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mg, however, caused persistent contraversive 
forced circling and decreased the cholines- 
terase value of the nucleus caudatus to from 
21 to 40% of normal. There was no evidence 
of significant spread of the DFP within the 
brain in this group of animals. The adminis- 
tration of atropine sulfate either prevents or 
stopped these forced circus movements. Per- 
sistent forced circling could also be induced 
with larger doses of from 0.23 to 0.32 mg of 
DFP and evidence of spread of the DFP was 
then observed. In this group the injected 
nucleus caudatus showed ChE activity val- 
ues of from 18 to 20% of the control whereas 
remaining parts of the brain revealed sym- 
metrical reduction in ChE activity between 
48 to 82% of normal. When still greater 
amounts of DFP were injected (1 to 10 ma) 
the spread of this substance progressively in- 
creased so that eventually ChE activity was 
decreased bilaterally and transient circling or 
death resulted. 

The author wishes to express his indebtedness to 
Dr. H.  E. Himwich for his valuable counsel and to 
Miss Shirley J. Moak for her important technical 
assis tancc. 
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Sensitivity of Staphylococcus aureus to Penicillin in Various Media. (22681) 
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The composition of the culture medium is 
of importance in testing the sensitivity of 
microorganisms to penicillin. The media may 
contain substances M-hich react with penicillin 
chemically. thereby reclucing its effective con- 
centration. Substances having -SH groups 
such as thioglycollate. cysteine and gluta- 
thbne behave ,in this manner ( 1,2,3,4). Acetic 
acid, too, inactivates penicillin by chemical 
interaction(5). Vitamins such as fdic acid 
and vit. B6 antagonise the effect of penicillin 
( 6 ) ,  and ascorbic acid also shows a deleteri- 

ous effect(7). Glucose may diminish Ithe ef- 
fect of penicillin when added to cultures of 
!itciph?lococcus aureus (8,9). Furthermore. 
the activity of penicillin was decreased by ad- 
dition of serum to the basal medium( 10). On 
the other hand, certain substances, such as 
nicotinamide, exhibit synergistic effects with 
penicillin (8,11) . 

The present work deals with the effects of 
the addition of various carbohydrates to cul- 
ture media, on the sensitivity of Staph. aureus 
to penicillin. 



SENSITIVITY OF Staphylococcus 

Methods. Test organism and inoculum: 
Staphylococcus aureus Oxford strain, was in- 
oculated into nutrient broth (Difco). After 20 
hours incubabion at 37°C the cells were har- 
vested and washed 3 times with physiological 
saline. The washed cells were diluted 1 : 100 
in saline and 0.1 cc added to tubes containing 
1 cc of medium. Two different media were 
employed: (a) Nutrient broth (Difco) and 
(b) a casein hydrolywte medium of the fol- 
lowing composition : 

Casein hpdrolysate (vit. free)* 10% 
Carbohydrate 1000 mg 
Tryptophan 20 mg 
Cystine 10 mg 

Distilled water to make 100 cc 

3 cc 

Thiamine 100 7 
Nicotinic acid 100 y 

* Obtained f roiii Xutritional Biochemicals 
Co. (NBC). 

After autoclaving, the following sterile so- 
lutions were added in amounts of 0.5 cc each: 
1 )  Salt solution composed of: MgS04 7H20 
4%; NaCl 0.125% FeS04 7H20 0.125%, 
and MnS04 4H20 0.125%. 2 )  K2HP04 
8.7%) and the medium was dispensed asep- 
tically, into sterile tubes ( 12 x 100 mm) . 

Penicillin solution : Crystalline penicillin G 
(Shenley) was used. A concentmted solution 
containing 10,000 u/cc was kept in the refrig- 
erator for one week; dilutiims being p m p a d  
freshly far each experiment. 

Antibacterial assay. The assays were car- 
ried out in small test tubes containing 1 cc 
of the medium. The penicillin effect was 
tested by the 2-fold dilution technic using 
the medium its a diluent for the penicillin. 
After inoculation with Staph. aureus the tubes 
were incubated at  37°C for various periods of 
time. 

