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forming the Milky Way, and in order to ascerlain more about their
structures and distances we have to go on to still lower magnitudes.
Thai is why we do not ven{ure here a comparison between our numbers
and the light of the Milky Way. We only want to observe that the
views based on former investigations have been rather contradicted
than corroborated by ihis research. What has been found here indi-
cates that no organic relation exists between the great mass of stars
of the 9 magnitude and perhaps as far as the 11, and the star-
clusters  forming the Milky Way. Before puiting this down as a
certainty, however, it is desirable that we should wait till we have
more material available.

The completion and the publication of the photomaphlc Carte du
Ciel promises important resulss; it will be some time, however,
before the charts tully cover the regions that are to be examined.
But however much may be expected from a systematic treatment of
the thus completed material, through combining the B.D., the catalogue-
plates and the chart-plates of the Carte du Ciel and the star
countings by Herscmun and Epstrin for different parts of the sky, still
there remains the lack of homogeneity and of exact identity of the
celestial regions for which these numbers stand. Another time I
hope to describe a method free from these dmwbacks

Physiology. — “The permeability of red blood-corpuscles in pliysi-
ological conditions, especially to ullali- and earth alkali metals ).
By Prof. H. J. Hamsureer and Dr. F. Busanxovié (Croatia). |

'

Introduction.

“In a former communication one of us?) has demonstrated by mezms
of quantitative chemical determinafions that red blood corpuscles are’
m both directions pelmeable to Ca. At the same time the conditions
were imvestigated under which this permeation took place We ha\e
now extended our investigalions to other Kations viz. magnesium,
potassium, and sodium, and have finally connected with it the question
whether, under the same physiological conditions under which the
permeation of caleium, magnesinm, sodinm and potassmm was inves-

1) More explicit communications on this subJect will appear in the A'rckwes
Internationales de Physiologie publ. par Lion I‘nEnEch

%) On lhe Permeability of blood cells te Calcinm. These Ploceedmus of Mzuch 27
1909. See also a more delailed account in the Zeitschrift fiir Physikalische Chemle
Bd. 69, S. 663, 1909. (Festband [. Arrhenius).
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tigaled, it would also be possible {0 demonsirate a permeation of
anjons, such as chlorine and alkali. In order to promote the perme-
alion of the above-mentioned ions, the same modifications were made
in the composition of the serum, as had been made in the former
experiments on Ca. They simply cousisted in the blood being made
hyperisotonic or hypisotonic, and that, to an exlent corresponding to
the fluctuations which may daily occar in normal life. These mvesi-
gations were also made with a view to collecting data which after-
wards might serve perhaps to explain a phenomenon, noticed by
Hepin ') several years ago and which has hitherto been left un-
explained. We mean the fact that the volume of red blood-corpuscles
is equal in isosmotic-isotonic solutions of different salts, but unequal
in isosmotic-anisotonic solutions. Also on former oceasions our atten-
tion was drawn by this phenomenon *)

Method of Investigation.

As has been said the permeability of the blood-cells was investi-
gated by’ modifying the composition of the serum within physiolo-
gical limits. The modification :consisted in the blood-serum being
made anisotonic, that is to say hyperisotonic by an addition of 0.2°/,
NaCl, bypisotomic by an addition of 10°/, water. To accomplish this
in an efficient manner a certain quantity of blood was centrifugalized,
the serum was partly removed and mixed with the necessary amount
of NaCl, or water; then it was added to the rest of the blood and
well mixed. with it. The suspension thus acquired was left to itself
for an hour, to enable the blood corpuscles to get balanced with
their new surroundings. After that time the suspension was centri-
fugalized, and the serum which was thus removed, could be examined
as to its percentage of magnesium, potassium, sodium, etc.; this
percentage could then be compaved with the relative amount of these
subslances in the original serum. To control the vesult of the expe-
riment we have in most cases made a uantitative delermination of
these substances as found in the red blood-corpuscles, and thus we
could easily verify whether a decrease in the amount of certain
serum substances was accompanied by a corresponding increase of
them in the blood corpuscles or vice versa. For an exact determi-

' 1)i Hepiy, Skandinavisches Archiv. f. Physiol. 1895 S. 877,
?) Hamsureer and Hexma, Zur Biologie der Phagoeyten IIT, Biochem. Zeitschr.

