
Stimulation of Limbic Systern 
of Brain in Waking Animals 

Phylogenetic and cytoarchitectural 
studies, together with recent physiologi- 
cal investigations, suggest that the limbic 
system represents an early neural devel- 
opment involved in the higher control of 
the autonomic nervous system and in af- 
fectively determined behavior (1, 2) .  
The limbic system has a marked influ- 
ence over the viscera controlled by the 
autonomic system; hence the designation 
"visceral brain" is applied to it ( I ) . 

This paper (3)  summarizes our studies 
on 29 cats and 13 monkeys (Mncacus) ,  
in which multilead electrodes were im- 
planted in both cerebral hemispheres in 
different parts of the limbic system 
(amv~dala  both anteromedial and baso- 
\ ,u 

lateral nuclei, pyriform cortex, hippo-
campus, temporal tip, posterior orbital 
gyrus, and anterior cingulate gyrus) . 
After recovery, these areas were stimu-
lated electrically in unanesthetized wak- 
ing animals. 'The parameters of stimula- 
tion used were 30-cycle-per-second 
square waves pulses of 0.2- to 1-~nillisec- 
ond duration and 3- to 8-volt intensity. 

Affective behavior of the animals 
showed marked and varied changes on 
stimulation of different regions. Stimula- 
tion of temporal lobe structures, exclud- 
ing the tipi made the majority of the 
animals agitated and fearful, but quieted 
some of them. Temporal tip stinlulation 
of cats made them very irritable. Stimu- 
lation of temporal tip in monkeys and 
stimulation of posterior orbital cortex 
just rostra1 to temporal tip in cats made 
them verv vicious and violent. On  the 
other hand, cats with electrode locations 
further removed from the temporal tip, 
as well as monkeys, became very quiet 
during posterior orbital stimulation. 
Stimulation of the anterior cingulate 
caused convulsions followed by a typical 
rage reaction. 

Certain somatic movements involving 
the ipsilateral facial, eyelid, orbital, and 
oral muscles, and rarely the limb muscles, 
and alco dorsal retraction of the head 
were obtained by stimulation of all these 
regions. Contraversive turning of the 
head ( 4 )  was obtained only in 6 cats by 
stimulation of the amygdala, orbital cor- 
tex, and cingulate gy~us. Organized 
movements of "eating" automatisms (5) 
(sniffing., licking, chewing, biting, and 
chop-licking) were also obtained by stim- 
ulation of all the regions. The food in- 
take was not increased by stimulation. 

Stimulation of widespread points in all 
these structures produced signs of auto-
nomic activity that included lacl~ryma- 
tion, salivation, pupillary changes, move- 
ments of nictitating membrane,, and 
more rarely urination and defecation. 
The volume of gastric secretion, as well 
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as its HC1 (free and total) and pepsin 
contents, was both increased and de-
creased by such stimulation; gastric mo- 
tilitv was inhibited bv stimulation of the 
temporal lobe structures, and both in- 
creased and inhibited by stimulation of 
the posterior orbital and anterior cingu- 
late gyri. There was usually a rise in 
blood sugar level resulting from stimu-
lation of all the limbic structures in the 
monkey; in the cat, there was a rise re- 
sulting from stimulation of all these 
structures except the anterior cingulate. 
Fall in blood sugar resulted only from 
stimulation of anterior cingulate gyrus 
in the cat. Changes in blood pressure 
were elicited on stimulation of all the 
different regions. In  the majority of 
cases, stimulation of temporal lobe struc- 
tures ~roduced  a fall. while stimulation 
of the temporal tip and posterior orbital 
and anterior cingulate gyri produced a 
rise. Changes in the respiration, on the 
other hand. could onlv be elicited from 
few points stimulated, and there was no 
relationship between these and the blood 
pressure changes. There was usually an 
inhibition of respiration (evm apnoea 
in some) from stimulation of the antero- 
medial amygdala, while stimulation of 
different points in the orbital cortex, an-
terior cingulate, and temporal polar 
regions produced both inhibition as well 
as acceleration (6).  
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New Liquid Scintillation Phosphors 

A number of "whiteners" used in laun- 
dry detergents arid some other rclated 
compounds have been examined for 
liquid scintillation activity ( I  ) . Al-
though none of the compounds reported 
here show properties superior to the best 
phosphors now available, they represent 
entirely new classes of compounds in 
this field and may, therefore, be of in- 
terest as a starting point for better com-
pounds and in the study of the liquid 
scintillation process itself. 

