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Physiology. - "QUrl11titfltive 1'esem'ches on phagoc!Jtosis. A contri
bution to tlw biology of phagocytes." By Prof. H. J. HAMBURGER

and Dr. E. HEKl\IA. 

(Communicated in the meeting of June 29, 1907.) 

I. lntl'oduction and method of investigation. 

The investigations of which an abridged, account is given in this 
paper 1) al'e a continuation of those' begun several years ago by one 
of us 2), with the object of ascel'taining the infl uence exerrised 
by solutions of various concentration on the red corpuscles and 
other cells. These researches had been for the greatest part 
confined to the study of chemical and volumelrical alterations ex
perienced by the ceUs through the modification of their media and 
of their significanee with regard to the functions of the body. But 
untiJ now, the influence of these agents on the life of the eell itselJ, 
had not been the object of a systematic investigation, although the 
plan had existed for some time and the expediency of the method 
had been proved 3). The importance of snch an investîgation wiU be 
readily -adlYlitted. In the first place, because it enhances the value of 
the chemical and volumetrical researches mentioned above, and 
secondly, becanse the phenomena produced by the agency of solutions 
undangerous to life, are in fact nothing else but the effe cts of reartion, 
which finally will help us to peneb'ate farther into the chemical 
RtrnctUl'e of the living cello The red corpuscles, which were mostly 
used for the chemical and yolumetrical researches, ho wever, are no 
suitable objects for the study of the influence of reagents upon life, 
for they do not a;fford sure tests of vitality, nor is it possible to 
measure the value of theiI' life functions. 

We therefore looked elsewhere for our material and our choice 
felI on the phagocytes, for ,the twofold reason that they are simple, 
isolated cells in which it is possible to follow the effect of the 
chemical exchange with theil' natural medi.um, and to rate their very 
life by qmmtity; besides the phagocytosis is an essential factor in 
the functions of lire. In support of this latter contention, we refer 
to the important pI ace assigned by METCHNTKOFF to these cells in 
the struggle of the body against disease; a theory which he has 

1) For delailed account, see "Biochemische Zeitschrift". 
2) HAMBUUGER, Zittingsverslag der Koninkl. Akad. v. Wetensch. 29 December 1883. 
3) HAMBURGER, Het gedrag van witte bloedlichaampjes tegenover r.yaankalium, 

Bijdrage tot de kennis der celpermeabiliteit. Feestbundel voor Rosenslein, 1902. 

.. 
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defended with such admirable acumen and unflagging energy. 
According to the same investigator, tbe part tbey play in tbe healthy 
body is no Ie ss important. The only thing therefore which remains 
to be done with regard to these ceUs, is to get a nearer insight into 
their conditions of life; as yet scarce]y anything is known on this 
subject, a fact mentioned with regret by METCHNIKOFF, in the paper 
he read last year before the students of the Uni versity of Amsterdam, 
on: "Réactions phagocytair~s" 1) . 

. The method of investigation employed by us was the following: 
White corpuscles ft'om the blood of a horse, aftel' having been trans
ported into various media, were brought into contact with carbon 
and afterwards it was ascertained what percentage of the leucocytes 
had taken up particles of carbon. Tllis percentage was the meaSU1'e 
Jor tlle degree oJ phagocytosis and gave the value oJ the influence 
of various agents on that function oJ life. 

These calculations were ba,sed on the principle that the phagacytorian 
powt'r of the phagocytes present in a suspension is of unequal 
extent; i. e. the more detrimental the action of the agent is, the 
smaller must be the number of phagocytes able to take up 
carbon. 

Our selecting a n-e~tral 'indifferent substance of bacteria, had 
its ground in the -fear that otherwise our work would have become 
too complicated. We here refel' to the recently esta,blished fact 
that most kinds of bacteria , before. they ean be taken up by 
the phagocytes, must undergo a certain amount of prepal'ation 2). 
Rence it follows that not on1y vvill the intensity of phagocytosis 
be influenced by the agent as such, but also by the degree of 
preparation it has undergone. Another fact which had to be borne 
in mind, is that the bacteria sometimes secrete poisons which have 
an injurious effect on the phagocytosis. 

1) "Nous ne sommes qu'an début. Lorsqu'on connaîtra mieux la physiologie des 
phagocytes (the italics are ours) on cherchera des méthodes pour augmenter l'activité 
de cès éléments dans Ia lutte contJ'e les microbes et on cherchera d'autres pour 
préserver contre l'altaque des phagocytes les cellules nobles de notre corps. En 
poursuivant ce but, il faudl'a tenir compte de ce que les phagocytes sont non 
seulement les destructeurs des microbes, mais qu'ils sont capables aussi de s'en
corporer des poisons solubles el de les rendre inoffensifs. Leur röle n'en devient 
que plus important." 

2) WRlGHT and DOUGLAS, Pro ce ed. of the Royal Society 72, 1903, p. 357 and 
later studies prepared under WRIGHT_ FurtlJet' HeKToEN and RÜDlGER, Journ. of Infect. 
diseases 2, 1905, p. 128 and other studies prepared undel' HEKTOEN. 

10'* 
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The selection of the indifferent substance carbon, instead of the 
usual gl'ains of cal'mine was based on the greater facility and mOl'e 
accurate certainty with which the taking up of carbon can be 
ascertained. It was a1so for this reason_ that carbon had been the 
substance selected in former investigations on the action of carbonic 
acid 1) and the action of cyanate of potassiUlll 2) on phagocytosis, 

On the present, as weil as on the former occasion, the leucocytes 
used in Oul' investigations, were taken from the blood of a horse 3), 
They were obtained hy shaking blood with pieces of glass in a 
c10sed bottle and stl'aining the defibl'lllated blood through a piece 
of muslin. The red corpuscles sink to the bottom, and the serum 
which covers them holds all the leucocytes. When tbis turbid fluid 
has been poured off we have a suspension of leucocytes in serum; 
this suspension can be made richel' in leucocytes, by centrifllga1izing 
it, l'emoving part of the clear serum and mixing the leucocytes 
which have fallen to the bottom, with the remaining serum. A detailed 
descl'iption oÎ this method, the pl'ocess of preparing the carbon, 
the mode of bringing it into contact with the leucocytes, and the 
method of determining the percentage of the cells which have 
taken up carbon, will be found in our artide in the Biochemische 
Zeitschrift4

) • 

Il. The eifects produced on phagocytosis by the addition of water. 

Our first experimel1 ts were directed to the solution of the question 
in how fal' phagocytosis is affected by the addition of water. 

