Dissociation.
Dissociation.

present. Percussion always gives a dull note on the af-
fected side of the chest, both laterally and behind, the
line of dulness being higher in front and lower in the
back when the patient sits up, and reversed when the pa-
tient lies down.

In seventeen of the forty-seven cases chylothorax was
accompanied by chylous ascites, and in one instance by
chylopericardium. In one case there was chyluria, and
in another milky diarrhcea. )

The symptoms referable to other organs are usually
due to the same pathological alterations as those which
have brought about the chylothorax. In cases of exter-
nal injury to the duct very few symptoms other than
those mentioned appear

Dracxosis.—The only evidence upon which a positive
diagnosis of chylothorax can be based is that afforded by
an examination of the Auid. This fluid, as withdrawn by
an aspirator, is usually semitranslucent, milky, and opal-
escent.  Its specific gravity is 1 020 in most cases. If al-
lowed to stand, the fluid separates into two layers, an
upper, slightly more yellow in color, and resembling
cream in consistence, and a lower one, watery in char-
acter. If the whole is well shaken and extracted with
ether or treated with sodium or potassium hydrate, the
fluid becomes clear and loses its milkiness. Chemical ex-
amination of the fluid shows that from ninety to ninety-
nine per cent. is water. Of the solids, the fat varies from
0.02 to 0.92 per cent. ; salts and albumins, and sometimes
a small amount of sugar, forming the remainder

Proaxosis.—In many cases the prognosis of chylo-
thorax is good. In those which are due to obstruction,
the anastomoses of the thoracicduct may do compensatory
work, and thus the condition may be relieved. In cases
due to injury to the duct from external causes, “proper
treatment frequently brings about a cure.

TrEATMENT.—For those cases in which the chylothorax
is due to some chronic obstruction, aspiration of the fluid,
accompanied by rest and nourishing food, is about all that
can bedone. Casesdueto injuries of the chest are treated
in a similar manner.

In cases due to injury inflicted during an operation
for the removal of carcinomatous or tuberculous lymph
nodes in the neck, the duct may be ligated, resected, or
packed, all of which procedures have been used.

Frederick A. Baldwin

Most of the literature of chylothorax is given by Bargebuhr,
Deutsches Archiv fiir klinische Medicin, 1895, liv., 410, and by Shaw,
Journal of Pathology and Bacteriology, 1900, vi., 339.

DISSOCIATION, DIFFUSION AND ACTION OF
SALTS.—The advance of physical chemistry in the last
fifteen years has thrown a new light upon the behavior
of salts in the tissues, and promises to form the basis of
the explanation of their presence in all forms of living
matter, as well as of much of their therapeutic value.
The chief phenomena bearing on biology and medicing
are the dissociation of salts and their relation to diffusion
and osmosis, and before the results of the application of
physical-chemical methods to the biological sciences can
be appreciated some knowledge of the recent advances
in the theory of these phenomena is requisite.

Dissociation., Tons.—It was formerly held that common
salt dissolved in water remained in the same form as that
which is familiar in the dry state, the only difference
being that crystals divided into molecules. Tt is now
recognized, however, that not only are the molecules iso-
lated from each other, but that a certain number of mole-
cules undergo still further division. The products of this
molecular division are known as ions, and in the case of
common salt are Na ions and Cl ions. The amount of
dissociation that occurs varies with the strength of the
solution; the weaker the'solution the greater the percen-
tage of salt undergoing dissociation. In a one-per-cent.
solution of sodium chloride only about one-fifth of the salt
iz present in the form of molecules, the rest having dis-
sociated into the two ions. Theseions are not to be con-
fused with atoms, for although sodium and chloride ions
are present, the solution of course possesses none of the
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properties of metallic sodiunior of free chlorine. The
jons ditfer from the atoms in carrying a charge of elec-
tricity, the charge of the sodium ion being positive, while
that of the chloride ion is negative.

If a battery be connected with the solution the sodium
ions hurry fo tlm negative pole or cathode, while the
chloride ions give up their charge at the positive or
anode. The sodium ion is therefore known as the eation,
the ehloride as the andon. At the moment at which the
charge of an ion is given up the ion changes to an atom,
but it immedi: m]\- forms fresh combinations with the
water. in the present instance NaOH and HCL

Other salts undergo a similar dissociation in solution
in water: KBr forms K and Br ions; NaNO;, Na and
NO, ions, K.S0, divides into three ions, two potassium
and one SO,; ammoninm oxalate forms two NH, ions
and one oxalate anion, and so forth. The dissocidation of
acids and alkalies is of great importance, but resembies
exactly that of the other sallg, acids forming hydrogen
cations and the rest of the molecule forming the anion,
while alkalies divide into a hydroxylanion and a metallic
cation; HCI] thus becomes ]l_\_(llﬂ‘_’(ll and chloride ions;
NaHO, sodium and hydroxyl (I1O) ions.

