THE EFFECT OF ETHANOL ON THE VENTILATORY RESPONSES MEDIATED BY THE
PERIPHERAL CHEMORECEPTORS IN MAN

J. DUFFIN, E.R. JacoBson, anD E.C. Orsintg

THe EerFrect of depressant drugs such as
anaesthetics on the ventilatory responses me-
diated by the peripheral chemoreceptors is of
considerable interest to anaesthetists because
such depression threatens the physiological de-
fence against hypoxia. In fact, because of the
complex response of the peripheral chemorecep-
tors, their depression threatens not only the ven-
tilatory response to hypoxia, but also the rapidly
acting portion of the ventilatory response to car-
bon dioxide.

Indirect tests of peripheral chemoreceptor re-
sponsiveness to hypoxia and carbon ditoxide have
shown that whereas thiopentone produces little
depression of these responses, halothane pro-
duces considerable depression.'? One of the
hypotheses considered was that the general vas-
odilation associated with halothane may have
caused an increased blood flow through the
peripheral chemoreceptors, thereby decreasing
their responsiveness. In order to provide col-
laborating evidence on this hypothesis it was de-
cided to test the responsiveness of the peripheral
chemoreceptors in the presence of ethanol,
whose known properties include general depres-
sion and vasodilation in man. In addition, it was
felt that in view of the wide use of ethanol both
socially and clinically, the measurement of its
effects on the ventilatory responses mediated by
the peripheral chemoreceptors would prove to be
of general interest.

Although a number of investigators (Macken-
zie and Hill,® Higgins,* Hitchcock,® Johnstone
and Witt5) have studied the effects of ethanol on
ventilation, it is difficult to reach a clear conclu-
sion with respect to its effects. Johnstone and
Reier? found that the ventilatory response to car-
bon dioxide under hyperoxic conditions, in which
the peripheral chemoreceptors are virtually si-
lent, was shifted to higher levels of carbon

J. Duffin, Ph.D., Associate Professor; E.R. Jacob-
son, Student Research Assistant; and E.C, Orsini, Stu-
dent Research Assistant. Departments of Anaesthesia
and Physiology, Faculty of Medicine, University of
Toronto.

Address correspondence to: Dr. J. Duffin, Depart-

ment of Physiology, Medical Sciences Building, Uni-
versity of Toronto, Toronto, Canada, MSS 1AS.

dioxide with little change in slope (sensitivity).
Sahn, Lakshminarayan, Pierson and Weil® tested
the response to hypoxia in isocapnic conditions,
which is mediated by the peripheral chemorecep-
tors, and the response to carbon dioxide in
hyperoxic conditions, which is mediated by the
central chemoreceptors. They found that both
types of response were depressed but at different
times.

This study assesses the effects of orally ad-
ministered ethanol on the ventilatory responses
mediated by both the central and the peripheral
chemoreceptors. The peripheral chemoreceptor
stimulus used is a combination of increasing car-
bon dioxide and decreasing oxygen, a physiologi-
cal stimulus which produces the maximum ven-
tilatory responses because of synergistic interac-
tion.?

METHODS

Eight healthy volunteers (five males and three
fernales) between 19 and 30 years of age were
studied. They were recruited by personal contact
from the University, but none were familiar with
respiratory physiology. All of them answered a
questionnaire and were accepted for the study
only if they had no previous history of respira-
tory, cardiovascular or gastro-intestinal dis-
orders and were not taking medication of any
kind. The volunteers were informed as to the
conditions of the experiment and their consequ-
ences before signing a consent form, which al-
lowed them to withdraw from the tests at any
time, but would restrict them from leaving the
laboratory until judged to be free of the intoxicat-
ing effects of the ethanol. They were studied at
least six hours after the ingestion of food or caf-
feinated drink either in the morning omitting
breakfast (most) or in the afternoon omitting
lunch.

The ventilatory responses of the central and
peripheral chemoreceptors were assessed using
two rebreathing tests, one in hyperoxic condi-
tions (Read'?), and the other in hypoxic condi-
tions. In the latter rebreathing test, ventilation is
stimulated by the simultaneous increase in car-
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bon dioxide and decrease in oxygen which acts at
both central and peripheral chemoreceptors. In
the hyperoxic rebreathing test, ventilation is
stimulated by the increase in carbon dioxide
which acts primarily at the central chemorecep-
tors. The difference between the ventilatory re-
sponses to these two rebreathing tests is, there-
fore, an index of the ventilatory response to
simultaneously rising carbon dioxide and falling
oxygen mediated by the peripheral chemorecep-
tors.

