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REM sleep and depression seen in an evolutionary perspective.,
Endothermy, or "warmbloocdedness™ due to a high and relatively
stable rate of metabolism, and a particular rather enigmatic
state occurring periodically during sleep called REM (rapid
eye movement) sleep are two physiological states that charac-
terize all mammals.

This paper is an outline of an hypothesis (1} about a pos-
sible connection between these and another psycho-physiologi-
cal state, the endogenecus depressive condition, based on evo-
luticnary speculations. )

Mammalian origins

A reptilian group named therapsides is the mammalian origin.
Therapsides were among the first reptilian groups to emerge
early in the Permian age nearly 3co million years ago. They
were not only among the very first, but they also were among
the most successful. They became the major reptilian group
in the Permian age.

While the Carbonecus age prior to the Permian had a warm,
humid and stable climate, the latter was characterized by cold,
dry and very changing weather conditions creating large diffe-
rences in temperature between geographical zones, between day
and night, and between seasons.

It was this climatic change that forced the development of
terrestrial animals from aquatic-living amphibians, because it
drastically reduced the living space avaiable to the latter.

The drying up of the lakes and swamps, however, is only one
aspect of this process. Permian climate meant still another
reduction of living space, as massive as the drying up and
thus as congequential in evolutionary terms.

Amphibians like all prior animals are ectothermic or "cold-

blooded®, as were the first reptiles being a sort of land dwel-
ling amphibians.



Ectothermy means that the internal température of the animal
is determined by the temperature of the environment, or very
nearly. Thus the animal's rate of metabolism and the ensuing
rate of activity are similarly related. Activity therefore

must follow the spatial and temporal changes in external tempe~

rature .*

In a rather changeless ¢limate like the warm Carbonian, this
is no real restriction on activity. But the Permian weather con-
fronted the ectothermic reptile with barriers of temperature ne
less physical and impenetrable than those of dry land. And as
the latter reduced the living space of the amphibian, so the
former reduced the living space of the ectothermic reptile.

Selective pressures soived the problem of dry land by crea-
ting a reptile capable of terrestirial life. A similar set of
selective pressures also must have been at work forcing the de-
velopment of an animal capable of breaking the barriers of low
temperatures.

The answer %o these pressures, of course, would be an endo-
thermic ¢or "warm-blooded" reptile capable of keeping its inter-
nal temperature and rate of metabolism independent of the change
in external temperature, thereby widening the available life
space considerably.

Paleontological evidence (3) credits the therapside group
with the beginning of this development. It was brought about
by making the metabolic functions more efficient in several
aspecta and by furnishing the animal with an efficient insula=~
tion for the conservation of heat produced in the metabolic pro-
cesses. Therapsides in all probability thus became the first
endcthermic animals.

The problem of therapsidian decliine

Aceording to commor thinking, warm~bloodedness is one of the
greatest evolutionary triumphs and the cause of mammalian supre-
macy. Lt is therefore disturbing to learn that the following
geological pericd, the Triassic, saw the downfall of therapsides.

# New research (2) has shown that ectothermy is a less re-
stricting condition than is commonly thought. Where the possi-
bility of choice exists the actotherme can choose areas favo-
rable ‘for the performing of its activity, that is areas of op-
timal temperature conditions.
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Their reign was broken by another group of reptiles, the
thecodonts, which for the next loo million years were to domi=
nate the animal kingdom in the form of dirnosaurians,

Evolutionary logic now forces us to conclude that the theco-
dont or dinosaur was better equipped for the conditions of life
than the endothermic therapside.

This could be due either to advanced features in dinosaurian
equipment, flaws in the therapsidian equipment, or both,

Dinosaurians have for a long tims been considered ectother-
mic, which hardly can be seen as an evolutionary advancement.
But objections have recently {4} been raised against this age-
old beliaf. It has been sazid that animals built for speed like
dinosaurians must have had an energy supply making speed possib-
le, hence some sort of warmbloocdedness.

The counter argument (3} goes that due to thelr size, dino-
saurians with mammalian rates of metabolism would have required
unobtainable amounts of food. )

Both arguments make sense. One could speculate, however,
that dinosaurs, unlike ordinary mammals, had developed the abi-
1ity to alternate between the endothermic and the ectothermic
condition according to need and situation. If this is physio-
logically feasivle, it would not only solve the apparent contra-
diction batweer speed and size, but it would also mean that the
dinosaurian energy regulation would circumvent certain problems
that might have strained therapsidian endothermy. In thEEﬁcase
the former would actually be an advancement in relation to the
latter. This brings us to the possible flaws in therapside-mam-
malian endothermy, the discussion of which is our main theme . ¥

The necegsity of fitness to a particular environment

A major evolutionary rule is that animals must fit morphologi-
cally and functionally into their environment. Behavior is no
exception to this rule; responding to it, animals show a close
correspondence between activities and reactions and environmen-
tal conditions and events.

