. Contrary to the stories of science fiction writers, we cannot 

modify political ideology, past history, or national loyalties by electrical tickling of 

some secret areas of the brain.” (p.193). 

Once again there is a puzzling dissonance between the disparaging tone of 

“tickling the brain” and Delgado’s opening aspiration to modify the highest levels 

of the human will. These might reasonably be imagined to influence political 

ideology and national loyalty. 

 Technical Complexity:“Electrical stimulation of the central nervous system 

requires careful planning, complex methodology, and the skillful collaboration of 

specialists with knowledge and experience in anatomy, neurophysiology and 

psychology… These elaborate requirements limit the clinical application of 

cerebral electrodes ... At the same time, the procedures complexity acts as a 

safeguard against possible improper use of ESB by untrained or unethical 

persons.” (p. 194) 

This is an accurate and honest statement but it omits to say that in addition to the 

technical constraints that stand in the way of wider clinical use of ESB is the 

paucity of compelling evidence of specific or replicable benefits in humans. 

(Discussed below). 

 Functions beyond the Control of ESB: “A pattern of behavior which is not in the 

brain cannot be organized or invented under electrical control… Because of its 
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lack of symbolic meaning, electricity could not induce effects comparable to post-

hypnotic performances.” (p.195) 

These statements are reassuring. 

 Medical Applications: Delgado begins with a general overview of the role of 

implanted electrodes in medicine which he describes as a “magic window … a new 

method found to impose therapeutic order upon disorderly activity”. He notes 

that, “In spite of the tremendous potential … The growing acceptance of even 

experimental surgical interventions in most organs including the human heart is in 

sharp contrast with the generally cold reception to the implantation of wires in the 

human brain”. He attributes this to, “the persistence of old taboos in scientists as 

well as in laymen, and to the more logical fear of opening some Pandora’s Box.” 

Following this hyperbolic rhetoric he moves on to discuss specific medical 

applications. 

 Diagnosis: Delgado rightly points out that EEG recording from the surface of the 

skull have been relatively unhelpful in localizing abnormalities in psychomotor 

epilepsy due to lesions of the temporal lobe compared to depth electrodes. He 

concedes that both EEG and depth electrodes have “failed to provide decisive 

information” in mental disturbances and states, “The absence of significant data 

must be attributed to the lack of refinement of present methodology”. Next he 

suggests that the administration of drugs via implanted electrodes may be useful 

to “test the specific pharmacological sensitivity of a patient thus orienting his 

medical or postsurgical therapy”. He provides no examples or citations in support 

of this. Finally he correctly notes the utility of electrical stimuli in the accurate 

localization of areas for ablation in Parkinson’s disease. One can conclude that 

while implanted electrodes may be useful in dealing with structural lesions of the 

brain they have not been shown useful or effective in mental disorders. After 

twenty years of experimentation it is perhaps overly optimistic to blame this on 

defective methodology as opposed to a faulty hypothesis. 

Therapy: In addition to the acknowledged use of electrocoagulation of localized areas 

of the brain in neurological disorders (involuntary movements, intractable pain and 

focal epilepsy) Delgado lists a variety of mental conditions it has been tried in including 

anxiety, fear, obsessive-compulsive disorder and aggressive behavior. Again he cites 

no results or research but comments, “others are more skeptical about the usefulness 

of depth electrodes and electrocoagulation in treating mental illness”. Delgado 

concludes this section by stating, “Many other possible applications could be explored 

…” He lists what these might be and the appropriate brain location to be stimulated 

by EBS including a two way radio communication system. These are anorexia nervosa 

(feeding centers of the lateral hypothalamus), insomnia (median or caudate nucleus), 

and “the increase of patient’s communication for therapeutic purposes by excitation 

of the temporal lobe”. Earlier he provides three citations to support the production of 

“pleasurable sensations by repeated excitation of the septum and other areas” in 
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patients with schizophrenia but makes no comment on the significance of this in the 

treatment of the disorder. Jose concludes by saying, “The delivery of brain stimulation 

on demand to correct cerebral dysfunctions represents a new approach to therapeutic 

feedback. While it is speculative, it is within the realm of possibility according to 

present knowledge and projected methodology”. 

