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INTRODUCTION 
 
 
 
This book discusses some of the most interesting issues and fascinating 
controversies in medicine and neuroscience in the 20th century, seen 
through the eyes of an experienced academic neurosurgeon whose 
interests range from medical history, health care socioeconomics, and 
medical ethics to neurobiology and neuropsychiatry. 
 
In Part 1, the book discusses the issue of violence, mental illness and the 
brain and instructs the reader in the historic advances made in 
psychosurgery up to present times. 
 
In Part 2, the book goes on to discuss the fascinating issues in 
neurobiology, such as advances in the biochemistry and neurophysiology 
of learning and memory; neuropharmacological interactions and how the 
human brain is affected by hallucinogenic drugs during thought processes 
and memory processing. Additionally, intriguing frontal and temporal 
lobe syndromes are explored in the area of neuropsychiatry. 
 
In Part 3, this tome reveals details in the death of Soviet leader Joseph 
Stalin and questions the conventional theory that he died of a 
cerebrovascular accident (CVA; stroke). And yet, Primitive and Ancient 
medicine—for example, Greek and Roman medicine—are not neglected. 
The reader is also informed about a more recent hypothesis that I believe 
has solved the mystery of Neolithic and Early Bronze Age trepanations. 
 
In modern times, Part 4 of this book, I opine and attempt to explain the 
contrasting views propounded by traditional medical ethics and religious 
morality in contradistinction to politicized bioethics and neuroethics. 
 
In Part 5, the book further discusses the political views encompassed in 
bioethics and the latter’s utilitarian view of medicine. Should we be 
limited in our lifespan as to preserve and allocate scarce health care 
resources for the young and healthy? This part further investigates the 
possibility these two concepts—namely, traditional medical ethics that 
places the interest of individual patients above the abstract collective 
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good, and bioethics, based on utilitarianism that places population and 
societal considerations above the individual patients—are reconcilable 
concepts. Are the goals of bioethics and its associated preoccupation 
with the “rational allocation of resources” compatible with good quality 
of life for the elderly and longevity?  
 
In Part 6, I discuss divergent opinions about the American health care 
system and its problems, and investigate whether socialized medicine is 
the answer for the United States. Finally, I review the public health 
aspects of historic plagues and epidemics and conclude with a brief 
review of a book attempting to explain the political as well as scientific 
aspects of the 21st century coronavirus pandemic (COVID-19). 
 
The book should be of interest to a variegated life science audience, 
thirsting for knowledge from the multidisciplinary fountain of topics 
discussed in this monograph. I hope the book titillates and challenges 
readers to socioeconomics, political, scientific, and fascinating historical 
topics hereby addressed. Admittedly, some of the sections are controversial 
and have been depicted as seen by this writer’s empirical prism in 
examining diverse events from medical history, neurobiology, and 
traditional medical ethics.  
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CHAPTER 1 

VIOLENCE, MENTAL ILLNESS,  
AND THE BRAIN— 

A BRIEF HISTORY OF PSYCHOSURGERY:  
FROM TREPHINATION TO LOBOTOMY 

 
 
 
Introduction—Psychosurgery was developed early in human prehistory 
(trephination) as a need perhaps to alter aberrant behavior and treat mental 
illness. The “American Crowbar Case” provided an impetus to study the 
brain and human behavior. The frontal lobe syndrome was avidly studied. 
Frontal lobotomy was developed in the 1930s for the treatment of mental 
illness and to solve the pressing problem of overcrowding in mental 
institutions in an era when no other forms of effective treatment were 
available. Lobotomy popularized by Dr. Walter Freeman reached a zenith 
in the 1940s, only to come into disrepute in the late 1950s. Other forms of 
therapy were needed and psychosurgery evolved into stereotactic 
functional neurosurgery. A history of these developments up to the 21st 
century will be related in the first three chapters of this book.  

