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of the rat lateral hypothalamus*
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In a preliminary study, it was not found possible to
obtain clear-cut data on the interaction between
chemical and electrical stimuli, both applied to the same
locus in the lateral hypothalamus. In a subsequent study,
the sites in the lateral hypothalamus from which water
ingestion can be elicited by electrical or chemical
stimulation of the brain were found to have little
overlap. However, chemical stimulation drinking sites in
the zona incerta and lateral hypothalamus were found to
all also be sites from which electrical self-stimulation
could be elicited . Since nondrinking sites to chemical
stimulation could also be found in this area and were
also self-stimulation sites, no specific relationship
between chemically elicited drinking and electrical
self-stimulation can be drawn.

Some of the most interesting findings to be reported
in the physiological literature during the past two
decades concern the demonstrated ability to elicit
consummatory behaviors which are stimulus bound to
the application of an appropriate chemical or electrical
stimulant to specific subcortical loci. The application of
a chemical stimulant to subcortical loci has been found
to elicit eating and drinking behaviors (Grossman. 1960),
as well as stimulus-bound sexual behavior (Fisher, 1956).
Similar behaviors have been elicited upon the application
of an electrical stimulant to selected neural areas (Miller,
1960 : Caggiula & Hoebel. 1966: Mogenson & Sevenson,

'Supported b y USPHS Research Grant MH~14381 a~d by the
Office of Research and Projects of Southern Illino is University at
Carbondale. Send reprint requests to Robert A . Levitt .
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1966). Related to these findings is the observation that
electrical stimulation applied to many areas of the brain
can serve as a very potent reinforcer, aids and Milner
(1954) reported high rates of responding in the Skinner
box situation. with only short trains of electrical pulses
delivered to a subcortical area serving as the reinforcer .
This barpressing operant response was later termed
self-stimulation (S-S) by Brady (1958) . Since first
reported, S·S has been obtained from many subcortical
areas and from all species tested . It is interest ing to note
that at all neural sites where stimulus-bound
consummatory behaviors have been elicited upon the
application of an electrical stimulus , S-S behavior is also
found (Margules & aids. 1962: Caggiula & Hoebel. 1966:
Coons & Cruce. 1968) . The study to be reported
attempted to examine the interaction between electrical
and chemical modes of stimulation .

Several exploratory investigations have preceded the
experiment to be reported . These investigations
employed a chemode technique developed by Fisher
(1969), which allows for simultaneous electrical and
chemical stimulation at the same neural site . or either
mode of stimulation alone . Using this technique . an
attempt was made to determine whether an
anticholinergic chemical (atropine or scopolamine) ,
wh ich had been previously found to block
cholinergically induced chemical drinking (Stein &
Seifter. 1962), could selectively block electrically
induced drinking upon its application to the subcortical
electrical drinking site . Both a self-stimulatory and an
autornaticallv delivered electrical stimulus paradigm
were investigated . Under the S·S paradigm. only Ss who
both self-stimulated and drank to the self-delivered
stimulus were employed . Under the automatic delivery
paradigm. only Ss who displayed stimulus-bound
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drinking behavior «1 CUIIl'nt delivered on a 30-sec "on."
60-sec "off" sechdulc were employed.

The results of these investigations indicated the
following: (I) Under the S-S paradigm. the mere removal
and replacement of the stimulating electrode. which was
necessary in order to determine the effects of the
chemical application . was alone enough to depress the
S-S response and consequently the stimulus-bound
drinking behavior. Thus. the effects of the chemical on
electrical drinking could not be determined through the
techniques employed. (2) Under the automatic delivery
paradigm, the blocking effect of a 2.5-pl/pg solution of
atropine was I/O greater than the blocking effect of
centrally applied distilled water. although much
variability was found in the data.

From the results of these investigations, it was
decided that the techniques being employed could not
be used to answer the questions at issue. Thus, it was
decided to study the interaction between chemical and
electrical stimulation at a more primitive level, whether
the neural loci for consummatory behaviors elicited by
these two modes of stimulation were identical. More
specifically, a study was conducted to determine
whether electrically induced drinking could be obtained
from positive chemical drinking sites. Furthermore, the
question of whether S-S behavior could be selectively
obtained from chemical drinking sites, as had been
previously reported at electrical drinking sites
(Mogenson & Stevenson, 1960). was also examined.

METHOD
Subjects, Surgery, and Stimulation Techniques

A chernode (an insulated hollow guide shaft developed by
Fisher. 1969l was aimed at the selected neural locus and was
stereotaxically implanted in 38 adult male hooded rats. weighing
200-350 g. under Nembutal anesthesia (50 mg/kg). From the
neural locus under examination (..... +5 .6. L 1.3. - 1.0 to -3.5;
DeGroot. 1954). which initiates at the zona incerta and extends
ventrally through the lateral hypothalamus. I\"C have been able to
elicit both chemically and electrically induced drinking in pilot
studies (using different Ss for each mode of stimulation) .
Following surgery. all Ss were given at least a 3-day recovery
period .