With this object in view, equal quantities cof the suspension of 
lellcocytes were mixed with serum, previously diluted with known 
qualltities of water. The following table shows! the l'esuIts of one of 
the series of experiments. It will need no fUl'thel' explanation. 

1) HAMBURGER. VlRCHOW'S Archiv, 156, 1899. S. 329. Osmot. Dl'uck u. Ionen
lehrE'. 1. S. 416. 

2) HAMBURGER Het gedrag van witte bloedlichaampjes tegenover Cyaankalium in 
ROSENSTEIN'S Feestbundel. 1902. 

,3) At Groningen we experienced great difficuIty in obtaining a regular supply 
of horses' blood. Mr. K. HOErNAGEL, tbe Director of the abaUoit' at Utrecht, had 
the great kindness ful1y to meet our wants, for which we here beg to tender him 
our best thanks. 

i) Compare also HAMBURGER, Osmot. Druck u. lonenlehre, Bd. 1. S. 401. 
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TABLE 1. 

Effect of lessening the concentration of 'the serum. 

Serum I Number of INumber of w~itel Percentage o! I Decrease of the 
diluted examined white corpuscIes whlch number of whlte l phagocytarian 
with I corpuscles I have taken up I corp.u~c1es con-I power 

coat tatntng coat 

(,%water 880 3.:11 
I 

37 

20 
" 

754 216 32 13.5% 

50 
" 

732 154 21 432" 

100 
" 

636 81 12t 66.2" 

'140 5~0 0 0 

1
200 

11 

" 
546 0 0 

I 

From this table it appears that in serum, to which no water has 
been added, of the 886 examined lel1cocytes, 331 had taken up 
carbon, i.e. 37 %

, 

We must here point out that in the eireulating, and also in the eoagulated 
blood, the percentage of phagocytes is actually much smaller. 

By a certain proceeding, however, we contrived that in our experiments, the_ 
leucocytes used for examination ShOllld contain a great number of phagocytes. 
This process is based 011 the fact that among the leucoeytes, the phagocytes are 
the eells which soonest sink to the bottom. Aftel' this explanation, it will eause 
110 surprise to find that, in normal serum, the percentage of the phagoeytes 
which have taken up carbon, cOlltinually varies in different series of our experiments. 

An addition of 20 0/0' water, already lessens the phagocytarian 
power with 131/~ 010' In calculating this loss on an addition of 
5 % water, supposing the diminution to be proportionate, the de
crease of the phagocytal'ian capacity would have amounted to: 
5 

20 X 13.5 % = 3,4 a/a· In other words, when tl~e osmotic coneen-

tration of the blood plasma is lessenecl by 5%
, a loss wMeh in a 

healthy individual may be of daily oecurrence 1), the phagocytarian 
powm' falls about 3.4 %' 

\ By the side of this great sensitiveness of the phagocytes to the 
increase of their percentage of water, stands the fact, as shown from 

1) Compare a o. KOEPPE. PFLÜGER'S Al'chiv.62, 1896. S. 567. In his experim nts, 
KOEPPE noticed a decline below the mean osmotie pressul'e of over 10 %. 
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the tabie, that on the other hànd, there are a great number of phag,9-
rytes whieh ean stfl,nd a dilution of theil' serum with 100 010 of water. 
Former experimeuts have pl'oved that th is dilution eauses an inerease 
~n the bulk of the eells, of eonsiderably_ over 30 0

/ 0 •
1

) 

We will now pass on to the following question: Is this clecl'ease 
in the phagocytosis 0/ a pemwnent natw'e? 

In order to find all answel', we bl'Ollght the white cOl'puseles 
which had been submitted to the action of dilllted serum back into 
tlle normaJ, undiluted serum, and thell tested again thair power 
of taking IIp eoa!. 

TAB L E 11. 

Aftel' exposl11'e to the aetion of diluted serum, the phagocytes 

are brought back into nOl'mal serum. 

Serum diluted Number of Number of white Percentage of 
corpuscles which white corpuscles white corpusdes 

with have .taking up containing carbon, 
examined carbon in norm al serum 

00/ 0 water 

I 
500 '105 21 

20 500 90 '19.8 
" 

50 
" 

500 107 21.4 

70 
" 

500 96 19.J 

100 11 500 78 15.6 

I 
200 11 500 61 12.2 

·1 ' ~ - I 

This table shows that phagocytes, which had some time remained 
in serum, diluted with 20 0/0 or 50 0/0 water, dilutions which as 
the former series of experiments indicates, raused a redl1ction of the 
phagocytarian eapacity of 13.5 % and 43.2 010 respeetively, ·after 
having been brought back into normal serum, entirely recovel'ed their 
o1'iginal phagocytarian power. 

The addition to the serum of j 00 0/0 water, has on part of the 
phagocytes a lasting delelel'ious effect; the additioll of 2000

/ 0 water is 
even more detrimental. Still, itis interesiing 10 observe that, although in 
serum which had been diluted with 200 % water, all the phagoeytes 

1) HAMBURGEIl. Archiv. f. (Anat. u.' Physiol. 1898. S. 317. 
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had lost the power to take up carbon, af ter being replaced in the 
normal serum, over 50% of the phagocytes recovered their ol'iginal 
capacity. 

So, tlze g1'eater pa1't of the plwgocytes can support a considerable 
volume of wate?' without pel'rJ2rment loss of their phagocytarian 
capacity. 

Here may be asked: On what does it dep end, whether a phag-ocyte will 
regain its phagocytarian poweJ:? It is not impossible, nay, it is even probable, 
tha t here as weil as in the case of the red cOl'puscles somt: lose their contents 
in sernm diluted with 70 % of water 1). Ir the quantity of water added he raised to 
100 "/0" the number of destroyed erylhrocytes will be found considerably larger. 
When the red corpllc;cles, wbich have not lost their haemoglobin, are removed 
from the serum diluted with 100 % of water into undiluted serum, they entirely 
recover j they change fiom small globules into biconcave discs, which even arrange 
themselres like piles of coins. 

