
bilateral destruetion of the medial and 
lateral septal nucIei was 88% and 78%, 
respeetively. No Ss received less than a 99% 
complete lesion in the anterior one-third of 
both the medial and lateral septal nuclei; 
more posterior sparing of these nuclei was 
generally found. However, the lesion 
procedures removed 97% of both nucIei in 
oneS. 

In some Ss, incidental bilateral damage 
was found in the anterior portions of the 
lateral preoptic area, anterior portion of the 
diagonal band ofBroca, and anteriorportion 
of the lateral parolfaetory area (nueleus 
accumbens septi). Extensive damage to the 
anterior cingulate cortex and corpus 
calIosum was found in one S. Slight damage 
to the yen trieular wall of the eaudate­
putamen may have oecurred in some 
animals.4 

DISCUSSION 
We have no explanation of the behavior of 

the two septaIs which failed to make an 
intromission on the first postoperative test. 
Examination of the lesions failed to suggest 
any anatomie al basis for the perfonnance of 
these two animals, though it is possible that 
a transient edema may have been a 
contributing factor. The females used with 
these two Ss gave positive indications of 
behavioral estrusboth before and after the 
tests. During the unsuecessful test sessions, 
both animals were aetive and eaeh followed 
the female and engaged in eonsiderable 
anogenital sniffing. Neither male showed 
any signs of aggression toward, or fear of, 
the female. In fact, although septals were 
still scoring substantially higher than 
controls on the King scale (King, 1958) at 
the time the postoperative sex tests were 
given, we saw no sign of exaggerated social 
response to the estrus females on the part of 
any of the septal males. 

Although septalIesions appear to alter 
other classes of social behavior in rodents 
(e.g., Bunnell et al, 1965, 1966b; Goodrnan 
et al, 1967) they do not have any 
appreciable effeet on sexual behavior in the 
male laboratory rat as assessed under the 
present eonditions. It appears that the 
changes in sexual behavior produced by 
insult to other parts of the limbic forebrain 
are independent of the integrity of the septal 
region lesioned in this study. Whether this 
will be true for speeies other than the rat 
awaits further study. 
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Drinking followlng carbachol stimulation 
of hlppocampal formation 
or lateral ventrlcles1 

DAMON MOUNTFORD, The University of 
Kansas, Lawrence, Kans. 66044 

Direct application of carbachol to the 
hippocampal formation of rats produced 
larger increases in drinking than did such 
applications to the adjacent lateral ventri­
eles. This evidence appears to contradict the 
hypo thesis thot drinking following carba­
chol stimulation ofthe limbic system results 
/rom diffusion of the carbachol to active 
sites in or near the lateral ventricles. 

Direct application of carbachol to a 
number of central nervous system sites, 

particularly in the limbic system, elicits 
drinking behavior (Grossman, 1960, 
1 964a, b; Fisher & Coury, 1962; Coury, 
1967). Since many of these sites lay near the 
midline, it was suggested that carbachol may 
diffuse from the Iimbie system into the 
ventricIes where it may then act to elicit 
drinking (Routtenberg, 1967). Sorne sub­
stances, e.g., dopamine, diffuse rapidly from 
their si te of applieation and, in some eases, 
concentrate in and around the ventric1es 
(Routtenberg et al, 1968). 

Fisher & Levitt (1967) reported that sites 
where carbachol elicits drinkinglie,inmany 
eases, further from the ventricles than 
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inactive sites, and that carbachol injected 
directly in to the posterior horns of the 
lateral yen trieles produced less drinking than 
limbic system injections. The occurrence of 
catatonia and bizarre behavior following 
ventricular stimulation may have interfered 
with drinking. It is not elear whether the 
catatonia and bizarre behavior are the result 
of carbachol stimulation of any ventricular 
site, or only of stimulation of the posterior 
horns ofthe lateral ventrieles. 

The objective of the present study was to 
apply carbachol to the lateral ventrieles 
immediately adjacent to the "active" limbic 
system tissue. If such applications produce 
significantly less drin king than do applica­
tions to limbic system tissue, then it would 
seem reasonable to conelude that the limbic 
system, and not the ventrieles, contains the 
active sites. 

METHOD 
A concentric double cannula was perma­

nently implanted in each hippocampal 
formation (HPC) of 12 male hooded rats 
(de Groot atlas coordinates: A = 3.0; 
H = 2.5; L = 2.5) and in each lateral 
ventriele (LV) of five Ss (A = 5.0; H = 3.0; 
L = 2.5). Eleetrically insulated double 
eannulae attaehed to a socket for taking 
electrical reeordings were implanted in HPC 
in three Ss. The operative procedures 
folIowed Grossman (1960). 

Carbachol stimulation (about 1.0 micro­
gram) consisted of removing the inner 
cannula, cleaning it and tapping crystalline 
earbachol into its tip, and then retuming the 
inner cannula to the implant site. Control 
stimulation procedures were identical 
except no drug was used. Electrical 
recordings were taken with a Grass Model 7 
Polygraph. 

Experimentation began 3 weeks after 
operations. All Ss had free access to food 
(Purina Rat Lab Chow) and water 24 h 
daily. Daily l-h control tests of food and 
water intake were given in the horne cages 
until stable baselines of intake were 
established. Carbachol was adrninistered the 
next day followed by 3 additional days of 
control tests. "Difference scores" were 
eomputed as intake on the carbachol tests 
minus average intake on the three immedi­
ately preceding control tests. 

