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ABSTRACT 

DRUGS AND COGNITION: A SPECIAL LOOK AT LSD 

SHARON SHIWANI RAMACHANDRAN 

lbis study looks at the interconnection between drugs, neurotransmitters and 
cognition. Researches have been carried out to study how drugs affect the brain. Yet 
limited research is done on how drugs affect human cognition. The complex 
interactions between neurotransmitters, drugs and brain function that result in human 
drug abuse have been reviewed and investigated in various researches. Knowledge 
about drug receptors has facilitated increasingly precise hypotheses about the way in 
which infonnation about drug exposure enters the nervous system. Specifically, this 
study investigates what a hallucinogen like LSD can do to the brain. As more is 
studied and investigated about the roles and interactions of various neurotransmitters, 
receptors and larger portions of the brain, then hopefully the mystery will be further 
unraveled. The use of LSD is heavily stigmatized and misunderstood within the field 
of mental health, and has become grouped with a range of other street drugs as 
another abused drug. lbis is reinforced by the worldwide prohibition of the 
substance. This research has demonstrated that LSD either mimics serotonin or 
blocks serotonin receptors in the brain thus affecting cognitive activities such as 
emotion and visual perception. LSD has also shown to be therapeutically useful in 
mental health treatments such as psychotherapy. 
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ABSTRAK 

DRUGS AND COGNITION: A SPECIAL LOOKATLSD 

SHARON SHIWANI RAMACHANDRAN 

Projek ini menyelidik perkaitan antara dadah, neurotransmiter dan kogniSi. Pelbagai 
penyelidikan telah dibuat untuk mengkaji bagaimana dadah mempengaruhi otak 
tetapi hanya beberapa kajian telah dibuat untuk mengkaji bagaimana dadah 
mempengaruhi kognisi manusia. Tindak balas kompleks yang berlaku di antara 
neurotransmiter, dadah dan fongsi otak akibat daripada penyalahgunaan dadah 
telah dikaji semula dan diselidik dalam pelbagai kajian. Pengetahuan tentang 
reseptor dadah telah membantu menghasilkan hipotesis yang lebih tepat tentang 
pendedahan kepada dadah yang memasuki sistem saraf man usia. Secara khususnya, 
kajian ini telah mengkaji tentang kesan-kesan halucinogen seperti LSD terhadap 
ota! Semakin banyak kajian dan penyelidikan terhadap peranan dan perhubungan 
antara pelbagai neurotransmiter reseptor dijalankan, misteri itu mungkin dapat 
diatasi. Kegunaan LSD telah d;cela dan disalahfaham kesannya, terutamanya dalam 
bidang kesihatan mental dan telah digolongkan dalam lingkungan dadah yang 
disalahgunakan. In; telah diteguhkan oleh seluruh dunia sebagai bahan larangan. 
Penyelidikan ini menunjukkan bahawa LSD boleh disifatkan sebagai peniru 
serotonin atau penghalang reseptor serotonin dalam otak sekaligus mempengaruhi 
aktiviti kognitif seperti emosi dan persepsi visual. LSD juga telah dibuktikan sebagai 
bahan terapeutik yang berguna dalam terapi kesihatan mental seperti dalam 
psikoterapi. 
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CHAPTER! 

INTRODUCTION 


1.0 Introduction 

Drugs may seem as if they only exist in the present days but in reality, 

drugs have been used even before the days of OUf ancestors. History have 

recorded that the first ever created drugs were used by the Sumerians around 

5000B.C. The Sumerians use opium, suggested by the fact that they have an 

ideogram - Cuneiform (wedge-shaped alphabets) found in cave walls for it 

which has been translated as HUL, meaning "joy" or Hrejoicing". The Sumerian 

people of Asia Minor included references to a "joy plant", Experts indicate that 

the plant was opium that was used as a sedative (O'Brien, Cohen. Evans & Fine, 

1992). Historical records al so document drug lISC as far back as 2240 s.c., when 

Hammurabi, the Babylonian King and lawgiver, addressed the problems 

associated with drinking alcohol. Alcohol was also known as a drug and 

described as "a problem of men with too much leisure time and lazy 

dispositions." Drug use and abuse have always been part of nearly all human 



drugs, Homer's Cup of Helen induced sleep and provided freedom from care, and the 

mandrake root mentioned in the first book of the Bible, Genesis, produced a 

hallucinogenic effect. In Genesis 30: 14-16, the mandrakes is mentioned in association 

with bartering for lovemaking (Hanson, Venturelli & Fleckenstein, 2002). 