The volunteers followed a strict protocol of
testing which was prefaced by a hypoxic re-
breathing test for the purpose of familiarization.
The volunteers were then assessed with both the
hyperoxic and hypoxic rebreathing tests (Test
Set]). The orderin which the tests were done was
fixed for each volunteer but alternated between
volunteers. Each rebreathing test took about 10
minutes, with a 15-minute rest after each test.
The volunteers then consumed 0.75 ml ethanol
per kg body weight in a 20 per cent solution with
orange juice overa 15-minute period. The rebreath-
ing tests were then repeated between S and 40
minutes after ethanol (Test Set 11) and between 75
and 115 minutes after ethanol (Test Set 111). Be-
fore and after each rebreathing test duplicate
breathalyser (CM! Intoxalyser 4011) measure-
ments of end-tidal ethanol concentration were
made as an estimate of the blood levels of
ethanol.

During all of the rebreathing tests, the volun-
teers sat in a comfortable chair listening to *‘clas-
sical”” music through earphones and breathing
through a low resistance 3-way ‘Y’ valve (Col-
lins P-319). One side of the *'Y"’ valve was con-
nected toa T-piece, through which controlled gas
compositions flowed from a set of rotameters, ata
sufficient flow to prevent rebreathing. The other
side of the “'Y"’" valve was connected to the re-
breathing bag. The rebreathing bag was enclosed
in a rigid box which was connected to a spirome-
ter (Med. Sci., 270 Wedge) by wide bore (3.8 cm;
1.5 inch) tubing. Breath-by-breath volume and
flow were obtained from the spirometer and re-
corded on a multi-channel recorder (HP-
Sanborn) at a paper speed of 10 mm/s during the
breathing tests and at 1 mm/s during the S-minute
equilibration period before each test and the
period of carbon dioxide removal after each test.
Carbon dioxide and oxygen were also monitored
continuously at the mouth (Godart 146 Capno-

graph and Westinghouse 21 1M Oxygen Analyser, -

respectively) and recorded. It should be noted
that the oxygen analyser used here was not of
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FiGure 1. Recordings of oxygen and carbon di-

oxide levels, and lung volume and flow changes during a
typical hypoxic rebreathing test.

sufficiently fast response to record end-tidal Po,
(see Figure 1), except under the conditions of
rebreathing where the changes were small.

The hyperoxic rebreathing test used in these
experiments was that described by Read.'® The
rebreathing bag was filled to 1 litre more than the
volunteer’s vital capacity with a mixture contain-
ing 50 per cent oxygen, 43 per cent nitrogen and
seven per cent carbon dioxide. The volunteers
were studied in a seated position and, after
breathing a hyperoxic mixture containing 50 per
cent oxygen and 50 per cent nitrogen from a set of
rotameters through the T-piece for five minutes,
and when stable Pco, and Po, readings were ob-
tained, they were switched with the *'Y"’ valve,
from the T-piece to the rebreathing bag. They
rebreathed for a period of four minutes or until
discomfort was felt, and were then switched from
the bag to the T-piece through which a controiled
gas composition flowed from the rotameters, with
Pco, adjusted to be similar to that at the end of
rebreathing. The Pco, was then gradually re-
duced to zero.

The hypoxic rebreathing test used in these ex-
periments was similar to the hyperoxic test ex-
cept that air substituted for hyperoxia. The re-
breathing bag was filled with a mixture containing
seven per cent carbon dioxide in air (7 per cent
CO,, 19.5 per cent O,, 73.5 per cent N,) and the
volunteers breathed air during the five-minute
equilibration period before the test. They re-
breathed until end-tidal Po, fell to 6.67 kPa
(50mm Hg) or until discomfort was felt. Figure 1
shows the chart record from a hypoxic rebreath-
ingtestrecorded at a slow speed so that the entire
test could be viewed.
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TABLE I

