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ABSTRACT

Rats were injected with 20 mg/kg of d-amphetamine sulfate to 

elicit stereotypic stages which were recorded. These stages were 

(1) increase in forward locomotion; (2) head and paw rotation;

(3) tactile visual avoidance; (k) circling; (5) backing; (6) 

reflexive stages. Upon reaching the reflexive stage a rat was placed 

in water, either 21.5° C or C, after which the rat dove under

water and exhibited many of the same stereotypies seen on land. Out 

of 19 subjects, 2 died during observation on land, 16 drowned in a 

mean time of f>0.2 seconds when placed in water If? minutes after the 

amphetamine injection (IP), 1 rat swam the required 9 minutes while 

under the influence of amphetamine.
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INTRODUCTION

The concept of subsystems of behavior as put forth by Teitelbaum 

et al. (1973) involves the breakdown and reconstruction of motivated 

behavior through the use of smaller simpler parts of behavior. These 

parts or subsystems of behavior can be identified via stereotypies 

and can be used to help explain how complex behavior is created and 

perpetuated. Stereotypies are of help in isolating components of 

behavior because their repetitive acts are simple to observe and 

isolate. They can be isolated easily because many times the stereo

typies are maladaptive in that they can trap an animal in varying 

situations by not allowing the animal to react correctly to a given 

environment. While the brain and its pathways do play a part in a 

stereotypy, the environment also has a very important role in shaping 

a stereotypy (Schallert et al., 1978).

The sudden death phenomenon as explained by Richter (1957) is 

interesting in that one can observe a sudden death response due to 

an animal’s stereotypic entrapment. Richter ties the mysterious 

death response ("voodoo death") to the sudden death phenomena exhibited 

by wild rats when placed in a tank full of water after their whiskers 

were clipped.

The first rat swam around excitedly on the surface 
for a very short time, then dove to the bottom, where it 
began to swim around nosing its way along the glass wall.
Without coming to the surface a single time it died 2 
minutes after entering the tank (Richter, p. 19h, 1957).
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There is a striking similarity between Richter's description of 

a rat's sudden death in water and our own findings in which we observed 

a very similar diving response in rats under the influence of 20 mg/kg 

of d-amphetamine sulfate. In experiments at the Physiological Psychol

ogy Lab, University of Illinois, Urbana-Champaign, we have been 

investigating the stereotypies exhibited by amphetamine-influenced 

rats. Our observations on the diving phenomenon came about when we 

first observed amphetamine-influenced rats backing up on land. We 

wanted to see what would occur if we placed a rat that was in a back

ward locomotion mode in water. Surprisingly, the rat dived to the 

bottom of the tank and acted much like the rats described by Richter.

In our work of breaking down motivated behavior into subsystems 

(Teitelbaum, 1978), we became interested in the stereotypies exhibited 

by the amphetamine-influenced rats and subsequently the diving phenome

non they displayed when placed in water. A good deal of evidence con

cerning the mechanism underlying the action of amphetamine is reported 

in the literature. That evidence shows that it is mediated indirectly, 

via release and blocking of the uptake of catecholamines in the corpus 

striatum (Fog, Randrup, Pakkenberg, 1967; Simpson, Iversen, 1971;

Creese, Iversen, 197U, 1975; Ayhan, Randrup, 1972). A cholinergic- 

dopaminergic balance has been postulated (Fog, 1972; Creese et al.,

197U; Schallert, Whishaw, Ramirez, Teitelbaum, 1978) which can be very 

useful in explaining various behaviors. For example, a lateral hypo

thalamic damaged animal, deficient in catecholamines, will not back out 

of a corner even if it is the only way out, while amphetamine-influenced



3

rats show bursts of backward locomotion in an open field due to 

excessive levels of catecholamine release (personal communication, 

Teitelbaum, 1978).