 

Trephination, Shamans, and Mental Illness 

Trephination (or trepanation) of the human skull is the oldest documented 
surgical procedure performed by man. Trephined skulls have been found 
from the Old World of Europe and Asia to the New World, particularly 
Peru in South America, from the Neolithic age to the very dawn of 
history.[3,14,18] We can speculate why this skull surgery was performed 
by shamans or witch doctors, but we cannot deny that a major reason may 
have been to alter human behavior—in a specialty, which in the mid-20th 
century came to be called psychosurgery (see Figure 1)! 
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Figure 1: Trephined skull of a woman, 3500 B.C. The edges of the perforated skull 
are smooth and rounded off by new bone growth, indicating that the patient 
survived the operation. Cantonal Museum of Archeology and History, Corseaux 

Surely we can surmise that intractable headaches, epilepsy, animistic 
possession by evil spirits, or mental illness, expressed by errant or 
abnormal behavior, could have been indications for surgical intervention 
prescribed by the shaman of the late Stone or early Bronze Age. Dr. 
William Osler asserted, “[Trephination] was done for epilepsy, infantile 
convulsions, headache and various cerebral diseases believed to be caused 
by confined demons to whom the hole gave a ready method of 
escape.”[12] Once sanctioned by the tribe, the medicine man of the 
pre-Inca, Peruvian civilization, could incise the scalp with his surgical 
knife and apply his tumi to the skull to ameliorate the headaches or release 
the evil spirits possessing the hapless tribesman (see Figure 2). And 
amazingly many of these patients of prehistoric times survived the 
surgery, at least for a time, as evidenced by bone healing at the edges of 
the trephined skulls that have been found by enterprising archeologists. 
[3,14] We do not know if the patients’ clinical symptoms improved or if 
their behavior was modified after these prehistoric operations. 
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Figure 2: Ceremonial tumi. Pre-Inca culture. Birmingham Museum of Art 

In ancient Greece and Rome, many medical instruments were designed to 
penetrate the skull. The Roman surgeons developed the terebra serrata, 
which was used to perforate the cranium by rolling the instrument between 
the surgeon’s hands. Both the great physicians and surgeons, Celsus (c. 25 
B.C.–c. A.D. 50) and Galen (c. A.D. 129–c. A.D. 216) used these 
instruments (see Figure 3). It is easy to see that the terebra was the 
forerunner of the manual burr hole and electric drill neurosurgeons use 
today for craniotomy procedures. 

During the Middle Ages and the Renaissance, trepanation was performed 
not only for skull fractures but also for madness and epilepsy. There are 
telltale works of art from this period that bridge the gap between 
descriptive art and fanciful surgery. For example, we find the famous oil 
painting by Hieronymus Bosch (c. 1488–1516) that depicts “The 
Extraction of the Stone of Madness” (see Figure 4). Likewise, the 
triangular trephine instrument designed by Fabricius of Aquapendente 
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(1537–1619) was subsequently used for opening and entering the skull; 
triangular trephines had already been modified for elevating depressed 
skull fractures. And thus, we find variations of the famous engraving by 
Peter Treveris (1525), illustrating surgical elevation of skull fractures, in 
many antiquarian medical textbooks.[18] 

 
Figure 3: Nineteenth century surgical instruments, including hand drills derived 
from the ancient Roman terebra used for perforating the cranium in surgical 
procedures. Author’s private collection 

For most of man’s recorded history, the mentally ill have been treated as 
pariahs, ostracized by society and placed in crowded hospitals, or 
committed to insane asylums.[7] Criminals were dealt with swiftly and not 
always with justice or compassion. Despite the advent of more humane 
treatment in the late 19th century, hospitals for the mentally ill were 
poorly prepared to cope with the medical and social problems associated 
with mental illness and remained seriously overcrowded. 
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Figure 4: Opening the skull in the Medieval period, a fanciful painting. Extracting 
the Stone of Madness by Hieronymus Bosch (c. 1494-1516). Museo del Prado, 
Madrid 

The “American Crowbar Case” 

The early concept of cerebral localization (that is, aphasia, hemiplegia, et 
cetera) was derived first from the study of brain pathology, particularly 
cerebral tumors and operations for their removal [9,16]; and second, from 
the observation of dramatically altered behavior in a celebrated case of 
traumatic brain injury to the frontal lobe that has come to be called the 
“American Crowbar Case.” [11,19] 

In 1848, Phineas P. Gage, a construction foreman at the Rutland and 
Burlington Railroad, was severely injured while helping construct a 
railway line near the town of Cavendish, Vermont. The premature 
explosion propelled a tamping iron—a long bar measuring 3 feet 7 inches 
in length and 1.25 inch in diameter—through Gage’s head. The 13.25 
pound rod penetrated his left cheek, traversed the midline, the left frontal 
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lobe, and exited the cranium just right of the midline near the intersection 
of the sagittal and coronal sutures. 