Clearly Jose is extrapolating far beyond the bounds of his or any other research, 

possibly in response to the series editor’s desire to “reveal basic new trends in 

civilization, to interpret the creative forces at work today … and to point to the new 

consciousness which can contribute to a deeper understanding of the interrelation of 

man and the universe, the individual and society and to the values share by all people.” 

(Back cover). This is a grandiose and burdensome mandate for any scientist to fulfill 

without risking the mantle of mad scientist! 

 Circumvention of Damaged Sensory Inputs: Delgado begins by saying, “The 

miracle of giving light to the blind and sound to the deaf has been made 

possible by implantation of electrodes, demonstrating the technical possibility 

of circumventing damaged sensory receptors by direct electrical stimulation”. 

After citing individual case studies in a blind and a deaf individual where the 

technique was used diagnostically, Delgado concludes by stating, “It is 

doubtful that refined perceptions comparable to physiological ones can be 

provided by electronic means, but the perception of sensations – even if crude- 

when hope had been lost, is certainly encouraging and demands the 

continuation of research efforts.” The contrast between the concluding and 

opening statements is a striking example of the struggle between a scientist 

striving to remain objective and an author responding to the humanitarian and 

philosophical demands of his editor. 

 Brain Viability: The question of when to terminate life support in an apparently 

brain dead individual and the limitations of the EEG as a determining factor 

lead Delgado to speculate on the possible use of electrode implants to 

“determine the parts of the brain considered essential for the survival of 

human personality”. This novel suggestion has not stood the test of time. The 

ethical squabbles continue. 

 Ethical Implications: Delgado begins with a telling admission; “Therapeutic 

use of electrodes in cases of mental illness must still be considered an 

experimental phase” (p.209). He moves on to define the characteristics of 

informed consent for the procedure; “The experimental subject understands 

all the essential aspects of the study, the types and degrees of risks, the 

detrimental or beneficial consequences, if any, and the purpose of the 

research.” (p.210). This is in line with the NIH Policies for Protection ofHuman 

Subjects issued in 1966. He goes on to a more specific caveat; “Children and 

adults with mental disturbances cannot give proper consent, and relatives must 
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be consulted. Their decisions however are easily influenced by the picture 

presented by the attending physician, thus increasing his responsibility which 

preferably should be shared by a group of three or more physicians”. This last 

suggestion may reflect the NIH proposal to initiate Institutional Review 

Boards (IRBs) as a mechanism for wider input into ethical decision making. 

This was not fully implemented until after the National Research Act (1974) 

promulgated a National Commission for the Protection of Human Subjects 

(1974-1978) following which DHSS and the FDA provided detailed guidelines 

(1981). Despite all this there has been continuing concern about their 

implementation because, by definition, the IRB’s may at times fall prey to their 

Institution’s conflicts of interest in order to obtain research funding. After 

expressing these constructive and ethical constraints on the therapeutic use of 

implanted electrodes Delgardo goes on to propose a loophole that meets his 

philosophical agenda; “ There is one aspect of human research which is usually 

overlooked: the existence of a moral and social duty to advance scientific 

knowledge and to improve the welfare of mankind”. (p.211) He continues, 

“Subjects with implanted electrodes provide a good example, because… this 

type of research may provide data of exceptional value- available only from 

man- without any risks or even demands on the patient’s time and attention”. 

(p. 211-212) Note that Jose had inadvertently replaced “subject” with 

“patient”. 