Our goal in this study was to break down behavior into component 

parts such that a rebuilding of those parts could recreate normal 

behavior. In dealing with this induced breakdown and rebuilding of 

behavior, we have developed the concept of a regression of stereotypies 

in order to better understand behavior. Taking apart behavior in a 

series of stages and then rebuilding it might be comparable to a 

master builder commissioned to take an historic building apart, piece 

by piece, so that he will then be able to reconstruct it from the 

same materials and in the same steps the original builder used. In 

this way we can break behavior into simpler stages called subsystems 

so that the total behavior may become clearer to those studying it.

We will report our initial findings on amphetamine-induced regression 

of stereotypies and also on the behavioral trap the amphetamine- 

influenced rat becomes involved in when he is placed in water.

METHOD

Subjects

The subjects were 19 male Long Evans rats (Blue Spruce Farms, 

Altamont, New York) weighing 325 to 350 grams. At the end of the 

study their weights ranged from IjOO to $00 grams. They were housed 

in three wire group cages with their number divided among these cages. 

Food (Wayne Lab Bolx, Allied Mills Co., Chicago, Illinois) and water
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were available ad libitum. Conditions in the housing room were main

tained at 23° C with a 12-hour day-night cycle.

Apparatus

To study the animals we used an open field 72x102 cm with 15 cm 

high sides for observation on land. A glass tank measuring 92x3OxliO 

cm filled with water to a height of 30 cm was used for the swimming 

tests. EEG and ECG recordings were measured on a Grass polygraph 

either model 5 or 7. Visual recordings were made for future reference 

using a Sanyo video tape machine, Super 8 movie camera and 35 mm

still camera.

Procedure

We used a group of 11 rats for preliminary studies to define 

some of the initial dimensions of the problem. This group was injected 

with varying doses of amphetamine so that their behavior could be 

observed in an open field for time periods ranging from 15 minutes to 

6 hours. The rat's reaction to water at varying lengths of time and 

temperature was also noted. If these amphetamine-influenced rats 

went under water after being placed in the observation tank they were 

removed after 30 seconds to prevent drowning. Therefore, it was usual 

for each animal of this group to have multiple experiences with ampheta 

mine. Later we used a second group under controlled conditions to 

enlarge upon and verify our initial findings.

The second group consisted of eight rats, each of which served 

as his own control. All of the rats in this group were introduced to
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the water and allowed to swim for a minimum of 20 seconds so that a

mature swimming pattern could be observed. This pattern described by 

Schapiro et al.,(197O) consisted of the nose up and out of the water, 

forepaws tucked under the chin, and deep thrusts of the hindlegs 

for forward locomotion (Schapiro, Salas, Vukovich, 1970). After this 

exposure to water, each rat was separately injected intra-peritoneally 

(IP) with 20 mg/kg of d-amphetamine sulfate (Sigma Laboratories, St. 

Louis, Missouri) in a 0.9% saline vehicle. Immediately following the 

injection the animal was placed in the open field for 15 minutes. The 

room noise was kept to a minimum. During the observation of the rat 

in the open field, we looked for the reduction of complex behavior 

into smaller and less obvious subunits. The 15-minute time limit was 

placed on this second group of rats because all but 2 of the animals 

had, by that time, reached the point where they could be considered 

reflex animals (Teitelbaum, Schallert, De Rych, Whishaw, Golani, 1978)

Upon reaching this time limit and/or reflexive stage, the animal 

was placed in a tank of cold water (21±.5° C). Once in the water, his 

fur was rubbed lightly to rid it of trapped air that might keep him 

buoyant. He was then left on his own for a minimum of 5 minutes after 

which he was removed, dried, and placed in his home cage. Baker and 

Horvath (I96I4.) have reported rats swimming 12.5 minutes in 20° C water 

before becoming exhausted. In our case, we felt that the behavioral 

responses we were looking for presented themselves during the 5 

minutes allotted. After these trials the rats were given no less 

than I48 hours' "rest" before their next injection and exposure to
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the water tank. The purpose of the rest period was to allow for 

the dissipation of an amphetamine metabolite p-hydroxynorepinephrine 

which has been proposed as a possible agent in the development of (+) 

amphetamine tolerance in rats (Riffee and Gerald, 1977)•

After the minimum time limit of U8 hours, the rats were again 

separately injected with 20 mg/kg amphetamine IP. The same time 

limit and behavioral responses as previously stated were used in 

determining when a rat would be placed into a tank of warm water 

(35-.5° C). This change was done to investigate the role of water 

temperature (external environment) on the stereotypies of the rat.