Ancient literature is filled with references to the use of mushrooms, herbs. 

Datura (jimsonweed), hemp, marijuana, opium poppies, and heroin and so on. Under 

the influence of some of these drugs, people experience extreme ecstasy or sheer 

terror. From the 1960' s to this present day, drug usage and addiction has become a 

widespread phenomenon. All in all, today's drug problems are part of a very long and 

rich tradition that has been passed down through every generation. 

In loday's world where everything seems to be a hustle bustle, life always 

seems to be 'hard-to-catch-up-with'. Life is changing rapidly that constant pressure is 

exerted and injected into our life to keep pace and remain current with rapidly 

changing technological advancements. To cope with such ' life ' , many resort to using 

and often abusing drugs withom professional advice from doctors. 

Despite knowing the danger and the effects of drugs abuse, and the dozens of 

law prohibiting drug manufacture and consumption, many are still attracted and 

seduced into using drugs. This attraction can be explained as: drugs alter body 

chemistry by interfering with its proper functioning and by altering the perception 

and transmission of reality (Hanson et aI. , 2002). Drugs aJso affect the brain and 

cause the dysfunction of specific parts of the brain that leads to cognitive disabilities. 
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1.1 Problem Statement 

Dmgs have their O\VTI advantages and disadvantages. In many instances drugs 

can be used to treat major mental disorders. Drugs do have potent and important uses 

in our lives today but many do not know about the use of drugs and how to use these 

drugs which results in drug abuse. For example, when a patient is given pain killers to 

reduce pain, he or she may eventually Jearn to depend on it to relieve whatever other 

pain they may face. In the same way, when a user starts depending too much on a 

drug, he or she may eventually start abusing the usage of that drug. Psychiatric 

disorders and drug addiction often occur simultaneously. This conclusion is 

supported by the fact that substance abuse-related problems often coexist with other 

mental disorders such as conduct disorder, schizophrenia, and mood disorders (DSM­

IV-TR,2000). 

Although 'drug' is the common term for substances that affect both mind and 

brain, and body functions, researchers that study drugs use a more precise tenn: 

psychoactive drugs or psychoactive substances. These drugs affect the central 

nervous system (eNS) and alter consciousness and our perceptions of the world 

around us. Since these drugs have various specified effects to the brain, they can be 

used to treat physical or mental illnesses. But the over usage of these drugs can be 

dangerous 10 the body and brain and in extreme cases - deadl y. 

In general, any substance that modifies the eNS, the brain or the body 

behavior is a dnlg. In other words, a drug can be any substance that leaves the user in 
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a daze or in an unconscious state of mind. There are two categories of drugs: narcotic 

and non-narcotic drugs. Narcotic drugs are also known as opiates; for example 

opium, morphine and codeine. These drugs depress the CNS and if taken in a high 

enough quantity, they produce insensibility or stupor. Non-narcotic drugs, also 

known as psychoactive drugs, are usually used in psychological or psychiatric 

treatment and even in the field of medicine. Examples of non-narcotic drugs are 

sedatives, stimulants and hallucinogens. 