9, 281, 1908.

! Hampurger and Do Haaw, Zur Biologie der Phagocyten V, Biochem. Zeitschr.

24, 317, 1910. . . P '
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nation of the increase or decrease it was necessary to know in all
cases the volumes of the serum and of the blood corpuscles, as they
were modified by anisotony, for it is obviously impossible to obtain
and analyse afl the serum of a certain amount of blood. For,
however strongly we may centrifugalize, yet it remains impossible
to remove all the sernm frow the sédiment; a thin layer is always
left behind. Whaenever it was necessary, we have therefore determined
the relative volumes of blood corpuscles and serum by centrifugalizing
e.g. 0.06 cc blood in our funnel shaped tubes, until the volume of
the sediment remained constant.

Fipally it must be observed that all the blood, used for these
experiments, had been shaken with 5 volume percent carbonic acid.
This was done to render eventually a more extensive interchange of
substances possible, thus causing permeabilily when present, to mani-
fest itself in a more marked degree.

.

Permeability to Potassium and Sodium.

The permeability to potassium and sodium was investigated in the
following way. As has been said above, a great volume of blood (3
litres) was shaken with 5 vol. pere. carbonic acid and left to itself
for three hours to enable the carbonic acid to act; then 3X12 tubes
were each filled with 75 ce. of this blood and closed at the top
with india rubber covers; at the same time 0.06 cc. of the same
blood were put in 3 funnel shaped tubes provided with well-fitting
stoppers in order to determine the relative volumes of blood cor-
puscles and serum. Then in 12 tubes, part of the clear serum was
removed, and NaCl was dissolved in it. To the serum of the 12
other tubes water was added, then these sera were replaced in their
original tubes and well mixed with the rest of the serum and the
blood corpuscles. The amount of salt added was just sufficient to
cause an increase of 0.2 °/; NaCl in the seram. The amount required
was calculated by means of the comparative volumes of blood cor-
puscles and scrum, as they appeared fromn volumetrical determinations
in the funnel shaped tabes. In the same way the amount of water
was determined which had to be added to the serum in the 12
other tubes.

Now the Dblood corpuscles were lefl for an hour to get into a
state of equilibrium with the surrounding fluid. This fluid was centri-
tagated and the clear serum was removed as much as possible. The
volume of it having been measured, it was evaporated in a platinum
basin at 110° and the residuum was exposed to a soft glowing heat,
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Then distilled water and HCl were added to turn the metals into
chlorides. The solution was filtrated and washed, and BaCl, and
BaH,0, were added to the filtrates to remove sulphuric acid and
magnesium. Then the filtrate was mixed with (NH,),CO, to remove
the surplus of barium and also the calcium. These having been
removed by filtration, the filtrate could be evaporated in a platinum
basin and glowed to remove the superfluous (NH,), CO,. What was
left behind now was only KCI and NaCl. The total amount of it
was weighed.

In this mixture the potassium could be determined. HCl and aq.
dist. were added; then an excess of H,PtCl,, and the whole was
concentrated on a water bath into a semi fluid mass, 80'/, alcohol
being added. In this way sodium chloroplatinate (Na,PtCl,) remained
in solution and yellow crystals were formed of K,PtCl;. These were
placed on a filter, which had previously been dried and weighed;
the crystals were washed with alcohol, dried at 120° and weighed.
To determine the amount of sodium we had only to sabtract the
amount of KCI from the total amount of KCl and NaCl.

In the blood corpuscles the determmnation of potassium and sodium
was carried out in the same way as in the serum. As a matter of
cowse we had to take into account that there was still serum left
among the red blood corpuscles. The amount of it was established
in the usual way by centrifugalizing the thick suspension in funnel
shaped tubes.

The results which we obtained may be sumnarized in the fol-
lowing table. (p. 262).

From this table it appears:

1. that when serum is made hyper-isotonic by the uddition of NaCl
to an amount which is also observed in normal life, sodium enters
the blood corpuscles and potassium leaves them (Comp. the first two
numbers of column 4a, of column 40, ha and 506.