The 25-year-old Gage survived, but the mental and behavioral changes 
noted by his doctor, friends, and co-workers were significant. From being 
a motivated, energetic, capable, friendly, and conscientious worker, Gage 
changed dramatically into an obstinate, irreverent, irresponsible, socially 
uninhibited individual. These changes in personality would later be 
recognized as the frontal lobe syndrome. In the case of Gage, these 
changes were noted almost immediately after the injury. Close attention 
was paid to the case by Gage’s physician, Dr. John M. Harlow, not 
necessarily because of the personality changes but because the patient had 
survived such an extensive and serious injury and surgical ordeal (see 
Figure 5).  

 
Figure 5: Photograph of cased-daguerreotype studio portrait of brain-injury 
survivor Phineas P. Gage (1823–1860) shown holding the tamping iron which 
injured him. Originally from the collection of Jack and Beverly Wilgus, and now 
in the Warren Anatomical Museum, Harvard Medical School 

The case received notoriety in the medical community when it was 
thoroughly described by Dr. Harlow 20 years later in an otherwise obscure 
medical journal. The doctor wrote: 
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Previous to his injury, although untrained in the schools, he possessed a 
well-balanced mind, and was looked upon by those who knew him as a 
shrewd, smart businessman, very energetic and persistent in executing all 
his plans of operation. In this regard his mind was radically changed, so 
decidedly that his friends and acquaintances said he was ‘no longer 
Gage.’[8] 

Dr. Harlow followed his patient’s travels across North and South America, 
and when Gage died in status epilepticus in 1860 near San Francisco, the 
doctor was able to retrieve the exhumed skull and tamping iron. Gage had 
continued to carry the rod wherever he went, his “constant companion.” 
The ghastly items were donated to Harvard Medical School’s Warren 
Anatomical Museum in 1868 after Dr. Harlow had finished his classic 
paper. The skull and tamping iron remain there to this day. 

The Frontal Lobe Syndrome and the Development  
of Lobotomy (c. 1935) 

The historic operation that we can arguably describe as the first 
psychosurgery procedure was performed by psychiatrist Dr. Gottlieb 
Burckhardt (1836–1907) in Switzerland in 1888. Burckhardt removed an 
area of cerebral cortex that he believed was responsible for his patient’s 
abnormal behavior. He followed this by performing selective resections 
mostly in the temporal and parietal lobes on six patients, areas in the lobes 
that Burckhardt considered responsible for his patients’ aggressive 
behavior and psychiatric disorder. His report was not well received by his 
colleagues and met with disapproval by the medical community. 
Subsequently, Burckhardt ceased work in this area.[15] 

The Second International Neurologic Congress held in London in 1935 
was a landmark plenary session for psychosurgery. American physiologist 
Dr. John F. Fulton (1899–1960) presented a momentous experiment in 
which two chimpanzees had bilateral resections of the prefrontal cortex. 
These operations were pioneering experiments in the field because the 
animals became “devoid of emotional expression” and were no longer 
capable of arousal of the “frustrational behavior” usually seen in these 
animals. The behavioral change was noted but the full implications were 
not. These findings would become very important decades later when 
social scientists in the 1970s noted that aggressive behavior and rage 
reaction were associated with low tolerance for frustration in individuals 
with sociopathic tendencies.[2] 
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This Congress was historic also because it was attended by personages 
who would leave marks in the history of psychosurgery, the neurosurgical 
treatment of mental disorders. Among the participants were two Portuguese 
neuroscientists: Dr. Antonio Egas Moniz (1874–1955), Professor of 
Neurology at the University of Lisbon, and his collaborator, the neurosurgeon 
Dr. Almeida Lima (1903–1985). They worked together in performing 
frontal leucotomies for psychiatric illnesses in the 1930s. In fact, Dr. 
Moniz’s efforts supported the work of physiologist John Fulton that 
frontal lobe ablation subdued the behavior of aggressive chimpanzees. 
Also attending this Congress was American neurologist Dr. Walter 
Freeman (1895–1972), who would soon leave a big imprint in the march 
of psychosurgery in the form of the frontal lobotomies.[13,15] 