In sub-mammalian species this correspondence is most often
extremely close., The animal almost seems to be built into the

# The question of dinosaurian temperature regulation has affi-
nity to the question of avian temperature regulation, since pirds
most likely have a dinosaurian origin. If avian regulation does
not differ from mammalian, the hypothesis stated here is serious-.
1y weakened. B



environment. In a way one could say that the environment is
the external "brain" of sub-mammalian species, orchestrating
their tehaviors.¥

But in order to keep this vital correspondence between en-
vironmental variables and animal activities, the animal must
stay within the boundaries of a particular - often very parti-
cular - enviromment., If the animal leaves its ecological niche,
it parts with its external brain, so to speak, with well known
dire consequences. This necessity of particularity is the rea-
son behind speciation.

By talking abcut an envirommental brain we have emphasized
the necessity of animals fitting into their environment. 1In
this respect the animal may be seen as a machine reacting to the
changes in envirommental conditions.

But animals are not machines; they are lLiving entities. The
direction of their action is determined by the envirommental
brain but the action itself is the animal's own. This side must
also be considered, if we are to assess the problems of endother-
my.

The motivational structure ¢f vertebrates

On the molecular level animals are chemical structures of
high complexity. Like any other complex chemical structure it
must be broken down due to the forces expressed in the seconﬁ
thermodynamic law. If the animal is to live, it must counter
the dissolution. This is done through metabolism, which is
and must be a continuous process, at least under all but the
most special circumstances.

To maintain metabolism the animal must secure energy and or-
garnic building materials; these are obtained from other animals
or from plants. Metabolism thus requires food-getting, i,e.,
finding and eating. This is an outward process, while metabolism
itself is an inward process.

Since it is necessary that the outward process be executed
in accordance with the need of the inward process, all animals
- at least of the vertebrate order -~ are designed in such a way

# With an external "orain” the need of an internal brain is
small and species like insects seem to prove that tiny-brained-
ness and extreme fitness go hand in hand. Contrary growth of
large internal brains could indicate adaptational problems.
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that information about the metabolic state can reach the activi-
ty-executing centers. This is done by means of neuronal path-
ways from sensors registering the inner environment to the mo-
tor programmes of the brain.

Since the food-getting behavior in most species needs only
be periodical in order to sustain the centinuous metabolic pro-
cess, the informational pathway from inner environment to motor
programmes is so designed that it can accumulate -the output from
the sensors until this has reached a certain magnitude. This
"pool® ig then released, leading to food-getting activity.

The process Trom sensors registering metabolic state to the
activity programmes is called drive. The activization of the
animal is thus determined by a drive accumulation followed by
a drive release. This leads to a c¢cyclical process monitoring
the continuous metabelie processes, insuring the necessary pe-
riodical food-getting activities.

The animal!s activities and behaviors are thus determinezd
from the inside as well as from the outside.’sk Most behavior is
the composite result of the two influences: activity-production
from the inside and activity-shaping frem the outside.

The contradiction of endothermy

One variable of enviromment is the ambient light. The field

of ambient light makes it possible for animals to detect or
"see' objects and relations between objects at large distances.
The visual capacity thus has been of importance for most sﬁecies
through the history of life.

The advent of terrestrial 1ife gave this modality an even
greater adaptational importance than seen bafore -in aquatic and
semi~aquatic 1ife, because of the open terrestrial spaces?*fﬁght
therefore surpassed smell and hearing in informational importan-
ce.

# Another important inner produced activity, the sexual, has
not been mentioned here, Principally it functions similarly to
the metaboliec system. It ig thé amount of certain hormones the
drive system here monitors instead of metabolic variables. The
rise and fall in hormones is determined by envirommental variab-
les, e.g. light. '

## An earlier terrestrial invasibn, i.2. the insects, shows the
cloge relationship between terrestrial life and the need of pre-
cise visual capacities.



o dhown 1 fig.e 1 ties activity to a particular zone of day.WE¥
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Unlike most ¢ther environmental variables; light cannot
be kept comstant or nearly constant, It inevitably undergoes
radical changes with the time of day no matter what ecological
niche a terrestrial animal oeccupies.

In order to develop an -efficiently adapted visual apparatus,
the animal then must choose*h particular light condition; that '
is, a particular period of daf&* Terrestrial life thus called
for use of particular day zones, leaving other zones untouched,
since fit could not efficiently be established in both., That
the change of day and night can reverse adaptational advantages
considerably is exemplified by the owl and the sparrows.

But since the exploitation of the world of light requires
the limitation of activity to certain periods of the day, it
alsc requires that animals be capable of avoiding other periods.

What determines the release of activity is the drive process
following metabolic rates. Since the metabolic rate in the ecto-
thermic animal follows external temperature, that is, the change
of day, the ectothermic animal is superbly suited for the use of
the informational potential in ambient light. Ectothermy is in
this respect a great selective advantage, since ectothermy as
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fig., 1. Ectotherme animal

# Anthropomorphic language is used throughout the paper for
convenience. A more precise language could, of course, have
been used.