Hallucinogens are types of non-narcotic drugs that alter the sensory process in 

the brain, causing perceptual disturbance, changes in thought processing and 

depersonalization (Hanson et al.. 2002). Examples of hallucinogens are lysergic acid 

dicthylamide (LSD), phencyclidine (PCP), mescaline and cannabis. They are also 

known as psychedelics because they cause hallucinations or distortion of reality and 

thinking. For example, while under their influence, these drugs can affect the sense of 

taste, smell, hearing and vision. These powerful changes in sensory perception range 

from strengthening a person' s mind to producing illusions and hallucinations. These 

drugs are known to cause sensations to users described as 'trips'. The testimonies of 

those who took the drug suggest that these 'trips' could turn out to be frightening or 

exciting, depending on how a person's mind interacts with the drug. 

Numerous studies have been done to study the effects of drugs to the brain. 

For example, biological research has shown that stimulating some brain regions with 

an electrode causes very pleasurable sensations. It has been demonstrated that drugs 

of abuse also activate these same pleasure centers of the brain (Weiss, 1999). Studies 
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have also been done to connect between neurotransmitters and vanous brain 

functions. II has been suggested that S·HT (also k.nown as serotonin) neurons in (he 

brain are concerned merely with regulation of motor responses. Specifically, 

serotonergic transmission serves to coordinate target cell responses by adjusting their 

excitability to match animal's general level of arousal. In doing so. they could be 

responsible for gating motor output and coordinating homeostatic and sensory 

function (Jacobs & Azmitia, 1992; Jacobs & Fornal , 1999). Though studies have been 

done to correlate drugs and the brain, and to relate neurotransmitters to various brain 

functions, very few have actually studied the correlation between drugs, 

neurotransmitters and cognition. 

Very few researches have actually been done on the effect of hallucinogens, 

specifically LSD, towards lhe brain and cognition. Many still do not get a clear 

picture of how LSD can affect neurotransmitters in the brain that plays a main role in 

the hwnan cognition. The psychological effects of LSD have been often difficult to 

describe and document very well. They were first discovered on April 16, 1943 by 

the research chemist Albert Hofmann when a small amount of the drug soaked 

through his fingers during a routine synthesis (Hofmann, 1983). 

1.2 	 Objectives of the Study 

Neurobiologists study brain function at the level of neurons while 

psychologists look for the Jaws describing behavior and cognitive mechanisms. Many 

in these fields believe that it is possible tbat one day we will be able to understand the 
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complicated human behaviors in terms of neuronal mechanisms. 

Cognitive scientists have been able to associate mechanisms with areas of the 

brain and have also been able to describe the effects on these syslems by various 

neurotransmitters. For example, disruption of hippocampus activity has been found to 

result in a deficiency in consolidating short tenn to long term memory. Cognitive 

disorders such as Parkinson's disease can be traced to problems in dopamincrgic 

pathways. Serotonin has been implicated in the etiology of various CNS disorders 

including depression, obsessive-compulsive behavior, schizophrenia, and nausea. It is 

also known to affect Ihe cardiovascular and thermoregulatory systems as we ll as 

cognitive abilities such as learning and memory. 

The objective of this project is to study the connection between drugs, 

neurotransmitters and cognitive mechanisms. Specifically, the aim of this study is to 

review the possible mechanisms of LSD - how it atTects neurotransmitters in the 

brain and hence towards brain activities (cognition). However. the lack of knowledge 

that bridge neurobiology and psychology makes a description of the mechanisms of 

hallucinogens necessarily coarse. The main hallucinogen that will be studied in this 

project is LSD. LSD, also known sc ientitically as lysergic acid diethylamide, is one 

of the most famous and most powerful hallucinogen ever found. LSD is known as the 

father of drugs. In general, LSD is considered the prototype agent against which other 

hallucinogens are measured. With the widespread usage of LSD, it was observed that 

this and similar drugs may induce a form of psychosis-like schizophrenia (DSM-IV­

TR,2000). 
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1.3 Significance ofthe Study 

The study of hallucinogens such as LSD is fundamental to the neurosciences. 

This research will investigate and review with a more detailed discussion of possible 

ways that LSD can affect the neurotransminer receptors. This study could also throw 

light on the mechanism of other drugs as well in the neurotransmission system. This 

is because the basic underlying mechanism of neurotransmitters, receptors and drugs 

ought to be more of a variation in degree, but not in kind. 

