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the transaminase reaction and amino acid 
decarboxylation ; blocking these reactions by 
a deficiency of Be would be expected to de- 
crease the utilization of L-amino acids and 
amrnonhm citrate. A mechanism by which 
B6 may affect the utilization of D-amino acids 
has not been demonstrated. The data indicate 
that the administration of D-amino acids 
to the B6 deficient animal causes the excretion 
of a large amount of dietary nitrogen which 
is otherwise utilized!. The mechanism by 
which the toxicity of D-serine, administered! by 
stomach tube, is reduced by simultaneous ad- 
ministration, of pyridoxine( 9) may be related 
to this effect. Since &the only demonstrated 
reaction for the metabolism of D-amino acids 
is through the action of D-amino acid oxidme, 
it is possible that a deficiency of Bs decreases 
the utilization of D-amino acids by its effect 

9. Fishman, W. H., and Artom, C., PRW. SW. 
EXP. BIOL. AND MED., 1944, V57, 241; Artom, c., 
Fishman, W. H., and Morehead, R. H., P R ~ .  SOC. 
EXP. EIOL. AKD MRD., 1945, vG0, 284. 

upon this enzyme, 
Summary . Homogenized kidney from rats 

deficient in vitamin B6 exhibited only one 
third as much D-amino acid oxidme activity 
as did normal rat kidney homogenates. How- 
ever, when the food intake of control animals 
was restr$icted to that of the B6 deficient group 
there was no significant difference between 
the two groups in their kidney D-aamino acid 
crxidase activi,ty. 

A gavage supplement of D-amino acids 
(leucine, iwleucine, phenylalanine and valine) 
to vitamin B6 deficient rats greatly depresses 
dietary nitrogen utilization. Shnultaneous in- 
jection of, or an adequate dietary supply of, 
vitamin B6 completely overcomes this effect. 

Supplements af the L-isomlers of the same 
amino acids or an equivalent amount of in- 
organic nitrogen effected a smaller depres- 
sion of dietary nitrogen utilization, thus pin t -  
ing to a specific relationship between D- 
amino acid metabolism and vitamin B6. 
Rcccivcd Novembcr 1; 1949. P.S.E.E.M., 1950, v73. 
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Prevailing concepts attribute special physi- 
ological significance to the levels of the blood 
sodsum and potassium in relation to steroid 
hormone function of lthle a d r e d  cortex. They 
are based on the observation that a reduction 
of sodium and increase of potassium occurs 
in the blood serum of adrendectmnked 
anlimals, and that administration of desoxy- 
cortimsterone or its acetate can effect a re- 
versal of that change. It is maintained that 
this “cortimicl” is a specific hormone of the 
adrenal cortex whose function! is to regulate 
the balance between those electrolytes in the 
blood. The probability that loss of something 
other than any of the adrenal steroids might 
be respons2ble for the disturbed electrolyte 

* Supported by the G. N. Stewart Memorial 
Fund. 

levels in the blood of adrenalectomizedi animals 
has not been given serious attention. In view 
of the fact that adrenalectomy deprives an 
animal of function o!f the adrenal medulla as 
well as of alleged functions of cortical steroids, 
we undertook this investigation to determine 
if the physiological secretion of epinephrine 
might exercise can influence upon the blood 
sodium and potassium. A possible relation- 
ship between epinephrine action and serum 
potassium is suggested, also, from the results 
of vaTious pharmacological investigations. 

The demonstration by Rogoff and Stew- 
art( 1,Z) that sodium chjloride is diminished 

~ 

1. Rogoff, J. M., and Stewart, G. N., Demon- 
stration of adrcnalectomized animals, 38th annual 
meeting of the American Physiological Society, 
Cleveland, 1925. 
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in the b l d  of completely adrenalectomized 
dogs included the fact that at least 20% of 
the animals did not develop this change al- 
though other changes were present and the 
animals succumbed to the results of adrenal 
cortical insufficiency. Bauinan and Kur- 
land( 3) obtained similar evidence and 
added the information that an elevation of 
plasma potassium occurred in adrenalecto- 
mized cats. Others have come to consider 
this as the pathognomonic evidence of adrenal 
cortical insufficiency although the idea does 
not have conclusive and unequivocal experi- 
mental support. Tn many instances the in- 
crease in potassium can be regarded as a con- 
comitant of hemoconcentration. Significant 
evidence on this question is available from the 
electrical conductiv’ity, specific gravity, and 
ref ractome tric measurements that were report- 
ed by Rogoff and Stewart ( 1.2). The pharma- 
codynamic effects of adrenalin include an in- 
fluence upon serum potassium. I t  seemed 
possible that the physiological secretion of 
epinephrine from the adrenal medulla might 
be concerned with regulation of potassium in 
the blood, perhaps more so than the inlfluence 
of the supposed steroid hormone, desoxycorti- 
co-stemne. This question lends itself to satis- 
factory quantitative study, The results of 
such an investigation are reported here. 