 Electrical Stimulation of the Psyche: Here Delgado begins an attempt to justify 

his not yet fully revealed philosophical objective. He first lists the anticipated 

objections to mind control via ESB; “The prospect of any degree of physical 

control of the mind provokes a variety of objections: theological objections 

because it affects free will, moral objections because it affects individual 

responsibility, ethical objections because it may block self-defense 

mechanisms, philosophical objections because it threatens personal identity.”  

(p.214). The next sentence begins, “These objections however are debatable. 

A prohibition of scientific advance is obviously naïve and unrealistic”.  He 

considers that “the role of electrical stimulation of the brain” is to “add anew 

factor to the constellation of behavioral determinants”, (p.215) 

 Toward a Psychocivilized Society; This, Part V of his book, is where Delgado 

finally unveils his philosophical intent. The purpose is development of “a 

future psychocivilized human being; a less cruel, happier and better man”. 

(p.232) This is a startlingly grandiose idea; to do what two millennia of 

admittedly flawed religion has failed to accomplish. And this alteration in 

normal human behavior is to occur using the same technique that has failed to 

remediate the brain’s malfunctions and about which the scientist in Delgado 

has expressed many realistic reservations and constraints. The justification for 

this intrusion into normal human behavior is that, “The concept of individuals 
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as self-sufficient and independent entities is based on false premises”. (p. 232) 

Later on Jose expands on the concept of external control of normal human 

behavior; “To discuss whether human behavior can or should be controlled is 

naïve and misleading. We should discuss what kind of controls are ethical, 

considering the efficiency and mechanisms of existing procedures and the 

desirable degree of these and other controls in the future”(p.249). He lists the 

available techniques for accomplishing control into two groups; modifications 

in neurophysiological activity (chemical and physical agents, including EBS) 

and positive or negative social reinforcements (including hypnosis, sensory 

deprivation, conditioning and brainwashing). (p249) To be fair to Delgado he 

does attempt to present a benevolent view of what he is proposing; “The 

phrase ‘control of human behavior’ is emotionally loaded, in part because of 

its threat to the ‘inviolability of the ego’ and in part because of unpleasant 

associations with dictatorships, brainwashing and selfish exploitation of man. 

Well known novels like Huxley’s Brave New World, Orwell’s 1984and Condon’s 

The Manchurian Candidate  are exposes of utopian societies with obedient, soma 

drugged, satisfied individuals whose activities are planned by the master minds 

of the ruling council” (p.247). Jose’s response is to stress that his “orientation 

should not be identified with authoritarian control. To the contrary, awareness 

of our own needs and attitudes is our most effective instrument for 

maintaining our own integrity and control of our own reactions … Awareness 

is a major element in defense against external manipulation” (p.254-255) 

Mankind’s motto should no longer be “Know Thyself” but “Construct 

Thyself” (p.244) 

The irony of all this is that the subtlety and ambiguity of Delgado’s presentation of his often conflicting 

scientific and philosophical goals would be to place his book in the same category as the novels he 

sought to distinguish himself from. But unlike the authors of fiction he would be held to account 

personally and vilified as a consequence. 

Here it is important to underline the fact that Delgado’s view of “mind control” was as a benevolent 

and elective mechanism to improve human behavior. It is justifiable to suggest that this grew out of 

his early adult experiences with the evils of fascism which deprived him of his mentor, terminated his 

medical and neurophysiology training and, as a medical corpsman for the side opposing fascism, 

probably exposed him to its evils,ending with his incarceration in a concentration camp. 

 

 

 

Hubris 
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“It is the certainty that they possess the truth that makes men cruel” 

                                             Anatole France 

Hubris is an occupational hazard for the scientist, an overflow from the natural seedbed of belief and 

enthusiasm essential to support the energy and enjoyment needed in the pursuit of discovery and the 

“eureka” moment. What triggers the growth of hubris from a natural sentiment to excessive pride and 

how that manifests itself is less obvious. Clearly, at some point, there is a loss of objectivity essential 

to good science with a resort to hyperbole about personal accomplishments, both resulting in 

exaggeration of results beyond the limits of the data. 

