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I. Introduction
A) Principles of Homeostasis and the Problem of Schizophrenia
In spite of the truly brilliant achievements which char-
acterize modern medicine, there exists in that realm of huran
experience a pertinacious enigma, an affliction of the human organ-
ism which, thus far, has resisted all attempis to disclose its
exact causality and nearly all measures that are directed to re-
lieve it. It has been stated that the rate of cure of schizo-
phrenia 1is scarcely greater today than it was during the age of
less sophisticated medicine, and some of our more cynical contend
that contemporary methods of treatment are scarcely better, al-
though possibly more humanitarian than those of the dark ages.
This deviation from normal has been carefully studied,
its clinical manifestations have been recorded and classified,
numerous investigations into its etlology have been performed and
nearly as many theories for the disorder have been proferred. At
one time or another the following were thought to be fundamental
in the etiology of schizophrenia: thyroid deficiency, anatomical
defects in brain structure, tuberculosis, specific type of strep-
tococcus infection, sex~hormone abnormality, immature develop-
ment of the mesodermal structures, gastro-intestinal intoxication,
liver disease, a purely psychological reaction pattern to trau-
matic experiences starting in childhood, and an abnormal biochem-
istry of various substances e.g. carbohydrates, lipids, proteins,
potassium, calcium, etc. (1,2,3). Many of these theories have met
with contradictions at the hands of different investigators, es-

pecially those which purported to assocliate schizophrenia with



gross pathological alterations in the structure of various or-

gans and tissues. Contrary to the claims of the earlier investi-
gators it 1is now generally conceded that there are no quantita-
tive differences in the lévels of the various chemical substances
in the blood or urine between normals$and schizophrenics under
basal. conditions. Of the early investigations only those that
dealt with the autonamic nervous system in schizophrenia have been
more or less consistently corroborated by later studies. It was
because of this and also because of the coincidental work of W.B.
Cannon (4) on the role of the autonomic system in equilibrating

the organism to the displacements of exogenous or endogenous stress,
that the emphasis was placed by some investigators on the nature

of the homeostatic mechanisms in schizophrenia. Thus far this

has been one the most fruitful directions taken by xedical research
in this disease, for not only have the results of experiments

which tested different kinds of homeostasis been consistent in
their findings but the most recent knowledge on the reactions of
the adreno-sympathetic systems to stress has been applied to the
study of schizophrenia with impressive results.

Cannon (4) described the living organism as a system which
was able to retaln its integrity and stablility through the oper-
ation of regulating mechanisms which tended to restore the system
to its original level whenever it was disturbed by some stress
elther in the external or internal environment. In this way the
organism can counter-act otherwise harmful situations and retain
its internal milieu at relative constancy. This permits a high

degree of independence of the organism from the environment and



the freedom for the development, refinement and activity of the
higher nervous system. Most homeostatic mechanisms which reg-
ulate the adaptivity of the organism to the environment (internal
and external) are confined to the autonomic-endocrine system and
usually have no conscious representation if the mechanisms are
compensating adequately. In this way "normal life runs smoothly"
for the organism and when the stresses become excessive or threat-
ening the higher voluntary centers contribute to the restoration
of the organism from the displeecement. Fortunately, because the
normal organism has adequate autonomic homeostatic mechanisms,

the cortex is seldom "aware™ of the biochemical and physiological
stresses and strains of daily living and also because of the stead-
iness of the internal environment it is able to function smoothly
and efficiently.

It has been found that the infraconscious homeostatic mech-
anisms in the schizophrenic subject are defective when compared
with the normal. The schizophrenic organism does not respond to
changes in the environment with the alacrity and intensity of
the normal organism and is unable to attenuate the noxious dis-
turbances to the organism. He 1s, therefore, unable to maintain
the constancy of the internal environment which is so necessary
for the smooth operation of all bodily systems, and especially the
higher nervous centers. Thus, even "normal living" presents an
undue stress for this organism.

