
SCIENCE 


facturers are producing them. Men are needed to 
make the best use of them, to test and maintain them, 
to improve them and to devise new ones. These men 
are of many kinds, from high-school graduates to doc- 
tors of philosophy, but one thing they must have i n  
common-knowledge of the fundamental laws of phys- 
ics on which the operation of these tools depends. 

Training in physics fo r  all these operations and a t  
all these levels is urgently needed. 

Even before the war the place of physicists in  in- 
dustry was becoming increasingly recognized. This 
is made evident by available statistics concerning the 
growing number of physicists employed in industrial 
laboratories, and the expanding membership lists of 
national societies in  the field of physics. I n  the last 
two years, as a result of war requirements, the need 
for  physicists, as compared with other professions, has 
grown very rapidly. Recent estimates indicate that 
the need is now growing at  the rate of 1,500 to 2,000 
per year, and that the current annual supply from 
schools is no more than 500. The need referred to 
applies to individuals having five or more years ex-
perience in physics in the sense of Section 1 (b)  above 
(i.e., a t  least one year of study or experience after 
the bachelor's degree). I t  does not include the much 
larger need for  individuals well enough prepared in 
mathematics and physics for  training in technical 
mar operations. This need has been officially esti- 
mated a t  more than 100,000. The W a r  Policy Com- 
mittee considers this a very conservative estimate. 

Accordingly, it is urged upon officers and faculty 
members of high schools, colleges and universities to 
recommend immediately that students enroll in  courses 
in fundamental physics and their prerequisites in  
mathematics, whatever the stage in the student's edu- 
cational career. The recommendation should be made 
only to students who possess natural aptitude for  
these studies. Such guidance for  the student will to a 
marked degree increase his value to his country in this 
critical time. 

Advisers of students may wish to point out to the 
latter that the study of physics (irrespective of any 
post-war career) is immeasurably helpful in any walk 
of life, because such study improves the ability to 

understand the new physical environment which man 
is creating for  himself, and which, f a r  more even than 
now, is bound to exert a major influence upon social, 
political and economic trends. 

Moreover, great new developments now appearing 
behind the veil of war secrecy are, beyond all possi- 
bility of doubt, establishing the basis f o r  unprece- 
dented peace-time applications of physics in industry. 
Some of the greatest of these are along lines not yet 
developed as branches of engineering. They give 
promise of opening large and fruitful fields fo r  the 
useful and profitable employment of those well 
equipped with a broad, fundamental training in 
physics. 

The committee recommencls to high schools that they 
emphasize mathematics through trigonometry and 
that in  teaching physics the aim should be to  give 
a well-planned, thorough course in  the fundamentals 
of the subject. Unless the high school is properly 
equipped to offer specialized training in the applica- 
tions of physics, i t  should leave this to the higher 
institutions. 

To colleges and universities the committee recom-
mends making provision f o r  the most advanced 
courses fo r  which students are qualified and, where 
facilities are suitable, the establishment of intensive 
courses, with laboratory practice, in  electronic devices 
and high frequency circuits. 

Since the demand for  physicists exceeds the supply 
which can be expected from the normal operations 
of schools and colleges, this committee endorses the 
program of special agencies operating to supplement 
this supply. 

( 5 )  USEOF PHYSICISTS 

The need for  physicists in  the total war effort is so 
vital, and the demand so greatly exceeds the supply, 
that it  is essential that every available individual 
trained in physics be placed in a position in  which full 
use is ~ilade of that training. The committee there- 
fore ~vould strongly endorse the adoption of any 
policies and regulations by the Selective Service Sys- 
tem, personnel divisions of the Armed Services and 
other government agencies concerned to achieve this 
end more effectively. 