Factors that enable the evolution of hubris include the fame and fortune essential to a successful 

scientific career; fame to support academic stature and promotion, fortune to fund research and 

sometimes for personal gain. Also included are public adulation and iconic named awards, not least 

the Nobel. Certainly the scientific and public Zeitgeist can contribute an environment of expectation 

to help seduce a susceptible or unwary scientist. 

In her preface to the series “World Perspectives” and Jose Delgado’s volume, “Physical Control of the 

Mind”  Ruth Anshen states; “Our authors are aware that the sin of hubris may be avoided by showing 

that the creative process itself is not a free activity if by free we mean arbitrary or unrelated to cosmic 

law”. There is an ironic lack of awareness in this rather obscure statement; of failure to see that placing 

her authors in the company of intellectual and international giants and offering them a world stage 

might unleash the hubris she views as avoidable, inviting the cosmic law the Greeks named nemesis. 

Whether Jose’s philosophical beliefs were predetermined or influenced by being in such company 

remains unclear. 

Jose Delgardo grew up in the footsteps of his Spanish idol and role model, the Nobel Laureate 

Santiago Cahal and may well have viewed himself as the natural successor to his Portuguese 

predecessor and Nobel Laureate Egas Moniz, himself influenced by John Fulton who then became 

Jose’s mentor and role model. This was a distinguished lineage. Jose’s own discoveries and scientific 

contributions followed on the heels of the birth of modern neuroscience and peaked in the years 

preceding The Decade of the Brain. Scientific expectations and public adulation were high, both fed 

by the drama and publicity surrounding the bull experiment. While this might fairly be viewed as self-

aggrandizement placing oneself at personal risk to prove a point became almost a right of scientific 

passage ever since William Harvey inoculated himself with syphilis (and wrestled with a bear that 

Queen Elizabeth the First gave him). 

Delgado was almost alone in his field and had pre-empted his major rival, Bob Heath at Tulane, in 

electrical brain stimulation. This was in 1952 when the future of neuroscience was still an uncertain 

footrace between physiology and neurochemistry, between electrodes and drugs. During his twenty 

years in America Delgado moved rapidly up the academic ladder to the rank of full professor in both 

physiology and psychiatry, succeeding Fulton as head of research in physiology. During this time 

period (1950-1970) he accumulated 200 scientific publications, became a Fellow of the New York 
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Academy of Sciences and a Guggenheim Fellow. He was the Salmon Lecturer at the New York 

Academy of Sciences in 1968 and discussed the topics addressed in his book.  

This was all heady stuff, enough to sustain and inflate anyone’s ego. But itemizing the risk factors for 

hubris does not amount to an indictment. Probably the best indicator would be Delgado’s book. Its 

title alone is evocative but the contents do not quite live up to what it claims. Speaking as a scientist 

Jose is relatively modest and stays quite close to his data; it is only as philosopher that he waxes 

grandiose. But philosophy, in its original meaning, has mostly to do with theories not facts; “the study 

of the fundamental nature of knowledge, reality and existence” (OED). In this regard the author did 

what was asked and expected of him. This does not rise to hubris but what may do so is that Delgado 

clearly linked this philosophizing to the results of his own research in an extravagant manner. 

This raises the question of whether what happened next can be construed as a just, divinely ordained 

come-uppance or something that had a more complex etiology. 

 

Nemesis 

“Vaulting ambition that o’er leaps itself” 

Shakespeare in Macbeth (Act 1, scene 7) 

Whatever it was due to something looking like nemesis was not long delayed;in the early 1970s the 

scientific, political and social Zeitgeists all began to turn against the subject of brain electrodes. In the 

world of neuroscience it was impossible to not notice that chemistry was outstripping physics. 