But there was more. Dr. R. M. Brickner described a patient with bilateral 
frontal lobectomies for excision of tumor. Postoperatively his patient 
showed a lack of restraint and social disinhibition, providing further 
evidence of the frontal lobe syndrome.[15] 

Frontal lobotomy, the sectioning of the prefrontal cortex, and leucotomy, 
the severing of the underlying white matter, for the treatment of mental 
disorders, reached a peak of popularity after World War II. But, as we 
have seen, development of this surgery began in the 1930s with the work 
of the celebrated Egas Moniz, who also made his mark in neuroradiology 
as the father of cerebral angiography. Moniz and Lima performed their 
first frontal leucotomy in 1935. The following year Dr. Moniz presented a 
series of 20 patients, and by 1949 he had received the Nobel Prize for his 
pioneering work on frontal leucotomy in which, specifically, the white 
matter connections between the prefrontal cortex and the thalamus were 
sectioned to alleviate severe mental illness, including depression and 
schizophrenia in long-term hospitalized patients. 

It was at this time that a constellation of symptoms finally became 
associated with frontal lobe damage and removal—for example, 
distractibility, euphoria, apathy, lack of initiative, lack of restraint, and 
social disinhibition. Some of these symptoms were reminiscent of the 
personality changes noted by Dr. John M. Harlow in Phineas Gage nearly 
three quarters of a century earlier. 

The Problem of Mental Illness in the Early 20th Century 

It must be remembered that this movement toward surgical intervention 
did not occur in a vacuum. It was engendered at a time when drug therapy 
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was not available, and it involved mostly severely incapacitated patients 
for whom psychotherapy was ineffective or unavailable. Physicians, 
particularly psychiatrists and neurologists, those directly taking care of 
these unfortunate patients, were pushed against the wall to come up with 
effective therapy to modify abnormal psychiatric behavior and ameliorate 
mental suffering. 

The problem of the increasing number of mentally ill patients for which no 
effective treatment was available, except for long-term hospitalization and 
confinement, had been noted since the 19th century, and by the early 20th 
century the problem had reached gigantic proportions. Psychotropic drugs 
were not available until the 1950s, and in their absence, the only treatment 
options used in conjunction with long-term hospitalization were physical 
restraint with the feared strait jackets, isolation in padded cells, et cetera—
conditions almost reminiscent of the notorious Bedlam Hospital of 19th 
century London. 

Recently, Dr. R. A. Robison and colleagues summarized the socioeconomic 
context in which psychosurgery was advanced in the late 1930s by citing a 
1937 report on the extent of institutionalization of the mentally ill in the 
United States: “There were more than 450,000 patients institutionalized in 
477 asylums, with nearly one half of them hospitalized for five years or 
longer.” The cost in today’s dollars is estimated to have exceeded $24 
billion.[15] 

Psychotherapy, not to mention psychoanalysis, as proposed by Sigmund 
Freud (1856–1939), Carl Jung (1875–1961), and other prominent 
psychiatrists, was beyond the reach of most patients afflicted with 
psychiatric disorders until much later in the century. Advances in medicine 
and psychiatry in the latter part of the century would bring relief to untold 
millions but many problems even then would still persist.[2,5,15,17] 

The leading lights of psychiatry at the turn of the century, Austrian 
psychoanalyst Sigmund Freud and German psychiatrist Emil Kraepelin 
(1856–1926), had conflicting approaches to mental illness. Freud 
recommended psychotherapy, often ineffective, almost always unfeasible 
in severely mentally ill patients, in which diseases ranged from tertiary 
syphilis and severe anxiety-neuroses to agitated depression and schizophrenia. 
Kraepelin, in contrast, preferred more aggressive intervention with 
electroconvulsive therapy (ECT) and insulin shock therapy. But what was 
to be done with patients who did not respond to these treatments, relapsed, 
or continued to pose a danger to themselves and others? That was the 



Chapter 1 
 

11 

problem facing physicians at this time, particularly psychiatrists and 
neurologists. That also explains the fact the earliest “psychosurgeons” 
came disproportionally from those two specialties. 

