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The degree of independence.between the hypothalamic neural systems 

participating in motivational aspects of eating and drinking in the rat 

is not establ ished. Using a technique for determining the thresholds of 

electrical stimulation required.for producing eating and drinking at 

severa 1 lateral hypothalamicsites. in each subject, the present study 

found considerable anatomical .overlap, but some anatomical separation, 

between the eating and drinking.systems. Within the area of anatomical 

overlap no indication of.structural .differences was found: fibre density 

gradients appeared to be.the same. Beth eating and drinking could be 

el icited by electrical stimulation of almost ail sites at which either 

response was initial Iy el icited. The thresholds decreased during the 

first few da ys of testing. Whilefinal eating and drinking thresholds 

at a given placement were almost equal, initial thresholds were frequen-

tly quite different. These.findings suggest an alternative to the recent 

controversial hypothesis that.the neural organization of hypothalamic 

drive systems is modified by experience. 
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INTRODUCTION 

This study is concerned with the neural mechanisms underlying eating 

and drinking. The neural substrate that is most clearly identified with 

these mechanisms 1 ies in the perifornical area of the lateral hypothalamus. 

Electrical or chemical stimulation of this area can produce eating and 

drinking in satiated animais (Grossman, 1960; Miller, 1957), while lesions 

in this area result in a serious disruption of eating.and drinking (Anand & 

Brobeck, 1951; Teit~Jbaum & Stel lar, 1954)~ Recently, it has been sug­

gested that the neural systems mediating eating and drinking are only two 

of a larger collection of systems which mediate severa 1 species-typical 

behavior patterns in addition to eating and drinking, such as gnawing, 

copulation, nest bui Iding, grooming, hoarding, and attack (GI ickman & 

Schiff, 1967; Roberts et al., 1967). This whole collection of systems 

appears to be lodged primarily in the hypothalamic portions of the medial 

forebrain bundle. 

These hypothalamic systems play a motivational rather than a direct 

mator role in behavior. Actions produced by electrical stimulation at 

appropriate hypothalamic.sites are not rigid or stereotyped: theyappear 

only in the presence of appropriate environmental objects, and are guided 

by environmental eues (Levison & Flynn, 1965; MacDonnel1 & Flynn, 1966; 

Roberts & Carey, 1965; Roberts et al., 1967). Such stimulation can 

produce not only consummatory responses (e.g., eating), but also instru­

mentai acts (e.g., lever pressing) which in the past have led to the 

appropriate consummatory objects (e.g., food) (Anderson & Wyrwicka, 1957; 

Coons, 1964; Mi 11er, 1961), In addition, such stimulation can, when 

substituted for normal Iy induced "drives," motivate the learning of these 

instrumental acts (Coons, 1964; Mendelson, 1966; Roberts & Carey, 1965; 
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Roberts & Keiss, 1964; Roberts et al., 1967). Eating produced by elect­

rical stimulation of lateral hypothalamic "feeding sites" in satiated 

animais is similar to the eati~g that occurs normal Iy fol lowing food dep­

rivation (Ooons, 1964; Tenen & Miller, 1964). It has also been suggested 

that les ions at feeding sites disrupt the urge to eat, but they do not 

destroy the animal 's abil ity to.make the consummatory movements necessary 

for feeding (Rogers et al., 1965). Thus the se hypothalamic systems seem 

to mediate the same type of influences that are produced by natural moti­

vational states or drives, such ashunger, thirst, and sexual arousal. 

They have, therefore, come to be considered as hypothalamicmotivational 

systems. 

Little is known regarding the structural aspects of these motiva­

tional systems. First, what isthe nature of the neural or humoral inputs 

that affect neural activity in the hypothalamic area? Second, what are 

the anatomical and functional relations among the various motivational 

systems within this area? Third, precisely how does the activation of 

these hypothalamic systems affect the motor systems mediating specifie 

responses, consummatory as wei 1 as instrumental, to specifie envi ronmenta 1 

stimul i? This investigation bears on the second of these questions. My 

specifie concern is with the relation between the lateral hypothalamic 

eating and drinking systems, and this thesis may be regarded as an exami­

nation of one specifie question: Tc whatextent are the eating and 

drinking systems independent of one another? Inasmuch as these systems 

are but two of a number of simi lar and parai lei motivational systems, 1 

shall also examine relevant evidence from studies of other hypothalamic 

motivational systems. 
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Evidence bearing on the question of the relation between the lateral 

hypothalamic.eating and drinking systems comes from studies using three 

general techniques: lesions, chemical stimulation, and electrical stimu­

lation. Investigations with each of the techniques have produced evidence 

which indicates that in the rat, the hypothalamic eating and drinking 

systems share the same anatomical . locus. Within this area of anatomical 

overlap there may be functionally independent systems for eating and 

drinking, or there may be a single. neural population which participates 

in both behaviors. Different techniques have led to confl icting views on 

this question. The results of studies using each of these techniques will 

be taken up separately. 

Lesion Studies 

Lateral hypothalamic les ions which produce aphagia in rats almost 

always produce adipsia as wei 1 (Bai Il ie & Morrison, 1963; Epstein & 

Teitlebaum, 1964; Gold, 1966; Montemurro & Stevenson, 1955, 1957; 

Morgane, 1961a, b, c, d, e; Morrison & Mayer, 1957; Teitlebaum & 

Epstein, 1962; Teitlebaum &Stel lar,. 1954; Williams & Teitlebaum, 

1959). However, some partial anatomical separation is indicated by two 

studies. Montemurro and Stevenson (1957) found.that lateral hypothalamic 

lesions produced adipsiâ but did not disrupt voluntary food intake in 

three animais who were given water by stomach tube; these lesions seemed 

to be si ightly more lateral than.those that caused both aphagia and ad­

ipsia. Smith & McCann (1962) found lesion sites which produced pure 

adipsia; lesions producing this effect were either anterior or posterior 

to the level where les ions cause bath aphagia and adipsia. 