There is agreement on the part of different 
investigators that administration of ad~ren.alinl 
does not result in a significant change in the 
level of blood sodium. The dosage employed 
in various studies upon human subjects as 
well as experimental laboratory animals was 
such as to induce hyperglycemia, glycosuria, 
elsevation of blood pressure. and lymphocyto- 
sis: with or without a concomitant elevation 
in the level of blood serum potassium(4,5,6), 

2. Rogoff, J. >I., mid Wewart, G .  N., Am. 6. 
Physiol., 1926, vi8, i l l ;  J .  Pharm. and E z p .  
Therap., 1926, v29, 3i3. 

3. Bauman, E. J., a i d  Kurlnnd,, Sarah, J .  Biol. 
Chem., 1926, v71, 381. 

4. Bjure and Svenson, Gpsci1t-c Lap. F o r k ,  v26, 36 
(Physiol. Abst . ,  1922, v6, 333) .  

5. D’Silra, J .  L., J .  Pk!ysiol., 1934, v82, 393; 
1936, v86, 219; 1937, v90, 303. 

6. Flock, E.: Bollman, J. L., Mann, F. C., and 
Kendall, E. C., J .  Biol. Chem., 1938, ~ 1 2 5 ,  57. 

Holwever, conflicting results have been record- 
ed in the literature concerning the influence 
of adrenalin upon serum potassium. Our ex- 
periments indicate that the discrepancies in 
the results of different investigators probably 
can be explained by the differences in &Osage 
and method or rate of administration of the 
adrenalin. In  this connection, is may be 
pointed out that dosage determines whether 
injected adrenalin produces only a glycemic 
response or both hyperglycemia and arterial 
hypertension. I t  has been reported that an 
increase in serum potassium is essential for 
production of a concomitant rise in blood 
(pressure ( 7 ) .  Such an effect requires a much 
larger dose of adrenalin than is effective in 
producing a rise in blood sugar. It was found 
by McGuigan and Higins(  7) that the potas- 
sium ion, in certain dosage, is capable of 
eliciting responses which simulate sympa- 
thomimetic action of epinephrine. This ob- 
servation, together with the fact that adminis- 
tration of adrenalin was found to increase the 
level of potassium in the blood serum, led 
(Camp and Higgins(8) to concludle that the 
effects of adrenalin are, indeed, really due to 
the action of potassium. Camp( 9) remarked 
that “The increase in serum potassium in 
Addison’s disease would seem to be due to 
improper distribution of the potassium ion 
consequent to epinephrine deficiency.” 

Examination1 of the results areported by a 
number of invesltigators reveals that an eleva- 
tion of the level of potassium followed ad- 
ministration of adrenab  in those cases where 
the dosage was relatively high, compared with 
the known range of physiological secretion of 
thle hormone from thIe adrenals, or where 
smaller doses were introduced into the cir- 
culation at  a rapid rate. In some illstances 
the dosage and rate of injection of the 
adrenaliln were such as yielded a preliminary, 
transient, rise in potassium which was suc- 
ceeded by a more sustained decline lasting 
about one hour and then returning to the 

7.  McGuigan, H. A., and Higgins, J. 9.) Ant. J .  

8. Camp, W. J. R., and Higgins, J. A., Science, 

9. Camp, W. J. R., Proc. I w t .  Med., Chicago, 

PhysioZ., 1935, ~ 1 1 4 ,  207. 

1936, v83, 622. 

