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ABSTRACT'
The purpose of this study was to investigate the
effects of short-term exposure to 5% carbon dioxide (COg)
on respiratory and central nervous system (CHS) activity
in man, an,d to investigate the relationship between these
effects..
Eight normal college students breathed 5% CO2 in air
for 4-minute trials.
trial.

There was an air control for.each GOg

Electroencephalograms (EEC) were obtained from oc

cipital and central monopolar electrodes and were recorded
on magnetic tape.

Visual evoked potentials (VEPs) to

stroboscopic flashes were obtained from minute 2g-3i«
Respiratory volume was monitored with a pneumotachograph.
Partial pressure of alveolar CO2 (pACCb) of end tidal
samples was measured with an infra-red medical CO2 analyzer.
During CO2 inhalation there was a significant de
crease in the mean integrated energy of the central EEC,
particularly in the 16-24 Hz. band.

Occipital EEC energy

was not significantly decreased, and was even slightly in
creased in the 8-12 Hz. band.

Occipital alpha frequency

increased during photostimulation during air control trials,
but did not change during 002 trials.
out a general activation effect.

These results rule

They were interpreted as

a local excitatory response in the central region.
vi

VI1
There was a significant correlation across subjects
(.79) between the energy decrease in the central recording
(16-24 Hzo band) and increase in estimated arterial OOg.
No correlation was found between changes in EEG and respir
atory minute volume.

Therefore, the central EEG response

cannot be explained on the basis of increased sensory input
related to ventilation, nor does it appear to be coordinated
with the brain-stern systems which regulate respiration.

No

consistent changes in occipital VEPs were noted for the
group,

late potentials were enhanced in the instance of 3

individuals, while in the 4 others no change or decrease was
observed.

I

INTRODUCTION
An increase in the partial pressure of arterial 00g
(pACQ2) is well known to he an adequate stimulus for an in
creased ventilatory response.

As such a stimulus9 COg may

be defined as t$a regulating factor of ventilation, depending
on the properties of the blood connected with C02, acting
directly on the respiratory centers (central chemoreceptors)
or upon the arterial ehemoreceptors" (Bejours, 195$)°
Increased pAC02 also affects the central nervous
system (CHS) activity as reflected in the electroencephal
ograms (EEC), but there is disagreement as to whether the
effects are inhibitory or excitatory, what region or regions
of the brain are affected, and how these changes are related
to behavioral changes.

(For a complete discussion of these

problems see fyke, 1963°)

Also,, there is little known about

the relationship between the respiratory response and the
EEC response to elevated level of arterial CO2 °

Dell (195$)

states that both a decrease in partial pressure of ©2 and
an increase in partial pressure of CO2 stimulate the
mesencephalic portion of the reticular formation as well,
as stimulating the classical respiratory centers of the
medulla.

He concludes that ventilation and the craving

1

f.or air are mediated first at the bulbar levelg and then if
needed, at the mesencephalic level.
Many questions remain unanswered =

It has not been

demonstrated whether the ventilatory response occurs before,
after, or at the same time as the EEG response.

Also,

sensitivity'to CO2 as reflected in- respiratory measures
has been shown to differ between individuals (Schaefer,
1949l Harter, 196?}, but these differences have not been
related to individual differences in the EEC response.
The purpose of this study was to investigate the
effects of short-term exposure to 5$ COp on respiration and
on the EEC in man, and to investigate the relationship be
tween these effects.

Background EEC and visual evoked

potentials (YEP) were recorded from central and occipital
areas.

Respiratory response was defined in terms of in

creased minute volume.

Transient exposure to a low CO2

level {5%) was the independent variable.

Short durations

were employed to avoid the many changes which accompany
long-term exposure or exposure to high CO2 levels.
Originally it was hoped "that this technique could be
used to aid in the study of the relationship between the EEC
and YEP.

It was thought that CO2 would regulate the EEG by

affecting cerebral physiology, and this, in turn, would
affect the evoked potential.

METHOD
Subjects and Experimental Conditions
Five male and 3 female college students with no
history of respiratory disease served as subjects (Ss)«
Four trials of 4-minute 30-second duration were administered
to each S.

Air was administered during trials 1 and 4$ COg

during trials 2 and 3°

Air was administered to one male S

for all 4 trials as a control.
Data were taken in late afternoon or early evening
when the laboratory was quiet.
ground music.

A radio supplied soft back

A 3-minute recovery period was given after

each trial to permit S ?s OOg level to return to baseline.
Each session lasted about 45 minutes.
Each trial began with a 30-second air control
period.

Then S was switched from breathing air to the

closed breathing system.
system for 4 minutes.

He then breathed through the

Sixty-four stroboscopic flashes were

presented from minute 24-32.
Apparatus and Data Recording Procedure
The EEGj respiratory volume9 and end-tidal 00g were
simultaneously recorded on a Grass Inkwriter throughout the:
experimental and control trials.
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The EEG and YEP were
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obtained from central and occipital monopolar electrodes.
The occipital electrode was located 3 cm. above and to the
right of the inion.