2. when water s added 1o the serum 10 an amoun{ which is also

observed in novmal life, sodium likewise enters the blood corpuscles
whilst potasstum leaves then. (Comp. in all cases the first and third
numbers of the above mentioned columns).

The entrance of sodium info the blood corpuscles appears not
only from a decreased percentage of this metal in the serum but
also from an increase in the blood corpuscles, whilst the fact that
K leaves the blood corpuscles not only appears from a decreased
percentage of this metal in the cells, but also from an increased
percentage of this metal in the serum.

e



TABLE L

Permeability to Potassium and Sodium,

2a 2b

3a” 3b

da 4b

bl

.

ba =hH

Total amount of K and

Total amount of K

Total amount of Na

T 262)

In the 900 cc blood are:| Na determned as KCI . . . . §
990 cc blood and NaCl, in: determined as KCI, in: | determined as Na(l, in: §
5 - =
the blood the blood the blood S
serum blood corp. | the serum corp. the serum corp. the serum corp. =~
=
594 cc 4.9805 Gr. 0 3479 Gr. 4 6326 Gr. .
normal ’,;;-
306 cc 1.6577 Gr 1.2379 Gr. 0.4198 Gr. =
S
to the serum 618 49323 0.4438 4 4885 N
0.2%, NaCl has i
been added 282 1.7666 1.0761 0.6505
to the serum 570 , 4 MN70 0.4006 4£,5164
has been added
10/, water 330 I 7755 P13, 0.5623

¢

With a view fo the slight amount of magnesium found in blood,
and likewise with a view to its lightness, a greal guantity of blood

was operated upon viz. 3 31200 cc. The experiments were identical
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with those made on the determination of K and Na. The ash was
treated in a different way, of course. After it had been moistened
with some HCI and dissolved in hot water, it was diluted to 100 cc.
ii”a beaker and neutralised with (NH,)OH till a precipitate was
formed. Then’ it was acidified with acetic acid and a concentrated
solution of ammonium acetate was added. After being boiled the
precipitate was filtrated*and washed.

In the acetic acid filtrate the Ca was precipitated by ammonium
‘oxalate at boiling-heat and the whole was left to itself for 4 honrs.
The filtrate was then mixed with ammonia and some Na,HPO, and
the mixture was left ;to itself for 24 hours at a low temperature.
The resulting Mg(NH,)PO, could now be washed, dried, and glowed
in a platinum basin.

The following table contains the results obrained.

From this table 1t appears that if the serum s made hyperisotonic
by an addition of 0.2/, NaCl, the amount of magnesium decreases
(from 0.1445 to 0.1385) and that accordingly the magnesium increases
in the blood corpuscles '(from 0.0166 to 0.0221 gr.) whilst if the
serum s made hypisotonic by an addition of water, magnesium acts
“Just the other way, that means to say thatit leaves the blood corpuscles.
(Comp. the firsi and third nnmbers of column 2q and of column 24).

3

'I"ABLE 11
t + {

Permeability to Magnesium.

la 1 2a 26
Amount Mg,P,0, indicating the
In the 1200 cc blood are amount of Mg, in
blood blood
Serum | corpuscles serum corpuscles
i
a. 200 normal blood ‘ 768 cc 0.1 45 gr.
, ! ‘ 432 cc 0.0106 gr.
{
b. 200 cc blood (a), to E
the serum of whichwas §| 804 , 0.1385 ,, :
added 0.2%, NaCl. ! 396 ,, 00221 ,,
¢. 1260 cc blood (a), to
the serum of which was 736 0'1319
added 10%/; water. 4064 ,, 00154
B ‘ ¢
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Permeability to Caleium.

As we said above, former experiments?) had shown that calcium
can both enter and leave the blood corpuscles. This motion of calcium
was discovered to find its cause in a disturbance of the equilibriutn
between blood corpuseles and serum. This disturbance was, amongst
other causes, brought about by an addition of some NaCl or of-a
slight amount of water to the serum. We now wished to investigate
to what extent a disturbance of the equilibrium caused by 5 vol. perc.
carbonic acid would likewise cause a transfer of Ca.