1937, v l l ,  201. 
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initial level( 10,11,12). 
In  the obxrvati’ons made by Keys ( 11) on 

normal men, intravenous administration of 
adrenalin resulted in a decline in. the level of 
potassium. In experimental laboratory 
animals, increase of serum potassium followed 
the injection of adrenalin. The different 
results can be accounted for by difference in 
dosage and rate of administration, i.e., d5f- 
f erent amounts and concentrations of adrena- 
lin in circulation. Brewer, Larson and Schroe- 
der( 12), in similar experiments, reported a 
preliminary rise followed by a fall in potas- 
sium, induced by adrenalin in both man and 
laboratory animals. Commenting on &e dif- 
ference betweenl their results and those of 
Keys, they state, “In. man as in the dog ant 
interval of several minutes between injection 
of epinephrine and blood sampling allows 
sufficient time for the transient rise to have 
been replaced by a significant decrease in the 
blood potusium level.” 

I t  appears to us that the d$fference in re- 
sults probably is due to the fact that in the 
experiments upon human subjects, by Keys, 
the effective domge of adrenalin was in the 
physiological rather than in the pharmaco- 
logical range. It ‘was remanked by Brewer, 
et al. that “the possibility that a ‘pure’ fall 
in serum potassium, might be produced if the 
proper .dosage and injection rate for epineph- 
rine muld be found immed’iately presented 
itself .” Obviously, this was accomplished in 
the experiments on men, by Keys. 

Our experiments illustrate that the proper 
dosage and injection rate lfor eliciting a fall 
in the blood serum potassium is easily de- 
termined. If drenalin is introduced into the 
blood stream in an amounlt and at a rate 
that corresponds to the physiological rate of 
epinephrine secretion by the adrenals, only a 
d e c h e  in potassium is produced in dogs. 
Other effects result from administration of 
doses that are above the physiological range. 
Such pharmacological reactions may result 
also from too rapid injection of smaller 

10. Verzar, F., and Somogyi, J. C., PfEuger’s 

11. Keys, A., Am. 6. Physiol., 1938, ~ 1 2 1 :  325. 
12. Brewer, G., Larson, P. S., and Schroeder, 

Arch., 1941, 1-245, 398. 

A. R.., Ant. J .  Pliysiol., 1939, v126, 708. 

amounts of adrenalin. 
Stewart and Rogoff (13) established that 

the average physiological rate of epinephrine 
secretion from the adrenals is between 0.0002 
mg an’d 0.00025 mg per kg of body weight 
per minute. When administered at  such a 
rate, our experiments indicate that adrenalin 
always causes a decline in the level of serum 
potassium. Therefore, we believe that this 
effect is ,a physiological reaction. According- 
ly, it is h’ighly probable that a quantitative 
influence upon the regulati.on of the level of 
~ b l d  potassium is exercised by the physio- 
lbgical epinephrinle secretion from the adrenal 
medulla. 

All of our experiments were performed on 
dogs. Preliminary studies were made to de- 
termine the normal range of b l d  serum 
sod!ium and potassium for dogs, under the 
ordfinary condint?ons of our laboratory: The 
influence of physiological dosage of adrenalin 
upon the serum levels of these electrolytes 
was studied a in normal dogs, b in dogs with 
reduction or suppression of epinephrine secre- 
tion from the adrends, c completely adrend- 
&mized animals, with and without adlmin- 
istration of interrenalin (adrend cortex ex- 
tract).+ All of the measurements of sodium 
and potassium were made by two of US 
(J.M.Q. and A.W.R.) , employing the flame 
photometer; the operative and experimental 
procedures were performed by the other tm 
(J.M.R. and E.N.N.). Adrenalin was ad- 
ministered by constant intravenous injection 
employing the apparatus described by Ro- 
goff( 14). 

In nearly all of the experiments in which 
adrenal’in was administered a blood specimen 
was obtained before the injection was begun, 
another after about 45 minutes of injection 
a d  a third about an hour alfter the injection 
was discontinued.. In some of aae experi- 
ments a specimen was also taken about 2 to 
3 minutes after the beginning of the injection. 

13. Btemart, G. X., and Rogoff, J. M., Am. J .  
Php&l., 1923, 1-66, 235. 

t We are indebted to the Upjohn Company for 
a generous supply of adrenal cortex extract used 
in these experiments. 