The central electrode was positioned

3 cm. below the vertex on the right side.

jt reference

electrode was located on the right ear, a ground electrode
on the left ear.

Brain potentials were amplified with

Grass EEG pre-amplifiers and taped on a Hewlett Packard
Model 3900 EM tape system.

The taped EEG was played later

through a Krohn-Hite Model 33OB Band-Pass Filter and inte
grated on a Grass Model UI-1E integrator.

Four broad

bands (Q = 5) were, used with center frequencies 5, 10, and
20 Hz.

The filter was calibrated in the laboratory before

retrieval and integration.
Alpha frequency was determined by selecting 6 samples
of 10 waves from each 30-second period.

The samples were

measured in mm. and converted to cycles per second.
Evoked potentials were obtained by summing 64
intervals of 0.5 second duration on a Fabritek 1052 signal
averager.

A Grass PS-2 Photostimulator set at intensity 16

provided the flashes. .The stimulator was mounted 1 2 m from
jS*s eyes, which were kept closed for the duration of the
trials.

The interflash interval was varied randomly be

tween 0.75 seconds and 1.25 seconds to avoid synchronizing
EEG alpha rhythm and the flash.

A square wave pulse syn

chronous with the flash was recorded on tape so evoked
potentials could be averaged off-line on the averager.

Arterial CO2 tension was estimated by analyzing endtidal samples on line with a Beckman infra-red CO2 analyzer.
Known gas mixtures were used to calibrate the apparatus and
generate calibration curvess which later were used to con
vert pen deflections to percentage GOg.

Percentage COg

was then converted to pACOg by the formula:
pACOg = % expired COg/lOO (barometric pressure - 47)
The volume of each

breath was determined with

a Grass

pneumotachograph.

Minute volume was obtained

on-linefrom

a breath-by-breath integration of the output of the pneumo
tachograph by the Grass integrator.
During the trials S was in a reclining position,
wore a noseciip, and breathed through a mouthpiece.

The

apparatus was arranged so that S could breathe room air,
or from one of the two Douglas bags containing air and the
COg-air mixture.

The apparatus and a sample of the ink-

writer record are shown in Figure 1.
Care was taken to
was breathing, but

keep S from knowing

which gas he

it was possible for S to determinethis

from his increased breathing rate under COg and from the
taste of the COg mixture.
a tasteless mixture =

(Five percent COg in air is not

It was described by the Ss as having

a dry, acrid taste and feeling.)

INKWRITER

6

Fig. 1. Experimental Apparatus
and Sample of the Inkwriter Record.

RESULTS
The group means (M = 7) for respiratory measures
are shown in Figure 2=

The pACOg reaches an asymptote at

minute 2, but the minute volume continues to increase to
the end of the trial.

Under the air condition pACOg and

minute volume remain unchanged.

These changes have been

well established in- physiological literature (White, et
al.s 1952).
The mean integrated energy (MIE) of background EEG
is the integration of specified time epochs.
all conditions is shown in Figure 3.

The MIE for

In each pair of

histograms the air condition is a baseline or 100%, and
the COg conditions are expressed as a percentage of the
appropriate air control.

There is a decrease in energy

under OOg for all frequencies in the central region.

The

decrease was significant at the .05 level for the 3-40 Hz.
and 16-24 Hz. bands by a matched pairs t-test.

The de

crease in the alpha band (8-12 Hz.) was at the .06 level.
There were no significant decreases in the occipital leads.
No change at all was noted in the 16-24 Hz. band, and in
the alpha band there was even a slight increase under
the CO2 condition.
A comparison of EEG and respiratory changes is
made in Figure 4«

An attempt was made to analyze the first
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40 seconds, of these data by 10-second intervals»

All Ss

showed great variability and no consistent trends were noted.
The EEG changes are expressed as percentages of an air
control.

The period of photic stimulation is shown to take

place between minute 2g and 3i»

The primary function of

the photic stimulation was to obtain YEPs, but it served
also as an activating stimulus.

Occipital alpha frequencies

under air and COq conditions were, for the most part, the
same.

The one important difference was that the increase

in alpha frequency during photic stimulation was twice as
great in the air condition.

This suggests that COq was- not

producing a general activation, as alpha frequency would be
higher under GOq than air were this the case.
It was thought that the decrease in energy in the
central area may have been due to increased sensory input
related to the increase in ventilation.

A correlation be

tween respiratory minute volume and EEG changes was per
formed but no relationship was found.

There was, however,

a significant correlation (.79) between the energy decrease
in the central recording (16-24 Hz. band) and increase in
estimated pAGOg.

Thus, EEG changes were more closely

related to blood GOg levels than to respiratory changes.
The latencies of prominent evoked potential peaks
were measured.

No consistent changes for the group nor for

individuals were found.

The areas of these components were

found with a planimeter but again there were no consistent
changes=
It was expected that late potentials would be en
hanced selectively while early potentials would be reduced
under the COg condition, a finding reported by iff. Grey
Walter (1964).

There was such an enhancement in 3 cases„

while the other 4 showed either no change or decreased.
Figure 5 illustrates some of these changes.