Not only was the animal’s outward behavior of interest to us, 

but we hoped to gain insight into the brain and heart activity during 

amphetamine influence. To accomplish this, we implanted six set 

screws for cortical EEG readings and used two wire electrodes to 

monitor the heart rate with ECG readings. The coordinates for the 

screws were (1) first pair, 3.U mm anterior to Bregma, one 2 mm to 

the left of the saggital suture. (2) The second pair was located 1.6 

mm posterior to Bregma with a screw located 2 mm to the left and right, 

respectively. (3) The last pair was located 6.6 mm posterior to 

Bregma. Each was placed in line, respectively, with the other screws.

A grounding screw was placed in the cerebellar area of the skull.

This enabled us to measure cortical activity for the left and right 

sides of the brain in the frontal-parietal areas and parietal-occipital 

areas. Wire electrodes to monitor heart rate were implanted in muscle

tissue next to the rib cage approximately 5 cm posterior to the shoulder
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joint and h cm ventrally from the spine. These wires were then run 

subcutaneously to a skull cap. These EEG and ECG readings (N=2) were 

taken during the course of amphetamine influence from injection to

drowning.

RESULTS

Regression of Stereotypies

While variations in behavior presented themselves, we developed 

and defined various general stages through which a rat under the 

influence of high doses of amphetamine passes. These stages are 

important, in that they may reflect subsystems of the total behavior 

of the animal. The results are summarized in Figure 3.

These patterns of stereotypies exhibited by the amphetamine- 

influenced rat led one into the other, until a reflexive state was 

observed, which according to Teitelbaum et al. (1978) is described 

as "a little robot lacking goal directedness..." Within our generali

zation of regression of stereotypies, we also found different emphasis 

placed on varying stages of the regression.

Two groups were seen to form with regard to the development of 

similar patterns of action in the process of behavioral breakdown.

Our first group, the majority of rats, was active when first placed 

into the open field and then as time passed they showed a decrease 

in locomotion while the stereotypies began to assert themselves. The 

second group seemed very cautious and apprehensive in that they with

drew from any approach, much more so than a rat from the first group. 

As time passed, they became increasingly more active.
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The onset of stereotypic phases—prephase, stereotypic phase 

and afterphase as described by Fog (1972)—can be seen at this high 

dosage, 20 mg/kg, although they occurred much more quickly so that 

the prephase and stereotypic phases present themselves within minutes 

instead of hours. In our animals, sniffing would increase in 3 to U 

minutes, hair would become erect while the eyes bulged and became 

dilated. Head rotation first to the right side several times and 

then to the left several times, with no apparent sequence, was also 

observed. During the swing across the midline the head would tuck 

in towards the belly. Tucking of the head as it pushed into the midgut 

of the body seemed to be one of the major causes of the hunched position 

seen throughout the time the rat was under the influence of the drug 

(Fig. 1). V'hile the head circled, the forepaws were also in motion.

They moved in an irregular stutter step following a rough circling 

pattern. These steps were not synchronized with the head movements.

The hindlegs usually remained planted on the floor.

Approximately halfway through the regression of stereotypies, 

we saw a rather brief appearance of a tactile and visual avoidance.

That is, the rats moved away from any objects that touched them or 

came into their visual field without investigating them. These two 

responses were obscure and not readily observable in all rats. This 

might indicate that we are only on the verge of isolating visual, 

tactile avoidance response. In any case, our observation of them 

was not always clear and they would fade out of the behavior as 

circling became more evident.
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Fig. 1. An example of the hunched position a rat assumes approxi
mately 6 min. after 20 mg/kg d-amphetamine sulfate (IP). The head 
of the animal is swinging tightly into the midgut while the forepaws 
are also backpedalling into the gut.
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Circling by the rat, in the case of amphetamine influence, is 

thought to be caused by large, unequal releases of dopamine on one 

side of the brain or the other (Ungerstedt, 1971).