The possibil ity that twa independent neural networks exist within 
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the 1 atera 1 hypothalamic area of anatomical overlap is suggested by the 

lack of correlation between the rates of.recovery of eating and drinking 

following lateral hypothalamic les ions (see Epstein & Teitlebaum, 1964, 

Fig. 1, p. 397; and Gold, 1966, Table 1, p. 1275), For example, one 

animal (Epstein & Teitlebaum, 1964, animal No. 45) recovered eating in 

less than three da ys but did not recover drinking in over 100 days, whi le 

another animal (No. 37) took much longer to recover eating (about 20 days), 

but recovered drinking much sooner (about 50 days). Animais with smal 1 

uni 1 atera 1 lesions, which leave much of the 1 atera 1 hypothalamic area 

intact (Gold, 1966), recover eating and drinking functions much more 

quickly than animais with large bi lateral lesions (Teitlebaum & Epstein, 

1962). However, the recovery patterns seem otherwise similar, with 
. 

drinking recovering more slowly and with a positive, but not perfect, cor-

relation between the recovery rates for eating and drinking (Gold, 1966). 

This suggests that fol lowing 1 atera 1 hypothalamic lesions, recovered 

eating and drinking are mediated by independent neural networks within 

the undamaged portions of the lateral hypothalamic systems, rather than by 

systems in other areas. Thus the evidence from les ion studies suggests 

that the 1 atera 1 hypothalamic systems which mediate eating and drinking 

are composed of functionally independent neural populations which are 

anatomically interwoven. 

Chemical Stimulation Studies 

The strongest evidence for the position that eating and drinking are 

mediated by functional Iy independent lateral hypothalamic systems has come 

from the effects of chemical stimulation in this.area. Grossman (1960, 

1962a) and others (Miller, et al., 1964; Fisher & Coury, 1962) have shown 
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that lateral hypothalamic appl icationof.carbachol el icits drinking while 

appl ication of nor-epinephrine at the same site el icits eating. Grossman 

(1962b) suggests that these.chemical .stimulants have their effect at the 

synapses of an adrenergical Iy-coded eating system and a chol inergical Iy­

coded drinking system, which are anatomical Iy interwoven at the site of 

stimulation. It is logical ly correct to conclude that these observed 

effects of chemical stimulation must be mediated by different neural pop­

ulations, however there are alternatives to the hypothesis that these in­

dependent populations are located at the site ofappl ication of the sub­

stances in the lateral hypotbalamic area. 

A recent controversy centering around the interpretation of work done 

by Fisher and Coury points out one of.these alternatives. Fisherand 

Coury (1962) have used chemical stimulation at severa 1 1 imbic and midbrain 

sites to produce drinking in.satiated animais. Coury (1967) has shown that 

many of the same structures are involved in adrenergic mediation of 

eating. On the basis ofthesefindings, they (Coury, 1967; Fisher & 

Coury, 1962) have suggested thatthe hunger and thirst drives are medi­

ated by 1 imbic circuits, which would involve the fibres of the medial 

forebrain bundle as wei 1 as the lateral hypothalamic eating and drinking 

. systems. This position is consistent with the assumption that lateral 

hypothalamic chemical stimulation has its effect directly on lateral hypo­

thalamic systems. Routtenberg (1967)has chal lenged this view of a 1 imbic 

"thirst" circuit arguing that the carbachol-induced facil itation of 

drinking is mediated by the near.by ventr.icular system rather than by 

1 imbic neural networks. His argument rests on the assumption that the 

chemical stimulation can diffuse far enough to change the ventricular 
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mil ieu and affect receptors 1 ining the wal Is of the ventricle. The issue 

as to how far the chemical stimulants might spread is not resolved (Fisher 

& Levett, 1967; Routtenberg, 1967). Grossman (1964) has reported posl-

tive and negative sites within 0.5 mm of each other for both acetylchol ine 

and nor-epinephrine stimulation. Coury (1967) reports differences of only 

0.25 mm between positive and negative sites.for both eating and drinking. 

Negative placements 0.25 mm from the third ventricle have been reported, 

while positive lateral hypothalamic sites are as far as 2.0 mm from the 

ventricle (Grossman, 1962a). Thus it appears that while ventricular dif-

fusion may mediate chemical stimulation effects in other structures in 

the "thirst" circuit, it seems uni ikely that it mediates drinking effects 

in the lateral hypothalamic area. 

Another hypothesis is that there are neural systems which participate 

in eating and drinking that are separate from the classical perifornical 

systems, and that it is these systems which are differential Iy excited by 

1 atera 1 hypothalamic chemicalstimulation. Morgane (1960, 1961a, b, c, 

d, e) has reported eating and drinking systems in the far-Iateral portion 

of the :areral hypothalamic area which are functional Iy and anatomical Iy 

distinct from the classical (mid-Iateral) systems. These systems involve 

pail idofugal fibres (Morgane, 1961bj Gold, 1966) which pass transversely 
",,',thif\ 

across the fibres of the medial forebrain bundle, ~0.25mm of the 

classical lateral hypothalamic systems. Morgane (196Ia) reports eating 

el icited by injection of adrenergic substances in this far-I atera 1 region, 

although he could not el icit drinking by chal inergic stimulation in this 

area. While this suggests a neural system which might mediate lateral 

hypothalamic chemical stimulation effects without involving the fibres of 
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the classical eating and drinking systems, Morgane's results have been 

recently questioned by Booth (1967) on the basis of a study using more 

refined stimulation techniques. 

Booth (1967) suggests that chemical stimulation affects neural sys­

tems which are different from both the mid-Iateral, perifornical systems, 

which appear to be part of the larger medial forebrain bundle network, and 

the far-Iateral systems, which seem to be pail idofugal, and are thought of 

as not having a purely motivational function (Morgane 1961 b, c). Booth 

finds that the anatomical local ization of sites where very smal 1 injections 

of norepinephrine produce eating does not correspond with the anatomical 

local ization of sites where electrical stimulation produces hunger-I ike 

effects and where lesions produce aphagia. Rather he finds that the 

effective area for adrenergic stimulation is anterior to the 1 atera 1 hypo­

thalamic sites identified by electrical stimulation and les ion techniques. 

Booth and Quartermain (1965) have shown behavioral differences between 

chemical Iy and electrical Iy el icited eating which provide support for the 

idea that the chemical Iy and electrical Iy induced responses are mediated 

by different neural systems. Thus Booth (1967) suggests that chemical 

stimulation using doses large enough to el icit eating from sites in the 

lateral hypothalamic feeding area has its effect through diffusion to an 

adjacent neural system which also participates in feeding. 

While the differential effects of adrenergic and chol inergic stimu­

lation in the 1 atera 1 hypothalamic area were earl ier taken as strong 

evidence that the lateral hypothalamic hunger and thirst systems are 

functionally independent, these recent studies of Booth and Routtenberg 

reopen the issue. In its present state the chemical stimulation 1 iterature 
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no longer provldes clear cut support for Grossman's argument for the 

chemical Iy coded functional independence of the 1 atera 1 hypothalamic 

eating and drlnklng systems. 