This paper will deal with a review of the studies that have
been made comparing the respanaivify and efficiency of the homeo-

static mechanisms in schizophrenic subjects to various types of









again the difference was not significant. When plotted on a
distribution scale it was seen that for the diastolic pressure

and the pulse rate the patients tended to concentrate at the lower
levels of response but the variability in the group was much great-
er than the normals. With a similar but more extensive procedure
Funkenstein et.al. (8) plotted the course of the systolic blood
pressure for 25 minutes after administering either epinephrine in-
travenously or mecholyl (acetyl beta-methyl choline) intramuscular-
ly to a variety of mentally 111 patients which included 37 schizo-
phrenics. Normal subjects were used as controls. The response to
each compound was plotted on the same graph for each individual.

It was found that the autonomic-response curves of all the subjects
could be divided into 7 distinct patterns and, although all of
patients with a similar mental disturbance did not fall exclusive-
ly into one type of pattern, there was, nevertheless, a distinct
tendency for them to concentrate into one particular type of res-
ponse curve. Of the 7 autonomic patterns there was one that was

in many respects quite different from the 6 other types. It con-
sisted of the poorest response in systolic blood pressure to epine-
phrine--both in the height of the rise ‘and in the duration of the
response. The average rise for this group was 47.1 mm. and the
duration of response (until the systolic blood pressure returned

to pre-injection levels) was 2.8 minutes. The 6 other autonomic-
response patterns showed an average rise in blood pressure ranging
from 59.1 mm. to 93.5 mm. and an average duration of response from
3.3 to 5.7 minutes. Whereas the average area of the epinephrine
curve in this special group was 12.6 the areas for the other epine-

phrine curves ranged from 19.3 to 39.2. The mecholyl response



aspect of this autonomic pattern was also significant. It showed
a fall in systolic blood pressure of 26 mm. and even after the
25 minutes had not yet begun to return to the pre-injection level
while in nearly every other autonomic-response curve the systolic
blood pressure had attained pre-injection levels and in most in-
stances it had returned much sooner. The impressive feature about
this type of curve was that although only 54% of the schizophrenic
patients exhibited this pattern none of the other mentally 1ill
patients (psychoneurotics, psychopaths, involutional psychotics,
manic-depressives) or normal subjects showed it. The other schizo-
phrenics showed more sympathetic responsivity and thus fell into
more active autonomic groups. It is known (see later) that during
the early and acute stages of schizophrenia there is usually a
hyper-activity of the sympathetic as well as the somatic nervous
systems and this may have accounted for the other 46%. Essentially
the peculiar type of autonomic pattern that was seen only in the
cases of schizophrenia was a markedly poor response to epinephrine
and a failure to attain homeostasis by increasing sympathetic
activity after mecholyl.

Another method for measuring responsivity or homeostasis
of the autonomic nervous system is to expose the organism to cer-
tain external stresses. But before going on 4o« $he next group
of experiments it will help to reeall some of the physical fac-
tors in blood circulation in order to understand the significance

of some statistical material to be presented. The cardiovascular

system is an hydrodynamic unit in which the blood pressure is de-

pendent on the heart rate, its force of contractioh, its stroke
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effects on the autonomic nervous system of the more "successful"
methods of treating schizophrenia. Cameron and Jellinek (12)
recorded the effect of insulln treatment on the pulse rate and
blood pressure of 22 schizophrenic patients, 10-of whom recovered
and 12 who did not recover. Normal controls who did not recelve
insulin were used for comparative purposes. The results are tabu-

lated in Tables I and II.

Table I

Pulse Rate Changes After Insulin Therapy

Normal Recovered NonsRecovered
Controls| Patients Patients
[Pre-Insulin [Post-Insulin|[Pre-Insulin|Post-Insull
Mean Value | 62.2 61.7 67.6 . 63.7 63.2

‘Intra-Indi
(vidual Standard
Deviation 349 6.0 4.1 7.4 T4

Significance of
difference between
neans ~ #PL0.05 P=0.77

# P stands for the Probability coefficient and in this case means
that the chances are less than 5 in 100 that the difference between
means could have occurred on a random basis. P values less than 0.05

have high statistical significence.
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Table II
Systolic Blood Pressure Changes After Insulin Therapy