As we know au addition of 5°/, CO, to arterial blood falls within
physiological limits. '

After what has been said, it may be esteemed superfluous to enter
into technical details as to the method of investigation. Let us only
state that the Ca was determined in the ash Dy amwonium oxalate,
that after being heated the oxalate was weighed as Ca0O, and further
that in this case only the serum was examined as to ils amount of
Ca. This seemed sufficient after the detailed investigations formerly
made on Ca ‘).

The result of the experiments now made was that under the in-
fluence of 5 vol. perc. CO,, calcium had entered (he blood corpuscles
and that owing to a further disturbance in the equilibrium, caused
by the addition of NaCl to the blood after it had been shaken with
carbonic acid, a new amount of Ca had entered the blood corpuscles

TABLE 1L

Permeability to Calcium.

-

Amount of CaO indica-

In the 930 cc blood are ' ting the amount of Ca
} in the serum

a. 900 cc blood 600 cc serum and 300 cc bl. corp. 0.1592 gr. Ca0

b. 900 ¢c blood shaken

= -9
with 5 vol. perc. CO., 533 ce » » 32¢cc n 0.1526 » n

R

¢. 900 cc bleod shaken
Y, CO,, to the serum
of which .29/, NaCl
has been added

GOS cc n n 294 cc ” 0’;1[383 » ”

————

Al

3y These Proceedings of March 27 1909; Zeitschr. f. physik, Chemie, Festband,
Arrhenius 1c.
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If we compare the 3 numbers of the third column, it becomes
manifest that under the influence of CO, calcium enters the blood
corpuscles, and that this is the case to o much greater extent if to
this blood o physiological amount of NaCl has been added.

We muy add to this that in connection with these experiments we
also investigated the effect of an addition of NaCl to blood which
had not been treated with CO,. The amount of CaO now found in
the serum “was 0.1444 gr. whilst the volunes of serum and blood
“cells had become 618 ce. and 282 cc. respectively. This may serve
as a confirmation of what had formerly been observed in the above-
mentioned investigation concerning the permeability of red blood
corpuscles to Ca-lons.

Permeability to Chlorine.

Though at the present moment there is probably no one who
doubts the fact that red blood corpuscles are permeable to chlorine,
yet we lave thought it expedient, in connection with the above-
nientioned experiments, to investigate whether a motion of chlorine
could be demonstrated under the same conditions under which the
kations K, Na, Mg, and Ca passed through the blood corpuscles.
Hitherte, indeed, we examined the permeability of red blood corpuscles
to this anion almost exclusively by allowing physiological amounts
of CO,, H,50, and KOH to act upon the blood!). Would it be
possible to establish likewise a permeation of chlorine if the normal
equilibrivm between red blood corpuscles and serum was broken by
adding to the latter 0.2°,, NaCl or 10°/, water?

For this purpose we have experimented in exactly the same way
as above, that is to say a known volume of serum as well as a
known volume of blood corpuscles were dried, made into ash and
in the ash the chlorine was detetmined. This was done after the
method of VoLHARD.

It need hardly be said that to obtain an estimate as to the absolute
amount of chlorine in blood corpuscles and serum the volumes of
both had to be established.

1 Litre of blood was again shaken with 5 vol. pere. CO,. Of this
quantity we took 3 times 300 cc.

To one of these 3 quantities Na Cl 0,2 °/, was added, to another

1) HameurcEr, Zeitschr. f. Biologie 1891, S. 403; Archiv f. (Anal. u.) Physiologie
1892, S. 513; 1898, S.153; 1893, 8, 157; Zeitschr. f. Biologie 1897, S. 852;
Archiv. f. (Anat, u.) Physiol. 1898,

Hampureer und van Lier, Archiv f. (Anat. u.) Physiol. 1902, S. 492,
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water, whilst the third as such was examined as to its amount of

chlorine: 0
4 J
T.ABLE IV.

Permeability to Chlorine.

2a 2b 3a 36 .

In the 300 cc blood are | Amount l/15 n. AgNO; indicating
the amount of Cl in . °,

l ‘

Serum | blood corp. serum l blood, corp. J

a. 300 cc. normal blood s 189 cc. 110 06 cc.
{ 11l cc. 83.24 cc.