THE PHYSICAL CHARACTERISTICS OF THE VOLUNTEERS AND THE END-TIDAL LEVELS OF ETHANOL BEFORE AND
AFTER THE SECOND AND THIRD SETS OF REBREATHING TESTS (EXPRESSED AS EQUIVALENT BLOOD LEVELS)

Ethanol level mg/100 mi

Vital
Capacity Test Set 11 Test Set 11T
Weight Age litres
Volunteer Sex (kg) (yrs) BTPS Before After Before After
F.C. M 73 25 5.1 63 46 50 35
C.L. F 59 23 3.8 53 72 70 52
K.H. M 84 24 5.6 87 60 51 39
S.G. M 80 30 5.6 79 71 63 49
S.8. F 59 19 3.9 70 65 64 51
L.M. M 91 20 5.2 18 47 48 47
B.H. M 80 24 5.3 28 49 47 34
P.O. F 59 23 3.9 61 55 49 36
Mean 57 58 55 43*
+1 SEM +8.4 +3.7 +3.2 +2.7
*Significantly different from the previous value at the ane per cent level by paired t-test.
For both of the rebreathing tests. the occur- Rt
rence of a carbon dioxide plateau, indicating . N
equilibrium had been reached, was essential for e ibesthing N . X
the continuation of the test; otherwise it was re- sebaned ey N ‘ i RPN
peated with a different carbon dioxide concentra- * intoativer LA e L T
tion in the bag. Following the point of carbon ot , £ el ;;3
dioxide equilibration, tidal volume was measured . b oen -
from the volume trace, breath period was mea- ' " — jmamt jommy

sured from the flow trace and Pco, and Po, values
were measured from their individual traces. Ven-
tilation (BTPS) was calculated on a breath-by-
breath basis and plotted against Pco, for each
test, and, in the case of the hypoxic rebreathing
test, ventilation was also plotted against Po,.
Linear regression lines were calculated for each
plot.

RESULTS

Each volunteer consumed enough ethanol to
produce a mild euphoria and only one exceeded
the Ontario legal limit for drivers of 80mg/
100 ml. Because the ethanol was administered
orally, there was a wide variation in the initial
levels of alcohol between volunteers. Table | de-
tails the physical characteristics of the volunteers
and the ethanol levels before and after test sets [1
and [1I. A more detailed presentation of the
ethanol variation between volunteers and the
time course throughout the experiment is shown
in Figure 2.

Breath-by-breath graphs of ventilation against
end-tidal Pco, were made for each rebreathing
test so that they could be compared by inspec-
tion. Each graph was fitted with a linear regres-

o
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FiGURE 2. A plot of end-tidal ethano! in terms of
blood level in mg/100 ml versus time in minutes for all of
the volunteers. The horizoatal bars show the time of
consumption of ethanol and of the rebreathing tests.

sion line. Figures 3, 4 and 5 show these graphs of
volunteer S.S. for the rebreathing tests of test
sets [, I1 and III, respectively. The results of
volunteer S.S. are typical of the responses from
most volunteers.

Table 11 lists the slopes, intercepts and regres-
sion coefficients of ventilation against end-tidal
Pco, for the control rebreathing tests (test set I).
Tables II1 and IV provide the same information
for the rebreathing tests of test sets Il and I
respectively. The mean slope (x1 SEM) of the
ventilation against end-tidal Pco, lines for the
first hyperoxic rebreathing tests under contro}
conditions was 3.8 = 0.54 litres/min/mm Hg. For
the second set of tests, at about 25 minutes after
ethanol, the mean slope was 3.9 + 0.57 litres/
min/mm Hg, and for the third set of tests, atabout
95 minutes after ethanol, the mean slope was 4.2
+ 0.99 litres/min/mm Hg. Neither of these values
after ethanol are significantly different from the
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FIGURE 3. A plot of breath-by-breath values of ven-
tilation in litres per minute (BTPS) versus end-tidal
Pco, (PE’co,) for volunteer S.S. during the rebreathing
tests of test set [.
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FIGURE 4. A plot of breath-by-breath values of ven-

tilation in litres per minute (BTPS) versus end-tidal
Pco, (PE'¢q,) for volunteer S.S. during the rebreathing
tests of test set 11,

FIGURE 5. A plot of breath-by-breath values of
ventilation in litres per minute (BTPS) versus end-tidal
Pco, (PE’co,) for volunteer $.8. during the rebreathing
tests of test set I11.

control value by paired t-testing. Since this slope
is an index of the ventilatory response to carbon
dioxide mediated by the central chemoreceptors,
it was concluded that ethanol had not impaired
this response.