The ions in a solution are in constant motion, and the
anions and cationsof a substance in solution lose the con-
nection which they possess in the solid state  Thus, when
potassinm bromide and sodium chloride are dissolved to-
cether in asufficient amount of water, it is no longer cor-
rect to designate the result as a solution of potassium
bromide and sodium ehloride, for the potassium ions are
in no closer connection with the bromide than with the
chloride ions. The bodies present are really the potas-
sinm and sodium cations and the bromide and chloride
anions  In the blood serum, for example, the phosphate
ions present are not combined with the potassium nor the
chioride with the sodium, but all four are independent,
and it is incorrect to speak of ihe potassium ]1I1c>~ph.1t(‘
of the blood serum. When a dilute solution of sodium
hydrate is swallowed it is neutralized by the gastric
juice, and the reaction is often stated as the formation of
sodium chloride and water. In reality the Int]mlw solu-
tion contains sodium and b vdroxyl ions, the gastric juice
hydrogen and chloride ions, and the resultant fluid con-
tains sodinum and chloride ions. The change consists in
the disappearance of the hydrogen and ]L_\(ll:;_\_\i ions
which have formed water, the chloride and sodium ions
having been present to begin with and remaining un-
changed

Dissociation occurs in salts, including under this term
acids and alkalies, but it is not developed equally in all
salts. Those acids and bases which are generally con-
sidered to be the “stronger” dissociate more readily than
the weaker combinations, and the monovalent salts more
readily than the bivalent The inorganic salts dissociate
more readily than the organic, and the same holds true
for the bases. All of those bodies in solution serve as
electrical conductors; in fact, the passage of electricity
through watery solutions is only possible through the
presence of ions, and the conductivity of solutions is thus
ameasure of the degree of dissociation. Those substances
which are dissociable are therefore known as electrolytes.
On the other hand, many organic substances are inca-

able of conducting electricity and are also incapable of

issociation. Thusalcohol contains an hydroxyl (— OH)
in combination with ethyl (C.H.), as sodium hydrate
contains an hydroxyl in combination with sodium. Al-
cohol is, however, incapable of forming ions, and there-
fore is a non-electrolyte in aqueous solution, while sodium
hydrate dissociates readily into hydroxyl and sodium
ions, and these are capable of conveying an electric cur-
rent

Sodium hydrate bas a characteristic action in the tis-
sues, causing corrosion. This might be due to either
the sodium or the hydroxyl ion. Asa matter of fact,
however, the sodium ion is present in many solutions
which are devoid of corrosive effects, for example, in
solutions of sodium chloride The eonclusion, therefore,
is that the hydroxyl ion is the corrosive in this case. Alco-
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hol has no such corrosive action as sodium hydrate, and
this ron(-cponds with the fact that alcohol is not an elec-
troly te, i.e., does not liberate the hydroxyl ion, although
it contains hydroxyl. Many other similar ex amp](,\
might be cited, all going to show that in many instances
the t herapeutic leoclc of a body are due, not to the mole-
cule administered, but to the ions into w hich it dissociates
in the fluids of the body. In fact in administering an
electrolyte, the physician gives not one but two or more
substances, which may each uiT( >ct changes in the organ-
ism. As a general rule in ther: apeutics one ion is so
pow erful that the other may be neglected; for pmlmplv
in morphine sulphate the alkaloidal cation is so active
that the sulphate ion may be ignored, and the sulphate
has therefore the same effect as the hydrochlorate of
morphine, When the two ions are more equal in phar-
macological activity, however, each has to be taken into
mmuh.munn- for L\amp}o magnesium sulphate disso-
ciates into magnesium and \ulplmte ions, each of which
has a retarding influence on absorption in the bowel,
while magnesium chloride similarly forms magnesium
and chloride ions, of which the latter is indifferent in the
bowel. The sulphate of magnesium has thus a more
po\\'ul'flll purgative action than the chloride, and is also
more active than sodium sulphate, which forms the pur-
gative sulphate and the indifferent sodium ions.

Another example of the importance of jons to the un-
derstanding of therapeutic action and to its successful
practice is offered by the bromides. Potassium and so-
dium bromides have a 11(]n0 ssant action on the central
pervous system, and as this is absent in the case of the
chlorides of these metals, it is obviously due to the bro-
mide ion. Bromated camphor also contains bromine in
chemical combination, and attempts have been made to
substitute it for the bromides as a depressant. But bro-
mated camphor does not dissociate and no bromide ions
are formed, so that whatever properties it may possess, it
cannot be compared with the bromides of potassium or
sodium.

The action of salts depending on the ions, the intensity
naturally varies with the rate of dissociation. This is
well exemplified in the local effects of the heavy metals;
such salts as the chlorides and nitrates, which dissociate
readily, are much more active locally than the sulphates
and organic salts which divide irfo ions less rapidly,
provided, of course, that all are equally soluble and have
no special charac teristics, such as deliquescence. The
newer views as to the dissociation of salts and the impor-
tant role of the ions explain why such bodies as the fer-
rocyanides have the effects neither of iron nor of cya-
nides, for neither iron nor cyanide ions are formed from
them in solution. Similarly the cacodylates differ from
arsenous salts beeause they do not liberate the arsenous
ion except after dec mu[)fmnml in the body. Now in the
case of potassium arsenite, the arsenite ion is the active
constituent, and the cacodylates can possess this only
when they are broken down in the tissues into arsenous
salts. The slowly dissociating salts are thus often used
to avoid the local action of the more irritanf metals: for
example, many of the recent (nlnpmnuh of iron have the
advantage over the older salts of causing less local irrita-
tion, while they have practically the same eftect on the
blood formation. Similarly several new pre parations of
mercury have been introdueed with the view of lessening
the local action on the stomach and bowel, or of lessening
the irritation induced by the hypodermic injection of
mercury. These compounds, when soluble, are more
slowly dissociated than corrosive sublimate, and, there

1o fewer mercury ions present at any one time, the
local irritant action is accordingly reduced.

The disinfectant action of the heavy metals also de-
pends l‘u gely upon ionization, for the destruction of the
germs is due to a chemical reaction between the metal
and the protoplasm of the microbes; and the larger the
number of free ions the greater the tendency to union.
The attempt has been made to obtain germicides devoid
of the local irritant action by forming less readily disso-

ciating saltsthan those in ordinary use. A large number

of preparations have thus been introduced, partly com-
pounds with organic acids, partly with proteid bodies.
But as the irritant and the gl_-l'mit_itidl action of most
metallic compounds depend on the same factor, namely,
the free ions, it scems likely that the lesser degree of irri-
tation induced by these is obtained only by the sacrifice
of much of the disinfectant value.