Subjects BF

and AB show enhanced late potentials under the COg condi
tion.

Subject G¥ shows a decrease while GI shows no change
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Fig. 5•

Visual Evoked Potentials.

Subjects BF and AB show enhancement of late
potentials under COg, GW a reduction, and GI no change.

'DISCUSSION
These data suggest that the effects of 5% CO2 on
the brain over short periods are localized more in the
central than in the occipital region.

Ivanov (1962)

reported that cats and dogs given 2.5-4.5% GO2 show a de
crease in slow components9 increased frequency3 and desyn
chronization that begins in the frontal region and spreads
later to the occipital and parietal areas.

Likewise,

Dell (1958') has found central activation in cats.

These

animal studies are similar to the findings in the present
study3 the main difference being that the effect seems to
be more localized in man.
The decrease in MIE in the central region, notably
in the 16-24 Hz. band, was interpreted as a local excitatory
response, resulting primarily from the change in blood and
tissue state brought about by CO2 .. Potentials in this
frequency range (beta rhythm) typify the spontaneous
activity of the central region, and a blocking or reduc
tion in voltage accompanies increased activity.

EEC changes

were not thought to be a result of increased sensory afference resulting from increased respiratory work because
there was no correlation between EEC' and respiratory changes,
although sensory inputs from the lungs and carotid sinus

could be involved <= Certainly9 some of the Ssf feelings of
distress are centered on the somatic sensory region of the
brain associated with the thoracic area.
It is conceivable that the BEG changes were a re
sult of the physical discomfort of breathing t h e .OQ2 mix
ture s fear, or other emotional responses to the situation.
However, if factors of this nature were operating, one
would predict a generalized activation response.
ruled out for several reasons.

This is

One is that the occipital

BEG was little affected by the CO2 conditions, and alpha
activity actually increased under 002°

Second, occipital

alpha frequency during CO2 trials was about the same or
slower than during air trials.

Third, during sensory

activation by photic stimulation occipital alpha frequency
was found to be slower during CQp trials than it was for
air.
Finally, one would predict that evoked potentials
would be affected by a generalized change.in activation
level (Haider, Spong, and Eindsley, 19641 Spong, Haider,
and Eindsley, 1965)°

No consistent changes in latency or

amplitude (amplitude inferred from areas under the curve)
were noted.
The time course of the changes noted would be of
interest.

However, when data from the first 30 seconds

were analyzed by 10-second intervals, it was found that
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the EEG changes were highly variable between Ss and no
definite time course was noted.
It is difficult to compare data from this study
with that of others9 there being so little similarity in
variables used;

duration of breathing gas mixtures$

method of EEG analysis and other variables are usually
different and frequently are not described at all.
Gibbss Williamss and Gibbs (1940) did not specify
electrode placement nor the CO2 level used, but reported CO2
levels from internal jugular vein samples to be around 54
volume

This CO2 increase shifted the EEG to the fast side

of the spectrum with a decrease in total energy.

This agrees

with the energy decrease found in the present study.

It is

possible that there was also a frequency shift that went un
detected by the band-pass filter method employed herein.
Gibbs, Williams, and Gibbs report, for instance, that the
19 per-second peak shifts to 20 per-second under G02«

This

shift may have occurred in the present study but, of course,
would not be detected with the 16-24 band-pass setting.
The slight increase in occipital alpha under GOg
was also found in a breath-holding study of.Ivanova (1964)®
He found that the decreased alpha amplitude and the fre
quent alpha blocking seen in the first 15 seconds of
breath-holding was followed by an enhancement of alpha,
amplitude surpassing base level.

Schaefer and Carey (1954)
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also- found that alpha blocking time increased with COp con
centrations of 3 * 3 % or more.

Schaefer (1949) found an in

crease in alpha activity in Ss breathing 2fo COp.

The

number of waves in a train increased with time; one to two
minutes later alpha waves came continuously rather than in
bursts.

Schaefer also reports a “preponderant discontin

uation of potential preductionst which is taken to mean a
decrease in background EEG, a finding supported by the
present study.
There is an interesting parallel to this in the
respiratory changes that accompany changes in wakefulness.
When one falls asleep the respiratory minute volume de
creases while the pACOp increases, or in other words, the
threshold of COp sensitivity increases.

Ingvar and Bulow

(1963) noted, that the alpha bursts which occur while someone
is going to sleep are accompanied by respiratory increases.
They suggest the possibility of a functional linkage be
tween those brain-stem centers controlling wakefulness and
those involved in respiratory regulation.

Such a linkage

may be inferred in the present study in that COp increased
alpha amplitude slightly.
In summary then, short-term exposure to COp suf
ficient to elevate blood COp level about 10 mm. Eg and
moderately affect ventilation seems to produce regional
rather phan generalized changes in EEG.

leither the time

course nor extent of EEQ change is closely related to
ventilatory change produced by GGp.

The relationship

between blood COp and degree of EEG change suggests that
the EEG may be a useful index of CNS sensitivity to GOg.
The reactivity of higher centers may not be predicted by
measuring COg sensitivity using breathing measures.
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