Normal : .. Recovered Non-Recovered
Controls - Patients Patients _d
Pre~-Insulin |Post-Insulin||Pre-Insulin|Post-Insulir

¥ean Value 115.3 107.6 115.9 114.9 114.9

Significance of
difference between '
means P=0.01 P=0.70

After treatment the pulse rate increased significantly in
the recovered patients whereas there was no significant change in
the patients who did not recover. In addition there was a decrease
towards normal in individual varlability in the recovered but not
in the unrecovered group. The changes in blood pressure were similar
to those in the pulse rate. Before treatment the systolic-dias-
tolic correlation coefficients (see before) of both groups were
0.45 and 0.48 (no significant difference) and 0.30 for the nor-
mal subjects. After treatment the correlation coefficient for those
who recovered changed to 0.29 and for those who did not recover
it actually tended to increase-to 0.56. As explained previously,

a high correlation coefficient indicates a relatively inactive
sympathetic nervous system while a low coeftitbaﬁﬂsignifies the
reverse. Thus an important factor in recovery was the malntained
activation to normal levels of the adreno-sympathetic nervous
system. Rinkel et.al. (13) have shown that.after bllateral front-

al lobotomy the autonomic nervous system becomes much more res-

















































































39.

slum but the marked stress decline in output shown by the patients
c¢f differentiates thelir output change significantly from the
nor-mals. A rise in stress sodium output among the normals 1is
signi-ficantly different from the slight drop in the patient's
mean val-ues. The lymphocytopenia 1s significantly greater in the
normal subjects. The drop in blood amino acids 1s entirely similar
inthe two groups and reflects similar insulin evocation. The
schizo-phrenics had a "diebetierlike " blood sugar curve. A
greater de-decrease 1n blood inorganic phosphate 1s observed
initially in the norral subjects and this may be due to a more
rapid phosphory-lation of the glucose. (Verzar and his co-workers
(24) have ob-tained results from animal experimentation which
indicated that this phosphorylation was controlled by the adrenal
cortical se-cretions).

The data in the various experiments discussed above are
expressed as the group mean values of different determinations
which were done on many subjects l.e. 1t i1s a cross-sectional
analysis. In order to obtaln a picture of the distribution of
individual responsivity the investigators devised an arbitrary
"total response index" (TRI) which was determined for each indi-
vidual. This was obtained by employing the data which represented
the principle indices of adrenocortical actlivity, namely 1l7-keto-
sterold and neutral reducing lipid outputs, the potassium, sodium
and uric acid excretlons and the blood,lymphocyte changes. The
TRI was constructed for each individual by averaging the stress
and post-stress percentage changes of these constituents. The

mean TRI values for the five tests are shown in Fig.7.
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particular physical and chemical environment 1is seriously at fault
in the schizophrenic individual. The mere act of living 1is in-
deed very traumatic for him.

Malmo and Shagass (53) made an elaborate study of several
reacting systems in patients under a stressful situation which
consisted of a thermal stimulation to the forehead. The subjects
were 75 patlients with various psychlatric dlagnoses, who were class-
ified into three groups. One group consisted of those who clin-
lcally showed much anxiety. Another was a mixed patient group
consisting of depressions, psychopaths, alcoholics and others.

The third group was made up of early schizophrenics. Normal sub-
Jects served as the control group. The order of anxiety 1n the
groups, from greatest to least, was the anxiety patient group,
the mixed patient group and the control group. The early schizo-
phrenlcs . were not rated as to anxiety. Simultaneous records of
neck muscle potentials, head and finger movements (voluntary and
involuntary) and respiration were taken. The involuntary fin-
ger movement scores for the different groups were: controls 15.7,
mixed patient group 28.1, anxlety patient group 40.2 and schizo-
phrenics 44.61 All intergroup differences were statistically
significant except the anxiety and schizophrenitc groups---show-
ing a close analogy of the latter to the former since the degree
of movement appeared to correspond closely to the degree of anxiety.
Table V shows the group differences in the voluntary signaling

of the experience or the expec¢tation of pain.
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Table V.