14. Rogoff, J. If., 6. Lab. C l i a .  Med. ,  1940, 
~ 2 5 ,  853. 
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TABLE I. 
Effect of Constant Intravenous Injection of Physiological Quantities of Adrenalin upoii Serum 
Sodium and Potassium in Kormal Dogs and in Doga After Reduction or Suppression of the 

Epinephrine Secretion from the Adrenal Glands. Dog, 3 .  
Adrenalin jnj. 

r \ 

Before During After 
--\ - .- 

Date Dose S a  I< 3- a K S a  K 

11/25/47 

28 

12/16 

19 

1/23/48 
26 

29 

2/ 6 
9 

a/ 4 
30 

4/13 
16 
20 
96 

.14 

2 8  

2 8  

.14 

.28 

.14 

.15 

.72 

.30 

.3n 

.30 

.I 5 

153.8 

162.8 

148.9 

152.3 

144.1 

172.9 

148.0 

152.1 
161.4 

109.3 
126.5 
134.8 

5.37 144.6 5.27 
152.4 4.60 

4.58 142.3 5.38 
158.4 4.02 

4.76 145.2 5.04 
4.4'7 

5.96 149.9 6.21 
754.5 6.23 

Right adrenal dentmated 
5.00 152.2 4.40 

144.9 5.88 
5.65 169.1 4.97 

178.1 5.21 

6.27 147.8 5.13 
149.8 5.47 

5.87 161.4 4.17 
4.14 149.1 4.06 

3.36 107.7 5.73 
4.63 137.8 3.95 
4.90 

Left adrenal excised 

Right adr eiia 1 denerva t ed further 

160.9 

150.7 

154.8 

1G0.7 

145.0 

163.7 

148.9 
154.0 
165.6 

117.3 
129.7 
150.1 

3.59 

4.98 

4.87 

5.90 

5.26 

5.47 

5.34 
5.13 
5.16 

4.66 
4.51 
3.72 

The doses and rate of injection of adrenalin 
corresponded to amounts that were within the 
range which represents the minimum and 
maximum epinephrine output from the adren- 
al glands, under ordinary experimental con- 
ditions, k, between approximately 0.0001 
mg, and1 0.001 mg per kg of body weight per 
minute. Seventy-one determinations on blood 
spwimens obtained at  intervals from 11 nor- 
mal dogs yielded an average of 143 milliequiv- 
alents per liter for sodium. Sixty-nine deter- 
minations on the same animals and mostly 
on the corresponding blood specimens yielded 
an average of 5.1 milliequivalents per liter for 
potassium. 

Double adrenalectomy was performed in 7 
dogs. Two of these were treated with the 
adrenal cortical hormone, interrenalin. In 5 
dogs, one adrenal was excised and the other 
denervated, an interval Iking allowed between 
operations for a series of blood studies. The 
remaining (denervated) adrenal was finally 
excised in one of these dogs, thus adding an- 
other to the group of double adrenalectomies. 
The remaining 4 animals were subjected to 

repeated1 denervation of the gland, later, to 
control the possibility of regeneration of the 
secretory nerves. These 4 dogs remained 
alive. Table I illustrates the results obtained 
in one of the dogs after suppression of epi- 
nephrine secretion. Tablle I1 presents ex- 
periiments with 2 dogs, after bilateral adrenal- 
ectomy. In the 1 2  experimental animals, a 
total of 142 determinations of K and Na in 
the blood serum were made before the opera- 
tions, 74 after excision or denervation of one 
adrenal, 138 after denervation or excision of 
the second adrenal, and 39 after repeated de- 
nervation or excision of the remaining gland. 
In all, 393 Beterminations were made in these 
experimental animals, in addition to the pre- 
liminary series that was performed on the 
nolrmal,, control dogs. 

In general, thne results of our experiments 
indkate that constant intravenous adrninis- 
tration of adrenalin, in physiological dosage, 
does not influence the level of blood serum 
sodium. A small elevation that sometimes was 
observed could be accoun'ted for by the salt 
added to the circulating blood in the isotonic 



ADRENAL FUNCTION AND BLOOD ELECTROLYTES 167 

w 

z. 

3? 0 0 0  
1 5u. " c ?  

saltine solution in which the adrenalin dilu- 
tions were prepared. This was of the same 
order of magnitude as was found when saline 
solution, without added adrenalin, was ad- 
ministered as a control experiment. On the 
other hand, diminution in the level of potas- 
sium nearly always (about 9076 of cases) oc- 
curred. The results were the same in normal 
dogs, in those in which the adrenal epinephrine 
output was reduced or suppressed, and in bi- 
laterally adrenalec tomized animals in which 
elevation of potassium in the blood serum was 
present with or without diminution of the 
sodium level. While there were indications that 
the relation between epinephrine action and 
potassium lsevel in the blood might be quanti- 
tative, it would require many more experi- 
ments to determine that point with certainty. 

