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ABSTRACT

Experiments were performed in adult New Zealand albino rabbits in 
order to investigate quantitative electroencephalographic (BEG) and 
behavioral effects of the hallucinogenic drug, psilocybin. Animals were 
given intravenous saline or psilocybin, 1 mg/kg and 3 mg/kg, in a cross
over design. At least 72 hours separated each treatment. Significant 
changes were observed in both the amplitude and frequency of the EEG 
during psilocybin treatments relative to saline control. Psilocybin 
caused a decrease in cortical voltage output (CVO), decreases in alpha 
and theta energies, and increases in delta and beta energies. Concur
rently, changes in standing posture revealed a biphasic dose-response 
effect. One mg/kg of psilocybin significantly increased standing dura
tion while 3 mg/kg psilocybin significantly decreased standing duration 
relative to saline control. Grooming, rearing, and locomotion behaviors 
were decreased by both doses. In the rabbit, EEG effects of psilocybin 
closely parallel effects of psilocybin reported in humans. Such findings 
suggest that the New Zealand albino rabbit may be a suitable model for 
the study of the pharmacology and toxicology of psilocybin.
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CHAPTER 1

INTRODUCTION AND REVIEW OF LITERATURE

Background and History of Psilocybin Usage 
There exist many substances which will, if taken in appropriate 

quantities by normal subjects, produce distortions of perception and 
vivid images or hallucinations. Although most of these substances pro
duce powerful peripheral as well as central nervous system (CNS) effects 
the predominant effects are upon mental functions. This group of sub
stances, of which psilocybin is one, has been called the hallucinogens. 
However, several other terms are used to described these drugs, i.e., 
psychotomimetics, psycholytics, psychotogens, and psychedelics. Psycho
tomimetic, which means mimicking psychosis, describes the capacity of a 
substance to induce a psychotic-like state which resembles that which 
occurs in some major psychiatric disorders such as schizophrenia. While 
none of these terms is entirely adequate, they are, nevertheless, widely 
used and understood terms in the literature of psilocybin and related 
drugs.

Psilocybin is a natural constituent of the mushroom Psilocybe 
mexicana. The pharmacological effects of this mushroom were first 
recorded by the American banker and ethnologist, R. G. Wasson, who 
observed certain Mexican Indian tribes using hallucinogenic fungi in noc 
turnal religious rites (Wasson and Wasson, 1957). The French mycologist 
R. Heim later identified the fungi botanically (Heim and Hoffman, 1958) .
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Shortly thereafter, the active components of Psilocybe mexicana 

were isolated by Hoffman (1958) and given the names psilocin and 
psilocybin, the latter compound being the phosphate ester of the former. 
The pharmacological effects of these compounds are identical, even 
though scientific research has most commonly involved psilocybin in 
preference to psilocin.

Chemistry of Psilocybin
Psilocybin is unique in that it represents the only phosphate 

ester of an indole alkaloid thus far found to occur naturally. The 
chemical formula for psilocybin is 4-phosphoryloxy N,N-dime thy1tryptamine 
and the compound has a molecular weight of 284.27. Hydrolysis of the 
phosphate group yields psilocin, while relocation of the hydroxyl group 
from the number four carbon to the number five carbon yields bufotenin, 
another naturally occurring psychotomimetic drug.

Demethylization of the tertiary amine of bufotenin yields 
serotonin (5-hydroxytryptamine), a putative neurotransmitter in the 
mammalian CNS. The chemical similarity of psilocybin and serotonin is 
basic to the hypothesis that psilocybin exerts its effects through dis
ruption of normal neurotransmitter activity within the CNS. The chemical 
structures of psilocybin, psilocin, serotonin, and bufotenin are shown in 
Figure 1.

Absorption, Distribution, Metabolism, 
and Excretion of Psilocybin

14It has been shown in rats that 50% of psilocybin-C was absorbed 
after oral (10 mg/kg) administration (Kalberer, Kreis, and Rutschmann,
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1962). The isotope was evenly distributed throughout most tissues, 
including the brain. Within 24 hours about 65% of the absorbed radio
activity was excreted in the urine (Table 1) and 15 to 20% was excreted 
in the bile and feces. Most of the radioactive material was excreted in 
8 hours but small amounts continued to appear in the urine up to 7 days 
after oral administration of the drug.

Also, in the same study (Kalberer et al., 1962), the administra
tion of psilocybin to rats resulted in an accumulation of psilocin (the 
principal psychoactive metabolite) in the kidney, liver, and brain. In 
these organs the highest concentrations were reached in 20 to 30 minutes. 
The peak concentrations in the liver and kidney preceded that in the 
brain by about 10 minutes.

Hopf and Eckert (1969) studied, in detail, the distribution of 
psilocin in the rat brain and showed that the highest concentrations were 
found in the neocortex, hippocampus, extrapyramidal motor system, and 
reticular formation. These authors suggested that the high uptake of 
psilocin in the neocortex and the hippocampus may explain some behavioral 
effects of the drug. Presently, however, there is a paucity of data on 
the pharmacodynamics of psilocybin and psilocin in man and other animals.

Physiological and Biochemical Effects of Psilocybin
The most pronounced effects caused by psilocybin are subjective, 

although the most consistent clinical indicators of psilocybin intoxica
tion in man are increased blood pressure, slight hyperthermia, and 
increased skeletal muscle reflexes (Isbell, 1959; Wolback, Miner, and 
Isbell, 1962).



Table 1. Metabolic Fate of Psilocybin-2, -^C and 
l^C-N-Methyl Psilocybin in the Rat.

