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PART III.

The Respiratory Regulation in Psychotic Subjects.

By F. GOLLA, F.R.C.P.Lond., S. A. MANN, B.Sc., F.I.C., and
R. G. B. MARSH, M.R.C.S., L.R.C.P., D.P.M.

THE preceding studies on the acid-base equilibrium in psy

chotics have made it evident that the failure to adjust must be
attributed in the first instance to an inadequacy of the respiratory
compensatory mechanism, and can be in no sense attributable to
either a deficiency in the buffering power of the blood itself or
to an increased organic acid production (acidosis). We have
endeavoured to determine the excitability of the respiratory
centre to the stimulus created by CO2. For this purpose a number
of psychotic patients were tested as to the excitability of the
respiratory centre to air containing 2% CO2 and the reaction com
pared with that obtaining in a number of normal subjects.

METHODS.

The estimation of the total ventilation when dealing with psy
chotic cases presented special difficulties. The simplest and most
accurate method of recording the ventilation is that adopted
by Haldane (I). He placed the subject in an air-tight box with
the head only outside, an air-tight joint being made round the neck,
and the respiratory changes of volume being recorded by a suitable
apparatus connected with the box. Such a method is quite
unsuitable for the majority of psychotic patients on account of the
alarm occasioned by confining them in the narrow limits of the
box, which results in a great disturbance of respiration. Any
method depending on the collection of the expired air in a plethys
mograph was found to be open to the grave objection that the
filling of a sufficiently large plethysmograph could not be accom
plished without an appreciable back-pressure on the lungs during
expiration. The respiratory mechanism is extremely sensitive to
air-pressure, and a type of forced breathing is engendered which
vitiates an experiment intended to measure the slight changes
produced by the chemical regulation of respiration. A further
problem is raised by the difficulty of the attachment of the respira
tory apparatus to the subject. Experience with the conventional
mouthpiece in basal metabolism experiments has convinced all
workers in this Laboratory that even with trained subjects there
invariably ensues a type of over-ventilation which can easily be
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demonstrated by estimations of the CO2 in the expired air in succes
sive five-minute periods. During the first period a great washing
out of CO2 occurs, and estimations of CO2 in the alveolar air taken
beforeand aftera shortperiodof breathingshow thata degreeof
alkal@mia has been esÃ§ablished. The use of a mask allowing nasal
respiration obviates this source of error in the trained subject, but
has a distinctly terrifying effect on many psychotics who, fearing
suffocation, breathe as deeply as possible. It must also be premised
that such a mask must befitted with inlet and outlet tubes sufficiently
large to allow of very free passage of air, together with far lighter
valves than the type generally in use for metabolic experiments.

The ideal apparatus for recording variations in the total venti
lation should offer no resistance to ventilation, and be not much
greater in capacity than the tidal air volume of a single respiration.
It is connected with the subject by an attachment that allows
normal nasal breathing, and so comfortable as to produce no
psychical effect on respiration. After many trials the apparatus
described below was found to satisfy these requirements.

A very light and well-balanced aluminium volume recorder of
about 6 litres capacity, floating in a water tank, was divided into
two equal portions by an aluminium partition running along its
length. The half A served for the expiratory air and the half B
for the inspiratory (vide Fig. I). The air-space of each half was
connected by I-in, tubing passing through the floor of the water
tank, with the breathing attachment consisting of a glass and metal
T -tube of I in. diameter (c) furnished with very light Chauveau
valves set for inspiration and expiration respectively (D and E).
Two second tubes, F and G, of the same diameter (i in.), connected
the air-spaces of the recorder with the outer atmosphere. In order
to obtain a continuous record of respiration, it was necessary that
when air was expired through E into the expiratory half of the
recorder A the tube F connecting this half with the outside atmo
sphere should be closed, whilst the tube G, connecting the inspiratory
half B with the atmosphere, remained open, thus allowing the
recorder to rise during expiration and filling B with fresh air.
During inspiration the reversed order was observed. Air was
inspired from the half B, and the tube G communicating with the
atmosphere was closed, the atmospheric tube F was opened, and
whilst the recorder fell, it emptied the previously expired air into
the room. In order to effect the automatic opening and shutting
of the atmospheric tubes F and G during the two phases of respira
tion, free ends of these tubes were covered by the valve plates,
H and I, of an electrically controlled valve. The two valve plates

