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Physiology. — “Influence of the seasons on respiratory evchange
during rest und during muscular exercise”. By Dr. C. J. C.
vaN HooeEnnuyze and Dr. J. NIBUWENHUYSE.

»

(Cormmunicated by Prof. (. Eukuan in the meeting of October 26, 19:2). .

The primary object of our inguniry has been to find out, whether
muscular exercise increases the metabolism in man as much in the
cold as in the warm season. -

We have taken the consumption of oxygen as the index of the
metabolism.

Since it is still a matter of controversy, whether the seasons in-
fluence metabolism even during rest, we have thought fit to deter-
wine also the absorption of oxygen during rest in the same two
persons, who were subjected to the muscular test. Besides, the gas-
-exchange has also been examined with two other subjects only
during rest.

A. Respiratory Gas-exchange during rest.

In 1859 E. Swrs ‘) presented to the Royal Society of London a
series of ohservations upon the influence of different factors (i. a. the
seasons) on the gas-exchange in man during rest. The amount of
oxygen consumed was not determined, only that of carbon dioxide
given off. If we ave to take the latter as a quantitative index of the
metabolism, SmiTH’s experiments would prove that it is more intense
in the cold months and less so in the warm season.

Euxkman®) made similar experiments in 1897 with improved means,
and moreover measured the quantities of oxygen. As known, the latter
afford a more reliable index of the intensity of the metabolism. He
found no difference for the different seasons.

His opinion that the metabolism is the same in warm and in cold
seasons is also corroborated by his previous investigations®) made
in the East-Indies, from which it appeared that the amount of meta-
bolism of man in the tropics agrees with that of people in our parts.

1) Philosophical Transactions of the Royal Society of London 1859 p. 681,

%) C. EurMaN. Over den invloed van het jaargetiide op de menschelijke stof-
wisseling. Verslagen van de Koninklijke Akademie van Wetenschappen te A'dam,
8 Dec. 1897. g

%) C. Bukmaw. Beitrag zur Kenntniss des Stoffwechsels der Tropenbewohner.
Virchow's Archiv. Band 133. 1893, p. 105.

ldem. Ueber den Gaswechsel der Tropenbewohner, Pfliiger’s Archiv. Band 64,
1896, p. 57,
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Shortly before we had brought our experiments to a close, Livp-
HARD ') pnublished an aiticle, in which he reports the fluctuations of
respirafory exchange 1 the different seasons, which according to
him run parallel to the_inlensity of the sunlight. o

It seems {0 us howe\;er, that" his values of the oxygen intali(_a do
not differ sufficiently and are, too- inconstant to warrant such a
conclusion. e L e e "

For our determmations’ we used ZvNtz and GEppErr’s?) method.

The subject, whose nose is shut off by a spring-clip, breathes
through a mouth-piece, corresponding by means of a T-shaped tube
with two very mobile gui-valves, one of which transmits only the
air taken in, the other only the air which is exhaled. The latter
passes, without encountering any resistance worth mentioning, through
a slightly aspirating gasometer, a conslant fraction of the expired
air being continually separated for gas-analysis by means of a special
apparatus. Furthermore a supple pig’s bladder had been inserted
between the valves and the gasometer. This highly facilitated expi-
ration, as was apparent from the working-experiments to be discussed
later on.

Outside air was supplied through a short and wide indja-rubber
tube, connected with the valves. The room which faced the North,
was constantly well ventilated through the open windows.

We experimented every time under similar circumstances, i. e.
the experiments were made in the morning, always at the same
hour, and with the same inferval after breakfast.

The breakfast varied for the several subjects, but for each indivi-
dually it was the same. For a quarter of an hour before and during
the experiment, the subject reclined in an easy chair, resting quietly.
The temperature of the room was taken, the readings of the baro-
meter and the sort of weather (misly, sunny, frosty etc.) were noted
down.

Likewise the respiration, the number of liters of air exhaled, and
the time (in seconds) were recorded on a kymographion (Fig. 1).

