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lic.41 rcsa:~rcbis involucd. D'ini~lly, crerl il' the snbnrission of . 
sworn st:ltements were to  be reduced in this  maliner to  n 
kind o l  empty ritual,  i t  wonld nevertheless be a r i tual  in 
which rnany a young man, already idealistically deilic ited in 
Iris own eyes to  the  service of his countrymen, wonld par-
ticipate only with a certain sense of hilmiliation and  n corre-
s l~ondingfeclina of resentment ;  aird I could not bring rnysclf 
to continue a r imote  but iilrntifktble association with the  
coml)ulsion to  n:lrticipnte. On this  las t  point I rec:111 with 
c21nrity the  feelings I experienced when required to  take the  
so-called Teachc.r's Oath some years ago in Massachusetts, :In 
oath  which I conld and  did tnlie with a perfectly clear con-
scaience ant1 without reservations. 

You will nnderstand, I am snre, t h a t  th is  letter,  being a n  
ex1)ression of conscicntions bclipifi and not a discussion of 
mere practical aruanzcmcnts, is a communication which I do 
not feel bound t o  hold private. 

MARSHAI~T,H. STONE 
T / I F  Universi ty  of Clhicugo 

Method for Sslpplying a Laboratory with 

Warm Sea Water in Winter 

Oiie of the liqn licaps fnccd by the 1)iologist worliing 
ill iioithzrn ~ v a t t r s  is the long winter period when tlle 
\rater tcmpcrature is  too low for active functioning of 
illany invertebrates. 111 oilr case this period, when thc 
\\:ctctr tcmpeinti~re i n  Long Island Round is 5.0" C or less, 
nray extend from four to almost five months. I n  scvcrc 
\\,inters a tcmgeiatul .~ of - 1.6" C is oftcn rccorded 
(~JO~SANOFP,  Under sllchV. L., Ecology, 1937, 18,  506). 
eoriditions many forins arc hibernating, whilc others are 
less active than a t  higher tempcr:rtiirrs. 

Uiiring tlle last five years wc tried to ovcrco~ne this 
difficillty by artificially increasili'g tlic ternperatilre of sea 
~r;-;rtcrused in our cxporiments. l'he first attempts, which 
consisted in  maintaining a high teniperaturc i n  tlic ex-
pcrirnental aquaria by mcans of electric hvaters, were 
rather promising hcc:iusc they showed that oysters kept 
iu~dcr  siich couditions could be induced to develop rip,: 
eggs and sperinatozoa even in the middlc of winter 
(IAOOSANOPP,V. Id., Science, 1945, 102, 124). IIowever, 
since the use of clcctric heatcrs was ratllcr expensive, and 
hecause there werc certain objcctioirs to keeping mctal 
lrcakrs arid cspcrimcntal animals in the same water, we 
did not consider thc mcthod entirely satisfactory and con- 
tinued to sreli a better one. 

The principle of our prcscnt mcthod is  rather simple. 
Cold sea water is  pass-d through a coiled lead pipe, which 
is  iinmcrscd in a largc tanlr filled with warm fresh watcr. 
The tcinperaturc of t l ~ i s  watcr is m.aintained a t  the dc 
sircd level by a gas flame regulated by a pilot light 
tllcrmostat (Fig.  1, A).  Tlle tcmpcrature of sea watcr 
in the lead pipe leavi~ig the tank is  rcgulated by a11 elec- 
tric thermostat, thc bulb of wliich is attachcd to tlie pipe 
itself. This tl~eilrlostat is  also connected to the magnetic 
gas valve (Fig.  1, B) of the gas bunler. I f  tlie tem-
peratiire of oiitgoing warm sea water in tlie lead pipe 
decreases below a certain minimum, the thermostat sends 
a signal to the magnetic gas valve, mlliclr increases tlie 
gas flame. To prevent the stratification of warmer water 
in the iipper part  of tlie tank, a strong stream of air 
bulrbles is  contiiiiioi-sly passed through the tank. 111 gen 

e ~ a l ,  Ihc systcin is simple and can be installed by a pcr-
son fanliliar with installation of dornestic liot watcr 
heaters. Ours was installed by our laboratory mechanic, 
J oscph Lucash. 