5. 300 cc. blood g, to the 197 110 34,

serum- of which 0.2'/, ]
NaCl had been adclecl| I 103, 3t 16x ”
PN
¢. 300 cc: blood g, to the )
|, serum of whnc’:hd R 181, 119 12.20 -, 31.18
water ‘had been added n ’ "‘

‘ v

[} +

From these experiments it appears that by the addition of 0.2 °/,
NaCl to the serum a certain amount of chlorine enters the blood
corpuscles, and that conversely by the addition of water to the serum
chlorine leaves the blood corpuscles. (Comp. of the same columns
the first and third numbers). )

So @t appears that under the some circumstances or tn other words
by the same equilibrium disturbances which cause blood corpuscles to
‘be permeated by kations, also a permeation of chlovine takes place.

Finally we shall examine whether the same holds good for alkali.

¢

t Permeability to Alkali.

Already on the occasion of former investigations as to the pevmea-
bility of 'red blood corpuscles and other cells to chlorine and other
anions, the permeability to alkali has been set forth. In this
paper we .have investigated to what extent an addition of slight
quantmes of, NaCl or water to the serum caused the blood cozpuscles
to yleid or 'to’ take in alkali.” The amount of alkali in the Serum
‘was determined by means of lacmoid papm As we know, in this
way the total amount of diffusible and non diffusible alkali is titrated.

-10 -
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We summarise the results in the following table, allowing for the
modification of the volumes, mentioned before.

TABLE V.
Permeability to Alkali.

/ Amount of Y5 norm. tar-
In the 100 ce blood are taric acid corresponding
d with the alk. of the serum

. 100 cc.
a gw?tﬁcsg;(?rén&l) blood {16} ccserum=-36 e bl. corp. 98.8 cc

the <erum of which
0.29/,NaCl had been
added ,

2]
<1

b. 100 cc, blood (a), to
} cc , 3% cc 27 5 cc

“the serum of which
10y, water had been
added

¢. 100 cc. blood (a), to
; 61 3cc ,, +38 7ce » 27 1 ¢cc

These experiments show thet by making the serum hyperisotonic by
the addition of NaCl, alkali enters the blood corpuscles, whilst by
the addition of water to the serum the same thing takes place butin
‘a higher degree.

Sumamary.

The investigations described above have chiefly led to the following
results :

1. If in the composmon of blood we bring about a disturbance
in the equilibrium between' blood corpuscles and serum, falling within
physiological limits, a redistribution of the ‘afiorganic components
takes place over blood corpiscles and’ serum.

2. This redistribution relates to kations as. well as anions.
a. As vegards the kations it has been seen that by the addition of
0.2°/, NaCl to the serum, Na, My, and Ca enter the blood corpuscles,

whilst K leaves them. .

When the serum is diluted with 10°/, water Na enz‘ors, whereas
A, Mg, ‘and Ca leave the blood cm pu.s'cl(’s' .

‘A survey of thesc movements may be given inthe following way':

-11 -
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N

Serum with {  blood
0.20/0 NQOI cotpuscle <« (Ca
- K
<« Na -
Serom with blood. — Mg
10“/0 waler corpuscle — Ca

- K

As regards Ca, this result is a confirmation of what had previously
been found as an outcome of detailed investigations.

In this paper it has moreover been demonstrated that Ca enters
the blood corpuscles too when the blood is shaken with a slight
quantity (5 vol. perc.) of CO, and that this transfer becomes more
considerable still, if to this blood containing CO, some NaCl is added.

b. The addition of Na Cl or waler to serum as mentioned sub. @
caused not only a movement of kations, but also of anions. By the
addition of some NaCl to the serum, chlorine was found to enter
the blood corpuscles; by the addition of water to the serum chlorine
left them.

The alkali (CO,) likewise participated in tlas movement. An addition
of NaCl to the serum caused alkali o enter the blood corpuscles,
whilst an addition of waler had the same effect, but in asomewhat
higher degree.

