
SCIENCE 


Ultra-violet light affords new opportunities for the 
control of fish diseases. I t  is unique in providing a 
means for the simultaneous treatment of both the fish 
and the water in which it swims. Since no experi-
ments have been reported which deal with the ultra- 
violet radiation of normal fish we have summarized 
in the accompanying table some of our data. Before 

TABLE I 
THE LETHAL DOSEOF ULTRA-VIOLET FORRADIATION 

BROOKTROUT 

Results 

1 6 5 24 3 4 Two died after third ex- 
posure. Two more died 

1 12  5 24 4 
next day. 

1 One died fifth day-oth- 
ers appeared grayish 
as if burned. 

1 6 3 24 5 10 Three dead after fourth 
exposure. Four more 
dead after fifth expo- 
sure. Rest died next 

1 12 3 24 16 
day.

1 No deaths until tenth 
day. Had not ap-
peared normal or eaten 
well for a few days 
before. 

1 1 2  3 18 5 0 No deaths. Held for 6 
days after last expo-

3-4 1 2  1 24 10 
sure. 

0 Apparently no detrimen- 
tal effect. 

3-4 6 90 1 3 Very grayish in appear- 
ance when removed- 
two died next day,-one 
some time later. All 
appeared burned. 

being radiated the trout were placed in a wire cage 
twelve inches square. This cage contained a screen 
bottom and top so that the fish could be confined in 
a water stratum at  a definite distance from the sur- 
face. Ten trout about 2 to 3 inches in length were 
used in each experiment. During the radiation the 
trout were kept in their usual habitat of flowing 
spring water at a temperature of 10" C. 

Our table shows that trout are killed by one long 
period of radiation or by a series of short periods 
a t  daily intervals. I t  also shows that trout can with- 
stand a certain amount of radiation without injury. 
This affords a zone for further experiments in at-
tempts to destroy the parasites without injuring the 
fish. No reliable comparison can be made between 

the sensitiveness of fish and the higher animals to 
ultra-violet radiation since the penetration of water 
by ultra-violet light seems unsettled. If  water is 
readily penetrable, trout are less sensitive to radiation 
than man; if the reverse is true they are probably 
more sensitive. 

The lamp used in these experiments was the Uviarc 
poultry lamp which was furnished us through the 
courtesy of the General Electric Company. 
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O N  T H E  OXIDATIVE NATURE O F  T H E  
NERVE IMPULSE1 

A YEAR or SO ago I succeeded in demonstrating2 
that although nerve conduction may go on in nitrogen 
for some time, for which chemically bound oxidative 
reserves were presumably used, no excess carbon diox- 
ide was given off as is the case in aerobic conduction. 
The tentative view was adopted that the initial phase 
of conduction, manifested by the action potential as 
usually recorded, was conditioned by if not caused by 
a union of some substance in nerve with oxygen, 
rather than a complete oxidation with the accompany- 
ing production of carbon dioxide. I attempted a t  
that time to determine manometrically whether this 
oxygen, required for stimulation, had first to be acti- 
vated or whether molecular oxygen sufficed. Owing 
to inadequacies in the technique, the results were only 
suggestive and were not published. This work was 
made the starting-point of a program of research 
aimed at a clearer elucidation of the physical chem- 
ical processes responsible for the propagation of the 
impulse in nerve; the purpose of the present notice 
is to report a few of the results thus far  obtained. 

For  this work I have turned to the theory of War- 
burg as being the most promising experimentally. 
Warburg believes to have shown that the respiratory 
enzyme is an iron-containing, hemin-like substance 
which can be poisoned by cyanides, hydrogen sulphide 
and carbon monoxide. Neither Warburg nor his col- 
laborators have ever worked on nerve, however. 
Hence it became our first task to see whether nerve 
behaves towards these poisons as does Warburg's 
yeast. 

To be very brief, it appears that sodium cyanide 
may inhibit nerve respiration very completely. In 
dilute solutions, e.g., N/1000 NaCN, the inhibition is 

1 From a paper presented a t  the Marine Biological 
Laboratory, Woods Hole, Massachusetts, on July 25, 
1930, and summarized in The Colleoting Net, 5: 145, 
1930. 

2 I?. 0. Schmitt, Biochem. Zeitschr., 213: 443, 1929. 
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complete only for an hour or so, thereafter wearing 
away to a certain residual amount. I n  strong solu- 
tions, e.g., N/10 NaCN, the inhibition is practically 
constant from the first and amounts to 80 to 95 per 
cent. The explanation of the escape from inhibition 
is to be found, perhaps, in the expulsion of HCN 
from the inner fibers by the lactic acid as a result of 
the anoxemia produced since lactic acid is stronger 
than HCN by some six orders; the effect may also be 
due somewhat to a relatively slow outward diffusion 
of the lactic acid. 

Similarly it was found that nerve respiration 
may be inhibited fairly completely by carbon mon-
oxide in the dark. The constant expressing the 
relative affinities of the carbon monoxide and oxy- 
gen for the iron catalyst represented by the equation 
n / l  -n .CO/O, =k was found to approximate 
closely to the value of 1 0  as was found for other cells 
by Warburg. Furthermore, illuminating the nerve 
causes a marked decrease of the carbon monoxide in- 
hibition of resting metabolism. 