#% The problems of endothermy are in this paper exemplified by
the envirommental variable light. Other variables following the
game logic might be found. So the case of light need not be pa-
ramount to the demonsiration of the endothermic contradiction,

%% This important advantage of ectothermy could be the reason
behind the success of thecodonts over therapsides. But it is
also evident that the type of combinaticn we suggested to account
for theceodont superiority would add the ectothermic advantage of
close fit to the endothermic advantage of high activity. Sueh

a system would portray the same relationghips as shown in fig. 1,
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While the ectotherme could meet the possibilitles - wﬁich
in evolution means necessities - of ambient light fully pre-
prepared, it was a completely different matter for the epdcw
therme animal, as seen in fig. 2.
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Fig. 2. Endotherme animal in principle
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Since the endotherme has a constant high rate of metabo-
ligm, it also has - as can be seen - an unvarying drive cycle
and its activity must be performed with regular intervals com-
pletely independent of the change of day. It is therefore not
possible to develop an optimal adapted visual apparatus.

By follewing the evolutionary theme of endothermy in order
+to break the Permian restrictions cn activity, the animal thus
also broke the fine steering capabilities of ectothermy. The
endotherme freed itself of the restrictions of temperature,
and free indeed it bhecame.

The rise of endotherme therapsides in the Permian ggé shows
that it paid off to leave the possibility of utilizing the full
potential of ambient light in favour of breaking the temperatu-
re restrictions on activity., The fall of the same animals in’
the following age shows that advantages had reversed.*

‘The use of the potential of visual perception could be one
thing to account for the supremacy of the rising thecodonts,
and we know that olfaction remained the dominant sense of the-
rapsides and thus of the f{irst mammals.#*

# The Triassic age meant a return to a more warm and stable
¢limate, though still rather dry. The need.of endothermy was
thus lesse.

#% When early mammalian types started to grow their famous brain,
it was therefore built on the olfactory structures, and not on
the visuale The necessity of bringing information from other mo-
dalities to the centers of smell then meant the enveloping of
the olfactory structures by cortical layers. The Triassic short-
coming was thus the incubator of later triumph..
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The endotherme contained a contradiction, because by being
freed of the restrictions of temperature, the animal was simul-
tanecusly freed from important ties to tpe'envirohment ~ the
external "brain".*’Since restriction and adaptation are nearly
the same thing, the endotherme - by breaking temperature restric=
tions -2lso violated the rule of adaptational fitness.

In the Permian period, therapsides harvested the advantages,
but in the Triassic they were confronted with the biil. Their
lack of ability to utilize ambient iight**had been a small pro-
biem until a competitor emerged who could utilize it. The flaws
of endothermy materialized in the form of the superior thecodont.
With this materialization the problem stemming from the lack of
temporal specialization took on a new form.

The endotherme necessity

Adaptational restriction is at the same time protection. Out~
side the boundaries of an animal's environmental niche it is
without protection., With the rise of thecodonts this became

a major therapsidian problem. Having no temporal niche of their
‘ownin which they were well adapted, they fell prey to theco-
dontz in great numbers.

This problem had only one solution. The therapsides had to
develo§ temporal specializations re-creating the broken tempo-
ral barriers. However, since the thecodonts were superior due
to advanced vision and possibly also in speed, the therapsidian
temporal specialization had to avoid the periods of day utili-
zed by the thecodonts and instead exploit the periods of low
activity of the thecedonts and their dinosaurian kin.

This was possible because thecodonts had specialized in the
times of the day shown in fig. 1 in their attempt to use the en-
virormental possibilities to the utmost, and therapsides were
not hindered in utilizing low-temperature and low-light periods
of the day because of their independence of external temperature.

% From this point on the theme of internal brain development
is the therapsidian-mammalian theme, the first steps of which
we are dealing with in this paper.

*# Or any other environmental variable tied to the 24 hour cy~
¢le, and therefore demanding a temporal specialization.

N\

external temp.

activity cycle
of thecodonts

activity cycle

showing optimal
“golution for

therapsides

\
)
L [/

2
:
:

aVaTavaVe VoV,

;

Fig. 3. The therapsidian necessity

This all means that therapsides facing thecodonts in the
Triassic were forced to solve the problems inherent in the Per-
mian developments. They had to restrict their periods of ac-
tivity temporally in order to avoid extincticn. Going back to
ectothefmy and thereby renewing the tie between metabolism and
change of day, however, was not possible. They had to maintain
a stable rate of metabolism, which rendered them independent of
external temperature. _

In other words, the therapsides had te maintain the endother-
me rate of metabolism and at the same time restrict their beriods
of activity. The tie between rate of metabolism and activity
had to be severed, and it could happen in only two ways.