The mean slope (=1 SEM) of the ventilation
against end-tidal Pco, lines for the first hypoxic
rebreathing tests under control conditions was
7.5 + 0.75 litres/min/mm Hg. For the second set
of tests, at about 25 minutes after ethanol, the
mean slope decreased to 5.5 = 0.92 litres/
min/mm Hg, and for the third set of tests, at about
95 minutes after ethanol, the mean slope re-
mained at 5.5 = 0.85 litres/min/fmm Hg. While the
first value after ethanol is significantly different
from the control value at the five per cent proba-
bility level by paired t-testing, the second value is
not. This slope is an index of the ventilatory
response Lo simultaneously rising carbon dioxide
and falling oxygen mediated by both the
peripheral and the central chemoreceptors.

The mean difference (+ 1 SEM) in the slopes of
the ventilation against end-tidal Pco, lines be-
tween the hypoxic and hyperoxic rebreathing
tests under control conditions was 3.8 = 0.82
litres/min/mm Hg. For the second set of tests at
about 25 minutes after ethanol, the mean differ-
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TABLE II

TeST SET I. THE CHARACTERISTICS OF THE REGRESSION LINES FOR THE BREATH-BY-BREATH GRAPHS OF VENTILATION
(BTPS) Versus END-TIDAL Pco; OF ALL THE VOLUNTEERS IN THE CONTROL TESTs OF TEST SET I

Hypoxic rebreathing Hyperoxic rebreathing
Difference

Slope Intercept Slope Intercept in slope
Volunteer I/min/mm Hg mm Hg r {/min/mmHg mmHg r l/min/mm Hg
F.C! 5.6 49.7 0.96 2.7 47.2 0.98 2.9
CL:? 9.7 43.5 0.97 5.3 41.7 0.98 4.4
K.H.! 5.6 46.6 0.98 3.9 44,1 0.98 1.7
5.G2 5.5 45.4 0.96 2.3 40.9 0.95 3.2
S.Ss! 6.2 46.4 0.93 3.6 44.5 0.96 2.6
L.M2 9.0 42.8 0.92 6.0 46.0 0.95 3.0
BH! 10.8 51.3 0.92 1.6 38.2 0.84 9.2
P.02 7.9 47.3 0.96 4.7 45.5 0.93 3.2
Mean 1.5 46.6 3.8 43.5 3.8
+1 SEM +0.74 +1.02 +0.54 +1.06 +0.82

thypoxic rebreathing before hyperoxic rebreathing,
2hyperoxic rebreathing before hypoxic rebreathing.

TABLE III

Test SET II. THE CHARACTERISTICS OF THE REGRESSION LINES FOR THE BREATH-BY-BREATH GRAPHS OF VENTILA-
TION (BTPS) VERSUS END-TIDAL PCO; OF ALL THE VOLUNTEERS IN THE REBREATHING TESTS OF TEST SeT II

Hypoxic rebreathing Hyperoxic rebreathing
Difference

Slope Intercept Slope Intercept in slope
Volunteer l/min/mm Hg mm Hg r I/minfmm Hg mm Hg r }/min/mm Hg
F.C. 4.0 47.3 0.96 2.7 45.5 0.97 1.3
C.L. 7.8 43.2 0.93 5.3 40.7 0.98 2.5
K.H. 4.4 41.9 0.93 4.0 42.5 0.98 0.4
S.G. 2.4 39.0 0.86 2.2 38.2 0.92 0.2
S.S. 3.2 41.4 0.92 2.9 43.1 0.95 0.3
LM. 10.1 42.8 0.93 5.7 39.2 0.73 4.4
B.H. 5.4 46.8 0.84 2.1 41.9 0.86 3.3
P.O. 7.1 44.8 0.92 6.0 40.8 0.96 1.1
Mean 5.5* 43.4% 3.9 41.5 1.7+
+1SEM +0.92 +0.989 +0.57 +0.813 +0.55

*Significantly different from Set I at the five per cent level by paired t-test.
tSignificantly different from Set I at the one per cent level by paired t-test.