Voluntary Signaling of Pain of its Expectation

"Group Mean no. Median Median latency
of signals duration of period
signaling (between appli-

cation of stim-
ulus and start
of signaling)

Control 2.9 0.86 2.76
: Mixéd 3,7 1.12 2.61
Anxiety 6.6 1.49 1.97
Schizophrenics T.0 2.49 1.15

The greater the degree of anxiety the greater the fre-
quency with which pain was signaled; and the signeling started soon-
er and kept up for a longer time. When the groups were compared
at various intensities of palin stimulation a difference between
the anxiety and schizophrenic patients did emerge. As the intensi-
ty of the stimulus was increased by steps it developed that the
schizophrenics responded less discriminately than any other group
when it came to signaling pain. The schizophrenics signaled to
the most intense stimulus only 1.5 times/?:equently as to the least
intense, whereas the anxiety group increased its frequency 4.5
times. Therefore, the schizophrenics differ from the anxiety group
in that their voluntary reactions tend to bear less relation to
the physical charagteristics of the stimulus.

Electrodes were attached to the neck of the subject to re-
cord@ the bursts of activity during the experiment. The neck mus-
cle potential scores were: controls 8.9, mixed patient group 16.0,
anxiety patient group 21.0 and schizophrenics 20.3. It was also

demonstrated statistically that the only simllar groups were the
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anxiety and the schizophrenic patients---and the activity potential
score was directly related to the degree of anxiety. Overt head
movement scores led to similar conclusions. Respiratory irregu-
larity is a measure of the immediate disturbing effect of a pain-
ful stimulation and again the anxiety and schizophrenic patients
were the only groups that resembled each other.

Recalling Freud's definition of anxiety as "the expectation
of ¢rauma..........and.........an attenuated repitition of it"
we may say that the early schizophrenic subject with his serious
disturbance in fundamental homeostatic activity is an organism
in "total retreat™, putting up a strong but indiscriminate and
exhaustive rear-guard action which further saps his "adaptation
energy" and intensifies the internal biochemico-neural disorgani-
zation.

The last series of experiments to be examined deal with an
homeostatic mechanism which literally subserves equilibrium, name-
ly the ¥estibular apparatus. Testing the nystagmic reactidniof.a
large number of schizophrenic and normal subjects to caloric and
rotational stimulation Angyal and Blackman (54) found marked dif-
ferences between these groups. After rotational stimulation the
mean nunber of nystagmic beats for the patients was 44.9 and the
frequency was 1.32/sec. The corresponding values for the normal
subjects were 60.8 and 1.67. The differences between both sets
of figures was of the highest statistical significance as wit-
nessed by a PC0.01l. Similar results were obtained by caloric
stimulation; 60.2 mean nystagmic beats at a frequency of 0.82/sec.

for the patients and 116.4 and 1.34 were the corresponding figures
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for the normals. Statistical analysis again showed the differ-
ences to be significant with a P£0.01l. One particular schizo-
phrenic patient whose 1llness was marked by periodic stupors re-
flected his clinical course in the vestibular responsivity, which
was good when he was in touch with environment and depressed when
he returned to his stupor. Three successive trials at stimulation
during one of these stuperous periods produced not even one ny-
stagmic beat! The patients who manifested the least vestibular
reactivity were characterized by an extreme degree of apathy,
lack of initiative and poverty of mental content. All in all it
1s as if the chronic schizophrenic organism had retired to a
state of physiological, intellectual and emotional hibernation
i.e. a state which suits his low biologic adaptation energy.
Freeman and Rodnick (55) using a kymographic recording
device were able to demonstrate that after rotational stimulation
the postural steadiness was significantly greater in the normal
subjects than in the schizophrenics. A similar study by Angysal
and Sherman (56), also testing the interconnections of the vestib~
ular apparatus with neuron nets other than those of the oculometer
centers, ylelded similar and also highly significant differences
in the postural behavior of blindfolded schizophrenic and normal sub-
Jects after caloric stimulation. After stimulation and with the
blindfold still in place the subjects were told to mark time at
a deslignated area and their tracking was noted. The normal sub-
jects rotated 215.5° from the position in which they were ini-
tially placed while the schizophrenics rotated only 73.3° (P¢0.01).