Electrical Stimulation Studles 

The flndlng that sites where electrical stimulation produces eating 

overlap wlth those producing drinking, has also beeA taken, untll recently, 

as support for the hypothesls that the 1 atera 1 hypothalamlc,eatlng and 

drlnklng systems are functlonal Iy Independent, although anatomlcal Iy over­

lapplng. Miller (1957) reports sites which medlate eatlng but not 

drlnklng ("pure" eatlng), and others that medlate drlnklng but not eatlng 

("pure" drlnklng), as wei 1 as sites that medlate both eatlng and drlnklng. 

Coons (1964) reports "pure" feeders that would leave a water tube when 

thlrsty ln order to eat when electrlcal Iy stlmulated. Simllarly, Roberts 

and Carey (1965) report "pure" gnawers that wou 1 d 1 eave food to gnaw wood 

when stlmulated ln the same area where eatlng and drlnking effects are 

found. The distributions of the loci medlating these "pure" eatlng, 

drlnklng, and gnawlng effects overlap not only wlth each other, but also 

wlth sites where none of these behavlors can be el1clted (E.S. Valensteln, 

pers~nal communication). This overlap of loci suggests the posslbl 1 Ity 

that the lateral hypothalamlc area contains sev9falsmal 1 focl for each of 

three Independent systems medlatlng eatlng, drlnking, and gnawing, and 

that these focl are anatomical Iy Independent of ORe another. Recently, 

however, data have been reported that confl Ict wlth these flndlngs and 

suggest that more than one behavlor could have beeA el Iclted from each of 

the reported "pure" sites, If dlfferent testlng procedures had been used 

(Valensteln et al., 1968). 
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Valenstein and his co-workers have suggested that a single drive 

system, subject to changes in drive-specificity as a function of experience, 

mediates ail of the motivational effects of the 1 atera 1 hypothalamic area 

(Valenstein, Cox & Kakolewski, 1968). Their proposai is based on the fin­

ding, first reported by Mogenson and Morgan (1967), that electrical stimu­

lation of a particular site that initial Iy el icits only one consummatory 

response (e.g., eating), can come to el icit a different response (e.g., 

drinking) as a function of experience. In the study of Valenstein et al .• 

animais with electrodes in the lateral hypothalamic area were electrical Iy 

stimulated in a cage where food, water, and wooden wedges were avai lable. 

The intensity of the stimulation was graduai Iy raised until it rel iably 

el icited eating, drinking or gnawing. Stimulation intensity was fixed 

at this level, and then the consummatory objects appropriate to the 

observed response were removed (e.g., if the consummatory response dis­

played by the animal was eating, food was removed from the cage). Stimu­

lation was then continued on an overnight schedule with only the other two 

consummatory materials present (i .e., water or wooden wedges). Valenstein 

et al., observed that after a few nights of such stimulation experience 

a second stimulation-bound consummatory response, appropriate to one of 

the remaining consummatory objects emerged. When the animal was re­

stimulated in a situation with ail three stimulus objects once again 

present, this second consummatory response (e.g., gnawing or drinking) 

was found to be about as 1 ikely to occur as the original response (i .e., 

eating). The Valenstein group seems to interpret this finding as evidence 

that the hypothalamic drive systems are plastic, in that the drive­

specificity of particular cel 1 populations can be altered by learning. 
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The data of Valenstein et al., represent the only major findings which 

are not readily compatable with the view that fixed,lndependent neural 

populations mediate lateral hypothalamic involvement in eating and drin-

king. Some questions raised by this work will be taken up later in the 

context of the present investigation. 

If the hypothesis that the medial forebrain bundle-Iateral hypotha-

lamie area contains severa 1 motivational systems, each mediating a par-

ticular class of species-typical response patterA is correct, it may be 

profitable to study hypothalamic organization iA species with a richer 

species-typical response repertoire than is displayed ey the rat. In a 

study of stimulation-bound behavior in the oposs~m, Roberts et al., 

(1967) have careful Iy studied a variety of respoAses produced through 

'many electrodes syste~matical Iy placed in a variety of sites in the hypo-

thalamus. This study points out two interesting aspects of lateral hypo-

thalamic organization. First, Roberts et al. analyzed each behavior pat-

tern (e.g., male eating behavior) in terms of severa 1 distinct components 

(e.g., mounting, rubbing, biting, etc.), They net·0Aly found electrode 

placements which mediated "pure" effects with respect to major behavior 

patterns, but they also found placements which meeiated various components 

of a particular behavior pattern, but would net medlate the complete 

pattern. Sometimes adjacent electrodes, spaced 1,0 mm apart, el icited 

behavlor patterns which were different, but which shared commen components. 

This finding suggests a high degree of specificity of function for the 

neural elements within these systems. 

\ 
\ 
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The second point is that male mating behavior was evoked by stimu­

lation in both male and female subjects. Fisher (1956), similarly, has 

found that female maternai behavior can be el icited by chemical stimula­

tion in both male and female rats. These findings argue strongly for 

the position that the medial forebrain bundle systems mediating sexual 

behavior, at least, have response specificity which is largely indepen­

dent of experiential factors. While the sites mediating these sexual 

behaviors are anterior to the lateral hypothalamic area studied by 

Valenstein et al., (1968), the anatomical and functional similarities 

between ail of the various systems mapped by Roberts et al. (1967) sug­

gest that the response specificity of ail these systems may be simi larly 

determined. 

The Present Investigation 

Two major questions regarding the functional organization of medial 

forebrain bundle-Iateral hypothalamic area motivational systems emerge 

from the review of the se studies. The first is: To what degree do these 

systems overlap anatomical Iy? Whi le sorne systems seem to a large extent 

anatomically independent (e.g., male mating behavior and eating in the 

opossum), others seem to overlap extensively (e.g., eating and drinking 

in the rat). Even in systems wlth great overlap, there may be clusters 

of response-specific fibres rather than a completely homogeneous inter­

weaving of the fibres of two or more systems. 

The second question is this: ln areas where two systems overlap, 

to what extent are the same fibres capable of mediating both responses? 

The use of the plural "systems" in this dis'cussion has impl ied an indepen­

dence between the fibres mediating different responses which has in fact 
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not been firmly establ ished. It is quite possible that at least sorne of 

the fibres in the medial forebrain bundle-Iateral hypothalamic area can 

play a part in more than one response, and also thatthe nature of the 

response mediated by these fibres may depend upon experiential variables. 

