
T H E  NERVE-MODULUS F O R  ANESTHETICS 

FORsome years this laboratory has examined the 
quantitative eeects of local anesthetics upon nerve 
action-potentials. Full details of apparatus and meth- 
ods ~vill be published elsewhere. I t  mas found that for  
sciatic nerve of R. Pipiens 

T log R = Z  
when : 

T is the elapsed time in minutes between the applica- 
tion of the anesthetic and a decrease in action 
uotential of 80 uer cent. 

n~o~ar~~--rninirni~rneffective molarity 
R is the ratio nlillimum eEective rnolarity 
Z is a constant. 

We propose to call the quantity Z the nerve-niodulus 
fo r  local anesthetics. I t  was found closely to approxi- 
mate 5.50 for  five local anesthetics of unrelated chemi- 
cal ztructures. 

I n  the determination of local anesthetic-potency it  is 
a common practice to use the minimal effective concen- 
tration (31m) as a criterion of potency. Ntn is fre- 
quently determined by successively testing solutions of 
decreasing concentrations. Because the relationship 
between block-time and molarity is hyperbolic the 
experimental determination of tile minimum effective 
concentration presents practical difficulties. The use 
of the modulns Z renders this procednre unnecessary 
as from it the minimum effective concentration can be 
readily calculated. 
Thus 

Log ~ = fT 


R = log-=
Zi-
T 

and 

or more conveniently (and because Z = 5.50) 

Thus in  comparing an anesthetic with procain the 
ratio : 

When : 
&Il = mola~ity of proeaiil 
M, = molarity of a~lestlletic tested 
TI= block-time for proeain 
T, = block-time for anesthetic tested 
Z =modulus or 5.5 
P = potency (relative to procain) 

Consequently the minimum effective concentration 
of procain and the unknown may be compared without 
the determination of the Mm of either. When an-
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esthetics differing widely in potency are conlpared it 
is not usually possible to use equinlolar concentrations 
in testing them, because a n  effective concentration of 
one will be either too concentratecl or too dilute fo r  the 
other. 

The modulus permits direct comparison of solutions 
of unlike molarities. To correct the block-time for 
differences in nerve-diameters the standard nerve diam- 
eter mas arbitrarily taken as 500 micra. The block- 
time for  a given molarity was found to vary as  the 
square of the diameter of the nerve. Therefore it  is 
a simple matter to correct an observed block-time to 
that for  a standard nerve of 500 p. I n  practice a con- 
centration of anestl~etic is selected that causes 80 per 
cent. block in from 3.5 to 1 2  minutes. Higher concen- 
trations give inaccurate results because v11en excess -
anesthetic is present the molar/time relationship is not 
ralid. Lower concentrations yielding long block-times 
are inconvenient for tlie same reason that rendms the 
determination of h1m difficult. TThen a number of 
determinations of T have been made for  one or more 
values of ;\I the times are corrected to standard diam- 
eter, averaged, and 1Im calculated. The validity of 
31m can then be checked by direct experiment. When 
this is clone, 45 minutes is arbitrarily taken as the time 
in which a decrease in the action potential mnst be 
observed in order fo r  the concentration to be consid- 
ered minimal. I n  the five anesthetics t e s t ~ d  Nm cal-
culated from Z closely corresponded with the experi- 
mentally deterxilined values. 

F o r  anesthetics having prolonged action such as  
Snpercain the calcnlated 31111 was found to exceed the 
determined 3Im. These anesthetics block nerre-con-
duction for  much longer periods than those for  which 
the nlodulns vias found to hold, recovery-tirne in some 
instances being as  long as 3 or 4 hours contrasted with 
30 luinutes or less fo r  anesthetics such as cocain and 
procain. The nlodulus proves useful in making rapid 
preliminary tests of new compounds. When it  is 
found that the recovery time after 80 per cent. block 
is longer than 30 minutes, the calculated 1Iin should be 
checked by direct experiment before attempting to use 
the nlodulus to calculate the relative potencg P. Fur -
ther experiments are in progress. 
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T H E  QUANTITATIVE RELATIONSHIP  O F  

RIBOFLAVIN T O  CATARACT FORMA- 


T I O N  IN  RATS 


NUTRITIOPTAL in rats due to avitaminosiscataract 
was first described by Day, Langston and 0'Brien.l 

1 P. L. Day, W. C. Langston and C. S. O'Brien, Arner. 
Jozlr. Ophth.,  14: 1005, 1931. 



SCIENCE 


Later Bessey and Wolbach2 described other ocular 
changes due to Vitainin G deficiency but reported 
that cataract occurred in only a small percentage of 
their animals. E l  Sadr3 observed both the corneal 
opacity, vascularization and cataract reported by the 
above workers. Day. Darby and Langston4 subse- 
quently identified riboflavin as  the cataract preven-
tive factor. 

Since these workers had used different rations and 
since their results were varied, a series of experiments 
was undertaken to explain the inconsistency of cata-
ract forination in rats fed on riboflavin deficient diets. 