In colmpletely adrenalstomtized dogs, the 
increase in serum potassium often was asso- 
ciated with a decline in sodium. Frequently, 
the rise in potassium occurred without a 
change in the sodium andl, occasionally, a fall 
in sodium level was found in the absence of 
a significant change in potassium. Alteration 
in the level of one or both of the electrolytes 
after adrenidectomy sometimes was found 
early but more often it developed and became 
more marked as the animal's condition became 
critical and onset of a morilbund state was 
evident. In  a significant number of experi- 
ments, there was a moderate rise in potassium, 
without change in sodium, for a day or two 
after unilateral adrenalectomy or adrenal de- 
nervation. In cases of bilateral excision of 
the glands, such a t 8 m p r a r y  rise in potas- 
sium level may occur after each operation. 
When the second adrenal is excised, however, 
that rise in potassium usually is followed by 
a more marked increase developing with the 
onset of the phenomena of acute adrenal 
cortical insufficiency. If the adrenal corti- 
cal hormone, interrenalin, is administered 
in proper dosage following excision of 
the second adrenal, the early temporary ri3e 
in potassium sometimes o m r s  and the more 
marked change is not seen until after cessa- 
tion of the hormone treatment, when it de- 
velops usually about the same time as after 
second adrenalectomy in untreated an*imals. 

These observations, together with the fact 
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that the increase in blood serum potassium can 
be prevented or corrected by administration 
of epinephliine in such amounts as are lib- 
erated normally from the adrenal glands, sug- 
gest the possibility or, indeed, the probability 
that any physiological role of the adrenal 
gland in the regulation of blood potassium 
is concerned with function of the epinephrine 
secretion from the adrenal medulla rather 
than the alleged function of a specific steroid 
hormone, actual secretion of which by the 
cortex has not been proven. 

I n  some of our experimental animals one 
adrenal was denervated or excised and later 
the order of operation was reversed on the 
remaining gland. -1 third operation was per- 
formed. still later, to effect more marked, re- 
duction or total suppression of epinephrine 
secretion from the remaining gland (denerv- 
ated). In a few experiments this gland was 
finally excised, placing the animal in the 
group of dogs with bilateral adrenalectomy. 
The results of experiments on constant intra- 
venous injection of adrenalin. in amounts that 
correspond with the physiological epinephrine 
output from the adrenals, are illustrated in 
Table I. This experimental animal was se- 
lected for the table as a sample because it 
demonstrates, in one and the same animal, 
results obtained on the effect of adrenalin 
under normal conditions. after partial reduc- 
tion of the animal‘s epinephrine secretion 
from the adrenals, and after operation for 
further reduction or suppression of the adrenal 
secret ion. 

The table illustrates that a reduction of 
blood serum potassium is effected by th*e ac- 
tion of physiological quantities of adrenalin. 
.\mounts that are equivalent to the minimal 
rate of epinephrine secretion from the adrenals 
are effective in normal animals and in those 
that have been subjected to reduction or 
suppression of the epinephrine secretion. In 
completely adrenalectomized animals the same 
amounts of adrenalin are effective in dimin- 
ishing the blood serum potassium regardless 
of whether it has or has not been elevated 
following loss of the adrenals. 
An observation of some interest was made 

in a few of the experiments. I t  was found 
that in c a m  where there was a high potassium 

and low sodium, the adrenalin injections were 
followed by very toxic manifestations. In 
some cases it was necessary to institute treat- 
ment with cortical extract and intravenous, 
saline infusions to save the animals. Early 
deaths occurred among such adrenalectomized 
animals if treatment was not resorted to soon 
enough. This observatjion is important in view 
of the undesirable, somletimes dangerous, re- 
actions induced by adrenalin when adminis- 
tered to patients with -4ddison’s disease. 