Although the duration of the vestibular reaction was significantly
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longer in the normals than in the schizophrenics, 108.0 seconds

for the former as opposed to 45.0 seconds for the latter (P<£0.01)
the rate of rotation was still greater for the normals (50.20/sec.)
than for the schizophrenics (22.29/30 sec.). Again the statistical
P was less than 0.01.

The above experiments again disclose the presence of a low
energy level in a fundamental homeostatlic mechanism in the schizo-
phrenic organism.

III Conclusion---Fact and Fantasy

We have seen the evidence which iridicates that the schizo-
phrenic is an organism with defective mechanisms for maintaining
homeostasis. So fundamental a system as the hypothalamic-pitui-
tary-adrenal cortical complex cannot be at fault without seriously
incapacitating in some manner the activity of every living cell in
the organism. The guestion that raises 1tself immediately is the
causal direction of the psychologic and physiologic defects. The
answer as to which comes first awaits further investligations, but
one must not lose sight of the possibility of complementarity
in this problem. However, this aspect of the subject has hardly
been investigated, partly because it 1s exceedingly difficult to
approach experimentally, but also because we are used to thinking
in terms of cause and effect.

Although we can speak only in generalities at present,
we, nevertheless, are to an extent on limited but firm experi-

mental ground. The human organism besides beihg a self-controlling

(homeostatic) system is peculiar in another physico-chemical

respect in that it is able to exist at differnt levels of energy;
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one example being the sleep and the waking state§. The total
energy of the system, and, more important, the rate of exchange
of energy between the system and the environment is quantitatively
different under both conditions. Similarly, different levels of
of energy exist during the waking state depending on the demands
of the environment at any particular instant. It is the sécond
Law of Thermodynamics which states the manner in which any 2 sys-
tems at unequal energy levels, i1f allowed to act on each other,
tend to equilibrate by a flow of energy from the high to the low
energy system. It is this flow of energy which, if properly
channeled, will do work. It is thus obvious that this phenomenon
is basic in the many complex processes which are lumped together
under the term--"living".

The total energy exchange between the "living" energy sys-
tem and the only other energy system in relation to itself, namely,
the environment (l.e. each organism "knows" only two energy systems=-
its own and the total environment) wvaries not only dtarnally but
also during the various stages of its lifetime. It is not simply
that the infant is the species type of low-rate energy-exchange
system but conversely--because it 1s a low-rate energy-exchange
system it is an infant. What is called "development" of the in-
fant is the progressive acquisition, in a genetically determined
manner, of a higher-rate energy-exchange system. In this manner
this "living" system is able to broaden its range of ccntect among
the numerous sub-systems that compose the great environmental
energy system.

The schizophrenic organism is thus viewed primarily as a
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fallure in "development" of a high-rate energy-exchange system.
For some as yet unknown reason "maturation" stops at a stage which,
although compatible for the energy exchange system at that parti-
cular age-environment, cannot malntain i1tself at a higer energy
level. Gradually, as the organism finds 1t constantly "difficult
to adjust" to the higher energy levels for which 1t has not de-
veloped a sultable energy-exchange system of 1ts own, 1t drifts
back to an energy-exchange level with which 1t 1s "compatible".
Therefore, the extent of regression of a particular schizophrenic
when viewed by the psychlatrist 1s an indlcatlion to what extent
this organism has had to limit hls contact with the environmental
energy sub-systems. The theoretical limit approached 1s that of
a single, 1solated energy system---termed by the psychlatrist
narclsslsm.

The questlions to be answered in order to understand the
neaning of schizophrenla are many and complex. Wwhat 1s the nature
of the maturation process of the organism? What are 1its controls?
What are the causes of 1ts disturbance? To what extent and in
what manner can this process be restimulated 1f it has ceased to

functlon? Are 1ts changes irrevocable?
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