T
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Fig. 4o Solution no. 1
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The first way is shown in fig. 4. It consists of cutting
the tie between rate of metabolism and the drive cycle, This
would lead to the necegsary temporalizing of the cycle of acti-
vity. Or more precisely, it would allow other steering mecha-
nisms to gontrel the activity cycle gccbréinguto the time of
day by temporalizing the drive cycle. P
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The second way is shown in fig. 5. It consists of cutting
the tie between drive cycle and activity cycle. This would al-.
so allow the necessary temporal restrictions or adaptations.
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Fige 5. Solution no. 2
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Both solutions seem impossible, since the ties among meta-
bolism, drive and activity are as old as vertebrates themsel-
ves, and thus must constitute the genetic core of these animals'
behavior systems.

But since we must choose, as Nature must have chosen, the
second sclution is perhaps the more likely, since the activity
side of the system is more plastiec than the inner energetics.
Since prevention of unwanted activity is the object of the chan~
ge, interference with the activity system also seems the more
direct appreach.

According to our logic, endothermy negates the tie between
external temperature and behavior. Thus, sooner or later, it
must be followed by a negation sublating or undoing the disad-
vantageous aspects of the first negation. The cut between ex-
ternal temperature and rate of metabolism eventually becomes
intclerable and must be followed by a cut between drive cycle
and activity cycle restoring the connection between the latter
and temporal environmental changes. The fit must be re-esta-
biished.

Endothermy is the first negation. -The hypothesis put forward
in this paper is that the RIM sleep phenomenon i1s the gecond ne-
gation separating drive cycles and activity cycles, and that REM
sleep is part of a temporal adaptation linking the £herapside or
mammal to a cartain pericd of day, thus protecting it against
superior competitors or predators from the thecodontian stock.

Let us asses the REM sleep phenomenon in light of this hypo~
thesis, ‘
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REM sleep

The answer to the necessity of restricting the periods of ac-
tivity facing the therapsides*‘in the Triassic is ordinary
sleep. OSleep can very likely be seen as a temporal adaptation
keeping the animal out of circulation and saving energy in non-
favourable times of day. Thus we think that therapsides deve~
loped into more or less nocturnal animals due to the competi-
tion from diurnal competitors.

Lying idle for longer periods of time through sieeping is,
however, impossible due to the structure and function of the
inner activity determining processes, unless something is done
to prevent the cyclical drive release leading to overt activity
with frequent intervals, thus destroying the purpose of sleeping.

Sieeping thus presupposes solution no. 2 as depicted in fig.
5, That is, the separation of the activisy eycle from the dri-
ve cycle making longer pericds of inactivity possible despite
the unhindered rolling on of the drive cycle.

.

Activity Sleep Activity

L. Necessary tempo-
ral adaptation

Drive cycle
' Inerasable acti~
2. vity structure

‘The combined
result

Fig. 6

This situation is reformulated in fig. 6, showing the neces-
sary conflict between activity and drive release that the tem-
poral adaptation of sleep would mean fer the endotherme with a
high and stable metabolic rate and drive cycle.

Tn view of this, it is very interesting to learﬁ*‘that a cy~

¢lical process is actually taking place during normal sieep.

% We use the name "therapsides™ for the whole development of
andotherme reptiles from the Permian beginnings to the advent of
true mammals. This is, of course, taxadnomically incorrect.

#% It need not be said that the road of discovery is different
from the road of presentation. The latter for reasons of clari-
ty evidently overdoes the deductive character of the argument.
In reality it was REM sleep that led to the argument and not the
argument that led to REM sleep. -



This results in the centinuous interruption of normal sleep in
all mammals -~ and mammals alone - by a distinct physiological
state very different from that of normal sleep. This state is
called rapid eye movement sleep because it is accompanied by
spurts of rapid eye movements. Bul eye movements are not the
only difference between REM sleep and normal sleep.

While normal sleep shows a very docile pattern for breathing,
pulse and blood pressure, REM sleep shows rather wild patterns
for the same features, and the EEG in REMS is desynchronized re-
sembling that of a highly aroused animal in overt activity.

Despite its resemblance to the waking condition, the REMS is
no light sleep. In no other sleep phase is it more difficult
to waken the animal than in REMS despite its aroused condition.
Thig contradiction is the reason behind the alternative and per-
haps better name Paradoxical Sleep.

Both the agitated character and the c¢yclical nature of the
REMS phenomenbn point to that drive cycle which, acecording to
figures 5 and 6, must underlie any state of inactivity.

That the REMS cycle actually is the drive eycle is further
indicated by the close relationship between frequency of REMS
and rate of metabolism in different mammalian species (6}. The
higher the rate of metabolism - hence, the higher frequency of
drive release - the higher the frequency of REMS, The cycle
length of & rat is lo~13 minutes, while it is 120 minutes for
an elephant, Man has a cycle length of 9o minutes.¥® This ace
cords closely to their regpective rates of metabolismﬁ**‘

An elegant demonstration of the relationship between rate of
metabolism and REMS has been made by Jouvet (7). In a cat, sur-
gically isolated from its centres of temperature regulation so
that it functioned as an ectothermic animal closely following

¥ Rats have a higher metabolic rate than elephants due to their

higher surface to bulk of body ratio. Man of course is in between.