Surgery of the Frontal Lobes—Leucotomy and Lobotomy 
(c. 1935–1955) 

So it was in the mid-1930s under the circumstances of ineffectual 
treatments and hospital overcrowding that Moniz and Lima began to 
collaborate and carry out their work in Lisbon, Portugal. They developed 
the frontal leucotomy (or leukotomy), sectioning the white matter 
connections between the prefrontal cortex and the thalamus. First, they 
used alcohol injections; subsequently, they introduced the leucotome and 
termed the procedure frontal leucotomy. They reported that their patients 
were more calm and manageable but their affect more blunted after the 
operations. 

In the United States, Dr. James W. Watts (1904–1994), a neurosurgeon at 
George Washington University, was invited to collaborate with American 
neurologist and neuropathologist Dr. Walter Freeman in developing the 
transorbital lobotomy in the early 1940s. 

They performed the first frontal lobotomy in the U.S. in 1936 the same 
year Moniz presented his series of 20 patients from Portugal. With his 
knowledge of neuropathology, Freeman was able to visualize and analyze 
retrograde degeneration in postmortem examination of patients who had 
undergone the procedure and died later. He modified Moniz’s leucotome 
for better precision in targeting specific frontal lobe-thalamic tracts. 
Patients with affective disorders had their leucotomy more anterior, 
whereas in those afflicted with more severe schizophrenic symptoms, the 
lobotomy was more posterior. 

In 1942, Freeman and Watts published the first edition of their classic 
monograph Psychosurgery and reported on 200 patients: 63% were 
improved; 23% had no improvement: and 14% were worsened or 
succumbed to their surgery.[6,15] That same year the Journal of the 
American Medical Association (JAMA) published an editorial supporting 
the basis for the procedure and the indications for lobotomies. Additional 
prestige for the operation was gained when Moniz received the 1949 
Nobel Prize for Physiology or Medicine “for the discovery of the 
therapeutic value of leucotomy in certain psychoses.”[10] 
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Freeman had used alcohol injections initially in some of his lobotomies, 
but he subsequently modified his procedure of transorbital leucotomy by 
using a modified ice-pick instrument to traverse the roof of the orbit and 
enter the base of the skull. This was frequently done with local anesthesia 
or with sedation following ECT. The orbitoclast was then inserted to a 
depth of 7 cm at the base of the frontal lobes and swept 15° laterally.[15] 
Freeman hoped that physicians would use this simple technique to treat 
hospitalized patients widely. Instead, the lack of sterile techniques and the 
crudity of the procedure disenchanted Watts, his neurosurgical associate, 
and also antagonized the neurosurgical establishment.[13] Many physicians 
became disappointed with the results, as some patients developed 
complications or died. But the majority of patients were improved, severe 
symptoms ameliorated, most families were gratified, and institutionalized 
patients became more manageable.[6,10,13,15] 

Nevertheless, Freeman and Watts parted and went separate ways. Freeman 
became a relentless crusader and performed over 4000 lobotomies. 
Robison et al thus summarized the situation in a recent review article: 
“Despite resistance and reservations in the broader medical community, 
many psychiatrists and nonsurgical practitioners seized on the procedure 
as a new last resort for patients who lacked any effective alternate 
treatments.” Frontal lobotomy became a widely used procedure in the 
U.S., and an estimated 60,000 procedures were performed in the U.S. and 
in Europe between 1936 and 1956.[15] 