The double salts are much less readily dissociated than
the simple, and not infrequently appear to liberate some-
what complicated ions, as in the case of the ferrocyanides
noted above. They are therefore largely devoid of the
local action of the parent substances, and this may be
taken advantage of in therapeutics occasionally

When two salts which have oneion in common are

solved together in water, the dissociation is consider-
ably reduced. For example, if corrosive sublimate be
dissolved along with sodium chloride, the former is less
dissociated than if it were dissolved alone in the same
amount of water. In accordance with this general rule,
it is found that the addition of sodium chloride to a mer-
curic perchloride solution lessens both its irritant and its
germicidal power, and in cases in which it is desirable to
mitigate the former, and in which the latter is of no im-
portance, as in the treatment of syphilis by the hypoder-
mic method, this mixture may be used instead of the
pure mercuric salt.

The complete treatment of the dissociation of salts
would involve a large part of pharmacology and thera-
peutics, in which the importance of the phenomenon is
daily becoming more evident. The inorganic materia
medica is more dependent on the principle than the or-
ganie, as the dissociation is muech more complete in the
former. It is possible to exaggerate the importance of
the new law, however, for many of the facts and prin-
ciples of therapeutics remain unaltered by its introduc-
tion. For example, it is undoubtedly more in accord
with modern theory to attribute the effects in epilepsy to
the bromide ion than to the bromides, as was formerly
done, but this is after all a matter of nomenclature, and
it is perhaps necessary at the present time to remember
that there was a science and practice of therapeutics
before the ion theory was broached. On the other hand,
there can be no question that it has thrown much light
on many questions, and removed many misconeeptions.
In the case of the bromides, for c\.lmplv it is scarcely
possible to maintain at the present time that the bromide
of ammonium is qupmmr to that of t-n(hum except pos-
sibly in regard to the local action on the alimentary tract,
for in each case the s constituent is the bromide ion,
and this is equally l(“ull]‘. furnished by either salt.

In physiology and biology :_1(_-11(111]1‘\ the theory of ions
is of great importance, as iz at once apparent from the
fact that the fluids and tissues of the body can only con-
duct the electric current through the presence of ions.
Every eleetric stimulus causes a change in their distribu-
tion, .m:] every clectrical discharge ( (and electrical changes
accompany every movement and every other form of
activity) is intimately connected with the presence of
free ions, and in fact is possible only in their presence.
The whole of electro-physiology, and naturally of electro-
therapeutics, has thus to be based on the ionic theory, and
the fact that every life process so far investigated has
proved to be accompanied by electric changes indicates
that the presence of free ions is necessary to life itself.
This of course agrees with the fact that inorganic salts
are present in every living tissue,

Not only do living tissues require the presence of free
ions, but even dead colloid material is altered very re-
markably by them. And certain facts have recently been
brought out in regard to the dependence of tle proteids
on certain ions which promise to have a far-reaching in-
fluence on biology and hence on medical science. It has
long been known that many proteids, notably the globu-
lins, are precipitated from solution when suc h salts as the
sulphates of magnesium or ammonium are added to them.
But Hardy has recently shown that the precipitation and
solution of colloids, such as the proteids, depend largely
on the valency of the ions present in the solution. Thus
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bivalent ecations precipitate some colloids in comparative-
ly small guantities, and trivalent cations are still more
efficacious, while monovalent cations tend to keep them
in solution or bave a very much smaller precipitating ac-
tion. The bivalent and still more the trivalent cations
thus tend to oppose the monovalent cations in regard to
colloid solubility: and as ions are necessary to the life
phenomena, the monovalent must be counterbalanced by
the bivalent in the tissues, for either of these alone would
tend to change the colloids from the normal condition to
one of excessive or deficient fluidity.

A good deal of interest has been aroused in regard to
the antagonistic action of ions in living tissues, which is

found to present some similarity to that described by
Hardy in dead colloid matter. Theorgan examined with
most care in this relation is the frog’s heart,

sitive reagent to changes in its environment.

been known that the excised frog’s heart will beat for
a long time when supplied with oxygenated blood or
serum, and also in fluids containing no organic matter,
but merely the inorganic salts of serum. On the other
hand, solutions of non-electrolytes, such as sugar, fail to
maintain the contractions. The pr e of jons in the
perfusing fluid is therefore necessary to maintain the
heart in activity. But all ions are not equally efficient,
for a certain amount of sodium chloride is found to main-
tain the contractions longer than any other single salt.
The contractions very soon become weaker in sodium
chloride solution, however, and finally the heart is ar-
rested. But this arrest may be prevented if the solution
contain in addition to sodium chloride a trace of a calcium
salt; on the other hand, a heart which has ceased to beat
in sodium chloride solution may be induced to resume its
pulsations if calcium be added to the perfusing solution.
This phenomenon was first noted by Ringer,® and has
been confirmed by all subsequent observers; but views
differ as to the interpretation to be given it. Howell has
upheld the theory that sodium and calcium are both nec-
essary to the heart, and that when sodium chloride solu-
tion is perfused alone, the calcium in the heart muscle
diffuses out and is washed away and the heart ceases
from its losing one of the necessary constituents, calcium.
In support of this view he has shown that when the lime
ions are removed by other means, e.g., by precipitating
them with oxalates, the heart ceases to beat.