About 40 compounds were obtained 
from five companies: E. I du Pont de 
Nemours and Company; Ciba Company, 
Inc.; General Aniline and Film Corpora- 
tion; American Cyanamid Company 
(Calco); and the Hilton-Davis Chemical 
Company. Two of these compounds 
showed special promise. These were 
7 - diethylamino -4-methylcoumarin ( I )  
and 2 (p-dimethylaminophenyl) benzthia- 

zole (11).Compound I was submitted 
by several companies and can be ob-
tained commercially from a num-
ber of sources. Compound I1 was 
submitted by the Jackson Laboratory, 
Organic Chemicals Department, E. I. 
du Pont de Nemours and Company. 

At the time these measurements were 
made, the liquid scintillator that gave 
best results in our laboratory consisted of 
0.4-percent 2,5-diphenyloxazole ( P P O )  
and 0.002-percent 1,6-diphenylhexatri-
ene ( P P H T )  in toluene. The mean pulse 
height obtained using a cobalt-60 source 
with this phosphor, flushed with nitrogen, 
will be referred to as 100 percent. Since 
these measurements were made, a solu- 
tion of 0.4-percent PPO and 0.01-per- 
cent 1,4-di(5-phenyl-2-oxazolyl)benzene 
(POPOP)  has been used, which gives on 
this scale a pulse height of 121 percent. 

Various preparations of compound I, 
tested as 0.4-percent solutions in toluene, 
gave pulse heights from 86 to 100 per- 
cent. Compound I1 gave pulse heights of 
90 percent. These compounds were used 
as received without special effort at 
further purification. The addition of a 
secondary solute such as P P H T  or 
POPOP had little or no effect on the 
scintillation properties of these solutions. 
In all cases, flushing with nitrogen to re- 
move air increased the pulse height ap- 
proximately 30 percent. 

A number of other compounds showed 
less promise, but they still showed meas- 
urable scintillation activity. These in-
cluded other amino coumarin deriva-
tives, an amino derivative of benzoxazole, 
and a derivative of imidazolone. 

A considerable number of compounds 
that were measurably soluble in water 
were screened for scintillation activity 
in water. Except for Cerenkov pulses, no 
activity was observed in any case, al-



though several compounds showed bril- 
liant blue-violet fluorescence under ultra- 
violet excitation. T o  my knowledge, all 
toluene-soluble substances that exhibit 
fluorcscence in the neighborhood of 4000 
A and are not colored in this region are 
more or less good scintillators. Thus, we 
must concludc that one or more steps of 
the chain involved in the scintillation 
process cannot occur in ordinary aqueous 
solution. Some "shot" experiments have 
been made ~v i th  aqueous solutions of 
these c o m ~ o u n d s  to which additives such 
as inorganic ions and simple organic sub- 
stances have been added. None of these 
gave positive results. 

Homologous areas of the ears of fe-
male albino rabbits were simultaneously 
dehematized and conditioned to different 
temperatures shortly prior to and dur- 
ing exposure to heavy doses ( u p  to 
28,800 r )  of soft x-rays (50 kv; 5 ma; 
3600 r/min; beryllium window). In-
tensity of the erythema at 24 hours, 1 
week (Fig. 1 ) ,  and 2 .weeks subscquent 
to exposure and the severity of later 
lesions, up to 8 weeks subsequent to 
exposure, were used as criteria of radi- 
ation damage. Each area was dehe-
matized for 3 minutes prior to tcmpcra- 
ture reszulation: then followed 10 minutes u 
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Radiosensitivity of Anoxic Skin 
in Relation to Temperature 

Reduced tempcraturc in mammalian 
skin during exposure to ionizing radia- 
tions is accompanied by reduced radio- 
sensitivity. This is interpreted in terms 
of an accompanying reduction in vascu- 
lar supply. The  radiosensitivity-modify-
ing effect of alterations in vascular sup- 
ply is ascribed to accompanying changes 
in oxygen tension; in effect, the protective 
influence of reduced temperature is at- 
tributed to the anoxic condition that it 
promotes. This view is supported by the 
radioresistance-enhancing effect of an-
aerobiosis in other protoplasmic systems 
( 1 ,  2 ) .  However, there appear to have 
been no studies of the effect of tempcra- 
ture, during irradiation, on the radiosen- 
sitivity of skin when variations in oxygen 
tension are simultaneously precluded. 
This report is concerned with this ques- 
tion ( 3 ) .  