The source of electrical stimulation was a brief-pulse
square-wave stimulator (Grass BPS Il. Current delivered was
bipolar in nature, with the implanted guide shaft and an
insulated stimulating electrode serving as the two poles. The
stimulating electrode consisted of an adjustable 31-ga wire ,
which. except for a I;o-mm exposed surface at its tip , was
insulated throughout its length. Electrical stimulation was
applied centrally by inserting the electrode into the implanted
guide shaft and lowering it in a vertical column to a depth
approximately I,. mm below the depth of a previously found
positive chemical drinking site. The electrode was placed at this
depth so that its I/z-mm exposed surface would be centered at the
point at which the chemical stimulant was applied. Chemical
stimulus consisted of crvstals, which were finelv zround with a
mortar and pestle and tamped (4-5 tamps) intoa ~30-ga cannula
and applied centrally through the implanted guide shaft.

Test Chambers
All tests for S-S and stimulus-bound electrical drinkinz were

conducted with the S in a metal cage. 18 in. square x 13'/0 in.
high. During S-S tests . a metal lever and j calibrated water bottle
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hal ing a metal 1121er SPOli t II ere prevent in the cage. During test"
for -timulus-bou nd electrical drinking. the lever was removed .
All chemical dr inkir.z test- were conduct ed with the S in a metal
cage. 8 x 10 x 6 in..·.,·ith only a calibrated water bottle having a
metal spou t available in the cage.

Drug
The cholinergic stimulant employed in this study was

carbachol (choline chlorine carbamate) .

Procedure
Each of 29 Ss was tested for drinking to carbachol (while

sated) at the most dorsal position of the implant site. The 9
remaining Ss were employed in a control group to be discussed
below. If the S did not drink to a 4-ml criterion in 1 h after
chemical stimulation. the chemical connector was lowered in
Y2-mm steps in a vertical column until either a positive site was
located or the ventral limit of the region to be stimulated was
reached. A minimum of 48 h was interspersed between chemical
stimulation sessions , in order to allow residual chemical effects
to dissipate. Those Ss in which a positive chemical drinking site
was located were then tested at that site for stimulus-bound
electrical drinking at least 48 h after their previous chemical
stimulation (all other Ss were eliminated from the study) . Each S
was tested for electrical drinking for a period of 100 min, with
the electrical pulses au tomatically delivered on a schedule of
30 sec "on," 60 sec "off." Water consumption was measured
every 20 min. Those Ss who displayed drinking behavior
contingent upon the electrical stimulation were run under these
conditions until 60 min of drinking data were collected (starting
from the onset of drinking). Those Ss who displayed a forward
moving "searching" behavior (Valenstein, Cox, & Kakolewski.
1968) but did not drink were retested for electrical drinking at
least 48 h after the initial test (all other Ss were tested only
once) . A period of at least 24 h separated each S's last session of
electrical stimulation and a subsequent chemical drinking retest
procedure. If a previously positive chemical site tested negative
during the retest. the chemical retesting procedure was repeated
48 h later. Only data from Ss for which one of these two retest
procedures proved positive were employed. All Ss who retested
positive upon chemical stimulation were subsequently tested
(after at least a 48-h "rest" period) for S-S at the site of previous
chemical and electrical tests. The stimulus duration for the S-S
tests was 0.5 sec. with the current intensity adjusted in order to
determine the level that elicited maximal responding. Each S was
tested for S-S for a period of 90 min on a maximum of 3
successive days. If an S displayed at least 100 barpresses during
any l O-rnin recording period on any of these 3 days. it was
allowed to stimulate until the level of responding reached a
plateau (stopped increasing) .

. Besides the main experimental group. an S-S control group of
mne Ss was employed . Each of these Ss was initially tested for
chemical drinking at a depth of -1.5 mm (DeGroot. 1954) at
the implant site. If the site proved negative. the S was tested
48 h later for S-S. using the same procedure employed with the
main experimental group. If the initial chemical test was
positive. the S was retested at least 48 h later with the connector
lowered 1" mm in a vertical column. This procedure was
continued until either a negative site was found or the ventral
limit of the anatomical area of interest was reached. Subsequent
to the S-S tests (after at least 48 h). each S was retested with the
chemical stimulant in order to reestablish its nezativitv for
cholinergic drinking. Only data from Ss who retested nezative
were employed in the data analysis. -