Percent
Urinary Metabolite Isolated Recovery

4 hydroxyindoleacetic acid 4
Unchanged psilocybin 25
Unknown metabolites (believed to

be highly hydrophilic substances) 70



A detailed cardiovascular study of psilocybin in the dog was per 
formed by Maxwell, Kneebone, and Elliot (1962). Results of this study 
showed significant increases in respiratory rate, total peripheral 
resistance, pulmonary arterial pressure, and heart rate, with decreases 
in carbon dioxide production and cardiac Stroke volume.

The effects of psilocybin on body temperature were studied in 
rats by Ladgefoged (1973). In this study, rats were pretreated with 
para-chlorophenylalanine (p-CPA), which depletes intracellular serotonin 
levels. After pretreatment.with p-CPA, an experimental hyperthermia was 
induced in the rats by means of yeast injections. One group of rats was 
given psilocybin (10 mg/kg, intraperitoneally or i.p.) in addition to 
p-CPA and yeast injection. In this group, the expected hyperthermia was
not observed; instead, a slight hypothermia was seen. This result was

■ ) ' . interpreted to mean that psilocybin exerted its effects through a
serotonergic mechanism of action.

Effects of psilocybin on blood chemistry have been reported for 
man and the rabbit. In man, Hollister et al. (1960) recorded a decrease 
in circulating eosinophils and Mitteilungen (1963) reported sporadic 
increases in circulating free fatty acids. Blood sugar analysis in the 
rabbit exhibited prolonged elevations during periods of psilocybin 
administration (Steiner and Sulman, 1962).

Although most of these effects (i.e., hyperthermia, hypertension 
hyperreflexia, hyperglycemia, and mydriasis) suggest the involvement of 
the sympathetic nervous system, it is not certain as to whether 
psilocybin exerts its effects via this system.



There is evidence to support the hypothesis that psilocybin acts 
to antagonize the activity of the putative neurotransmitter, serotonin, 
in the CNS (Brodie and Shore, 1957). Serotonin was shown to partially 
reverse the hypertensive effects of psilocybin in rats (Gessner et al., 
1960), while psilocybin has also been shown to antagonize the contractile 
activity of serotonin in the guinea pig uterus (Weidmann, Taeschler, and 
Konzett, 1958).

Psilocybin readily passes the blood brain barrier in the rat and 
the distribution is high in the area of the reticular formation (Hopf and 
Eckert, 1969), also shown to contain scattered neurons rich in serotonin 
(Fuxe, Hokfelt, and Ungerstedt, 1968). Additionally, Brodie, Steiner, 
and Himwich (1963) suggested the possible locus of psilocybin induced 
electroencephalographic (EEC) activity is caudal to the midbrain, e.g., 
conceivably in the area of the reticular formation.

Perhaps the most convincing evidence relating psilocybin to dis
ruption of serotonin activity is presented by Aghajanian and Haigler 
(1976). Utilizing microiontophoretic techniques, Aghajanian and Haigler 
(1976) found psilocybin to be a potent inhibitor of central serotonergic 
(raphe) fibers in the rat. This result supports the hypothesis that low 
doses of psilocybin act preferentially upon presynaptic serotonin recep
tors to inhibit raphe neuronal transmission, thus releasing postsynaptic 
neurons from a tonic inhibitory serotonergic influence.

It is also interesting to note that persons suffering from essen
tial headache are unusually sensitive to the psychotomimetic effects of 
psilocybin (Verlag and Basil, 1968). This may be significant since



essential headache is hypothetically related to a deficiency in brain 
serotonin.

Toxicity of Psilocybin 
The median lethal dose (LD50) of intravenously (i.v.) admin

istered psilocybin has been determined in mice, rats, and rabbits to be 
285 mg/kg, 280 mg/kg, and 12.5 mg/kg, respectively (Usdin and Efron,
1972). However, no description regarding the mode of death in these 
animals was reported.

Additional information on the toxicity of psilocybin is presented 
by Gessner et al. (I960).- Immediately following i.v. injection of 
psilocybin (100 mg/kg) to 5 virgin female Spraque Dawley rats, the ani
mals exhibited abnormal behavior characterized by decreased spontaneous 
motor activity and exaggerated evasive responses. After 24 hours, the 
rats appeared to have recovered; however, one died 10 days later, dis
playing a peculiar posture characterized by thoracolumbar and cervical 
hyperflexion.

There is a clear lack of other psilocybin toxicity studies in 
laboratory animals.

Subjective Effects of Psilocybin '
Although psilocybin induced subjective changes are numerous and, 

varied, perhaps the most common of these changes is a form of sensory 
perturbation. As stated previously, such distortions of the senses, 
e.g., hallucinations and synesthesia or parasthesia, are predominant 
effects of psilocybin intoxication in man.



It is intriguing, yet probably beyond the scope of empirical 
investigation, that subjective mystical experiences are often associated 
with the use of psilocybin. Indeed, mystical revelations were the 
initial objectives for psilocybin usage in man. While the possible rela
tionships of psilocybin induced sensory distortions to that of drug 
evoked mystical experiences is unknown, the occurrence of such subjective 
distortions can be readily identified and described. A comprehensive 
list of such psychophysiological effects elicited by orally administered 
psilocybin (.115 to .160 mg/kg) has been prepared by Hollister (1961) and 
is shown in Table 2.

