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EFFECT OF DISTENSION OF LUNGS ON RESPIRATION 437

expiration, producing an exaggerated inspiration, as shown by
the pneumograph curve below point A. The following expira-
tion is abortive, as shown by both curves. The succeeding res-
pirations are somewhat more rapid and slightly more irregular
than when breathing under normal pressure. At a and b in this
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Fig. 1. Efiect of distension on W. M. B. Spirometer weighted to give 15
em. water pressure. Upper curve written by the recording spirometer, with in-
gpiration up and expiration down. Lower eurve written by the pneumograph
around the subject’s chest with inspiration down and expiration up. To be read
from left to right. At A tap turned so that the subject is connected with the
* air under pressure in the apparatus. The pneumograph shows qualitatively the
preceding normal respiratory rhythm; the first effect is a total expansion of the
cheat, followed by faster and shallower respirations. At a and b maximum in-
spirations and expirations were made showing that the reserve air was greatly
inereased and the lungs markedly distended. At B the weights were removed
from the spirometer and the subject then breathed air under a normal pressure.
At t; d, €, and r|" maximum inspirations and e-xpiru!iulm were made and are to
be contrasted with thosze made at @ and b, At ©, E, and & the weights were re-
placed on the spirometer and at D), F, and H again removed. No evidence of ap-
noea either primary or secondary. Time in two seconds.
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Fig. 1. Effect of distension on W. M. B. Spirometer weighted to give 15
cm. water pressure. LUpper curve written by the epirometer, with inspiration up.
Lower curve written by the pneumograph, with inspiration down. At A tap
turned go that the subject breathed the air under pressure in the apparatus; this
was followed by rhythmical but abortive attempis at respiration. At B and &
tap turnéd to room air. At C tap turned to apparatus. At D and F weights re-
moved from the spirometer and at K were reapplied. No apnoea at © and K,
Time in seconds.
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Fig. III. Effect of distension on F. B. B. Spirometer weighted to give 15
em. water pressure.  Upper eurve written by the spirometer, with inspiration up.
Lower curve written by the pneumograph, with inspiration down. At A and
tap turned so that the subject breathed the air under pressure. At B and D
tap turned to room air. The effect of distension iz first to slow and decpen the
regpirations, then they become faster and shallower. Inspirations are very
gharp. Mo apnoea. Time in seconds.
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probably in the experiments of Christiansen and Halﬂ&ne, as well
as in those of Head, there is a coincident contraction of the
inspiratory group of museles, resulting in immediate expiration
without producing any pause. As the trachea was clamped in
the case of Head’s experiments, the air could not be expired even
if the expiratory muscles contracted, and any attempt to do so
would increase materially the distension effect.

Fig. VI. Effect of distension on W. M. B. Spirometer weighted to give 15
cmn. water pressure. Upper eurve written by the spirometer, with inspiration
up. Lower curve written by the pneumograph, with inspiration down. At A
tap turned to apparatus. At B tap turned at the top of inspiration so that the
air-way was entirely closed, producing the effect of clamping the trachea. The
pneumograph curve shows essentially a pause lasting a considerable time; the
pause, however, is broken by the notches a, b, ¢, d, ¢, and f, and finally by regular
respiratory movements, although no air could go in or out of the lungs. At g
tap was turned so that the subject could breathe normally the room air.

Figure VI is another tracing from W. M. B. At A the tap
was suddenly turned so that the subject breathed the air under
pressure in the respiration apparatus. At B a special tap on the
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six seconds and the apnoeie period is finally broken by an inspira-
tion. The next two respirations are somewhat slowed by a pro-
longation of the expiratory phase, after which the rhythm becomes
quite normal.

Another example is given in igure X, and a third in the first
part of Figure XI in which the apnoeic period was broken by in-
spiration with distinet prolongation of the expiratory phase. It

Fig. TX. Effect of distenzion on 1'.'|gu||urui1-'.ml :Iug No. 23, ﬁpimmnter
welghted to give 12 em. water pressure. Upper curve written by the spirometer,
with inspiration up. Lower curve written by the pneumograph, with inspira-
tion down. At A tap turned sp that the animal breathed the air under pressure,
eausing an inspiration, followed by a partial expiration as shown by the pneumo-
graph curve. After this there was a pause of six seconds broken by an inspira-
tion. The pause was at the level of the following expirations. The subsequent
regpirations were slightly slowed and the expiratory phase was prn]ungﬁ(l. Time
in seconds.