The time the experiment took us, was also registered by a time-
keeper. Fuortheron the relative moisture in the room was measured too
as well as the temperature and the degree of moisture under the
clothes.

Qur subjects were four adulls, all of them employed every day

!y J. LinpHARD. Seasenal periodicity in respiration.

Skandinav. Archiv. f. Physiologie XXVI p. 221.

%) Maenus-Levy. Ueber die Grosze des respiratorisehen Gaswechsels u. s. w.
Pfliiger’s Archiv. f. die ges. Physiologie. Bd 55. 15894, p- 9.

9%
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at the hygienic Ilaboratory at Utrecht. Their body-weights were
widely different and did not change much with the same individual.

BB AR A A S RS R A S R REA b n S AR K Time (seconds)

Respiration

Liters of air
exhaled.

Fig. 1.

The lowest temperature, at which we worked was 3° the
highest 30°.

The experiments were made in May, June, July, September,
October, November 1911 and in January, February, and July 1912.

There was only a small difference in the summer- and the winter-
attire. No overcoat was ever put on in cold weather nor was
any article of attire taken off in the summer. As serious errors
would originate in case the subject should shiver, this was a point
of careful observation.

In Jooking over our resalts, in the first place with regard to the
amount of oxygen, we notice rather considerable fluctuations with
the same subject under apparently similar circumstances, which is
in accordance with the experience of other workers.

Benepicr '), for instance, found in experiments with the saine
subject under equal circumstances the following oxygen-consumption :
194—213—169, showing as great a difference as 26°/,.

We also found with V. on 15—7—"12, at 30°, 765,5 mm. baro-
metric pressure, relative moistare of 52°/,, the value 256,8, and on
16—7--12, at 30° and 765,5 mm. barometric pressure, relative
moisture of 50°/,, the value 292. This yields a difference of rather
more than 13°/,.

It is obvious, therefore, that if we wish to demonstrate seasonal
influence, an extended series of experiments is required, and further-
move, that only striking differences should be attended to. If we
take the average of (he results at a temperature below 13° (the
months of Nov. Dec. Jab., Feb.) and of those above 13° (the other
months) we note:

1) Benepicr. The melabolism and energy transformation of healthy mah duving
rest. (Carnegic Institution of Washington. Publicalion no, 126, 1910, p. 107.)
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below 13° ‘above 13°
with v/Z. (5 exp) 2818 c.c. permin. (18 exp.) 269.2
., N8 2524 ,, ,, 21, 256
. 6, 2908 ,, ,, ., 9 2974
. Ko4 o, 2017 ., ., 12, 1977

The average of ) \

4 subjects (23 exp.) 1032.7 :4 =258.2 and (60exp.)1020.3:4=255.1.

In considering the results obfained with each individual separately
we notice differences in one way or another, comparatively small
though they majy be.

In connection with what has been said above we Dbelieve that no
great value should be set upon these differences.

Taking the averages of all the subjects, we find fairly correspond-
ing values, viz. 258.2 in the cold and 255.1 in the warm season,
so that we may conclude, that the season has no influence upon
the metabolism in a state of repose.

It appears then, that our results agree with those of ENKMAN ')
who got his averages in like manner, finding 253.8 in the winter
and 253.3 in the summer.

Without tabulating our results at large we subjoin a somewhat
more detailed report about them :

1 V. H. Body-weight 87'/; Kilos (without clothing) Height 1.84 m.

Averages of results of all experiments (23): Amount of O,-consumption and

COq-production per minute expressed in c.c, reduced to 0' and 760 mm. barometric
pressure.