At the end of the experiment, each rat 
was given SO mg of Nembutal i.p. and was 
perfused with 0.9% saline followed by 10% 
Formalin. Frozen sections of 50-microns 
thickness were cut from each brain in the 
region of the implant tip, affixed to slides 
with albumin, and stained with cresyl violet. 

RESULTS 
All intended HPC placements lay within 

the HPC. Most lay in the rniddle region of 
HPC at or near sections 3.0 and 3.4 
(de Groot, 1959). Six cannulae tips lay 
deeper in HPC near the border between HPC 
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Fig. 1. Change in food and water intake 
from pretreatment control baselines follow­
ing carbachol stimulation of hippocampal 
formation or lateral ventricles in rats 
satiated on food and water. 

and thalamus. Only 3 of the 24 cannulae tips 
were within 1 mm of LV. Of the LV 
implants, seven lay within LV and the other 
three were within I mrn of LV, one in the 
corpus eallosum and two in the caudate 
nueleus. 

As shown in Fig. 1, water intake appears 
to increase following applications of 
carbachol to ei ther HPC or LV. The increase 
in water in take (av= 9.71 cc) following 
carbachol stimulation of HPC was statisti· 
cally significant (t=4.95; df= 11; 
p< .001). The increase in water intake 
(av = 3.20 ce) after stimulation of LV was 
not statistically significant (t = 2.67; df = 4; 
p> .05). The increase in water intake 
following carbachol stimulation ofHPC was 
significantly greater than after stimulation 
ofLV(t = 2.54; df= 15;p < .05). 

As shown in Fig. I, the effects of 
earbacholon food intake were in the same 
direction as those on water intake but 
smaller in amount. In no instance was the 
change in food in take statistically significant 
(p> .05). 

Motor seizures and a catatonic-like state 
wa-e observed after carbachol stimulation of 
HPC. This behavior was consistently 
correlated with the electrical seizure activity 
recorded from HPC after carbachol. Drink· 
ing typically did not occur when such 
behavior was being ernitted. Control tests 
revealed no electrical or behavioral abnor­
malities in the same Ss. Carbachol stimula­
tion of LV produced no such motor seizures 
or catatonia. 

DISCUSSION 
The results obtained in this study appear 

contradictory to Routtenberg's (1967) 
hypothesis that drinking observed following 
carbachol stimulation of the limbic system 
may be a result of diffusion of the carbachol 

to an "active" site in or near the ventriclesof 
the brain. Carbachol stimulation of HPC in 
the present study produced significantly 
larger inereases in drinking than stimulation 
of LV. If carbachol was diffusing to an 
alternative site of action, that site was 
probably not LV. In addition, diffusion 
from LV to another limbic site would appear 
anatomically more feasible than diffusion 
from HPC to such an alternative site.1t thus 
appears probable that the increased drinking 
observed in the present study resulted from 
an action of carbachol on HPC and not on 
LV . 

The catatonia and bizarre behavior 
observed by Fisher & Levitt (1967) after 
earbachol stimulation of the posterior horns 
ofthe LV were not seen in the present study. 
This difference is presumably due to the 
more anterior placement of carbachol. 

Electrical recordings from HPC indicated 
that little drinking occurred during periods 
of HPC electrical seizure activity. The motor 
seizures and catatonia observed during HPC 
seizure activity appear to interfere with 
drinking. These results are eonsistent with a 
prior report that drinking may occur 
following carbachol stimulation of HPC 
even when clectrical seizure activity does 
not occur(MacPhail, 1968). 

REFERENCES 
COURY, J. N. Neural correlatesoffood and water 

intake in the rat. Science, 1967. 156, 
1763-1765. 

FISHER, A. E., & COURY, J. N. Cholinergic 
tracing of a central neural circuit underlying the 
thirst drive. Science, 1962, 138,691-693. 

FISHER, A. E., & LEVITT, R. A. Letter. Answer 
to Routtenberg. Science, 1967, 157, 839-841. 

de GROOT, J. The rat forebrain in stereotaxic 
coordinates. Transactions of the Royal Nether· 
JandsAcademy ofScience, 1959, 52,1-40. 

GROSSMAN , S. P. Eating and drinking elicited by 
direct adrenergic or cholinergic stimulation of 
hypothalamus. Science, 1960, 132,301-302. 

GROSSMAN, S. P. Behavioral effects of chemical 
stimulation of the ventral amygdala. Journal of 
Comparative & Physiological Psychology. 
1964a, 57, 29-36. 

GROSSMAN, S. P. Effect of chemical stimulation 
of the septal area on motivation. Journal of 
Comparative & Physiological Psychology, 
1964b, 58, 194-200. 

MacPHAIL, E. M. Effects of intracranial 
cholinergic stimulation in rats on drinking, 
EEG, and heart rate. Journal ofComparative & 
Physiological Psychology, 1968,65,42-49. 

ROUITENBERG, A. Drinking induced by 
carbachol: Thirst circuit or ventricular modifi­
cation? Science, 1967,157,838-839. 

ROUTTENBERG, A., SLADEK, J., & 
BONDAREFF, W. Histochemical fluorescence 
after application of neurochemicals to caudate 
nucleus and sep1a1 area in vivo. Science, 1968, 
161,272-274. 

NOTE 
1. The author wishes to express his thanks to 

Walter Randall and Stephen S. Fox for their 
guidance and useful criticism during the course of 
this experiment. The data reported fonned part of 
a dissertation submitted by the author for the PhD 
dcgree at the University of lowa, Department of 
Psychology, 1967. 

12S 