18 questionable whether the prolonged expiratory pause at D in
Figure XI should be considered an example of the chemical ap-
noea of Christiansen and Haldane, or whether it is an exagger-
ated case of the prolonged expiratory phase seen in the first part
of this figure and in Figures IX and X. On account of the rela-
tively large dead space of the mask and connecting tubes, it
seems unlikely that distension of the lungs would materially
lower the alveolar carbon dioxide tension. We believe, therefore,




EFFECT OF DISTENSION OF LUNGS ON RESPIRATION 447
that this pause is similar to the other, though shorter, examples
of a prolonged expiratory phase found in our vagotomized dogs

and not an instance of a true chemieal apnoea.

Our experiments on man supplement those of Christiansen and
Haldane and together they show that a primary apnoea may or
may not occur in normal
individuals upon disten-
sion of the lungs.

Our experiments on
two dogs in which the
pulmonary branches of
both vagi were divided
and in which we ob-
tained several instances
of a short apnoea on dis-
tension of the lungs is

direct evidence against
the theory that the vagi
transmit impulses which
arise from distension of
the lungs and thereby
inhibit inspiration. Our
curves on the vagotom-
1zed dogs are all the
more suggestive because
the apnoea, when it does
oceur, is at the end of

Fig. X.
dog No. 23.
water pressure.
eter, with inspiration up.
by pneumograph, with inspiration down.
upper pointer is writing to the left of the lower

Effect of distension on vagotomized

Spirometer weighted to give 12 cm.
Upper eurve written by spirom-
Lower curve written
The

pointer. At A the tap turned so that the animal
breathed the air under pressure, causing an in-
spiration, followed by a pause of two and one-
half seconds, brokem by an inspiration. The
next respiration shows a prolonged expiratory
phase, as do the following to a lesser degree.
Time in seconds.

the following partial or complete expiration which is broken by

an inspiration.

dition of inspiratory inhibition.

They suggest quite strongly that there is a con-

If =0, it can not be due to im-

pulses arising in the lungs and passing over the vagi, as the
pulmonary branches are all divided.
Inanother paper from this laboratory by Boothby and Shamoff,"

11 Boothby and Shamoff: A study of the late effect of division of the pulmo-
nary branches of the vagus nerve on the gaseous metabolism, gas exchange, and

respiratory mechanism in dogs.

This Journal, 1915, xxxvii.
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other experiments are reported which show that the pulmonary
branches of the vagus nerve do not transmit impulses that
control functions in any way essential to life. And more spe-
cifically the nerve does not possess any demonstrable power
over the normal regulation of the gaseous metabolism, the pul-
monary ventilation, or the gas exchange in the lungs.

Fig. XI. Effect of distension on vagotomized dog No.11. Spirometer weighted
to give 12 em. water pressure. The upper curve written by the spirometer, with
imspiration up. Lower curve written by the pnenmograph, with inspirat.i:)n
down. Upper pointer is writing to the left of the lower pointer. At A and C
tap turned so that the animal breathed the air under pressure. At A the first
effect of distension is expansgion of the chest, followed by a slight contraetion
after which there is a pause of about three seconds broken by an inspiration.
The pause is on a level with the bottom of the following expirations. At ¢ the
inspiration following the distengion is more marked and is again repeated in about
a second followed by & pause of about two seconds. Thiz is broken by an in-
gpiration followed by a prolongation of the expiratory phase. The next expiratory
phase is very much prolonged (4 sees.). The respirations then become guite
normal. Time in seconds. *

The experiments reported in this paper indicate that the nerve
does not transmit impulses which, according to the theory of
Hering and Breuer, arise from distension of the lungs and in-
hibit inspiration.

Respiration is the result of a highly coordinated response of
many muscles to the need of the body for a constant exchange of
gases to and from the air. It is normally an involuntary and





