SPECIAL ARTICLES 
T H E  BIOCHEMICAL S P E C I F I C I T Y  O F  led to the hypothesis that the antibacterial action of 

S U L F A N I L A M I D E  AND O F  O T H E R  
ANTIBACTERIAL AGENTS sulfanilamide was due to its competitive inhibition of 

E~~~~~~~TvaS given from this departnlentl which enzymes ~vhich normally interacted with p-aminoben- 

1 D. D. Woods, Brit. Jotby. Esp. Path., 21: $4, 1940. zoic acid or a closely related substance. The antag- 



onisnl between these two compounds has now been 
frequently confirmed, b4ut J o h n s ~ n , ~  the basis of on 
a reversal with urethane of the effect of sulfanilamide 
on luminous bacteria, questioned the hypothesis. We 
have found that urethane specimens, under certain 
conditions, may antagonize growth inhibition of Strep- 
tococc74s hae~nolyticus ancl Esciierichio; coli caused by 
sulfanilamide, but that these conditions are limited 
and illustrate well the reasons for  the original hy- 
pothesis. The findings are as follorvs: 

(1) Much more urethane than p-aminobenzoic acid 
is necessary to antagonize the antibacterial action of 
a given quantity of sulfanilamide (Table I ) .  Thus 1 

THE DIFFEREKTEFFECTSO F  URETHAKEAKD 
p - A n f ~ ~ o n ~ r z o ~ cACID 

Condition.; of testlng : S t r e p ,  haem. (Group A )  was grown 
as previously described7 with lo-' 121 pantothenate. 

Addenda Growth after (days) 

Sulfanilamifle, neversing agent, ill 2 3 
.ux 10" 

6 p-aminobenzoate,
2 x in-5 + + + 

p-~minobenzoate,
4 x 10-9 

uretkane, lo-? 
5 x loa 

" 5 x 104 
and less 

10 0 0 0 0 
10 p-aminobenzoate,

4 x 10-8 + + + 
10 p-aminobenzoate,

I x 10-8 o o + 
10 urethane, 5 x to 

5 x 104 0 0 0 

50 0 0 0 0 
50 p-aminobenaoate,

4 x 10-7 + + + 
50 p-aminobenzoate,

8 x 10-5 0 0 0 
50 urethane, 6 x to 

5 x 10" 0 0 0 

molecule of sulfanilamide is antagonized by about 
1/5,00Oth of a niolecule of p-aminobenzoic acid, but 
between 1and 100 molecules of urethane were found 
necessary, and this effect was not reproducible with 
certainty. It is difficult to picture the nlocle of action 
of so small a proportion of p-aminobenzoic acid ex- 
cept by a specific enzyme mechani~m,~  but this does 
not necessarily apply to urethane. 

2 I?. H. Johnson, SCIENCE,95 : 104, 1942. 
3 This large difference between the interacting quanti- 

ties of p-aminobenzoic acid and sulfanilamide has been 
given as an argument against a competitire mechanism 
for the action of sulfanilamide (S. D. Rubbo and J. Sf. 
Gillespie, Nature, 146: 838, 1940) and has been repeat-
edly quoted as such (e.g., by Johnson). The argument 
is now abandoned or no longer emphasized by its authors 
(cf. S. D. Rubbo and J. M. Gillespie, Lancet, I: 36, 1942) 
and is in fact no objection to, but is best interpreted in 
terms of competitive enzyme inhibition. 

