
selection of common things discussed under 
the title, "Molecular Forces and IIotions." 
Here occur discussions of the diffusion of 
gases, the evaporation, diffusion and capillary 
action of liquids, crystallization, elasticity and 
general properties of matter. This introduc- 
tion covers eight of the seventy-seven sections 
into which the book is divided. each section 
containing material enough for one recitation. 
The order of treatment of i,he subjects is as 
follows: Mechanics, Heat, Electricity, Sound, 
Light. By summarizing a t  the close of each 
section the important topics treated therein, 
and by setting problems which are related to 
the life of the pupil ns well as to the prin- 
ciples of physics, the authors have made a spe- 
cial effort to produce a helpful boolr. Mathe-
matical expressions are not avoided, but are 
used only where they are of apparent advan- 
tage to the student; incleed this advantage 
shoultl be the only justification for mathe-
matical expressions in eithcr elementary or 
advanced physics. The illnstrations, in both 
nuinber and selection, are to be commended. 
The volume is distinctly a text-boolr. all of 
which is to be taught in the year's course in  -

physics, save perhaps some of the numerous 
exercises which are found a t  the close of each 
lesson. The value of the morlr can only be 
ascertained by experience in the class room, 
but the spirit of the authors and their appar- 
ent success in applying it in the preparation of 
this Book must corninend the text to the con- 
sideration of every high-school teacher. 

t G. W. STEWART 

SPECIAL ARTICLES 

ANTAGONIShZ AND BALANCED SOLUTIOKS 

TIIE term antagonism came into general 
physiology from medicine, where i t  was used 
in  the seventies by Rossbach, Luchsinger and 
others to designate the opposing types of phys- 
iological action produccd by certain chemical 
substances. Luchsinger, Langley, Sydney 
Ringer and others applied i,he term to that 
type of physiological situation seen in the 
opposite effects produced by atropine and pilo- 

1 Published by permission of the Secretary of 
Agriculture. 
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carpine on the sweat glands. One allraloid, 
atropine, stimulated the activity of the gland, 
the other depressed it, and one effect could be 
made to ptrtly or wholly supersede the other 
by the proper adjustment of the concentration 
and quantity of alkaloidal solutions used. It 
was found possible to establish physiologically 
equivalent quantities of each all~aloid mhich 
would exactly nullify the action of the other 
when applied to the tissue, and a given physio- 
logical result could be cz~lculated from given 
quantities of the antagonistic substances. As 
Luchsinger saw it, the action of these sub-
stances was lilie algebraic plus and minus and 
came back to mass action (3Iassenwirlrung) 
and affinity, a view accepted in effect by Lang- 
ley ancl Ringer. Tn tlzese experiments phys- 
iological antagonism meant opposing action on 
a clefinite function as a criterion. Contraction 
of the frog's heart, action of the salivary 
glancl and contraction of the pupil of the eye 
mere examples of such criteria. 

In work of this type the antagonists were 
used in simple solutions applied serially to the 
tissues in question, and the fact of antagonistic 
action was demonstrated by the disappearance 
of the action characteristic of the first sub- 
stance upon the application of the second 
substance. The simultaneous application of 
the antagonistic substances seems not to have 
been macle. 

Work of this type developed a number of 
important clifferences i n  the behavior of sup-
posed antagonists. Luchsinger found when 
the activity of the sweat gland of the cat was 
used as a criterion that pilocarpine and 
atropine produced opposite actions and that 
each was able to efface the other as wave-
hollow effaces wave-crest or as algebraic plus 
effaces algebraic minus. This ability of each 
to efface the other and to produce the opposite 
physiological state in either order of applica- 
tion Langley proposed to call mutual antag- 
onism. 