Neuropsychopharmacology had reached its apogee; the success of new drugs for every category of 

mental disorder, the drama of deinstitutionalization, the explosive growth of Big Pharma with the 

largesse it showered on academics, clinicians, advocacy groups and scientific organizations, including 

the ACNP and, most importantly, the Nobel Laureate award to Jules Axelrod and colleagues in 1970 

for work on the catecholamine hypothesis of depression.  

All of these events stole the spotlight away from Delgado. Although he had been a founding member 

of the ACNP from 1961 he became something of an anomaly, a neuroscientist whose major interest 

was in physiology and electricity, not neurochemistry or drugs. In the timing and trajectory of his 

career he suffered the same fate as those most interested in ECT.  

To make matters worse Delgado had collaborated with two Harvard researchers, Vernon Mark and 

Frank Ervin who published their book on Violence and the Brain in June 1970 in which they suggested 

brain surgery or ESB might be used to quell violence among inner city blacks. Matters were also made 

worse, attracting public attention, because one of Ervin’s students, Michael Crichton, hadpublished 

his best seller, The Terminal Man, about a bionic experiment gone wrong based on research by Delgado 

JMR, Mark V, Ervin F and others. (Delgado et al 1968). 
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Guilt also came by association; in 1972 Bob Heath at Tulane University published a controversial 

article describing an EBS experiment in which he attempted to change the sexual orientation of a gay 

man by stimulating the caudate nucleus while the man was having sexual intercourse with a female 

prostitute. 

The most effective and persistent opposition to EBS and all forms of psychosurgery, often lumped 

together, came from within psychiatry by Peter Breggin. A one-time scientologist (from 1972 to 1974) 

and an avowed humanist and libertarian he is identified by some as “The Conscience of Psychiatry” 

and the “Ralph Nader” of our discipline. He has conducted lifelong and effective crusades against 

psychiatric medication, brain surgery and ECT publishing books such as, “Toxic Psychiatry”, “Talking 

Back to Prozac” and “Talking back to Ritalin”. He is an advocate for psychosocial treatments above 

medical or biological interventions and the iatrogenic harm he believes these cause.  

Breggin has an immaculate academic backgroundin psychiatry; graduate of Harvard(with honors), he 

trained at Massachusetts Mental health Center and SUNY before a two year appointment at NIMH 

and has held academic appointments at the Washington School of Psychiatry, Johns Hopkins 

University and George Mason University. Like many zealots for causes he is also a polarizing figure 

with both the public and profession; his vehement opinions are cited frequently in the media and are 

eloquently expressed in a plethora of articles and books. In 1971 he founded the International Study 

of Psychiatry and Psychology, a non-profit organization devoted to furthering his causes. Thus has 

included lobbying Congress in opposition to Federal funding of the treatments he opposes, including 

psychosurgery in 1972. 

Breggin has been an expert witness in trials that involve harm to patients but not a dispassionate one. 

In 2005 the Philadelphia County Court of Common Pleas disallowed his testimony on the grounds it 

failed to meet legal standards for scientific rigor and that it critiqued a treatment, not because it was 

counter to acceptable standards of care,but instead conflicted with Beggin’s personal ideology about 

what treatment standards ought to be. 

In an editorial in the Duquesne Law Review (Breggin 1978)) that critiques psychosurgery Breggin 

describes Delgado’s book as, “The most totalitarian document in the psychosocial literature”. He goes 

on to say, “ He (Delgado) attacks the concepts of free will and personal freedom … he declared man 

wholly unfree and called for experimentation to facilitate his control through physical means. He 

literally wanted our children educated in their early school years to turn them on to psychiatric 

neurosurgical technology as a panacea for human anguish and conflict”. 