Loeb, on the other hand, holds that the heart can only
beat in solutions of electrolytes, and that the least poison-
ous of these is formed by sodium and chloride ions.
Even these are not altogether harmless, however, and
after a time the heart ceases from poisoning with the so-
dium ion. Caleium ions are antagonistic to sodium, and
the addition of lime salts therefore reinstates the contrac-
tions. To put it shortly, the heart ceases in sodium
chloride solution because, according to one view, a neces-
sary constituent, calcium, is all washed out, according to
the other, because the sodium is poisonous and has to be
antagonized by the lime. Toeb’s view appears, at first
sight, the less plausible of the two, because it has been
held that sodium chloride is a perfectly indifferent sub-
stance to animal tissues. It must, however, be remem-
bered that here there is always sufficient ealcium present
to neutralize any poisonous action of the sodium, and this
argument has therefore little weight. On the other hand,
he has brought forward some very telling facts in its
favor in Lis investigations of other organs than the heart.
Without going into all of these, it may be mentioned
that he found striated muscle undergo irregular twitch-
ing contractions in sodium chloride solution, but these
were arrested by calcium and other bivalent salts, so that
the plienomenon is not confined to the heart muscle.
Loeb found a small fish, fundulus, which lives in sea
water or in distilled water indifferently, but dies in a
solution of sodium chloride of the same devsity as sea

* Ringer’s solution, which h
that most suitable for conserving the life of tissues, conta
potassinm, caleium, chloric nosphate and carbonate
made up of 100 c.c. of 0.7 nt. NaCl. 5 c.e. of
€aCla, 2.5 e.c. of 0.5-per-cent. N
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water. This can only be interpreted as indicating that
there is something present in sea water which prevents
the poisonous action of sodium chloride. On investigat-
ing the subject further he found that in a solution of
sodium chloride, to which traces of calcium salts were
added, the fundulus and its ezgs lived as well as in sea
water. The conclusion is inevitable that the lime nor-
mally present in sea water antagonizes the poisonous ac
tion of sodium chloride in this case. The parallel be
tween the behavior of this animal and that of the fro
heart and other organsis so close as to form an important
support for Loeb’s theory of the interaction of the ions.
It may be added that numerous examples of a similar
antagonism are already known in more complicated ions
than sodium and calcium. Thus the antagonism of atro-
pine and pilocarpine, of curarine and physostigmine in
striated muscles, and of the central nervous depressants
and strychnine is similar, although these differ in not
being essential to the function of the organs on which
they act.

It is to be noted that in the case of fundulus, the action
of sodium chloride is antagonized by a comparatively
minute amount of ealcium, and also by corresponding
small quantities of other bivalent and trivalent ions, such
as those of barium, strontium, lead, zine, chromium, and
alum. Similarly calecium removes or lessens the poison-
ous effects of potassium salts on the heart, and the potas-
sium ion is also necessary to the normal contraction, so
that the antagonism is believed by some observers to be
related to the valency of the metallic ion. The fact that
electrolytes are necessary to the heart and other organs
sugeested to Loeb and Mathews the view that the antag-
onism is due, at any rate in part, to the electric (‘iml‘g'e
carried by the ions, but this is very far from being proved
or from being generally accepted. For it has been found
that striated muscle, which undergoes abnormal contrac-
tions in solutions of several monovalent salts, fails to do
s0 in all: and while the contractions are arrested by some
hivalent metals, others have not this effect. The conelu-
sion seems justified that the anfagonistic effects are not
immediately associated with the valency or the electric
charge, but are the results of some unknown special rela-
tion between the ions and the protoplasm, these relations
differing in different organs and for different meta In
other words, the calcium-sodium antagonism appears to
be of the same nature as theatropine-pilocarpine one, and
is equally inexplicable in the present stage of knowledge.

While each of the cations alone is poisonous and has to
be antagonized by some other cation, ions are necessary
to the life processes. Protoplasm can exist then only in
the presence of a number of different salts, of which the
chief liberate sodium, chloride, calcium, and potassium
ions. The poisonous effects of sodium are counteracted
by very small quantities of calcium, the ratio obtaining
between those in the best media being about 1,000 to 1.

An electric current can be conducted through a watery
solution only by means of the ions at liberty init. The
extent of dissociation in the fluid may therefore be esti-
mated by the conductivity of the solution or inversely by
the resistance met by the current. As long as there is
only one salt in solution the calculation is simple and the
results are unequivocal. And however many bodies are
in solution, the amount of dissociation may be estimated,
although it large amounts of undissociable matter (non-
electrolytes) be present theresults are toolow. But such
estimations give no clew to the nature or relativeamounts
of the salts in solution. Some efforts have been made to
apply this method to the examination of the urine and
the blood in the hope that light might be thrown on the
condition of the kidney by its means. Asa matter of
fact, however, the urine is much too complex in its com-
position to permit of results of much value being ob-
tained. The chief electrolytes here are the chlorides,
and a small variation in their percentage may induce a
large deviation in the resistance, while if the chlorides
vary in one direction and the other salts in the opposite,
the resistance may remain almost unchanged in spite of
great alterations in the composition of the urine. The
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chief non-electrolyte is the urea, and its presence in large
amount may increase the resistance without any marked
changein the amount of salts or their dissociation having
occurred. The method cannot therefore be regarded as
replacing the chemical analysis of the urine, for its re-
sults are of a totally different kind. And it has not been
shown by observation that the results obtained by meas-
aring the electrical resistance can be utilized for diagno-
sis or to indicate the value of therapeutic measures.