This clean-cut, two-way, type of result, 
liowerer, was not the rule, and for two chief 
reasons. (1)I t  was unusual that the action of 
two substances should cover precisely the same 
area of function and thus fully oppose each 
other throughout their effects. As a result, 



one was likely to cause changes in some struc- 
ture not aflected by the antagonist, hence side 
effects turned up to confuse the issue. This 
trouble was due to the fact that more than one 
function was affccted and the criterion had 
thus become complex. (2) A second difficulty 
arose from differences in  the point to which a 
given action was referred. For example, Luch- 
singer found that pilocarpine stimulated the 
activity of the sweat gland of the cat to a point 
above normal activity, while atropine brought 
i t  belozv the normal rate. I n  carefully adjusted 
doses of physiological equivalentcr, the result- 
ant action was a normal rate. Here the point 
of reference was the normal rate of activity 
and activities could be counted as plus or 
minus. VCThen, however, Ringer tested the 
action of atropine and muscarine on the beat 
of the isolated frog's heart another type of 
situation developed. When the heart was 
treated with muscarine the beat sank to zero 
or near it. When i t  was treated with atropine 
depression also resulted, but only to sucll a 
degree as to clearly slow the beat. Both were 
L ~ U Bdepressants, although in  unlike degree. 
When a "muscarine" heart was treated with 
atropine it was apparently stimulated, since 
the beat rose to the rate characteristic of 
atropine, but, with reference to the norinnl 
beat, i t  still remained depressed. When a n  
"atropine" heart was treated with muscarine 
no change of beat was seen, muscarine being 
clearly not able to antagonize atropine. Here 
two substances acting alike as rlel~ressmts are 
called antagonists not because one can raise 
the action above normal or even to i t  after 
depression by the other, but, because onc is able 
to efface the other and bring up the action to 
its own characteristic rate. EIere the antag- 
onists are both minus quantities with refcr- 
ence to normality and the result is the lesser 
minus quaatity. Ringer called this a case of 
antagonism; i t  was not, however, mntual an- 
tagonism, since only one was able to replace 
the other and no opposite physiological state 
was produced. These two instanccs are clearly 
different in important particulars. 

A little later, Ringer, working wit11 smaIl 
organisms placed in salt solutions, introduced 
still another phase of the problem. The quan-

titative pluc; and minus action, seen when the 
effect excrtecl on the single function was taken 
as tlle criterion, following sucecssive spplica- 
tions of the chemical suhstanccs, was replaced 
by the action produced by a mixture of ions 
acting on the total organism. T h e  the effect 
of subst~nceq in sirnple sol~~tions on the sur-
vival timc gave the pure effect of each sub- 
stance. The antagonistic action could not be 
tested as heretofore by s~icecssive exposures to 
the suhstanccs concerned. since death was the 
point sought in the experiment. Consequently 
3. change of metl~od was introduced by testing 
the organisms in mixtures of different pro- 
portions. A new sort of result appeared also. 
With a definite fnnction as a criterion, antag- 
onists merely offset each other more or less 
completely, the range of results being above 
or below the normal mnrlr according to the 
magnitudc of the stimulating action of one 
or both of the antagonists. No resultant ac-
tion seen was more favorable than that of the 
more slimnulating antagonist. A new feature, 
therefore, appeared when Ringcr found that 
organisms sometirrles lived longer in mixtures 
of salts than in the most favorable of the com- 
ponents. The term antagonism was again ex- 
tended by Ringer to cover this third type of 
situation. 

The introduction of life or death, the sur- 
vival time, as the criterion, complicated the 
problem in at  least one important way. Since 
in a more or less orderly manner, death means 
that one or more functions break down or cease 
to correlate. TTence a disturbing influence in- 
troduced by a given ion may harm one func- 
tion and bring about death, another ion may 
affect an entircly different function and in a 
quite different way bring about the same visi- 
ble respon3e. Hence several ions may all be 
operating in a cell entirely independently of 
cnch other as regards function, and bring about 
an unvarying response. Death is the uniform 
result following from a variety of types of in- 
jury in the organism. IIere, all idea of antag- 
onism, as originally defined, may be absent, 
owing to the possibility that ions may not meet 
each other in physiological opposition in  any 
one function. With cleath as the criterion it 
~ C J V S  that one is hardly justified in asserting 
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antagonism unless it can be shown that some- 
where in the complex of reactions one or more 
functions have been oppositely affected by the 
supposed antagonists. Death gives an un-
analyzed result in which antagonisms may or 
may not have played a part. 