Our animals displayed two types of circling which were similar 

on two accounts, (l) In both types of circling, the animal's body 

and head remained straight along the midline so that his head did 

not direct him into the turn. (2) Each movement revolved around a 

pivot point. The difference between the types of circling was seen in 

the placement of the pivot point for the turn. In type 1 the pivot 

point was located at one hindleg. In type 2, the pivot point was 

along the midline of the rat and was usually located behind the body.

The number of displays of each type of circling was approximately 

equal. In type 1 circling, where the pivot point was located at one 

hindleg, all body movements caused a circle to be inscribed around 

that point. The circling movement was initiated by a lateral forepaw 

extension perpendicular to the midline, followed by the opposite fore

leg being adducted into the midline of the body. These foreleg move

ments were repetitive so that the leg that extended itself first 

always continued to do so. At the same time the forelegs were 

moving, the hindlegs were relatively inactive. The pivot leg was 

on the same side as the foreleg that started the movements. The 

other hindleg remained planted to the ground until the torque of the 

body's rotation became large enough to cause that leg to move back 

into the midline of the body. An example may help clarify this type 

of circling. A circling pattern to the left side of the rat occurred
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when the left forepaw moves laterally away from the midline. It is 

followed by the right forepaw moving into the body. These two move

ments repeat until the right rear leg is pulled back into the body.

The other type of circling involved much of the same leg movements 

as the first, except that each hind leg moved in unison with its 

respective foreleg, thus creating an imaginary pivot point outside 

of and to the rear of the body. Thus, when the left foreleg stepped 

away perpendicularly from the body, the left rear leg simultaneously

did the same.

The direction frequently was changed as was the type of circling 

so that any combination of direction and type of circling could occur. 

This circling behavior occurred primarily in the middle of the open 

field largely because contact with walls momentarily inhibited the 

circling.

Contact inhibition, seen in circling rats, is important in that 

we see it occurring in earlier stages of regression and also because 

it may give some insight into the activation and direction of locomotor 

responses. When an amphetamine-influenced rat first becomes active 

in the early stages of regression, one can readily observe the import

ance of asymmetrical and bilateral contact inhibition in directing 

locomotion. A rat constantly moving around the perimeter of the open 

field produces a vivid example of this contact inhibition.

Away from a vertical surface, the rat may be involved with any 

one of several different stereotypies which might include continuous 

sniffing or head-paw rotation. When these same animals move against
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a vertical wall, thus coining into asymmetrical contact with it, they 

become activated into a forward locomotor state. Upon reaching a 

corner, bilateral stimulation to the sides of the head inhibit loco

motion so that the rat becomes trapped. We refer to this or any

similar situation from which an animal cannot remove himself due to

his behavior, or lack of it, as a behavior trap. Involved in a 

behavioral trap, the animal may lack one or more subsystems of behavior 

that would allow him to free himself as quickly as a normal rat would. 

In the case of the amphetamine-influenced rat, vertical scanning and 

rearing are not present. Therefore the only subsystem available to 

the rat is that of lateral head swings. In utilizing this subsystem, 

the head moves from side to side repetitively so that each swing en

compasses a larger area. This swinging continues until one side of 

the head is freed from the bilateral stimulation. When this happens, 

forward locomotion reasserts itself and the rat moves along the wall 

only to be stopped at the next corner, where the pattern will repeat 

itself (Fig. 2). These movements of the animal to free itself from a 

behavioral trap have been described as "warm-up" phenomena and are 

important in that they provide a major source of self-activation in 

initiating movements (Teitelbaum et al., 1978)*

Another case which illustrates how one or two subsystems can

dominate an animal’s behavior is seen towards the end of the rat's

regression of stereotypies. In this case a rat is walking forward 

with asymmetrical stimulation along a vertical wall. He stops, swings 

his head laterally, sometimes with several very small swings but
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A B

Fig. 2. Bilateral inhibition on the snout causes inhibition of 
locomotion approximately 5 min. after 20 mg/kg d-amphetamine sulfate 
(IP). First the rat stops, looks left (A), then swings his head 
right (B), this repeats repetitiously until the magnitude of the 
swings free one side of the rat (C), thus allowing the rat to move 
forward along the new vertical surface (D). Fig. 2 continued on 
next page.