TABLE 1V

TesT SET 111. THE CHARACTERISTICS OF THE REGRESSION LINES FOR THE BREATH-BY-BREATH GRAPHS OF VENTILA-
TION (BTPS) VERsus END-TIDAL PCO; OF ALL THE VOLUNTEERS IN THE REBREATHING TESTS OF TEsT SET III

Hypoxic rebreathing Hyperoxic rebreathing
Difference

Slope Intercept Slope Intercept in slope
Volunteer I/min/mm Hg mm Hg r I/min/mm Hg mm Hg r I/min/mm Hg
F.C. 3.2 46.2 0.97 2.1 43,7 0.90 1.1
CL. 8.4 44.6 0.96 5.1 43.5 0.96 3.3
K.H. 5.5 45.7 0.93 4.2 44.6 0.98 1.3
S.G. 4.0 43.0 0.95 2.8 43.0 0.93 1.2
S.S. 3.1 41.5 0.89 2.3 41.3 0.91 0.8
LM. 6.6 38.1 0.92 5.0 39.9 0.90 1.6
B.H. 4.0 45.9 0.84 1.8 39.1 0.85 2.2
P.O. 9. 46.9 0.88 10.3 47.7 0.92 -0.9
Mean 5.5* 44.0* 4. 42.9 1.3*
+1SEM +0.85 +1.07 +0.99 +0.972 £0.42

*Significantly different from Set I at the five per cent level by paired t-test.
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ence in the slopes decreased to 1.7 + 0.55 litres/
min/mm Hg, and for the third set of tests at about
95 minutes after ethanol, the mean difference in
the slopes decreased further to 1.3 * 0.42 litres/
min/mm Hg. Both of the values after ethanol
are significantly different from the control value
at the five per cent probability level by paired
t-testing. While the individual values of the dif-
ferences in slopes showed an inverse correlation
(r = 0.91) with the ethanol levels {mean value of
before and after measurements in Table I) for the
second set of tests, which was significant at the
one per cent probability level, there was no such
correlation for the third set of tests, at about 95
minutes after (r = 0.39). Since this difference in
slopes is an index of the ventilatory response to
simultaneously rising carbon dioxide and falling
oxygen mediated by the peripheral chemorecep-
tors, it was concluded that ethanol had impaired
this response.

Breath-by-breath graphs were also made of
ventilation against end-tidal Po, for the hypoxic
rebreathing tests so that they could be compared
by inspection. Each graph was fitted with a linear
regression line. Figure 6 shows these graphs of
volunteer S.§. for the hypoxic rebreathing tests
of test sets I, Il and l11. These graphs are typical
of the responses from most volunteers.

Table V lists the slopes, intercepts and regres-
sion coefficients of ventilation against end-tidal
Po, for the hypoxic rebreathing tests of test sets I,
Il and Ill. The mean sltope (£1 SEM) of the
ventilation against end-tidal Po, lines for the first
hypoxic rebreathing tests under control condi-
tions was —1.42 = 0,193 litres/min/mm Hg. For
the second set of tests, at about 25 minutes after
ethanol, the mean slope declined to —0.919 =
0.116 litres/minfmm Hg, and for the third set of
tests, at about 95 minutes, the mean slope re-
mained at —1.02 + 0.134 litres/min/mm Hg.
While the first value after ethanol is significantly
different from the control value at the five per
cent probability level by paired t-testing, the sec-
ond value was not. This slope is an index of the
ventilatory response to simultaneously rising
carbon dioxide and falling oxygen mediated by
both the peripheral and central chemoreceptors,
and its changes confirm those for the slopes of the
ventilation against end-tidal Pco, lines in the
hypoxic rebreathing tests.