Diffusion and Osmotic Pressure.— When distilled water
is carefully poured upon a solution of sugar so that the
two liquids do not immediately mix, the sugar molecules
soon begin to penetrate into the pure wa and after a
sufficient lapse of time the contents of the vessel become
homogeneous, the percentage of sugar in what was dis-
tilled water being the same as in the part corresponding
to the original solution. The explanation is that the
molecules are in constant movement and, diffusing in all
directions, some of them penetrate into the pure water,
and this process goes on until the latter contains as many
particles as the original. The movement still continues,
but now as many molecules diffuse back into the lower
laver as into the upper so that equilibrium is maintained.
The process is the same as that seen when a crystal of
sugar is dissolved, for here also the constituent molecules
leave each other and wander throughout the fluid.

When a membrane is stretched between the two fluids,
the result varies with its character. If the membrane
offers no resistance to the passage of water and sugar,
the same phenomenon is observed as if they were not
separated by a membrane ; _tl1eﬂmd on each side be omes
homogeneous, although this generally takes more time,
owing to the fact that currents are less liable to aid the

process. If the membrane be permeable to neither sugar

nor water, of course the fluids remain completely isolated
and unchanged. On the other hand, some membranes,
known as semipermeable membranes, permit the passage
of water and not of sugar. For the sake of clearness,

suppose that a solution of sugar be placed in the upper
vessel of a diffusion apparatus with a sennpuﬂ]wul}lo
membrane, and distilled water in the lower. In this case
the molecules of water in the lower vessel can penetrate
into the upper, while on the other 'h‘und those in the
upper cannot escape into the lower. The reason for this
is simple; for if water escaped from the sugar solution
without an equivalent amount of the sugar, the solution
would be more concentrated. Now in order to concen-
trate the sugar solution, work has to be_lloue; tql‘ ex-
ample, it may be concentrated by heating it. Butin the
diffusion apparatus thereis no source of energy available
for concentration, and the result is that the water cannot
escape from the upper vessel. On the other hand, the
membrane being permeable for water, the molecules in
the lower vessel find no difficulty in entering the upper.
The result is that the sugar solution becomes more dilute,
while the water in the lower vessel diminishes in volume
until it may disappear altogether. If sufficient pressure
be applied to the sugar solution, the water will cease to
enterit from the lower, and the amount of pressure which
suffices to arrest the movement of the water is known as
the osmotic pressure or 08motie tension of‘the sugar solution.
The phenomenon is known as 0sSmosis, bpt it must be
recognized that osmosis is merely a diffusion under spe-
cial eircumstances, for the whole is due to the mm'cn}ent
of molecules, all of which are free in ordinary diffusion,
while some of them (e.g., sugar in the above example)are

restrieted in their movements in osmosis.

The osmotic pressureis found to vary directly with the
number of molecules in the solution, a concentrated solu-
tion causing a more rapid flow and a higher pressure than
& more dilute one. 'Thusa one-per-cent. solution of cane
surar exercises & pressure of 530 mm. of mercury, a two-
per-cent. of 1,070 mm., and so on. The pressure exer-

cised by even dilute solutions is very considerable, as

| sugar is chosen. Thus a one-per-cent. solution of potas-
sium nitrate exercises a pressure of over three atmos-
pheres. As the pressure depends upon the concentration
of the solution, it decreases and the movement becomes
slower as the process goes on, for the water diffusing into
the sugar solution dilutes it. :

As osmosis is merely a special form of diffusion, it .
follows that only diffusible and dissolved substances can
exercise osmotic pressure. The colloids, such as pro-

| teids, are therefore generally believed not to have any in-
fluence on the movement of fluids because they are not
in true solution, but rather in a state of suspension.

| Others hold that though in solution, they exercise no ap-

| preciable tension because the molecule is so large. As

| each molecule in solution has the same osmotic effect, it

| stands to reason that a one-per-cent. solution of sugar
| must induce an immensely greater pressure than a one-

‘ per-cent. solution of albumin, because the number of
molecules dissolved in the former is so much greater.

| The proteids always contain a certain amount of soluble
salts, and these are sufficient to cause some osmotic ten-
sion: so that it is not yet decided which explanation is

| correct, but in any case the osmotic pressure of the pro-
teids is so small as to be negligible.

‘ Very often membranes are met which offer a ccrt_ain
amount of resistance to the passage of dissolved diffusible
bodies while allowing water to pass freely. If such a
membrane separated a sugar solution and water, the lat-
ter would at first pass through into the solution rapidly
under considerable osmotic pressure. But some sugar
also passes downward, and there is thus formed a strong
solution of sugar above rapidly being diluted and a weak
solution of sugar below rapidly becoming stronger from
the continued permeation of sugar into it and the eseape

| of water upward. Finally equilibrium is reached by the
solutions on each side of the membrane attaining the

| same concentration. ;

The same principles hold when solutions are present on

each side of the membrane, the direction of flow being
always toward that side on which the larger number of
molecules are present, provided the membrane 18 semi-
| permeable. The osmotic pressure is determined by the
| difference of the osmotic pressures of the two solutions
toward distilled water. If the same body is in solution
on the two sides of a permeable membrane, the water
tends to pass toward the stronger Rolutipu, wlqlga tl_m soll_d

‘ passes in the opposite direction until equilibrium is
reached. When two different bodies in solution, e.g.,

| sugar and urea, are separated by a membrane which is

| permeable by each of them, they diffuse f_rcely through
| it and the two solutions soon become identical, each con-
taining the same percentage of urea and sugar. If the
urea can penetrate the membrane while the sugar fails to
do so, the osmotic pressure is that of the sugar solution
and the urea solution will pass toward the sugar as long
as the latter can exert appreciable pressure. In other

] words, 1o osmotic pressureis exerted by a fluid toward a

| membrane which it can pass through.