E L5BRARV 
4A 59601
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Fig. 2 (continued)
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mostly with one complete swing away from the wall so that a 180° turn 

occurs. The rat then takes a few steps forward, stops and turns 

around again. This occurs several times before the rat is freed from 

this trap. Here we see the forward locomotion subsystem being sporadi

cally dominated by the lateral head swing. This becomes readily

♦ apparent when we remove the wall so that the rat has no more asymmetri

cal stimulation. Once this is done the rat continues to move with one 

large lateral swing; the end result is circling.

The lateral head swing can also dominate the backward mode of 

locomotion. The rat can be backing along the side of a wall, stop, 

swing around in a 180° turn and then continue backing only to repeat 

the sequence again. In both cases where lateral head swing dominates 

over locomotion, the animal has no net gain in movement.

The backing phenomenon which originally caught our interest is 

considered the last step in the regression into a reflexive state.

Again we have made a distinction between two types of backward loco

motion seen in our animals. The first and most predominant consisted 

of the forelegs pushing away from and in front of the body while the 

hindlegs remained stationary. This caused the body to become hunched 

over. The constant back pedalling of the forelegs into the body and

£ hunched over position was relieved when the hindlegs took a few steps

backward. The second type of backward locomotion was simply a regular 

continuous backward stepping by all four legs. This kind of locomotion

can be seen in a normal rat when he is forced to retreat without the

t option of turning around
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After reaching the backing stage of the regression, the animal 

is in the reflexive stage in which all actions are machine-like and 

without higher thought processes. This stage might be further defined 

as an animal which responds "with a stereotyped response pattern to 

each configuration of surfaces it happens to encounter" (Teitelbaum 

et al., 1978). Fifteen of 19 rats reached this stage within 1$ minutes 

after the injection. Of the h rats that did not reach the reflexive 

state within 15 minutes, one took 22 minutes to reach the state, another 

never did regress completely and the last 2 died during observation in 

the open field. The regression of stereotypies are summarized in Fig. 3.

As was mentioned previously, the amphetamine-influenced rats could 

be separated into two major categories. While each group regressed 

through the stereotypies above, the difference between the groups was

that one showed much more forward locomotion than the other. The

extensive amount of locomotion seen in one group of rats may be related 

to the amount of sensitivity exhibited by individual members. This 

can be illustrated by a single hand clap presented to a member of each 

type of rat. Upon presentation of the hand clap, a jump of approxi

mately 60 cm was not uncommon in the sensitive group. These rats 

then came down running, jumped out of the field and ran around the 

room. This is a large difference from the 20 or 30 cm the other group 

members displayed when presented with the same stimulus. This less 

sensitive group also differed in that once an individual landed, he 

would settle down only to have a stereotopy such as head-paw rotation 

or circling reassert itself with increasing frequency. It should also 

be noted that, generally, as the tension, apprehension, or general stress 

increased in a rat before his injection of amphetamine, the stereotypies 

were delayed.
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Behavior Range (min.) Mean (min.)

Normal 0-3

Increased sniffing 3-5 Ui50

Increasing sensitivity 3-7 U:60

Increasing locomotion 3-8 5:l|0

Hunched position
Head/paw rotation 3-lUs3O 6:00

Tactile/visual
avoidance 7-9 8:l|0

Tactile/visual 
avoidance out 8-lh 11: hO

Circling 5:30-22 11:U5

Eaeking 8-22 12:00

Reflex 12-22 lh:l6

Fig. 3. Range and mean of the times each behavior became observable 
after 20 mg/kg d-amphetamine sulfate (IP). See also graph next page
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Diving

To understand the large differences between an amphetamine- 

influenced rat and a normal rat in water, it is helpful to know how 

a normal rat reacts to water. When a naive rat is first placed in 

a tank of water, it freezes and sinks. This is followed by a struggle 

back up to the surface with all four legs kicking rapidly. After 

several minutes a mature swimming pattern consisting of the nose and 

ears out of the water, forelegs tucked under the chin and hard thrusts 

of the hindlegs presents itself (Schapiro et al., 1970). Occasionally, 

a rat will take a quick dive underwater lasting one or two seconds. 