Howe\'cr, this only appIies to the celIs which have not lost their colouring matter. 
These whieh have actually lost haemoglohin eannot recover. Now our miel'oscopical 
inv,estigations have revealed the fael, that in serum + 70°,'0 water, some ofphago
eyles lose a part of lheir eontenls: in that case we see a granular subslanee 
lying by their sicles. In serum to which 100 % water has been added, the effect 
is more apparent still. Then the number of leucocytes which have expelled granular 
maller is slill largel'. 1t is ea:;y to Ullderstand that these eells, when again placed 
in normal serum, have lost the power of taking up carbon. The difficulty of 
ascertaining this wilh cerlainty however, is very .great; in the transmission there is 
every chance of dlsturbin!< the gJ'anular substance by the side of the cells, and it is 
impossible to know whether one ~eals with a pbagocyte which has lost part of its 
contents or not. Anyhow, taking into eonsideration the striking analogy existing 
between white and red corpuscles, 'bath with regard to Iheir permeability and to 
the osmotic pr,essure of their interior substance, and even to the percentage of 
the volume of their watery contents 2), we seem justified in our conjecture that the 
same fluid, which eaus es a loss of colouring matter in the least resisting of red 
corpuscles, . also brings about the irremediate destruction of the phagocytarian 
power of the least resisting phagocytes. 

It is a fact wol'thy of notice that the resisting power of the 
phagocytes reacties a higher maximum than that of the erythrocytes. 
In serum diluted with 200% water, all the erythrocytes of the horse 
are destroyed, and not quite half of the phagocytes. 

lIl. EjJ'ect on plwgocytosis by the red'lwtion oJ water. 

A similar method as had been used for studying the effect on phago
cytosis by dilution of the serum, was now applied to ascertain the 

1) HAMBURGER. Transactions of ,the Rnyal Academy of Sciences, 20th March 1885. 
t) Osmot. Druck u. Jonenlehre I, S. 401-435. 



- 8 -

( 1)50 ) 

influence of concentration. With this object in view, common salt 
was dis130hred in the serum in quantities of 0.1, 0.2, 0.3, 0.4 oIo and 
more. The results of these expel'iments are shown in the following 
tabie: 

TABLE lIL 

Effects on phagocytosis by increased concentration of the serum. 

Serum m which The liquids in the Procentage of Decrease of the 
precedmg column leucocytes WhlCh phagocytarian 

is dissol ved are corresponding have taken up 
to: carbon power 

Ofo Sod. Chl. Sod. Chl. 0 9% 
208 

X lOO =26 0J 0 -
832 

- 184 
X100=21.5 17.3% 0.1 1 -

" 11 874 

184 
0.2 

" " 
1.1 -X100=18.3 29.6 

1003 

0.3 
" " 

1.2 
76 

- X100= 8 
941 

69.2 

0.4 
" " 

1.3 
43 
- X100= 
703 

5.4 79.2 

I I 

Hete we see that the injw'iou5 ~ffect is very great, rnuch greater 
titan is the case when t!te osmotic concentmtion has been diminis!ted. 
Then we observed that by diluting the serum with 20 OIo water, 
phagocytarian capacity feIl 1~.5 010; here we find that by raising the 
osmotic concentration by 10 %, the phagocytarian power is lowered 
by 17.3 %. This effect must alt'eady be perceptible within the phy
siological boundarles in which the os motie pressUl'e of the blood 
plasma usually val'Ïes in the normal body. FM it may happen 
every day that. in a normal indl vidual the osmotic pressure of the 
liquor sanguinis, a few hours aftel' dinner, is still raised by that of 
0.1 Oio common salt 1). 

Here agnin, as we did before when studying the decrease of 
osmotic pres8ure, we ask whether the 108s of phagoeytarian power 

1) KOFPPTI, 1. C. 

D. SCHOUTE. Het physisch-chemisch onderzoek van menschelijk bloed in de 
kliniek. Diss. Groningen 1903. 

See also Osmot. Druck U. lonenlehre B. I S. 540 ff. j B. 1I S. 279 and 310 ff. 
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can be restored, by replaeing the white corpuseles in the normal 
serum. The answer will be found in the following ruNe. 

TAB L E IV. 

Aftel' being exposed to the aetion of inereased eoncentration, 

the leueocytes were replaced into norm al serum. 

Serum in which 
is dissolved 

0% Sod. eh!. 

0.2 JI 

0.7 JI 

1.2 JI 

1.5 11 

2 11 

3 11 

After replacement into norm al serum, the 
phagocytarian power stands at 

273 X 100 I 390/ 
700 0 

246 X 100 = 38 4 
646 . 

226 X 100 = 33 
685 

170 
- X '100 =- 30 
567 

149 
- X 100 = 21 
713 

87 - X 100 = 14 
1325 

57 - X 100 = 9 
590 

Fl'om tbis table it may be seen that aftel' exposure to the aetion 
of serum in which 0.2 % common salt had been dissolved, a solution 
whieh had lowered the phagocytarian capaeity by 29.6 % (see 
table lil), replacement in normal serum brings it back to its original 
value. The action of serum in whieh 0.7 0/ 0 of salt had been dissolved, 
ho wever, eaus es a permanent 10Sd of phagocytosis. Still, this loss is 
not so great considering that, in the serum with 0.7 0/0' not a single 
cell has taken up carbon, - in othel' terms, the phagoeytosis has been 
entirely paralysed. 

Now the phagocytes had only been exposed for half an hour to the 
action of the coneentrated media. This eel'tainly may be considered 
long enough fol' the small eells to readjust themselves to their new 
medium. Still, it may be asked whether afte?' a rnore pl'olonged e:upOSU1'e 
the nOl'rnal value of the phagocytarian power would be 1'est01'ed toa. This 
question is of great importance for the funetions of llormal life, in 
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whieh the increase of osmotic eoncentration of ten lasts langer than 
half an hour. For this reason, the experiments in which the leucocytes 
were exposed to an action of much longer duration, wel'e made 
with serum containing on]y 0.1 and 0.2 0

/ 0 NaOl; higher os motie 
concentl'ation does not occur in the body. The leucocytes were placed in 
the serum of increased osmotic concentration fol' 2, 24 and 48 hoUl's, 
and then transferred info normal serum. 

The experiment showed that aftel' an exposme of 24 and 48 houl's, 
the phagocytarian power had been diminished; but an equal dccrease 
of vitality was also observed in phagocytes which had l'emained for 
'24 and 48 hours respectively in normal serum. This proved that 
'the prolonged action of serum of increased osmotic concentration 
had had no permanent injurious effect on the phagocytarian capacity. 