 Here, verbatim, is exactly what Delgado wrote about education; “What I am proposing is a 

modification of the curriculum to introduce the discipline of “psychogenesis”. Its purpose would be 

to teach factual scientific material about cerebral mechanisms, to increase the student’s awareness of 

his own mental and behavioral activity and to show him how to use his intelligence to decide which 

behavioral determinants to accept and which to reject. The present orientation of courses in 

psychology and sociology should be adapted and expanded to this plan.” (p.261-262). 
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In essence what Delgado is suggesting is that neuroscience should be added to psychosocial factors in 

the curriculum in order to broaden a child’s awareness and choices in later life. For Breggin to turn 

this reasonable and nuanced suggestion into the “infliction of neuropsychological techniques as a 

panacea for human anguish and conflict” is selective quotation driven by personal opinion and 

paranoid thinking, wrapped in political rhetoric.  

Breggin also uses selective quotes from Delgado’s philosophical discussion of the relative role of 

personal and social factors in shaping behavior to accuse him of joining others doing research on EBS 

who, “impose their ideas upon individual human beings … by words and deeds alike these 

psychosurgeons have assaulted political liberty and personal freedom”. 

In sequence with the shifting scientific Zeitgeist was a similar swing in political and public sentiment. 

This had roots going back to World War II when the public enemy number one was communism 

which reached its peak in the early to mid-1950s instigated by the rhetoric and witch hunting of Senator 

Joe McCarthy and fuelled by defeat in the Korean and Vietnam wars. Sometime in the early 1950s the 

CIA initiated a large scale operation to explore chemical and electrical methods of altering and 

controlling behavior that might be useful in covert operations. This continued into the late 1960s 

when Richard Helms served from 1966 to 1973 as Director of the CIA under Presidents Johnson and 

Nixon. Code named MK-ULTRA this effort channeled millions of dollars into the research coffers 

of 149 projects distributed among 44 colleges or universities, 15 research institutions, several 

pharmaceutical companies, 12 hospitals and 3 prisons.  

Some public concern and awareness of these events must have begun circulating in the early 1970s 

because in 1973 Richard Helms ordered all CIA documents pertaining to the experiments should be 

destroyed.The following year the New York Times published an expose instigating public outrage and 

Congressional hearings. Naturally enough the destruction of the relevant CIA documents fed public 

paranoia and fuelled attempts to identify the scientists who might have been involved. In 1977 some 

saved documents surfaced and others were de-classified under the Freedom of Information Act in 

2001. In much of this material names and places had been redacted. Successive Congressional hearings 

have followed these paper trails. The end result has been an internet flooded with websites authored 

by conspiracy theorists and victimologists that have continued for forty years and are still active today. 

Searching these websites for truth and accuracy is akin to looking for needles in haystacks. Instead 

one finds innuendo, misinformation, guilt by association and outright falsehoods. Jose Delgado does 

not fare well in these Aegean stables; his name in inevitably linked to his 1969 book and its provocative 

title, “Physical Control of the Mind” since it provides a fertile source for out of context 

misrepresentations so ably demonstrated by Breggin. 

An example from a website devoted to “Quotations on Technology of Mass Mind Control” (www. 

rense.com) lists alleged statements by Delgado in “1974 Congressional testimony”. By this time 

Delgado had returned to Spain and the statements were made in 1972 by Breggin (a scientologist at 

the time) as part of his successful attempt to block further brain research by the Harvard group.That 

testimony consisted of a compilation of quotations from advocates of lobotomy and fabricated 
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statements attributed to Delgado including, “We need a program of psychosurgery for political control 

of our society”; “Someday armies and generals will be controlled by electric stimulating of the brain”; 

“Man does not have the right to develop his own mind”; and “Everyone who deviates from the norm 

can be surgically mutilated”. The website that propagates this travesty of truth couples these 

quotations with a quotation from Herman Goering, Nazi Reich Marshall. 