#¥ A particular cycle reflecting a periodic variation between
rest and activity throughout the 24 hours has been found in all
mammals. This basic rest activity cycle {BRAC) must reflect or
be the drive ecycle. The frequency of BRAC is precisely the same
as the frequency of REM3, though the latter is seen only during
gleep. This strengthens the view that REM3 is the work of the
drive cycle.

LR

13.

the temperature of external enviromnment the REMS frequency va-
ried accordingly. At low temperatures - low rate of metabolism
- it was equally lowf* At high temperatures the opposite.

Frequency is one way to measure RFMS. Magnitude, the time
spent in REMS in percert of total sleep time, is another, ##
While frequency points to the metaboliec rate, magnitude peints
to the amount of drive accumulated in the drive pool., This is
specific for different species, depending on the'type of food=-
getting in which they have specialized. Animals with easy access
to foed need only small drive amounts, while animals who must
perform more strenuous deeds to aqguire their food need larger
pools of drive.

According to this argument the magnitude of REMS should be
iarger in carnivorous species and smaller in herbivorous, with
ompivores in between. This is precisely the relationship we
find {&). Feline predators have twenty times the magnitude of
REMS than have ruminating sheep. .

Another indication of the close relationship between REMS
and drive comes from that part of contemporary sleep research
which deals with the deprivation of REMS. Deprivation of REMS,
that is preventing people and animals from having REMS during
sleep by wakening them, has been s particular interest of sleep
researchers. The reason behind this ig the fact that REMS epi-
sodes and pericds of dreaming coincidej the interest was in
what happened if dreaming were prevented.

Two results from this research are of interest to us. The
firgt is that REMS behaves like a physical quantity. When pre-
vented from bheing released, it accumulates, making further hin-
drance of release increasingly difficuit ($). After deprivation
was ended the following sleep periods showed a surplus of REMS
activity precisely equal to that "lost" {(lo).

This course of events and what might be called the "indestruc-
tibility" of REMS accords closely with the idea that REMS should

* And this, of course, is also a demonstration of the close
correspondence between drive cycle and external temperature in
ectothermic animals ghown in fig. 1.

¥4 It should be noted that two animals with exactly the same
cycle frequency can have very different magnitudes. F.ex, if

a period starts every 6o minutes during sleep, but it lasts lo
minutes in one specie before return to normal sleep, while it
lasts 25 minutes in ancther, the two apecies have the same REMS
frequeney but different REMS magnitudes.



14,

he an expressicn of the workings of the drive mechanism: pro-
duction, accumulation, and release. )

The second result are the behavicral patterns stemming from
REMS deprivation., To cite one of the pioneers of this research,
fement®: "In summary, the effects of prolonged REM sleep produ~
ce a characteristic behavioral change which appears to reflect
an alteration in drive state or emotion, or in more objective
terms, an increased probability that the animal will emit a
stereotypad "drive-oriented" response in the presence of the
appropriate stimulus, or even without." (11}

In other words, the results from REMS deprivation can be
seen as increasing drive accumulation in the deprived animal or
person, because the release of this drive is prevented by the
prevention of REMS.

This should establish the probability that REM3 is not only
tied to the drive cycle, but also is an expression of drive re-
lease.

We sHould not be surprised, though, since we have shown in
fig. 5 and 6 that the drive cycle is and must be a contingous .
phenomenon 24 hours a day and that it also must continue through
periods of inactivity like sleep.

This leads us back to the therapside problem. The drive cyc-
ie must continue, but it must not lead to overt activity in the
uforbidden® periods of the day. The problem is evidently sol-
ved in gsleep, where the REMS-drive release does not lead the
sleeping animal into overt action. How is it done?

The negation cf the negation

REMS is differing from normal sleep in one more aspect, but
this time it is also differing from the waking condition. From
the onset of REMS and throughout the REMS epigode the person or
animal suffers a radical drop in the muscle tone of the large
skeletal muscles. ' _

The result of this tonal fall-out is, that the animal or per-
son becomes quite flaccid, and animals which are able to stand

# Many strange conceptions of the rationale of REMS. have been
presented through the last decades.  Dement has constructed a
few himself, but he has also presented the view that REMS_ls out-
1et of drive (12). It makes Dement the predecessor of this hy-
pothesis, which was first formulated in 1975.. - - ‘
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erect while sleeping must lie down during REMS.

In other words, the apparatus of movement and action is com-
pletely blocked during REMS, which efficiently deprives the ani-
mal or pergen of the ability to perform activity, despite the
release of drive into the motor programmes of the brain,

Had it not been for the motor blockade through tonal fall-out,
the drive release would have meant open activity. Jouvet {13}
demonstrated this in another fine experiment, where the inhibi-
tory centers responsible for the drop of muscle tone in a rat
were destroyed. During sleep this rat initiated rage~like acti-
vity on the commencement of REMS. It ran around in the labora-
tory demcnstrating a wild and determined behavior unseen in the
waking condition. On the cessation of the REMS episode it lay
down again continuing the sleep. At no point in the whole ges-
sion was it awake.