were pivottedon thearms ofa lever,which was presseddown at
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one end by the spiral spring s, so that the valve plate H was
normally blocking the free end of the tube F on the expiratory
side. The other side of the lever was furnished with a soft iron
plate which could be pulled down when a current passed through
the electro-magnet M, overcoming the resistance of the spring and
thus opening F during inspiration and closing G. The inspiratory
making and the expiratory breaking of the current to the magnet
was effectedby means of thetambour@ connectedby a smalltube
with the mid-valvularspaceof the T-tube c, the leverof which
made the circuit to the magnet when the membrane of the tambour
was depressed by the pull of inspiration, and broke it during
expiration. To the free end of the upright of the T-tube was
connected a V-shaped glass tube about an inch long, and on each
limb of the V were affixed two bulbous tubes of soft rubber an inch
in length which could be squeezed into either nostril, and accom
modating themselves to the shape of the nostril, formed an air-tight
joint with the nasal chamber. The weight of the T -piece was
supported by a cushion. It was found that when the soft rubber
end-pieces were coated with vaseline not the smallest discomfort
was experienced, and after a short time their presence was
unnoticedâ€”in fact on many occasions a subject would fall asleep
whilst breathing through them. The whole system offered no
appreciable resistance, and the dead space in the T- and V-tubes
above the valves did not exceed 20 c.c. In order to introduce
gaseousmixturesto theinspiratorychamber a box was fittedover
the inspiratory valve i, with the lever moving up and down through
a slit in the wall of the box lightly packed with cotton-wool. At
one end of the box was a tube, x, connected with a large gasometer
provided with an electrically driven stirring fan, and at the other
end a tube of equal diameter, z, was open to the atmosphere.
When the patient was breathing atmospheric air alone he obtained
this through z. When he was being supplied with a gaseous
mixture, this was furnished by pushing the mixture across the valve
opening from x to z, the gas being drawn in during inspiration
through the tube G. To avoid psychical disturbances the gaso.
meter was placed outside his field of vision. With such dilute
mixtures as 2% CO3, there is, of course, no subjective sensation.
The recorder inscribed its movements on a smoked drum by means
of the lever L, and at the end of an experiment the record was
calibrated in the usual manner.

THE RESPONSE OF THE RESPIRATORY CENTRE TO CO2

For purposes of estimating the excitability of the respiratory
centretoCO2,the minimum percentageof CO2 in the atmosphere
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which would .cause an easily demonstrable increase in the venti
lation of normal subjects was determined. The standard mixture
was an atmosphere containing 2% CO2, though this is con
siderably above the limen of excitability of the respiratory
centre. Of twelve normal cases examined all responded to a 2%
CO2 atmosphere by increased ventilation, the mean increase being
about 20%. Fig. 2 gives a typical record. The curve is calibrated
in intervals representing 100 c.c. by the abscissa.

Twenty psychotic patients were examined. Six of these were
certified cases of katatonic dementia prmcox from Claybury Mental
Hospital, and the remainder early unclassified cases from the
Maudsley Hospital, in which anxiety and depressed states pre
dominated. A case of dementia prmcox gave a small increase of
ventilation (9%) to the CO2 mixture, and one of the Maudsley
cases, a man recovering from an anxiety state, gave a normal
response. None of the other psychotics showed any increase of
ventilation with the 2% CO.2 mixture. Several were examined
repeatedly both before and after meals. We have here a direct
proof that the failure of the acid-base compensatory mechanism
is associated with a depression of the excitability of the respiratory
centre to CO2.

THE RESPONSE TO THE INGESTION OF SODIUM BICARBONATE.

