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antagonistic (compensatory stage), depend- 
ing upon the experimental timing. From the 
effmts of these interacting mechanbms it may 
be concluded that: refractoriness may be con- 
verted into susceptibility to poliomyelitis and 
vice versa, by factors influencing the adrend- 
testis equilibrium either by direct action or by 
interference with pituitary function. The 
latter mechanism, which seems to be respon- 
sible for the effects of centain seasonal and 
dietary factws upon susceptibility( 2,3), 
should be taken into consideration as one of 
the prospective means for disease prevention. 

1. A significant proportion of 
castrated male hamsters inoculated with 
MEFl virus intraperitonally dewloped para- 
lytic poliomyelitis, whereas nm-castra t ed con- 

Summary. 

trols were completely refractory to the virus 
by this mute. 2. Enhancement of suscepti.- 
bility observed immediately after castration 
was found to be reversed during the compensa- 
tory stage 2 weeks later. 3. The e€fect af 
castration u p  susceptibility rto experimental 
poliomyelitis was synergistic with cortisone 
during the initial stage, but anta.pnis6ic dur- 
ing the compensatory stage. 
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Relationship between Behavioral Changes and Brain Cholinesterase 
Activity Following Graded Intracerebral Injections of DFP. (22680) 
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Previous studies have shown that forced 
circus movemenits may be induced by uni- 
lateral electrostimulation ( 1,2,3,4) or ablation 
(5,6,7,8) of various parts of the muraxis. 
Farced circling may also be produced by 
unilateral intracarotid injections of the 
anticholinesterase diisopropylfluorophosphate 
(DFP) (9,10,11,12) as well as by micrometer 
syringe injections of D F P  and CNS stimu- 
lants into specific brain structures.t It has 
been disclosed thzt the imtracerebral admin- 
istration of 0.01 ml solutions containing from 
0.06 to 0.16 mg of D F P  does not result in 
significant spread of this substance to adja- 
cent cerebral gray matter.+ This finding 
opened the possibility to determine (1) the 
level of cbolinesterase (ChE) activity at 
which stimulation of specific CNS structures 
occurs and (2) the relationships between the 
dose of DFP, the level of ChE activity and 
the production of forced circling. The cau- 

* Presen,t address: University of Tennessee. Medical 

t In abstract, Fed. Proc., 1956, v15, 199. 
School, Memphis, Tenn. 

date nucleus was selected for this study be- 
cause of its comparatively high level of ChE 
activity( 10,12) and the kmwn role it plays 
in the forced circus movements induced by 
micrometer injections into this structure.+ 

Methods. In all experiments D F P  was ad- 
ministered into the right caudate nucleus by 
means of a micrometer syringe attached to a 
stermtaxic apparatus. Solutions of D F P  
were mlade by diluting weighed amvvunlts with 
water so that injections of 0.01 ml would de- 
liver between 0.0001 mg to 0.32 mg. In order 
to inject greater doses undiluted quantities of 
D F P  were employed because D F P  is immis- 
cible in this volume of water in amounts 
greater than 32 mg. The dose of undiluted 
D F P  was determined by appropriate adjust- 
ment of the miommeter syringe and in all 
such cases the volume was less than 0.01 ml. 
The entire dose range of D F P  emplo-pd was 
from 0.0001 mg to 10 mg. Controls were ob- 
tained by injections of 0.01 ml of physidogi- 
cal saline. Mock injections were also made 
in order to determine whether D F P  was de- 
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posited in the brain merely upon insertion of 
the needle. To assure the delivery of solu- 
tions to exactly the point desired the bevel of 
a 2 7  gauge needle was ground off. This caused 
the direction taken by the drop to be parallel 
to the long axis of the needle. The needle was 
cleared with a stylus before each injection. 
Animals which had shown signs of bleeding 
during the experiment or a t  autopsy were dis- 
carded. Only male albino rabbits of approxi- 
mately the same weight (average 2238 g) 
were selected for this study so that their 
cranial dimensions would be as uniform as 
possible. c.g., the Bregma to Lambda skull 
length in all of these animals was close to 
18.35 nim. .A local anesthetic (0.5% ponto- 
mine) was administered subcutaneously over 
the dorsum of the skull and the scalp was laid 
open. The animals were then lightly ether- 
ized and a hole drilled through the cranium 
with a dental burr 2 mm anterior to the trans- 
verse suture and 2 mm lateral to the longi- 
tudinal suture. The injection into the caudate 
nucleus was made at  this point at  a depth of 
9 mm from the esternal skull surface. Ether 
administration was then stopped and the ani- 
mal was released from the stereotasic instru- 
ment and observecl for at  least 1 hr. The ani- 
mals were then sacrificed by an intravenous 
injection of air and the ChE activities bi- 
laterally determined in the caudate nuclei, 
dorsomedial thalami and motor cortices by 