The lack of understanding about the mechanisms of LSD is indicative of the 

problems involved in bridging the worlds of psychology and neurobiology. In the 

psychological perspective, drugs had long been seen as a means of nonnalizing 

consciousness when its perceptual, affective, or emotional balance was tipped in the 

direction of psychosis and/or disabling anxiety (Hobson, 200 I). 

As more is studied and investigated about the roles and interactions of various 

neurotransmitters, receptors, and on a larger scale which involves portions of brain, 

then the mystery will be further unraveled. Science thrives on mystery and 

contradiction; indeed without these it stagnates. The attempts to unravel the 

mechanisms of haJlucinogens are closely tied to basic research in the physiology of 

neuroreceptors, neurotransmitters, neural structures, and their relations to behavior. 

1.4 	 Literature Review 

In 1938, Albert Hofmann, a scien ti st for Sandoz Phannaceutical Laboratories 
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of Basel, Switzerland, worked on a series of ergot (a fungus that grows on rye and 

other grains) compounds in a search for act ive chemicals that might be of medical 

value. Hofmann tried to modify a compound called nikethamide, a stimulant, which 

resulted in the production of lysergic acid diethylamide, or LSD. Hofmann's 

accidental experience with thi s new compound gave an insight to the effects of thi s 

drug. He experienced an imaginative dream-like state for a duration of about 2-3 

hours (Hofmann, 1983). 

The long-term ctTecL.. of LSD use can be both good and bad. There are cases 

of people who claim to have had their entire li ves turned around, for the beuer, due to 

LSD usc. On the other hand, some people have been hospitalized by so-called. "LSD 

psychosis. It In the late 1960s, several studies indicated possible chromosome 

breakage due to LSD use. Really the only serious physiological concern about LSD 

use has been that it may cause chromosome damage - this was first reported by 

Cohen and Shiloh. (1977). 

LSD also has shown to have therapeutic usefu lness. It has been successful in 

treating some fonus of schizophrenia (Hoffer, 1970). Another study found notable 

success in treating terminally-ill cancer patients: two-thirds of the subjects showed 

positive change in anxiety, emotional tension, psychological iso lation, fear of death, 

and the amount of pain medication needed (Pahnke, Kurland , Unger, Savage & Gro( 

1970). Studies that have shown LSD useful in treating alcoholism and other 

addictions are contradictory and may be inconclusive. Pahnke's group (1970) reported 

moderate success in treating alcoho lism, but Ludwig (1970) found less-than­
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encouraging results. It's important to note, though, that both of these studies used 

vastly different treatment styles and dosages of the dmg. 

In the 1950's, the U.S. government - specifically, the Central Intelligence 

Agency (CIA) and the amy - became interested in reports of the effects of mind­

altering dmgs, including LSD. Unknown to the public at the time, these agencies 

conducted tests on human beings to learn morc about such compounds and detennine 

their usefulness in conducting military and underground missions. These activities 

became public when a biochemist, Frank Olson, killed himself in 1953 after being 

given a drink laced with LSD (Hanson et aI., 2002). 

Psychedelic drugs have also been used to ease the pam, anxiety, and 

depression of the dying. Beginning in 1965, the experiment of providing a 

psychedelic experience for the dying was pursued at Spring Grove State Hospital in 

Maryland and later at the Maryland Psychiatric Research Institute. When patients 

received LSD or another psychedelic drug, dipropyltryptamine (OPT), after 

appropriate preparation, about one-third improved "dramatically," one-third improved 

"moderately," and one-third were unchanged by the criteria of reduced tension, 

depression, pain. and fear ofdeath (Grinspoon & Bakalar, 1986). 

Some neuroleptics, including c1ozapine, are potent 5-HT -receptor antagonists 

and the possible role of 5-I-IT in the action of neuroleptics and the development of 

schizophrenia has recently generated much interest (Busano & Kerwin, 1997). This 

has centred primarily on 5-HT 2A receptors found in the limbic cortex, which are 
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linked to neuronal excitation and believed to mediate the hallucinogenic effects of 

drugs such as lysergic acid diethylamide (LSD) (Webster, 2001). 