The experiments to be described in the fol lowing pages deal with 

both of these questions, in the specific case of the mid-Iateral hypo­

thalamic area of the rat. 

EXPERIMENT 1 

One approach to the question of the functional relation between the 

lateral hypothalamic eating and drinking systems is to compare their 

anatomical organizations. To the degree that structural differences can 

be demonstrated, functional independence may be assumed. The first ques­

tion which has been asked is whether the anatomical boundaries of the two 

systems are different. This question has been dealt with in severa 1 of 

the studies reviewed earl ier, although the boundaries of the two systems 

have not yet been clearly establ ished. A second question that might be 

asked is whether there are structural differences within the boundaries 

of the systems. One structural difference that would indicate that the 

lateral hypothalamic neurons mediating eating and drinking are different 

would be a difference in the distributions of fibre densities in the two 

systems. A way to obtain data which might reflect the relative densities 

of the fibres of the two systems would be to measûre the strength of 

response to electrical stimulation of fixed intensity at each of severa 1 

sites, or, conversely, to measure the intensity of stimulation required 

to el icit a response of fixed intensity at each of several sites. This 

experiment was r.esigned to determine the minimal stimulation intensity 
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necessary to el icit eating and drinking at each of severa 1 stimulation 

sites, as wei 1 as to locate the boundarie- of the eating and drinking 

systems in the dorsal-ventral plane. Animais were implanted with elec­

trodes that could be progressively lowered during the experiment, and 

thresholds for stimulation-bound eating and drinking were measured and 

compared at severa 1 locations in the perifornical area of each subject. 

Method 

Subjects 

The subjects were 14 adult male albino rats of the Wistar strain, 

weighing 275-300 grams at the time of surgery. They were maintained in 

individual cages with food and water continuously avai lable. 

Appara+us 

Intracranial electrical stimulation was dei ivered by a sixty-cycle 

sine-wave stimulator (for the circuit diagram see Appendix A). Current 

was monitored with a microammeter and adjusted with a cal ibrated poten­

tiometer. The on-off pattern of stimulation was programmed by a timer 

which opened and closed a relay at appropriate intervals. 

Subjects were tested in a box measuring 20 in. long, 10 in. deep, 

and 16 in. high, which had a mirror as the long back wall and a one-way 

vision glass as the long front wall. Water bottles were mounted on the 

wooden side wal 15, at each end, with drinking spouts extending 1/2 in. 

into the box at a height of 2 in. from the floor. The box was 1 ighted 

during testing by a 40 watt bulb in a reflector at the top of the box, 

with the room 1 ights out. Consummatory responses could be viewed either 

directly through the one-way glass, or as reflected in the mirror on the 

back wall. 
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Surgery 

Each subject was implanted with one monopolar stimulating electrode 

aimed at the 1 atera 1 hypothalamus, and an indifferent electrode mounted 

in the skul lover the frontal cortex. The stimulating electrode was im­

planted using a stereotaxic instrument (David Kopf Instruments, Mode 1 

900) with the incisor bar located 3.2 mm above the interaural 1 ine, using 

target coordinates 1.5 mm left of the sagIttal suture, 0.8 mm posterior 

to bregma, and 7.5 mm below the superior surface of the skul 1. Three 

stainless steel screws were mounted in the skul 1 to anchor the electrode 

assembly, one lateral, one anterior, and one posterior to the stimulation 

electrode. The anterior screw served as the indifferent electrode, 

being connected by a stainless steel wire to a miniature male brass con­

nector which was rmbedded in a crown of dental cement which was used to 

anchor the electrode assembly to the skul 1 screws. Surgery was performed 

under pentobarbital anesthesia and subjects were injected with 60,000 

units of Benzathine penicil 1 in G to reduce the chance of infection. 

The electrode assembly and its mounting on the skul 1 are il lustrated 

in Figure 1. The electrode proper.was a piece of straightened stainless 

steel wire 0.01 in. in diameter. The wire was soldered concentrical Iy to 

a miniature male connector which had been threaded external Iy with a 2-56 

thread die. After soldering, the electrode was dipped in lacquer, tested 

for insulation leaks, and cut to length. The electrode and pin were then 

screwed into a· threaded nylon cyl inder which had been notched to provide 

anchor points for the dental cement. The receptacle was 1/4 in. in dia­

meter and 3/8 in. lo~g. The receptacle and electrode were located stereo­

taxical Iy as a unit and then cemented into place. 



Figure 1 Schematic diagram of mounted electrode assembly 
for Experiment 1 

A miniature connector for reference electrode 
B threaded miniature connector for stimulating electrode 
C threaded nylon receptacle 
o crown of dental cemer.t 
E notches for anchoring nylon receptacle in cement 
F skull screw 
G stainless steel electrode 

(See text for explanation) 
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Procedure 

Prel iminary testing. Each subject was given prel iminary testing 

with free access to a water bottle at each end of the box, and with food 

spread 1 iberal Iy on the floor. Sine-wave stimulation was administered 

on a 20-seconds-on-20-seconds-off schedule. If the subject ate or drank 

during a period when stimulation was off, it was returned to its home 

cage for a period of at least 30 minutes. After each stimulation, current 

intensity was raised 2 to 5~A, beginning at a level of 5AA, unless one 

of the fol lowing conditions obtained: (a) a maximum of 100AA was 

reached without any observed consummatory responses, (b) forced circl ing, 

cringing, jumping or sorne other response which seemed to be of a motor 

or aversive nature was observed, or (c) sorne consummatory response was 

observed. In the first two cases the animal was returned to its cage and 

not tested further that day. 1 f, on the fo 1 1 ow i ng day the same resu 1 ts 

were obtained, the electrode placement was changed as described below, 

and testing (as described above) was continued at the new electrode place­

ment. If eating or drinking was observed, the subject was tested for 

eating and drinking thresholds •. 

Threshold testing. Eating and drinking thresholds were taken indepen­

dently for each animal which either ate or drank in the prel iminary 

testing. Each animal was first tested for drinking threshold in a testing 

box with·only water avai lable,then placed for twenty minutes in a tes­

ting box with food but no water avai lable, and final Iy tested for eating 

threshold. Testing began at the current level best approximating the 

appropriate threshold as determined in the previous testing session. 