Psilocybin Tolerance
While only a limited amount of information exists, data from two 

studies suggest that tolerance to effects of psilocybin does indeed 
occur. Appel and Freedman (1965) studied the effects of single and 
repeated psilocybin treatments on the ability of rats to bar press for 
milk reinforcement. Psilocybin (3 mg/kg, i.p.) diminished bar pressing 
responses; tolerance to this effect developed after 7 daily psilocybin 
administrations.

In man, Hollister (1961) studied the effects of daily oral 
administration of psilocybin over a 22-day period. Initially, psilocybin 
(1.5 mg) produced typical effects, e.g., mydriasis, slight hypertension, 
sense distortions, etc. However, these effects diminished over time such 
that by the 22nd day only a slight "dreaminess'1 and dizziness were 
reported from 27 mg of the drug. Several weeks later, tolerance to the 
effects of psilocybin appeared lost since an' acute dose (1.5 mg) of the



Table 2. Typical Subjective Effects of Orally Administered 
Psilocybin in Humans.

First 30 minutes

30 to 60 minutes

60 to 90 minutes

Dizzy, light-headed, or giddy 
Anxiety, tension, restlessness 
Numbness of the tongue, lips, or mouth 
Heaviness or lightness of extremities
Blurred vision, brighter colors, longer 

after images, sharp definition of 
objects, visual patterns with eyes 
closed

Increased acuity of hearing
Feelings of unreality, depersonalization
Parasthesia, synesthesia, deja vu
Increased visual effects (colored pat

terns and shapes, generally pleasing, 
sometimes frightening)

Undulation of viewed surfaces 
Distance perception inpaired 
Euphoria, general stimulation 
Slowed passage of time

180. to 240 minutes Return to normal state often with 
peaceful contemplative mood
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drug invoked the typical subjective effects as were reported at the onset 
of the study. Throughout the study, no changes were observed in a 
variety of laboratory tests, i.e., eosinophil counts, hemoglobin, blood 
urea nitrogen, creatnine, glucose, serum proteins, cholinesterase 
activity, serum glutamic oxalic transaminase, and cholesterol levels.

Animal Electroencephalography
Ever since .Berger (1932) observed the effects of barbiturates on 

human alpha rhythm of the EEC, numerous studies have attempted to 
describe and interpret the effects of drugs on the electrical activity of 
the brain. In 1935, BEG recordings were first attempted in the cat 
(Bremer, 1935). This experiment pioneered the technique referred to as 
the "encephale isole." In the encephale isole preparation the spinal 
cord is transected at the level of the first cervical vertabrae, 
resulting in a functional isolation of the brain from the spinal cord and 
periphery. This procedure allowed EEC recordings to be measured in the 
absence of most peripheral sensory input. Similarly, EEC recordings were 
first obtained in the rabbit encephale isole preparation by Von Berger 
and Longb (1953).

Additionally, the relationship of EEC to animal behavior has been 
studied in detail by Rinaldi and Himwich (1955). These authors described 
three characteristic, behavioral states associated with normal electrical 
activity in free-moving rabbits. The three states, i.e., alert, resting, 
and sleep, were differentiated according to frequency and voltage of the 
cortical EEG pattern. The alert pattern, also referred to as the fast, 
desynchronous, activated or arousal pattern, was characterized by high



frequency (10 to 20 Hz or cycles per second) and low voltage (25 to 50 
microvolts or uv) EEC activity. Behaviorally, the animal appeared alert 
and active. During the resting state, the EEC pattern decreased in fre
quency (10 to 4 Hz) and increased in voltage (75 to 150 uv) from the 
alert EEC pattern. The animal appeared quiet yet responsive to its 
environment. The sleep state was characterized by the lowest frequency 
(0.5 to 3 Hz) and the highest voltage (150 to 300 uv) of any of the 
aforementioned wave patterns. The sleeping state was also identified by 
the onset of EEC sleep "spindles" which are sporadic bursts (5 to 10 
seconds) of relatively high voltage (100 to 200 uv) waves with a fre
quency range of 6-12 Hz. During this state, the animals were unrespon
sive to their environment and their eyes were closed.

Under various circumstances, such as the administration of some 
drugs, the EEC and behavior do not correlate as described above. For 
example, the administration of atropine produces a state of behavioral- 
EEC disassociation characterized by behavioral excitement and corre
sponding BEG sleep patterns (Bradley and Slices, 1957).

In contrast to qualitative assessment of the EEC (as described 
above), various quantitative measures of EEG analysis have been 
developed. Quantitative measures such as cumulative voltage integration 
and frequency analyses are examples of such sophisticated techniques. 
These two quantitative measures are based upon two basic characteristics 
of the EEG wave pattern, i.e., frequency and amplitude. The cumulative 
voltage integrator electronically sums the area under successive EEG 
waves, both positive and negative, while the frequency analyzer separates
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the EEC into distinct predetermined frequency bands and integrates the 
area of the EEG waves within each band. The EEG bands most commonly 
studied in frequency analysis are: delta (0.5-4 Hz), theta (4-8 Hz),
alpha (8-13 Hz), and beta (13-60 Hz). A comprehensive review of informa
tion derived from EEG amplitude integration has been published by 
Goldstein and Beck (1965). Likewise, reviews of frequency analysis of 
the EEG with regard to normal, psychopathological, and drugged states are
given by Fink (1964) and Silverman, Masland, and Rodin (1968).\

Electroencephalographic and Behavioral 
Effects Induced by Psilocybin

Although a great deal of literature is available concerning the 
EEG and behavioral effects of hallucinogens such as lysergic acid 
diethylamide (LSD), little data are available describing such effects of 
psilocybin. . Experiments, utilizing the EEG to study the effects of 
psilocybin have been performed in man (Delay, Pichon, and Lemperiere,
1959; Thatcher, Wiedholt, and Fisher, 1971), in the baboon (Meldrum and 
Haguet, 1971), in the cat (Adey, Bell, and Dennis, 1962), and in the 
rabbit (Steiner and Sulman, 1962; Longo, 1972).