The ideal criterion would be a single clear- 
cut function that by acceleration or by retar- 
dation in its activity would give information 
concerning the way in which definite external 
factors affect it. It is difficult, perhaps im- 
possible, to carry the physiological analysis 
thus far, but the use of any one function that 
gives results capable of quantitative expres- 
sion simplifies the problem and approaches 
more closely to certainty that antagonisms do 
exist. It is not to be understood that the sur- 
vival time (death criterion) can not indicate 
antagonism in a rough way, but only that i t  
does not necessarily indicate it. 

What, then, is antagonism? I n  general, the 
historically established sense in which it came 
into general usage among physiologists should 
be retained as long as it clearly covers the idea 
with which it was associated. As new concep- 
tions enter they should be designated in fitting 
terms, in order that confusion may be avoided. 
I n  the original sense in medicine, antagonists 
were much the same as antidotes, antagonists 
being sought for poisonous substances. Here 
clearly the idea of the physiological effacement 
of one by the other was generally accepted. 
Oftentimes a restoration to the normal was a 
result of such effacement, but such was not 
necessarily the case in order to have antag-
onism. Sometimes, each of the antagonists 
could efface the other and produce the opposite 
physiological state, illustrating mutual antag- 
onism, but more frequeiitly one antagonist 
only was able to efface the other, illustrating 
simple antagonism. The work developing these 
results was based on the serial application of 
the solutions to the organ. We are now con- 
fronted with the fact that, in mixtures of 
salts, the growth rate, survival time, or quan- 
tity of ions absorbcd, as possible criteria, is 
found to exceed that observed in the sum of the 
actions of the constituents in unmixed solu-
tions. 

If we recur to Lnchsinger's conception of 

algebraic plus and minus we interpret the fre- 
quently observed increment above the ex-
pected result not only as indicative of the 
physiological effacement of one constituent 
by the other, but as indicative also of an effect 
beyond simple physiological opposition. It is 
antagonism in the historic sense of animal 
physiology plus something else. By Osterhout 
this increment over the results to be expected 
on the basis of the effacement of the effect of 
one antagonist by that of the other, the 
" something else," is proposed as a measure of 
antagonism. I t  seems to the writer that this 
effect comes not from the physiological opposi- 
tion of the constituents, but rather from their 
cooperation in the cell in affecting favorably 
the total balance of cell activities. It is hard 
to see in  this favorable action merely an ex-
pression of physiological opposition; it appears 
much nearer to the "synergism" of the older 
physiologists, a term used to designate phys- 
iological cooperation as opposed to antagonism. 

I n  our present uninstructed condition con- 
cerning the activities at play in the living cell, 
i t  is hard to see how any scheme can at  this 
time be proposed by which we can designate 
the degree in which ions entering the plant 
come into physiological opposition in the mani- 
fold functions likely to be affected by them. 
The result obtained by the investigator is the 
resultant of an indefinite number of inter-
actions on few or many functions, and we can 
not assess its separate antagonisms and " syner-
gisms." We are only able to say whether this 
result is above or below that obtained in the 
control medium. This control medium may 
furnish merely a fixed point for comparison or 
it may in addition also furnish an expression 
of normality. 

I n  sea water we have the interesting case 
of a balanced solution, a mixture of salts, each 
by itself toxic in the concentration present in 
the natural medium, but in the mixture seen 
in the sea water, not only capable of sustaining 
life, but of nourishing marine organisms in so 
far as the ash constitueiits go. It is evident, 
since the individual constituents cause death 
under circumstances hardly explicable on the 
basis of nutritional failure, that we have here 
a group of antagonisms and synergisms so 