Tlle advaritagcs of having warrn r i i n ~ ~ i n gsea watcr in 
a Inborntory arc nurneroas, the most obvious being thc 
possibility of conducting throughoilt or almost throughout 
the year many experiments whicl~ formerly had to be 
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Frc. I .  Diagram showing mcthod of raisins temprratii1.e 
of cold sea watcr.  

collfincd to the relatively short summer period. For ex-
ample, by subjecting adult clams, Bcn?rs ?~ir?.cenu~in, to 
gradiially increasing temperatllres during January, we 
induced them to spawn in  February arid Marell and grew 
thcir larvac to metamorphosis. Fo r  several ycars oysters 
were eonditionod in the same way, and recelltly my col- 
league, EIarry C. Davis, was successfiil in obtaining heavy 
sets of oysters in thc n~iddle of winter. No doubt simi- 
lar success can bc achicved with otlicr forms wliicli nor- 
mally are inactivc in winter. 

By kecping the animals during thc cold period a t  dc-
sircd temperaturcs, laboratories can be assiircd of n suffi- 
cient supply of biological material, wllicli is ordirlarily 
unavailable i n  winter. For instance, we already Bnow on 
thc basis of our cxperienee tha t  embryological stiidics on 
cggs of somc lamellibmnchs can now be continued on al- 
most a year-round basis. Thus, a t  least in this respect, 
we can hope to accomplish as  milch in one year now as 
c.ould be done formerly in three or foiir. 

Another advantage of a continuous supply of warm 
sea water in winter is that  it is  so easy to maintail1 
streams of different temperatures by mixing warm and 
cold water in different proportions. We iise streams of 
aboiit 5.0, 70.0, 15.0, 20.0, 25.0, 30.0, atrd even 35.0" C. 
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Water of such tempcr:rtures, or any other temperatures 
within this range, can be prepared by having constant 
level jars of cold nnd warm water and by regulntiilg the 
flow from tlrese jars into a mixing chamber where tlre 
desired temperature is attained. From the mixing cham- 
ber the water will flow into the trays or aquaria con-
taining tlie experiineiital animals. Because tlie tempera- 
ture of our cold water is  very uniform, adjustments are 
seldom necessary to compensate for  fluctnations. 

Having running water of different temperatures offers 
an  opportunity to experiment simliltaneously with groups 
of organisms kept a t  slicli temperatures. For example, 
we used our facilities for  observntions on growth of adult 
oysters a t  temperatures of 10.0, 15.0, 20.0, 25.0, and 
30.0" C;  on develop~nent of eggs and growth of larvae 
of different inolluslts; i n  studies of some phases of pl~ys- 
iology of oysters and clams, such as  gonad developinent 
aiid spawning; aiid in many other experiments. 

VICTORI,. IJOOSANO>'B' 

l+'l.slr nrtd Wildli fe Servlc.c2, Mllfo~d,C O ~ ~ e ~ t l ~ l l t  

Toxicity and the Chemical Properties of Ions1 

Tlie irleclranisrn of tlre toxic action of drugs has long 
been a controversial subject. Attempts a t  an  ehicidation 
of the problem include correlations between toxicity and 
molecular properties. The older plrysiologists aiid medi- 
cal men are, i n  tlle main, opposed to any such correla- 
tion; the younger biochemists are  for it. The more 
conservative investigators have much negative evidence 
to support their view, for lislially when a drug is ad- 
ministered no one has tlie slightest idea what happens 
thereafter, other than the end result. Those who believe 
in an  association between tlre physiological effect and 
moleclilar pattern of a poison lrave little evidence but 
much confidence to support their view-a view which 
they regard as  tlie intelligent one, for, to wlrat else can 
toxicity be due? 

A study of the poisonous action of inorganic salts on 
slime molds should simplify matters, for  the ion of 3 
metal has a f a r  less intricate structure than, for  example, 
a molecule of cocaine, and a primitive form of life is 
devoid of the romplexities of higher organisms. 