CO, 0, CO,/0,
2952 ‘ 211,1 0,830
minimum 185 min. 239,5 = 110/, below the average.
maximum 264,6 max. 322,5 =190/, above ”
The average Og-consumption in 5 experiments at 4!,—121,° C. amounted to
281,8
min. 259,9
max. 322,5
The Oy-consumption in 18 experiments at temperatures of from [141,—30° C. averaged
269,2
min. 239,5
max 294,2
At the lowest temperature ( 41,° C.) we found 274,1, at 71/° C, 322,5.
» »n highesttemperatures (30 ©C) , , 291,7 and 2942,

Il N. Body-weight 70Y, Kilos (withoul clothing) Height 1,80 m.
Averages of results of all experiments (29):

CO, 0, CO0,/0,
230 255 0,900

min. 191,7 min. 2222 =139/, below the average,

max, 267 max, 292 = 140/, above , "

1) G. Eukman. Koninkl. Akademie v. Wetenschappen 8 Dec. 1897.
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The "average O,- consumptlon in 8 experiments at températures- of 4—13° C. -
amounted to . -
2524
min. 230,35
- max. 285,1
The O,-consumption in 21 experiments at temperatures of 14—30° C, averaged -
- 256
L min, 222,2
. max. 202
At the lowest temperatures (4 °©) we_found 260,7 and 285,1.
s » highest ,, 30 , , 256,8 292 and 277.7.

I E. Body-weight 83,3 Kilos (without clothing) Helght 1,82 m.
Averages of results of all experiments (15)

CO; . 0Oz 0,/0,

258,6 294,7 ,801
min. 219,6 min. 250,8 =151/, below the average .
max._309,7 . max, 330,1 = 12"/, above , a

The average Op-consumption in 6 experlments at temperatures of 8—13°C.
amounted to
290,8
min., 272,6
max. 330,1
The average O,-consumption in O experiments at temperatures of 14--26° C,
amounted to
297,4
"min. 279,9
max. 3284

1IV. K. Body-weight 58 Kilos (without clothing) Height 1.75 m.
Averages of results of all experiments (16)

CO, 0y C0,/0,

175,1 200,2 0,874 -
min. 152 min, 172 =149, below the average P
max. 203,9 max. 2386 = 19"/, above »

The average Qp-consumption in 4 experiments at temperatures of 3—121,°C.
amounted to ,
201,7
min. 1777
max. 228,6
The O,-consumption in 12 experiments at temperatures of 14—30° C. averaged:
197,7 B
min. 172,0
max. 238,6

Our endeavmus to detect any influence of.the seasons on the
carbon-dioxide elimination, the tidal air, and the nnmber of respi-
rations per minate proved as fruitless as they had been in ascer-
taining such influence on the oxygen-consumption.

B. Respiratory Gas-exchange during muscular exercise.
Little has been written as yet abont the influence of muscular
work on the respiratory exchange in the several seasons.
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"E. Smira reported in his publication, of which mention has alveady
been made, that equal muscular work has a greater influence on the,
respiratory exchange in winter than in summer; his experimentation,
however, does not, in our opinion, vouch for this conclusion.

Our experiments were made in the months of March, April, May,.
June, and July 1912.

We proceeded as follows. The experimentation took place in the.
afternoon, at the same hour, shortly before dinner, in order to
give scope to the presumable influence of close- heat. We were
sitting on a bicycle without wheels, placed on a stand. A rotatory
disk had been fixed at the place of the large chain-wheel. Round -
it a steel brake-band could be tightened or slackened to render the
“work more severe or lighter (Fig. 2).

Spring-balance
Wire

ptl

Adjusting screw : \
Pedal

Rotating disk ..----
""" Brake-band

Fig. 2.

The npper part of the band was connected with a spring-balance
by means of a long wire. When the adjusting screw was tighiened
the friction increased and the band was taken along by the disk,
while the pedalling continned, which cansed the springbalance to
register a higher figure. The increase, however, was not such as to
alter the static moment materially. Both the bracket-spindle of the
bicycle and the rim of the disk were continually being oiled during
the experiment. _

The pedalling rate was regulated by a metronome, ticking 133
times per minute. ) )