Head-bobbing might also occur along with frequent head-shaking.

Another important aspect of a normal swimming rat is that if he is 

pushed to the bottom of the tank and then released, he literally 

"shoots" up to the surface.

In observing the amphetamine-influenced and reflexive rat in the 

water, we saw a drastically different sequence of events occurring. 

When first placed in the water, the amphetamine-influenced rat bobs 

its head a few times, followed by a sudden and swift dive toward the 

bottom of the tank. Reaching the bottom, the rat then moves forward 

along a vertical surface (asymmetrical stimulation, Figure h), stops 

at a corner (bilateral inhibition, Figure 5), looks upward usually 

with foot contact on the bottom followed by a lateral swing either 
U$° to the next wall or 180° so as to reverse direction along the 

same surface. He continues these actions without coming to the sur

face for airj the end result is death by drowning. There is great
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similarity between the amphetamine-influenced rat on land and one 

in the water. In one case, if a rat that is swimming underwater 

moves away from the wall of the tank, he will start to circle and 

assume a hunched position (Figure 6). This position keeps his head 

underwater even if he floats toward the surface and has his back 

breaking the water. The rat was propelled in a circle by the inactiva

tion of his legs on one side of his body while the other s ide continued 

to paddle in unison. This turning in the water was slightly different 

from that on land in that the water-bound rat faced into the turn

while the rat on land kept his head and body straight. If the rat 

hit a vertical surface, the asymmetrical contact would release forward 

locomotion so that the rat could resume his underwater swimming. 

Intermixed with the forward underwater swimming were occasional freezes 

of movement in which the rat would spread out his legs as if to balance 

himself. These were of very short duration (1-3 sec.), after which 

the swimming would continue.

Not all rats (N=3) made the smooth transition from land to under

water swimming. When placed into the water, this type of rat would

cease all movements so that his back would arch out of the water while 

his head would remain under the water several centimeters (Figure 7). 

These animals would circle but had several periods of inactivity.

This lack of activity may be one of the reasons why this group of 

animals stayed alive nearly twice as long as those who swam actively 

underwater. Accidental raising of the head with a reflexive breath 

may have also contributed to the longer time spent underwater. These
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Fig. U. Rat moving along a vertical glass wall in a mature swimming 
pattern underwater. This animal was placed in the water 15 min. 
after 20 mg/kg d-amphetamine sulfate (IP).
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Fig. 5* Bilateral contact inhibition of locomotion seen in 
amphetamine-induced underwater diving. The rat will make several 
lateral scans, a vertical scan (which resembles a rat rearing on 
land) and then will swim along the next wall.
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Fig. 6. In amphetamine-induced diving a rat swims forward along 
a vertical surface but without that surface a hunched position is 
assumed and circling appears as seen above.
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Fig. 7. The freeze position of an amphetamine-influenced rat in 
water C). The hunched position, resembling that of a rat
preparing for a landing after being dropped, causes the head to 
curl under the body. Even though the nose is only 1 or 2 cm from 
the surface the animal will not raise his head for a breath.
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with the floor of the tank and his nose would just break the surface 

for a reflexive breath. He would then turn and swim down and along 

the bottom to the next corner where he would stretch and scan verti

cally for another breath. If we raised the water level as we did 

in the later part of this study, we saw a powerful demonstration of 

a behavioral trap that resulted in drowning.

In our study, 15 of 16 rats that exhibited backing behavior at 

a reflexive state drowned themselves when placed in a tank of water.