‘When neither sugar nor urea can pass through the
| membrane, the water passes from the solution containing
L the smaller number of molecules toward that containing

the larger number until equilibrium is established by

pach solution containing the same number of molecules
per cent. of water. The weaker golution is often known
as the hypotonic or hypeisotonie, the stronger as the Ayper-
‘ tonic or hyperisotonie, while two solutions possessing the
same osmotic pressure are known as isotonic solutions.

In biology the problems in diffusion are much more

complex than the examples given above, but they all
| depend on these general rules. In the first place the
| solutions are much more complicated, containing a num-

ber of different substances in solution; in the REC‘OH(I: the
membranes are neither perfectly permeable nor semiper-
meable. They permit the passage of some of the constit-

i i i res, for ) > fluids as a ceneral rule few of these pass
seen on transforming these figures into atmospheres. for | uents of the fluids, but as a gene P

a two-per-cent. sugar solution 1

s then found to give a | quite freely, and the amount of resistance varies with each

pressure of nearly one and a half atmospheres. Thisis | kind of molecule. Further it must be recognized tlmft a
even more remarkable when a smaller molecule than | dissociated salt exercises not the osmotic tension oL &

Vor. VIII.—27
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molecule, but that of its ions. In a dilute solution of
sodium chloride, for example, the osmotic pressure is not
measured by the number of molecules, for each ion exer-
cises the same osmotic effect as a molecule of sugar, or as
an undissociated molecule of salt.
Each cell in the body may be conceived as the inner
vessel of a diffusion apparatus, separated from the sur-
rounding fluids by a membrane, for though this mem-
brane has no anatomical existence, the colloid nature of
protoplasm has the same final effect as if the cell were
surrounded by a membrane. All cells are permeable by
water, but each kind of cell appears to differ in the facil-
ity with which it permits the permeation of salts and the
other bodies dissolved in the body fluids. Some, for ex-
ample, allow the passage of ammonium readily, while
others refuse it entrance. Others take up sodium sul-
phate as readily as sodium chloride, while others accept
the latter and reject the former. Now if theintercellular
fluid contains any substance which is not capable of pene-
trating the cells, it must exert osmotic pressure on the
cell; and unless this pressure is counterbalanced by other
bodies in the interior of the cell which similarly cannot
escape from it, the fluid of the cell will be drawn out and
shrinkage will result. Every cell in the body then must
be conceived as existing in a condition of equilibrium,
the osmotic tension of the salts, etc., in its interior being
pitted against that of the surrounding fluid, and the
smallest change in either of these leading to an inflow or
outflow of water from the cell. Now such changes are
continually in progress, for as the proteids and carbo-
hydrates of the cells are broken down into simpler bodies,
soluble in water, each molecule so formed acquires
osmotic properties, and either diffuses freely into the sur-
rounding fluid, or causes an inflow of water into the cell.
In either case the equilibrium is disturbed until the new
product is removed by the excretory functions. The im-
portance of diffusion and osmosis in the functions of the
body cannot therefore be overestimated; in fact, it may
be said that while the more obvious movements of the
fluids of the body are determined by the circulatory
mechanism, the finer but no less important exchange be-
tween the cells and the intercellular fluid is in large part
directed by the laws of diffusion. And while a knowl-
edge of the arterial supply of an organ is recognized to
be necessary for an understanding of its physiology and
pathology, it is probably no less desirable to ascertain the
permeability of its cells for the constituents of the sur-
rounding fluids. The osmotic pressure varyin g with the
nature of the membrane or cell, and also with the salt in
solution, the only way to determine the results of expos-
ing the cell to a solution of the salt is the experimental,
and a considerable amount of work has been done in this
direction, so that the permeability of some cells is known
for a large number of salts and other bodies. In this
method of procedure the cells under examination, ¢.g.,
the red blood cells, are exposed to solutions of different
strengths, and the concentration which induces neither
shrinking nor swelling of the cell is ascertained. This
concentration is that balanced by the intracellular fluid,
and the solution is said to be isotonic for that cell. The
salt in solution must obviously fail to penetrate the cell,
or do so only extremely slowly, for if it permeates
freely the water in which it is dissolved will also pass
into the cell and expand it. In such an isotonic solution
the number of molecules percent is exactly equal to that
in the interior of the cell, and a solution containing the
same number of molecules and ions of any other non-
permeating salt will also be isotonic and cause no change
in the size of the cell. For example, if a 0.75-per-cent.
solution of sodium chloride has been found isofonic for
the blood cells, an equivalent solution of sodium sulphate
or of ammonium chloride will also preserve the size of
the cells unchanged, provided these salts are equally in-
capable of permeating the cell. If one of these, e.g., that
of ammonium chloride causes swelling of the cell and the
escape of heemoglobin, then this salt must permeate more
freely than sodium chloride.