Thus we may conclude tlvtt, in the livin,CJ body an inc1'ease in the 
osmotic concentration oJ the blooel plasma, as welt as a deC1'ease 01 
tlze same, ha.'; a deleterious effect on the pha.CJocytarian powel', but 
that the loss may be ?'ecovered,. JOl' as soon as the osmotic pl'eSSW'8 
has been restored to the nonnal, the phagocytes also enti1'ely 1'e,qai~ 
thei1' inherent powe1'. t 

If from these experiments we may conjecture, that what we have 
observed in the phagoeytes, \Vill n,lso be applicable to other ceUs with 
semipermeable walls, it is reasonable to conclude from the results shown 
in tables II and lIL, tlwt tlw vital Junctions oJ tlw céll are in a large 
meaSU1'e injhtenceel by sligM oscillations in the osmotic concentration 
\ 

'oJ the environment anel consequently oJ tTte cells _ themselves. -

IV. Effect oJ simple solutions oJ Salt. 

1. Solutions of Sodillm Chloride. 

Now the question al'ises whether the loss of vitality described 
above, must be attributed to the variations of the quantity of water 
as such, or to the modification in the concentration of one or 
more of the substances. 

In order to examine this question systematically, we might have 
alternately reduced the several elements in the diluted serum fo 
their original concentration ttnd then studied the extent of the improve
m~nt. But as in the mean time it had been clearly demonstrated 
to us that in a pure solution of Sodium Ohloride of 0.9 % the 
phagocytes take up carbon in equal or almost equal quantities as 
in normal serum, we decided to abandon this mode of investigation. 

Here we must incidentally remark that, aftel' all that has been said by 
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LOEB 1) and others, of the injurious action of a pure so\ution of a simpte salt on the 
lire of young moving \arvae and the vital processes of higher animals, such as the 
beating lof the heurt and the movements of the intestines, we were at first rather 
astoni~hed at the almast perfect innocu<?usness of similar solutions in regard to 
the phagocytes. However, we can easily find an explanation for this seeming 
inconsistency. Whenever a ceU is surrounded by a simple isotonic solution of 
salt, two things are likely la happen: an exchange of ions may take place, thus 
causing a modification in the chemical structure of the cell, which interferes with 
certain of its vital funclions. This is the case with the larvae of funelulus' 
with the muscle of lhe hrart' anel that of the inlestines. A EllPply of specified 
ion~ is lhen requireel to restare tbe chemical structure of the ceU to its normal 
state. But - anel this is the second possibility - if lhe permeability of the cel! 

- to ions is highly limiled, a pure iso tonic solution of salt wil! not cause any, or 
only a very slight altel'ation in the chemical structure of thc cello This Î" the 
case with the whlte corpuscles, the slight permeability of which to ions of 
salts has alreaely been elemO!'strated in the most convincing mannel'.2) 

Bearing this fact in mind, it can cause na surprise that, contrary to the results 
of lhe observation') on eggs anel muscles, a pure solution of Sodium Chloride 
leaves the phagocytarian power entirely or almost entirely intact. 

Under these circumstances, for deterrnining the influence of the 
water as such, it was iudicated to take solutions of,Sodiurn Ohloride 
of val'ious strength. 

Table V shows the action of dilnLeci solutions of Sodiurn Ohloride 
on phagorytosis. 

TABLE V. 
Effect of hypel'-isotonic solutions of Sodinm Ohloride on phagocytosis. 

SolutiollS of Salt. 

NaCI-sol. 0.9% 

NaCI 0.75% =NaCIO.9%+ 20% water 

" 
0.6 _"OÛ+50 

" 

0.45 _ " 0.9 + IOn 

j Percentage 

I 

of leucocytes which 
have taken up carbon. 

235 
X 100 = 31 "/0 

756 

208 
7-11 XI00=28 

221 
-X 100='>1 8 1012 - . 

83 
- X100=111 
745 

1) J. LOEB, Amel'ican Journalof Physiol. 3 1900 p. 327 and 383; 51901 p. 362 
Pflüger's Archiv 80 1900 S 229. 

LINGLE, Americ. of Journalof Physiol. 4 1900 p. 265. 
Miss MOORE, Ibiel. 1900 p. 386 etc. 
~) HAMBURGER. Zeitschr. f. Biol. 35. 1897 S. 252 and S. 280; Proceed. of the 

Royal Academy of Sciences 11 April 1897. 
Archiv f. (Anat. u.) Physiol ]898 S. 31 and S. 317. 
VlRCHOW'S Archiv 156 1899 S. 329 
HAMBURGER and VAN DER SCHROEFF, Archiv f. (Anat. u.) Physiol. 1902. S. 251. 
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Here we see the rnarked effect of a dirninution in the concentl'ation 
of the salt solution. 

TABLE VI.~ 

Effect of hyper-isotonic solutions of salt. 

I Percentage ofleucocytes I Decrease of the 
Solutions. containing carbon. p hagocytarian 

power. 

2-0 
NaCIO.9"/0 ~ X 100 = 34: 601 722 . 0 

0.95 
293 

" 875 X 100 = 33.5 30/0 

" 
1 8~2 X 100 == 11.84 60.6 

" 
1.1 105 X 100 == 10 8 

981 . 69 

1.2 
7 

" 
- X 100 = 0.7 98 
990 

" 
1.3 ~ X 100 == 0 

200 

" 
1.4 

0 
- X 100 = 0 
150 

0 

" 
1.5 -XlOO=O 

150 

The surprisingly ?'apid decline oJ plwgocytosis observecl in serum 
oj increased concentration (tabie 1[1) is again clearly demonstrated 
in this instanee. . 

Even tIle slight incr'ease of 0.9 to 1 % lowers the phagocytarian 
power already 60.60/0' Another illustration of this rapid decline is 

I afforded by the observation th at in the 1010 concentration of Sodiurn 
Chloride, the arnount of carbon present in the co al containing 
phagocytes is far less than in those that have stayed in the solution 
of 0.9%. 

Now, by comparing tables VI and lIl, we see at a glance that, 
when the experirnents were made with a solution of' Sodium Chloride 
of 0.9 %, to which af'tel'wal'ds salt ha'd been added, the decline 
~n the phagocytarian power is more marked than when they are 
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made in serum supplemented with an equal quantity of salt. This 
pl'oves that besides the osmotic pressure, w hich must principally 
be made accountable for the decline, th ere is still another factor at 
work, and tMs factor can be no othm' tlwn the modification -lwwever 
slight - produced by a pure solution of N aCl in the chenlical structU1'e 
of the phagocytes. Sorne time ago, one of us, in conjunction with 
Dr. VAN DER SCHROFlFF 1), alrE'ady demonstrated that the leucocytes 
the same as the red corpuscles are in any case permeable to anions. 
lt is \ thel'efol'e evident that, owing to their chemical structure being 
interfered with, the reUs most lose some of their vitality (phago
cytarian power) under the action of pure salt solutions, - or 
rathel', that they should lose more than in an isosmotic serum. 