By 1952, one of the pioneers of psychosurgery, the famed American 
physiologist John Fulton, was announcing the end of lobotomy and 
ushering in the beginning of stereotactic and functional neurosurgery 
because of improved precision and less cerebral tissue ablated. 
Chlorpromazine, which had been introduced in Europe in 1953, became 
available in the U.S. in 1955; haloperidol followed in 1967, and the drug 
therapy revolution was now also underway.[1] In 1971, Freeman 
published his long-term follow up of 707 schizophrenics, four to 30 years 
after lobotomy. He reported that despite improvement in the majority, 
73% were still hospitalized or at home in a “state of idle dependency.”[10] 

Socioeconomic Aspects of Mental Illness  
and Institutionalization 

The need to modify abnormal behavior and ameliorate mental suffering 
persists in our time. It has been estimated that five out of ten cases of 
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disability worldwide are attributable to mental disorders. And major 
depression heads the list of these psychiatric or psychological disorders 
with an incidence of 12 to 18% projected for the lifetime of the individual 
of the 21st century.[15] As many as one-third of these afflicted patients 
have intractable depression unresponsive to antidepressant drugs or 
psychotherapy. We need not be reminded also that the vast majority of 
patients who commit suicide have suffered untreated depression or severe 
melancholia unresponsive to treatment. 

Despite psychotropic drugs, ECT, lobotomy and psychosurgery, the 
societal problems posed by the prevalence of mental illness persist to this 
day. The steady institutionalization of the 1930s was followed by rapid 
deinstitutionalization in the 1970s. In 1963, U.S. President John F. 
Kennedy proposed a program for dealing with the persistent, unresolved 
problems of the mentally ill and the growing socioeconomic concerns of 
their long-term institutionalization. Kennedy called for the formation of 
community mental health centers (CMHCs) funded by the federal 
government. Outpatient clinics replaced state hospitals and long-term 
institutionalization. Over the next 17 years, the federal government funded 
789 CMHCs, spending $20.3 billion in today’s dollars. “During those 
same years, the number of patients in state mental hospitals fell by three 
quarters—to 132,164 from 504,604,” laments Dr. E. Fuller Torrey, a noted 
psychiatrist and schizophrenia researcher. And he adds: “Those beds were 
closed down.”[17] 

In the ensuing half century, these patients were discharged onto the streets 
of America, without family support and suffering from severe mental 
illness—including schizophrenia, bipolar and personality disorders, and 
criminal insanity. Half of them fare poorly.[2,4,5,17] Untreated mentally 
ill people in 2013, reports Dr. Torrey, are responsible for 10% of all 
homicides, constitute 20% of jail and prison inmates, and at least 30% of 
the homeless in the U.S.A. These homeless psychiatric patients spill over 
from the streets and city parks into the emergency rooms, libraries, and 
bus transit and train stations. Many of them join the ranks of the criminally 
insane and contribute significantly to the alarming statistics of crime and 
violence in America. 

Conclusion 

And so the problem of mental illness persists, influenced more by politics 
than mental health data and sound criminologic and sociologic 
scholarship.[4,5,17] Mental health deinstitutionalization poured the 
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mentally ill onto the streets of America. The meek get preyed upon; the 
violent commit petty or serious crimes. Nevertheless, it should be pointed 
out that most mentally ill individuals are not violent but in need of medical 
care, compassion, and humanitarian assistance. 

The social sciences in general and psychiatry in particular, despite the 
continued technological advances of our computer age, have not been able 
to keep up with the mounting psychological problems associated with this 
societal progress. Violent and criminal behavior, particularly when 
associated with repetitive, unprovoked aggression and low threshold rage 
reactions, also appear to be pernicious and recalcitrant elements of modern 
society, elements that have been difficult to explain and solve by our 
social scientists. 