A survey of these movements may be given again in the following
way :

Serumn {o which 0.2 ¢/, NaCl blood « C

corpuscle

had been added « CO,

Serum to which 10 °/, water — Cl

blood

corpusele

had been added <« CO,

These observations have proved again, and that by methods entirely
different from those formerly employed by us and by others, that

-12 -
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red blood corpuscles in physiological conditions, are permeable to
anions.

3. The conclusion concerning the permeation of Na, K, Mg, Ca
and Cl is based upon the results of quantitative-chemical analyses of
these substances in the serum; these resnlts were in all cases con-
firmed by the quantitative determivations of these substances in the
corresponding blood corpuscles. ’

4. Briefly the results described above justify us in asserting
that blood corpuscles under physiological conditions are
permeable to kations as well as to anions, or if we do not
wish to view the matter in the light of the ion-theory, to metals
and acid anhydrids.

As to the kations (metals) this result is opposed to the current
view,

The latter is based upon an investigation of GirBkr according to
which the sernm retained its amount of sodium and potassium when
blood was saturated with carbonic acid; and tacitly the impermeabi-
lity to potassium- and sodium ions has been extended to calcium
and magnesium. If, however, we examine GURBER’S experiment more
closely, it is seen that the blood used by this investigator for his
analyses, amounted to only 100cc., a quantity much too small to
arrive at definite conclusions as to the permeability to K and Na.
The amount of potassium indeed, contained in the serum of 100 ce.
blood (0.018 gr. K,0), is so small that it is impossible to demonstrate
with certainty an increase or a decrease of 5°/,. In order to get
results which are at all reliable, it is necessary to experiment upon
a much greater quantity of blood; besides it is necessary to analyse
as a further test not only the serum, but also the corresponding
blood corpuscles; this was neglected by GURBER.

More explicit eritical remarks are found in our treatise in the
Archives Internationales de Physiologie. In the same article the
grounds may be found which indnce us to look upon the permeation
of substances as an interchange of zZoms.

5. As to the conditions under which the permeation of kations
occurs, we assume also on acconnt of former investigations on Ca,
that it takes place only where an exchange is possible with equi-
valent kations on the other side. And this possibility occurs when-
ever the equilibrium is disturbed in the normal chemical composition
of serum and blood corpuscles. If further we investigate by what

-13 -
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causes again this disturbance may be brought about, then it appears
that in the first place this becomes possible by a change in the
osmotic pressure of the blood, by which the dissociation is modified.
This dissociation occurs, in the Dblood corpuscles jn another way
than in the sernm. Likewise the equilibrium is disturbed when sub;
stances are added to the serum such as CQO, and different salts. Of
these two causes for the disturbance in the equilibrium the change
of osmotic pressure was found, at least as regard!s calcium, to have
a paramount influence (l.c.).

6. That the movement of kations and anions through cells is of
importance to life has been plainly set forth for instance by com-
parative investigations on the influence of KCl, NaCl, NaBr, KI;
Nal, NaFl, and also of Ca on phagocytosis. -

G'roningen, 'June 1910.

Physiology. — “Laperimental researches on the seqgmental inner-
vation of the skin in dogs” By Prof. C. WINkLER from
researches made in collaboration with Prof. G. A. vax RIINBERK.
(VI*h Communication).')

1
! ‘

On jform and situation of the dermatomata of the posterior extremity.

It has been for some years now that we have been occupied
by attempts to obtain some insight into the manner in which the
dermatomata are ranged on the posterior extremity in dogs.

These researches have been made partly at the Laboratory for
Neurology in Amsterdam, partly al the Laboratory for Physiology
of Prof. Luciant in Rome. P

Albeit we were acquainted with the work of Turck, SHERRINGTON,
Bork ‘and others, and though we took from their researches the
startingpoint for our experiments, still it has taken a long time
before we obiained any reliable result, because we were not prepared
for so great a variability in the innervation of the skin as we
found. ~ P
. The first difficulty that presents itself, is of course the definitiom

B

of the boundary between the posterior exiremity and the trunk. . i

‘

1 1) The 5 preceding noles are prmied in Proc. Kon., Akad. v. Welensch. te
Amsterdam 1901, vol: IV. p 266, p,308, p.508, aud 1903 vol. VI p. 347, p.392,
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