We have submitted this hypothesis to further experiments, starting 
from the followmg reasoning: If it is a fact that in a hyper-isotonic 
solution of salt, the phagoeytes undergo a chemical variation through 
exchange of ions, it must be possible to restore this loss of phago
cytarian capacity resulting from their modification in their structure, 
by replacing them in normal serum, and that thi8 recovery will 
not be complete by immersion in a 0.9 °10 solution of salt. The 
following table proves that we were correct in our surmise. 

TABLE VII. 

Effect of solutions of salt on the chemical structUl'e 

of tbe phagocytes. 

White corpuscles Phagocytarian power after being transferred into. 
immersed for 21/~ 
hours in the fol- I Salt solutions of 0.9% lowing solutions. Normal Serum 

NaCI 0.9% 
319 
942 X 100 = 33.9% 

284 
811 X 100 = 35% 

- 1 258 X 100 = 33 3 251 
775 . 760 X 100 = 33 

1.1 
233 209 

11 - X 100 = 29 Ó 735 X 100 = 28.6 790 . 

1.2 
202 175 

11 - X 100 = 28 - X 100 = 26 
722 677 

1) HAMBURGER and VAN DER SCHROEFF. 1. C. 
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lt is clearly clemonstratecl t1vlt tl~e plwgocytes, wldch have been 
eJJposed lor two lzOU1'8 to tlle action ol solutz'ons ol Sodiurn CMoride, 
erchibit a r;reatel' plwgocyta}'ian power wlzen t!Ley are tmnsle?'red 
into Se1'urn, tlzan when they a?'e zJlacecl into salt solution of 0.9 0

/ 0 , 

No doubt the observation will strike the attentive reader as 
contradictol'Y, that this is onIy the case with the phagocytes which 
bad been exposed to tbe action of eodium chloride of 1 0

/ 0 , 1.1 0
/ 0 

and 1.2 0
/ 0 , but not with those which fol' the same space of time 

had been immersen in a similar solution of 0.9 0/0; then the effect 
of this salt-solution and the serum is quite the reverse. Tbis, however, 
is not actually the case; for in serum the phagocytes are Iikely to 
stick together and on this account do not offer as large a surface to 
the carbon as in the salt-solutions in which they remain more isolated. 
If then, as must be the case in an isotonic solution, the injurious 
effects of the Ol-ions of the pure salt solntion are comparatively 
small, they may easily be exceeded by the unfavourable position of 
the cells caused by the serum. 

When, however, by the use of lzyper-isotonic solution of sodium 
chloride, the injurious action of the Ol-îons be increased, it may 
exeeed the detractory influence of the agglomel'ation of the eeUs, 
and Pl'oduce the results shown in the tabie. 

With regard to these státements it may here be asked why, in 
iso tonic solutions of sodillm chloride, the injurious effect on the 
phagocytes cannot be detel'mined, but is easily demonstrated when 
hyper-isotonic Rolutions are used, ànd the more readily in proportion 
as the concentration of the salt solntions are increased Ül strength. 
This question is very natural, because it concerns such a small 
increáse in the con~ic1erable amount of ions of Ol or of Na 
al ready present. Here we are involuntarily reminded of the fact 
stated by HEDIN 1) with regal'd to the l;ec1 blood-col'puscles. The 
minute investigations of this scientist )lave brought to light the fnct, 
that ip isosmotie isotonic soIutions of salt, the corpuscles possess an 
equal .volume, but that in isosmotie anisotollic soluiions tlIeil' relative 
volum~ is no long er E'qual. HEDIN has uot given an explanation of 
this important fact;' but anyhow, it pl'oves that simpJe solutions ,of 
salt, when anisotonil", exercise still anothel' kind of actiol1 beyOlld that 
of their osmotic pressl1l'e. We pl'opose to in vestigaie this matter 
somewhat fnrther: it is very pl'obable that by a modification in the 
dissociation of the contents of the eell, an altel'ed condition fol' the 
excliange of ions is prod uced. 

1) BEnIN. Skandinavisches Archiv f. Physiol, 1895 S. 377. 
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2. Solutions of Chloric Potash. 

In our description of the inflnence of sodium chloride, we attri
buted it to the jons of chlorine. This was based on the results of 
invebtigations in which we compar€'d the action of sodium chloride 
and of potassium chloride, of which a few items here follow. 

These investigations proved that isosmotie solutions of sodium 
chloride and potassium chloride have almost the same effects on 
phagocytosis. 

I 

TAB L E VIII. 
Compal'ison of isosmotic quantities of sodium chloride 

and potassium chloride. 

I Percentage.·of leucocytes I contaming carbon. 

Serum 1 
253 
-X100=35'% 
722 

NaCl-sol. O. go/u 
300 
-X 100=36 
8.16 ~ 258 I KCI-sol. 1.15% (isot. m. NaCl-sol. O. g0fu) 277XlOO= 34 

J 

lS3 

~ 
Serum+0.1 % NaCl b72 X1OO =27 

)I +0127 )/ KCl 181 X100=25 
715 

+0.3 )I NaCI 
1115 ) 

)I -X100= 7 

I 
630 

+0.38 )) KCl 
54 

11 683XlOO= 8 

+0.3 11 NaCl afterwards 
184 

l n -X100=30 
600 

placed into , 185 , 
11 +038 11 KCI normal serum -X 100=30 

621 

I 

Two other parallel-experiments in solutions of 0.9 % of sodium 
chloride produced the following results : 

198 
863 X 100 = 23 0/0 of leucocytes cont.aining carbon 

146 
and 677 X 100 = 21.5 0/0,,), " " 
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in the isosmotie solution of KOl 1.15 010: 

128 
615 X 100 = 21 oio leucocytes 

165 
and 732 X 100 = 22.5 oio " 

containing carbon 

" " 
Hence we rnay conclude, tkat tMre is no diJfm'ence between tke 

action of chloride of potassiurn and chloride of sodi~tm. 

3. Effect of chloride of calcium. 

The great importance whicb, according to the most recent in
vestigations must be ascribed to the ions of calcium, 1) in the con
stitution of the fluid-matter of the tissues, induced us to test also 
the effect of this medium on phagocytes. 

With this object in view, we dissolved various quantities of chloride 
of calcium in the serum of the blood of a horse and mixed the 
suspension of leucocytes thus obtained with carbon. 

T .A. B L E IX. 

Effect of calcium chloride. 