A dose of 10 grm. of sodium bicarbonate was administered to a
number of normal subjects and psychotics. This dose should
raise the alkali reserve of the blood about 5% according to the
formula of Palmer and Van Slyke (2, 3), when the effect on the

38 x grm. NaHCO3
alkalireserve=@â€”¿�. .â€”-. on theassumptionofan equal

weightinkilos

TABLE 1.â€”Showing the Response of a Normal Subject to a Single Dose

of Bicarbonate.
Normal (I) io grm. NaHCO3 at ii a.m.
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L @=

Fio. i â€”¿�Diagrammatic representation of the electrically controlled
plethysmog ra ph. For desciipt on v@1t' text.

[â€˜In. 2.â€”FypiCal record of normal ventilation response to 2@, CO@.
Absciss@ represent 100 cc. graduation.
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diffusion of NaHCO3 through the body-fluids estimated as 700 c.c.

fluid per kilo body.weight. All the normal and the psychotic
cases responded to the bicarbonate with an increased urinary pH.

Table I gives the response of a normal subject to a single dose.
Table II shows the response of a normal subject to a repeated

,.111i - .. ..,.liIIIilllLiil @11hIil1.IIILIIII1iliA11i1lLi@1lIlLl

B

FIG. 3.â€”Showing ventilation following sodium bicarbonate ingestion

in a normal subject. A, before; B, one hour after; c, two hours
after.

dose of bicarbonate. Tables III and IV show the responses of two
psychotic subjects to the same dose.

It will be noted that there is no significant difference between

the urinary pH response of the normal and the psychotic subjects.
Turning to the respiratory response there is a marked difference.

The initial alveolar air tension in the â€œ¿�acid â€œ¿�psychotics is, as might
be expected, abnormally high. In both classes the ingestion of
bicarbonate is followed by an increased alveolar CO2 tension.

C

https://doi.org/10.1192/bjp.74.306.443 Published online by Cambridge University Press

https://doi.org/10.1192/bjp.74.306.443


.
Time,%CO,in alveolar air.Urine.

-__________
Volume H NaHCO,, Chlorides, Phnsphates,

c.c. â€˜¿�â€˜¿� grm. grm. NaCI. mgrm.P.io.15a.in.

10.30

10.45
11.0

11.15

11.30
11.45
12 noon
12.15 p.m.

12.30

12.455@4

555
552
570
6'o5
5.85
6-17
6-40

3.70
5-72
5@6511-5

9â€¢o
11,5
22

27

19
24
3i'5
30
29
2148

4@9
5'2
8@4
8-6
8'6
8@6
8-6
8-6
8-6
8-6,

..

..

@I45
â€˜¿�281
-282

â€˜¿�403
â€˜¿�5j@
â€¢¿�@z6
â€˜¿�513
â€˜¿�@7iâ€˜o6@

.@

â€˜¿�094
-zi8

112
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TABLE 11.â€”Showing the Response of the Normal Subject to a Repeated

Dose of Bicarbonate.

Normal (II) io grm.
11.15 a.m.

NaHCO, at io.15 a.m., repeated afterone hour at

TABLE 111.â€”Showing the Response of the â€œ¿�Acidâ€•Psychotic Subject

to Sodium Bicarbonate.

Case I (T.5) io grm. NaHCO, at 10.40 a.m.

In the normal when the excretion of bicarbonate has brought
the alkali reserve down to approach the resting value there ensues a
corresponding drop in the alveolar C02, in the psychotic the alveolar
CO2 tension remains high. If the subject be connected with
a plethysmograph we find, as illustrated in Fig. 3, that in the
normal the respiratory centre responds to the increased pH tension

Time.

10.40 a.m.

12.50
11.10

11.30

31.50
12.10 p.m.

12.30
12.50

1.0

Urine.

% CO, in
alveolarair.

6@@

6-35
6- 8@
6' 8@
6-85
6- 8@
6-9
7.3
7.4

.33
â€¢¿�36
.3'
â€˜¿�20

â€˜¿�12

25
2!