Thatcher et al. (1971), using the cumulative voltage integrator, 
demonstrated a significant decrease in mean energy content or cortical 
voltage output (CVO) of the human EEG with psilocybin (160 ug/kg, 
orally). Also in man, oral psilocybin (60-400 ug/kg) was found to 
decrease mean alpha content of the EEG (Delay et al., 1959). In the 
epileptic baboon (Papio papio), Meldrum and Naguet (1971) observed 
decreases in the occurrence of both alpha and theta waves with psilocybin
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(0.2 mg/kg, i.v.). Corresponding to these decreases, a generalized 
reduction in motor activity and reduced frequency of strobe light induced 
epileptic episodes were also noted. In the cat, normal BEG activity 
recorded from the amygdala and right visual cortex was altered by 
psilocybin administration (Adey et al., 1962). Administration of 
psilocybin (2,5 mg/kg, i.p.) produced a synchronization of activity from 
these brain areas. In addition to these BEG changes, the cats exhibited 
abnormal behavior characterized by "kangaroo" posture, tail extension, 
head shaking, and sprawling with their claws extended.

In the rabbit, Steiner and Sulman (1962) reported desynchronous 
EEG activity arising from frontal, parietal, and occipital cortical areas 
concurrent with a significant decrease in spontaneous motor activity 
following psilocybin administration (3.5 mg/kg, i.v.). Longo (1972) 
reported a biphasic dose-response effect of i.v. psilocybin administra
tion where 1 mg/kg evoked desynchronous (fast) cortical activity, while 
3 mg/kg produced a synchronous or slow EEG pattern.

In other studies employing behavioral designs without BEG 
analysis, Appel and Freedman (1965) demonstrated psilocybin (3 mg/kg, 
i.p.) to be a potent inhibitor of bar pressing in mice. In a food 
competition design using rats, Uyeno (1967) reported a direct relation
ship between psilocybin dosage and dominance inhibition within the 
dosage range of 0.05 and 0.25 mg/kg (i.v.) of the drug.



CHAPTER 2

STATEMENT OF THE PROBLEM

There exist certain psychoactive, substances which effectively 
disrupt normal EEC activity and evoke abnormal behavior at dosage ranges 
far below those that cause lethality. Since conventional toxicological 
methods (e.g., clinical, chemical, or gross pathological profiles) have 
generally proven to be inefficient measures of this form of toxicity, it 
has been necessary to develop alternate methods of studying these effects. 
One such method, electroencephalography, can detect alterations produced 
by low doses of psychoactive drugs, and coupled with corresponding 
behavioral measures, this technique would appear sensitive to assess the 
toxicity of drugs. Until fairly recently, however, the science of 
electroencephalography was limited to qualitative analysis of CNS bio
electric activity. This limitation prevented detailed comparisons 
between various types of behavioral toxins and their potential 
antagonists.

With the development of sophisticated EEC quantification tech
niques (e.g., voltage amplitude integration and frequency analysis), it 
has become possible to study effects of CNS drugs in greater detail and 
under a wider range of doses. It is the objective of the present research 
to explore the effects of the psychoactive toxin psilocybin on the 
electroencephalograms of New Zealand albino rabbits through the use of 
quantitative EEC techniques of frequency analysis and cumulative voltage

15



(amplitude) integration. Additionally, a quantitative scheme of 
behavioral analysis is employed to measure behavioral changes produced by 
psilocybin.



CHAPTER 3

MATERIALS AND METHODS .

Animals
Six adult New Zealand albino babbits weighing between 2.5 arid 3.9 

kg were housed individually in a room maintained at a constant tempera
ture (25 ± 2°C) and under controlled lighting conditions (12 hours light 
and dark cycle). Animals were allowed access to food and water ad 
libitum, except during testing.

Psilocybin Substance 
The psilocybin substance was obtained from the National Institute 

on Drug Abuse of the Alcohol, Drug Abuse and Mental Health Administration 
(Rockville, Maryland). Because the solubility of psilocybin (50 mg/ml) 
was reported only in boiling water (Stecher, Windholz, and Leary, 1968), 
it was necessary to determine the. solubility of the substance in water at 
room temperature. In order to obtain this information, 50 mg of 
psilocybin was dissolved in a 10 ml volumetric flask and the contents of 
the flask were heated on a hot plate until traces of the solute had 
vanished. Immediately upon dissolution, 1 ml of the flask's contents was 
placed into the Beckman Model 24 Spectrophotometer and peak readings were 
taken at 300 millimicrons. Again after allowing the material to return 
to room temperature identical readings were taken. Since the^areas of 
the two curves (absorbance x concentration) at 300 millimicrons differed

17
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by only 1%, the compound was soluble in water to the extent of 5 mg/ml at 
room temperature (20-22°C).

Through the course of the present study, the drug was prepared in 
10 ml batches and refrigerated at 8°C. Since precipitation invariably 
occurred at this temperature, it was necessary to redissolve the suspen
sion by heating on a hot plate prior to each injection. No modifiers or 
preservatives were used in the psilocybin solution.