Serum !percentage of leucocytes I Increase of the 

+ containing carbon phagocytarian 
- power 

0% CaC12 6 aq. 
132 
612 X 100 = 21.2% 

225 
0.01% - X 100 = 26 22.6% 

861 

0.1 
180 
652 X 100 == 27.6 30.2 

162 
0.5 - X 100 = 27 27.3 

598 

1 
0 - X 100 = 0 

724 

An addition of 0.01 0/0 of Ca Cl, 6 aq. to tne serwn ab'eady 
'P1'oduces an incl'ease of tlze plzagocytarian capacity of 22.6 0

/ 0 ; 

by the addition of 0.1 ulo Oa 01 2 6 aq., the effect is somewhat 

1) See especially the investigations of LOEB. Publications of the University of 
California and of LANGENDORFF and HUECK. Pflüger's Archiv 96 1903 S. 473; for 
the complete bibliography on the subject until 1904, see Osmotischer Druck und 
Ionenlehre B. IlI, S. 107 etc. Comp. also A. NETTER, Import~nce biologique du 
Calcium. Paris. Masson et Cie. 1907. 
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greater, and by the addition of 0.5 "/0 Ca C12 6 aq., it again 
decreases. 

The result registered in the first instance, which is produced by 
the addition of 0.01 % Ca C1 2 , must be considered the most yaluable, 
for it denotes the nearest unalloyed effect of the calcium chloride. 
In (he experiments where quantities of 0.:1%,0.5 0

/ 0 andjo/u of Ca Cl; 
were added, the increase of phagocytosis is counteracted by the 
llnfavourable influence of the raising of osmotic pl'essure. 

This experience is in strict accordance with the observatiom. made 
by LANGENDORFF, who fOllnd th at the injection of vel'y small quantities 
of calcium, causes the heart to beat with greater force. We ascribe 
this manifestation to the action of the ion of calcium on the contractiIe 
substance, and we may conchide that the muscular tibre and the 
phagocytes also, are permeable to this cation. 

4. Effect of citras natricus. 

The ti'equent use which, in conseqnence of the experiments of 
WRIGHT and DOUGLAS,l) is made of this medium at the present day 
by the bacteriologists, in order to pre\'ent the coagulation of the blood, 
actuated us also to experiment with this substance for the sake of 
determining its action on the phagocytosis. The following table gives 
a sU~'vey of the results. 

The customary solutions of 1 0/0 and 2 0/0 of citl'as natricus in 
0.9 % solution of sod. chI. were nsed in these expel'iments. 

TAB LEX. 
Effect of citras natricus. 

(a) 1 cc. suspension of leucocytes + 2 cc. 
solution of 1 % citras natr. in 0.9% Sod.Chl. 

(b) 1 cc. suspension of leucocytes + 2 cc. 
solution of 2% citras natr. in 0.9% Sod.Chi. 

(c) leucocytes from (a) transferred in Sod.Chl. 
0.9 % 

-
(d) leucocytes from (b) transferred in Sod.Chl. 

0.9 % 

(e) 1 cc. suspension of leucocytes + 2 cc. 
solution of 0.9 % Sod.Chl. (Con trol test) 

Percentage of leucocytes 
containing carbon 

o 

o 
260 
-X 100= 38 0/0 686 

255 
-lX 100=35% 73 

369 
-5X 100=50% 72 

1) WRIGHT and DOUGLAS, Proceed. of the Roy. Soc. 72, 1903, p.357; 73, 1904, 
p. 12l:1. 

11 
Proceedings Royal Acad. Amsterdam. Vol. X. 

/ 
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From the above table it is shown: 1. That in 1-2 % solutions 
_of citl'as natl'icus in 0.9 % of Sod. OhI. the phagocytarian power 

is nil.; 
2. that the phagocytal'ian capacity again pa1,tial~1/ 1'eappeal's, when 

the cells a~'e trallsferred inLo 0.9 ulo sollltions of Sod. OhI. Tlte pel'
... manent decline of the phagocyta1'ian lJowel' still amo'ttnts to 28 0/0' 

I 

5. Effect of Fluornatrium. 

FluornaJTI:um being also much ~lsed fol' pl'eventing the coagulation 
of 1he blood, it scemed imp9rtant to us also to study tile effect of 
this medium on the phagocytosis. 

TAB L E XL 

Effect of Fluornatrium. 

Percentage of Ieucocytes containing 
carbon 

Beforebeingtrans-I After being trans-
ferred into 0.90,0 ferred into 0.9% 

Sod. Chl. Sod. Chl. 

2ccsuspension ofleucocytes+ 2cc NaFI 0.65% 
(isot. with NaCl 0.9)% 

U% 
01 
- X 100 = 14% 
677 

:"0 

" 
+ 2cc NaFl 1% 0 -X 100 = 6 

511 

+ 2cc NaFI 2% 0 0 

+ 2cc NaCI 0.9% 
3fiU -- X 100 = 50 

1

725 I 
Here we see that when the lellcocytes have been exposed to 

a solution of Fluornatrinm of 2 0/0, 1 % Ol' 0.65 ulo (iso!. with 
0.9 % NaOI) the phagocytarian power is entirely pal'alysed, yea, 
that even aftel' transferl'ing of t11e phagoC'yles in a solntion of 0.9 0

/ 0 

Sod. OhI. it shows to -have been entirely destroyed fol' ever. Hence we 
rnay conclude that NaFl 1'S a powe1'/ul poison f01' the ZJ1'otoplasma 
of the lJhagocytes. 

V. Eifect of acid anc! alkali. 

1. Effect of acid. 

The important part which the alkaline reaction of the blood
pla&ma seems 10 play, not only in cOl1nexion with the degree of 
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oxydation taking p1ace in the body, b'ut a1so in infectious diseases, 
iuduced us to study its effects on the increase or c1ecrease of the 
phagocytarian power. 

The results of one of the experiment are shown in the following 
tabie. 

TAB L EXIL 

Diminution of' the alkaline reaction of the serum. 

• I • 
I cc 1/2 n. HJSO j 

Amount of acid Percentage of whJt~ ~lood 

+ added I corpuscJes contammg 
carbon 

---
9 cc serum 1/20 norm. 0 

-13 
-14 cc 

" 
I/ao 

" 308 X1OO = 4.3% 

35-
19 cc 

" 
1/40 

" 398 X 100= 9 \ 

49 cc 
" 

1/100 
" 

-165 
-X100=214 724 . 

255 
299 cc 

" 
1/000 

" 
-X-I00=4'l 7 612 . 