Stimulation trials were 20 sec. long with a 20-sec. inter-trial interval. 
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Current intensity was varied from trial to trial as a function of the 

animal 's bahavior on the previous trial. If on a given trial the subject 

ingested food or water, the current intensity was lowered 2}lA for the 

subsequent trial. Conversely, if asubject failed te make a consummatory 

response on a given trial, current intensity on the subsequent trial was 

raised 2~A. In this way a series of stimulations was administered which 

involved current intensities.varying between some level which always 

el icited a consummatory response and some lower level which never el icited 

a consummatory response. A sample record is shown in Figure 2. The 

first ascending series of stimulations and the first descending serias 

were ignored in order to al low the stimulation level to be adjusted, as 

a consequence of the animal 's.behavior, from its initial value (the thres­

hold estimate from the previous testing) to a value which ref'ected the 

threshold at the time of the test. The average intensity of the fol ~Gw:r.g 

ten stimulations was taken as the estlmated threshold value for the ses­

sion. 

During the experiment, .the electrodes were systematical Iy lowered 

through the lateral hypothalamic area. When an electrode was to be 

lowered, the animal was placed under ether anesthesia and the exposed 

electrode pin was clamped i~ a.pin vice. The pin vice was then rotated 

1/4 turn, thus screwing the electrode 1/224 in., or 0.113 mm further into 

the brain. 

Thresholds were recorded for six consecutive days at each electrode 

location except the first location.at which stimulation-bound eating or 

drinking could be.el icited. At this first positive site, thresholds 

were measured for ten consecutive days. Dai Iy testing was found neces­

sary to minimize day-to-day threshold variation; however, in order to 
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guard against residual anesthetic effects, thresholds were not measured 

on the day fol lowing electrode movement. Thresholds taken on the first 

day after this rest day tended.to.be unrel iable, so only the data for the 

last five days of testing ateach electrode placement were used in the 

analysis. After the sixth day.of threshold testing at a given level, the 

dlectrode was lowered, and testing begun again at the new level, following 

the same procedure. This procedurewas continued until the electrodes 

had been lowered down to an area where no stimulation-bound eating or 

drinking could be el icited (or, in the case where stimulation-bound be­

havior was never el icited from a given electrode, to a level 2.0 mm 

below the original electrode placement). 

Histology. At the end of the experiment, subjects were sacrificed 

and perfused with sai ine followed by a 10% formol sai ine solution. The 

brains were removed, frozen, cut in 50 u sections, and stained with luxol 

fast blue and cresyl violet techniques (Gi Ibert & Nuttal 1, 1965). Elec­

trode locations for each stimulation point were estimated on the basis of 

the distance from the bot tom of the electrode tract to the placement in 

question, as estimated from the number of turns used to lower the elec­

trode. 

Results 

Eating or drinking was el icited from six of the fourteen subjects. 

Of these six, complete data could not be obtained from two subjects. 

Subject 12M became sick and died whi le its electrode was still in a 

location that yielded eating and drinking; data regarding the lower 

boundary of the eating and drinking systems were not obtained from this 
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animal. The initial electrode location for subject 14M turned out to be 

within the eating and drinking systems, so that data regarding the upper 

boundaries of the systems.could not.be obtained from this animal. 

Median values for the five eating thresholds and the five drinking 

thresholds taken at each stimulation site are shown in Figure 3. The 

figure also shows the range of the five eating and five drinking thres­

holds at each site. As mentioned earl ier, threshold testing was continued 

for 10 days at the first site where stimulation-bound eating or drinking 

was observed. A systematic decl ine. in thresholds was observed during the 

first few days of testing at.this site, but the thresholds were quite 

.stable during the last five daysj .therefore, only the data for the last 

five days of threshold tests at this first site are included in Figure 3. 

The data from the first five.days of testing at this site and the impli­

cations of this decl ine in threshold wi Il be discussed in the next experi-

ment. 

Large threshold changes were produced by electrode movements at the 

boundaries of the eating and drinking systems. At the dorsal boundaries 

of the systems, a movement of 0.113 mm was sufficient to change both 

eating and drinking thresholds from some value above 100~A to a value 

which was typical of aIl the more ventral placements in that particular 

electrode tractj such a 51 ight movement could change the threshold from 

above the 100~A maximum stimulation used in the experiment, by as much 

as 80;4A, to a value approximating the minimum threshold for that tract. 

After this initial threshold drop which occurred as the electrodo entered 

the eating and drinking systems, placement to placement threshold vari­

ation was smal 1. As the electrodes approached the ventral boundaries of 
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the systems, large threshold changes were again observed between place­

ments, although two or three 0.113 mm movements were usual Iy required to 

produce threshold changes of the.same magnitude as were produced by one 

such movement at the dorsal .boundary of the systems. Within the dorsal 

and ventral boundaries of the systems, which were separated by as much as 

2.0 mm, no sites which failed.to produce eating or drinking were observed 

in any positive electrode trac-( ("positive" will be used to indicate 

electrode placements or trac~ which yielded stimulation-bound eating or 

. drinking; "negative" wi Il not be used to imply aversive properties of 

stimulation, but will simply. indicate placements or trac~ where no 

stimulation-bound eating or drinking could be el icited). 

Whi le most stimulation sites yielded both eating and drinking, a 

few sites were found which mediated only drinking. These sites were 

always found to 1 ie just ventral to the most ventral sites mediating 

both eating and drinking in a given electrode trac(. 

Just as threshold variation at various locations within a trac~ 

were minor, so also were variations between eating and drinking thres­

holds within a trac~. Drinking thresholds were consistently a 1 ittle 

lower than eating thresholds in five of the subjects, and consistently 

a 1 ittle higher in the sixth subject. In contrast to this consistency 

of thresholds within particular trac~ of individual subjects, threshold 

variation between animals.was great. 

Histological reconstruction of positive and negative trac~ is shown 

in Figure 4. Positive placemen~were ail in the perifornical area with 

the dorsal boundaries near the. level of the zona incerta and the ventral 

boundaries parai lei to, and about 0.5 mm above, the sloping base of the 
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brain. No simple anatomical distinction could _be made between positive 

and negative placements or between placements yielding high thresholds 

and those yielding low thresholds. 

Discussion 

The dorsal and ventral boundaries of the eating and drinking systems 

dei ineated in the present experiment appear to correspond roughly to the 

most dorsal and most ventral placements mediating eating or drinking as 

reported in previous studies (e.g., Mi 11er, 1957; Morgane, 196Ia). With­

in animais showing positive effects, the systems appear to be continuous 

between these bounds, contrary to what might be expected from the results 

of comparisons of placements mediating different effects in different 

animais (Mi 11er, 1957; E. S. Valenstein, persona 1 communication; see 

also Experiment 3). In the present study no negative site was ever 

found, in a positive tract, within the boundaries of the eating or 

drinking systems. 