Electrodes
Cortical and subcortical electrodes were employed to measure EEC 

activity in this study. Cortical electrodes were constructed by soldering 
a stainless steel Teflon-coated wire (7 mm x 0,3 mm in diameter; part 
#316 ssot, Medwire Corporation, Mount Vernon, New York) to the head of a 
1/8 inch stainless steel screw. The free end of the wire was soldered to 
an amphenol reliatac contact (part #220-po2, Amphenol Industries,
Chicago, Illinois). For making bipolar subcortical electrodes a conven
ient length of Teflon-coated stainless steel wire (described above) was 
doubled over and the two ends were held in a vise. A pencil was inserted 
into the loop formed by the wire and rotated to twist the two strands of 
wire onto each other to form a helix. The twisted wires were then cut 
into 15 to 18 mm lengths to form, pairs of electrodes. The wires at one 
end of the electrode assembly were spread and separated 1 mm apart to 
form the terminals of the bipolar electrode. The other end of the elec
trode assembly was untwisted approximately 1/3 to 1/2 of the total length 
of the helix and the bared tips of the wires were each soldered to an 
amphenol reliatac contact (described above).
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Instrumentation and Test Apparatus 

Electroencephalograms were recorded by means of a Grass Model 7B 
polygraph utilizing Model 7P5B wide band AC EEC amplifiers and an ink 
readout via Model 7DAE driver amplifiers (Grass Instruments, Quincy, 
Massachusetts). The paper speed of the recorder was set at 15 mm per 
second. Quantitation of the BEG was obtained by means of a Grass inte
grator system (Model 7P10B) which employed a full wave rectification 
circuit. In addition to cumulative voltage (amplitude) integration, an 
EEC frequency analysis system was employed (Med Associates, Inc., 
Fairfield, Vermont). The system was so designed that primary, amplitude- 
integrated and frequency-analyzed tracings were displayed simultaneously.

A manually operated system of resetable digital counters was used 
in recording behaviors. With the aid of this system, both duration and 
frequency of various behaviors were quantified.

The test chamber consisted of a sound-resistant box measuring 82 
cm square x 70 cm high. The interior was painted white and the floor was 
covered with a slip-resistant material. A one-way viewing window per
mitted continuous observation of the animal *s behavior.

Surgical Procedure 
The rabbits were pretreated with chlorpromazine hydrochloride 

(30 mg/kg, intramuscular or i.m.) after which (approximately 20 minutes) 
they were anesthetized with pentobarbital sodium (10 mg/kg, i.v.). The 
head of each rabbit was then positioned in a stereotaxic apparatus (David 
Kopf Instruments, Tujunga, California; Model #1503 with rabbit adaptor. 
Model #1240). Since pentobarbital sodium has no analgesic properties, a
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local anesthetic was also used. Therefore, procaine hydrochloride (1%)
was injected subcutaneously along the site of incision prior to surgery.
The saggital incision (approximately 3 cm in length) was then made to
expose the skull. This opening was periodically bathed with a solution
of zephiran chloride in an effort to maintain, as closely as possible,
aseptic conditions. Four small burr holes were carefully made in the
cranium with a dental drill. Cortical electrodes were inserted into the
burr holes to rest directly upon the intact dura. These electrodes were
positioned as follows according to the stereotaxic atlas of Sawyer,
Everett, and Green (1954): The motor cortical areas were 2 mm anterior
to the coronal (transverse) suture and 2 mm lateral to the saggital
(longitudinal) suture; the parietal cortical placement was located 4 mm
posterior to the coronal suture and 2.5 mm lateral to the saggital
suture; the location for the bipolar recording electrode, placed in the
dorsal hippocampus, was 4 mm posterior to the coronal suture, 5 mm
lateral to the saggital suture, and 6.5 mm vertical from the surface of
the skull. Electrodes were then mounted through an Amphenol connecting
plug (part #223-1509; Amphenol Industries, Chicago, Illinois) and
cemented into place with dental cement. The dental cement was prepared
immediately prior to use by mixing dental acrylic polymer (Hygenic
Dental Co., Akron, Ohio) with a methyl methacrylate solvent (Caulk Repair
Liquid; The L. D. Caulk Co., Melford, Delaware).

Injection of psilocybin during test procedures was achieved via 
an indwelling tygon cannula. The tygon tubing was surgically inserted 
into the left external jugular vein until it came to rest at the
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intersection of the internal and external jugular veins (approximately 5 
inches). The facia and dermis were loosened from the area of the wound 
and the remaining portion of the cannula was passed under the mastoid 
muscle until it protruded from the cranial incision. The cannula was 
then joined to the Amphenol connector (described above) and the sur
rounding skin was sutured to close the incision. Since the connecting 
syringe was located external to the test chamber, this arrangement per
mitted remote administration of drugs through the tubing and minimized 
experimenter produced disturbances of the rabbits during testing.

Electroencephalographic Analysis
Two types of EEC analysis were employed in this study, i.e., 

amplitude integration and frequency analysis. A bipolar, right motor- 
left parietal lead was routinely employed in the recording of data for 
both methods of EEC analysis. The amplitude integration method is 
advantageous in that the integrator is an averaging device, the output of 
which is a function of the area of ongoing EEC activity. As an averaging 
device, values above and below mean values cancel out each other for any 
given period of recording. This method provides true cumulative integra
tion of the EEG input signal, i.e., such cumulative integration has an 
"infinite memory" yet responds instantly to changes in input activity. 
This yields a running record of "total accumulated area" under the EEG 
graph of input voltage plotted against time.