operating that all functions are sustained in 
effective cooperation. Not only do the differ- 
ent salts mutually offset each other's physio- 
logical deficiencies, but {hey arc able to offbet 
tlie usually harmful action of the solvent. 
Loeb has found an interesting experimcntal 
subject in Funrlz~ltts,a fislz wllich is at  horne 
not only in the complete niixtnrc, but which 
1il;en;ise survives for a tirne in cli~tilled water. 
I n  t l ~ c  case of organisn~s which survive indefi- 
nitely in distilled water, i t  is likely that niany 
do so largely by virtue of the salts contained 
in their own bodies. I n  general i t  appears that 
pure water extracts ions niore or less rapidly 
froni many plantr and animals, ant1 in case the 
esperirncntal organism in  question is of con-
siderablc size and the volunic of watcr suffi-
caiently limited the medium may easily get 
enough ions froni the experinlental plant or 
aniinal to offset the hannful action of the pure 
watcr. The ability of FundzcZus keterocliius 
to part with considerable quantities of salts 
to fresh water without imrncdiatcly evident 
injury has been shown by Sumncr. This fish. 
is, homcver, hardly typical of marine organ- 
isms as a whole. I n  the red alga, incomplete 
niixttxres are injurious, as but,in P?~ndulz~s, 
unlike it, they are promptly killed by distilled 
water, which for them must bc listed with the 
otl~er constituents which, taken individually, 
act as fatal poisons. In this cme, the nlix- 
ture of salts is required to antagonize or 
efface tlic action of the water. A harmful ac- 
tion has been shown to characterize distilled 
water when used as a medium for various 
land plants as well, and to antagonize or efface 
this harndul action certain nzixturcs oP salts, 
strikingly reminiscent of sea water in many 
irnportalzt points, the so-called nutrient solu- 
tions, were long since devised by linop, Sachs 
and others. It has been shown more recently 
by Osterhout and others that the so-called 
nutrient salts are toxic to land plants when 
talten individually in much greater dilution 
than has been generally supposccl. 

Tn both sea watcr and the more or less clilute 
nutrient solutioiis present in the soil, normal 
life is sustained as a rule only in mixtures of 
proper proportions and necessary concentra-
tion. Since salts are required in both cases 
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to overcolne the harmf~il  action of pure water, 
as wcll as that of the salts themselves, there 
secms to be no reason to seek to limit tlic use 
of the term "balanced solutions " in the man- 
ner suggested by Loeb and Osterhout. Unless 
sve admit that  malnut~ition due to a deficiency 
in nutrient salts is a forlrr of toxicity excited 
by the substanccs present, we can harrlly escape 
the :ilternative proposition that the lni~sing 
salts are injurious in nbse?ztia. 

R ~ D N E YXI. TRUE 
PJUREAU OF I'LAXTIXDUSTRI, 


U. 6. DEFT. OF AGRICLLTURE 

INI907 Drabblc and T)ral)h,'ulel argued from 
a series of plasrnolyzations of the leaf cells of 
a numbcr of British plants Eroin a range of 
habi1,ats that  plzysiological drg neas of the 
sul~straluni is the primary factor in the de- 
termination of thc osrnotic strength of the 
coritc~its of the leaf cclls of flowering plants. 
Ak~ont four years later FittingZ applied the 
plasmolytic method in an extensive reconnais- 
sance physiological study of the vcgctation of 
the roclry pcalis ancl slopes of the Cliaine do 
Sfa and the adjacelit lomlanclc, conzprising 
concentiated salt ~narsh and arable oasic. 
EIere he reports sorno enormously high con-
centrations of cell sap, such indeed as would 
theoretically give pressures of over 100 at-
mospheres if confiried in suitable semiperme- 
able me~iibranes surrounded by pure water. 

The results of these two papers force upon 
one the conviction that observations of the 
concentration of the cell sap may form a legit- 
imate, ancl indeed essential, feature of com-
prehensive and thoroughgoing ecological or 
ph,.itogeog~aphical study. 

One must note, however, that the number 
of observations froni each habitat strtclied by 
Drahble and Drahble was small, and that their 
niaxi~sium intensity of dryness mas not very 
great. Again, diere is no satisfactory series 
of determinations of the osmotic pressure of 
the sap of niesophytic plants to serve as a 

~Drnbblo and Drabble, Bio.-CAem. Jour., 2 :  
1907. 

2 Fitting, %eitsc,hr. f .  Bot., 3 : 1911. 