Another finding worth mentioning is that while the eating and drin­

king systems are largely co-extensive, the drinking system- extends 

si ightly further ventral than does the eating system. Thus, at least 

sorne lateral hypothalamic neurons that play a role in drinking are not 

involved in eating. 

Within the area of anatomical overlap of the two systems, no dif­

ferences in threshold gradients were observed which would suggest that 

independent systems mediate the two responses. While sorne difference in 

threshold gradients was observed in subject 5M between the 10th and 12th 

weeks, the gradients were remarkably parai lei iA the other subjects, as 

they were in this subject during the first 9 weeks of testing. 
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Not only were the threshold gradients para.llel, but they were also 

nearlyequal in average absolute value. Drink+ngcthresholds were si igh­

tly, though rel iably, lower than eating thresho1ds in five of the six 

subjects. However, this difference in threshold is most 1 ikely due to 

"task" differences (e.g., a difference in the effort required for eating 

and drinking), or to other particular aspects of the experimental method, 

rather than to differences in concentration of eating and drinking cells 

at the electrode tip. Incidental observations in this laboratory indi­

cated that threshold changes of this magnitude can easi Iy be produced by 

changes in palatabi 1 ity of the food used, changes in the time of daily 

testing, and changes in the size of the food pel lets used. Changes in 

one of severa 1 arbitrari Iy chosen detai Is of procedure could probably 

el iminate any apparent difference between eating and drinking thresholds. 

A perplexing problem which remains unsolved is to explain the in­

dividual differences in responses to stimulation. The negative elec-

trode tracts shown in the upper half of Figure 4 are not anatomical Iy 

distinguishable from the positive tracts shown in' the bottom of the 

figure. Further, the individual differences in threshold between ani-

mais with positive placements do not seem correlated to anatomical locus 

in any simple way. Even after severa 1 nights of overnight stimulation 

experience, negative sites are found in some animais which appear to be 

within the area yielding positive results in othercanimals (E.S. 

Valenstein, persona 1 communication), Examination of these dif-

ferences between positive and negative sites in.different animais leads 

to the hypothesis that the lateral hypothalamic area contains a very 

heterogeneous arrangement of eating, drinking, gnawing, and negative fibres. 
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However, the comparison between sites within each animal in the present 

study revealed a very homogeneous and continuous distribution of eating 

and drinking fibres throughout the lateral hypothalamic area of animais 

with positive placements. Further comparisons within animais, exploring 

the anterior-posterior and medial-Iateral dimensions of these systems 

are needed to determine whether heterogeneity exists within animais but 

was not revealed by mapping the vertical dimension only, or whether there 

are real differences in hypothalamic structure between animais. 

EXPERIMENT 2 

The observations reported here as Experiment 2 do not truly con­

stitute an independent experiment. Most of the data reported were col­

lected in the course of Experiment 1. However, as results from sorne 

animais that did not participate in Experiment 1 are included, and as 

the fundamental question discussed in This section is quite different 

from the questions raised in Experiment 1, the present organization ap­

peared to be more appropriate--at least, more convenient for the reader. 

As noted in the Introduction, Valenstein et al. (1968) have shown 

that after a certain type of stimulation experience animais wi 1 1 perform 

stimulation-bound responses that were not performed before such stimu­

lation experience. They have interpreted This finding in a way which 

impl ies that stimulation experience could alter the efferent connections 

between specifie lateral hypothalamic neural populations and the motor 

systems mediating drive-specifie responses. However, the hypothesis that 

the connections between the motivational and the motor systems are plastic 

is not necessary to explain their findings. The results of Experiment 1 
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suggest the alternate hypothesis that stable independent drive systems, 

which have fixed efferent connections, are simultaneously activated by 

electrical stimulation, and that stimulation experience merely changes 

the thresholds of the different systems without altering the functional 

organization of any. In the studyof Valenstein et al., stimulation of 

fixed lntensity was used throughout. The argument presented here is that 

this fixed stimulation intensity was sufficient to el icit only one res­

ponse at the time of first testing, but that the stimulation thresholds 

changed as a result of continued testing, such that this intensity later 

came to be sufficient to el icit a second response as wei 1 . 

Threshold changes consistent with this hypothesis occurred during the 

first few days of threshold testing at the first positive placement in 

each subject in Experiment 1. Since these placements were at the dorsal 

boundary of the eating and drinking systems, additional animais were also 

tested for progressive threshold changes in an attempt to examine stimu­

lation sites in the mlddle and ventral portions of the eating and drin­

king systems. 

Method 

The subjects were the six subjects with positive placements used in 

Experlment l, and seven additional adult albino rats of the Wistar strain 

weighing 275-300 grams at the time of surgery. 

The seven new subjects were implanted with permanent bilateral mono­

polar electrodesj 3 skul 1 screw over the frontal cortex served as the 

reference electrode. The stimulating electrodes were of the same type 

as those used in Experiment 1. Electrodes were located stereotaxically 
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with target coordinates 0.8 mm posterior to bregma~ 1.5 mm 1 atera 1 to the 

midsagital suture, and 8.2 mm below the superior.stJrfaee of the skul 1. 

Electrodes were soldered to miniature brass connectors and imbedded in a 

crown of dental cement which anchored the assemb~y.to the skull screw 

used as the indifferent electrode, as wei 1 as te two additional skull 

screws located posterior to the stimulating eleetrodes. Other surgi cal 

details were the same as in Experiment 1. 

Subjects were given prel iminary testing asin Experiment " and those 

which ate or drank when stimulated were tested dally for drinking thres­

hold and for eating threshold. Daily threshold tes~ing was continued 

for 10 days and then the subjects which were used_in this experimènt only 

were sacrificed and their electrode placements histological Iy determined 

as in Experiment 1. 

Results 

Two of the new subjects showed stimulation~b0uBd responses on one 

electrode each. Daily thresholds for eating and drinking from these ani­

mais as wei 1 as for the six subjects from Experiment 1 are shown in Figure 

5: note that the data from the animais used in Experimsnt 1 are from the 

first 10 days of threshold testing at the first positive electrode placement. 