Tlie slime molds are Myxomycetes to  the botanists, 
wlro regard tlrel~i as  plants, and Myceto~oa to tlre zool- 
ogists, who think these i~iolds are animals. To medical 
men, slime molds are just protoplasm, f a r  removed from 
tlre intricacies of the human body and tlrerefore having 
little bearing on medical physiology. But perhaps tlie 
difference I~et~vcenthe protoplasm of lowly organisms 

1 A n~~mberoL cl~e~uists have contributed to these com-
merrts, some them to sl?ealrirrg. in of ~mlk~~own me, group 

and tha t  of higher forills of life is  not always as  great  as  
imagined. Lacking the kifferentiations which tissues 
present, the protoplasm of a slime mold reveals correla- 
tions which are obscured in highly complex organisms. 
Furthermore, the visible effect of a. toxic agent on a 
slime mold may be directly observed through tlie micro- 
scope. 

Tlie degree of toxicity of a poison acling on a slime 
mold is  determined by a number of patliological changes 
wliiclr occur in the protoplasm; among them are the 
periods of time necessary to kill, to  stop protoplasmic 
flow, and to prodnce injury. The degree and kind of 
injury are also significant criteria; aixlolig these are 
gelation, solation, syneresis, blistering, surface rupture, 
and general disorganization. 

Results of studies on the poisonous actions of anesthetic 
agents, drugs, and metallic salts on protoplasm -were re-
ported a t  an Army Symposinm in Juue  1948." Tlie dis- 
cussion there, and later elsewlrere, led to iilimerous com-
ments and criticisn~s, both ailverse ancl constructive. 
'i'l~ey are repeated lrere in tlie belief tha t  they will prove 
of interest not only to  toxicologists, biologists, and med- 
ical researell workers, but to cl~emists as  mell, for  they 
deal a s  much with the physical cliei~iistry of solution as  
with toxicity. 

I lrad found a correlation between the anestl~etie 
effects of CO, and N,O aiid their isosteric properties 
(Science, 1948, 107, 15). The correiatioii was cluestioned 
bccause, so i t  was said, the protopl:lsm is uot in contact 
witlr the gas, CO,, but with carbonic acid. l'his is  
:~ i iolcl problem, aiid lras long since been answered by both 
biologists and chemists. Of the several lrinds of molecules 
and ions whiclr CO, in water n ~ a y  present, it can be 
experimeiitally shown, by a process of eiirnination, that  
only tlie CO, molecule is  responsible for  anesthetic and 
ot l~er  toxic effects. There are several ii~gei~ioiis experi-
ments i n  physiology whiclr demonstrate, by taste and 
color indicators, tliat an  ucid condition is  established 
within living tissue when :~iiulkccli~~aesolution is added 
outside, due to tlre rnpid entrance of COZ as  such. 3'e~v 
substances enter a cell as freely aiid a s  rapidly as  does 
c:irbon dioxide, aiid i t  e1itei.s primarily as  tlie CO, 
molecule. 

The evidence from the physical-clremical side is of 
tlre same sort. 13. B. Bull (Physica,l biocl~cneislry, New 
Yorlc City: Jolrii Wiley, 1943) states tha t  " a t  equi-
librium, the amount of dissolved CO, is about 1000 times 
l,lrc a n ~ o u ~ r t  of lrydrated CO,, i.e., of car;)oniC ncid." 
r ,  '1111s means tliat instead of having no free CO,, there is 
some 99 percent of it when CO, is dissolved i11 water. The 
correlation between the isosteric and the anesthetic prop- 
erties of tlre gas must, therefore, fall, if it is to fall, on 
otl:cr grounds. 

A fnrtlier criticism, directed against physical-clren~ical 
discussions. Iinther than attempt to select those ~ I r o s t ~  
commerrts should be ncl<no\vledgr~d. I shall express my in-
debtedness to all collectively, arrd disclaim for myself nrry 
credit for the more fertile sugg(~s1ions. I need only add 
tlrut tlre physiologicnl work on tlre toxicity of salts rel~ortcd 
here was done in my 1ubor:rtor.y by myself and my ;~ssist;mt, 
whose presence I owe to thc! Slo:rn-TCettering Tnstitnte fo r  
Cnncer 1:esen rch. 

interpretations of the toxicity of metallic salts, involved 
the validity of tlle assumption tha t  the metal ions are 
present as  free ions. That  hydrates aiid complexes are 
formed in  sol~ltion is, of course, \veil kiiomn. H:tlts such 
as  those of A1 and Zn are particularly bothersome from 
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