the titrimetric method of Aprison, Nathan 
and Himwich( 10). All ChE determinations 
were run "blind." In a second series of ex- 
periments 0.2 mg of atiropine sulfate was ad- 
ministered with 0.16 mg of DFP and in a 
third one 1 mg of atropine sulfate was in- 
jected i.v. after forced circling was induced 
by the deposition of 0.16 mg of DFP into the 
nucleus caudatus. 

Injections of from 0.01 to 0.32 
mg of DFP in solution into the caudate nu- 
cleus resulted in every case in contraverslive 
forced circus movements which persisted for 
longer than 15 minutes (range from 18 min. 
to 1 hr. and 44 min.). As seen in Fig. 1 the 
ChE activity of the right caudate nucleus was 
below 40% of the control value in each of 
these circling animals. The ChE activity 
determinations on the left caudate nucleus, 
however. revealed values which were higher 
than 50% of normal and in general with doses 
of from 0.01 to 0.16 mg there was no sig- 
nificant evidence of spread of the injected 
DFP either to the opposite caudate or to the 
rest of the brain. With greater doses (0.23 
to 0.32 mg) a spread of this suhtmce  
throughout the brain was evident. Nevethe- 
less the ChE activity values were always more 
than 50% of the control in parts of the brain 
other than the right nucleus caudatus. No 
other effects of DFP such as miosis or head 
nystagmus ( 9 , l l )  were observed as a result 
of the intracerebral injection of this sub- 
stance. 

With doses of 1 and 2 mg of undiluted DFP 
cmtraversive circling was less #than 8 m h u h  
in duration and only intermittent. Doses of 
3 and 10 mg did not cause circling and re- 
sulted in the death of the rabbit within 7 to 
60 minutes after the intracerebra1 injections. 
In all of these animals the ChE activity in 
the left caudate nucleus was less than 35% 
of normal and in those that died it was near 
zero; the other brain areas in fatal cases had 
decreased to less than 13% of normal values. 

On the other hand, injections of less than 
0.01 mg of DFP did nat cause any apparent 
change in the behavior of the animal and the 
ChE activity values were greater than 40% 
of n m a l .  As shown in Fig. 1 the distri~bu- 

Results. 
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tion of ChE aotivity of the right caudate nu- 
cleus in this nmcircling group was greater 
than with the circling animals. No significant 
ChE activity reduction (less than 4%) re- 
sulted from the mock injections. 

Addition of 0.2 mg of atropine sulfate to 
the injected solution of DFP prevented the 
appearance of farced circus movements. 
Moreover, the 1i.v. administration of 1 mg of 
atropine was effective in stopping the circus 
movements induced by previous intracerebral 
injections of D F P  (0.04 to 0.16 mg). 