Some of the results of experiments on 2 com- 
pletely adrenalectohzed animals in the series 
;were selected fo r  Table 11, to illustrate the in- 
fluence of physiological quantities of adren- 
alin in dogs deprived of both cortex and 
medulla of the adrenals. Both animals show 
the adrenalin effect to be the same as in 
normal dogs or in those in which only the 
epinephrine secretion from the medulla was 
interfered with. Dog “A” survived only a 
few hours after the adrenalin was adminis- 
tered, although he appeared to be in excellent 
condition at the beginning of the experiment. 
Dog “B” illustrates the lack of relationship 
between the levels of sodium and potassium 
whlen iboth are showing changes. In this a n h a 1  
life was prolonged by adlmlinistration of in- 
terrenalin, One observation dfuring that 
period is given and ~ W Q  olbservations that were 
made after hormone treatment was discon- 
tinued. The dog survived 10 days after ces- 
sation of treatment. In  both tables, t‘he dos- 
age of adrenalin is given as pg per kg of 
body weight per minute. The amounts of 
Na  and K are expressed in mlilliequivalents 
per liter of blood serum. Where two results 
are listed in the column under “During” 
adrenalin injection, the first represents a 
m i m e n  olbtained 2-3 minutes after begin- 
ning af the injection: the othiers were obtained 
about 45 minutes after beginning of the in- 
j ec tion. 

Inasmuch as reduction or suppression of 
epinephrine secretion from the adrenal glands 
causes not more than a moderate and transient 
elevation of blood potassium while complete 
adrenalectomy is generally followed by a per- 
sistent. and more marked rise, the suggestion 
made previously, that the medulla rather than 
the cortex of the gland‘ might be concerned 
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with regulation of blood potassium, may be 
considered ddbatable. However, it is pos- 
siblie that an influence upon regulation of po- 
tassium in the blood can be exercised by 
epinephrine secretion from the medulla, loss 
of whidh can ,be compensated for by the func- 
tion of other mechanisms. It is conceivable 
that such a compensatory mechanism, or 
mechanisms, could be so affected by the pro- 
found! metabolic disturbance which results 
from loss of cortical ,function ;that the ability 
of the organism to maintain a normal level 
of (blood potassium is lost. We believe that 
the foregoing evidence, in support of the pos- 
sSbility that regulation of blood potassium 
may be accomplished by functional activity 
of the adrenal medulla, is a t  least as credible 
as that which attributes such a function to 
the cortex. 

Summary. 1. The phpiological role of the 
adrenal glands in relation to blood potassium, 
hitherto attributed to Ifunction of the cortex 
or one of its steroid components, can be as- 
cr3bed to a function of epinephrine secretion 
from the medulla. 

2. The level of potassium in the blood 

serum is dimhished by intravenous admainis- 
tration of adrenalin in such amounts and 
rate 09 injection) as correspond with the physio- 
logical rate of epinephrine secretion from the 
adrenal glands. 

3. This effect is obtained in normal dogs 
and in animals with reduced or suppressed 
epinephrine secretion. The elevation of blood 
potassium, which occurs in adrenalectomized 
dogs, can !be corrected by constant intraven- 
ous injection of physiological dosage of adren- 
alin. 

4. Higher dosage may effect a rise in serum 
potassiulm. A moderate increase in dosage- 
usually induces a preliminary rise followed 
by a more lasting reduction in the level of 
potassium. This can also result from too 
rapid injection of smaller doses. 

5. Significant changes in sodium were not 
constant. The supposed dependence upon the 
drenal  cortex for mahtenance of a physio- 
logical equilibrium between sodium and potas- 
sium is not supported 'by the results of our 
experiments. 
Rcceived December 1, 1949. P.S.N.B.M., 1950, r73. 
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The hemolysins contained in culture fil- oxygen labile streptolysin 0 has received much 
trates of hemolytic streptococci have provided attention in thle literature, and a m n g  other 
abundant research material since their dis- interesting properties is the neutralization of 
covery by Marmorek ( 1 ) . Despite initial its hmolytlic effects by suspensions of caholes- 
controversy, the existence of 2 distinct varie- terol in high dilution, Hewitt and Todd(6). 
ties of hemolysin is now well established, Cohen and Schwachman(7) noted that pneu- 
Todd(2), Barnard and Todld(3), Henbert 
and Todd(4), Herbert and Todd,( 5 ) .  The 3. Todd, Em we) J .  Path* Bact., 1938, v47, 423' 

3. Barnard, W. G., and Todd, E. W., J. Path. 
.* This iiivcstigatiori was supportcd in p+rt by a Bact., 1940, v51, 423. 
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Office of Y:rval Rcscarch and Northwestern Uni- 5. IIerbert, I)., and Todd, E. W., Brit. J .  Exp-  
wr  si t y . Path., 1944, ~ 2 5 ,  242. 
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