Discussion

The method that was used to measure the re-
sponsiveness of the peripheral chemoreceptors in
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FIGURE 6. A plot of breath-by-breath values of ven-
tilation in litres per minute (BTPS) versus end-tidal Po,
(PE',) for volunteer S.S. during test set 1 (black cir-
cles), test set 1E {white circles) and test set 11§ (crosses),
hypoxic rebreathing tests.

these experiments was the ventilatory response
to simultaneously increasing hypoxia and hyper-
capnia. Since this method differs from previous
peripheral chemoreceptor tests by Weil, Byrne-
Quinn, Sodal, Friesen, Underhill, Filley and
Grover,!! and Rebuck and Campbeil,'? which
measure the ventilatory response to increasing
hypoxia at constant levels of carbon dioxide, it
requires a description of the principles which un-
derly its rationale.

The ventilatory response to carbon dioxide and
hypoxia, which is mediated by both central and
peripheral chemoreceptors, can be modelled!s by
dividing it into central and peripheral compo-
nents which add to form the complete response.
The central component is considered to be a sim-
ple fixed straight line relationship between venti-
lation and Pco, which is independent of changes
in Po,. The peripheral component is more com-
plex. In this case, both carbon dioxide and
hypoxia act as stimuli and are synergistic.

The peripheral component can be modelied as
the sum of a response to carbon dioxide and a
response to hypoxia. The response to hypoxia is
considered to be a fixed, rectangular hyperbolic
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relation between ventilation and Po, which is
independent of changes in Pco,. The response to
carbon dioxide is not fixed, however, but a
straight line relation between ventilation and
Pco, whose slope {sensitivity) depends upon Po,.
The relation between this slope and Po, has the
same rectangular hyperbolic shape as the
ventilation-Po, relation.

Such a model applied to the hypoxic rebreath-
ing test would appear to generate a ventilation-
Pco, relation which was curved rather than the
straight lines found in this study. In fact, the
model predicts a relation which is so slightly
curved as to be virtually a straight line, with a
slope approximately that for a constant Po, of
6.67 kPa (50 mm Hg). The straight line relation
depends upon the linear rise in Pco, and fall in
Po, with time during the hypoxic rebreathing
test, the linkage of these rates of change through
metabolism, and the lack of radical curvature in
the chemoreceptor model for Po, values above
6.67 kPa (50 mm Hg). Although it would appear
possible to achieve a constant Po, in this test, by
modifying the initial Po, in the rebreathing bag
and introducing an oxygen flow equal to
metabolic consumption, such a modification re-
quires further testing.

The hypoxic rebreathing test therefore has the
advantages of linearity, moderate use of hypoxia
and, most important, it mimics the clinical condi-
tions under which the peripheral chemoreceptors
provide their most valuable protection, that of
simultaneously occurring hypoxia and hypercap-
nia. In addition, the test apparatus is simple. The
disadvantage of the test is that it requires two
breathing runs, although if the central ventilatory
response is required then two tests are mandatory
using any method.

The testing protocol used in this experiment
was designed to test the effects of a moderate
dose of ethanol on the ventilatory responses
mediated by the central and peripheral chemo-
receptors. Since the concentration of ethanol in
cerebrospinal fluid may exceed that of blood dur-
ing rising levels of ethanol (Forney, Hughes,
Harger and Richards!4), the rebreathing tests
were timed to coincide with both the rising and
falling leveis of ethanol. However, of those vol-
unteers whose ethanol levels were rising during
Test Set II and falling during Test Set III, no
significant differences could be detected in the
results at these differing times.

The ethanol levels attained showed consider-
able variation between individuals. The varia-
tions in the ethanol levels was thought to reflect
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variation in the gastrointestinal absorption of
ethanol since the dose was given orally rather
than intravenously. However, it should be noted
that Johnstone and Reier” found alevel of 40 + 5
mg/100 m{ immediately after a one hour intraven-
ous perfusion of 0.35 ml/kg ethanol in six subjects
compared with 57 + 8.4 mg/100 ml found here.
The variation between subjects is not very differ-
ent, so that the differences in ethanol level be-
tween volunteers may not be so much due to
differences in the absorption as differences in the
distribution of ethanol.