It has been shown in rabbits and in man that the average inte
grator output for any 100-second interval will be nearly the same for 
extended periods, e.g., several hours, under the same physiological
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conditions. Thus, even though the EEG pattern will fluctuate continu
ously throughout several hours of recording from a rabbit at "rest," the 
mean integrator output for any given 100 seconds of recording will be 
similar to the 100 second mean obtained from two hours of integration 
(Goldstein and Beck, 1965).

The integrator output of EEG waves results in a series of output 
deflections of the ink write out, called resets. Representative EEG 
tracings from cortical electrodes and corresponding integrator output are 
illustrated in Figure 2.

During the duration of this experiment, integrator resets were 
summed and averaged over 4-minute time segments during each treatment 
period. Since the integrator sensitivity was set such that each reset 
represented an accumulation of 70 microvolt/second, this resulted in an 
approximate range of 80-120 resets for any given 4-minute interval. 
Because all tracings were originally examined qualitatively before 
quantitative reduction, gross artifacts in the record were deleted from 
subsequent calculations. To compensate for such deletions, all data were 
adjusted mathematically to represent the same recording interval, i.e., 
the average number of resets for each interval minus artifacts was 
extrapolated to a 4-minute (240-second) time interval. Mean reset fre
quencies were then compared for each treatment condition.

In addition to amplitude integration, a frequency (spectral) 
method of EEG analysis waS employed in the present study. Frequency 
analysis is based upon a mathematical concept of voltage-time relation
ships that are described as the sum of various trigonometric (sine and
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Figure 2. Electroencephalographic (EEG) Tracings and Corresponding 
Cortical Voltage Output (CVO) Display
Tracing A is a control tracing recorded from the right motor- 
left parietal electrode system. Tracing B illustrates (in 
solid black) the area of the trace which is electronically 
'’summed" above and below a designated midline by the cumula
tive voltage integrator. Tracing C shows a series of integra
tor resets which are proportional to the total integrated area 
of the above EEG tracings.
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cosine) functions; for a comprehensive discussion consult Bures, Pet ran, 
and Zachar (1967). This method is a very convenient way to analyze 
compounded wave forms such as those in the EEC. Frequency analysis 
allows one to look at a given compounded wave and calculate the setting 
on a series of sine wave generators that would permit a duplication of 
the wave form.

In the present study, frequency content of the BEG was determined 
by a series of electronic band pass filters that separate the frequency 
components of the compounded BEG waves into distinct predetermined bands. 
Electronic filters are basically designed to accept desired signals and 
reject undesired signals. Band pass filters are used to accept a certain 
range of frequencies, while filtering out all frequencies on the low and 
high range of the band. The EEG bands utilized in the present study were 
0.5-4 Hz (delta), 4-8 Hz (theta), 8-13 Hz (alpha), and 13-60 Hz (beta).
The results of such filtration were displayed on the readout tracing as a 
series of bar histograms (Figure 3).

Behavioral Analysis 
Concurrent with EEG recording, various behaviors were monitored 

during each test period. The following posture and activity behaviors 
were recorded with respect to duration of each episode and frequency 
occurrence:

1. Standing: weight of the animal is centered on the tarsals and 
front legs extended vertically, or the animal is up on all four 
legs.
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Figure 3. Electroencephalographic (EEG) Tracings and Corresponding Band 
Pass Filter Display.
Tracing A is a control trace recorded from the right motor- 
left parietal electrode system. Tracing B is a readout series 
of bar histograms depicting proportionalities of designated 
frequency bands present in the EEG trace displayed above.
Each histogram is proportional to the relative occurrence 
(abundance) of the following bands: (1) sum of all bands + 2,
(2) delta, (3) theta, (4) alpha, and (5) beta energies.
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2. Sitting: weight of the animal is distributed along the ventral

body surface, head is up and front legs are folded under the 
body, or legs are parallel and .rostrally extended.

3. . Sprawl: weight of the animal is distributed ventrally with two
or more legs extended laterally (splayed) and the head is 
touching the floor of the chamber.

4. Grooming: animal is licking front paws or coat.
5. Chewing: motion of the mandible and maxilla evident through

movement of the massater muscle.
6. Rearing: animal assumes a vertical posture with anterior limbs

completely off the floor.
7. Locomotion: the animal moves a distance equal, to no less than

one-half its total body length.
8. Environmental exploration: object sniffing or general sniffing

of the chamber with extended head and movement of the vibrassae.
9. Pathological behavior: any form of bizarre posture or activity 

(e.g., stereotypic repetition or off-balance stance).

Experimental Design 
After ail six rabbits had been thoroughly adapted to the test 

chamber, as recommended by Consroe, Jones, and Chin (1975), the rabbits 
were observed in each treatment condition for twelve 4-minute samplings 
spanning 60 minutes, i.e., 0-4, 5-9, 10-14, 15-19, 20-24, 25-29, 30-34,
35-39, 40-44, 45-49, 50-54, and 55-59 minutes. During the first 19
minutes of each treatment sequence, the animals were allowed to readapt 
(i.e., no saline ox drug was administered) to the test chamber.
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Following this readaption period, either saline, psilocybin (1 mg/kg), or 
psilocybin (3 mg/kg) was injected .(at 20 minutes) and corresponding EEG 
and behavior were monitored for the following 40 minutes. All rabbits 
were allowed at least 72 hours before being resubjected to the test 
chamber, i.e., between each treatment, condition.