38
27
26
i8

8
6-8
8'o
8' 8
8-8
8-8
8-8

140

-â€˜43
-167

P097
-094
-o6@
- o6i

5'05

7.3
7.9
io-6
14_ 7
11-2
I2@0

* A man, @t. 44, who has suffered with an anxiety neurosis for many years
which has recentlyled to an attackof melancholiaduring which he developed
suicidal tendencies, and in which ideas of unworthiness and of the hopelessness of
the futureare predominant. He leftthe hospitalwhere he was a voluntary
boarder and has since committed suicide.
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TABLE IV.â€”Showing the Response of the â€œ¿�Acidâ€•Psychotic Subject

to Sodium Bicarbonate.

Case II (D. J_*) ro grm. NaHCO, at 10.50 a.m.

* A man, nt. 45, of cultured and highly msthetic tastes, suffering from an

anxiety neurosis due to conflict between financial stress and his artistic ideals.

Obsessioned with regard to his general health. He showed considerable insight
and improved under treatment.

of the blood by a preliminary drop in the ventilation, thus increasing
theCO2 tensionto compensatetheincreaseofthealkalireservein
accordance with the Hasselbalch formula. In terms of the actual
ventilation (litres per minute) for the normal subject whose record
appears in Fig. 3 the measurements of the curve give the following:

When the alkali reserve has been brought to normal limits by
the urinary excretion of bicarbonate the augmented CO3 pressure
stimulates the respiratory centre to get rid of it by hyperpncea.
In the psychotic there is at first a depression of the ventilation
corresponding to that found in the normal subject, but the lowered
excitability of the respiratory centre does not admit of its respond
ing to the increased CO2 pressure within the time-limits of the
experiment once the alkali reserve has been lowered approximately
to normal.

It appears, therefore, that whilst the respiratory centres of both
normals and psychotics respond equally by decreased activity to
a lowering of the pH of the blood, the respiratory centre of the
psychotic is relatively inexcitable by CO3.
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DIscussioN.

The present observations on the activity of the respiratory centre
represent the latest link in the chain of observations emanating from
this Laboratory. All have as a common factor a disturbance of the
acid-base equilibrium in the psychoses. Most of the evidence has
been discussed at length in previous papers, and it is here only
necessaryto summarize the successivestagesin attributingthe
primary cause of these disturbances to the depressed activity of
the respiratory centre.

The earliest investigation of the activity of the vegetative nervous
system in the psychoses, and a study of the carbohydrate metabolism
in the psychotic as evidenced by the blood-sugar curve following
ingestion of glucose were undertaken by Mann (4), and the results
obtained were such as would be consistent with a lowered pH of the
organism. Attention was next paid to the vasomotor responses to
food ingestion, the reflex responses to heat and cold and postural
stimuli, and Robertson (5, 6) found a complete inversion of the
normal vasomotor response in most of the psychoses. In the light of
our knowledge of the influence of ionic equilibrium on the responses
of the vegetative nervous system, it appeared that a shift of the
acid-base equilibrium to the acid side would again furnish a possible
explanation of these abnormalities. It was therefore decided to
investigate the response of the psychotic case to the distur
bances of acid-base equilibrium caused by food ingestion and gastric
secretion. Some preliminary work by Robertson (7) showed that
the ingestion of food is not followed by the normal alkaline tide in
70% of the psychotic patients examined. In the two papers (8, 9)

preceding this one in the present number of the Journal of Mental
Science, and in a study to be published in the Molt Memorial Volume
(io), Mann and his co-workers have furnished conclusive evidence
that a failure of compensation of the acid-base equilibrium exists in
the psychoses, and that this condition closely resembles that obtain
ing during sleep in the normal individual. Furthermore a study
of the preceding evidence indicates that this failure in compensation
must be ascribed to the CO9 regulation, and not to a condition of
acidosis. Evidence is adduced that the abnormality of CO2 regula.
tion is merely the expression of a lowered excitability of the
respiratory centre to the stimulating effect of CO3.
We have, then, proof that in the psychoticthereexistsa

definite depressed excitability of the medullary centre for res
piration. This may account for the abnormalities of carbohydrate
metabolism, the inexcitability to insulin, and the inverted vaso
motor reactions, and possibly as a consequence of this latter factor,
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for certain anomalies of the bodily responses to the emotions. It is
clear from our experiments that whilst the respiratory centre of the
psychotic is not susceptible to the CO2 stimulus, it reacts apparently
in a normal fashion to the ingestion of bicarbonate in the early
stages, though the secondary hyperpncea by which the accumulated
CO2 is excreted would appear to be absent, judging from the results
of alveolar air analysis.