Before the subjects, both skilled cyclists. started pedalling, a deter-
mination was made, while they were quietly seated on the bicycle;
which involved only a very light static muscular activity. In the
subsequent period “of the experiment the subject was pedalling for
a quarter of an hour, while breathing freely and after this for five
minutes, while breathing through the valves. Only then the estima-
tion was performed, while the subject went on pedalling; we then
could reasonably presume that a condition of equilibrium between
internal and external gas-exchange had been established.
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The breathing throngh the valves for the space of five mmutes
previous to the estimation, served to preveni a somewhat irregnlar
respiration that ight possibly arvise in the uransition from free
breathing to respiring throngh the valves. In the interval the tempe-
rature in the gasometer atiained its new equilibrinm, i

Throughout the whole experiment an assistant had {o wateh the
springbalance, which was {o poini {o the same mark. In case of a
deviation, the band was at once slackened or tightened dnring the
pedalling, which did not cause any disturbance. -

The work done was calculated by multiplying the circumference
of the disk, i.e. the distance covered afier one rotation, by the weight
indicated on the springbalance, by the number of rotations per time-
unit and by a correcting facior *). This showed an amount of labour
of 22800 K.G M. per honr. ‘

The exertion required for the work, was not such as to exhaust
the subjects. Still, at the finish of the experiment they felt tired as
if they had been cycling a long distance.

Our results are the following:

-

sitting quietly (a):
L. V. H g pedalling (OF

Averages of all the experiments (12) made in March, Apnl, May, June, July 1912,
lowest temperature 129, highest temperature 30°:

COy per min. Oy CO, -
0,
min. 299 max. 386,8
a % 280,8 3304 0.850
1001,5 0,8671
b % 8684 min. 781,2 max. 1448 ’
The average of 8 experiments below 211},°
CO, 0y : CO,
0,
min. 299  max. 358,8
a % 213,3 3235 ’ 0,8448
863,4 0,8643
b ? 746,2 min. 781,2 max. 0885 ’
The average of 4 experiments above 211,°-
CO, O, CO,
Oq
{ min. 322.1 max. 386.8
a; 299 3445 0,8580
12771 0,8712
b} 1131 min. 1052 max. 1448 ’

Increase set in after 11—6—"12 (above 211/,°).

) The coriecling faclor is lhe quolient ol the lever on which the wite of the
sprnghalance is-fixed and .the radius of the disk.
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sitting quietly a:
LA gpedalling b:
Averages of all the experiments (14) made in the same months;
lowest temperature 12°, highest 31°

CO, - 8 CO,
Oz
min. 220 max 314,9
a % 2125 265,4 ’ 0,8346
895,6 0,9152
b 3 819,6 min, 652,1 max. 1091 ’
The average of 8 experiments below 207/,°:
COy 0O, CO,
0
min, 229,6 max. 314,9
a § 214,6 2688 0,7984
791 0,9076
b ? n19 min, 652, max. 922,7 ’
The average of 6 experiments above 201,°:
CO, 0, CO,
O
min. 229 max. 2889
a % 209,6 260,8 ’ 0,8037
1034,9 0,923
b § 9552 min, 971,2 max. 1001 ’

Increase set in above 201,°, after 13—5-12
Also in this series of investigations the individual fluctuations were
rather considerable.
We see that for either subject the average oxygen-intake ishigher
when sitting quietly on the bicycle than when lying in a chair, viz.

V. H. (lying) average Oxygen-intake 271.1 ce.!

(Slttlng) 5 “ 3304 . »
N.  (lying) o » 255,
(sitting)  ,, . 2654 ,,

We also observe that the average value of the sitting-experiments
at more than 21',° with V. H. is a little higher than that of the
experiments below 211/,° viz.

the first value: 344.5, the second 322.5.

Again, that for .V there is no such difference between the two
periods. On the confrary with him rather the reverse takes place,
the first value being 260.8, the second 268.8. However, this difference
is too small to be taken into account.