Over a quarter century after Breggin’s intemperate testimony to Congress incited such unjust public 

and political condemnation of Delgadoa chapter on “Psychosurgery” (Isaac J and Armat V 1997)) in the 

book “Ethics in Psychiatry”  includes a section titled, “Breggin Mounts his Campaign”. This is a detailed 

critique of the unscrupulous means by which Breggin acquired his information and manipulated it to 

his ideological intentions. The authors state, “Breggin’s ‘research’ paper on psychosurgery which was 

entered into the Congressional Recordin February 1972 and his testimony in congressional hearings 

(chaired by Senator Edward Kennedy) early in 1973 relied far more on hysteria than on science”. In a 

more general condemnation of Breggin’s ethical behavior they later say, “Breggin was no more to be 

tied down by clinical realities than by scientific evidence; like his mentor Thomas Szaz, he offered 

rhetorical arguments and denunciation by analogy”. From then on, Breggin’s attacks on other forms 

of treatment would consist primarily of equating them with the long discarded lobotomy. All limbic 

system surgery was lobotomy. ECT was another type of lobotomy and treatment with neuroleptic 

drugs, “chemical lobotomy”. This adequately describes Breggin’s indiscriminate ideological agenda. 

Another accurate appraisal of this campaign of disinformation in the context of Delgado’s career is 

contained in a Scientific American article (Hogan J 2005), “The Forgotten Era of the Brain”. He also relates 

the following; “Strangers started accusing Delgado of having secretly implanted stimoreceivers in their 

brains. One woman who made this claim sued Delgado and Yale University for one million dollars, 

although he had never met her”. 

In early 2001 two reporters from the magazine “Cabinet” visited the 85 year old Delgado and his 

American wife at their home in Madrid (Bartas M, Exman F, Delgado JMR, 2001). In the article they 

cite the same website misquotations attributed to Delgado in 1974 but at the time the article was 

published a late retraction appears in the references; “Since publishing this article it has come to our 

attention that Delgado did not in fact testify to Congress on that date. The quote in question was 

actually a compilation of statements from Delgado’s various publications which are accurately cited (italics 

added) by Dr.Peter R. Breggin in “The Return of Lobotomy and Psychosurgery”. It was this article 

that was presented to Congress on 24 February 1972.” 

The source of this retraction is not given but note that while it corrects the attribution it upholds the 

accuracy of Breggin’s allegations and almost certainly came from him. 

The authors’ published interview with Delgado includes the following statements he made at the time, 

“We know too little about the brain. It is much too complicated to be controlled. We never knew 

which parts of the brain we were stimulating with the stimoreceiver”. Later on he says, “It is impossible 

to decode the brain’s language. We can obviously manipulate different forms of electrical activity but 

what does it prove?” 
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The questions raised on these websites about Delgado’s possible involvement in CIA covert research 

is also dubious and vague, perhaps in part because of the destroyed and redacted material. Delgado 

did acknowledge receiving some support from the Navy and Air Force research arms and he did 

publish one article on “Control of Behavior by Electronic Stimulation of the Brain” ( Delgado JMR, 1959b). 

Delgado denied any connection with the CIA but conspiracy theorists suggest that the Army and Navy 

research arms served as a conduit for funding. 

Other distinguished psychiatrists are identified with somewhat more credibility. They include Jolyon 

West, Director of the Neuropsychiatry Institute at UCLA who is alleged to have worked on Sub-

project 95 involved with experiments to induce post hypnotic suggestion and erase memories. West 

was an acknowledged expert on cults, torture, brain washing and mind control also alleged to have 

top secret clearance.  

Another distinguished psychiatrist named was the Canadian Ewen Cameronwhose involvement in 

CIA research was acknowledged and widely criticized including “depatterning” experiments in Sub-

project 68. Cameron served as the President of the Canadian, American and World Psychiatric 

Associations.  

I mention these two individuals not to discredit them but only to draw attention to the discrepancy 

between how their likely involvement in CIA research escaped the level of professional criticism and 

ostracism leveled at Delgado whose own involvement was never clearly established. Following 

Cameron’s death the Canadian Medical Association journal published an obituary that was a paean of 

praise for his scientific accomplishments and benign personality; someone with, “anabiding interest 

in promoting the social wellbeing of the entire community”. 