RESULTS
Sixteen of the 29 Ss (55 .2St) that originally composed

the main experimental group drank to criterion upon
chemical stimulation during both the initial chemical
testing at a particular depth and one of the two chemical
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retests ;]t th;]t sit e. Three Ss vf this pl)sitive (hemic;]l site 
gfL1Up emitted blvod vr cerebfL1spinal tluid from their 
implants during subsequent S-S testing. and. therdore. 
the data from these Ss were withdrawn from the study. 
Thus. the data below concern only the remaining 13 Ss 
that retested positive upon the application of the 
chemical stimulant. Only 2 (l5.3 c{- ) of these Ss displayed 
electrical drinking when tested (both emitted the 
drinking behavior on the first testing session). 
Concerning the amount of water consumed by these Ss, 
1 drank an average of 3 ml per 20-min period and the 
other drank an average of 2.3 m!. Concerning the S-S 
tests. 12 of these 13 Ss (92.3'7c) displayed S-S behavior 
above the criterion level. The one negative S-S S never 
pressed the bar more than 10 times during any lO-min 
recording period. The average number of leverpresses for 
these 12 Ss. considering only their highest 10-min rates, 
was 307 leverpresses per 10-min period. 

Six of the nine Ss (66 .7'7c ) that composed the S-S 
control group tested negative to chemical stimulation 
during both the initial chemical test at a particular depth 
and the subsequent retest. S-S was displayed by five 
(83.3 c{- ) of these six Ss. The one negative S-S S never 
pressed the lever more than 10 times during any 10-min 
testing sessions. The average number of leverpresses for 
these five Ss. considering only their highest 10-min rates, 
was 365 leverpresses per 10-min period. 

Histology 
Histological verification of the intended implant sites 

is available for II of the 13 Ss comprising the main 
experimental group and all 6 of the S-S control group . 
Each of these Ss was sacrif1ced and perfused with 10'7c 
Formalin solution . with verification based upon 
40-micra frozen sections of brain tissue stained with 
cresyl violet. For both groups, all implants were located 
in an area initiating at the zona incerta and extending 
ventrally through the lateral hypothalamic area. All but 
one of the stimulating sites fell within this area 
(5.4-5.6 mm anterior to the interaural line; 0 .5-2.0 mm 
lateral to the midsaggital sinus) . One of the Ss was found 
to be stimulated at 6.2 mm anterior to the interaural 
line , and the cannula for this S terminated at the ventral 
portion of the lateral ventrica!' This was the one S in the 
cholinergic drinking group which did nor display S-S 
behavior to criterion. 

DISCUSSION 
The data from this study appear to indicate. at least within 

the limits of the stimt.lation techniques employed and the 
subcortical loci stimulated . that there is not an identity between 
sites from which electrically induced and chemically induced 
drinking behal'ior can be obtained. The validity of this statement 
rests upon the supposition that the neural fields activated in this 
experiment by these two different modes of stimulation possess 
a major degree of overlap. Chemical stimulation data employing 
powdered dye (~lacJean. 1951"1. microliter injection (~Iyers. 

1966). and flourescence tracing techniques (Routtenberg. 
Sladek. & Bondareff. 1968 J. as well as several sources of 
electrical stimulation data (Valenstein & Beer. 1961: 
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S c· halt~n brJno. 19b.' : Yak m lc'i l1. I <Jbb I, JP I' c'a r t<, il1d kelk thel[ 
both modc's of Qinllliatioll t,'no t ll J,' ti \ Jtc J rc'iJtiwll r,' stri,' t,'d 
ar~a, ranging Jppro\iI11Jtc'iy fWI11 I to ~ 111m frol11 thc' ,'Jnnul J el r 
~lectrod~ site. Thus. thc supposition JppeJr s to bc SUPl' lHtcd . ,\ 
large numb~r of alternati\'c hypo th~st's are a\'ailabk L' o nL'Crnin~ 

possible cxplanations for th~ found no nidentin betllcc n 
c'hemkal and electrkal drinking sites. none of IIh'kh cJn bl' 
c'onclusively support~d by th~ data nOli J\ ailabk in thc' 
literature: speculation \I'oldd thus appear to bc prel11aturc. 

Considering the results of histologic-al \'eritlL'atio n. all Ss tha t 
displayed chemic-ally induced drinking in the arc'a of the zo na 
incerta and lateral h)'pothalamus also displayed S-S, These da ta 
are consistent with the prel'iously reported dat a frolll studies 
where drive-related consummatorI' behaviors an? dic-itl'd bl' 
electrical stimulation. in that. at siies \I'here these bella\iors a r~ 
elicited. S-S is always found , It is interesting to note that fiw of 
the six nonchemkal drinking Ss also di splayed S-S behal'ior. The 
most direct inference from these results is that S-S is elicitabk 
from this area regardless of whether chemically induced drinking 
is also elicitable from these sites. It should be no ted that there 
remains the possibility that drive-related behaviors other than 
those measured in this study are elicitable from the negative 
chemical drinking sites employed . 
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