4!J9 cc 
" 

I/lOO~ 
" 

256 

I 
r,30 X 100 = 43.5 

227 
norm al serum -X'00=43 

530 

We obsel've th at even the sm aH addition of 1/000 n-acic1 is injnrious 
to the ph:.tgocytosis. 

Now, we know th at accol'ding to titl'ation with lacmoïde, 100 e.c. 
horse serum in the mean is equivalent to 75.5 cc. 1/26 n-aeid 1); con~e
quently it. is c:.tlc111ated that sernm represents an alkali~e fluid of 
I/aD normal. 

The addition of 1/600 n-acic1, tliel'efol'e lowel's its alkaline reaction 
by 5 0

/ 0 , 

Conseq'lwntly, a dimimttion of the alkaline I'eaction of tlle serum 
by 5 % is al1'eady inju1'ious to t!te pltagocytes. 

This resull, is in strict :.tccordance with the in,jurious effect experienced 

1) HAMBURGER, Verhandel. d. Koninkl. Akad. v. Wetenseh. Seeond seelion, Vol. 
VI, N0. 1, 1897. 

i i'\! 
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by adrninistel'ing acid pel' os, and we are fnlly jnstified in ascl'ibing 
the poisonous effects of the acid, to a diminution in the pl'ocess 
of oxydatioll. 

The results agree also with the observations recently published 
by J. LOIm, on the influence of tIle~traces of NaOR cOH-ions) Oll 

the artificial fructifiration of the eggs of sea-urchins. The author 
has clearly dcmoustrated that the pl'Ïmal'y cause of this effect might 
be f01.ll1d in the acccJel'ation of cherniC'al l'eactions. 1). 

TAB L E XIII. 

Increase of the alkaline reaction of the serum. 

I I I Percentage of white lcc 1/2 n. NaOH 

/ 

Amount of 
/1 corpuscles containing + alkali added carbon. 

I 29cc Serum I 1/00 
25 
-XIOO= 4 
622 

57 
37cc 

" 
1/;0 -X'100= 6.8 

840 

114 
49cc 

" 
Ihoo -X100=J6 

707 

I 
1/:00 

J70 
99cc 

" 
-X100=25 
716 

Iü~cc 

" 
1/400 

14:1 
-XlOO=27 
531 

3D9cc 
" 

1/800 

J4!) 
-X IOO =25.7 
580 

normal serum 
177 
6 X1OO =2H.5 G 4 

- r 

It is seen h'OlO this table that, within a laJ'ge mal'gin, the adclition of 
OH-ions to the serum does not exercise a pel'ceptlble influence on 
the phagorytel'lan power, it l'emains nnaltel'ed until the va.llle is 
111cl'eased by 1/200 1l01'maJ: i.c., witb 15 0,'0 of Ille ol'iginal alkaline 
reaction. An addltional supply of alkali causes a Jessening of tlle 
phagocytal'ian power. 

JV01'e pl'onounced still is the ~/fect of acid anc! alkali on the plwgo
cytes, when these stlbstances, insteacl of being acldecl to serum, a1'e 

1) J. LOEB, PFLUGDR'S Archiev 118, 1907, H. 3/4, S. 181. 
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intl'oclucecl in solutions of 0.9 0/0 sod. cId. A more detailed account 
of the l'esults of these ll1vestigations wiII follow later. 

We a1::;0 made a number of experiments to teót the influence of 
othel' media on the phagocytal'ian po wel', e.g. with Ul'ewn, cltinine, 
aJ'gentwn colloidrtle, /zetel'ogenous serum, etc., ihe results of which 
will appeal' in a subsequent paper. 

Surnmary. 

The following are the pl'incipal conc]usions derived fl'om tbe above 
descl'ibed expel'iments. 

1. The action exercised by vadous media on the phagoeyterian 
power of white eorpuseles, ean be accurately determined by countmg 
the percentage of celló which have taken up pal'ticles of carbon. 

2. The addition of wat el' to the inAe?'e1ü medium, of thIJ phagocytes 
i.e. to tltei?' own se1'wn, acts injul'iously on t/ze phagocytm'ian ]JOWel'. 

Even a decl'ease in the osrnotic concentmtion as l1Wy daily OCC'LW 

in a norrnal incliviclual, causes a perceptible clecline in the pAago
cyta1'ian po'WtJr. 

So, it was shown in one of the experiments that, whilst in normal 
undlluted serllm 37 % of the leucocytes had taken up ca.rbon, in 
serum which had been diluted with 20 0; 0 of water the amount of 
cells containing carbon was only 32 0/0: this corresponds to a decline 

37 -32 
in the phagocytosis of -s7- X 100 = 13.5 0

/ 0 , 

By ihe additioll of 50 0 10 water, the percentage of phagoey tes 
containing carbon feIl to 21 0/0, thus in tlus case a decrease of 

37-25 
phagocytosis of "37- X 100 = 43 0

/ 0 , 

By addition of 140 aud of 200 % water, the percentage of the 
cal'bon-containing leucocytes was lowered to nil, - in other wOl'ds the 
phagocytal'lan power had been suspended, but on1y temporaJ'ily, fOl' 

3. by l'eplacing t/ze cells dauwged by t!ie acldition of water, into 
their own sentln, the phagocytm'ian powel' is entirely or partially 
'j'ebtored. 

So the recovery was complete, when the serum had been dlluted 
with 20 Oio Ol' 50 010 of water, and only pal'tial when 70 tot 100 Oio 
water had been added. E\'en when it had been dlluted with 200 0/0' 
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a figllre at w hieh. it is shown unde!' 2, tbe phagocytosis had beeri. 
eutil'ely sm;pended, - a recovery took place iH the phagocytarian 
power to half of its ol'iginal amount. 

4. The observations, here macle with the lJlwgocytes, corresponcl 
with tlwse previously observed in the ?'ecl c01'puscles. 

1. The phagocytes, the same as the red eOl'pllscles, can support 
a considerabie qllantity of water (± 60 0/0) without a single ceU 
being destroyed; 

2. The modifications produced in the phagocytes by the addition 
of water, unless they have led to their entÏl'e destruction, may, 
judging' fl'om the phagocytarian capacity, be entil'ely ohviated by 
replacing them in nOl'mal serum. 