Sixty rats were placed on the diet of Bourquin and 
S h e ~ m a n . ~A microbiological assay by the method of 
Snell and StrongG showed this ration to contain ribo- 
flavin in  such amounts that our aniiilals received 0.57 
microgral~ls per day on the baiis of arerage food con- 
sumption. Another group of fifty aniinals was placed 
on a modified ration of Bourquin and Sherman in 
which the B-co~nples was supplied by adding suffi- 
cient amounts of crystalline thiamin, pyridoxin, nico- 
tinic acid, pantothenic acid and choline, instead of the 
80 per cent. alcoholic extract of wheat. Some of these 
animals mere supplenlented with varied amounts of 
riboflavin while others received only the basal ration. 

A third group of twenty aniinals was placed on a 
riboflavin free diet in which 1 4  per cent. Crisco mas 
used as a source of f a t  initead of the 8 per cent. 
filtered butter f a t  used in the Bourquin-Sheriiian diet. 
The ani~nals on this ration were supplenlented with 
50 ganl~na thiamin, 20 gainina pyridoxin, 200 gam~na  
nicotinic acid, 100 gamma pantothenic acid and 5 
milligra~ns choline per r a t  per day. 

The results of these experiinents variously corrobo- 
rate all the work done on riboflavin deficiency as it 
affects the eyes of rats. Corneal opacity and vascu- 

larization occurred in all aniinals except those re-
ceiving adequate ainounts of riboflavin. Cataract oc- 
curred in 90 per cent, of the animals on the Bour- 
quin-Sherman diet within 9 weeks. 

On the modified ration, 85 per cent. of the animals 
receiving between 1 and 3 micrograms of riboflavin 
daily developed cataract in  10 weeks. On the modi- 
fied ration without the riboflavin, only 1 4  per cent. 
of the aniiilals exhibited cataract for~nation. The 
time periods in  each case were comparable, i.e., cata-
ract had developed in the animals receiving small 
ainounts of riboflavin a t  a period when the negative 
controls mere alive and exhibiting some growth but 
without the development of cataract. 

All the animals on the third ration failed to develop 
cataract within twelve weeks after which they were 
discarded. 

These results indicate that rats on a ration devoid 
of riboflavin do not exhibit cataract. Minute amounts 
of riboflavin induce cataract formation and rations 
containing more nearly adequate ainounts are non-
cataractogenic. This would explain the inconsistency 
reported by various workers of cataract production 
on rations which were deficient but not entirely ribo- 
flavin free. Our results are also in  agreement with 
the observations of Stokstad and Manning7 on the 
incidence of the curled toe paralysis syndrome in 
chicks. These findings denlonitrated a lack of curled 
toe paralysis except when s~na l l  amounts of riboflavin 
were present. A more coinplete report of these find- 
ings will appear  elsewhere. 
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SCIENTIFIC APPARATUS AND LABORATORY METHODS 

A TEST-TUBE S P I R A L  ABSORPTION 

VESSEL 

A SIiIIPLE, efficient and inexpensive vessel for  carbon 
dioxide absorption has been constructed and exten-
sively used for  plant respiration measurements. As 
seen in Fig. 1, this absorption cell has the added ad- 
vantage of compactness. This feature is obtained by 
the use of a test-tube for the shell of the apparatus. 

The nucleus. around which the absorption cell is 
built consists of a glass spiral through which a chain 

2 0. -4. Bessey and S.B. Wolbaeh, Jour. Exp. Xed., 69: 
1, 1939. 

3 M. M. El Sadr, Chem. and Ind., 58: 1020, 1939. 

of gas bubbles moves in  contact with the absorbing 
solution. This spiral tube lengthens the path of the 
bubbles and thus prolongs the time of contact be-
tween the gas and the solution. By this means, in- 
creased efficiency of absorption is obtained. Appa-
ratus built upon this principle have been described, 
heretofore, by Harvey and Regeimballl and also by 
inany other designers of similar apparatus. 

As indicated in Fig. 1, the apparatus includes a 
test-tube ( b )  fitted ~ ~ i t h  a two-hole rubber stopper ( a )  
through which pass a long inlet tube and a short out- 
let tube. The inlet tube is bent just below the rubber 

jour.stopper so that its longer portion is centered in the 
Nutrition, 13 : 389, 1937. 

5 A. Bourquin and H. C. Sherman, Jour. Amer. Chem. 7 E. L. R. Stokstad and P. D. Manning, Jour. Nutrition, 
Soc.. 53 : 3501. 1931. 16: 279, 1938. 

6 E. E. ~ n e l l  and F. M. Strong, Ind. and Eng. Chem. 1R. B. Harvey and L. 0. Regeimbal, Plant Physiol., 1: 
(Anal. Ed.), 11: 346, 1939. 205-206, 1926. 

4 p. L. D ~ ~ ,  ~ ~ ~ ~ ~ ,W. J. ~~~b~ and W. C. ~ ~ t 