Fig. 1. Typical erythematous reaction 1 
week following exposure to 28,800 r in a 
cooled tissue area (left) and in a warmed 
tissue area (right).  

followed by 8 minutes of irradiation; the 
area was then released. Only a single 
arca on any one car was employed. 

The  technique is diagramed in Fig. 2. 
Tissue temperature was regulated by the 
temperature of the water flowing through 
the copper chamber. Dehcmatization was 
induced by compression; wc employed a 
\veight of 1140 g. Tissue temperatures 
were measured with a thermocouple. The  
beryllium compression surface insured 
maximum transmission of x-rays to the 
tissue. The  dchcmatizcd area measured 
218 mm2; the irradiated area, in the cen- 
ter of the former, mcasurcd 95 mm2. 
The  fact that circulation was eliminated 
was demonstrated by injectin: Evans 
blue in the artery of controls; no colora- 
tion appeared in the comprcssed area 
after this injcction. Controls were ef-
fcctcd on the oppositc car of one and the 
same expcrimcntal animal; in these, no 
untoward responses occurred. 

This report is based on observations 
on about 30 warmed and 30 cooled tissue 
sites. In  several instances, the radiation 
dosc and the period of induced ischemia 
and temDerature rceulation were less u 

than indicated; these experimental varia- 
tions did not, however, essentially affect 
thc over-all pattern of response. In  gen- 
eral. the radioscnsitivitv of the anoxic 
tissue was found to be dcfinitely reduced 
following irradiation a t  the lower tem- 
perature. The  postirradiation responses, 
at  various times after irradiation, of 
cooled (about 10°C) and warmcd (about 
3g°C) tissue areas that were exposed to 
28,800 r follow. 

1 ) At 24 hours after irradiation: in 82 
pcrcent of the areas the intensity of the 
erythema was distinctly less in the cooled 
areas than it was in the warmed areas. 

2 )  At 1 week after irradiation: in 88 
percent of the areas the differential in 
erythematous response was the same as 
that described for 24 hours, but the con- 
trast was decidedly greater (Fig. 1 ). 

3 )  At 2 to 3 weeks after irradiation: 
with progressing complexity of the lesions, 
warmed areas continued to exhibit the 
more severe reaction; this was especially 
reflected in a corona of inflammation 

Fig. 2. Device by means of which anoxia, 
temperature-regulation and irradiation are 
simultaneously effected in localized areas 
of the rabbit ear. 

peripheral to the irradiated area; this 
pattern prevailed in 90 percent of the 
areas. 

4 )  At 1. to 7 weeks after irradiation: 
the same pattern of response continued 
and was evident in 96 percent of the 
areas. At 4 weeks. 40 Dercent of the 
warmed areas exhibited sequestration of 
the irradiated arca (perforation) ; there 
was no sequestration in cooled areas. At 
5 weeks. 83 ~ e r c e n t  of the warmed areas , A 

and 54 percent of the cooled areas ex- 
hibited sequestration. After sequestration, 
the corona of inflammation persisted for 
a considerable time in warmed areas but 
disappeared rapidly in cooled areas. 

5 )  At 8 weeks after irradiation: there 
was total sequestration of the irradiated 
area in all warmed areas, and the per- 
foration was always significantly larger 
than that occurring in cooled areas; 60 
percent of the cooled areas exhibited 
perforation significantly smaller than the 
irradiated area: the remainder exhibited 
extremely small perforation or none at 
all. 

These observations are offered as evi- 
dence, possibly the first of its kind, that 
the temperature prevailing in anoxic 
mammalian tissue at the time of irradia- 
tion is a significant dose-effect modifying 
factor. 
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