(2) The urethane antagonism was shown only 
towards low concentrations of sulfanilamide, which 
were just anti-streptococcal. With slightly different 
concentrations the urethane had no reversing activity 
or was inhibitory. Five tinies this limiting concentra- 
tion of sulfanilanlicle was not antagonized by many 
times the concentration of urethane. The urethane 
effect thus can not be said to parallel that of p-amino- 
benzoic acid, which can be effective against 50 times 
such a concentration of sulfanilamide. More p-amino- 
benzoic acid is needed to antagonize such higher con- 
centrations of sulfanilamide, the quantities being 
roughly proportionate. The constancy of the ratio 
CsiCp, ~r-here Cs is the minimal concentration of 
sulfanilamide necessary for  bacteriostasis in the pres- 
ence of a concentration Cp of p-aminobenzoic acid, is 
consistent with sulfanilamide acting by inhibition of 
an enzyme normally reacting with p-aminobenzoic 
acid. Their similarity in structure makes this feasible. 
The non-competitive type of antagonism shown by 
urethane specimens is already knonrn to be given by 
methionine,4 which is structurally entirely unrelated 
to sulfanilamide. I t  has, however, been indicated by 
Harris and Kohn4 that this action is consistent with 
p-an~inobenzoic acid being the conlpound prinlarily 
affected by sulfanilamide. Methionine is regarded as 
bioche~nically related to p-aminobenzoic acid in that 
the acid is necessary for  the normal production or 
metabolism of nlethioaine. 

No mechanism is suggested for  the action of ure-
thane. Antagonistic effects of inhibitory compounds 
are, however, well known under the term "chemothera- 
peutic interference." Cases of such interaction which 
have been investigated are, like the effects with nar-
cotics quoted by J o h n s o t ~ , ~  not necessarily betmeen 
stracturally related compounds. Specific biochenlical 
mechanisnls can, however, be given,%suh as the in- 
activation of hydrogen transporting systems by acri- 
flavine and their replaceinent by nlethylene blue. This 
is in distinction to the suggestion2 of promiscuous 
interaction between inhibitors and illustrates the gen- 
eral tendency to biochemical definition of pharmaco-
logical action rather than vice versa. B n  approxima- 
tion to biochenlical localization of narcotic action has 
been made by Michaelis and Q u a ~ t e l . ~  

(3)  Other antibacterial agents are now known 
which in the manner of sulfanilamide are related to 

4 H. I. Kohn and J. S. Harris. Am. Jouv. Plzysiol., Proc., 
133: 354, 1941; E. Strauss, J. H.  Dingle and 3f. Finland, 
Jour. I?nmz~nol., 42: 313, 1941; J. S. Harris and H. I. 
Kohn, JOZLT.Phar?nacol., 73: 383, 1941. 

5 N. \-on Jancso and H. von Jancso, 2. Inz?nunforsch., 
88: 275, 1936; H. hfcIlwain, Biochem. Jour., in press; 
summarized in Lancet, 2 :  762, 1941. 

Jf. Michaelis and J. H. Quastel, Biochem. Jour., 35:  
518, 1941. 
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growth essentials. The "narcotic" hypothesis gives no 
expectation of mutual specificity between theii effects. 
Such does, however, exist (Table 11) and is readily 

TAELE I1 


SPECIFICITYOF AGENTS
ANTIBACTERIAC 

Organism and ref- Addenda 
erence to condi- Growth
tions of testing Inhibitor,Y Metabolite,Y 

Strep. haem' 0 0 + 
Bact. col is  } su:",":gmide, 0 0 

p-aminobenzoate,
10-7 4 

Gtaph. aure~tss 0 0 +
pyridine-3-sulphon-

amide, ;f0-2 0 0
p-aminobenzoate,

1 0 - 7 t o ~ 0 4  o 
6 pantothenate, 

10- .7to,~04 o' nicotinamide", 
10" + 

j n e ~ tmoniael" panto~ltyirine,104 0 0 
0. diphtheriael0 p-aminobenzoate, 

10-5  to 104 n 
pa~~othk;la&ll,

10-B +
nicotinamide",

I O - ~ ~ O I . O ~o 

explained in terms of competitive enzytne inhibition. 
Thus the inhibition by pyridine-3-sulfonamide is un- 
affected by the presence of p-an~inobenzoic acid or 
pantothenic acid, but is antagonized bv a definite frac- 
tion of its concentration of nicotinic acid. Panto-
thenic acid, but not nicotinic or p-aminobenzoic acids, 
reverses the inhibition due to pantoyltaurine. 