Thresholds for both responses decreased.over tAe first 10 days of tes­

ting in ail subjects. Final thresholds for both eating and drinking were 

lower than the initial thresholds for either response. The differences 

between initial and final thresholds varied from 1.8~A (Subject 12M, 

eating) to 47~A (Subject 15M, eating). 

ln histological reconstructions, the electrode placements for both 

the new subjects were found to be in the anterior plane 5.4 of de Groot 
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(1959), just lateral to the fornix,-one at the level of the mid-fornix, 

and the other at the ventral boundary of the fornix. Electrode placements 

for the six subjects from Experiment 1 are shown in Figure 4. 

Discussion 

The results show that threshold changes of sufficient magnitude to 

explain the findings of Valenstein et al., (1968) did occur as a result 

of repeated lateral hypothalamic stimulation. The fixed stimulation in­

tensity used in the Valenstein et al. study was the level requ~red to 

first el icit a response. In the present study this level was usually 

quite a bit higher than the "initial" threshold, which was determined 

after some stimulation experiences in the prel iminary testing phase. 

Since the final thresholds of eating and drinking in the present study 

were always below the initial thresholds for both eating and drinking, 

which represent current levels below the level which would have been 

used in the procedure of Valenstein et al., it is apparent that these 

threshold reductions could explain their observation of the emergence of 

a response after stimulation experience, which could not be el icited 

before experience. 

It is interesting to note that no progressive threshold changes 

were observed in Experiment 1, except at the first positive electrode 

site. This suggests that rather than causing some change such as sensi­

tization of the specifie neurons activated by electrical stimulation, 

the stimulation experience may have some more general effect. For 

example, confl icting responses such as freezing or exploration which 

might prevent the occurrence of the consummatory response, may be el icited 



- 26 -

by initial stimulation, but then habituate, al lowing·consumatory res­

ponses to emerge. A second possibil ity. is.that_seme general features of 

the testing situation, such as the location.of tAe drinking spout are 

learned during the initial stimulation periods. Animais, when first given 

drinking experience, seem not to know where the water tube is. If They 

happen to be near a tube They wi 1 1 drink at intensities.which do not 

produce drinking when They are.further away from the tube. After severa 1 

da ys of testing, stimulation at near-threshold intensities rel iably 

causes the animal to go to the water spout regardless of its (the animal 's) 

location in the testing box. 

This experiment indicates one effect of stimulation experience on 

stimulation-bound behavior which is consistent with the hypothesis that 

separate systems with fixed efferent connections mediate 1 atera 1 hypo­

thalamic electrical stimulation effects. The threshold changes observed 

in This experiment are sufficient to explain the results of the Valenstein 

et al. (1968) experiment as wei 1; there is no need for the assumption 

that stimulation experience produces any further changes in lateral 

hypothalamic systems, such as changes in the drive-specificity of cel 1 

populations at the stimulation site. 

EXPERIMENT 3 

Valenstein et al. (1968) have shown that, after appropriate electrical 

stimulation experience, more than one consummatory response can be el icited 

from ail or almost ail lateral hypothalamic electrode placements that 

initial Iy appear to mediate only.one response. On the basis of This 

finding They suggest that experience plays an important role in deter­

mining the drive-specificity of stimulation at these sites, and They imply 
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that the neural populations mediating eating, drinking, and gnawing in 

the rat may be equipotentialfor the mediation of ail of these responses. 

This experiment was designed.to.answer two questions regarding the 

findings of Valenstein et al. First, is stimulation experience a neces­

sary condition for obtaining two or more responses to electrical stimu­

lation from positive lateral hypothalamic sites? Experiments 1 and 2 

suggest that more than one response might be elicited from most sites 

without prior stimulation experience, if proper testing techniques were 

employed. An aspect of testing procedure that seems important is this~ 

Ifdifferent responses have different thresholds, one may be dominant at 

any given stimulation intensity, and mey mask the less dominant response 

when testing is done in a competitive situation. For example, eating 

may never be observed from a placement with a high eating threshold if 

the subject is tested with.water available and that placement has a low 

drir.king threshold. Consequently subjects should be tested independently 

for each response in question. Another aspect of testing procedure that 

seems important is that since different responses may have very different 

thresholds, stimulation intensities much higher than are required to 

el icit an initial response should be used if lower intensities have no 

effect. 

The second question dealt with in this experiment is whether appro­

priate stimulation experience is a sufficient condition for the develop­

ment of new respo~ses te 1 atera 1 hypothalamic stimulation. If it is, then 

eating, drinking, and gnawing should be obtained from ail positive lateral 

hypothalamic stimulation sites, after appropriate stimulation experience 

with ail of the appropriate consummatory objects. If two,but only two, 
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responses can be el icited from some perifornical sites, it would be dif­

ficult to maintain that this area was equipotential for eating, drinking, 

and gnawing. 

Method 

The subjects were 18 adult male albino rats of the Wistar strain, 

weighing 275-300 grams at the time.of surgery. They were maintained in 

individual cages with food and.water continuously available. 

The stimulator and testing box.used in Experiment 1 were again used 

in this experiment. Two wooden wedges, 6 in. long, with triangular cross 

section, having 1 1/2 in. sides, were placed in the otherwise empty tes­

ting box when gnawing tests were made. Food or water were made available 

for the eating or drinking tests as. in Experiment 1. 

Subjects were implantedwith.monopolar, bilateral, lateral hypotha­

lamie electrodes as described. in the method section of Experiment 2. 

Subjects were given prel iminary testing as in Experiment 1, but 

with wooden wedges as wei 1 as.food.and water avai lable. Subjects showing 

stimulation-bound eating, drinking, or. gnawing in prel iminary testing 

were then tested independently.for threshold of each response, prior to 

any further stimulation experience. Fol lowing threshold testing, subjects 

that did not show ail three responses to stimulation were given overnight 

stimulation experience with the consummatory object not responded to in 

the threshold tests. If a subject made only one consummatory response 

during initial threshold testing,. it was first given overnight stimu­

lation experience with one of the ramaining objects, then given a thres­

hold test with this object; and then this wholâ procedure was repeated 

with the remaining consummatory object. 
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Overnight stimulation experience was given fol lowing the procedure 

of Valenstein etai. (1968). Subjects were placed in the testing box for 

twelve hours each night wlth only one consummatory object available. 

Thirty seconds of stimulation was administered every five minutes. In­

tensity of stimulation was.fixed.at the level which first produced any of 

the three stimulation-bound behaviors in prel iminary testing. Overnight 

training was continued unti 1 five nights of training were completed. Sub­

jects were then given threshold testing for the response in question and 

subsequently sacrificed for histological purposes. 