So it seems that the separation of the drive cycle and the
activity cycle so necessary for therapsides when meeting a tem-
poral adapted competitor is caused by a blockade of the motor
apparatus through muscle tone drop out. The physiological re-
sults of the drive release are demonstrated throughout the ner-
vous system, but the actual behavior is efficiently prevented.

This enabled the therapside-mammal to become truely nocturnal.
It had negated the negation and through the processes of moter
blockade and drive-valving it could re~establish its temporal
adaptation and still keep the potentials Pf unvarying endothermy.

They had escaped extinction and were ready to reemerge into
the world of light, when the dinosaurs met their mysterious fate
in the Cretaceous age.

The double-purposed sxstmn*

The original necessity of the system letting drive be'reléaséaf:_Z 

# Still another purpose deserves mentionihg, though it is not’
appropriate to the arguments of this paper.. . It-has been: shown:

(14} that fecetuses in the last weeks. of pregnancy besides: having -
frequencies of REMS according to their high metabolici rates also.
have the highest magnitudes: seen:ofall..:This meana:that:they =
spend more time in the REMS3:state: than:iin any other states This . .-
seems puzzling, unless we see that the:foetus in pldacental aniw ...
mals is dependent upon another: organism withia 'much’lower rate
of metabolism. The foetus thereforeiregisters low metabolic va
lues which in the last'stages: of  preghndncy: should lead it :into:
overt activity through’ the actions: of the drive system.  This
most likely would be disruptive unless hindered in: some way: the
drive release and motor blockade of REMS The transition:frém
egg-laying mammals to placental could hardly have hdppened with-
out the aid of the REM3J system : :
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tut preventing overt activity was to re~establish the tie be=
tween temporal varianles of externzl envirenment and behavior,
whicr had been a biological rule until broken by endothermy.

Eyr this necessity became manifest with the rise of the dino-
saurian competitor and the dinosaurian predator in particular.
The recessity for temporal adaptation therefore tock the form
of a defensive need.

m™he "drive-valve/motor-bleockade™ system thus had a double-
faced character being at the same time an adaptation to temporal
aspects of environment and a defensive measure. While the im-
piications of the temporal adaptaticnal side are clearly demon-
strated in the REMS phenomenon, the defensive side is less clear.
We will try to probe into it.

It was the thecodonts, superior in speed and vision, that
forced the development of the blockade system according to our
logic. Their advanced use of visual information widened their
field of detection considerably, and their rapid mobility made
the exploitation of this enlarged space possible. Further, their
behavioral programming was so tied to the visual information
that the latter functioned as an external "brain." Such an en-
vironmental fit meant that when information of a moving victim
reached the predatory thecodont the hunt was pursued to its fa-
tal end with the efficiency of a machine. Only other thecodonts
had the chance of escaping such z hunter du to capabilities they
had in common, capabilities that therapsides definitely did net
have. )

"he thecodontian hunting programmes were build upon the fact
that victims flee when pursued by a predator; all they neaded
was to have the visual pattern of the fleeing victim fed to them
in order to put the thecodont on its deadly tracks.*

The only way inferier therapsides could escape their fate
would be not to feed the thecodontian programmes the fatal infor-
mation. That is, not to flee in face of the predator, but ra-
‘ther hecoming immobile. For all the thecodont would know the

" immobilized therapside had disappeared.

Tn order to apply such an extraordinary strategy turning the
thecedont's environmental "brain® against itself, the therapside
would have to negate the compulsory inner urge - Qld as time it-
self - to flee. '

¥* Pefhaps aﬁaiogous to contemporary birds of prey;
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Here we recognize the theme of the necessary temporal adap-
tation making inactivity p0551b}e in spite of the inner urge
of drive release. We suggest that the drive release/ motor
blockade system developed to serve the doukle purpose of li-
miting activity to a certain time of day and of escaping pre-
dators through non-activity.

~ Barcolepsy

Some people suffer from a condition of irresistible sleep at-
tacks. At any time of day, they can suddenly be overwhelmed
by un viclent urge to sleep, and in more severe cases simply
fall to the floor and sleep. This cendition is called narco-
lepsy and was a medical enigma until it was shown (15) to be
episodes of REMS taking place more or less fully outside of
normal sleeping, with instant dreaming and often with muscle
tone collapse as well,

REM3 not in actual sleeping, of course, points to the other
purpose of the drive-valve/motor-blockade system, namely ﬁe}en~
sive protecticn.*b That the narcoleptic attack and the catalep-
tic muscle tone fall out are often instigated by surprise and
fright support this view.