The breakdown (Fig. 8) occurs as follows: (1) Those in the pre

liminary group (N=9) who were placed in the water all drowned. Of 

these animals four were naive to amphetamine and had a mean drowning 

time of U6.7 seconds. The remaining five rats had two to three 

previous injections of 20 mg/kg amphetamine. They drowned in a mean 

time of 5U.3 seconds. (2) The second group (K=8) experienced two 

different water temperatures, cold water 21*.5° C and warm water 35-.5° C 

In cold water two of the group drowned, one rat naive to amphetamine 

in 57 seconds, the other rat with prior amphetamine experience in 5b 

seconds. The remaining six rats kept their noses out of the water 

for five minutes even though their swimming ability was barely adequate 

to keep their heads above the surface of the water. Five of these 
remaining six rats dove and drowned in warm water (35±.5° C) with a 

mean time of b5.8 seconds. The last rat swam with his nose out of 

the water for the required five minutes.

Our EEG and ECG data gave us some initial indications as to 

what was happening in their respective areas as the amphetamine took
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19 subjects

I-------
2 died in 
observation 
on land

Preliminary group (N=9)

Naive

h/li drown

Experienced

5/5 drown

Experimental (N=8)

cold water (21-.5° C)
I

Naive to amphetamine 

l/li drown

prior amphetamine experience

l/h drown
J

warm water (35-.5 C) 
(remaining 6 all had 1 prior 
expe rienc e wi th amphe tami ne)

5/6 drowned 
1/6 lived

Preliminary group (N=9) 
naive (N=h) 
experienced (N=5)

Experimental group (N=8)
Cold water (21±.5° C) 

naive (N=l) 
experienced (N=l)

Warm water (35±«5° C) 
experienced (N=5) 
lived (N=l)

Range Mean
37-56 sec. U6.7 sec.
50-57 sec. 5h.3 sec.

57 sec.
5U sec.

35-61 sec. U5»8 sec.
Swam required time, 5 min.

Fig. 8. Breakdown of the rats' performance in 2 different water 
temperatures (21+.5° C and 35±.5° C) while under the influence of 
20 mg/kg d-amphetamine sulfate.
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head raisings were probably accidental in that the rat’s head was 

usually within two or three centimeters of the surface throughout 

the time spent in the water. If the animal could voluntarily raise 

his head, the likelihood that he would drown in less than two minutes 

under such conditions is practically non-existent. The times the rat's 

head did break the surface occurred when he hit the sides of the tank 

perpendicularly with his nose. Angled blows to the nose did not 

activate head raising. This bilateral stimulation to the nose was 

very much like that seen in the rat at the bottom of the tank.

Why did the rats drown? Looking at the problem from a behavioral 

viewpoint, we believe the rat had regressed down through its complex 

behavior to a point at which every action was predetermined by a very 

specific reaction to an environmental stimulus. Because of this action- 

reaction the rat became trapped by nothing other than his own behavior. 

On land we saw asymmetrical stimulation releasing forward locomotion 

while bilateral stimulation inhibited locomotion. Underwater, the rat 

exhibited the same behavior but he lacked a release from the trap that 

he had when land-based, specifically, a warm-up routine that could

allow for the rat's head to come to the surface. We did see a vertical

scan which might have released the rat from his underwater trap. The 

vertical scan actually did release rats in water that was half the 

height we used during the s tudy. We observed this during our pre

liminary studies and believe that foot contact is necessary along 

with bilateral stimulation to the nose for a stretching vertical scan 

toward the surface. In these cases, the rat would remain in contact
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effect. We first wondered whether brain seizures played a part in 

the sudden drowning death but our data showed no indication of any 
brain seizures during the time the rat was under water (35+»5° C).

The heart rate of an amphetamine-influenced rat rose approximately 

20 percent and became very irregular. Bradicardia (Fig.9) in a 

normal rat was quite significant, dropping the heart rate approximately 

81| percent of the original beat. An amphetamine-influenced rat, on 

the other hand, slowed less than 15 percent of its accelerated beat.

In all the rats that drowned, the heart was found to be in systole. 