Results 

Stimulation-bound responses from 24 of the 36 electrode placements 

were obtained during prel iminary testing. Initial threshold testing 

revealed that 23 of these.placements were capable of mediating more than 

one response: stimulation at 15 of these placements produced ail three 

responses, whil~ stimulation at 8 placements produced only two responses, 

and one placement yielded only one response. Thresholds for eating, 

drinking, and gnawing upon initial testing are shown in Table 1. 

After overnight stimulation experience, there remained one placement 

which yielded drinking only, one that yielded eating and gnawing but not 

drinking, and five that yielded eating and drinking but not gnawing. 

Thresholds for the three responses.after overnight stimulation experience 

are also shown in Table 1.· 

Histological reconstructions of electrode placements are shown in 

Figure 6. Positive placements were distributed in the perifornical area, 

with the placements which yielded only one or two responses ail Iying 
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TABLE 1 

Before After 
Subject Eat Dri nk Gnaw Eat Drink Gnaw 

30L 22 5 24 
30R 100 50 54 
32L 32 22 27 
32R 56 32 42 
33L 28 14 no no 
33R 60 44 no no 
34L no no no no no no 
34R 50 28 38 
35L 30 30 26 
35R 26 19 18 
36L no no no no no no 
36R no no no no no no 
37L 28 8 no no 
37R 25 19 no 21 
40L no no no no no no 
40R 43 37 35 
41L 28 Il 17 
41R 16 Il 10 
42L 35 21 no no 
42R 17 1 12 
43L no no no no no no 
43R 35 no 34 no 
44L 39 26 no 80 
44R no no no no no no 
45L no no no no no no 
45R 10 10 14 
46L 40 30 38 
46R 17 12 18 
47L no 17 no no no 
47R no no no no no no 
50L no no no no no no 
50R 25 24 no no 
51L no no no no no no 
51R no no no no no no 
52L no no no no no no 
52R 21 18 22 

Table 1 Intensity thresholds in~A for electrical Iy el icited eating. 
drinking, and gnawing before and after overnight stimulation experience 
in Experiment 3. "No" indicates that the response in question was not 
observed at stimulation intensities below 100)tA. Only responses not 
observed in initial testing were tested after overnight experience. 
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along the dorsal boundary of the eating and drinking systems_as deter­

mined in Experiment 1. 

Discussion 

The finding that only one out of twenty-four positive electrode 

placements fai led to mediate more than one response upon initial testing 

indicates that no neural reorganization by stimulation experience is 

necessary before such results can be obtained. The study of Valenstein 

et al. (1968) demonstrated thatnone of the lateral hypothalamic sites 

which had been reported asmediating "pure" eating, drinking, or gnawing 

could be truly considered as '.'pure"j given their procedure (i.e., 

testing in a competitive situation after stimulation experience with 

individual consummatory objects), ail or almost ail of these sites would 

probably be capable of.mediating at least two responses. The present 

study demonstrates that few of.the. 1 atera 1 hypothalamlc sites which 

appeared to be "pure" at.the time of initial testing in the study of 

Valenstein et al. could be truly considered as "pure" eitherj given 

certain procedural changes.(i.e., testing in non-competitive situations 

at a variety of stimulation intensities) ail or almost ail of these sites 

would probably be capable of mediating two or more responses, without the 

necessity of further stimulation experience. Thus it appears that the 

stimulation experience given the subjects of Valenstein et al. is not 

a necessary condition for obtaining two or more consummatory responses 

from one lateral hypothalamic site. 

Nor does stimulation experience appear to be a sufficient condition 

for changing the drive specificity of lateral hypothalamic sites. The 
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histological consistency between the five placements which mediated 

eating and drinking but not gnawing suggests that there exists a dorsal 

portion of the perifornical area in which the gnawing system does not 

overiap with the eating and drinking systems. In Experiment 1, a smal 1 

ventral portion of the perifornical area was found which yielded drinking 

responses but not eating responses to stimulation. The eight sites 

which yielded this drinking, .but failed to yield eating, did so despite 

months of stimulation-bound eating experience at other sites in the same 

animal. While this area.may not be a "pure" drinking area in that it 

might have yielded gnawing. if the appropriate test had been made, it 

seems uni ikely that it couldbe "trained" to yield eating. These results 

seem to indicate that at. least sorne portions of the eating, drinking, 

and gnawing systems are not only.functional Iy, but also structural Iy 

independent, and that the.response specificity of at least these portions 

of the systems cannot be modified.by stimulation experience of the type 

given by Valenstein et al. 

GENERAL DISCUSSION 

The present experiments taken together support the fol lowing con­

clusions. First, while much of the lateral hypothalamic eating, drinking, 

and gnawing systems are anatomical Iy overlapping, minor portions of sorne 

of these systems are structural Iy separated from at least sorne of the 

other systems. Second, the eating and drinking systems are continuous 

between their most dorsal and most ventral portions. Third, the fibre 

densities of the eating and drinking systems are homogeneous along any 

intersection of anterior-posterior and medial-Iateral planes, within the 
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dorsal and ventral boundaries of.the system in question. Fourth, there 

is no difference between the. fibre density gradient of the eating system 

and that of the drinking system within the area of anatomical overlap. 

Fifth, the eating threshold at a given site is about the same as the 

drinking threshold at that site •. Sixth, during the initial phases of 

electrical stimulation experience, thresholds for stimulation-bound res­

ponses can undergo marked changes. Seventh, comparison of electrode 

placements between animais provides a less satisfactory basis for under­

standing the functional anatomy of the lateral hypothalamic area than a 

comparison of severa 1 stimulation sites within a subject. Eighth, the 

neural organization necessary for the mediation of lateral hypothalamic 

stimulation-bound responses is establ ished independent of stimulation 

experience. 

The present investigation does not answer the question as to whether 

there are two independent fibre. systems mediating eating and drinking, 

or whether the same fibres mediate both responses. The finding that 

eating and drinking thresholds are.almost the same, and that even smal 1 

changes in one are accompanied by similar changes in the other suggests 

that many of the same cel Is may be involved in both functions. It is 

readi Iy apparent that some portions of the brain must contain separate 

fibres for eating and.drinking, but. it appears (Booth, 1967) that the 

chemical specificity of these systems disappears somewhere just anterior 

to the lateral hypothalamus. An hypothesis which would seem to be worth 

exploring is that the 1 atera 1 hypothalamic area is an area of convergence 

of separate eating and drinking systems on a largely common path toward 

the motor system. 
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