Data Analyses
For each dependent variable (behaviors and EEG), the results from 

each treatment (i.e., saline, psilocybin 1 mg/kg and psilocybin 3 mg/kg) 
were evaluated by analysis of variance for a repeated measures experiment 
(Winer, 1971). Factors and levels were: treatment conditions (3), time
samples (8), and subjects (6). Subsequent comparisons between means were 
made using the Duncan new multiple range test (Winer, 1971).



CHAPTER 4

RESULTS

Figure 4 presents changes observed in integrated cortical EEC 
activity (CVO), Substantial decreases occurred in CVO during drug treat
ment periods as compared to saline control. Compared to the saline con
trol condition, mean integrator resets of both 1 mg/kg and 3 mg/kg 
psilocybin treatments differed" significantly (p < .05). However, a 
dose-related effect was not observed; i.e., the number of mean integrator 
resets of both 1 mg/kg and 3 mg/kg psilocybin treatments were identical.

Results from the frequency analysis of the cortical EEC are 
displayed in Table 3. During the 1 mg/kg psilocybin treatment, there was 
a significant decrease (p < .05) in the occurrence of theta and alpha 
frequencies and a significant increase (p < .05) in percent beta rhythm 
relative to saline control. This lower dose of psilocybin also increased 
the percent of delta activity but this change failed to reach statistical 
significance (p > .05) . During the 3 mg/kg psilocybin treatment Condi- . 
tion, there was a significant increase (p < .05) in the percent of delta 
activity and a significant decrease (p < .05) in both theta and alpha 
frequencies relative to control. Additionally, as with the 1 mg/kg dose, 
the larger dose of psilocybin produced an elevation of beta activity 
although the increased percentage did not significantly differ statisti
cally from control (p > .05). Moreover, there were no dose-related

28
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Figure 4

CORTICAL VOLTAGE OUTPUT
100

80

CO
Uia:<r01ui
H■sI

60

20

ui3u<CO

I
v  <5

3:
22

sCD
i |co 2  a.

Effects of Saline, Psilocybin 1 mg/kg and Psilocybin 3 mg/kg 
on the Cortical E1ectroencephalographic (EEC) Voltage 
Output (CVO).
Each bar represents the mean frequency of integrator resets 
(± standard error) for eight 4-minute time samples, i.e., 
20-24 through 55-59 minutes, in six rabbits.
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Table 3. Spectral Analysis of the Cortical Electroencephalogram 
(EEC) during Saline or Psilocybin Administration in the 
Rabbit.a

EEC
Frequency

Treatment
Saline Psilocybin 1 mg/kg Psilocybin 3 mg/kg

Delta 27.8 28.3 30. 3*
Theta 24.5 21.3* 21. 2*
Alpha 16.1 14.5* 13.9*
Beta 31.6 35.9*. . ' , 34.7

^Numbers are mean percents of each frequency band activity recorded 
from eight 4-minute time samples, i.e., 20-24 through 55-59 minutes, 
in six rabbits. An asterisk denotes a significant difference 
(p < .05) from saline control.
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effects on any of the frequencies studied, i.e., the effects of 1 mg/kg 
and 3 mg/kg psilocybin treatments were not significantly different 
(p > .05).

Electroencephalographic recordings from the bipolar electrode 
positioned within the hippocampus were examined qualitatively; the normal 
hippocampal theta rhythm (regular 4-8 Hz sinusoidal waves) was inter
rupted by sporadic bursts of fast frequency-low voltage activity during 
psilocybin administration. However, the incidence of these drug induced 
changes comprised a total of less than 5% of the EEC record.

In addition to EEC effects, numerous changes occurred in the 
corresponding behavior of test animals after psilocybin administration.
A summary of these postural and activity behavioral effects is presented 
in Table 4. Mean durations of standing, grooming, rearing, and locomo
tion differed. markedly from saline control, for both the 1 mg/kg and 
3 mg/kg psilocybin treatment conditions. A significant decrease (p < .05) 
occurred in grooming, rearing, and locomotion with each dose.of

. ' - . i
psilocybin; however, none of these changes in activity was dose-related.
A biphasic dose-response effect was observed with standing posture;
1 mg/kg of psilocybin significantly increased (p < .05) standing duration 
while 3 mg/kg of psilocybin significantly decreased (p < .05) standing 
compared to saline control.

In addition, one animal treated with psilocybin at 1 mg/kg and 
two rabbits treated with 3 mg/kg exhibited cataleptic episodes charac
terized by frozen, off-balance postures and extreme mydriasis. These 
cataleptic episodes had a mean duration of about 64 seconds per each
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Table 4. Behavioral Changes Induced by Saline or Psilocybin in the 
Rabbit.a

Treatment
Behavior Saline Psilocybin 1 mg/kg Psilocybin 3 mg/kg

Standing 163 ± 29 . 220* ± 17.5 23* ±12
Grooming " 40 ± 17 1.3* ± .5 0*
Rearing . 3.1 ± .4 0* 0*
Locomotion 4.0 + 1.0 1* ± .1 1* ± .2
^Numbers are mean durations ± standard errors (in seconds) recorded from 
eight 4-minute time samples, i.e., 20-24 through 55-59 minutes, in six 
rabbits. An asterisk denotes a significant difference (p < .05) from 
saline control. .



psilocybin treatment period (20-24 through 55-59 minutes)• Stamping of 
the hind limbs was also observed in three other animals at both drug 
dosages. The mean frequency of this novel behavior was about 40 occur
rences per psilocybin treatment. Three of the rabbits exhibited a rather 
unusual head bobbing (ventral-dorsal oscillation of the head) at both 
doses. The mean frequency of this latter behavior was about 64 occur
rences per psilocybin treatment. Finally, one animal exhibited varying 
durations of noticeable uncoordinated grooming sequences after 1 mg/kg 
of psilocybin.