By far  the most striking results were obtained when 
the effect of carbon monoxide on the action potential 
was studied by means of the cathode ray oscillograph. 
I n  mixtures containing from 1to 3 per cent. of oxy- 
gen in carbon monoxide it was found that the height 
of the action potential decreases progressively to ex- 
tinction, this decrease being considerably faster than 
in a similar mixture of oxygen with nitrogen. If  
during this decline in carbon monoxide the nerve be 
illuminated by means of an arc-light, the height of the 
action potential rises immediately and may return to, 
or even exceed somewhat, the original value. It is im- 
portant to note that the potential rises immediately 
with illumination but does not drop a t  once when the 
illumination is turned off; the return to the original 
extinction curve usually takes from 20 to 30 minutes. 
That the effect is not one of temperature rise or of 
photo-oxidation is shown by the fact that a com-
panion nerve in nitrogen failing along a similar curve 
is quite unaffected by the illumination. There is some 
evidence of small rises in potential in illuminated 
nerves in presumably p u r e  carbon monoxide; the ex- 
planation of this is at present not yet clear. 

The work is not sufficiently far  along to warrant 
any sweeping generalizations, but it seems clear that 
the action potential is produced by an oxidation or 
oxygenation of a substance or substances in nerve, 
and that for this purpose, activation of the oxygen by 
a respiratory enzyme similar to that of Warburg's is 
essential. Since nerves usually do not fail in pure 
carbon monoxide any faster than in pure nitrogen it 
appears that the function of the iron catalyst is chiefly 
to make active oxygen available to the irritable mecha- 
nism which when stimulated is then capable of produc- 

ing the action potential. For  the further elucidation 
of the r6le of the iron catalyst and of the oxidations 
required for the production of the action potential I 
am attempting to bring together two distinct lines of 
research : that of manometric measurement of metab- 
olism, and that of the measurement of the electric 
potential of nerve. Indeed, some progress has al-
ready been made in this direction; I refer to the fact 
that it is now possible in our hands to obtain accurate 
records of the height, shape, duration, etc., of the 
action potential of nerves with the cathode ray oscil- 
lograph whilst measuring simultaneously their metab- 
olism manometrically. Only by such a union of meth- 
ods will the questions raised in this report be ade- 
quately answered. 

FRANCIS0. SCHMITT 
DEPARTMENTZOOLOGY,OF 

WASHINGTONUNIVERSITY 

BOOKS RECEIVED 
Aristotelian Society. Proceedings. Volume XXX. 1929-

1930. Pp. 322. Hattison and Sons. 25 s. -7 

BARKER,T. V. Systematic  Crystallography. Pp. xi f 
115. 76 figures. 7/6. T h e  S t u d y  of Crystals. Pp.
xvi f 137. 181 figures. 8/6 net. Thomas Murby,
London. 

BARNABY,RALPH STANTON. Gliders and Gliding. Pp.
xii f 170. Ronald Press. $3.00. 

BUCHNER,PAUL. Tier  und  Pflanze in Symbiose. Pp. 
xx t 900. 336 figures. Gebriider Borntraeger, Berlm. 

CARMICHAEL,R. D. T h e  Logic of Discovery. Pp. ix f 
280. Open Court. $2.00. 

CHAMBERLAIN, J. Plant  Science. CHARLES Elements  of 
Pp. xii f 394. 321 figures. McGraw-Hill. $1.90. 

COLLINS,A. FREDERICK.Experimental Chemistry. Pp.
xvii f 276. 108 figures. Appleton. $2.00. 

DIRAC,P. A. M. T h e  Principles of Quantum Mechanics. 
Pp. x + 257. Oxford University Press. 

GADOW,HANS. Jorullo. Pp. xviii f 100. Cambridge
University Press. 7/6 net. 

GRAUSTEIN,WILLIAM C. Introduction t o  Higher Ge-
ometry. Pp. XP-t 486. Illustrated. Macmillan. $4.50. 

ERONIG, Band Spectra and Molecular Structure. R. DE L. 

Pp. viii f 163. 15 figures. Macmillan. $3.50. 


LEENHARDT,MAURICE.Notes D 'Ethnologic, Ndo CalS-
donienne. Pp. viii f 265. 48 figures. 36 plates. In-
stitut D7Ethnologie, Paris. 120 fr. 

MACCALLUM, Wil l iam Stewart  Halsted, Surgeon. W. G. 
Pp. xvii f 241. Illustrated. Johns Hopkins Press. 
$2.75. 

MOTT,N. F. An Outline of W a v e  Mechanics. Pp. 155. 
21 figures. Cambridge University Press. 8/6 net. 

PASSANO, M.LEONARD Plane and Spherical Trzgonome- 
t ry .  Pp. xvii f 143. 36 figures. Macmillan. $2.10. 

PUTTI, VITTORIO. Historic Artificial Limbs.  Pp. xi + 63. 
Hoeber. $1.50. 

ROREM, C. RUFUS. T h e  Public's Investment  in Hos-
pitals. Pp. xxii t 251. University of Chicago Press. 
$2.50. 

STETSON,HARLANT. M a n  and the Stars. Pp. xi i i t  
221. 30 plates. Whittlesey House, McGraw-Hill. 
$2.50. 

TALBOT,FRITZ B. Treatment  of Epilepsy. Pp. xiiif 
308. Macmillan. $4.00. 

WILLIS, BAILEY. Living Africa. Pp. xv + 320. Illus-
trated. Whittlesey House, McGraw-Hill. $4.00. 

WILSON, WALLIS D. Culture and Progress. Pp. xii t 
503. Whittlesey House, McGraw-Hill. $5.00. 