 CHAPTER 2 

VIOLENCE, MENTAL ILLNESS,  
AND THE BRAIN— 

A BRIEF HISTORY OF PSYCHOSURGERY:  
FROM THE LIMBIC SYSTEM AND 

CINGULOTOMY TO DEEP BRAIN STIMULATION 
 
 
 
Introduction—Knowledge of neuroscience flourished during and in the 
wake of the era of frontal lobotomy, as a byproduct of psychosurgery in 
the late 1930s and 1940s, revealing fascinating neural pathways and 
neurophysiologic mechanisms of the limbic system for the formulation of 
emotions, memory, and human behavior. The creation of the Klüver-Bucy 
syndrome in monkeys opened new horizons in the pursuit of knowledge in 
human behavior and neuropathology. In the 1950s specialized functional 
neurosurgery was developed in association with stereotactic neurosurgery; 
deep brain electrodes were implanted for more precise recording of brain 
electrical activity in the evaluation and treatment of intractable mental 
disorders, including schizophrenia, “pathologic aggression,” and 
psychomotor seizures in temporal lobe epilepsy. Psychosurgical procedures 
involved deep brain stimulation of the limbic system as well as ablative 
procedures, such as cingulotomy and thalamotomy. The history of these 
developments up to the 21st century will continue in this chapter.  

 

Advances in Neuroscience and the Klüver-Bucy Syndrome 

One of the beneficial byproducts of frontal lobe surgery was the anatomic 
and physiologic knowledge that accumulated in the neurosciences from 
observations made both from animal experiments and human operations. 
This new information was added to what was already learned by the early 
neuroscientists. For example, in 1928 physiologist P.A. Bard had already 
noted that integrated rage reactions in cats could be elicited with diencephalic 
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(hypothalamic) lesions.[4] Moreover, lobotomy studies revealed that ablative 
surgery of the orbitofrontal cortex resulted in damage to the limbic and 
autonomic system connections.[13] The prefrontal cortex was found to 
have direct thalamic-cortical radiation connections involved in recruitment 
responses but also afferent and efferent connections to the hypothalamus 
modulating autonomic responses. Dr. Paul Yakovlev, a neuropathologist 
at Harvard, and associates studying white matter degeneration found that 
the cingulate gyrus was involved in lobotomy surgery regardless of the 
surgical approach. His work would soon lead to functional neurosurgery 
and cingulotomy and thalamotomy operations.[13,25] 

In 1937, Heinrich Klüver (1897–1979), a German-American experimental 
psychologist, investigated the drug mescaline and its effect on the brain of 
monkeys. He asked American neuropathologist and later neurosurgeon, 
Paul Bucy (1904–1992) to perform temporal lobectomies in rhesus 
monkeys for his ongoing studies. A fruitful collaboration ensued.[16] 
Decades later, Dr. Bucy was still active, becoming the founder (1972) and 
editor (until 1987) of the premier neurosurgical journal, Surgical 
Neurology, a parent publication to the online journal Surgical Neurology 
International (SNI), where some of my initial work in this area first 
appeared.[8] 

Drs. Klüver and Bucy reported that bilateral temporal lobectomies in 
monkeys resulted in a constellation of changes, including docility, 
hypersexuality, and hyperorality that was frequently associated with 
hyperphagia, and “psychic blindness.” This meant that the animals became 
tame with low levels of aggression, used inappropriate objects as sex 
objects and sexual stimulation, and examined objects by repeatedly 
placing them in their mouths. The animals also tended to overeat. Psychic 
blindness meant that the animals suffered visual agnosia (despite intact 
vision), and a constellation of symptoms revolving around the lack of 
recognition of objects or their use culled from previous experience.[16,22] 
In their tameness and lack of recognition of objects, the monkeys would 
even lose their intuitive or conditioned fear of snakes. 

In humans, the Klüver-Bucy syndrome manifests itself in patients who 
have suffered brain tumors or trauma affecting both of the temporal lobes, 
encephalitis, or carbon monoxide poisoning. And the clinical findings also 
include visual agnosia, memory impairment, and placidity sometimes 
associated with hyperorality.[22] 
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The Limbic System and its Anatomic Integration 
 into the Emotional Brain 

By 1949, the American physician, Dr. Paul D. MacLean (1913–2007), 
linked psychosomatic disease to what he called the “visceral brain.” He 
had connected clinical disease to physiologic disorders of the limbic 
system and the hypothalamus to the autonomic nervous system (ANS) and 
cerebral cortex.[17] He had based his findings on the work of another 
American physician and neuroscientist, Dr. James W. Papez (1883–1958), 
who in 1937 had described the limbic system as the anatomical-physiological 
basis for human emotions.[20] 