 

The Rest of the Story 

On the cusp between the sixth and seventh decades of the twentieth century Jose Delgado must have 

felt like a man alone in a leaky rowboat facing the onset of the ‘perfect storm’.  

In 1969 he was placed on the world stage by an editor-philosopher who invited him to extrapolate the 

accomplishments from his innovative and ground breaking research on EBS in an attempt to 

illuminate its relevance to the future of humanity. Seduced by this mandate he inflated the modest 

research findings into a grandiose philosophical vision intended to demonstrate its relevance to the 

future of humanity, toward what he called a benignly framed “Psychocivilized Society”. 

Unfortunately the timing, tone and title of his volume could not have been worse or more provocative. 

In the world of science and psychiatry it aroused the skillful rhetoric of a libertarian ideologue and 

fellow psychiatrist who was lobbying Congress successfully to eliminate all funding for this kind of 

brain research and which coincidentally stirred public outrage. 
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In the public and political domain this contributed to an upsurge of anger toward covert CIA research 

on aspects of mind control by drugs and electricity that involved some of the country’s academic and 

psychiatric institutions. 

Caught in these cross currents and the changing Zeitgeist Delgado was subjected to intense and 

disproportionate disapproval and ostracism at a time when he was almost certainly aware that EBS 

had run its course, had very little else to offer and no likelihood of being funded in the future. 

He was providentially rescued from this existential predicament by an invitation to return to Spain 

and participate in the development of a new School of Medicine in Madrid. In 1971 he accepted the 

position as Chairman of Physiological Science at the Autonomous Medical School of Madrid with the 

promise of support and facilities equal to those at Yale. Here he found safe harbor but retained his 

post at Yale until 1974 at which time Jose and his wife left America and returned to reside in Madrid. 

Delgado had lived in America for 24 years, from 1950 at age 35 until 1974, at age 59. 

Delgado continued to publish at a prolific rate in both English and Spanish in a wide variety of 

American and European journals. In Spain he continued his work on electrical cerebral stimulation in 

animals and extended his research into the influence of magnetic fields on cerebral function. 

Throughout this period he also continued to expound his philosophical ideas about brain-mind 

behavior relationships. His books and article on such topics increased in proportion to his scientific 

output in later years including such titles as, “The Purpose of Human Life”, “Neurobiology of Values”, 

Biological Unity of Brain and Mind” and“The Neurological basis of Modern Humanism”. 

Jose Delgado’s total scientific and philosophical output included over 500 publications, a majority 

written after he returned to Spain. Altogether he authored six textbooks, the last of which was titled, 

“Happiness” (“La Felicidad’) which went through 14 Spanish editions and remained on the top 10 best 

seller list for over a year in 1989. His bibliography on file with ACNP concludes in 2000 when Jose 

was 85 years old. In that year he had four publications including his last in English titled, “Neural 

Imprinting of Human Values” (Delgado JMR, 2000) 

In the last few years of his life Jose and his wife returned to America and lived quietly in San Diego 

where he died at the age of 96; I was unable to find any obituary that recorded the life and death of 

this productive scientist and remarkable human being. 

 

Redemption? 

The title is posed as a question partly because redemption may be of little value post mortem except 

perhaps to disciples and family members. But more importantly not all the facts are at hand. Jose 

Delgado’s career deserves the full time services of a talented, unbiased biographer with the time and 

resources to pursue many unanswered questions. This would be a service to the history of science. 

His story could be of inestimable value as an object lesson to young scientists in our field about the 

pitfalls and hazards of a scientific career.  
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What I was able to discover in the eight weeks I was given to write an obituary only served to wet my 

appetite in the search for truth due to the inescapable feeling that an injustice had been done to this 

man. The Greek playwrights were stingy in their allocation of redemption but here maybe is someone 

deserving of that benediction. 
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