sugar, or urea, equimolecular isotonic solutions can be

made by calculating the atomic weights. In the case of

the salts this method fails, for the dissociation varies for
different salts and for different dilutions, and each ion
exercises the osmotic pressure of a molecule. Other
methods have therefore been adopted, and of these the
estimation of the depression of the freezing point has
come into general usein the last few years. Thismethod,
it must be emphasized, does not indicate the osmotic
pressure for all membranes, nor the permeating qualities
of the substance, but only the total number of molecules
and ions in the solution. It depends upon the fact that
solutions containing the same total number of ions and
molecules per cent. freeze at the same temperature,
which is lower than that at which distilled water freezes
toice. If twosolutions lower the freezing point an equal
extent below 0° C,, therefore, they contain the same num-
ber of ions and molecules, and are isotonic toward a semi-
permeable membrane. The estimations are made by
means of thermometers reading to v§;° C., and allowing
of approximations to 145" C., and with some care and
practice in the method very exact determinations may be
made. A very extensive use of this freezing method has
been made in experimental work, and some results have
also been obtained in clinical medicine, but the details of
the method can only be given in works dealing specially
with this subject. The depression of the freezing point of
any solution below that of pure water is generally ex-

pressed by the symbol A. If the salt is not capable of
penetrating a cell, its osmotic pressure varies with the A

of the solution, 7.e., with the concentration of molecules
and ions, and if two solutions of non-permeating salts have
the same A, their influence on the movement of the fluid

of the cell will be equal. On the other hand, if the salt
permeates without difficulty, the A is of no significance
in regard to the effects of the solution on the cells.

The relations of the saltsto the tissues has been worked
out in most detail in the case of the red blood cells. It is
found that in a 0.75-per-cent. solution of sodium chloride,
the cells maintain their form and size unchanged, 7.¢., the
salt fails to penetrate the cells and exercises the same
osmotic pressure as the diffusible contents of the cells, or
is isotonic with the fluid in the interior of the cell. If
the cells be exposed to pure water, they swell up and dis-
charge their heemoglobin, and the same occurs in weak
(hypotonic) solutions of sodium chloride. The salt here
being in lower concentration than the contents of the
corpuscles, a current of water sets inward toward the
stronger solution, In solutions ot greater concentration
than 0.75 percent. (hypertonic solutions) the cells shrink
from the loss of water, which flows outward toward the
stronger solution. Similar phenomena are seen when
other salts of the fixed alkalies are employed, so that
these salts appear to be unable to penetrate the corpus-
cles except to a very slight extent. .

In solutions of ammonium chloride, on the other hand,
the cellsswell up and lose their hemoglobin, whether the
solution be isotonic with 0.75-per-cent. NaCl, or much
stronger. The conclusionis that theammonijum chloride
can penetrate the cells and thus exercises no osmotic
resistance to the entrance of water, so that the effect of
ammonium chloride solution is practically identical with
that of pure water. Many other ammonium salts resem-
ble the chloride in penetrating the red blood corpuscles; .
but others, such as the sulphate and phosphate, fail to
enter the cell entirely, or penetrate with great difficulty.
The sulphate and phosphate ions, therefore, like the so-
dium and potassium ions, are non-permeating, and exer-
cise osmotic pressure on the cell wall. Unless both ions
of a salt can enter the cell, neither does so. Many non-
electrolytes, such as urea and compound ammonias, ap-
pear to enter the blood cells freely.

The absorption of salt solutions in the intestine also
presents an interesting example of the importance of
diffusion in vital processes. A solution of sodium chlo-
ride isotonic with the blood isabsorbed readily, whence it
is inferred that sodium chloride can penetrate the mucous

In the case of non-dissociating bodies, such as alcohol,
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easily, and still more readily pure water. A hypeﬁogw
solution, on the other hand, d]&qp}_}eays fl:om the I?O\\ el
more slowly, and very often the fluid first increases in the
lumen until it has become almost isotonic with the blood,
and only then disappears into the tissues. The SOdI‘.um
chloride does not, therefore, permeate the powel \\‘all
without resistance, otherwise a hypertonic solution
wonld be taken up as quickly as distilled water. On the
contrary, a hypertonic solution first exercises osmeotic
pressure on the cells and causes them to 1950 water. At
the same time some of the chloride has (hzsappem-t{d into
the cells, and the solution remaining is diluted with the
water exuding, until it is so weak that the osmotic resis.
tance is overcome by the absorbing forces and the whole
is absorbed into the blocd. - ;
When the sulphate of sodium passes into the bowel in
colution, this feature is still moremarked. An isotonicso-
lution has little tendency to be absorbed, gnd on the other
hand is not increased in volume, the solution in the bowel
counterbalancing the osmotic pressure of the cell comcm.x:-.
A hypotonic solution decreases slowly because its 0s-
motic pressure is less than that of the cell contents, and
water therefore tends to pass from the weaker ﬂ_md in the
Jumen to the stronger in the blood; but the fluid escapes
from the bowel much more sllm\']y than in the case of
an hypotonic solution of sodium chloride. If hyper-
tonic solutions be used, the bulk 1silt.ﬁ1-s§ much 111(;1'eascq
owing to fluid from the blood escaping into the stronger
solution. Finally the sulphate solution becomes isotonic
with the blood and is very slowly absorbed if the weight
of the fluid in the bowel does not set up reflex peristalsis
and cause evacuation. This slow absorption from the
bowel is still more marked in the case of magnesium sul-
phate, in which both ions appear to be taken up with rqi
luctance by the mucous membrane. AS these sn]tsrfn.l
to leave the bowel and retain the water in which they are
dissolved, they render the contents more fluid thnn_x‘mua_l,
and the unusual weight and distention cause peristaltic
movementsand evacuation. The purgative action qf ghe
saline cathartics arises from the difficulty with which
they enter the epithelial cells. Tt is to be remarked that
here, as in the case of the red blood cells, the sulphates
diffuse with greater difficulty than the chlorides; on T.hc
other hand, the chlorides of the _h);cd alkalies are tal\m::
up freely by the bowel wall, while they fail to 1)01‘11}f§1llt,
into the corpuscles, and the nxa!ate of ammonium, which
penetrates the blood cells, is rejected by the cp:t.hclurnn(i
The presence of the salt solution in the stomach 41'11
intestine inducing such movements of fluid into tJF'e bov.?:
and back into the blood, nat.urallly causes considerab (-
disturbance in the distribution of the fluids of t-lue'had_yi
When a strong sulphate solution is diluted by fluic
poured into the intestine, for example, this fluid comes
from the blood and indirectly from the fluids of the Fm-
sues. A similar exchange without doubt follows [llclflﬂlg-
sorption of salt solutions into the_blnod, but this ]‘ifl -
cult to follow experimentally. When salt .‘?Olllt]()l}f ;m:
injected into the blood-vessels, however, it is found t ]Ia
there is a marked disturbance of the equilibrium of t e
tissues. If the solution is hypertonic, there is a _ﬁm:.‘
from thelymph spacestoward the blood \\‘l_u(:.l: Cr(lt‘.lll;lllut.:‘-_\
until the plasma recovers its normal density he cur-
rent then is found flowing in the opposite direction Iflc:uu
the blood-vessels into the tissues. The l‘\'mplx_nmust?}cd
in the thoracic duct is found to be lessened at first owing
to the inflow into the vessels, but later more lymph p%mL?
along the duct than usual, owing to the current of fluid
passing toward the tissues from the blgocl. e
The injection of salts into the blood-v gsse]s or their ab-
sorption from the bowel leads to coqsulerablc dm{'('g}?.
The explanation of this diuresis 1S still a mattcr_n.t ‘_1:.-
cussion, but there can be no question that the dn’[u.&-mu
and osmotic properties of the salts _play an important
rdle in this result. The accumulation of fluid in the
blood at the expense of the tissues naturally leads to an
unusual bulk of the contents of the 1310:_)(1-‘:053(_?15, and
this in turn to an increased pressure in the capillaries.