The ventilatory responses showed a consider-
able variation between volunteers but the effects
of the ethanol on these responses showed a clear
trend. The hyperoxic ventilatory response to
carbon dioxide mediated by the central chemo-
receptors was neither significantly depressed in
sensitivity (slope) nor shifted with respect to
Pco, (Pco,-intercept). The ventilatory response
to simultaneous hypoxia and hypercapnia me-
diated by the peripheral chemoreceptors showed
a significant depression in sensitivity (difference
in the slopes of the hyperoxic and hypoxic re-
breathing tests). The depression was not signi-
ficantly different (paired t-test) between the rising
and the falling levels of ethanol so that any differ-
ences in brain levels which may have occurred
between those two times had no measureable
effect on the peripheral chemoreceptor depres-
sion. Although the depression was proportional
to the ethanol level initially (25 min) it was not so
later (95 min).

Sahn, er al.® used the methods of Weil, et al.!!
to test both central and peripheral chemoreceptor
mediated responses. Their peak ethanol level was
amean of 110 mg/100 m! (24 mmol/litre) at 20 min-
utes after ingestion compared with a mean peak
value of 58 mg/100 ml at 25 minutes in our volun-
teers. Their dose (1 ml/kg) was orally ingested
over 30 minutes compared to the dose of 0.75
ml/kg over 15 minutes for the volunteers in this
study. Sahn, er al.® found significant depression
of the peripheral response at 20 minutes after
ethanol, but not at 70 minutes, and a significant
depression of the central response at 70 minutes,
but not at 20 minutes after ethanol. These findings
are in agreement with those presented here for
the 20-minute time, but not for the 70-minute
time. While this difference could be due to differ-
ences in measurement techniques, it would ap-
pear more likely that the higher ethanol leveis
could account for the different effects observed.

Johnstone and Reier? tested only the central
ventilatory response and they used several in-
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travenous doses of ethanol infused over 60 min-
utes. They found no depression of the ventilatory
response {decrease in slope), but a dose-
dependent shift of the response to higher levels of
carbon dioxide. At ethanol levels similar to those
of our volunteers their central chemoreceptor
mediated ventilatory responses showed no shift
or decreased slope, in agreement with the
findings presented here.

The results presented here show that for low
levels of ethanol, which produce no significant
depression of the ventilatory responses mediated
by the central chemoreceptors, the responses
mediated by the peripheral chemoreceptors are
significantly depressed. Such depression could
result from the action of ethanol at these doses on
the complex peripheral chemoreflex arc or could
be due to such diverse actions as central nervous
system depression or alteration of lung me-
chanics. However, it would appear likely that the
site of action is at the peripheral chemoreceptors
themselves since the central chemoreflex arc,
which shares the same pathway, remains un-
changed atthese levels of ethanol. The peripheral
chemoreceptors themselves may be affected di-
rectly by ethanol, resulting in alterations in the
neural activity of the receptors, or indirectly by a
change in the blood flow through the carotid
bodies (see the review by Torrance's). Since
ethanol produces a centrally medtated vas-
odilation'® it seems likely that the carotid body
blood flow would be similarly increased. In this
respect, the findings presented here may also be
relevant to the depression of the peripheral che-
moreflex by other drugs such as halothane which
share the property of general vasodilation,
Whether ethanol acts directly or indirectly is not
known; however, our studies show that during
mild ethanol intoxication the responsiveness of
the peripheral ventilatory chemoreflex is signi-
ficantly impaired.

SuMMARY

The ventilatory responses mediated by the
central and peripheral chemoreceptors were sep-
arately assessed in eight healthy volunteers be-
fore and after the oral ingestion of ethanol in a
dose of 0.75 ml/kg. No significant depression of
the central response was observed, but a signifi-
cant depression of the peripheral response was
observed at 25 and 95 minutes after the consump-
tion of ethanol. The peripheral chemoreceptor
stimulus was the simultaneous increase of
hypoxia and hypercapnia and this novel method
is described.
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RESUME

La réponse respiratoire réflexe initiée par les
chémorécepteurs centraux et périphériques a été
étudiée de fagon séparée chez huit volontaires en
bonne santé, avant et aprés ingestion orale de
0.75 mi/kilo d’alcool éthylique.

On n’a pas observé de dépression significative
du mécanisme central, mais une dépression si-
gnificative de la réponse périphérique a été ob-
servée, 25 et 95 minutes apres ingestion de ['al-
cool.

Comme stimulus des chémorécepteurs péri-
phériques, on a utilisé une hypoxie et une hyper-
capnie simultanée et croissante. Cette nouvelle
méthode est décrite.
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