LSD and other hallucinogens are thought to work by interfering with the 

'filter' exerted by 5-HT neuronal systems on incoming sensory activity. How this is 

done is unclear but LSD can inhibit the activity of 5-HT neurons by activation of the 

somatic 5-HTI autoreceptor. 8y acting as an agonist at this site. LSD slows the firing 

of S-HT neurons in the dorsal raphe and so leads to a reduced postsynaptic action of 

the monoamine. There is a very good correlation between the potency of a range of 

hallucinogenic drugs and their ability to reduce S- HT neuronal activity. This 

reduction allows an increase of sensory inputs to enter the centmi nervous system 

(eNS). This causes the brain to misinterpret the sensory infonnation leading to the 

perceptual errors that causes confusion (Webster, 2001). 

1.5 Research Methodology 

This research project is qualitative in nature. It involves reading various study 

materials including researches and experiments done by other scientists and 

researchers involving books, journals, documents, brochures and other study 

materials from the Cemer of Applied Information Studies (CA IS) , University 

Malaysia Sarawak. and also from the Internet. It is an overview as well as a synthesis 

of how LSD, neurotransmitters and cognitive functions are related and 

interconnected. In doing so, this project aims to inject new elements and put together 

10 




all the relevant infonnation in a coherent whole. The end results of the method are 

accumulated and arranged strategically to achieve the objecti ves stated above. 

1.6 	 Limitations of the Study 

No experiments are done on my part that would ensure more precise 

deduction. In principle, this research could be done safely by careful selection of 

drugs, doses, procedures and volunteer subjects. However, it is virtually impossible to 

do such basic research, due to my inexperience in the field of drug research and 

pemlission by my superiors. 

Another limitation faced throughout this project IS time constraint. This 

project only takes up to 8 months (2 semesters of the lenn) of study. There IS 

insufficient time to carry OUI more comprehensive research on the research topic. 

Another constraint faced while carrying out this project would be the limited 

resources. The collections in the library (eAIS, UNIMAS) are extremely limited in 

tenns of books and journals related to the topic of stlldy. 

II 




CHAPTER! 

THE ORGANIZATION OF THE NERVOUS SYSTEM 


2.1 Introduction 

Neuroscience is indeed a very exciting field. Neuroscience is the field where 

scientists study the brain and the neuronal parts connected and attached to the brain. 

More precisely, according to the Society for Neuroscience in its book Brain/acts: A 

primer on the brain and nervous system (41h edition), neuroscientists: 

investigate the molecular and cellular levels of the nervous system; the neuronal 
systems responsible for sensory and motor function; and the basis of higher order 
processes, such as cognition and emotion. 

The human brain is the most complex organ in the universe. h allows us to 

move, think, feel , see, taste, hear and smel l. It controls our bodies, receives 

infonnation. analyzes information, and stores infonnation in our memory. The brain 

produces electrical signals, which. together with chemical reactions, allow various 

parts of our bodies to communicate. Nerves in our bodies send these signals 

throughout the body. One of the complexities of the brain is how the cells and nerves 

in our bodies and brains communicate with each other and how they can change as a 

function of experience. The brain is the most intricate living structure in the universe. 
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However, many questions about this wonderful organ still remain unanswered. In 

order to understand the functions of this powerful organ, neuroscientists have tried to 

unravel the interconnections of the nerve cells that are organized into various systems 

and subsystems. One of the challenges that many neuroscientists and researches have 

faced is to describe the structures of the nervous system that play an important role in 

our brain functions and activities. The basic unit of the nervous system is the nerve 

cell (more commonly known as neuron). Of the bill ions of neurons in humans, almost 

more than half are in the brain (Carlson, \995). 