HENRYAICILTTAIN, 
Leverhzclme Reseavcli Fellow 

DEPARTXENTOF BACTERIALCHENISTRP 

T H E  E F F E C T  O F  I N S U L I N  S H O C K  O N  

L E A R N I N G  I N  T H E  W H I T E  R A T  


SIKCE its introduction by Sakel, insulin shock has 
been successfully used in the treatment of certain 
cases of dementia praecox and allied psychiatric and 
psychoneurotic conditions to bring about a remission 
of the sympton~s which in certain cases has lasted 
indefinitely. There has been, as yet, no agreement 
as to the theory of its action, although there is no 
doubt that a cerebral anoxia is produced, with which 

:H. NcIlwain, Brit. Jozcr. Exp. Pafh.,20: 330, 1939. 
8 P. Fildes, ibid., 19: 239, 1938. 
'J H. lIeIl~,~-ain,ibid., 21: 136, 1940. 
l o  H. McIlwain, ibid., in press; summarized in Chem. 

Ind., 61: 96, 1942. 
11 Low concentrations of these compounds are in some 

cases necessary for growth, and mere then present in the 
inhibited cultures; further quantities (those quoted) were 
necessary for reversal. 

the therapeutic effect is associated and upon which it 
is probably dependent. I t  occurred to one of us  that  
the psychopathological s y ~ n p t o ~ n s  might be regarded 
as  recently formed habits of response, with younger 
and ~netabolically more unstable synaptic patterns of 
neuronal associations invol~red. I f  this were true, the 
more recently formed habit pattern should be more 
easily broken up, because of the effects of the cerebral 
anoxia. I t  was decided to test this hypothesis by 
observing the effect of insulin shock on habit forma- 
tions in the experimental animal. 

This is a preliminary report of a study involving 
the effect of insulin shock on habits of varying de- 
grees of stability and age in  the white rat. Explora-
tory observation established a tentative opt i~num dos- 
age as  one unit of insulin per 1 2  grams of body 
weight. I n  the exploratory group of animals, this 
medication caused a state of lethargy and/or coma 
lasting about two hours with a latent period of ap-  
proximately 40 minutes. I n  almost half of the cases, 
there occurred severe cons~ulsive seizures in  which 
niovernents of the head region mere particularly pro- 
nounced. All animals seemed to be normal within 
eight hours aftev injection. 

Two mazes differing in complexity and type con-
stituted the bases fo r  the learning situations. The 
first group of animals began on a multiple-unit, ele- 
vated T maze. when this had been mastered to a 
criterion of 9 perfect runs in  a sequence of 1 0  trials, 
100 additional runs were made. Upon completion of 
this overlearning, training \x7as begun on a Iinear ar- 
rangement of the Warner-Warden multiple-unit allev 
maze. The same criterion of learning was used, but 
the additional overlearning was omitted. During the 
learning of the alley maze no practise was given on 
the elevated maze. As soon as  a n  animal had learned 
both mazes it was giren 20 trials on each maze sepa- 
rately. Any animal making more than two errors i11 
this stage was discarded. Fo l lo~~- ingthe test period, 
each r a t  was injected with the appropriate dose of 
insulin. Twenty-four hours af ter  injection, the ani- 
nlal was again given 20 trials on each maze. .A 
similar procedure was followed for  the second group 
except that training mas begun on the alley maze and 
the elevated maze habit was made the younger and 
less well-established habit. 911 rats were males. 

The results are given in the appended table. I t  will 
be noted that, because of the rotation of groups, the 
first six animals who began their training on the ele- 
vated maze are found in the lower right side of the 
table, when the newer or alley habit is considered. 
That is, r a t  No. 1began on the elevated maze and 
continued on the alley maze, whereas r a t  S o .  7 re-
versed this procedure. 

The present report mill deal only with comparisons 
i n  terms of total errors during the pre-post-shock test 