While pedalling V. H. shows an essential increase of oxygen-
intake, when the lemperaiure rises beyond 21°, at the beginning of
June. With IV the increase is not so great, but it starts a month
earlier, when the temperature rises beyond 20° viz.

with V. N. from average 863.4 to 1277.7, nearly 48°/,
» N o » 9L, 10342, ,, 31,
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The lowest value of the warm period in Hs experiments (1052)
is distinctly higher than the highest of the cold period (988.5).

Likewise with NV viz. the one 977.2, the other 922.7.

On the days of the higher values either subject felt, as if the
muscular work required a greater physical exertion than on other "
days, though they were both in good health and followed their daily
routine.

In noting the average increase of the absorpiion of oxygen, result-
ing from the pedalling, we find:

with V. H. helow 204° 863—323.5 =441.5
above 2110 1277—244.5 — 933.2,

a difference of 491.7 (nearly 112 °¢/)).

- With ¥V below 214° 791 --268.8 =522.2 -
above 204° 1034.9—260.8 = 7741,

a difference of 251.9 (rather more than 48°/)).

The numbers expressing the carbon-dioxide output are running
parallel to those indicating the oxygen-intake. This tallies with the
approximate accordance of the respiratory quotients of the experi-
ments made at a temperature higher than 20'/,° and 211/,°, with those
of the other experiments.

In the case of N the temperature under the clothes, on the
cessation of the pedalling was 35—35'/,° C., the relative moisture
65—90°/,, throughout the whole period above 204° In the period
below 204° the former varied from 30°— 34° the latter from
30°/,—47°/,.

With V. H. those values were:

in the period above 21:° : 34— 35'/,°

90—100/, )
TR P below 21%0 + 30— 3.:1:1/2 }
40— 75°/,

As regards the respirations per minute and the tidal air at the
end of the pedalling experiments we find:

namber
of respir. per min. Tidal air
average with V. H. below 214° 17.2 1009.6
above 211° 16.2 1444
with . below 204° 20.1 840.7
above 204° 21.7 1003.5

We see, thereforc, that the number of respirations per minute
remains fairly constant, whereas in the warm season the tidal air
is considerably augmented, viz.

-10 -
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with V. H. an increase of more than 34°/,
. N. .. o e . . 19,

We have previously remarked, that the increased respiratory
exchange at a higher lemperature cannot be aftributed to this,
seeing (hat the determination had not been made, until an equilibrinm
had presumably been established befween internal and external gas-
exchange. Indeed, the O,-consumption and the CO,-elimination in-
creased more considerably than the tidal air.

Our experimental evidence seems {o show that muscular work at
a high temperalure is less economical than at a low temperature,
and also that this difference is more marked with one subject than
with another. _

The increase of gas-exchange parallel to the rise of temperature
was not gradual. but sudden at 21°—22°.

Physiology. — “The influence of the reaction upon the action of
ptyalin”. By Dr. W. B. Riveer and H. v. Trier.

(Comrmunicated by Prof. C. A. PEKCLHARING in the meeting of November 30, 1912).

One of us (v. Tr.) has for some time been studying the effect of
diet on the action of the diastatic enzyme of the saliva, to which
the name ptyalin has been applied. The vesults of other researchers
into this subject are tu some extent conflicting with each other?).
Nor do van Trier’s experiments positively demonstrate an influence
of diet. Though, taking ore with another, they seemed to point to
an influence, occasionally there appeared striking deviations without
our being able to fix upon the cause, so that we did not know
what to make of the results.

This experimentation was conducted as follows: saliva was added
to amylum solutions and after some time the reducing power of
the solutions was determined. This method involves the risk of fluc-
tuations in the reaction of the fluids, e.g. such as are brought
about by the flask-wall or by carbon dioxide from the air, sinee in
approximately neutral fluids without regulating-mixtures the reaction
may be considerably shifted by a trifling disturbance. This would
account for the striking deviations mentioned just now, recent researches
having shown that slight modifications of the reaction markedly
affect the activity of enzymes.

Now if, in proseccting cur experiments, due care being taken all

1) Cf. Hamuarsren's Lehrbuch der physiologischen Chemie.

-11 -