Discussion. The results indicate that the 
optimum dose for the production of contra- 
versive circling by intracerebral administra- 
tion of D F P  into the caudate nucleus is be- 
tween 0.01 and 0.32 mg and that no sig- 
nificant spread of D F P  from such injections 
may be expected with doses from 0.01 to 0.16 
mg. Grwter concentrations lead to an in- 
creasingly greater degree of spread of this 
substance, a finding which suggests that be- 
yond a certain dose the qumtity lost is in- 
creased progressively either by way of the 
circulation or cerebral spinal fluid. Because 
of this spread i t  was not possible to limit the 
reduction of ChE activity 'to a single brain 
structure to near zero by this method. Such 
low values for the caudate nucleus, however, 
have been reported when D F P  is administered 
by m a s  of Ithe common carotid artmy 
whetwas crther areas of the brain do not suffer 
a similar profound decrease in enzyme activ- 
ity( 10,13). Under these conditions electro- 
graphic( 12,14) and other evidence( 7) has 
been advanced to show that the nucleus cau- 
datus is physidogically active. Since it was 
necessary \to excise the entire caudate nucleus 
in order to obtain enough tissue for analysis, 
it is possible that the ChE < t i v i t y  of the 
oaudate nucleus at the injection site was more 
reduced Itha reported in i this study fw 
circling animals. On the ather hand, when 
D F P  is administered inti-amrotidly the len- 
ticulostriate vessels would cause a more uni- 
form distribution of this substance to the 
caudate nucleus( 12) and ccmslequently an 
analysis of this whole structure may lead to 
lower values than was obtained by intracere- 
bra1 injectims. 

Thfs study also indicates that the ChE ac- 

tivity of one of the !two caudate nuclei must 
be reduced to a t  least 40% of control value 
if circling is Ito be expected. There is no rea- 
son to believe that other brain areas need be 
affected by DFP to induce circling by intm- 
cerebral injections into this structure (see 
also referencet). The similarity between 
forced circus movements obtained in this 
study and those resulting from vestibular ex- 
ciltation with DFP(  15) suggests a func- 
tional relationship between these two s y s t m  
as proposed by Muskens( 16). That death 
accurs when the total brain ChE activity is 
10% of nmnal or less has been previously 
reported ( 17). Interestingly it occasionally 
took as long as an hour for massive doses of 
D F P  to cause death when injected by mi- 
crometer syringe. This prolonged period 
would seem to offer a special advantage in 
the study of nerve gas antidotes when lethal 
doses are employed. 

Atropine has been shown to correct the 
forced circus movements induced by D F P  
( in jmtd  via common carotid a rbry)  (9) and 
it is thought therefore that D F P  whether in- 
jected intracarotidly or intracerebrally has its 
effects by a, cholinergic mechanism. The find- 
ing that lintrwerebral injections of D F P  m y  
induce circling in (the rabbit supports lthe con- 
clusions of other invesbigators that D F P  ad- 
ministered intracarotidly causes circling 
through its central effects( 13). None of the 
observable pdpheral  signs of the adversive 
syndrome(9,ll) such as ipsivwrsive miw5s 
are evident with intracerebral injections Olf 
DFP. The similarity between responses ob- 
tained with electrostimulabion of different 
brain areas and micrometer syringe injections 
of DFPt reveal the possibility that this last 
procedure may be used as an additional 
method t~ study experimentally CNS chalin- 
ergic drugs and their antagonists. 

Summary. The relationship between the 
amount of D F P  injected into the right cau- 
date nucleus and the resulting decreased chol- 
inestmase a~t ivi ty  has been investigated in 
regard to the appearance of forced circus 
movements. D F P  in doses of less than 0.01 
mg had no observable behavioral effect and 
did not lower the ChE aubivity to 40% of 
the conltrol value. Doses of fmm 0.01 to 0.16 
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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) 

r. I ~ C I T K A C H ,  K. GHOSSO~VJCZ A N D  J. GUHEVITCH. 
Ilepartme~it 0.t Clinicd Microbiologjt a i d  Depart t r i t ~ r i t  of Bacteriology, Hebrew Univcrsity-Hadassah 

Mcdiral School. ~ t ~ r t ~ . v a ~ c n r ,  Israel. 

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. 