5. A hei glit e 11, in g of the osmotic concentl'ation of the serum, as 
weU as a 10we?'in.CJ of tlw same, (comp. sub 2) has a very injw'ious 
eifect on the plwgocytosis. lt was obvious that an inC1'ease of the 
osmotic concentration had even a 1n01'e pl'onounced deletel'ious action 
than the dpcl'ease at the same mtio. Already an addition of 0.1 % NaO! 
to the serum caused the phagocylarian power to decline 17.3%, 

Ey the addition of 0.4% NaOI this decrease amounted to 79.2% 
and by the addition of 0.5% Sod. Ohl., the phagocytarian power was 
reduced to nil; but this considerabie loss was but tempol'ary, fol' 

6. when the ceUs which hacl been clamagecl by an aclditi01J of 
sodium cM01'ide to the sentm, wel'e 7'eplacecl in thei?' O1'iginal blood
se1'um, thei?' pltagocytal'ian capacity was again entirely Ol' pm'tially 
?'estol'ed; entil'ely when oniy fl'om 0.1°, 0-0.2°/ ° of the substance had 
been added; pal'tially when a greater amount had been used. 

7. If thus, as shown under 2 and 5, the phagocytal'ian power 
is specially impail'ed by modificaLion of the normal osmotic concen
tratioll of the blood-serum, this capacity will be entil'ely restored 
af:> soon as the blood-plasma, principttlly owing to the activity of 
the kidneys, has recovered Hs normal osmotic concentration. The 
experiments ha\'e demonsh'ated that th is recovery i::. still possibie 
aftel' the agency of the anisotonic serum for 24 hours and more. 

\ 

8. T n sol u ti ons 0 f 0.9% NaGt the phagacytal'ian power 
is almost equal to that of se1'wn. It considel'ably decl'eases under the 
action of weakel' and strongel' solutions of this salt, even more so 
than in sCl'nm vy·llÏch has been made isosmotic with these salt-solutiollS. 
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9. T!tZ.~ ?'esult leads to t!te conclusion that the decline of t!te lJ!ta
.(/ocytarian capacity IJ1'oduced by anisotonic serll1n, !zas its cause 
p?'in c i pa II y in the alteration of the anWU?1t of 'L~ater in_ the cells. 

10. Besides the modiftcation of tlw amount of wate?' in the cells, 
anot!wJ' facto?' è01nes in~o play, namely t!te chemical c!tange, wldch takes 
place consequently on the e.1Jc!tange of the contents of the cells wit!t 
those of their environment ancl which, as a matte?' of cou?'se, ie; 
g?'eate!' when the .cell is su?'rouJndecl by a simple solution of NaGl 
than when placeel in an iSOSl1Wtic sm'um. This accounts for the tact, 
that plJagocytes which have been submitted to the actiol1 of hyper
isotonic solutions of NaOI, when l'eplaced into serum, exhihit a 
sornewhat grealer phagocytarian power, than when they are trans
fel'red to a 0.9 0, 0 solution of NaOI. In the lattel' case they have 
not the Oppol'tunity, given them in the farmer, of l'egaining the 
ions which tIley have lost in the anibotonic solutions of salt. 

11. ft is very p1'obable t!tat t!te ions of Ga ancl of OB belong 
to tMs categ01'y, 

With regard to calcium, it IJas been proved th at by the addition 
to the serum of the minute quantity ofO.OP/o CaCl~ 6 aq, i.e. about 

J 0.005 % CaC12 , the phagocytarian power was raised by about 
22.6 0 I fi' The inference is th at ions of calcium must have penetrated 
into the phagocytes. 

On the othel' hand it may be sUl'mised that the phagocytes wil! 
lose ions of calcium when the amount of calcium in the medium 
iR lower than that to which tIJe phagocytes are accustomed. This 
105S of ions of calcium must cause a diminution of the phagocytarian 
~w&. _ 

We obóerve a similar result in the case of the OH-ions; fol' our 
experiments have demonstrated that decL'ease of thesé ions causes a 
10wel'ing of the phagocytarian puwer. A 5 alo climimttion of the 
al/caline reaction of the Se1'UlII, which necessal'ily must lowel' the 
amount of alkali in tlle phagocytes, p1'oduces a noticeable decline 
in t!w phagocyta1'ian capacity. 

12. LOEB anel aftel' him otller investigators have pointed out j 

that tl. pure solutioll, of NaCl must be C'onsidered injul'ious to the 
lal'vl1e of lowel' sea animais, the muscIcs of the heat't, and tbose of 
the intestines. l'ltis opinion does not holel f01' the phagocytes. The 
proof of this assel'tion is found in the fact thaI, in a solution of_ 
NaOI isotonic with- serum, the phagocytosis is al most as powel'f'ul as 
in the serum itself. 
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'rhis seeming rontradiction may be met by the explanation tbat 
the exchange of substance between the leucocytes and the solution 
of NaCI, especially when Lhe Jatter is isotonic with the serum, is very 
small; whilst in the case of other ceUs (citiated ceUs, muscular tibre 
ceUs) the conditions of the exchange of 10ns are not 80 l'estricted, and 
cOllsequently the chemical structure of these ceUs is more easily 
modIfied. And it is obvious that a modification of their chemical 
structure causes a disturbance in their inherent functions. 

13. From the facts here l'ecol'ded, it is evident th at in studying 
the action of the phagocytes on bacteria in vbtro, the degree of 
osmotlC concentration and of the alkaline reaction of the medium, 
must be taken into account. This condition has been lost sight of 
in several of the expel'iments. They ought therefore to be repeated. 

G1'onin,qen, June 1907. 

Chemistry. - "The clecomposition of penta-eryt1tl,itol tetra/Ol'mate 
on heating." By Prof. P. VAN ROMBURGH. 

(Communicated in the meetmg of June 29, ] 907). 

As the hen,ting of the difol'mate of s. divinylglycol bad led in snch 
a simpJe manner to hexatriene 1.3.5, investigations have been sel on 
foot in my laboratory for studying the decomposition of tOrmic. 
esters of polyhydric alcohols, the results of which will be gl'adually 
coÎnmunicated. 

lf for penta-el'ythritol we accept the formula: 

HO H,O"'-O/OH, OH 

HO H,O/ "'-OH, OH 
and if the l'eactio,n took place in a similar mannel' as with s. 
divinylglycol difol'mate, we might expect on heating the tetrafOl'mate I) 
the fOl'mation of a hydrocarbon of the fOl'mula: 

H,O> /OH2 
. I ° I 
H,O "'-OH, 

in which occurs twice a 3-ring. l
) . 

1) GUSTAVSON C. R. 123 (1896) 242 obtained from the tetrabromide of penta-
erythritol, by the action of zinc and alcohol, vinylcyclopropan: 

H2C> I CH - CH = CH2, 

H2C 
insteau. of tbe abol'e cited hydl·ocarbon. 