The nervous system extends to and controls all parts of our body. The nervous 

system is responsible for sensing and reacting to the world around us, coordinating 

the vital functions of all the other organs, such as eating, drinking, breathing, moving, 

and reproducing. It also plays an important role in storing, organizing, and retrieving 

past experiences that we have experienced (Bloom, Nelson & Lazerson, 200 1). 

The nervous system has two divisions: the central nervous system (CNS) and 

peripheral nervous system (PNS). The CNS, consisting of the brain and spinal cord, 

receives impulses from receptors in the skin and organs through the sensory nerve 

fibers (afferent) and returns impulses through the motor fibers (e ITerent) to temlinals 

in muscles and glands. Peripheral nerves mediate and interconnect these pathways. 

The PNS consist of cranial nerves which control the face and neck, spinal nerves that 

spread out to other parts of the body, and autonomic nerves which foml a subsidiary 

system regulating the iris of the eye and muscles of heart, glands, lungs, stomach, and 
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other organs. In other words, the nerves that connect the eNS to the rest of the body 

are called the peripheral nervous system. 

The autonomic nervous system, on the other hand, contains the sympathetic 

nervous system, which functions in response to short-tenll stress which mobilizes the 

body's resources and energy such as increasing the heart rate, and the 

parasympathetic nervous system. which acts in opposition to the sympathetic nervous 

system that generally works to conserve bodi ly energy and resources such as 

lowering the hean rate. The autonomic nervous system controls our life support 

systems that we are nO[ conscious of, like breathing, digesting food, blood ci rculation, 

and other functions. 

The nervous system can be studied from three different angles (ideas) or more 

precisely "levels". These levels are broken down as follows: level of analysis, level of 

organization and level of processing. Level of analysis is conceptual and theoretical 

which refer to questions asked about how the brain perfomls its various tasks. It also 

questions how the brain divides its tasks into subtasks and the steps that are involved 

in accomplishing the subtasks. For example, when your brain is figuring out how yo u 

should select a suitable book for a certain subject, the brain would divide thi s task 

into subtasks such as reading the synopsis of the book on the back cover of the book, 

check out the relevancy of its contents and check out the price of the book. Levels of 

analysis also investigate and categorize which physical structures in the brain carry 

011t the steps in the brain when an action or task is carried out (Churchland & 

Sejnowski, 1992, p.18). 
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Level of organization, on the other hand, involves the anatomy of the brain, 

the hierarchy of the brain components and the physical structures containing these 

components. The nervous system is an organized structure at different scales which 

consist of molecules, synapses, neurons, networks. layers, maps and systems. In 

addition to that, there are physiological levels also involved that includes ion 

movement, excitatory and inhibitory postsynaptic potentials, action potentials and 

other processes. 

Level of processing refers to the physiological part of the brain that involves 

the processes that occur in the brain (Churchland & Sejnowski, 1992, pp.18, 24-26). 

These levels investigate the various processes that takes place in the brain and which 

parts of the brain that are involved for each process. For example. when a person 

speaking or doing a comprehension, which part of the brain is activated and is 

involved during these processes. 

According to Figure 2.1, there are many levels in the organization of the 

nervous system which involves from the very tiny organ (neuron) until the largest 

composition of its processes that produces behaviors. All these structural 

organizations only further imply that there are many levels of implementation and 

each of these have their own task description (Churchland & Sejnowski, 1992, p.20). 

In simple words. each of the components and structures in the brain has their own 

specific roles and tasks to play. In this study of the brain, the nervous system and its 

functions, the levels of organization are what we would pay most attention to in order 

to investigate the e1Tects of LSD towards cognition. In order to investigate what LSD 
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does to the brain, it is most essentia l that we know how the brain is broken down into 

specific levels of organjzation. Figure 2.2 illustrates the levels of organization of the 

brain and nervous system. 

Figure 2.1 The levels of organization in the nervous system, as characterized by 

Gordon Shepherd (1988a). (From P. S. Churchland and T. J. Sejnowski, The 


Computational Brain. MA : MIT Press, 1992, p.20, Figure 2.1) 
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