The neural circuit for the flow and expression of emotions was found to 
involve the sensory output of the thalamus to the sensory cortex, 
particularly the orbitofrontal cortex and associated cingulate gyrus. The 
neural pathway proceeds from the limbic cortex of the cingulate gyrus via 
the cingulum to the hippocampus, then via the fornix to the mammillary 
bodies and hypothalamus. The pathway thus completes a circuit, as the 
mammillothalamic tract sends neuronal impulses back to the anterior 
thalamus and the limbic cortex. Perceptions and memories imbued with 
emotional content are then formed and stored. According to Dr. Papez, the 
mammalian brain evolved to respond to external threats with “fight or 
flight” reactions and to generate emotions and memories to these 
experiences.[6] Thus painful or pleasurable stimuli (and the emotional 
reactions they generate) are then embedded in the limbic circuit and the 
temporal lobes as useful memory that can be recalled as needed.[9,20,22] 

The limbic system (also referred to as “Papez circuit”) is phylogenetically 
derived from the primitive reptilian brain that permitted “fight or flight” 
reactions and allowed reptiles to adapt and survive for millions of years. It 
became the paleo-mammalian brain integrated into the developing cerebral 
brain of mammals. In man it functions with our more complex and 
formidable cerebrum allowing for more complex emotional, social and 
sexual life, and the associated pleasurable or painful memories of those 
recollections. 

The limbic system consists of the following: 

The hippocampus (the term derived from the ancient Greek for its shape of 
a “seahorse”) is located within the temporal lobe. The two hippocampi 
curve forward to reach their respective amydalas. They are required for the 
retention of short-term into long-term memory and cognition. Damage 
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results in short-term memory deficit, so that long-term memory already 
acquired is spared, but new memories cannot be acquired or 
retained.[9,22] Classical clinical examples include Wernicke-Korsakoff 
syndrome as seen in alcoholics with thiamine deficiency and other 
confabulatory dementias. 

The amygdalas are two almond-shaped gray matter structures in the 
anterior temporal lobes set in front of each hippocampus. They flank the 
thalamus on both sides. The amygdala is involved in sending motivational 
signals related to fear, reward and punishment, and social as well as sexual 
functions. It has also been associated with rage reactions and unprovoked 
aggression in humans with epileptiform foci detected by deeply implanted 
brain electrodes.[7,19] 

The fornix (the Latin term for “arch”) is a neural tract that conveys 
connections and signals from the hippocampus to the mammillary bodies 
and septal nuclei.[9] The mammillary bodies are important in the 
formulation of memory, while the septal nuclei, along with the nucleus 
accumbens, have been found by deep brain stimulation (DBS) studies in 
animals to be “pleasure centers.” The ventral tegmental area (VTA) of the 
midbrain sends signals via the medial forebrain bundle (MFB) to the 
nucleus accumbens, the septal nuclei and the amygdala, and via the 
cingulum to the prefrontal cortex using dopaminergic connections.[10,18] 
In man the chronic stimulation of the pleasure centers in the septal areas 
and nucleus accumbens is associated with persistent pleasure-seeking 
behavior and drug addiction.[7,22] 

The limbic lobes consist of the parahippocampal gyrus, the cingulate 
gyrus, and the dentate gyrus. These gray matter areas are part of the limbic 
system also involved in memory retention and retrieval, cognition as well 
as more vegetative functions of the autonomic nervous system (ANS), 
such as maintenance of heart rate and blood pressure control. They are 
therefore intricately related to the hypothalamus, which, as we have noted, 
is also related to the limbic system. The orbitofrontal cortex is involved in 
attitudinal and motivational personality development and decision-making 
ability, which is not surprising given what we have learned so far about 
loss of motivation, disinhibition, and the attainment of placidity resulting 
from frontal lobotomy in formerly aggressive, schizophrenic patients. 

Other related areas of the limbic system are the basal ganglia, which are 
responsible for posture and modulating movement between the motor and 
associated cerebral cortex and the brainstem and cerebellum.[10] 