This, along with the rapid heart rate recorded just before death, 

indicated a sympathetic overstimulation.

DISCUSSION

By observing the stereotypies exhibited by the rats under the 

influence of 20 mg/kg of amphetamine, we have defined a breakdown of 

behavior into several stages. These are: (1) increase in forward 

locomotion; (2) head and paw rotation; (3) tactile/visual avoidance 

(U) circling; (5) backing; and (6) reflexive stage. While the 

stages mentioned above follow Fog's (1972) basic outline of amphetamine 

stereotypies, we have identified several more stereotypic stages and 

have elicited them much faster than Fog did.

The diving phenomenon exhibited by our rats is one of interest 

in that we can observe the powerful effect of limited responses in a 

behavioral trap. As to the reasons for these limited responses, the 

amphetamine may cause lack of discriminatory input or incomplete
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Fig. 9. Differences in heart rate and bradicardia in a rat under 
the influence of 20 mg/kg d-amphetamine sulfate and a control rat.
Eoth are in water (35>±.f; C). (A) ECG of a control rat swimming in
water. (B) Amphetamine-influenced rat swimming approximately 1$ min. 
after injection (IP). The ECG above the heavy black line indicates 
the time spent underwater, with time divisions in seconds.
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linkage of appropriate motor responses to a given stimulus. Pirch 

(1977) suggests that the action of amphetamines may cause interference 

with modes of discrimination via effects on a subcortical activating 

system involving norepinephrine and/or via activation of inhibitory 

dopamine receptors on cortical neurons. The high levels of norepinephrine 

and dopamine released by our high amphetamine injections may have 

caused the maladaptive diving and subsequent lack of discriminatory 

responses to the environment.

Sympathetic stimulation of the heart via norepinephrine release 

is shown in the results of our ECG and EEG recordings, which initially 

indicate that there is a basic difference between Richter’s (1957) 

drowning phenomenon in wild rats and ours. Richter concluded that his 

rats died of a parasympathetic overstimulation in which the heart slowed 

down and stopped. He concluded the reason for this response was a state 

of emotional hopelessness which caused inappropriate response behaviors 

and an overreaction by the parasympathetic system. Richter’s drowned 

rats seem to have had a sympathetic diving response leading into a 

parasympathetic induced death. Our rats, in contrast, reacted with a 

sympathetic diving response followed by a sympathetic induced death in 

which they died with tachycardia and the heart in systole compounded 

by the lack of appropriate behavioral responses that were necessary for 

escape. This would seem to indicate that while there is a common 

denominator of a lack of certain behaviors, i.e., sybsystems, the 

mechanisms for reaching those states are not the same.
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The mechanism for the breakdown of a total behavior is not 

completely known, although the catecholamine system has been implicated 

as previously discussed. Interestingly, the effects of large cate

cholamine release may be overcome as seen in our animals when the 

water temperature (21+.50 C) deviated from normal body temperature, 

thus indicating the possibility of an activating system that may 

allow for appropriate discriminatory and motor responses.

Bhagat’s (1973) studies on amphetamine and swimming performance 

(10-20 mg/kg) indicate that amphetamines increased swimming performance 

with subcutaneous injection and cold (21+.5° C) water temperature.

His data and conclusions are not in conflict with ours in that the

subcutaneous injections allowed for slower absorption rate of ampheta

mine and the subsequent slower release of catecholamines in the brain. 

The slower release along with the lower water temperature would help 

facilitate the activation of appropriate motor responses. It therefore 

appears that while the release of catecholamines in the brain is 

excitatory, it is controllable to a certain level, after which behavior 

breaks down into subsystems.

Our sudden death syndrome, then, is the result of a behavioral 

trap induced by massive catecholamine release in the brain with 

concurrent tachycardia and large irregularities in the heartbeat.

The demonstration of different subsystems and the consequences of 

the lack of one or more of these subsystems may help us to come to 

a better understanding of our own behavior and deviations from the 

norm, by allowing us to analyze the simpler components of behavior and 

find out how these components interact to produce motivated behavior.
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