CHAPTER 5

DISCUSSION

The present findings demonstrate that rabbits, when given 
psilocybin in i.v. doses of 1 mg/kg and 3 mg/kg, exhibit significant 
changes in CVO and frequency content of the EEC concurrent with disrup
tion of normal behavior. The CVO is decreased, alpha and theta wave
activity is decreased, while delta and beta activities are increased. 
Concurrent with these EEC changes, the duration of standing is increased 
by the lower dose of psilocybin but decreased by the higher dose. 
Grooming, rearing, and locomotion behaviors are markedly decreased and, 
in some cases, eliminated by both doses of psilocybin. Although the EEC 
and behavioral changes (except for standing) were similar for both 
doses, dose-related effects might have been seen from a wider range of 
doses.

Findings of previous experiments in free-moving rabbits performed
by Steiner and Sulman (1962) are in general accordance with the present
results. These authors reported desynchronization of the cortical EEC 
with corresponding decreases in spontaneous motor activity after admin
istration of psilocybin (3 mg/kg, i.v.). Although the latter EEC 
description represents a qualitative assessment only, desynchronization 
is descriptive of an underlying decrease in CVO. Additionally, the 
decrease in spontaneous motor activity reported by Steiner and Sulman

34
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(1962) is consistent with the general trend of behavioral changes 
described in the present study.

Another study in rabbits performed by Longo (1972) reports 
general activation of the cortical EEG and marked changes in hippocampal 
theta rhythm at low doses (1 mg/kg, i.v.) of psilocybin. Since details 
are lacking in the discussion of these latter results, interpretation of 
their data is difficult; nonetheless, activation of the EEG is synonymous 
with a decrease in CVO as found the present study. Longo (1972) also 
reports marked changes in the appearance of the hippocampal theta rhythm. 
In the present investigation, regular theta rhythm prevailed during all 
drug periods, interrupted only occasionally by bursts of fast frequency- 
low voltage activity. Such sporadic bursts of desynchronized activity 
comprised less than 5% of the EEG records for psilocybin treatment 
periods. It is interesting to note that such interruptions occurred con
currently with desynchronized cortical EEG activity and disrupted 
behavioral activity in the rabbit. Generally, desynchronous EEG patterns 
recorded from the hippocampus of the rabbit are associated with behavioral 
sedation and/or sleep, while regular (synchronized) theta EEG rhythm 
occurs concurrently with behavioral activation.

The exact meaning of such interruptions in hippocampal theta 
rhythm is unclear, yet experiments in cats performed by Adey et al.
(1962) demonstrated a relationship between such EEG activity and impair̂ - 
ment of learned discrimination behavior with psilocybin. During drugged 
(1 mg/kg, i.v.) periods in which desynchronized activity waves appeared 
in the hippocampal EEG record, cats demonstrated a grave incapacity to



36
approach a concealed food reward. Although disruption of normal electri
cal activity in this area of the brain has been suggested to involve 
physiological impairment of memory function in the cat (Adey et al.,
1962)> the relationship of such EEC activity to behavioral alterations 
found in the present study in rabbits is unknown. Nevertheless, the 
present study clearly demonstrates that psilocybin disrupts normal 
ongoing behavior and such effects occur concurrently with distinct 
changes in EEG activity.

Studies in the epileptic baboon, Papio papio (Meldrum and Naguet, 
1971), have demonstrated that EEG changes evoked by psilocybin in this 
species are similar in some respects to those changes observed in the 
present study with rabbits. As found in the present study, psilocybin 
(0.2 mg/kg, i.v.) produced decreases in alpha and theta band frequencies 
in the baboon. However, increases in delta and beta frequencies were 
also observed in the present study in rabbits which indicate that there 
are some apparent species differences to the effects of psilocybin.

Additionally, frequency analysis of psilocybin evoked cortical 
EEG changes have been performed in man. Pink (1964) has reported that 
psilocybin produced a decrease in alpha and theta energies and an 
increase in beta frequency. Moreover, Thatcher et al. (1971) showed a 
decrease in CVO in man following psilocybin administration. Importantly, 
these reported effects of psilocybin in man are congruent with the EEG 
effects of the drug shown in the present rabbit study.

As an adjunct to EEG studies, numerous investigations have demon
strated profound behavioral and mental effects of psilocybin in man



(Isbell, 1959; Thatcher et al., 1971; Wolback et al., 1962). Although 
human behavior under the influence of psilocybin is highly variable, it 
is evident that such behavior visibly departs from a control or normative 
state. In this respect, one similarity may be drawn between effects seen 
in animals and man; that is, behavior in all species studied visibly 
departs from normal behavior. Although a detailed comparison of such 
behavior in man as it relates to lower animals may be beyond the realm of 
scientific speculation, such direct comparisons are appropriate for 
psilocybin induced EEG changes between man and lower animals, especially 
the rabbit. Quantitative EEG studies (amplitude and spectral analysis) 
show that psilocybin induced changes in the human cortical EEG more 
closely resemble those changes found in rabbits than any other species 
studied to date. Due to this finding, it would seem plausible to 
speculate that the rabbit should be a suitable model for future research 
on psilocybin neuropharmacology and toxicology.
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