Narcolepsy may be seen as a rare occurrence**of an old mame
malian defensive response, no longer current. It ties both
purposes of the_drive-valve/motorablockade system together sin-
ce its purpose most probably is defensive, while its functional
mechanism 1s that of REMS3, the temporal adaptation. -

Depresgion

Though it is not widely recognized, narcoleptic corditions seem

to play some role in depressive disorders dlagnosed as erdogene-
OUS . '

* Due to the non—transparency of what constltutes threats to
pecple in complex psycho~sccial contexts, itrise very:dlfflcult
to prove that conditions otherwise: seefi’ isease’ :
vy inner workings ‘shoild actually: beimedriir
responses. The drgument of ‘this: piper cr
which narcolepsy can be seen as ]
physiological'or'chemical alfunction
#& After the
dators became e
the defensive.
tion p0531bly belng very: youn
dator - became & Hazard inste C
turn of evolution: the:system Had alread
side-mammalian repertoire fo :
unremovable from. the genot
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Kraines (16) in a summary of endogeneous*aepression as a
process lists symptoms of hypersomnia, excessive sleep, as a
characteristic of the preliminary phases of depression. In la-
ter phases it ghanges to hyposomnia, the frequently reported
sleep difficulti of depressives. .

A reduction of sleeping does not necessarily point to di-
minished REMS outlet, if the latter takes mere time than before.
It is very interesting that Hartmana {17) was able te show.that
depressives despite their sleeping difficulties had signifzcaét—
1y higher REMS magnitudes than did normals. In addition to high-
er magnitude the onset of the first REMS episode dguring sleep
cccurred nearly immediately after having fallen asleep. This
characterizes persons deprived of REMS and persons suffering
from narcolepsy, but not normals.

I have been able to confirm this connection between early
depression and narcoleptic~like cenditions from my own ex?erl-
ence with depression (18) and T further made the observation
that many of the symptoms of early depression and of pez:g:s
being‘experimentally deprived of KEM sleep are the same. -

There seems Lo be an apparent contradiction in depressives
showing excessive REM3 and at the same time showing symptom§ of
REMS deprivation. This contradiction can be easily solvaé 1f.
we recognize that both cenditions could apply to a situation in
which the need of REMS release exceeds the capacity of -the REMS
system. In this case release of REMS above normal values and'
symptoms of accumulated need of REMS would show at the same time.

One could say that early depression may be a sort of narcolep=
tic attack which was arrested and prolonged. This would make
the depressive'reaction a case of defensive reaction akin to the
narcoleptic attack as a defense and to our archaic therapside-
mammalian drive-valve/motor-blockade function. This accords,

of course, with psychopathological theories seeing depression as

ogeneous depression is here used as a‘descrzptlve and not
;i agggo%ogical teﬁm, since the causes Of"thls phgnoﬁegonfarihe
neither agreed upon nor Known. . The term depression tsb uih r
used as if it covered a single dxgordep. Thia need not be d‘eee
case. One should, however, follow the rule o? par51902y ggffs_
how far this will go before splitting depression up &?'Gd' :he
rent kinds. The latter procedure is mot optimal for .in 12g b
causes behind the phenomenon, because it gets too easily stuc
at surface variations that does not touch the core.

) . s r I ives
bl 1y exception to this is very important. _Depress
lacghihgns§m tomPof enhanced drive that characterizes the person
deprived of gEMS. : -
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a defensive withdrawal reaction.

If the amounts of drive released through REMS is radically
raised in depression, or in its early stages, it must mean that
the REMS system is cutting into the amounts of drive necessary
to sustain normal activity unless the organismic drive produc-
tion is also raised. This does not seem to be the case. The
raising of REMS activity is therefore followed by a correspon-
ding drop in behavioral drive. This drive-drop is the funda~
mental symptom of depression common to all known types.

A new experimental and clinical route to the alleviation of
depression strengthens this idea of a shift between outlet of
drive into overt action and outlet of drive through REMS in de-
pression, 8Since it is a common feature of depression that the
person feels worst in the morning after waking, attempts were
made to prevent people from waking simply by preventing them
from sleeping during the night. The results of such sleep depri-
vation were in many cases rather ameszing since people felt in-
creasingly better the longer they were deprived (19}. For a
vime - until they slept again - they actually began to feel
normal.¥ ' )

This strange recovery which has no equal in medication or
any other remedy fits into our scheme of thinking, if we see
REMS deprivation as the important aspect of the sleep depriva-
tion. In that case we interpret the situation as follows. The
deprivation prevents the drive release of the REMS system. This
means that the amount of drive available for behavioral purpos-
es will approach normal levels and in the case of prolonged de-
privation will reach super normal levels, as in the case of
Dement!s cats. : -

A1l this points to the conclusion that depression is a shift
in the ratio between drive released for behavioral ﬁurpésés”éhdffﬂ':];ﬁ
drive released through the drive-valve system,.that is REMS
This is exactly the same that happens in the narcoleptit
that is, the'arihaié;défénSe":'”' 6n in
unavoidableﬁdénééb' bﬁly that the narcole
form of thisféidﬁtheraps ~mammalia
is an arresteﬁt;n

¥ Unfortunately peopl
they should according: t
aive™ experiénce after:]
method was thought rather g
pogsible to postpone sleep.
of the drive "stealing" of
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This should not be suprising, though, since more than 3co
million years have gone since the Triassic problem presented
itself, and these years have not passed without changing the
therapside~mammal.