Results. Effect of different carbohydrates 
on the sensitivity of Staph. aureus to  penicil- 
lin. Nutrient broth and w i n  hydrolysate 
media, containing glucose, pyruvic acid, acetic 
acid or lactic aaid were inoculated with Staph. 
aureus. (Carbohydrates were added to the 
media before autoclaving.) Controls with- 
out added carbohydrate were included. Peni- 
cillin was added to the tubes in various con- 
centrations, and the degrees of growth inhibi- 
tion were examined after incubation for 24, 
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FIG. 1. Effect of carbohydrates on inhibition of 
Staphylococcus aureus by penicillin. Casein hy- 
drolysate medium, - X - ; casein hydrolysate 
medium with lactic acid (l%), -0-; casein 
hydrolysate with acetic acid (l%), -0:; casein 
hydrolysate with glucose (l%), -X (in circle)-; 
casein hydrolysate with pyruvic acid (loJ~), -A-; 

nutrient broth (Difco), -0-. 

48, 72, and 96 hours. The results are given 
in Fig. 1,  which shows that Staph. aureus was 
most sensitive to penicillin in nutrient broth 
and in a casein-hydmlyste medium mn6arin- 
ing pyruvic acid; 0.04 u/cc of penicillin in- 
hibilted the growth oomplekly. The degree of 
inhibition did not change apprwiably on fur- 
ther incubation. On the ather hand, 0.2 u/cc 
of penicillin was not inhibitory when a d n  
hydrolysate medium wiithout added c a r b  
hydrate was used. When lactic aaid was 
added to casein hydlrolysate, growth appeared 
in tubes containing 0.2 u/cc only after 72 
hours of incubation. The growth of Staph. 
aureus in a medium containing acetic acid 
was not inhibited by concentrabions of 0.15 
u/cc after 96 hours. In Fig. 1 the sensitivity 
of Staph. aureus iis plotted against incubation 
time. The straight line obtained in a glucose 
and penicillin-containing medium suggests the 
Occurrence of a chemical (interaction between 
them. To examine this polinlt further, the fol- 
lowing experiment was prformed: p i c i l l i n  
in a concentration of 5,000 u/cc was incu- 
bated at 37°C in a solutim of glucose (50 
mg/cc). Penicillin incubated similarly in 
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A B 
FIG. 2. Effect of glucose on inhibition of Staphylococcus aureus by penicillin. (A) Penicillin 
(5000 u/cc) was incubated with glucose (50 mg/cc) for 5 days at 37°C. Sterile filter paper 
strips were soaked with the solution and tested for activity against Stnphylococcws aureus. 
Photographs taken after growth for 48 hr. (B) Penicillin (5000 u/cc) was incubated with sa- 
line solution for 5 days at 37°C. Sterile filter paper strips were soaked with the solution and 
tested for activity against Staphylococcus aureus. Photographs taken after growth for 48 hr. 

saline served as a control. After 5 days, 
pieces of sterile filter paper were soaked in the 
respective solutions and were placed on agar 
plates inoculated with Staph. aureus. The re- 
sullts are shown in Fig. 2. It is seen that on 
incubaition of penicillin with glucose a marked 
decrease of the inhibition zone was obta,ined. 
No dimiinution of penicilllin activity was found 
after it was preincubsted with lactate; it 
seems unlikely that a similar chemical rew- 
tion between penicillin and lactate had oc- 
curred. To eliminate the possibility that the 
addition of laotic acid stimulated the occur- 
rence of a resistant mutant, the lactate-grown 
strain was inoculated into nutrient broth and 
its sensitivity to penicillin re-examind ; how- 
ever, no diminution in sensitivity was ob- 
served. Parallel experiments in which the 
media were sterilized by Sektz filtration were 
carried out. Table I shows that heating is 
not the cause of (the variation in sensitivity in 
the different media. 