outflow into the tissues, for this is prevented by the cur-
rent of lymph pouring into the \'esse.ls. Only one way
of escape remains, that through the 1_;1(113(»}'5:,_1\:1(1 the in-
flow of lymph is therefore accompanied and followed by
diuresis, which is thus in large part explained by the
physical forces, although there is doubtless much still
obscure in the process. Different salts vary in their
diuretic properties, and this might at first seem to indi-
cate that the diffusion was of secondary importiance.
As a matter of fact, however, many nf. tilcgee (iliTeJ'ences
can be explained by varying rates of diffusion. For ex-
ample, the sulphates are asa general rule inferior diu-
retics when given per 08, because they fail to r_each the
blood for the most part from their cathartic action. On
the other hand, sulphate of sodium, injected intrave-
nously, causes much greater diuresisthanan equimolecu-
Jar solution of sodium chloride, even if it causes the same
inflow into the vessels and the same degree of hydremia.
This has been explained, however, by 1]}e renal tubules
failing to absorb the sulphate, while taking up the chlo-
ride readily. LIf this is the case, as appears very prob-
able, the sulphate failing to penetrate the renal tubules
and thus return to the blood, must hold a certain amount
of water in the tubules which would otherwise return
to the blood. The chloride, on t.‘h(? other hand, returns
readily through the epithelium lining the tubules, and
thus retains less water in the tubules and causes less
diuresis In this view the epithelium of the tubules
resembles that of the intestine in repelling sulphates and
phosphates and admitting chlorides readily, but differs
from it in showing little avidity for urea and sugar.
The urine is generally a much more concentrated fluid
than the blood; that is, it contains a larger number of
molecules and fons. The kidney must thus do a con-
siderable amount of work in concentrating such a fluid
from the more dilute blood plasma, and by estimating
the A of the blood, which is remarkably constant (abqut.
— 0.56° C.), and comparing it with that of the urine, the
actual work done may be estimated exactly. Dreser cal-
culated the work done by the kidney in forming 200 c.c.
of average urine at the large sum of 37 metre kilograms,
or over 270 foot-pounds, but this may be greatly exceeded
in cases of very concentrated urine. Attempts have been
made to use this method of estimating the work of the
kidney in clinical medicine, and the subject has been
treated of at great length in recent years under the title
of cryoscopy. Asyetnoresultsof importance bearing on
diagnosis or prognosis in renal affections have been ar-
rived at. - ol
When very concentrated solutions of salts or other dif
fusible bodies are brought in contact with living cells,
some fluid escapes from these into the so]llt-gons, and this
often deranges the activity of the cell. This may be ob-
served in the stomach when strong solutions of such
harmless bodies as common salt or sugar arc.swalowe(_i,
the disturbance of the equilibrium manifesting itself in
irritation, nausea, and vomiting. In the same way a
strong solution applied to wounds or mucous membranes
causes irritation and pain from ‘the withdrawal of fluid
and precipitation of proteids. The same desiceation of
the tissues may arise to a less degree from t}le presence
of excess of salt or sugar in the blood. The organs
which suffer chiefly are the brain and spinal cord, as is
manifested in tremors and convulsions, alnd hu..m' by
paralysis and asphyxia, when strong solutions of lsn]ts,
sugar, urea, or other diffusible substances are injected
intravenously in animals. Arthur R. Cushny.

DWARFISM.—Nanosomia or microsomia is a condit ion,
found in both animals and plants, in which the stn.t.ulre-
and weight fail to reach the normal minimum f_o_l_ in-
dividuals of the same species. The word nanesomia is
derived from two Greek words, vavo, a dwarf, and caua,
a body, the former being the equivalent of the Latin
nanus or pumilio, the Anglo-Saxon dweorg oOr dwerg and
he German Zwery. : :
th%‘rom stray re l%reuces to the subject in the pages of
writers of antiquity, we may infer that a belief in the

This engorgement of the vessels cannot he relieved by an
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