From a rather primitive creature controlled solely by the en-
vironmental "brain® and the internal metabolic rhythms an ani-
mal developed with considerable self controlling capabilities.
This process of development, reflected in the development of
the limbic lobes and the cortex, eventually took over the deter-
mination of overt activities and reduced the drive cycle to the
status of a sort of guiding rhythm or clock, now recognized as
the BRAC.

From here on, activities and behaviors are no longer under
strict environmental contfol, nor under rigid control of the
drive release system, but are directed according to the compu-
tations of higher brain centres.

Most probably it is these higher brain centres in general and
the limbic system in particular that interfere with the old de-
fense mechanisms and thus create the characteristics of depres-
gion.

The arrest of the narcoleptic attack allows other mechanisms
te play a role in the determinpation of depression. It is a well
known fact that any receptor can change its firering in relation
to stimulation accerding to messages from the CNS. This is al-
so true for the need registering receptors.

This means that the CNS can control the amount of drive produ-
ced in relation to a constant degree of need. The biological
advantage of this is obvicus. In summer and fall when foods are
plentiful, drive levels above those keeping the animal in a me-
tabolic balance between need and expenditure would bring about
the building up of food stores - either externally, as in sguir-
rels, or internally - meaning building up of fat reserves that
the animal can use during winter. In this period it would be a
saving of energy if the drive level were kept as low as possible.
Such a controlled drive level would mean that drive had a seaso-
nal rhythm tuned to the necessities and possibilities of the ani-
mal under changing envifonmental conditions.

Another way of controlling the drive level would be to keep
it in relation to behavioral expenditures. If more drive were
produced than was used in behavioral activities, it would be eco-
nomical to reduce the drive level. One way to read the ratio
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between produced drive and used drive would be to monitor the
ratio between produced drive expended through behavior and dri-
ve expended through REMS, Were the latter to reach too high a
level, the drive production of the need registering receptors
would be lowered. Both contrelling methods are acceptable as
adaptations, since both are advantageous for animals.

But if such a regulatory'system existed, it would be activa-
ted by tbe arrested narcolepﬁic attack in depression. This
weuld make depression a double phencmencon. First, the depres-
sive reaction would be activated by some threat to the organism
or person. This would lead to prolonged narcoleptic eonditions
with the symptoms of REMS deprivation, since it is a change in
the drive ratio between behavior and REMS. After awhile, how-
ever, this situation would lead to a genuine drop in the drive
production of the organism because the unbalanced ratio between
behavior and REMS would be read as an over production of drive.
The regulatory drive drop then would bring depression inte g
different phase.

The first phase is psychological in its purpose, namely the
avoidance of 2 threat; the second phase is purely physiologi-
cal. Since it is the second .phase which has the WOorse ccnsee
quences, it is this phase which brings the person to the cliﬁi;
cian, who therefore is "justified" in seeing the disorder solely
as a physiological phenomenon. . ' .

The course of an endogeneous depression could easil&Ibé fégd
as a result of this double process, and it would further explain
why some depressions seem to be tied to a seasonal rhythm. If
a major compeonent of an endogeneous depression is a regulétcry
drive fall instigated by a distorted behavior to REMS ratio,
and if such drive regulations normally -~ at least in mammalian
history -~ are asgsociated with the change of seasons, through
some effect of external determinants on the CNS, the course of
the depression could very likely be seasonal, too.

§wnmarz

It was argued that the uniform endothermy characteristic of mame
mals violated an important tie to envireonment and thus had te be
followed by a re-establishment of this tie. But this would mean
that behavior and the drive system somehow had to be separated,
something not seen before in evolution.
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Since sleep is one adaptation, which according to our logle

would be impossible without this separation, it was argued that

the rvthmic REMS phenomencn was & product of the separation.

REAS then showed that the separation was brought about by

allowing drive to be released, but blocking the accompanying mo-

tor activity through a muscle tone drop out.

t was also argued that since the separation became a mani-

fest necessity due to the threat of superior dinosaurians, it

also had to serve a defensive function.

Thig defensive function

was identified in the phencmenon of narcolepsy, which also is

REMS outside actual sieeping.

Tt was further argued that the depressive reaction, too, is

a defansive reaction of the above mentioned type, and that it

actually might be an arrested and prolonged case of narcolepsy.

But this would lead to the activization of another feature,

namely the reduction of the organismic drive level according to

the ratio between behavior and REMS,

This could explain depres-

sion as a double phencmenon, where the first phase - the psycho-

biclogical defensive reaction of narcclepsy - is quite different

from the second - the physiological drive lowering.

seems to fit most of the empirical facts.

411 this is, of course, spaeculation, though the hypothesis
Whether it sticks or

not, however, there seems L0 be & common context for sleep, nar-

colepsy and depression which should te found.
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