On account of the conflicting views that obtain as to the mode of
the chemical regulation of respiration, further consideration of this
subject may be postponed whilst some investigations on the pH
of the blood in psychoses are being pursued. The significance of
the depressed excitability of the respiratory system will, however,
decidethedirectionoffurtherwork. Itmay be thatwe aredealing
with a sign of a general depression of the excitability of the nervous
system as a whole due from congenital lack of excitability or
toxic depression. Intoxication might be attributable to abnormal
products of metabolism or to tissue acidification from deficient
oxidation. The resultant disturbance of the acid-base may be of no
significance other than this. On the other hand the permanent
ionic disequilibrium consequent on a failure of respiratory com
pensation may in itself be responsible for a general disturbance of
cerebral processes; as long ago as 1873 Obersteiner (II) suggested
â€˜¿�thatsleepwas due toaccumulationofacidproductsofmetabolism
in the nerve-cells.Itmust be clearlyunderstoodthatthealtera
tion of blood and tissue pH due to failure of compensation is of
an entirely different nature to the acidosis produced by organic
acids, with an intact compensatory mechanism such as occurs in
thediabeticup tothefinalstagewhen compensationbreaksdown.

There appears little ground for supposing that the depression of
the respiratory mechanism is in any sense a pan passu manifestation
of the general disorder of conduct that we term â€œ¿�insanity.â€•Between
an anxiety type such as Case i (p. 449) and the group of katatonic
dementia pr@cox cases and the various excited and depressed
melancholics investigated, there is no obvious common factor
of conduct giving rise to the same type of bodily manifes
tation. Furthermore, if the inverted vasomotor phenomena
recorded by Robertson be due to this disturbance of acid'base
equilibrium, the inverted type persists independently of remissions
and exacerbations of the disorders of conduct, and is spread over the
whole class of cases that are actually or potentially certifiably
insane. On the furtherinvestigationof thispointallremainsto
be doneâ€”we have yet to trace the depression of the respiratory
compensation through the phases of remission and exacerbation of
conduct disorder that may occur in any one individual. We have
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purposelyavoidedany attemptat thepresentstageofclassifying
our cases of psychosis, nor do the number of cases observed justify
any expression of opinion as to the universality of the disturbance
investigated in the multiple forms of disorder of conduct that are
grouped together as psychoses. As the work here set forth is a
preliminary account of a bodily disorder with disorder of conduct,
it would be at the present stage of our inquiry undesirable t@
generalize.

SUMMARY.

I. A new type of automatically controlled plethysmograph i@

described.
2. While normal cases respond to the inhalation of an atmosphere

containing z% CO2 by increased respiratory ventilation, of the
20 psychotic cases examined only two showed any respiratory

response to the CO2 mixture.
3. After ingestion of 10 @rm.sodium bicarbonate, both normal

and psychotic patients respond by a decreased ventilation with an.
increase of the CO2 percentage of the alveolar air. In both groups
of cases there is a rise of the urinary pH and an excretion of sodium
bicarbonate. When the greater part of the bicarbonate has been
excreted a rise of the ventilation above that of the resting value
occurs in normal subjects, and the CO3 percentage of the alveolar
air tends to fall to resting limits. In the psychotic patient there
is no response to the increased CO2 pressure during the period
that it occurs in the normal subject.

4. The interpretation of thisdepression (obtaining in psychotics),
of the respiratory compensation as a factor in the causation of an
acid shift of the acid-base equilibrium is discussed.

We wish to express our thanks to Dr. Mapother, Medical Superin-@
tendent of the Maudsley Hospital; to Dr. Barham, Medical
Superintendent of Claybury Mental Hospital; for giving us facilities
to examine patients; to the staff of the Maudsley Hospital for
volunteering to act as control subjects: and to Mr. E. Pemberton,
Engineer of Hanwell Mental Hospital, for constructing the electri-@
cally controlled plethysmograph.
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