Discussion. Pyruvic acid and glucolse 
when added to media rich in amino acids 
(supplied as casein hydrolysarte) , increase the 
sensitivity of Staph. aureus to penicillin. On 

the other hand, lactic and acetic acids were 
not effective. The observed interaction be- 
tween penicillin and glucose explains the re- 
duction in penicillin activity afitm prolonged 
incubation in glucose Containing medium. No 
such mechanism is responsible far the low ac- 
tivity of penicillin in lactic acid-medium. Po- 
tentiation of the penicillin aotivity by pyru- 
vate may be explained as follows: (1)  The 
a n t + W i c  interferes with some step in the 
pyruvic acid metabolism of Staph. aureus; in 
the absence' of added pyruvic acid such inter- 
ference is less pronounced. Or ( 2 )  The toxic 
factor responsible for the antibacterial effect 
is not penicillin per se but a compound fomed 
under lilts influence( 12)  ; pyruvic add  con- 
tributes to the production of the hypothetic 
toxic factor. In the absence of pyruvic acid 
the inhibitor is formed in smaller amounts, 
hence the lower antibacterial activity. A1- 
though the experiments presented do not fa- 
vor me explanation rather than the other, un- 
published work( 13) suggests that penicillin 
interferes wtth the oxidation of pyruvic acid 
by cells of Staph. aureus. These results in- 
dicate that the sensitivity df Staph. aureus to 
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TABLE I. Sensitivity of Staphylococcus aureus to Penicillin in Casein Hydrolysate Media 

Casein hydroly- 
Acetic Lactic Pyruvic Xutrient sate, no carbohy- 

acid acid acid Glucose broth drate (control) 

Containing Various Carbohydrates.* 

A4utoclared niedium .15t .2 ,025 .1 .025 >.2 
Seitz filtered medium .15 .2 .05 .1 .025 > .2 

* Resu1t.s were read after 96 hr of incubation at 37°C. 
t Masimal concentration of penicillin (u/cc) in  wliich growth appeared. 

penicillin may be affected by the carbon 
source of the medium. Similar findings were 
reported for E. coli(l4) which was found to 
be more sensitive to penicil€in in Ithe presence 
of xylose or ribose than with glucose. 

Sumntary. The effect of the composition of 
the medium on the sensi'tivity of Staphylococ- 
cus aureus to penicillin was tested. Pyruvic 
acid or glucose, when added (to a casein hy- 
drolymte medium, increase the antibacterial 
effect of the antibiotic. Lactic or acetic a d s ,  
on the ather hBand, have no such effect. The 
possible mechanisms of the enhanced p i c i l -  
lin activity in presence of pylruvic acid are 
discussed. 
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Metabolic Studies of Desaminothyroxine. (22682) 
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Desaminothyroxine (3 ,S diiodo-4 (3', S', 
diiodo-4 hydroxy phenoxy ) phenyl-propionic 
acid) was synthesized by Clayton, et d.( 1) 
at the Glaxo Laihratories, Middlesex, Eng- 
land, and by Kharasch et QZ.* at  the Univer- 
sity of Southern California. 

Bruice, Winzler and Kharasch ( 2 ) reported 
that in tadpoles (Rnna catesbiana) at about 
24"C, diesanzlinothyroxine possesses 130 times 
the metamorphosing activity of L-thyroxine. 
Roth(3) has recently reported that ilt has 
1000 times the activity of Ldhymxine in this 

* Personal communication. 

test art 16°C. In comparimn, Roche(4) has 
shown desasninathyroxim to have about 75% 
the antigoitmgenic activity of D-L-thyroxine 
in ratts. Selenkow land Asper( 5) repented it 
to have only 20 to 25% the aniti&itrogenic 
acitivity of Ldyroxine. No lmpcmts m its 
calorigenic activity in mammals hwe been 
found. 

Method. Measurements af the oxygen con- 
sumption of rats were conducted in a 5-unit 
basal metabolic rate rnachhe a t  3OoC(6). 
Individual studies usually lasted 4 5  houil.s, 
using the first half-hour as a wlibranion pe- 




